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SCOPE OF PRESENTATION 

• DESCRIPTION OF THE WASTE PACKAGE/ENGINEERED 
BARRIER SYSTEM 

• THE ENVIRONMENTAL ASSESSMENT'S (EA) ENGINEERED 
BARRIER SYSTEM PERFORMANCE EVALUATION 

• THE SITE CHARACTERIZATION PLAN'S (SCP) ENGINEERED 
BARRIER SYSTEM PERFORMANCE ASSESSMENT PROGRAM 

NWLUIK5P.A 12/5-16-89 1 



ENGINEERED BARRIER SYSTEM 
DEFINITIONS 

• ENGINEERED BARRIER SYSTEM (EBS): 

- W A S T E  P A C K A G E S  

- T H E  U N D E R G R O U N D  F A C I L I T Y  

e THE EDGE OF THE EBS IS THE EDGE OF THE 
EXCAVATION 
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CONCEPTUAL WASTE PACKAGE DESIGNS FOR 
HIGH-LEVEL WASTE AND SPENT NUCLEAR FUEL 

10.5 II (328 cm 

HIGH-LEVEL WASTE CONTAINER 

I 

SL 

!. 

LIFTING FIXTURE 

3/8 IN. (1 cm) 

DISPOSAL CONTAINER 

IOUR CANISTER 
IN. (81 c m ) O . D .  

I - , J f  

26 IN. (66 cm) O.D. 

SPENT NUCLEAR FUEL CONTAINER 

PINILE 

FUEL RODS 

-- - HARDWARE / ~.'~1~ 

181 $" 

I 
! 
I 
n 
, 

~ ___1 

18 CONSOLIDATED 
BWR ASSEMBLIES 
WEIGHT 13.210 LB. 

0 |1S IN 

VARIES 

6 INTACT 
BWR ASSEMBLIES 
WEIGHT 6.440 LB. 

3 INTACT PWR ASSEMBLIES 6 CONSOLIDATED 
WEIGHT 6.970 LB. PWR ASSEMBLIES 

WEIGHT I !.640 LB. 

0 ]1S IN 
! YP 
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DETAIL OF WASTE PACKAGE 
EMPLACEMENT OPTIONS 

VERTICAL EMPLACEMENT 

",n 

,__ 16' _, 
w 

i "-- EMPLACEMENT 
DRIFT 

'~' ~SH,ELD PLUG 
.T.- 

~ ~ ~  * 15' FOR SPENT FUEL 
"-I CONTA, 

• L~L,,'j 10' FOR HIGH LEVEL 
29"¢_1 I_ WASTE CONTAINERS 

-1 I "  

HORIZONTAL EMPLACEMENT 

/SH IELD  
, / ' P L U G  
] ~ !  , ~~~' l l l l~ ' ! l l~! lE~PJlE~t l lh"  j ~ ~[~l~ Imllgllllli,, ,. 

[l~l]IlmJ])IllE 

8 DUMMY CONTAINERS EITHER 14 SPENT FUEL OR 18 HIGH LEVEL WASTE CONTAINERS 
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SCOPE OF PRESENTATION 

• DESCRIPTION OF THE WASTE PACKAGE/ENGINEERED 
BARRIER SYSTEM 

• THE ENVIRONMENTAL ASSESSMENT'S (EA) ENGINEERED 
BARRIER SYSTEM PERFORMANCE EVALUATION 

• THE SITE CHARACTERIZATION PLAN'S (SCP) ENGINEERED 
BARRIER SYSTEM PERFORMANCE ASSESSMENT PROGRAM 

NWLUIK5P.A12/5-16-89 



"t, ~)  

THE ENVIRONMENTAL ASSESSMENT 
RELEASE RATE CALCULATION FOR A FAILED 

SPENT FUEL CONTAINER 

I~! = FAS 

I~1 - M A S S  L O S S  F R O M  C O N T A I N E R  

F - F L U X  OF WATER [ 5 x 10 "4 m3/m2-yr]  

A - C O N T A I N E R  A R E A  N O R M A L  TO T H E  F L U X  [0.33 m 2] 

S - S O L U B I L I T Y  L IMIT  OF W A S T E  M A T R I X  [5 x 10 .2 k g / m  3] 

e 
M = 5 x 10 .4 rn  • 0.33m 2 • 5 x 10 .2 k_g = 8.3 x 10 -s k_g 

yr  m 3 yr  

FRACTIONAL RELEASE RATE: 
3.3 x 10 3 kg 

= 2 .5  x 10-9/yr 
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ASSUMPTIONS AND LIMITATIONS OF THE 
ENVIRONMENTAL ASSESSMENT 

EBS PERFORMANCE CALCULATION 

• SCENARIO 

- NO RELEASE OCCURS IF NO LIQUID WATER CONTACTED THE 
WASTE PACKAGE 

- A BOUNDING FLUX RATE OVER AN EFFECTIVE AREA CONTACTED 
EACH. WASTE PACKAGE 

CONCEPTUAL HYDROLOGIC MODELS ARE NEEDED TO DEFINE 
THE FLUX AND THE AMOUNT OF LIQUID WATER THAT MAY 
CONTACT A WASTE PACKAGE 

- GASEOUS RELEASES MAY NEED TO BE MODELED EVEN IF NO 
LIQUID WATER CONTACTS A WASTE PACKAGE 
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ASSUMPTIONS AND LIMITATIONS OF 
ENVIRONMENTAL ASSESSMENT'S 

EBS PERFORMANCE CALCULATION 
(CONTINUED) 

,e CONTAINER DEGRADATION 

SINGLE FAILURE TIME USED FOR ALL CONTAINERS 
(3,000 YEARS) 

- FAILURE TIME ESTIMATE BASED ON EXPERIMENTAL RESULTS 
FOR ONE CONTAINER. METAL AND ONE FAILURE MODE 

-- ENVIRONMENTS NEEDTO BE DEFINED 

- DEGRADATION MODES FOR REFERENCE AND ALTERNATE 
METALS NEED TO BE DEFINED FOR ENVIRONMENTS 

- DEGRADATION RATES NEED TO BE DEFINED 

- CONTAINMENT FAILURE TIMES NEED TO BE MODELED 
NWLUIK5P.A12/5-16-89 8 
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ASSUMPTIONS AND LIMITATIONS OF 
ENVIRONMENTAL ASSESSMENT 

EBS PERFORMANCE CALCULATION 
(CONTINUED) 

• RELEASE RATE 

- A CONGRUENT DISSOLUTION RATE WAS USED 

- OTHER RELEASE PROCESSES NEGLECTED 

- DISSOLUTION RATE BASED ON UNCERTAIN UO2SOLUBILITY 
LIMIT 

- CONTINUOUS HYDROLOGIC PATHWAY ASSUMED 

ELEVATED TEMPERATURE AND RADIATION FLUX NEGLECTED 
(ARTIFACT OF 3,000 YEAR CONTAINMENT TIME) 
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SCOPE OF PRESENTATION 

• -DESCRIPTION OF THE WASTE PACKAGE/ENGINEERED 
BARRIER SYSTEM 

• THE ENVIRONMENTAL ASSESSMENT'S (EA) ENGINEERED 
BARRIER SYSTEM PERFORMANCE EVALUATION 

• THE SITE CHARACTERIZATION PLAN'S (SCP) ENGINEERED 
BARRIER SYSTEM PERFORMANCE ASSESSMENT PROGRAM 
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THE SITE CHARACTERIZATION 
PROGRAM 

A .  P E R F O R M A N C E  I S S U E S  

- ISSUE 1.4, CONTAINMENT 
- ISSUE 1.5, RELEASE RATE 

B. INFORMATION NEEDS 

- SITE CHARACTERISTICS 
- WASTE PACKAGE ENVIRONMENTS 
- MATERIALS PROPERTIES AND BEHAVIORS 

C.STUDIES 

- IN SITU AND LABORATORY TESTING 
- MODEL DEVELOPMENT AND TESTING 
- PERFORMANCE AND UNCERTAINTY ANALYSES 
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SITE CHARACTERIZATION PLAN 
PERFORMANCE CALCULATION HIERARCHY 

O PARTITIONS THE MODELING CONTRIBUTIONS INTO 
MANAGEABLE MODELING UNITS \, 

- MODELING UNITS ARE, AT MECHANISTIC/PROCESS LEVELS, 
LINKED TO SITE AND LABORATORY DATA COLLECTING PRO- 
GRAMS 

ITERATIVE PROCESS USING DATA TO TEST THE MODEL, THEN 
USING UNCERTAINTY AND SENSITIVITY ANALYSES TO DEFINE 
FURTHER DATA-GATHERING PRIORITIES, FOCUSES EFFORT ON 
REDUCTION OF UNCERTAINTIES 
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ENGINEERED BARRIER SYSTEM PERFORMANCE 

CALCULATION HIERARCHY 

L~GENO 

* PRODUCT 

D - HOOEL 
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i+.,:,&.. I RELEASE I 

;< I' I 
EOllS 

! ! I 

l !1 II +° - '  
SPENT FUEL GLASS 

RELEASE RELEAgE CLADDING RELEASE 

l - DISSOLUTION 

OXIDATION 

CLAODING 
FAILURE 

SCENARIOS l 

("ESOLU,,,,. O*) (';;SO*°"O" O'~ 
I~SU[ I 4. WP / I S S U E  I S. EGG / 
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AT IENUA lION 

HEAl TRANSFER 
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I I I 
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- GENERAL 
CORROSION 

- HYDROGEN 
EMBRIT TLEMENT 
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CORROSION 
CRACKING 

-OTHER )+. 

METALLURGICAL 
EFFECTS 

OXIDA | ION 

GENERAL 
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AT TACK 
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+ LOCALIZED 

ATTACK 
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8TRESS 
CORROSION 
CRACKING 

OTHER 

INTERAC l i O N 9  ~.~ 

I 
I NiCAR'FIELO I FLOW G 

TFIANSPORT 

, I 
I WASTE PACKAOE I ENVIRONHEN T 

I ! - 

• ' i I 
I ...-FIELO I , . . . ~ O G .  NEAR-F,ELD 

H¥OROL OIlY i II CHEMISTRY 

! I 

i+,+j i +,,+. i QUALIIY OUAN I'lT¥ 

t PRE -EHPL ACEMENT [ CONDITIONS IIINGLE-ANQ 
~- ROCK/HA |ER TWO-PHASE FLOW INTERAC lION 
L REpOCllTOfly . NEAR- FIELD 

INDUCED CHANGES TEMP 
IN WATER CHEMISIRY DISTAl- 

BUT ION 

MIrCHANICAL I PROPERTIES 

! 
I mOREHO[ E I G l A S I t l l ¥  

L NEAFI- 
FIELD 
NECNANICAL 
PROPERIIES 
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WASTE PACKAGE FAILURE 
SCENARIOS: "WET" AND "DRY" 

• THE EXPECTED CASE IS THE "DRY" CASE; LIQUID WATER WILL 
NOT CONTACT THE WASTE PACKAGE: 

m 

i i i i  

= 1  

m 

UNSATURATED NEAR FIELD ROCK 
LIKELIHOOD THAT MATRIX FLOW PREDOMINATES 
WASTE PACKAGE TEMPERATURE EXCEEDS AMBIENT 
ENGINEERED AIR GAP BREAKS HYDROLOGIC CONTINUITY 

• AN UNEXPECTED BUT CREDIBLE CASE IS THE "WET" CASE; 
THE AIR GAP HAS FAILED, OR THERE IS LIQUID WATER 
DRIPPING ONTO A WASTE PACKAGE 
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DRY AND WET CASE RELEASE SCENARIOS 

NO LIQUID WATER 
CONTACTS WASTE PACKAGE 

(EXPECTED CASE) 
B E  H E l  B 

ONTAINERS BREACHED 

Y 

L 

SOME LIQUID WATER 
CONTACTS WASTE PACKAGE. 

WATER INFILTRATION 

;ONTAINERS BREACHED 

14 RELEASED AS 

:LADDING E 

k 

NWLUIK5PA12/5-16-89 15 



THE AIR GAP IN WASTE PACKAGE EMPLACEMENT: 
ENHANCING PERFORMANCE BY BREAKING 

HYDROLOGIC CONTINUITY 

COm ,m   1 .  

~~J ... CONTAINER 
l ~ ~ "  ~ ~  / AIR GAP AIR GAP 

LINER" ' ' ~ , , , . ~ J  ...~J .~,}~,~. , 
\\~ " SUPPORT PLATE 

i v *  

NWLUIK5P.A12/5-16-89 16 
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TWO FAILED AIR GAP SCENARIOS 

DRIPPING WATER 

J - "  ~ -  ._  W.~L. _.. f Z ~ _ J 

COMPROMISED AIR GAP 
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ENGINEERED BARRIER SYSTEM PERFORMANCE 

CALCULATION HIERARCHY 
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1 
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EFFEC|9 
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DENERAL 
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HYDROGEN 
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- LOCALIZED 
ATTACK 
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8TRESS 
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CRACKING 

O I t.fErl 

I 
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EFFECTS 

- OXlOA TION 

- GENERAL 
CORROSION 

- HYDROGEN 
EMBRIT TLEHEN! 

LOCALIZED 
ATTACK 
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CORROSION 
CRACKING 

-OTHER 
),, 

! I-, .ol 
MINERALOGY 
• CHEMISTRY 

~WAqTE PACKAGE/~ 

'"":'%':%'% J 

8 
0~  ~ 1 

f 
i WA•TE PACKADE I ENVIRONMENT 

I , 
HYDROLONY PROPEHTIE• 

! 
WATER I OUALI|Y 

- PRE-EHPL ACEHENT 
CONDITION• 

- ROCK/WA |ER 
INIERAC liON 

REPO•II onY- 
INOUCEO CHANGE• 

I ! I I.o--o  1 OUAN I'ITY STABILITY 

L NEAR o BINBLE o 
AND FIELD 
T WO-PHA •E MECHANICAL 
FLOW PROPERTIES 

NEAR- 
FIELD 
TEHP 

IN WATER CHEMISTRY DISTRI- 
BIllION 
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CONTAINER DEGRADATION 
MODELING PROGRAM 

e SYSTEMATIC LABORATORY TESTING 

- IDENTIFY DEGRADATION MODES 
- IDENTIFY PHENOMENOLOGY 
- DEVELOP PARAMETRIC DEPENDENCIES (OCCURRENCES AND RATES) 
- IDENTIFY MECHANISMS 

e CONTAINER DEGRADATION MODELING 

- DEVELOP PRELIMINARY MODELS 
- DEFINE TESTS OF MODELS, CONSIDER ALTERNATE MODELS 
- COMPARE PREDICTIONS TO EXPERIMENTS AND REFINE MODELS 

• WASTE PACKAGE SYSTEM MODELING 

- COMBINE MODE-SPECIFIC MODELS INTO ONE MODEL FOR ALL MODES 
- PREDICT BEHAVIOR UNDER RANGE(S) OF REPOSITORY CONDITIONS 
- PERFORM SENSITIVITY AND UNCERTAINTY ANALYSIS 

NWLUIK5P.A12/5-t 6-89 19 
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ENGINEERED BARRIER SYSTEM PERFORMANCE 

CALCULATION HIERARCHY 
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LIQUID PATHWAY RELEASE MODELING 

RAPID RELEASE IS ASSUMED FOR SPENT FUEL GAP AND GRAIN- 
BOUNDARY RADIONUCLIDE INVENTORIES (A FEW PERCENT OF 
TOTAL) 

RADIONUCLIDE-SPECIFIC RELEASE MAY BE CALCULATED AS A 
FUNCTION OF: 
- RADIONUCL IDE  CONCENTRAT ION AT WASTE FORM SURFACE 
- MASS FRACTION IN WASTE FORM 

- FORWARD RATE OF MATRIX DISSOLUTION 
- RADIONUCL IDE  RETARDATION 

- FLUX OF G R O U N D W A T E R  

- OTHER FACTORS (RATES OF ALTERATION PHASE FORMATION,  
COLLOID  FORMATION,  A N D  CLADDING DEGRADATION)  

IF GROUNDWATER FLUX IS VERY LOW, DIFFUSION-CONTROLLED 
FLUX MAY BE CALCULATED AS A FUNCTION OF: 

- RADIONUCLIDE CONCENTRATION AT WASTE FORM SURFACE 
- POROSITY 
- RADIONUCLIDE DIFFUSION COEFFICIENT "' 

- RADIONUCLIDE RETARDATION 
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GAS PATHWAY RELEASE MODELING 

THE R A D I O N U C L I D E  GAS FRACTION MAY BE C A L C U L A T E D  AS 

A FUNCTION OF: 

- INITIAL GAS INVENTORY 
- RADIONUCLIDE GAS PRODUCTION RATE (e.g. 14C02) 
- GAS ADVECTION VELOCITY 
- RADIONUCLIDE GAS PARTITIONING INTO GROUNDWATER 
- GAS-FILLED POROSITY/TORTUOSITY 
- DIFFUSION COEFFICIENT 
- APERTURE OF CONTAINER/CLADDING FAILURE 

THE PRODUCTION RATE OF A GASEOUS RADIONUCLIDE MAY 
BE C A L C U L A T E D  AS A FUNCTION OF: 

- CONTAINER FAILURE RATE 
- RADIONUCLIDE VOLATILITY 
- CLADDING DEGRADATION RATE 

NWLUIK5P.A12/5-16-89 22 
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WASTE PACKAGE PERFORMANC 
ASSESSMENT PROGRAM 

• WASTE PACKAGE ENVIRONMENTS 

- S U B M O D E L S  
- C A L C U L A T I O N A L  M O D E L S  
- C A L C U L A T I O N  O F  C O N D I T I O N S  

• CONTAINER DEGRADATION 

- D E G R A D A T I O N  M O D E S  
- I N I T I A T I N G  C O N D I T I O N S  A N D  P R O C E S S  R A T E S  
- P R O J E C T I O N  O F  F A I L U R E  R A T E S  

NWLUIK5P.A12/5-16-89 24 
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WASTE PACKAGE PERFORMANC 
ASSESSMENT PROGRAM 

(CONTINUED) 

• ENGINEERED BARRIER SYSTEM. RELEASE RATE 

- SUBMODELS 
- M A S S  T R A N S F E R  M O D E L S  

- CALCULATION OF RELEASE PERFORMANCE 

e INPUT TO TOTAL SYSTEM PERFORMANCE 

- DISRUPTIVE PROCESS AND EVENT SUBMODELS 
- SIMPLIFIED ENGINEERED BARRIER SYSTEM MODEL 
- CALCULATION OF TIME-DEPENDENT CONCENTRATIONS AT 

HOST-ROCK/EBS INTERFACE 

i 
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ENGINEERED BARRIER SYSTEM PERFORMANCE 
MODELING HIERARCHY 

• SYSTEM LEVEL MODELING: 

eg: PANDORA (DETERMINISTIC); AREST (PROBABILISTIC) 

• PROCESS MODELING 

eg: ORIGEN2 (WASTE RADIONUCLIDE CONTENT, HEAT AND RADIATION 
OUTPUT); ADINAT (CONDUCTIVE AND CONVECTIVE HEAT AND MASS 
TRANSFER); EQ3/EQ6 (SPECIATION/SOLUBILITY AND REACTION PATHS); 
SPECTROM 31 (ROCK STRESS AND FRACTURE ALTERATIONS) 

• MECHANISTIC MODELING 

eg: CONTAINER FAILURE MODE MODELS AND WASTE FORM DE- 
GRADATION MODELS AT THE MECHANISTIC LEVEL OF DETAIL, 
IF POSSIBLE 
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ENGINEERED BARRIER PERFORMANCE 
ASSESSMENT ACTIVITIES FOR FY 1989-90 

e B E N C H M A R K I N G  

- USING PROBLEM SETS CURRENTLY BEING DEFINED 
- USING A PRELIMINARY ANALYSIS COMPLETED IN FY 1988 
- AREST/SYVAC-VAULT COMPARISON 

• SENSITIVITY AND UNCERTAINTY ANALYSES TO 
HELP GUIDE TESTING 

e MODEL DEVELOPMENT 

e PRELIMINARY ANALYSIS OF GLASS WASTE FORM 
PERFORMANCE ,,. 
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