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SALT THERMAL TESTING PROGRAM
PROTOTYPE CANISTER HEATER

Design, Fabrication, and Testing
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Design (May 2014)

103" SLEEVE

101" HEATERS

1" DIA. HOLES SPACED
APPROX. 10-12" APART

+* DIA. HOLES SPAGED = PRIMARY HEATER SET (PH)
APPROX. 3" APART SECONDARY HEATER SET (SH)

RSI-2386-14-002

The canister heater system was designed by RESPEC Mining & Energy to operate in an inhospitable
environment for several years, such as the conditions expected in a Large Scale Thermal Test in WIPP.
The design was based on a primary and secondary array of strip heaters, each with a power capacity of
600W, affixed to an inner sleeve which in-turn was inserted inside the canister with centralizing spacers.
Internal space is filled with engineered spherical sand. The power control and data collection system

were designed for remote control of the individual canisters and to be compatible with the WIPP
underground power distribution.





Fabrication (Fall 2014) -

LLNL contributed the stainless steel canister

Canister heater fabrication was conducted primary at the Hall Machine
and Welding Company machine shop and yard in Carlsbad, NM. The
heaters were installed on the inner sleeve of the canister heater. The
canister was stood on end and the inner sleeve inserted and filled with
engineered sand. The heaters were connected to terminal strips
within a junction box. All heater wiring and thermocouples were
passed through an end plate using high-temperature connectors. The
canister heater lid was placed, wiring run through the connector plate,
and the lid was welded to the canister body. Initial testing was
conducted at the Hall machine shop.






The system was tested with the power controller and data
logger.

The canister and inner sleeve were filled to the top with cerabeads
(engineered spherical sand).
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Canister Testing
(Oct 2014 - May 2015)

The canister heater is located at the LANL Mobile Loading Building on Airport Ave in
Carlsbad. The heater is being cycled at varying power levels under ambient
conditions.





Data at increasing thermal load
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Data at 13/5 W
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Longer time test at 1375 W

deg C

Extended 1375 Watt - TC Temperatures, deg C
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Canister Modeling

 Confirm our numerical approach to canisters

e Suggest further surface experiments to test
canisters under increasingly realistic scenarios

e Using LANL codes FEHM and LaGrit
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FEHM Results at 1200W

based on 250W tuned air conductivity
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No Blanket 1200W Blanket on
on Canister Canister

170 |

Temperature (C)

24

24

The blanket leads to higher temperatures internally and on the metal rim of
the canister.
Blanket is 0.4 m on the sides and goes about 0.5 m above the canister
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Field Thermal Testing in Salt
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This talk summarizes a multi-lab effort

Used Fuel Disposition Campaign
Milestone M2FT-15LA08119016

Philip H. Stauffer, Amy B. Jordan, Doug J. Weaver, Florie A. Caporuscio,
Jim A. Ten Cate, Hakim Boukhalfa, and Bruce A. Robinson, LANL

David C. Sassani, Kristopher L. Kuhlman, Ernest L. Hardin, S. David
Sevougian, and Robert J. MacKinnon, SNL

Yuxin Wu, Tom A. Daley, Barry M. Freifeld, Paul J. Cook, Jonny Rutgvist,
and Jens T. Birkholzer, LBNL

April 30, 2015

FCRD-UFD- 2015-000077
Los Alamos National Laboratory LA-UR-15-23154
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Test Room

. Phased Field
Outline Thermal Testing
In Salt

6" borehole

Purpose

Test assembly located
] remote to room.

Background
Objectives
Proposed Plan

Small Tests

East Access Drift
(Elevated “8%)

Intermediate Tests
Drift Scale Tests

North Access

,4»{’
y-
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Purpose of proposed salt field testing

Define phased field thermal testing activities

to augment a safety case

for generic salt disposal

of heat-generating nuclear waste (HGNW)

Slide 4
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Projected Number of Canisters Binned by Average Thermal Power
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Background

Extensive previous work
(domes, bedded salt,
hot, cold). However:

“Information gained in
previous studies likely
needs to be
supplemented to enable
more convincing
communication with the
public, better defense of
the scientific basis, and
stronger safety cases
(DOE 2012).”

Separate-Effects'
Tests/Model
Updates

» Prioritized issues based on
safety case considerations
* Refined RD&D program

» Conceptual Models
» Testable Hypotheses

MODURN: Model Driven
Uncertainty Reduction

+* Coupled Process Models
~| - UQ/SA Methods ~
* Computing Resources

+ Site screening activities | Generic PA Results
+ Regulatory agencies <
+ Stakeholders

Generic
Repository
Models

Field Tests/
Model Validation

Recommendations

« Conceptual Models
« Quantified uncertainties

A
|
|
|

« Input to FEPs Screening 1
|

1 |
= Disposal concept « Site-specific data

*» Repository design « Disposal concept
» FEPs analysis » Test design

« Geologic conditions
» Regulatory eriteria

The role of field tests for a science-based safety
case, under MOdel-Driven Uncertainty Reduction
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Examples of questions to be addressed
by the field testing program

Does heat substantially change rock characteristics and
evolution of the brine?

Are uncertainties and inherent variability in salt formation
mineralogy and brine composition important
considerations?

How does the ventilation air in the mine affect vapor
removal?

How closely do models simulate the thermally-driven
behavior of the mechanical, hydrological and chemical
changes in the system?

Slide 7
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Objectives of proposed salt field testing
...,

Address features, Confirm our understanding and ability to model FEPs
events, and that affect the performance of a deep geologic salt
processes (FEPs) repository for disposal HGNW

Build confidence Build confidence that the safety functions of a deep
geologic repository in salt are understood and can be
forecast over regulatory time periods

Foster Enhance technical credibility through engagement with
international the international community
collaboration

Evaluate disposal Evaluate designs and operational practices
concepts

Validate coupled Predict and confirm evolution of processes at scales
process models and times beyond those possible in lab or field testing

UNCLASSIFIED Slide 8
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Proposed phased salt field testing

Start small — rebuild skill base, test new
equipment, confirm code coupling

Move to intermediate scale (time and
space) — more diagnostics testing,
canister behavior, DRZ.

Finally, demonstrate to stakeholders that
we can run and predict behavior at the
drift scale
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Safety Case Issues Addressed by the
Proposed Phased Field Tests

Field test: Elements addressed Safety case issues
addressed by test (see

Small-Diameter Confidence-building, Post- 2,3,56,7,9, 11, 14, 15,

Borehole Field closure, Pre-closure 16, 17, 18, 23, 28, 31, 32,

Thermal Tests 33, 34, 37, 39, 40, 43, 46,

section 3.1 47

Single Canister Post-closure, Confidence- 2,3,5,6,7,14, 15, 16, 17,

IS ElEeiea e AR building, RDO, Pre-closure 18, 23, 28, 31, 32, 33, 34,
37, 38, 40, 41, 42, 43, 46,
47

plalicsierl a8 Confidence-building, RDO, 2,3,5,7,14, 15, 16, 17,

(section 3.3) Pre-closure, Post-closure 18, 23, 28, 31, 32, 33, 34,
37, 39, 40, 41, 42, 43, 46,
47

From a 2013 Expert Panel Workshop hosted by SNL P
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Small-Diameter Borehole Field Thermal Tests

Test Room

6" borehole

.| Testassembly
B 1 remote to room

UNCLASSIFIED

Far from DRZ

Gas sampling
Overcore more easy
Faster to implement
Small Tests
Intermediate Tests
Drift Scale Tests

Slide 11

s Los Alamos

NATIONAL LABORATORY

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA





Small-Diameter Borehole

Field Thermal Tests Objectives

Goal 1 (address FEPS):

Validate understanding of thermal, mechanical, and brine
migration-chemistry processes.

Goal 2 (build confidence):

Develop technology and methodology needed for underground
monitoring/measurement of THMC processes

Enhance communication with stakeholders

Goal 3 (foster international collaboration):

Promote international collaboration on salt R&D and salt repository
operations

Goal 5 (validate coupled process models):

Developing a framework for pre-test modeling, post-test model
evaluation, and inter-model comparison.
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Intermediate Scale Single Canister Field Thermal Test

More complex logistics

Full scale canister and instrumentation
More consolidation and gas analysis
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Intermediate Scale
Field Single Canister Test Objectives

Goal 1 (address FEPSs):

Validate understanding of large-scale thermal, mechanical, and brine
migration/chemistry processes and responses due to heat input in intact
host rock, backfill salt, and the DRZ

Goal 2 (build confidence):

Develop technology and methodology needed for underground
monitoring/measurement of THMC processes

Enhance communications with stakeholders

Goal 3 (foster international collaboration):

Goal 4 (evaluate disposal concepts):

Demonstration of design and operations concept(s) for generic salt
repositories including a range of heat-generating waste forms

Goal 5 (validate coupled THMC process models):

Model parameter estimation for heterogeneous in-situ properties in bedded
salt formations

UNCLASSIFIED

Slide 14

s Los Alamos

NATIONAL LABORATORY
EST.1943

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA






Drift Scale Multi-Canister Field Thermal Tests

In-drift and Alcove designs proposed

N AT
\ =
Bulkhead (2) E-1200 }\ .
F e I:

N-940
Test Drift #1
i
Test Drift #2
[
Fi
N-780
8

[
|
Yo
AN
- §>
&

S
| |Alcove = higher

— — — Il |heat loads |

In-drift = lower

heat loads
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Drift-Scale Multi-Canister
Field Thermal Tests Objectives

Goal 1 (address FEPSs):

Validate our conceptual understanding of large-scale thermal, mechanical,
and brine migration/chemistry processes using observations in intact host
rock, the DRZ, RoM backfill, and open drift air DRZ

Goal 2 (build confidence):

Develop technology and methodology needed for underground
monitoring/measurement of larger THMC systems

Enhance communications with stakeholders

Goal 3 (foster international collaboration):

Goal 4 (evaluate disposal concepts):

Demonstration of design and operations concept(s) for large scale generic
salt repositories including a range of heat-generating waste forms

Goal 5 (validate coupled THMC process models):

Model parameter estimation for heterogeneous in-situ properties in generic
salt formations

UNCLASSIFIED
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Drift Scale Multi-Canister Field Thermal Tests

Waste Emplacement
Partofa Di?posal Panel (profile view)

e« New In-Drift
Concept

in drift by ROV

~100 ft
pillar

th. k il .'q : y
ickness [ s messs © Lowers Cost

package
emplaced

smmewiE o Simplifies
& Engineering
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Drift Scale Multi-Canister Field Thermal Tests

East Access Drift

= / (Elevated “8%)

UNCLASSIFIED

Alcove design
for higher
thermal loads

More difficult

More
subsurface
area
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Future Work

Continuation of supporting lab experimants
Continued Analytical and numerical modeling
Include air mixing in analytical solution

Add airflow boundary conditions to numerical
model

Continued international cooporation

FY2016: Experiments Underground?!
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Thermal-Hydrological-Chemical (THC)
Process Model Integration

UFD Workshop June 9-11, 2013
Las Vegas, NV USA
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KEY POINT 1) Why is THC simulation
iImportant to a GDSA-PA in salt ?

Understand coupled THC processes:

Support field thermal testing designs

Discover issues before going underground

Build confidence in a generic safety case
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Evidence to support THC
experiment-model-PA integration

Short term evolution of water in backfill

Strong feedback of water on consolidation

Dehydration of ubiquitous impurities

Generation of acid vapors (HCI)
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Example Scenario

DOE builds a complex URL
THC processes cause problems with
Instrumentation
Air quality
Predictions

Net result is loss of confidence by
stakeholders
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KEY POINT 2) How to couple THC results
to the GDSA-PA framework ?

Two logical paths forward

Generate stochastic initial conditions for
deformation codes

Build FEHM capabillities into PFLOTRAN
and explicitly model THC processes In
the PA

UNCLASSIFIED






Recent key additions to FEHM capabilities include:
New Salt Controller to decouple individual processes

Hydrous mineral dehydration as a function of temperature

New relative humidity boundary condition allows more realistic evaporation

The ability to run simulations with combinations of vapor pressure lowering as
functions of both salt concentrations and capillary pressure

Isotopic fractionation capability with salt vapor pressure functions

Improved numerical performance with temporal averaging of porosities and
permeabilities.

New vapor pressure/temperature initialization scheme

All code changes now added to FEHM V3.2 with verification test problems

UNCLASSIFIED
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Sandia

Exceptional service in the national interest National
Laboratories

Kristopher L. Kuhlman

Sandia National Laboratories

DEPARTMENT OF

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin
Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND2015-4547 PE






Sandia
m National
Laboratories

= Petascale reactive multiphase flow and transport
= Massively parallel
= Process models important for salt

256

= Liquid and gas phase flow

128 -

= Thermal convection and conduction

64

= Multicomponent chemical reaction 2
= Open source (GNU LGPL 2.0)

= Modern Fortran
. | | | | .
= Object-oriented Fortran 2003/2008 1020 8 O e 1% SETeS

= Built on PETSc parallel framework from Argonne

16

8,

Wall-Clock Time per Time Step [sec]

= Demonstrated performance
= Maximum # processor cores: 262,144 (Jaguar supercomputer at Oak Ridge)
= Maximum problem size: 3.34 billion unknowns

2
-~ ...





PFLOTRAN Multi-Physics Capability @.

= Flow = Chemical Reaction
= Single phase, variably-saturated = Agueous speciation
= Multiphase gas-liquid = |on activity models

= |nterchangeable constitutive Mineral precipitation-dissolution

models and equations of state = Sorption
= Energy = |sotherm-based
= Thermal conduction and = lon exchange
convection = Surface complexation
= Multi-Component Transport — Equilibrium
= Advection — Kinetic / multirate kinetic
= Hydrodynamic dispersion " Microbiological
= Biomass
= |nhibition
= Radioactive decay with daughter
products 3






PFLOTRAN for WIPP PA T .

= Existing Legacy PA

= Multiple 2D flow & transport models loosely coupled

= Parallelized across multiple serial realizations only

= Switching to PFLOTRAN

= Single 3D model can include everything
= {BRAGFLO, NUTS, DBR, MODFLOW, SECOTP2D} => PFLOTRAN

= Parallelize individual realizations

DRSPALL DRSPALL
PANEL CUTTINGS | MODFLOW \ |PANEI.| > CUTTINGS
—
A A y
\ 4 \ 4 ~Ir i
NUTS](— BRAGFLO]—-)[BRAGFLO__DBR] [SECOTPZD] [EPAUNl] [ PFLOTRAN ‘ EPAUNI \
y v

1
v \ r 2 A 2 y

[ CCDFGF ] [ CCDFGF ]






		PFLOTRAN Model Development for Salt
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Exceptional service in the national interest National
Laboratories
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Sandia National Laboratories

DEPARTMENT OF

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin
Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND2015-4545 PE






Salt Two-Phase Flow Properties T .

90 [ {1} Volconic Sond
= What are they? . | ,A | @) G s
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. | ‘o ? 0! _ sol- ¢ (4) Touchet Sitt Loom
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= Why do we need these data?

50—

What makes two-phase flow non-linear

Numerical models (PFLOTRAN, FEHM, L
TOUGH2) need simple constitutive models

Using “typical” oilfield data (i.e., sandstone) P. = capillary pressure

. « . ” . Pc = Pair — Porine
Salt is not “typical”, but little data k. = relative permeability

2






Cinar et al. 2006

Salt Two-Phase Flow Properties T .

A MRSM Brooks-Corey
Ji O CPDM 2-20

g 0.4 Brooks-Corey [ ] 2:; c[;).'llzf B
= Constitutive models require data %03 | Lo
5 o : A
[ pC VS. S é Ll L P~ 0.05 MPa
" k.vs.S £
g 017
. @] i o]
= Published cap pressure data N I
" crUShEd salt: ' " Bri{:;j: saturalio[:fSw h |

= Olivella, Castagna, Alonso & Lloret, 2011 (UP Catalunya) “Porosity
variations in saline media induced by temperature gradients”

= Cinar, Pusch & Reitenbach, 2006 (TU Clausthal ) “Petrophysical and
Capillary Properties of Compacted Salt”
= Intact halite/anhydrite:

= Howarth & Christian-Frear,1997 (SNL WIPP) “Porosity, single-phase
permeability, and capillary pressure data ... from Marker Bed 139 at
WIPP” (3 Volumes) SAND94-0472

= No relative permeability data for crushed or intact salt?
3






Salt Two-Phase Flow Properties ) .

= Test Plan for laboratory tests at SNL (April 2015)
= Test Plan SNL-FCT-TP-14-002: Experimental Investigation of Two-

Phase Flow in Rock Salt

= “Shakedown” salt reconsolidation tests conducted (May 2015)

200

-40

15000
Thermocouple_1, degC
Thermocouple_Isco_A, degC
LVDT, Volts
— Axial Pressure, psi, psi 12500
Pore Pressure, psi, psi
10000
pgr 7500
< 3 J--"
. 'y g ] 5000
un / 2500
1
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-7500
-10000
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Salt Two-Phase Flow Properties T .

= Laboratory data from Core Labs (Nov 2014-May 2015)
= Completed Tests:

MERCURY INJECTION
H Chart Area 0.001
= Mercury porosimetry data
= Gas permeability tests
= Air-entry pressure data 10000
htl ]
= Planned Tests: ., _
= Relative permeability (brine or oil) \\““‘L £
‘= 1000 015
Core Labs Mercury Injection Results @ ®
3 - w
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Plans for Future i

= Finish laboratory tests at Core Labs under current contract
= Reconsolidated salt: k, for oil (isopar)/air system
= Intact salt: k, for brine/air system

= Conduct SNL lab tests according to test plan:
= Reconsolidation to range of final porosities (2% water + 90C)
= Hg porosimetry aftewards

= Two-phase flow tests (triaxial Hassler cell)

= Exploring other avenues for funding
= Alternative approaches for measuring permeability

s NEUni v Part hi ith-BwalvaMal
= SNL Laboratory-Directed R&D — with Yifeng Wang
— Electrokinetic theory & methods for ultra-low permeability rocks
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