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ABSTRACT 

A h igh  i ntegrity c onta i ner ( H I C ) was developed, t ested, and c ertif ied 

for use in d isposing of unusua l l ow-l eve l radioactive waste from Three Mi l e  

I s l and Unit 2 ( TMI -2) . Th e work was coord i nated by EG&G I d aho, I nc .  and 

funded by the U.S. D epartment of Energy . A disposal demonstration us i ng an 

H I C c ontaining an EP I C OR- I I  prefil ter from TMI -2 was comp l eted at the 

commerc i a l  disposa l facil i ty i n  the State of Wash i ngton . A Cert if i cat i o n  

o f  Comp l iance was i ssued by the Department o f  Soc i a l and Hea lth  Serv i ces of 

the State of Washington to use the H I C  i n  disposing of up to 50 EP ICOR-11 

p ref i l ters .  Th at Certific ati on of Comp'li ance was i ss ued after r i gorous 

review of the H I C  design and tes t  program by the State and by the U . S .  

N u c l ear R egul atory Commission. 

Th i s  r eport descr i bes  the processes of l oading, tr·ansporti ng, and 

disposing of the demonstration H I C  and br i ef l y  descr i bes  the des i gn, 

testing, and approva l  effort l ead i ng u p  to the demonstrat i on. Th e 

s ignificance of this effort is that the disposal  demonstration was a 

first-of- a-k ind use  of a re i nforced c oncrete H I C at the US  Eco logy, I nc .  

commercia l  dispos a l  fac i li ty i n  the State of Was h i ngton . 
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SUMMARY 

Th e c l eanup of Three M i l e I s l and Uni t  2 ( TMI -2 ) produced 50 EPIC OR-11 

pref i l ters, cont a i n i ng dewatered,  rad i oac t i ve i on-exchange  res i ns and 

zeo l i tes . As p art of the EP IC OR- I I  Research and D i s pos i t i on Program, 

E P I C OR -11 pref i l ters were transported to the I daho Nat i ona l E ng ineer i ng 

L aboratory ( I NEL ) for r esearch, i nter i m  s torage, and u l t i mate d i sposa l . 

The p rogram devel oped the f i rst-of-a- k i nd re i nforced concrete h i gh 

i ntegr i ty contai ner ( H IC )  approved for use by the State of Was h i ngton . Th e 

program then used the f i rs t  produc t i on prototype mode l i n  d i sposi ng of an 

E P IC OR-11 pref i l ter as a d i sposal demonstrat i on .  Th i s  document present s  

i nformat i on gained from the H I C  d i sposa l  demonstrat ion and related work 

l ead i ng to t hat demonstrat ion. 

Th e d i sposal demonstrat i on was performed at the c ommerc i a l  l ow- l eve l 

rad ioac t i ve waste d i spos a l  fac i l i ty i n  the State of Wash i ngton. Obta in i ng 

approva l for u s e  o f t he H I C for d i spos i ng of EP I COR- I I  pref i l ters requ i red 

app l y i ng to the State of Was h i nqton for approv a l  and s at i sfy i ng techn i c a l  

c oncerns ra i sed b y  the St ate and the U.S. Nuc l ear R egu l atory Comm i s s i on .  

Successful comp l et i on of the H I C  d i spos a l  demonstrat i on i s  the res u l t  of 

about four years of  i ntense effort that i nvo l ved ( a) obtain i ng a pprova l s  

for trans port i ng and d i spos i ng of the H I C  l oaded w i th an EPICOR - I I  

p ref i l ter, ( b) des ign i ng a n d  f ab r i c at i ng a n  H I �� ( c )  test i ng the H I Cs ,  
.'( 

( d )  deve l op i ng a proces s  for prepar i ng an EPif!OR-I I pref i l ter and H I C  for 

d i sposa l , a nd (e) acqu i r i ng equ ipment for thJ project . 
/ 

The proces s  for prepari ng the EP I COR-[1 pref i l ter and H I C  for d i spos a l  

requi red deve l op i ng procedures, tra i n i ng personne l ,  and performi ng the  

actua l process . P repar ing the pref i l ter and H I C  requ i red des i gn i ng and 

fabricat i ng s pec ial i zed equi pment f or remote use i n  the Hot Shop of Test 

Area  North at I NEL . 

Th e H I C d i sposa l  d emonstrati on i s  an examp l e  of f eder a l  and s t ate 

government agenc i es ,  a p r i vate ut i l i ty ,  a federa l contractor ,  and i nd ustry 

worki ng together t o  so l ve a d i f f i c u lt waste d i sposa l  prob l em .  I t  

d emon strates  th at t h e  H I C  i s  a n  adequ ate a l ternat i ve t o  so l i d i f icat i on o f  

i i i 



resin waste  for dis posa l and that the rem�i ning EP I C OR-I I  pref i l ters c an be 

d is posed of in a s im i l armanner . F i na l ly, the d emonstrat ion  i l l ustrates the 

effectiveness  of the U.S. Dfpartment of Energy in generating information of 

generic benef it to t he nuc l ear i ndustry and how t his invo l vement is 

ass is t ing in the c l eanup of TMI -2 . 
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D I SPOSAL DEMONSTRATI ON OF A H I GH I NTEGRITY CONTA INER  ( H I C )  

CONTA I N I NG AN E P I COR- I I PREF I LTER F ROM fHRE E  M I L E  I SLAND 

1. I NTRODUCT I ON 

A f i rst-of-a-k i nd ,  h i gh i ntegrity conta i ner ( H I C )  h as been devel oped, 

tested , and approved by the State of Wash i ngton for use  in d i spos i rg of 

E PICOR-II pref i l ters that were u sed i n  the c l eanup of U n i t  2 of Three Mi l e  

I s l and ( TMI- 2 ) . F i fty of those pref i l ters , wh i c h  processed about 2 1 00 m3 

(560,000 gal) of accident-generated contaminated water from the Auxiliary 

and Fue l  H andl i ng Bu i l d i ngs , were transported to the Idaho Nat i ona l  

E ng i neer i ng L aboratory ( I NEL ) for i nteri m  storage , research , and 

d i spos i t i on .  The successfu l d i sposa l  demonstrati on of one EPI COR- 1 1  

p refi l ter contai ned i n  an H I C  paved the way for GPU Nuc l ear Co;p . ( GPU ) and 

the U . S .  Department of Energy ( DOE )  to beg i n  d i spos i ng of 45 add i t i on a l  

p ref i l ters i n  HICs at t h e  waste d i sposal fac i l i ty operated by U S  Ecol ogy, 

I nc . , i n  the State of Wash i ngton . [D i sposa l  of four pref i l ters st i l l  be i n g  

u sed i n  research w i l l  b e  determi ned i n  the future . ]  

E ac h  E P I COR- 1 1  pref i l ter contai ned u p  to 2200 C i  of rad i oact i ve 

i sotopes . In order to meet the 1 0  CFR 6 1  cr iter i a  for d i sposal  as C l ass  C 

l ow- l evel  rad i oact i ve waste , e i ther ( a ) the i on exchange med i a  of the 

p ref i l ter must be so l i d i f i ed or ( b )  the pref i l ter must be encl osed i n  an 

H I C before d i sposal . 1 A re i nforced concrete H I C  v1as chosen over 

so l i d i f i cati on , after stud i es  projected that the H I C  wou l d  be 

cost- effect i ve for the d i s posal  of the unusua l  EPI COR- 1 1  pref i l ter wastes . 

[Th i s project ion  was reaff i rmed after the d i sposa l  demonstrat i on . 2] 

Deve l op i ng t he f i rst-of-a-k i nd rei nforced concrete H I C ,  

l ocat i ng/fabri cat i ng a su i tab l e  sh i pp i ng cask , 3 rece i v i ng regul atory 

approval for use  of the H I C  i n  a d i sposal demonstrat i on ,  and effecti ng the 

d i sposa l  demonstrat i on of that H I C  wi th a pref i l ter were major undertak i ng s 

w h i c h ,  when accomp l i shed , prov i ded major benef i ts for the nuc l ear i ndustry 

and reg u l atory author i ti es . 
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1 . 1 Back grounc! 

The TM 1 - 2  acc i dent on 28 March 1 9 79 prov i ded an opportun i ty for both 

the  nucl ear i ndustry and federa l government to benefi t  from eval uat i n g  how 

t he acc i dent h appened , effects of the acci dent,  and how to c l ean up such an 

acc i dent . DOE was g i ven the respons i b i l i ty for conducti ng research and 

devel opment act i v i t i es of generi c va l ue  to the nuc l ear i ndustry . 4 '5 On e 

DOE program devel oped to accomp l i sh that respons i b i l i ty i s  the Waste 

Immob i l i zat i on Program ( W 1P) . Object i ves of W I P  i nc l ude eval uat i ng 

ex i st i ng techno l og i es/techn i ques or deve l op i ng new methods to i mp l ement 

safe , cost-effec t i ve handl i ng ,  transportat i on ,  i nter i m  storage,  and 

d i sposal  of h i gh l y  rad i oact i ve i on exchange med i a  ( as exemp l i f i ed by the 

EPI COR - 1 1  i on exchange wastes ) and transferr i ng i nformati on of gener i c  

b enef i t  t o  the nuc l ear i ndustry . On 15 Ju ly  1981, a Memorandum of 

Understand i ng between DOE and the U . S .  Nuc l e ar Regul atory Comm i s s i on (NRC ) 

was  s i gned whereby DOE agreed to accept 50 EPI COR - I I  prefi l ters for 

research , i nterim storage , and d i spos i t i on .  

The EPI COR - 1 1 Research and Di spos i t i on Program ( l ater ren amed the 

EPI COR and Waste Research and Di spos i t i on Program ) i s  bei ng conducted by 

EG&G Idaho , I nc . , to sati sfy part of the W I P  objecti ves . 6 The overal l 

goa l  of the EPI COR- 1 1  Research and Di spos i t i on Program i s  to perform 

research of generi c  va l ue to the nuc l ear i ndustry and safel y d i spose of the  

50  EPI COR - 1 1  pref i l ters as C l ass  C l ow- l evel waste .  The H IC  devel opment 

and d i sposal demonstrat i on i s  one act i vi ty undertaken to meet that goal . 

The H I C  d i sposa l  demonstrat i on h as paved the  way for GPU and DOE to d i spose 

of the remai n i ng pref i l ters and thu s  has ass i sted materi al l y  i n  the c l eanup 

of  TM I -2. 

Successfu l comp l et i on of t he H I C d i sposal  demonstrat i on requi red the 

parti c i pat i on of many organ i zat i ons . EG&G Idaho had the adm i n i strati ve and 

t echni cal respons i bi l i ty of devel opi ng and test i ng the HIC , acqui r i ng  

reg u l atory approval s ,  and  demonstrat i ng commerc i a l d i spos al of  the H I C  

l oaded w i th an EPICQR .. JI pref i l ter. GPU agreed t o  d i spose of 45 add i t i ona l  

pref i l ters in  a s i mi l ar manner i f  the demonstrat i on proved successful . 

Under subcontract to EG&G I daho , Sand i a  Nat i ona l  Laborator i es devel oped 
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specif i cat i ons  for an H I C; Nuc l ear P ackag i n g ,  I nc .  ( NuPac ) designed the  

H I C, presented a des i gn rev i ew ,  b u i l t  two prototype H I C s ,  and  tested one 

u n i t; and US Ecol ogy prov i ded the disposa l  serv i c e  for the demonstrat i on 

and w i l l  provide d i s posal  serv i ces for the rema i n i ng E P I COR- I I  prefi l ters 

l oaded in H ICs . A l so under subcontract , US Ecol ogy prepared and submi tted 

an H I C  U se App l i cat i on to the State of Washington Department of Soc i a l and 

Heal th  Services . The State , w i th  support from NRC ,  commented on the H I C  

d esign and rev i ewed the d i sposal  program .  Those comments were resol ved , 

and a Cert i ficat i on of Comp l i ance from the State of Washingtcn was obta i ned 

by US Ecol ogy for d i sposa l  of the 50 E P I COR- I I  pref i l ters u s i ng the H I C  

des i gned by NuPac . a 

1.2 Purpose and Scope 

O bject i ves of the E P I COR- I I  Research and D i spos i t i on Program i nc l ude 

devel opment of an H I C  system and d i sposa l  of the 50 EriCOR- I I  prefilters i n  

H I Cs. I n  order to comp l ete these objecti ves , a sui tab l e  H I C  had to be 

spec i f i ed ,  designed , fabricated , tested , and used i n  a d i sposal 

demonstrat i on operat i on .  This document presents a h i story of processes 

u sed in the d i sposa l  demonstrat i on of an EP ICOR- 1 1 prefil ter seal ed i n  an 

H I C . The document i nc l udes br i ef descr i pt i ons of the equipment and 

fac i l i ties used; acqu i s i t i on of regu l atory approva l s; and processes for 

p reparing , transport i n g ,  and d i spos i ng of the HIC. 

a .  To avo i d  confusing the reader , �t i s  noted that the H I C  Use Appl i cat i on 
to the State of Wash i ngton subsequent l y  ci ted i n  t�i s  report resul ted i n  a 
Ce rt i f i cat i on of Compl i ance be i ng i ssued by the State for use of the  H I C  i n  
buria l  operat i ons . 
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2. HARDWARE AND FACILITIES 

This section provides descriptions of the EPICOR-1 1 prefil ter , HIC, 

s hipping c ask  and trail er ,  INEL  facil ity used for storing E P I COR-II 

prefil ters , support equipment used for the disposal proces s ,  and dis pos a l  

f ac il ity where the HIC was disposed. 

2.1 E P I COR-1 1 Prefil ter 

Eac h  EPICOR-1 1 prefil ter l iner is a cyl inder 1 . 2 m ( 48 i n.)  i n 

diameter by i.4-m (54-in . ) high,  fabricated from 6 . 4-mm (1/4-in . ) wel ded 

s teel (Figure 1 }. Eac h  l i ner �ontains �850 m3 ( 30 ft3} of ion 

exchange media which are either organic resins  or organ i c  res i ns and 

zeol ite adsorbers . An in l et header system was used to spread unprocessed 

water over the top of t he ion exchange med i a ,  wh i l e  an out l et header system 

c ol l ected water processed through the ion exchange media. Each l i ner i s  

c oated inside and out with Phenol ine 368a paint to protect  i t  aga i n s t  

c orrosion. Metal l urgi cal  exami nation of two prefi l ter l i ners , performed a s  

part of the EPICOR-II Research and Disposition Program, h as shown that the 

estimated l ife of the l i ners  before fail ure by c orros i on i s  greater than 
7 

5 0  years.· An EPICOR- I I  l i ner we i ghs 635 kg  ( 1 400 l b )  empty and 

�1542 kg  ( 3400 l b} when l oaded with res i n .  Resin l oadi ngs  range from 

585 k g  ( 1290 l b} to 880 kg  ( 1 940 l b ) . 

I n  processing water from the Auxil�ary and Fuel Hardl i ng Bui l di ngs of 

TM I ,  eac h  prefil ter col l ected radionuc l i des cons i st i n g  mos t l y  of Cs- 1 37 ,  

-1 34, and their dau ghter products;  smal l amounts of Ru -106, Rh-106, Sr -90, 

Co-60, and Ba-1 37; and trace  amounts  of U-238 and some transuran i c  

e l ements. Hydrogen gas i s  generated i n  the prefil ters from rad i o1yt i c  

degradation of demi neral i zer mater i al s and radi o l ys i s  o f  water . 8 To 

p revent buil dup of t h at gas ,  a p l ug was removed remotely  from the vent  port 

of eac h  pref i l ter upo� arrival  at INE L .  Remova l  of the vent p l ug a l l ows 

a .  P henol ine 368 i s  a product o f  the Carbo l i c  Co. 
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t he gas to exit continuou s l y  from the prefil ter during storage. The gas is 

col l ected and routed to the heating  and ventil atiGn system of the storage 

f acil ity. 

2 . 2  High Integrity Container 

The HIC is a reinforced concrete cyl indrical container designed for 

disposal  of an EPICOR-II prefil ter at a commercial disposal facil ity for 

l ow-l eve l radioactive waste.9 The container is designed to ensure s afe , 

re l iab l e ,  bel ow ground disposal of radioactive w aste for a �inimum of 

3 00 years (� l o  hal f-l ives  of the predominant isotopes ) wh i l e  radioactive 

isotopes cor.tained in th� resins decay to a nonhazardou s  l eve l .  

Figure 2 i l l ustrates the design configuration of t�e HIC. Leakage is 

p revented by a corrosion-resistant steel liner which is coated ins ide and 

out with phenol ic paint. Durab i l i ty of the container is enhanced by the 

pH-adju sting amphoteric material p l aced on the inside bottom of the 

container. The container l id is sea l ed and then bonded to the HIC body 

using a bead of adhesive ge l C0ncressive AEX - 15 13 and f l owab l e  grout 

material Concressive AEX - 1512, respective ly . a The HIC is equipped with a 

v ent system to al l ow t h e  escape of g as produced by r ad io l ys is in the 

E PICOR-II prefil ter. [The EPICOR-II prefil ter is purged with argon g as 

b efore being l oaded into the HIC.] The vent is c ast into, and protected 

by, the reinforced concrete l id assemb l y. W ithout vent ing, the H I C  h as 

s ufficient burst  s trength to cont a in t h e  g as t h at m ay be gener ated, based 

on a 300-year l ife. The concrete container atten u ates rad i ation from the 

encl osed EPICOR-II p ref i l ter by a f ac tor of abou t  nine; t h at is trot enough 

shie l ding  to permit hands-on operation b u t  enough to simp l ify h and l ing 

p rocedures and s afety p rec aut ions . Append ix A p rovides a det a i l ed 

description of the HIC, and Append ix B g ives an eva l uat ion of the HIC when 

t ransported and con t a ined w it h in the CNS 14- 190 sh ipping cask . 

a. Concress ive AEX - 15 12 and AEX - 15 13 are products of Adhes ive Eng ineering 
Company. 
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Figure 2.  Design configuration of the HIC without an enclosed EPICOR-II 
prefilter. 
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2 . 3 Sh i ppi ng Cask  and Tra i l er 

A c ert i f i ed Type B s h i ppi ng  cask , CNS 1 4- 1 90, was u s ed to c onta i n the 

HIC w i t h  i t s  pref i l ter duri ng transport by truck from INEL to  the d i spos a l  

f ac i l i ty i n  t h e  �tate of Wash i ngton ( Reference 3 ) . Fi gure 3 s h ows the 

t�actor , tra i l er, and sh i pp i ng cask  l oaded w i th the H I C  and EPI COR- I I  

pref i l ter . F i gure 3 a l so s hows the c r i bb i ng wh ich was p l aced between the 

HIC and cask  to  prevent sh i ft i ng of the HI C dur i ng transport . The cask was 

purchased from Chern N uc l ear Systems, I nc .  by DOE s pec ifica l ly for th is t ask 

and wi l l  be used to  transport the remai n i ng 45 pref i l ters to the commerc i al 

d i s posa l  fac i l i ty .  

CNS 1 4- 1 90 i s  a stee l-encased, concrete-sh ie l ded sh i p p ing cask 

( Fi gure 4) . The cask  is 2 . 39 m (94. 2 5  in . ) in d i ameter by 2 . 64-m 

( 1 03 . 75- i n . ) l ong . Rei nforced c oncrete occup i es the 17 . 8-cm (7- in . ) 
annu l ar sp�c e  between two shel l s  and bas e  p l ates . The l id is a 12. 1-cm 

( 4 . 7 5- i n . ) t h i ck,  l aoiinated steel cover hel d i n  p l ace by 32 h i gh-s trength, 

3 .  1 8-cm ( 1 - l /4- i n . ) -d i ameter bol ts .  A s i l i con e 0-r i ng is used to se a l  the 

joi nt between the l id and the c ask b ody . The outer she l l and b ase p l ate 

are 6 . 4-cm ( l- l /4- in . ) th ick, wh i l e  the inne r  she l l and b ase p l at e  are 

5. 1 -cm ( 2- i n . ) th ick . The c ask is re inforced at the top and bottom w i th 

steel r in gs and equ ipped w ith l ift ing l ugs . The l id is prov ided w ith two 

access ports . Empty weight of the c ask is �24, 500 kg (�54, 000 l b ) ; the 

max i mu m  pay l oad of the c ask is � 10, 400 kg ( �23, 000 l b ). 

Th e trai l er als o was purchased by DOE spec if ic a l l y for us e w ith the 

s h i pp i ng cask . Th e t r a i ler is a three ax l e, f ifth whee l  l ow-boy w ith a 

36, 300-k g  (80, 000- l b )  c a p ac i ty. The c ask is he l d  to the t r a i l e r by s ixteen 

3 .  1 8-cm ( l - l /4- i n . ) bol ts  ( F igure 4 ) . The empty we ight of the c ask, 

trai l er, and tractor i s  �39, 500 k g  ( �87, 000 l b ), and the max imum l o aded 

wei ght ( wi th H I C) i s  �46,700 kg ( �109, 000 l b ) . To use the system on 

pub l i c  thoroughfares necess i tates acqu is it ion of overwe igh t  perm its . 
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2. 4 INEL  Fac i l i ty 

The Hot Shop of Test Area North Bu i l d i ng 607 ( TAN-607 ) at INEL  was 

u sed for the E P ICOR- I I  Program because the facil i ty was abl e, after 

mod i fi cati ons,  to rece i ve, hand l e, and store the EP ICOR- I I  pref i l ters . The 

TAN-607 Hot Shop i s  a l arge, sh i el ded h i gh bay wi th rai l and truck acces s 

t hrough two 327, 000-kg  ( 360-ton ) concrete doors,  each 1 . 2-m ( 4-ft) th i ck by 

4. 3-m ( 1 4-ft ) wi de  by 1 0 .  1 -rn (33-ft)  h i gh, wi th staggered joi nts and 

mounted on rol l ers . The Hot Shop i s  equ i pped w i th two overhead cranes 

[9 1 , 000-k g  ( 1 00 ton ) and 9 , 000-kg  ( 1 0 ton ) ]  on a rol l i ng crane bri dge, a 

l arge overhead man i pu l ator (l ocatad on a second rol l i ng bri dge ) ,  auxi li ary 

wal l -mounted man i pu l ators, and other equ i pment for remote hand l i ng of 

r ad i oacti ve mater i a l (Fi gure 5) . The wall s of the Hot Shop are constructed 

of concrete 2 . 1 -m ( 7-ft) th i ck with sh i e l ded vi ewi ng wi ndows bu i l t i nto the 

n orth and south wal l s .  Operati ng gal l er i es,  located beh i nd each s h i e l ded 

w i ndow, a l l ow control of remote l y  operated equ i pment anywhere i n  the Hot 

S hop . 

2.5 Support Equi pment 

Preparati on of the EPICOR- II prefi l ter and H I C  in  the Hot Shop of 

TAN-607 requ i red spec i a l ly  des i gned equ i pment that cou l d  be used remote l y .  

Th at equ i pment i nc l uded: (a ) l i ner l i fti ng devi ce (T-bar) for l i fti ng the 

pref i l ter; (b) venti ng tool for removi ng the l ower d i stri buti on port p l ug 

f rom the prefi l ter; (c ) dewateri ng and purg i ng equ i pment for removi ng water 

and gas from the prefi l ter; (d ) HI C spreader bar for l i fti ng the H I C; 

( e )  l i d l i fti ng assemb l y  for l i fti ng the H IC  l i d; ( f )  l i ner i nterface 

col l ar for protecti ng the H IC  and gui d i ng the pref i l ter i nto the H I C; and 

(g ) grouti ng equi pment (funnel bracket assemb l y  and a pou r i ng cup ) for 

attach i ng  the H I C  l i d to the H IC  body . Append i x  C provi des a more detai l e d  

d escr i pti on of the s upport equ i pment. 
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F l oor p l an and cross-sec t i ona l  v i ew of the TAN-607 Hot Shop . 
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2 . 6  Commerc i a l Di spos a l  Fac i l i t y  

Th e demonstrat i on H I C  w a s  d i sposed a t  t h e  L ow-Level Rad i oact i ve Waste 

Di spos a l  Fac i l i ty i n  Benton County ,  Wash i ngton . That fac i l i ty i s  on the 

Ha nford Nuc l ear Reservat i on ,  25 mi l es northwest of Ri chl and . The State of 

Wash i ngton , under the gu i dance of the NRC , reg u l ates the d i sposa l  fac i l i ty ,  

w h i ch i s  operated by U S  Ecol ogy . The types of wastes author i zed for 

recei pt  and method s  of hand l i ng ,  transportat i on ,  and d i sposa l  a l l are 

subject to regu l atory approval . Among the l ow- l evel rad i oact i ve wastes 

d i sposed at the s i te are sol i d  or s ol i d i f i ed mater i a l s ,  contami nated 

equ i pment ,  c l ean i ng wastes , too l s ,  protect i ve c l oth i ng ,  g l oves , and 

l aboratory wastes . The contami nated materi a l s are recei ved from hosp i t al s ,  

l aborator i es ,  u n i vers i t i es ,  i ndustry,  and nuc l ear power fac i l i t i es .  

The average bur i al trench at the d i spos a l  s i te i s  about 46-m ( 1 50-ft ) 

w i de  by 1 4- m  ( 45-ft ) deep by 244-m (800-ft ) l ong . Fi l l ed trenches are 

marked w i t h  permaner.t monuments wh ich  descr i be the contents ,  boundar i es , 

d ates of u s e, and other pert i nent i nformat i on .  Several  l ocat i ons  on the 

s i te  and i n  the s urround i n g  area are mon i tored envi ronmental l y .  
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3 .  REGULATORY APPROVAL PROCESS 

One of the most i mportant outcomes of the HIC work that l ed to the 

d i sposal  demonstrat i on was the ach i evement of regul atory approval  for u s i n g  

th i s  part i cul ar HIC . Approval s were requ i red from regul atory author i t i es 

at a t i me when the regul atory pos i t i on on HIC s  was not wel l establ i shed , 

cri ter i a  for HICs were st i l l  bei ng devel oped , and the HIC concept was 

rel at i vel y untested . The regul at i on 10 CFR Part 61, " L i cens i n g  

R equ i rements for Land Di sposa l  of Rad i oact i ve Waste, "  estab l i shes a waste 

cl ass i f i cati on system based on rad i onucl i de concentrat i ons  i n  the wastes .  

Cl ass C wastes are requ i red to be stab i l i zed . The NRC Techn i c a l  Pos i t i on 

on Waste Form gave gu i dance for stab i l i ty ( e. g . ,  soli d i f i c at i on or use  of 

h i gh i ntegr i ty contai ners ) , al ong with cr i ter i a  for h i gh i ntegri ty 

contai ners. However, that technical pos i t i on was format i ve at the start of 

the DOE effort descr i bed i n  th i s  report . 

The approval proc es s  for use  of the HIC took approx i mately four years 

a nd i nvol ved the c ooperat i on of federal and state governments , a publ i c  

ut i .lity, and pri v ate i ndustry work ing  together for a common goa l . The 

process was a pathfi nder; therefore , it  i s  bel i eved that much of the 

regulatory deliberation will b e  shortened for similar, future approval 

actions. 

In the following discussions. it is important to recognize that NRC 
(a ) reviewed, critiqued, and consulted in matters related to design and 

���� r���ir�men�� fQr �he Hl�i (�} ��evifie� te��� an� anQlY��� for the 
prQfiltQr� to bQ pl�CQd within thQ HIC�; and (c ) functiongd a� � tQchnical 
consultant to the State of Washington in approving use of the HIC. The 
State of Washington independently reviewed the Hit design, procedures for 

prepar i ng the H I C  for buria l , and procedures for h and l i ng the HICs at the 

d i s pos a l  faci l i ty .  The S tate issued fina l approva l fo r use of the HIC i n  

the  form of a Cert i f i c at i on of Compl i ance. EG&G Id aho origi nal ly  i nitiated 

the approva l  proc es s  as a l i c ens i ng effort. However, a t  the suggest i on of 

NRC, that was changed to a n  "HIC Use App l ica tion." U l tima tely, the effort 
resulted in approval bei ng  i s sued as a C ertifica tion of Com p l ianc e by th e 
State of Was h i ngton . 

14 



The approva l  process for the H I C  invol ved two identifiab l e  (and 
r ough ly  simul taneous ) paral l e l efforts :  (a ) the H I C  devel opment effort 

( Section 3 . 1 ) and ( b )  the regul atory review effort ( Section 3.2 ) .  These 

p aral l e l  efforts began with the regul atory agencies reviewing the HIC 

design so that concerns cou l d  be addressed , testing performed , and 

modifications incorporated as necessary , thus permitting final approval . 

Obtaining a suitabl e shipping cask and trail er for moving a l oaded H I C  

f rom INEL t o  the U S  Ecol ogy site required approval by NRC for use of an 

existing cask design. The process of obtaining approva l  for the cask 

( Section 3.3 )  was much easier than acquiring approval for use of the H I C, 

because  requirements were wel l defined and the process for obtaining that 

approval was we l l  estab l ished. I t  shou l d  be noted that approval for use of 

a shipping cask is by " Certificate of Comp l iance," whil e approval for use 

of the HIC is by " Certification of Comp l iance." 

3.1 H I C  Devel opment 

D iscussions began in mid-1 980 between DOE, GPU, and EG&G Idaho 

concerning use of H ICs to dispose of EP ICOR-I I prefil ters. The principa l 

considerations at that time were the possib l e  cost competitiveness of an 

H I C  system versus in situ  sol idification of resins  and the need for an H I C  

demonstration within the industry. 

In e�rly 1981, S�ndi� w�s contr�cted to develop design requirements 

for an HIC. Those requirements were subjected to extensive peer review 
after compl etion in April 1 98 1 .  The resu l ting requirements are enumerated 

in Appendix A. Those Sandia-devel oped design requirements constitu�ed one 

of the earl ier defin i tions of an H I C and preceded the pub l i cation of 

Proposed Ru les,  ticensing Requirements for Land Disposal  of Radioactive 

Waste , 1 0  CFR Part 6 1 , dated 24 Ju ly  1 98 1 .  

NuPac then was sel ected t o  design the H I C. That design was comp l eted 

and a l so subjected to rigorous peer review and program r�views at TM I and 

DOE Headquarters. Ear l y  in 1 982 , a contract was awarded to NuPac to 

p rovide two prototype HICs , based on the design. 
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Upon compl eti on of fabricati or· i n  Ju ly 1 982� the f i rst  prototype H I C  

was subjected to several tests at NuPac , i nc l ud i ng vent system f l ow rate 

tests and a 0 . 9-m ( 3-ft) drop test onto an unyi e l d i ng surface i n  accordance 

w i th requi rements of 1 0  CFR 7 1 . 35 for Type A contai ners . Acceptance 

testi ng was compl eted sati sfactori ly that month by NuPac on the f i rst H I C  

proto�ype . The second prototyp� H I C  was de l i vered to EG&G Idaho i n  

September 1 982 , where i ndependent testi ng was conducted . Those tests 

i nc l uded i nterna l  pressuri zati on, therma l cyc l i ng ,  v i brati on , vent rate 

i nto compacted soi l ,  and a 7 . 6-m ( 25-ft) drop test onto soi l s imu l ati ng the 

bur i a l  fac i l i ty soi l .  The 7 . 6-m ( 2 5-ft) drop test was spec i f i ed by the 

State of Washi ngton as part of thei r requ i rements for acceptance. The H IC  

s uccessfu l ly passed al l of  the tests. 

3 . 2 �I C  Regu l atory Rev i ew 

An ori gi nal  i ss11e of the NuPac H I C  Des i gn Analys i s  Report, dated 

4 December 1 981 ,
0 was rev iewed w i th the State of Washi ngton i n  

January 1 982 regard i ng a pos s i b l e  Use App l i cati on for d i spos a l  of EP I COR-1 1 

prefi l ters u s i ng H I Cs.1 0  Both acti ve nuc l ear waste d i sposa l  s i te 

operators ( US Ecol ogy for the State of Wash i ngton and Chern Nuc l ear Systems 

for South Carol i na )  were contacted i n  ear ly 1 982 concern i ng the i r  i nterest 

i n  submi tti ng an H I C  Use App l i cati on to an appropr i ate state regul atory 

a gency . The State of South Carol ina  wou l d  not al l ow the acceptance of any 

TM I -ge�erated waste ; however , US Ecol ogy expressed i nterest. I n  

S eptember 1 982 , US Ecol ogy was contracted to devel op and submi t an H I C  Use 

App l i cati on to the State of Wash i ngton Department of Soci a l  and Heal th 

Servi ces . The app l i cati on i nc l uded procedures for d i sposa l  operati ons that 

wou l d  be imp l emented at the US Ecol ogy s i te. Both the des i gn features of 

the H I C  and the s i te hand l i ng procedures were s ubjects of s ubsequent 

rev i ews . A draft app l i cati on was submitted i nforma l l y  by US Ecology to t�e 

a .  A l so i n  the same timeframe, DOE gave NRC the or i g i na l  i ssue of the 
NuPac H I C  Des i gn Ana lys i s  Reportl O  to rev i ew .  NRC comments resu l ti ng 
from that revi ew were transmi tted to DOE on 2 1  June 1 982. Responses to 
those comments were prepared by EG&G I daho and s�bmi tted t? DOE on 

1 1  
25 August 1 982. Rev i s i on 1 of the NuPac H I C  Des1gn Ana lys1s Report was 
i s s ued i n  September 1 982 . 
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State in April 1983. A meeting on that submittal was held in early May, 

resulting in resubmittal of the HIC Use Application to the State on 

17 May 1983. Transmitted with that submittal were Revision 1 of the NuPac 

H1C Design Analysis Report,11 an H1C Design Evaluation Report by 

US Ecology, additional information on design that was requested at the May 

meeting, and results from the 7.6-m ( 25-f� ) drop test. A meeting was held 

involving representatives of the State, US Ecology, and EG&G Idaho to 

discuss that submittal. The application was revised to comply with State 

recommendations, and a follow-up application was submitted in July 1983. 

The documentation from that application wdS sent by the State to NRC for 

assistance in technical evaluation. 

Another meeting was held between EG&G Idaho, US Ecology, and the State 

in early September 1983, at which time the State requested further 

information on the EPICOR-11 prefilter and HIC processing. 

In early October 1983, NRC forwarded to the State and DOE a set of 46 

comments concerning HIC Use Application documentation submitted by 

US Ecology. Both the State and DOE forwarded those comments to US Ecology 

and EG&G Idaho. Responses to the comments were developed cooperatively by 

US Ecology, NuPac, EG&G Idaho, and Chern Nuclear Systems and sent to the 

State in rly November. A meeting was held with US Ecology, the State, 

and EG&G Idaho on 9 November 1983 to review the responses. Additional 

information requested by the State was added to the responses, with final 

submittal of the H1C Use Application to the State in late November 1983. 

That submittal was forwarded to NRC by the State on 5 December 1983. 

final NRC concurrence with the HIC Use Application came in a letter to 

the State from NRC dated 1 february 1984. That letter recommended approval 

of the HIC Use Application. On 23 March 1984, the State of Washington 

issued a Certification of Compliance for 50 HICs to be used in disposing of 

EP1COR-11 prefilters at the US Ecology site at Hanford, Washington 

( Appendix D ). Upon receipt of the Certification of Compliance, US Ecology 

notified EG&G Idaho that the loaded HIC demonstration unit could be 

accepted for disposal. 



I 
3.3 Shipping Cask Approva l  

A suitab l e  shipping cask  was required to transport the l oaded H I C  from 

I NEL to the disposal  site , and a Safety Assessment Oocume.1t (Reference 3)  

was required to  eval uate that transport activity . On ly  one cask system 

existed in the United States that cou l d  accommodate the H I C  and provide 

adequate shiel ding . That cask  system was owned by Chern Nuc l ear Systems and 

had an existing Certificate of Comp l iance . However , the cask was withdrawn 

f rom service by Chern Nuc l ear Systems because it needed refurbishment and 

required a new transport trail er. Therefore , Chern Nuc l ear Systems urged 

that a new issue cask  and trail er be constructed . The new i ssue cask wou l d  

benefit from �orne mod i fications over its predecessor ( e . g . ,  i t  wou l d  be 

constructed of a steel that meets l atest material bri ttle fracture 

requirements ) . However , the Certificate of Compl i ance used for the 

p redecessor casK wou l d  require revision to a l l ow transport of the 

EP I COR- 1 1/H I C  units . 

After ensuring that a revision to the Certificate of Compl iance cou l d  

be obtained for transporting EPICOR-1 1 prefil ters i� H ICs ,  EG&G Idaho 
requested a cost estimate from ChP.m Nucl ear Systems . Numerous  d i scus s i ons 

were hel d between NRC, Chern Nuc l ear Systems , and EG&G I daho to rev i se the 

Ce rt if i cate of Compl iance for the cask . After ana lyses by NuPac showed 

that the cask wou l d  provide suffic i ent sh i e l d i ng, a contract was awarded i n  

M ay 1 983 for Chern Nuc l ear Systems to supp ly  a new issue of the CNS 14-190 

cask and trail er . The new iss ue c�sk and trai l er were fabricated and 

de l ivered in September 1 983 . Agreement fina l ly  was reached w ith NRC to 

revise the Certificate of Comp l iance to i nc l ude ( a ) dewatered resi ns as one 
of the material s  that can be transported and ( b ) a statement on gas 

generation with i n  the container . Appl i cat ion was made i n  mid-January 1984, 

and the approved Rev i sion 10 to the Cert if i cate of Comp l i ance (Append i x  E )  

for the CNS 1 4-1 90 cask was issued 24 January 1984. 
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3 . 4  Techn i ca l  I ssues i 1: the Regu l atory Approval Proces s  

I n  rev i ewing the H I C  des i gn , process i ng , and d i sposal procedures , 

severa l  i ssues were rai sed by the State of Wash i ngton and NRC. The most 

s i gni ficant i ssues focused on ( a )  adequacy of the H I C  des i gn for the 

requ i red 300-year d i sposal per iod ,  (b ) character i st i c s  of the wasteform 

b e i ng p l aced w i th i n  the H I C, and ( c )  concerns over safe transportat ion. 

I ssues raised concerning the H I C  des i gn i nc l uded adequacy of the i nner and 

outer mo i sture barriers during the requ i red 300-year d i sposal per iod ,  

mai ntenance of  i ntegri ty during al l d i sposal  hand l i ng operat ions ( i ncl ud i n g  

hypothet i cal  acc i dents ) ,  and abi l i ty of the H I C  l i d-body seal mater ia l  

( epoxy ) to mai nta in  i t s  i ntegri ty in a h i gh rad i at ion f i e l d  over the 

d i sposal  per i od. Procedures used for dewater ing EP ICOR- I I  pref i l ters to 

meet the waste d i sposa l  l im its  of <1 % free stand ing l i qu i d  and 

s pec i fi cat i on of the pH of that res idual water ( pH �4 ) a l so were i ssues. 

Al so ,  confi rmat ion was requ i red that the transuran i c  mater i a l  i n  the waste 

not exceed 1 0  nCi / g  and p l uton i um not exceed 1 00 nC i /g i n  accordance wi th 

the State of Washi ngton requ i rements. F i na l ly,  the issues of the 

CNS 1 4- 1 90 cask being approved for transport i ng dewatered res i ns and the 

adequacy of the cask sh i e l d i ng and contai nment under norma l and 

hypothet i cal acc i dent cond i t i ons had to be eval uated. A l l  of the i s sues 

were sat i sfactori l y  reso l ved through the combined efforts of EG&G Idaho , 

US Ecol ogy, NuPac , Chern Nuc l ear Systems , and GPU. Those organ i z�t·ions ,  

work i ng together , prov i ded addit i ona l  test i ng ,  analyses , proced•Jre 

devel opment , and data, where appropr i ate , for resol v i ng the issues. 
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4. H I C  DISPOSAL DEMONSTRATION 

The HIC disposal  demonstration was divided into the fo l l owing two 

activities : ( a ) HIC preparation and ( b )  H I C  shipping and d i sposa l . 

P reparation of the H I C  i nvol ved receiving the empty HI C from the 

manufacturer , preparing and moving it into the Hot Shop of TAN-607 ,  

retrieving an EPICOR- I I  prefil ter from a temporary storage cas k ,  prepar i ng 

and l oading the pref i l ter i nto the H I C ,  bonding  ( groutin g )  the l id onto the 

H IC ,  curing the bond , and l oad i ng the H I C  into the shipp i ng cask . H I C  

shipping and disposal  i nvol ved preparing the s h i pping cask for transport , 

t ransporting the cask to the d i sposal  facil i ty,  and disposing of the H I C .  

The fol l owing sections provide detail ed descriptions of the H I C  disposal  

p rocesses . 

4 . 1 HIC Preparation 

4.1.1 H I C  Receipt and Preparation 

The H I C  used for the di sposal  demonstration was fabricated by B i ngham 

Mechanical  and Meta l  Product s  I nc .  of I daho Fal l s ,  I daho. Upon rece ipt of 

t h at H I C ,  outside surfaces of the body up to the l i p and the top of the l i d 

were covered with p l astic sheets. The p l ast i c  prevented exter ior surfaces 

of the HIC from becomi ng contaminated whi l e  in the Hot Shop . Two s l i ngs 

we;e att�ched to the H I C ,  one to each of the H I C  l ift i ng eyes. The H I C  

then was moved i nto the Hot Shop for l oad i ng. 

4. 1 . 2  E P I COR- I I  Prefil �er Preparation 

E PI COR- I I  prefil ter PF- 1 8  was chosen for the d i sposal  demonstrat ion 

because it contained one of the h i ghest cur i e  contents ( v i z. ,  2025-C i total 

activity ) . [The.resu l ts of a rad i at i on survey of PF- 1 8 are compared to H I C  

and cask measurements in Sect i on 4. 2 o f  th i s  report . ]  I t  was stored 

o uts i de the Hot Shop of TAN-607 in a temporary storage cask (TSC) mounted 

on a railroad f l atcar ( Figure 6 ) . The f l atcar was moved i nto the Hot Shop, 

where the pref i l ter was removed from the TSC and p l aced beh i nd s h i e l d i ng. 
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TSC-2 

F i gure 6 .  Photograph of rai l road equ i pment used to move the TSC-2 
temporary storage cask conta i n i ng PF- 1 8  i nto the Hot Shop . 
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After the f l atcar and personnel were removed from the Hot Shop , PF- 1 8  
was moved remote l y  t o  the dewater i ng area , and the p l qg from the pref i l ter 

effl uent port was removed remotel y  u s i ng the vent i ng too l . An adapter was 

i nserted i nto the eff l uent port , and the hose from the dewateri ng system 

( F i gure 7 )  was connected to the adapter . The vacuum pump of the dewatering 

system was started , and the prefil ter was dewatered . Residual water from 

the prefil ter was drawn from the l ower d i str i but i on header of the 

pref i l ter , through a hose , and dumped into the water extraction drum of the 

dewater i ng system. The vacuum pump was l eft on for 1 h and then shut off 

for 1 h ,  so that water trapped in the res i n  cou l d  f i l ter down to the 

header . To comp l ete the dewatering proces s ,  the vacuumi ng process was 

repeated two more t i mes , for a total of 5 h .  At the end of each pumping 

sequence , the water extraction drum was emptied i nto the hot waste drain of 

the Hot Shop . It is estimated that between 1 9  and 57 L ( 5  and 1 5  gal } were 

removed from the prefil ter. Less than 1 % , or about 1 9  L ( 5  gal ) of water 

remained in the prefil ter . A water samp l e  �sao mL ( 1 5  oz) was obtai ned 

to measure the pH l evel . The average pH val ue of the PF- 1 8  water samp l e  

was 5 . 8  ± 0 .  l pH  units . 

After dewatering PF- 1 8 , purging was started ( see F i gure 7 ) . First,  an 

adapter was inserted into the vent port of the pref i l ter . [The vent port 

p l ug had been removed upon rece i pt at INEL so the prefil ter cou l d  vent 

continuous l y  during storage . ]  Next , a tube was attached to the adapter. 

The tube was routed from the adapter , through the Hot Shop wal l ,  to an 

argon bott l e  in the Gal l ery ; thu s ,  technicians cou l d  operate the purge 

system remotely .  Argon f l owed through the pref i l ter for 6 h at about 

0 . 03 m3 tmi n  ( 1  cfm) for a total of � 1 0 m3 ( 360 ft3) ,  or 1 2  vol umes , 

of gas . The argon gas entering the vent port of the prefil ter forced any 

combustib l e  gas out the eff l uent port . 

With the dewatering and purg i ng of the pr�fil ter comp l eted , the purge 

tube and vacuum hose were disconnected and the two adapters were removed. 

A porous p l ug was inserted i nto the vent port , and a so l id p l ug was 

i nserted into the eff l uent port . 
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4. 1 . 3 H I C  Load i ng and Curi ng 

PF-18 was p l aced beh i nd s h i e l d i ng so techn ic i ans cou l d  enter the Hot 
Shop and prepare the H I C  for l oad i ng .  A wood sccffo l d i ng, wi th space i n  
the  mi dd l e  for the H I C, was set up and covered w i th p l ast ic . The H I C  was 
p l aced i ns i de the scaffo l d i ng ( F i gure 8), and i ts l i d  was removed. The 
t echn i c i ans i nspected the i ns i de of the H I C  ( i . e . , the po l yethyl ene s l eeve, 

base d i sk ,  and a l umi num hydrox i de paste i n  each of the d i sk cutouts) . A 

1 .3-cm ( 0 . 5- i n.) bead of primary seal ant Concress i ve AEX- 1 5 1 3 was app l i ed 

around the i ns i de d i ameter of the H I C  l i d step ( F i gure 9) . The i nsert i on 

co l l ar ,  wh i ch gui des the prefi l ter i nto the H I C, was p l aced on the H I C, and 

personne l were removed from the Hot Shop . PF- 1 8  was retr i eved , i nserted 
i nto the H I C  ( F i gure 1 0) , and the i n sert i on co l l ar removed . The l i d was 

p l aced onto the H I C  l id step, where i t  contacted the sealant and formed the 

p rimary sea l . Next, the grouti ng assemb ly  was p l aced on the H I C  l i d 
( Fi gure 1 1 ) .  

Out s i de the Hot Shop, the epoxy Concress i ve AEX- 1 5 1 2  grout was mi xed . 

One batch of grout was composed of 3. 8 L ( l  ga l ) of Concressive AE X-1 5 1 2  

( l /3 Part Band 2/3 Part A) and one bag of A/E specia l grout b l end . One 

batch made �24 kg ( �54 l b) of grout wi th a vo l ume of �11 L ( �3 ga l ) .  

The grout was taken i nto the Hot Shop , where i t  was transferred into a 

pour i ng cup he l d  by the overhead man i pulator ( O-man) . The O-man was used 

to transfer the grout to the H I C, where it was poured through the three 

funnel s on the grout assemb ly  i nto the l id-body voi d  of the H I C  ( F i gure 12). 
W hen an area of the H I C  vo i d  was f i l l ed, the grouti ng assemb l y  was moved 

wi th  the O-man . After the voi d was comp l ete l y  f i l l ed ,  the grouti ng 

as sembly  was removed , and the l i d l i ft i ng recesses were f i l l ed ( Fi gure 8) 

d i rect ly  from the cup . Three batches of grout were used to f i l l  the H I C  

l i d-body voi d and l i d recesses . The H I C  was stored beh i nd shi e l d i ng for 

two doys wh i l e  the grout cured . A rad i at i on survey was then conducted on 

the H I C; resu l ts of th i s  s urvey are g i ven in Secti on 4 . 2 .  
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F i gure 8 .  P hotograph of the scaffo l d i ng bei ng adjusted around the HIC. 
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Figure 9 .  Photograph of the primary seal ant ( cau l k )  being app l ied to 
the HIC l id step . 
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F i gure 1 0. Photograph of an EP ICOR- I I  pref i l ter bei ng l owered i nto 
an H I C .  
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fi gure 1 1 .  Photograph of the HI C funne l bracket assemb l y  heing p l arr 1 on 
the H I C l i d .  ( The f i na l  des i gn used rectangul ar-shaped 
funne l s . ) 
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Fig11re 1 2 .  Photograph showing the grout being poured into the funnel 
bracket assembly using the grout pouring cup. (The final 
design used rectangular-shaped funnels.) 
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4.1 . 4  Shipping Cask  Preparation 

The CNS 1 4- 1 90 shipping cask was moved to the Hot Shop of TAN-607 , 

where it was prepared for use. The trail er was backed into the Hot Shop 

and disconnected , the tractor was moved outside , and the Hot Shop doors 

were c losed. The cask l id was removed , wood cribbing wa� instal l ed in the 

c as k ,  and a l l  Hot Shop personnel were removed from t�� Hot Shop. The H I C  

was retrieved remotely from storage , the �1ustic was removed , and the H I C  

was pl aced inside the cask . The l id was repl aced on the cask , bol ts were 

inserted and torqued , and seal wires were inserted into marked bol ts. The 

rain cover was pl aced on the cas k ,  and the t i edown cl i ps were t i ghtened . 

The cask and trail er were surveyed for contaminat i on ,  and the Hot Shop 

doors were opened . The tractor was coupl ed to the trail er; and the 

tractor , cask , and trail er were moved to a storage area outs i de the Hot 

S hop , where a radiation survey was conducted. Resul ts of that survey are 

shown in Tabl e 1 ,  al ong with measurements of the H I C  and pref i l ter . The 

cask  and trail er were stored in that l ocat i on for s i x  months .  The vent 

pl ug was removed from the cask l i d so gases produced in the prefi l ter cou l d  

be vented during storage . 

TABLE 1 .  RADIATION LEVEL COMPAR ISON FOR THE DEMONSTRATI ON H I C  

Rad i ation Leve l 

Contact 1 meter ( �3 ft ) 
EP I COR Prefil ter ( PF- 18 ) 
H I C  
S hipping Cask ( CNS 1 4- 1 90 ) 

a .  Readings not avail abl e. 

350 R 
30 R 
80 mR 

4 .2 H I C  Sh i pp i ng and Di sposal 

a 
a 

20 mR 

After the State of Washington i s sued the Cert ifi cat i on of Compl i ance 

for the H I C ,  the tractor , trail er , and cask were weighed; and the l oad 
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d i str i buti on was adjusted to ensure that the sh i pment met over l oad 

requi rements of the states being traversed ( v i z . , I daho ,  Oregon , and 

Wash i ngton ) .  The cask was purged with  argon gas for three days at 

0 . 1 4  m3th ( 5  cfh ) to d i sp l ace gases that may have bu i l t  up i n  the cask 

from the pref i l ter dur i ng storage . On 22 March 1 984 , after f i nal  

i nspections , the trai l er and cask were rel eased for the tri p to Hanford , 

Wash i ngton ( F i gure 1 3 ) . 

The H 1 C  arri ved at the US Ecol ogy s i te on the morn i ng of 3 Apr i l 1 984 . 

The tractor and trai ler were moved to the trench area , where the cask was 

s urve}ed and the l i d removed , u s i ng a mob i l e  crane . Us i ng a hook , the H 1 C  

s l i ng s  were l i fted out o f  the cask and attached t o  a spreader bar he l d  by 

the crane . W i th a l l personne l c l ear of the immed i ate area , the H I C  was 

removed from the cask ( F i gure 1 4 ) . The cask cr i bb i ng and H I C  became wedg(d 

together , res u l t i ng i n  both the H 1 C  and cribbi ng being removed from the 
cask . The H I C  was swung over and l owered 1 4-m ( 45 ft ) onto a f l a t  spot on 

the bottom of the mai n trench ( F i gure 1 5 )  that had been prepared 

prev i ous ly.  The spreader bar was d i sconnected from the H 1C  remotel y  and 

removed from the area . A craw l er tractor w ith a front-end l oader covered 

the H 1 C  wi th soi l ( F i gure 1 6 ) .  

The l i d was rep l aced on the s h i pp i ng cask , and the cask was secured . 

W ith  the H I C  d i sposa l  demonstrat ion comp l eted , the tractor , tr�i l er ,  and 

c ask  were returned to INEL ,  where the trai l er and cask were stored unti l 

the next EP ICOR- 1 1 /H I C  un i t  was ready for transport . 
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Fi gur� 14.  P hotograph of  the  H IC  being  un l oaded from the CNS 1 4- 1 90 
sh i pp i ng cask  at the commerc i al d i sposa l  s i te. 
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F i gure 1 5. Photograph o f  the H I C ,  w i th cask  cr i bb i ng attached , b e i n g  
l owered i nto  t h e  trench for d i sposa l . 
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F i gure 16 . Photograph of the H I C  bei ng buried i n  the trench at the 
commerc i al disposal s i te . 
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5 .  CONCLUS IONS 

D isposal of an  E P I COR- I I  prefil ter at a commercial l ow-l evel 

radioactive waste disposal site is a significant accompl ishment in that it 

re�uired the participati on and cooperation of DOE , NRC, the State of 

Washington , a private util ity ( GPU ) , a government contractor ( EG&G Idaho ) , 

and pri vate industry ( NuPac ,  US Ecol ogy, and Chern Nucl ear Systems ) .  The 

partic i pants , working together , sol ved a difficu l t  waste di sposal problem 

by applying avail abl e technol ogies i n  a new and novel appl icat i on of an 

H I C. The resu l t  of that cooperat i on was a f i rst-of-a- k i nd H I C ,  wh ich was 

a l so the first H I C  to be accepted by the State of Washington . Approval 

for , and disposal of , an E P I COR- I I  prefil ter seal ed inside an H I C  has 

demonstrated that the H I C  is an adequate al ternative to sol idifying resins 

for disposal . H ICs of th i s  design , or of other designs ,  offer the 

potential for future options in d i sposing of other s imil ar wastes by 

i ndustry at l arge . Because the NRC Technical Position on Waste Form 

c riter i a  for H I Cs was rel at i vely untried before this H I C ,  and the State of 

Washington criteria for H I Cs was undevel oped , the disposa l  demonstration 

was l argely a pathfinder , c l earing  the way for more exped i t i ous  decis ions 
in the future . 

The overal l process of confront i ng a waste probl em s uch as presented 

by the E P I COR·- 1 1  prefil ters , des i gn i ng a disposal sol ution , acqu ir ing  

appropriate regul atory approval s for transportation and d i sposa l , prepar ing 

the waste for d i sposal , and dispos i ng of the waste can be val uab l e  for 

p l anning and executing future waste d i sposal projects .  The H I C  di sposal  

demonstration al so i l l ustrates how effect i ve DOE i s  in sponsor ing project s 

that both assist i n  the c l eanup of TM I -2  and prov i de i nformation of generic  

val ue to  the nucl ear i ndustry .  

The di sposal demonstrat i on a l so has paved the way for d i spos i ng of the 

remaining h i ghly l oaded E P I COR- 1 1  prefil ters i n  H I Cs at the commerc i a l 

d i sposal fac i l ity. I t  has shown that the process and equ i pment used to 

prepare the pref i l ter and H I C  for d i sposal are adequate and wil l requ i re 

o n l y  mi nor changes for the rema i n i ng pref i l ters . 
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APPEND I X  A 

HIGH I NTEGRITY CONTA INER 

The fol l owi ng mater i al i s  from Des i gn Anal ys i s  Report : H igh- I ntegr ity 

Contai ner for D i sposal of EP I COR- I I  Prefi l ter -L i ners ( EGG-TMI -6304 ) by 

R .  L .  Chapman and H. W. Reno , pub l i shed J une 1 983 . The i nformat i on has 

been adapted for use in  th i s appendi x ,  and the data have been updated to 

ref l ect the actual h i gh  i ntegri ty contai ner ( H I C ) des i gn .  

H I C  Des i gn 

The H IC  des i gn was deve l oped to meet several cri ter i a. F i rst ,  the H IC  

must be ab l e  to  contai n the EP I COR- I I  pref i l ter waste wh i l e  the  rad i oact i v e  

i sotopes contai ned i n  t h e  res i ns decay t o  a nonhazardous l evel . That i s ,  

the contai ner must be ab l e  to res i st breach i ng from i nternal and externa l  

l oad i ng and corros i on ,  b i o l og ica l  degradat i on ,  and i ntruders for a m i n imum 

of 300 yr , wh i l e  i n  a d i sposed confi gurat i on .  Second , the H I C  must  be abl e 

to conta i n  or control gas b u i l dup occurr i ng from rad i o l ys i s  and/or chemi cal  

act i v i ty in  the res i ns .  Th ifd ,  the HIC must mi n imi ze the safety hazards 

associ ated wi th  prepar ing ,  transporting ,  and d i spos i ng of the �waste , both 

duri ng rout ine operat i ons  and i n  the unl i ke ly  event of an acc i dent . 

F i nal ly,  the H I C  must be des i gn�d to mi n imi ze costs of fabr icat ion ,  

process i ng ,  transportat ion ,  and d i sposal . 

A rei nforced concrete overpack vessel was sel ected as the most 

cost-effect i ve H I C .  The phenol ic-coated stee i l i ner o f  the H I C  was 

se l ected as part of the i nternal corros i on barr i er ,  after compar i ng i ts 

advantages and d i sadvantages wi th l i ners constructed of var ious  stai n l es s  

steel s or polyethyl ene . An  amphoter ic materi al , another part of the 

i nterna l  corros i on barr i er ,  wa 5 p l aced i n  the hottom of the po lyethylene 
s l eeve lyi ng between the E P I COR- 1 1  prefi l ter and H I C  to neutral i ze any 

l ow-pH l i qu i d  that m ight l eak from the pref i l ter i nto that space . Coat i ng s  

of  phenol i c  on the s urfaces of the steel l i ner of the contai ner body were 

se lected i n  construct i ng the corros ion barr i er of the contai ner system 
b ecause of the i r  abi l i ty to ma i nta in  i ntegr i ty i n  extreme rad i at i on and 
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chemica l  env i ronments . The spec i a l  f i l ters of the vent system i n  the 
c ontai ner l i d were se l ected because of thei r mechan i ca l  s imp l i c i ty and 

prol onged operab i l i ty i n  h i gh rad i at 1 on f i e l d s .  Because of the i r  streng th , 

b etter sea l i ng capab i l i t i es ,  and ease of i nstal l at i on dur i ng i n-f i e l d  

operat i ons , redundant epoxy seal s were chosen i n  l i eu of mechan i ca l  dev i ces  

for  b i nd i ng the l i d of  the  H I C  to  the conta i ner body . 

Structura l Features 

Mechan ica l  propert i es of mater i a l s used for the H I C  are l i sted i n  

T ab l e  A- 1 . The center of grav i ty of the H I C  i s  the geometr i c  center of the 

body . We i ghts of the contai ner and i t s anc i l l ary equ i pment are summari zed 

i n  Tab l e  A-2 . 

Concrete Structure 

The cyl i ndr ical  wal l s  of the concrete structure are 1 5-cm ( 6- i n . ) 

th ick , and the ends are 28-cm ( 1 1 - i n . ) th i ck . The re i nforced concrete i s  

capab l e  of w ithstand i ng an i nter n a l  pressure of 1 . 7 x 1 06 P a  ( 250 ps ig } 
a nd an external pressure of 1 x 1 06 Pa  ( 1 50 p s i g ) . Formu l at ion of the 

c oncrete prov i des 4 1 . 4 x 1 06 Pa  ( 6000-ps i ) compress i on strength . A 
comp l ex rebar cage i s  encapsu l ated i n  the concrete for �trength . The rebar 

c age i s  constructed as fol l ows : s i de- -22 c i rcumferent i a l wraps [ 6 . 4  mm 

( l /4- i n . ) wi re ]  and 20 l ong itud i n a l  bars ( No .  5 rebar ) ; 

bottom- - 1 2  cr i sscross i ng bars ( No .  4 and 5 rebar ) ; and 

l i d--24 cri sscross i ng bars ( No .  4 rebar ) . 

The H I C  i s  l i fted by two 2 . 5 em ( l - i n . ) forged stai n l ess  stee l 

eyebol ts connected to rods embedded i n  the concrete . The eyebo l ts have a 

s afety factor of 5 . 5  to 1 ,  based on u l t imate strength . The embedded rods 

are des i gned w ith  a safety factor of 7 . 7  to 1 ,  based on pu l l out capac i ty .  

The assembly  i s  tested t o  1 50% of des i gn l oad . 
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TABLE A-1 . MECHAN I CAL PROPERTIES  OF MATER IALS USED FOR THE H I G  

Y i e l d Stress  U l t imate Stress 

Mater i a l 1 08 P a  �s i 1 08 P a  

Steel  ASTM A-36 2 . 5 36 ,oooa 4 . 0  

Steel ASTM A-6 1 5  4 . 1 60 ,oooa 6 . 2 
G R  60 REBAR 

Concrete 0 . 4  

Stee l Studs 3 . 5  so ,ooob 4 . 1 
( A- 1 00 )  

a .  Data obtai ned d i rect ly from ASTM standards . 

b .  Data  reported i n  Reference A- 1 .  

�s i 

58 , oooa 

9o,oooa 

6 , oooc 

60,ooob 

Youn(� · s Modu l us 

1 0 1 0  Pa  1 06 �s i 

20 29b 

20 29b 

3 .  1 4 . 42d 

20 29e 

c .  Spec i f i ed rei nforced concrete des i gn parameter , fc ' ( compress i ve 
strength ) .  

d .  From Amer ican Concrete I n sti tute (AC I )  3 1 8-77 formu l a : modu l us of 
e l ast i c i ty ,  E = 57 , 000 ( fc • ) l /2 . 

e .  From Reference A-2 . 

TABLE A-2 . WE I GHTS OF THE H I C  COMPONENTS 

Contai ner body 
L i d 

Component 

Payl oad ( EP I COR- 1 1  pref i l ter ) (max imum ) 
Seal s ( c au l k  and grout ) 
Po lyethyl ene s l eeve and amphoter ic  mater i a l 

Total 

A- 5  

Wei ght 

( kg )  (lb )  

5 , 038 1 1 , 096  
1 , 1 49 2 '  53 1 
1 , 474 3 , 250 

50 1 1 0 
63 1 39 

7 , 768 1 7 , 1 26 
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Seal s 

Redundant sea l s bond the H I C l i d securely  and permanently  to the H I C  

body. The i nter i or ,  o r  primary, seal i s  formed from Concress i ve AEX- 1 51 3  

wh i ch i s  a custom-formu l ated epoxy gel compat i b l e  wi th the phenol i c  

coat i ngs  o n  the stee l l i ner of the H I C .  The primary seal i s  app l i ed to the 

mat i ng metal surface of thl H I C  body before the E P I COR- 1 1  prefi l ter i s  

i nserted . 

The external , or secondary, seal i s  formed from Concress i ve AEX- 1 5 1 2  

( a l so a custom-formu l ated epoxy) , wh ich  fi l l s  the gap between the H I C  l i d  

and body. That epoxy grout i s  a f l owab le  mater i al , contai n i ng rounded 

aggregate ( sand- l i ke  materi a l ) to effect sel f- l evel i ng .  

The seal s are expected to rece i ve a max imum total accumu l ated 

r ad i at i on dose of 2 x 1 08 rads . Chemi ca l ly s i 1ni l ar compounds have been 

t ested to 7 to 1 0  x 1 08 rads wi thout s i gn i f i cant shrinkage or reduct ion 

i n  f l exure strength . Fai l ure of the seal s i s  not expected unti l doses of 

g reater than 9 x 1 08 rads are accumu l ated . Therefore , the seal s shou l d  
mai nta i n  the i r  i ntegri ty over the l i fe of the H I C  (�300 yr ) .  

Vent i ng Features 

The vent system can accommodate 0 . 1 5  mo l of hydrogen per day, a f l ow 

rate near ly  three t imes greater than the des i gn bas i s  of 0 . 052 mo l /day .  

The vent system cons i sts of the fol l owi ng components : 

1 .  A stai n l ess  stee l i n- l i ne f i l ter e l ement wi th a 40-� pore 

s i ze .  The f i l ter ensures that sol i d  ( res i n )  part ic l es wi l l  not 

escape from the conta i ner to the external env i ronment . 

2 .  A PVC water trap , wh i ch i s  sel f-purged by gases generated wi th i n  

the contai ner . 
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3 .  A 70-� pol yethyl ene external f i l ter wi th l arge surface area . 

That f i l ter , l ocated i n  a r ecessed PVC pocket at the l i d edge, 

keeps mud and debr i s  from enteri ng the vent . 

H IC Fabr icat i on 

Fabricat i on of Stee l L i ner 

The steel l i ner cons i sts of a r i ght-c ircu l ar cyl i nder w ith a f l at 

p l ate bottom and a rol l ed-angl e  top f l ange (F i gure . A- 1 ) . Rei nforc i ng stud s 

were ' ttached to the l i ner w ith an automat ic  stud gun . Coati ngs were 

appl i ed to the steel l i ner us i ng strictly co�tro l l ed cond i t i ons . The 

coat i ngs  used are Phenol ine  300 orange primer and Pheno l i ne 302 f i n i sh . a 

Nondestruct i ve exami nat i ons were performed to ver ify that the coati ngs 

were appl i ed correct ly.  To ensure adequate f i l m  thi ckness and coat i ng 

adhes i on ,  the coat i ng was app l i ed by brush to t i ght areas , wel ds , and 

corners on the concrete anchor stud s .  

The fol l owing coat i ng i nspect i ons were performed : 

1 .  verifi cat i on that the coat i ng manufacturer had prov i ded the 

appropri ate documentat i on requi red by ANS I N l 0 1 . 4 ,  " Qual i ty 

Assurance for Protect i ve Coati ngs Appl i ed to Nuc l ear Fac i l i t i es . "  

2 . Ver if icat i on that the app l i er of the coat i ng had wri tten 

procedures conformi ng to the requ i rements of ANS I N l 01 . 4 , and the 

wri tten procedures h ad been fol l owed . 

3 .  Verif i cat i on that the b l ast-c l eaned steel surfaces conformed t o  

the requ irements o f  SSPC-SP5,  " Wh i te Metal B l ast Cl ean ing . "  

Surface preparati ons  were i nspected to  verify the rounding  of 

s harp cc rners and removal of we l d  spatter , as recommended by the 

coat i ng manufacturer . 

a .  P heno l i ne 300 orange p r i rner and P heno l i ne 302 f i n i sh are products of 
Carbol i ne Co. 

A-7 



F igure A - 1 . P hotograph of the steel l i ner of the H I C  w ith rei nforc i ng 
studs after bei ng coated wi th epox ies . 

A-8 



4 .  I nspecti on o f  the app l i ed coat i ng w i th p i nhol e  detectors , hol i day 

detectors , and dry-f i lm-th i ckness gauges to ver i fy that the 

coat i ng conformed to spec if ied requ i rements . 

F abr icat i on and I nstal l at i on of Vent Assembly 

The pr i nc i pal component of the vent assembly  i s  a mach i ned hou s i ng 

conta i n i ng the f i l ter stack . The hou s i ng i s  connected at one end to a PVC 

water trap and out l et f i t t i ng v i a  stai n l ess  steel tub i ng .  At the  other 

end , the f i l ter assemb ly  connects to a 5-� stai n l ess  stee l f i l ter n i pp l e 

attached to the l i d corros i on barr i er .  The i nstal l ed components of the 

assemb l y  are shown i n  F i gure A-2 . 

F abri cat i on of Rebar Cage 

S p i ral , c i rcumferent i al rei nforc i ng bars ( rebars ) were wound by an 

automat i c  wrappi n g  machi ne and we l ded to strai ght , l ong i tud i na l  spacer 

b ars . L ong itudi nal structural bars were bent to a U-shape ( F i gure A-3 ) . 

The stee l l i ner was i nverted and supported on a c i rcu l ar stee l form wh i c h  

shaped the l i d l i p .  

Concrete Cast i ng 

The l ow water/cement rat i o  of "'0 . 32 produced concrete with  m i n imum 

permeab i l i ty .  The concrete m i x  contai ned a i r-entra i n i ng agents and 

superp l ast i c i zers to improve workab i l i ty .  

After comp l et i on of rebar fabr icat i on ,  a sp l i t  steel casti ng form was 

p l aced around the rebar cage . Concrete was poured i nto the annu l ar space 

between the steel cast i ng form and the rebar cage . Vo i ds i n  the concrete 

were e l imi nated dur i ng cast ing  by u s i ng pneumat i c  form v i brators s i mi l ar t o  

t h e  one p ictured i n  F i gure A-4 ( A ) . The photograph i n  F i gure A-4 ( 8 )  shows 

concrete bei ng poured i nto the H I C  cast i ng .  
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F i gure A-2. Photograph of the vent system i n  the l i d of an H I C .  

F i gure .'\-3 .  Photograph of the rei nforc i ng stee l and stee l l i ner of the 
H I C  before casti ng . 
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(A) 

(B) 

F i gure A-4 . P hotographs of the ( A )  i nstal l at i on of a form v i brator and 
( B )  pouri ng of concrete i nto the H I C  cast i ng .  
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· S im i l ar techn i ques were u sed  for construct i n g the H I C  l i d ,  except  

v o i ds were prevented by u s i ng sma l l h and-he l d  v i brators [ F i gure A - 5 ( A ) ] .  

Recessed l i ft i ng l ugs were pos i t i oned i n  the l i d as p i ctured i n  
• 

F i gure A-5 ( 8 ) . The l i ft i ng l ugs are des i gned for remote use  w i th a 

three- l egged l i ft i ng f i xture . 

Upon comp l et i on of the cast i ngs , sta i n l ess  steel l i ft i ng eyes were 

threaded i nto i nserts l ocated at the base of " cutout" pockets 

( F i gure A-6 ) . The pockets subsequent ly  were f i l l ed wi th a 

rad i at i on-res i stant epoxy mortar . Al l l i ft i ng i nserts were tested to 1 50% 

of i nd i v i dual  work i ng l oads . 
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F i gure A-5 .  

; \ 

\ 
82-7755 

(A) 

P hotographs of ( A )  l i d f abri cat i on w i th use of a submerged 
v i brator and ( B )  the f i n i shed cast i ng show ing  the recessed 
l i ft i ng l ugs . 

A- 13  



F i gure A-6 . 

.. 

' '>. 

P hotographs s howi ng the top edge deta i l of an H I C  before and 
after i ns t a l l at i on of l i ft eyes . 
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APPEN D I X  B 

I MPACT TESTS  OF THE H IGH I NTEG RI TY CONTAINER  
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Nuc l ear Packag i ng ,  I nc . 
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APPEN D I X  B 

I MPACT TEST S  OF TH E H IGH  I NTEGRITY  CONTAINER  

R .  T .  Ha e 1 s i g 

Nuc l ear Pac k ag i n g ,  I nc . 

Th e fol l ow i ng  mater i a l i s  a Safety An al ys i s  Report Suppl ement for t he 

C NS 1 4 - 1 90 c as k . I t  descr i bes  the h igh i nt egr i ty waste d i sposa l  conta i ner 

and  w as prepared by R .  T .  Ha e l s i g  of Nucl ear Pack agi n g ,  I n c .  of Tacoma , 

Was h i ngto n , u nder EG&G I daho Co nt ract C8 3-1 30l 89 . 
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F i l e : 30 6 1 5 /BA . RTH Rev l s ion 1 ,  J un e , 1 9 8 3  

2 . 1 0 . 3  Ev a l u a t i o n  o f  a H i g h  Int e g r i t y  W a s t e  D i s p o s a l Con t a in e r  (HIWDC) 
w i t h in the CNS 1 4 - 1 90 Ca st 

2 . 1 0 . 3 . 1  I n t r oduc t i on 

Th e B I WD C  i s  a r e i n f o r c e d c o n c r e t e  c o n t a i n e r d e s i g n e d  f o r  t h e  b u r i a l  o f  

r a d i o a c t i v e  � a s t e ,  a s  c h a r a c t e r i z e d  b y  t h e  TM I - 2  EP I COR I I  s p e n t  r e s i n  

l i n e r s .  The c o n t a ine r h a s  b e e n  d e s i g n e d  t o  p r ov i d e  s a f e .  r e l i ab l e ,  b e l o w  

g r o u n d  s t o r a g e  o f  r a d i o a c t i � e  w a s t e  f o r  a p e r i o d  o f  3 0 0 y e a r s  ( 1 0  h a l f  

l i v e s  o f  t he p re d o m i n a n t  i s o t ope s ) .  

W h e n  t r a n s p o r t e d  w i t h in t he CNS 1 4 - 1 90 p a ck a g e ,  c a l c u l a t i o n s  i n d i c a t e  tha t 

in t e g r i t y o f  BI WDC s h i e l d i n g  mu s t  b e  m a i n t a i n e d  o n l y  f o r  ' n o r m a l c o n� i t i o n s  

o f  t r an s p o r t ' ,  1 0  CFR 7 1 . 3 5 .  The s e  s a m e  s h i f: l d i n g  c a l c u l a t i o n s  s ho w  t h a t  

hyp o t h e t i c a l  l o s s o f  HI WDC sh i e l d in g  c a p ab i l i t y  do e s  n o t  v i o l a t e  t h e  p e r

m i s s ib l e  e x t e rn a l p a ck a g e  d o s e  l i m i t s  o f  1 0 CFR 7 1 . 3 6 ( 1 )  for 'hyp o t he t i c a l  

a c c i d e n t  c o n d i t i o n s ' . 

Th i s  a pp e n d i x  d e m o n s t r a t e s  th a t  HIWDC c o n s e rv a t i ve l y  p rov i d e s b o t h n e c e s 

s a r y  s h i e l d i n g  a n d  c o n t a i n m e n t  o f  t h e  r a d i o a c t i v e  w a s t e m a t e r i a l s w h e- n  

t r a n s p o r t e d  w i t h i n the CNS 14-190 p a c k a g e .  Th i s  d e m o n s t r a t i o n  c o mp a r e s  t h e  

p r o v e n' p h y s i c a l  c a p a b i l i t i e s  o f  t h e  H I WDC t o  t h e  r e l e v a n t  e n v i r o n m e n t s  

e x p e r i e nc e d  b y  t h e  CNS 1 4 - 1 90 p a c k a g e  und e r  b o t h  n o r m a l  and h yp o th e t i c a l  

a c c i d e n t  c ond i t io n s  o f  t r a n s po r t .  

Th e B I WDC h a s b e e n  d e s i g n e d  a s  a n  e x t r a o r d i n a r i l y  r o b u s t  h i g h  i n t e g r i t y 

c on t a i n e r :  

o BI WDC w i l l  w i t h s t a nd su s t a i n e d  e x t e rn a l p r e s s u r e  d i f f e r e n t i a l s  o f  

0 

1 5 0  p s i .  

BI WDC d e mo n s t r a t e s  an i n t e rna l bu r s t  p r e s s u r e  d i f f e r e n t i a l  c ap

ab i l i t y  o f  250 p s i ,  at 2 8-d a y  c o nc r e t e  s t r e n g t h ,  and in e x c e s s  o f  

4 00 p s i  b u r s t  s t r e n g t h ,  a t  1 0-ye a r  c o nc r e t e  s t r e n g th. 
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F i l e : 3061 5 /BA . RTH Rev i s ion 1 ,  June , 1 9 83 

o HI WDC h a s  b e e n  t e s t e d  and qua l i f i ed to  Typ e 'A' d rop he i ght s o f  3 
f e e t  ( 1 7 , 1 2 6  l b s .  - g r o s s  l o a d e d  w e i g h t ) u p o n  a n  u n y i e l d i n g  
su r f a c e ,  w i t h no l o s s  o f  con t a i n m e n t o r  d e g rad a t ion o f  sh ie ld ing 
c ap ab i l i t i e s. Eng i ne e r ing d e ve l opm e n t  d rop t e s t s  at  9 f e e t ,  upon 
an uny i e l d i n g  s u r fac e ,  and 25 fe e t ,  upon t yp i c a l so i l s .  a l s o show 
n o  l o s s  o f  c o n t a i n m e n t a nd n o  d e g r a d a t i o n  o f  s h i e l d i n g  o r  
s t r e n g th c ap ab i l i t i e s .  

Th e s e v e r i f i e d p h  y s i c a 1 c 1 a r a c t e r i s t i c s d e m o n  s t r a t e t h a t t h e H I  W D C  c a n 
re ad i l y  surv ive  t h e  env i ronmen t a l  and hand l ing cond i t ions  a s s oc i a t e d  w i th 
' n o r m a l  c o n d i t i o n s  o f  t r an s p o r t '  p e r  1 0  CFR 7 1 . 3 5  w i t h ou t a ny f o r m  o f  
m i t i g a t ion.  The p r e s enc e o f  the s u r round i n g  CNS 1 4-190 p a ck a g e p ro v id e s  a 

con s e rv a t i v e  add i t iona l m e a sure  o f  a s surance  tha t con t a inment  and s h i e l d i n g  
i n t e g r i t y  r e m a i n  i n t a c t .  

2 . 1 0 . 3 . 2  Con f igu r a t ion 

F i gu r e  2 . 1 0.3-1  p r o v i d e s  a n  i l l u s t r a t ion of  the HIWDC con f i gu r a t ion.  The 
d i sp o s &h l e  h i g h in t e g r i t y con t a ine r cons i s t s  o f  a r i g h t  c i rcu l a r  c y l ind e r  
o f  r e i n f o r c e d c o n c r e t e ,  6 2 . 5  i n c h e s i n  d i a m e t e ;:- ,  J4 . S  i n c h e s h i g h ,  w i t h  6 

i nch t h i c k  r. y l  i nd r i c a l  w a l l s and 1 1  i nch t h i c k  end s ,  l ined w i t h c o r r o s ion 
p ro t e c t ive c oa • i r g s  i n s i d e  and ou t .  

The re i n fo r c ed conc re t e  s t ruc ture , f� = 6 , 000 p s i ,  p rov i d e s  c apal' i l i t i e s  t o  
r e s i s t  a l l  spe c i f i ed  i n t e rn a l and e x t e rna l l o ad s .  Re c e s s e d  e y e s  a nd p r: e
c a s t  i n s e r t s  p r ov i d e  f o r  c on v e n i e n t  h a nd l i n g  a nd a l l o w  s t a c k i n g  o f  t h e  
c o n t a i n e r s .  Th e s e  r e c e s s e d  e y e s a n d i n s e r t s  a r e  a t t a c h e d  t o  r e u s e a b l e  
qu i et-d i s c o nn e c t  l i f t i ng hook s and  e ye s. 

Th e c o n t a i n e r  h a s  b e e n  d e s i g n e d  t o  p r o v i d e  a h i g h d e g r e e  o f  c o r r o s i o n 
r e s i s t a n c e  t h r o u g h  t h e  v e r y  c o n s e r v a t i v e  u s e  o f  r e d un d a n t  c o r r o s i o n  
b a r r i � r s  and c o r ros i on m i t ig a t i o n  f e a tu r e s .  Ea ch o f  the s e  r edund an t e l e 
m e n t s  c ou l d  r e a son ab l y  b e  a s sumed to  a f ford a d e qu a t e  con t a i n m e n t  o f  pre
s c r i b e d  c o r r o � i v e s  fo r t h e l i f t  of  t h e c o n t a i n e r ; t a k e n  c o l l e c t i v e l y ,  
r e l i ab i l i t y ana l ys e s fore c a s t  a l i fe i n  e x c e s s  o f  1200 ye a r s . 
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F i l e : 3 061 5 / BA . RTB Rev i s ion 1 ,  June , 1 983 

Th e c o n  t a i n  e r i s f i t  t e d w i t h t w o p e r  111 a n e n t  s e a  1 s i n s  t a 1 1  e d by d i f f e r  e n  t 
t e c hn i qu e s  and p ro c e s s e s  to  a s sure the c onc ep t s  o f  d i ve r s e  r edund ancy a r e  
p r e s e rved. The in t e r i o r ,  or  p r i m a r y  s e a l ,  i s  f o r m e d  f r o m  Conc r e s i v e  AEX-
1 5 1 3 ,  a p roduc t o f  Adhe s ive Eng i n e e r i ng Comp any. I t  i s  a c u s tom formu l a t ed 
l o n g  p o t  l i f e  e p o x y  g e l  c o m p a t i b l e  w i t h t h e  e p o x y  c o a t i n g s o n  t h e  s t e e l  
l ine r .  

Th e  s e � ondry s e a l  i s  f o r m e d  from Conc re s ive AEX- 1 5 1 2 .  I t  i s  cu s t om formu
l a t e d a s  a f l o w ab l e  grou t  t h a t  b ond s to t h e  c o nc r e t e  and prov i d e  s t ruc tura l 

suppo r t  t o  the l id .  Bo t h  p r i m a r y  and s e c ond a ry s e a l  m a t e r i a l s  have t e n s i l e  
s t r e n g t h s  i n  e x c e s s  o f  6 , 000 ps i and w i l l  c ont inu e  t o  g a i n  s t reng th i n  the 
pre s e n c e  o f  g a m m a  r a d i a t ion. Th i s  p o s t-cure s t re n g t h  i nc r e a s e  r e s u l t s  from 
fu r th e r  c ro s s- l ink ing of t h e  po l ym e r. 

Th e r a d i o a c t i v e  w a s t e  m a t e r i R l s  e v o l v e  s i g n i f i c a n t  qua n t i t i e s  o f  n o n 
r a d i o a c t i v e  g 11 s e s . A s  a c o n s e qu e n c e ,  t h e  c o n t a i n e r  i s  p r o v i d e d  w i t h a 
ve n t i n g  : y s t e m  c a s t  i n t e g r a l l y  and pro t e c t e d  b y  the r e i n fo r c e d  c onc r e t e  l i d 
a s s e mb l y. Th e  v e n t ing s ys t e m  i s  d e s igned to  p e rm i t  p l u g g i n g  dur i n g  t r ans-
po r t .  W i t h i n  t h e  vent  i t s e l f ,  redundancy i s  p rov i d e d .  M o r e  i mpor t an t l y ,  
a n a l y s e s  d e mons t r a t e  t he c on t a i n e r  pos s e s s e s  s u f f i c i e n t  bur s t  s t r ength t o  
c on t a in a l l  p robab l e  g en e r a t e d  g a s e s  w i thou t v e n t ing  for  the 300 ye a r  l i fe 
o f  the " c on t a i n e r. 

The d e s i g n  w e i gh t s o f  the HIWDC a r e  a s  fo l l o w s :  

Con ta in e r  Bod y  1 1 , 096 pound s 

Lid 2 , 53 1  

Pa y l o a d  ( EPICOR I I )  • 3 , 2 50 

Se a l  1 1 0 

Rub S t r ip s  + Ampho t e r i c  
M a t e r i a l  1 3 9  

17 , 12 6  pound s 

•EG/G l e t t e r ,  Ap r 1 1  27 , 1 9 83 ,  Add e ndum No. 2 t o  Re que s t  for  Propo � a l  No. K-
9063 - H i gh I n t e g r i t y W a s t e D i spo s a l  Ov e rp a ck Con t a i n e r  MDL- 3 7 - 8 1 .  

B - 7  
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2 . 1 0 . 3 . 3 Sh i e ld ing Eva luat ions 

Th e B I WDC w i l l  be u s e d to e n c a p u l a t e EPI COR II l i n e r s  a s  l o a d e d  a t  TM I 2 .  
O f  t h e  4 9  l o a d e d l i n e r s .  PF- 4 6  e x h i b i t s  t h e  g r e a t e s t  i s o t op e  i nv e n t o r y . 
Th i s  EPICOR I I  PF-4 6 l i ne r ha s b e e n  u s e d  i n  I SOSBLD- I I  s h i e l d ing c a l c u l r.
t i ons  t o  p r e d i c t  d o s e  ra t e s  e x t e rn a l  t o  t ne CNS 14-1 90 p a c k a g e .  Do s e  r a t e  
r e su l t s b a v e  b e en d e r ived f o r  t w o  b ound ing a s sump t i on s :  ( 1 ) a s sum i ng the 
H I WDC r e m a in s  i n t a c t and (2)  a s su m ing t o t a l  fa i lu re of the HIWDC. 

Sum m a ry re su l t s  from EG/ G-Id aho an a l ys e s o f  Janu a ry 25 and M a y  1 0 .  1 983 , 
a r e  a s  fo l l ow s :  

( 1 )  I n t eg r i ty o f  HIWDC A s s umed 

LOCATION 

On Con t a c t  

A t  3 F t . 

At  6 Ft . 

PREDICTED 

DOSE 

so mR/h 

10  mR/ hr 

B-8 

REGULATORY 

LIMIT 

200 mR/ h ( l )  
[ 4 9 CFR1 7 3 . 1 93 ( i ) ]  

1000 mR/ br ( l ) 

[ l OCFR71 . 3 6 ( a ) ] 

10  mR/hr ( l )  
[49CFR1 7 3 . 1 93 ( j ) ( 3 ) ]  
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( 2 )  Fa i l u r e o f  BIWDC As sumed 

PREDi t.:TED REGULATORY 
LOCATION DOSE LIMIT 

On Con t a c t  630-660 mR/ hr 200 mR/ hr ( 1 ) 

[ 4 9 CFR1 73 . 1 9 3 ( i ) ] 

A t  3 F t . 400 mR/ hr 1 000 mR/ hr ( 2 )  

[ 190CFR7 1 . 3 6  ( a ) ] 

At  6 F t . 64 mR/ hr 10  mR/ h r  ( 1 )  

[ 4 9 CFR1 73 . 1 93 ( j ) ( 3 ) ] 

No t e s : ( 1 )  No rma l Con d i t  ion Lim i t s  
( 2 )  Hyp o t he t i c a l  Ac c id e n t  Cond i t i on L im i t s  

The s e  r e su l t s  v e r y  c l e a r l y  ind ic a t e  t h a t  a l l  do s e  r a t e  l i m i t s  a r e  s a t i s f i e d  
p rov i d ed  t he HI WDC m a in t a i n s  i t s  int e g r i t y when s ub j e c t ed t o  'no rm a l  c ond i
t i o n s  o f  t r a n p o r t ' . BI WDC i n t e g r i t y  i s  n o t  a n e c e s s a r y  c o nd i t i o n  t o  

s a t i s fy hypo t h e t i c a l  a c c i d e n t  d o s e  r a t e  l i m i t s  when t r anspo r t e d  w i t h i n  t h e  
CNS 14-1 90 p a c k a g e .  

2 . 1 . 3 . 4  Imp a c t Te s t s  o f  the HIWDC 

Th e H I WDC h a s  b e e n  s ub j e c t e d  t o  an e x t e n s i v e  s e r i e s  o f  d r op t e s t s  d e m o n
s t r a t i n g  s t r u c t u r a l i n t e g r i t y  w e l l  i n  e x c e s s  of  t h a t  r e qu i r e d  of  Typ e A 
c o n t a i n e r s ,  1 0  CFR 7 1 . 3 5 .  D e s c r i p t i o n  a n d  e v a l u a t i o n o f  t h e f o l l o w i n g  
t e s t s  f o l l o w :  

o A c o rner  i m p a c t  on an uny i e ld ing surface  from 3 foot  he i g h t .  

o A c or n e r  i mp a c t on any uny i e l d ing s u r fa c e  from 9 foo t  he i g h t .  

B-9 
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o A c o rn e r i mp a c t on s o i l  from ZS foo t  he i g h t . 

o A 4 0  i n c h  p en e t r a t i on p in d rop on the c on t a i ne r  s i d ew a l l. 

T h e  f i r s t  a n d  f ou r t h  e v e n t s d e m o n s t r a t e d t h e  a b i l i t y  o f  t h e  c o n t a i n e r  t o  
w i t h s t a n d  Typ e 'A '  No r m a l C o n d i t  i o n s  p e r  1 0CFR 7 1 .  Th e s e c o nd s e qu e n t  i a  1 
t e s t  i n v o l v i n g  a 9 f o o t d r op w a s  a d e v e l op m e n t a l  t e s t  t o  e x p l o r e  t h e  
u l t i m a t e  c a p a c i t y  o f  t h e  c o n t ft i n e r ;  t h i s  9 f o o t  d r o p  e x c e e d e d  d e � i g n  
r e qu i r e m e n t s  o f  t h e  c o n t a b.: e r  b y  a f a c t o r  o f  t h r e e  ( 3 ) .  b a s e d o n  e n e r g y  
c on s i d e r a t i o n s . 

I n  su m m a r y ,  t h e  p a c k a g e  s u r v i v e d  t h e  f i r s t  a n d  t h i r d Typ e ' A '  t e s t s  w i t h  

l i t t l e  d a m a g e  a n d  fu l l  r e t e n t i o n  o f  a l l  f u n c t i o n a l c a p ab i l i t i e s . The 
u l t i m a t e  c ap a c i t y t e s t  at  a 9 f o o t d r op s ho w e d p o t e n t i a l  d e g r a d a t i o n o f  

s e a l i n g  f e a t u r e s  ( f o r  g a s e o u s  c on t e n t s )  b u t  n o  l o s s  o f  c o n t a i n m e n t  o r  
e j e c t i o n  o f c o n  t e n  t s f o r  s o 1 i d s o r  p a r  1: i c u 1 a t e c o n  t e n  t f o r m  s • Th e d r o p 

from 2 5  fe e t  on so i l  showed no d a m a g e  wha t s oever.  

Bo t h  b o t tom c orne r d rop t e s t s  on an y i e l d ing su r f a c e  e mp l oyed a l i ft ing b a r  
t h a t  rot a t e d t h e  cont a in e r  to 42° w i t h r e sp e c t to v e r t i c a l . Th i s  ang l e  w a s  

' 

s e l e c t e d t o  c a u s e  t h e  c o n t a i n e r  t o  t o p p l e - o v e r  f o l l o w i n g  c o r n e r  i m p a c t ,  
s t r i k i n g  the l i d c l o sure r e g i o n  i n  a ' s l ap-down'  i mp a c t .  Ana l y s e s  d e mon-

s t r a t e d t h i s  ' s l ap-down'  i mp a c t in c onj unc t ion w i th c o rn e r  imp a c t w a s  the 
mo s t  s e ve r e  o r i en t a t i on for the p a c k a g e .  

I n  b o t h  u n y i e l d i n g s u r f a c e  d r o p  t e s t s ,  t h e  l i f t i n g  b a r  p r o d u c e d  mo d e s t  
l o c a l  d i s t r e s s  i n  t h e  c o n c r e t e  a d j a c e n t  t o  t h e  l i f t l u g  e y e  d u e  t o  t h e  

i n t roduc t i on o f  l a t e r a l  pry ing for c e s  a t  the l i ght l y  r e i n fo r c e d  top edg e .  
I n  f a c t ,  m od e s t  c r a c k i n g , d u e  t o  t h e s e  l a t e r a l p r y i n g  f o r c e s ,  d e v e l op e d  
j u s t  a s  soon a s  t h e  c on t a i n e r  w a s  ho i s t e d  a t  a n  inc l ined ang l e . 

( 1 )  Thre e  111 Foo t Co rne r  Drop 

F igure 2. 1 0.3-2 i l l u s t ra t e s  t he d rop t e s t  s e t -up j u s t  p r ior and a t  the 
i n s t a n t  o f  i m p a c t .  T h e  d r o p  p a d ,  o r  ' u n y i e l d i n g '  s u r f a c e ,  s ho w n , 

c on s i s t s  o f  abou t 200, 000 pound s o f  c onc r e t e  t opp e d  w i th m 1 - 1 / 8  i n c h  

� - 10 
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g r o u t e d s t e e l  p l a t e .  Th e p a c k a g e  w a s  r i g g e d  to  a ' qu i c k  r e l e a s e ' 

l a t c h  suppo r t e d  by a m ob i l e  c r ane . 

Re s u l t an t  d am a g e  from t he t h r e e  (3 ) foo t  d rop i s  i l l u s t ra t ed i n  F i g u re 

2 . 1  0 .  3 - 3  • Th e 1 e f t h a nd p h  o t o  i n  d i c a t e s a c r u s h ,  o r c r u m  b 1 e , z o n e  a t 
t h e  po i n t  o f  i n i t i a l  i m p a c t ,  c h a r a c t e r i z e d  b y  a 2 4  i n c h  f l a � .  C o n 
c r e t e  on t h e  s i d e s  a n d  e n d  sp a l l e d  a w a y  f r o m  t h e  hoop re i n forc ing fo r 
a he i gh t  o f  abou t 12  i nche s; abou t a s  p red i c t ed .  

The t o p  r i g h t pho t o  sho w s  v e r y  mod e s t  ( in s i gn i f i c an t ) d i s t r e s s  t o  t h e  

s e a l  a re a . A s m a l l  h a i r l i ne c rack i s  s e e n  a t  t h e  c en t e r  o f  t h e  pho t o  

o n  t he top e d g e  o f  t h e  c onc r e t e  body s id e w a l l .  The epoxy s e a l an t  top 
s u r f a c e  s h o w e d  a c i r c u m f e r e n t i a l  h a i r l i n e  c r a c k  f r o m  t h e  fu g e y e  
l oc a t ion t o  the b od y s id e w a l l c rack. 

Th e l o w e r  r i g h t  p ho t o  s h o w s  d i s t r e s s  a � o u n d  t h e  l u g  e y e  c a u s e d b y  

p r y i n g  f o r c e s  e x t e rn a l l y app l i e d  t o  the con t a in e r  b y  t h e  l i f t  f i x t u r e .  

Non e  o f  t h e s e  ob s e rved d i s t r e s s  l oc a t i on s c o mp rom i s e  func t i ona l p e r
f o r m a n c e  o f  the c on t a i n e r  i n  a ny f a sh ion. 

A c c e l e r a t i o n  forc e s  c an b e  app rox i m a t ed from corne r d e fo r m a t ion g eo
m e t r y .  Th e p e c k a g e  i m p a c t e d a t  4 2 °  w i t h r e s p e c t  t o  v e r t i c a l  a n d  
c o n c r e t e  s p a l l e d t o  t h e  e x t e n t  t h a t t h e  ' f l a t '  o r  c h o r d , m e a s u r e d  i n  

t he b a s �  c i r c l e ,  w a s  24 i nche s l ong.  Th i s  c hord s ub t end s  an ang l e , 29, 
m e a su r e d  in t he b a s e  c ir c l e ,  c a l cu l a t e d  a s :  

. -1 9 = S ln 24/2 
62 . S / 2  

= 22 . 5 8° 

Th e  c ru s h  d e forma t ion , o ,  i s  c a l cu l a t ed a s :  

6 = R ( 1  - c o s9) s in a = 1 . 60 i nche s 

Whe re : R = 6 2 . 5 / 2 ,  inche s 

B-1 1 



F i l e : 3061 5 /BA . R.TH 

f: ... , .... #PI -�-;�' .  
· :  ... 
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THREE ( 3 )  FOOT CORNER DR.OP 
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F o r  c o r n e r  i m p a c t s ,  t h e  c r u s h i n g a r e a a n d  f o r c e  i n c r e a s e s  a s  t h e  
s qu a r e  o f  t h e  l in e a r  d i m e n s i o n s  o f  t h e  c ru s h  zone g e o m e t ry. Tbu � .  t h e  
e n e rgy ab s o rb e d  u p o n  i mp a c t va r i e s  a s  a c ub i c  func t ion o f  d e forma t ion.  
From t h i s ,  t he c orner i mp a c t  a cc e l e ra t i o n  c an be  c a l c u l a t ed a s :  

�3 - 3 ( 3 6 / 1 . 60 )  - 67 . 5  g ' s  

( 2 )  Nine ill Foo t Co rne r  Drop 

The c on t a i n e r  w a s  i n i t i a l l y  ro t a t ed 1 80° abou t  a v e r t i c a l  a x i s ,  w i t h  

r e s p e c t  t o  t h e  l i f t i n g  b a r ,  i n  o r d e r  t o  i m p a c t o n  t h e  o p p o s i t e ,  

u n d a m a g e d  s i d e  o f  t h e  c on t a i n e r . P r i o r  t o  h o i s .t i n g t o  t he n i n e  ( 9 )  

f o o t d r o p  h e i g h t , t h e  c on t a i n e r  a c c i d e n t l y  d r o p p e d  d u e  t o  p r e m a t u r e  

re l e a s e  o f  t h e  'qu i ck-re l e a se '  l a t c h. D a m a g e  w a s  s om e wha t m o r e  e x t en
s i ve t h a n  f o r  the  t h r e e  ( 3 )  foot  d rop d e s c r ib e d  p r e v i ou s l y. 

Fi gure 2.10.3-4 s ho w s  the p a c k a g e  i m m ed i a t e l y  b e fo r e  and a f t e r  i mp a c t .  
F i g ure  2.1 0.3-5 show s r e s u l t an t  t yp i c a l  d a m a g e .  Th e  l e f t h and pho t o s  

show t h a t  t h e  i n i t i a l  i mp a c t  zone i s  l i t t l e  c hanged in  cha r a c t e r  from 
t h a t  expe r i e n c e d  du r i ng  the thr e e  ( 3 )  foot  d rop. · The c ru s h  o r  c ru mb l e  
z o n e  i n c r e a s d u p  t o  a b o u t  a 3 0  i n c h e s f l a t  ( v e r s u s  2 4  i n c h e s f o r a 
thr e e  fo o t  d rop ) .  

Th e  r ig h t  hand pho t o s  s ho w  s i g n i f i c an t  d a m a g e  t o  t h e  c on t a ine r c l o s u r e  
r e g i o n  o p p o s i t e  t h e  p o i n t  o f  i m p a c t .  A c r a c k  d e v e l o p e d  a r o u n d  t h e 
c o m¥ ! e t e  c i r c u m f e r e n c e  o f  t h e  l i d w i t h  w id th app rox i m a t e l y  1 / 8 inc h .  

F a i l u r e  o c c u r r e d  i n  t h e  l i d c o n c r e t e  a d j a c e n t  t o  t h e  s t r o n g e r  e p o x y  
g r o u t .  Th e b u l k  o f  r a d i a l  c r a c k  d a m a g e  w a s  c o n c e n t r a t e d  i n  t h e  
v i c: i n  i t y o f t h e  1 i f t 1 u g e y e s . Th e m a j o r i t y o f d a m  a g e  w a s d u e t o  
prying  forc e s  induc ed  b y  t h e  t e s t  l i f t b a r .  

I t  app e a r s  t h a t t h e  m a j o r i t y  o f  d a m a g e  w a s  d u e  to  t h e  r i g i d  b ody l i d 
ac c e l e r a t ing i n t o  t h e  t o p  e d g e  o f  t h e  b od y l i p .  Th e b ody l i p r e s i s t s  
t h e s e f o r c e  s b y  h o o p t e n s  i o n i n  t h e  r e i n  f o r  c i n  g s t e e 1 . T h  i s r e i n 
f o r c i n g  s t e e l  y i e l d e d  a n d  r u p t u r e d  w i t h i n t h e  t o p 6 - 8  i n c h e s o f  t h e  
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FIGURE 2 . 10 . 3 -4 

NINE ( 9 )  FOOT CO��R DROP 

' 
' i 
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c on t a i n e r  l ip r e a i o n ;  ' n e c k e d '  b a r s  c an be s e e n  in t he l o w e r  r i & h t  

pho t o. Upon y i e l d o f  t h e  s t e e l ,  the l ip re& ion o f  the b ody inc re ased 

i n  d i am e t e r  p roduc in& a tens i l e  c i rcum ferent i a l  c rack a round the l id. 

De sp i t e  t h i s  comp l e t e  c ircum ferent i a l  c rack,  the l id re m a ined f i rm l y  

a t t  a c h e d  t o  t h e b o d y .  Th i s  i s b e  c au s e t he 1 o w  e r p I a  t e o f t h e  l i d h 

he ld c ap t ive b e n e a t h  t h e  i n t a c t  epoxy a rou t a t t ached t o  the body l ip .  

Lid a t t achm en t w a s  v e r i f i e d  b y  d e s t ruc t ive exam ina t ion o f  the j o in t  

vh i c h  s ho w e d  t h e  p r i m a ry g e l  s e a t  r e m a i n i n g  i n t a c t .  Sub s e quen t l y ,  a 

bu l ld o ze r f i t t e d  w i t h a r ipp e r  b a r  fa i l ed  to r e m ov e  t h e  l id from t h e  

body.  

The a c c e l e r a t i o n  f o r c e s  u n d e r  9 f o o t c o r n e r  d r op m a y  b e  e s t i m a t e d  

f o l l o w i n g  t h e  p r o c e d u r e s u s e d  f o r  t h e  3 f o o t  d r o p .  Th e 3 0  i n c h  f l a t  

o r  c h o r d  s ub t e n d s  a r c  a n g l e , 29,  o f : 

9 = s i n-l ( 3012 ) = 2 8 . 6 9° 
62 . 5 / 2 

The c o r n e r  d e f o rma t i o n ,  o ,  i s  f ound a s : 

o = R ( 1 - c o s9 )  s ina = 2 . 5 7 inche s ,  

And , t h e  c o rn e r  imp a c t a c c e l e r a t ion i s  found t o  b e : 

� 9 - 3 ( 10 8 / 2 . 5 7 )  - 1 26 . 3 g 

( 3 ) Twe n ty- f i v e  � Fo o t  Co rn e r  �rop 

T h e  B I WDC w a s  r i g g e d  f o r  e . g .  o v e r s t r u c k  c o r n e r  i m p a c t ( 3 6 . 7 °  t o  

v e r t i c a l ) on t yp i c a l  s andy d e s e r t  s o i l .  The co n t a ine r w a s  s upp o r t e d 

by a ' qu i c k  r e l e a s e '  l a t c h  hung from a mob i l e c r a n e .  

U p o n  i m p a c t .  F i g u r e  2 . 1 0 . 3 - 6 , t h e  B I W D C  d e n t e d  t h e  s o i l  t o  

a p p r o x i m a t e l y  t h e  m i d-d i a m e t e r  o f  t h e  c y ' _ ,: 1 e r  b a s e . Th e p a c k a g e  

expe r i enc e d  no v i s u a l  d a m a g e  and d i d n o t  s l ap-d o w n. 

I mp a c t  a c c e l e r a t i on f r o m  t h e  2 5  foo t d rop m & y  b e  e s t i m a t e d  f r o m  t h e  
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so i l  d e f o r m a t ion t o  m id-d i a m e t e r  of the c y l i nd e r  b i s e .  The d e forma
t ion o f  the so i l  i s :  

6 = R s ina = 1 8 . 7 i nc he s  

Wh e r e : R = 62 . 5 / 2 , inc h e s  
a =  3 6 . 7° 

The corre spond ing a c c e l e r a t ion i s :  

�25  - 3 ( 25 ) ( 12 ) / 1 8 . 7 - 48 . 2 g ' s .  

( 4 ) Pene t r a t i on Te s t s  

The 4 0  i n c h  p e n e t r a t i o n  p i n d r op t e s t  s h o w e d  n o  d a m a g e  t o  t h e  c o n 

t a i n e r e x c e p t  for a f in g e rna i l  s i zed  wh i t en in g  o f  the conc r e t e  in  the 
i mp a c t  zone .  

2 . 1 0 . 3 . 5  S t ru c t ur a l  Eva l u a t ion o f  the HIWD� 

The ni WDC ha s b e e n  e x t e n s i v e l y  t e s t ed f o r  c o r n e r  l • p a c t s  w e l l  in  e x c e s �  o f  
. 

tho s e  exp e r i e nc e d  w h e n  c on t a ined w i t h in t h e  CNS 1 4 - 1 90.  Due t o t he w e i g h t  

o f  t h e  CNS 1 4- 1 90 ,  t h e  norm a l c ond i t ion d r op he i ght  i s  l i m i t e d  t o  o n e  foo t .  

HIWDC h a s b e e n  d roppe d  fro m a he i g h t  o f  9 f e e t ,  upon an  uny i e l d i n g  s u r f a c e ,  

w i t hou t lo s s  o f  con t a inme n t .  Thu s ,  t he corne r d rop M a rg in  o f  Sa f e t y ,  on a n  

ene rgy b a s i s ,  i s :  

9 
M . S .  = I - 1 = + 8 . 00 

End and s id e  i mp a c t s  a r e  l e s s  c r i t i c a l and h a v e t h e r e f o r e  no t b e e n  t e s t e d .  

F o r c o m p l e t e n e s s  a n d  c o n s e r v a t i s m ,  t h e  f o l l o 'fO i n g  a n a l y s e s d e m o n s t r a t e  

1 a r g e r p o s i t i v e M a r g i n s  o f S a f e t y u n d e r 3 0 f o o t  d r op a s s u • p t i o n s .  Th i s 

c o u c l u s i v e l y d e m o n s t r a t e s  t h e a b i l i t y o f  H I W D C  t o  r e t a i n s h i e l d i n g  a n d 
c o n t a i n m e n t  w h e n  c o n t a i n e d  w i t h i n t h e  CNS 1 4 - 1 90.  

B- 1 8  
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Und e r  e a d  i •� • � t  the  1 1  i nc h  t h i ck l id and end s a r e  l o a d e d  b y  s e l f  w e ight.  
For end i mp ac t ,  th i s  i s  the mo s t  c r i t i c a l  l oad ing for the BIWDC. The HIWDC 
ha s b e en e v a lua t e d for a ISO p s i e x t e rn a l  pre s sure wh i c h  i ndu c e s  an i d en t i
c a l  s t a t e  o f  s t r e s s . F o r  t h i s  1 � 0  p s i  e x t e rn a l  l o ad , s t r e s s e s v e r s u s  
a l l o w ab l e &  w e r e  found to b e :  ( 1 ) 

C a l(:u l a t ed A l l owab l e ( l ) Fac tor  o f 
S t re s s S t re s s  Safe ty 

Inn e r  S t e e l Liner 4 . 1 2 k s i 2 1 . 6  h i  5 . 24 

Out e r Conc r e t e  841 p s i 2 7 00 ps i 3 . 2 1 

No t e s : 1 .  De s ig n  Ana l ys i s  Repor t ,  High I n t e g r i t y W a s t e  D i spo s a l  Con

t a i n e r ,  R e v i s i o n  1 ,  Nuc l e a r  P a c k a g i n g ,  I n c  • •  EG / G  Co n t r a c t  
1-9063 , Sep t e mb e r  1 982,  Pag e 8 ,  App end ix A.6.  

2 .  ACI Code 3 1 8-77 

Thu s ,  the BIWDC l id s  and ends c an w i th s t and an e x t e rna l p re s sure  o f :  

( 1 50 ) ( 3 . 21 ) = 4 82 p s i 

w i t hou t  exc e e d ing  c onvent ion a l  re i n  for c e d  c onc re t e  a l l owab l e s  ( 2 ) . Th i s  i s  

e qu iva l e n t  t o  a n end drop i mp a c t acce l e r a t ion o f :  

'le 4 82 522 g ' s  
( 1 4 5 / 1 7 2 8 )  ( 1 1 )  

I n  S e c t ion 2.7.1 .1 , t he end i mp a c t  de fo rm a t ion o f  t he CNS 14-190 due t o  3 0  

f o o t d r o p  i s  c a l c u l a t e d  a s  1 . 23  i n c h e s .  
a c c e l e r a t ion o f :  

= (3 0) <tll 
1 . 23  

293 g ' s  

B-20 
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Thu s ,  the HIWDC end impac t Ma r g i n  o f  Safe t y  for t h e  30  foo t  d rop i s :  

M . S . = 5 2 2 / 293 - 1 = ± 0 . 7 8 

Und e r  s id e  i ap a c t d i f fe r e n t i a l  b end ing momen t s  a re induced a l ong ve r t i c a l  
and hor i zon t a l  p l an e s .  A l ong v e r t i c a l  p l ane s ,  c onc re t e  i s  l o aded i n  c om
p r e s s i on wh i l e  s t e e l  is  l o a ded  in t ens i on. Al ong hor i zon t a l  p l an e s .  b o t h  
s t e e l  and  the  adj ac e n t  p o r t io·1 o f  conc re t e  a r e  l oaded i n  compre s s ion. Th e  
s t r e s s e s  induc e d  a l ong ve r t ic a l  p l an e s a r e  t he mo s t  c r i t i c a l  s i � c e  a t en
s i l e  f a i l u r e  h e r e  o f  t he s t e e l l i n e r  c a n i nd u c e  r up t u r e a n d  l o s s  o f  
con t a i n m e n t .  The moment c apa c i ty o f  the 6 inch t h ick conc re t e  w a l l and 1 / 4  

i n c h  c a rb o n s t e e l  l i n e r  i s  c a l c u l a t e d  a s s u m i n g  c o nv e n t i o n a l  c o n c r e t e  
a l l owab l e s  a s  fo l l ows : 

m . I 
I ' 

d 6 in . 

1/ 4 i nch 

A •  

B-2 1 

� 8 5  f '  = 5 1 0 0  p s i  c 
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Th e  mome n t  i s :  

Wh e r e  a i s  d e t e rm ined from : 

FT = Fe 

fyAs = . 85 f ' c c 

c = !.:b_ {60.000} { . 25 }  2 . 94 i nc he s 
. 85 f I c 5 1 00 

a = d - c / 2  6 . 1 25  - ( 2 . 94 / 2 )  = 4 . 65 inche s 

The r e for e : 

M = FTa = ( 6 0 , 000 ) ( . 25 ) ( 4 . 6 5 ) 

= 6 9 , 7 5 0  in- lb / i n 

The m o m e n t  e �p r e s s i on f o r  a r ing l o a d e d  w i t h  s e l f  w e i g h t , suppo r t e d  a t  b a s e  
i s  g iv e n  i n  C a s e  1 3 , Tab l e  1 7 , Ro a rk 5 t h Ed i t i o n , a s : 

w = 2 ( 6 9 , 7 5 0 )  = 1 7 5  lb s / i n . 2 
{ ( 62 . 5 - 6 ) / 2 ] 2 

Th i s  i s  e qu i v a l e n t  to  a s i d e  d rop a c c e l e r a t ion o f :  

1 7 5  = 3 0 5  g ' s  
1 / 1 7 2 8  [ ( 1 4 5 ) ( 6 ) + ( 4 90 ) ( . 25 ) ] 

In Se c t ion 2 . 7 . 1 . 2 ,  t h e  s id e  imp&c t d e fo rm a t ion o f  the  CNS 1 4- 1 90 due t o  30  
f o o t  d r o p  i s  c a l c u l a t e d a s  3 . 7  i n c h e s .  T h i s  i s  e qu i v a l e n t  t o  a n  

a c c e l e r a t i on o f :  

'lJOS 
2 (3 0 ) ( 1 2 )  

3 7  
1 9 5  g ' s  
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Thus . the HIWDC s id e  impac t Marain o f  Sa fety for the 30 foot d rop i s :  

M . S .  = 305 / 1 95 - 1 = + 0 . 56 

B-23 
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APPEND I X  C 

SUPPORT EQU IPMENT 

Preparati on of the EP ICOR- I I  pref i l ter and h i gh i ntegri ty contai ner 

( H I C )  requ i red u s i ng  spec i al i zed equ i pment that cou l d  be u sed remotel y  i n  a 

hot shop env i ronment . Th i s  appendi x  prov i des a descr i pt i on of that 

equ i pment and how i t  was used . 

L i ner L i ft i ng Dev i ce 

L i ft i ng a prefi l ter requi res a spec i al l i ft i ng dev ice ( T-bar )  wh ich 

connects to the l i ft ing  ears on an EP I COR- I I  pref i l ter l i ner remotel y  

( Fi gure C-1 ) .  The T-bar has a rei nforced l i ft i ng eye wh ich  can be attached 

to a crane hook remotely.  Gu i de p l ates prov i de hand les for man i pu l ators to 

gu i de the f i xture when bei ng attached to a pref i l ter . The spreader bar 

part of the dev i ce has a t i p on each end wh i ch s l i des i nto the l i ner 

l i ft i ng ears . 

Vent i ng Tool 

The vent i ng too l ( F i gure C-2 )  or i gi nal ly  was des i gned and b u i l t  at the 

INEL  for remov ing  the vent p l ugs  from EP I COR- I I  pref i l ters as the 

p (ef i l ters were rece i ved from TM I .  The vent p l ugs were removed so the 

pref i l ters cou l d  be vented cont i nuous l y  during  i nter im  storage . C- l For 

the  H I C  d i sposal demonstrat i on ,  the venti ng t0ol a l so was used to remove 

the l ower d i stri but� on port p l ug of PF- 1 8  so the pref i l ter cou l d  be 

d ewatered before bei ng sea l ed i n  the H I C .  

The vent i ng too l was des i gned and fabri cated for remote use i n  the Hot 

S hop of TAN-607 . I t  cons i sts of the too l , wh i ch i s  l ocated i n  the Hot Shop 

and maneuvered by an overhead man i pu l ator , and the contro l panel , l ocated 

i n  the operati ons gal l er .: · of the Hot Shop , for remote operat i on of the 

too l . I n  prepar i ng the pref i l ter for the dewater i n g  and purg ing  operat i ons , 
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F igure C - 1 . P hotograph of an EP I COR- I I  pref i l ter be ing l ifted u s ing the 
T- b ar l ifting dev i ce .  
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F i gure C-2 . P hotogr aph of the vent i ng too l fabri c ated for use  on � P I COR- I I  
pr�f i l ters . 
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the too l  i s  l owered onto t he top of the pref i l ter , the square too l t i p  i s  

i nserted i nto the p l ug ,  and the p l ug i s  screwed out by an a i r-motor-dr i ve 

tool . 

The tool dri ve system cons i sts of an a i r  powered torque wrench ,  two 
a i r  cyl i nders , and a sp l i ned sp i nd l e .  The wrench i s  capab l e  o f  produc i n g  

u p  t o  345 kg-m ( 2500 ft- l b )  o f  torque w i th a max i mum u n l oaded speed of 

5 rpm. I t  i s  dri ven by 4 . 8  x 1 05 P a  ( 70-ps i )  a i r  at a max i mum f l ow of 

1 . 2 m3 /mi n (40 c fm) . The torque and speed of the wrench are contro l l ed 

by vary i ng the a i r  pressure and a i r  f l ow w i th a pressure regu l ator and ba l l 

v a l ve .  After the p l ug i s  l oosened , remova l i s  accomp l i shed by a i r  

cyl i nders mounted vert i ca l l y  o n  the s i des of the too l hou s i ng .  T h e  

cyl i nders move the too l  t i p ,  and the l oose p l ug i s  secured to the t i p  

dur i ng vert i c a l  movements . 

Dewater ing Equ ipment 

The dewater i ng equ i pment used to remove exc ess water from PF- 1 8  i s  

s hown i n  F i gure C-3 . The dewater i ng process i nvo l ves vacuumi ng water 

through the l ower d i stri but i on ( effl uent ) port of the E P I COR- I I  pref i l ter 

i nto the water extract ion drum , us i ng a vacuum pump . Exhaust  a i r  from that 

process i s  pumped through a h i gh-eff i c i ency part i c u l ate a i r  ( HEPA ) f i l ter 

assemb l y  to e l imi nate the poss i b l e  spread of contami nat i on .  A l l of the 
e qu i pment i s  p l aced on a 4 . 3- by 3-m ( 1 4- by 1 0-ft ) catch pan • 

The water extract i on drum assemb l y  i s  composed of a 208-L  ( 55-ga l ) 

d rum u sed to catch water from t he pref i l ter , a s i ght g l ass  for mon i tor i ng 

water l eve l s  i n  the drum , a drum dra i n for obt a i n i ng water samp l es for pH 

ana lys i s  and dra i n i ng t he drum , a vacuum gauge , and two hoses , one 

connec t i ng the drum to thf l ower d i str i but i on port of the l i ner dnd the  

other connect i ng the drum to the vacuum pump as semb ly .  

The  vacuum pump as semb l y  i s  composed of  a � �cuum pump connected to  t h e  

water extract i on drum assemb ly  and t h e  HEPA f i l ter as semb l y .  T h e  v acuum 

pump has a capab i l i ty of 560 mm ( 2 6- i n . ) Hg for i nterm i ttent use  an d 38 1  mm 
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F i gure C-3 . Schemat i c  of the dewater i n g  and purg i n g  equ i pmen t used to  

p�epare PF-18  b efore l oad i ng i nto the  H I C .  



( 1 5 - i n . )  Hg for cont i nuous use . The HEPA f i l ter assemb l y  i s  constructed of 
four HEPA f i l ters p l aced s i de by s i de .  The f i l ters are connected t o  the 

effl uent s i de of the vacuum pump by a f l ex hose . 

Pu rging Equ i pment 

The purg i ng equ ipment ( �ee F i gure C-3 )  i s  composed of an argon bott l e ,  

argon regul ator,  tygon tub i ng ,  and pref i l ter vent port adapter . Argon gas  

g oes  from the  bott l e ,  regu l ated by the  regu l ator ( l ocated i n  the Hot  Shop 

ga l l ery) , through the tubi ng to the adapter , wh i ch i s  i nserted i nto the 

vent port of the EPI COR- I I  prefi l ter . The gas enters the pref i l ter , 

d i sp l aces whatever gas  might be i n  the l i ner , and for:es the gas ou t 

t hrough the l ower d i str i but ion port . 

H I C  Spre�der Bar 

The HIC spreader bar i s  des i gned to l i ft an H I C  vert i cal l y  w i thou t 

a pp lying an i nward or o• 1tward stress on the H I C  l i ft i ng eyes . The spreader 

bar ( F i gure C-4 ) i s  a carbon stee l beam wh i ch i s  attached to a crane hook 

v i a  a � hack l e  connected to a 2 . 54-cm ( l - i n . )  t h i ck steel p l ate we l ded i n  

the m i dd l e  of the beam .  The dev i ce has  two 1 . 9 1 -cm ( 3/4- i n . ) w i re rope 

l egs wh ich  are attached to the spreader bar w i th an open spel ter socket at 

one end and a shack l e  connected to a spe l ter socket and ho i s t hook at the 

other end . The dev i ce has a s afe work i ng l oad of 7 , 940 kg ( 1 7 , 500 l b ) . 

H I C  L i d  L i ft i ng Assemb l y  

The H I C  l i d l i ft i ng as semb l y  ( F i gure C- 5 )  i s  constructed o f  a master 

l i nk w ith three l egs . E ach  l eg i s  a 1 . 27-cm ( l /2- i n . ) d i ameter w i re rope 

wi th a spe l ter socket on each end . One end of the l eg i s  connected to the 

master l i nk by a connect i ng l i nk , and the other end i s  connected to a 

qu i ck-di sconnect l i ft f i tt i ng by an anchor shack l e .  T t. �  l i fti ng assemb l y  

i s  des i gned to  f i t  the three recessed , precast i n ';erts i n  the l i d of the 

H I C ,  u s i ng the qu i ck-d i sconnect l i ft f i tt i ngs wh i ch c an be d i sconnected 

remotel y .  
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F i gure C-4 . Schemat i c  of t he H I C  s preader bar . 
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38. 1 -mm (1 Vz-in.) dia. master l ink 

1 2.7�mm ( Vz -i n.) connecting l ink  

1 2. 7-mm (Vz-in .) dia. w ire rope 

Spelter socket 

Anchor shackle 

Q u i c k-disconnect 
l ift f i t t ing 

Fi gure C-5 . Schemat i c  of the H I C  l i d l i ft i ng assemb l y .  
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L i ner I nterface Co l l ar 

The l i ner i nterface co l l 1r i s  a tapered po l yethyl ene l oad i ng r i ng used  

to  g u i de an EP I COR- 1 1  pref i l ter i nto an  H I C  ( F i gure C-6 ) . The co l l ar 

protect s  the H I C  polyethyl ene l i ner from d amage . I t  a l so protects  the  

l i ft i ng eye s ,  top  edge of  the H I C ,  and the l i d step i ns i de the  H l C .  The 

co l l ar h as three l i ft po i r.ts , wh i ch a l l ow for remote p l acement and remov al . 

C�out i ng Equ i pment 

Two p i eces of equ i pmen t  were des i gned and f abr i cated for remote 

grout i ng of the demonstrat i on H I C  l i d to i t s  body . Those were the H I C  

f unne l  bracket assemb l y  and grout pou r i ng c u p .  The H I C  fu nne l bracket 

assemb l y  ( F i gure C- 7 )  i s  a three- armed dev i c e w i th a rectangu l ar shaped 

f unne l  at the end of each l eg .  The assemb l y  i s  des i gned so each arm i s  

u sed to grout one-th i rd of the H I C  l i d - oody voi d .  The grout i s  poured 

t hrough each funnel  to f i l l  the v o i d  i mmed i ate ly  under the funne l . U s i ng 

the overhead man i pu l ator ( J-man ) ,  the assemb l y  i s  rot ated and the process  

repeated u nt i l the void  space i s  f i l l ed .  

The grout pou r i ng cup  ( F i gure C-8 ) i s  a 9 . 5-L  ( 2 . 5-ga l ) a l um i num  

c onta i �er . I t  i s  des i gned for pour i ng grout i nto the H IC  funne l  bracket 

as semb l y  remote ly  u s i ng the O-man . The cont a i ner has  two pou r i ng spou t s  

( on oppos i te s i des of each  other ) and a n  a l um i n um bar h and l e  that i s  

grasped by the O-man f i ngers . 

References 

C - 1 .  J .  M .  Bower , Dev e l opment of a Prototype Gas S amp l er for E P I COR- I I  
Pref i l ter L i ners , GEND- INF-025 , September 1 982 . 
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F i gure C-6 .  Photograph of the l i ner i nterface col l ar p l aced i n  an H I C .  
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F i gure C-7 . Schemat i c  of the H I C  funnel bracket assemb l y  u sed to grout the 
H I C . 
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F i gure C-8 . Schemat i c  of the H I C  grout pour i ng cup used to pour grout i nto 
the H I C  funne l  bracket assemb ly .  
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STATE OF WASH I NGTON 
DEPARTMENT OF SOC IAL AND HEALTH SERV I CES 

RADIATI ON CONTROL SECTION 
OLYMP IA, WASHI NGTON 

CERTI F I CATI ON OF COMPL I ANCE 

H i gh I nteg r i ty Conta i ner 

Page 1 of 3 

Cert i f i c ate Number WN-HI C-01 Pac k age I dent i f i c at i on Number DSHS- H I C-TMI -0 1 

I s s ued to : 

US Ecol ogy , I ncorporated 
9200 Shel byv i l l e Ro ad 
Su i te 526 
P . O .  Box 7246 
Lou i sv i l l e ,  Kentucky 40207 

1 .  Appl i c at i on :  

T i t l e  and I dent i f i c at i on of Appl i c at i on 

EG&G Des i gn An al ys i s  Report 
Hi gh I n tegr i ty Contai ner 'for D i spo s al of 
Ep i cor I I  Pref i l ter L i ners . ( June 1983 ) 

Th i s  cert i f i c ate i s  appl i c ab l e  to the H i gh I nteg r i ty Contai ners ( H I C ) 
spec i f i ed bel ow for use at US Eco l ogy, l n'.orpor ated l ow- l evel r ad i o
act i ve waste bur i a l fac i l i ty l oc ated near R i ch l z - 1 , Was h i ngton . The 
H I C  wi l l  be used for tr an sport i ng and d i sposi ng of TMI Epi cor I I  r ad i o
act he wast e .  

2 .  General Des ign : 

The h i gh i ntegr i ty cont a i ners shal l conform to the des i gn spec i f il: at i on s  
and mater i al s  tes t i ng d at a  Wh i c h  recei v ed approv a l  by t h e  Department 
based on the fol l ow i ng : 

A .  " Des i gn An alys i s Report : H i gh I ntegri  i y Ca nt a i ner for D i spo s al 
of EP I COR I I  Pref i 1  ter l i ners . 11 June , 1 983 • 

B .  "U . S .  Nuc l ear Regul atory Comm i ss i on Techn i c al Pos i t i on on Waste 
Fonn , M  May, 1983 , Rev . 0 .  

C .  "Rec e i pt and D i sposal Proced ures for H i gh I ntegr i ty Cont a i ners ,  .. 
RW-T-001 , J u l y ,  1983 . 

D .  "Des i g n  Ev a l u at i on Report , "  March , 1983 , Rev . J u l y  1983 . 

E .  Drop Test Cond i t i ons and Acceptance Cr i teri a KCS 83-83 d ated 
Apri l 27 , 1983 . 

F .  Add i t i on al supporti ve i nformat i on d ated September 16 , 1983 , to 
H I C use appl i c at i on d ated J u l y  1 ,  1983 . 
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3 .  Appl i cabl e  Approved Conta i ner : 

Th i s  approv al shal l appl y on l y  to the h i gh i ntegr i ty cont a i ners f �r
n i shed by Nuc l e ar P ac k ag i ng ,  Inc . ,  1010 South 336th Street , Feder al 
Way, Washington and bu i l t  i n  confonmance wi th EG&G spec i f i c at i on 
ES-50652 . A prototype H I C  manufactured by Bi nghan Mechan i c al and f1et a 1 .. .  \J 
Prod ucts,  I nc . , I d aho F a l l s ,  I d aho , i s  al so approved by t h i s cert � f. i 
c at e .  Other manufact urers may be used prov i ded accept ab l e  qual i ty 
assurance procedures are spec i f i cal l y  approved by the d_epartment . 

4 .  Qual i ty Assurance : 

The h i gh i ntegr i ty contai ner authori zed by t h i s  cert i f i c at e  shal l  be 
manufactured , stored , and used in accord ance wi th Sec t i on 2 .  

5 .  U ser Requ irements : 

Use of th i s  conta i ner shal l be i n  accord ance wi th al l appl i c abl e 
requi rements spec i f i ed i n  doc uments l i sted i n  Sect i on 2 of thi s cer
t i f i cate; U . S .  Department of Tr an sport at i on Regul at i on s ;  St ate of 
Washi ngton Ru l es and Regul at i on s  for Rad i at i on Protec t i on ;  and con
d i t i on s  of L i cense WN- 10 19-2 , i s sued to US Eco l ogy , I ncorporated , by 
the state o� Wash i ng ton . 

6 .  Spec i f i c at ions : 

The fo l l ow i ng spec i f i c  l im i tat i on s  for t h e  DSHS- H I C- TMI -01 contai ner 
as i dent i f i ed in th i s  cert i f i c ate shal l al so app l y  and be str i ct l y  
adhered to : 

A .  Free St and i ng L i qu i d : Any free s t and i ng l i qu i d  must h av e  a pH 
>4 . 0 ,  be noncorros i ve and l es s  t h an one percent ( 1% )  by waste 
vo l iJne .  

B. Rad i at i on :  The spec i f i c  ac t i v i ty of de�Btered res i ns s h al l not 
ca•Jse rad ht i on l evel s to exceed 1 x 10 1 r ad s  ( beta- g amna) as 
the max imum i ntegrat�d dose to the i nner coat i �g of the contai ner . 

C .  Chem i c a l s :  Onl y  el ev en EP I COR I I  l i ner s wi th orgar  i c  res i ns ,  and 
39 EP I COR I I  l i ners wi t h  organ i c  res i ns comb i ned w i th i norgan i c  
Zeol i te l ayer s may be pl aced i nto the contai ner s .  

D .  Therma l : The contai ner s  m u st not b e  exposed t o  temperatures from 
the contents or surround i ngs abov e 165 • F  cr b e l ow -4o· F .  

E .  Weather : The contai ner s  shou l d  be �tared and t r an s ported i n  such 
a way a s  to m i n i m i ze ex pos ur e  to unneces s ary heat { s unl i gh t )  and 
i ncl ement we ather cond i t i ons . 

F .  We ight : The we i gh t  of the cont ai ner and conten t s  must not exceed 
18 ,000 pounds . 

G .  Drop Test : Contai ner must b e  c ap ab l e o f  w i thstand i ng a free f al l 
drop of 25 feet onto the ground , a yi el d i ng s urface s imul at i ng the 
type of soi l  found at the R i ch l and s i te .  
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H .  Mech an i c al St rengt h :  The H I C  shal l be desi gned to h ave suffi c i ent 
mech an i c al strength to wi thstand hor i zont al and vert i c al l oad s on 
the cont ai ner equi v al e'lt to 45 feet of mater i al ( ovet·burden ) h av i ng 
a den s i ty of approx imately 120 pound s per cub i c  foot . 

I .  Name P l at e :  Al l contai ners fi l l ed after March 1 ,  1984 , shal l bear 
the P ackage Ident i f i c at i on Number . The mark i ng sh al l be fabr i c ated 
of mater i al s that are fi reproof and rustproof and c apab l e  of mai n
ta i n i ng the i r  l eg i b i l i ty t hrough al l norm al sh i pp i ng and h and l i ng 
cond i t i ons . 

Any mod i f i c at i on or changes of the cont ai ner des i gn ,  mater i al s  or usage are 
s ubj ect to pr i or approv al by the Department . 

Th i s  approv al  i s  cont i ngent upon successfu l use and demon strat i on of the 
p ac k ag e .  These contai ner s wi  11  be subj ec t ed  to conti n u i ng ev al uati o�� and 
asses sed for th e i r  i n teg r i ty to meet al l spec i f i ed cond i t i on s  and cr i t er i a .  
Shoul d the ev al u at i on determ i ne t h at add i t i onal requi remen t s  are neces s ary , 
ap propr i ate mod i fi c at i on s  shal l be mad e  pr i or to cont i n ued u se . Th i s  
Cer t i f i c ate i s  subj ect to revoc at i on by the department . 

I s s ue Date : 

For the Washi ngton State Department 
of Soc i al and Heal th Serv i c es 
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t."" AEGut UNITED STATES �C)" �I' l�'- ?r· _,o.,.�o 
NUCLEAR R E G U LATO R Y  COMMISSION 

� WASHING YI')N, 0. C. 20555 � : � � 
.. ,. .r 0� 

') . .. ... ,. FNC : RHO J�-N  2 4 1984 
71 -5026 

them-Nucl ear Sys tems , I nc .  
ATTN : Ms . Rob i n Dea l 
240 Stoneri dge Dri ve , Su i te 1 00 
Col umbi a ,  SC 2921 0 

Gentl emen : 

As reques ted by you r l etter da ted Janua ry 1 8 , 1 984 , encl osed i s  Cert i fi ca te 
of Compl i a nce No . 5026 , Rev i s i on No . 1 0 ,  for the Model No . CNS 1 4- 1 90 
s h i pp i ng package . Th i s  cert i f i ca te su persedes , i n  i ts enti rety , Cert i f i cate 
of Compl i ance No . 5026 , Rev i s i on No . 9 ,  da ted September 6 ,  1 983 . 

Changes made to the encl osed cert i fi ca te a re i nd i ca ted by vert i c a l  l i nes 
i n  the ma rg i n .  

Those on the attached l i st have been reg i s tered a s  u sers of th i s  package 
under the genera l l i cense prov i s i ons of 1 0  CFR §71 . 1 2  or 49 C FR § 1 73 . 47 1 . 

Thi s a p prova l con s t i tutes author i ty to use th i s  pac ka ge for s h i pment of 
rad i oa ct i ve ma ter i a l  a nd for the package to be s h i pped i n  a ccordance 
wi th the prov i s i ons of 49 e rR § 1 73 . 47 1 . 

Encl osures : 
1 .  Cert i f i ca te of Comp l i Jnce 

No . 5026 � Rev . No . 1 0  
2 .  Approva l Record 

cc w/encl s :  
Mr . Ri chard R .  Rawl 

Department of Tran s portati on 
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Si ncerely , 

��['� 
Charl es E .  MacDon� l d ,  Chi ef 
Tra ns porta t i on Cert i fi ca t i on Branch 
Di v i s i on of Fuel Cycl e and 

Materi a l  Sa fety , NMSS 
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CERTIFICATE OF COMPLIANCE u.s. NUCLUR REGULA-TORY COMMISSION
,
; 

E[';::,.,m;���'" ' "AEAMBLE 

FOR RADIOACTIVE MATERIALS PACKAGES � 0 REiiiSION NUMBER a �4GE NUMBER e T0T4L NUMBER PAGES � 
1 0  1 3 

. 

li 

a Tl'us cenoiiCate os ossued to cenotv tnat tne packagong and contents aescrobed on ttem 5 oe1ow meets tneaocttcaDie safety standards setlonn on l otte 10. Coae 

of Feae,.l Regulatoons ;>tn 7 1  ·Pac�ag1ng of Raaoo•ctove Materoals lor Transoon ana Transoonatoon of Aadooactove Materoal Unaer Cenaon Condotoons 

b Thos Cllf11focate aces not •eueve tne cons1gnor from comploance wotn any requ�rement ol tne regulatoons ot tne u S. Depanment of Transponauon or other 

aQphcaola regulatory agencoes. oncluoong tne government of any country tnrough or 1nto wn1cn the package w111 bl transponaa. 

3 T'"'oS CER71FICATE IS ISSUED ON THE BASIS OF A SAFE TV ANAL VSIS RE!'ORT OF THE PACKAGE DESIGN OR "PPLICA TION 
1 PFIEPAFIED BY f- 111a AaariiSI o TITLE AND IDENTIFICATION OF "'E"CRT OR APPLICATION 

Chem-Nucl ear Systems , Inc . 
240 Stoneri dge Dri ve 
Col umbi a ,  SC 2921 0 

Chem-Nucl ea r  Sys tems , Inc . 
appl i ca t i on da ted November 1 9 ,  1 9 7 9 , 
a s  supp1 t!!'lented . 

c DOCKET "'UMBER 7 1 -5026 ! 
• 
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'I ThiS certificate 11 cond1!1ona1 uoon lu1f1lhng the •ecau�rements ol 10 CFR Part 7 t as i!DDI•Cible ana the cona1t10ns spec1he<:1 below 

5 { a ) Pa cka g i ng 

( 1 ) Model No . :  CNS 1 4- 1 90 

( 2 )  Descri pt i on 

The pac ka g i ng i s  a s teel -enca sed , concrete s h i e l ded sh ippi ng ca s k .  
The ca s k  i s  94-l/4 i nches i n  d i ai!IE· ter by 1 03-3/4 i nches i n  l ength . 
Rei nforced concrete occu p i es the 7-i nch annu l a r space between the 
s hel l s  and the two ba se pl a tes . The l i d is a 4-3/4 i nches th i c k 
l am i na ted steel cove r  hel d i n  pl ace by 3 2 ,  h i g h  strength 1 -l /4- i nch 
d i ame ter bol t s . A s i l i cone 0- r i ng i s  used to sea l the j o i nt between 
t he l i d  and the ca s k  body . The outer shel l and base p l a te are l /4-
i nch thi c k ,  wh i l e  i nner s hel l and base pl a te are 2 i nches th i c k .  The 
cask i s  rei nfo rced a t  the top and bot�om wi t h  steel r i ng s  and i s  
equi pped wi th l i fti ng l u g s . The l i d i s  prov i ded wi th two acces s 
ports . Gross we i g h t  i s  about 71 , 000 pounds . 

( 3 ) Drawi ng s 

The pac kage i s  cons tructed i n  accorda nee wi th the fo 1 1  owi ng ATCOFt , 
I nc .  Drawi ng Nos . :  1 000-0-0049 ; 01 46-B-0004 , Rev . E ;  01 46-B-0009 ; 
0 1 46-0-0025 , Rev . A ;  01 46-0-0020- 1 ,  Rev . A ;  and 01 46-C-001 8 ,  Rev . E .  

E -4 
1&1 JM PAl 1M JM fWt IAi IAI fWi Mi fwt JWI PAl IAi PMI PM 

r. 

.. 



i!M $1\11 \IHQ \lit;. \II\& \il 11\i(\;t :!1•\Wl<il M \Q\i! \ii<;i<li :�:�:�:=��c:n:::�c1�2\ii\W •ibil\il iJ II il i/E;,\ioi/{i.l\il'i/ 61\iiihiillloiBtiffij� 

�� Page 2 - Cert i f i ca te No . 5026 - Rev i s i on N o .  1 0  - Docket No . 71 -5026 

� ( b )  Contents 

( 1 ) Type and form of ma teri a l  

( i )  Byproduct ma teri a l  i n  the form of dewa tered res i ns ,  s o l i d s ,  o r  
sol i d i f i ed wa s te conta i ned wi th i n  seconda ry conta i ne r ( s ) . 

( i i )  Rad i oa ct i v e  ma te r i a l  i n  the fo rm of act i va ted reactor :�po nents 
packaged in s econda ry conta i ne r ( s ) . 

( 2 )  Hax i mum qua nt i ty of ma ter i a l  per pac ka g e  

Grea te r t h a n  Type A quan t i ty o f  rad i oact i ve ma teri a l , n o t  to exc eed 20  
therma l wa tts and 2 3 , 000 pounds i ncl ud i ng we i g h t  of the conten ts , 
s econda ry conta i ner ( s )  a nd s ho r i ng . The contents may i ncl u de fi s s i l e  
ma teri a l s prov i ded the ma s s  l ir.: i ts of 1 0  CFR § 7 1 . 5 3 .1 re not exceeded . 

6 .  The dos e  rate from the loaded cas k shal l not exceed 1 0  mrem/hr at s i x  feet from 
t he su rface of the ca s k . 

7 .  The a c c e s s  pl u g s  sha l l be approp r i atel y pl ugged and sea l ed pri or to tra ns po rt . 

8 .  S ho ri ng s ha 1 1 be p l a ced be tween the seconda ry conta i ner( s )  and the ca s k  cav i ty 
t o  prevent mov�nt duri ng acci dent cond i t i ons of t ra ns po rt . 

9 .  For a l l pa ckages conta i n i ng res i d u a l  wa ter or o ther su b s ta nces wh i ch cou l d  
radi o l yt i ca l l y  gen e ra t e  combu s ti b l e  ga ses , a determ i na t i on mu s t  be made by tes ts 
a nd me a su rements of a represent a t i v e  package su ch tha t  the fol l owi ng c r i te r i a  
a re met ove r  a peri od of t i me tha t i s  twi ce t h e  expected s h i pment t i me :  

( i )  The hydrogen generated �st be l fini ted to a mo l a r  qua nt i ty tha t wou l d  be no 
mo re than 5' by vol ume ( or equ i va l en t  l im i ts fo r -other i nf l ammab l e  gases ) 
o f  the secon da ry3 conta i ner ga s  vo i d  i f  present at STP ( i . e . , n o  more than 
0 . 063 g -mo l e s /ft at 1 4 . 7  ps i a  and 70°F ) ; o r  

( i i )  The s econda ry conta i ner and ca sk cav i ty mu s t  b e  i nerted wi th a di l uent to 
a ssu re tha t oxygen s ha l l be l im i ted to 5% by vol ume i n  thos e port i ons of 
the pac kage wh i.ch cou l d  have hydrogen greater than 5% . 

For pa ckages to be del i v e red tn a ca rr i er for transpo rt , the seconda ry conta i ne r  
mus t be prepa red for s h i pment i n  the same manner i n  wh i ch de te rm i na t i on fo r ga s 
genera t i on i s  mad� . Sh i pment peri od beg i ns wh en the pac kage i s  prepa red ( seal ed )  
a nd mus t  be compl eted wi th i n  twi ce the expected shi pment time . 

1 0. Pri or to each s h i pment , the pac kag i ng l i d  s i l i cone 0- r i ng shal l be i ns pected . 
The 0- ri ng s ha l l be rep l a ced wi th a new s i l i c one 0- r i ng i f  i ns pect i on shows any 
d efec t s  or eve ry s i x  ( 6 )  month s ,  wh i chever occurs f i rs t . 

1 1 .  Pa ckages fabr i ca ted after Ju l y  31 , 1 983 , shal l be cons t ructed of A-5 1 6 ,  Grade 70 
c a rbon s teel i ns tead of A- 36 a nd A-5 1 6 ,  Grade 60 carbon s teel s .  

1 2 . The pac kage authori zed by thi s  certi fi cate i s  hereby approved for use under the 
genera l l i cens e prov i s i ons of 1 0  C FR § 7 1 . 1 2 .  

1 3 . Exp i ra ti on da te : Ja nua ry 3 1 , 1 985 . 
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REFERENCES 

Chem-Nucl e a r  Systems , I n c . appl i ca t i on da ted November 1 9 ,  1 9 79 . 

Suppl ements da ted : Apri l  1 4  a nd June 1 7 ,  1 983 ; and Janua ry 1 8 ,  1 984 . 

Da te : 
-------

FOR THE U . S .  NUCLEAR REG ULATORY COm1 I S S I ON 

Ch�£� 
Tra ns po rta t i on Cert i f i ca t i on B ra nch 
Di v i s i on of Fue l  Cyc l e  and 

t·1a teri a l  Sa fety , NMSS 



U . S .  Nuc l ea r  Re�u l a tory Commi s s i on Jrans po rta tion e rt i fica tion Branch 
Approva l Record 

Model No . CNS 14-190 Pa ckage 
Docket No . 71 -5026 

By appl i ca t i on da ted Ja "•Ja ry 1 8 ,  1 984 , Chem-Nu c l ea r  Sys tems , Inc . reques ted 
t ha t  the cert i f i ca te be amended to i ncl ude dewa tered res i ns i n  the 
c ontent s and perm i t  the s h i pment of ma teri a l s wi th the potent i a l  to 
g enera te combu s t i b l e  ga ses . 

C ONTENTS 

The appl i ca n t  requested authori za t i on to s h i p  dewa tered res i ns as  pa rt 
of the contents . The NRC staff ha s no obj ecti ons becau s e  i t  wa s add res sed 
i n  the o ri g i na l  Sa fety Ana l ys i s  Report for the pac kage .  

C OMBUST IBLE GAS M I XTUR ES 

The appl i cant has proposed condi t i ons to l im i t the accumu l a ti on of 
rad i ol yt i ca l l y  generated ga ses ove r the s h i pp i ng peri od to prec l ude the 
pos s i b i l i ty of s i gn i f i ca nt l y  reduci ng the pac kag i ng effec t i ve�es s due to 
expl os i on .  The cond i t i ons requ i re a representa t i v e  pac kage be prepa red 
a s  for s h i pment , and a de te rm i na t i on by tes ts and measu rements be made 
to s how t ha t the l im i ti ng cond i ti ons a re me t  ove r  a time pe ri od of twi ce 
t he expect ed  s h i p p i ng peri od .  The content s  are hel d i n  a s econda ry 
c on t a i ner pr i or to and duri ng s h i pment . Tes ts and mea su rement s  are to 
b e  performed on the seconda ry c onta i ners as they wi l l  be representa t i ve 
o f  the pa ckages fo r th i s  pu rpos e .  

T h e  l i m i t i ng cond i t i ons proposed a re :  

" ( i )  The hydrogen genera ted mu s t  be l im i ted t o  a mo l a r  qua n t i ty tha t  
wou l d  be no mo re than 5% by vol ume ( o r  equ i v a l ent l imi ts fo r other 
i nf l amma b l e  ga ses ) of the seconda ry conta i n� r gas vo i d  i f  present 
a t  STP ( i . e . •  no mo re than 0 . 063 g-mol es/ft a t  1 4 . 7  ps i a  and 70 ° F ;  
o r  

( i i } The s econda ry conta i ner a nd cas k  cav i ty mu s t  be i nerted wi th a 
d i l uen t to a s su re tha t oxygen shal l be l im i ted to 5% by vol ume i n  
t hos e port i ons of the pac kage wh i ch cou l d  have hyd rogen gre a ter 
than 5% . .. 

Furthermo re , s h i pments mus t  be canpl eted wi th i n  a time pe ri od equa l to 
t he tes t pe r i od ( i . e . , twi ce the expected s h i �p i ng pe ri od ) ,  and sh i pmen t  
t ime beg i ns when t h e  pac kage i s  sea l ed .  
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Con d i t i on ( i )  l imi ts the quant i ty of hydrogen to 0 . 063 g-rnol es/ft3 , bu t 
does not requ i re any i ne rt i ng of the conta i ner ( a i r  envi ronment i s  a ssumed ) .  Th i s  mi xtu re , i f  igni ted , cou l d resu l t  i n  a combu s t i on rea ct i on ,  
but i t  has been shown tha t such a react i on wou l d  yi el d a pressure ri se 
of about 2 . 3  p s i g . The l im i t may be sati s fi ed by s h i pments exh i bi t i ng 
s uffi ci ent l y  l ow rates of rad i o l yt i c  gas genera t i on , or by the use of a 
r ecombi ner dev i ce wh i ch cou l d  ca ta l yt i ca l l y  recom b i ne the hyd rogen/oxyge n 
to produce wa ter and ma i nta i n  a s teady s ta te hyd rogen concen t ra t i on 
bel ow 5% . 
Cond i t i on ( i i ) requ i res i ne rt i ng the seconda ry conta i ner and ca s k  cav i ty 
w i th a di l uent gas ( e . g . , n i trogen ) to l imi t the ma x i mum oxygen concentra t i on 
t o  5% i n any port i on of the pac kage whe re hyd rogen rnay exceed 5% by 
v ol ume .  J t  i s  shown tha t a mi x t u re l im i ted to 5% oxygen i n  any comb i na t i on 
of hyd rogen a nd n i t rogen wi l l  not su ppo rt combus t i on .  

The appl i ca nt a l so propos es approach es tha t may be used i n  prepa r i ng the 
pac kage to meet the cond i t i ons . They a re ca tego r i zed unde r the genera l 
d esc ri p ti on of : ( 1 )  combu s t i b l e ga s cont rol by i ner� i ng ,  and ( 2 )  combu s t i b l e 
ga s supres s i on .  The approaches desc ri bed s h ou l d be us e �u l to other 
poten t i a l  user;:; i n  sett i ng up admi n i s tra t i ve pt·oced u res fo r sa ti s fyi ng 
t h e  approval  condi ti on .  

The propos ed cond i t i on s  and the pos s i b l e  approa ches to s a t i sfy thos e 
c ondi ti ons have been rev i ewed by the s taff , and found to be adequa te to 
a s su re tha t there wi l l  be no m i xtu re of ga ses i n  the package wh i ch 
c ou l d ,  through an exp l os i on ,  s i g n i fi ca nt l y  redu ce the effec t i venes s of 
t he pac kage . 
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Date : _______ _ 
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