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Waste Form Characteristics—Release Rate Design/PA

Why? Requirement Statements NRC part 60
. Substaintially complete containment of waste package
* Release rate limit (1000 yr inventory) engineered barrier system

What Characteristics? Initial state and rate response
Radionuclide inventory evolution
. Alteration rate response
« Dissolution rate response

Focus of Presentation

- Spent Fuel Alteration and Dissolution Testing/Modeling for Release
Rate Response
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Waste Form Characteristic — Use of Rate Responses

Release Rate Ei(pression (Rapid Release neglected) froin Waste Form

ﬁaqueous ~ {Containers Failed} ® {Waéte Area Exposed} ® {WaSte
Area Wetted} ® {Water Volume} ® {Inventory Dissolution
Rate} |

aqueous

‘where R is subject to solubility limit constraints if applicable (non-
colloidal solutions). | |

Waste Area Exposed — > Alteration Rate Response

Inventory Dissolution Rate — > Dissolution Rate Response
and Inventory Evolution
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‘Basis of WF Testing and Modeling Activities

Waste Form (WF) - Spent fuel + DHLW (glass) + ?
- Characterized by a set of "'state variables"”

Waste Form Responses - Time history of "state variables”

WF Initial State (t=0) ——>

evolves/degrades intimeas a
function of temperature
environment, gaseous
environment and water/

chemistry environmenttoa [ ——)> WF State (1)

Warg WF Release at time (t) depends strongly on WF State ()
7 T
Cheh;/s"y/y ) . : ) ! .

‘ s or,, ' '

' _ | . WF BOX |
Gaseous History ? > Release History |
: Degraded state (t) ' |

‘
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Vaste Package Environmeiital Boundary Conditions -

— Spatial distribution of the
‘ environmental function at
A given time {4

----Jime distribution of the
environmental function
at given value f,

1(1,s)

.o

Environmental function

NN
{ NS \\
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| : | ! i
| , | | |
[ | | [ |
; ! ! ! .
ty ta tk Time

Stochastic illustration in the spatial values of the
. environmental functions over time. ‘
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_Fig. 1.5. Radioactivity and thermal! power of 1 metric ton of heavy metal of BWR and PWR spent fuel
as a function of burnup and time from reactor discharge.
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WASTE INVENTORY-HISTORY AND
'~ PROJECTION
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‘Spent fuel inventory allribules for lest malrix
(Hlustrative)

)

Inventory

Unirradiated UO,»

) -
IRNC A4 MW /g @)

: Fission Gas Release

@ F;jlure SF lesling Inventory:
low and high burnup with low and high FGR.



o | “Iustrative Purposes Only

VHx,Y)
Probable water flow
rate per unit area
—m3/m?/yr
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‘Time line of repository
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Source Term Release Rate Diagram

-
Total Radionuclide Release Rate )

Gaseous plus conslrained solution B _l
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sﬁn Fuel Development — Léﬁlh and Thne Scale Probleh—.,

o Spent Fuel Detalls
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gpeaﬁ:uel Responses

Potentlal event
sequence In thne g

-

___, Gaseous release — Carbon " release
= respotise from
cladding

Cladding
= degradation

— Rod failure
lime response

{
lime |.

UO, oxidation
=D response

UO, dissolution
response
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Oxidation of Fragments of Turkey Point Fuel
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Spent Fuel Oxidation Response—Conceptualization
for Model

AO/M
UO; 66

U024
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ﬁgolutionmelease Rate Tégng @

Types of Testing:

1. Flow thru dissolution

2. Saturated dissolution

3. UnSaturatéd dissolution
B... Volume that can contain
subvoluines ot Water - By,
Spent lFuel (SF‘) - Bg,

and Moist air - B,

All ilnee tests have same mass balance equation:

"Rate of concéhtratioh change in water" equals "the spent fuel rate
of dissolution from spent fuel surface" minus "rate of precipitate

formation" minus "rate of colloid formation "

ES2Y04NSPS-01 \
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Dissolution Testing— Flow Through Tes

Control: inlet water ch'e‘mistry-ci
rate of flow-VAg
temperature - T

Measure outlet water chemistry-C,
Infer "dissolution rate" as function
of temperature and water chemistry

i
i .
I

ES§2484R506-03




W
DisSolution Testing— (a | | “e
Salulated rest (lots of waler) - not moving-

sontrol: initial water chemistry(WC) temperature (1)
Measure water chemistry (discrete times)

Infer (soluble)"dissolution rate"

Infer (precipitates)”solubility limits"C

See Colloidal particles -filtration-

(1 SF
" | 1 Precipitates
ZA Colloids

FRnn07 0 NSS4
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Dissolution/Release Rate Testing—
Unsaturated Tests (with water moving

Bl Precipitates
Hl Colloids
mm Water
Alteration

Control: inlet WC; C;, T, VA¢
Measure: outlet WC C CotCoti
Solution concentration c
Precipitates~C;- Specuatlon .
- Solubility Limits R
Colloids~C, s -
Surface Area~A 3 |
Infer-Release Rate~ (Co+Cc*C pVA A

"
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I\ﬂedel Development Testing

Type of Time Precipitation/ Colloids Test Data Obtained
Testing - ; Solubility Control
? limited
Flow Thru Short No No Excellent Dissolution
(fully wetted (weeks) Rate
flow) 7
Saturated *'Long Yes Yes Good Dissolution/
(fully welted, (years) (some) Release Rate,
no flow) ! Speciation/
, Solubility, and
: colloids (some)
Unsaturated - Long Yes . Yes Difficult  Dissolution/
- (film wetted, (years) (lots) Release Rate,
flow) | Speciation/
Solubility and
Colloids (lots)
SF Wetted in Short & Yes . Yes Difficult  Dissolution/
defected L.ong Release Rate
cladding

Defect Effect

RBS 062424 VG
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Spent Fuel Data Show Temperature and Oxygen
Interaction |

« Classical Chemical Kinetic Rate Law:
— Rate = k[AP[BIP[CI[DC... exp(E,/RT)

» UO,: log(D){ing/(m?/day)} = 4.824+0.275l0g,,|CO,}+ .
0.448log,,[0,]-0.2710g,,1H]-1685/T 1°=0.79

« Sk log(D)fmy/(m#/day)) = U.23410. 14210y, | COy)-
1?=0.85

~ATM-103  [PWR, 33MWd/kgM, 0.25% FGR]

N p




| Gegression Fits of 20% Oxygen Results Similar \

o UO,: log(D){mg/(m?/day)} = 4.650+0. 274Iog,0[003]
- 0. 187Iog10[H] -1500/T
r2=0.79

o« SF: log(D){mg/(m?/day)} = 7=202+'0=226!og,0[003}
- 0.091log,[H]}-1628/T
. 12=0.95
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SPENT FUEL RADIONUCLIDE RELEASE
- Depends on fuel type and test conditions

o Release under Unsaturated Conditions
- Colloids identified as clays containing soddyite and schoepite

Fifth Leach period, High-Drip Rate, ATM-103 Fuel

Unprecip. 3-nm Filter Colloidal

Species ‘ (uCi/mlL) (uCi/mL) ~ (uCi/mL)
Cs-137 4 . ' N.A. N.A.

Pu-239 5x10° 4x107 5x105 .
Am-241 2x104 3x 106 2x10%
Cm-244 4x 104 3x106 4x 104

e  Release under Saturated Conditions

Third Cycle, Final Solution, Turkey Point Fuel

400-nm Filter
Species (uCi/mL)
Cs-137 4
Pu-239 2x107
Am-241 2 x107

Cm-244 8x 108
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The release of radionuclides from glass depends on the reaction conditions, the
glass reaction rate, and the reaction progress.

. ‘Example 1: Glass aged by contact with vapbr. water contact in bathtub mode
Soluble Particulate
" Radionuclide Am 4x10°6 7x103
Released to Pu 8x106  6x103
Solution (uCVmL) ~Np 1x105 1x10°3
Colloids observed: lron-rlch clays, iron silicates, calclum actinide phosphate,
uranium silicates
Example 2: Glass aged by contact with vapor, water contact in drippmg
o mcde :

. Initially all of the radlonuclldes are released as a soluble fractlon with
the solubllities ranglng from 7 x 10-3 to 1 x 1075 pCi/mL

. After several years, the release values revert to distributions shown In
Example 1

Example 3: Fresh glass, high surface area (glass), bathtub mode

® Tc and‘ Np are released as soluble fractions ata long-term rate of up to
0.2 and 8 pCi/m2/day




Performance Assessment — Basis of Design

o
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PA Radionuclide Release Response Analysis (Aqueous)

Release Response (t)

Stochastic/Probabilistic

1

-

[ .

Subject to W
solubility
limit/colloidal
constraints

),

1

Container '
& \: Failure ] ®

.

Container +

material
response

J

Amount WFT
Area
Inventory
i Exposed

—

( WF state )
response
(cladding/
oxidation/

alteration)
\ Area increases )

®

- -

o Dissolution

Water Wetted ® Rate
Area gm/mzlyr ‘

N (v

WF
Hyevr':t':rgyl dissolution
chemistry (dzstl;?;ed
responseg response
\_ ) )

"DNesign” — do things to minimize release response "hustouy to meet
repository requirements specifications

Design — parameter/controls 1. container/material response
2. temperature history

3. hydrology (thermal) history
4. water chemistry history

(interdependent)

- coupled with fact
- that waste form

. response is

. waste form
 response
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Summary — Waste Form Alteration/Dissolution

« Provided preliminary WF response models for TSPA93

. Focused spent fuel testing:

— alteration response of spent fuel by oxidation to UsOg and
- U30sg

— dissolution testing of spent fuel over inventory, oxidation
phase, and water contact modes

« Colioidal characterization activities planned for both spent fuel and
glass waste forins



