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EVALUATION OF INCREASED CESIUM LOADINGS ON SUBMERGED DEMINERALIZER 
SYSTEM ZEOLITE BEDS 

EXECUTIVE SUMMARY 

A Submerged Demineralizer Sys tem (SDS ) is  being installed at the 

Three Mile Is land Unit 2 (TMI-2 ) Nuclear Power Station for decon-

taminat ion of the Containment Building (CB ) sump water and Reactor 

Coolant System (RCS ) wa ter .  

A Department o f  Energy (DOE ) Task Force was as sembled t o  evaluate 
. 

the relative technical and financial benefits  in storing , shipping , 

trea ting , and disposing of SDS zeolite liners , assuming that the liners 

will be loaded to a level higher than that ( 1 0 , 000 Ci /liner ) originally 

planned by General Public Utilities (GPU ) .  

The DOE-SDS Task Force concludes that it is technically feas ible to 

load the zeolite liners  used in the SDS to levels up to 60 , 000 Ci of 

cesium per liner wi thout add i tional preoperational tes t ing. Thi s  would 

result  in approximately ten such liners . The Task Force f urther con-

eludes that these liners can be safely handled ,  stored , transported , and 

vitrified.  Moreove r ,  the Task Force acknowledges that it may be tech-

nically feasible to load them to even higher levels . 

Loading the SDS zeolite liners up to 60 , 000 Ci of ces ium would 

result in approximately 17 additional stront ium-loaded liners if Ionsi v  
+ 

IE-9 5 (Na form) is used . The Task Force concludes that these liners can 

also be safely handled , store d ,  transported,  and disposed of ; however ,  

the choice of the form for ultimate disposal of these wastes is beyond 

the scope of this exercise . 
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The Task Force addressed only the zeolite portion of the SDS and 

did not consider the final purificat ion portions of the system, since 

they have no bearing on the Task Force conclus ions . The findings in 

each of the areas to support the Task Force conclus ions are summarized 

below.  

Process  Flownhcet 

Laboratory-scale process tests were conducted at Oak Ridge National 

Laboratory (ORNL ) with actual TMI -2 Containment Bui lding water . These 

tests  verified that the SDS liners con] ci hP loaded to 2 00 bed volumes 

(approxi mately 10 , 000 Ci of cesium per liner ) ,  in accordance with the 

reference flowsheet , without ces ium or strontium breakthrough . These 

tests also d�mons trated that SDS liners �auld be loaded to about 500 bed 

volumes (22 , 000 Ci/ line r )  with les s  than 1 %  strontium breakthrough. 

Further ORNL tes t ing indicated that SDS liners could be loaded to at 

least  1000 bed volumes of zeolite (42 , 000 Ci /line r )  without cesium 

breakthrough ,  but wi th s ignificant breakthrough of st ront ium, which 

could be removed by addit ional downs tream liners . E xtrapolat ion of. 

these exper i mental data indicates t hat increasing the loadings to 6 ,0 , 000 

Ci , or more ,  of cesium per liner should be readi ly achievable .  

The ORNL inf ormation served as a basis  for es t ablishing several · 

opt ions used to evaluate the relative merits of higher SDS line r  

loadings . The approximate number of zeolite · liners for each opt ion is 

listed in Table 1 . 1. The reference case of 1 0 , 000 Ci per liner re quire � 

a tota l of 60 liners . All other cases considered result in a twofold 

reduct ion i h  the total number of zeolite liners . 



Case 

I a 
Ib3 

II  a 
Ilb3 

I II 

IV ( Reference 
Case )  

· Table 1 . 1 .  SDS Liners Required as a Function of Ces ium Loading per Liner 
(Based on ORNL-Provided Data ) 

Cesium 
Loading 

per Liner 
(Ci ) 

120 , 000 
1 20 , 000 

60 , 000 
60 , 000 

22 , 000 

10 , 000 

Number of SDS 
Liners wi th 
High-Level 
Loadings of 

Cesiunil 

5 
5 

1 0  
10  

25 

60 

Number of SDS 
Liners with Low

Level Loa dings 
of Stronti um 

2 1  
2 1  

17  
17  

0 
0 

Total 
Number 

of 
Liners 

26 
26 

27 
27 

25 

60 

Number of SDS 
Line rs Re quiring 
Vitrificat ion of 

Zeolite 

26 
5 

27 
10 

25 

60 

Approximate 
Number of 

Vitrified Was te 
Canisters2 
Generated 

46 
9 

48 
18 

44 

105.  

!These numbers have about 20% margin. Also , the liners in this column will have curie loadings to  the level 
specif ied in the se cond column. 

2Each SDS liner that is vitrified generates 1 .75 · canister per liner.  

3T his case assumes that only the ces ium loaded liners are vitrified. 
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S tability of L oaded Zeolite Liners 

. There is subs tantive evidence whi ch provides the basi s  for con

f i dence that the SDS. liners containing Ionsiv IE-95 can be loaded to 

6 0 , 000 Ci . of ces ium each and stored for a period of 10 years ( i . e . , a 

dos·e of 1 .  7 x 1 0 11 rads ) without hazard to public health and safety and 

in a manner which provides a bas i s  for their ult imate disposal.  This 

evidence can be summarized as follows : 

( 1 ) In two laboratory-scale tes t s  performed in 1 96 5, zeolite ( Li"nde 

Type 4A) wa!o: loaded up 'l-u 10 Cl ui 90gr per cm3� irradiated to 

exposures as higfu as 4 x 10 11 rads during a 2-year period , and then 

in one case washed with water and eluted with nit ric acid.  In 

these tes t s  the irradiated zeolite did not undergo gross  degrada

t ion (i . e . , alteration of flow properties or decreased aff inity for 

sorbed st ront ium) . 

( 2 )  · Ions iv IE-95 i s  known from recent laboratory tes ts to retain both 

i t s  crystal structure and its aff inity for cesium at an absorbed 

dose of 1 . 1 x 1 0 1 0 rads . 

( 3) From a theoret ical standpoint , there is  good reason to bel ieve that 

Ionsiv IE-95 will not suf fer signi f icant radiation dama·ge during a 

1 0-year s torage period.  Even if it did ,  the principal expected 

effect is a very slow conversion of some of the crystalline chaba

zite at the center of the liner to an amorphous f orm wi thout signi

f i ca nt loss of cesium. The resulting amorphous form would be 

expected to be suitable f qr eventual conversion to a glass . 

(4) The SDS liner vessel has been des igned to be the primary protective 

barrier to the environment and public.  " This is accomplished by 
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(a) designing the vessel with a pres sure rating of 350 psi , which 

prevents pressurization failure of a closed vessel;  ( b )  providing 

an off-gas sys tem adequate to remove any radioisotopes which may be 

released; and ( c )  using low-carbon austenitic  stainles s  steel 

( 31 6L ) ,  which provides corrosion res i s tance . 

SDS liners  loaded with 60 , 000 to 1 2 0 , 000 Ci of cesium and stront ium 

are exp�cte� tn he the rmally stable during �torage .  Peak centerline 

temperatures of 700 and 1290°F are calculated on the basis  that all 

radiation from the cesium· and st·rontium would be dis sipated as heat 

energy within the line r .  In reality , some radiation escapes f rom the 

line r .  Thi s  results i n  temperatures well  below the calculated values . 

At temperatures of 700 ,to 1 2 90 °F lit t le ,  if any , l 3 7 c s  is expected to 

vulaLlllze during st ora.ge of ces ium-loaded SDS liners. 

Loaded SDS zeolite liners will contain considerable amount s  of 

water ; radiolysis  of the water. during storage .will generate hydrogen and 

o xygen. Evolved hydrogen and oxygen gases can be dispersed by venting 

the stored SDS liners to an appropriate off-gas sys tem, as presently 

planned. 

On-S ite Handling 

Effects upon personnel exposure during the handling of higher 

loaded liners at 60 , 000 Ci (and 120 , 000 Ci ) are expec t ed to be of no 

consequence and , in fact , may reduce exposure by reducing transfers to 

the storage module . In .addit ion , the handling of the strontium

predominated liners does no t appear to present any technical dif

f icult ies . The Chem-Nuclear Systems , Inc . (CNS ) 1-1 3C cask appears to 

be suitable for handling liners with loadin·gs up to 60 , 000 Ci at TMI . 
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The use of alternat ive 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 1 2 .0 ,  000 Ci of ces ium, and the 

resulting vitrified waste canis ters, can be safely tnm s pnrtPrl in 

compliance with Department of Transportation (DOT ) and Nuclear 

Regulatory Commission (NRC ) regulat ions . ·  

The cost  for shipping liners with 60 , 000 Ct is appreciably less  

than that for the reference case . Depending o n  shipping des t inations , 

including the return of the vit rified waste , it would be possible to 

realize cost savings up to $1 mi llion if the SDS liners are loaded to 

· 6 0 , 000 Ci .instead of 10 , 000 Ci . 

The CNS 1 - 1 3C cask has been identified as the most  appropriate 

shipping container be cause of its apparent suitability for · such service . 

Wast e  Form Processing 

Was te · form processing cons iderations utilized vi trification as a 

reference immobilization proces s. Loading tn nO)OOO Ci per liner would 

result in approximately 1 8  was te glass cani s ters , each containing 

�34 , 000 Ci . [One SDS liner will  result in· 1 .  75  waste glass canisters 

( see Table 1 . 1 ) . ] Batte lle Pacific  Northwest  Laboratory (PNL ) has sue-

ces sfully vitrified zeolite which simulated TMI was tes up to an equiva-

lent of 70 , 000 Ci of ces ium per liner . These laboratory vitrification 

t e st s  were conducted without any observable cesium volatility. 1f 
. ' 

higher loadings are use d ,  the vitrification tests  should be repeated for 
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120 , 000 Ci per liner to conf irm that no unexpected problems are 

experienced with the TMI waste at thi s loading. lt should be noted that 

spent fuel  assemblies have been processed and successfully vitrified at 

PNL . The tot ·al curie content of the waste glass  canis ters which were 

generated from the vitrification of high-level was te from spent fuel was 

approximately 265 , 000 Ci . 

Incremental Costs 

A summary of the cos t s  associated with the process ing of SDS liners 

is presented in Table 1 . 2 . The data given in this table indicate that 

higher loadings of the liners can result in significant cos t  savings 

over those of the Reference Case (Case IV ) .  These savings are as so-

elated with transportation and vitrif ication , rather than operations , 

maintenance, and on-site storilge . Waste disposal cos t s  were not es ti-

mated,  however , since waste forms for a repository have not been 

def ined , and it is not known whe ther further treatment may be required . 

· Shipping di stances als o have a marked effect on cost .  

Case 

I a 
Ib  
II a 
lib 
III 
IV 

Table 1 . 2 .  Cos t Estimates for Processing SDS Liners 

Cesium Loading 
per Liner 

(Ci ) 

120 , 000 
120 , 000 

60 , ciOQ· 
60 , 000 
22 , 000 
10 , 000 

Cost ( $000 ) for Shipping Distance 
250 Mi les 2500 Miles 

1 7 1 7  24 10 
7 1 8  1050 

1 7 31 2398  
955 1 341  

1 6 1 1  2232 
37 51  5240 
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EVALUATION OF INCREASED CESIUM LOADINGS ON SUB MERGED DEMINERALIZER 
SYSTEM ZEOLITE BEDS 

DOE-SDS Task Force 

1 . 0  INTRODUCTION 

A Submerged Demineralizer System (SDS ) is being ins talled at the Three 

Mile Island Uni t 2 (TMI-2 ) Nuclear Power S tation for decontamination of 

Containment Building (CB ) sump water and reactor coolant system (RCS ) 

water.  The reference f lowsheet that was developed was des igned to 

decontaminate the high-activi ty-level . water (HALVO so tha t ,  when mixed 

with normal plant discharges , the concentrations of all nuclides ( except 

trit ium) in the decontaminated water would be <10% of the concentrations 

lis ted in the Code of Federal Regulations , Title 10 , Part 20 ( 1 0  CFR· 20 ) .  

The reference f lowsheet includes ( 1 ) clarif ication by filtration , (2 ) 

sorpt ion of ces ium and stront ium (the bulk of the radioactivity ) on a n  

inorganic zeolite  ion exchanger (Linde Ionsiv IE-95m* ) , and (3 ) sorption 

of the remaining radioactive species ( polishing treatment ) on organic 

ion exchangers . The SDS sys tem uses three zeolite beds in series . In 

the reference case , the operating procedure planned by General Public 

U t i li ties (GPU ) provides that 200 bed volumes of water will  be passed 

througn each zeolite bed whi le it is in the first  posi tion.  The loaded 

zeolite bed wi ll then be removed from the system ,  the other zeolite . 

columns wi ll be moved forward one pos i t ion ( countercurrent to . the water 

f low ) ,  and a new zeolite column will be ins talled in the third posi t ion. 

This mode of operat ion would result in the s orption of nearly 10 , 000 Ci 

· of radioactivity on each loaded zeolite bed .  

*Formerly called AW-500 . 
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A DOE-SDS Ta sk Force was as sembled to evaluate t he re lative tec h

ni cal and financial benefits  in storing , s hipping , treat·ing , and 

disposing of SDS zeolite liners , assuming t hat t he liners are loaded to 

a level hig her t han t he 10,000 Ci/ liner originally planned by GPU . 

Loadings of 60,000 and 120,000· Ci/ liner were cons idered by t he Task 

Forc.e .  T his document is a report of t hese cons iderat ions . 

Specifically , t hese considerations included evaluat ions of t he potent ial 

impacts of t he larger loadings on: ( 1) t he process flows heet ,  (2) the 

storage of t he liners , (3 ) on-site handling of t he liners , (4 ) transpor

tation of t he liners from the TMI site and t he re turn of was te forms to 

t he site , (5 ) processing of t he waste into vitrified glass form, and (6) 
cos t  of treatment . 

Alt houg h t here are two aspects involved , namely , removal of t he 

bulk of t he cesium and strontium on t he zeolite columns and removal of 

t he trace residual contaminants , only t he f irst part of t he process  is 

cons idered in t his study. 
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2 . 0 PROCESS FLOWSHEET CONS IDERATIONS 

The radiocesium isotopes , 1 34 Cs and 1 3 7 cs , are the predominant sources 

of gamma activity in the high-activity-level (HALW ) contaminated water 

at TMI-2 , as shown in Table 2 . 1 .  Sorp tion of this radiocesium onto the 

fewest  number of SDS zeolite columns ( containing 60 gal of zeolite per 

column ) may enable benefits  to be real ized in the subsequent st n�age, 

transport ation , treatment , and disposal operation s .  The pur pose of this 

chapter is to assess  the impact of modifying the SDS f lowshee t  to enable 

higher loadings of ces ium on the zeolite ion excha�ger columns . Toward 

thi s  end , �e sium 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 1 '0 , 000 Ci . 

2 . 1 Reference SDS F lowsheet 

2 . 1 . 1  Reference Flowsheet Development 

The reference flowsheet was spe c ified by the TMI-2 Technical Advisory 

G roup on the bas is of brief studies carried out at the Oak Ridge 

National Laboratory (ORNL) and at the Savannah River Laboratory (SRL ) .  

Sorbent select ion, which was made  during the summer of 1979, . wa.s based 

on a lite rature survey of simi lar processing experience and on the 

results of a few tes t s  which were made with the sma ll-volume sample of 

Reactor Coolant Sys trm (RCS ) water that was then available . The studies 
I 

at ORNL included dis tribut ion measurements us ing RCS .  water and a variety 
jl 

of sorbents , and small-scale column tes ts us ing synthetic Solutions 
I . 

I, 

traced wi th either 891.S r or 1 3 7 Cs . The studies at SRL included computer :\ 
'' 

calculations plus confirming tes t s .  The results of these studies 
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Table 2. 1 . Concentrat ion and Composit ion of Bulk Contaminants 
in High-Act ivity-Level Water at TMI- 2 

As of July 1 ,  1 980 E s t . as of July 1 ,  1 98 1 C  
• 

Rcsa CB Sumpb RCS . CB Sump 

Concentrat ion ,  iJCi /mL 

89sr 3 o. 53 0 . 02 0 . 005  

90s r  25 2. 3 24 3 . 6  

1 34cs 6 26 2. 4 1 8  

1 37c s  40 1 6 0  22 149  

Total Ci d 
J 

89s r  1 , 020 1 , 200 7 1 1  

90s r  8 , 520 5 , 220 8 , 300 8 , 800 

1 34cs 2, 040 59 , 000 

1 3 7cs 13 , 600 36 3 , 000 

aReactor Coolant Sys tem (RCS ) . 1 

hcontainment Building (CB ) Sump . 2 

8 1 0  4 2, 800 

7 , 400  36 1 , 000 

CBased on radioactive decay plus leakage from RCS to CB sump'of 
�40 , 000 gal in 36 5 days . 

dBased on volu mes 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 /8 1 . 3 

indicated that the zeolite chabazite was the bes t  commercia lly available , in -

organic sorbent for both ces ium and strontium. The kine tics of the sorption 

of strontium were found to be much slower than for ces ium; this dictated the 

required contact time of the water with the zeolite . Also ,  the e quilibrium 

dist ribution coeff icient (Kd ) of st ront ium 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 us ed )  was s el ec t ed to provide ad equat e sorption of the 

s tront ium. If  t he wat er contained only ces ium, much higher loadings , 

and t her efore t he us e pf fewer columns , would then be pos s ible. 

2. 1 . 2 D escription of Ref erence F lowsheet 

T he ref erenc e SDS proces s  flows heet , shown in F ig.  2 . 1 ,  was 

d es i gned by Allied- General Nucl ear S ervices for Chem-Nuclea r  Syst ems , 

Inc . �  t he prime cont ractor for fabrication and ins tallation of the 

equipment . In t his f lows heet , the contaminat ed wat er is clarifi ed by 

f i lt ra t ion during transf er into the ion exchange f eed tank . T he 

clarif i ed wat er is pumped t hroug h eit her or both of two duplicat e trains 

of ion exc hange columns . Eac h train consi s t s  of a s eries of thr ee 

columns containing z eol i t e  (Ionsiv IE-95 in the Na+· f orm ) .  The eff lu ent 

f rom either train of z eolite  columns is pas s ed t hroug h one of two · 

duplica t e  columns containing an organic cat ion exchange res in (Nalc i t e  

HCR-S '", ini t ially i n  t he H+ fotm) . F inally , the ef f lu ent from bo.th 

cat ion resin columns is combined and pass ed t hrough a s ingl e large 

polishing column containing layers of cation resin (HCR-S , ini t ia l ly in 

t he H+ form) , anion res in (Nalci t e  SBR'", init ially in the OR- f orm) , and 

mixed resin (Nalc i t e  MR-3"', a 1 :.1 volume mixture of HCR-S and SBR ) .  

The ion exc hange columns can be moved eas i ly since they are of modular 

des ign. T he z eolit e and cat ion res in columns are of the same s iz e, 

althoug h t he volume of cat ion res in to be used is only one-half  of the 

volume of zeolite  that will  be us ed in each column. 

The op erating procedure provid es that 200 bed volumes of wat er will  be 

pas s ed t hroug h eac h  z eoli t e  column while  it is in the first  posit ion. At 
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that time , the column containing the loaded zeolite will be removed from the 

sys tem,  the other zeolite columns will be moved forward one posit ion 

( counte rcurrent to the water flow ) , and a new zeolite column will be 

ins talled in the third pos it ion. In this manner ,  the zeolite columns will 

sorb the cesium and mos t  of the strontium whi le in the first . posit ion. 

While in the second and thi rd pos i tions , they will provide the necessary 

res idence time to allow sorption of ' the res idual stront ium. 

2 . 1 .  3 E valuation o f· the Reference F lowsheet 

A series of small-scale column tes ts  (lo-s scale , based on SDS column 

size ) was made at ORNL z to provide data for evaluat ing the reference flow

sheet .  These tests showed that the ref erence f lowsheet would meet the 

des ign object ive of decontaminating the HALW suf ficiently that , when a 

reasonable volume of the eff luent was mixed with the normal plant 

discharge s ;  the concentrations of all radionuclides except tri tium in the 

decontaminated water  would be les s  than 10%·of the concentrat ions listed in 

10  CFR 2 0. 4 '5  

The reference SDS flowsheet can be  considered in two par t s :  ( 1 ) re

moval of the bulk of the cesium and strontium on the zeolite columns, and 

(2 ) removal of the trace residual contaminants . As stated previously ,  the 

present s tudy is concerned only with the first  par t  of the process ,  i . e . , 

the removal of the bulk of the ces ium and stront ium on the zeolite columns . 

2 . 2 Ces ium Loading 

The ces ium concent ration (1 34 Cs  + 1 3 7 C s )  in the CB sump water was 

expected to be about 1 86 �Ci /mL (0 . 70 Ci /gal ) as of July 1 ,  1 980, as 
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shown in Table 2. 1 .  Thus , the 200-bed volume loading s pecif ied in the 

reference flowsheet was expected to load about 1 0 , 000 Ci of ces ium onto 

each zeolite bed ,  whereas approximately 1500 and 3000 bed volumes must  be 

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

1 20 , 000 Ci , respectively . 

In the iSDS reference flowsheet evaluat ion tests , the loading of the 

f ir s t  zeolite column was extended to 1 000 bed volumes , which is equivalent 

to a loading of 42, 000 Ci on a 60-gal bed.  (The loading was not extended 

to ces ium breakthrough. )  The ces ium concentration profi le 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 ( 7 5% of the . ces ium was located on 

the top 20% of the column ) .  From these data , a reasonable extrapolat ion 

indicates that an average cesium loading of 60 , 000 . Ci per 60 gal of zeolite 

is possible , and that a loading of 1 20 , 000 Ci may also be feas ible . 

Other tests made with synthetic solutions traced with l3 7 cs were 

taken to breakthrough , as shown in Figure 2. 2. Reasonable extrapolations 

can be made from these data for the s odium concentration and . zeolite con-

tact time to conditions that are anticip_ated ( 1 200 ppm Na , 1 2-min contact 

t ime )  during TMI-2 HALW cleanup . These extrapolations indicate that the 

breakthrough volume ( 1 0% ins tantaneous or about 1 %  cumulative breakthrough ) 

for cesium would be about 7000 bed volumes . Based on these extrapolat ions , 

the SDS zeolite beds can be loaded to more than 1 20 , 000 Ci per 60 gal of 
........ 

zeolite . 

With regard to radiat ion exposure and shielding calculat ions , it should 
; 

be underst ood that the ce s ium concentrat ion on the zeolite bed depends on 

1. 
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the value of the dis tribut ion coeff icient and i s  largely independent of the 

total amount loaded • .  In column operations , the volumetric distribution 

coeff icient is def ined as being equal to the breakthrough volume at 50% 

ins tantaneous breakthrough. Therefore , based on the data described above , 

. the distribution coef f i cient will be greater than 7 000 . However ,  even at 

that value (7 000) and with loadings of 1 0, 000 , 60 , 000 , or 1 20 , 000 Ci per 60 

gal of zeolite ,  the ces ium band wi ll occupy only the top 3 . 5 ,  21 , or 4 1 %  of 

the SDS zeolite beds , respectively . 

2. 3 Strontium Loading 

Stront ium is sorbed on Ions iv IE-95 zeolite to a cons iderably lesser 

degree than is ces ium ( see Figure 2. 3 ) .  In the reference SDS flowsheet ,  

the total volume of zeolite re quired ( or the total number of SDS columns 

re quired) depends on the amount of stront ium that must  be sorbe d ,  indepen

dent of the amount of ces ium loade d ,  unless some other means is provided to 

remove the strontium. Thus , alternatives whi ch may involve either the use 

of addi tionai zeolite liners or other absorbents,  such as Linde 4Am, sodium 

titanate , *  or organic res ins , may be emp loyed to remove the residual stron-

tium. 

The number of SDS zeolite columns re quired for ade quate strontium sorp

t ion will probably be about 20-30 liners rather than the 60 liners spe

cif ied by the reference f lowsheet , if the performance of the SDS sys tem 

scales ade quately from the small-scale column tests (scale factor of 10 5) .  

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  stront ium is  calculated to  be 500  (+ 50 ) bed volumes . Thi s  

*see Appendix A.  
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effect i s  shown graphically in Figure 2 . 4 .  These calculations are based on 

a ·90 s r  feed concent ration of 2 . 3 �Ci /mL , the concent ration in the CB sump 

water. The volume of zeolite (numbe r  of SDS beds ) required is not expected 

to change , even if the 90 s r  feed concent rat ion is higher than 2 . 3  �C i /mL ,  

because the s t rontium loading is kinetically cont rolled and is not capacity · 

limited.  

2 . 4 Potent ial Flowsheet Modif i cat ions 

A large number of ope rational modifications can be made to the 200-bed 

volume ( 1 0 , 000-Ci ) reference case to increase the loading of the ces ium on 

the zeoli t e .  Three . rep resentative options which we re considered are 

descri bed in this section. 

2 . 4 . 1 Option A - Increase of Volume of Wate r  P rocessed in the F i rs t  
Column to 500 Bed Volumes 

Based on the expe rimental data , the volume of water proces s ed 

through the f i rst  of the series of three zeolite columns could be 

increased to about 500 bed volumes without caus ing a breakthrough of 

more than 1% of the strontium from the thi rd zeolite column. However, 

the breakthrough would be rather sharp . The ces ium loading of the beds 

removed f rom the f i rs t  pos ition would be increased to about 22 , 000 Ci ; the 

numbe r of zeolite columns used for proces s ing the HALW ( excluding f lush 

wat e r) would be reduced to about 25 . 

2 . 4 . 2  Opt ion B Increase of Volume of Water P rocessed in the F i rs t  Column 
to 1 500 o r  3000 Bed Volumes 

Increases of the volume of wa 'te r  p roces sed to 1 500 and 3000 bed volumes 

a re necessary to achieve cesium loadings of 60 , 000 and 120 , 000 Ci pe r SDS 

column , respectively . This would reduce the numbe r of columns loaded with 
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cesium to about 1 0  and 5 ,  respectively.  Howeve r, if the 1 500  and 3000 bed 

volumes are processed through t he second and thi rd columns , about 50% and 75% ,  

respectively , of the s t rontium would remain in the eff luent water and would 

requi re furthe r decontaminat ion in su bsequent ope rations . Ove rall , the 

volume of zeolite used would still depend on s t rontium removal and could not 

be reduced furthe r than in Option A unles s  a sorbent other than Ionsiv 

IE-95 were employed to remove the s t rontium. 

2 . 4 �3 Option C - P rocessing of 1 500 or 3000 Bed Volumes in the F i rs t  
Zeolite Column with Changeout of the Second and Thi rd Columns 

In this case , the zeolite columns in the f i rs t  posi t ion would be 

changed after process ing 1500 or 3000 bed volum�s to e pa ble ces ium loadings 

of 60 , 000 or 120 , 000 C i .  The columns in the second and thi rd posi tions 

would be changed after processing 500 bed vo lumes .  ( The second-posit i on 

col umn would be r�wuved , the third-posi t ion column moved to the second-

position ,  and a new column installed at the thi rd posi tion. ) If 

neces sary ,  the fourth-posit ion colum� could be used as a zeolite column 

to p rovide the original three-column s t rontium removal capability.  

Again , the volume of zeolite ( numbe r of columns ) used for st rontium 

sorption could not be reduced below that in Opt ion A unless  a sorbent 

other than Ionsiv IE-95 we re employed to re move the s t rontium. 

2 . 5  Findings 

Labo ratory-scale . proces s tes t s  conducted at ORNL with actual TMI-2 

Containment Bui lding water ve rified the reference flowsheet , ·  i . e . , the 

p rocessing of 200 bed volumes ( 1 0 , 000 C i )  per line r without cesium or 

s t rontium breakthrough. Tes t s  we re also conducted which indicated that 

500 bed volumes (22 , 000 Ci / line r) could be processed with les s  than 1%  

s t rontium breakthrough. 
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Othe r tes t s  pe rformed at ORNL indicate that loadings of at leas t  42 , 000 

Ci of ces ium ( 1 000 bed volumes ) can be achieved wi thout cesium breakthrough , 

but with signif icant strontium breakthrough. The residual strontium would 

thus requi re othe r means for it s removal .  

A reasona ble ext rapolat ion of the expe rimental data. indicates that an 

ave rage ces ium loading of 60 , 000 Ci pe r 60 gal of zeolite is possi ble , 

and that a loading of 120 , 000 Ci may also be feasible . 

The est imated number. of zeolite co lumns · that wi ll be requi red for 

'rC!r.inn�=: c-.asP.s considered in the re mainder of this report are summari zed ·in 

Table 2 . 2 .  The ba ses fo r these estimates are the result s of t he ORNL 
la bo ratory-scale tes t s ; howeve r, because . of the 105 scaling factor involved ,  

the numbe rs o f  columns requi red mus t be cons idered as app roximate. 

The ref e rence case requires a total of 60 line rs ; all of the other 

cases considere'd result in a factor of 2 reduc tion in the total number 

of line rs whi ch contain high-specif ic-activity levels . 

Ta ble 2 . 2 .  Estimated requi rement s · for zeolite columns 

Maximum Cs loading 
pe r line r 

Case (Ci) 

ra 120 , 000 

rra 60 , 000 

Ill 22�000 

Refe rence 1 0 , 000 

aAssumes Opt ion C is  employed.  

High 
Numbe r of line rs re guired 

activity level . Low activity 
(Cs-S r) ( S r) 

5 2 1  

1 0  17  

25  0 

60 0 

level 
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3.0 ZEOLITE STABILITY CONS I DERATIONS 

This chapte r considers the va rio us is sues involved in estimat ing 

the stability of l 3 7 c s �loaded zeolite (Ionsiv IE-95 ) af ter extended 

s torage . The 1 3 7 cs-loaded zeolite line rs result ing f rom ope ration of 

the TMI-SDS may be stored at the TMI site for 1 to 10 yea rs , and pe rhaps 

ev�n longe r. Sta bility i s  a major conside rat ion in the determinat ion of 

approp riate radioactive cesium loadings of the SDS zeolife line rs . 

To provide a suitabl e  bas is for. comp rehensive stability 

RSsP.ssments , parame t ric calculations of cumula tive radiation doses and 

ther mal  loads we re made for SDS-type zeolite line rs loaded with 10 , 000 t o  

1 2 0 , 000 Ci o f  1 3 7 cs �nd stored for a �  long a s  1 0  yea rs . R�sults of these 

caLculations are presented in· the ea r ly part of this chapte r. 

Su bsequent sec t i ons address  the stability of cesium-loaded line rs during 

storage . Laboratory- and plant-scale expe rience acqui red ove r the last  

1 0  to 20 yea rs at  various Department of Ene rgy (DOE ) sites  p rovides a 

large data base f rom which to judge th e stability of ces ium-loaded TMI 

zeolite line rs . Radiation and chemical effects during loading of the SDS 

zeolite line rs are mentioned and brie fly discussed.  

3 . 1 P roposed Levels of  Loading 

A paramet ric analysi s of absorbed radiation dose and heat gene ration 

rates in loaded SDS line rs was conducted based on data f rom ion exchange 

studies at the Oak Ridge National La boratory (ORNL )  ( cf .  Chapter 2 ) .  

These studies have shown that the l 3 7 cs concent ration on the Ionsiv 

IE-95 sorbent can va ry f rom 4000 to 8000 times the 1 3 7 cs concentration 

in the CB sump water. E s t imates of heat and abs orbed radiation dose ove r 

this range are expected to cove r any ext remes that could occur in the 

ope rat ion of the SDS sys tem. 



25 . 

· Total l 3 7 cs li�e r  loadings of 10 , 00 0 ,  60 , 000 , and 120 , 000 Ci we re con

side red in the paramet ric calculations . Three diff e rent concent rat ions of 

1 3 7 Cs in the Ions iv IE-95 � 
so rbent we re cons ide red for each total loading 

leve l ,  namely , 4000 , 6000 , and 8000 times the 1 3 7 cs concent rat ion ·in the CB 

sump water. At a 1 3 7 c s  loading of 60 , 000 Ci , these concent rat ions 

correspond , respectively , to ces ium ioading band hei ghts on the SDS line rs 

of 12 . 7 ,  8 . 4 , and 6 . 4  in. In all cases , the concent ration of 90 s r  in the 

Ionsi v IE -95 so rbe nt was 500 times that in the CB sump water. This 

radio s t rontium concent rat ion co rresponds to a s t rontium loading band height 

of 30 . 6  in . for 1 3 7 cs loadings of 60 , 000 to 120 , 000 Ci . 

A Monte Carlo code developed by Zimmerman and Thomsen1 w�s used to 

calculate absorbed radiation doses at various points in the loaded SDS 

line rs for each of the nine cases conside red.  All dose calculations we re 

made for line rs f illed with Ionsiv IE-95 of density 42 lb/ f t3 . 

The Monte Ca rlo-type radiation dose calculations were made on 

the basis  that all electronic cont ri butions we re conve rted to brems s t rah

lung photons . The photon spec trum from brems s t rahlung radiation was com

bined with the photon emission spectrum to obtain a s ingle radiation source 

term. (This calculational procedure was necessary in order to . obtain 

p rope r input data to the particular computer code used. ) Photons , of 

course , have a greate r chance of escaping f rom the SDS line r than do 

electrons . Thus , doses calculated by conve rt ing elect roni c cont ri but i qns 

to bremss t rahlung radiation are lowe r than those which take into account 

absorbed heta ra diation. Howeve r, trea ting the beta dose in this fashion 

does not serious ly impact results of Monte Carlo-type calculat ions · for SDS 

line rs . 
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The following equat ion , due to Jaeger et al. , 2 was used in a few 

ins tances to calculate absorbed radiation doses : 

whe re 

� - the dose rate (R/h ) ;  

Sv the specific  strength of the volume s ource (Rcm-l h-1) ;  

� s the linea r attenuat ion coeff icient ( total macroscopic cro s s  
section ) f o r  gamma ray� in the radioactive source material ,  
cm-1 ; 

· 

h1 he;i,ght from the top of the bed to the point in the bed 
where the dose is tO be calculated , c111; 

h2 height from the bottom of the bed to t he point whe re the 
dose is to be calcula ted , em. 

( 1 )  

The function G and the term b are defined in Figures 6 . 4-6 . 9 of the text by 

Jaege r et al . 2 

Monte Ca rlo dose calculations for a 10-year storage period we re made 

along the cente rline of loaded SDS liners at the top , midpoint , and bot tom 

of the 1 3 7 cs sorption band and also at t he midpoint and bottom of the 90 s r  

sorpt ion band (Figure 3 . 1 ) . Results o f  these calculations are plotted in 

F i gure s  3 . 2-3 . 4; the maximum absorbed radiation doses cqlculat ed unde r 

these conditions are listed in Table 3. 1 .  The computer code used also p ro-

vided calculated total radiation doses for va rious regions of the line r. 

These doses we re summed and divided by the volume of Ionsiv IE-95 to yield 

the average absorbed radiat ion doses , which are also ta bulated in Ta ble 

· 3 ·. 1 .  Because cesium loads ont o  Ionsiv IE -95 in a tight na rrow band , 

ave ra ge absorbed ( 1 0-year) doses are expected to be les s  than maximum cen-

te rline. doses . Note in Table 3 . 1  the good ·agreement f o r  the maximum 
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Figure 3 . 1 .  Absorbed Radiation Doses Calculated at Indicated 
Points in Sorption Zones. 
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Table 3 . 1 .  Est imated Radiation Doses and Heat Generation Rates for 
Ces ium-Loaded SDS Zeolite Linersa 

Total Heat 
Generation 

Rate 
(W ) 

61  

363 

725 

Loading 
ParameterC 

4000 x Fd 
6000 x Fd 
8000 X Fd 

4000 X Fd 
6000 x Fd 
8000 x Fd 

4000 x Fd 
6000 X Fd 
8000 X Fd 

Absorbed Dose (rads )b 
Haximum Average 

Dosed L iner Dose 

5 . 02 + 1 . 37 X 10 1 0 4 . 77 + 0 . 0 1  X 10 9 
4 . 1 5  + 0 . 22 X 10 1 0 4 . 42 + 0 . 02 X 10 9 
4 . 24 + 0 . 23 X 10 1 0 4 . 39 +·0 . 03 X 10 9 

1 . 1 6 + o. 08 X l Ql l  3 . 76 + 0 . 01 X 10 1 0 
1 . 66 + 0 . 1 9  x 10 1 1e · 3 . 56 + 0 . 0 1  X 10 1 0 
1 . 99 :j:" 0. 1 3  X 10 1 1  3 . 44 + 0 . 0 1  X 10 1 0 

1 . 05 + 0 . 05 X 10 1 1  7 . 85 + 0 . 02 X 1Q 1 0 
1 . 99 + 0 . 23 X lO l l  7 . 66 + 0. 02 X 10 1 0 
2 . 35 + 0. 1 6  X lO l l  7 . 54 + 0 . 02 X 10 1 0 

' ·------��------------------------------------�---------------------------------------

.. .. 

aro rts iv IE-95 bed is 2 ft in diameter and- 2 . 5 ft hig h. · 
bAfter a 1 0-year storage period . 
cFd = 1 3 7cs feed concentration.  
dAlong centerline of liner. 
eAbsorbed dose by Equat ion ( 1 )  . is 1 . 1 x lO l l  rads . 

Note : A Monte Carlo calculat ion is a statistical calculation. T he + and - figures on 
t he above results are t he stat i s t i cal es timates of t he precision of t he 
results .  Two results , x and y,  cam be cons idered to be equal if t he range x - h.x 
to x + h.x overlaps t he range y - h.y to y + h.y. 

w 1-' 
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1 0-year doses for  SDS liners  loaded wit h  60 , 000 Ci of  1 3 7 Cs as  calculated by 

t he Monte Carlo met hod and by Equation ( 1 ) .  

Addi tional Monte .  Carlo-type calculations were made (under t he same 

conditions as were used to obtain data in Figures 3 . 2-3 . 4 )  for an SDS liner 

containing 60 , 000 Ci of l 3 7 c s  at a concentration about 6000 times t hat in CB 

sump water . *  In suc h  a line r ;  40 to 50% of t he Ionsiv IE-95 would rec.eive 

a radiat ion dose of at leas t  101 0 rads whi le 20% of t he sorbent would 

receive a dose of at least  101 1  rads . 

I t  mus t be emp hasized t hat t he absorbed radiation doses lis ted in 

Table 3 . 1 are for a 10-year storage period . Doses are approximately pro-

portional to storage time . T hus , t he maximum radiation dos e  for an SDS 

line r  loaded wit h  60 , 000 Ci of 1 3 7 cs at an ave rage concentration 6000 times 

t he feed concentration wi ll  be about 1 . 7  x 1 01 0 rads after storage for 

1 yea r ,  about 3 . 4  x 10 1 0 rads af ter storage for 2 years , and so on. 

Heat generation rates , . calculated on t he basis  t hat all t he decay 

ene rgy of t he sorbed radioces ium and radios trontium is deposited in t he 

zeolite , are also lis ted in Table 3 . 1 .  T hese heat generation rates  were 

used to ' calculate temperature profiles in the SDS line rs us ing the multi� 

dimens ional hea t  conduction code HEAT INGS . 3 After Swi f t , 4 t he effective 

t hermal conduct ivity of dried zeolite was taken as 0 . 092 Btu h-1 f t-1 °F-1 . 

I t  was assumed t hat loaded SDS l iners would be stored in water bas ins main-

tained at about 80 °F (2 7 °C ) .  Peak SDS liner centerline temperature s , 

calculated at various liner loadings , and on t he basis t hat all radiodecay 

energy is absorbed in t he zeolite , are plotte d  in Figure 3. 5 .  Actually , at 

least  some of . t he decay energy will not be sorbed wi t hin t he liners but 

*T he assumption is made in this report that the average l 3 7 cs con
centra tion in loaded SDS liners will be about 6000 times t ha t  in t he CB sump 
water .  Doses . calculated at t his l 3 7 c s  concentration are cited subsequently 
in t he assessment of t he radiat i on stabili ty of loaded SDS liners . 
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. will escape to t he storage· basin water.  Hence , peak centerline tern-

peratures of actual stored SDS liners wi ll be subs tant ially lower t han 

t hose plo tted in Figure 3 . 5 .  

3 . 2  S tabi li ty Considerations During Extended S torage 

3 . 2 . 1  S torage Modes 

Af ter was hing wi t h  wa ter,  cesium-loaded SDS zeolite liners might be 

s tored we t or dry (i . e . , . less  't han 0.4 wt % water ) .  Storage containers 

loaded wit h  wet SDS zeolite will have t u  be vented to a suitable of f-gas  
' 

sys tem to remove steam and any radiolytically generated hydrogen and oxy-

gen. In any event , wet SDS zeolite beds loaded wit h  1 3 7 cs  s hould not be 

s tored for prolonged periods in sealed casks because of t he potential for 

container overpressurizat ion from radioly t ic decompos i tion of all t he resid-

ual water to hydrogen and oxygen. 

It  appears tec hnically feasible to s hip , immediately after prepara-

tion, wet SDS zeolit e  liners in sealed casks f rom t he TMI site to anot her 

locat ion for prompt unloading and conversion to glass or for vented 

s torage . Furt her analyses are required to ensure tha t s h.ipment s of wet SDS 

zeolite liners in sealed casks comply _wi t h all existing transpor t a t ion and 

regulatory requirement s .  For t he recor d ,  approximately 77 sealed casks 

containing ki locurie amount s  of l 3 7 cs  were s hipped from Hanford to ORNL at 

various times in t he 1960 s .  Alt houg h all but two of t he casks pressurized , 

no incidence of cask overpressurization was ·  ever noted. Some of the casks 

contained wet AW-500* zeolite containing 66 to 93 Ci of 1 3 7 cs  per liter of 

sorbent . T hese concentrations are close to t he average 44 Ci/1 value for a 

SDS zeolite liner loaded wit h  10 , 000 Ci of 1 3 7 cs . 

* Former name of Ions iv IE-95 . 
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3 . 2 . 2  Radiation E f fects 

T he SDS zeolite liners loaded wit h  10 , 000 to 120 , 000 Ci of l 3 7 cs and 

stored for 1 0  years wi ll be subjected to radiation doses of about 4 . 2 x 

10 1 0 and 2 . 0  x 10 1 1  rads , respectively ( see Table 3 . 1 ) . Effects of suc h 

irradiation on res i dual water and on t he zeolite material itself are 

discus sed in t he next two subsect ions . � 
. 

3. 2 . 2 . 1 Radiolysis of Water.  Water undergoes radiolytic  decom-

position to hydrogen and oxyen wit h  a G value on t he order of 1 to 2 molecules 

for eac h 100 eV of adsorbed energy. Removal of radiolytica lly generated 

hydrogen and oxygen will be accomplis hed by venting t he liners to an off-

gas system. 

3 . 2 . 2 . 2  Laboratory and P lant Experience - Radiat ion Damage to 

Zeolites . Roddy et a1. 5 have recent ly co�p i led and organized t he extensive 

laboratory and plant-scale studies and experience involving irradiation of 

zeolites and related aluminos ilicate materials . Some examples selected 

from this data base t hat are particularly relevant to exposures in t he 

range 1 x 109 to 3 .  7 x 10 1 1  rads are briefly hig hlig hted here ; Rod.dy ' s 

report5 s hould be consulted for detai ls of t hese and ot her radiation stu-

dies . 

S ome of t he mos t  stra i g htforward evidence of t he
. 

hig h  res i stance 

of zeolites to attack by ionizing radiation is  provided by t he results of 

Fullerton6 and Wallace . 7 Fullerton irradiated (wi t h 60 c o )  t he mineral eli-

noptilolite to exposures as hig h  as 8 . 4 x 109 rads (ab�orbed dos e ) .  

C linopt ilolite is a naturally · occurring zeolite wit h  an "open" structure 

and a · hig h  aff inity for sorbing ces ium. No eff ects of irradiation were 

detected by X-ray diff raction, differential the rmal analysis , or ces ium 
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distribut ion measurement s .  Wallace / at t he Savanna h River Laboratory , 

recently irradiated (wi t h 6 0 co ) air-dry Ionsiv IE-95 to an absorbed dose of 

1 . 1 x 1 0 1 0 rads . X-ray dif f raction analyses and ces ium dist ribution tests  

indicated no detectable effects of  suc h irradia tion. 

PillayB has irradiated ,  using various radiat ion source s , bot h we t 

( "drip-dry" )  and air-dry Ionsiv IE-95 zeolite to doses in t he range 

1 . 9  x 1 08 to 2 . 2 x 109 rads . Table 3 . 2  s hows types and amounts  of gases 

generated during irradiation of Ionsiv IE-95 containing various amounts of 

moisture . T hi s  informat ion is taken directly from Pillay ' s  report (p .  20 ) .  

Regarding t hese data , Pillay8 states : 

T he result s  presented in Table 7 *  indicate t hat t he primary source 
of gases in t his matrix is t he radiolysis  of water wit hin t he zeolite 
matrix. T he source of small amount s  of methane ident if ied in two 
samples (#3 1 and #33 )  is not well understood � T he well known ability 
of molecular sieves to ads orb significant amounts of gases and t he ·. 
unique ability of zeolites to relat ively re tain large quantit tes of 
hydrogen account for t he observed rat io of hydrogen and oxygen in t he 
gas p hase . 

Pi llay also irradiated columns of drip-dried Ionsiv IE-95 , contained 

in aluminum tubes (2 em diarue t � r  by 20 em long) ,  to u total dose of about 

2 . 2  X 1 0.9 rads . Flow test  measurements s howed t hat suc h irradiation did 

not affect t he hydraulic be havior of t he Ionsiv IE-95 exc hanger .  

T here was muc h  interes t  a t  Hanford in t he early 1 960s . in storing kilo-

cur ie amounts of recovered and purified 1 3 7 c s  and 90 s r  on zeolites eit her 

f or future recovery or for permanent di sposal . S everal laboratory-scale 

s tudies were performed to determine pressurization of sealed containers of 

9 0 s r-loaded zeolites . upon storage and to establis h t he ability to elute 

90 sr  from irradiated. zeolites . Some useful guides to t he radiation stabi-

lity of zeolites can be inferred from t hese studies . 

*Table 3 .  2 in t hi s  c hapte r .  
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Table 3 . 2 .  Gas Generation in Synthetic Zeolite  
( Ionsiv IE-95 ) during Irradiationa 

Pretreatment Pressure Gases 
( p s i g )  H2 02 

Drip-dry 20 . 3  4 . 5  0 . 5 

Drip-dry 1 8 . 0  1 . 3  32 . 5  

Drip-dry 20 . 3 3 . 1 2 . 8  
(Cs-loaded ) C  

Drip-dry 20 . 0  1 .  0 3 6 . 9 
(Cs-loaded) C 

Air-dry 1 3 . 9 0 . 9  29 . 2  

Air-dry 0 . 6  2 4 . 1 

Air-dry 1 3 . 0  1 . 0  33 . 1  
(Cs-loaded )  

Air-dry 1 1 . 6  0 . 6 33 . 4  
(Cs-loaded ) 

Air-dry zeolite 1 3 . 9 20 . 2  
(nonirradiated ) 

Plllay . 8 

( % )  
N2 

90 . 7  

66 . 2  

92 . 2  

62 . 1  

69 . 9  

75 . 4  

66 . 0  

66 . 1 .  

79 . 8  

hMethane ( 3  to 4% ) was identified in these two samp les in. addition 
to H2 '  02 '  and N2 • 

CThe cesium loading on these samples .was 0 . 6 meq per g of dry zeolit e .  

Thus , Mercer and Schmidt9 have reported the details o f  an experiment 

performed by Van Tuyl at Hanford in which a sealed 304L stainless  steel 

container (6 . 25 em diameter . by 38 . 8  em high) of zeolite (Linde Type 4A ) 

containing 1 0 , 000 Ci of 90 Sr  was allowed to age approximately 2 years . The 

loaded zeolite material was dried at 600 °C bef ore the containe r  was sealed . 

The amount of radiat ion absorbed by the zeolite is estimated to be about 

4. x 10 1 1  rads . ( d 1 1 This est imated ose is  ca cu ated on the assump tion that 

the zeolite absorbed all the beta decay energy of �O sr  and its decay prod

uct 9 0 Y . )  The sealed container was opened and f lushed with about · two column 

volumes of water ,  which removed les s  than 0 . 00 1 %  of the 90 s r .  More than 80%· 

of the 90 sr was eluted with 30 column volumes of 1 M  HN03 • 
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Results of t hese elutions are cons idered hig hly significant since t hey 

demons trate t ha t  zeolites retain t heir aff inity for 9 0 Sr  even after irra-

diation to very hig h  doses . 

Mercer and Sc hmidt also dis cuss t he results of anot her laboratory 

experiment attributed to DeMier , Martin,  and Willing ham at Hanford. In 

t hi s  tes t ,  a zeolite loaded wit h  9 0 sr was dried to about 1 wt % water , 

sealed in a 304L stainless  steel container , and allowed to stand unt i i  the 

total absorbed dose was about 10 1 1 ra d s .  T he maximum pres sure increase 

from radiolys i s  was 40 psig .  T his latter result signif ies t hat signif icant 

breaking of Si -0 bonds to release oxygen does not 'occur even at very hig h  

exposures .  

Approximately 3 . 6  x 1 06 C i  of 1 3 7cs  was s hipped t o  ORNL from Hanford be-

tween 1 96 1  and 1 97 0 .  Spec ially designed stainless  steel casks were used to 

transport t he ces ium. T hey contained DeCalso'"_, an amorp hous aluminosi licate 

gel made by Pfaudler-Permutit (Cask STT-2 ) ;  Zeolon 900'" ,  a crys talline alu-

minosilicate zeolite simi lar to Ionsiv IE-95 , but made by t he Norton 

Company (Cask STT-3 ) ;  and AW-500 (Cask HAPO IC ) .  T he HAPO IC cask was air-

dried bet ore s hipment ; all other casks were sl i l p iJeu wlthout drying the 

zeolite.  D. 0 .  Campbell at ORNL es timates5 t hat t he DeCalso and Zeolon 900 

beds received cumulat ive exposures of approximately 3 x 108 and 1 . 5  x 

1 08 rads , respectively. Monte Carlo computer code calculat ions indicate 

t hat t he AW-500 sorbent in t he HAPO IC cask was irradiated to a dose of 

about 7 x 109 rads . 

Finally , at Hanford during 1969 and 1 970 , a bed of AW-500 zeolite 

was used to remove approximately 3 . 6 x 107 Ci of l 3 7 cs from about 6 x 

1 06 gal of aged Purex process alkaline waste solu t ion. T he AW-50'0 bed 
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was 6 ft in diameter and 12  ft  hig h  and contained about 300 ft 3 of sorbent . 

Feed to t he bed was at pH 10 to 1 1  and contained about 4 to 5 M NaN03 , 0 . 01 

to 0 . 1 � NaAl (OH )4 , 0 . 1 5  to 5 Gi of 1 3 7 cs per gallon , and also ot her 

radionuclides including 1 0 6Ru , 1 0 6 R h, and 99 Tc.  In eac h load-elution 

cycle , about 3 x 105 to 5 x 105 Ci  of 1 3 7 Cs was loaded onto t he bed and 

t hen eluted with a few column volumes of concentrated NH4 0H- (NH'+ )2C03 

solutions ; eac h load-elution cycle required 4 to 5 days to complete . 

Because of mec hanical problems dis cussed immediately below,  t he first  

AW-500 bed was replaced wit h  a new 300 ft3 of  sorbent about midway t hroug h 

t he total l 3 7 c s  removal campaign • .  Eac h of t he two AW-500 beds is es timated 

by Equat ion ( 1 )  to have been irradiated at t he geometrical center of t he 

sorption zone to a cumulative exposure of about 5 . 9 x 1 08 rad$ . 

T he first AW-500 zeolite bed was not replaced because of any perr.ei.ved 

radiat ion degradation but because t he retention screen at t he bottom of t he 

column ruptured ,  result ing in los s  of t he sorbent to load cycle eff luent . 

Exact causes for t he failure of t he retent ion screen were not found.  

Part icies of AW-500 sorbent recovered from load cycle eff luent were 

s l ig ht ly smaller in diameter t han virgin AW-500 zeoli t e .  

Ot her plant-scale experience a t  Hanford involves t he final purificaton 

of 1 3 7 cs in t he B Plant T-38-5 column . T hi s  column , 1 f t  in diameter by 

1 2 . 75 ft  high,  is f illed wit h Zeolon 900 .  T he c hemical composit ion of t he 

feed to t he column is approximately · o. 8 M Na+, 0 . 1 M Cs , 0 . 0 1  M K+, 0 . 01 M 

Rb+, and 0 . 9 M N03 - . A total of 7 x 1 05 to 8 x 1 05 Ci of 1 3 7 c s  is loaded 

onto t he column in eac h ces ium purif icat ion campai gn.  Eac h batc h of Zeolon 

900 processes between 3 x 107 and 3 . 5 x 1 07 �i of l 3 7 cs before requiring 

replacement . 



40 

From Apr i l  1 9 7 7  to December 197 9 ,  one hatc h of Zeolon 900 sorbent in 

toe T-38-5 column processed 3 . 2 x 107 Ci of l 37 cs and received a calculated 

(Equat ion 1 )  radiation dose of 2 x 109 rads . T his est imate is slightly low 

because ' t he T-38-5 column is in close proximity to a tank containing , at ' 

t imes , purifie d l 37 cs whi c h  also irradiates t he Zeolon 900 . Some caution 

is . warranted in extrapolating experience with the Hanford Zeolon 900 sor

bent to performance of SDS zeolite liner.s . For example , the Zeolon 900 bed 

was wet t hroughout it s operating life , whi le SDS zeolite beds may even

tually be dried.  

3 . 2 . 2 . 3  T heoretical Considerations - Radiation Damage to Zeolites.  

S imple t heoret i cal considerations s how t hat inorganic zeolite sorbents 

s hould be muc h  les s  susceptible to damage from f i s sion product radiation 

t han are organic sorbent s .  T hus , suc h radiat ion consi s t s  of beta and gamma 

emissions whic h interact wit h  electrons , not nuclei ,  of t he sorbent . 

Displacement of electrons produces radicals , ions., and so fort h. Organic 

materials are not stable to suc h reactions because bonds are ruptured and 

new ones form, result ing in major structural changes .  In �eolite , howeve r ,  

a l l  metal atoms are bonded by four oxygen bridge s ;  t hese multiply and form 

a particular crystal structure and pore configuration t hat are very 

res i stant to damage by beta and gamma radiation. 

Laboratory and plant-scale radiation experience whic h s hows t hat 

zeolites are not significantly damaged by irradiat ion . to exposures as hig h  

a s  4 x 1 0 1 1  �ads i s  clearly in agreement wi t h  t he t heoretical con

s iderations just  enunciated . From a t heore tical standpoint als o ,  t here is 

good reason to expect t ha t  Ionsiv IE-95 will  rtot suffer significant 

radiation damage during a 10-year storage period. Even if Ionsi v  IE-95 did 
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begin t o  undergo observable radiat ion damage a t  doses above 10 1 1  rads , t he 

principal effect expected- would be conversion (metamictization) of some of 

t he crys talline c habazite at t he center of t he liner to an amorp hous 

materia l .  Transf ormat ion from a crystalline structure to an amorp hous form 

would be a very slow process  not likely to be accompanied by evolution of 

gases .  T he amorp hous material would contain essent ially t he same c hemical 

elements as t he original crystalline Ionsiv IE-95 and t hus s hould be 

suitable for vitrification. Radioce s.ium and radiostront ium originally 

trapped in cages in t he crystalline lat tice may migrate to undamaged Ionsiv 

IE-95 during t he metamictizat ion proces s .  In any event , t here is reason to 

be lieve t hat t he SDS zeolite will  sat i sfactori ly retain all radioactive spe-

cies for at least  a 10-year storage period . 

3 . 2 . 3  T hermal Effects  

3 . 2 . 3 . 1 S team Generation. T he heat energy generated in SDS liners 

loaded wit h 60 , 000 to 120 , 000 Ci of l 37 cs may be suf f i cient to vaporize any 

water lef t  in t he line r .  Work by DeMier1 0 demons trates t hat "wet " zeolites 

can retain very large amounts of water.  For example , in one particular set 

of  experiments ,  DeMier saturated· · and was hed zeolite beds (0.  96 ft3 ) wit h  

water prior to f lowing dry air t hroug h t hem. He s ta tes : .· 

At t his time t he test cqntainer - ho lds about 1 1 . 5  pounds of adsorbed 
water , 1 5 . 6 pounds of inters titial water , 1 5 . 6 pounds of "&ponge "· 
water (t hat is , water held wit hin t he granules but not actually 

· absorbed ) and approximately 10  pounds of "loose"  water in t he lines 
and in t he containe r below t he support screen. 

Storage of wet SDS liners may require equipm�nt to condense and 

collect water vapor . 

3 . 2 . 3 . 2  T hermal Degradation of I ons iv IE-95 . From data plot ted in 

Figure 3 . 5 ,  peak centerline temperatures of SDS liners loaded wi t h  60 , 000 

I 
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and 120 , 000 Ci of ces ium, respectively, would be about 700 and 1 2 90 °F if 

all t he radiodecay energy were absorbed in t he zeolite . S ince , as already 

note d ,  at leas t  some of t he decay energy will  escape t he liners , centerline 

temperatures of ·actual stored SDS liners wil l  be wel l  below t he calculated 

values . 

Ionsiv IE-95 is a molecular sieve made of t he crystalline aluminos ili-

cate minerai c habazite . Limited data concerning t he t hermal stabi lity of 

molecular sieves indicate t hat even a temperature of 1 2 90 °F is still  be low 

·. t hat where any kind of �tructural c hange starts to occur . T hus � according 

to Swi f t : 4 

No particular structural damage occurs to molecular sieves at tem
peratures up to 1300 ° F .  .At 1650 °F and above , crystalline structure 
col lapse occurs wit h an apparent s hrinkage of about SO percent and 
wit h surface glaz ing . 

Collapse of t he zeolite structure in stored SDS liners , alt houg h not 

anticipated, would likely be benef icial rat her t han deleterious . T hus , 

suc h  collapse could entrap and furt her immobilize 1 3 7 cs in a hig h  leac h-

res i stant ceramic body . 

3 . 2 . 3 . 3  V olat ilization of Cesium. Little , if any , ces ium is expected 

to volati lize during t he storage of 1 3 7 cs-loaded SDS liners . T his conc lusion 

i s  based on experimental evidence ci ted in C hapter 6 ,  whic h s hows t hat less  

t han 0 . 1 %  ces ium volat ilized when Ions iv IE-95 loaded wit h  inert ces ium was 

vitrif ied at 1050 °C . Als o ,  any ces ium t hat evaporated from t he hottes t 

part of t he SDS liner would probably condense on t he cooler parts of t he 

zeolite bed or upon liner walls . Als o ,  small amounts of 1 3 7c s  in t he 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 3 161 s tainless  steel ves sels  with 

3 /8-in. walls ·. Because of the excellent corrosion res is tance of 3 1 6L 

s tainless  stee l ,  · no significant corrosion of the liners is expected during 

their extended storage . 

Stainless steel casks used to ship ces ium-loaded zeolites to ORNL from 

Hanford between 1 96 1  and 1970  did not undergo any visible damage . s S ome of 

these casks were used for many shipments .  But ,  of course , in each shipment 

the ces ium-loaded zeolite was only in contact with steel surfaces for a few 

. days . 

No corrosion fai lures or problems with 304L stainless  steel equipment 

were ever experience d in any · Hanf ord plant- or laboratory-scale ces ium ion 

exchange column operat ions . 

3 . 3 Stability Cons id� ra tions D�ring Load Cycle 

The principal focus in this· chapter is on the stabi lity of loaded SDS 

liners during storage . It is of intere s t ,  nevertheles s , to consider 

brief ly some potent ially troublesome phenomena (e . g . , gas sing , column 

plugging , chemical at tack , etc . ) which could conceivably occur during the 

loading of 1 3 7 c s  onto the SDS zeolite bed s .  Experience at Hanford in reco

vering 1 3 7 c s  from alkaline Purex was tes , cited earlier in thi s  chapter ,  as 

well as some later Hanford plant-scale experience in purifying recovered 

1 3 7 c s  by loading on beds of Zeolon 900 (Roddy et al. , 1 9 8 1 ) ,  is par

ticularly germane . 5 

Excess ive evolution of gases frequently occurs during ion exchange 

separat ion and recovery of highly act ive alpha emitters . However ,  because 
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of the much lower radiation levels that wi ll prevai l  during loading of the 

SDS liners , no gas sing problems are anticipated . 

What is believe d  to be chemica l , rather than radioly t i c ,  attack has been 

observed in two dif f e rent Hanford plant-scale applications of Zeolon 900 for 

1 3 7c s  removal .  No such attack , however ,  has ever been observed in plant

scale applica t i ons of AW-500 ( Ionsiv IE-95 ) zeolite . Degradation of Zeolon 

900 observed at Hanford has manifested i t self in deterioration of the 

amorphous .silicate material whi ch binds crys t�ls of mordenite with con

comitant decreases in overall sorbent pa rticle size and increases in 

resistance to flow. At least part  of the observed chemical attack is 

attributed to reaction of the binder material with . ethylenediaminetetraace-. 

tic acid  (EDTA ) and hydroxy-N-ethylenediaminetetraacetic acid (HEDTA ) ,  two 

chelating agent s  which are present to some extent in many Hanford liquid 

wastes . 

The TMI-SDS employs Ionsiv IE-95 exchanger and not Zeolon 900 ;  

furthermore , organic complexing agents are not found in the TMI con

taminated wat e r .  Hence , chemical degradat ion behavior simi lar to that 

noted at Hanford is not expected in �us operation. 

3 . 4  Findings 

Various synthet i c  and natura l ly occurring zeolites , including Ionsiv . 

IE-95 , have been irradiated in laboratory-scale tests to exposures in the 

range 1 01 0 to about 4 x 1 01 1  rads without undergoing either signi f icant 

structural damage or decreased aff inity for sorbed cesium or strontium. 

Judging from these bench-scale results and also extens ive DOE plant-scale 

experience at lower radiation doses , SDS liners containin� 60 , 000 to . 
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120 , 000 Ci of  radiocesium and radiostrontium are expected to be satisfac-

torily stable to ioniz ing radiation for ' storage times as long as 10 years . 

Calculated radiation exposures of SDS liners loaded with 60 , 000 and 

1 20 , 000 Ci of act ivity af ter 10  years of storage are es t imated to be about 

1 . 7  x 1 0 1 1  and 2 . 0  x 10 1 1  rads , respectively . 

Elementary theoretical cons iderations of the effects  of ioniz ing 

radiation upon zeolite sorbents support the f inding that SDS liners con-

taining 60 , 000 to 1 20 , 000  Ci of l 34 , l 37 cs and 9 0 sr can be sat isfactorily 

stored for at least  10  years . From a theoret ical standpoint there is good 

reason to believe that Ionsiv IE-95 may not suffer observable radiation 

damage even at exposures considerably above 1 01 1  rads . Even if it did ,  the 

principal expected effect would be a very s low conversion of some of the 

crystalline chabazite at the center of the liner to an amorphous form 

without signif icant evolution of any gases . The re sulting amorphous form 
� 

would be expected to be suitable for eventual conversion to a borosilicate 

glass .  

SDS liners loaded with 60 , 000 to . 120 , 000 Ci of radioac tive cesium and 

strontium are expected to be thermally stable during storage . Calculated 

maximum centerline temperatures ,  700 °F and 1 2 90 ° F ,  respectively , of liners  

loaded with 60 , 000 and 120 , 000 Ci  are below the temperature ( 1 300 °F ) where 

structural changes in molecular sieves such as Ionsiv IE-95 are reported to 

occur . (Although not ant icipated , collapse of the zeolite structure in 

stored SDS iiners , which might begin to occur at 1 300 °F , would likely be 

benef icial rather than deleterious . )  At temperatures of 700 ° to 1 2 90 °F 

�ittle , if any , 1 37 cs is expected to volatilize during the st orage of . 

ces ium-loaded SDS liners . 



46 

Some slight corros ion of t he inner liner walls  may occur during t he 

storage of 1 17 cs -loaaed SDS liners . Effects of suc h c6rrosion will be 

minimized because of t he selection of hig hly corrosion-resis tant material 

( 3 1 6L stainless  stee l )  for construction of t he liners and �pecificat ion of 

extra t hick (3 /8-in. ) liner walls . 

Loaded SDS zeoli te line rs will contain cons iderable amounts of water;  

radiolysis of t he water during storage will  generate hydrogen and oxygen. 

Evolved hydrogen and oxygen gases can be dispersed by venting t he stored 

SDS liners to an appropriate off-gas system, as presently planned.  Wet 

SDS liners loaded wit h  strontium and cesium s hould not be stored for pro

longed periods in sealed containers because of t he potent ial for 

overpressurization by radiolyt ically generated gases . 
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4 . 0  ON-SITE HANDLING 

4 . 1 Introduct ion 

T he objective of t his c hapter is to examine t he handling of hig hly 

loaded zeolite SDS liners at TMI-2 in order to identify any constraints 

w hi c h  could limit t he loading of t he liners . However ,  it s hould be 

recognized t hat t here wi ll be additional liners containing mec hanical 

f i lters , second- and t hird-stage zeolite fi lters , and pool containment . 

cleanup filtcrG . Wit h t he pos sible except ion of t hose liners whi c h  con

tain t he mec hanical filters , all of t he liners are expected to contain 

re lat ively low amounts of radioactive material . T hese are not included 

in t hi s  study . 

4 . 2  Present Handling -Sequence 

A discussion of t he planned handling sequence will provide a better 

understanding of t he impact of hig h  loadings of t he SDS liners . 

Initially , six liners are arranged for two f low pat hs ,  wit h  t hree 

liners in eac h  pat h. It  is ant icipated t hat t he firs t-stage liner ( s )  will 

be loaded first and t hen removed to storage . T he second- and third-stage 

liners will t hen be advanced and a new liner installed in t he t hird-s tage 

position. Af ter processing , t he loaded liners are stored in racks , whic h 

can accommodate a total of 60 liners . T he rack des i gn calls for 36 liners 

on t he bottom of t he spent fuel pool and 24 liners in a second-layer rack . 

All of t he liners are held wit hin a leakage containment "box" w hi le 

being loaded;  t his arrangement helps prevent t he spread of radioactivity 

during coupling and uncoupling . Eac h containment box has a cleanup ion 

exchanger.  
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During proce s s ing , a minimum of 15  f t  of water will  cover eac h  liner.  

During transfer to  storage racks , however ,  it is neces sary to  . lif t  t he 

liners approximately 5 f t ;  t hus , t he minimum water coverage becomes 10  ft  

for  a s hort period of  time . 

Following storage at t he bottom of t he pool for an undef ined period , 

eac h liner  is transferred (underwater)  to a dewatering stat ion for removal 

of t he sponge wa ter ( cf .  page 41 ) .  Af ter being dewatered , t he liner is 

loaded into . t he cask and t he cask lid installed. T he cask is removed from 

t he pool ,  t hen dra�ned ,  decontaminated as required , and surveyed .  T he Fuel 

Handling Bui lding crane transfers t he cask to a suitable locat ion for 

installation of t he s hock limiters and t hen pos itions it on t he 

t ransport ing ve hicle . All of t hese handling operations will  be performed 

inside t he Fuel Handling Building . 

A likely alteration in t he handling sequence .is related to preventing 

pressurization of t he liner due to radiolytic decomposit ion of water . 

Venting capability is currently being ins talled. 

4 . 3  Effects of Hig h-Curie Loading on Operat ion 

An analysis was made to establis h radiat ion levels at t he surface of 

t he poo l ,  since t hi s  would represent t he closest  proximity of personnel to ' 

t he liner.  T he calculations indicate t hat an array of more t han nine 

liners is equivalent to an infinite number of . liners . T he calculations 

furt her indicate t hat , wit h  10 ft of water above t he source , 120 ;000 

Ci/ liner wi ll result in a field pf less  t han 1 mR/ h. T hus , hig h-curie 

loadings on t he liners would result in insignificant radiation ef fects to 

individuals during normal operations . 
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4 . 4 Effects on Maintenance 

Maintenance operations conducted above water results in t he same expo

sures as indicated in Section 4 . 3 . However , if underwater maintenance 

became neces sary, removal of t he liners "in t he vicinity of t he work area 

would be required . About 2 ft of water would provide suff icient s hie lding 

to reduce t he dose rate from a ves sel loaded wit h 120 , 000 Ci to t hat of a 

VP R s P l  l n;:ui p (l  wi th 10 , 000 r.L T t  i s  n n l i k P l y  th: H rl n s P  r: H P s  t.mn l rl  hP pro

hibit ively hig h  once t he vess.e ls are moved from t he area ; however ,  if t his 

were t he cas e ,  lead (plate ) s hielding could be lowered to protect main

tenance personnel.  

4 . 5 Cask Loading and Cask Selection 

Calculat ions presented in C hapter 5 indicate t hat many avai lable spent 

fue l casks are suitable .to s hip t he SDS liners . T he cask examined in detail 

for t he loading evaluation is t he C hem�Nuclear CNS 1 - 1 3C cask. T he desired 

features of t his cask are : ( 1 ) it is relatively lig htwei g ht so t hat truck 

transport wit h t he two containers per truck may be possible ; (2 ) it appears 

to be suitable for transport ing t his type of material (by-product 

material ) ;  (3 ) t he SDS process ing system is being cons tructed , assuming 

t hat t his particular cask will be used ; and (4 ) C hem-Nuclear is in t he pro

cess  of upgrading t he certif icate of compliance for t his cask . Limitations 

of t hi s  cask include relat ively weak s hi�lding and , a,t least  for t he pre

sent , a maximum permiss ible heat source of 600 w .  

Several ot her truck-mounted casks can accommodate t he SDS line rs .  Some 

of t he problems as sociated wit h t he employment of t hese casks are identified 

in Appendix B. 
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As demons trated i n  C hapter 5 ,  an alternate cask for t he SDS liners may 

be required only for loadings in excess  of 60 , 000 Ci . Furt hermore , 

t he use of ot her casks , suc h as CNS 4-45 and CNS 3-55 , would require modifi

cations to t he TMI-2 pool equipment , due to t heir lengt hs . T hese modifica

tions are pos s ible (if  completed bef ore SDS startup ) and would c9s t  

approximately $25 , 000 , but would not be made unless i t  was decided to load 

to 120 , 000 Ci per line r .  

4. 6 Findings 

Effects upon pers onnel exposure during t he handling of more hig hly 

loaded liners are not expected to be of any significant consequence ; in 

fac t ,  exposure may be decreased by reducing t he required number of tran�

fers of t he liners to t he storage module s .  T he s t ront ium-loaded liners 

likewise do not appear to present any handling problems . 

T he CNS l-13C cask appears to be suitable for t he s hipment of liners 

loaded to 60 , 000 Ci . T he use of ot her casks is poss ible , but eff orts  would 

. have to be made to modify the pool loading rack and to addres s  uncertain

ties  associated wit h  t he Certif icates of Compliance of t he alternate casks . 
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5 . 0  TRANSPORTATION OPTIONS 

5 . 1 Int roduct ion 

The effects of the extent of loading of the SDS liners on transpor-

tation are dis cussed in thi s  chapter . Four separate transportat ion 

s egments are cons idered;  two different dis tances are assumed , and two 

t ransportat ion modes are assessed,  for each segment . The four segments 

are as follows : 

( 1 ) TMI reactor to was te proce ssor (WP ) ,  

( 2 ) WP t o  sp�n t f� � l  �hlay-from-reac tor (AFR ) & toragQ faci lity o� 

return to TMI reactor for storage , · 

( 3 )  storage to terminal geologic repos i tory , and 

(4 ) WP t o  terminal geologic repos i tory . 

F our liner load ing levels and two disposal methods are considered.  

Since specific sites for  the WP, AFR , or  geologic repository have 

not been spec i f ie d ,  a "near" shipping dis tance of 250 mile,s and a "far" 

shipping distance of 2500 mi les have been arbitrarily as sumed. An 

assessment of the impact of specific routings on the logistics of move-

ment , cos ts , and public exposure was not possible ; therefore , such 

assessments were made only on a generic basis  using the near and far 

distances . Finally , for each shipping segment and distance , the avai la-
/ 

bility of either truck or rai l  mode was assumed so as to not preclude 

the use of any shipp ing systems which might be availa.ble . 

Only exi s t ing hardware was included for the s tudy.  If  the time 

period when shipments are made extends beyond the near term , other 

systems may become availa ble or may be des igne d ,  certif icated , and 

f abricated for this specif ic· purpose ; it is also possible that some of 

the sys tems presently in existence which are ·ident if ied in this . study 
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mig ht become unavai lable . T he ass essment was not limited to was te 

casks , but also included existing spent fuel casks whi c h  could be cer-

tificated by amendment to carry t he was te forms under consideration .  

I n  t he detailed as sessment of transportation , t he following factors 

were considere d :  

." o Applicability 
o Licensability 
o Availability 
o Cask/plant Interface 
o Personnel Exposure 
o Public Exposure 
o S c hedule 
o Cost 

5 . 2  Cask Selection 

Four principal constraints govern t he applicability of a given 

cask : (1 ) the package mus t  be currently certif icated by NRC as type B ,  

(2 ) t he di_mens ions o f  t he containment cavity must  accept t he SDS zeolite 

liners or t he vitrif ied was te canisters , (3 ) t he s hielding mus t  be suf-

f icient for at least  t he 10 , 000 Ci-per-liner loading level ,  and 

( 4 )  t he cask mus t  be compat ible wit h  s hipping and receiving faci li t ies . 

T he first cons traint , coupled wit h t he second cons.traint , narrowed 

t he lis t  of possible casks to approximately 20. To assess t he 

s hielding adequacy of candidate casks , an est imate of dose rate from 

t he loaded SDS liners and from t he vit rified was te canisters was 

needed.  T he s hielding calculations for t he hig h-act ivity-level  

stront ium/ces ium liners and vitrif ied was te canis ters are summarized in 

Sections 5 . 2 . 1 and 5 . 2 . 2 .  



54 

5 . 2 . 1  One-Dimens ional Shielding Assessment 

Ini t ially ,  simplified one-dimens ional calculations were made to 

expedite the cask asses sment and selection. The is otope compos ition 

reported elsewhere , 1 which is for July 1 980 , was used in these calcula-

t ions . As a result , these calculations overestimate the shie lding 

requirement s .  

Despite these limitations , the one-dimensional calculat ions provide 

an ins ight into which parame ters are important.  SDS liner loadings of 

1 0 , 000 , 60 , 000 , and 120 , 000 Ci were assumed , and vitrified waste 

cani sters , 8 in . diam by 8 ft long , were as sumed , where 1 . 75 canis ters 

result from proces s ing one liner.  The following compos ition was assumed 

f or each 1 0 , 000 Ci in a liner : 

8 9 sr  30 
9 0 s r . 120  

l 3 4 cs 1 , 4 1 0  
l 3 7 c s  8 , 440 

1 0 , 000 Ci 

Als o ,  based on 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 zeoli te bed . 

For the vitrified waste canis ters , the fis sion pr�ducts  were 

assumed to exist  in the glass as a homogeneous mixture. 

The SANDIA-QRIGEN code2 �as used to obtain estimates for the 

radiation source characteristics of the zeolite and vit·rified waste 

forms . 

The ANISN discrete ordinates transport code3 was ut ilized to obtain 

estimates of the thicknesses of lead required to obtain regulatory dose 
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rate levels  external 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 these shield thi ckne s s  estimates for the 

SDS liners are conservative • .  First , in each shielding calculat ion , the 

source region was mode led as a radiation-emitting air space . Thus , 

shielding ef fects of the was te itself , although probably small , were 

ignored. Second , the calculations were done in one-dimensional 

cylindrical geometry .  Modeling the problem in thi s  geometry , in effect , 

transf orms the radiation source into an infinitely long cylinde r .  · This 

results in the greatest inaccuracies for the SDS liners . More 

realistic , two-dimensional shie lding calculations would result in shield 

thicknesses  approximately 1 in. less  than those calculated with the one-

dimensional model .  Since the SDS vitrified waste canis ters have a large • 
� 

length-to-diameter ratio , the infinite-cylinder · effect is probably of 

litt le importance in this cas e .  Third , the age of the waste could be 

significant since the ma jor cons tituents  are 1 34 c s  and 1 3 7 c s , which have 

significantly dif ferent half-lives ( 2 . 062 years  for l 34 c s  and 30 . 1 7 

years for 1 3 7 Cs ) � As the waste ages , the composit ion of the isotopic 

mixture wi ll change and the shie lding requiremepts will decrease.  

Table 5 . 1 .  summarizes the results of  the one-dimensional calcula-

tions for the three liner loading levels considered. An est imated 

realis t i c  value of the required shield thickness  for the SDS liner is  

shown. I t  was obtained by subtract ing 1 in . f rom the conservat ively 

calculated value . 
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Table 5 . 1 .  E s timated Lead Shie lding Requirements to Reduce Dose Rate 
to 1 0  mR/h at a Distance 2 m from the Lead Surfacea 

SDS Liner 
Loading 

(Ci / line r )  

20 , 000 

60 , 000 

1 20 , 000 

Lead Shielding Requi rements  ( in. ) 
SDS Liner Vitrified Waste Canister 

6 . 0  s . o  

7 . 4  6 . 4  

6 , 8  

auses July 1 980 isotopic mixture of strontium and ces ium. Based 
on one-dimensional calculations . 

5 . 2 . 2  Two-Dimensional Shielding Assessment · 

As the efforts of the Task Force progres sed , the. need was 

es tablished for a clearer shie lding def inition , using more realistic 

values of isotopic mixe s , ces ium band width , and two-dimensional calcula-

tions . Therefore , the loading scenarios described in Chapter 2 . 0  were 

used to more accurately represent the loading situat ions that might occur . 

I t  was as sumed that the stront ium-cesium mixture shown in Table 2 . 1 ,  

given as ot July 1 98 1 , would be loaded in the liners . The resulting 

loaded liners would then be stored unt il January 1 982 prior to 

shipping. The isotopic compositions for a liner loaded to a total of 

1 0 , 000 Ci in July 1 981  and aged to January 1 982 is shown in Table 5 . 2 .  

Liners loaded to other levels (22 , 000 , 60 , 000 , or 1 20 , 000 Ci ) would  have 

composit ions scaled linearly with the loading level.  

The gamma spectrum for  this isotopic mixture was determined by hand 

calculation. The nuclides 8 9 s r , 9 0 s r .- .
and the daughter 9 0y produce no 
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gammas upon decay.4 The significant gamma ene rgies produced by the disin-

tegration of the cesium isotopes are indicated in Table 5 . 3 .  

Using the energy structure of an available P3 eight-group cross-

section set , the gamma source spectrum as of January 1 ,  1 982 , 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. 

Ta ble 5 . 2 .  Isotopic Composition of an SDS Liner Loaded to 
1 0 , 000 Ci on July 1 ,  1 98 1 , and Shipped on January 1 ,  1982 

Estimated SDS Line r Content (Ci) 
When Loaded When Shipped 

Isotope (July 1 ,  1 98 1 ) (January 1 ,  1 982 ) 

89sr  0 . 5 0. 04 

90sr  398 . 5 393 . 8  

1 34cs 1 , 0 1 6  858 . 8 

1 3 7cs 8 , 585  8 , 48 7  

1 0 , 000 9 , 740 

Table 5 . 3 .  Gamma Yield Data for SDS Liner Cs-Isotopes 

Isotope Gamma Energy Yield (Gammas 
(MeV) per Disintegration) 

1 34cs 1 . 37 0 . 03 

1 . 1 7  0 . 02 

0 . 80 0 . 90 

0 . 605 0 . 98 

0 . 57 0 . 24 

1 3 7cs (via 1 3 7 Ba) 0 . 662 0 . 95 
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Table 5 . 4 .  SDS Liner Gamma Source Spectruma and Dose Rate 
Conversion Factors 

Gamma Average . Gamma Emissions Dose Rate Factor 
Energy (MeV ) per Second (mR/h-gamma�cm2 / s )  

1 . 25 9 . 534 X 10 1 1  2 . 32 X 10-3 

1 . 025  6 . 356 X l Ol l  2 . 01 X ·10-3 

0 . 80 2 .  060. A: 10.1 1  1 .  68 X 10-3 
-

X l Ql�. X 10-3 0 . 70 2 . 983 1 . 52 

0 . 60 · 3 . 877 X 1 Ql 3  1 . 36 X 10.-3 

0 . 50 1 . 1 5 X 10":"3 

0 . 40 9 . 85 X 10-4 

0 . 30 7 . 59 X 10-4 

Total 3. 673 X 1 01 4  

asource i s  for 1 0 , 000 C i  of strontium-cesium mixture 
loaded on July 1 ,  198 1 , and decayed to January 1 ,  1982 . 

The MORSE -SGC Monte Carlo · CodeS was used to perform the two-

dimens ional transport; calculations . This code has the advantage of 

allowing a very detailed modeling of the actual geometry under con-

sideration without the core storage constraints which result ln llml ta-

tions when two-dimensional dis crete ordinates codes are used.  A disad-

' vantage is that MORSE results are statist ical in nature ; and ,  for deep 

penetration ( thick shield ) problems , statistically significant results 

are dif f icult to obtain in ieasonable run times . This diff iculty is  

enhanced when the energy of the radiation being consi dered is small 

(approximately 1 MeV ) .  



59 

T he geometry cons idered in t he two-dimensional calculat ions is 

essentially t hat of the CNS . 1-13C cask . T he outer dimens ions of t hi s  

cylindrical cask � a s  uti li�ed i ri  t he . numerical model ,  were 68 . 5  i n .  hig h  

by 39 in. in diameter . T he cask s hielding t hicknes s  use d ,  in terms of 

lead equivalent., were 5 . 8 in. on t he side , 6 . 6  in. on t he top , and 

6 . 8  in. on t he .bot tom. T hese s hield t hicknesses  result in a 

55-in. - hi g h, 27.� 5-in . -diam cask ca'vity in t he model (whic h is larger 

t han t he cavity of t he actual cask ) .· T his dispari ty is of no signi f i-

cant consequence s ince only dose · rates external to t he cask are signifi-

cant . For model ing purposes , t he walls of  t he cask were taken to be 

lead , and t he cavity and t he ca�k exterior were assumed to be air .  

T he cylindrical source zone in t he . cask cavity was 2 4  in. in 

diameter , and its upper · surface was 30 ;8 .in . from t he bot tom of t he 

cask cavity. T he dep t h  of t he source varied wit h liner loading ( see 

C hapter 2 ) .  T he · dept hs used , as a 'function of init ial loading , are 

given in Table 5 . 5 .  

Table 5 . 5 .  SDS Liner S ource Z one Dept ha f or Two-Dimens ional 
S hielding Calculat ions 

Ini t ial  Loading Percent of Zeolite Dep t h  of Source 
(Ci ) Bed Lengt h Zone (in. ) 

1 0 , 000  3 0 . 92 

22 , 000 8 2 . 45 

6 0 , 000 21 6 . 43 

120 , 000 4 1  1 2 . 56 

asource zone is cylindrical wit h a diameter of 24 in. 
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Dose rates were estimated �oth at the surface and at 2 m from the 

surface on the side , top , and bottom of the cask. The statistically 

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 ls 60 , 000 Ci ird t ially , the surface and 2-m dose ratca at 

the side of the cask should be taken as 160 mR/h and 7 mR/h, respec-

tively , 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 select ion for the vitrified waste canisters is based· on the 

conservative 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 shipment of any of the vitrified waste canisters. 

Table 5 . 6 .  Estimated Dose Rates (mR/h) for One SDS 
Liner in the CNS 1- 1 3C Cask 

Cask Location 

Initial Liner Loading Side 
(Ci )  Surface 

2 ma Top Bottom 
Surface Surface 

1 0 , 000 1 3  0 . 4  1 .  3 0 . 1 

22 , 000 31 0 . 9  3. 1 1 .  2 

60 , 000 80 3. 5 1 1  1 . 9  

1 20 , 000 1 20 6 . 5 35 1 7  

aDose 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 f or SDS L-iners 

Initial Type of Depth of Date Date Lead 
SDS Liner Calculation Source When When Shielding 

Loading Z one Liner Liner Requirements 
( C i / liner ) ( in . ) Loaded Shipped ( in . ) 

1 0 , 000 One-D 6a 7 /80 7 /80 6 . 1 
1 0 , 000 Two-D 0 . 92 7 /8 1  1 /82 5 . 0  

2 2 , 000 Two-D 2 . 45 7 /8 1  1 /82 5 . 5 

60 , 000 One-D 6ll 7 /80 7 /80 7 . 4 
. 60 , 000 Two-D . 6 .  4 3  7 /8 1  1 /82 5 . 7  

1 20 , 000 One-D 6a 7 /80 7 /80 7 . 9  
1 20 , 000 Two-D 1 2 . 56 7 /8 1  1 /82 6 . 0 

aAssumed 75%  of loading in source zone . 

5. 2 . 3 Shielding f or Low-Level S trontium Liners 

A f inal considera�ion is the shie lding requirements of liners uni

formly loaded with a 89 sr-9 0 sr  mixture in the ratio  of 1 : 800. Two 

different total ini t ial  loadings of strontium, 500 and 2000 C i ,  were 

assumed. It  is assumed that liners with thes e  loadings will be aged 

6 months bef ore being shipped off-site . Table 5. 8 shows the es timated 

isotopic content of a liner for each of these ini t ial loadings .  

, The 89 sr , 9 0 s r ,  and the daughter  9 0 Y isotopes disintegrat e  only by 

beta decay . The maximum beta energy f or each isotope is , respect�vely , 

1 . 46 ,  0 . 544 , and 2 . 27 MeV . 4 
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Table 5 . 8 . Isotopic Contents of Stront ium-Contaminated SDS Liners 

I sotope 

89 sr  

9 0 sr  

9 0 ya 

89 sr  

9 0 sr 

90 y 

Ini tial Loading 
(Ci ) 

0 . 6 

499 . 4  

499 . 4  

2 . 5 

1 99 7 . 5  

] qq7 . ';  

6.:..uonth 
Loading (Ci )  

0 . 05 

4 9 3 . 4 

493 . 4  

0 . 2  

197 3 . 8  

J qB . R  

Total Sr  
Activity (C i ) 

Initial · Af ter 6 Months 

5cio 493 . 5  

2000 1 97 4  

a9 0 y has a half-life o f  6 4  h and i s  i n  equilibr ium with 90 s r .  

The shielding requirements for liners loaded with these beta emit-

ters are determined by two factors :· the shielding necessary to eliminate 

the beta radiat ion , and that required to attenuate the bremss trahlung 

radiat ion .  A thin layer of steel or lead would effect ively stop all the 

beta radiation . I t  is  believed that  about 2 in. of lead would be suf-

f ic ient to reduce the radiation flux, for ei ther liner loading , to 

acceptable leve ls . This conclusion is based on the . observat ion that the 

average energy of the bremss trahlung generated as an electron slows down 

is  only about 10% of the initial energy of the electron. Only a small 

fraction of the electrons emitted during beta decay ?as the maximum 

energy asso�iated with the decay. Thus , for the present situation , mos t  

of the bremsstrahlung will have _ energies o f  only a few hundred kilo-

volts .  Two inches of lead should . be· suffi cient . to . attenuate this 

radiat i on .  
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5 . 2 . 4  Casks for  Each Waste F orm 

The results of the preceding shielding calculations demons trate 

that a cask must have a side-wall shie lding capability of at least 5 . 0  

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

1 0 , 000-Ci leveL 

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

are listed in Table 5 . 9 .  This lis t was developed on the basis  that the 

cask has suf ficient cavity volume and the necessa;ry ef fect ive shielding 

capabi lity. 

Table 5 . •  9.  Casks Capable of Transport ing 10 , 000-Ci SDS Liners 

Cask 

CNS 1-:-1 3G 

CNS 1 - 1 3C 

Vandenburgh 
Cask , 
CNS 3-55 

CNS 4-45 

PB-1 

GE IF-300 

NLI-10 /24 

USA Cavi ty 
Certif icate ID ( in . ) 

Number 

904 4 / B (  )F 26 . 5  

908 1 /B ( r 26 . 5  

5805 / B (  )F 36 . 0  

637 5 /B (  . )F 26 . 0  

637 5 /B (  )F 26 . 0  

900 1 /B ( )F 37 . 5  

9023 /B ( )F 45 . 0  

Cavity Equivalent Lead 
Length ( in . ) Thickness  

( in . ) 

54 . 0  7 . 0  

54 . 0  5 . 7  

1 1 6 . 7 5  7 . 0  

1 59 . 0 6 . 5  (ends)  
. 7 .  5 ( side ) 

1 59 . 0  6 . 5  (ends ) 
J . 5  (s ide ) 

i 80. 2 6 . 1 

1 79 . 5  7 . 7 

Another factor which must  be cons idere·d. in se.lecting a cask is its 

capability for re ject ing decay heat . The estimated heat output of the 

highly loaded cesium/stront ium 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 . 1 0 .  All of the casks shown in these tables are 

discussed in detail in Appendix B .  

Table 5 . 1 0 .  Effect  of  Liner Loading on  Cask Capability 
Based on Shie lding and Heat Output Requirementsa 

C l  �t:!l Llut:!L  

Cask 1 0 , 000 22 , 000 60 , 000 

CNS 1-13G y y y 

CNS 1 - 1 3C y y y 
Vandenburgh Cask y y y 
CNS 3-55 

CNS 4-45 y y y 

PB-1  y y y 

GE IF-300 y y y 
NLI-1 0 /24 y y y 

ay = Yes ; cask has suff icient shielding. 

120 , 000 

·N (2 ) 

N ( I  , 2 )  
y 

y 

y 

I 

y 

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

N No ; cannot be used because : 
( 1 )  shielding capability is exceede d ,  
( 2 )  hea t  output capability i s  exceeded. 



65 

These results  show that liners loaded to ·60 , 000 Ci could be 

transported in all of the casks listed,  without the addit ion of 

shielding. Liners loaded to 120 , 000 Ci could be carried in the CNS 

3�55 , CNS 4-45 , PB-1 , and NLI-1 0/24 casks without additional shielding . 

Based on the four principal �onstraints presented earlier , the 

best choices for the high-leve l cesium/strontium SDS liners appear to be 

either the CNS 1-13C or the CNS 4-45 (or PB-1 ) .  Before shipments can be 

allowe d ,  amendments to certificates will be required for all the casks . 

The CNS 1-1 3C case  is mos t  readily adaptable to the TI1I pool,  but the 

CNS 4-45 cask could carry two liners . 

Any of · the casks listed in Table 5 . 9 could be used to transport the 

low-activity-leve l  liners . In addition , the Rittman HN-200 , CNS 4-85 , 

CNS 8-1 20 ,  and CNS 14-1 90 casks cnu ld be used to transport these liners . 

Adequate shie lding is present in all cases . The CNS 3�55 , CNS 4-45 

(PB-1 ) ,  HN-200 , CNS 8-1 2 0 ,  and CNS 14-1 90 could each transport two 

liners ; the GE IF-300 and NLI-10/24 could each transport three liners . 

The casks that could be used for transporting the vi trified waste 

canisters are shown in Table 5 . 1 1 .  Each of these has suff icient 

shielding (5 in. of lead ) to allow transportation of was te canisters 

resulting from process ing 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 (d�pending on crane capacity ) ,  and (2 ) in the case of 

truck transport , whether the shipment is legal-weight or overweight . 

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

either CNS 1-13C or CNS 1-13G casks . For the vit rified waste 
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cani sters , legal-weight shipments can only be made wi th either 

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

Table S . l l .  Casks Capable of Transporting Vitrified Was t e  G<misters 

Equivalent 
U,SA Lead 

Ccrtifioato C:avity r.::nri ty Th i rknP.RR 
Cask Number ID ( in. } Length ( in. ) ( in. ) 

Vandenburgh 5805 /B ( )F 36 . 0  l l6. 7 5  7 . 0  
Cask , 
CNS 3-55 

CNS 4-45 637 5 /B C  )F 26 . 0  1 59 . 0  6 . 5  (ends ) 
7 . 5  ( s i de )  

PB-1 637 5 /B (  )F 26 . 0  1 59 . 0  6 . 5  (ends ) 
7 . 5  (side )  

NSF-4 /NAC-1 6698 /B ( )F 1 3 . 5  1 78 . Q  6 . 0  

NLI-1 /2 . 90 1 0 /B C  )F 1 2  •. 6 . 1 7 8 . 0  6 . 2  

FSV-1 : ,  . 6346 /B ( )F 1 6 . 6 1 � 7 . 6  5 . 0  

TN-8 90 1 5 /B ( )F 9 . 06 1 68 . 5  6 . 0  

GE IF-300 900 1 /B (  )F 37 . 5  1 80 . 2  6 .1 

NLI-10/24 902 3 /B (  )F 45 . 0  1 7 9 . 5  7 . 7  

Rai l  shipment could be made using . the GE IF-300 or the NLI-1 0 /24 , 

but it appears that this mode would be less  cost  effective due to higher 

cask lease cos t s  (resulting from higher lease rates and longer round-

t r i p  times ) and higher tariffs  by rail than by truck . 

5 . 3  Cask/Plant Interface 

It is assumed that the casks would be loaded at TMI in the fuel 

pool us ing methods similar to those normally used for spent fuel.  
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Personnel dose during these loading operations would tie minimal unless 

the pool, is excess ively contaminated , which co.uld result in extensive 

cask decontaminat ion. Detai ls of this  interface are presented in 

Chapter 4 . 0 .  

I t  i s  further assumed that cask handling facilities are available 

at the other sites , such that any interface problems encountered will be 

minimal . 
i 

5 . 4  Shipping Scenarios 

The shipment scenario assumptions shown in Table .5 . 12 ·were use d  in 

projecting personnel exposure , schedules ,  and costs . Where pos s i ble , 

legal-wei ght truck shipments were assumed;  otherwise ; . overweight truck 

shipments were assumed. Two liners per cask were assumed to be loaded 

fnr l'lh :!.pmeht in th& CNS 4-45 .  For the shipment of low=level �::� Lruntium 

liners to a repository , it was assumed that any . ove�packing of the 

liners for disposal would occur at the repository . The cos t s  ass o-

ela t ed with overpacking have not been considered • .  

5 . 5  Personnel Exposure 

The quantif ication of personnel and public exposure is beyond the 

scope of this study .  However ,  estimates were made of the relative expo-

sure levels by simply considering external dose rates and package miles 

for each case , · along with the number of packages requiring decon-

tamination. 

For external dose rates ,  the approximate dose commitment relative 

to the . worst case for each shipment leg is shown in Table · 5 . 13 .  For 



Table 5 . 1 2 .  Princ�pal Shipment Scenarios Ass-.1med 

Case 

I a Ib II a li b III IV 
(Reference ) 

Initia l Liner Loading (Ci ) 120<, 000 120 , 000 60 , 000 60 , 000 22 , 000 1 0 , 000 

Number of High-Activi ty- 5 5 10  10  25 60 
Level Cs/Sr Liners Shipped ' 
t o  Processor 

Cask Used for High-Act ivity- CNS. 4-45 CNS 4-45 CNS 1-13C CNS. l- l 3C CNS 1-1 3C . CNS l-l 3C 
Level Cs /Sr Liner Shipments 

Number of Low-Activi ty-Level 
S r  Liners Shipped to : 

(a ) Proce ssor 21 0 17  0 0 0 
( b )  Disposal 0 2 1  0 1 7  0 0 0\ 

00 

Cask Used for Low-Activi ty- CNS l-13C CNS 1-1 3C. CNS 1-1 3C CNS l-13C N /A N /A 
Level Sr Liner Shipments 

Number of H�gh-Activity- 9 9 1 8  1 8  4 4  105 
Level V itrified Waste 
Canisters Shipped to 
S torage or Disposal 

Cask Used for Vitrified NLI-1 /2 NLI-1 /2 .NLI-1 /2 KLI-1 /2 NLI-1/2 NLI-1 /2 
Cani s ter Shipments 

Number of Low-Act ivity- 37 0 29  0 0 0 
Level Vitrified Waste 
Canisters Shipped to 
Storage or Disposal 

Cask Used for Low-Activity- NLl-1 /2 N /A NLI-1 /2 N /A N /A N /A 
Level Vitrif ied Canister 
Shipments 

Note : CNS 4-45 is interchangeable with PB-1 . 
NLI -l /2 is interchangeable with NFS-4 /NAC-1 . 
N /A - Not applicable . 
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the shipment of  low-act ivity-level liners and canisters , it  was assumed 

that the dose rates external to the package would be very small , 

approaching zero , relat ive to the dose rates from packages of high-activ-

ity-level liners or canisters . For liners loaded to 1 20 , 000 Ci , ship� 

ment in an upgraded cask (having greater shielding capability ) is 

required . This results in reduced dose commitments in all cases rela-

t ive to sh�pments of 60 , 000-Ci liners . The dose commitments have been 

normalized to the highes t  cas e .  

Exposure resulting from cask decontamination was ,  for simplicity , 

a ssumed to be linearly related to the number of casks decontaminated . 

The relative exposures determined for handling and transport and for 

cask decontamination cannot be added since they were not quanti f ie d .  

The results of. the relative exposure estima te s  are shown i n  Table 5 . 1 4 .  

Table 5 . 1 3 .  Approximat� Unit Relative Dose Commitment During 
· Transportation for Each Processing Case 

Initial 
.Liner 

Loading 
(Ci ) 

1 0 , 000 

22 , 000 

60 , 000 

1 20 , 000 

Approximate Unit Rela tive Dose Commi tment 

High-Activity
Level Cs/Sr 

Liners 

0 . 1 2  

0 . 34 

1 . 0  

Low-Act ivity
Level Sr Liners 

o . o  

0 . 0  

o . o  

0 . 0  

High-Act ivity
Level Vitrified 

Canister 

0 . 08 

0 . 2 

o . s 

1 . 0  

aAccounts for two liners per cask. 

Low-Ac tivity
Level Vitrified 

Canis ter 

o . o  

o . o  

o . o  

o . o 
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Table 5 . 1 4 .  Relative Exposure During Transportation for 
Different Liner Loading Scenarios 

, Initial 'Liner 
Case Loading (Ci ) 

Relative Personnel 
and Public Exposurea 

Relat ive Personnel 
Decontaminat ion Exposureb 

I a 120, 000 o. 7 2  0 . 42 

Ib 120 , 000' o .  72 0 . 20 

II  a 60, 000 1 . 1 7 0 . 45 

IlL 60 , 000 1 . 1 7 0 . 27 

III 22 , 000 1 . 07 0 . 42 

Reference 10 , 000 · 1 . 00 1 .  00 

aNormalized to reference cas e .  
bBased on number o f  shipment s ,  and normalized t o  ref erence cas e .  

Not e ;  Irrespective o f  the shipping casks consi de red,  all are well 
within existing exposure limits of DOT regulations . 

5 . 6 S chedule and Cos ts 

The following assumptions are used to develop cask sche'dules and cos ts 

for the various scenarios : 

1 .  Lease rate of +egal-weight truck (LWT ) casks NFS-4 /NAC-1 or NLI-l / 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 certif ica t i on fee for SDS liners o r  waste canis ters i s  $40 , 000 . 

4 .  Cask in-plant turn�round time i s  24 hours at each site . 

5 .  Average speed o f  legal-weight truck sys tem i s  3 5  mph • .  

6 .  Average speed o f  overwei ght truck (OWT ) sys tem i s  1 5  mph (allowing 
for daylight travel only ) .  

7 .  Tariff for legal-wei ght truck shipments is approximately '$2 . 00 per 
mUe for short trips .  (250 miles ) and $1 . 50 per mile for long trips 
(2 500 miles ) .  

8 .  Tariff f o r  overweight truck shipment i s  approximately $4 . 50 per 
mile (inclu�es special permits , etc . ) 
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9 .  Shipment cos t s  and schedules of the waste cansiters are independent 
of point o{ origin or des tination. 

On th� bas i s  of the preceding assumptions , the schedule ( i . e . , 

round-trip .times ) and cos t s  for each liner loading are provided for the 

six cases summarized in Table 5 . 1 2 . 

In the calculat ion of costs , it is assumed that each shipment leg 

will involve only one shipping campaign , *  and that one cask will be used 

to accomplish thi s  campaign.  

The shipping schedule and costs  for sample campaigns are calculated 

as follows : 

1 .  Ref erence Case, 1 0 , 000 Ci per high-activity-level cesium/ s t ront ium 
line r ,  250-mile trip 

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

o Number of Shipments (60 liners ) / ( 1  liner/ trip ) 
. .  60 tripo 

o Duration of Round Trip = 

( 2 5 0  miles x 2 ) / ( 35 miles /h)  + 48 h = 63 h 

o Duration of Campaign = (63 h/ trip ) (60  trips ) 
3780 h 

= 1 58 d 

o Cost of Campaign = $40 , 000 (Cask Certification ) · · 
+ ( 1 58 d )  ( $ 2 5 0 / d )  
+ (500 miles / trip ) ( 60 trips ) ( $ 2 . 00/mi le )  
= $140 , 000 

2� Case Ia, 1 2 0 , 000 Ci per liner,  high�activity-level vitrified ' 
waste canister,  2 500-mile trip 

o Use of LWT Cask (CNS 1-1 3C ) 

o Number of Shipments = (9  waste canis ters ) / ( 1  canister /t rip ) 
= 9 trips 

o Durat ion of Round Trip = (2500 miles x 2 ) / ( 35 miles /h )  
+ 4 8  h = 1 9 1  h 

*A campai gn is def ined as continued round-trip use of a shipping 
cask from one " s ource " to one "sink "  unti l  all of that was te form has 
been moved.  
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o Durat ion o f  Campaign = ( 1 9 1 h/trip ) (9  trips ) 
= 1 7 1 9  h 
= 72 d 

o Cost of Campaign = $40 , 000 (Cask Certification )  
+ (72  d) , ( $ 2 5 0 / d )  
+ (5000 mi les /trip ) (9  trip s ) ( $ 1 . 50 /mile ) 
= $126 , 000 

The schedules for the various cases are summarized in Table 5 . 1 5 ;  

the costs  are summarized in Table 5 . 1 6 .  

I n  addit ion t o  the schedules and costs - shown in Tables 5 . 1 5  and 

5 . 1 � ,  one other reasonable opt ion appears possible for the vi trif ied 

canisters resulting from proces sing the 10 , 000-Ci and poss ibly the 

22 , 0�0-Ci liners . The TN-8 , which has suff icient shielding , could be 

used to transport three was t e  canis ters simul taneously .  It is assumed 

that the TN-8 lease rat e  is $ 1 500 per day . For this case , the calcula-

t ions for the reference cas e  with a 250 mile one-way dis tance are : 

o Number uf shipments = ( 1 05 canis ters ) / (3 canis ters /trip ) 
= 35 trips 

o Duration of 500-mile round trip = (250 x 2 ) / ( 1 5  mi /h) + 48 
= 8 1  h 

o Duration of Campaign = (81  h/trip ) ( 3 5  trips ) 
= 2835 h 
= 1 1 8  d 

o Cost of Campaign = $40 , 000 
+ ( 1 1 8  d) ( $ 1 500 / d )  
+ (500 mile s / trip ) (35  trips ) ( $ 4 . 50/mile ) 

. $29 6 , 000 

S imilarly , for a 2500-mile one-way dis tance , the durat ion of the 

campaign with the TN-8 is 556 d and the cos t  of the campaign is 

$ 1 , 662 , 000 . Thus , unless  the TN-8 lease rat e  is signif i cant ly below that 

assumed ,  the LWT cask is more cos t-effective for the 1 0 , 000 Ci-per-

liner was te canister shipments .  
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· Table 5 . 1 5 .  Summary of Schedule for 250- and 2500-Mile Waste Form 
Shipping Campaigns 

Duration of Each Campai gn (days ) a 

Trip 
Distance Waste Form c��e Case Case Case C�se Reference 

(miles ) I a lb .  II a . . 

n b III Case . 

250 High-Activity-Level 1 1  1 1  27 27 66 158 
Liners 

250 Low-Activity-Level 55 55 45 45 0 0 
Li nf;'rs· 

2 50 High-Activity�Level 24 24 47 47 . 1 1 6  276 
. Waste Canisters 

250 Low-Activity-Level 97 . (f 76  0 0 0 
Waste Canisters 

---------------------------------------------------------------------------- . 

. 2500 

2500 

2500 

2500 

High-Activity-Level 48 
Liners 

Low-Activity-Level 167  
Liners 

High-Activity-Level 72  
Waste Canis ters 

Low-Activity-Level 294 
Waste Canisters 

48 

167  

72 

0 

80 80 

1 3 5  135  

143 143  

2 3 1  0 

aAssumes that only one cask is used in each campaign. 

199  478  

. 0  

350 836 

0 0 
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Table 5 . 1 6 .  Summary of Cos ts for 250- and 2500-Mile Waste Form Shipping Campai gns 

Trip 
Distance 

( miles ) 

2 50 

2 50 

250 

250 

250 

2500 

2 500 

2 500 

2500 

2500 

Waste Form 

High-Activity
Level Liners 

Low-Activity
Le vt:!l Line rs ·  · · 

High-Activity
Level Waste 
Canisters 

Low ... Act ivity
Level Waste 
Canis ters 

Total 

Hlgh..:.Activity
. Level Liners 

Low-Activity- . 
Level" liners 

High-Activity
Level Waste 
Canis t ers 

Low-Act ivity- · 
Level Waste 
Canis t ers 

Total 

Cost of 
. Case 

I a 
( $000 ) 

so 

61 

43 

' ,  

289 

120 

240 

126 

. 494 

980 

Each Campaign and Total Cost for 
Case Case Case Case 

Ib Ila lib III 
( $000 ) ( $000 ) . ( $000 ) . ( $000) 

so . 57 82 

61 0 

43 86 86 154 

0 0 0 

1 54 246 1 7 1  236 

Each Case 
Reference 

Case 
($000 ) 

140 

0 

3 1 1  

0 

45 1 

120  1 3 5  1 3 5  27 7 ·" · ' . 610  

240 

126 26 1 261  

0 

486 9 1 3  557 

0 0 

258 1 , 330 

0 

535 1 , 940 

. acask certification for low-activity-leve l liners covered by certification 
· -for high-activity-level liners . · · 

bcask certi fication for low-act ivity-level 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 addres sed. This 

concerns the gases that may be present in the liners. prior to shipment . 

The DOT regulat ions [49CFR1 7 3 . 398 ( b ) ( l ) ]  read as follows : 

( 1 ) Type A packaging must be so designed and constructed that , if it 

were subject to the environmental and tes t  condit ions pre scribed in 

this paragraph : 

· (i ) There would be no release of radioactive material from the 

package ; . .  · 

(i i ) The effectiveness of the packaging wo�ld ' not be Sl,lbStan

tially reduced ; and 

( i i i )  There would be no mixture of gases or vapors in the package 

which could , through any credible increase of pressure or an 

exp losion, significantly reduce the effectiveness pf the 

package . 

Thus , sinfe type B packagings must meet all type A requirements , 

consideration must be given prior to shipment of any of the liners to 

the pressure and explosive potential of any gases �n the line r .  Vent ing 

of such gases prior to shipment may be required. 

5 . 8  Findings · 

The assessment of the transportation of the SDS liners and 

vitrified waste canisters resulting from alt�rnat ive processing schemes 

h�s shown that significant reduct ions in personnel and public exposure , 

and in transportation · cost s ,  can result if the loading of the SDS liners 

is increased above the reference case level of 1 0 , 000 Ci per line r .  
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For Case III , where the liner loading is increased to 22 , 000 Ci the 

personne l exposure during cask decontaminat ion could be decreased almost 

60% re lative to the reference case , and the transportation cos t s  could 

be decreased by SO to 56% , depending on the dis t ances between facili

ties . 

For Cases  Ila and lib � where the liner loading is luc r t!a�St!U to 

90 , 000 Ci . the pP rRnnnP.l. and public �xposure during transport would be 

increased over the reference case by approximately 20% because the cask 

wquld be used near its limit of shielding capability . Howeve r ,  l t  is 

predicted that the exposure · of per sonnel during cask decontaminat ion 

would decrease by 55 to 75 % .  Similarly , the transportation cost s  could 

be decreased 45 to 70% , depending on the distances between facilities 

and whether the low-activity-level strontium liners  are disposed of 

direct ly or vitrified prior to disposal.  The direct disposal of the 

low-activity-level liners  results in the lowes t  costs  and lowes t  levels 

of transport personne l exposure . 

For Cases Ia and Ib , where the liner loading is increased to 

1 20 , 000  Ci , the exposure of personne l and public is the lowes t  of all 

the cases considered ,  and the transp-ortation costs  are comparable to , 

but slightly higher than , cases  where the liners are loaded to 60 , 000 

C i .  The significant decrease in exposure arises from the use of 

upgraded,  but overweight , truck casks for shipping high-level liners .  

This practice reduces external doses and allows two line rs to be carried 

per shipment . 

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

transport the high-level liners , the personnel and public exposure would 
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be reduced approximately 60 to 70% relative to the reference _case , and 

the transportat ion cos�s _would be .rec:iuced 20 to 55% relative to the 

reference case. ,  However ,  the costs  would be higher than the case . where 

LWT casks are used for the 60 , 000-�i liners and result ing waste 

canisters . The detailed cos ts for the LWT/OWT cask trade-off wi th Cases 

Ila and lib are shown in Table 5 . 1 7 .  

. Distance 
(miles ) 

250 

250 

250 

250 

250 

2500 

2 500 

2 500 

2500 

2 500 

Table 5 . 1 7 .  Comparison of Costs of LWT and OWT Casks 
with . 60 , 000-Ci Liners and Was te Canis ters 

Wast·e Form 

High-Activity
Level· Liners 

'-Low-Act ivity
Level Liners 

High-Activity
Level Waste 
Canis ters 

Low-Activi ty
Level Waste 
Canisters 

Total 

High-Activity
Level :  Liners 

Low-Activity
Level Liners 

High-Activi ty
Leve l ,  Waste 
Canisters 

Low-:Activity
Level  Waste 
Canisters 

Total 

Cost 

Case Ila 
wi th LWT 

Ca�ks 
( $UOO ) 

57 

28 

86 

75 

246 

1 3 5  

161  

2 61  

356 

9 13  

of Each Campaign and Total Cost 
for Each Case ( $ )  

Case Ila Case lib Case lib 
with OWT . with LWT wi th OWT 

Casksa Ca�k� Ca�ksa 
( $000 ) ( $UOU ) ( $000 ) 

56 57 56 

68 2R 68 

135  86 135  

1 1 5  0 0 

374 1 7 1  259 

. 172  135  172  

201  161  20 1 

5 1 7  261 57 1 

396 0 0 

1 , 286 557 890 

Reference 
Case 

( $000 ) 

140 

0 

3 1 1 

0 

451  

610  

0 

1 , 330 

0 

1 , 940 

aowT cask used for high-activity-level liners and waste canis ters ; 
LWT cask used for low-act ivity-level liners and was te canisters . 
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6 . 0  VITRIFICATION OF ZEOLITE 

6. 1 Technology Development 

6 . 1 . 1  Laboratory-S cale Development 

The DOE reques ted Pacific Northwest Laboratory (PNL ) to prepare a 

program plan outlining the activit ies required to perform a full-scale 

demons tration for vitrificat�on of the TMI zeolite . During preparation of . � . 
the plan, beaker-scale and small laboratory-scale vitrification tests  with 

nonradioactive materials were performed to identify a zeolite /frit com-
- . . . 

posit ion that would provide a suitable waste form. 

The results of the vitrif ication tests are described in the proposed 

plan , "TMI Zeolite Vitrification Demonstration Program Plan. " 1 The ap-

para tu� us�u Lu pe rform the laboratory-scale vitrification tests is sketched 

in Figure 6. 1 .  A mixture of glass formers and zeolite was placed in the 

3-in . -diam canister and placed in the furnace . The canister was then heated 

to a temperature of 1050 °C.  The zeolite used in the tests was loaded to the 

equivalent of �70 , 000 Ci / line r ,  using nonradioactive cesium. Tests indicate 

that the glass formed was of good quality , based on comparisons of other 

glasses that have been developed in the National High Level Was te Management. 

Programs . The of f-gas from the beaker-scale vitrif ication tests was passed 

through successive solutions of nitric acid and caustic . After each test , 

the solutions were analyzed for ·cesium content •. · The connecting tubing be-

tween the canister containing the vit;r"if ied . material 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 result s .  Less  than 0� 1%  of the init ial 

cesium loaded on the zeolite volatiliz.ed during- the melting process . The 
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volatilized cesium was trapped in the scrubbing solutions . No cesium was 

detected downstream of the scrubber ; thus , based on laboratory-scale 

equipment , the ces ium volatili ty is minimal and can be controlled by the use 

of appropriate off-gas scrubber s .  It  must be realized,  however , that tests  

were not conducted at  cesium leve ls above 70 , 000 Ci/liner equivalent , so  

that results are not available at the 120 , 000-C i / liner loading level .  Tests  

at the 120 , 000-Ci /liner loading levels _ need to be conducted t o  provi nP  v�ri-

f ication of the vit rification system, including the eff luent cleanup 

efficiencie s .  

However ,  during the Nuclear Waste Vitrification Pro ject , six fuel 

assemblies irradiated at the Point Beach Nuclear Facility were processed in 

B-Cell of the 324 Building. 2 These bundles contained approximately 

1 . 2  x 1 05 Ci of activity per assembly . Proce s s ing ( including dissolution, 

�oildown, and vit rification of the high-level waste solut ion ) was completed 

without any off-limit environmental release of rad
.
ionuclides . The two 

8-in. -diam canisters of vitrified high-level glass  from this proces sing con

tained 1 . 05 x 1 05 and 2 . 64 x 1 05 C i ,  respectively.  

If sodium t itanate is used to  obtain improved removal of  strontium , 

addit ional laboratory tes ts  mus t  be completed to confirm the vitrifica-

tion and eff luent characterization of the zeolite-titanate mixture . 

6 . 1 . 2  P otential Volume Reduction with . a  V itrificat ion System 
· -

In additi on to the extreme stability of a vitrif ied was t e  glass , the 

volume reduction factor is also very important . 

During the laboratory-scale , nonradioactive test s  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 , calculat ions 

were made re lat ing the volume of CB sump water at TMI (about 600 , 000 

gal )  to the number of canisters of vi trified product . These results are 

summarized in Table 6 . 1 .  : The results are based on a 75% weight loading 
. . . 

of zeolite in the glass product , which was the highes t  waste loading 

that could be used and still produce a high-quality product .  The final .'· 

vi.trified prQduct was assumed to be contained. in 8-iu. -OD canisters 

f i lled to a level of 7 ft . An outside diameter of 8 in. was chosen so 

that the filled canisters could be stored in an AFR , ut iliz ing exis t ing 

dens if ied fuel storage racks . 

The result s  shown· in Table 6 . 1 represent an ideal situation -- that is , 

one in which the zeolite loading and glass-to-zeolite ratio are controlled at 

the maximum values .  In actual operat ion , average values will probably be 

somewha.t lower to provide a safe ty margin al lowing for normal operational 

variat i ons . 

Initial Contaminated 
Waste Volume , a 

(ft3 ) 

90 , 000 

90 ; 000 

90 , 000 

Table 6 . 1 .  Reduction of Waste Volume 

Product 
C i  per Liner (ft3 ) 

1 0 ; 000 232 

60 , 000 39 

1 20 , 000 20 

Total 
Cani�ters 

High-Level 

105 

18 

9 

a . 
. 

The initial waste volume is based on approximately 600 000 gals of 
contaminated liquid , which is equivalent to about 90 000 ft� of liquid.  

bcanisters are 8 in. OD x 7-ft fill height . 

of 
cs b 
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6 . 2  Findings 

Laboratory vitrif ication tests have been conducted at cesium levels 

( loaded on zeolite ) up to about 70 , 000 Ci / liner equivaient . It  is anti-

cipated that the increased . loading should have no measurable effect . 

The hea t generation rate of a canister should not present a problem 

if the cani ster is .. to be disposed of in a geologic repository . At a 

cesium loading of 120 , 000 Ci per liner , a waste canis ter would. generate 
. .  

less than 1 kW of hea t .  

If sodium titanate i s  used , t o  further .improve strontium removal ,  

additional labora tory-scale viq�if icat ion .studies would be required. 

I 
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7 . 0  INCREMENTAL. COSTS 

7 . 1  Components of Cost and Scenarios Evaluated 

The cost components that were considered by _ the Ta.sk Force. consist of 
. ._ . . . . 

the following : 

( 1 ) operation and maintenance of the SDS , 

( 2 )  storage of SDS liners on-site , 

( 3 ) shipment of SDS liners to a vitrificat ion site , 

( 4 )  convers ion of zeolite to glas s ,  

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

( 6 )  was�e 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 . 1 ,  · the tota·l number of liners 

needed for the job is approximately the same for Cases I, II , and III (26 , 

2 7 ,  and 25 , respectively ) .  The reference case (60 liners ) would · require more 

materials (liners and zeolite ion exchange material ) ,  but labor savings are 

thought to be negligible . The assumptions _ are made ( 1 ) that the time 

required for process ing all the water is about the same , regardless of the 

way the system functions ; (2 ) that two lines will still be required (only 

one in operation at a time ) ;  and (3 ) that the same work force would be 

needed to operate the sys tem and change liners.  

7 . 1 . 2  Storage of SDS Liners On-Si te 

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 . 



86 

Table 7 . 1 .  Number of SDS liners and glass canisters required 

No.  of Liners No. of Glass Canisters Total 
High- Low- High- Low- Glass 
Ac-.t i vi ty Act ivity Act ivity · Act ivity Canis ters 
Level Level Total Level Level Total Plus 

Case Liners 

Reference 60 0 60 105  0 105 165 

I a 5 2 1  26 9 37  46 72 

Ib 5 2 1  26 9 0 9 35 

Ila 10 1 7  27 1 8  2 9  47 74 

lib 1 0  1 7  2 7  1 8  0 1 8  45 

III 25 0 25 44 0 44 69 

It  is pos sible tha t ,  with the differentiation between high-activity-leve l  

and low-activity-leve l liners , the low-level liners could be stored outside the 

pool . Such storage outside the pool would be done for reasons other than 

those of economy . Thus , it is assumed that on-site costs for handling SDS 

liners 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 locat ion. In reviewing the various candidate casks , it appears that 

iegal-weight truck (LWT ) casks can be used for the reference case as well as 

Cases II and III . An overweight truck (OWT ) cask would be used for Case I.  

The cost for shipment was found to be the single most impor tant variable . 

Table 7 . 2  shows the total es timated cos ts for each case � In es timating costs , 

an assumption is made that the cask wi ll be transported either to a nearby site 
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(250 miles ) or to a distant site (2500 mi les ) .  Signif icant cos t differen-

ces were identified for the two sites . The cost estimates assume that a 
single cask is ut ilized for all shipment s .  

From Table 7 . 2 ,  i t  can be concluded that Cases I I  and ' III are about 
t 

the same and are least cos tly 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 als o,  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-leve l SDS liu�n; way or may not be incorporated 

in a glass matrix. Cases la and Ila assume that all of the liners wi ll be 

vit rified , whereas in Cases Ib and lib ,  vi trification of only the high-

act ivity-level liners is considered.  Cost es t imates have been developed 

for vit rificat ion , but not for other solidificat ion processes . For pur-

poses of this study , the cos t  of so lidifying the low-act ivity-level  liners 

is assumed to be 25% of the cost for vitrif ication. This est imate is 

thought to be conservative since other solidif ication techniques , sue� as 

cementation, are quite simple and do not require sophisticated equipment 

such as .a glass mel ter and furnaces . 

A summary of cost est imates for each case is found in Table 7 . 3 . From 

the table , it appears that Case III has a slight cost advantage over Cases I 

and II if all the zeolite in the liners must be incorporated in a glass 
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Table 7 . 2 .  Cos t s  for Transporting Liners and Glass  Canis ters 

Liners G lass  Canisters Total Total 
Cos t , Cos t ,  Cos t ,  Cost , Cos t , Cos t , 

250 2500 250 2500 250 2500 
miles miles miles miles miles mile s  

Case Number ( $000 ) ($000 ) Number ( $000 ) ($000 ) 
. ' ($000 ) ( $000 ) 

Reference 60 140 6 1 0  103 3 1 1  1330 451 1 940 

I a 26 1 1 1  360 46 1 7 8  620 289 980 
1'1 

Ib  2 6  1 1 1 ' 360 9 43 126 154 486 

II  a 27 85 296 47 1 6 1  6 1 7  246 9 1 3  

lib ?. 7 85 296 18 86 261  1 7 1  557 

III 25 82 27 7 44 154 258 236 857 

matrix. Case Ib is the least cos t ly option if only the ·high-activity-level 

liners are incorporated in a glass matrix. In all comparisons , .the 

reference cas e  is the mos t  cos t ly opt ion if all of the liners must  be 

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

than Cases Ib and l i b  i f  all of the liners could . be considered t o  be low-

ac t ivity-level was t e .  

Table 7 . 3 .  Costs  for Waste �olidif ication 

Liners V i t rified Liners S olidified 
Total 

Numbe r Cost Number Cost Cost 
Case ( $000 ) ( $000 ) ( $000 ) 

Reference 6o 3300 0 0 3300 

I a 26 1 430 0 0 1430 . 

Ib  5 275  2 1  289 564 

II a 27 1485 0 0 1485  

lib 1 0  550 1 7  234 784 

III  25 1 37 5  0 0 1 3 7 5  
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7 . 1 . 5  Shipment of Vitrified Waste to a S torage S ite 

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

it is assumed that the was te canisters will be returned to the TMI site 

for interim storage . LWT casks are used to transport the waste canis ters 

for all cases . Again, as - in the shipment of the SDS liners , significant cost  

differences were ident if ied due to  distance . As  in  Section 7 . 1 . 3 ,  the cos t  

est imates assume that a single cask is utilized for all shipments .  

From Tables 7 . 1 and 7 . 2 ,  it can be concluded that Case I b  is the 

least  cos tly opt ion, followed by Cases lib and III .  

A comparison of each case has been made with the reference case ; the 

results are presented . in Table 7 . 4 . This  comparison shows that there is 

;incent ive to vitrify only those liners which are considered high-activity-

level waste .· If this cannot be accomplished,  then Case III would be the 

least costly opt ion. 

A comparison was · also made between the use of LWT and OWT casks for 

Cases II a and II b.  ·This comparison shows tha t ,  if OWT casks are required 

for Cas e  IIa , cost s  would increase by $128 , 000 (or 52% )  for 250 miles 

and $37 3 , 000 ( or 4 1 % )  for 2500 miles . For Case lib, the cos t  increases 

would be $88 , 000 (or 51%)  for 250 miles and $333 , 000 ( or 60% ) for 2500 

miles . Mos t  signif i cant is the fact that Case III is  more att ractive 

than Case II .' if an OW'r cask is required for Cases IIa and lib. Case Ib 

would then be the least  cos t ly opt ion. 

( 
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Table 7 . 4 .  Factors for Estimating Transportat ion Costs When 
Compared wi th the Reference Case 

Case 250 Miles 2500 Miles 

Kef erence 1 1 

I a 0 . 64 0 . 5 1 

I b  0 . 34 0 . 2� 

IIa 0 . ,4 0 . 47 

lib  0 . 38 0 . 29 

III 0 . 52 0. 44 

7 . 1 . 6  Waste Disposal 

Once , the SDS liners have been processed,  there wi ll be some charges 

associated with disposal of the zeolite . If it is assumed that all the 

waste mu�t be store d ,  pending the es tablishment 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 lb  would 

be the least cos tly and would generate the least volume to be stored. 

The reference case would generate the greatest volume and would be the 

mos t  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 lit tle or 

no heat . 

No  estimates are given for waste disposal costs . It  should be 

noted that these costs may dif fer significant ly for each case , depending 

on the criteria for ult imate disposal.  
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7 . 2  Findings 

A summary of cos t s  for the processing of SDS liners is f ound in 

· Table 7 . 5 .  No cost  estimates are . as s i gned for operations and main

tenance or for on-site handling and storage . The estimates for . these . 

two cos t  centers are expected to be approximately equa l ,  with the 

re-ference-case  costs  being slight ly highe r .  .Also ,  no cos t  estimates are 

given for was te disposal , since waste forms (or a repository have not 

yet been def ined and it is not known whether further treatment may be 

required. 

From Table 7 . 5 ,  it  appears that Case Ib (vitrification of only 

high-act ivity-level loaded zeolite ) will result in the lowest - cost 

option. If · all zeolite ·mus t  be vitrified,  then Case · I appears to be the 

lowest . However ,  if 250-mile shipments are involved,  ·cases III and Ila 

are essentially identical. Selection of the appr·opriate op·tion would · 

be based ·an · other factors . 
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Table 7 . 5 . Summary of Costs for Disposal of SDS Liners ($000 ) 

Operations and On-S ite Trans2ort Solidifi- Waste Total 
Maintenance S torage 250 2500 cat ion Disposal 250 2500 

Case Miles · Miles Miles Mi les 

Reference a a 451  1 940 3300 - - 3751  5240 

I a a a 287 980 1430 1 7 1 7  241 0  

I b  · a  a 1 54 486 564 7 1 8  1050 

II a a a 246 9 1 3  1485 1 7 3 1  2398 

lib a a 1 7 1  557 784 955 1341  

III  a a 236 857 1 3 7 5  16 1 1  2232 

acosts not es timated , but thought to be about the same for each case . Costs 
for reference · ca·se may be slightly higher due to the need for additional 
materials . 
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8 . 0  CONCLUS IONS 

The DOE-SDS Task Force concludes that it is techq+&ally feasible to 

load the zeolite liners used in the SDS to levels up to 60 , 000 Ci of 

cesium per liner without additional preoperational tes t ing. Thi s  would 

result in approximately ten such liners . The Task Force further con-

eludes that these liners can be saf ely handle d ,  stored,  transported,  and 

vitrified.  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 woulq 

result in approximately 1 7  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 , transporte d ,  and disposed of , but 

the choice of the form for ult imate disposal of these was tes is beyond 

the scope of this exercise . 

The Task Force addressed only the zeolite port ion of the SDS and 

did not consider the final purificat ion 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 yie lds sodium titanate as a finely divided whi te powder : 

Prepa ratlon and properties of sodium titanate have been extensively 

studied a t Sandia Laboratories by Dosch and co-workers1 -6 and at Hanford by 

Schulz and co-workers . '/ , H  These studies demons trated the very high affinity 

and capacity of sodium titanate for sorbing 9 0 sr2+ and other multivalent 

cationic radionuclides from weakly acid , neutral , and even highly alkaline 

media . 

The hydraulic proper t ies of titanate powder made by the reaction shown 

in. Equat ion ( 1 ) are not suitable for large-scale column use .  Sandia Labora

tory and Rockwell Hanf ord scientists  and engineers , in a cooperative eff ort  

extending over several years , conducted and sponsored research to  develop con

solidated torms of §Odium titanat e .  Tl�se ef ( u r ls suc��eded in developing the 

technology for the manufacture of two acceptable and useful sorbent forms : 

{ 1 ) sodium t itanate-loaded (approximately 40 wt % titanate ) macroreticular 

anion exchange res in ,  and ( 2 )  sodium titanate pellets containing 10 to 30 wt % 

of either an alumina or a calcium aluminate binder and consolidated at tem

peratures in the range 1 5 0  to 320 °C . Kilogram amounts of titanate-loaded 

macroret i �ular res in have been prepared by Cerac , Inc . , Milwaukee , Wiscons in , 

while the Norton Company has manufactured kilogram quanti t ie s  of several kinds · 

of titanate pellets . 
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Mechanical and chemical propertie s  of titanate-loaded resin and tita

nate pellets were investigated with synthetic waste solutions by Dosch3 and 

with actual Hanford �efense waste solutions by Schulz . 7 , 8  These tests  

affirmed for both titanate forms excellent sorpt ion and capacity properties ; 

coupled with satisfactory hydraulic perf9rmance . Kinet ics of the uptake of 

90s r  by titanate pellet forms are significantly faster at 60 °C than at 25 °C . 

The sodium titanate powder manufactur�d by Cerac , Inc . , was among the 

variety of sorbents screened for possible use in the decontaminat ion of the 

high-activity-level water at TMI-2 . 9 Small-column tes ts  (2 mL of sorbent per 

column) were made using synthetic TMI-2 water containing 3000 ppm boron, as 

boric acid,  and 4000 ppm sodium, as sodium hydroxide . The synthetic  water 

was traced with approximately 125 � Ci /L of either 89s r  or 137cs . The sodium 

titanate powder used in the column tes ts  was screened to obtain a fraction 

ranging in size from 350 to 420 �m.  Three tes ts were made using sodium 

t itanate as the only sorbent , and. two tes t s  were made ·using a 1-mL layer of 

sodium titanate on top of a 1-mL layer of AW-500 zeolite (Ionsiv IE-95 ) .  The 

t itanate alone was a poor sorbent for cesium (50% breakthrough at 40 bed 

volumes , while using a 4-min residence time ) but w�s an exceptionally good 

sorbent for strontium (a DF of 2000 or greater was obtained with no evidence 

of breakthrough during a 1400-bed volume tes t  using a 2-min residence time ) .  

During the tests  made with layers of sodium titanate and AW-500 , the stron

t ium breakthrough was 5% after 237 5  bed volumes when using a 1-min resi

dence time , and 0 . 1 %  after 525 bed volumes when us ing a 20-min res idence 

time .  The titanate powder tes ted had a sof t ,  fragi le texture which did not 

appear to be suitable for use in large columns . - S ince 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 (60c o )  samples of sodium t itanate powder and sodium 

t itanate-loaded macroreticular anion exchange res in at about 100 °C to doses 

as  high as 2 x 109 rads • The strontium exchange capacity of the powder re

mained constant through a dose of 3 x 1 07 rads ; SO% of the exchange capacity 

was retained even after a dose of 2 x 1 09 rad s .  [The exchange capacity of 

unirradiated sodium titanate for strontium in alkaline solut ion is quite 

. high ( 1 0  meq/g titana t e )  compared. with that of conventional organic cat ion 

exchange resin . ] Kenna believes that the ' primary loss  of capacity of the 

powder was due to heat ing during the irradia tion; previous workS with sodium 

t itanate has demonstrated that continued exposure to elevated temperature 

causes a· continued decrease in cation exchange capacity . Properties of the 

t itanate-loaded anion exchange resin were unchanged after a dos e  of S x 

1 08 rads ; after a dose of 2 x 109 rads , the res in form retained about 30% of 

its  original cat ion exchange capacity.  
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APPENDIX B :  

SHIPPING CASK ALTERNATIVE S  

The following provides information on available . spent fuel and 

waste shipping casks which could be used to transport SDS liners and 

vitrified cani sters . 
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CASK:  Chem-Nuclear Sys tems CNS 1-1 �G (GE-1 600 ) 

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 protect ive jacket encloses the cask during transport . it  
is bolted to a steel pallet . The cask is closed by a lead-fi lled 
flanged plug fitted with a silicone rubber gasket and bolted clo
sure . The cavity i !'; P.l'}t ti  pped with a d�ain line . 

CASK AVAILABILITY : 

1 available from Chem-Nuclear Systems 

APPROXIMATE LEASE RATE : 

$250 /day 

ADDITIONAL INFORMATION (Per GPU input ) :  

n This cask design is basically the ::;arn� a s  the 1-1 3C except that 
it has. a steel overpack ; .the steel and air space increase rated 
shieldini from 5 . 7 inches to 6 . 2 inches lead equivalent . 

o G .  E .  and ·eNS each have one cask . 

o Certif icate #9044 expired May 31 � 1980 but NRC has permitted one 
year extens ion of use under the same certificate limit s .  

o Certif icate does not cover de-watered res ins except for ·those of 
low specific act ivity . 

o This cask ' s  certificate could poss ibly not be . upgraded for de
watered res ins without extensive review and a 30-foot drop test  (as 
with 1-1 3 C) • 

· 
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CASK: Chem-Nuclear Systems CNS 1-13C (CNS -1 600 ) 

. CERTIFICATE OF COMPLIANCE : 908 1/B ( ) 

TYPE OF CASK : Legal-Weight Truck 

CASK DESCRIPTION : 

A s teel encased lead shie lded shipping cask . The packaging is a 
s teel double-walled , lead-filled circular cylinde r .  A stee l ,  plug
type., lead-fi lled lid is at tached \-lith twelve 1-1 /4  inch bolts , and 
a silicone gasket .  Outer steel sheets are separated from the cask 
walls wi th s�ll diameter wires . The lead shielding is 5 inches in 
the side s , 6 inches in the base and 5-3 /4 inches in the lid. Two 
bolted-on steel lugs are for lif t ing only . The lid has a steel 
U-bar for lif t ing . 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 ludt��;; long. The 
packaging weight is about 20 , 950 pounds . Decay heat to not exceed 
600 wat t s .  

CASK AVAILABILITY : 

2 available 

APPROXIMATE LEASE RATE : 

$250/day 

·ADDITIONAL INFORMATION (per GPU inpu t ) :  

o Complete revis ion to certification packag·e is stil.i. ·under 
preparat ion ;  should be submitted to NRC after completing gamma 
scans to verify post-drop tes t integrity . 

o Approved certificate expected within approximately three mont hs . 
.. 

o Bas is of 600 wat t  hea t  limit was the data package calculation for 
the CNS 1-13G cask ( s ince CNS 1-13C casks were originally G ' s  but 
became C ' s  with removal of the overpack ) .  

o Pos sibility exi s t s  f or increasing from 600 W to 800 W heat rate for 
re-cert ification. 

o S t ill not determined that two loaded casks can be .transported on 
one tra i ler without being overweight � CNS attempt ing to reduce 
cab/ trailer weight to permit double transport at legal weight . 

o Chern Nuclear has two CNS 1-13C casks but would need commitment on 
usage bef ore building more casks or promising cask availability • 

• 
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CASK:  Chem-Nuclear Systems Vandenburgh Cask (CNS 3-5 5 )  

CERTIFICATE OF Cm1PLIANCE : 5805 /B ( )F 

TYPE OF CASK: Overweight Truck 

CASK DESCRIPTION : 

The package is steel-encased , lead-shielded cask with crushable 
impact limite r s .  The basic  cask is a steel cylinder 1 33-3 /4 inches 
long by 50�1 /2 inches in diameter with maximum cavity dimensions of 
36 inches in diameter by 1 1 6  inches long . Shielding is provided by 
6 inches of lead in the sides and closure base plate and 5-� /4 
inches in the closed end .  

The outside steel encasement i s  made up o f  two , 1 /2-inch plates on 
the sides and three plates totaling 2-5 /8 inches on th� 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 consis t s  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-fi lled� 

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 watt s .  

CASK AVAILABILITY : 

One in existence with limited avai lability 

APPROXIMATE LEASE RATE : 

$250/day 

ADDITIONAL INFORMATION (per GPU input ) :  

o CNS has two casks . 

o Old bell- jar des ign , bottom loading. 

o Certificate #5805 expired December 1 9 80 ;  renewal of certificate was 
requested.  

o Ma jor refurbishment expected before certificate update would be 
granted.  
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CASK:  Chem-Nuclear Systems CNS 4-85 

CERTIFICATE OF COMPLIANCE : 624 4 /B (  ) 

TYPE OF CASK : Legal-Weight Truck 

CASK DESCRIPTION : . 

The package consi s t s  of a steel and lead shielded cask. The cask 
is posit ioned within an overpack cons tructed of steel and honeycomb 
material . The gross weight of the package is  46 , 000 pounds . 

The mild steel cask is approximately 1 1 1 -1 / 2 inches in length and 
58 inche s in diameter . The walls , top , and bottom are of 2-inch 
thi ck steel plate . Shielding is provided by 2 inches of lead 
within the walls and 2-inch thick steel walls of the cask . The 
cask lid is secured to the cask body by twenty-four 3 /4-inch 
diameter bolts  and is sealed by compres sible polyurethane seal.  
Lif t ing devices are attached to the lid and body of  the cask . 

The cask is  posi tioned within an overpack approximately 139-I /2  
inches in  overall length and 89-3 /8 inches in  diamete r .  Aluminum 
honeycomb material is conf ined 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 construct ion as the rest  of the overpack · and 
is secured to the walls by eight 5/8-inch diameter bolts .  Lift ing 
devices are welded to the outer shell of the overpack cove r .  Decay 
heat to not exceed 10 watts . 

CASK AVAILABILITY : 

1 available 

APPROXIMATE LEASE RATE : 

$250/day 
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CASK: Chem-Nuclear Sys tems CNS 8-1 2 0  (LL-50- 1 00 ) 

CERTIFICATE OF COMPLIANCE : 660 1 /B (  ) 

TYPE . OF CASK :  Overweight Truck 

CASK 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 provide d by lea d  and stee l .  The outer 
shell is fabricated of two 3 /4-inch thi ck steel plates and the 
inner shell of 1 /2- and 1 /4-inch thick plates . The cavity is 
closed and sealed by thirty�two 1-3 /.4 inch bolts and a silicone 

· 0-ring wi thin a recessed groove on the f lange of the cask. A steel 
collar encircles the outer shell in the lid area . Shackles are 
used for lift ing the packaging and the lid. Tie-down is  
accomplished through a steel · structure which is not attached to the 
package . The lid provides several threaded and sealed acces s  plugs 

, and the base has a drain line . Decay heat to not exceed 20 watt s .  

" CASK AVAILABILITY : 

2 in exis tence with fair avai labi lity . 

2 being fabricated,  expected completion date of March 1 98 1 . 

APPROXIMATE LEASE RATE : 

$250/day 
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CASK:  General Electric IF-300 

CERT IF ICATE OF COMPLIANCE : 900 1 /B ( )F 

TYPE OF CASK: Rai l  (Heavy-Haul Road-Short Distance ) 

CASK. DESCRIPTION : 

A stainle s s  steel-encased , depleted uranium shielded cask . The 
cask is cylindrical in shape , 64 inches in diameter and a maximum 
of 2 1 0  inches long with maximum cavi ty dimensions of 37-1 /2 inches 
in diameter by 180-1 / 4. inches long. Shielding is provided b)' .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 �uel 
assemblies .  The heads are 304 stainless · steel forgings and end 
plates whi ch encase the 3-inch thi ck depleted uranium shielding. 

The cask has two types of fuel baske ts which can be interchanged 
to accommodate various fue l s .  The PWR basket holds 7 assemblies ; 
the BWR basket holds 1 8  as semblies .  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 
t ipping cradle between two pedes tals and the upper end res ting in a 
semi-circular saddle ; the upper end is pinned to the saddle . The 
cask supports are we lded to the framing of a 37-1 /2-foot long by 8-
f oot-wide structural steel skid .  The skid also holds the cask 

. cooling sys tem which cons i s t s  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 auxi liary cooling sys tem is not a require
.ment of thi s  package approval.  

The entire cask and cooling sys tem 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 dis tances on the highway , 
its  principal mode of transportation is by railroa d .  Decay heat 
not to exceed 1 1 . 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 NLI-1 0 /24 

CERTIFICATE OF COHPLIANCE : 902 3 / B (  )F 

TYPE OF CASK : Rai l  

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 whi ch is  consi dered 
to be an integ.ral 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 shie lding 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 bot tom 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  s teel inner 
shell and a 2-inch stainless  steel outer shell.  The outer shell is 
surrounded by a 3/4-inch stainless  steel water jacket she l l .  The 
three (3 ) shells are welded to stainless  steel forgings at both· 

cends . Four c(4 ) water expansion tanks are mounted to the rai lcar , 
and are connected to the water jacket by a f lexible metal hos e .  

The primary ·containment ves sel  i s  comprised o f  the 3/4-inch inner 
shell and the inner closure head .  It is  1 7 9-1 /2  inches long and 
has a 45-inch inside diamete r .  

The fully loaded cask,  excluding the rai lcar , i s  approximately 
1 94 , 000 pounds , which includes a maximum gross weight of the cavity 
contents of 34 , 1 00 pounds (fue l ,  spacers , fuel basket ,  etc. ) .  Decay 
heat to not exceed 70 kW. 

CASK AVAILABILITY : 

2 available 

APPROXIHATE LEASE RATE : 

$3000/day 



CASK : Nuclear Fuel Services NFS-4 
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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  wei ght of the cask is  
approximately 50 , 000 pounds .  The inner cavity is 178  inches lo�g 
and 1 3 . 5  inches in diameter . The thickness  of the inner shell is 
'.J / 1 6 inch and 1-1 /4 inches for the outer shell.  The two s tait1less 
steel she lls are. welded to a 2-inch thick stainless  steel shield 
disc at the bot tom. The annulus b� Lw�eu Lhe i nner and outer shells 
is  f illed wi Ll! leau (waAltuuiil lead thickness 6-5 /8 inc he::� ; minimum 
5 inches ) .  Decay heat to not exceed 2 . 5  kW . 

CASK AVAILABILITY : 

Seven avai lable , although only two are currently certificated for 
use on a de-rated basi s . 

APPROXIMATE LEASE RATE : 

Short-term use -- $1 600 /day 
Long-term use -- $650 /day 
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CASK: Nat ional Lead NLI-1 /2 

CERTIFICATE OF COMPLIANCE : 90 1 0 /B (  )F 

TYPE OF CASK :  Legal-Wei ght Truck 

CASK DESCRIPTION : 

A depleted uranium, water , and lead shielded shipping cask , encased 
in · s�ainless  steel , and equipped with balsa impact limiters . The 
cylindrical cask body is 195-1 /4 inches long by 47-1  ;a· inches OD . 
The principal shielding cons ists 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 
s tainlegs steel forging at each end of the cask. The outer she ll 
of the cask is surrounded by 'a 1 /4-inch-thick steel water jacket 
that is also attached to the end forgings . A water expans ion tank 
is welded to the water jacket shell.  The inner cask cavity is 
f ormed by a 1 /2-inch 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 conf igurat ions of the cask.  

Configuration (A) I _ The containment vessel is a right circular 
stainless  steel shell , 12-5 /8 inches ID by 1 7 8  inches inside length 
by 1 /4 inch thick , located within the i?ner cask cavity . The con
tainment vessel  is closed and sealed by a 5-inch thick , composite 
steel and uranium closure head ,  tweive l-inch _diameter bolts , and a 
silver plated , metallic 0-ring . E ight 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 bolt s ,  and an elas tomer 0-ring . 
The radioactive content s are pos i t ioned and supported within the 
containment ves sel  (inner container ) by an aluminum basket and 
internal support stru�ture . 

Configurat ion (B ) :  The containment vessel is the 1 /2-inch thick 
inner cavity shell.  The 1 /4-inch thick inner container is not 
u_sed . The cask cavity is closed by two closure heads . The inner 
head is a 6-inch thick , compos ite steel and uranium plate secured 
to the upper cask forging by twelve l-inch diameter bolts and 
sealed with a silver plated , metallic 0-ring. The outer head is· 
1 -1 /2-inch thi ck forging secured by eight l-inch diameter bolts and 
sealed with an elastomer 0-ring . The radioactive contents are 
posit ioned and supported within the c9ntainment vessel ( inner cask 
cavity ) by a modif ied aluminum bask

.
et  and internal support . struc

ture . 
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The package , including impact limiters , has an overall length of 
23 7  inches and an out s i de diameter of 75 inches . The maximum 
wei ght of the contents is 1600 pounds • .  The weight of the package 
is approximately 47 , 500 pounds . Maximum decay heat to not exceed 
1 0 . 6 kW. 

CASK AVAILABILITY : 

5 available 

.APPROXIMATE LEASE RATE : 

Short-term use -- $1 600 /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-Wei ght 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 f lange at the top end 
which is 1 1-3 /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  stee l .  The fuel element s are of hexag
onal cross section and are loaded into the fuel container ,  six in 
one column , which is located insi de the cask. Total wei ght , 
including contents ,  is approximately 46 , 000 po·unds . Decay · heat t'o 
not exceed 4 . 1 kW. 

CASK AVAILABILITY : 

3 avai lable , 2 fully committed 

APPROXIMATE LEASE RATE : 

$ 1400 /day on long-term (one-year ) basis  
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CASK:  Transnuclear TN-8 

CERTIFICATE OF COMPLIANCE : .  901 5 /B (  )F 

TYPE OF CASK:  . Overweight Truck 

CASK DESCRIPTION : 

A lead , steel and resin shielded irradiated fuel shipping cask. 
The cask approximates a right ci rcular cylinder 1 , 7 1 8  mm in 
diameter and 5 ,  5 1 6  mm long . The cavi ty consis ts. of three (3 ) 
stainles s  steel sq uare pressure vessels welded to an end plate and 
a circular stepped top flange , separated by a !-shape d  cu pJ:.I� L plate 
and surrounded wi th B4 C + Cu plates .  Each cavity is  230 x 230 mm 
and 4 , 280  mm long. The main shielding cons ists  of 1 3 5  mm of lead , 
2 6  mm of stee l ,  and 150 mm of resin.  A wet cement layer is  located 
be tween the lead and the outer she l l .  Radial copper f ins are 
welded to the outer · shell and cover the surface of the cask between 
ea ch end drum. Uecay heat to not exceed 35 . 5  kW . 

CASK AVAILABILITY : 

None avai lable 1 /81  
One avai lable . 1 /82 

APPROXIMATE LEASE RATE : 

$2200/day 
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CASK:  Chem-Nuclear Sys tems CNS 14-1 90 

CERTIFICATE OF COMPLIANCE : 5026 /B ( ) 

TYPE OF CASK: Overwei ght 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 lid 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 0-ring is used to seal the 
joint between the lid 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 reinf orced at the top and bottom with 
steel rings and is equipped with lif t ing lugs . The lid is provided 
with two access  port s .  Gros s weight is about 7 1 , 000 pounds . The 
cavity dimens ions are 73 inches diameter by 88-1 /4 inches in 
length . Decay heat to not exceed 20 wat t s .  

CASK AVAILABILITY : 

Unknown 

APPROXIMATE LEASE RATE : 

$250 /day 
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CASK:  Rittman Nuclear HN-200 

CERTIFICATE OF COMPLIANCE: 6 5 7 4 / B (  ) 

TYPE OF CASK :  Legal Weight Truck 

CASK DESCRiPTION : 

The packaging cons i s t s  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 lid closure at the other , is 6 6 . 25 inches in diameter by 74 . 5  
inches in height . The cask wall cons l s l s  of a 3 /8-inch iuuo �: s tllle l  
shell , 3-3 /4 inches of lead shie lding , one-inch outer steel shell ,  
and a steel flange connecting the two shells . The cask outer shell 
i s  surrounded _ by a one-inch layer of insulat ing material and canned 
in 14-gauge stee l .  The cavity dimensions are 54 inches in diameter 
by 62-1 /8 inches in height . 

The lid ,  sealed by a Vit on 0-ring , is  of similar cons truct ion 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 0-ring. 
Lif ting and tie-down devices are attached to the cask pody and 
impact skirts , consist ing 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 f or a single disposable inner container consi s t ing of a right 
circular steel cylinder with a posit ive leaktight closure. cap at the 
top . 

CASK AVAILABILITY : 

Oue l et existence with limited ava i l � hi lity 

APPROXIMATE LEASE RATE : 

$250/day 
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APPENDIX C :  

PRELIMINARY EVALUATIONS OF VITRIFYING TMI ZEOLITE 

Preliminary evaluations were conducted at PNL to determine the feas i

bility of vitrifying Three Mile Island zeolite.  The objectives of these 

scoping tests  were : (1 ) to develop a glass  formulation for the TMI 

zeolite whi ch opt imized the volume of zeolite incorporated into the 

glass ,  (2 ) to demonstr?te the vitrification process in laboratory-scale 

equipment , and- (3 ) to complete these studies with z�olite loaded with 

nonradioactive isotopes of cesium and strontium to determine ·whe ther 

volatility would be a significant problem. 

Glass formulat ion studies were init iated to identify which chemicals 

must  be added to the zeolite so that it would dissolve completely in a 

glass .  Some of the compositions tested are shown in Tables C-1 and C-2 .  

The resultG for glas ses 00-1 95 and 80- 1 9 7  (Table C-1 ) demons trated that 

· the glass mus t  contain approximately 1 2  to 16%  alkaline components (Na20 ,  

Li20 ,  and/or K20 )  in , order to achieve satisfactory dissolution of the 

zeolite .  The results  for glasses 80-206 and 80-206A (Table C-2 ) showed 

that pulveriz ing the zeolite aids in its dissolution. Since pulverizing 

would be a cos t ly and complicated proces s ,  it was decided to develop a 

glass f ormulat ion with unpulverized (as-received ) material.  At this 

t ime , the cesium- and strontium- loaded zeolite was used to complete the 

glass formulation studies so that leach tes t s  could be completed.  

, 

Table C-3 gives the results of the glas s  formulation studies with leach

test results .  Two of the glasses (80-2 1 5  and 80-2 1 6 )  had 75% zeolite 

loadings , good appearances ,  and excellent leach rates . S ince the cesium 

losses were both very low , 80-2i 6  was selected as the glass  formulation to 

be used because of slightly better leach rates and fewer chemical addit ives . 

One final  series of tests  was completed to determine whether the zeolite loading 
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Li20 

Na20 

Ti02 
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Table C-1 . Glas sesa with Unpulverized Zeolite 

ComEosition (wt % )  
G lass  fl Glass II Glass  fl Glass II 
80-195  80- 1 96 .  . 80- 1 97 80- 1 98 

1 . 84 

2 .  92 1 0 . 0  

6 . 50 4 . 3 9 

1 0 � 40 7 . 69 5 . 0  

9. 1 4  

1 8 . 7  

6 5 . 26 8L 3 87 . 9 1 85 . 0  

Glass 
80-1 99 

2 . 0  

6 . 0  

2 . 0  

90 . 0  
(as received) 

aG lass description:  
80-1 95 = smooth , transparent amber glass with no undissolved 

zeolite detected ; melted at 1050 ° C .  
80-1 96 = only partially melted;  mos t  o f  the zeolite remaine d 

as free material . 
80-1 97 only partially melted at 1U�U °C ; much of the zeolite 

remained undissolved.  
80- 1 9 8  = did not melt at 1050 °C . 
80-199 = only partially melted at 1050 ° C .  

II 
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Table C-2 . Glassesa with Pulverized Zeolite 

ComEosition (wt % )  
G lass # Glass II Glass II Glass II 
80-202 80-203 80-204 80-205 

-- 3 . 35 

1 . 68 

4 . 00 

3 .  72  

3 . 72 

1 7 . 52 

6 . 00 

35 . 0  30 . 0  25 . 0  

65 . 0  70 . 0  75 . 0  60 . 0  

Glass 
80-206 

5 . 00 

5 . 00 

12 . 00 

8 . 00 

70 . 0  
(pulverized ) 

aGlass description :  
80-202 melted completely at 1 1 5 0 ° C ; very viscous ; no 

undissolved zeolite detected . 
80-203 melted at 1 1 5 0 ° C ;  much of the zeolite remained · 

undissolved in the glass . 
80-204 melted at 1 1 50 ° C ;  much of the zeolite remained 

undissolved in the glass . 
80-205 · melted complete ly at 1 1 00 ° C ;  very viscous ; a few 

large air bubbles and many small air bubbles trapped 
in the glass . 

· 

80-206 melted completely at 1050 ° C ;  viscosity of about 1 50 
poise at 1050 ° C ;  transparent amber glass  with some 
white crystalline material but no undissolved 
zeolite . 

80-206A = same composition as 80-206 except the zeolite was not 
pulverized ; melted at 1 05 0 °C but much of the zeolite 
remained undissolved in the glass . 

tJ 

I 



Table C-3 . Glassesa with Cesium-Doped Zeolite 

ComEosition (wt % )  
Glass I# Glass II Glas s II Glass II Gla s s  II Glass II 

Oxide 80-2 1 3  80-2. 1 4  80-2 1 5  80-2 1 6  "'\ 80-2 1 7  80-2 1 8  

B203  5 . 84 5 . 04 4 . 20 5 . 0 
CaO 2 .  92 . 2 . 52 2 . 10  
K20 5 . 0  
Li20 6 . 50 5 . 6 1  4 . 68 s . o  5 . 0  --
NazO 1 0 . 40 8 . 98 7 . 48 8 . 0  1 0 . 0  10 . 0  
Ti02 9 . 1 4  7 . 89 6 . 57 7 . 0  1 0 . 0  
Na2s4o7 20 . 0  
Zeolite with cesium 6 5 . 26 70 . 0  7 5 . 0  75 . 0  70 . 0  70 . 0  

pH leach test - (wt % lost ) 1 0 . 64 4 . 39 0 . 43 0. 32 o :sJ. 27 . 1 8 
- (g/ cm2-day ) · 4 . 1 X 10-4 1 .  7 X 10-4 1 .  7 X 10-S 1 . 2  X 10""5 . 2 . 0  x w-5 1 . 0  X 10-3 I-" 

I-" 
0\ 

S oxhlet - (wt % los t )  1 . 80 1 . 39 . o .  99  0 . 94 1 . 1 E 1 . 14 
- (g/cm2-day ) 6 .  9 X 10-5 5 . 4  X 10-5 3 . 8  X 10-5 3 . 6 X 10-5 4 .  5 x w-s 4 . 4  X 10-5 

· Cesium - (wt % los t )  0 . 45 0 � 97 0 . 3 1  0 . 48 0 . 3 1  0 . 23 
- (g/cm2-day ) 1 .  s x w-5 3 .  7 X 10-5 1 . 2  X 10-5 1 . 9  X 10-5 1 . 2  X i0-5 9 . 0  X 10-6 

aGlass description :  
80-2 1 3  melted at 1030 ° C ;  transparent amber glass r11ith some white crystallin: material (probably 

'titanium ) ;  n:> undi s s o 1  ved zeolite detected. 
80-2 1 4  melted at 1050 ° C ;  transparent amber glass  with very lit t le crystalline material;  no 

undis solved zeolite detected. 
80-2 1 5  melted at 1065 ° C ;  transparent amber glass with no crystallir.e material or undissolved 

zeolite detected . 
80-2 1 6  = melted at 1065 °C ; transparent , dark amber glc.ss with many air bubble s trapped in the 

glass ;  no ur_dissclved zeolite in the glass .  
80-2 1 7  melted a t  106 5 °C ;  transparent amber glass  with a great deal of white crystalline material ; 

no undissolved Zeolite seen in the glass . 
80-2 1 8  melted at 106 5 °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 l l 00 °C 

( in-can melter process limit ) and the requirement that the zeolit� not 

be pulverized , 80-2 1 6  was selected as the optimum glass  formulation. 

Laboratory-scale process  · verifica tion tests  were initiated upon 

complet ion 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  scrubbe r ,  

caus tic scrubber ,  and a filter , a s  shown i n  Figure C-1 . 

At the end of each tes t ,  the condensate and the two scrub solut ions 

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 mel t .  The zeolite and glass  formers were mixed and added to the 

canister . The furnace was heated to 1050 °C , where it was held for 2 h.  

The second canis ter was a continuous mel t .  The melter wa·s preheated to 

1050 °C , and the zeolite-glass  formers mixture was fed to the · canis ter . 

The test apparatus being used was not adequately designed to handle a 

cont inuous feeding proce s s . · Without a f i lter on the off-gas line , there 

was particulate carry-over to . the condenser . The off-gas , which was 

released ins tantly 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 f low. There was insuff i cient time to modify the sys tem for 

zeollte feeding ; theref ore , two more ba tch melt tes t s  were conducted to 

obtain additional volatility data.  The results from these four tes t s  

are shown i n  Table C-5 . Run 2 shows greater volatility due ·to the par-

ticulate carry-over during this operation.  For Runs 3 and 4 ,  the off-

gas line from the canister to the condenser was rinsed with acid and 



1 1 8  

Table C-4 . Waste Loading Limitations of Glassesa 

C omEosition (wt % )  
Glass II Glass II Glass  

Oxide 80-223 80-224 80-225 

B20 3 4 . 0  3 . 0  2 . 0  

Li20 4 . 0  3 . 0  2 . 0  

Na20 6 . 4  4 . 8  3 . 2  

Ti02 5 • .  6 4 .• 2 2 . 8  

Zeolite with ces ium tW � O  8 5 . 0  90 . 0  

aGlass des crip t ion:  
80-2 23 = melted at 1 1 00 °C ; dark amber glass  with many air 

b�bbles and -a - small  amount of · undissolved zeolit e .  
80-224 melted at 1 !00°c; · very dark amber glass with much of 

the zeolite remaining undissolved .  
80-22 5  did not melt completely a t  1 1 00°C ; most  of the 

zeolite remaine d - on the top of the glass ,  unaffected 
by the added chemicals . 

The was t e  loading limit using the selected . optimum glas s composi tion, 
80-2 1 6  (Table C-3 ) ,  is about 80% .  A 75% waste loading made a glass  with 
good appearance and good leach rat e .  

II 
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Table C-5 . Laboratory-S cale TMI Zeolite Vitrifi cation Results  

Run No . Zeolite Vitrif ied Cesium Los t 
( ) (wt % )  

1 1.7 4 1  0 . 0014  

2a 34 1 9  0 . 063 

3 1 7 50 0 . 026  

4 1 7 5 5  0 . 027 

aoue to the signi f icant volume r"f"du�ti.on, twice as nruch zeolite was added 
during the continuou&-feed i ng n1n. 
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water to remove any cesium whi ch had plated out - there . This accounts 

for the higher volatility when compared with Run 1 (Runs 1 ,  3 ,  and 4 

were identical ) .  

These volat ility results were so low that one last  series of tes ts  

was conducted to  verffy this phenomenon . The cesium-loaded zeolite was 

mixed with the glass-forming chemicals and added to four crucibles .  

Each of these crucibles was then heated to 1050 °C and held at that tern-

perature for 2 h. The resulting glasses were then analyzed for cesium to 

determine cesium volatility.  In the absence. of cesium volatility , the 
., 

theoretical amount of cesium in the glas s  would be 1 . 06 wt % (as Cs20 * ) .  

The four glass  samples had Cs 20 contents of 1 . 07 ,  1 . 02 ,  1 . 06 ,  and 1 . 04 wt 

% .  Again, ces ium volatility was negligible . 

The conclusions reached by this series of preliminary evaluat ions 

were as follows : ( 1 ) glass  80-2 1 6  with a 75% zeolite loading would be 

an optimum formulation; ( 2 )  vitrif icat ion with the in-can melter process 

would be feasible ; and (3 ) ces ium vola t ility would not pose any serious 

problems . 

*G lass samples mus t  be analyzed for constituents as oxides .  
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