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EVALUATION OF INCREASED CESIUM LOADINGS ON SUBMERGED DEMINERALIZER
SYSTEM ZEOLITE BEDS

EXECUTIVE SUMMARY

A Submerged Demineralizer System (SDS) is being installed at the
Three Mile Island Unit 2 (TMI-2) Nuclear Power Station for decon-
tamination of the Containment Building (CB) sump water and Reactor
Coolant System (RCS) water.

A Department of Energy (DbE) ?ask Force was assembled to evaluate
the relative technical and financial benefits in storing, shipping,
treating, and disposing of SDS zeolite liners, assuming that the liners
will be loadéd to a level higher than that (10,000 Ci/liner) originally
planned by General Public Utilities (GPU).

The DOE-SDS Task Force-conclgdés that it is technicaily feasible to
load the zeolite liners used in the SDS to levels up to 60,000 Ci of
cesium per liner without additional preoperational testing. This would
result in apbroximately ten such liners. The Task Force further Eon—
cludes that these liners can be safely handled, stored, transported, and
vitrified. Moreover, the Task Force acknowledges that it may be tech-
nicélly feasible to load them to even higher levels.

Loadigg the SDS zeolite liners up to 60,000 Ci of cesium would
result in approximately 17 additional strontium—loaded liners if Ionsiv
IE-95 (Na+ form) is used. The Task Force concludes that these liners can
also be safely handled, stored, transported, and disposed of; however,
the choice of the form.for ultiﬁate disposal of these wastes is beyond

the scope of this exercise.



The Task Force addressed only the zeolite portion of the SDS and
did not consider the final purification portions of the system, since
they have no bearing on the Task Force conclusions. The findings in
each of the areas to support the Task Force conclusions are summarized
below.

Process Flowshecet

Laboratory-scale process tests were conducted at Oak Ridge National
Laboratory (ORNL) with actual TMI-2 Containmen£ Building water. These
tests verified that the SDS liners could he loaded to 200 bed volumes
(approximately 10,000 Ci of cesium per liner), in accordance with the-
reference flowsheet,‘without éesium or strontiﬁm breakthrough. These
tests also demonstrated that SDS linetrs could be loaded to about 500 bed
volumes (22,000 Ci/liner) with less than 1% strontium breakthrough.
Further ORNL testing indiqated that SDS liners could be loaded to at
least 1000 bed volumes of zeolite (42,0Q0 Ci/liner) without cesium
breakthrough, but with significant breakthrough of stroﬁtium, which
could be remerd by additional downstream liners. Extrapolation of
these experimental data indicates that increasing the loadings to 60,000
Ci, o% more, of cesium per liner should be readily achievable.

The ORNL information served as a basis for establishing several’
options used to evaluate the relative merits of higher SDS linér
loadings. The approximate number of zeolite 'liners for each option is
listed in Table l.l. The reference case of 10,000 Ci per liner requires
a total of 60 liners. All other cases considered result in a twofold

reduction in the total number of zeolite liners.



* Table 1l.1.

SDS Liners Required as a Function of Cesium Loading per Liner
(Based on ORNL-Provided Data)

Number of SDS Number of SDS

Cesium Total Number of SDS Approximate
Loading Liners with _ Liners with Low— Number Liners Requiring Number of
per Liner High-Level . Level Loadings of Vitrification of Vitrified Waste
Case (ci) Loadings of of Strontium Liners Zeolite Canisters?
Cesiuml Generated

Ia 120,000 5 ) 21 26 26 46

b3 120,000 5 21 26 5 9

Ila 60, 000 10 17 27 27 48

IIb3 60, 000 10 17 27 10 18

III 22,000 25 0 25 25 44

IV (Reference 10,000 60 0 60 60 105 -

Case)

1These numbers have about 20% margin.

specified in the second column.

2Each SDS liner that is vitrified generates 1.75 canister per liner.

3This case assumes that only the cesium loaded liners are vitrified.

Also, the liners in this column will have curie loadings to the level



Stabiiity of Loaded Zeolite Liners

. There is substantive evidence which provides the basis for con-

fidence ‘that the SDS liners containing Ionsiv IE-95 can be loaded to

60,000 Ci_of.cgsium each and stored for a period of 10 years (i.e., a

dose of 1.7 x loll.rads) without hazard to public health and safety and

in a manhér which provides a basis for their ultimate disposal. This

evidence can be summarized as follows:

(1)

(2)

(3)

(4)

In two laboratory-scale tests performed in 1965, zeolite (Linde
Type 4A) was loaded up ‘Lo 10 CL u£‘9°Sr per cm?, irradiated to
exposures as high as 4 x 10!! rads during a Z-year period, and then
in one case washed with water and eluted with nitric acid. In
these tests the irradiafed zeolite did not undergo gross degrada-
tion (i.e., alteration of flow properties or decreased affinity for
sorbed strontium).

Ionsiv IE-95 is known from recen£ laboratory tests to retain both
its crystal structure and its affinity for cesium at an absorbed
dose of l.1 x 10!0 rads.

From a theoretical standpoint, there is gooa reason to believe that
Ionsiv IE-95 will not suffer significant radiation damagé during a
10-year storage period. Even 1if it did, the.principal expected
effect is a very slow conversion of some of the éryétailine chaba-
zite at the center of the liner to an amorphous form without signi-
ficant loss of cesium. The resulting amorphous form would be
expected to be suitable for eventual conversion to a glass.

The SDS liner vessel has been designed to be the ﬁrimary protective

barrier to the environment and public. This is accomplished by



(a) designing the vessel Qith a pressure rating of 350.psi, which
preventé pressurizatioﬁ failure of a closed vessel; (b) providing
an off-gas system adeﬁuate té remove any fédioisotopes which may be
released; and (c) using low—-carbon ausfenitié stainless steel
(316L), which proviaes'cor;osidn résiétance.

SDS liners loaded with 60,000 to 120,000 Ci of ceéiqm and strontium

are expected tn he therﬁally stable-duriné storage. Peak centerline
tempefatures of 700 énd 1290°F are .calculated on the basis that all
radiation from the cesium and strontiug would be'dissipated as heat
energy within the liner. In reality, some radiation escapes from the
liner. This results in temperatures weil below the calculated values.
At temperatures of 700 to 1290°F little,'if any, 137¢s is' expected to
volalilize during storage of ceéium-loadcd SDS liners.

Loaded SDS zeolite liners will céntain conéidérable amounts of
water; radidlysié of the water. during storage will generate hydrogen and
okygen. Evolved.hydrogen and oxygen gases can be dispersed by venting
the stored SDS liners to an appropriate off-gas éystém, aé bresen;ly A

planned.

On-Site Handling

Effects upon personnel exposure during the handling of higher
loaded liners at 60,000 Ci (and 120,000 Ci) are expected to be of no
consequence and, in fact, may reduce exposure by reducing transfers to
the storage module. - In addition, the handling of the strontium-
predominated liners does not appear to pfesent any téchnical dif-
ficulties. The Chem-Nuclear Systems, Inc. (CNS) 1-13C cask abpears to

be suitable for handling liners with loadings up to 60,000 Ci at TMI.



The use of alternative casks is possible, but efforts would have to be
made to modify the pool loading rack, and actions would be necessary to
address uncertainties with regard to the Certificate of Compliance.

Transportation-

SDS liners containing as much as 120,000 Ci of cesium, and the
resulting vitrified waste canisters., can be safely transpnrted in
compliance with Department of Transportation (DOT) and Nucleaf
Regulatory Commission (NRC) regulationsf

The cost for shipping 1iners with 60,000 Ci. is appreciably less
than that for the reference case. Depending on shipping destinations,
including the return of the vitrified waste, it would be possible to
realize cost savings up to $1 million if the SDS liners are loaded to

60,000 Ci .instead of 10,000 Ci.

The CNS 1-13C cask has been identified as the most appropriate

shipping container because of its apparent suitability for' such service.

Waste Form Processing

Waste form pfocessing considerations utilized vitrification as a
reference immobilization process. Loading tn 60,000 Ci per liner would
result in approximately 18 waste glass canisters, each‘containing
~34,000 Ci. .[One SDS liner will result in 1.75 waste glass canisters
(see Table l.f).] Battelle Pacific Northwest Laboratory (PNL) has suc-—
cessfully vitrified zgolite which simulated TMI wastes up to an equiva-
lent of 70,060 Ci-of cesium per liner. These laboratory vitrification
tests were conducted without anf observable cesium volatility. f

higher 1oadings'are used, the vitrification tests should be repeated for
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A120,000‘Ci per liner to confirm that no unéxpectéd pféﬁlems are
experienced with thé TMI Qaste at this loading. It should'be nbtéd that
épent fuel aséemblies have been processed and successfuliy vitrified at
PNL. The total curie content of the waste glass canisters whi;h were
generated from the.vitrification of high—level waste from speﬁt fuel was
approximately 265,000 Ci.

Incremental Costs

A summary of the costs associated with the processiné of SDS liners
is presenteé in Table 1.2. The data given in this table indicate that
‘higher loadings of the lingrs can result in significant cost savingsi
over those of the Reféfence Case (Case IV). These savings are asso—
ciated with transportation and vitrification, rather than operationmns,
maintenance, aﬁd on-site storage. Waste disposal costs were not gsti—
mated, however, since waste forms for a repository have not been
defined, and it is not known whether further treatment may be required.
*Shipping distancés also have a m;rked effect on cost.

Table 1.2. Cost Estimates for Processing SDS Liners

Cesium Loading Cost ($000) for Shipping Distance

Case per Liner ‘ 250 Miles 2500 Miles
(ci) .

Ia 120,000 - 1717 ‘ 2410

Ib 120,000 718 1050

IIa 60,000- 1731 2398

I1b 60,000 955 . 1341

I1I 22,000 1611 2232

IV 10,000 : 3751 5240




EVALUATION OF INCREASED CESIUM LOADINGS ON SUBMERGED DEMINERALIZER
SYSTEM ZEOLITE BEDS )

DOE-SDS Task Force

1.0 INTRODUCTION '

A Submerged Demineralizer System (SDS) is being installed at the Three
Mile Island Unit 2 (TMI-2) Nuclear Power Station for decontamination of
Containment Building (CB’ sump water and reactor coolant system (RCS)
water. The reference flowsheet that was developed was designed to
decontaminate the high-activity-level water (HALW)Aso that, when mixed
with normal plant discharges, the concentrations of all nuclides (except
tritium) in the decontaminated water would be <10% of the concentrations
listed in the Code of Federal Regulations, Title 10, Part 20 (10 CFR' 20).
The reference flowsheet includes (1) clarification by filtration, (2)
sorption of cesium and strontium (the bulk of the radioactivity) on an
inorganic zeolite ion exchanger (Linde Ionsiv IE-95™*), and (3) sorption
of the remaining radioactive species (polishing treatment) on organic
ion exchangers. The SDS system uses three zeolite beds in series. In
the.reference caée, the operating procedure planned by General Public
Utilities (GPU) provides that 200 bed volumes of water will be passed
through each zeolite bed while it is in the first position. The loaded
zeolite bed will then be removed from the system, the other zeolite
columns will be moved forward one position (countercurrent to.the water
flow), and a new zeolite column will be installed in tﬁe third bosition.
This mode of operation would result in the sorption of nearly 10,000 Ci

-of radioactivity on each loaded zeolite bed.

*Formerly called AW-500,



A DOE-SDS Task Force was assembled to evaluate the relative tech-
nical and financial benefits in storing, shipping, treating, and
diéposing of SDS zeolite liners, assuming that the liners are loaded to
a level higher than the 10,000 Ci/liner originally planned by GPU.
Loadings of 60,000 and 120,000 Ci/liner were considered by the Task
Force. This document is a report'of these considerations.

Specifically, these considerations included evaluations of the potential
impacts of the larger loadings on: (1) the process flowsheet, (2) the
sﬁorage of the liners, (3) on—-site handling of the liners, (4) transpor-
tatipn of the liners from theATMI site and the return of waste forms to
the site, (5) processing of the waste into vitrified gléss form, and (6)
cost of treatment. |

Although there are two aspects involved, namely, removal of the
bulk of the cesium and strontium on the zeolite columns and removal of

the trace residual contaminants, only the first part of the process is

considered in this study.
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2.0 PROCESS FLOWSHEET CONSIDERATIONS

The radiocesium isotopes, 134cs and 137Cs, are the predominant sources
of gamma activity in the higﬁ-activity-level (HALW) contaminated water
at TMI-2, as shown in Table 2.1. Sorption of this radiocesium onto the
fewest number of SDS zeolite columns (containing 60 gal of zeolite per
column) may enable benefits to be realized in the subsequent starage,
transportation, treatment, and disposal operations. The purpose of this
chapter is td assess the impact of modifying the SDS flowsheet'to énable
higher loadings of cesium on the zeolite ion exchanger columns. Toward
this end, cesium loadings of 60,000 and 120,000 Ci per zeolite column
were compared with the reference SDS flowsheet, in which the columns are
to be loaded to nearly 10,000 Ci.

2.1 Reference SDS Flowsheet

2.1.1 Reference Flowsheet Development

The reference flowsheet was specified by the TMI-2 Technical Advisory.
Group on the basis of brief studies carried out at the Oak Ridge l
National Laboratory (ORNL) and at the éavannah River Laboratory (SRL).
Sorbent selection, which was made during the summer of 1979, was based
on a literature survey.of similar processing experie&ce and on the
) fesulﬁs of a few tests which were made with the small-volume saﬁple of -
‘Reactor Coolant Syst?m (RCS) water thgt was ghen available. The studies
at ORNL included disfribution measurements using RCS water and a variety
of sbrbents, and smail-scale column tests using synthetic 801u£ions

: : |
traced with either BgFr or 137Cs. The studies at SRL included computer

calculations plus coﬁfirming tests. The.results of these studies
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Table 2.1, Concentration and Composition of Bulk Contaminants
in High—-Activity-Level Water at TMI-2

As of July 1, 1980 Est. as of July 1, 1981C
RCS2 cB Sump® °  Rcs " "CB Sump
Concentration, MCi/mL
895y . 3 0.53 0.02 . 0.005
905 ¢ | 25 2.3 24 3.6
134cg | 6 26 2.4 18
137¢4 40 160 22 : 149
Total Cid |
895 1,020 1,200 7 ! 11
sy | 8,520 5,220 8,300 8,800
134cg 2,040 59,000 810 42,800
137¢s 13,606 363,000 7,400 361,000

8Reactor Coolant System (RCS).!
bContainment Building (CB) Sump.2

CBased on radioactive decay plus ‘leakage from RCS to CB sump of
~40,000 gal in 365 days.

dBased on volumes of 90,000 gal in RCS, 600,000 gal in CB sump on
7/1/80, and 640,000 gal in CB sump on 7/1/81.3 '

indicated that the zeolite chabazite was éhe best commercially availabie, in-
organic sorbent for both cesium and strontium. The kinetics of the sorption
of strontium were found to be much slower than for cesium; this dictated the
required contact time of the water with the zeolite. Also, the equilibrium
distribution coefficient (K4) of strontium was found to be much smaller than

that of cesium. Thus, the volume of zeolite necessary (the number of
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columns to be used) was selected to provide adequate sorption of the
strontium. If the water contained only cesium, much higher loadings,
and therefore the use of fewer coiumns, would then be possible.

2.1.2 Description of Reference Flowsheet

The reference SDS process flowsheet, shown in Fig. 2.1, was
designed by Allied-General Nuclear Services for Chem—~Nuclear Systems,

Inc., the prime contractor for fabrication and installation of the
equipment. In this flowshéet, the contaminated water is clarified by
filtration during transfer into the ion exchange feed tank. The
clarifiedeater is pumped through either or both of two duplicate trains
of ion exchange columns. . Each train consists of a series of thrée
columns containing zeolite (Ionsiv IE-95 in the Na¥‘form). The effluent
from either.train of zeolite columns is passed through one of two
dublicate columns containing an organic cation exchange resin (Nalcite
HCR-S™, initially in the H' form). Finally, the effluent from both
cation resin columﬁs is combined and passed through a single large
polishing column containingAlayérs of cation resin (HCR-S, initially in
the HY form), anion resin (Nalcite SBR™, initially in the OH; form), and
mixed resin (Nalcite MR-3™, a 1:1 volume mixture of HCR-S and SBR).

The ion exchange columns can be méved easily since they are of modular
design. The zeolite and cation resin columns are of the same size,
although the volume of cation resin to be used is only one-half of the
volume of zeolite that will be used in each columﬁ.

The operating procedure pfovides that 200 Sed voiumes of water will be

passed through each zeolite column while it is in the first position. At



CONTAMINATED '
WATER 5 _ 1 -
gpm | B ) .
- F - F 1 l
]
PREFILTER FINAL - A ]
FILTER FEED TANKS
- ’ 15,000 gal EACH
. . 10 gpm —+1
‘ POLISHING |
BED O 9pm -
3 6
s s . 39 sa (e
| i :
99 min cix 23 pry Py
460 CIX 46 [ 12 12 12
REWORK —*1 460 AIX a6 min ‘min min min
" 260 | mBIX | 26 cIx 23 22 e 21
J s
. gpm
: 2EOLITE BED LOADING
|_o—PRODUCT 200 . 12,000 ., 8500
M<>TNA!J.?R BED VOLUMES ° gal WATER ° cCi
25,000 - LOADING TIME 40 HOURS
CLEAN %ol EST TOTAL ZEOLITE + 60 BEDS : 3600 gal
STORAGE <@— :
Figure 2.1. Submerged Demineralizer System flowsheet.

€T
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that time, the column containing the loaded zeolite will be removed from the
system, the 6ther zeolite columns will be moved forward one position
(couptercurrent to the water flow), and a new zeolite column will be
installed in the third position. In this manner, the zeolite colﬁmns will
sorb the cesium and most of the strontium while in the first. position.

While in the second and third positions, they will provide the necessary
residence time to allowlsorption of the residual strontium.

2.1.3 Evaluation of the Reference Flowsheet

A series of small-scalé column tests (107° scale, based on SDS column
size) was mﬁde at ORNLZ¢ to provide data for evaluating the reference flow-
sheet. These tests éhowed that the reference flowsheet would.meet the
design objective of decontaminating the HALW sufficiently that, when a
reasonable volume of the effluent was mixed with the normal plant
discharges; the concentrations of all radionuclides except tritium in the
decontaminated water would be less than 107%-of the concentrations listed in

10 CFR 20.%,5

The reference SDS flowsheet can be considered in two parts: (1) re-
moval of the bulk of the cesium and strontium on the zeolite cblumﬁs, and
(2) removal of the trace residual contaminants. -As stated previously, the
présent study is concerned only with the first part of tﬁe ﬁrocess, i;e.;

the removal of the bulk of the cesium and strontium on the zeolite columns.

" 2.2 Cesium Loading

The cesium concentration (13“Cs + 137Cs) in the CB sump water was

expected to be about 186 uCi/mL (0.70 Ci/gal) as of July 1, 1980, as
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shown in Table 2.1. ‘Thus, the 200-bed volume loading specified in the ';
reference flowsheet was expected to load about 10,000 Ci of cesium onto

each zeolite bed, whereas approiimately.ISOO and 3000 bed voluﬁes must be

. processed -through each column in order to obtain loadings of 60,000 and

120,000 Ci, respectively.

In thefSDS reference flowsheet evaluation tests, the loading of the
first zeolitg column was extended to 1000 bed volumes, which is equivalent
to a loading of 42,000 Ci on a 60-gal bed. (The loadiqg was not extended
to cesium breakthrough.) The cesium concentration profile in the column
was determined at the conclusion of the experiment. By this means, it was
determined that no more than half of the column was loaded and that the
peak-to-average loading ratio was about 4 (757 of thelcesium was located on
the top 20% of the column). From these data, a reasonable extrapolation
indicates that an average cesium loading of 60,000 Ci per 60 gal oflzgolite
is possible, and that a loading of 120,000 Ci may also be feasible.

Other tests made with synthetic solutions traced with 137¢s were
taken to breakthrough, as shown in Figure 2.2. Reasonable extrapolations
can be made from these data for the sodium concentration and.zeolite con-
tact time to conditioné that are anticipated (1200 ppm Na, l2-ﬁin contact
time) during TMI-2 HALW cleanup. These extrapolations indicate that the
breakthrough volume (10% instantaneous or about 1% cumulative breakthrough)
for cesium would be about 7000'bed volumes. Based on these extrapolatiéns,
the SDS zeolite beds can be loaded to more than 120,000 Ci per 60 gal of
zeolite. h

- With regard to radiation exposure and shiel&ing calculations, it should

I

be understood that the cesium concentration on the zeolite bed depends on
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the value of the distribution coefficient and is largely independent of the
total amount  loaded. .In column operations, the volume;ric distribution
coefficient is defined as being equal to the breakthrough volume at 50%
instantaneous breakthrough. Therefore, based on the data described above,
.the distribution coefficient will be greater than 7000. However, even at
that value (7000) and with loadings of 10,000, 60,000, or 120,000 Ci per 60
gal of zeolite, the cesium band will occupy only the top 3.5, 21, or 4l1% of
the SDS zeolite beds, respectively.
2.3 Strontium Loading

Strontium is sorbed on Ionsiv IE-95 zeoiite to a considerably lesser
degree than is cesium (see Figure 2.3). In the reference SDS flowsheet,
the total volume of zeolite required (or the total number of SDS columns
required) depends on the amount of strontium that must be sorbed, indepen-
dent of the amount of cesiu@ loaded, unless'some other means is provided to
remove the strontium. Thus, alternatives which may involve either the use
of additional zeolite liners or other absorbents, such as Lindé 4A™, sodium
titanate,* or organic resins, may be‘employed to remove the residual stron-
tium. '

The number of SDS zeolite columns required for adequate strontium sorp-
ﬁioﬁ will probably be about 20-30 liners rather than the 60 liners spe-
cified by the reference flowsheet, if the performance of the SDS system
scales adequatelyAfrom the small-scale column tests (scale factor of 105).
From the data presented in Figure 2.3, the volume of water that can be pro-
cessed through the series of three zeolite columns without exceeding 1%

breakthrough of strontium is calculated to be 500 (+ 50) bed volumes. This

*See Appendix A.
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effect is shown graphically in Figure 2.4. These calculations are based on
a 99Sr feed concentration of 2.3 uCi/mL, the concentration in the Cﬁ sump
water. The volume of zeolite (number of SDS beds) required is not expected
to change, even if the 90gr feed concentration is higher than 2.3 uCi/mL,
because the strontium loading is kinetically controlled and is-not capacity-
limited.
2.4 Potential Flowsheet Modifications

A large number of operational modifications can be m;de to the 200-bed
volume (10,000-Ci) reference case to increase thevloading of the cesium on
the zeolite; Threé,representative options which were considered are
described in this section.

2.4.1 Option A — Increase of Volume of Water Processed in the First
Column to 500 Bed Volumes

Based on the experimental data, the Qolume of water p?oceésed
through the first of the series of three zeolite columns coQId'be
increased to about 500 bed volumes without causing a breakthrough of
more than 1% qf the strontium from the third zeolite column. However,
the breakthrough would be rather sharp. The cesium loading of the beds
removed from the first position would be increésed to about 22,000 Ci; the
number of zeolite columns used for processing the HALW (excluding flush
.water) would be reduced to.about 25.

2.4.2 Option B — Increase of Volume of‘Wéter Processed in the First Column
to 1500 or 3000 Bed Volumes

Increases of the volume of water processed to 1500 and 3000 bed volumes
are necessary to achieve cesium loadings of 60,000 and 120,000 Ci per SDS

column, respectively. This would reduce the number of columns loaded with



TOTAL 99Sr IN EFFLUENT (Ci)

ZEOLITE REQUIREMENT (gol)

3000 2000 1500. 1250 'QPO 750
T T — 1 T
3oooL 50
{40,
<
w
D
-
zooor re
oW
Z
Y3
[«]
[
203
1000}
10
0 . 1 o
0 200 400 600 BOO 1000

FIRST COLUMN THROUGHPUT (BED VOLUMES)

Figure 2.4.

Strontium breakthrough in SDS flcwsheet.

0¢



21

cesium to about 10 and 5, respectively. However, if the 1500 and 3000 bed
volumes are processed through the second and thigd columns, about 50% and 75%,
respectively, of the strontium would remain in the effluent water and would
requirevfurther decontamination in subsequent operations. Overall, the
volume of zeolite used would stillldepend on strqntium removal and could not
be reduced further than in Option A unless a sorbent other than Tonsiv

IE-95 were employed to remove the strontium.

2.4.3 Option C —-Proéessing of 1500 or 3000 Bed Volumes in the First
’ Zeolite Column with Changeout of the Second and Third Columns

In this case, thé zeolite columns in the first position would bg
changed after processing 1500 or 3000 bed volumqs to enable cesium loadings
of 60,000 or 120,000 Ci. The columns in the second and third positionsA
would be changed after processing 500 bed volﬁmes. (The second-position
column would be removved, the third-position column moved to the second-
position, and a new column installed at ﬁhg third position.) If
necessary, the fourth-position column could be used as a ieolite columq
to provide the original three-column strontium removal capability.
Again,'the volume of zeolite (number of columns) used for strontium
sorbtion could not be reduced below that in Option A unless a sorbent
other than Ionsiv IE-95 were employed to remove the strontium.'

2.5 Findings'

Laboratory—-scale process tests conducted at ORNL with actual TMI-2
Containment Building water verified the rgference flowsheet, i.e., the
processing of éOO bed volumes (10,000 Ci) per liner-without Eesium or
strontium breakthrough. Tests were also conducted which indicated that
500 bed volumesA(22,000 Ci/liner) could be processed with less than 1%

strontium breakthrough.
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Other tests performed at ORNL indicate thag loadings of at least‘42,000
Ci of cesium (1000 bed volumes) can be achieved without cesium breakthrough,
but with significant strontium breakthrough.- The residual strontium would
thus require other means for its removal.

A reasonable extrapolation of the experimentalAdata‘indicates that an
average cesium loading of 60,000 Ci per 60 gal of.zeolite'is possiblg,
and that a loading of 120,000 Ci may also be feasible.

The estimated number of zeolite columns that will be required for
varinus cases considered in the remainder of this report are summafized‘in
Table 2.2. The bases for thcse estimates are the results of the ORNL
laboratory-scale tests; however, because of the 102 scaling factor involved,
the numbers of columns required must be considered as approximate. .

The reference case requires a total of 60 liners; all of the other
cases considered result in a factor of 2 reduction in the total number

of liners which contain high-specific—activity levels.

Table 2.2. Estimated requirements for zeolite columns

Maximum Cs loading Number of liners required
per liner High activity level . Low activity level
Case (ci) (Cs-Sr) ~ (Sr)
18 120,000 5 ' 21
118 60,000 ' 10 ‘ 17
IIT 223000 ' 25 0
Reference 10,000 - - 60 0

8Assumes Option C is employed.
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3.0 ZEOLITE STABILITY CONSIDERATIONS

This chapter considers the various issues involved in estimating
the stability of !37Cs-loaded zeolite (Ionsiv IE-95) after extended
storage. The 137¢cs-10aded zeolite liners resulting from operation of
the TMI-SDS may be stored at the TMI site for 1 to 10 years, and perhaps
even longer. Sﬁability is a ﬁajor consideration in the determination of
appropriate radioactive cesium loadings of the SDS zeolite liners.

To provide a suitable basis for comprehensive stability
assessments, parametric calculations of cumulative radiation doses and
thermal loads were made for SDS—type zeolite lingrs loaded with 10,000 to
120,000 Ci of 137¢s and stored for as long as 10 years. Results of these
célculations are presented in the early part of this chapter.
Subsequent sections address the stability of cesium—loaded liners during
storage. Laboratory—- and plant—scale experience acquired over the last
10 to 20 years at various Department of Energy (DOE) sites provides a
large data base from which to judge the stability of cesium-loaded TMI‘
zeolite liners. Radiation and chemical effects during loading of the SDS
zeolite liners are mentioned and briefly discussed.

3.1 Proposed Levels of Loading

A parametric analysis of absorbed radiation dose and heat generation
rates in loaded SDS liners was conducted based on data from ion exchange
studies at the Oak Ridge National Laboratory (ORNL) (cf. Chapter 2).
These studies have shown that the }37Cs concentration on the Ionsiv
IE-95 sorbent can vary from 4000 to 8000 times the 137¢s concentration
in the CB sump water. 'Esti@ates of heat and absorbed radiation dose over
this range are expected to cover any extremes that could occur in the

operation of the SDS system.
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~ Total i37Cs liner loadings of 10,000, 60,000, and 120,000 Ci were con-
sidered in the‘parametric calculations. Three different concentrations of
137¢s in the Ionsiv IE-?S’sorbent were considered for each total loading
level, namely, 4000, 6000, and 8000 times the 137¢s concentration 'in the CB
sump water. At a !37Cs loading of 60,000 Ci, these concentrations
correspond, respectively, to cesium 1oading band heights on the SDS liners -
of 12.7,.8.4, and 6.4 in. In all cases, the concentration of 30Sr in the
Ionsie IE-95 sorbent was 500 times that in the CB sump water. This
radiostrontium concentration corresponds to a strontium loading band height
of 30.6 in. for !37Cs loadings of 60,000 to 120,000 Ci.

1 was used to

A Monte Carlo code developed by Zimmerman and Thomsen
calculate absorbed radiation doses at various points in the loaded SDS
liners for each of the nine cases conside;ed. All dose calculations were
made for liners filled with Ionsiv IE-95 of density 42 1b/ft3.

The Monte Carlo-type radiation dose calculations were made on
the basis that all electronic contributions were cenverted to bremsstrah-
lung photons. The photon spectrum from bremsstrahlung radiation was com—
bined with the photon emission spectrum to obtain a single radiation source
term. (This calculational procedure was necessary in order to obtain
proper input data to the particular computer code used.) Photons, of
course, have a greater chance of escaping from the SDS liner than do
electrons. Thus, doses calculated by converting electronic contributions
to bremsstrahlung radiation are lower than those which take into account
absorbed heta radiatione‘ However, treating the beta dose in this fashion

does not seriously impact results of Monte Carlo-type calculations for SDS

liners.
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The following equation, due to Jaeger et al.,2 was used in a few

instances to calculate absorbed radiation doses:

Sy '
¢ =gy, [Blighy,b) + 6Gi,hy, 0], . (1)

¢ = the dose rate (R/h);
Sy = the specific strength of the volume source (Rem™! h~™l);

Mg = the linear attenuation coefficient (total macroscopic cross
section) for gamma rays in the radioactive source material,
-1. : . ) :
cm ¢

"h) = height from the top of the bed to the point in the bed
where the dose is to be calculated, cw;

hy = height from the bottom of the bed to the point where the
dose is to be calculated, cm.

The fﬁncfion G and the term b are defined in Figures 6.4-6.9 of tﬁé text by
Jaeger et al.?

Monte Carlo dose calculations for a 10-year storage period were made
along the centerline of loaded SDS liners at tﬁe top, midpoint, and bottom
of the 137¢Cs sorption band and also at the midpoint and bottom of the 90gy
sofption band (Figure 3.1). -Results of these éalculations are plotted in
Figures 3.2-3.4; the maximum absorbed radiation doses calculated under
these conditions‘are listed in Tablé 3.1. The computer code used also pro-
vided calculated total radiation doses for various regions of the liner.
These doses were summed and divided by the volume of Ionsiv IE-95 to yield
the average absorbed radiation doses, which are also tabulated in Table
3.1, Because cesium loads onto Ionsiv IE-95.in a tight nar?ow band,

average absorbed (10-year) doses are expected to be less than maximum cen-

terline doses. Note in Table 3.1 the good ‘agreement for the maximum

-
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Table 3.1. Estimated Radiation Doses and Heat Generation Rates for
A Cesium—Loaded SDS Zeolite Liners?

Total Heat
Cumulative Generation ' Absorbed Dose (rads)P
137¢s Rate Loading Maximum Average

(ci) (W) ~ Parameter® Dosed Liner Dose
10,000 61 4000 x Fd 5.02 + 1.37 x 1010 4.77 + 0.01 x 109
6000 x Fd 4.15 * 0.22 x 1010 4.42 ¥ 0.02 x 109
8000 x Fd 4.24 + 0.23 x 1010 4.39 +-0.03 x 109
60,000 363 ' 4000 x Fd - 1.16 + 0.08.x 101l 3.76 + 0.01 x 1010
: 6000 x Fd ~  1.66 + 0.19 x 10!1€¢" 3,56 + 0.01 x 1010
8000 x Fd 1.99 ¥ 0.13 x 1011 3.44 ¥ 0.01 x 1010
120,000 ° 725 ' 4000 x Fd 1.05 + 0.05 x 101! 7.85 + 0.02 x 1010
’ 6000 x Fd - 1.99 + 0.23 x 101! 7.66 + 0.02 x 1010
8000 x Fd '2.35 + 0.16 x 101! 7.54 + 0.02 x 1010

-

alonsiv IE-95 bed is 2 ft in diameter and 2.5 ft high. -

bAfter a 10-year storage period.

CFd = 137Cs feed concentration.

dAlong centerline of liner.

€Absorbed dose by Equation (1) is 1.1 x 10!l rads.

Note: A Monte Carlo calculation is a statistical calculation. The + and - figures on
the above results are the statistical estimates of the precision of the

results. Two results, ‘x and y, can be considered to be. equal if the range x = Ax
to x + Ax overlaps the range y — &y to y + Ay.

1€
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10-year doses for SDS liners loaded with 60,000 Ci of !37Cs as calculated by
the Monte Carlo method and by Equation (1).

Additional ﬁonte.Carlo-type calculations were made (under the same
conditions as were used to obtain data in Figures 3.2-3.4) for an SDS liner
confaining 60,000 Ci of !37Cs at a concentration aboug 6000 times that in CB
sumﬁ water.* In such a liner; 40 to 507 of the Ionsiv IE-95 would receive
a radiation dose of at least 10'10 rads while 20% of the sorbent would
receive a dose of at least 10!l rads.

It must be emphasized that the absorbed radiation doses listed in
Table 3.1 are for a l0-year storage period. Doses are approximately pro-
portional to storage time. Thus, the maximum radiation ‘dose for an SDS
liner loaded with 60,000 Ci of !37cs at an average coucentration 6000 times
the feed concentration will be about 1.7 x 1010 rads after storage for
1 year, about 3.4 x 1010 rads after storagg for 2 years, and so on.

Heat generation rates, .calculated on the basis that all the decay
energy of the sorbed radiocesium aqd radiostrontium is deposited in the
zeolite, are also listed in Table 3.1. These heat generati&n rates were
used to calculate temperature profiles in the SDS liners using the muleci=

4 the effective

dimensional heat conduction code HEATINGS.3 After Swift,
thermal conductiQity of dried zeolite was taken as 0.092 Btu h™! f¢~1 °f71,
It was assumed that loaded SDS liners would be stored in watér basins main-
tained at about 80°F (27°C). Peak SDS liner centerline temperatures,
calculated at vafious liner loadings, and on the basis that all radiodecay

energy is absorbed in the zeolite, are plotted in Figure 3.5. Actually, at

least some of the decay energy will not be sorbed within the liners but

*The assumption is made in this report that the average 137¢s con-
centration in loaded SDS liners will be about 6000 times that in the CB sump

water. Doses calculated at this 137Cs concentration are cited subsequently
in the assessment of the radiation stability of loaded SDS 1liners.
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.will escape to the storage basin water. Hence, peak.centerline tem—
peratures of actual s;ored SDS liners will be substantially lower than
those plotted in Figure 3.5. |

3.2 Stability Considerations During Extended Storage

3.2.1 Storage Modes

After washing with water, cesium—-loaded SDS‘zeolite liners might be
stored wet or dry (i.e., less than 0.4 wt % water). Storage containers
loaded with wet SDS zeolite will have to be vented to a sgitable of f-gas
system to remove steam and any radiolytically generated hydrogen and oxy-
gen. In any e?ent, wet SDS zeolitg beds lo;ded with 137Cs should not be
stored for prolonged periods in sealed casks because of the potential for -
container overpressurization from radiolytic decomposition of all the resid-
ual water to hydrogen and oxygen.

It appears technically feasible to ship,‘immediately after prepara-
tion, wet SDS zeolite liners in sealed casks from the TMI site to another
location for prompt unloading and conversion to glass or for vented
storage. Further analyses are required to ensure that shipments of wet.SDS
zeolite liners in sealed casks comply with all existing transportation and
regulatory requirgﬁents. For the record, approximately 77 sealed casks
containing kilocurie amounts of 137¢s were shipped from Hanford to ORNL at
various times in the 1960s. Although all but two of the casks pressurized,
no incidence of cask overpressurization was ever noted. Some of the casks
contained wet Aw-SOO’jk zeolite containing 66 to 93 Ci of !37Cs per liter of
sorbeht, These concentrations are close to the average 44 Ci/L value for a

SDS zeolite liner loaded with 10,000 Ci of !37cs.

*
Former name of Ionsiv IE-95.
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3.2.2 Radiation Effects

The SDS zeolite liners loaéed with 10,000 to 120,000 Ci of !37Cs and
stored for 10 years will be subjected to radiation doses of about 4.2 x
iOlO and 2.0 x 10! rads, respectively (see Table 3.1). Effects of such
irradiation on residual water and on the zeolite material itself are
discussed in the next twq subsections.

3.2.2.1 Radiolysis of Water. Water undergoes radiolytic decom-

position to hydrogen and oxyen with a G value on the order of 1 to 2 molecules
for each 100 eV of adsorbed energy. Removal of radiolytically generated

hydrogen and oxygen will be accomplished by venting the liners to an off-

gas system.

3.2.2.2 Laboratory and Plant Experience — Radiation Damage to

Zgolites. Roddy et al.> have recently compiled and organized the extensive
laboratory and plant-scale studies and experience involving irradiation of
zeolites and related aluminosilicate materials. Some examples selected
frdm this data bése that are particularly relevant to exposures in the
range 1 x 109 to 3.7 x 10!! rads are briefly highlighted here; Roddy's
report5 should be consulted for details of these and other radiation stu-
dies. |

Some of the most straightforward evidence of the high resistance
of zeolites to attack by ionizing radiatioq is provided by the results of
Fullerton® and Wallace.’ Fullerton irradiated (with ®0Co) the mineral cli-
noptilolite to exposures as high as 8.4 x 109 rads (absorbed dose).
Clinoptilolite is a naturallyloécurring zeolite with an "open" structure
and a-high affinity for sorbing cesium. No effects of irradiation were

detected by X-ray diffraction, differential thermal analysis, or cesium
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distribution measurements. Wallace,7

at the Savannah River Laboratory,
recently irradiated (with ®9Co) air-dry Ionsiv IE-95 to an absorbed dése of
1.1 x 1010 rads. X-ray diffraction énalyses and cesium distribution tests
indicéted no detect;ble effects of such irradiation.

Piilay8 hés irradiated, using various radiation séurces, both wet
("drip-dry") and air=dry Ionsiv IE-95 zeolite to doses in the raﬂge
1.9 x 108 to 2.2 x 10% rads. Table 3.2 shows types and amounts of gases
generated during irradiation of Ionsiv IE-95 containing various amounts of
moisture. This inforﬁation is taken directly frdm Pillay's report (p. 20).

Regarding these data, Pillay® gtates:

The results presented in Table 7* indicate thqt the primary source

of gases in this matrix is the radiolysis of water within the zeolite

matrix. The source of small amounts of methane identified in two

samples (#31 and #33) is not well understood. The well known ability

of molecular. sieves to adsorb significant amounts of gases and the .

unique ability of zeolites to relatively retain large quantities of

hydrogen account for the observed ratio of hydrogen and oxygen in the

gas phase. .

Pillay also irradiated columns of drip-dried Ionsiv IE-95, contained
in aluminum tubes (2 cm diameter by 20 cm long), to a total dose of about
2.2 x 102 rads. Flow test measurements showed that such irradiation did
" not affect the hydraulic behavior of the Ionsiv IE~95 exchanger.

There was much interest at Hanford in the early 1960s in storing kilo-
curie amounts of recovered and purified 137¢cs and 90Sr on zeolites either
for future recovery or for permanent disposal. Several laboratory-scale
studies were performed to .determine pressurization of sealed containers of
30g5r-10aded zeolites. upon storage and to establish the ability to elute

90gr from irradiated zeolites. Some useful guides to the radiation stabi-

lity of zeolites can be inferred from these studies.

*Table 3.2 in this chapter.
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Table 3.2. Gas Generation in Synthetic‘Zeolite
(Ionsiv IE-95) during Irradiation?

Sample Pretreatment Pressure Gases (%)
No. (psig) Hp 02 . N2
31b ‘ Drip-dry . 20.3 4.5 0.5 90.7
32 : Drip-dry 18.0 1.3 32.5 66.2
33b . Drip-dry 20.3 3.1 2.8 92.2
(Cs-loaded)®
34 Drip-dry 20.0 1.0 36.9 62.1
(Cs-loaded)¢
35  Air-dry 13.9 0.9  29.2 69.9
36 Air-dry == 0.6 24.1 75.4
37  Air-dry 13.0 . 1.0 33.1 66.0
(Cs-loaded) A
38 Air-dry 11.6 0.6  33.4 66.1
(Cs-loaded)
Blank Air-dry zeolite 13.9 -——= 20.2 79.8
(nonirradiated) '

Aata of Pillay.®

bMethane (3 to 4%) was identified in these two samples in addition:
to Hp, 0, and Njp. :

CThe cesium loading on these samples was 0.6 meq per g of dry zeolite.

Thus, Mercer and Schmidt® have reported the details of an experiment
performed by Van Tuyl at Hanford in which a sealed 30ﬁL stainless steel
container (6.25 cm diameter .by 38.8 cm high) of zeolite (Linde Type 4A) -
containing 10,000 Ci of 968r was allowed to age approximately 2 years.A Thé
loaded zeolite matérial was dried at 600°C before the container was sealed.
The amount of radiation absorbed by the zeolite is estimated to be about
4 x 10! rads. (This estimated dose is calculated on the assumption that
the zeolite absorbed all the’ beta decay energy of 90Sr and its décay prod-
uct 9OY.) AThe sealed container was opened and flushed‘witﬁ about' two column
volumgs of watef, which removed less thaﬁ 0.001% of the 90sr. More'than 80%

of the 90Sr was eluted with 30 column volumes of 1 M HNOj.
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Results of these elutions are cbnsidgred highly significant since they
demoqstrate that zeolites retain theirlaffinity for 90Sr even after irra-
diation to very high doses. | |

Mercer and Schmidt also discuss the results of another laboratory
experiment attributed to DeMier, Martin, and Willingham at Hanford. 1In
this test, a zeolite loaded with 90Sr was dried to about 1 wt % water,
sealed in a 304L stainless steel container, and allowed to stand until the
total absorbed dose was about 1611 rads. The maximum pressure increase
from radiolysis was 40 psig. This latter result signifies that significanﬁ
breaking of Si-O bondé to releaée oxygen does not occur even at very high
exposures.

Approximately 3.6 x 10® Ci of 13705 was shipped to ORNL from Hanford be-
tween 1961 and 1970. Specially designed stainless steel casks were used to
transport the cesium. They contained DeCalso™, an amorphous aluminosilicate
gel made by Pfaudler-Permutit (Cask STT-2); Zeolon 900™, a crystalline alu-
minosilicate zeolite similar to Ionsiv IE-95, but made by the Norton
Company (Cask STT-3); and AW-500 (Cask HAPO IC). The HAPO IC cask was éirf
dried before shipment; all other casks were shlpped wlthout drying the
zeolite. D. O. Campbéll at ORNL estimates® that the DeCalso and Zeolon 900
beds received cumulative exposures of approximately 3 x 108 and 1.5 x
108 rads, respectively. Monte Carlo computer coae calculations indicate
that the AW-500 sorbent in the HAPO IC cask was irradiated to a dose of
about 7 x 109 rads.

Finally, at Haﬁford during 1969 and 1970, a bed of AW-500 zeolite
was used to remove approximately 3.6 x 107 Ci of !37Cs from ébout 6 x

10° gal of aged Purex process alkaline waste solution. The AW-500 bed
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was 6 ft in diaﬁeter and 12 ft h;gh and contained abéut 300 ft3 of sorbent.
feed to the bed was at pH 10 to 11 and contained about 4 to 5 M NaNO3, 0,01
to O.1 Q_NaAl(OH)g, 0.15 to 5 Ci of‘137Cé per gallon, and also other .
radionuclides including 106Ru, 106Rh, and %9Tc. 1In each load-elution
cycle, about 3 x 10% to 5 x 10% Ci of 137¢s was loaded onto the bed and
then eluted with a few column volumes of‘concentrated NH, OH-(NH, ),CO3
solutions; each load-elufion cycle required 4 to 5 days to complete.
Because of mechanical problems disqussed immediately below, the first
AW-500 bed was replaced with a new 300 ft3 of sorbent about midway through
the total !37Cs removal campaign. Each of the two AW-500 beds is estimated
by Equation (1) to have been irradiated at the geometrical center of the
sorption zoné to a cumulative exposure of about 5.9 X 108 rads.

The first AW-500 zeolite bed was not replaced because of any perceived A
rédiationAdegradafion but because the retention screen at the bottom of the
column ruptured, resulting in loss of the sorbent to loadbcyéle effluent.
Exact causes for the failure of the retention screen were not found.
Particles of AW-500 sorbent recovered from load'cyéle effluent were
slightly smaller in diameter than virgin AW-500 zeolite.

Other plant-scale experience‘at Hanford invoives the finél purificaton
of 137Cs in the B Plant T-38-5 column. This column, 1 ft in diameter by
12,75 ft high, is filled with Zeolon 900. The chemical composition of the
feed to the column is approximately 0.8 g_Na+, 0.1 M Cs, 0.01 E.K+» 0.01 M
Rb*, and 0.9 E_N03'; A total of 7 x 10% to 8 x 10% Ci of !37Cs is loaded
onto the column in each cesium purification campaign. Each batch of Zeolon
900 procesées between 3 x 107 and 3.5 x 107 Ci of !37Cs before requiring

*

replacement.
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From April 1977 to December 1979, one hatch of Zeoion 900 sorbent in
the T-38-5 column processéd 3.2 x 107 ci of 137Cs and received a calculatéd
(Equation 1) radiation dose of 2 x 109 rads. This estimate is slightly low
because ‘the T-38-5 column is in close ;roximify to a tank containing, at’
times; purified 137Cs which also irradiates the Zeolon 900. Some caution
is . warranted in extrapolating experience with the Hanford Zeolon 900 sor-
bent to performance of SDS zeolite liners. Tor éxample, the Zeolon 900 bed

was wet throughout its operating life, while SDS zeolite beds may even-—

tually be dried.

3.2.2.3 Theoretical Considerations - Radiation Démage to Zeolites.
Simple theoretical considerations show that inorganié zeblité sorbents
sﬁould be mucﬁ less sﬁsceptible to damage from fission product radiation
than are organic sorbents. Thus, such radiation consists of beta and gamma
emissions which interact with electrons, not nuclei, of the sorbent.
Displaceﬁent'of electrons produces radicals, ions, and so forth. Organic
materials are not stable to such reactions because bonds are ruptured and
new ones form, resulting in major structural changes. In zeolite, ﬁowever,
all metal atoms are bonded by four oxygen bridges; these multiply and foru
a particular crystal structure and pore configuration that are very
resistant to damage by beta and gamma radiation.

Laboratory and plant-scale radiation experience'which shows that
zeolites are not'significantly damaged by irradiation. to exposures as high
as 4 x 10! rads is clearly in agreement with the theorétical con-
siderations just enunciated. From a theoretical standpoint also, there is
good reason to expect that Ionsiv IE-95 will rot suffer significant

radiation damage during a l0-year storage period. Even if Ionsiv IE-95 did
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begin to undergo observable radiation damage at doses above 10!! rads, the
principal effect expected would be conversion (metamictization) of some of
the crystalline chabazite at the center of the line£<to an amorphous
material. Transformation from a crystalline structure to an amorphous form
would be a very slow process not likely to be accompanied by evolution of
gases. Tﬁe amorphous material would contain essentially the same chemical
elements as the original crystalline Ionsiv IE-95 and thusAshould be
suitable for vitrification. Radiocesium and radiostrontium originally
trapped in cages in the érystalline lattice may migrate to undamaged Ionsiv
IE-95 during the metamicpization process. In any event, there is reason to
believe that the SDS zeolite will satisfactorily retain all radioactive spe-
cies for at least a 10-year storage period.

3.2.3 Thermal Effects

3.2.3.1 Steam Generation. The heat energy generated in SDS liners

loaded with 60,000 to 120,000 Ci of !37Cs may be sufficient to vaporize any
water left in the liner. Work by DeMier!? demonstrates that “"wet" zeolites
can retain very large amounts of water. For example, in one particular set
of experiments, DeMier saturated-and washed zeolite beds (0.96 ft3) with
water prior to flowing dry air through them. He states::
At this time the test container -holds about 1ll.5 pounds of adsorbed
water, 15.6 pounds of interstitial water, 15.6 pounds of "sponge"
water (that is, water held within the granules but not actually
-absorbed) and approximately 10 pounds of "loose" water in the lines
and in the container below the support screen.
Storage of wet SDS liners may require equipment to condense and

collect water vapore.

3.2.3.2 Thermal Degradation of Ionsiv IE-95, From data plotted in

Figure 3.5, peak centerline temperatures of SDS liners loaded with 60,000
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and 120,000 Ci of cesium, respectively, would be about 700 and 1290°F if
ali the radiodecay energy were abéorbed in the zeolite. Since, as already
noted, at leaét some of the decéy énergy will escape the liners, centerline
temperatures of actual stored SDS liners will be well below the calculated
values.

Ionsiv IE-95 is a molecular sievg made of the crystalline aluminosili-
cate minerai chabazite. Limited data concerning the tﬁermal stability of
molecular sieves indicate that even a temperature of 1290°F is still below

"that where any kind 6f structural change starts to occur. ' Thus, accordihg
to Swift:"

No particular structurél damage occurs to molecular sieves at tem—

peratures up to 1300°F. At 1650°F and above, crystalline structure

collapse occurs with an apparent shrinkage of about 50 percent and
wi;h surface glazing.

Collapse of the zeolite structure in stored SDS liners, although not
anticipated, would likely be beneficial rather‘than deleterious. Thus,
suéh collapse could entrap and further immobilize 137¢g in a high leach-

y

resistant ceramic body.

3.2.3.3 Volatilization of Cesium. Little, if any, cesium is expected

to volatilize during the storage of 137¢s-10aded SDS liners. This conclusion
is based on experimental evidence cited in Chapter 6, which shows that less
than 0;12 cesium volatilizedlwhén Ionsiv IE-95:loaded with inert cesium was
vitrified at 1050°C. Also,. any cesium that evaporated from the hottest

part of the SDS liner would probably condense on the cooler parts of the
zeolite bed or upon liner walls. 4Also, small amounts of !37Cs in the vapor

space of sealed SDS liners would not present any problem.
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3.2.4 Liner Corrosion

SDS zeolite liners are cylindrical 316L stainless steel vessels with
3/8-in. walls. Because of the excellent corrosion resistance of 316L
stainless steel, no significant corrosion of the liners is expected during
their extended storage.

Stainless steel casks used to ship cesium—loaded zeolites to ORNL from
Hanford between 1961 and 1970 did not undergo any visible damage.® Some of
these casks were u$ed for many shipments. But, of course, in each shipment
the cesium—-loaded zeolite was only in contact with steel surfaces for a few

~days.

No corrosion failures or problems with 304L stainless steel equipment
were ever experienced in any Hanford plant— or laboratory-scale cesium ion
exchange column operations.

3;3 Stability Considerations During Load Cycle

The principal focus in this chapter is on the stability of loaded SDS
liners during storage. It is of interest, nevertheless, to consider
briefly some potentially troublesome phenomena (e.g., gassing, column
plugging, chemicél attack, etc.) which could conceivably occur during the
loading of 137cs onto the SDS zeolite beds. Experience at Hanford in reco-
vering 137¢cs from alkaline Pure* wastes, cited earlier in this chapter, as
well as some later Hanford plant—-scale experience in purifying recovereq
137¢cs by ‘loading on beds of Zeolon 900 (Roddy et al., 1981), is par-

ticularly germane.5

Excessive evolution of gases frequently occurs during ion exchange

separation and recovery of highly active alpha emitters. However, because
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of the much lower radiation levels that will prevail during i;ading of the
© SDS liners, no gassing problems are énticipated. |

What is Selieved to be .chemical, rathef than radiolytic, attack has been
observed in two different Hanford plant-scale applications of Zeolon 900 for
1370; removal. No such attack, however, has ever been observed in plant-
scale applications of AW-SOO (Ionsiv IE-95).zeolite. Degradatioﬁ of Zeolon
9QO observed at Hanford has manifested itself in deterioration of the
amorphous silicaté material which binds crystals of mordenite with con-
comitant decréases in overall sorbent particie size and increasee in
resistance to flow. At least part of the observéd chemigal attack is
attributed‘to reaction of the binder material with.ethylenediaminetetraacef
tié_acid (EDTA) and hydroxy-N-ethylenediaminetetraacetic acid (HEDTA), two
chelating agents which a;e present to some extent in many Hanford 1i§uid
wastes.

The TMI-SDS employs Ionsiv IE-95 exchanger and not Zeolon 900;
furthermore, grganic,compleXing agents are not found in the TMI con-
taminated water. Hence,'chemical degradation behavior similar to that
noted at Hanford is not expected in SDS.operation.

3.4 Findings ’

Various synthetic and naturally occurring zeolites,‘including Ionsiv .
IE-95, have been irradiated in laboratory-scale tests to exposures in the-
ranée 1010 to about 4 x 10!! rads without undergoing either significant
" structural damage or decreased affinity for sorbed cesium or strontium.
Judging from these bench-scale results and also extensive DOE plant-scale

experience.at lower radiation doses, SDS liners containing 60,000 ta
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120,000 Ci of radiocesium and radiostrontium are expected to be satisfac-
torily stable to ionizing radiation for storage times as long as 10 yeérs.
Calculated radiation exposures of SDS liners loaded with 60,000 and
120,000 Ci of activity after lO.years of storage are estimated to be about
1.7 x 1011 and 2.0 x 10!! rads, respectively.

Elementary theoretical considerations of the effects of ionizing
radiation upon zeolite sorbents support the finding that SDS.liners con-
taining 60,000 to 120,000 Ci of 134,137¢5 and 90Sr can be satisfactorily
stored for at least 10 years. From a theoretical standpoint there is good
reason to believe that Ionsiv IE-95 may not suffer oBservable radiation
damage even at exposures considerably above 101! rads. Even if it did, thé
principal expected effect would be a very slow conversion of some of the
crystalline éhabazite at the center of the liner to an amorphous form
without significant evolution of’any gases. The resulting amorphous form
would be expected to be suitable for eveqtual conversion to a borosilicate
glass.

SDS liners loaded with 60,000 to 120,000 Ci of radioactive cesium and
strontium are expected to be thermally stable during storage. Calculated
maximum centerline temperatures, 700°F and 1290°F, reépectively, of liners
loaded with 60,000 and 120,000 Ci are below the temperature (1300°F) where
structural changes in molecular sieves such as Ionsiv IE-95 are reported to
occur. (Although not anticipated, collapse of the zeolite structure in
stored SDS liners, which might begin to occur at 1300°F, would likely be
beneficial rather than deleterious.) At temperatures of 700° to 1290°F
little, if any, 137¢s is expected to volatilize during the storage of

cesium-loaded SDS 1liners.
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Some slight corrosion of the inner liner walls may occur during the
storage of 137¢cs-10oaded SDS liners. Effects of such corrosion will be
minimized because of the selection of highly corrosion-resistant material
(316L stainless steel) for construction 6f the liners and specification of
extra thick (3/8-in.) liner walls.

Loaded SDS zeolite liners will contain considerable amounts of water;
radiolysis of the water during storage will generate hydrogen and oxygen.
Evolved hydrogen and oxygen gases can be dispcrscd by venting the stored
SDS liners to an appropfiate off-gas system, as presently planned. Wet
SDS liners loaded with strontium and cesium shoyld not be stored for pro-
longed periods in sealed containers because of the_potential for

overpressurization by radiolytically generated gases.
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4.0 ON-SITE HANDLING
4.1 Introduction

The objective of this chapter is to examine the handling of highly
loaded zeolite SDS liners at TMI-2 in order to identify any constraints
which could limit the loading of the liners. However, it should be
recognized that there will be additional liners containing mechanical
filters, second- and third-stage zeolite filters, and pool containment .
cleanup filters. With the possible excepfion of those liners which con-
tain the mechanical filters; all of the -liners are expected to contain
relatively low amounts of radioactive material. These are not included

in this study.
4;2 Present Handling -Sequence

A discussion of the planned handling sequence will provide a better
understanding of the impact of high loadings of the SDS liners.

Initially, six liners are arranged for two flow paths, with th;ee
liners in eacﬁ path. It is anticipated that the first-stage 1iner(s) will
be loaded first and then removed to storage. The second- and third-stage
liners will then be advanced and a new liner installed in the third-stage
position. After processing, the loaded liners are stored in racks, which
can accommodate a total of 60 liners. The rack design calls for 36 liners
on the bottom of the spent fuel pool and 24 linefsiin a second-layer rack.

All of the liners are held within a leakage containment "box" while
being loaded; this arrangement helps prevent the spread of radioactivity
during coupling and uncoupling. Each containment box has a cleanup ion

exchanger.
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During processing, a minimum of 15 ft of water will cover each liner.
During transfer to storage r;cks, however, it is necessary to lift the
liners approximately 5 ft; thus, the minimum water cbverage becomes 10 ft
for a short period of time.

Following storage at the bottom of the pool for an undefined period,
each liner is transferred (underwater) to a dewatering station for removal
of the sponge water (cf. page 41). After being dewatered, the liner is
loaded into.the cask and the cask 1id installed. The cask is removed from
the pool, then drained, decon;aminéted as reéuired, and surveyed. The Fuel
Handling Building crane transfers the cask to a sui£ab1e location for
installation of the shock limiters and then positions it on the
transporting vehicle. All of these handling operations will be performed
inside the Fuel Handling Building.

A likely alteration in the handling sequence .is related to preventing
pressurization of the liner due to radiolytic decomposition of water.
Venting capability is currently being installed.

4.3 Effects of High—Curie Loading on Operation

An analysis was made to establish radiation levels at the surface of
the pool, since this would represent the closest proximity of personnel to’
the liner. The calculations indicate that an array of more than nine
liners is equivalent to an infinite number of. liners. The calculations
further indicate that, with 10 ft of water above‘the source, 120,000
Ci/liner will result in a field of less than 1 mR/h. Thus, high-curie

loadings on the liners would result in insignificant radiation effects to

individuals during normal operations.
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. 4.4 Effects on Maintenance

Maintenanée operations conducted above water results in the same éxﬁo-
sures as indicated in Sec;ion 4.3. However, if underwater maintenance
became neéessary; removal-of the liners in the vicinity of the work area
would be required. Aboﬁt 2 ft of water would provide sufficient shielding
to reduce the dose rate froﬁ a vessel loaded with 120,000 Ci to that of a
veasel lnaded with 10,000 Ci. Tt is unlikely that dnse rates would he pro—
hibitively high once the vessglsvare merd from the area; however; if this
were the case, lead (plate) shiélding could be lowered to protéct main-

tenance personnel.
4.5 Cask Loading and Cask Selection

Calculations presented in:éhapter 5 indicate that many available spent
fuel Easks are suiﬁable'to shiﬁitﬁe SDS iiners. The cask examined in detail
for the loading evaluation is tﬁe Chem~Nuclear CNS 1-13C cask. The desired
.features of this cask are: (l) it is relatively lightweight so that truck
transport with the two containers per truck may be possible; (2) it appears
to be suitable for transporting this type of material (by-product
material); (3) the SDS processing systeﬁ is being constructed, assuminé‘
that this particular cask will be used; and (4) Chem;Nucleér is in the pro-
cess of upgrading the certificate of compliance for this cask. Limitations
of this cask include relatively weak shielding and, at'least for the pre-
sent, a maximum permissiblé heat source of 600 W.

Several other ﬁruck—mounted casks can accommodate the SDS liners. Some

of the problems associated with the employment of these casks are identified

in Appendix B.
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As demonstrated in Chapter 5, an alterﬁate cask for the SDS liners may
be required only for loadings in excéss of 60,000 Ci. Furthermore,
the use of other casks, such as CNS 4-45 and CNS 3-55, would require modifi-
cations to the TMI-2 pool equipment, due to their lengths. These modifica-
tions are possible (if completed before SDS startup) and would cost
approximately $25,000, but would not be made unless it was decided to 1load
to 120,000 Ci per liner.

4.6 Findings

Effects upon personnel exposure during the handiing of more highly
loaded liners are not expected to be of any significant consequence; in
fact, exposure may be decreased by reducing the required number of trans-
fers 6f the liners to the storage modules. The strontium-loaded liners
likewise do not appear to present any handling problems.

The CNS 1-13C cask appears to be suitable for the shipment of liners
loaded to 60,000 Ci. The use of other casks is possible, but efforts would
.have to be made to modify the ﬁool 1oadingArack and to address uncertain-

ties associated with the Certificates of Combliance of the alternate casks.
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5.0 TRANSPORTATION OPTIONS
5.1 Introduction

The effects of the extent of loading of the SDS liners on transpor-
tation ére discussed in this chapter. Four separate_transportatidn
segments are‘coﬁsidered; two Aiffgrent distances are assumed, and two
;ransportation modes are assessed, for each segment. The four segments
are as follows:

(1) TMI reactor to waste processor (WP),

(2) ﬁP tn spent fuel away—from-reactor (AFR) storage facility or

téturn to TMI reactor for storage,:

(3) storage to terminal geologic repository, and

(4) WP to terminal geologic repository.

Four liner loading levels and fwo disposal methods are considered.

Since specific sites for the WP, AFR, or geologic repository have
not been specified, a "near” shipping distance of 250 miles and a “far"
shipping distance of 2500 miles have been arbitrarily assumed. An
assessment of the impaét of specific routiggs on the logistics of move-
ment, costs, and public exposure was not possible; therefore, such
assesgments were made only on a generic basis using the near and far
distances. Finally, for each shipping segment and distance, the availa-
bility of either truck or rail mode was assumed so as to not preélude
the use of any shipping systems which might be available.

Only existing hardware was includedvfor the study. If the time
period when shipments are made extends beyond the near term, other
systems may become available or may be designed, certificated; and
fabricated for this specific:purpOSe; it is also possible that some of

the systems presently in existence which are ‘identified in this.study
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might become unavailable. The assessment was not limited to waste
casks, but also included existing spent fuel césks which could be cer-
tificated byvamendment‘to carry the waste forms under consideration.

In the detailed assessment of transportation, thé’following factors

were considered:

Applicability
Licensability
Availability
"Cask/plant Interface
Personnel Exposure
Public Exposure
Schedule

Cost

0000 O0O0OO0OOo

5.2 Cask Selection

Four principal constraints govern the applicability of a given
-cask: (1) the package must be currently certificated by NRC és type B,
(2) the dimensions of the containment cavity must'accept the SDé zeolite
1iner$ or the vitrified waste canisters, (3) the shielding must be suf-
Aficient for at least the 10,000 Ci-per-liner loading level, and
(4).the cask must be qompatible with shipping and receiQing facilities.'

The first constraint, coupled with the second constraint, narrowed
~the list of possible césks to approximately 20. To aséess the
shielding adequacy of candidate casks, an estimate of dose rate from
the loaded SDS liners aﬁd from the vitrified waste canisters was
needed. The shielding calculations for the highpactivity-level‘

strontium/cesium liners and vitrified waste canisters are summarized in

Sections 5.2.1 and 5.2.2.



54

5.2.1 One-Dimensional Shielding Assessment
Initially, simplified one-dimensional calculations were made to
expedite the cask assessment and selection. The isotope composition

1 which is for July 1980, was used in these caleula-

reported elsewhere,
tions. As a result, these calculations overestimate the shielding -
- requirements. |

Despite these limitatioqs, the one—-dimensional calculations provide
an insight into.which parameters are important. SDS liner loadings of
10,000, 60,000, and 120,000 Ci were assumed, and vitrified waste
canisters, 8.in. diam by 8 ft long, were assumed, where 1.75 caniéters

result from processing one liner. The following composition was assumed

for each 10,000 Ci in a liner:

29Sr 30
Osr- 120
134 ¢cg 1,410
137¢s 8,440
10,000 ci

Also, based=oh the results reported-previously,1 it was assumed that 75%
of the loading is in a 6-in.-long band at the top of the zeolite bed.

For the vitrified wagte canisters, the fission prqducts were
assumed to exist in the glasé as a homogeneous mixture.

The SANDIA-ORIGEN code? was used to obtain estimates for the
radiation source characteristics of the zeolite and vitrified waste
forms.

The ANISN discrete ordinatés transport code3 was utilized to obtain

estimates of the thicknesses of lead required to obtain regulatory dose
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rate levels e#ternal to the cask of either 200 mR/h at the surface or
10 mR/h at 2 m from the surface. |

It is reemphasized that'thgée shield thickness estimates for the
SDS liners are'conservativé. .First, in each shielding calculation, ;he
source region was modeled as avradiation-emitting air space. Thus,
shielding effects of the waste itself,'although probabl?_small, were
ignored. Second, the calculations wére done in one-dimensional
éylind;ical geometry. Modeling the problem in this geometry, in effect,
transforms ;he radiation sour;e into an infinitely long cylinder. ' This
results in the greatest inaccuracies for fhe SDS liners. More
realistic, two-dimensional shielding calculations would result in shield
thicknesses approximateiy 1 in. léss than those calculated with the one-
Adimengional model. Since the SDS’Vitf;fied wgste canisters have a large:
lengfh-to-diameterAratio, the infinite-cylinder effect is probably of
little importance in this case. Third, the age of the waste could be
significant since the major constituents are 134¢cs and 137Cs, whiéh have
significantly different half-lives (2.062 years for 13%Cs and 30;17
years for 137Cs); As the waste ages, the composition of the isotopic
mixture will change and the shielding requirements Vill decrease.

Table 5.1. summarizes the results of the one-dimensional calcula-
tions for the three liner lbading levels considered. An estimated
.realistic value of.the ¥equired shield thickness for the SDS liner is
shown. It was obtained by subtracting 1 in. from the conservatively

calculated value.
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Table 5.1. Estimated Lead Shielding Requirements to Reduce Dose Rate
to 10 mR/h at a Distance 2 m from the Lead Surface?

SDS Liner Lead Shielding Requirements (in.)
Loading SDS Liner Vitrified Waste Canister
(Ci/liner)

20,000 : 6.0 5.0

60,000 7.4 6.4

120,000 7.9 6.8

aUses July 1980 isotopic mixture of strontium and cesium. Based
~on one-dimensional calculations.

5.2.2 Two-Dimensional Shielding Assessment

As the efforts of the Task Force progressed, the need was
established for a clearer shielding definition, using more realistic
values of isoﬁopic mixes, cesium band width, and two-dimensional caléula-‘
;ions. Therefore, the loading scénarios described in Chapter 2.0 were
used to more accurately represent the loading situations that might occur.

It was assumed that the strontium—cesium mixture shown in Table 2.1,
given as ot July 1981, would be loaded in the linérs. The resulting
loaded liners would then be stored until January 1982 prior to
shipping. The isotopic compositions for a liner loaded to a total of
10,000 Ci in July 1981 and aged to January 1982 is shown in Table 5.2.
Liners loaded to other levels (22,000, 60,000, or 120,000 Ci) would have
compositions scaled linearly with the loading level.

The gamma spectrum for this isotopic mixture was determined by hand

calculation. The nuclides 89Sr, 90Sr,—iand the daughter 90Y produce no

\
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gammas upon decay.* The significant gamma energies produced by the disin-

" tegration of the cesium isotopes are indicated in Table 5.3.

Using the energy structure of an available Pé eight-groﬁp cross-

section set, the gamma source spectrum as of January 1, 1982, for an SDS

liner originally loaded to 10,000 Ci on July 1, 1981, is given in Table

5.4. Also included in the table are the corresponding dose-rate conver-

sion factors by energy group used in the two—dimensional calculations.

Table 5.2. 1Isotopic Composition of an SDS Liner Loaded to
10,000 Ci on July 1, 1981, and Shipped on January 1, 1982

Estimated SDS Liner Content (Ci)

When Loaded . When Shipped
Isotope (July 1, 1981) . (January 1, 1982)
89sr 0.5 0. 04
Dsr 398.5 393.8
134¢g 1,016 : 858.8
137¢4 8,585 8,487
Table 5.3. Gamma Yield Data for SDS Liner Cs-Isotopes
Isotbpe Gamma Enérgy ' ) Yield (Cammas
(MeV) - per Disintegration)
134¢cg 1.37 0.03
‘1.17 0.02
0.80 0.90
0.605 0.98
0,57 0.24

137¢c¢ (via 137ga) 0.662 0.95
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Table 5.4. SDS Liner Gamma Source Spectrum?® and Dose Rate
Conversion Factors

Gamma Average .Gamma Emissions " Dose Rate Factor

Energy (MeV) per Second (mR/h-gamma-cm?/s) .
1.25 9.534 x 1011 2.32 x 1073
1.025 ~ 6.356 x 101l 2.01 x:1073
0.80 - 2.860 x 1013 1.68 x 1073
0.70 , | ;2.993 x 1014 . 1.5 x 1073
0.60 : _-3.877 x 1013 . 1.36 x 1073
0.50 | : . ‘ 1.15 x 1073
0.40 | : 9.85 x 10~5
0.30 : 7.59 x 1074

Total 3.673 x lol4

aSource is for 10,000 Ci of strontium—cesium mixture
loaded on July 1, 1981, and decayed to January 1, 1982.

The MORSE-SGC Monte CarlGCde5 was used to perform the two-
dimensional transport calcﬁlations. This code has the.advantage of
allowing a very detailed modeling of the actual geometry under con-
sideration without the core storage constraints whicﬂ result lo llwlta=
tions when two—dimensional discrete ordinates codes are used. A disad-
vantage is that MORSE results are statistical in nature; and, for deeé
penetration (thick shield) problems, statistically éigﬂificant results
are difficult to 6btain in %easonable run times. This diéficulty is

enhanced when the energy of the radiation being considered is small

(approximately 1 MeV).
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The geometry COnsidefed in .the two-dimensional calculations is
essentially tha; of thé CNS.1-13C cask. The outer dimensions ofvthis
cylindrical cask, as utilized in the numerical model, were 68.5 iﬁ. high
by 39 in. in diameter. The cask shiélding thickness used, in terms of
lead equivalent, were 5.8 in. on the side, 6.6 in. on the top, and
6.8 in. on the bottém. These shield thicknesses regult in a
55-in.-high, 27.5-in.-diam cask cavity in the model (which is larger
than the cévity-of the actual cask);~ This disparity is of no signifi-
cant consequence since -only dose‘rafes external to the cask are signifi-
cant. For modeling purposes, the walls of the cask were taken to be
lead, and the cavity and the céék exterior were assumed to be air.

The cylindrical source zone in the.cask cavity was 24 in. in
diameter, and its upper surface was 30.8 in. from the bottom of the
cask cavity. The depth of the source varied with liner loading (éee
Chapter 2). Théxdepths.used, as a function of initial loading, are
given in Table 5.5.

Table 5.5. SDS Liner Source Zone Depth? for Two-Dimensional
Shielding Calculations

Initiél Loading Percent of Zeolite Depth of Source
(ci) Bed Length Zone (in.)
10,600 | 3 0.92
22,&_)0'0 o s 2,45
60,606 | 21 6.43
120,000 u 41 12.56

anufée zone is cylindrical with a diameter of 24 in.
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Dose rates were estimated both at the surface and at 2 m from the
surface on the side, top, and bottom of the cask. The étatistically
significant results, as a function of liner loading, are given in Table
5.6. It is recommended that a safety factor of 2, relative to dose
rate, be used in interpreting these results. For instance, when the
liner loading is 60,000 Ci fuitlally, the surface and 2-m dose ratcas at
the side of the cask should be taken as 160 mR/h and 7 mR/h, respec=
tiveiy, rather than 80 and 3.5 mR/h as reported in Table 5.6.

The results of the shielding calculations for the liners are sum—
marized in Table 5.7. Cask selection for the liners is based on the
results of the two—dimensional calculations.

Cask selection for the vitrified waste canisters is based: on the
conservétive values shown in Table 5.1, where shielding requirements
have been adjusted by using the results of the detailed liner calcula-
tions. It is estimated that 5 in. of lead equivalent shielding
will be sufficient for sﬁipment of any of the vitrified waste_canis;ers.

Table 5.6. Estimated Dose Rates (mR/h) for One SDS
Liner in the CNS 1-13C Cask

Cask Location

Initial Liner Loading Side 2 m@ Top Bottom -

(ci) Surface Surface Surface
10,000 13 0.4 1.3 0.1
22,000 31 0.9 3.1 1.2
60,000 ) 80 3.5 11 1.9
120,000 120 645 35 17

3Dose rate given 2 m from the external surface of
the cask opposite the center of the cesium source zone.
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Table 5.7. Comparison of Estimated Lead Shielding
Requirements for SDS Liners

Initial Type of Depth of Date Date Lead
SDS Liner Calculation Source When When Shielding
Loading Zone Liner Liner Requirements
(Ci/liner) (in.) Loaded Shipped (in.)
10,000 ‘One-D 62 7/80 7/80 6.1
10,000 Two-D 0.92 7/81 1/82 5.0
22,000 Two-D 2,45 7/81 1/82 5.5
60,000 One-D 6a 7/80 7/80 7.4
60,000 Two-D "6.43 7/81 1/82 5.7
120,000 One-D - 62 7/80 7/80 7.9
120,000 Two=-D '12.56 7/81 1/82- 6.0

4Assumed 75% of loading in source zone.

5.2.3 Shielding for Low-Level Strontium Liners

A final considera;ioq is the shielding requirements of liners uni-
formly loaded with a 89Sr-30Sr mixture in the ratio of 1:800. Two
different total initial loadings of strontium, 500 and 2000 Ci, were
assumed. It is assumed that liners with these loadings will be aged
6 months before being shipped off-site. Table 5.8 shows the estimated
isotopic content of a liner for each of these initial loadings.

The 898:, 9°Sr, and the daughter 90y isotopes disintegrate only by
beta decay. The maximum beta energy for each isotope is, respectively,

1.46, 0.544, and 2.27 MeV.“
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Table 5.8. Isotopic Contents of Strontium-Contaminated SDS Liners

Isotope Initial Loading 6-Month Total Sr

(ci) ~ Loading (Ci) Activity (Ci)

e Initial After 6 Months

83sr 0.6 0.05
30sy 499.4 493,4 | 500 493,5
0ya 499.4 © 7 493.4 |
83gy _ 2.5 ' 0.2
905y 1997.5 A1973.8 A 2000 1974
0y 1997,5 1973.8 | '

a90y has a half-life of 64 h and is in equilibrium with 30Sr,

The shielding requirements for liners loaded with these beta emit-
ters are determined by two factors: the shieldiﬁg nécessary to eliminate
the beta.radiation, and that required to attenuate the bremsstrahlung
radiation. A thin layer of steel or lead would effectively stop all the
beta radiation. It is believed that about 2 in. of lead would be suf-
ficient to reduce the radiation flux, for either liner loéding, to
‘acceptable levels. This conélusion is based on the. observation that the
average energy of the bremsstrahlung generated as an electron slows down
is only about 10% of the initial energy of the elecfrbn. Only a small
fraction of the electronsAemitted duringlbeta decay has tﬁe maximum
energy associated with thg decay. Thus, for the present. situation, most
of the Sremsstraﬁlung wili have_eﬁergies ofvbnly a_few hﬁndred kilo- |
volts. Two inches of lead should be sufficient. to. attenuate this

radiation.
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5.2.,4 Casks for Each Waste Form

The results of the preceding shielding calculations demonstrate

that a cask must have a side-wall shielding capability of at least 5.0

in. in order to be capable of transporting SDS liners loaded to the

10,000-Ci 1level.

Casks that are capable of carrying SDS liners loaded to 10,000 Ci

are listed in Table 5.9. This list was developed on the basis that the

cask has sufficient cavity volume and the necessary effective shielding

capability.

Table 5.9. Casks Capable of Transporting 10,000-Ci SDS Liners

Cask USA Cavity ' Cavity Equivalent Lead
Certificate ID (in.) Length (in.) Thickness
Number ' (in.)
CNS 1-136G 9044 /B( )F 26.5 54,0 7.0
CNS 1-13C 9081/B( ) 26.5 54,0 5.7
Vandenburgh  5805/B( )F 36.0 116.75 7.0
Cask,
CNS 3-55
CNS 4=45 6375/B( )F 26.0 159.0 6.5 (ends)
7.5 (side)
PB-1 6375/B( )F 26.0 159.0 6.5 (ends)
: : 7.5 (side)
GE IF-300 9001/B( )F 37.5 180.2 6.1
NLI-10/24 9023/B( )F 45.0 179.5 7.7

Another factor which must be considered in selecting a cask is its

capability for rejecting decay heat. The estimated heat output of the

" highly loaded cesium/strontium liners has been presented in Table 3.1.
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Casks capable of carrying the SDS liners at different loadings are
summarized in Table 5.10. All of the casks shown in these tables are

discussed in detail in Appendix B.

Table 5.10., Effect of Liner Loading\on Cask Capability
Based on Shielding and Heat Output Requirements?

) Cl per Lluer .
Cask 10,000 22,000 60,000 120,000

CNS 1-13G Y Y Y N (2)
CNS 1-13¢ Y Y Y N (1,2)
Vandenburgh Cask Y - Y Y Y
CNS 3-55
CNS 4=45 Y Y Y Y
PB-1 Y Y Y Y
GE IF-300 Y Y Y I
NLI-10/24 Y Y Y ' Y

dY = Yes; cask has sufficient shielding.

Insert required; cask could be used if shielding liner insert
is added.

I

N = No; cannot be used because:
(1) shielding capability is exceeded,
(2) heat output capability is exceeded.
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These results show that liners loaded to 60,000 Ci could be
transported in all of the casks listed, without the addition of
shielding. Liners loaded to 120,000 Ci could be carried in the CNS
3-55, CNS 4-45, PB-1, and NLI-10/24 casks without additional shielding.

Based on the four principal constraints presented earlier, the
best choices for thg high-level cesium/strontium SDS liners appear to be
either the CNS 1-13C or the CNS 4-45 (or PB-1). Before shipments can be
allowed, amendments to certificates will be required for all the casks.
The CNS 1-13C case is most readily adaptable to the TMI pool, but the
CNS 4-45 cask could carry two liners.

Any of -the casks iisted in Table 5.9 could be used to fransport the
low—activity-level liners. In addition, the Hittman HN-200, CNS 4-85,
CNS 8-120, and CNS 14-190 casks rould be used to traneport thcsec liners.
Adequate shielding is present in all cases. The CNS(B;SS{ CNS 4-45
(PB-l),“HN-ZOO, CNS 8-120, and CNS 14-190 could each transport two
liners; the GE IF-300 and NLI-10/24 could each trénsport three liners.

The casks that could be used for transporting the vitrified waste
canisters are shown in Table 5.11. Each of these has sufficient
shielding (5 in. of lead) to allow transportation of waste canisters
resulting from processing liners containing up to 120,000 Ci.

One final consideration in cask selection concerns the weight of
the loaded system. The weight affects two factors: (1) plant inter-
facing capabilities (dépending on ¢érane capacity), and (2) in the case of
truck transport, whether the shipment is legal-weight or overweight.

For the SDS liner, legal-weight shipments can only be made with -

either CNS 1-13C or CNS 1-13G casks. For the vitrified waste
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‘canisters, legal-weight shipments can only be made with either

NFS-4 /NAC-1 or NLI-1/2 casks.

Table 5.11:. Casks Capablc of Traneporting Vitrified Waste Canisters

Equivalent
USA h Lead
Ccrtificata Cavity Cavity Thickness
Cask . Number ID (in.): Length (in.) (in.)
Vandenburgh 5805/B( )F 36.0 . 116.75 7.0
Cask, '
CNS 3-55
CNS 4-45  6375/B( )F 26.0 159.0 6.5 (ends)
. 7.5 (side)
PB-1 . 6375/B( )F 26.0 159.0 6.5 (ends)
7.5 (side)
NSF-4 /NAC-1 6698 /B( )F 13.5 178.0 " 6.0
NLI-1/2" 9010/B(- )F 12.6 ©178.0 6.2
FSv-1 " 6346 /B( )F 16.6 187.6 5.0
TN-8 " 9015/B( )F 9.06 168.5 6.0
GE IF-300 9001/B( )F 37.5 180.2 6.1

NLI-10/24 9023/B( )F 45.0 179.5 7.7

Rail shipment could be made using. the GE IF=-300 or the NLI-10/24,
but it appears that this mode would be less cost. effective due to higher'
cask lease costs (resulting from ﬁigher lease rates and longer round-
trip times) and higher tariffs by rail than by truck. -

.5.3 Cask/Plant Interface
It is assumed that the gaéks would be loaded at TMI in the fuel

pool using methods similar to those normally used for spent fuel.
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.Personnel dose during these loading operations Qouid be minimal unless
the pool is excessively contaminated, whicﬁ cduia reéul£ in extensive
cask decontamination. Details of thié interface ére presented in
Cﬁaﬁféf 5.0. |

IF is further assumed that cask handling fécilities are avéilable
at the dther sites; such that any interface problems encoﬂntered will be
minimal. ) |

5.4 Sﬁip}ing Scenarios

The shipment scenario assumptions shown in Tgbie 5,12-were used in
projecting personnel exposure, scheduleé, aﬁd-coéts., Wheré possible,
legal-weight truck shipments were assumed;.dtherwise;.overweight truck
shipments were assumed. lTwo liners per'cask wéreAassumed ta be loaded
for shipment in the CNS 4-45. For thc shipment‘of low-level eruﬁtium
liners to a repository, it was assumed that‘any,ovgrpacking of the
liners for disposai would occur at the fepository. The costs asso-
ciated with overpacking have not been considered. .

5.5 Personnel Exposu?e

The quantification of personnel and publié exposufé is beyond the
scope of this study. However, estimates were'made.of the relative expo-
sure levels by simply considering externé}'dose ;ates and package miles
for each case, along with the number of'packages requiring decon-
tamination.

For external dose rates,. the approximate dose éommitment relative

to the. worst case for each shipment leg is shown in Table 5.13. For
i



Table 5.12,

Pfincipal Shipment Scenarios Assumed

Level Vitrified Canister
Shipments

. Case
Ia Ib I1a IIb III IV
) ' (Reference)

Initial Liner Loading (Ci) 120,000 120,000 60,000 60,000 22,000 10,000
Number of High—Activity- 5 5 10 10 25 60
Level Cs/Sr Liners Shipped’
to Processor
Cask Used for High-Activity- .CNS. 4-45 CNS 4-45 CNS 1-13C CNS 1-13cC CNS 1-13C. CNS 1-13C
Level Cs/Sr Liner Shipments’
Number of ‘Low—Activity-Level
Sr Liners Shipped to:

(a) Processor 21 0 17 0 0 0
(b) Disposal 0 21 0 17 0 0
Cask Used for Low-Activity- CNS 1-13¢ CNS 1-13C CNS 1-13C CNS 1-13C N/A N/A

Level Sr Liner Shipments
Number of High-Activity- 9 9 18 18 44 105
Level Vitrified Waste - )
Canisters Shipped to
Storage or Disposal
Cask Used for Vitrified NLI-1/2 NLI-1/2 NLI-1/2 KLI-1/2 NLI-1/2  NLI-1/2
Canister Shipments ' o
‘Number of Low=Activity- 37 0 29 o 0 0
Level Vitrified Waste :
Canisters Shipped to
Storage or Disposal

I .
Cask Used for Low-Activity- NLI-1/2 N/A NLI-1/2 N/A N/A N/A

Note:

CNS 4-45 is interchangeable with PB-~I.

NLI-1/2 is interchangeable with NFS-4/NAC-1.

N/A - Not applicable.

89
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the shipment of low-aétivity°1evel liners and canisters, it was assume
that the dose rates external to the package would be very small,
approaching zeré, relative to the dose rates from packaggs of ﬁigh-act
ity-level liners or canisters. For liners loaded to 120,000 Ci, ship-
ment in an upgraded cask (having greater shieldiné capability) is
required. This results in reduced dose commitments in all cases rela-
tive to shipmenfs of 60,000-Ci liners. The dose commitments have been
normalized to the highest case.

Exposure resulting from cask decontamination was, for simplicity,
assumed to be linearly related to the number of casks decontaminated.
The relative giposutes determined for handling and transport and for
cask~decontaminé£ion cannof be added since they were not quantified.
The results of the relative exposure estimates are shown in Table 5.14

Table 5.13. Approximate Unit Relative Dose Commitment During
"Transportation for Each Processing Case

d

iv-

Approximate Unit Relative Dose Commitment

Initial High-Activity- Low—Activity- High—-Activity- Low—Activity-
Liner Level Cs/Sr Level Sr-Liners Level Vitrified Level Vitrified
Loading . Liners Canister Canister
(Ci)
10,000 0.12 0.0 0.08 0.0
22,000 0.34 0.0 0.2 0.0
60,000 1.0 - 0.0 0.5 0.0
120,000 0.42 0.0 1.0 0.0

8Accounts for two liners per cask.
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Table 5.14. Relative Exposure During Transportation for
Different Liner Loading Scenarios ’

Initial Liner Relative Personnel Relative Personnel

Case Loading (Ci) . and Public Exposure?d. Decontamination ExposureP
Ia © 120,000 0,72 ‘ 0.42
1b 120,000 o 0.72 : 0.20
11a 60,000 | " 1.17 0.45
111, 60,000 a7 , 0.27
ITI 22,000 | L 1.07 ' 0.42
Reference 10,000 o | -1.00 1.00

dNormalized to reference case.

bEased on number of shipments, and normalized to reference case.
Note: Irrespective of the shipping casks considered, all are well
within existing exposure limits of DOT regulations.

5.6 Schedule and Costs

The following assumptions are used to develop cask schedules and costs
for the various scenarios:

l. Lease rate of legal-weight truck (LWT) casks NFS-4/NAC-1 or NLI-1/2
is approximately $600 per day.

2. Lease rate of the CNS 1-13C or the CNS 4-45 is $250 per day.

3. Cask certification fee for SDS liners or waste canisters is $40,000.
Q. Cask in-plant turnaround time is 24 hours at each site.

5. Average speed of légal-weight truck system is 35 mph. .

6. Average speed of overweight truck (OWT) system is 15 mph (allowing
for daylight travel only).

7. Tariff for legal—-weight truck shipments is approximately'$2.00 per
*  mile for short trips (250 miles) and $1.50 per mile for long trips
(2500 miles). '

8. Tariff for overweight truck shipment is approximately $4.50 per
mile (includes special permits, etc.)
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9. Shipment costs and schedules of the waste can51ters are 1ndependent
of point of origin or destination.

On the basis of the preceding assumptions, the schedgle (i.é.,
round-trip times) and costs for each liner loading are provided for the
six cases summarized in Table 5.12,

In the calculation of costs, it is assumed that each shipment leg
wili involve only one shipping campaign,* and that one cask will be used
to accomplish this campaign.

The shipping schedule and costs for sample campaigns are calculated
as follows: .

1. Reference Case, 10,000 Ci per high—activity—-level cesium/strontium
liner, 250-mile trip

0 Use of LWT Cask (CNS 1-13C)

0 Number of Shipments = (60 liners)/(l llner/trlp)
60 trips

O Duration of Round Trip =
(250 miles x 2)/(35 miles/h) + 48 h = 63 h

(63 h/trip) (60 trlps) g
3780 h
158 d

O Duration of Campaign

o

Cost of Campaign = $40,000 (Cask Certification) :
+ (158 d) ($250/4) ’ !
+ (500 miles/trip) (60 trips) ($2.00/mile)

= $140,000

2. Case Ila, 120,000 Ci per liner, high—activity-level vitrified "
waste canister, 2500-mile trip

0 Use of LWT Cask (CNS 1-13C)

O Number of Shipments = (9 waste canisters)/(l canister/trip)
= 9 trips o

0 Duration of Round Trip = (2500 miles x 2)/(35 miles/h)
+ 48 h = 191 h

*A campaign is defined as continued round-trip use of a shipping
cask from one "source” to one "sink" until all of that waste form has

been moved.
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o0 Duration of\Campaign = (191 h/trip) (9 trips)
1719 h
=724

O Cost of Campaign = $40,000 (Cask Certification)
(72 d)-($250/4d)

(5000 miles/trip) (9 trips) ($1.50/mile)
$126,000

n+ +

The schedules for the various cases are summarized in Table 5.15;
the costs are summarized in Table 5.16.

In addition to the schedules and costs shown in Tables 5.15 and
5.16, one other reasonable option appears possible for the vitrified
canisters resulting from processing the 10,000-Ci and possibly the
22,000-Ci liners. The TN-8, which has sufficient shielding, could be
used to transport three waste canisters simultaneously.' It is assumed
that the TN-8 lease rate is.$1500 per day. For this case, the calcula-
tions for the reference case with a 250 mile one-way distance are:

¢

o Number of shipments = (105 canisters)/(3 canisters/trip)

= 35 trips
o Duration of 500-mile round trip = (250 x 2)/(15 mi/h) + 48
=8l h
O Duration of Campaign = (81 h/trip) (35 trips)
= 2835 h
= 118 d

O Cost of Campaign = $40,000

(118 d) ($1500/4d)

(500 miles/trip) (35 trips) ($4.50/mile)
'$296,000

"+ +

Similarly, for a 2500-mile one-way distance, the duration of the
campaign with the TN-8 is 556 d and the cost of the campaign is
$1,662,000. Thus, unless the TN-8 lease rate is significantly below that

[}

assumed, the LWT cask is more cost-effective for the 10,000 Ci-per-

liner waste canister shipments.
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"Table 5.15. Summary of Schedule for 250- and 2500-Mile Waste Form
Shipping Campaigns '

Duration of Each Campaign (days)?

Waste Canisters

Trip .
Distance Waste Form Case Case Case Case Case Reference
(miles) Ia Ib. IIa "~ 1IIb III Case.
250 High-Activity-Level 11 11 27 27 66 158
Liners
250 Low-Activity-Level 55 55 45 45 0 0
Liners' ‘
250  High-Activity-Level 24 24 47 47 116 276
- Waste Canisters - .
250 Low-Activity-Level 97 0 76 0 0 0
Waste Canisters :
2500 High-Activity-Level 48 48 80 80 199 . 478
' Liners T h :
2500 Low-Activity-Level 167 167 135" 135 .0 0
Liners
2500 - High-Activity-Level 72 72 143 143 350 836
Waste Canisters
2500 Low-Activity-Level 294 0 231 0 0 0

3Assumes that only one cask is used in

each campaign.
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Table 5.16;_ Summary of Costs for 250- and 2500-Mile Waste Form Shipping'Campaigns

Trip Waste Form Cost of Each Campaign and Total Cost for Each Case
Distance . Case Case Case . Case Case Reference
(miles) Case

Ia Ib Ila IIb I11
($000)  ($000) ($000)  ($000) -($000)  ($000)

250 High-Activity- -~ 50 50 -57 57 82 " 140

Level Liners
250 Low-Activity- =~ 61 61 28a 282 0 -0
" Level Liners " ’ ' . : '
250 High-Activity- 43 43 86 86 154 - 311
Level Waste ) :
Canisters - ' N ’ B .
250 Low=Activity- 135 0 75b -0 -0 . 0
~Level Waste : '
Canisters _
250 . Total 289 154 246 171 236 451
2500 ° High=Activity- 120 120 135" 135 277 610
-Level Liners :
2500. Low-Activity- . 240 240 1612 1618 0 0
Level liners oo g Co
2500 High-Activity- 126 126 261 261 " 258 1,330
Level Waste ' :
Canisters
2500 Low-Activity-' 494 0  356b 0 0 0
Level Waste : o
Canisters
2500 Total 980 - 486 913 557 - 535 © 1,940

" 8Cask certification for low—activity-level liners covered by certification
" for high—activity-level liners.

bCask certification for.10w-act1v1ty-1eve1 waste canisters covered by cer-
tification for high—activity-level waste canisters. '
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5.7 Other Considerations

One other transportation consideration~must be addressed. Thig
concerns the gases that may be present in thé liners. prior to shipment.
The DOT regulations [49CFR173.398(b)(1)] read as follows:

(1) Type A packgging must be so designed and construcfed thét; if it
were subject to the eﬁvironmental and testvconditions prescribed‘in‘
this paragraph:
-(1) There would be no release of radioéctiye material from the
packége; 4
(ii) The effectiveness of the packaging would‘not-be.substan-
tially reduced; an& |
'(iii) Thefe would be no mixtuté of gases 6r vapdrémin'the package
which could, through any credible incfease oflpressure or an
explosion, significantly reduce ﬁhe effectiveness‘pf the
package.
Thus, since type B packagings must meet all type.A requirements,
, cdnsideration must be given prior to shipmenf of any of the liners to
the pressure and explosive potential of any gases in the liner. Venting

of such gases prior to shipment may be required.

5.8 ‘Findings
fhe assessment of the transporta;ion of the SDS liners and
vitrified waste canisters resulting froﬁ‘a1£erﬁativé prqcessing schemes
has shown that significant reductions in personnel and‘public exposure,
an& in.fransportation'costs, caﬁ result if'the lo;ding of thé SDS liners

is increased above‘the reference case level of 10,000 Ci per 1liner.
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For Case III, where the liner loading is increased to 22,000 Ci the
personnel exposure during cask decontamination could be decreased almost
60% relative to the reference case, and the transportation costs could
be decreased by 50 to 56%, depending on the distances between facili-
ties.

For Cases Ila and IIb, where the liner loading is lu;Leased to
60,000 Ci, the persannel and public exposure during tranéport would be
- increased over the reference case by approximately 20% because the cask
would be used near its limit of shielding capability. However, LL is
predicted that the exposure- of personnel during cask decontamination
would decrease by 55 to 75%. Similarly, the transportation costé could‘
be decreased 45 to 70%, depending on the distances between facilities
. and whether the low—activity—level strontium liners are disposed of
directly or vitrified prior to disposal. The direct disposal of the
low—activity-level liners results in the léwest costs and lowest levels
of transport personnel eXposure.

For Cases Ia and Ib, where the liner loading is increased to
120,000 Ci, the exposure of personnel and public is the lowest of all
the cases considered, and the transportation costs are compafable to,
bﬁt slightly higher than, cases where the liners are loaded to 60,000
Ci. The significant decrease in exposure arises from the.use of
upgraded, but overweight, truck casks for shipping high-level lineré._
This practice reduces external doses and allows two liners to be carried
per shipment. K

For Cases Ila and IIb, if OWT rather than LWT casks were used to

transport the high—ievel liners, the personnel and public exposure would
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be reduced approximately 60 té 70% relative to the reference case, and
the transportation costs would be reduced 20 to 55% relative to the
reference case., However, the costs would be higﬁer than the case. where
LWT casks are used for the 60,000-Ci liners and resulting waste
canisters. The detailed costs for the LWT)OWT cask trade-off with Cases

I1a aﬁd IIb are shown in Table 5.17.

Table 5.17. Comparison of Costs of LWT and OWT Casks
with 60,000-Ci Liners and Waste Canisters

: . Cost of Each Campaign and Total Cost
: . for Each Case ($)
.Distance Waste Form ' Case Ila Case IIa Case IIb Case IIb Reference

(miles) with LWT with OWT .with LWT with OWT Case
Cagk Casksd k ksd -
(3068)  v886%) 13668, 886 (5000)
250  High-Activity- 57 56 - 57 56 140
Level Liners . ‘
250  ‘Low-Activity- 28 . 68 28 . 68 0
Level Liners .
250  High-Activity- 86 135 86 135 311
: Level Waste.
Canisters
250 Low-Activity- 75 115 0 0o 0
Level Waste
Canisters
250 Total 246 374 171 259 451
2500  High-Activity- 135 172 135 172 . 610
. . Level: Liners
2500 Low=Activity- 161 201 161 201 0
: Level Liners
2500  High-Activity- 261 517 261 . 571 1,330
Level: Waste : o
Canisters
2500  Low=Activity- 356 396 0 -0 : 0
: Level Waste S ' ‘ :
Canisters
2500 Total 913 1,286 557 890 1,940

40WT cask used for high—activity=level liners and waste. canisters;
LWT cask used for low—activity-level liners and waste canisters.
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6.0 VITRIFICATION OF ZEOLITE

6.1 Technology Development

6.1.1 Laboratory-Scale Dévelopmént

The DOE requested Pacific Northwest Laﬁoratory (PNL) to prepare a
program plan outlining the activities requiredkto perform a full-scale
demonstration for vitrificac?on of the fMI zeolitef buring prépafétion of
. the plan, beakér—scalé and small laboratory-scale”vitrification tests with
nonradioactive méterials were performed to identify a zeolité/ffit com—-
position that would provide a suitabiéwwa;té form. -

The results of the vitrification tests are described in the proposed
plan, ;TMIAZeolite Vitrification Demonstration Program Plan."! The ap-
paratus used Lo perform the laboracof;-Scéle vitritication tests is sketched
in Figure 6.1. A mixture of glass formers and.zeolite was placed in the
3-in.-diam canistér and placed in the furnace:' The canisfer was then heated
to a temperature of 1050°C. The zeoiite used in the tests was loaded to the
equivalent of ~70,000 Ci/liner, uéing nonradioactive cesium. Tests indicate '
that the glass formed was of éood quality, based on comparisons of other |
glasses that have been developed in the National High Level Waste Management
Programs. .The off-gas from the beaker-scale yitfification tests was ﬁassed
through éuccessive solutions of nitric acid and caustic. After each test,
the solutions were analyzed for cesium contentrf-Ihe connectihg tubing be-
tween the canister containing the #ig?ifiedEmstérial and the containers of
scrubbing'solutions was removed and'flushed with dilute nitric acid. This
acid flush .was also'analyzed for cesium content. Five separate tests were
conducted, with essentially the same results. Less than 0.1% of the initial

cesium loaded on the zeolite volaﬁil{ied.du:ingrthe melting process. The
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volatiliéed cesium was trapped in the scrubbing solutions. No cesium was
detected downstream of the scrubber; thus, based on laboratory-scale
equipment, the cesium volatility is minimal and can be controlled by the use
of appropriate off-gas scrubbers. It must be realized, however, that tests
, were not conducted at cesium levels above 70,000 Ci/liner equivalent, so
‘that results are hotbavailable at the 120,000-Ci/liner loading level. Tests
ﬁa; the 120,000-Ci/liner loading levels need to be conducted to providp'veri-
fication of the vitrification system, including the effluent cleanup
effiéiencies. 

However,lduring ﬁhe Nuclear Waste Vitrification Project, six fuel
assemblies irradiated at the Point Beach Nuclear Facility were processed in
B-Cell of tﬁe 324 Building.2 These bundles conféined approximately
1.2 x 10° Ci of activity per assembly. Processing (including dissolution,
boildown, and vitrification of the high—level waste solution) was completed
without any off-limit environmental release of radionuélides. ‘The two
8-in.-diam canisters'of vitrified high-level glass from this processihg con-
taiﬁed 1.05 x 10° and 2.64 x 105 Ci, respectively. | |
| If sodium titanate is used to obtain improved removal of étrontium,
additional labP;atory tests must be cbmpleted to confirm the vitrifica-

tion and effluent characterization of the zeolite-titanate mixture.

6.1.2 Potential Volume Reducfion with.a Vitrification System

In addition to the extreme stability of a vitrified waste glass, the
volume reduction factor is also very important.
During the laboratory-scale, nonradioactive tests mentioned above, a

" volume reduction of the glass frit/zeolite mixture was measured as it melted
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into the glass product. Using the results of these tests, calculations
were made relating the volume of CB sump water at TMI (about 600,000
gal) to the number of canisters of vitrified product. These results are
summarized in Table 6+1. 'The results are based on a 75% weight loading
of zeolite in the glass prodﬁct, which was the highest waste loading
that could be used and still ﬁroduce a high=quality product. The final -
vitrified product was assumed to be contained. in 8-in.-0OD canistets
filled to a level of 7 ft. An outside diameter of 8 in. was.chosen 80
that the filled cdanisters éoﬁld be stored in an AFR, utilizing ekisting
densified fuel stbragg racks. |

The results shown in Table 6.1 represent an ideal situation — that is,
one.in which the zeolitg loading and glass—to-zeolite ratio are controlled at
the maximum values. In actual operation, average values will probably be

somewhat lower to provide a safety margin allowing for normal operational

variations.
Table 6.1s ‘Reduction of Waste Volume
Initial Contaminated ‘ : ' Total
Waste Volume,2 Product Canigters of
(£t3) Ci per Liner (ft3) High=-Level ¢sb
90,000 10,000 : 232 105
90,000 60,000 39 . 18

90,000 120,000 20 -9

%The initial waéte volume is based on approximately 6003000 gals of
contaminated liquid, which is equivalent to about 90,000 ft- of 1liquid.
bCanisters are 8 in. OD x 7-ft fill height. :
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6.2 Findings

Laboratory vitrifica;ion testélhave been conducted at cesium levels
(loaded bn.zeolite) up to about 70,000 Ci/liner equivaient. It is anti-
cipated that thé increased,loadiﬁg should have no measurable effect.

The heat generation rate of a canister should not present a problem
if the canister is. to be disposed 6f in a geoldgic‘repository. At a
cesium loading of 120,000 Ci pér liner, a waste canister wouid'generate
less than 1 kW of heat.

If sodium titanate is used, to furthér‘impfové stroﬁtium reméval,

additional laboratory—scale vitrification studies Qould be required.
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7.0 INCREMENTAL COSTS
7.1 Components of Cost and Scenarios Evaluated

The cost components that were considered by.the qug Foqunggggis; of
the foiiowing: ' : o } a
(1) operation and_maintenahce of the st;
(2) storage of SDS liners on-site,
(3) shipment of SDS liners to a vitrification site,
(4) conversion of zeoiite to glass,

(5) shipment of the vitrified waste to a storage site,A

(6) waste disposal.

7.1.1 Operation and Maintenance of the SDS

Cost estimates for the operation-and maintenance of the SDS are not yet
available; however, as is noted in Table 7.i,-the total number of liners
needed for the'job ig appfoximately the.same for Cases I, II, and III (26,
27, and 25, respectively). The reference case (60'liners) would -require more
matérials (liners and zeolite ion eichahge material), but labor savings are
thought to be niegligible. The assumptions are made (1) that the time
required for proce;sing all the water is about the same, regardless of the
way the systém functions; (2) that two lines will still be required (only
one in operation at a time); and (3) that tﬁe same WOrk'force would be
needed to operate the system and change -linersf

7.1.2 Storage of SDS Liners On-Site

In the reference case, all of the liners are stored in the fuel pool.
When they are shipped, they will be unloaded from the pool into the

designated cask.
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Table 7.1. Number of SDS liners and glass canisters required

No. of Liners ' No. of Glass Canisters Total

High- Low- High- Low- Glass
Activity Activity Activity Activity Canisters
Level Level Total Level Level Total Plus

Case o Liners

Reference 60 . 0 60 105 0 105 165

Ia 5 21 26 9 37 46 72

Ib 5 F 21 26 9 0 9 35

Ila 10 17 27 18 29 47 74

IIb 10 17 27 18 0 18 . 45

11T 25 0 25 44 0 46 69

It is possible that, with tﬁe differentiatidn between high—-activity-level
and low-activity-level liners, the low-level liners could be stored outside the
pool. Such storage out;ide the pool would be. done for reasons other than
those of economy. Thdé, it is assumed that on—§ite coéts for handling SDS
linefs would be approximately the same for each case studied.~

7.1.3 Disposition of Loaded SDS Liners

Several casks are available for the transfer of liners from TMI to a pro-
cessing location. In reviewing the various candidate caské, it appears fhat_
legal-weight truck (LWT) caské'can be used f&r the reference cése as well as

Caséé IT and iII. An overweight truck (OWT) cask would be used for Case I.
The cost for shiﬁment was found to be the single most important variable.
Table 7.2 shows the total estimated cosgs_for each casé; In estimating costs,

an assumption is made that the cask will be transported either to a nearby site
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(250 miles) or to a distant site (2500 miles). Significant cost differen-
ces were identified for the two sites. The cost estimates assume that a
single cask is utilized for all shipments.

From Table 7.2, it can be concluded that Cases II and III are about
the same and are least costly with respect to shipment of the liners. The
costs for Case I are higher due to the use of an OWT cask; should an OWT
cask be needed for Case II also, then the associated costs would increase

- significantly.

7.1.4 Conversion of Zeolite to Glass

For purposes of estimating cost, it is assumed that the SDS liners
will be processed and that the zeolite from the liners containing high
levels of radioactivity will be incorporated in a glass matrix. The -
zeolite in the low=activity—level 5D5 lluers way or may not be incorporated
in a glass matrix. Cases Ia and IIa assume that all of the liners will be
vitrified, whereas in Cases Ib and IIb, vitrification of only the high-
activity-level liners is considered. Cost estimates have been developed
for vitrification, but not for other solidification processes. For pur-
poses of this study, the cost of solidifying the low—activity-level liners
is assumed to be 25% of the cost for vitrification. This estimate is
thought to be conservative since other solidification techniques, such as
cementation, are quite simple and do not require sophisticated equipmgnt
such aé.a glass melter and furnaces.

A summary of cost estimates for each case is found in Table 7.3. From
the table, it appears that Case III has a slight cost advantage over Cases 1

and II if all the zeolite in the liners must be incorporated in a glass
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Costs for Tfansporting Liners and Glass Canisters

Total Total

Liners Glass Canisters

Cost, Cost, Cost, Cost, Cost,
250 2500 250 2500 250

miles miles miles miles miles

Cost,
2500
miles

Case Number ($000) ($000) Number ($000) ($000) ($000) (5000)
Reference 60 140 610 103 31 1330 451 1940
Ia 26 111 360 46 178 620 289 - 980
Ib 26 111 360 9 43 126 154 486
Ila 27 85 296 47 161 617 246 913
IIb 27 85 296 18 86 261 171 557
III 25 82 277 44 154 258 236 857

matrix. Case Ib is the least costly option if only.the ‘high-activity-level

liners are incorporated in a glass matrix.

In all comparisons, -the

reference case is the most costly option if all of the liners must be

incorporated in a glass matrix, but would be only slightly greater in cost

than Cases Ib and IIb if all of the liners could .be considered to be low-

activity-level waste.

Table 7.3. Costs for Waste Solidification

Liners Vitrified

Liners Solidified

. Total
Number Cost Number Cost Cost
Case ($000) ($000) ($000)
Reference 60 3300 0 0 3300
Ia 26 1430 0 0 1430
Ib 5 275 21 289 564
Ta 27 1485 0 0 1485
IIb 10 550 17 234 784
III 25 1375 0 0 1375




89

7.1.5 Shiﬁment of Vitrified Waste to a Storage Site

| Once the SDS liners have been processed, and the zeolite vitrified,

it is assumed that the waste canisters will be returned to the'TMI site
for.interim storage. LWT casks are used'to transport the waste canisters

for allvcases. Again, as.in the shipment of théuéDS liners, significant ;ost
differences were identified due to distance. As in Section 7.1.3, the cost

| estimates aSsume';hat a single cask is utilized for all shipments.

From Tables 7.1 and 7.2, it can be concluded that Case Ib is the
least costly option, foilowed by Cases IIb and III. o

A comparison of each case has béen made with the reference case; thg
results are presented.in Table 7.4. This comparison shows that there is
incentive to vitrify only those liners which are considered high-éctivify-
'1eQe1 waste. If this‘caﬁhot be accomplished, then Case III would be the
leaét costly optioﬁ.

A comparison was also made between the'use of LWT and OWT casks.for
Cases IIa and IIb. ‘This comparison shows that, if OWT casks are required
for Case I1la, coéts would increase by 5128,000 (or 52%) for 250 miles
and $373,000 (or 41%) for 2500 miles. For Case IIb, the cost increases
Qould be $88,000 (or 51%) for 250 miles and $333,000 (or 60%) for 2500
miies; Most-significént.is the fact that‘Case IITI is more attractive

‘than Case II. if an OWT cask is required for Cases IIa and IIb. Case Ib

would then be the least costly option.
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Table 7.4. Factors for Estimating Transportation Costs When
Compared with the Reference Case

Case 250 Miles 2500 Miles
Reference 1 1
Ia - 0.64 0.51

-~ Ib 0.34 UeZ5
IIa 0.54 0.47
IIb 0.38 ‘ 0.29
111 0.52 ' 0.44

7.1.6 Waste Disposal

Once, the SDS liners have been processed, there will be some charges
associated with disposal of the zeolite. If it is assumed that all the
' waste must be stored, pending the establishment of a waste repository,
then the volume of waste to be stored is the greatest for the reference
case; the other cases are about equal to each other.

If only the vitrified waste is held for a repository) Case 1b would
be the least costly and would generate the least volume to be stored.
The reference case would generate the greatest volume and would be the
most costly. For all cases, the cost for disposal of these liners could
not be compared with the cost of storing spent fuel. The activity levels
are orders of magnitude less, and the loaded zeolite generates little or -
no heat.

No estimates are given for waste disposal costs. It should be
noted that these costs may differ significantly for.each case, depending

on the criteria for ultimate disposal.



91

7.2 Fiﬁdings

A'summary of cosﬁg forhthe'processing of SbS iinérs is fouﬁd in
‘Table 7.5. No cost estimates are assigned for éperations and main-
tenance or fof on-site handling and storage. The estimates for .these .
two cost centers are expected to be app;oximately equal, with the
reference-case costs being slightly higher. .Aiso, no costAestimates are
given for waste disbosal, since waste forms for a fepository have.not
yetrbeen defined and it is not known whether further‘treatment may be
required.

From Table 7.5,:i# abpeérs thavaase IB (vitrifiéétion ofléﬁiy
high*acti?ity—level loaded zeolite) will result in the lowest - cost
optién. If -all zeolite ‘must bebvitrified,‘then Case I appears to be the
lowest. However, if 250-mile shipmgnts are involved, Cases III and Ila
are essentially identical. Selection of the‘appfbpriate option would -

be based on' other factors.
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‘Table 7.5. Summary of Costs for Disposal of SDS Liners ($000)

Operations and On-Site Transport Solidifi- Waste - Total
Maintenance Storage 250 2500 cation Disposal 250 2500
Case , Miles - Miles ' Miles Miles
Reference  a a 451 1940 | 3300 - == 3751 5240
Ia - a’ a 287 980 1430 — 1717 2410
Ib ‘a a 154 486 564 —- 718 1050
Ila o a a6 913 1485 = 1731 2398
IIb . a a 171 557 784 -— 955 1341
111 a7 a 236 © 857 1375 — 1611 2232

dCosts not eétimatéd, but thought to be about the same fbr each case.
for reference: case may be slightly higher due to the need for additional
materials. . .

Costs
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8.0 CONCLUSIONS

The DOE-SDS Task Force concludes that it is techq%gally feasible to
load the zeolite liners used in the SDS to levels up to 60,000 Ci of
cesium per liner without additional preoperational testing. This would
result in approximately ten such liners. The Task Force further con-
cludes that these liners can be safely handled, stored, transported, and
vifrified. Moreover, the Task Force acknowledges that it may be tech-
nically feasible to load the liners to even higher levels.

Loading the SDS zeolite liners up to 60,000 Ci of cesium woﬁld
result in approximately 17 édditional strontium loaded liners if Ionsiv
1IE-95 (Na+ form) is used. The Task Force concludes that these liners
can also be safely handled, stored, transported, and disposed of, but
the choice of the form for ultimate disposal of these wastes is beyond
the scope of this exercise.

The Task Force addressed only the zeolite portion of the SDS and
did not consider the final purification portions of the system since

they have no bearing on the Task Force conclusions.
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APPENDIX A:
PROPERTIES AND PRODUCTION OF SODIUM TITANATE
The hydrolytic reaction of NaOH and water with titanium tetraisopropyl-

oxide yields sodium titanate as a finely divided white powder:
NaOH(methanol) + 2Ti(0C3H;)4 + 4H,0 + Na(Ti,OgH) + 8C3H,OH . (1)

Preparation and properties of sodium titanate have been extensively
studied at Sandia Laboratories by Dosch and co-workers!™® and at Hanford by
7,8

Schulz and co-workers. These studies demonstrated the very high affinity

90ge2%+ and other multivalent

and capacity of sodium titanate for sorbing
cationic rédionuclideshfrom weakly acid, neutral, and even highly alkaline
media.

The hydraulic properties of titanate powder made by the reaction shown
in. Equation (1) are not suitable forhlarge—scale célumn use. Sandia Labora-
tory and Rockwell Hanford scientists and engineers, in a’cooperatiVe effort
extending over several years, conducted and sponsored research to develop con-
solidated ftorms of sodiiim tiranate. These eIfurLs suu;eeded in developing the
technology for the manufacture of two acceptable and useful sorbent forms:
(1) sodium titanate—loaded (approximately 40 wt 7% titanate) macroreticular
anion exchange resin, and (2) sodium titanate pellets containing 10 to 30 wt %
of either an alumina or a calcium aldminate binder and consolidated at tem—
peratures in the range 150 to 320°C. Kilogram amounts of titanate-loaded
macroreticular resin have been prepared by Cerac, Inc., Milwéukee, Wisconsin,

while the Norton Company has manufactured kilogram quantities of several kinds’

of titanate pellets.
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Mechanical and chemical properties of titanate—loaded resin and tita-
nate pellets were inveétigated with synthetic waste solutions by Dosch3 and
with actual Hanford defense waste solutions by Schulz.7’8 These tests
affirmed for both titanate forms excellent sorption and capacity propefties;
coupled with satisfactory hydraulic performance. Kinetics of the uptake of
Mg, by titanate pellet forms are significantly faster at 60°C than at 25°C.

The sodium titanate powder manufactured by Cerac, Inc., was among the
variety of sorbents screened for possible use in the decontamination of the
high—activity-level water at TMI-2.2 Small-column tests (2 mL of sorbent per
colﬁﬁn) were made using synthetic TMI-2 water containing 3000 ppm boron, as
boric acid, and 40001ppm sddium, as sodium hydrqxide. The synthetic water
was traced with approximately 125 uCi/L of either 89sr or 137cs. The sodium
titanate powder used in the column tests was screened to obtain a fraction
ranging in size from 350 to 420 um. Three tests were made using sodium
titanate as the only sorbent, and two tests were made using a l-mL layef of
sodium titanate on top of a l-mL iayer of AW-500 zeolite (Ionsiv IE-95). The
titanate alone was a poor sorbent for cesium (50% breakthrough at 40 bed
volumes, while using a 4-min residence time) but was an exceptionally good
sorbent for strontium (a DF of 2000 or greater was obtained with no evidence
of breakthrough during a 1400-bed volume test using a 2-min residence time).
During tﬁe tests made with layers of sodium titanate and AW-500, the stron-
tium breakthrough was 5% after 2375 bed volumes when using a l-min resi-
dénce time, and 0.1% after 525 bed volumes when using a 20-min residence
time. The titanate powder tested had a soft, fragilé texture which did not
appear to be suitable for use in large columns. . Since the conclusion of the
column tests, samples of pelletized sodium titanate have been obtained but

@

have not been evaluated.
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Kenna4

"irradiated (60Co) samples of so@ium titanate powder and sodium
titanate-loaded macroreticular anion exchange'resin at about 100°C to doses
as high as 2 x 102 rads: The strontium exchange capacity of theApowder re-
mained consta&t through a dose of 3 x 107 rads; 507% of the exchange capacity
was retained even after a dose of 2 x 107 rads. [The exchange capacity of
unirradiated.sodium titanate for strontium in alkaline solution is quite
_high (10 meq/g titanate) compared with that of conventional organic cation
exchange resin.] Kenna believes that the|primary loss of capacity of the
powder was due to heating during the irradiation; previous work® with sodium
titanate has\demonstrated that coﬁtinued exposure to elevated temperature
causes a’ continued decrease in cation exchange capacity. Properties of the
titanate-loaded anion exchange resin were unchanged after a dose of 5 x

108 rads; after a dose of 2 x 109 rads, the resin form retained about 30% of

its original cation exchange capacity.
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APPENDIX B:

SHIPPING CASK ALTERNATIVES

Ttie following provides information on availablé'spent fuel and
waste shipping casks which could be used to transport SDS liners and

vitrified canisters.
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CASK: Chem—Nuclear Systems CNS 1-13G (GE-1600)

CERTIFICATE OF COMPLIANCE: 9044/B( )F

TYPE OF CASK: Legal-Weight Truck

CASK DESCRIPTION:
Steel encased lead shielded shipping cask. A double-walled steel
cylinder protective jacket encloses the cask during transport. it
is bolted to a steel pallet. The cask is closed by a lead-filled
flanged plug fitted with a silicone rubber gasket and bolted clo-
sure, The cavity is equipped with a drain line.

CASK AVAILABILITY:
1 available from Chem—Nuclear Systems

APPROXIMATE LEASE RATE:
$250/day

ADDITIONAL INFORMATION (Per GPU input):

0 This cask design is basically the sawe as the 1-13C except that

it has a steel overpack; the steel and air space increase rated
shielding from 5.7 inches to 6.2 inches lead equivalent.

0 G, E. and CNS each have one cask.

0 Certificate #9044 expired May 31, 1980 but NRC has permitted one
year extension of use under the same certificate limits.

o Certificate does not cover de-watered resins except for -those of
" low specific activity.

0 This cask's certificate could possibly not be upgraded for de-
watered resins without extensive review and a 30-foot drop test (as
with 1-13 C).
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CASK: Chem—Nuclear Systems CNS 1-13C (CNS-1600)

.CERTIFICATE OF COMPLIANCE: 9081/B( )

TYPE

OF CASK: Legal-Weight Truck

CASK DESCRIPTION:

A steel encased lead shielded shipping cask. The packaging is a
steel double-walled, lead-filled circular cylinder. A steel, plug-
type, lead-filled lid is attached with twelve 1=1/4 inch bolts, and
a silicone gasket. Outer steel sheets are separated from the cask
walls with small diameter wires. The lead shielding is 5 inches in
the sides, 6 inches in the base and 5-3/4 inches in the lid. Two
bolted-on steel lugs are for lifting only. The lid has a steel
U-bar for lifting. The cavity drain line is closed with a plug.
The cask is 39 inches in diameter and 68=1/2 inches long. The
cavity is 26<1/2 inches in diameter and 54 luclhies loug. The
packaging weight is about 20,950 pounds. Decay heat to not exceed
600 watts. .

AVAILABILITY:

2 available

APPROXIMATE LEASE RATE:

$250/day

‘ADDITIONAL INFORMATION (per GPU input):

(o}

Complete revision to certification package is still ‘under
preparation; should be submitted to NRC after completing gamma
scans to verify post—drop test integrity. .

L]

Approved certificate expected within approximately three months.

Basis of 600 watt heat limit was the data package calculation for
the CNS 1-13G cask (since CNS 1-13C casks were originally G's but
became C's with removal of the overpack).

Possibility exists for increasing from 600 W to 800 W heat rate for
re—-certification.

Still not determined that two loaded casks can be etransported on
one trailer without being overweight. CNS attempting to reduce
cab/trailer weight to permit double transport at legal weight.

Chem Nuclear has two CNS 1-13C casks but would need commitment on
usage before building more casks or promising cask availability.
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Chem—Nuclear Systems Vandenburgh Cask (CNS 3-55)

CERTIFICATE OF COMPLIANCE: 5805/B( )F

TYPE

CASK

CASK

OF CASK: Overweight Truck
DESCRIPTION:

The package is steel—-encased, lead-shielded cask with crushable
impact limiters. The basic cask is a steel cylinder 133-3/4 inches
long by 50-1/2 inches in diameter with maximum cavity dimensions of
36 inches in diameter by 116 inches long. Shielding is provided by
6 inches of lead in the sides and closure base plate and 5-1/4
inches in the clased end.

The outside steel encasement is made up of two, 1/2-inch plates on
the sides and three plates totaling 2-5/8 inches on the end. The
containment vessel is a 1/4-inch thick cylinder with a 1/2-inch end
plate. The shells are welded together with the lead shielding
poured to fill the ‘annular and end spaces.

The removable, flanged and recessed base plate weldment consists of
0.38-inch and 1-1/4-inch outside plates and a 1/2-inch inside

plate. The space between the plates is lead-filled.

The gross weight of the package, excluding the skid and sunshade, is
approximately 70,000 pounds. The skid weighs about 4,200 pounds.
Decay heat load not to exceed 800 watts.

AVAILABILITY:

One in existence with limited availability

APPROXIMATE LEASE RATE:

$250/day

ADDITIONAL INFORMATION (per GPU input):

(o}

(o}

(o}

o

CNS has two ‘casks.
01d bell-jar design, bottom loading.

Certificate #5805 expired December 1980; renewal of certificate was
requested.

Major refurbishment expected before certificate update would be
granted.
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CASK: Chem—Nuclear Systems CNS 4-85

CERTIFICATE OF COMPLIANCE: 6244/B( )
TYPE OF CASK: Legal-Weight Truck
CASK DESCRIPTION: -

The package consists of a steel and lead shielded cask. The cask
is positioned within an overpack constructed of steel and honeycomb
material. The gross weight of the package is 46,000 pounds.

The mild steel cask is approximately 111-1/2 inches in length and
58 inches in diameter. The walls, top, and bottom are of 2—-inch
thick steel plate. Shielding is provided by 2 inches of lead
within the walls and 2-inch thick steel walls of the cask. The
cask 1lid is secured to the cask body by twenty-four 3/4-inch
diameter bolts and is sealed by compressible polyurethane seal.
Lifting devices are attached to the 1id and body of the cask.

The cask is positioned within an overpack approximately 139-1/2
inches in overall length and 89-3/8 inches in diameter. Aluminum
honeycomb material is confined by an outer steel shell 3/8-inch
thick and an inner steel shell of 1/4-inch thickness. The overpack

. cover is of the same construction as the rest of the overpack and
is secured to the walls by eight 5/8-inch diameter bolts. Lifting
devices are welded to the outer shell of the overpack cover. Decay
heat to not exceed 10 watts.

CASK AVAILABILITY: *
1 available
APPROXIMATE LEASE RATE:

$250/day
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Chem—Nuclear Systems CNS 8-120 (LL-50-100)

CERTIFICATE OF COMPLIANCE: 6601/B( )

TYPE.

CASK

OF CASK: Overweight Truck
DESCRIPTION:

The packaging is a steel-encased, lead shielded shipping cask which
weighs approximately 70,000 pounds when loaded. The cask is 73,5
inches in diameter by 92 inches high, with' an effective cavity 62
inches in diameter by 75 inches long. Gamma shielding -equivalent
to 4.5 inches of lead is provided by lead and steel. The outer
shell is fabricated of two 3/4-inch thick steel plates and the
inner shell of 1/2- and l/4-inch thick plates. The cavity is
closed and sealed by thirty-two 1-3/4 inch bolts and a silicone

*0-ring within a recessed groove on the flange of the cask. A steel

"CASK

collar encircles the outer shell in the 1lid area. Shackles are
used for lifting the packaging and the lid. Tie—down is
accomplished through a steel structure which is not attached to the
package. The 1lid provides several threaded and sealed access plugs
and the base has a drain line. Decay heat to not exceed 20 watts.

AVAILABILITY:
2 in existence with fair availability.

2 being fabricated, expected completion date of March 1981,

APPROXIMATE LEASE RATE:

$250/day
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CASK: General Electric IF-306

CERTIFICATE OF COMPLIANCE: 9001/B( )F

TYPE OF CASK: Rail (Heavy-Haul Road-Short Digtance)
CASK DESCRIPTION:

A stainless steel-encased, depleted uranium shielded cask. The
cask is cylindrical in shape, 64 inches in diameter and a maximum -
of 210 inches long with maximum cavity dimensions of 37-1/2 inches
in diameter by 180-1/4 inches long. Shielding is provided by 4
inches of depleted uranium, 2-1/8 inches of stainless steel and a
minimum of 4-1/2 inches of water. :

Two closure heads are provided for the shipment of BWR and PWR fuel
assemblies. The heads are 304 stainless steel forgings and end
plates which encase the 3-inch thick depleted uranium shielding.

The cask has two types of fuel baskets which can be interchanged
to accommodate various fuels. The PWR basket holds 7 assemblies;
the BWR basket holds 18 assemblies. The BWR fuel basket may be
provided with supplementary shielding (depleted uranium) near the
cask closure.

The cask is shipped horizontally with the bottom supported in a
tipping cradle between two pedestals and the upper end resting in a
semi-circular saddle; the upper end is pinned to the saddle. The
cask supports are welded to the framing of a 37-1/2-foot long by 8-
foot-wide structural steel skid. The skid also holds the cask
.cooling system which consists of two diesel engines driving two
blowers which discharge into common ducting. Four ducts run the
length of the cask and direct cooling air to the corrugated sur-
face. Operation of the auxiliary cooling system is not a require-
ment of this package approval.

The entire cask and cooling system are covered by a retractable alu-
minum enclosure. Access to the enclosure is' via locked panels in
the side and a locked door in one end. Although the Model No.
IF-300 cask can be transported for short distances on the highway,
its principal mode of transportation is by railroad. Decay heat

not. to exceed 11.7 kW (air coolant), 61.5 kW (water coolant).

AVAILABILITY:
4 available, 1 owned by a utility
APPROXIMATE LEASE RATE:

'$3000/day
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CASK: National Lead NLIflO/24

CERTIFICATE OF COMPLIANCE: 9023/B( )F

TYPE

OF CASK: Rail

CASK DESCRIPTION:

A lead, water, depleted uranium and high temperature polymer
shielded shipping cask, encased in stainless steel, equipped with
balsa impact limiters, and mounted to a railcar which is considered
to be an integral part of the packaging for normal conditions of
transport. The cask body is 204-1/2 inches long by 96 inches

outer diameter. The principal shielding consists of 6 inches of
lead and 9 inches of water. Depleted uranium plates are encased in
the bottom end forging and cask inner closure head. High- °
temperature polymer sheet is encased in the bottom end and posi-
tioned between the inner and outer closure heads at the top end.

" The lead shield is bonded between a 3/4-inch stainless steel inner

CASK

shell and a 2-inch stainless steel outer shell. The outer shell is
surrounded by a 3/4-inch stainless steel water jacket shell. The
three (3) shells are welded to stainless steel forgings at both

.ends. Four (4) water expansion tanks are mounted to the railcar,

and are connected to the water jacket by a flexible metal hose.

The primary containment vessel is comprised of the 3/4-inch inner
shell and the inner closure head. It is 179-1/2 inches long and
has a 45-inch inside diameter.

The fully loaded cask, excluding the railcar, is approximately
194,000 pounds, which includes a maximum gross weight of the cavity
contents of 34,100 pounds- (fuel, spacers, fuel basket, etc.). Decay
heat to not exceed 70 kW.

AVAILABILITY:

2 available

APPROXIMATE LEASE RATE:

$3000/day
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CASK: Nuclear Fuel Services NFS-4
Nuclear Assurance Corporation NAC-1

CERTIFICATE OF COMPLIANCE: 6698/B( )F
TYPE OF CASK: Legal-Weight Truck
CASK DESCRIPTION:

A steel, lead and water shielded shipping cask. The cask is a
right circular cylinder with upper and lower steel-encased balsa
impact limiters. The overall dimensions are 214 inches in length
and 50 inches in diameter. The gross weight of the cask is
approximately 50,000 pounds. The inner cavity is 178 inches long
and 13.5 inches in diameter. The thickness of the inner shell is
5/16 inch and 1-1/4 inches for the outer shell. The two stainless
steel shells are welded to a 2-inch thick stainless steel shield
disc at the bottom. The annulus belween Lhe ianner and outer shells
is filled wiLh lead (waxiwum lead thickness 6-5/8 inches; minimum
5 inches). Decay heat to not exceed 2.5 kW.

CASK AVAILABILITY:

Seven available, although only two are currently certificated for
use on a de-rated basis.

APPROXIMATE LEASE RATE:

Short-term use -- $1600/day
Long—term use =-= $650/day
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CASK: National Lead NLI-1/2
CERTIFICATE OF COMPLIANCE: 9010/B( )F
TYPE OF CASK: Legal-Weight Truck

" CASK DESCRIPTION:

A depleted uranium, water, and lead shielded shipping cask, encased
in stainless steel, and equipped with balsa impact limiters. The
cylindrical cask body is 195-1/4 inches long by 47-1/8 inches OD.
The principal shielding consists of 2-3/4 inches of depleted ura-
nium, 2-1/8 inches of lead, and 5 inches of water.

A 7/8-inch thick stainless steel outer shell is welded to a solid
stainless steel forging at each end of the cask. The outer shell
of the cask is surrounded by 'a 1/4-inch-thick steel water jacket
that is also attached to the end forgings. A water expansion tank
is welded to the water jacket shell. The inner cask cavity is
formed by a 1/2-inph thick, stainless steel cylindrical shell, )

- welded at its top end to the upper cask forging and at its bottom
end to a circular plate.

There are two separate configurations of the cask.

Configuration (A): The containment vessel is a right circular
stainless steel shell, 12-5/8 inches ID by 178 inches inside length
by 1/4 inch thick, located within the inner cask cavity. The con-
tainment vessel is closed and sealed by a 5-inch thick, composite
steel and uranium closure head, twelve l-inch diameter bolts, and a
silver plated, metallic O-ring. Eight of the twelve closure bolts
are used to secure the containment vessel to the upper cask
forging. Closure of the cask cavity is .by a 1-1/2-inch thick steel
‘closure head, eight l-inch diameter bolts, and an elastomer O-ring.
The radioactive contents are positioned and supported within the
containment vessel (inner container) by an aluminum basket and
internal support structure.

Configuration (B): The containment vessel is the 1/2-inch thick
inner cavity shell. The 1l/4-inch thick inner container is not
used. The cask cavity is closed by two closure heads. The inner
head is a 6-inch thick, composite steel and uranium plate secured
to the upper cask forging by twelve l-inch diameter bolts and
sealed with a silver plated, metallic O-ring. The outer head is
1-1/2-inch thick forging secured by eight l-inch diameter bolts and
sealed with an elastomer O-ring. The radioactive contents are
positioned and supported within the containment vessel (inner cask
cavity) by a modified aluminum basket and internal support.struc—
ture.
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The package, including impact limiters, has an overall length of
237 inches and an outside diameter of 75 inches. The maximum
weight of the contents is 1600 pounds. The weight of the package

'is approximately 47,500 pounds. Maximum decay heat to not exceed
10.6 kW.

CASK AVAILABILITY:
5 available

APPROXIMATE LEASE RATE:

Short-term use — $1600/day
Long-term use — $650/day '
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CASK: General Atomic Company FSV-1

CERTIFICATE OF COMPLIANCE: 6346/B( )F

TYPE OF CASK: Legal-Weight Truck

CASK DESCRIPTION:
The cask is cylindrical in shape, 208 inches long, and 28 inches in
diameter for most of its.length except for a flange at the top end
which is 11-3/8 inches thick and 31 inches in diameter. Uranium
shielding, 3-1/2 inches thick in the walls and 2-1/4 inches in the
lid, is encased in stainless steel. The fuel elements are of hexag-
onal cross section and are loaded into the fuel container, six in
one column, which is located inside the cask. Total weight,
including contents, is approximately 46,000 pounds. Decay heat to
not exceed 4.1 kW.

CASK AVAILABILITY:
3 available, 2 fully committed

APPROXIMATE LEASE RATE:

$1400/day on long-term (one-year) basis
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Tranénuclear TN-8

CERTIFICATE OF COMPLIANCE: . 9015/B( )F

TYPE

OF CASK: " Overweight Truck

CASK DESCRIPTION:

CASK

A lead, steel and resin shielded irradiated fuel shipping cask.

The cask approximates a right circular cylinder 1,718 mm in
diameter and 5,516 mm long. The cavity consists of three (3)
stainless steel square pressure vessels welded to an end plate and
a circular stepped top fiange, separated by a T=shaped cupper plate
and surrounded with B,C + Cu plates. Each cavity is 230 x 230 mm
and 4,280 mm long. The main shielding consists of 135 mm of 1lead,
26. mmn of steel, and 150 mm of resin. A wet cement layer is located
between the lead and the outer shell. Radial copper fins are
welded to the outer shell and cover the surface of the cask between
each end drum. Decay heat to not exéeed 35.5 kW.

AVAILABILITY:
None available ‘ 1/81
One available . 1/82

APPROXIMATE LEASE RATE:

$2200/day
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CASK: Chem—Nuclear Systems CNS 14-190
CERTIFICATE OF COMPLIANCE: 5026/B( )
TYPE OF CASK: Overweight Truck Cask
CASK DESCRIPTION:

The packaging is a steel-encased, concrete shielded shipping cask.
The cask is 94-1/4 inches in diameter by 103-3/4 inches in length.
Reinforced concrete occupies. the seven—inch annular space between
the shells and the two base plates. The 1lid is a 4-3/4-inch-thick
laminated steel cover held in place by thirty—-two high strength
1-1/4-inch-diameter bolts. A silicone O-ring is used to seal the
joint between the 1lid and the cask body. The outer shell and base
plate are 1/4 inch thick, while inner shell and base plate are 2
inches thick. The cask is reinforced at the top and bottom with
steel rings and is equipped with lifting lugs. The 1lid is provided
with two access ports. Gross weight is about 71,000 pounds. The
cavity dimensions are 73 inches diameter by 88-1/4 inches in
length. Decay heat to not exceed 20 watts.

'CASK AVAILABILITY:
Unknown
APPROXIMATE LEASE RATE:

$250/day
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CASK: Hittman Nuclear HN-200
CERTIFICATE OF COMPLIANCE: 6574/B( )
TYPE OF CASK: Legal Weight Truck
CASK DESCRIPTION: .

The packaging consists of a steel-lead-steel annulus cask fabri-
cated in the form of a right circular cylinder and three different
types of inner containers. The shielded cask, closed at one end
and a 1id closure at the other, is 66.25 inches in diameter by 74.5
inches in height. The cask wall comslsis of a 3/8=inch iuner steel
shell, 3-3/4 inches of lead shielding, one-inch outer steel shell,
and a steel flange connecting the two shells. The cask outer shell
is surrounded by a one-inch layer of insulating material and canned
in l4-gauge steel. The cavity dimensions are 54 inches in diameter
by 62-1/8 inches in height.

The 1id, sealed by a Viton O-ring, is of similar construction and
is bolted to the cask body. A cylindrical shield plug is located
in the center of the cask lid and is sealed by a Viton O-ring.
Lifting and tie-down devices are attached to the cask body and
impact skirts, consisting of removable rings of shock absorbing
foam, are attached to the ends of the cask.

The packaging (empty) weight is 37,325 pounds, and the package
(loaded) weight is 44,725 pounds. Decay heat to not exceed 60
watts for a single disposable inner container consisting of a right
- circular steel cylinder with a positive leaktight closure cap at the

top.

CASK AVAILABILITY:
Oune. inn existence with limited avai]aﬁility

APPROXIMATE LEASE RATE:

$250/day
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APPENDIX C:
PRELIMINARY EVALUATIONS OF VITRIFYING TMi ZEOLITE

Pfeliminary evaluations were conducted at PNL to determine the feasi-
‘ bility of vitrifyingAThree Mile Island zeolite. The objectives of these
scoping tests were: (1) to develop a glass formulation for the TMI
zeolite which optimized the volume of zeolite incorporated into the
glass, (2) to demonstrate the vitrification process in laboratory-scale
equipment, and' (3) to completc these studies with zeolite loaded wifh:
nonradioactive isotopes of cesium and strontium to determine whether
volatility would be a significant problem.

Glass formulation studies-were initiated to iden;ify which chemicals
must be added to the zeolite so that it would dissolve completeiy in a
glass. Some of the compositions tested are shown in Tables C-1 and C-2. ,
The resultes for glasses 80-195 and 80-197 (Table C-1) demonstrated that
‘the élass must contain approximately 12 to 16% alkaline components (Naj0,
L120; and/or Ky0) in order to achieve satisfactory dissolution of the
zeolite. The results for glasses 80-206 and 80-206A (Table C-2) showed
that pulverizing the zeolite aids in its dissolution. Since pulverizing
wbuld_be a costly and complicated process, it was deci&ed to develop a
glass formulafion with unpulverized (as-received).ﬁaterial. At this
time, the cesium=- and strontium—-loaded zeolite was used to complete the
glass formulation studies so that leach tests could be completed.

Table C-3 gives the results of the glass fo;mulgtion studies with leach-
test results. Two of the glasses (80-215 and 80-216) had 75%:zeolite.
loadings, go;d appearances, and excellent leach rates. Since the cesium
losses were both very low, 80-216 was selected as the glass formulation to
be used becausé of slight1§ better leach rates and féwer chemical additives.

One final series of tests was completed to determine whether the zeolite loading



114

Table C-1. Glasses? with Unpulverized Zeolite

Composition (wt %)

(as received)

Glass # Glass # Glass # Glass # Glass #
Oxide 80-195 80-196" © 80-197 80-198 80-199

D03 5. 84 - - - —
ca0 2.q24 | — - 10.0 2.0
Li,0 6.50 S - 4.39 - 6.0
Na0 -10.40 - 7.69 5.0 2.0
TiO0p 9.14 - -- - -
Na9B.407 .- 18.7 - - ' -
Zeolite 65.26 81.3 87.91 85.0 90.0 -

4Glass description: o

80-195
80-196
80-197

80-198
80-199

nn

smooth, transparent amber glass with no undissolved
zeolite detected; melted at 1050°C.

only partially melted; most of the zeolite remained
as free material.

only partially melted at 1U50°C; much of the zeolite
remained undissolved. ’

did not melt at 1050°C.

only partially melted at 1050°C.
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Table C-2. Glasses? with Pulverized Zeolite

Composition (wt %)

Glass ¥ Glass # Glass Glass i dlass.#

Oxide 80-202 80-203 80-204 80-205 80-206
B203 - —- — 3.35 -
Ca0 - . - - . 1.68 ' -
Kéo -~ .- - 4.00 5.00
Li,0 - - - 3.72 5.00
Na0 - - - 3.72 12.00
31o§ - - -- 17.52 -
Ti0, - - — 6.00 8.00
NaB407 35.0 30.0 25.0 - --
Zeolite 65.0 70.0 . 75.0 60,0 70.0
(pulverized) : : 4

8Glass description:

80-202
80-203
80-204

80-205-

80-206

80-206A

melted completely at 1150°C; very viscous; no
undissolved zeolite detected. v
melted at 1150°C; much of the zeolite remained
undissolved in the glass. '

melted at 1150°C; much of the zeolite remained

. undissolved in the glass.

melted completely at 1100°C; very viscous; a few
large air bubbles and many small air bubbles trapped
in the glass.

melted completely at 1050°C; viscosity of about 150 -
poise at 1050°C; transparent amber glass with some

-white crystalline material but no undissolved

zeolite.
same composition as 80-206 except the zeolite was not

pulverized; melted at 1050°C but much of the zeolite
remained undissolved in the glass.



Table C-3. Glassesa ywith Cesium-Doped Zeolite

Composition (wt %)

Glass # Glass # Glass # Glass # Glass # Glass #
Oxide . 80-213 80-214 80-215 80-216 N 80-217 . 80-218
B203 5.84 5.04 4.20 5.0 - ' -~
Ca0 2.92° 2.52 2.10 - - ‘ -
K70 ' - -- - - 5.0 -
Lio0 6.50 5.61 4,68 5.0 5.0 -
Na20 10.40 8.98 7.48 8.0 10.0 10.0
TiO0p ) 9.14 7.89 6.57 7.0 10.0 -
Na;B,07 - - - - - 20.0
Zeolite with cesium 65.26 -70.0 75.0 75.0 70.0 70.0
pH leach test - (wt A lost) 10.64 4,39 - 0.43 0.32 0.53 27.18
- (g/en?-day) 4.1 x 107% 1.7 x 107™% 1.7 x1077 1.2 x 107 2.0 x 1070 1.0 x 1073 £
Soxhlet - (wt % lost) 1.80 1.39 .0.99 0.94 1.1& 1.14
- (g/¢m2-day) 6.¢ x 107 5.4 x 107> 3.8 x 107 3.6 x 107> 4.5 x 107> 4.4 x 107
- Cesium - (wt % lost) 0.45 0.97 0.31 0.48 0.31 0.23
- (g/cm?-day) 1.8 x 107> 3.7 x 107 1.2 x 107 1.9.x 107 1.2 x i0™> 9.0 x 1076
8Glass description:
80-213 = melted at 1050°C; transparent amber glass with some white crystallinz= material (probably
titanium); no undissolved zeolite detected. :
80-214 = melted at 1050°C; transparent amber glass with very little crystalline material; no
undissolved zeolite detected. ‘
80-215 = melted at 1065°C; transparent amber glass with no crystallire material or undissolved
zeolite detected. :
80-216 = melted at 1065°C; transparent, dark amber gless with many air bubbles trapped in the
' glass; no urdissclved zeolite in the glass.
80-217 = melted at 1065°C; transparent amber glass with a great deal of white crystalline material;

no undissolved zeolite seen in the glass.
80-218 = melted at 1065°C; greenish-yellow glass; some zeolite can be seen in the glass.

——
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could be increased. These results (Table C-4) showed that the zeolite
loading limit is less than 80%. With a temperature limit of 1100°C
(in-can melter procéss limit) and the requirement that the zeolité not
be pulverized, 80-216 was selected as the bptimum glass formulation.

'Laboratory-scéle process ‘verification tests were initiated ﬁpon»
completion of the glass optimization tests. The zeolite and glass for-
mers were vitrified in a laboratory-scale in-can melter. The process
eff luents were pulled by vacuum through a condenser, acid scrubber,
caustic scrubber, and a filter, as shown in Figure C-l.

At the end of each test, the condenséte and the two scrub solutions
were analyzed for cesium to obtain volatility data. The initial plan
was to melt two canisters of glass product. The first canister was a
batch melt. The zeolite and glass formers were mixed and added to the
canister. The furnace was heéted to 1050°C, where it was held for 2 h.
The second canister was a continuous melt. The melter Qas preheated to
1050°C, and the zeolite-glass formers mixture was fed to the‘canister.
The test apparatus being used was not adequately designed to handle a
continuous feeding process. - Without a filter on the off-gas line, there
was particulate carry-over to the condenser. The off-gas, which was
released instantly as the zeolite was added to the hot canister,
pressurized the system because the off-gas line was too small to handle
the off-gas fiow, There was insufficient time to modify the system for
zeolite feeding; therefore, two more batch melt tests were conducted to
ohtain additional volatility data. The results from these four tests
are shown in Table C-5. Run 2 shoWs greater volatility due to the par-
ticulate carry-over during this operation. Fof Runs 3 and:4, the off-

gas line from the canister to the condenser was rinsed with acid and
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Table C-4. Waste Loading Limitations of Glasses?

Composition (wt %)

: Glass # Glass # " Glass #

Oxide 80-223  80-224 80-225

B0 | 4.0 3.0 2.0

Lig0 - 4.0 3.0 2.0

Na0 6.4 4.8 3.2

TiO)p e 5:6 . | _ 4,2 : 2.8
Zeolite with cesium O suio '5 85.0 ‘ 90.0

4Glass description: ) ‘
80-223 = melted at 1100°C; dark amber glass with many air
bubbles and -a -small amount of undissolved zeolite.

'80-224 = ‘melted at 1I00°C3 very dark amber glass with much of
the zeolite remaining undissolved.
80-225 = did not melt completely at 1100°C; most of the

. zeolite remained-on the top of the glass,. unaffected
" by the added chemicals.

The waste loading limit using the selected optimum glass composition,
80-216 (Table C-3), is about 80%. A 75% waste loading made a glass with
good appearance and good leach rate.
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Table C-5. Laboratory-Scale'TMI Zeolite Vitrification Results

Run No. ‘ , v Zeolite Vitrified Cesium Lost
: ‘ (g) : (wt %)
1 o 1741 0.0014
2a .. 3419 0.063
3 ' 1750 - - 0.026
4 N 1755 : 0.027

" 8pye to the significant volume reduction, twice as much zeolite was added
during thc continuous=feeding run.

-
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water to remove any cesium which had plated out. there. This accounts
for the higher volatility when compared with Run 1 (Runs 1, 3, and 4
were identical).

These valatility results were so low that one last series of tests
was conducted to verify this phenomenon. The cesium—loaded zeolite was
mixed with the glass—forming cﬁemicals and added to four crucibles.

Each of these crucibles was then heated to 1050°C and held at that tem-
perature for 2 h. The résulting glasses were then analyzed for cesium to
determine cesium volatility. In the absence;of cesium volatility, the

) theoretical ambqnt of cesium in the glass would be 1.66 wt % (as CszO*).
The'four glass samples had Csy0 contents of 1.07, 1.02, 1.06, and 1.04 wt
%. Again, cesiuﬁ volatility was negligible. .

The conclusions reached by this series of preliminary evaluations
were as follows: (1) glass 80-216 with a 75% zeolite loading would be
an optimﬁm formulation; (2) vitrification with the in-can melter proceés
would be feasible; and.(3) cesium volatility would not pose any serious

problems.

*Glass samples must be analyzed for constituents as oxides.
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