
TMl Prosr .. Office 
L. K. Barrett, Deputy Director 
u.s. Nuclear Re&ulatory Commiasion 
Middletown, P A  17057 

Dear Sir: 

Mltropallatft Edison c:-,.y 
Post Office ao- •ao 
Middletown. Pennsyt•lftil 17057 

.Juae 1, 1981 
LL2-81-01S2 

Three Mile lsland Nuclear Station, Unit 2 (TMt-2) 
Operation License No. D Pl-73 

Docket No. SQ-320 
Subaer&ed Demineralizer Syatem 

During discussions with you and members of your staff, we have been requested 
to provide the following additional info�tioa: 

'�he licenaee will provide written documentation for criticality 
concerns. The calculations will be bued on actual ae0111etry. u 

Thi1 letter is our reaponae to your request. 

Extract: 

The SDS Prefilter, Final Filter and Demineralizer will not become location• 
for critical masaea of UOa/U235 to accummulate. 

SDS Prefilter: 

The SDS Prefilter consists of 45 cartridges manufactured by AKF-Cuno Diviaioa, 
Meriden, C�nnecticut. These 45 cartridges are arranged in 15 "candlea", each 
of vhich conaists of 3 cartridges. l£ach of these cartridges is a 125 
micron nominal rating bearing Part Number G78W&-3. 
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Thia cartridae has been type teated for particulate loadina (loadia& quantity 
vban pluged) uaina JUterial know aa .,AC Coane", also called Arizooa Road 
Duet by AC Cuno. The 125 •icron nominal cartridae baa been deeonatrated to' 
hold, at pluaaed condition, 35o-400 arams of thi• IUterial vhoae 
cbaracteriatic• are aa follova: 

A unit volu.e of AC Coar .. ��&terial bu the folloviac 
cbaracterietica:l-

12% 
12% 
14% 
23% 
30% 

9% 

o-5 •icrooa 
.s-10 •icroaa 

to-20 tdcrona 
2o-40 •icrona 
4o-80 Ide rona 

so-too •icronl 

The exact che.ical coapoaition of Arizona Road Duat ia not preciaely � 
However, it i• assUGed to be a common silicate .. terial with ca.poaition aod 
deaaity si•ilar to brick, chalk, li&ht concrete, dry earth, li.eatone, aica 
and aandetone. These .. teriala have deositiea ranaina froa 1.4-2.7.1 
Aeeu.ina the loveat density, 1.4, and 45 cartrida•• with knovo boldine 
capacity of 400 ar ... per cartridae, and ratioina the density of "Arizona Road 
Dust" to UOa (denlity • 10.1 p/cc), the coabioed cartridae loadia& of 
(assumed) fuel fines would be: 

� lO.l�cc uoa 45 cartridaes x cartridae x 1.4 �c "'Dust". • 129857 p of UOa 

and the amount of fiaeile material held would be: 

l 238 ) u 0235 129857 p ooa X \238 + 32 UOalt 2.95 v/o rm • 3377 p of uus 

Analyae11 performed by CPU, Parsippany on the Prefilter aeaU8ed a rouably 
unifo� lattice baaed upon the aeometry of the filter elements within the 
prefilter housinc. From that analysis: 

"The filter element• were represented as regulatia& cella by an inner 
rina of water, an annular rina of filter material, a rinc of UOa 
depoait, and finally an outer rinc of vater. The filter el�nt ia ••• 
annular and the center dimension vas uaed for the central water reaion 
in the cell. The outer surface is ••• ribbed and the outer dimension 
of the solid filter material is used aa the outside of the filter 
material in the cell model. The material itaelf is repreaented simply 
aa a hydrocarbon vith a denaity of 1.0 gm/c•'• The outer reaion is 
water. Cell diameter vas picked so that the cell area ••• ia ••• 1/15 
of the area occupied by the 15 ele•ents of the prefilter ••• Tba 
aasumed accumulation of fuel material vas modeled aa an annular riaa of 
fuel density OOa extendina outward from the cartridge element, 
displacing the outer moderator ••• Cell calculation• were performed for 
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the filter el�ents with accummulationa of OOa of 1/4� 1/2, 3/4, 1 
and 1 1/4 iach thickness For each calculated point the calculated 
l. and �· vas used to determine the material bucklin& and radi� 
of a critical sphere... A polynominal fit to these data vas used to 
approximate the cilniliiUID critical lUll and the thickaeu of buildup 
aivina it. 

Calculations in these anilyaea ahov that exact critical aaaa and buildup 
thickness, takin& into account :nfinite reflector, are: 

Radius 
Thiekne.u 
UOa KJ 
U 235 KR 

s.on c• 
0.73 in 
344 ,, 
10.2 Ita 

The conclusion is that all 45 prefilter cartridges vould each have to be laden 
vith a 0.73 loeb outside-coating of UOa fines containing 2.95% U23S for a 
critical configuration to exist. 

Based on the previously identified test results of the 12S •icron Prefilter 
cartridaea vith AC Coarse material, and takina into consideration the density 
difference of this "Road Dust" to UOa, the filter cartridges vill be 
plugaed vhen they are laden vith approx�tely 0.264 inch of material. This 
condition vill not create criticality. 

SDS Final Filter 

The SDS Final Filter consists of 90 cartridges manufactured by ��-Cuao 
Division, Meriden, Connecticut. These 90 cartridges are arranged in 30 
"candles", each of vhich consists of 3 cartridaes.l Each cartridae has a 10 
micron no•inal ratios and bears Part Number G78C&-3. This cartridae hal been 
type tested for particulate loadina (loading quantity vhen plugged) usina 
material know as "AC Fine", alto called Arizona Road Dust by AC Cuno. The 10 
micron nominal cartridge baa been deaonstrated to hold, at pluggina condition, 
132 grams of this material vhoae characteristics are as follovs: 

A unit volume of AC Fine material bas the follovina characteristics:* 

86.9% 
u.u: 

1. 7% 
0.33% 
0.05% 
0.006% 

o-2 microns 
2-S microns 

5-10 aierona 
1o-20 aicroaa 
2o-40 mic rona 
4o-SO microns 
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Utilizina the 1a.e loaic a1 employed on the Prefilter. the 90 cartridge• of 
the Prefilter hold: 

10•1 :;tee • 85706 .. of uoa 
1.4 p cc 

and the ..ount of fi11ile material held would be: 

I 238 ) u U23S 8S706 x \238 + 32 UOa� 2.9S v/o U23i • 2229 a- of U23S 

• 
The analyaia perfo�d by Par1ippany on the Final filter aboved: 

" ••• a aiailar exercile (a• performed on the Prefilter) vitb the final 
filter tank and it• 30 filter element• would have yielded about a 10% 
laraer cell radiu••••• A 1econd 1et of cells vas defiaed vith ao 
approximAte lS% laraer cell radiu• to ahov the aenaitivity of the 
re•ulta to cell pitch •••• " 

The reault of the calculation ia that the larzer radiua require• 80re aaterial 
for criticality - and, hence, the final filter ia leaa loaded vitb "finea" or 
filtritea at full AP conditione than the prefilter at full AP condition• 
due to the lesaer amount of aaterial loaded at pluaaina. Conaequently, ita 
aaqin to "critical" loadina b areater and it ia le .. reactive. Criticality 
in the final filter is therefore aot a problea. 

SDS Deaineralizer 

The analyses' for criticality on the SDS Deaineralizer ahova that the aost 
reactive case is oae in vhieh there i• 30% UOa in the aixture of 
{ha.oaeneoua) UOa and vater. (Zeolite vithin the deaineralizer bed 
ianored). In this ca1e, the 30% UOa/vater aixture yield• a base critical 
aphere vitb about 179 l& of UOa or (at 2.95 v/o) S Ka U23S. 

This aaterial vould have to be depositPd in a sphere, ho.oaeneously vithin the 
zeolite bed either as the result of deposition of finea aettina throuah the 10 
•icron noaioal final filter, or deposition of dissolved Uranium into the 
zeolite bed. !": 

tn either case, the zeolite media baa, due to ita ovn characteristic•, 
approxiaately 30% Void•. That ia, in one cubic foot of zeolite exchange 
media, approximAtely 30% ia void. If all of the void vera UOa, and 
knovina the UOa has a density of 10.1, 179 Ka of UOa would occupy all 
of the "void" in 2.09 ft1 of zeolite. 

Calculatina the radius of the sphere in Vhich all zeolite voids are full of 
UOa: 179 X& of UOa, at a density of 10.1, occupiea a voluae of 
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17723 cc, or 11:123 liters. Emp1oyiaa the zeolite'• 30% void, the volune of 
zeolite vhicb would contain thia UOa vou1d be 17.71 • 59.08 litera. 

-:r-
The moat reactive aeometry 
have a radiua of: 

· of this aaixture of uterial ie a sphere vhich would 

4 • V • J wr 

r • 3 x S9,080 c.J 

4 lC • 

3V 
4;--

r •V 14104 • 24.16 ca • 9.5" 

Thia "•phere" would be 70% zeolite (propertiu aboVD in Attacbaleftta 1 aocl 1) 
and 30% UOa, leavinc no rooaa for vater (moderator). Moderator .. terial 
which would be available· would �>-� a) the water (11-20%) iu the hydrated 
zeolite and b) the zeolite (auu.ed to be a poor .oderator). Further, the 
assumption that the "fine•" acc uaaulate in a aeoeetrical sphere is 
aianificantly coaeervative. The auociated concurrent requireMut of 
displacement of moderator (vater) to permit the DOa to collect iu a apbere 
enaurea no criticality. lleaulta of confirminc analyau takiua into 
conaideration physical propertiea of aalxturea of water, fuel and zeolite vill 
be aubmitted to the NRC by Juoe lS, 1981. 

The anticipated conclusion il that the Deaaineralizer cannot becoee the 
location for a critical mau of UO• fine• becauae the required aeoaaetry 
cannot exiat concurrently vith the aaoderator neceaaary for criticality. 

Should you wiah to diacuu thia utter further, pleue contact Mr. L. J. 
Lehaaan, Jr. of my staff. 

CKH:LJL:dp 
Attachment 

cc: Dr. 8. J. Snyder, 
Prograaa Director 
-TMI Program Office 

Sincerely, 

�K� 
G. lt. HOVEY 
Vice Pruident 
and Director TMt-2 
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ION EXCHANGE 

LINDE Molecular Sieves 
ion exchange bulletin 

LINOE IONSIV IE-95 lon Exchanger 

DESCRIPTION 
UNDE IONStv IE-IaS Jon Eachan&u b u 
alh1l metal aJumlDo sUlcate primarily of the 
chabazite stnlcture type suppUed ln the mhed 
l�nle (Na+, M&++. Ca++} r� 

CHEMICAL FORMULA 
(N•jJ. M&(), CaO) • Aljj1 • 4-6 5101 • H� 

SHIPPING INFORMATION 
UNDE IONS IV I&VS loa Eachaa&er b 
anllable ln 20 X � mesh £onn. Samples may be 
obt&lned oo request. 

REGENERATION 
Typically, rqeneraUoa m•y be •eeompllshcd by 
the we of NaClsolutlon of the rqe.nU&Jit fluid. 

'ADDITIONAL INFORMATION 

TYPICAL PROPERTIES 
Pa.rtlde Sze ............... _. .......... M� (to X 50J 

. Pore OpenlAp ............. 3.7 Xu X and 1.6 X 
Bulk Dmslt7 

n...... • •  M shipped . .......... -................ 40 nn/OJ.ft. 
640 k&/m.m. 

Hydrated, pac:kcd .................... 46 lbs/c:u.ft. 
740 k&/c:u.m. 

BS60 .Deaslty (h)'drated) .......... 38 lbs/c:u.ft. 
610 k&fc:a.m. 

HJ) Conteftt 
M shipped .............................. 1-10 wt.S 
HYdrated .............................. 11-17 wt.S 

Ion Eac:han&e Capadty ........ .2.0-2.5 meq/pa 
(lJlbrdroUs) 

TYPICAL APPUCATION AREAS 
UNDE IONSlV 1E·95 loa Eaehancer· 
products 'have been £ound to be dfedhoe Far 
ftCOYCl)' and stota&e or radlo-nudid. Uld far 
cation ueban&e from add IOlutlons. . 

Bulletins diseus:sin& additlonalappUc:atlons or LnroE Molecular Sieves 
are available. CaD or write your nearest LnmE Moleallar Sieve Sales Office. . 

EASTERN REGION 
30111 K.rpw DrM 
MOOtW'own,N,J.OIOS7. 
leoti 23W200 
MIDWESTERN REGION 
120 S. A"'-nldt....,. 
Olbeo,tn. eoeoe 
01214s.&-2233 

1111 C....,.. A.,., 
Suite 11t 
Cl�Yelend, Olllo 441 1t 
(211) 121-4200 

SOUTHWESTERN REGION 
2 G,..._y P'IUII £aft 
�on, T•- 7704e 
r713l Slt-1000 
81:10 E..t 32ftd � 
Suite 111 
Till•, Olr.lallome 74125 
�111 122-8822 
PACIFIC REGION 
100o-noa� 
�.oft�� 8Md\, C.llf,IC*n 
12131 435-3721 

GENERAL SALES OFFICE 
Molecul« SO.... Dtcle""*­
Oid S.... Mill Ahw .. d. • 
Tarrytown, N,Y, 1091 
�141� 
IN CANADA 
UNION CARBIDE CANADA, LTD. 
123 £enn10n Aw. E.t 
T0101110 1:Z,OIIUirto,c:.-s. 
14U5l 41N311 ' 

OUTSIDE U.S.A. AND CANADA � ·• 
ContK1: G..-.1 SeJ• Otf"a 

UNlONCA�IID(C:OIU'OilATION. LINCEDIVISION •2701'1tkA ... N .... Yortr,N.Y.10017 ... .. . 1 I • IONSIV • ION EXCHJJ\QE 

UNO It l"f UNION CAIII101taf9 t•IIJII,.Oitlfe ,..,.., el Ulllon � ..... C:OtHtlllef\, Out .... tiM U.S.A.-
C.,..CI&, UNOit MOiecuw 1'-- .,. ,..,.,.teen UNION CAlli lot: .... IKIIIU J-. . --· - -- � 
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LINDE Molecula�Je.Ps1• 

. 
ion exchange bulletin · 

LINDE IONSIV A-50 lon Exchanger Series . . 

CESCRIPTION 
UNOE IONSIV A-50 loa Elchan&er Series are aD 
albll metal alum!A�.Wc:ate o£ the Type A crystal 
structure supplled In the Na+ (sodium) (orm. 

CHEMICAL FORMULA 
Na.O • AlA • 2 510. • U ILO 

SHIPPING INFORMAnON 
UNDE IOtolSIY A..SO Jon uchanser Series are 
avaUable In powder md 20 X SO mesh l'orm. 
S..mples may be obtained on request. 

TYPICAL APPUC.ATION AREAS 
The UNDE IONSIV A-50 Jon Eleban&er Series 
products 111! centrally hlshly e!fectlve c:ation a­
cbansers for the removal olsmalllons (rom d1Jute 
solutioos. 

.ADDITIONAL INFORMATION 

TYPICAL PROPERnES 
" .&a. .A:IL 

Putfcle Slze P0Waer (1 to 10 pm) Mesh (20 X SO) 
Pore OPealnp 4.2 � lntoa-c:ase · U � lntoa-c:ap 

Bulk Density 
UX Into �-c:a&• l.2 � mto 1-c:aa• 

M shipped 261bs/cu.ft.- U lbs/cu.ft. 670 k&fcu.a · 
UOk&fcu.m. 

Hydrated. p�ckecl 
BS6D Demlty 
(Hydrated) 

H.O coatent 18-22 wt." 

Ion Ezchu&e 
Capadty 6.5-7.0 meq/cm 

(anhydrous) 
REGENEAAnON 

so lbs/cu.ft. 800 k&fcu.m. 

421bs/cu.ft. 670 k&faua. 
MshJpped 1-lOwt." 
Hydra ted 115-!0 wt." 

s.o-s.s meq/ps 
(anb)"CCrous) 

Typlc:alty, rqeneratioo may be accompllshed by 
the use of NaCJ solution as the rqenet&Dt Oulcl. 

Bulletins discussin& additional applications or I.JNDE Molecular Sicvu 
are available. CaD or write your nearest lJNDE Molecular Sieve Sales Office. . 

EASTERN REGION 
Xll H.l"* Dr"" . 
Moorwn-. N, J. 01057 
(eog) 23H200 
MIDWESTERN REGION 
t20 S. R"""ldt 1'1&111 
Chlaoilo, 111. soeoe 
1312)454-� 

tt t1 Chenw ,.,., 
Suit• at 1 
o ...... P'Id.OIIio44tt4 
Q1&1 a21�200 

SOUTHWESTERN REGION 
2 a,._., 1'1&111 ean 
Hovnoft, TtDI 71041 
nul 1121-1000 
8130 EMt 32nd Snwt 
Suire 111 
Tul•. OltlallotN 741 3S 
Cttll 11:22-&22 
PACIFIC REGION 
1000clllng�re 
LCMII a. edt, Calif. 110802 
t213)43S-3721 

GENERAl SALES OFFICE 
Molea.llw $'- Dtpa/tnwft 
Old Sew Mill Rlww .. d. 
TetrY1own. N.Y.10511 
!114)345-34110 

IN CANADA 
UNION CARBIDE CANADA, LTD. 
123 EtlllltOI\Aw.l!..c 
Tot111\1o 12, Oltutio, CaMda 
(4111417-1311 

OUTSIDE U.S.A. AND CANADA � 1 • 
ContKt: G-.1 Stl• Otrce • 

• IONSIV 
UNION CAR81D• C:ORI'OMTION • t.INDE DIVISION • 270 htk Aw .. N"" Yon, H. Y. tOOt7 

N CH 10 EX ANGE! 

. . 
I.IHOC •"f Ul'fiOH CAAIIOC ere tttlUtrU ltUt -rid ot UIIIOII C.tol .. C:orto"llon. 011111CM tile U.s.A. .... 
c. ... o., I.INOI: Molowlv Slo- .,. ,...,kotec u UNIOH CAI'IIIOI MoloCUIIt Sinon. • 
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Attachment 3 

'lefe reaces: 

1. Telephone conve rsation, C. R. Skilt.&n to Hal Fuller, AHF-Cuuo, (203) 
237-S S 41, 17 Kay 1981, 1300. 

2. Table 1-110, P rope rties of eo..on Solid Materials, CIC Handbook of 
Tables fo r Applied Enainee rina Science. 

3. C riticality Analytel fo r SDS P r efilter, SDS Final Filter, aad SDS 
Deaine ralizer, conducted by CPU Pa rsippany, Kay 1981. 

4. "Crystalline Molecula r Sieves" rq D. w. B reck, Onion Ca rbide 
Corporation, Paae S, Table 1, Chabazite C roup • 
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