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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
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SSSPT

CONFIGURATIONS

TABLE 1. TEST SERIES CURRENTLY PLANNED FOR SSSPT
Test Seal Seal Emplacement Emplacement
Series Material Orientation Date Measurements®
A Sah-Based Vertical 7/85 Seal Pressure;
Concrete Displacement and
Temperature; Gas
and Brine Flow
B Sah-Based Horizontal 2/86 Seal Pressure;
Concrete Gas and Brine
Flow
[ Salt and 50/50% Horizonal 9/86 Seal Pressure;
Phase 1 Salt/Bentonite Brine Flow
Block
Cc Bentonite Horizontal 12/90 Seal Pressure,
Phase 2 Block Brine flow
D Salt Block Vertical 1/88 Seal Pressure;
Phase 1 Hole Closure;
Floor Heave; Gas
Flow
D Bentonite Block Vertical 9/89 Seal Pressure,
Phase 2 (short-term) Brine Flow

" Note: Instruments include strain gages, stress meters, thermocouples, pressure cells, borehole
displacement gages, Multiple Point Borehole Extensometers (MPBX), and the Four Packer

Fracture Flow Tool (FPFFT) for fluid flow measurements
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SSSPT HIGHLIGHTS, 1/2

= SSSPT Tests provide confidence to Performance
Asessment in the form of zx sitv data on permeability and
mechanical performance

Table Ill. Summary of SSSPT Seal System FPermeabilities

30%/50%
Concrete Concrete Salt/bentonite 100% Bentonite
Test Fluid | permeability (m?) Permeability (m?) Permeability (m?) | Permeability (m?)
Test Period (1985-1987) (1993-1995) (1986-1990) (1988-1995)
Gas 10017 - 10720 10019~ 108 - see Figure 3
Brine ~10°19 10719 _ 1022 ~ 1016 ~10°19

From Knowles and
Howard 1995



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 1s a critical property
By the late 807, 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



SALADO MASS CONCRETE

* Incorporates the lessons
from WES Grout Studies

° Dry batched at the surtface,
mixed underground

* As with previous
grout/concrete studies, lab
and tield tests worked
iteratively to meet targets

for material properties From Wakeley, Harrington, and Hansen 1995



DESIGN BASES, 1/2
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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



CEMENTITIOUS SEALS TEST 2/2

* Relevant Tests in Domal Salt

= Lab-scale Tests for DOPAS (Czaikowski et al.
20106)

= ERAM Test Seal - salt concrete
= Asse tests - Sorel cement and salt concrete

* Create a.seal test at WIPP thh th_e concept (_)f . ~ |
a ]]:)otentlal HIW Salt Repository in mm(_i with From Czaikowski
relevance to some generic, bedded salt site et al. 2016
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BATS BOREHOLE LLAYOUT, SI. = SEAL BOREHOLE

BOREHOLE HEATER TEST CONFIGURATION (FINAL 02/18/2019) j

T = Temp Only Holes
AE = A ic Emissi

ccccccccccccccc LEn T80
SL = Seal
D = D20 + Tracer Source
E = ERT Electrodes

F = Fiber Optic (T and/or Strain) e
SM = Sampling
HP = Heater and Packer .
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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 77
situ, as done 1n SSSPT

12



INTERNATIONAIL COLLABORATIONS
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RANGERS

o Compﬂation of existing knowledge and -
J : Yed TEC
eXperlenC.e for the dCSl n ‘and . PROJECT PROPOSAL e

construction of geotechnical barriers e

and compilation of new concepts and e
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 geotechnical barrier 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.

14



KOMPASS

* Crushed salt behavior from long-
term safety analysis perspective —
why it has become so important;

GRS

* Representative pre-compacted
samples — possibilities, methods,
new techniques; ItG & TUC,

* Micro-structure investigations —

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

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

15



(QUESTIONS?




REFERENCES

Buck, A. D. and K. Mather. Grout Formulations for Nuclear Waste Isolation Pilot Plant. Miscellaneous Paper SL-82-6, US Army Engineer Waterways Experiment Station, Vicksburg, MS, 1982.
Christensen, C. L. Test Plan Bell Canyon Test WIPP Experimental Program Borehole Plugging. SAND79-0739, Sandia National Laboratories, Albuquerque, NM, 1979.
Christiansen, C. L. and E. W. Peterson. Field-test Programs of Borehole Plugs in Southeastern New Mexico. (DOE/TIC--4621-Voll). Breslin, J.J. (Ed.). United States, 1981.

Czaikowski, O. and K. Wieczorek. Final technical report on ELSA related testing on mechanical-hydrantical behavionr - 1.ASA. Full scale demonstration of plugs and seals (DOPAS) Deliverable D3.31. GRS-A-
3851. February, 29, 2016. https://www.grs.de/sites/default/files/pdf/grs-432.pdf

Dole, L., C. Mattus, M. Fayek, L. M. Anovitz, J. J. Ferrada, D. J. Wesolowski, D. Olander, D. A. Palmer, L. R. Riciputi, L. Delmau, S. Ermichev, V. 1. Shapovalov. Cost-Effective Cementitious Material
Compatible with Yucca Mountain Repository Geochemistry. ORNL/TM-2004/296, December, 2004.

Finley, R. E. and J. R. Tillerson. WIPP Small Scale Seal Performance Tests - Status and Impacts. SAND91-2247, Sandia National Laboratories, Albuquerque, NM, 1991.

Gulick, C. W. Borehole Plugging Program - Plugging of the ERDA No. 10 Drill Hole, SAND79-0789, Sandia National Laboratories, Albuquerque, NM, 1979.

Hansen, F.D. and M. K. Knowles. Design and Analysis of a Shaft Seal System for the Waste Isolation Pilot Plant, SANID99-0904], Sandia National Laboratories, Albuquerque, NM, 1999.

Knowles, M. K. and C. L. Howard. Field and Laboratory Testing of Seal Materials Proposed for the Waste Isolation Pilot Plant. SAND95-2082 C, Sandia National Laboratories, Albuquerque, NM, 1995.

Kuhlman, K.L., M.M. Mills & E.N. Matteo, 2017. Consensus on Intermediate Scale Salt Field Test Design, SEWD-SFWST-2017-000099, SAND2017-3179R. Albuquerque, NM: Sandia National Laboratories.

Mattus, L. R. and C. H. Mattus. Low pH Concrete for Use in the US High-Level Waste Repository:

Stormont, J. C., Small-Scale Seal Performance Test Series "A" Thermal/Structural Data through the 180th Day, SAND87-0178, Sandia National Laboratories, Albuquerque, NM, 1987.

Wakeley, L. D. Grouts and Concretes for the Waste Isolation Pilot Project (WIPP). Mat. Res. Soc. Symp. Proc. Vol. 176, 1990.

Wakeley, L. D., P. T. Hatrington, F. D. Hansen. Variability in Properties of Salado Mass Concrete. SAND94-1495, Sandia National Laboratories, Albuquerque, NM, 1994.

17



