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Existing high-level nuclear wastes in the United States are 

described along with current management techniques and long

term disposal options. All of the disposal options involve 

some type of immobilization operation to restrict radio

nuclide dispersion; the primary option is disposal of 

immobilized waste packages in deep (500-1000 meter) geological 

formations. Several immobilized waste forms currently under 

development are discussed,and form selection factors and 

regulatory criteria are identified. 

Note - Attached presentation material extracted from pre-

viously approved manuscript DP-MS-79-2, U. S. Program for 

The Immobilization of High-Level Nuclear Wastes, by 

J. L. Crandall, presented to the American Nuclear Society 

Meeting in Atlanta, GA, June 3-8, 1979. 
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HIGH-LEVEL WASTE IMMOBILIZATION PROGRAM 

DISCUSSION TOPICS ARE: 

o DESCRIPTION OF RADIOACTIVE WASTES 

o DISPOSAL STRATEGY 

o HASTE FORr·1 DEVELOPf·:JENT 

o WASTE FORM SELECTION 

o REGULATORY ASPECTS 

o PmUECT SCHEDULES 
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TABLE 1 

U.S. HIGH-LEVEL NUCLEAR WASTES 

1978 QUANTITIES 1990 HIGH EST. SOLIDIFICATION VOL. 
OF 1990 WASTES* 

SOURCE FORM 10 6 GAL 10 6 CURIES 10 6 GAL 10 6 CURIES . ( 1 0 3 ClJ. FT. ) --- -~----- -··--- ~·- ·- ~·---·--

HANFORD PLANT ALK. SALT/SLUDGE/ 50 190 65 230 
LIQUOR 660 
SEPARATED 90 Sr/Y, - 350 - 425 

137 Cs/Ba 

IDAHO CHEtHCAL ACID CALCINE 0.45 1.3 
PROCESSING 85 500 300 
PLANT ACID LIQUID 2.5 1.2 

SAVANNAH ALK. ,SALT/SLUDGE/ 22 570 22 680 200 
RIVER PLANT LIQUOR 

NUCLEAR ALK. SLUDGE/LIQUUR 0.6 64 0.6 48 
FUEL 7 
SERVICES ACID LIQUOR 0.01 2.1 0.01 1.6 

POSSIBLE ACID LIQUOR 0.7 1 ,900 5.2 14,000*** 460 
FUTURE 
L I·JR I·IASTE** 

*25% LOADING OF WASTE OXIDES IN I·JASTE FORI~. 
**NO PROCESSING OF SPENT FUELS FR01·1 COf.1NERCIAL NUCLEAr~ PO\>IER REACTORS IS CURRENTLY BEING PERFORNED IN THE 

U.S., AND OFFICIAL POLICY IS PRESENTLY TO STORE RATHER TIIAN PROCESS SPENT F~EL. 
***AFTER AT LEAST 6 YEARS' AGING. 
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DEFENSE WASTE SITES 
STATUS 

HANFORD 

· o 50 MILLION GALLONS OF HASTE IN 168 CARBON STEEL TANKS 
o 240 CAPSULES OF STRONTIU~1 Arm CESIUM IN WATER BASIN 

IDAHO 

SRP 

o \1ASTE STORED AS 400 ~ 000 GALLONS OF CALCINE POviDER IN 
18 STAINLESS STEEL BINS 

o NE~I HASTE CALCINING FACILITY NEAR C0~1PLETION 

o 23 MILLION GALLONS OF WASTE IN 33 CARBON STEEL TANKS 
o WASTE RETRIEVAL D810NSTRATED ON LARGE SCALE 

WMP-145 
03199 (SVT) 



DIVISIDr~ OF 
\~ASTE ISOLATION 

COLIN A. HEATH 

REPOSITORY SITES ; 

REPOSITORY R & D 

INTERAGENCY COORD. 

OFFICE OF NUCLEAR ENERGY - HASTE <NEW) 

DIRECTOR 
DEPUTY 

DIVISION OF 
\1ASTE PRODUCTS 

GoETZ K. OERTEL 

WASTE HAND"ING 

WASTE PROCESSING 

DECOU/!ISSTONING 

INTERI/.1 .'JTORAGR 

SHELDON MEYERS 
RAY~10ND G. RANATOWSKI 

DIVISION OF FUEL 
STORAGE & TRANS. 

f1ICHAEL J. lAWRENCE 

SPENT FUEL STOP.AGE 

TRANSPORTATION R & D 

• 

WMP-23 
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STAFF DIVISIONS 
(BEING REORGANIZED) 

BuDGET - D. B. LECLAIR~ 

~ 
.··~ 

PLANNING - C. H. !<UHLMAN 

STAFF -A. F. PERGE 

\HPP - R. STEIN 

t·Jl·WF - L I IIV I H. HARf·10N 



ASSIGNMENT 

HIGH-LEVEL WASTE 

TRANSURANIC WASTE 

LOH-LEVEL WASTE 
,. 

AIRBORNE i·!ASTE 

DECOMMISSIONING WASTE 

INTER Ir1 HASTE 
r-1ANAGEfv1ENT 

DIVISION OF WASTE PRODUCTS 
LEAD OFFICE ASSIGNMENTS 

OPERATIONS OFFICE 

SAVANNAH RIVER 

ALBUQUERQUE 

IDAHO 

IDAHO 

R I Cf~LAND 

HEADQU.~RTERS 

• 

111~9 

CONTRACTOR 

DU PONT 

ROCKY FLATS 

EG & G PLUS ORNL 

EXXON NUCLEAR 

Ur·l ITED NUCLEAR 

D\'/P 
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OBJECTIVE 

NATIONAL LONG-TERM HIGH-LEVEL 
~/ASTE: MANAGEMENT PROGRAM 

- PROVIDE COORDINATED R & D AND OPERATIONAL 
PLANS FOR LONG-TERf~ r1ANAGEr·1ENT OF RAD 10-
ACTIVE HIGH-LEVEL \~ASTE FR0~1 PROCESSING 
SPENT NUCLEAR FUEL 

12109 

OVERALL RESPONSIBILITY - HEADQUARTERS OFFICE OF NUCLEAR ENERGY - ~lASTE U!BD 

LEAD RESPONSIBILITY FOR 
PLANNING & H1PLEMENTATION - SAVANNAH RIVER OPERATIONS OFFICE 

TECHNICAL ADVISOR - E. I. Du PONT., S.4VANNAff RIVER L~BORATORY 



HU1 MANAGEMENT LEAD OFFICE OBJECTIVES 

DEVELOP THE TECHNOLOGY TO: 

o REMOVE HLW FROM INTERH1 STORAGE FOR PROCESSING 

e PROCESS \1ASTE INTO 1~1r10BILIZATIO~~ FORf1(S) FOR DISPOSAL 

e PREPARE WASTE FORMS FOR SHIPr1ENT TO DISPOSAL SITECS) 

DEVELOP AND CHARACTERIZE OPTIMW·1 IMMOBILIZATION FORr1S 

a REFERENCE FORMS 

c.' ADVANCED FORr·1S 

CONSTRUCT AND OPERATE A LEAD FACILITY FOR PROCESSING DEFENSE HU/ 

COORDINATE A PROGRAM FOR IMMOBILIZING ALL U.S. HLW 

CARRY OUT APPROPRIATE INTERNATIONAL ACTIVITIES 

• 

\\1·fP-44-A 
08239 . 
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HI GU-LEVEL NASTE FORr1 DEVELOP~1ENT PROGRAM 

THREE PART PLAN TO SELECT WASTE FORf1 CHOICES 

o DEVELOP~lENT OF HASTE FORM PRODUCTION PROCESS 

o ~IASTE FORM CHARACTERIZATION 

o SELECTION OF PREFERRED ALTERNATIVES 

UTILIZE SEVERAL LABORATORIES AND CONTRACTORS TO DO WORK ELEMENTS 
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PR H1ARY HIGH-LEVEL ~!ASTE" FORMS 

IN-PLACE SOLIDIFICATION FORMS 

CONCRETE~ RICH CLAY~ POL Yf1ERS 

CONCRETE FORMS 

NORMAL CONCRETE~ POL Y~1ER CONCRETE~ HOT PRESSED CONCRETE 

CALCINE FORr1S 

DIRECT C.l\LCINESJ PELLETIZED CALCINES 

GLASS FOR~S 

BOROSILICATE GLASS) HIGH SILICP, GLASS~ PHOSPHATE GLASS 

CERA~l I C FORMS 

SUPERCALCINESJ SYf·!ROCJ rHNERAL ION EXCHANGERS) OTHERS 

MATRIX FORf·1S 

fr1ETAL f·1ATRIX' HITH GLASS OR CER/\r1IC r~11\RDLES 
CER~lETS 
f1ULTIEARRIER /\~!D CO.~Tf] PARTICLE FORi·lS 

• 
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lie Slurry Pumps 

Removal of 
Sludge from 
Waste Tanks 

Sludge Slurry 
into S Canyon 

Sludge 

Cs Fixed on Zeolite 

Sr-Rich Solution 

Off-Gas System 

Coal 
Scrub 

Gloss Product lo 
Fed~rol Repository 

Vess'll 
Vent 

Canyon Air 

Agitator 

Sail Removal from 
Waste Tonlrs 

Supernate into 
Canyon 

Clarified Supernate 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

/on Exchange : 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I --------------.J 

Evaporation Decontaminated 
Salt 

·. ··~··,. 

'' 

FIGURE 1.1 SRP Defense Waste Processing Reference Flowsheet 
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HP.STE FORf'i DCVELOPERS 

CO!'HRACTOR 

SAVANNAH RIVER LABORATORY 

ROCI<l·/ELL I·:M·!FORD 

EXXON fJUCLEP.R ID.~I-IO CO 

PACIFIC NORTHWEST LACORATORY 

OAK RIDGE 1-J/\.TIONt'L LADUr:~TOf\Y 

ARGONNE NATIO~AL LADO~AlORY 

LAHRENCE LIVER~lORE L;\J;Uf;/\TORY 

SANDIA LABORATORIES 

ROCKHELL - PSIJ 

CATHOLIC UNIVERSITY 

NC STATE UNIVERSITY 

UNIVERSITY OF FLORIDA 

\-/,~STE FORf{1S 

BOROSILICATE GLASS 

GLASS 8. CLAY C/\LCII':E 

GLASS & CALCINES 

GLASSJ GLASS CERAMICS 
M~TniCES Z COATED PARTICLES 

CONCRETEJ CERMETJ & 
COATED Pf,~T I CLES 

SY!:ROC & f·1ETAL f:1ATRICES 

SYNP.OC 

TITANATE ION EXCHANGER 

T/1. I LORIU CERAr1 I CS 

POIWUS GLASS PATR I X 

SYI'iROC 
• SURFACE RE/\CT I Of·l - STUDIES 

1\';-.IJ'- :003 
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NARRO\HNG \~ASTE FOR~1 CHOICE 

WASTE/ FOR~1 DEVELOPERS 

o SPECIFIC FOP~ COMPOSITIONS 
o HASTE FORM PROPERTIES 
o MANUFACTURING REQUIREMENTS 

DOE ~·JASTE f1ATERIALS CHf-.RACTERIZATION ORGA~!IZATION <MCC~ r·1RB~ H1L) 

o APPROVED C0~1PARISON DATA BETHEEN HASTE FORr·1S 

HASTE SITE 

o PARTICULAR SITE CONDITIONS 
o PARTICULAR SITE ENGINEERING ASSESSf·1ENTS 

DOE WASTE ACCEPTANCE CRITERIA 

o REGULATORY REQUIREMENTS <HHERE AVAILABLE) 
o HASTE SYSTEf1 REOU I REMEr·ITS 

FINAL DECISION ON FORMS FOR E~GINEERING DEVELOPMENT WILL BE MADE BY DOE 

o HILL USE REV I HI PM~ELS EXTENSIVELY 

'' . 
111Mf-3~Co • ·-~•-"' 11099. ·-.;n,·; .. 
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o HILL RETAIN f1ANY OF CURRENT FORM DEVELOPERS AS ENGINEERING DEVELOPERS 
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HIGH-LEVEL WASTE IMMOBILIZATION FORMS 

. SELECTION FACTORS 1 

FORM LEACHABILITY - MATCH TO REPOSITORY CONDITIONS 

HHP-8A 

DISPERSABILITY AND IMPACT RESISTANCE - TRANSPORT AND STORAGE 
. \ 

VOLATILITY - MATCH TO TRANSPORTATION ACCiDENTS 
STABILITY - AGING RADIATION TR.~NS~1UTATION 

SENSITIVITY TO WASTE LOADING AND COMPOSITION 
WASTE VOLUME LOADING 
DEVELOPMENT STATUS 

PROCESS PROCESS SAFETY ·- RH10TAB I L LTY 
PROCESS SENSITIVITY - QA REQU I REI·1ENTS 
FEED PREPARATION REQUIRED 
PROCESS WASl.E GfNERATION - OPERATING AND DECOMMISSIONING 
CAPITAL AND OPEH/\TING COSTS 
APPLICABLE L!\RGE SC/\LE EXPERIENCE 

• 



CRITERIA DEVELOPMENT ROLES 

EPA - OVERALL CRITERIA FOR WASTE ISOLATION 

NRC - REGULATIONS FOR REPOSITORY LICENSING TO MEET 
EPA CRITERIA 

ETW:P - WASTE FORM SPECIFICATIONS TO MEET REPOSITORY 
P.CCEPTANCE REQUIREMENTS 

ETW:F - WASTE FORM SPECIFICATIONS TO t1EET HANDLING 
AND TRANSPORTATION REQUIREMENTS 

ETH:I - ACCEPTANCE REQUIREMENTS FOR HASTE FORMS SO THAT 
REPOSITORY PERFOR~1ANCE MEETS NRC REGULATIONS 

'~MP-43A 

.97309 
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DEVELOP CANDIDATE FORMS AND PROCESSES 

- COr·1PLETE INITIAL EVALUATION OF HASTE FORMS AND PROCESSES AND ASSESSMENT 
OF APPLICABILITY TO DEFENSE SITES. FY-1981 

- C0~1PLETE DETAILED DEVELOPMENT P.ND EVALUATION OF THO TO FOUR PRDr·HSING 
FORMS. FY-1983 

- BEGIN LARGE-SCALE DEVELOPMENT FOR ONE OR THO SELECTED ALTERNATIVE FORr-1S 
AND PROCESSES I FY-1984 . 

~ ESTABLISH ~1ATERIALS CHARACTERIZATION CENTER FY-1979 

o PUBLISH CONPil.ATlON OF HASTE F0R1"1 PROPERTIES - FY-1980 

o UN I FORr-1 TEST f.1E fHODS DEVELOPED -· FY -1931 

o DATA HANDBOOK STARTED - FY-1981 

• 
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lt\.IHVIOBILIZ.Cl\TiOI\J Ot= DOE HIGH-LEVEL VVASTES \.-:-IP-#2:\ 

FISCAL YEAR 

: ACTIVITY I 1:C Js~l ,,j__jR6j J•s I <J(J 1()2 11)4 

i 

I. Waste Form Selection 

I. Criteria and Regulations 
Development (Includes 
Regulatory Agency Pro

2. 
3. 

4. 

5. 
G. 

grams) 
Forms Development 
Forms Characterization 
Center 

Forms Systems Assess
ments (Eng'g., Safety, 
Environmental) 

Engineering Development 
Decision on Preferred Alt~. 

II. SRP Waste Fixation 

I. Process Assessmcn t & 
Design Studies 

'1 Final Design & Constr. 
3. Operation to Minimum 

Mobile Inventory 

Ill. Hanford Waste Fixation 

I. Alternatives Assessment 
'1 Process Assessment & 

Design Studies 
3. Final Design & Constr. 
4. Operation to Minimum 

Mobile Inventory 

IV. ICPP Waste Fixation 

I. Altcrnutives Assessment 
2. Process Assessment & 

Design Studies 
3. Final Design & Constr. 
4. Operation to Minimum 

Mobile Inventory 
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·cRITERIA DEVELOPMENT ROLES 

EPA - OVERALL CRITERIA FOR WASTE ISOLATION 

NRC - REGULATIONS FOR REPOSITORY LICENSING TO MEET 
EPA CRITERIA 

ETW:P - HASTE FORf1 SPECIFICATIONS TO MEET REPOSITORY 
ACCEPTANCE REQUIREMENTS 

ETW:F - WASTE FORM SPECIFICATIONS TO MEET HANDLING 
AND TRANSPORTATION REQUIREMENTS 

ETII:I - 1\CCEPTANCE REQUIREr1ENTS FOR WASTE FOR~!S SO THAT 
REPOSITORY PERFORMANCE MEETS NRC REGULATIONS 

h1·lP-43A 
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