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Historic Hot Salt Testing

= Early liguid waste tests in salt (late ‘50s)

= Project Salt Vault demonstration (early-mid ‘60s)
= Avery Island, Louisiana (late ‘70s- early ‘80s)

= Pre-WIPP SNL laboratory testing (late '70s)

= WIPP in situ tests (mid-late ‘80s)

= Asse in situ tests (‘80s and ‘90s)

= Only Highlights: many smaller tests not discussed here
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Early ’50s Testing

= NAS panel recommended
direct disposal of liquid
reprocessing waste in salt
cavities (Hess et al., 1957).

= U Texas Austin performed
early lab testing
= Creep (up to 410°C)
= Cavity closure

= Salt permeability to He, brine,
and kerosene

= Grand Saline Mine (Dallas, TX)

= ORNL performed early liquid
waste field tests
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ORNL Project Salt Vault h s,

= Carey salt mine (Lyons, KS) for AEC solid waste demonstration

= Hot borehole (July '62) s
= Two 5-kW heaters :
= saltto>350°C
= Decrepitation!

= 3vertical-borehole
heater tests (‘65 —'67)
= 7 boreholes (10.5 kW)
= radioactive sources
= brine migration :
= salt to >200° C
= Heated Pillar (66 -'67)

= 33 kW (22 heaters) Bradshaw & McClain (1971)
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Avery Island, LA (1) ) 5,

S e
= OWI/ONWI-led heated salt test & ’

(78 —’83) —site C
= 4-kW central heater E
= Eight guard heaters (5.6 kW total) %

= Crushed salt backfill & 305
= Operated 5 years %

~5.49

Waldman & Stickney (1984)
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Avery Island, LA (2) ) 5,
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= Tracer test (Deuterium)

= Tracer moved up & down
thermal gradient
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HBH SALT B2 SALT

Heater

I
15k :/_ Borehole Wall
|

@ Indicates Sample Number
Shown in Figure 34

BACKGROUND
LEVEL

D,0 CONCENTRATION (PPM/Gram of Salt)

RADIAL DISTANCE FROM HEATER CENTERLINE (mm) 6




Lab Test (1): Salt Block Il (‘78 —’79) (.

= 1m X 1msaltcylinder (1700 kg)
= Axially heated in steps to 200°C
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Lab Test (2): Salt Cracker (‘80) T .

o
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Two 1.6-kg salt cylinders | (Hohifelder et al, 1981)
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Waste Isolation Pilot Plant*

= Thermal/Structural Interactions Tests (TSI)
= Rooms A1-A3 (18 W/m? DHLW mockup)
= Room B (DHLW “overtest”)
= Room H (Heated axisymmetric pillar)
= Room D (~Isothermal version of Room B)

= \Waste Package Performance Tests (WPP)
= Room T (Transuranic waste mockup)

= Room J (Transuranic waste “overtest”)
= DHLW materials tests piggybacked with TSI in Rooms A1/B
= Waste Package materials tests
= Borehole backfill materials tests
= Plugging and Sealing Program (PSP)

* Brine migration test piggybacked with TSI in Rooms A1/B
* Tyler et al. (1988)



WIPP (1): Rooms A/B ) 2.

= Room A2: “design” DHLW thermal load (470 W heaters)
= Room B: “overtest” conditions (1800 W heaters)

= 4 brine migration tests

= 18 Waste Package Performance tests (11 retrleved)
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WIPP (3): Room A2 ) .

| 4.75 years of data
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= Rooms A/B included thousands of measurement points:

= Temperature, differential creep, oriented stress (pressure), brine

inflow, room closure, heat flux, and heater power.
12
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Borehole B042

WIPP (4) Room Al/B Brine Inflow

Rate, g/day

Borehole A1042

Rate, g/day

200 300 400
Time, day

o 4
o
8

Room B: 130° C, 35 L brine/borehole
Room A1l:50° C, 4.5 L brine/borehole




WIPP (5): Room H (‘86 —’95) )=

OF—r—T"T"""TT7 7T T [ T T T T

Room H .
s Principal Station: 030 i
80 |- Station: 29.7 i€
H_712 — Thermocouple i

5
QA Level 3 Data iH:D

70 |- -
% PV e
560 |- r‘f :
2 /
]
[ 2]

-

i
[
40 r_—- ii‘; 1
[
]
on IMunsor|1 etal. (;1987) ]

.
0 200 400 600 800 _ 1000 1200
07/30/85 Tony 05211 Time Elapsed from Installation of Gage (days)




Asse || Mine (Germany) h

= Heated Brine Migration test (‘83 —’85)

= Waste Emplacement Demonstrations (BAMBUS | & II)

= Vertical Boreholes (DEBORA-1 and DEBORA-2)
" One-year heated tests (‘97 —’98)
= Crushed salt reconsolidation in boreholes
= |n-drift, backfilled with crushed salt (TSDE)
* Ten-year heated test (‘90 — ‘99)
= Six large heated canisters in two drifts
= Backfilled drifts with crushed salt
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Asse (1)

Brine Migration Test
Four heated sites

= Two with ®9Co sources

= Two sites pressurized

Measurements of:

= Room closure

= Temperature

= Brine inflow

= Borehole gas content
= Acoustic emissions

<200 mL brine inflow during -

tests per borehole

90% of brine collected
during cooling
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AS S e (2) "1 'L\Labtgﬂgféries
= DEBORA-1 (Feb’97 — Mar '98) DEBORA-1 DEBORA.2

= 9-kW heater in borehole - _ DRIFT FLOOR

: = 2?00 2 -
= Crushed salt compaction @ 185°C Hin *l Nl
- ReconSOIidated: 38% 9 9% \ X _.!L-;.Lﬁ‘ ‘l Heater Borehole-
= Permeability reduction: " L
5x10°12 > 7x104 m? L hir |
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’ ’ N sk | :
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DB .. injection Volume |
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Measured: corrosion, temperature, Bechthold et al. (1999)

pressure, borehole convergence, and salt

gas permeability in crushed salt. 17




Asse (3)
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= Thermal Simulation of Drift Emplacement (TSDE)

= Six POLLUX casks
= 1.5mXx55m
= 6.4-kW heater
= 65 tons

= Crushed salt backfill
= |nstrumented

= Temperature
= Closure

= QObservation bores
completed from
nearby drifts

= Extensive Post-
mortem tests*

19.60

: BAMBUS (Bechthold et al., 1999) ils
ASSE salt mine *BAMBUS Il (Bechthold et al., 2004)
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50+ years of testing!

Thank You

19




References ) e,

W. Bechthold, T. Rothfuchs, A. Poley, M. Ghoreychi, S. Heusermann, A. Gens, and S. Olivella. Backfilling and Sealing of Underground Repositories for
Radioactive Waste in Salt (BAMBUS Project). EUR 19124 EN, European Commission, 1999.

W. Bechthold, E. Smailos, S. Heusermann, W. Bollingerfehr, B. Bazargan-Sabet, T. Rothfuchs, P. Kamlot, J. Grupa, S. Olivella, and F.D. Hansen. Backfilling and
sealing of underground repositories for radioactive waste in salt (BAMBUS Il Project). EUR 20621 EN, European Commission, 2004.

R.L. Bradshaw and W.C. McClain. Project Salt Vault: A demonstration of the disposal of high activity solidified wastes in underground salt mines. ORNL-4555,
Oak Ridge National Laboratory, 1971.

H.H. Hess, J.N. Adkins, W.B. Heroy, W.E. Benson, M.K. Hubbert, J.C. Frye, R.J. Russell, and C.V. Theis. The disposal of radioactive waste on land, report of the
committee on waste disposal of the division of earth sciences. Publication 519, National Academy of Sciences - National Research Council, 1957.

J.J. Hohlfelder. Salt Block II: Description and results. SAND79-2226, Sandia National Laboratories, 1980.

J.J. Hohlfelder, A.G. Beattie, and H.C. Shefelbine. Water release and mechanical failure in heated geologic salt. SAND81-1488, Sandia National Laboratories,
1981.

W.B. Krause. Avery Island brine migration tests: Installation, operation, data collection, and analysis. ONWI-190(4), Office of Nuclear Waste Isolation, 1983.
S. J. Lambert. Mineralogical aspects of fluid migration in the Salt Block Il experiment. SAND79-2423, Sandia National Laboratories, 1980.
R.V. Matalucci. In Situ Testing at the Waste Isolation Pilot Plant. SAND87-2382, Sandia National Laboratories, 1987.

D.E. Munson, R.L. Jones, D.L. Hoag, J.R. Ball. Heated Axisymmetric Pillar Test (Room H): In Situ Data Report (February 1985 — April 1987) Waste Isolation
Pilot Plant (WIPP) Thermal/Structural Interactions Program. SAND87-2488, Sandia National Laboratories, 1987.

D.E. Munson, S.V. Petney, T.L. Christian-Frear, J.R. Ball, R.L. Jones, C.L. Northrop-Salazar. 18 W/m? Mockup for Defense High-Level Waste (Rooms A): In Situ
Data Report Vol. Il — Thermal Response Gages (February 1985 — June 1990). SAND90-2749, Sandia National Laboratories, 1992.

K.Z. Morgan. Health physics division annual progress report for period ending July 31, 1959. ORNL-2806, Oak Ridge National Laboratory, 1959.

E.J. Nowak and D.F. McTigue. Interim result of brine transport studies in the Waste Isolation Pilot Plant (WIPP). SAND87-0880, Sandia National Laboratories,
1987.

T.D. Reynolds and E.F. Gloyna. Reactor fuel waste disposal project: Permeability of rock salt and creep of underground salt cavities. TID-12383, Atomic
Energy Commission Division of Technical Information, 1960.

T. Rothfuchs, K. Wieczorek, H.K. Feddersen, G. Stupendahl, A.J. Coyle, H. Kalia, and J. Eckert. Brine migration test, Asse salt mine, Federal Republic of
Germany: Final report. GSF-Bericht 6/88, Office of Nuclear Waste Isolation and Gesellschaft fur Strahlen-und Umweltforschung Munchen, 1988.

S. Serata and E.F. Gloyna. Reactor Fuel Waste Disposal Project: Development of design principle for disposal of reactor fuel into underground salt cavities,
Sanitary Engineering Research Laboratory, Civil Engineering Department, University of Texas, 1959.

L.D. Tyler, R.V. Matalucci, M.A. Molecke, D.E. Munson, E.J. Nowak, and J.C. Stormont. Summary Report for the WIPP Technology Development Program for
Isolation of Radioactive Waste. SAND88-0844, Sandia National Laboratories, 1988.

H. Waldman and R.G. Stickney. Measured Data from the Avery Island Site C Heater Test. BMI/ONWI-529, Office of Nuclear Waste Isolation, 1984.

Westinghouse. Brine migration test for Asse Mine, Federal Republic of Germany: Final test plan. ONWI-242, Office of Nuclear Waste Isolation, 1987. 20
I ———————




