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Dear Sir: o i‘-\: e

Three Mile Island Nuclear Station, Unit 2 (THI-2)
Operation License No. DPR-73
Docket No. 50-320
Submerged Demineralizer Systeam

During discussions with you and members of your staff, wve have been requested
to provide the folloving additional information:

"The licensee will provide written documentation for criticality
concerns. The calculations will be based on actual geovetry."

This letter is our response to your request.

Extract:

The SDS Prefilter, Final Filter and Demineralizer will not become locations
for critical masses of UO2/U235 to accummulate.

SDS Prefilter:

The SDS Prefilter consists of 45 cartridges manufactured by AMF-Cuno Division,
Meriden, Connecticut. These 45 cartridges are arranged in 15 "candles”, each
of which consists of 3 cartridges. ‘Each of these cartridges is a 125

micron nominal rating bearing Part Number G78W8-3.
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This cartridge has been type tested for particulate loading (loading quantity
vhan plugged) using material knowu as "AC Coarse”, also called Arizona Road
Dust by AC Cuno. The 125 micron nominal cartridge haa been demonstrated to
hold, at plugged condition, 350-400 grams of this material whose
characteristics are as follovs:

A unit volume of AC Coarse material has the folloving
characteristics:1-

122 - 0-5 microna
122 5=10 microus
142 10-20 microns
232 20-40 microns
3z 40-80 microns

9z 80-100 microns

The exact chemical composition of Arizona Road Dust ia not precisely knowvu.
However, it is assumed to be a common silicate material with composition and
density similar to brick, chalk, light concrete, dry earth, limeatone, mica
and sandstone. These materiala have densities ranging from 1.4-2.7.%
Assuming the lowest density, 1.4, and 45 cartridges with koown holding
capacity of 400 grass per cartridge, and ratioing the density of "Arizona Road
Dust” to UO: (density = 10.1 gw/cc), the coubined cartridge loading of
(assumed) fuel fines would be:

5 400 gm 10.1 gm/cc UO2 =
45 cartridges x cartridge XT% alece “D_ust"r 129857 gm of UO:

and the amount of fissile material held would be:

238 /] U235
129857 gm U0: x (im) 10:% 2.95 v/o 238 " 3377 gm of U235

Analyses® performed by CPU, Parsippany on the Prefilter assumed a roughly
uniform lattice based upon the geometry of the filter elements within the
prefilter housing. From that analysis:

"The filter elements vere represented as regulating cells by an inner
ring of water, an annular ring of filter material, a ring of U0:
deposit, and finally an outer ring of vater. The filter element is ...
annular and the center dimension vas used for the central wvater region
in the cell. The outer surface is ... ribbed and the outer dimension
of the solid filter material is used as the outside of the filter
material in the cell model. The material itself is represented simply
as a hydrocarbon vith a density of 1.0 gm/cm®. The outer region is
wvater. Cell diameter was picked so that the cell area ... is ... 1/15
of the area occupied by the 15 elements of the prefilter ... The
assumed accumulation of fuel material vas modeled as an annular ring of
fuel density UO: extending outward from the cartridge element,
displacing the outer moderator ... Cell calculations vere performed for
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the filter elements with accummulations of UO: of 1/4, 1/2, 3/4, 1

and 1 1/4 inch thickness ... For each calculated point the calculated
Re and 4! vas used to determine the material buckling and radius

of a critical sphere... A polynominal fit to these data was used to
approximate the minimum critical mass aod the thickness of buildup
giving it.

Calculations in these anidlyses show that exact critical mass and buildup
thickness, taking into account :nfinite reflector, are:

Rad ius 5.083 cm
Thickness 0.73 in
U0z Xg 3446 Kg
U 235 kg 10.2 kg

The conclusion is that all 45 prefilter cartridges would each have to be laden
vith a 0.73 inch outside coating of UO: fines containing 2.95% U235 for a
critical configuration to exist.

Based on the previously identified test results of the 125 micron Prefilter
cartridges with AC Coarse material, and taking into consideration the density
difference of this "Road Dust" to UO:, the filter cartridges will be

plugged vhen they are laden with approximately 0.264 inch of material. This
condition will not create criticality.

SDS Final Filter

The SDS Final Filter consists of 90 cartridges manufactured by AMF-Cuno
Division, Meriden, Connecticut. These 90 cartridges are arranged in 30
“candles”, each of which consists of ) cartridges.! Each cartridge has a 10
micron nominal rating and bears Part Number G78C8-3. This cartridge has been
type tested for particulate loading (loading quantity when plugged) using
material known as "AC Fine", also called Arizona Road Dust by AC Cuno. The 10
micron nominal cartridge has been demonstrated to hold, at plugging condition,
132 grams of this material whose characteristics are as follovs:

A unit volume of AC Fine msterial has the following characteristics:®

86.92 0-2 microns
11.12 2-5 microns
1.72 5~10 microns
0.332 10-20 wicroans
0.05%2 20~40 microns

0.006%2 40-80 microns
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Utilizing the ssme logic as employed on the Prefilter, the 90 cartridges of
the Prefilter hold:

132 gram 10.1 gm/ce
90 cartridges x d:;z;fa;; x T:z*;ﬁ?::— = 85706 gm of UO:

and the amount of fissile material held would be:

38 + 32 / UO:

85706 x (?L) U x2.95ufo 323 . 2229 gm of U235

The anlly.in' performed by Parsippany on the Final filter showed:

"...a similar exercise (as performed on the Prefilter) with the final
filter tank and its 30 filter elements would have yielded about a 102
larger cell radius.... A second set of cells was defined with an
approximate 152 larger cell radius to show the sensitivity of the
results to cell pitch...."

The result of the calculation is that the larger radius requires asore material
for criticality ~ and, hence, the final filter is less loaded with "fines" or
filtrites at full AP conditions than the prefilter at full AP conditions

due to the lesser amount of material loaded at plugging. Consequently, its -
margin to "critical” loading is greater and it ia less reactive. Criticality
in the final filter is therefore not a problem.

SOS Demineralizer

The anllylea' for criticality on the SDS Demineralizer shows that the most
reactive case is one in which there is 302 UO: in the mixture of
(hozogeneous) 002 and vater. (Zeolite within the demineralizer bed
ignored). In this case, the 30X UO:/vater mixture yields a base critical
sphere with about 179 Kg of UO: or (at 2.95 w/o) 5 Kg ¥23S. :
This msterial would have to be deposited in a sphere, homogeneously within the
zeolite bed either as the result of deposition of fines getting through the 10
wicron nominal final filter, or deposition of dissolved Uranium into the
zeolite bed. =

In either case, the zeolite media has, due to its own characteristics,
approximately 30X Void*. That is, in one cubic foot of zeolite exchange
media, approximately 30 is void. If all of the void were UOz, and
knowing the UOz has a density of 10.1, 179 Kg of UOz would occupy all

of the "void” in 2.09 ft® of zeolite.

Calculating the radius of the sphere in vhich all zeolite voids are full of
UO2: 179 Kg of UO2, at a density of 10.1, occupies a volume of
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17723 ce, or 17.723 liters. Employing the zeolite's 302 void, the volume of
zeolite vhich would contain this UO2 would be 17.72 = 59.08 1liters.

The most reactive geometry of this mixture of material is a sphere which would
have a radius of:
4 - s v
Ve J- gt |_th =y Ty

. .v 3 x 59,080 cad T -"’ 14106 = 24.16 ca = 9.5
b x %

This "sphere"” would be 702 zeolite (properties shown in Attachmenta 1 and 2)
and 302 UO:, leaving no room for water (moderator). Moderator wmaterial
vhich would be available would bz a) the water (12-202) in the hydrated
zeolite and b) the zeolite (assumed to be a poor mcderator). Further, the
assumption that the "fines" accummulate in a geowetrical sphere is
significantly conservative. The associated concurreant requirement of
displacement of moderator (water) to permit the UO:1 to collect in a sphere
ensurea no criticality. Results of confirming analyses taking into
consideration physical properties of mixtures of vater, fuel and zeolite will
be submitted to the KRC by Juse 15, 1981.

The anticipated conclusion is that the Demineralizer cannot becowe the
location for a critical mass of UOx fines because the required geometry
cannot exist concurrently with the moderator necessary for criticality.

Should you wish to discuss this matter further, plesse contact Mr. L. J.
Lehman, Jr. of =y staff.

Sincerely,

NG it

G. K. HOVEY
Vice President
and Director TMI-2

CXH:LJL:dp
Attachment

cc: Dr. 8. J. Sayder,
Program Director
-TMI Program Office
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ION EXCHANGE

POOR-ORTBINAL

LINDE Molecular Sieves

fon exchange bulletin

LINDE IONSIV IE-95 lon Exc_:hanger

DESCRIPTION

LlNDE IONSIV IE-8S lon Exchbanger is ea

aJkali metal alumino slicate primarily of the
chabazite structure type supplied In the mized
fonic (Na+, Mg++, C.n++) form.

CHEMICAL FORMULA
(N3 D, Mg0, Cs0) . AJD, . 46 Si0, . HO

SHIPPING INFORMATION
LINDE IONSIV IE-S5 lon Exchaager is

avallable in 20 X 50 mesh forrm. Samples may be
obtalned on request ;

REGENERATION

Typically, regeneration may be secomplished by
the use of NaCl solution of the regenerant fluid

'ADDITIONAL INFORMATION .
Bulletins discussing additional applications of LinpE Molecular Sieves

EASTERN REGION
08 Harper Drive
Moorenown, N. J. 08057
{eo9) 2352200

MIDWESTERN REGION
120 . Rivenide Pane
Ohiasgo, 111, 60600

{312) 4342223

1111 Chatwr Ave,
Sule 811

Cleveland, Ohlo ¢4114
(210) 6214200

UNION CARBIDE CORPORATION @ LINDE DIVISION @ 270 Perk Ave. N®w York.N. Y. 10017

SOUTHWESTERN REGION
2 Groemvwy Plaa Exny
Hourton, Taxm 77048

713) 621-1000

6130 Eant 32nd Swent
Sutve 119

Tuvia, Oklshoms 74138
(918) 6228822

PACIFIC REGION
100 Ocmangate

Long Besch, Calif. 9902
13) Q8372

TYPICAL PROPERTIES
Particle Slze....... esPescadony Mesh (20 X 50
mOpznlnp SRIETS .....3.7 xu and 26
As lhlpped 40 Ibs/ecu fi”
640 kg/cam
Hydnated, packed ....ccecceemmececes 46 lbs/n fr.
740 kg/co.m.
BS&D Density (hydrated)....... .38 lbs/en fo.
610 kg/cam
H0 Content
As shipped T 1-10wt.§ -
Hvdrated «.ccceeeeeecsecencenen veeeee12=17 w2.§
Ton Eachange Capndl'y ....... e 2.0=25 meq/gm
(anhydrous)

TYPICAL APPUCATION AREAS

LINDE IONSIV 1E-95 lon Exchanger
products ‘have been found to be e&edive for
recovery and storage of radio-nuclides and for .
aton eschange from acid solutions.

" are available. Call or write your nearest LINDE Molecular Sieve Sales Office. -

GENERAL SALES OFFICE
Molecylar Sseve Decanmen
Oid Sawr MMt River Rd.
Tarrytown, N.Y. 10591

(914) 345-4®D

IN CANADA

UNION CARBIDE CANADA, LTD.
123 Egfinton Ave. Eart

Toronto 12, Omerlo, Carmce

(416) 487-1311 he

OUTSIDE US.A. AND CANADA -..
Conmict: General Salas Offsce

B e nes

NION %
ICRRBIDE:

VP

IONSIV

. LINDE ang UNION CARTIOE sre reghiieres trade marha of Unlon Cardlee Corbarat!an, Dulaioe the US.A. ang
F-4091 870246 1M Consca, LINOE Molecutar Sieves 419 marueted a3 UNION CARRIOE Molecutar

ION EXCHANG
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LINDE MolecuIar,')@en\nflg'éA
ien exchange buiietin

LINDE IONSIV A-50 lon Exchanger Series

DESCRIPTION

LINDE IONSIV AS0 Too Exchanger Serles are an
allall metal alumino-silicate of the Type A aystal
structure supplied In the Na+ (sodium) form.

CHEMICAL FORMULA
Na0 . ALO» . 2 5i0v . 45 HO

SHIPPING INFORMATION

LINDE IONSIV A-50 lon Exchanger Serles are
avallable In powder and 20 X SO mesh form.
Samples may be obtained on request.

TYPICAL APPUCATION AREAS

The LINDE IONSLV A-S0 lon Exchanger Series
products are generally highly effective cation ex-
changers for the rerooval of small lons from dilute
solutione.

"ADDITIONAL INFORMATION .

TYPICAL PROPERTIES

ASL
Particle Size  Powder (I to 10 ym) Mesh (20 X 30)
Pore Opeoings 4.2 R Intoacage = 4.2R intoc-cage

22%istof-cage 2.2 Rinto fcage
Bulk Density
Asshipped 261bs/cu.ft—  42Tbs/cuft. 670 kg/cum. -
420kg/cu.m.
Hydrated, packed S01bs/cu ft 800 kg/cu.
BS&D Denslty .
(Hydrated) 42bs/cuft 60kg/cum
HOcontent [8—22wt® Asshipped 1 —10wt. %
Hydrated 16—20 wt. %
lon Exchange
Capacity

6.5—7.0meq/gm §5.0—S5.Smeq/gm -
(anbydrous) (anhydrous) :

REGENERATION ; = e
Typlcally, regeneration may be accomplis
the use of NaCl solution as the regenerant ﬂul?

Bulletins discussing additional applications of LINDE Molecular Sieves

EASTERN REGION : SOUTHWESTERN REGION
308 Harper Drive - 2 Greernway Plazs East

Moorentown, N. J. 08057 Houmon, Texss 77048

{609) 2132200 713) 621.1000
MIDWESTERN REGION 8130 Eart 32nd Street
120 S. Rivenide Pl Sulre 119

Chiamo, 1ll. 608D8 Tulm, Oklshorrm 74138
(312) 4542233 919) 228822

1111 Chamor Ave. PACIFIC REGION
Suhte 611 100 Oecxangate
Clovetand, Ohio 48114 Long Beach, CaiH, 90802
(216) 6214200 213} 437N

UNION CARBIDE CORPORATION ¢ LINDE D1VISION © 270 Park Ave, New York, N. Y, 10017

- are available. Call or write your nearest LINDE Molecular Sieve Sales Office. -

GENERAL SALES OFFICE
Moleculer

Oemrtrem

Old Saw Mill River Rd.
Termiown, N.Y. 10391
(914) J4S-MED

IN CANADA

UNION CARBIDE CANADA, LTD.
123 Eglinton Ave, Emst

Toromo 12, Omaro, Canade

(416) 487-1311

OUTSIDE US.A. AND CANADA - -
Conesct: Gemenal Sales Offica :

= LUNIC
ARBIL

:y JONSIV
ION EXCHANGE:

LINOC an¢ UNION CARBIDE ore reglstered trade marka 0f Ualan Caroiae Cordorstion. Outiide the US.A. end

Canaay, LINDE Molecular Sleves srs marketeC as UNION CAASIOL Motecutisr Slever. .
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Attachzent 3

Refereoces:

1. Telephone conversation, G. R. Skillmsn to Hal Fuller, AMF-Cuno, (203)
237-5541, 17 May 1981, 1300.

2. Table 1-110, Properties of Common Solid Materials, CRC Haodbook of
Tables for Applied Engineering Science.

3. Criticality Analyses fo_t SDS Prefilter, SDS Final Filter, and SDS
Demineralizer, conducted by GPU Parsippany, May 1981.

4, “Crystalline Molecular Sieves" my D. W. Breck, Union Carbide

Corporation, Page S, Table 1, Chabazite Group.
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