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CHARACTERIZATION OF SOLIDS IN THE THREE MILE ISLAND UNIT 2 REACTOR 
DEFUELING WATER 

D. 0. Campbell 

ABSTRACT 

Because of the impact of poor water clarity on defueling operations 
at the Three Mile Island Uni t 2 Nuclear Power Station , a study was under­
taken to characterize suspended particulates in the reactor defueling 
water. The examination included cascade filtration through Nuclepore 
filters of progress ively smaller pore sizes , using three water samples 
obtained at different times and after varying degrees of clarification . 
The solids collected on the filters were examined with a scanning 
elect ron microscope and analyzed with energy-dispersive X-ray 
fluorescence. 

A wide variety of solids was observed , and 26 elements were 
detected. These included all the materials expected from the reactor 
system (uranium� zirconium, silver , cadmium� indium , iron , chromium , and 
nickel) , chemical s  and zeolites used to decontaminate the water 
( aluminum, silicon, sodium) , common impurit ies (potas s ium , chlorine , 
sulfur, magnes ium� calcium, and others) , as wel l  as some unexpected 
metals (molybdenum , manganese, bromine , and lead). There was also evi­
dence for the presence of organic material. A diverse assortment of par­
t i cles with widely varying surface propert ies was found to be present. 

Particles of al l types were found in each size range. However� the 
larger (>S-um) particles tended to contain predominantly lighter-atomic­
weight elements , such as silicon , aluminum , and calcium, whereas the 
smaller (<2-�m) part icles contained more core debris and less of the 
light elements. Individual core-debris particles tended to have a single 
major cons tituent (uranium , zirconium , stainless steel , or control rod); 
however, the different types of particles often aggregated into clus ters. 
In addition , solids believed to be organic in origin appeared to dominate 
the smallest size range (�O. l um). As particles lodged over the filter 
pore openings, decreasing their effective size, progress ively smaller 
particles were col lected; consequently, the smallest parti cles eventually 
cont rolled the flow through the filter. 

S tainless steel filter media from test s  with reactor water were also 
examined , using a variety of surface analysis techniques. Although few 
parti cles were observed on these samples , medi a  that had been effectively 
plugged were coated with a thin surface film which appeared to block pore 
openings. Similar media that had been "reclaimed" by soaking in hot 
boric acid solution showed no evidence for any film. Thus , the short 
filter life could result from flow blockage by either small particles or 
a film. Although efforts to characterize the film were not definitive , 
they indicated that the nature of the film changed from a primarily orga­
nic material in an early sample (prior to extens ive water clarifi cation 
operations) to a primari ly siliceous film ( after water clarity has been 
markedly improved by fil t ration and diatomaceous earth had been used 
extens ively). 
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1. INTRODUCT ION 

The maintenance of accept able water clarity for ef fective defueling 

act ivities at t he Three Mile I sland Uni t 2 (TMI-2) nuclear power station 

has presented serious problems . Although excel lent clari ty had been 

achieved on a few occas ions , this had not general ly been the cas e  

followi ng the commencement o f  act ive defueling at t he end o f  1985 -

especially af ter the "core drill"  ope ration whi ch was carried out during 

the summer of 1986. Water clarity has been degraded by a variety of 

sus pended solids of diverse ori gin.  In addi tion to  t he ge ne r ation and 

d i s persal of inor ganic particulate material as a result of the mechani cal 

defueling , a biological growth developed which als o  interf ered with vi si­

bility.  The micr oor ganisms have been cont rolled by the addition of  

h ydro gen per oxide ; however , their growth pe riodically recurs .  

During the latter half of 1986, the impact of the water clari ty 

p roblem became more apparent and several tasks were undertaken (1) to 

f ind a means to alleviate the pro blem i n  the short term and (2)  to  gain 

a be tter unders tanding of it for the longer term .  One of thes e  tasks was 

the characteri zat ion of sus pended matter in the reactor defueling water 

and of the mate rial that was causing unsatis f actorily short operat i ng 

lif e  of the Defueling Water Cleanup System ( DWCS) filters . 

2 .  E XAMIN�fiON OF SAMPLES OF T HE DWCS F ILTERS 

Samples of Paul-Trinit y  stainles s  steel filt er medi a ,  ident ical to 

t hat used in t he TMI-2 DWCS filters , were used in a laboratory test rig 

at TMI-2 to filter samples of defueling wat er. Four filter samples were 
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s ent to ORNL for examination , and three of them had been used to filter 

defueling water.  The samples were ident ified as follows: 

Sample F1 - An unused (new) filter . 

Sample F2 - A filter operated in the tes t rig with 7 1 -NTU water 
unt il the flow had decreased to a very low rate (the 
f ilter was effectively plugged ) .  

Sample F3 - A filter operated in a manner similar to sample F2 and 
then "reclaimed" by soaking in hot boric acid solution 
to res tore flow. 

Sample F4 - A filter operated in the test rig with 4-NTU wat er (at 
a later date than samples F2 and F3) until the flow had 
decreased to a very low rat e .  

N o  precipi tate was observed on any o f  the filters with the naked eye 

under conditions of rather poor vis ibility . On filters exposed to water , 

one side was several t imes more radioactive than the other, as measured 

with an open�indow survey ins trument, and that was presumed to be the 

upstream side. 

2 . 1  MICROSCOPIC EXAMINATION 

The first observations were made on sample F 1  to determine the 

nature of the filter . Scanning ele ctron microscope (SEM) photographs 

s howed a tortuous flow path of interlinked crevices of varying thickness , 

typically about 0.5 pm. The filter compos it ion determined by energy-

dispersive X-ray fluoresence (EDX) was representative of Type 3 1 6  

stainless steel: Fe , Cr , and Ni , with measurable levels o f  Si and a 

small amount of s. 

Small specimens of samples F2 and F3 were mounted for metallographic 

examinat ion . In each case, one sample was mounted vertically so the 
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polished sect ion was per pendi cular to the surface ; one was mounted at a 

small angle to the horizontal ; and the thi rd was mounted hor izo nt ally 

with t he ups tream side on top af ter polishing . Thes e s pecimens were exa­

mined wi th both an opt ical micros cope and the SEM. The angled s pecimens 

did not show any features dif ferent f rom the others and were not further 

e xamined. The filter surface was sufficient ly curved that the polished 

surface of the horizontal mount cut very gradual ly into the met al of the 

f ilter surface . No unusual defini t ive features were observed . 

The cross sect ion of sample F2 showed clear evidence of a thin film on 

the surface , particularly in surface pores on the ups t ream side , but there 

was no such indicat ion for sample F3. More complete informat ion is included 

in Appendi x  A. Examination by EDX of the region containing the film showed 

primarily the component s of stainless s teel (Fe> Cr > Ni ) ,  with smaller 

amount s of Si and Al in varying pro por tions ( Fig . A. 8) . Unfortuna tely, 

the sample had been ground with alumina and p oli shed with silica , so the 

las t  two elements could have bee n  int roduced during sample preparat ion . 

Iron depleted in Cr and Ni , a likely corros ion product , was not observed. 

The same samples were reground us ing diamond abras ive and polished 

with chromium oxide to avoid these int erference s .  Ree xamination again indi­

cated the pres ence of a film in sample F2 but not in sample F3 (Fig. 1 ) .  

The EDX analyses showed silicon (in addition to the stainless s teel 

e lement s )  and a large Compton-scat tering component characteris t i c  of organic 

material . ( The white areas in Fig .  1 are s tainles s steel , while the uni form 

dark areas are the epoxy mount ing . )  The dark appearance of the f ilm indi ­

cates a material o f  low atomi c number (Z) , probably organic. The f ilm was 

also visible by optical microsco py. 
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Fig. 1. Cross section of DWCS samples F2 (top) and F3 (bottom). 
Note film on surface of sample F2 and absence of film on sample F3 . 
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Thes e obs ervations sugges t that , in addition to the anticipated 

f i l t ration probl em f rom small particulates , a thin surf ace film may be a 

s igni ficant contributor to plugging of the filters . Moreover, the film 

probabl y contains sili con but may be largel y  organi c in nature, and it is 

r emoved by the filter reclamation process , which consists  of soaking in 

hot boric acid solut ion . 

The leached filter ( sample F3)  also showed gr eater porosi t y, or a 

greater void fract ion , than sample F2. Since the boric acid. l each would 

not be exp ect ed to dis solve a signi f icant amount of the stainl ess s teel 

filter medium , this characteristic was presumed to be an artifact of the 

f abri cation . 

Sample F4 was acquir ed at a later dat e  and examined in the same 

manner . The ups t r eam surface was coat ed with a film that was much 

thicker than that for sample F2  ( up to 5 to 7 �m) ; there was no evidence 

for a f ilm on the downs tream surface (Fig . 2 ) . The film had been pull ed 

away from the filt er surface in many areas during sample preparation 

( pott ing in epo xy) , leaving a crevice ei ther bet ween the metal and the 

f i lm or between the f i lm and the epo xy. This sugges ts that the film 

might be eas ily removed physically,  as during sample handling. The film 

was analyzed by EDX, which clearly s howed that it contained silicon ; in 

addit ion , an el emental map showed silicon in the film on bot h  sides of 

the cr evice ( Fig . 3 ) . The f ilm could also contain organi c material that 

cannot be def ined by EDX . 

Sample F4 had been tes t ed wi th low-turbidity water of relat ivel y  low 

solids concentration , but it had plugged mor e qui ckly than the f i lt ers 

t es t ed wi th high-turbidity wat er. This behavi or i ndicates t hat what ever 
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0.000 VFS = 2048 20.480 
71 LAYER ON UPSTREAM SIDE OF TI1I FILTER 

Fig. 2. Cross se ction of sample F4 ( top)  and EDX s pect rum of film 
region of same sample (bottom) . 
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Fig. 3. Cross section of surface of sample F4 (top) and silicon 
concentration map of same area (bottom). 
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caused the f ilm had not been remo ved from the water as e ff e ct i vely as the 

part i culate material that cont ributed to turbidity.  Alt ernatively,  it is 

pos s ible that par t i culates in the high-turbidi t y  water formed, in effect ,  

a precoat whi ch extended the filter surface and delayed format ion o f  the 

f ilm . 

Very few foreign par t i cles were observed on the perpendicular cross 

s ections of any filter , but the surf ace area of the fi lter under exami­

nat ion was ext remely small - a  line that was , at mos t ,  a few hundred 

micrometers long and a par t i cle diameter wide . One par t i cle of core 

debris (5 to 10 �m , Zr > U > Fe > Cr ) was found on the downst ream side of 

sample F2 ( Figs . A.5 and A.7); it may have been knocked off the origi­

nal surface during s hi pping and handling . The f ilm showed no evidence of 

particulates or crys t alline st ructure except for a very few regions with 

t iny part icles containing some lanthanum and cerium . These elements 

could pos sibly be contaminants f rom sample grinding and po lishing, 

although that is thought to be unlikely; no other potent ial source is 

known . 

2 . 2  CHARACTERIZAT ION OF FILM ON DWCS FILTERS 

T he pos sible effect i veness of a film in caus ing plugging of f ilters 

and the very small quant ity of  particulate inorganic mate rial observed on 

these samples led us to pe rform additional s t udies to attempt to deter­

mine whethe r a film really did exis t and, if so, to characte rize i t . 

These s tudies , which were applied to bo th the front and the back sides of 

samples F2 and F4 , included surface analysis by secondary ion mas s 

s pe ctrome try ( SI MS ) , ion s cattering s pe ctrometry ( ISS ) ,  infrared and 
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Raman spect rometry, and laser-desorption Fourie r Transform mas s spect ro­

met ry ( FTMS). The results are given in Appendix B. 

Analytical studies relating to the films on samp les F2 and F4 are 

qualitative and indicative , but not conclusive . All the data generally 

support the presence of films which are of predominantly different com­

position in the two cases . The film on sample F2 appeared to be pri­

marily organic with some silicon or organic silicat e ,  whe reas that on 

s ample F4 was predominantly silicon with possibly some organic component . 

Some inconsis tencies that were observed were probably related to the dif­

f erent thicknesses of the surface layer that the me thods analyze. 

The ISS method examines a very thin surface layer (only a few atoms 

thick). Carbon and oxygen were detected on both sides of each fil ter; 

however ,  there was less carbon ( relative to oxygen) on sample F4 , 

sugges t ing that its film contained more oxide . The amount of silicon was 

small , if it was present at all , on sample F2; however , it was found on 

both sides of samp le F4 (more on the front than on the back). Iron and 

chromium were found on both sides of sample F4 , indicat ing that at leas t 

s ome metal filter medium was very close to the surf ace; it was noted 

above that the film may have flaked off part of the surface of this 

filter . These elements were not observed on sample F2 until af ter 

repeated s cans (which eroded the surface to the ext ent of perhaps 0. 1 

J..lm); then they appeared only on the bacR sid·e. Thus , the coating on the 

upstream side of sample F2 was relat ively thi ck. There was ·also evidence 

f or a small amount of FeO on the front surf ace of sample F4 . 

The SIMS method , which examines a much thicker layer (up to the orde r 

of 0.1 J..lm thick) , gives results generally consis tent with t he foregoing. 
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Significant peaks characteristic of organic compounds were present on 

both sides of sample F2 , with the larger peaks found on the front. Such 

peaks were notably absent on sample F4 . The silicon peak was large on 

sample F4 and enriched on the front surface , while it was small on sample 

F2. The sodium peak was larger on the back of each filter than on the 

f ront. Aluminum was present on all surfaces. Peaks for the filter­

medium metals , chromium and iron , were much larger on sample F4 than on 

F2 , suggesting that the film was thinner or may have flaked off part of 

the surface of sample F4 . Note that the filter presents a very rough 

surface; therefore , the film varies in thickness from very thick over the 

pores to qui te thin ove r  the high points , as shown in Figs. I and 2 .  

The FTMS method , which analyzes an even thicker surface layer than 

does the SIMS method, also showed the two samples to be different . Both 

have a large signal at mass 43 , which is probably methyl silicon (from 

organic silicate) but could possibly be B02 . Several other peaks are 

indicat ive of silicon , and there is no evidence for boron in any of the 

other determinations ( above). The data also indicated that the film was 

very nonunif orm, with substantial variat ions occurring from point to 

point on the sample . 

Two additional materials were tested with the FTMS method for com­

parison: ( 1) the borated hydraulic fluid , which was known to have been 

spilled into the water; and ( 2) sugar, which is representative of poly­

saccharides that are reasonable products of biological activity ( ce l l  

membranes). In the case o f  sample F2 , the peaks f o r  sugar correlated 

wel l  with the observed spectra , but those for hydraulic fluid did not; 

this support s the suggestion that the film is at least partly derived 
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f rom biological material . For sample F4 , there was poorer agreement wi th 

the peaks for either material and a siliceous film was indi cated . 

Dif fuse-ref lectance inf rared spectra from the front of sample F4 

showed some weak, but meaningful , absorption in regions characteri s t ic of 

hyd rocarbons and silicon-oxygen functionali ties , and poss i bl y  also 

bonding be tween silicon and organi c carbon.  These findings also support 

the exi s tence of a siliceous film on the front of sample F4 . The back 

s ide showed onl y  the hydrocarbon bands .  I t  is pos s i ble that all 

s tainles s  steel surfaces are covered wi th a thin coat ing of hydrauli c  

f luid , but this coating does not cons t i tute the film. Sample F 2  was not 

e xamined by this method . 

These results support the presence of films on the DWCS filter 

samples and suggest that the nature of the material forming the film 

changed be tween the times samples F2 and F4 were take n .  The film on 

sample F2 had a large organic component that was pr obably deri ved from 

biologi cal growth . Although the product ion of this material has been 

largel y  eliminated , a reservoir of it may still e xist  somewhere in the 

s yste m. One might expect the problem ari sing from t his component to 

d iminish with ti me since the material is gradually removed from the 

s ys tem and is not replenished. 

The film on sample F4 contained a large amount of silicon and much 

less organi c material than did that on sample F2 . The silicon probabl y  

originated from the diatomaceous earth ( DE )  precoat used in the swimming 

pool filter during the time between the test which generated sample F2 

and that which generated sample F4 . The use of DE is expected to con­

t inue,  so this source of a fil m  will probably p ers i s t ;  t he refore , it will 
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be necess ary to deal with such siliceous material throughout def ueling . 

Two approaches that are generally used ( either alone or in combination) 

are: ( 1 ) to provide an extended surf ace by precoating and continuously 

renewing the surf ace by "body feed" and (2) to coagulate the very small 

particles into larger agglomerat es by modifying their s urf ace propert ies 

with a polymer addit ive . These methods are current ly being used for 

water treatment in the plant . 

3. FILTRATION TESTS WITH TMI -2 REACTOR DEFUE LING WATER 

Fil t rat ion tes ts were carried out using a series of Nuclepore 

f ilters, in success ion , to separate the insoluble material into diff erent 

s ize ranges that could be further charact erized . With one excep tion , 

each of these tes ts  was performed with 30 mL of water . A 25 -mm.-diam 

f ilter was used in tes t  1 ;  the larger (4 7-mm-diam) filter was used in all 

o t hers . The expos ed diameters were 19 and 37 mm ,  giving areas of 2 . 84 

and 10 . 8  cm2 , respectively . The "loadings" with 30 mL of feed were 1 0 . 6  

and 2 . 8 mL per cm2 o f  surf ace area , corresponding t o  filtration o f  water 

at initial depths of only 10 . 6  and 2 . 8  em . 

The turbidity of the water was measured af ter each filtrat ion . 

Relat ive radiation level s of each f ilter (measurement s made �. 5 in . 

away) and of the water af ter each f iltration (measurement s  made at the 

s ide of a polyethylene graduate) were det ermined with a survey instru­

ment . Finally , a sample of each filter was examined with an SEM with EDX 

capability; the results are summarized in Sect. 4. 

The three dif f erent water samples that were supplied by GPU Nuclear 

can be des cribed as follows: 
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W1  - This sample was taken on September 8 ,  1 98 6 ,  af ter a bleed/feed 
procedure , following core bore , and prior to swimming pool fil­
ter operat ion ; the turbid i t y  was report ed to  be 7 1  NTU. Filt e r  
sample F2 was used to f ilter similar water .  

W2 - T his sample was taken on September 22 , 1 986,  af ter swi mming 
pool filter operat ion; the turbid i t y  was reported to be 25 NTU . 

W3 - This sample was taken on October 1 6 ,  1 98 6 ,  af ter DWCS operation; 
t he turbidi t y  was reported to be 4 NTU . (Filter sampl e  F 4  was 
used to filter similar wat er . )  

3 . 1  NUCLEPORE FILTER TEST 1 

Tes t  1 was carried out with wat er sample W1 (turbid i t y  = �7 1 NTU ) .  

The Nuclepore filters we re 25 mm OD with an e xpos ed diamet er of 19 mm. 

The 30 mL of water ( 10.6 mL/cm2 ) was vacuum filtered t hroug h a sequence 

of filters of successively smaller pore s i zes.  Af ter passage of the 

wat er through each filter , the radiat ion levels of the filter and t he 

f iltered water were measured and the turbidity of t he water was de ter-

mined . These data are lis t ed in Table 1 .  

Table 1. Results obtained in Nuclepore filter test 1 

Pore size Turbidi t y  Radi at ion level (mR/h )  
of f il ter of filtered 

Filter Filtered 
(�m)  water (NTU ) wat er 

1 0 . 0  90 30 60 

2 . oa 2 9  800 30 

1 . ob 1 5  1 20 2 4  

0 . 6b 5.1 11 0 2 4  

0 . 4  2 . 2  2 4  2 1  

0. 1 0 . 2 4  2 5  1 9  

aFilter col lected a large amount of s ol ids smaller than 2 �. in 
addit ion to the 2- to 10-�m fract ion , leaving less of the finer material 
for subsequent filters . 

bFilter contained some material s maller than nominal pore s i ze .  
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Because o f  the buildup o f  solids ove r the pores o f  the 2-um filter , 

t he ef fective pore size was decreased and the filter collected a large 

quantity of solids wit h particle s izes much smaller t han 2 um . 

Accordingly , les s  solid material was lef t  in the wate r  that was fed to 

the filters wit h smal ler pore s .  The 1-pm fil ter similarly col le cted par­

ticles smaller than 1 Pm , but not to so great an extent . Thus , the 2-um 

filter col lected more solids than were actually in the 2- to 1 0-�m size 

range, and the filters smaller t han 1 urn co llected less solids t han were 

present in t he defueling water in their appropriate size ranges . 

T he behavior of the 2-pm filter may explain t he problem from plugging 

in t he large DWCS fil ters . A pile of particles collected over each 

f il te r  pore ( Fig. 4) , and t he surface of the pile is composed largely of 

very small particles . Regardless of the pore size of the filter media , 

partial blockage of t he pores decreases the size of the flow pat hs so 

t hat successively smaller particles are collected . This process con­

t inues until the fines t particles present to any subs tant ial extent will 

det ermine t he effective pore size of t he filter . 

3 . 2  NUCLE PORE FILTER TEST 2A AND 2B 

Water sample W1 was also used for bot h  parts of t his tes t .  In part 

2A,  the test procedure was t he same as t hat used in Nuclepore filter tes t 

l except (1)  intermitt ent swirling of the solution was used to disperse 

particles away from t he pores; ( 2) a larger (47-mm-diam) filter was used 

to provide more eff icient size fractionation and t hinner depos its, which 

were more appropriate for SEM part icle characterizat ion; and ( 3) two addi­

t ional filters , 5- and 0 . 8-pm , were added to the sequence. Some buildup 

of small particles stil l  occurred on the 2-pm filter , but not on the 

o t hers . Radiation and turbidity data from tes t 2A are given in Table 2 .  
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Fig. 4. Particles piled o ver pores of 2 -�m Nuclepore filter from 
Nucl epore f il tration test 1 :  water sampl e  Wl ( turbidity= ..... 7 1  NTU) . 
Note presence of very smal l p articles .  
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Table 2. Dat:a obtained in Nuclepore filt:er test 2A 

Pore size Turbidity Radiation level ( mR/h) 
of filter of f iltered 

Filter Fi ltered ().Jm) water (NTU) water 

Initial 93 60 

1 o. 88 38 58 

s. 90 43 53 

2 . oa 49 36ob 30 

1.0 24 1 30 28 

0 . 8  19. 6 25 23 

0.6 12. 1 49 21 

0.4 5.4 56 19 

0. 1 0.34 50 18 

aFilter c ollected some solids smaller than 2 ).Jm. 

bR adioact ivity level of 2-).Jm filter after filtration of 5 mL of 
solution measured 3 2  mR/h, correspo nding to 192 mR/h f or this test. 

In part 2B , 1 0-, 5-, and 2-).Jm filters (all 47-mm-diam) were used to 

filter only 5 mL of sample W1 water. This avoided the pileup of diverse 

particles over the pore openings and y ielded a 2 - to 5-).Jm samp le which had 

well-separated particles and was more suitabl e  for SEM examination. Such 

samples were designated as "diluted 2 ).Jm. "  

The radioactivity level of the wat er in the origi nal bottle of sample 

Wl m easured 900 mR/ h at the bottom and 15 mR/h at the top before shaking; 

after shaking, it measured 200 mR/h at the middle. (All determinations 

were made at a distance of 1/2 in . f rom the bottle. ) 
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3 . 3 NU CLEPORE FI LTE R TEST 3 

Water sample W2 ( turbidity,  �25 NTU) was filtered successive l y  

through a simi lar series o f  Nuclepore f ilters to separate particles int o 

narrow size fract ions , as was done in tes t 2 (see Sect . 3 . 2 ) . There was 

l i t t le,  if  any,  p ore blockage with this water. The test was perfor med 

with 30 mL of wat er on 47 -mm-diam f ilters . The radiati on leve ls of the 

f ilters and the filtered water and the water turbid i t y  determinations 

after each f i l tration are reported in Table 3 .  

Table 3. Results obtained in Nuclepore filter test 3 

Pore s i ze Turbidi t y  Radiation level (mR/h) 
o f  filter of filtered 

Filter Filtered wat er 
( llm) water ( NTU) 

I ni t ial 22 36 

1 0 . 2 1  4 37  

s. 2 1  4 34 

2 . 0  2 1  9 32 

1 . 0 1 6.2 4 2  3 1  

0 . 8  1 3 . 0  20 28 

0 . 6  8 . 8  46  2 5  

0 . 4  4 . 2  54 22 

0 . 1  0 . 30 63 20 

The radioact ivi t y  le vel of the original bo ttle of sample W2 measured 

4 60 mR/h at the bo ttom and 75 mR/h at the t op ,  before shaking , and 120 

mR/h at the middle, both before and af ter mixing . ( Al l  determinat ions 

were made at a dis tance of 1/2 in. from the bot t le . )  



19 

3.4 NUCLEPORE FILTER TEST 4 

The same filtration sequence was carried out with water sample W3, 

which had a t urbidity of �4 NTU. Again, 30 mL of water was used with 

47-mm filters. The filters were very lightly loaded with particles. 

The radiation levels of the filters and the water turbidity measurements 

after the various f iltration steps are reported in Table 4. 

Table 4. Da�a ob�ained in Nuclepore filter test 4 

Po re size Turbidity Radiation level (mR/h) 
of filter of filtered 

Filter Filtered water 
(llm) water (NTU) 

Initial 2.5 29 

10.0 2.3 q 28 

5.0 2.3 q 25 

2.0 2.2 2 24 

1.0 1.6 2 25 

0.8 1.3 4 25 

0.6 0.9 3 25 

0.4 o. 51 6 22 

0.1 o. 20 6 21 

The radioactivity level of the bottle of sample W3 measured 130 mR/h 

at the bottom, 100 mR/h at the middle, and 92 mR/h at the top before 

mixing; it was 110 mR/h at the middle after mixing. 
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4. EXAMINATION OF NUCLEPORE FI LTE RS BY SCANNING ELE CTRON MICROS COP Y 

Small sect ions of each Nuclepore fil ter from t he tes ts  des cri bed in 

t he precedi ng sect ion were e xami ned wi t h  an SEM ,  and various areas of t he 

f ilters and of i nd i vidual particles we re analyzed by EDX . The res ults of 

t hese observations are summari zed here; complete data are i ncluded i n  t he 

Appe ndi xes . Two different SEM i ns t rume nts were used .  One , which gave 

s ig nificant l y  bet ter resolution for s mall particles , was used to exami ne 

t he smaller pore-s i ze filters; t he ot her was used to exami ne t he larger 

pore-s i ze fil ters . Data f ro m  t he two instruments are presented in dif ­

ferent formats (s ee the Append i xes ).  

4 . 1  INTERPRETATION OF SEM P HOTO GRAP HS 

T he summary presented later i n  t hi s  section briefly des cri bes some 

of  t he particles . SEM p hotographs of each filter are i ncluded i n  t he 

Appe ndi xes . T hese photograp hs were made at several magni ficat ions , up to 

20 , 000X i n  a few cases . S i nce t he magnifi cation is changed duri ng phot o­

grap hi c  reproduction, a cal i bration scale is provided on each figure for 

estimat i ng particle s i zes . The f ilter pores are also an i ndication of 

s cale . 

Particle appearances vary greatly. Recogni zable material i ncludes 

diatoms from filter precoa t i ng and core-de bris fragme nts wit h  sharp edges 

and cor ners , presumably from t he core -drill i ng operations . Many par­

ticles s how no particular s t ructure , and many appear to be agglome rates 

of much smaller fundame ntal part icles . In t he case of very small par­

t icles , t he fundame ntal part icles were of t he proper size to have passes 

t hrough the pre vious f ilter; however, t he aggregates are larger, so t hey 

were presumably formed between filtratio ns .  The s maller size fractions , 

i n  particular , cont ai n  glo bular or spherical part icles . 
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An important , but qual it ati ve , feature is the apparent brightness of 

t he part icles . Mos t pho t ographs are secondary electron images ( S EI) , 

which provide , in general , a topographic vie w  of the surf ace . E lements of 

higher atomic number ( Z )  scatter elect rons more e fficientl y  than those of 

lower Z ;  thus, high-Z particles appear brighter or white,  while 

low-Z material is gray. A ref erence point is the smooth organic filter 

material itsel f .  Since the brightness and contrast controls of the 

ins trument can be varied over a wide range , such observations are onl y 

qualitative at bes t. However,  in many cases , they provide an ind i cation 

of  whi ch part icles contain, for example,  light (Si, Al ,  Ca ) , intermediate 

( Zr , Cd ,  Ag), or heavy (U) element s .  

This difference can be greatly accentuated by using the backscatter 

ele ct ron image (BEl ) , whi ch was done in several cases . Backscattering by 

an angle of nearly 180° is more efficient with heavy elements but prac­

t ically nonexis tent for light elements .  As a result , organic part icles , 

cons isting predominant ly of low-Z elements (C, H, 0) are ef fect i ve l y  

i nvisible . A comparison o f  the SEI and BE l images o f  the same area gi ves 

a good indi cation of the fractions of the parti cles that are of reaso­

nably high Z and of low Z .  Low-z particles that do not contain elements 

heavier than sodium are most l i kely to be organic in nature . 

4 . 2  PARTI CLE SIZE DISTRIBUTION 

An effort was made to es timate the dens ity of part icles in each size 

range by count ing the number of particles in the SEM photographs . Also , 

a rough es timate of the volume o f  solids in each size range was made by 

calculat ing the volume of the solid particles , as suming that each par­

t icle diame ter was e qual to, or slightly less than, the mean of the filter 
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pore size range in which the part icle was col lected. For example, 

particles that were collected on the 1-�m fil ters were assumed to have a 

diameter of 1 . 4 �m . For those particles col le cted on the 10-IJlii 

f ilter ( the large s t  pore -s i ze filter used ) , the particle diame ter was 

assumed to be 1 5  um. The results of these es timates are s ummari zed in 

Table 5 ,  and the es t imated particle size dis tribut ion is shown in Fig. 5 .  

The accuracy of these data was poor in some cases because either ( 1) too 

few part icles were present to permi t  a s tati s t ically signi ficant count , 

( 2 )  the particles were not dis t ributed uni forml y,  ( 3 )  so many part icles 

were present that they co vered each other , or ( 4 )  many small part icles 

were agglomerated into larger clump s . The precis ion of data obtained 

from different SEM photographs of particles within the same size range 

varied f rom a factor of 2 (in mos t  cases ) to much larger factors (in a 

few cases ) .  E ven tho ugh some of the results may be inaccurate, the dat a 

as a whole were anal yzed and some inte re s ting observations were noted , 

as described below. 

For water sample Wl ( turbidi t y = �7 1 NTU), which represents the state 

of the defueling wat er af ter the core bore operat ions and a period of 

settling (but before any filtration ) , the particle size dis tr ibut ion 

of the contained solids was reasonabl y close to a log-normal dis t ribu­

tion ,  as evidenced by the approximately linear plots shown in Fig. 5 .  

For water sample W2 ( turbidi t y = �25 NTU), which represent s the 

s tat e of the defueling water af ter some filt rat ion through the swimming 

poo l filter containing a diat omaceous earth ( DE ) precoat , the number of 

core-debris part i cles within the 1- to 10-um s i ze range was reduced 

s ubs t ant ially. At the same time , relat i vely large DE particles were 

i nt roduced (and observed in the SEM photographs ) .  The net resul t was 



Table 5, Estimates of number and volume of particles in various size ranges 

Relative particle size distribution (% lar�er than sEecific size) 
Filter Number of earticles/cm2 Water sam2le w1a Water sam;ele wza Water sam;ele W3C 

pore size Water Water Water No. of Volume of No. of Volume of No. of Volume of 
(vm) sample sample sample particles solids particles solids particles solids w1a wzb w3c 

10 SE3 3E3 4E3 0.00 5.7 0.00 11 0.00 50 

5 5E4 5E3 5E3 o.oo 13 o.oo 13 0.00 58 

2 2E6 8E4 7E4 0.15 35 0.01 16 0.04 67 

1 3E7 1E7 7E5 2.4 69 0.9 51 0.4 75 
N 

0.8 1E7 5E6 2E6 3.1 72 1.3 56 1.1 80 
l..,..l 

0.6 1E8 4E7 5E6 11 86 4.8 74 3.4 88 

0.4 2E8 1E8 8E6 26 97 13.4 90 7.1 93 

0.1 1E9 lE9 2E8 100 100 100 100 100 100 

Total 1.3E9 l.2E9 2.2E8 

arurbidity of water sample Wl .. �71 NTU. 

hrurbidity of water sample W2 = �25 NTU. 

crurbidity of water sample W3 = �4 NTU .  
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was that the number of particles in the )10-um size range was about 

the same, but the particles were of dif ferent composition.  

In the case of  water sample W3 ( turbidity = �4 NTU), which represents 

the state of the defueling water after additional filtration through the 

DE-precoat swimming pool filter and also some filtration through the 

0 . 5-um-rated DWCS filters, the numbe r of particles in the )2-um range was 

not reduced as compared with sample WZ . This was because of (1) the 

e ffectiveness of the swimming poo l filter in removing the larger core­

de bris particles in both cases and (Z) the addition of the large r DE par­

ticles .  In contrast, the number of particles in the <2-um size range was 

substantially decreased by the 0 . 5-um-rated DWCS filters. 

The introduction of DE fragments biased the part icle size distribu­

t ion ext ensively . The increased component f rom these large particles 

appears in the curves of Fig . 5 as a steeper slope, especially at the 

upper end of the lines and as a displacement of the curves to the right. 

These data demonstrate that sample W3 ( turbidity = �4 NTU ) contained a 

relative ly highe r percentage of large-particle material; this was 

derived f rom DE fragments and was, therefore, silica-rich as compared 

with the particles that would be expected if the DE material was not present . 

This silica source dominated the total water impurity content . Waste 

clarif ication methods currently being used depend on the injection of DE 

"body feed," and it is possible that some of these solids will escape the 

filtration system . I t  is likely that DE particles will be controlled 

mo re eff ectively with DWCS filte rs than with the swimming pool filter , 

which was used dur ing the time that the water samples studied here were 

obtained . Accordingly, the DE particulates should occur to a smaller 

extent than is indicated by the results of this study . 
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The smaller-s i ze ( (1-�m) particles appear to be de ri ved predominant l y  

f rom the react or system (core de bris and pos s i bl y  s ome organic material ) .  

Since ongoing defueling operati ons wil l  continue t o  resuspend exi s t ing 

core -debris part iculates and generate new debris , that s ource of s olids 

should be e xpected t o  pers ist  thr oughout defueling. These small parti cles 

s catter light much more effecti ve l y  than larger ones , although large par-

ticles may cons titute the bul k  of the s olids . Consequent ly,  s mall par-

t icles f r om the core debris will probabl y continue to rep resent a potent ial 

vis i bi l i t y  pr oblem. 

4 . 3  INTERPRETAT ION OF ENERGY-DISPERSIVE X-RAY FLUORESCENCE (EDX) 
SPE CT RA 

The summary pres ented at the end of this sect i on ident ifies and 

e s t imates the inorgani c element s  observed in the EDX scans . They are 

lis ted generally in the order of decreas ing intens i t y  ( or peak height ) 

of the characteri s t i c  X-ray lines observed f or each element . Very light 

elements ( Z  < � 1 1 ) were not de tected; this range includes bor on ( kn own t o  

be present ) and carbon ( fr om organic material , which may be present ) .  

All other elements can be detected , although with varying ef f i ciencies . 

It should be emphas i zed that these listings are not quanti tat i ve 

measu res of relati ve abundance ; in fact , they may not even be in the 

p r oper qualitat i ve order .  Dif ferent groups of elements were detected 

by means of different orders of X-rays : K X-rays were used t o  detect 

" light eleme nt s "  (Z from � 12  to �45 ) ; L X-rays we re used t o  detect 

heavier elements (Z > �35 ) ; and M X-rays were used to detect the 

heaviest elements , notabl y uranium f or which both L-t ype and M-t ype X-

rays appeared. There were imp ortant interferences which, in a few 

cases , made element ident ification unce rtain . 
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The emi ss ion intensit ies of t he di fferent orde rs of X-rays vary , 

and the ef ficiencies for exci t ing t hem decrease mono tonically wi t h  

increas ing Z. Inte ractions that involve t he abs orpt ion of primary 

X-rays and the emi ss ion of secondary ones occur wi t hin the mat erial 

being examined . Al t hough correct ions can be appl ied so that quan­

t i tat ive X-ray fluorescence de terminat ions can be made wi t h  ideal 

samples (smoot h  surface and thi ck) , this is not pract ical wi t h  small 

samples of small pa rticles , such as those encounte red in the present 

s tudy . Because of t he cons iderations noted he re, even an es t imate of 

t he qualitative orde r of abundance is uncertain . Accordingly , the 

list ings reported should be inte rpreted only as approximat ions. 

In most cases ,  X-ray spect ra were obtained for individual part icles 

or small aggregat es of pa rticles , ranging from a few mi crome ters to 

s ubmicron size , by focusi ng the elect ron beam on the part icle of 

i nteres t .  The re is often some cont ribution to such spectra from 

material immediately adjacent to and unde rneat h t he part icle of 

i ntere s t . Area scans of t he solids on the filter , represent ing the 

ent ire surface of the corresponding photograp h ,  are given in some cases . 

Area scans represent many particles ( usually hundreds or thousands) 

and are , therefore , a sort of ave rage compos ition plus a contribut ion 

f rom the filter media that may dominate. 

The re is a natural tendency to select for analys is those part icles 

which are of unusual appearance and to examine only a relatively few 

part icles typical of the bulk of t he mate rial , so it is not easy to 

convert the analyses for indi vidual part icles to an average for all 

s olids present . This can be done , to some extent , by es timat ing the 
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relat i ve quant it ies of part icles of simi lar characteri s ti cs or 

appearances in the photographs . The least that can be said is that 

those compos it ions whi ch are observed do , in fact , exi s t  in thi s 

s ys t e m. 

The X-ray spectra from light ele ments , such as those f ound in 

organic material and the filter media , generall y  appear as Co mpton 

backgrounds with s mall X-ray peaks denoting any t race elements pres ent . 

A significant Compton background is always present in scans of very 

s mall part icles or of areas . This background appears to be suppres sed 

i f  large X-ray peaks are present because the Y-axis scale (counts )  is 

e xpanded to match the larges t peak. In the Append i xes , the Y-axi s 

s cale is indi cat ed on the spectra ei ther by a number f ollowed by "FS " 

( e . g . , 12 5FS ) or by "VFS=" (e . g . , VFS=l024 ) . If the Compton background 

dominat ed the spect rum ,  no large X-ray peaks were present ; in such 

cases , the Y-axis scale is relat i ve l y  s mall . This suggests that there 

was no significant quant i t y  of any element heavier than sodium. 

4 . 4  GENERAL OBSERVAT IONS 

At leas t 26 ele ments were found in the various solids ; in addi t ion , 

light ele ments such as carbon and bo ron mus t  be present . The elements 

detected include Na , Mg ,  Al ,  Si , S ,  Cl , K, Ca , Ti , Cr , Mn ,  F'e , Ni , Cu , 

Zn , Br , Zr,  Mo ,  Ag ,  Cd ,  In , Ba , Ce , Pb, Bi , and U .  Of these ,  Al ,  Cl , 

Cu , and Zn were present , to some extent , as artifacts due to sample 

p reparation and mount ing; in many samples , howeve r ,  Al ,  Cl , and , in 

some cas es , Cu were pres ent far in excess of such amounts . 

Many of these ele ments were e xpected , such as Fe , Cr , Ni , Zr , Ag ,  

Cd , In , and U ( from the reactor s ystem) and Cl , S ,  Al ,  Si , and Ca (as 
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common or known impuri ties ) . Howe ver ,  some were une xpected ; these 

i nclude Mo in quite a few samples , Br in several , Pb and poss i bly Bi in 

a very few, K in large amounts in a few ,  Mn in a few , and rarel y  Ce and 

Ba ( the Ba X-ray could be an art ifact from the decay of 1 3 7cs in fuel­

bearing material ) .  

A wide range of part icle s izes and compos i t ions was obse rved in all 

wat er samples , but there were sys t e matic variat ions in the nature of 

the solids according to part icle size. In general , the larger (>S-um) 

par t i cles were composed of light elements (Si , Al ,  Ca, and sometimes Fe 

that was usually free of Cr and Ni ) ;  there was also a small amount of 

ot:he r mate rials , including core debris (Zr , U ,  and Ag ) , which was prob­

abl y  as sociated wi th some of these larger particles as agglomerates . 

The large part i cles were relatively few in number and probably do not 

contribute signif icantl y  to the water problem . 

A change in character of the par t i cles was obs erved start ing wi th 

the 2- to 5-�m f ract ion for water sample Wl ( turbidi t y  = �71 NTU ) and 

the 1 - to 2 -�m fractions from samples W2 ( turbidi t y  = �25 NTU) and W3 

( turbidi t y  = �4 NTU ) . As the part icle size de creased through these 

ranges , a larger amount of solids appeared and the solids contained 

les s  of the light elements but more core debris. Ind i vidual debris 

par t icles , in mos t  cases , were composed predominant l y ,  or almos t  

ent i r el y ,  o f  onl y  one element : U ,  Zr , or some mi xture of cont rol rod 

metals ( Ag ,  Cd ,  and In were each dominant in different part icles ) .  

Iron was also pres ent,  somet imes relat i vely pure and so met imes mi xed 

with Cr , Ni , or both.  In addit ion , agg regates of several t ypes of 

particles occurred . 
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As the particle size decreased below 1 �m. the light-element frac­

tion (Al , Si , Ca )  decreased greatly and the fraction of core-derived 

mat erial generally increased . There was also a tendency for some par­

t icles in the few-tenths micrometer size range to be rounded or globu­

lar,  sugges ting that they resulted f rom molten material ( control rod ) 
or aerosol condensat ion ( refractory oxides , uranium) . although some 

f ragmented material was observed as well . 

As the particle size decreased further,  there was increas ing evidence 

for part icles containing only low-Z elements (e . g . , organi c material ) ; 

and that appeared to dominate in the smalles t  fraction, 0 . 1 to 0 . 4  �. 

A subs tantial amount of material was found in this s ize range (Fig . 5 ) . 

Under highe r magnif icat ion, many particles were rounded and particles 

even smaller than 0 . 1 �m were observed (Figs . 6 and 7) ; however ,  there 

was s t ill some core-derived material in this f raction (i . e . , the bright 

core in the particle near the center ) . In the smaller-size material , 

especially , there was evidence for the aggregat ion of small , often 

s pherical , particles into small clus ters . 

Part icles wi th the same general characteris t ics were observed in each 

of the three water samples . The primary difference involved the amount 

of solids present ; subs tantially les s  of the met al -containing solids (but 

s till a very s ignificant amount ) was found in the lower -turbidi t y  waters , 

especially sample W3. There was also less small -sized low-Z material 

( presumably organic ) in the lower -turbidity waters , but it probably did 

not decrease as much as did the amount of larger-s ized (met al -containing ) 
solids . However , it is diff icult to es timate the amount of such material 

accurately . 
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F i g .  6.  Agg regation o f  s ma l l  p a r t icles o n  0 . 1 -� m  f i l ter f rom 
Nuclepore f iltration t es t  3 :  water sampl e  W2 ( turbidity = �2 5 NTU) . 

Fig. 7 .  Enlargement of the region shown in Fig .  6 .  Note the pre­
sence of rounded part i cle s ,  very smal l parti cl es , an d agg regates. 
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The f ilters were examined us ing an SEM with EDX capabi lity . The 

analytical data reports (photographs and EDX spectra) are detai led in 

Appendixes C through E ;  the results for each analysis are summarized in 

the subsect ions that follow .  For cross reference , each photograph is 

referred to by its identificat ion numbe r ,  which is given at the left  

margi n of  the listing that follows , as  well as on the photographs in 

the Appendixes .  Each photograph also includes a scale indi cated by a 

l ine labeled with its corresponding length in micrometers (designated 

as "U" or "llm" ) .  Wi thin a given EDX analysis , elements are gene rally 

lis ted in the orde r of decreas ing relative X-ray peak hei ghts ; these 

values are not necessarily the same as thei r  relat ive abundances .  

4 .  5 EXAMINATION OF NUCLEPORE FILTERS FROM TEST 1 :  WATER SAMPLE W1 
( TURBIDITY = � 7 1  NTU ) 

10-llm Filter (Figures C . l -c . 2 )  

Photograph 

1 84 1 2  

1 84 1 3 

1 84 1 4  

Comment s 

Few large part i cles ; widely separated 

10- to 1 3-llm ill-defined part i cle- Ca > Si >> C1 , Al > Fe 

1 .  5-llm-diam x 30-llm-long rod ; essent ially all s ilica 

2 .  Cluster of small particles on end of rod­
Fe )) Al , Ni ) Si ) Cl , Cd (no Cr ) 

3 .  5 x 10 llm poorly def ined part i cle- large Compton 
background and no met als ; probably organic 
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2-pm Filter (Figures C . 3-c . 4 )  

Photograph 

1 84 1 5  

1 84 1 5  

1 84 1 6 

1 84 1 7  

Comments 

Very heavy depos it ; part icles (some <<2 vm) pi led over 
pores 

Area s can ; X-ray spect rum of area is complex . 
Some peaks may be mis ident i f i ed- Cd (Ag ,  In) , Fe > Zr > 
Al ,  Si > Cl ; Ni appears smaller than in SS , and Cr is 
absent ; U was not detected but could be pres ent in small 
concent ration 

S can of small area ; mo s t  part icles << 1 urn ;  larges t ,  
2 x 4 �m- Cd ,  (Ag ,  In ) , Fe ) Zr ) Al , Si , Cl ) Ni 

Area scan s imi lar , but pos sibly U present 

1 -pm Filter (Figures C . S-c . 6 )  

Photograph 

1 84 1 8  

1 84 1 9  

18420 

Comment s 

Large area , moderately heavy depos i t ; some part icles pi led 
over pore s ,  but many pores vis ible . 
Area scan- complex spect rum : Mo ,  Zr , Fe , Cd , Al ,  Si , Pb, 
( Bi ) , Zr 

Small area- K , Cd ? >> Al , Mo , Ag ,  Fe , Zr , Cl , Cr , Ni , Pb ; 
Si peak small ,  if present at all 

Agglomerate of small parti cles- Fe , Pb, Bi , Mo , Al 

0 . 6-pm Filter (Figure C . 7 )  

Photograph 

1 84 2 1  

1 8422 

Comments 

Large area , moderately heavy deposit ; rounded particles 
tend to pile over pores ; some part icles appear spherical 
or globular . 
Area scan- Mo , Fe , Pb , Bi , Zr, Al 

Fuel or control rod residue in white particles ; 
spheres are fuel res idue or Ag-Cd in separate part icles 
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0 . 4-pm Filter (Figure C . 8 )  

Photograph 

1 8424 

18425 

Comment s 

Moderate depos it ; lighter , but similar , to 0 . 6-� f il t er ; 
both whi t e  and gray parti cles ; tendency toward mo re 
s pheres . 
Area s can-A1 , C 1 ,  Fe , Si , Compt on background ( f rom 
f ilter medi a )  

Individual parti cles variable- some U,  Ag-Cd, Si-Al 

0 . 1 -pm Filter (Figure C. 9)  

Photograph 

1 8426 

1 84 2 7  

Comments 

Small ,  but signif icant , depos i t  of small part icles , plus 
a very few larger , apparently aggregated part icles . 
Area scan- mainly Compton background ; very small indica­
t ion of Cl , Fe ; mostly low-Z material , probably organic 

3000X- many small ( (0 . 1 - to 0 . 3 -pm) poorly def ined par­
t icles . 
Area scan- mainly Compton ; trace Cl , Fe 

0 . 4-um Filter ; reexaminat ion with different SEM (Figures C. lo-c. l 9 )  

Photograph 

4367 

4368 

4 365 

4366 

Comments 

Both whi t e  and gray particles ; many rounded or spheri cal 

Area scan- Br , Cl , Ag , Si , Fe ; all small peaks over 
large Compton 

1 .  Two smal l white cores in bright particle- nearly pure 
Z r ;  trace Al ,  Si, Fe , Cl , Ag 

2 .  Rounded white co re in gray part i cle- pure U 

3 .  Similar to ( 2 )- nearly pure U ;  t race Al ,  Si , Fe 

4 .  Gray sphere- Comp ton background dominant ; trace Al ,  Si , 
cr . � . � . & ?  

5 .  Light gray i n  gray- Ag > Zr ; trace Al ,  Si , Fe ; maybe 
Mo, Cl , U 

Note white core in some gray part icles 

20, 000X shows agglomerate of 0 . 2- to 0 . 4-�m spheres 
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4 . 6  EXAMINATION OF NUCLEPORE FILTERS FROM TEST 2 :  WATER SAMPLE Wl 
( TURBIDITY : � 7 1  NTU )  

10-um Filter (Figures D . l-D . 4 )  

Phot ograph 

1 8428 

1 84 2 9  

1 84 30 

1 84 3 1  

1 8432 

1 8433 

Comments 

Widely spaced large part icles 

1 .  Diatom part icle- nearly pure Si 

2 .  Diatom particle- nearly pure Si 

3 .  4 x 7 um part icle with regular shape- Al ,  Si >> Fe , Ba , 
Ce , Cl 

4 .  10-�m irregular particle , agglomerat e?- Fe >> Ni > Cd , 
Cl , Al ,  Si 

5. Small "flake , "  irregular-- Fe » Ni , Al ,  Cl , Cd ,  Si 

6 .  10-um rounded part icle , rough surface- In,  Cd? , 
Ag ) Mo ) Fe , Al , Cl , Si 

7 .  Diatom- pure Si 

5-um Filter (Figures D . 5-D . 8 )  

Photograph 

1 84 34 

1 8435 

18436 

1 84 37 

1 8438 

Comments 

Widely spaced particles 

1 .  9 x 12  um fuzzy agglomerate- Fe >> Cd ,  Si , Mo ,  Ni , Al ,  
Cl 

2 .  5-um particle with square corners- Si (diatom fragment ? )  

3 . 4 x 7 �m part icle- Fe > Ni > Si , Al ,  Cd ,  Cl , Mo 

4 .  4 x 8 um pointed particle- Al ,  Si >> Ba , Fe , Ni , Sn? 

5 .  S-um plus small crys tal� Al ,  Si > Fe > Ba , Mo ,  Cd ,  Sn? 

6 .  6 x 8 um particle- Fe >> Al > Si , Ni , Cd 

7 .  7-um , rounded particle- Fe >> Al , Cd ( In ? ) ,  Ni , Si , 
maybe Zr 

8. Sharply edged part i cle- Zr > Ag >> trace Fe 

9 .  7-um fuzzy part icle- trace Fe , Ba ,  Si , Al , Zr , Cl 
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2-um Filter (Figures D . 9-D . 10)  

Photograph 

1 8446 

1 8447 

Comments 

Heavy depos it ; particles piled over pore openings 

A. Cylinder ,  7 vm diam x 50 �m long- Si > Ca > Al 
B .  Identical part icle ( Si / Ca/Al , �4/2/ 1 )  

1 .  Bright 3 x 4 vm par ticle- Fe > Al ,  Si , Ni > Cd ,  Ag ,  In , 
Z r ,  Cl , Cr 

2 .  Small par ticles over pore- Cd ,  In , Ag ,  Fe > Zr , Al ,  Si 

3 .  Similar to ( 2 )  plus 2-vm sphere- Fe > Ag ,  Cd ,  In , Cl , 
Al ,  Si , Zr 

4 .  Large agglomerate- Si , Zr > Fe , In , Cd ,  Ag ) A1 > Ni , 
Cl 

"Diluted 2-um'" Filter ( Figures D . l l -D . 1 5 )  

Photograph 

1 8439 

1 8440 

1 84 4 1  

1 8442 

1 8443 

Comments 

Well separated particles 

1 .  1 2-�m-long , thin , rough surface- trace Al , Fe , probably 
organi c 

2 .  Large agglomerate- C1 > Al , Si > Fe 

3 .  Bright , smooth , curved surf ace- Cd >>> Zr , Fe , Al ,  Cl 

4 .  2 x 3 �m agglomerate ; bright region- Fe , In ( Ag , Cd ) , 
Al > Mo ,  Si 

5 .  3-um grain ;  rough surface- U > Zr > t race Al ,  Fe 

6 .  8 x 10 um angular particle- Al >>> Mo > trace Fe 

7 .  6-um thin f lake- Zr >>> Ag ,  Cd ,  Fe , Cr , Ni , Al 

8 .  1-um round particle- Fe = Cr > Al 

9A. 3 x 4 um bright , sharp-edged , angular part icle- Zr ) U >> 
Fe , Al 

9B . 2-um , rounded , fuzzy particle- Fe >> Al ,  Si , Ni , U ,  trace 
Cl 

9C. 1 x 2 urn, grain- U > Zr >> Fe , Al ,  Cl 

9D . 2 x 3 urn gray , rounded , fuzzy particle- Al , Si >> Ba , Fe 

9E . 4 um, sharp grain- U > Zr 
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1-um Filter (Figures D . l6-D . l8) 

Photograph 

1 8444 

1 8445 

Comment s 

Good dist r ibution of 1 - to 2-�m white and gray particles 

1 .  Bright part icle in agglome rate- U >>> Al ,  Fe , Ni 

2 .  Gray agglome rat� Fe , Al ,  Si ) Cl ; large Compton 

3 .  White angular particle- Ag > In > Mo > Fe , Al ,  Cl 

4 .  Whi te angular particle- U > Zr > trace Al ,  Cr , Fe , Cl 

5 .  Gray area of agglomerat� Fe > Al ,  Cl > Cd ,  Mo ,  Zr 
( Compton )  

6 .  Bright area ,  same agglome rate- U > Zr > Fe , Al ,  Si , Cl 

7 .  Mixed agglomerate- Fe , Zr , Ag-Cd-In , Al > Si , Cl > 
t race Ni 

8 .  Bright , rounded particle- In (Ag , Cd )  > Zr , Fe > Al > 
Si , Cl , trace Ni 

9.  Dull gray particle- Fe > trace A1 ;  mostly Compton 

0 . 8-um Filter (Figures D . l 9-D . 26 )  

Phot ograph 

4 387 

4 388 

4389 

4 390 

Comments 

Widely scattered part icles and agglomerates 

Bright 0 . 8-�m particle with smaller gray parti cles- Fe > 
Al ; trace Ni , Cl , Si , S ,  probably Zr , Cl , In , maybe Cd 

White sphe re with gray shell around it- Ag > Zr , S 

Small whi te spheroid in small bright particle- pure U 

Cluster of bright particles , each < 1  �m- Zr >> U 
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0. 6-pm Filter (Figures D . 27-D . 33 )  

Photograph 

439 1 

4 392 

Comments 

Scattered white and gray part icles and agglomerates 

1 .  White sphere , 0 . 7  pm- pure Ag 

2 .  Bright 0 . 5-pm s phere , gray shell- Zr >> Cr , trace Fe , 
U ,  Al ,  Si 

3 .  Gray round part icle- Fe , Br >>> Ag , Ni , Cu , Cl , Si , Zr 

4 . Light spot in transparent shell- large Compton back­
ground ; Fe , Br , Ag , ( Cd )  > trace Si , Zr , Sn 

Area scan- U > Zr , trace Fe , Al ,  Si 

0 .4-pm Filter (Figures D . 34-D . 39 )  

Photograph 

4393 

4395 

4 394 

4396 

Comments 

Scat tered bright and gray part icles and agglomerates 
Area scan- U >> Fe > Zr , Al ,  Si 

White angular particle- Zr >> Ag ,  (Cd) , Fe , Si , Al 

"Normal " secondary electron image ( SEl ) ; shows topography 
with some dependence of brightness on Z 

Backscatter electron image ( BEl ) of same area ; high-Z 
element s are bright , while low-Z elements are dark 

0 . 1 -pm Filter ( Figures D . 40-D.45)  

Photograph 

4397 

4398 

Comments 

BEl 

SEl ; heavy scat ter of agglomerates and small part icles 
down to submicron size ; many particles rounded 

1 .  Small ,  white part icle- U, trace Fe , Al ,  Si , Zr , S ,  Cl 

2 .  Three different part icles , rounded , small ;  light on SEl 
but nearly invisible in BEl-
Fe >> Al ,  Si , Cl , Cu , Compton background ; 
Fe , Ag ,  S ,  Al ,  Si , Compton background ; 
Fe >> Zr , Cu , Ca , Cl , S ,  Si , Al ,  Comp ton background 

3 .  Gray ; faint in BEl- Fe >> Zr , Cu > trace Al ,  Si , S ,  Cl , 
Ca , Zn 
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4 . 7  EXAMINAT ION O F  NUC LE PORE F I LTERS FROM TEST 3 :  WATER S AMPLE W2 

(T URB I DITY = �2 5 NTU) 

1 0-�m Filter (Figures E . l-E . 5 )  
P h o t ograph 

1 84 4 8  

1 8 4 4 9  

1 8 450 

1 8 4 5 1  

1 8 4 5 2  

1 8 4 5 3  

1 84 54 

1 84 5 5  

1 84 56 

C omme n t s  

Ve r y  f ew p ar t i c l e s  

1 .  8 x 3 0  � m  l ong p ar t ic l e- C ompton b ackg ro und ;  l ow-Z 
e l emen t s ;  s ome C 1  

2 .  7 x 1 4  �m agg lome ra t e- Fe , Ag ,  Cd , In ) Z r  ) Mo , Cl , 
Al ) S i , may b e  U 

3 .  Br i ght , 5 x 1 0  � m p ar t i c l e- S i ) Cl > Fe 

Ve r y  f ew p a r t i c l e s ;  s ome ( 1 0  �m 

1 .  1 1  x 2 2  �m agg l omerat e- Z r  ) )  U ,  Cd , Ag ,  In , t race Cl , 
Fe 

2. Gr ay , l ayered s truc t ure- Co mp t o n  backg round; t race Cl 

3 .  3 -� m ,  whi t e , r o unded p ar t i c le- C o mp ton backg r ound ) 
t race Si , C l  

4 .  2. 4 x 4 u rn  p o i n ted p ar t i c l e- C omp t on backg r o un d ) 
t r ace Cl , S i  

5 .  2 - t o  3 -u m  g ray agglomera t e ;  s mal l p a r t i c l e s- C l ;  
Comp t on b ackg round 

6 .  3 x 8 u rn  p a r t i c le w i t h  sm a l l  s pheres o n  s ur face­
C o mp t on b ackground; C 1  ) S i  

7 .  6 x 8 � m  r o unded p ar t i c le s , s imi l a r  t o  ( 6 }- C o mp t on 
b ackg ro und ; S i , Cl 

5-�m Filter ( Figures E -6-E . 9 )  

P h o t ograph 

1 8 4 5 7  

1 84 5 8  

1 84 5 9  

Co mme n t s  

Ve ry f ew w idely s ca t t e r ed p ar t i c les 

1 .  1 5  x 2 0  urn, n ebul o us- Compt o n  backg round; t race Cl 

2 .  8 x 2 4  � m  p ar t i c l e , s imi l a r  t o  ( 1 }- Comp ton b ackg round ; 
t race Cl 



1 8460 

1 84 6 1  

1 8462  

1 8463 

1 8464 
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3. Aggregate ; �s x 8 �m particle- Fe >> Cl > Al ,  Si , Zr , 
S ,  Ca. 

4 .  5-�m fuel grain shape- U ,  trace Zr , Cl 

5 .  4 x 6 �m agglomerate- Fe ) Al ,  Cl , U ) Si , Zr , Ni ) Ca 

6 .  Thin , bent shell or f lake- Si 

7 .  1 . 5-�m small aggregate- Compton background ; Cl , maybe 
Al ,  Si 

8 .  8-�m , rounded ,  maybe layered part icle- Compton back­
ground ; Cl 

9 .  3 x 8 �m elongated particle- Compton background ; 
Cl > Si 

2-pm Filter (Figures E . l0-E . 1 3 )  

Photograph 

18465 

1 8466 

1 84 6 7  

1 8468 

Comments 

Scattered particles 

1 . Large particle- pure Si 

2 .  Small , round particle- Zr » Ag > u > trace Fe , Cl 

3 .  Fe , Cr > Mn > u ,  Cd ,  In , Zr ) Cl , Al ,  Ca 

4 . Fe ( no Cr ) > Cd ,  In , Ag > Al ,  Cl , Mo > trace Si , Ni 

5 .  Pure U 

6 .  Fe )) t race Si , Al ,  Cd ,  Cl 

7 .  Fe )) trace Ni , Cl , Al ,  Si 

8 .  1 x 2 �m , bright , j agged particle- Zr ) Si , Ag , Cd ,  In , 
Cl , U? 

9 .  Diatom fragment- Si 

1 0 .  2 x 4 �m smooth part icle- Zr ) trace U, Ag , Fe 

1 1 .  2 x 4 �m irregular (melted ? )  par t icle- Ag , Cd ,  In )) Mo ) 
Z r ,  Fe 
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1-�m Filter (Figures E . l4-E . 25 )  

Photograph 

4400 

4399 

440 1 

4402 

Co!IDllents 

Normal SEI showing topography 

BEl of same area showing high-Z elements as whi te 

A. Large white , rounded particle- Cd )) U )) trace Zr 

B .  Small white particle , �1 �m- U >> trace Zr 

C .  Less-white , 2-�m aggregate of fines- In > trace Fe > 
maybe Si , Al 

D .  Near-white , point ed , 1 x 2 �m part icle- U >> t race Zr 

E .  White , rounded , near 2-�m part icle- U >> maybe trace Zr 

BEI ( F ,  G ,  and H are invi sible ) 

SEI of same area ( F ,  G ,  and H are gray ) 

F .  About 1 -�m particle , pointed at one end- Zr >> trace 
Ag , In , Al ? ,  Si ? , Fe? 

G. < 1 -�m , elongated part icle- Fe )) Al ,  Ni , maybe Si 

H .  About 1 -um, gray flake- Compton background ; slight 
t race Si, S 

0 . 8-um Filter (Figures E . 26-E . 39)  

Pho tograph Comments 

4 4 1 2  SEI ( 2000X) 

4 4 1 1  BEl of same area ( 2000X) 

A. Bright particle , (1 �m- Zr , U )) maybe t race Fe , Si , Al 

B .  Round , bright part icle , "' 1  �m- u » trace Fe , Cr , Al ,  Zr 

c .  Round , bright part icle , <1 J.mr- V )) trace Fe , Cr , Al ,  Zr 

D .  Bright part icle , < 1  um- u > Zr >> trace Al , Si , Fe 

E .  Smal ler , round bright part icle- U > Zr > trace A1 ,  Si , 
Fe? 



4 4 1 4  

4 4 1 3  

4 2  

F .  Small light -gray particle- Fe >> trace Ni , Al ,  Si , S ,  
Cl , Ca? 

Area scan- Compton background , maybe trace Fe , Al ,  Zr , U 

BEI ( 6000X) 

SEI of same area ( 6000X) 

G .  Rough , large part icle , dim in BEI- Compton background , 
maybe Al ,  Si , Cl 

H . <1 -�m gray particle dim in BEI- Compton background , 
some Al ,  Si , Zr , Ti , Fe , Cu 

I .  0 . 8-�m aggregat e ,  moderately bright in BEI- Fe > trace 
Al , Si , Ni > maybe S ,  Cl 

0 . 6-pm Filter (Figures E . 40-E . 56 )  

Photograph 

44 1 6  

441 5 

4 4 1 7  

4 4 1 8  

Comment s 

SEI ( 2000X} 

BEI of same area ( 2000X} 
Area scan- Compton background , trace Al ,  Cl , Fe , Br , Si 

SEI ( 6000X) 

BEI of same area ( 6000X) 

A. Bright , angular part icle , 0 . 5  x 1 �m- U > trace Zr , Fe , 
Al , Si 

B .  Bright , rounded , 0 . 5-�m particle- U > Zr > trace Fe , 
Si , Cr 

C .  Gray ( SEI/BEI ) ,  pointed , 0 . 5-�m particle- In , Ag > 
t race Al ,  S > Si , Fe 

D .  White , 0 . 5  x 0 . 8-�m part icle with corner&- U 

E .  White BEI ,  gray SEI , end of crystal clumi>- U, Zr 

F .  Whi te BEI ,  gray SEI , (0 . 5-�m particle&- U > trace Al ,  
Fe > Si ? , Zr? 

G. Gray clus t er of �0 . 7-�m particles- Zr > Ag > trace Fe , 
Al , Si , Br 



44 1 7  

4 3  

H .  Whi te , pointed , angular part icle , 0 . 4 x 1 � U > Zr > 
t race Al , Si 

I .  Gray , rounded , (0 . 5-um particle- Fe > A1 > trace Si , Br 

J .  Similar to ( I }- Fe > A1 > trace Si , Br , Zr 

L .  Large , gray structureless area- Compton background ; 
trace Al , Br , Fe 

M .  Dark gray clus ter , faint on BEl- Si > t race Fe , Al , Zr , 
B r  

0 . 4-pm Filter (Figures E . 57-E . 7 1 )  

Photograph 

4590 

4 588 

4 589 

4587 

Comments 

BEl image shows a thin s cat ter of white part i cles ( 2000X) 

SEI image of same area , Wi th a good assortment of part icles 

BEl image shows a few white part icles ( 6000X) 

SEI image of same area , with many part icles and agglomerates 
Area scan- mos tly Compton background ; trace Cl , S, K > Cu ,  
Fe , Si , Al , Zn , Na 

1 .  White , rounded 0. 5-um part icle- U >>> trace Fe , Al ,  Si ? 

2 .  1 -um , gray agglomerate- Fe >> K,  Al , S ,  Cl , Si > Ni , 
Cu , Zr 

3 .  Gray agglomerate- Fe >> K, Al , S ,  Cl , Si > In , Cu , Ni , 
Na 

4 . Small white part i cle- U >>> pos s i bly trace Al , Si , Zr , 
s ,  Cu 

5 .  Large gray agglomerate- mos tly Compton background ; 
t race S ,  K , Cl , Cu , A1 

6 .  1 -um gray platelet- Compton background ; Fe >> trace K , 
Al , S ,  Si , Cl , Cu 

7 .  0 . 5-um whi te part icle- U >> Zr >> poss ibly Al , Si , Fe 

8 .  1 -um agglomerate- mostly Compton background ; trace Fe , 
K , S ,  Cl 

9 .  Small white particle- U >> Zr >> trace Fe , A1 

1 0 .  Gray agglomerate- Compton background ; trace Cl , S ,  K , 
S i , Fe 
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0 . 1-pm Filter (Figures E . 72-E . 84 )  

Photograph 
4591  

4593 

459 1 

4592 

Comments 
SEI image ; good assortment of small part icles and agglom­
erates 

BEl image of same area , with very few bright part icles 
( 6000X) 

Area scan- Compton background ; Cl , S ) Si , U or K, Cu ) 
Ag , Fe , Al 

1 .  Tiny whi te particle in gray agglomerate- Compton back­
ground ; trace S ,  Si � Cl , Fe , Cu 

2 .  Rounded whi t e  particle- U ,  Zr )) trace Fe , Cu , Si , Al 

3.  Bright area in gray particle- U ))) trace Al ,  Si , Cl , 
Cu , Fe 

Blowup of No . 3 ( 20 , 000X) ; 0 . 1 5-llm whi t e  core in 0 . 4-l!m 
gray blob ; note other spheres and agglomerates 

4 .  Bright spots  in gray agglomerate- Compton , Fe , Ag ,  Si , 
S ) Al ,  Cu 

5 .  Gray agglomerate- Cl ) Fe > Cu , K, S ,  Si , Al 

6 .  Gray agglomerate- Compton background ; Cl ) Fe , Co , Ag ,  
S i ,  Al ) trace K 

7 .  Small white area in gray blob- U )  Cl )) Zr ) trace Cu , 
Fe , Si 

8.  Gray agglomerat e- Compton background ; small Ag, Cl , Fe , 
S i , S ,  Cu , Zn , Al 

9 .  Gray sphere- Compton background ; trace S ,  Si , Cu , Cl 

4 .  8 EXAMINATION OF NUCLEPORE FILTERS FROM TEST 4 :  WATER SAMPLE W3 
( TURBIDITY = �4 NTU )  

10-pm Filter (Figures F . l -F . 4 )  

Photograph Comments 

1 8469 Few large particles 

1 .  Large flake , 40 x 20 llm- no structure ; Fe (no Cr , Ni ) 

1 8470 2. S imilar to ( 1 }- same composi tion + trace Si , Mo ,  Cl 



1 847 1 

1 85 7 2  

1 84 7 3  
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3 .  Gray particle , �20 �m, with small white globules on 
surface- Si , Ca ) Cl ) Al ,  Mg ,  Mo , K, Fe , Ti 

4 .  10-�m agglomerate- Mo ,  Si , Cl ) K, Ca ,  Al ,  Mg ) Fe ; 
Compton 

5 .  Small (6 to 8 um) , rounded parti cle- Ca )) Mg ) trace Si , Cl , Fe 

6 .  Odd-shaped part i cle , 20 to 30 um- Compton background , trace 
Cl , Mo ,  Fe , Ni , Ca 

7 .  5 x 10 �m pointed part icle- Ca )  Si )) Cl , Al ,  Mg , S ,  K, Fe 

8 .  � 10-um part i cle plus small fragments- Fe >> Ni , Mo ,  Cl , K 

9 .  Lump on filte r ;  tiny surface particle� Ti (maybe La) , Mo ,  
Cl > Al ) Si , Fe , Ni , K, Ca 

5-pm Filter (Figures F. 5-F . 8) 

Photograph 

1 8474 

1 84 7 5  

1 84 7 6  

1 84 7 7  

1 8478 

Comments 

Very few part icles 

1 .  8-um cotton ball- Si > Al > Ca , Fe > trace Cl , K,  Mo 

2 .  3-um agglomerat e- Cl > Si , maybe Mg 

3 .  3-�m f luff- Compton background ; trace Si , Cl , Fe 

4 .  Agglomerate of small gray particle� Ni > Cl > Mo > 
t race Al ,  K 

5 .  Agglomerate of small parti cle� Ni , Cl >> trace Si , S ,  
Al 

6 .  Large agglomerate of small part icles- Cl , Ni ) S ,  Ca ) 
S i , Al 

7 .  1 2  x 1 5  um; no structure- Compton background ; trace Cl 

8 .  6-um agglomerate of small part icle� U (maybe Cd) , 
Zr > A1 ,  Cl , Fe 

9 .  3 x 10 um particle ; no structure- Compton background ; 
t race Cl 
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2-Pm Filter ( Figures F .9-F . 1 2 )  

Pho tograph 

1 84 7 9  

1 8480 

1 8481 

1 8482 

Comments 

Scattered s mall particl e s  

1 .  1 5 x 2 0  �m agg lomerate- Si ) Cl 

2 . 2 x 5 �m c rystal- Zr , Fe ) Cr , Cd , Cl ) Ni 

3 .  2 -�m agg lomerate- Fe ) Cr ) Ni ) t race Si , Cl 

4. ( 1 -�m r ounded particle- Fe )) Cr ) t race Si , Al ( no Cr , 
Ni ) 

5 .  3 x 4 �m particle w i th l it tle s tructure- Fe ) Si , Cl 

6 .  Br ight agglomerate- Fe , Al ) Ni , Cl ) t race Si 

7. Ag glomerate of small round par ticles- F e ) Si , Cl ) S ,  
Ni , Al 

8 .  Small g ray agglomerate , rounded- Fe ) K ,  Cl , Al ) 
t race Si , Ni 

9 .  3 -�m agglomerate- Fe ) K, Cl ) S i , S ,  Al 

1 0. La rge agglomerate- Fe ) K ,  Cl ) Si , S 

1 1 .  ( 1 -um particles- K ) Cl ) Fe  

1 2 . 2 -�m, r ounded par t icle- S i  )) K ,  Cl 

1-pm Filter (Figures F . l 3-F . l6) 

Photograph Commen ts 

1 8483 Scat tered small parti cles 

1 8484 1. 2 x 4 �m agglomerate- F e ,  Cl , Co mp ton background 

2 .  1 x 3 �m agglome rate- Compton backg round ; Cd ,  t race Cl 

3 .  Simi lar t o  ( 2 }- Comp ton backg round ; t race F e ,  Cl 

4 . Sm aller agglomerate- Fe ) Cl , Al , Compton background 

5. Ag g lomerate- Fe , t race Cl , Compton background 

6 .  Ag g lomerate- t race Fe , Cl 
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1 8485 7 .  Agglomerate- Si , Al ,  Cl , Compton background 

8 .  2 -�m rounded agglomerate- U > Ag > Fe > trace Cl , Al 

9 .  Agglome rate- Cl , Fe , Comp ton background 

1 0 .  0 . 5  x 1 �m. rounded- Zr > Ag ,  Cl , Fe 

0 . 8-�m Filter ( Figures F . l 7 -F . 26 )  

Pho tograph 

4606 

4 6 1 6  

46 1 7  

4 6 1 8  

4 6 1 9  

Comments 

Few particles , both whi te and gray 

Three part icles close together 

1 .  Angular , bright par t i cle , 0 . 6  x 0 . 8  �m- Zr >> U > 
t race Fe 

2 .  Irregular , bright particle , 0 . 4  x 0 . 8  um- Fe >> Cu , Al , 
S i , Ni 
Larger , light-gray agglomerate between ( 1 )  and ( 2 )­
same as ( 2 )  

0 . 1 -�m white sphere ins ide gray shell- Ag , U ,  S > Cl , Cu 

0 . 4  x 0 . 8  um globular white part icle- Zr >> U 

0 . 7-um gray sphere plus smaller white spheres- Fe >> Cu , Ni > 
t race Al ,  Si , Cl 

0 . 6-�m Filter ( Figures F . 27-F . 30 )  

Phot ograph 

4558  

4559 

4560 

4 6 1 5  

Comments 

Very few white particles and gray par ticles ( 2000X) 

Few part i cles of any kind ( 6000X) 
Part i cle near center- Zr > Al > Fe > U ,  Ni , Si 

0 . 6-�m part icle with white core (lower right on 455 9 }­
s imilar t o  4559 

0 . 4-um white sphe re- U > Al ,  Zr , Fe 



48 

0 . 4�m Filter (Figures F . 3 1 -F . 44 )  

Photograph 

4 5 3 1  

4557  

4555 

4556 

Comments 

Few part icles , white or gray ; many spheri cal or rounded 

0 . 6-�m white sphere- Ag > Al ,  Mo ,  Cu , Ni ) Fe , Cl 

Very few white part icles ; more gray ( 2000X) 

Scattered white and gray part icles ( 6000X) 

1 .  Rounded , white particle , 0 . 6  um- Ag )) S )  A1 ) Cu 

2 .  Rounded , white part icle , 0 . 8  um- U )) Al ,  P ) Si , Cu , 
Bi 

3 .  Gray particle , 0 . 8  �m- Al , Si )) Cu , Ba , Fe 

4 .  Dark-gray sphere , 0 . 4  um- mainly Compton background ; 
t race Al ,  Cu 

Three small particles ( 20 , 000X) 

1 .  Rounded white particle , 0 . 5  �m- Zr )) U )  trace Al ,  Si , 
Cu 

2 .  Gray particle , 0 . 5  X 1 um- mainly Comp ton background ; 
S ) A1 ) Cu 

3 .  Gray crys tal , 0 . 6  um- Fe >> Al >> Cu , Si (no Cr , Ni ) 

0 . 1 -um Filter (Figures F . 45-F . 49)  

Photograph 

4529 

4530 

Comments 

Several small ( 0 . 1 - to 0 . 2 -�m) spheres and other gray , 
low-Z parti cles ; 10% heavier than Si 
Rounded 0 . 5 -um particle (or flake )- Compton background ; 
faint trace Al ,  Cu (organi c ) 

Very few small white part i cles ( 0 . 1 to 0 . 2  �m) ; more gray 
particles 

1 .  Whi te globular parti cle , 0 . 2  to 0 . 3  um- U )  Cu ) Zn , Si 

2 .  Whi te sphere , 0 . 1 to 0 . 2  �m- U )) Cu ) Al 

Mos t  material appears to be organi c ;  small amount of fuel or 
control rod material ; little , if any , light elements 
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Appendix A. CHARACTERIZATION DATA FOR STAINLESS STEEL DWCS FILTER MEDIA 

Figure Pa&e 

A . l 

A . 2  

A .3 

A . 4  

A .5 

A . 6  

A .  7 

A . 8  

Opti cal -mi cros cope photograph of sample F2 . 
f ilm on the upstream (lower-left) surface • •  

Note the thin 

Opt i cal -mi croscope photograph of sample F3 . Note absence 
of film . . . . . . . . . . . . . . . . . . . . . . . . 

Opt i cal-mi croscope photograph of sample F2 . Note film on 
t he surface .  . . . . . . . . . . . . . . . . . . . . . 

Opt i cal-micros cope photograph of sample F3 . Note absence 
of film . . . . . . . . . . . . . . . . . . . . . . . 

S canning-e lect ron-mi croscope photograph of sample F2 . 
Upstream surface , lower right • • • • • • • • • • • • •  

Scanning-electron-mi croscope photograph of sample F2 . 
Upstream surface • • • • • • • • • • • • • • • • • • • 

EDX of particle on downst ream surface of Fig . A.S . 

EDX of film on upstream surface of Fig . A. 6 • • • •  

. . . 

. . 

. . 

A . 9  S canning-ele ctron-mi cros cope photograph of sample F4 . 

A. l O  

Filter and epoxy mounti ng separated at film on upstream 
surface. . • . • . . • . • .  . . . . . . . 

S canning-ele ct ron-mi croscope photograph of sample F4 . 
Same region as shown in Fig .  A. 9 • • • • • • • • • • •  . . . 

55 

5 5  

5 6  

56 

5 7  

57 

58 

58 

59 

59 





5 5  

Y-207034 

Fig . A. l .  Opt ical-mic ros cope photograph of sample F 2 .  Not e  the thin 
f ilm on the ups tream (lower-lef t )  surf ace . 

Y-207038 

Fig . A. 2 .  Opt ical-mi croscope photogr aph of sample F3 . Not e  absence 
of f ilm . 
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Y-20 7 0 1 5  

Fig . A. 3 .  Optical-mi croscope photograph of sample F2. Not e  film on 
the surface . 

Y-20701() 

Fig . A. 4 .  Optical-micros cope photograph of sample F 3 .  No te abs ence 
of film.  
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Fig . A. S .  Scanning-electron-mic ros cope phot ogr aph of sample F 2 . 
Upstream s urf ace , lowe r righ t .  

Fig . A. 6 .  Scanning-ele ct ron-mi c ros c ope pho tograph of sample F 2 . 
Ups tream surf ace . 
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ORNL-DWG 8 7-13 709 

0 . 000 VFS = LOG 1 20 . 4E:0 

60 TMI F I LTER , AS REC ' D .  t·1-24339 
Fig . A. 7 .  EDX of part i c le on downs tream surf ace of Fig . A. 5 .  

ORNL-DWG 8 7-13 7 10 

I •  i i i  j I I i i i i  I !  1 1 1 1 1 1  i I i l l  i i i  i i I  i i I  i i I  i i i !  I i l l  i I I  i i i  r! 11 1 I I [  !111 ll)l�wrrl����u� 
0 . 000 VFS = LOG 1 20 . 4E:0 

60 TI1I F I LTER , AS REC ' D .  M-22340 

Fig . A. B .  EDX of film on upstream surf ace of Fig . A. 6 .  
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Fig . A. 9 .  Scanning-ele ctron-microscope photograph of sample F4 . 
Filter and epoxy mounting separated at film on upstream sur ace . 

Fig . A. l O .  Scanning-elect ron-mi cros cope pho togr aph of sample F4 . 
S ame region as shown in Fig . A. 9 .  
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Appeudi:x B .  AIIALYTICAL STUDIES OF FILMS OB DWCS FILTERS 

Re fe rence Memorandum t o  D .  o .  Campbel l  

B . l R. L .  He t t i ch and M .  B .  Wi se , "Qu alita t ive Analy s is 
o f  Or ganic F i lm o n  Th ree Mile Is land Filter  Sample , " 
De c .  1 2, 1 986 • • . . . • . • . • . • . • • • • • • •  

B . 2  

• • 

D .  s .  Z i ngg, "Surface Analysi s  o f  S t ainless S t eel 
F i lter Se gment s , " Jan .  2 0 ,  1 987 • • • • • • • • • •  . . . 

6 3  

75  

B . 3  J .  E .  Ca ton , Re quest No . 9 1 03 5 ,  Ja n .  9 ,  1 98 7  • • • • • • 83 





63 

To : Dav i d  0 .  C ampb e l l  Dat e : December 1 2 ,  1 9 86 

Sub j ect : Qua l i t at ive an a l ys i s  of o rganic f i lm on 
Three M i l e  I s l and f i l t e r  s amp l e .  

Two s amp l e s  of f i l t e r  mater i a l s  were exam i ned by l as e r  
desorpt i o n  Four i e r  t r an s f o rm m a s s  spectrome t ry ( FTMS ) and d i f f u s e  
r e f l e ctance i n f rared abs o rpt i on s pect rome t ry . I n  add i t i on , 
seve ra l s t andard c ompounds w e re exam i ned unde r s im i l ar mas s 
spect ral cond i t i on s  f o r  compa r i s on . The s e  s t andards i n c l uded 
sucrose , ketone s , and bo rated hyd raul i c  f l u i d , each c oated onto a 
c l ean s t a i n l e s s  s t e e l  s u rf ace . I n  add i t i on , doub l e - s i de d  tape 
was exam i ne d  as a po s s ib l e  s ource of contam i nat i on . 

Summary of F i n d i ng§ 

Both s i d e s  o f  the f i l t e r  s amp l e s  were an a l y z e d . I n  each 
c a s e , only one s i de y i e l de d  spectra i nd i c a t i ve o f  a coat ing on 
the s u r f a c e . 

Pos i t ive i on l a s e r  d e s o rpt i on mas s spectromet ry i n d i cated 
peaks charact e r i s t i c  o f  sta i n l e s s  s tee l ( i ron , chrom i um , cob a l t  
and potas s i um ) .  N o  other i on s  w e r e  reproduc i b l y  generated that 
could be i d e nt i f i e d  a s  o r i g i nat ing f rom an o rgan i c  surface 
coat i ng . 

Ne gat i v e  i o n  s p e c t ra were the more i n f ormat ive w i th the mo st 
inte n s e  peaks t e nt at i ve l y  i de n t i f i e d  a s  o rgano - s i l icon compoun d s . 
Oth er i on s  o b s e rved have been tentat ive l y  i d ent i f i e d  as 
po l y s accha r i de produc t s  a n d  po s s i b l y  borated o i l . 

D i f f u s e  re f l ectance inf rared spectra reve a l ed very weak 
b ut charact e r i s t i c bands at approx imate l y  2 9 50 crn - 1 and 1 0 50 cm- 1 
whi c h  may c o r r e s p ond to hydrocarbon and s i l i con- oxygen 
f unct i ona l i t i e s , r e s pe c t i ve l y . 

Pos i t ive i on m a s s  spectra con s i st e d  primari l y  of the met a l  
ions ( K+ ,  C r+ , a n d  Fe+ ) wh i c h  were gene rated f rom the s t a i n l e s s  
s t e e l  s c reen . 

Ne gat ive i on ma s s  spectra were c a l ibrated u s i n g  f l uoride ion 
and the two i sotop e s  o f  chl o r i de i o n . The ma j o r  peak o b s e rved i n 
the negat i v e  i on ma s s  s pectra was at nom i n a l  m a s s  m / z  4 3 .  Exact 
ma s s  determinat i on of th i s  ion con s i s tent l y  i n d i c ated two 
po s s i b l e  f o rmu l a s ; S i CH 3 - or B02 - , w i t h  S i CH 3 - a s  the c l o s e s t  
match . A n  ion ob s e rved a t  m/ z 42 has appro x i mate l y  the corre c t  
i s otop i c  i nten s i ty t o  b e  10B02- , but t h e  exact ma s s  measureme n t  
of th i s  ion sugge s t s  that t h e  e i the r 1 0 B0 2 - o r  S i CH 2 - c o u l d  
b e  the correct f o rmu l a .  Both m / z  4 2  and 4 3  a re a l s o  o b s e rved i n  
the ma s s  spectra o f  the b o rated o i l  s amp l e  a n d  corre s pond t o  B02 -
a c c o r d i n g  to exact ma s s  measu rement s .  Peaks ob s e rved at m/z 7 9 , 
8 4  a n d  100 amu appe a r  to be o rgano s i l i con i o ns , howeve r ,  the 
l a ck of c a l i brant i o n s  in th i s  m a s s  range may r e s u l t  in s ome 
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degree of i naccuracy in the s e  a s s i gnment s . Pe aks that were 
ob s e rved i n  the ma s s  range of 1 0 0- 4 0 0  amu showed a c l o s e  
corre l at i on t o  the peaks that were o b s e rved i n  the negat i ve m a s s  
spectra of s ucros e . The s e  l as e r  i oni zat i on e xperiments a l s o  
s ugge st that the coat i ng o n  the f i l t e r  s amp l e s  i s  not homogeneous 
a s  indi cated by var i at i on s  i n  s pect ra that were obta ined at 
d i f f e rent l ocat ions on the surf ace . 

I t  i s  i mportant to real i z e  that the apparent re l at i ve 
abundance o f  observed ions does not ne c e s s a r i l y  correspond to the 
rel ative amount s of the s e  c ompounds pre s ent in the f i l m .  For 
e xamp l e , compounds with h i gh e l ectron a f f i n i t i e s  s uch a s  s i l i con 
ox i de s  may be enhan c e d  in the negat i ve i on spectra r e l ative t o  
organ i c  i on s . 

D i f f u s e  ref l ectance inf rared a b s o rpt i on me asurement s  o f  
the coated s i de of t h e  f i l t e r  showed very w e a k  but detectab l e  
peaks whi ch may b e  due t o  t h e  pre s ence of o rgan o s i l i c on 
compounds . The peaks obse rved in th i s  s pectrum are reas onab l y  
s i mi l ar to tho s e  ob s e rved i n  the i n f rared spect rum of s i l i cone 
l ub r i c ant ( se e  attached f i gure s ) .  The i n f rared spectrum of the 
uncoated s i de of the f i lter was e s s ent i a l l y  f e ature l e s s . The s e  
spectra were obta ined us ing a c l ean p i ec e  of sta i n l e s s  s t e e l  a s  
a ref erence s amp l e  and 1 , 0 00 spectra were s i gnal ave raged i n  
order t o  enhance the s i gn a l - t o - n o i s e . 

Robe rt L .  Hett i ch 

� ,e � 
Marcus B .  W i se 

"'---'1"" fl.- . r> .  w� 1 - . -- "V\.-1 

, Ce r:i f i e�b�i che l � V .  Buchanan - ����/� -'-
� o�t�ic ' An a l y s i s  Group 

Ana l yt i ca l  Chemi s t ry Divi s i on 
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MARTIN MARII/ETTA 

Internal Correspondence 
MARTIN MARIETIA ENERGY SYSTEMS, INC. 

January 2 0 ,  1 987 

Dav id 0. Cam pbel l ,  4 500-N, HS B 1 2 ,  ORNL 

Surface Analy si s of Stai nless Steel Fil ter SeSJ11ent s 

Two stainless steel filter sam ples w ere subm itted to the ORGDP Analy tical 
Chenistry Department for surface analy tical work uti l :l:t ing Seco ndary Ion Mass 
Spectranetl'y ( SIMS ) and Ion Sea ttering Spectraaetry ( ISS ) . Tbe pur pose of the 
work was to determine the reason f or the pr satur e pl ugging of the filters. 
Data al ready obtained ( SEM  pictures) indi ca ted the po ssibl e �r esence of st���e 
type or rum covering the surface of the fil ter. Collf innation and f ur ther 
characteriz ation ot this f ilm was the desired result. The two samples ( HDU  and 
H SJ )  were a fol lowup to a sampl e which was submitted and a nalyzed at an earlier 
date. This repor t attempt s  to Sl.UIImarize the resul ts of the analy se s  performed. 

The wo techniques used for the analy si s of the sam pl e s  were Secondary Ion Mass 
Spectrauetl'y ( SI MS )  and Ion Sea ttering Spectr auetry ( ISS ) . Both of these 
techniques are surf ace analy si s techniq ues .  The depth into the sample rrCIII 
which information is obtained util iz ing these techniq ue s  varies depending on the 
.sample matrix but is ge ner al ly quoted to be about 1 00 A for SIMS and about 3 A 
for ISS. Both technique s  util iz e  an i nert g;as pr- imary ion beam with ener gi es in 
the 1 -5 keV range. The SIMS techni q ue s  uti l iz e s  a q uadrupole mass spectrcmeter 
to analyze the mass of charged a taaic and molecul ar particles sputtered frau the 
sample surface . The ISS technique measures the kine tic energy ot the 
backsca ttered inert gas pr- imary ions uaing a cylindrical mirror analyzer. The 
energy loss suffered by the primary ions can be related to the el emental 
composi tion of the surf ace through the appl i ca tion of the laws of conservation 
of maaentl.UII and conservation of energy . A know ledge ot instrumental parameters 
all ow s  characteristic energy ratios (measured kine tic energy / initial primary ion 
beam ki ne ti c  energy ) for each el E!IIIent .to be cal culated f or  individual iner t gas 
ions. A measurement of the primary ion beam energy di stribution after a 
col l isi on w ith the surface ot interest y ields a q ual itative elenental analysi s 
of the surface. 

The analy si s or the first sample w as inconclusive. The data obtai ned on this 
sam pl e  compared the underSide ot the sampl e  ( cl ean) to the topside which was 
the heavily contaaina ted side . The snts and the ISS spectra obtained are 
contai ned as a ttachments 1 and 2 .  The positive ion SIHS data indi ca tes that both 
side s or the aampl e  were contamina ted with organi cs as i ndicated by the clusters 
of peaks ( 6 5-7 3 , 7 7-85 , and 8 9-97 ) separated by 1 2  amu. This is oo nt inned by the 
presence ot a sm al l  oar bo n  peak a t E/E o= 0 . 2 9  in the IS S. This contamination 
l � er is thick enough to al l  but pr event the de tection of iron and chr<Dil.lll 
( E /Eo= 0 . 7 5 ) , the maj or com po ne nts of the fil ter material . Al though the level of 
contamination differed from topside and under side , it appears that both side s 
had a significant amoWlt ot organic contamination. The second se t  of f il ter 
sam ples received had a signif icantly different appearance . A comparison of th e 
po si tive ion SIMS s pectr a of the first .sample (attachment 1 )  and the second se t 
of SU� pl e s  ( a t tachment 3 )  reveal that the organi c  contamination pr esent on th e 
f irst sample is absent on the seco nd se t of sam pl e s .  The maj or pea.lcs seen i n  
the spectra of the ae cond se t  of sam pl es correspond t o  chromi1.1111 ( mle= 5 2 )  and 
iron (m/e:56 ) . Tabl e 1 gives a com parison of the ratios of the v arious el €llle nt s 
detected on the surfaoe of the sam ple. To obtain the numbers show n  in Table 1 
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Tabl e 1 .  Can pari son o f  elem ental ratios ( SIMS ) 

M/Cr 

M H3J HSD 

Na 0 . 2 5  0 . 6 5  
Al 0 . 26 0 . 2 0  
Si 0 . 9 8  0 . 1 7  
Fe 0 . 4 0  0 . 2 2  

t h e  area o f  t h e  various metal pe aks was rati oed t o  that o f  chranium in a n  
a ttempt to account f or  matr i x  effect s. If the chran i um  surface conce ntration 
v aries signif icantly from HSD t o  HSU the meaning of th e se  nUIJibers be comes 
q ue st i o na bl e .  It is assuned that the actual surface co nce ntration of ch romium 
is remaini ng constant and any variati on i n  the ch raniUIJI signal is the resul t 
of matrix effec t s  and/or contamina ti on. The numbers in T abl e 1 seem to indicate 
an e nr i chment or accumul ati on of si l i con or a sil ico n containi ng compound on 
the H3.J si de . There al so appears t o  be a sl igh t  e nr i chment of iron. Attachment 
4 is a scal e expa nsi on of th e s pe ct r a  contained in attachment 3 ,  one noti cable 
differ ence is th e pr esence of a peak a t  mle= 7 2  on the HSU sample w hich is al l 
but absent on the HSD sam pl e .  The pe ak a t  m/e = 7 2  is pr obably due t o  a FeO �  
mol ecular cl uster ion. Table 2 i s  a com pariso n  of cl uster ion intensi t i e s  f or 
the two sam pl es .  The da ta co ntained in Tabl e 2 fur th er indicate that an oxidic 

Tabl e 2 .  Canpari son of cluster ion i ntensi ti es 

M 

CrO 
FeD 

H3J 

7 . 2 e- 0 3  
2 . O e- 0 2  

N/Cr 

HSD 

9 . 1 e-03 

4 . 7 e-03 

iron com pound may be being de po si ted o n  the surf ace of th e HSU sampl e. I t  i s  
al so j usti f ica ti o n  f or referencing pe ak areas to t h e  a bsol ute ar e a  o f  the 
chrcmium peak. There i s  v ery l i ttl e ch ange in the CrO/Cr ratio be tw een th e 
H3.J and the HSD sampl e .  

A similar ty pe of analysi s can be carri ed out uti l :lz ing t h e  peak areas ge nerated 
frcm the ISS s pe ct r a  co ntained a s  attachment 5 .  The spectra obtained h av e  peaks 
which shew the pr esence of car bo n  ( E /E o= 0 . 2 95 ) , oxygen ( E /E o: 0 . 4 1  0) , sodium 
( E /Ee= O . 5 40 ) , si l icon (E/Eo=O .6 07 )  , and i ron/ch ran ium ( E /Ee= O .  7 80 ) . Tabl e 3 
sh ew the resul ts of the analysi s .  The maj or co nce ntr ati on differ ence se en i s  
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Table 3 .  Comparison of el emental ratios ( IS S )  

M/Cr 

M H &J  H SD  
c 0 . 0 9  0 . 1 5  
0 0 . 37 0 . 3 4  
Na 0 . 1 0  0 . 1 1 
Si 0 .2 3  0 . 1 1 

once again the e nr i chment of sil ico n on the HSU surface. The magni tude of 
enri chment determined util iz ing the two techniques is significantly different 
( SIKS=5 . 8 , ISS::2 . 1 ) but can be explained by real iz ing that the sampl i ng  depth 
of the SIMS technique is significantly gr eater than that of the ISS techniq ue .  

I n  conclusion, a comparison of the HSJ and HSD samples reveal th at th er e  
appears to be a enrichment (de po si ti on )  o f  sil icon o r  some ty pe  o f  silicon 
compound on the surface of the HSU sampl e. In add! ti on there is good evidence 
f or the de po ai ti on of an oxidi c  i ron compound on th e HSU ::surface. The ISS/Sitf> 
da ta al one is not sufficient to de termine if either of the difference s discussed 
is respo nsi ble for the pr emature fail ur e  of the fil ters. 

Y-fJi::d 
D. S. Zingg, K-1 004-B, HS 4 4 9  ( 6-45 1 7 )  - NoRC 

c c :  J .  H. Stewart J r. , 4 500-S, MS 1 40 ,  ORNL 
R. W. MorrCM 
L. W. McMahon 
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In ternal Correspondence 

---- ------------- --------------

MA�TIN MARU:.TtA fNf.RG'i S"t'STEMS, 1NC 

J anuat:y 9 ,  1 9 8  7 

D .  0 .  Campbe l l  

B_egues t No . 9 1 0 3 5  

Us i ng g a s  c h romatograph/m a s s  spec trome t ry ,  the samp l e  ident i f i e d  a s  lt NTU 
c h roma tographecl as one large peak at a r: e t:ention t ime of 33 . 3  m inutes o n  a 
J&W DB - 5  cap i l l a ry c o lumn ( non - po l a r )  w i th a p r ima ry mas s  of 1 2 9 . (There 
w e r e  also sever a l  minor peaks shown on the total ion chromatogram on pp . 
5 - 1 5 ) . This mass is charac t:er i s t ic of an oxygenated compound such as an 
e s te r . The chromatogram o f  the s e c ond samp l e , 7 1NTU showed p e aks at 2 9 .  6 ,  
32 . 3 ,  3 5 . 6 ,  3 8  . 1 ,  40 . 7 ,  and 44 . 5 minutes as we l l  as many m i no r  peaks . The 
p r imary mass for each of the s e  peaks was 5 9 , wh i ch is also charac te r i s t ic o f  
a n  oxygenated compound , such a s  a lcoho l . 

Typ i c a l  mass spe c t ra fo r  these species are shown in a t t ached f i gures ( F i gure 
1 ,  p r i mary mass o f  129 ; Figure 2 ,  pr·imary mass o f  5 9 ) . Reve rsed Phase 
Liquid chromatography showed a maj or peak at ·z minutes for each of these 
e x trac t s . ( E lu t i ng solution was 6 5 %  methanol i n  wa ter . )  Th i s  i nd i c a t e s  a 
fairly polar spec i es . 

J EC : SKH : ldg 

A t t achments 

J ohn E .  Ca ton 
G r oup Le ader 
O r ganic Ana l y s i s  G r oup 
Orga n i c  Chem i s t ry S e c t ion 
Ana l y t i c a l  Chem i s t ry D i v i s i o n  
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Two of the three exi s t i n g aqueous Three M i l e  I s l and s amp l e s , v i z .  
70 and 4 NTU , were prepared as we d i s c u s s e d  th i s  mo rn i n g . 

B r i e f ly , 1 . 7 5 mL i s op ropan o l  were added to 1 0  mL o f  e i ther 
aque ous s amp l e , wh i c h  was proce s s e d  a s  rece ived ( v i z . , no pH 
a d j u s tment , f i ltrat i on , et c . ) .  Thi s s o l ut i on was then pa s s ed 
through an OCTADECYL SPE c o l umn whi c h  had been condi t ioned w i th 
methanol and 1 5% vo l /vol i s opropan o l /wate r ,  i n  that order . The 
s o rbed o r gan i c s  ( i f any ) were e l uted with f our 500 uL al i quot s of 
ac eton it r i l e , which were conc entrated to a f i n a l  volume of 300 u L  
u s i n g  dry , f l owing n i troge n . 

I n  both c a s e s , a thin brown r i n g  ( heavi e r  for 7 0  NTU , a l mo s t  
nonex i s tent f o r  4 NTU , a s  expecte d ) appeared j u s t  unde r the f r i t  
of the SPE c o l umn , i n d i c at i n g  that part i c l e s  were removed 
e f f ect ive l y  f rom the s amp l e . The s e  part i c l e s  were mod e s t ly 
ra d i oactive ( c a .  1 0 0  mrad/hr b eta/gamma rad ioac t i v i ty ) ,  yet they 
apparent ly d i d  not enter the f i n a l  acetonit r i l e  s o l u t i o n . The 
l atte r  exh i b i t e d  no beta/gamma rad i at i on exceeding background . 

Bruce A .  Tomk i n s , 20 2 6 , MS 0 4 3 , 6 - 6 6 9 2  
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TOTAL-BON CHROMATOGRAM OF 4 - N T U  W ATER SA MPLE 
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TOTAL-ION CHROM ATO GRAM OF 4 - NTU W A TER S A M PLE 
(CONTINUED) 
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TOTAL-ION CHRO M A TO G R A M  OF 4-NTU W ATER S A M PLE 
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TO TAL-ION CHROMATOGRAM OF 4-NTU WATER SAM PLE 

(CONTINUED) 
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TOTAL-ION CHROM ATOGRAM OF 70 ... NTU WATER SAMPLE 
Oa � a  ; i i e :  U i � : O i G 7A D 2 A . D  
F i i e  t yp e : GC / HS DATA F I L E 
i-.lame I n f o :  SAi iPLE i4468 ,. I S  SPE TOi ii< i NS 
rt l 5 c i n f o : J&W 3 0 1 i  DB? :? 0 { 7 ) - 3 0 0@8 0 
Op e r a t o r  : HARi"lOi·U TREESE 
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TOT A L-ION CHROM ATOGRAM OF 7 0-NTU W ATER S AMPLE 
(CONTINUED) 
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TOTAL-ION CHRO M ATOGRAM OF 70-NTU W ATER S A M PLE 
(CONTINUED) 
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TOTAL-ION CHROMATOGRAM OF 70-NTU W ATER SAMPLE 
(CONTINUED) 
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Appendix C .  PARTICLE CHARACTERIZATION DATA FOR SAMPLE W1 
( TURBIDITY • -7 1 NTU) : FILTRATION TEST 1 

F igure Page 

C . 1 Nuclepore filter test 1 wi th 7 1 -NTU wat er samp le W1 , 
1 0-�m filte r . • • • • • • • • • • • • • • . • •  9 7 

C . 2  Nuclepore fil ter tes t 1 wi th 7 1 -NTU water s ample W1 , 
1 0-�m filte r .  • . • . • . . • . . • . . . • • • 98 

C . 3  Nuclepore filter tes t 1 with 7 1 -NTU water sample W1 , 
2-pm filter • • • • • • • • • • • • • • • • • • • • • 99 

C . 4  Nuclepore filter tes t 1 wi th 7 1 -NTU wat e r  sample W1 , 
2 -pm filter . . 0 . . • . . . • • . . . • . • . . . • • . • 1 00 

c. s Nuclepore filter tes t 1 wi th 7 1 -NTU wate r  sample W1 , 
1 -pm f i lter . . . . . . . . . . . . . • . . . . . . . . . . 1 0 1  

C . 6  Nuclepore filter test 1 wi th 7 1 -NTU wa ter sample W1 , 
1 -um filter . . . . . . . . . . . . . . . . . . • . . . . . 102 

c . 7  Nuclepore filter tes t 1 with 7 1 -NTU water sample W1 , 
0 . 6-um f ilter . . . . . . . . . . . . . . . . . . . . . . . 1 0 3  

C . 8  Nuclepore f i lter tes t 1 with 7 1 -NTU wate r  samp le W1 , 
0 . 4 -pm f i lter . . . . . . . . . . . . . . . . . . . . 104 

C . 9  Nuclepore filter test 1 wi th 7 1 -NTU water sample W1 , 
0 . 1 -pm filter . . . . . . . . . . . . . . . . . . . . 1 0 5  

C . 1 0  Nuclepore filter test 1 with 7 1 -NTU water samp le W1 , 
0 . 4-llm f i l t er . . . . . . . . . . . . . . . . . . . . 106 

C . l l  Nuclepore f i lter tes t 1 wi th 7 1 -NTU water s ample W1 , 
0 . 4 -llm f ilter . . . . . . . . 106 

C . 1 2  EDX of area of 4368 ( s ee Fig . C . l l )  . • . • • 0 0 0 . . 0 0 1 0 7  

c . 1 3  EDX of par t i cle No . 1 '  4368 ( s ee Fig . C . l l )  . 0 . . 1 0 7  

C . 1 4 EDX of part i cle No . 2 ,  4368 ( see Fig . C . l l )  0 • • 1 0 8  

C . 1 5  EDX of par t i cle No . 3 ,  4368 ( s ee Fig . C . l l )  . . . . . . 108 

C . 1 6  EDX of par t i cle No . 4 , 4368 ( se e  Fig . C . l l )  • • • • • • • • 1 0 9  
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Figure 

C . 1 7  EDX of part icle No . 5 ,  4368 ( see Fig . C . 1 1 )  • • •  109 

C . 1 8  Nuclepore filter test 1 with 7 1 -NTU water sample W1 , 
0 . 4-llm f ilter . . . . • . • . . . . . . . . . . . 1 1 0 

C . 1 9 Nuclepore filter test 1 with 7 1 -NTU water sample W1 , 
0 . 4 -llm filte r .  . . . . . • . . . . • . • . . . . 1 1 0  
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ORNL PHOTO 0 3 9 5 - 8 7 

F i g . C. l .  Nuc lepore f i l t e r  tes t  1 wi th 7 1 -NTU wa t e r  samp le Wl , 
1 0-).lm f i l te r . 

1.0 
"-..! 



ORl-IL PHOTO 0 3 9 7 - 8 7  

Fig . C . 2 .  Nuc l e pore f i l t e r  te s t  l wi th 7 1 -NTU wa t e r  sample WI , 

1 0- �m f i l t e r .  

1.0 
co 
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ORNL PHOTO 0 3 9 6-8 7 

Fig . C . 3 .  Nuc l e p o re f i l t e r  te s t  1 wi th 7 1 -NTU wa t e r  samp le W1 , 
2-vm filter . 

\0 \0 



ORNL PHOTO 0 3 9 8-8 7 

Fig . C . 4 .  Nuc lepore f i l t e r  test 1 with 7 1-NTU wa t e r  samp l e  Wl , 

2 - ].Jm fi l t e r . 

1-' 
0 
0 



ORNL PHOTO 0399-8 7 

Fig . C. S .  Nuc lepore f i l t e r  te s t  1 wi th 7 1 -NTU wat e r  sample Wl , 
1-l.lm f i l t e r . 

1-' 0 1-' 



Fig . C . 6 .  Nuclepore f i l t e r  t e s t  1 wi th 7 1 -NTU wa t e r  sample Wl , 
1 - ).Jm fi l t e r . 

1-' 
0 
N 



ORNL PHOTO 0400-8 7 

Fig . C. 7 .  Nucl ep o re f i l t e r  test 1 wi th 7 1-NTU wa t e r  samp l e  Wl , 
0 .  6-�m f i l te r .  

..... 0 w 



ORNL PHOTO 0401-87 

Fig . C . 8 .  Nuc lepore fi l t e r  te s t  1 wi t h  7 1 -NTU wa t e r  samp le Wl , 
0 . 4- wm f i l t e r .  



ORNL PHOTO 0 4 0 2- 8 7  

Fi g .  C . 9 .  Nuc lepore fi l t e r  t e s t  1 wi t h  7 1-NTU wa ter samp l e  Wl , 
0 • 1- ]lm f i l  t e r • 

,_. 0 Ul 
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Fi g .  C . 1 0 .  Nuc lepore fi lte r te s t  1 wi t h  7 1 -NTU wa t e r  samp le W1 , 
0 . 4- pm fi lt e r . 

Fig . C . 1 1 .  Nuclepore filter tes t  1 wi t h  7 1 -NTU wat e r  samp le W1 , 
0 . 4-pm f i lt e r .  
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ORNL-DWG 8 7 - 1 3 7 1 1  

0 . 000 VFS = 1 024 20 . 480 

1 00  RESI DUE FROM TMI ON 0 . 4  MI CRON F I LTER . 

Fig . C . l 2 . 

0 . 000 

100 1 024 c:hans 

EDX o f  a rea o f  4 36 8  ( s ee Fig .  C . l l ) .  

1 0XDT RT = 0sec 

ORNL-DWG 8 7- 1 3 7 1 2  

VFS = 2046 
0 . 020keV 

20 . 480 

Fig. C . l 3. EDX o f  parti cle No . 1 ,  4 3 6 8  ( s ee F i g .  C . l l ) .  
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O RNL-DWG 8 7-13 713  

121 . 000 

1 00 

\/FS = 2048 

RESI DUE FROI1 TMI ON 0 .  4 MI CRON F I LTER . 

F i g .  C . l 4 . EDX o f  p ar t i c l e  No . 2 ,  4 368 ( s e e  F i g .  C . l l ) . 

20 . 48121 

ORNL-mvG 8 7- 1 3 7 14 

M-2U36S . 1AR1IC� � - r ·  

-�� � 
0 . 000 VFS = 1 024 

1 00  PES ! DLE FROM TMI ON 0 . 4 MI CRON F I LTER . 

F i g. C . I S . EDX o f  p ar t i c le No . 3 ,  4 3 68 ( s ee F i g .  C . l l ) .  

20 . 480 
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ORNL-DWG 87-13 7 15 

0 . 000 VFS = 256 20 . 480 
100 RESIDUE FROM TMI ON 0 . 4  MICRON F ILTER . 

0 . 000 
1 00 

F ig.  C . l 6 . E DX o f  part icle No . 4 ,  4 3 68 ( s ee Fig.  C . l l ) .  

ORNL-DWG 87-13 7 16 

VFS = 1 024 
RESIDUE FROM TMI ON 0 . 4  MICRON FILTER . 

Fig . C . l 7 . EDX o f  par t i c l e  No . 5 ,  4 3 6 8  ( s ee Fig .  C . l l ) .  

20 . 480 



1 1 0  

Fig . C. 1 8 .  Nuclepo re f i l t e r  tes t  1 wi th 7 1 -NTU wa ter sample Wl , 
0 . 4-llm filt e r . 

Fig . C. l 9 .  Nuc lepore f i l t e r  tes t 1 wi th 7 1 -NTU water sample Wl , 
0 . 4- J.lm filte r .  



Figure 

D . 1  

D . 2  

D . 3  

D . 4  

n . 5  

0 . 6  

D .  7 

D . 8  

D . 9  

n . 1 o  

D . l l  

D . l 2  

o . 1 3  

D . 1 4  

n . I 5 

1 1 1  

Appendh: D .  PAKI'I.CLE CHAK.ACI'KliZATION DATA FOB. SAMPLE W1 
(TURBIDITY • -7 1 NTU ) :  FILTRATIOH TEST 2 

Nu c lepore f i l ter t e s t  2 w i t h  7 1 -NTU water s amp le WI , 
I O-JJm f i l te r .  . . . . . . . . . . . . . . . . . 

Nu c lepo re f il te r  t es t  2 w i t h  7 1 -NTU water s ample WI ,  

1 0-JJm f i lter . . . . . . . . . . . • . . • . . . 

Nuclepore f ilter t e s t  2 wi th 7 1 -NTU water s amp l e  Wl , 
1 0-JJm f i lter . . . . . . . . . . . . . . . . . . 

Nuc l epore f i lter t es t  2 wi th 7 1 -N TU wat e r  s ampl e  Wl , 
5-JJm f i l t e r  . . . . . . . . . . . . . . . . . . 

Nuc l epore f il t er t e s t  2 w i t h  7 1 -NTU water s ample Wl , 
s-um f i lt er . . . . . . . . . . . . . . . . . . . . . 

Nu c lepore f il ter t es t  2 w i t h  7 1 -NTU wate r  s amp le Wl , 
5-JJm f i l te r  . . . . . . . . . • . . . . . . . . 

Nuclepore f i l ter t es t  2 wi th 7 1 -NTU water s ample Wl , 
5 -JJm f i lt e r  . . . . . . . . • . . • . . . . . . 

Nuc lepore f i l te r  t e s t  2 wi th 7 1 -NTU wat e r  s amp l e  Wl , 

2-JJm f i l ter . . . • . . . . . . . . . . . . . . 

Nuc lepore f i l te r  t e s t  2 with 7 1 -NTU water s ample W1 , 
2-JJm f i lter . . . • . . . . . . . . . . . . . . 

Nuc l epore f i l ter t es t  2 wi t h  7 1-NTU water s ampl e  Wl , 
d i luted 2 -JJm f i l ter . . . . . . . . . . . . . . . . . 

Nuclepore f i l ter t es t  2 w i th 7 1 -NTU water s ample W1 , 
d i lut ed 2 -JJm f i l ter . . . . . . . . . . . . . . 

Nuc lepore f i lter t es t  2 w i t h  7 1 -NTU water s ample W 1 , 
d i luted 2 -JJm f il ter . . . . . . • • • . . . . . 

Nu c lepore f il te r  t es t  2 w i t h  7 1 -N TU wat er s ampl e Wl , 
d i luted 2-JJm f i l ter • . . . • . . . . . . . . . 

Nuc le pore f i lter t es t  2 w i th 7 1-NTU water s ample W I , 
d i l uted 2 -JJm f il ter . • . • . . . . . . . . . . . . . 

Nu c lepore f i l ter t e s t  2 w i th 7 1-NTU water s ample W l , 

1 -JJm f i lter . . . . . . . . . . . . . . . . . . 

Page 

. 1 1 5  

. 1 1 6 

. 1 1 7  

. 1 1 8 

. 1 1 9  

. 1 20 

. 1 2 1  

. I 2 2  

. 1 2 3 

. 1 24 

. 1 2 5 

. 1 2 6  

. 1 2 7  

. I 2 8  

. 1 29 



1 1 2 

0 . 1 6  Nuc lepo re f i l t er t e s t  2 w i t h  7 1 -NTU w a t e r  s amp l e  W 1 , 
1 -p m  f i lter • • • • • •  . . . . . . . . . 

0 . 1 7  Nu c lepore f i l ter t es t  2 w i th 7 1 -N TU w a t e r  s amp l e  W 1 , 
1 -pm f i l t e r  • • • • • • . . . . . . . . . . . . . . . . 

D . l 8  

D . l 9  

D . 2 0  

D . 2 1 

0 . 2 2  

0 . 2 3 

)) . 2 4  

D . 2 5  

0 . 2 6  

)) . 2 7  

D . 2 8  

D . 2 9  

D . 3 0  

D . 3 1  

D. 3 2  

D . 3 3  

D . 3 4  

Nu cle pore f i l t e r  t e s t  2 w i th 7 1 -NTU wat e r  s amp l e  W 1 , 
0 . 8 -pm f i l te r  • • • • • • • • • • •  

EDX o f  p a r t i c l e  c lus ter , 4 3 8 7  ( s e e  Fi g .  D . 1 8 )  • 

Nu c lepo re f i l t e r  t es t  2 w i th 7 1 -NTU wat e r  s ampl e  Wl , 
0 . 8 -um f i l ter • • • • • • • • • • • • • • •  

EDX o f  " f ish-e gg "  p a r t i c l e  near cent e r , 1� 3 88 ( s ee 
F i g .  D . 2 0) .  • • • • • . . . . . . . • 

Nuc l e pore f i l t e r  t e s t  2 w i t h  7 1 -NTU wate r s amp l e  W 1 , 
0 .  8 -um f i l t e r  . . . . . . . . . . . 

EDX o f  b r ight p a r t i cle near c ent e r , 4 389 ( s ee 

Fig. D . 2 2 ) .  . . . . . . . . . . . . 

Nu c l e p o r e  f i l t e r  t e s t  2 w i. th 7 1 -N TU water s amp l e  W l , 
0 . 8-!lm f i l t e r  . . . . . . . . . . . . . . . . 

EDX o f  br ight c lus ter near cent e r �  4 390 ( s ee 
F i g .  D. 2 4 ) . . . . . . . . . . . . . . . . . . . 

Nucl e p o r e  f i l t e r  t e s t  2 with 7 1 -NTU w a t e r  s ample W1 , 
0.  6- um f i l te r  . . . . • . . . . . . . 

EDX o f  area o f  4 39 2  ( s e e  Fi g .  D . 2 6 )  

Nuc l epore f i l t e r  t e s t  2 w i t h  7 1 -NTU w a t e r  s ample W l , 
o. 6 -um f i l te r  • • . . . . . . . . • . 

EDX o f  p ar t i cle No .  1 ,  4 3 9 1  ( s e e  F ig .  D . 2 8 )  . 

E DX o f  p ar t i cl e  No . 2 ,  4 3 9 1  ( s ee F ig .  D . 2 8 )  

EDX o f  p a r t i c l e  No . 3 ,  4 39 1  ( s e e  F i g .  D . 2 8 )  . . 

E DX o f  p ar t i c l e  No . 4 ,  4 39 1  ( s e e  Fig . D . 2 8 )  . . • . 

Nu c lepore f i l t e r  t e s t  2 wi th 7 1 -NTU wate r s ampl e  W1 , 

0 . 4 -um f i l te r  . . . . . . . . 

EDX o f  a rea o f  4 3 94 ( s ee F i g .  D . 3 3 ) 
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1 3 2  

1 3 2  
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1 3 3 

1 3 4  

1 3 4  

1 35 

1 35 

1 3 6  

1 36 

1 3 7  

1 37 

1 3 8  

1 38 

1 3 9  

1 4 0  

1 4 0  
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F igu re P a�e 

Nuc lepore f i l t er t e s t  2 with 7 1-NTU water s amp le Wl , 
0 . 4 -!lm f i l t e r .  • • . . • • • . . • • • • • • • . . . 1 4 1  

EDX o f  whi t e  part icle near c en t e r ,  4 3 9 5  ( s ee 
Fig.  D . 3 5 )  • • • • • • • • • • • • . • . • • • . • • • • 1 4 1  

D . 3 7  Nu c lepore f i l te r  t e s t  2 w i th 7 1-NTU water s amp le Wl , 
0 . 4 -um f i lter. . . . . . • • • • • • . . • . . . • . • . 1 4 2  

D . 3 8  Nu clepo re f i l te r  t es t  2 w i t h  7 1-NTU wa ter s ample WI , 
0. 4 -um f i lter , BEl . • . . • • • . . • • . . • • • • • • 1 4 2  

D . 3 9  Nu c l e po re f i l t e r  t es t  2 wi th 7 1-NTU water s ample Wl , 
0 . 1 -Jlm f i l t e r .  . 0 0 . . • . . • . • • • • • • . • • 1 43 

D .4 0  Nu c lepore f i l ter t e s t  2 w i t h  7 1 -NTU wa ter s ample W1 , 
0. 1 -!lm f i l t e r ,  BEl . • • • • • • . . . • . . • • . • • • 1 4 3 

D . 4 1  EDX o f  p ar t i cle No . 1 ,  4 39 8  ( s ee F i g .  D o 3 9 ) .  • . • • • . 1 44 

D . 4 2  EDX o f  p a r t i c l e  No .  2a , 4 3 9 8 ( s ee Fig. D . 3 9 )  • • • • • • 1 44 

D . 4 3  EDX o f  p ar t i c l e  No . 2b , 4 3 98 { s ee Fig . D . 3 9 ) . . . • 145 

D .4 4  EDX o f  part i cle No . 3 ,  4 3 98 ( s ee F i g .  0 . 3 9 ) .  • • • • • . 1 45 





O&�L PHOTO 0403-8 7 

Fig . D. l .  Nu c le pore fi lter t e s t  2 wi th 7 1 -NTU wa t e r  samp l e  Wl , 10- �m fi l t e r . 



ORNL PHOTO 0404-87 

Fig . D . 2 .  Nuc lepore f i l t e r  test 2 wi th 7 1 -NTU water samp l e  Wl , 10-f,lm fi lter . 



ORNL PHOTO 0405- 8 7  

F i g .  D . 3 .  Nuc l ep ore f i l t e r  te s t  2 wi t h  7 1 -NTU wa t e r  samp l e  W1 , 10- um f i l t e r . 



ORNL PHOTO 0406-87 

Fig . D. 4 .  Nucle p o re f i l t e r  te s t  2 wi t h  7 1 -NTU wa t e r  samp l e  Wl , 5- !Jm f i l te r .  



ORNL PHOTO 0407-87  

Fig . 0. 5 .  Nuclepore fi lter tes t  2 wi th 7 1-NTU wat e r  sample Wl , 5-�m filte r .  



ORNL PHOTO 0408-87 

Fig. D . 6 . Nuclepore fi lter te st 2 wi th 71 -NTU water sample Wl , 5- �m fi lter . 
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Fig . D. 7 .  Nuclepore filter test 2 wi th 7 1-NTU wa ter samp le Wl , 5- um filter . 



ORNL PHOTO 0410-87 

F ig . D . 8 .  Nuclepore f i l t e r  te s t  2 �� th 7 1 -NTU wa t e r  sample Wl , 2- �m f i l t e r . 



ORNL PHOTO 0 4 11-87 

F ig . D. 9 .  Nuc lepore filter te s t  2 wi t h  7 1 -NTU wa t e r  samp l e  Wl , 2- �m f i l t e r . 



0�� PHOTO 0 4 1 2 - 8 7  

Fi g .  D. l O .  Nuclepore filter te s t  2 wi th 7 1 -NTU wat e r  sample Wl , di luted 2-um f i l t e r .  



ORNL PHOTO 0413-87 

Fig. D . l l .  Nuc l epore f i l t e r  te s t  2 wi th 7 1 -NTU wat e r  samp l e  Wl , di lut ed 2- �m f ilter . 



ORNL PHOTO 0414- 8 7  

Fig . D . l 2 .  Nuc lepore fi lter tes t  2 wi t h  7 1 -NTU wat e r  samp le Wl , diluted 2- �m filt e r .  



ORNL PHOTO 0415-87 

Fig. D. l 3 .  Nucl epore filter test 2 wi th 71-NTU water sample Wl , diluted 2-�m filter.  
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ORNL PHOTO 0416-8 7 

s 

Fi g .  D . l 4 .  Nuc l e p o r e  f i l t e r  te s t  2 wi th 7 1 -NTU wat e r  sample Wl , diluted 2- J.lm f i l t e r . 



ORNL PHOTO 0 4 1 7 - 8 7  

F i g . D . 1 5 .  Nuclepore f i l ter tes t  2 wi th 7 1-NTU water sample Wl . 1- �m filte r .  
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ORNL PHOTO 0418- 8 7  

Fig . D. l 6 .  Nuc le p o re fi l t e r  te s t  2 wi th 7 1-NTU wa t e r  sample Wl , 1 - �m fi l t e r .  



ORNL PHOTO 0419- 87  

Fig . D. l 7 .  Nuc lepore fi l t e r  tes t 2 wi th 7 1 -NTU wa ter sample Wl , 1-um fi l t e r .  
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Fig . D . l 8 .  Nuclepore f ilter tes t 2 with 7 1-NTU wat e r  s ample Wl , 
0 .  8-}lm f i l t e r .  

0 . 000 

100 

ORNL-DWG 8 7- 1 3 7 55 

VFS = 2048 

RESIDUE FROM TMI WATER . 0 8 MICRON FILTER . 

20 . 480 

F i g .  D . 1 9. EDX o f  par t i cle clus t e r ,  4 3 8 7  ( s ee F i g .  D . l 8 ) .  



Fig.  D . 2 0 .  
0 .  8- llm f il t e r .  
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Nuclepore f i lter t e s t  2 with 7 1-NTU water s amp l e  Wl , 

ORNL-DWG 87-13756 

-r--�t=r�·�f_:t=r�-t�t:-1- - 1-- 1-· +··- r- -:- ····1 --r-- r--r- -; - r 
l ;. l r 1: s l 1 I : t ; I : : : : : : : 

2e . 480  0 . 000 
100 RESIDLE FROM THI WATER . 

VFS "' 9192 
0 . 8  MICRON FILTER . 

F ig .  0 . 2 1 .  E DX o f  " fi sh- e gg "  parti cle near cen t e r ,  4 388  ( s ee 
Fig . D . 2 0 ) . 



1 34 

Fig . D . 2 2 .  Nuclepo re filter test 2 with 7 1-NTU water sample Wl , 
0 .  8-]Jm filter . 

0 . 000 

1 00 

ORNL-DWG 87-13 7 5 7  

VFS = 4096 

RESI DUE FROM TMI WATER . 0 . 8  M I CRON F I LTER . 
20 . 480 

Fig . D. 2 3 .  EDX o f  bright particle near center , 4389 ( see Fig . 0 . 2 2 ) . 
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Fig . D . 2 4 .  Nuclepore filter test 2 with 71-NTU water samp le Wl , 
0 .  8-llm filte r .  

ORNL-DWG 87-13 7 58 

0 . 000 VFS = 4096 

100 RESIDUE FROM TMI WATER . 0 .  9 MICRON FILTER . 

20 . 480 

Fig. D . 2 5 . EDX o f  b right c luste r near center, 4 390 ( see Fig. 0 . 24) � 



1 36 

Fig. D. 2 6 .  Nuc1�p ore f ilter test 2 with 7 1-NTU water samp le Wl , 
0 . 6-J,�m f i lter .  

ORNL-DWG 87-13 7 59 

0 . 000 VFS "' 4096 

100 RESIDUE FROM TMI WATER . 0 .  6 M ICRON FILTER . 

Fig. 0 . 2 7 . EOX o f  area o f  4392 ( s e e  Fig. 0 . 2 6 ) .  

20 . 480 
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F i g .  D . 2 8 .  Nuclepore filter test 2 with 71-NTU water sample Wl , 
0 . 6-lJm filt e r .  

ORNL-DWG 87-13760 

A 1 � , : � l 
. G . !PARTi cLE i1 , M24391 l . l 

VFS = 8192 
100 RESIDUE FROM TMI WATER . 0 . 6  MI CRON FILTER . 

Fig. D . 2 9. EDX o f  part icle No .  1 ,  4 3 9 1  ( s ee Fig . D . 2 8 ) .  
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ORNL-DWG 87-1 3 7 6 1  

0 . 000 

1 ! � j 
L2A 191 1. 1PART id..E � �  p ... .., 

: : : : . : : 

VFS = 2048 

100 RESIDUE FROM TMI WATER . 0 . 6  MICRON F I LTER . 

Fig.  0 . 3 0. E OX o f  part i cle No . 2 ,  4 3 91 ( s ee Fig .  0 . 2 8 ) . 

20 . 480 

ORNL-DWG 8 7 - 1 3 7 6 2  

0 . 000 VFS ::: 1024 

100 RESIDUE FROM TMI WATER . 0 . 6  MI CRON FILTER . 

20 . 480 

Fig. 0 . 3 1 .  EOX o f  p arti cle No . 3 ,  4 3 9 1  ( se e  Fig. D . 2 8 ) .  



1 3 9  

ORNL-DWG 87-13 763 
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20 . 480 
RES IDUE FROM Tt1I  WATER . 

VFS = 1024 
0 .  6 t1ICRON F ILTER . 

F i g .  D . 3 2 .  EDX o f  particle No . 4 ,  4 3 9 1  ( s ee Fig. 0 . 2 8 ) . 
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Fig . D. 3 3 .  Nuclepore filter tes t 2 with 71-NTU water sample Wl , 
0 . 4-).lm filter . 

0 . 000 
1 00 

CL - 1 7  

RESI DUE FROM T M I  WATER . 

ORNL-DWG 87-13764 

... � ... .... .... � ........... t .......... ·l· ... . 

VFS = 204:3 
0 . 4 M I CRON F I LTER . 

20 . 4BIZI 

Fig . 0 . 3 4 .  EOX o f  area of 4 394 ( s ee Fig . 0 . 3 3 ) . 
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Fig . D . 35 .  Nuclepore f ilter test 2 with 71-NTU wat er samp le Wl , 
0 .  4- lJm filter. 

OTO M24395 " 

0 . 000 

100 RES IDUE FROM TMI WATER 

ORNL-DWG 87-13765 

VFS = 8 1 92 

0 .  4 M ICROt"\1 F ILTER . 

z 
R 

20 " 480 

Fig. D. 3 6 .  EDX o f  whi t e  part i c l e  near ce nter , 4 3 9 5  ( s e e  F i g .  0 . 3 5 ) .  
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Fig . D . 3 7 . Nuclepore filt er t e s t  2 with 7 1-NTU wat e r  samp le Wl , 
0 . 4-pm f ilter . 

Fig . D . 3 8 .  Nuclepore filter test 2 with 7 1-NTU water s amp le Wl . 
0 . 4-pm fil ter , BEI . 
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Fig . D . 39 .  Nuclepore f i lter test 2 with 7 1-NTU water s amp le Wl , 
0 . 1- �m filter . 

Fig . 0 . 40 .  Nuclepore filter test 2 with 71-NTU water s ample Wl , 
0 . 1-pm filter , B El .  
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ORNL-DWG 8 7- 1 3 7 6 6  

VFS ::: 4096 
RESI DUE FROM TMI WATER . 0 .  1 M I CRON F I LTER . 

20 . 480 

F i g .  o . 4 1 .  EOX o f  parti cle No . 1 ,  4 3 9 8 ( s ee F i g .  0 . 3 9 ) .  

ORNL-OWG 8 7 - 1 3 7 6 7  

: : 

VFS = 1 024 
RESIDUE FROM TM I WATER . 0 . 1 M I CRON F I LTER . 

.... . � ·········:"···  

20 . 480 

F i g .  0 . 4 2 .  EOX o f  particle No . 2a , 4398 ( s ee Fig . D . 3 9 ) .  
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RES I DUE FROM TM I WATER . 0 .  1 t1 I CRON F I LTER . 

F i g .  D . 4 3. EDX o f  p ar t i c l e  No . 2 b ,  4 3 9 8  ( s ee F i g .  D. 3 9 ) . 
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Fig. D . 4 4 .  

RT = 0sec 
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VFS = 1 024 
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EDX o f  p ar t ic le No . 3 ,  4 3 9 8  ( s ee F i g .  D . 3 9 ) .  
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E . 1  

E . 2 

E . 3  

E . 4 

E . 5  

E .6 

E . 7 

E . 8  

E . 9  

E . l O  

E . l l 

E . 1 2  

E . 1 3  

E . 1 4  

E . 1 5  

1 4 7  

Appendix E .  PARTICLE CHARACl'EB.IZAfiON DATA FOR. SAMPLE WZ 
('I'UilBIDITY • -2 5 NTO) : FILTRATION TEST 3 

Nuc lepore f i l ter 
1 0-um f il te r  • . 

Nuclepore f ilter 
1 0-um f ilter • . 

Nuclepore f il ter 
1 0-um f i l ter . . 

Nuclepore f ilter 
1 0-um f i1  ter . • 

Nu clepore f il ter 
1 0-lJm f il ter . . 

Nuclepo re f ilter 
5-lJm f i l te r  

Nuclepore f il ter 
5-um f il te r  . . 

Nuc lepore f il t er 
5-um f i lter . • 

Nu clepore f i lter 
5-lJm f il t er • • 

Nu clepo re f ilter 
2-um f i lter 

Nu c lepo re f i l ter 
2-JJm f ilter • 0 

Nuclepore f il t e r  
2-um f i lter . . 

Nuclepore f i lter 
2-lJm f i lter . • 

Nu c lepore f ilter 
1 -JJm f ilter • • 

Nu cl epore f il ter 
1 -um f il te r ,  BEl 

test 3 with 22 -NTU water s ample W2 , 
0 . . . . • . • • . • • • • • . • • 

tes t 3 with 2 2-NTU water s ample W2 ,  
. . . . . . . . . . . . . . . . 

test 3 with 2 2-NTU water s ample W2 , 
. . . . • • 0 . • . . • . . • • • • 

t es t  3 with 22�NTU water s ampl e  W2 , 
. • • • • • • . . • • . • . . • 

t es t  3 wi th 22-NTU water sample W2 , 
. • . • • I 

t est  3 w i th 
. • • • . • 

t e s t  3 with 
• • • . . • 

tes t 3 with 
. • . I • . 

t es t  3 with 
• • • • • • 

t est  3 wi th 
. • . • • • 

t e s t  3 with 
• • • . • • 

t est  3 with 
. • • • • • 

t es t  3 with 
• • • 

t e s t  
. . . 

• • . 

3 wi th 
. . • 

test  3 with 
. . • • • • 

• • • • • • • • • • • • 

22-NTU water sample W2 , 
• • • • I • • . • • • • 

2 2-NTU water s amp le W2 , 
• . • • . • . • • . . • 

22-NTU water s ample W2 , 
• • • • • • . • • . • . 

2 2-NTU water s ampl e  W2 , 
• • • • • • • • • • . • 

22-NTU wate r s ample W2 , 
• • . . • • . • • • • • 

2 2-NTU water s ample W2 , 
• . • • • • • . . • . • 

22-NTU water s ample W2 , 
• • • • • • • • • • • • 

2 2-NTU water s amp le W2 , 
. • . • • • • . . • . • 

22-NTU water s ample W2 , 
• • • • . • • . • • • • 

22-NTU water s ample W2 , 
• • . • • • • • • . • . 

• 

. 

• 

• 

• 

• 

. . 

. 

• 

• 

• 

• 

• 

• 

• 

Pagt::_ 

• 1 53 

• 1 5 4  

• 1 5 5  

• 1 56 

. 1 5 7  

• 1 58 

• 1 59 

• 1 60 

. 1 6 1  

0 1 6 2  

• 1 6 3  

• 1 64 

. 1 6 5  

. 1 66 

. 166 
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F igure Page 

E . 1 6  EDX o f  ·particle A, 4 3 99 ( s ee Fi g .  E . 1 S )  . • . . • . • • 1 67 

E . 1 7  EDX o f  particle B ,  4 399 ( s ee F ig. E . 1  S )  • . . 1 67 

E . 1 8  EDX o f  parti cle c ,  4 3 99 ( s ee Fig.  E . 1 5 ) . . • 1 68 

E . 1 9  EDX o f  par ti cle D ,  4399 ( s ee Fi g.  E . 1 5 )  • • . • • • • • 1 68 

E . 2 0  Nu clepore fi lter test  3 with 2 2  NTU water s ampl e  W2 , 
1 -1-lm f i lter • . . . . . . . . . . . . . . . . . . . . . 1 69 

E . 2 1  Nuc l epore f i lter test 3 w i th 2 2-NTU water s amp le W2 , 
1 -1-lm f i lter , BEl . . . . . . . . . . . . . • . 1 69 

E . 2 2  EDX o f  particle E ,  4 39 9  ( s ee Fig . E . 1 5 ) . • . . • . 1 70 

E . 2 3  EDX o f  parti cle F ,  4 402 ( s ee Fig.  E . 2 0 )  . • . . . . . . 1 70 

E . 2 4  EDX o f  part icle G ,  4 399 ( s ee F ig .  E . 2 0)  • . • . . • 1 7 1  

E . 2 5  EDX o f  parti cle H ,  4 3 99 ( s ee Fig . E . 20 )  • . • . . • . • 1 7 1  

E . 2 6  Nuclepore f ilter test  3 with 2 2-NTU water s ample W2 , 
0. 8-1-lm f i lter . . . . . . . . . . . . . . • . . . . . . 1 7 2 

E . 2 7  Nu clepore f i lter t es t  3 with 2 2-NTU water sample W2 , 
0 .  8 -1-lm f i lt er ,  BEl 1 7 2  

E . 2 8  EDX o f  area o f  4 4 1 1 ( s ee Fig. E . 2 7 ) • • . • . • • . 1 7 3  

E . 2 9  EDX o f  particle A, 4 4 1 1 ( s ee Fig . E . 2 7 )  . • • . 1 73 

E . 3 0  EDX o f  particle B ,  4 4 1 1 ( s ee F ig .  E . 2 7 )  1 74 

E . 3 1  EDX o f  particle c ,  4 4 1 1 ( s ee Fig.  E . 2 7 )  • . . • . • • . 1 74 

E . 3 2  EDX o f  p ar t i cle D ,  4 4 1 1  ( s ee Fig.  E . 2 7 )  . . . . . . 1 7 5  

E . 3 3  E DX o f  part i cle E ,  4 4 1 1  ( see Fig. E . 2 7 )  . . . . . . 1 7 5 

E . 3 4  Nucle pore f ilter t est 3 wi th 22-NTU water samp le W2 , 
0.  8 -1-lm f ilter • . . . . . . . . . . . . . . . . . 1 7 6  

E . 3 5  Nuclepore f i l ter t e s t  3 with 2 2-NTU water sampl e  W2 , 
0 . 8 -1-lm f ilter , BEl . . . . . . . . . . 1 7 6 

E . 3 6  EDX o f  particle F ,  4 4 1 1 ( s ee Fig.  E . 2 7 ) . 1 7 7  

E . 3 7  EDX o f  particle G ,  4 4 1 3  ( s e e  Fig.  E . 3 4 )  . . . 1 7 7  



1 4 9 

F igure P age 

E . 3 8  E DX o f  p a r t i c l e  H ,  4 4 1 3  ( s ee Fig.  E . 3 4 ) • • • . 1 78 

E .3 9  EDX o f  p a r t i c l e  I ,  4 4 1 3  ( s ee F i g .  E . 3 4 )  . . • . • • . • 1 7 8 

E . 4 0  Nuc le pore f i l t e r  t e s t  3 wi th 2 2-NTU water s amp l e  W2 , 
0. 6 -l.lm f i l te r  • . . . • . . • . • • • • • . . . . . . . 1 7 9 

E . 4 1  Nu clepore f i l t e r  t e s t  3 w i th 2 2-NTU wat e r  s amp l e  W2 , 
0. 6 -�m f i l t e r , BEl • . . . • . • • . . . . . . • • • . 1 7 9 

E . 4 2  Nuclepore f ilter t es t  3 w i th 2 2-NTU wat e r  s ampl e  W2 , 
0 . 6-v.m f i l t e r  • • • . . . . . . . . . • • • • • • • • • 1 80 

E .4 3 Nuc le pore f il t e r  t e s t  3 with 2 2- NTU water s ample W2 , 
0 . 6-JJm f il t e r ,  BEI • . . . . . . • . . . • . 1 80 

E . 4 4 EDX o f  a rea o f  4 4 1 5  ( s ee F i g .  E . 4 1 ) . • . • • • .. . • • 1 8 1 

E . 4 5  EDX o f  p ar t icle A ,  4 4 1 8  ( s e e  F ig .  E .4 3 ) . . • . . • • . 1 8 1  

E . 4 6  EDX o f  p a r t i c le B ,  4 4 1 8  ( s e e  Fig. E . 4 3 )  • • • • . • . . 1 82 

E . 4 7  EDX o f  p a rt i c le C ,  4 4 1 8  ( s ee F i g . E .4 3) . • • • . . • • 1 8 2  

E . 4 8  E DX o f  p ar t i c l e  D ,  4 4 1 8  ( s ee F ig. E . 4 3) • . • • • • • . 1 8 3 

E . 4 9  E DX o f  p ar t i c l e E ,  4 4 1 8  ( se e  Fig.  E . 4 3 )  • . . . . • 1 83 

E . S O  E D X  o f  part i c le F ,  4 4 1 8 ( s ee F i g .  E . 4 3 )  . • • • • • • . 1 84 

E . 5 1  EDX o f  p a r t icle G, 4 4 1 8  ( s ee Fig. E .4 3 ) • . • • • • 1 84 

E . 5 2  EDX o f  p ar t i c l e  H ,  4 4 1 8  ( se e  Fig .  E . 4 3 )  • • . • • . • . 1 85 

E . 5 3  EDX o f  p ar t icle I ,  4 4 1 8  ( s ee F ig .  E . 4 3 )  • . • • • • • • 1 85 

E . 5 4 E DX o f  par t i cle J ,  4 4 18 ( see F i g .  E . 4 3 )  . . • • • • • • 1 86 

E . 5 5 EDX o f  p a r t icle L ,  4 4 1 7  ( s ee F i g .  E . 4 2 ) • • . • . • . • 1 86 

E . 5 6 EDX o f  p ar t i cl e  M ,  4 4 1 7  ( s ee Fig. E .4 2 ) • • • . . • • • 1 87 

E . 5 1  Nucl epore f ilter t est 3 with 2 2-NTU wa ter sample W2 , 
0. 4 -l.lm f i l t er • • • • • • • . . • . . . . . • • • • • • 1 88 

E . 5 8  Nuc l e po r e  f i l t e r  t e s t  3 with 2 2 -NTU wa t e r  s amp l e  W2 , 
0 . 4 -l.lm f i lter;  BEl • • • • • . • . . . . . . . . • . . 1 88 
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F igur e  P age 

E . 5 9  Nuc lepore f i lter t e s t  3 w i th 2 2-NTU water s ample W2 , 
0.  4 -llm f i l ter . . . . . . . . . . . . . . . . . . . . . 1 89 

E . 6 0  Nu clepore f i lter t es t  3 with 2 2-NTU water s amp le W2 , 
0. 4 -�m f i lter;  BEl  . . . . . . . . . . . . . 1 89 

E . 6 l  E DX o f  area s can o f  4 5 87 ( s ee Fig.  E . 5 9 )  . . . . . 1 90 

E . 6 2  EDX o f  par t icle 1 ,  4 587 ( see Fig.  E . 5 9 )  . . . . 1 9 0  

E . 6 3  EDX o f  p a r t i c le 2 ,  4 587 ( s ee F ig .  E . 5 9 )  . . 1 9 1 

E . 6 4  EDX o f  p a r t icle 3 ,  4 5 87 ( s ee Fig.  E . 5 9 )  . 1 9 1  

E . 6 5  EDX o f  p article 4 ,  4 587 ( s ee Fig.  E . 5 9 )  . . . . . 1 9 2 

E . 6 6  EDX o f  p a r t icle 5 ,  4 587 ( s ee F ig .  E . 5 9 )  . 1 92 

E . 6 7  EDX o f  p a r t i c l e  6 ,  4 58 7  ( s ee Fig.  E . 5 9 )  1 9 3 

E . 6 8  E DX o f  particle 7 ,  4 587 ( s ee F ig.  E . 5 9 )  . . 1 93 

E . 6 9  EDX o f  parti cle 8 ,  4 58 7  ( s ee Fig.  E . 5 9 )  1 94 

E . 7 0  EDX o f  p a r t ic l e  9 ,  4 58 7  ( s ee  Fig.  E .5 9 )  . 1 94 

E . 7 1  EDX o f  p ar t i cle 1 0, 4587  ( s e e  Fig.  E . 5 9 )  1 9 5  

E .  7 2 Nuc lepore f i l te r  t e s t  3 with 22-NT U wate r s ampl e  W2 , 
0. 1 -�m f i l t e r  • . . . . . . . . . . . . . . . . . . . . 1 9 6 

E .  7 3 Nuc l epore f i lter t e s t  3 with 2 2-NTU water s ample W2 , 
0. 1 -l.lm f il ter ; BEl . . . . . . . . 1 96 

E . 7 4 E DX o f  a rea o f  4 59 1  ( see Fig.  E.  7 2 )  1 9 7  

E .  7 5 E DX o f  p ar ti c l e  1 '  4 59 1  ( s ee Fig. E .  7 2 )  1 97 

E .  7 6  EDX o f  p ar t i c le 2 ,  4 5 9 1  ( s ee Fig. E .  7 2)  . . . 1 98 

E . 7 7  EDX o f  particle 3 ,  4 59 1  ( s ee Fig.  E .7  2) . . . . . . 1 98 

E .  7 8  2 0 , 0 00X e nl argement o f  particle 3 ,  4 5 9 1 ( s e e  Fig.  E . 7 2 )  1 99 

E .  7 9  EDX o f  part icle 4 ,  4 5 9 1  ( s ee Fig.  E.  7 2 )  . 1 99 

E . 8 0  EDX o f  particle  5 ,  4 5 9 1  ( see Fig . E .  7 2) . . . 200 
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E . 81 EDX o f  p art i cl e  6 ,  4 5 9 1  ( s e e  F ig. E .  7 2) . . . . . . 200 

E .8 2 EDX o f p ar t ic le 7 , 4 5 9 1  ( s e e  F i g .  E . 72 )  . • • • • • • . 201 

E . 8 3  EDX o f  p art icl e 8 ,  4 59 1  ( s ee F i g .  E .7 2) . . . . . . . . 20 1 

E.8 4 EDX o f par tic le 9 , 4 59 1  ( s ee F i g .  E . 72 )  • • • • • 202 





ORNL PHOTO 0420-87 

Fig .  E . l .  Nuclepo re f i l ter tes t  3 wi th 2 2 -NTU wa t e r  samp le W2 , 
1 0- ]..lm filte r .  



0�� PHOTO 0 4 2 1- 8 7  

F i g . E . 2 .  Nuc lepore f i l t e r  test 3 wi th 22-NTU wat e r  samp le W2 , 
1 0- ].Jm filt e r . 



ORNL PHOTO 0 4 2 2 - 8 7  

Fig . E . 3 .  Nuclepore fi lter tes t  3 wi th 22-NTU wa ter sample W2 , 
1 0- �m filter . 
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Vl 
Vl 



0�� PHOTO 0423-87 

F i g . E . 4 .  Nuc l e p o re f i l t e r  tes t 3 wi t h  22-NTU wa t e r  sample W2 , 
1 0- ).Jm f i l t e r .  



ORNL PHOTO 0424-87 

Fig. E . S . Nuclepore filter test  3 wi th 22-NTU water sample W2 , 
1 0- l.lm filter . 



ORNL PHOTO 0 4 2 5-87 

Fig .  E . 6 .  Nuc lepore fi l t e r  t e s t  3 wi th 22 -NTU wa t e r  sampl e  W2 , 
5 - ).lm fi l t e r . 



ORNL PHOTO 0 4 2 6 - 8 7  

Fig . E. 7 .  Nuc lepore f i l t e r  t e s t  3 wi th 22-NTU wa t e r  samp l e  W2 , 
5 - \lm f i l t e r . 



ORNL PHOTO 0 4 2 7-87 

F i g .  E . 8 .  Nu c lepore f i l t e r  te s t  3 wi t h  2 2-NTU wa t e r  sample W2 , 
5 - �m fi l t e r . 



ORNL PHOTO 0 4 2 8- 8 7  

Fig . E. 9 .  Nuclepore fi l t e r  te s t  3 wi t h  2 2 -NTU wa t e r  sample W2 , 
5- )..!m fi l te r . 



ORNL PHOTO 0432-87 

Fi g .  E . l O .  Nuc l e pore filter te s t 3 wi th 22- NTU wa t e r  samp l e  W2 , 
2 - j..lm filt e r .  



ORNL PHOTO 0429-87 

Fig . E . l l .  Nuclepore filter tes t  3 wi th 22-NTU water sample W2 , 
2-l!m filte r .  



ORNL PHOTO 04 30-87 

Fig . E . 1 2 .  Nuc lepore filter tes t  3 wi th 22-NTU wa t e r  sample W2 , 
2-).!m filte r . 



ORNL PHOJO 043J-87 

Fig . E . l 3 .  Nuclepore filter test 3 Wi t h  ll-NIU water sample W2 , 
2-lJm filter . 
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F ig . E. l 4 .  Nuc l e p o re fi l t e r  t e s t  3 wi th 22-NTU wa t e r  samp le W2 , 
1 -�m f i lt e r . 

Fig . E . l S .  Nuc l epore f i l t e r  te s t  3 wi th 22-NTU wa t e r  samp l e  W2 , 
1 - �m fi l t e r , BE l .  
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ORNL-DWG 8 7-14041 

0 . 000 VFS = 8192 

100 RES IDUE FROM THI WATER . 1 . 0 M I CRON F I LTER . 

F i g .  E . l 6. EDX o f  parti cle A ,  4399 ( s ee Fig. E . l S ) .  

20 . 480 

ORNL-DWG 8 7- 14042 

0 . 000 VFS = 2048 

100 RESIDLE FROM TH I WATER . 1 . 0 t1ICRON F ILTER . 

Fig. E . l 7. EDX o f  part icle B ,  4 3 9 9  (see Fig. E . l 5 ) .  

20 . 480 
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Fig . E. 20 .  Nuclepore fil ter test 3 wi th 22-NTU water sample W2 , 
1-�m filte r .  

Fig .  E. 2 1 .  Nuclepore fil ter test 3 wi th 22-NTU water sample W2 , 
1-�m filter , BEl .  
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1 70 

VFS = 16384 20 480 

RES IDUE FROM TM I �,JATER . 1 . 0 MICRON F ILTER . 

F i g .  E . 2 2 . EDX o f  p ar t i c le E ,  4 3 9 9  ( s ee Fig . E . l S ) .  

ORNL-DWG 8 7 - 1 401+6 

VFS = 8 1 92 

RES IDUE FROM TM I WATER . 1 . 0 M I CRON F I LTER . 

F i g .  E . 2 3 . EDX o f  p ar t i c l e  F ,  4 402 ( s e e  Fig. E . 2 Q ) . 

20 . 480 
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ORNL-DWG 87-14047 

VFS "' 1024 

RES IDUE FROM THI WATER . 1 . 0 MICRON FILTER . 

F ig . E . 2 4 . EDX o f  par ti cle G,  4 399 ( see Fig . E . 2 0) .  

20 . 480 

ORNL-DWG 87-14048 

VFS = 512 20 . 480 

1 00  RESIDUE FROM TMI WATER . 1 . 0 M I CRON  FILTER . 

Fig. E . 2 5. EDX o f  parti cle H ,  4 399 ( see Fig. E . 20 ) .  



1 7 2  

Fig . E . 2 6 .  Nuclepore f i l t e r  te s t  3 wi th 22-NTU water sample W2 ) 
o . s� �m fi lter . 

Fig .  E . 2 7 .  Nuc le pore f i l t e r  tes t  3 with 22-NTU water sample W2 , 
0 . 8- �m f i l t er , BE l .  
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ORNL-DWG 8 7-14050 

\/FS = B 1 92 20 . 4B0 

F:ES I DLIE FF:Ot-1 Tt1I �-.lATER . 0 B t·1 I CRON F I L  TEP . 

Fig . E . 2 9 .  EDX o f  particle A ,  44 1 1  ( s ee Fig .  E . 27 ) .  
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ORNL-DWG 8 7 -14051 
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Fig . E . 3 4 .  Nuclepore f i l t e r  te st  3 with 22-NTU water sample W2 , 
0 . 8- �m fi l t e r .  

Fig . E . 3 5 .  Nuclepore filter  te s t  3 wi th 22-NTU wat e r  samp le W2 , 
0 . 8-�m f i l te r , BE l .  
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Fig. E . 3 6 .  EDX o f  par ti cle F ,  4 4 1 1 ( s ee Fig .  E . 2 7 ) .  
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Fig .  E . 4 0 .  Nuclepore fi lter test 3 wi th 22-NTU water sample W2 ,  
0 . 6-pm filter . 

Fig .  E . 41 .  Nuclepore fil ter test 3 with 22.-NTU water sample W2 , 
0 . 6-� filte r �  BEI . 
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Fi g .  E . 4 2 .  Nuclepore filter test 3 with 2 2 -NTU water sample W2 , 
0 . 6-�m filter . 

F i g .  E . 43 .  Nuclepore f ilter tes t 3 with 2 2-NTU water sample W2 , 
0 . 6-�m filter , BEl . 
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Fig . E . 5 7 .  Nuclepore f i lter test 3 with 2 2 -NTU water s amp l e  W2 , 
0 . 4-pm f i l t e r .  

Fig. E . 5 8 .  Nuclepore f i l ter test 3 with 2 2 -NTU water samp le W2 , 
0 . 4-pm f i l te r ,  BEI . 
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Fig .  E . 59 .  · Nuclepore filter test 3 with 22-NTU water sample W2 t 
0 . 4-pm filter. 

Fig .  E . 60 .  Nuclepore fi lter test 3 with 2 2-NTU water sample W2 , 
0 . 4-pm f ilter� BEI . 
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Fig . E . 72 .  Nuclepore filter test 3 with 2 2-NTU water s ample W2 , 
0 . 1-pm filte r .  

Fig . E . 7 3 .  Nuclepore f ilter test 3 with 2 2-NTU water sample W2 , 
0 . 1-pm f ilter , BEl .  
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Fig . E .7 8. 20, 0 00X e nlargement of p article 3 ,  4 5 91 ( s e e  Fig. E . 7 2 ) .  
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ORNL PHOTO 0432-87 

Fig . F. l .  Nuclepore fi lter test 4, 4-NTU water . 10-pm filter .  



ORNL PHOTO 0433-87 

Fig . F . 2 .  Nuclepore fi l t e r  test 4 ,  4-NTU water , 10- um fil ter .  



ORNL PHOTO 0434-87 

Fig . F. 3 .  Nuclepore filter tes t: .. , .. -NTU water , 10- um fi lt.e r .  

N 0 '-I 



ORNL PHOTO 0435-87 
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Fig.  F . 4 .  Nuclepore filter test 4 ,  4-NTU water , 10- �m fi lter . 
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Fig . F. S .  Nuclepore f i l t e r  test 4 ,  4-NTU wat e r , S- um fi lt e r . 



0��1 PHOTO 0 4 3 7 - 8 7  

F i g . F . 6 .  Nuc l e p o r e  fi l t e r  t e s t  4 ,  4-NTU wa t e r , 5- �m f i l t e r . 



ORNL PHOTO 0438-87 

Fig . F. 7 .  Nuclepore filter tes t  4 ,  4-NTU wate r ,  5- �m fi lter . 



0R1L PHOTO 0 4 3 9- 8 7  

F i g . F . 8 .  Nuc l epore f i l t e r  tes t 4 ,  4-NTU wa t e r , 5- �m f i l t e r . 
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ORNL PHOTO 0440- 8 7  

Fig . F . 9 .  Nuc lepore fi l ter tes t  4 ,  4-NTU water , 2- �m fi l te r .  



ORNL PHOTO 0 4 4 1-87 

F i g . F . l O .  Nuc l e p o r e  fi l t e r te s t  4,  4-NTU wat e r ,  2- �m fi l t e r . 



ORNL PHOTO 0442-87 

Fi g . F . l l .  Nuc lepore f i l t e r  te s t  4 ,  4-NTU wa t e r , 2- \.lm filt ,e r .  



ORNL PHOTO 0 4 4 3 - 8 7  

F i g . F . l 2 .  Nu c l e p o r e  f i l t e r  te s t  4 ,  4-NTU wa t e r ,  2- wm f i l t e r . 



ORNL PHOTO 0444-8 7 

F i g . F . l 3 .  Nuc lepore fil t er te s t  4 ,  4-NTU wate r ,  1 - um f i l t e r . 



0��1 PHOTO 0445- 8 7  
,4' 

F i g . F . l 4 .  Nuc l e p o r e  fi l t e r  te s t  4 ,  4-NTU wa t e r , 1- �m f i l t e r . 



ORNL PHOTO 0446-87 

Fig . F. l S .  Nuclepore filter tes t  4 ,  4-NTU water ,  1-�m fi lter . 



ORNL PHOTO 0 4 9 3- 8 7  

F i g . F . l 6 .  Nuc l e p o r e  fi l t e r  te s t  4 ,  4-NTU wa t e r , 1- wm f i l t e r . 
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