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Salt is the reason for WIPP’s locationSalt is the reason for WIPP’s location

Salt is its own indicator 
of hydrologic stability

“Salt at great depth ‘flows.’  It will encapsulate 
waste and isolate it from the surface for eons.”

y g y
Stable geology
(~250 million years)
Lack of water
Easy to mineEasy to mine
Self-healing fractures
5 x thermal conductivity 
of typical crustal rocks
Salt “creep” will 
encapsulate the waste

“The great advantage is that no 
water can pass through salt.  
Fractures are self healing….”

National Academy of Sciences, 1957



Salado Evaporite FormationSalado Evaporite Formation
The deepest and thickest 

lt it blsalt sequences suitable 
for deep geologic 

isolation are in the 
northern half of the 

Delaware Basin

underground
waste footprint



WIPP is Limited to TRU wasteWIPP is Limited to TRU waste
HLW and SNF legislatively 
prohibited
>100 nCi/g  (>3700 Bq/g ~1ppm):
– alpha emitting isotopes 
– t½ > 20 years
– TRU ~ Greater Than Class C

Two types of TRU waste
– Contact-handled

• <200 mrem/hr (<2mSv/hr)<200 mrem/hr (<2mSv/hr)
– Remote-handled

• 0.2 – 1000 rem/hr (.002 – 10 Sv/hr)

Legacy inventory ~700 000 drumLegacy inventory ~700,000 drum 
equivalents

Z > 92 (transuranic)



The Dance of the Drums
Packaging and CharacterizationPackaging and Characterization

Acceptable 
Knowledge

Non-
destructive 

assay

Statistical solids 
sampling & 

analysisRadiography

Statistical
Headspace 

gas analysis

Payload containers nominally move 10 - 20 times before assembly intoPayload containers nominally move 10 - 20 times before assembly into 
packages for final shipment to WIPP

$2,000-$10,000 per container depending on waste type and AK pedigree

All operations audited annually by CBFO with regulatory scrutiny

Mistakes here result in regulatory compliance orders and penalties



NRC Licensed Shipping PackagesNRC Licensed Shipping Packages

TRUPACT-II

CNS 10-160B

RH-72B



Shipping CorridorsShipping Corridors
432

3480Framatome

2,045 25

48
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489
48
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Total shipments
thru June, 2009

1011

thru June, 2009
7,555

14 sites
completed

~9 million loaded miles



WIPP Surface FacilitiesWIPP Surface Facilities
Salt shaftPhoto: Oct. 2006

The old salt pile 
covered with 
membrane liner Sa t s a t

and hoist
Exhaust 
air shaft

and 3-ft of topsoilNew lined active salt pile

and filter

Waste shaft
Waste

handling
building

and hoist

Air
Intake
ShaftAll stormwater runoff 

is collected in lined 
evaporation ponds

WIPP is a zero 
discharge facility



CH DisposalCH Disposal

Waste containers are unloaded and 
lowered 2,150 feet underground  for 
final emplacement

Waste is emplaced in rooms mined out of ancient saltbeds.  
Magnesium oxide is placed on waste stack to limit solubility 
of radionuclides (engineered {chemical} barrier)



RH DisposalRH Disposal

Remote Handled waste 
canisters are pulled from the 

hi i  k b hi d hi ld 

In the underground, the facility 
cask is removed from the hoist 

RH waste in the canister is 
emplaced in boreholes pre-

shipping cask behind shield 
doors and placed into a 
shielded facility cask for 
handling at WIPP

and transported to a disposal 
room by a 41-ton fork lift

drilled into the walls of disposal 
rooms, and a concrete shield 
plug is inserted afterwards



Waste

WIPP Disposal WIPP Disposal 
OperationsOperations

Air exhaust can be directed through HEPA filter

Salt
Removal

Shaft

Entry
Shaft

Air
Intake
Shaft

Shaft

Air
Exhaust

Shaft

2150 feet

Each salt pillar left 
in place is about 
the same size as a 
football field



People and EquipmentPeople and Equipment
40 tractor trucking fleet (2 private carriers)

112 shipping containers (84+15+12+1)

5 mobile characterization lines deployed at TRU sites

1000-employee workforce:y
• 50 Carlsbad Field Office of DOE (CBFO) 
• 45 Carlsbad Field Office Technical Assistance Contractor (CTAC)
• 38 Los Alamos National Laboratory-Carlsbad (LANL-CO)38 Los Alamos National Laboratory-Carlsbad (LANL-CO) 
• 75 Sandia National Laboratories-Carlsbad (SNL-C)
• 630 Washington TRU Solutions (WTS) – M&O Contractor
• 162 WTS subcontractors (records security environmental• 162 WTS subcontractors (records, security, environmental, 

information systems)  



10 + years of operation
Snapshot Snapshot (Through June, 2009)

7,555 shipments received
~300,000 loaded drum equivalent containers disposed 
>60 000 bi t f TRU t di d>60,000 cubic meters of TRU waste disposed
~9,000,000 loaded miles

~4 waste panels filled and closed
14 storage sites cleaned of legacy TRU waste

releases to the environment
t i t d WIPP l

0
contaminated WIPP personnel

22 consecutive years

0

as NM “Mine Operator
of the Year”



TITLE 40 TITLE 40 -- PROTECTION OF ENVIRONMENTPROTECTION OF ENVIRONMENT

Part 191 - Environmental Radiation Protection Standards for Management and 
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes

Subpart A - Environmental Standards for Management and Storage
Subpart B - Environmental Standards for Disposal

191.13. Containment requirements

) Di l t h ll b d i d t id bla) Disposal systems … shall be designed to provide a reasonable 
expectation, based upon performance assessments, that the 
cumulative releases of radionuclides to the accessible environment for 
10,000 years after disposal from all significant processes and 0,000 yea s a te d sposa o a s g ca t p ocesses a d
events that may affect the disposal system shall be less than
specified releases limits

191.14. Assurance requirements
191.15. Individual protection requirements

Subpart C - Environmental Standards for Ground-Water Protection



40CFR191.13.a Disposal systems … shall be designed to provide a reasonable 
expectation, based upon performance assessments, that the cumulative releases of 
radionuclides to the accessible environment for 10 000 years after disposal from allradionuclides to the accessible environment for 10,000 years after disposal from all
significant processes and events that may affect the disposal system shall be less 
than specified releases limits

Features, events, and processes (FEPs) FEPs are screened according to:
Probability: If probability of FEP <10-4 in 10,000 years it is not included in 
PA (e.g., meteorite impact)
C if FEP i b fi i l t f i t l t tConsequence: if FEP is beneficial to performance or is not relevant to 
WIPP it is not included in PA (e.g., sorption, ocean rise).
Regulation: Certain FEPs are either screened in or out by regulation (e.g., 
mining resource extraction following drilling)mining, resource extraction following drilling). 

Disruptive FEPs only included in 
disturbed scenarios, e.g.,

D illi

Expected FEPs are included in 
all scenarios, e.g.,

C l Drilling
Mining
Brine pocket

Creep closure
Brine flow
Gas generation



40CFR191.13.a Disposal systems … shall be designed to provide a reasonable 
expectation, based upon performance assessments, that the cumulative releases of 
radionuclides to the accessible environment for 10 000 years after disposal from all

24 Conceptual Models Used in WIPP PA

radionuclides to the accessible environment for 10,000 years after disposal from all 
significant processes and events that may affect the disposal system shall be less 
than specified releases limits

24 Conceptual Models Used in WIPP PA
1. Disposal system geometry
2. Culebra hydrogeology
3 Repository fluid flow

13. Cuttings & Cavings
14. Spallings
15 Direct brine release3. Repository fluid flow

4. Salado
5. Impure halite
6. Salado interbeds
7 Di t b d k

15. Direct brine release
16. Castile and brine reservoir
17. Multiple intrusions
18. Climate change
19 C l7. Disturbed rock zone

8. Actinide transport in Salado
9. Units above the Salado 
10. Dissolved transport in Culebra

19. Creep closure
20. Shafts and shaft seals
21. Gas generation
22. Chemical conditions0 sso ed t a spo t Cu eb a

11. Colloidal transport in Culebra
12. Exploration boreholes

C e ca co d t o s
23. Dissolved actinide source term
24. Colloidal actinide source term



40CFR191.13.a Disposal systems … shall be designed to provide a reasonable 
expectation, based upon performance assessments, that the cumulative releases of 
radionuclides to the accessible environment for 10 000 years after disposal from allradionuclides to the accessible environment for 10,000 years after disposal from all 
significant processes and events that may affect the disposal system shall be less 
than specified releases limits

⎞⎛ iQ 6101

Release limits normalized by radionuclide and by total inventory
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R = Normalized release in “EPA units”
Qi = 10,000-year cumulative release (in curies) of radionuclide i
Li = Release Limit for radionuclide i
C = total transuranic inventory (curies of α emitters t1/2 > 20 years)



Complementary Cumulative Distribution Function
Release Limits: CCDF is a Measure of ComplianceRelease Limits: CCDF is a Measure of Compliance

Complementary Cumulative Distribution Function
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WIPP Performance Assessment GridWIPP Performance Assessment Grid



Process models implement Process models implement 
and combineand combine

Subsurface brine and gas flow

conceptualconceptual
modelsmodels
Subsurface brine and gas flow

Radionuclide transport in the 
subsurface

Gas generationGas generation

Brine and solids flow up a borehole

Permeability enhancement due to 
fracturingg

Room closure

Solid extraction by drilling



10,000 possible futures are 10,000 possible futures are 
generated for each vector.generated for each vector. Results from CRA-2009 PAgenerated for each vector.generated for each vector.

Each future consists of a series of 
randomly occurring drilling intrusions.

Th f d illi i t i

1

10

Total                         
EPA Release Limits

f

The consequences of drilling intrusions 
are calculated by interpolating between 
consequences at discrete times.

The cumulative release from one possible

0.01

0.1

The cumulative release from one possible 
sequence of events from 0 to 10,000 
years is called a future 0.0001

0.001

0.0001 0.001 0.01 0.1 1 10 100

R  = R elease ( EPA  U nit s)

0 10 000
100 yrs

1 2 3 4 5 6 70 yrs 10,000 yrs1 2 3 4 5 6 7



WIPP Compliance PostureWIPP Compliance Posture

Disturbed Performance
(human intrusion)

Undisturbed
Performance

Release = 0Release = 0



Closure animationClosure animation 
showing salt creep 

crushing waste in the 
WIPP d dWIPP underground, 

healing fractures and 
reconsolidatingg





WIPP pilots safe and environmentally responsible wasteWIPP pilots safe and environmentally responsible waste 
management and energy solutions


