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FPTF DISPOSABLE SOLID W A S T E  CASK! 
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ABsmhcr 
l) isposal of r rd ioac t ive  r a s t e  from the Fas t  Flux Test  F a c i l i t y  (-1 w i l l  u t i l i t e  8 
I)isposable Solid Waste a s k  (DSIIC) for the transport aad burial of irradiated s tainless  
s t ee l  and ineonel materials. b t r i e v a b i l i t y  coupled with the desire for  minimal faci l i -  
t i e s  and labor  oos t r  a t  the d isposa l  s i t e  i den t i f i ed  the need f o r  the DSWC. Desi n 
requirements for  t h i s  s stem were patterned af te r  Type 1 pa*ges as outlined i n  10 eR h 
with  a few ere0 t i ons  cased on s i t e  and payload requirements. A sum mar^ of the  d e s i  n 
b a s i s  s ~ p p o r t ~ n L a n a l t t l c a l  methods and f a b r i c a t i m  p=actices dem10ped t~ deploy t f e  
DSVC 1s provided th is  paper. 

~ U C T I O N  

The l m  f o r  the d isposa l  of rad ioac t ive  s o l i d  r a s t e  from the Fas t  Flux Test  F a c i l i t y  
( d l  u t i l i ze s  a special ras te  handling cask. This concrete and s t ee l  Disposable Solid 
E w t r ,  h s k  UISTC) w i l l  b* loaded a t  a transloadin f a c i l i t  a t  FPllF and then trrnsxiorted 
t o  a burial  s i t e  on the hnford  b s e m t i o a  mar Lfchland. 8ashingtor 

Radioactive solid waste generated during the operation of the aonsists of activated 
t e s t  assembly hardware. re f  l ec to r s ,  i r o o r e  shim assemblies and cont ro l  rods. This 
radioact ive waste w i l l  be cleaned (sodium removed) r i o t  t o  disposal.  B e t r i e r a b i l i t y  
coupled wi th  the des i r e  f o r  minimal f a c i l i t i e s  amblabor  cos t s  a t  the  d isposa l  s i t e  
identified the need for the DSWC A summary of the desi n basis, su orting maljrt ical 
methods and fabrication praoticesi developed t o  deploy the ~ S W C  i s  P z o v a d  in  th i s  paper. 

The DSRC shorn i n  Fifote 1 i s  a reinforced concrete cask fabricated with a carbon s t ee l  
l i n e r ,  which serves as  a pressure boundary. Shielding i s  provided by the reinforced 
concrete sideralls.  s tee l  end lugs, the s t e e l  liner. and auxiliary shieldin aroond the 
center portion of the liner. 8; adjusting tbe th iohess  of t h i s  auxiliary s f i e l d i ~ g ,  as 
wel l  a s  the  dens i ty  of the ooncrete. the DSRC can be configured t o  acoommodate various 
payload s-rce to*. 

F F 7  DlSP0SABI.E SOUO 
W A S E  CASK 



Prior  t o  s t a r t ing  the design a c t i v i t y  for  t h i s  cask, a parametric s t d y  was cond~c ted  to  
se lect  the most cost effective confi  ora t ion fo r  the disposable c a s t  Effor ts  were made 
t? reduce the  u n i t  c o s t  of the  DSWC tY r e u s m g  as  much oqmipment and components f o r  the  
l a f t i n g  and handling equi  nen t  a s  oss ib le .  For the  purpose of t h i s  s t u d ~ ,  two des ign  
b a s i s  payloads were consfdored. h e  f i r s t .  the  Refetence pa load. was i d e n t i f i e d  t o  
represent the 1512-watt heat load and i r radia t ion source equiva6nt  to  s i x  PFIP Reflector 
Assemblies. The second was identif ied as the Nominal payload and was to  represent an 800- 
watt deca heat level  equivalent t o  s i x  dr iver  assemblies without fuel  pins. Most of the 
casks t o  %e procured t o  support FFTF solid waste handling and re la ted a c t i v i t i e s  w i l l  be 
of the  nominal type. 

Key design parameters fo r  the casks were: 

Loaded Weight : 100,000 pounds 

Closure Plug Weight: 1.900 pounds 

Outer diameter 84 inches 

Cavit Dimens ions : 
Ei-tor 
Length 

22 inches 
147.9 inches 

Vertioal transport and handling of the DSWC was selected t o  reduce support equipment costs 
and the addit ional  handling time. The addit ional resoorces necessary t o  ro ta te  the  cask 
t o  t h e  h o r i z o n t a l  f o s i t i o n  p r i o r  t o  t r a n s p o r t  and then  up-end i t  i n  t h e  f i e l d  wetee 
therefcue, not requ red. 

Ihe DSWC i s  a top-loading cask and i s  f i t t e d  with a carbon s t e e l  closure p g .  The plug 
is designed t o  be handled remotely using a special  plug h8ndlin fixture. t o r  the waste 
inse r t  i s  placed in the DSWC. the closure plug i s  installed. ih. reusable plu Mlty 
grap l ing ring i s  then removed from the top surface of the  cask closure plug. fL. w e l o t  
of t t e  plug is  suff ic ient  t o  corn ress an elastomer -Let beneath the lo . This serves 
as a temporary seal  u n t i l  a s t e e r  retaining cover pfa te  can be welded t o  the top surfaoe 
of t h e  plug housing. A f t e r  a oheck of t h e  c l o s u r e  s e a l  weld, t h e  DSWC i s  read t o  be 
t r anspor ted  t o  the  d i s p o s a l  s i t e .  Three l i f t  p o i n t s  a r e  provided a t  t h e  top  s u r f a c e  of 
the cask. Three reosable l i f t i n  lugs are bolted t o  threaded c o i l  loo inse r t s  provided 
in the top surface of the cask. b e s e  inse r t s  are cas t  i n   lace during fabr ica t ion  of the 
concrete cask assembly. The reosable l i f t i n g  lugs are  removed a f t e r  t rans  o r t  of the @ask 
t o  t+. disposal s i t e  and returned t o  storage t o  be used with the next DSWP 
Thr DSIC is transported on a special1 esigned low-boy truak transporter in a ~ e r t i ~ a l  e a t t i tude  with upper and lower polyuret ne overpack ed-oap un i t s  hs t8l led .  On0 s e t  of 
r a t c h e t  b i n d e r s  i s  used t o  seoure t h e  overpack u n i t s  around t h e  e a s t  A seaodd s e t  of 
binders t i e s  the  overpack-cask assembly t o  the transporter when loaded. The nominal 8ad 
reference DSWC configurations a e des i  nod with concrete densi t ies  of 145 and lS7 pounds 
p e r  cubic  f o o t ,  r e spec t ive ly .  %he aux" l i a ry  s t e e l  s h i e l d i n g  is  required only  o v e r  the  
center 48 inches of the l ine r  where the high ener y photon source is most intense. Ab-8 
.nd below t h i s  zone. s t e e l  studs are  attached to  t%o outside of the s t e e l  l i n e r  t o  anohor 
the  s t e e l  subassembly t o  t h e  re in forced  concre te  structure. A f t e r  f a b r i o a t i o n  o f  the  
cask, t h e  e x t e r i o r  s u r f a c e  of t h e  cask was t o  be coated wxth epoxy f o r  mois ture  protee- 
tion. 

DESIGN PEQunmrEms 

des i  n requirements fo r  the DSWC were patterned a f t e r  10 CFR 71 Type B packa e s  d 
modif ied t o  accommodate on-site haad l in  and payload requirements.  The s o l i t  waste 
magetial t o  be loaded into t h i s  cask -11 60 predominantly s t a in less  s t e e l  hardware with 
sore  addit ional  ineonel parts. 

Tlu p r i r a r y  radioactivants comptising t h i s  sol id  waste u o :  

312.S-day half-l ife isotope Un-54 rhioh. r esu l t ?  f r o r  a 
( n p )  r e a o t i o n  i n  iron; 

71.3-drjr b l f - l i f e  i s o t  e Cu-58. which reruhls from s 
t e a c t i o n  i n  n i c k 3 ;  

115-d.y half-l ife isotope Ta-182. whioh r e r n l t r  fror a 
(n.7) resotion in the tantalum impurity i n  steel;  and 

5 3 7  m a s  half-l ife isotope Co-60, whioh r e s u l t s  f r o r  both a 
(n.7) reaction with the oobalt i m  u r i t y  i n  s t ee l ,  and a 
(n.p) reaction with nickel in b o d  s t e e l  and inconel.  

Each of these radioisotopes a r i t  r e la t ive ly  high energy photons which require s ignif ioant  
a r u m t s  of shielding. 

The cask was t o  be p r ss i re ly  cooled with an intemml nitrogen, a r  on o r  a i r  gps environ- 
ment. n e  des ign  b a s i s  decay h a a t  l e v e l  was s e t  a t  1512 watts. h e  maximxm a l lowable  
dose on the external  surfaoe of the cask was s e t  a t  200 rrem per hour. 

The DSIC was t o  be designed t o  provide the capabi l i ty  f o r  waste r e t r i e v a b i l i t  a f t e r  20 
yoera ef stotage above o r  below ground. Struotural  in tegr i ty  was r e  i red f o r  &e 207.- 
d e s i p  l i f e  of the cask. Design of the primary oon ta f l rn t  was t o  % in aonord-e with 



iec t ion VIII, Divis ion  I of t h e  ASHE Code and s t r u c t u r a l  des ign  i n  accordance w i t h  tb* 
USC Manual of Steel  Construction. 

' der  normal trans o r t  conditions. the allowable s t resses  i n  the DStC were not t o  exceed 
7 3  of i e l d  o r  1d of u l t i m a t e .  whichever was l ess .  Transpor t  h y p o t h e t i c a l  acc iden t  
.ondi t rons  cons i s ted  of m e igh t - foo t  dro  onto  a f l a t  h o r i z o n t a l  s u r f a c e  and a 40 inch 
lrop onto  a mild  s t e e l  ba r  s i x  inches  i n  d t m e t e r .  Under these  cond i t ions  t h e  maximum 
~llowable external dose was not t o  exceed 1000 mrem/hour a t  three feet. NO h othetic81 
!vent was t o  r e s u l t  i n  e j e c t i o n  of the  c o n t e n t s  of the  cask. ~ ~ o t h e t i c a ! ? h a n d l i n g  
~ o i d e n t  conditions consisted of a four-foot drop onto a f l a t  surface. 8 20-foot dro into 
:he cask loading s ta t ion  a t  m, and an unrestrained rota t ional  f a l l  from a vert icaf to  8 
~ o r i z o n t a l  attitude. 

ISITC DESIGN -S 

Ihe se lect ion of concrete as  the major shield material  is the most unique feature of the 
) is  osab le  S e l i d  Waste Cask. TBe s t r u c t u r a l  and s h i e l d i n g  p r o p e r t i e s  of eoncre te  a r e  
~ i & y  adaptable depending on the specif ic  reqoirements of a deai  r Ualrg ipeci.1 agg'e 
iates, the shie1di.g properties of conerete were varied b controfl ing the  density t o  n i t  
the two DSVC payloads. A common cask s tze  and shape cm1d then be used f o r  both payloads 
rhi le  remaining w%thin the operational lzmits imposed on the project. 

%e nominal payload. described above. has a source term lower than the refesmce 
L ~ S O  by des igning a wra ad s t e e l  a u x i l i a r y  s h i e l d  (P i  u rea  1 and 2) around tcye."i 
iipi a ~ t i ~ a t e d  p e t  of ?& payload, the -6 OI n0m.1 wAsht concrete -8s made f e ~ ~ a i e  
lo r  t i e  nominal ayload d e s i  n. Because t h e  m a j o r i t y  of p r o j e c t e d  waste  was t o  be the  
bominal type. this had a sign! f i c n t  e f fec t  on the f i n a l  cask cost. 

FIGURE 2 

Shielding calculations determined tha t  the reference ayload would require a more effec- 
t ive  concrete shield design as we11 as a thicker aor i f i a ry  shield t o  a t t e n t u t e  the h i ~ h e r  
photon f lux. re lac in  some of the local  gravel a8 regates with some i r o r r i c h  a g g r t  
gates normal.l~usI...d fo r  jecorative purposes. the densfty was increased ap roximately IS% 
over  normal weight concrete.  The r e s u l t i n g  s u r f a c e  doso r a t e  p r o f i l e  o r  the  re fe rence  
des ign was very s i m i l a r  t o  the  nominal d e s i  n, and bo th  des ipns  approach the  d e s i  n 
m x i r u n  allowable surface dose r a t e  l i m i t  of 800 lare. on1 i n  three area*: around t i e  
c e n t r a l  a rea  corresponding t o  the  a r e a  of peak radioactivity and a t  b o t h  ends, and nea t  
the centra l  s t e e l  core. 

Because the shield design of the nomiaal md reference payload casks d i f f e r  on1 i n  ways 
t h a t  do not  s f f e c t  t h e  s i z e  and sha e of the  caaks. common o e r a t i o n a l  proceBures and 
support equipment ern be osod aa bot% designs. The casks are Lndled by means of a three 
p o i n t  l i f t i n g  f i x t u r e  (Figure 3) which a l s o  could be used t o  l i f t  t h e  bottom orerp.ck 
s imul taneously  i f  t h e  cask i s  t o  be l i f t e d  more than four  f e e t  from t h e  ground. The 
s t ructura l  interface botween the l i f t i n g  f ix ture  and the concrete cask surface i s  effected 
by 12 imbedded l i f t ~ n g  i n s e r t s ,  of  the  type commonly used i n  the  concre te  pro-fab 
industry. These inser ts  (shorn in  t h e i r  placement j i g  in Figure 4 )  at tach t o  the l i f t i n g  
f ix ture  through special  e o i l  bolts. 
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h l y s i s  of the postulated accident conditions represented the major engineering effor t  in 
the design of the DSIC Of tho f ive separate hypothotical aocident conditions osed on 
the s i n  only the e igh t  foot  drab, a t ranspor t  aacident  condit ion mi t iga t e  "B by tho 
9ffects of the overyck, was l u l y z e  by oonvontional methods. Coscrete. bein a b r i t t l e  
aater i r l .  has sign f ic rn t ly  different dynamic aharaateristics than s tee l  or  f 0 . k  E v a  
very high qua l i ty  concretes  w i l l  not develop shear s t r eng ths  g r e a t e r  than 5% of t h e i r  
eompross i r e  strength. Common indus t ry  praot iae  i s  t o  assume concrete has no t e n s i l e  
r t r e ~ g t h  whatsoever. Concreto w i l l  shatter or pu1voril;e under high impact loads. rather 
thm s mash, as ductile s t ee l  w i l l .  The design. of the reinforcing s t ee l  in  the concrete 
had t o b e  aapable of e ta in ing  sad aonfining the aonsrete  mass so t h a t  some shielding 
gapability remains. ?See Figure 4,) 

Because very l i t t l e  research h s  been done on the behvior  of conarete under i aat loadan 
a new -1 s i s  approaah w a s  developed. This approaeh involved dotemining 8 e  mass of 
pm~ver izebaoncre te  from i t s  compressive s t r eng th  *ad the  amount of aom ress$ve area 
np.Zred to  d m l o p  that strength. Sufficient s t ee l  reinforcing was / m i b e d  to  irevent 
l u g e  cracks from ening in the remaining concrete mass. These metho s have subsequently 
beel tasted t o  n r z y  the i r  re l iabi l i ty .  as shown in Figure 5. 

kl s i r  indiasted that a f a i r l y  hoavy. closely spaaed. 1/2 inch reinforcia s tee l  sp i ra l  
aad 30ng. 314 inch shear studs welded to the s t ee l  inner l iner  would be r e d r e d  to  r e s i s t  
tho affects  of a f- foot b u r  aask drop (Pi ure 2 sad 3). This mueh reinforaing reduaed 
the sodieted cracking duo to  thermal load offeats irposed on tho cask. It also areated A 
.tee! nat through which the s i r i a e h  diameter mild s tee l  post from the design roqpirements 
could' not easily penetrate. 

The brantyfoot  drop onto tho CLS elevator s c e n ~ r i o  required the use of m impact l imi te r  . 
t o  hc p l r o e d  i n  t h e  was t e  hand l ing  f a o i l i t y  e l e v a t o r .  Tbis was p r o b l e m a t i a ,  
opontionally. sinae toler.noes for  f i t -up of the .d with tho cask rod tbo elovator had 
to b.e loose .oo.P to  allow reasonably easy instal!ation. yet tiat enoqh t o  -it Uo 
cask to  intorfaae with loading 0 uipment in the CIS. This was solved by i o s h g  f a i r l r  
t i  h t  toler-es on the constrmct~on of the cask (dimetor  to  withia 118 i n 3  md aonaew 
tr!*ht So wf th ia  114 inch. 14 f e e t  from the datum) a s  we l l  a s  by provid in i  some 
& j u & u i t y  i a  the pad itself .  

Conate . .  a very durable material. w i l l  remain functional. for  the desi- l i f e  of 20 years. 
A f h x i b l e  opo aoatia was a l ied to the exterior surfroe to  miaimize woatherfng md 
f r e e z ~ t h a w  o%oets. h e  f i a E h o d  aask i s  shown i n  Figure 6. With minimum 08pit.l 
investmeat. a precas t  concrete eont rac tor  aould eas t  two DSWC's a week. Beaause most 
contriaerr aould be made from normal weight conoretor, no speaial brnblin o r  ~ggtegatos 
wou~ld ba  neaossar Ia la rge  prodaction ruas. the e a s t  aould be prodmce8 eoonomiaally 
(Le*. than 20.000 ti). - 
LBSsONs LlwuNp rn FAmICaPION 
As. e a t d  above, procast concrete aontraators. ospesially those s ~ ~ i a l i z i n g  in  aonarete 
i m. arm ideally snited for  laciag tho aonarete shield in the D ~ W G  The a o m t e  pipe 

'&stl7 i s  a s a ~ ~ s t o m d  t o  ti& dimensional requimments. Aaeeleratod nrin f a a i l i t i e s  
a rk  aommonly available and tho required q m l i t y  e o n t n l  proaedues a re  ofton a fnady b e 4  
inplereatud in some fashion. 

Origjsally, it was tho8 t tht both the nomiul md refereaae desifns omld hsvo u t i l i r ed  
from.norral1y availab P l a grogator by c a r e f u l l y  eont ro l l ing  the mix design. Several 
a t t  s wore made to do &is. but theso effor ts  proved unfeasible. S p o c i ~ l  aggregates 
wer%mad, however. to h r e u o  the density to  tho requirod level. P o s e  aggregates. high 
in iron content, were found to be very reasonably prieed aompued to aoaventioul heavy- 
weilhC. r ~ ~ r o # a t o s .  







Doring the i n i t i a l  core of the casks, cracks were detected a t  approximately the one-third 
points on the sides of the casks (see Figure 7). These cracks would resul t  from thermal f i4 f .  s t r e r s e s  induced i n  the s t i l l  very weak conerete during tho f i r s t  48 hours of ouro. and 
origmate from the exothermio hydration prooess in  the massive mncrete shield. m i l e  
c h a r a c t e r i s t i c s  of the so l id  pa load a s  wel l  a s  the design of the inner  s t e e l  s h e l l  
~ m i t t e d  minor cracking on the D ~ C .  effor ts  t o  minimize these craoks were in i t ia ted  for 

ormation81 purposes. 

Sincre the oracks resu l ted  from thermal gradient-induced loadso the oask e a t i t i o s  were 
f i l l e d  with water and the water was allowed to t r ick le  out over tho outside of e orsks. tt 7310 boat of hydration in  tho center of the oasks could then be t r8~sfer+ed t o  t e water. 
and ca r r i ed  out of tho system. Also, f o r  a per iod of approximately one r e e k  a f t e r  tho 
concrete was poured. the exterior of the casks were kept wet. The process would oause tho 

, stil l  highly reactivo oement inside the craoks to  hit togothor. or heal. thus sealing the 
, craoks. This prooess i s  used extensively t o  r e p a i r  gas loaks f r o 8  eraoks i n  oonorete 

p i  8. After healing, the craok is nearly as strong in tension as the ~ o r a c k o d  regions. 
S i s  ess.ntia1ly l.*roof. 

CONQJDSIONS 

The DSIC program proved ooncreto to be a viable aokagins r a to r i a l  for both tranrport rod 
disposa l  containers. ~t i s  economical, duzabPe. and ad. tab le  t o  man a p p ~ i o a t i o ~ s .  
~ o m c t e t e  i s  81so the ma o r  oomponent of a High I n t e g r i t y  t on ta i ae r  b u i l t  t o  handle tho 
spec i a l  needs of oer ta  i n wastes oomin out of th. Threo Milo I s l aad  (TMI) a l e rnu  
aot ivi t ios  and has boon reposed as a mahr  component of on-site went  fuel sad l o r l m l  
waste oontainers. On t%is basis .  concroto has proven t o  bo a v iab le  alternative f o r  
padaging of radioact it* materials. 






