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OVERVIEW

Background of US Seal Tests in Salt
• Small Scale Seal Performance Tests at WIPP

• Challenges facing cementitious seals in salt

Description of Seal Tests in BATS

RANGERS and KOMPASS Collaborations with
Germany



SMALL-SCALE SEAL PERFORMANCE
Tr'sTs (SSSPT)

WIPP Experimental Area - Rooms L, M

Vertical and horizontal boreholes

Expansive Salt Concrete (ESC), Salt blocks,
salt/bentonite blocks and backfill, ultrafine
grout (F series)

From Stormont

1987

Experimental Areas

11

1
L4 U L211

Air Intake
Shaft

Core Library

Waste Handling

Shaft. Formerly the
Ventilation Shaft

A. 18W/m2 Mockup

A1. Waste Package Performance,
Simulated DHLW (WPP)

A, B. Moisture Release Experiment (MRE)

B. DHLW Overlest

C. Intermediate Scale Borehole Test
C, L. 7. 8 Core Library. Far•Field Permeability Tests

D. Mining Development

D, Q, L. M, 7. Geophysics

G. Geomechanical Evaluation

H. Heated Axisymrnetric Pillar

J. Simulated CH TRU Tests (Wet) and
Matenals Interface Interactions Test (MIIT)

L, M. Srnall Scale Seal Perlormance Testa (SSSPT)

L4, D, M, 0 Access. Small Scale Brine Inflow (SSBI)

M. Disturbed Rock Zone (DRZ)

O. Large Scale Brine Inflow Test

T. Simulated CH and RH Tests

V. Air Intake Shaft Performance Tests

V. Colurnn Expenments

0 Hydreulic Fractunng Tests

Construction and
Salt Handling Shaft,

Formerly the
Exploratory Shaft

S3650

Panel 'I

A, B

Serie

South Dnft

Note: Not to Salie
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SSSPT
CONFIGURATIONS

TABLE 1. TEST SERIES CURRENTLY PLANNED FOR SSSPT

Tesl
Series

Seal
Malenal

Seal Emplacement
Onentation

Emplacement
Date Measurements'

A Sall-Based
Concrete

Vertical 7,85 Seal Pressure,
Displacement and
Temperature. Gas
and Bnne Flow

B Salt•Based
Concrete

Horizontal 2,86 Seal Pressure,
Gas and Bnne
Flow

C
Phase 1

Salt and 50/60%
Sall/Bentonite

Block

Horizontal 9,86 Seal Pressure.
Brine Flow

C
Phase 2

Bentonite
Block

Horizonial 12'90 Seal Pressure.
Brme flow

D
Phase 1

Salt Block Vertical I ,'88 Seal Pressure,
Hole Closure,
Floor Heave, Gas
Flow

D
Phase 2

Bentonite Block
(shoMterm)

Vertical 9:89 Seal Pressure.
Brine Flow

Note instruments include strain gages. stress meters. thermocouples. pressure cells, borehole
displacemenl gages. Multiple Poinl Borehole Extensometers (MPBXT and the Four Packer
Fracture Flow Tool (FPFFT)101 fluid how measurements

SSSPT-A

Emplacement —
Hole

Enparsive
Salt-eased -

Concrete Beal

Crushad Sea
Backfill

Amass Hole

lor Flew
Measurement;

SSSPT-B (Plan View)
Ersplacernent Elparnive

Hole Sall Based
Corerete So i

Crushed Salt
Bacrklirl

Access Hole
for Flow

Measurements

SSSPT-C Phase (Plan View) SSSPT-G Phase 2 (Plan View)

111

1151s:Hole

rmenLs

Emplacement
Hole

50% Balt,Bentonile
Blink Core

SSSPT-D Phase 1

Ernplacement
Hole

Precompacted
Salt Block Seal

From Finley et al.

1992

Salt Blocks

Access Hole
lc, Flow

Measure-1)0MS

Emplacemeni
Hole

Access HoN
lor Flow

MeasuremerAs

100% Precompac led
Bentonite Blocks

SSSPT-D Phase 2

Emplacement
Hole

100%
Sall Blocks

SO/50
SalfiBentonote

100% Bentonite

Sall Blocks

ACcesS HOle
tor Flow

Measu,ernems

TB1-6545.2C5•0
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SSSPT HIGHLIGHTS, 1 / 2

• SSSPT Tests provide confidence to Performance
Asessment in the form of in situ data on permeability and
mechanical performance

rable Ill_ Summary (=lir ssspr Sea! System Permeabiklies

1
1

I Test Fluid !
Concrete

Permeability (m2)

Concrete

Permeability (m2)

' SO%/50%
Salt/bentonite

Permeability (m2)

NO% Bentonite

Permeability (m2)

Test Period (1985-1987) 0993-1995) (1986-1990) (1988-1995)

Gas i 0-17._ 10-20 109- 10-23 see Figure 3

Brine -10-19 10-19- 10-22 - 1046 -109

From Knowles and

Howard 1995
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SSSPT HIGHLIGHTS, 2/2

• Expansive Salt Concrete Seals

—
• Exhibited sub-microdarcy permeability for both gas and brine (9 seals tested)

——— • Flow path decreased within a year of emplacement (tracer test)——— • Emplaced using commercial equipment——— • AND optimized for key operational attributes including:———. • slump, limited bleed, segregation, limited air entrainment, self-leveling——— behavior, and workability——— • BUT..., in the late 80's the expansive agent became commercially unavailable——— (enter Salado Mass Concrete, next slide)——— • Lessons learned with respect to cement formulations (from Wakeley 1987)———— • Simpler is better ... for prediction, batching, sourcing, etc.——
• Working time is a critical property—
• By the late 80's, it became evident that concrete (not grout) would play a central——— role at WIPP as components in the sealing system for bulkheads and drift, panel,——— and shaft seals - as opposed to the primary seal——— • Lifetime requirements on the order of 100 years instead of 10,000 years
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SALADO MASS CONCRETE

Incorporates the lessons
from WES Grout Studies

Dry batched at the surface,
mixed underground

As with previous
grout/concrete studies, lab
and field tests worked
iteratively to meet targets
for material properties From Wakeley, Harrington, and Hansen 1995
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DESIGN BASES, 1 / 2
Depth

—

—

E Seal performance standards
E (WIPP)

• Concrete/grouts:
• Have been proven/tested in the
WIPP underground

• Provide design redundancy as one
element in a suite of seal materials in
the overall seal design (salt, clay,
asphalt)

E WIPP vs. DHLW
• Increased radiologic source term
• Thermal effects - cracking of seal

materials

• Chemical evolution in shaft and drift
seals
• Low pH cement?

Near-surface Units
17 ni  

162 m

2sii

Dewey Lake
Redbeds

Rustler
Formation

Salado
Formation

Sea lingily,=rmaciaipar2trAl

1 Earthen fill

2 Concrete plug

3 Earthen fill

.3 Rustler compacted column

Concrete plug

6 Asphalt column

7 Upper concrete-asphalt viaterstop

3t Upper Salado compacted clac column

9 Middlc concreic-asphalt lsaierstop

10 Compacted salt column

I I Losscr concretc-asphalt ssaterstop

12 l_osser Salado compacted cla3 column

11 Shaft station monolith

FROM HANSEN AND

KNOWLES 1999

TR .43.:1 3X.
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CEMENTITIOUS SEALS TEST 1 / 2

Key issues for Cementitious Seal Performance Evaluation
• Autogenous shrinkage of seal (during setting)

• Gap formation at cement/salt interface

• Crack formation in cement plug

• Heat output of mass concretes
• Crack formation in cement plug

• Material selection (i.e., Sorel cement, salt concrete, low pH?)
• Effects of salt host closure on the seal

Why do a field-scale test of seals in bedded salt
• Most recent field tests have been in domal salt (saltcrete, Sorel)
• Bedded salt tests at WIPP - Small Scale Seal Performance Tests

Series A, B, C
• Used a very specific formulation of "Expansive Salt Concrete"

• Key ingredients are unavailable and potential difficult to reproduce
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CEMENTITIOUS SEALS TEST 2/ 2
Relevant Tests in Domal Salt
• Lab-scale Tests for DOPAS (Czaikowski et al.

2016)
• ERAM Test Seal - salt concrete
• Asse tests - Sorel cement and salt concrete

Create a seal test at WIPP with the concept of
a potential HLW Salt Repository in mind with
relevance to some generic, bedded salt site
• Measure borehole closure and permeability of the

seal

PRESSURE AND
FLOW METERS

00

ACCESS HOLE

INJECTION STRADDLE
PACKER SYSTEM

TRACER OETECTION

RECEIVING PACKER [OPTIONAL]

INTERVAL A

$EAL

INTERVAL B

iM EONE CAUES.
INSTRUMENTATION
IS CH.-ACRE IN SEAL
AND ADJACENT POCK

From Czaikowski

et al. 2016
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BATS BORF,HOLIH, LAYOUT, SL - SEAL BOREHOLE

7V

BOREHOLE HEATER TEST CONFIGURATION (FINAL 02/18/2019)
T = Temp Only Holes
AE = Acoustic Emissions
SL = Seal
D = D20 + Tracer Source
E = ERT Electrodes
F = Fiber Optic (T and/or Strain)
SM = Sampling
HP = Heater and Packer

ow* -

r
Istie 11,
imi.th A.***

ior ,Arys
4site 
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PRELIMINARY SEAL TEST IN BATS

Seal materials to test
• Salt concrete

• Sorel cement

• OPC?

Embedded strain gauges

Thermocouples

Post-test overcore and
characterization

Ultimately, would also eant to
measure seal permeability in
situ, as done in SSSPT

PRESSURE AND
FLOW METERS

00

ACCESS HOLE -

INJECTION STRADDLE
PACKER SYSTEM

TRACER DETECTION

RECEIVING PACKER (OPTIONAL)

INTERVAL A

- SEAL

INTERVAL B

III SOME CASES.
INSTRUMENTATION
IS EMPLACED Ili SEAL
AND ADJACENT OCK
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RAN GERS

Compilation of existing knowledge and
experience for the design and
construction of geotechnical barriers
and compilation of new concepts and
technologies on the subject of
geotechnical barriers.

Development of a guideline based on
the state of the art in science and
technology for the design and
verification of geotechnical barriers.

Preliminary design and verification of
the geotechnicaliparrier system for
selected repository systems based on the
developed guideline.

Comparison of design results according
to the new guideline with results of
previous design and assessment.

El TEC

PROJECT PROPOSAL

Design and Integrity Guideline for Engineered
Barrier Systems for a HLW Repository in Salt
RANGERS

Acronym: RANGERS
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KOMPASS

Crushed salt behavior from long-
term safety analysis perspective —
wl-jy 
GRS

it has become so important;

Representative pre-compacted
samples — possilioilities, methods,
new techniques; IfG & TUC,

Micro-structure investigations
key element to show long-term
behavior; BGR & SNL (Melissa
Mills)

Realistic modelling — enericg 
and/or specific; BGE-TEC, BGR,
GRS, IfG, TUC, SNL
(Reedlunn/Bean -Callahan
Model)
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QUESTIONS?
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