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Idaho Chemical Processing Plant 

HLW Status 

• 3,500 
stored 

3 

m HLW calcine 
at ICPP 

and 7,500 
3 

rn HLW liquid currently 

• Land Disposal Restriction Storage Prohibitions prohibit storage 
of mixed high-level waste after May 1992. Mixed waste 
must have a demonstrated acceptable treatment in order to 
be stored or the generator must obtain statutory relief in the 
form of a variance petition 

t l  DOE Order 5820.2A directs that all new and readily 
retrievalbe HLW be processed and disposed of 
in a geologic repository according to the requirements 
of the Nuclear Waste Policy Act 



IDAHO CHEMICAL PROCESSING PLANT 

HLW PROGRAM JUSTIFICATION 


EM HLW Program goal in 5-YR Plan - successful deployment 
of HLW disposal 

Recommendation of Ahearne Advisory Committee on 
Nuclear Facility Safety to convert DOE HLW to form suitable 
for disposal 

Specifications for HLW disposal in Nuclear Waste Policy Act, 
Regulations of DOE, NRC and EPA, and DOE-RW Waste 
Acceptance Specifications 

DOE Waste Reduction Policy Statement, 40 CFR 264.75 (h) 

and (i) and Pollution Prevention Act of 1990 require reduced 

waste volume 


• 	 DOE LDR Case-by-Case Extension Application and 
Temporary No-Migration Petition require completion of HLW 
Immobilization by 2014 
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DOE Defense HLW Background 
O 	 Three defense HLW sites: Savannah River (SRS), 

Hanford, and Idaho (ICPP) 

O 	 Defense Waste Management Plan issued to 

comply with Public Law 97-90 


Reference plans for disposal of defense 
HLW and TRU 

Orderly transition of HLW processing by 
1994 at SRS, 1999 at Hanford, and 2014 at 

ICPP (current estimate) 

Increased near-term ICPP funding required 
to support Plan 
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DOE/DP-0015 


Defense Waste 

Management P~an 


June 1983 

U.S. Department of Energy 
Assistant Secretary for Defense Programs 
Washington, DC 20585 

• PUBLIC LAW 97-90, 1982 

O REFERENCE PLANS FOR DISPOSAL OF HLW 

AND TRU FROM ATOMIC ENERGY 

DEFENSE ACTIVITIES 



E X E C U T I V E  S U M M A R Y  


Public Law 97-90. the Department of Energy National Defense high-level waste (HLW) and defense transu- 
Security and Military Applications of Nuclear Energy ranic (TRU) waste are in interim storage at three sites, 
Authorization Act of 1982, states that: namely: at the Savannah River Plant, in South Carolina; 

at the Hanford Reservation, in Washington: and at the 
"The President shall submit to the Committees Idaho National Engineering Laboratory, in Idaho. Defense 
on Armed Services of the Senate and of the TRU waste is also in interim storage at the Oak Ridge 
House of Representatives not later than June National Laboratory, in Tennessee; at the Los Alamos 
30, 1983, a report which sets forth his plans fcr National Laboratory, in New Mexico; and at the Nevada 
the permanent disposal of high-level and transu- Test Site, in Nevada. (Figure E-2). 
ranic wastes resulting from atomic energy de- This document describes a workable approach for 
fense activities". the permanent disposal of high-level and transuranic 

waste from atomic energy defense activities. The plan 
According to the Atomic Energy Act of 1954, as does not address the disposal of 'suspect" waste which 

amended, and the Department of Energy Organization has been conservatively considered to be high-level or 
Act, responsibility for radioactive waste and byproducts transuranic waste but which can be shown to be low-level 
generated by DOE's nuclear activities belongs to the waste. This material will be processed and disposed of in 
Secretary of the Department of Energy. The flow of accordance with low-level waste practices. 
materials and the resulting waste from the atomic energy The primary goal of this program is to utilize or 
defense activities addressed in P.L. 97-90 are illustrated dispose of high-level and transuranic waste routinely, 
in Figure E-1. safely, and effectively. This goal will include the disposal 
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FIGUREE-1 
ENERGY DEFENSE ACTIVITIES, IRRADIATED FUELS FROM PRODUCTION, TEST AND NAVAL REACTORS ARE REPROCESSED 
TO SEPARATE PRODUCTS. THE WASTE FROM THESE ACTIVITIES AS WELL AS FROM WEAPON FABRICATION AND 

RESEARCH/DEVELOPMENT AND TESTING IS PROCESSED AND DISPOSED OF OR STORED PENDING DISPOSAL. 



1981 1985 1990 1995 2000 2'0(~ 2010 2015 

I I t i I I 
• Final Waste Form Selected 

SAVANNAH -/~ Begin Construction of DWPF 
RIVER 
PLANT 

•~ Begin Operation of DWPF 

/~ Begin Shipment to Geologic Repository 

~. Complete Encapsulation of Existing Inventory of Cs and Sr 
A I n  Place Stabilization of Old Tanks

HANFORD _._C 
RESERVATION Begin Engineering R~D 

~/~ ~. Begin 
B-Plant Construction A.Begin Operation Begin Shipment to Geologic 
Immobilization Pilot Plant /~, Repository 

• Start Up New Calcining Facilit~f Begin Design/Construction of Waste 

IDAHO 
NATIONAL 

ENGINEERING 

A Immobilization Facility 
Begin Immobilizing 

~. Waste 

LABORATORY Begin Shipment 
/~ to Geologic 

Repository 
I I I 1 1 I 

TOTAL 

=-- 300 

"s 

o 

100 

1985 1990 1995 2000 2~6 2010 2015 

Fiscal Year 

{1) Includes Cost for Transport to and Disposal in Geologic Repository. 

,~ Milestone 

• Completed Milestones 

FIGURE E-3 

MAJOR MILESTONES AND COSTS FOR PERMANENT DISPOSAL OF DEFENSE HIGH-LEVEL WASTE 

Savannah River Plant (SRP). High-level waste" Processing Facility (DWPF) (Figure E-4) beginning in 
from this site is readily retrievable and will be sent off-site 1989.'" 
for disposal in a geologic repository. Processing for 
disposal will begin at this site before the other two Hanford Reservation. Hanford's high-level waste 
because it contains 75 percent of DOE's tanked waste tanks are isolated from the water table and contain much 
radioactivity and because environmental factors are less less radioactivity than tanks at the Savannah River Plant. 
favorable than at the other two sites. Savannah River Immobilization of new and readily retrievable high-level 
Plant waste will be immobilized in the Defense Waste waste will begin about 1990 after sufficient experience is 

available from Savannah River's vitrification process. 

of stored waste and quantities of radioactive constituents 

in Appendix 8. "A l l  years shown in this plan are fiscal years. 




High-Level Waste Characterization 


ICPP High-Level Waste is unictLie to the DOE 

reprocessing complex 


-	 Acidic solution, I-IF and FINO~ 

-	 Contains the spent |uel cladding material 
(Zr, Ai) piLlS radionuclides 

-	 Contains additives to prevent criticality, 
Stabilize dissolver products and reduce 
c o r r o s i o n  (B ,  C d ,  A l u m i n u m  N i t r a t e )  

-	 Routinely calcined and stored as solid 

° 	 Savannah River/Hanford/West Valley Wastes 

-	 Stored as liquid in basic form, AI(OI-I)~ and NaOH 

Consists of sludge, supernatant and sal-t 
cake 



Source of Chemicals in ICPP High Level Wastes 


Off Gas 
r 


It'- ~ - ~ U Product 

i 


I~ _ ~j 	 CaIcirler II 'I[ 
IIIIIIIIll~~d 

= 


ZrO 2 19 

Dissolver F CaF 2 43 

HF AI CaO 12 

HNO3 Zr Cd,B Oxide 9 

Cd-B Poison Cd-B Na,K Oxide 6 


Other 4 


Total 100 


ICPP-S-11557D 
(8-91)* 	 HLLW is acidic 

HNO 3 and complexed HF solution 



Calcine horn 
NWCF and retrieval 

GLASS-CERAMIC PROCESS 
Calcine mixii~J 

> 
Oil-gas Irealmonl syslem / Glass ceramic 

additive 

Calcine Calcine- 0 

degassing additive / /  


blending 


Calcine VaCU|lli|padicle putl~sizing 

CaHlslO¢ 
and loading l o leml)olaly 

can sealing 
and shil)l)ing 

Can delivery syslem 
E:> 

Can filling Glass-ce(amic Io[malbn Callislor sealil~g al~d and compacling and deconlamiflalion decofllamilmlio~l 

ICf~P J 1(;4/6 



Idaho HLW Immobilization Program 

Canisters of Immobilized HLW 

Existing Existing Future 
Calcine NA-HLLW NA-HLLW Total 

Glass 4970 3315 1325 9615 
/Glass-Ceramic 

Calcine 1300 520 3770 

Glass / 
Pyrochemical 450 300 120 870 

/Glass / Ceramic 
Pyrochemical 170 115 45 330 



Conceptual ICFP HLW Immobilization D~,)cesses 


Additive 

Relative 

IGLASSI 
Volumes 

IGLASS-OEmAMICI 
Calcine Calcine 

Addilive 

_ ~ " - - !  j 

~ Off-Gas 

HLW 
Disposal 

HIP 

Canisler 
Load 

HLW 
Disposal 

Canisler 
Seal & Decon 

IC1~'-7- IS821 
(2-89) 
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Pyrochemical Treatment of HLW Calcine 


Calcine Solids 

Storage 


Multi-Purpose Condenser 
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Pyroprocessing of H LW Calcine 

• 	 Heating and distillation of volatile species 

• 	 Separation of ZrO~, AI~O~, CaF~, CaO from 
radioactive and hazardous components. 

0 	 Reduction and electrorefining can then be 
performed on the remaining material. 
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Calcine Pyroprocessing Issues 


• 	 Must demonstrate initial separation 

• 	 Not demonstrated on large scale in radioactive 
environment. 

• 	 May reduce HLW volume by factor of 7 for 
existing calcine. 

• 	 LLW volume will be about volume of original 

calcine. 

. , . c o .  INE 	_ __ 
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CRIIERIA DEVELOPMENT 

EVALUATE CANDIDATE PROCESSES FOR 
COMPONENT & SUBSYSTEM TESTING 

LABORATORY TESTING 

COMPONENT/SUBSYSTEM TESTING 

COLD INTEGRATED TESTING IN 

MULTIFUNCTION PILOT PLANT 


FACILITY 


HOT DEMONSTRATION TESTING 

DESIGN & CONSTRUCTION OF 
FULL SCALE PLANT 

FULL SCALE PLANT OPERATION 

i C P P  H L W  C A L C  POSAL PROGRAM PLAN 

CI/IIICAL PAIII 

CniIEf~Î  ~ :Es~^r~usll FINAl Cni1~nIA V 
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NEPA ROD 

Cot.I) 
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WASTE IMMOBILIZATIO~IFACILITY INTEGRATION 


1990 1993 1997 2004 2013 ] 

TECHNOLOGY R & D 

Development o| Alternative 

Disposal Options 


Foasibilily Studies 

Unil Operation Development 

Wasle Form Development 
 Transportation and 

Independent Review of 
 Repository Disposal Development Proora~n 

Technology St~us Reports 


I 
PERMITS

Environmental Impact 
Stalemenl for Full-Scale IWlF Design Cuileria I .!nterim Storage ____•
andTechnology Selection RCRA, NESHAP, PSD/PTC. 

ICPP Expansion PSAR/FSAR
EIS and ROD 

Address Candid'de 
Technologies lot 
DT & E Testing 

IDAHO WASTE I 
Demonstration, Testing IMMOBILIZATION I 

and Evaluation 
ENVIRONMENTAL ' .  1Idaho Process Verification 
DOCU M E NTATIO N Facility (IPVF) 

-NEPA -o~an 
~RCRA -Conlm'ucl lon f-NESHAP 

~°SD/PTC 

-PSAR/FSAR 

DT & E: PROCESS VERIFICATION TESTING 

'11 ' I I I I I IH III I
W I N C O  ........ 
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HLW Technical Development and Process " 
Verification 

FY-1991 Major Accomplishments 
Pilot-plant mock-up units fabricated to test feasibility of particle sizing, 
calcine blending, and solids flow valves 

Glass-ceramic forms prepared, leach-tested, and characterized for glass 
and crystalline microstructure showed leaching similar to acceptable HLW 
glass 

Glass prepared from neutralized HLW liquid did not have acceptable 
waste Ioadings 

Milestone reports on BDAT vitrification and glass-ceramic, including 
flowsheets issued: 

-	 V i t r i f i c a t i o n  not cost effective because of large HLW volume 

U n i t  operations identified for pilot-plant testing 

Proposal developed for new high-risk, large payback pyrochemical 
treatment of calcine 

w,. o 	 I NE , - - - - J  . . . . . . . . . . . . . . . . . . . . .  '
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IDAHO HLW IHHOBTLTZATION PROGRAM 

LEACH RATES OF CANDIDATE HLW FORMS 

NORMALIZED MCC-1 LEACH RATE AT 90~, G/H2-DAY 

BORON SILICON SODIUM TOTAL MASS 

GLASS-CERAMIC 
(70 WT~o CALCINE) 0.08 0.3 0.5 0.2 

GLASS 
(33 WT% CALCINE) 0.5 0.8 0.6 0.3 

I III II II I I I I I  I I I  I I  I I IW l N C O  ' INE&
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T a b l e  2 . 1 3 .  ] { e p l c e s e n t . a L l v e  c h o r e [ c a l ,  c o m p o s l t . i o n  o f  c u r r e l l L  

a n d  f u t u r e  I ILN l t q ~ = t d  a t  I C P I  ,a 

Coml)O~Itlon , wE Z 

Z l r c o n i t u n  Sodium 
C o m p o n e z ~ t ,  £ ] . u o  ~ l d e  h e a l ;  1n8 l l o , t  f / u o r  I d e  F I ~ , o r  I , , o  L 

A 1  1 . 3  0 . 8 - 1 . 6  1 . 5 1  0 . 7 1 , 2  

R O. 15 0 . 0 0 5 - 0 . 0 1  0 , 0 0 3  0 .21 ,1  

Ca - 0 . 0 : ] - 0 . 2  0 . 2 7  -

C L - -- 0 . 0 6 - 0 .  I 0 . 0 2 3  - -

Cd - - - 1 . 4 2  - -

C r  - - - - 0 . 0 3 6  O.O|) l~? 

F - 3 . 4  0 . 0 0 5 - 0  .O6 O . 0 3 2  : i .  9'.I 

F e  0 . 0 4  0 . 0 5 - 0 .  I ) 9  0 . 1 9  l ) .  l) ;*.:! 

H I 1 . 1 2  0 . 0 3 - 0 .  15 O. 12  o .  lit 

K,  1 . 1 2  0 . 0 3 - 0 . 1 5  0 . 3 3  -

H8 - - 0 .  0 6 2  -

Fin - - 0 .  0 4 8  0 .  ()¢)(} i, 

Ha 0 . 1 2  2 . 1 - 4 . 0  1 . 3 1  - -

H I  - - - - O.  O 1 6  I ) ,  OO I,*.} 

1103- 13 .  1 19.  a*-23.  :! 2 3 . 1  I t . . ' ,  / 

S 0 4 2 - -- 0 . 3 3 - 0 . 5  0 . 6 5  t .  52 

Z r  2 . 4 7  - - : | .  00  

!120 7 6 . 6  7 6 . 6 - 6 9 . 2  7 0 . 9  1 6 . 0  

lOO. o 1 0 o . o  l O O . O  I O O . 0  

D e n B l t y ,  8 I . d .  1 . 2  1 . 2 - 1 . 3  1 . 2  t . 2  

a T a k e n  f r o m  U . S .  Depa rLme i1 t  o£  E i h e r 8 y ,  S|!e~d. F u o l  ~md R a d i o a c t . l v o  Na,.~t...o 
~ n v e n t o r i e s  , i ' ~ e c t i o n s  , a n d  C h a r a c L o r t s L l c n .  D O E / R N - O I I 0 6 ,  R e v .  1 ( D e c , t a b o r  

1 8 0 S ) .  

t 
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T a b l e  2 . 1 4 .  R e p r e s e n U a t i v e  c h e m i c a l  o o m p o s i t i o n  o f  e u r r e n U  
and f u L u r e  III,N c a l c i n e  a t  ICPP e 

CompomILlon ,  wt Z 

Zirconium Zirconium- Stainl mac Fl.or ! ne l.- 


Componen t  A l u m i n a  f l u o r i d e  sod l t un  b l e n d  s t e e l  s u l f a t e  eod i t un  h l * , d  

A t 2 0 3  8 2 . 0 - 9 5 . 0  1 3 . 0 - 1 7 . 0  1 0 . 0 - 1 6 . 0  4 . 4  6 . 5 - 7 . 5  

A I 2 ( S O 4  ) 3 - - . - 8 1 . 0  

B2O 3 0 . 5 - 2 . 0  3 . 0 - 4 . 0  2 . 0 - 3 . 0  - 3 . 0 - 3 . 2  

CoO - 2 . 0 - 4 . 0  1 3 . 0 - 1 7  .O - 3 . 3 - 3 . 0  

CeF 2 - 50.0-56.0 3 3 . 0 - 3 9 . 0  - 4 6 . 0 - 4 9 . 1 }  

Cd . . . . 6.0-8.5 

Cr203 - - - 2.0 O. 05 

Fe203 - - - 7 . 0  0 . 2 - 0 . 3  

Na20 1 . 3  - 6 . 0 - 8 . 0  - 1 0 . 0 - 1 5 . o  

tliO - - - 0 . 9  0 . 0 2 - 0 .  I)3 

| 1 0  3 - 5 . 0 - 9 . 0  0 . 5 - 2 . 0  7 . 0 - 9 . 5  - l O , O - I ¢ ) . o  

S042" . _ _ 

ZrO 2 - 21.0-27.0 16. O- 19. O - 19.0-20. I| 


H i s c e L l a n e o u s  O, 5 - I .  5 O. 5 - I .  5 0 . 5 -  I .  5 4 . 4  

F i s s i o n  p roducL '~  0 . 2 - 1 . 0  0 . 2 - 1 . 0  0 . 2 - 1 . 0  0 . 2 - 1 . 0  0 . 2 - 1 . 0  
and actinides 


D e n s i t y ,  8 /mL 1 . 1  1 .4  1 . 0  1 . 2  1 .4  

S T a k e s  £L'om U . S .  D , p a r t m o n t  o£ E n e r g y ,  ~;pont Fue l  And .ltadto. a c t i v o  W;~!t,o _ l ,ven l ,o r t*!n~ .  
. P r o | e c t i o q s ,  and C h a c a c l . e r i s t t c s ,  DOE/RN-0006 ,  Rev.  1 (Decembec 1 9 8 5 ) .  
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"l'al~le 2 . 1 5 .  R*~|~resoi~taL|ve rad[oi=u,:Ltdo compos iL lon  
o£ cur]:el lk iILN aL ICPP a 

L i q u i d  C a I c i n o  
R a d i o , l u c l l d o  (106 Ct )  (106 C i )  

90Sc 1 .738 13 .139  

90¥ 1 .730 13 139 

106Ru 0 .024 0 .010  

106iOi 0 .024  0 .010  

134Ca 0 .107  0 192 

137Cs 1.001 14 512 

137m11,t 1.790 13 72fl 

14~Ce 0.067 0 .040  

144Pr 0.067 0 .040  

147hn 0.000 0 .0790  

15~Eu 0 .023  0.093 

ToLal 7.487 55.693 

S p e c i £ i c  a c l . t v i L y ,  0 .80  15 .9  
C i / L  

aTak*ul from r - £ .  3, C u r i e s  as  ~,[ [ )ocou~.r  31, 1990. 
~ i m l l a r  v a h l o s  f o r  a c t i n i d e  u u c I i d o s  a ro  z~ot, ava l i ,d>l .e .  


