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Experiment Objectives

Validate parameters and processes used In
numerical simulations of heat-generating nuclear

waste (HGNW), focusing on Run-of-Mine (RoM)
backfill

Understand key coupled Thermal/Hydrological/
Chemical processes in RoM salt that may be
present in a HGNW repository in bedded salt

Support the planning and design of thermal tests
at intermediate and field scales
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Test Plan, September 2014
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Experiment Setup

2 ft x 2 ft x 2 ft acrylic tank
Uniform grain size NaCl, ~2 mm
Water ponded at the bottom
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Methods

Bruel & Kjaer
photoacoustic multi-gas
monitor

Temperature, relative
humidity (RH) in airspace

Thermocouple bundles
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Experiment 0. Post-Heating Forensics

We dug back into the box after heating and made observations of
zones of reconsolidation; samples sent for porosity analysis

Tough rind Dry, unconsolidated cavity

Salt becomes
more consolidated}
with depth, closer
to the ponded
water

Heater
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Experiment 0: Post-Heating Moisture Profile

Samples taken every few cm along far edge (away from
heater):

O e
5
10
’g 15 o
20 o
=
4325 .
A 30 ..
35 °
40 °

45
O 1 2 3 4 5 6 7 8 9 10A1 12

Wt % Water

Sample locations

Sample from dry salt ~ saturated if n = 0.21 i -

around heater = 0.04 wt%, i -
oy g S O 002 Siide 8
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Experiment 1

Heater start date: 4/23/15, 9:43 a.m.
Initially heated at 160°C; raised to 200°C after ~2.5 hr; raised to

260°C after ~7.5 hr 50 Bundle 2
Steady-state temperature 45 A —+—Bundle 1
profile: 40 \\

B\E\ Bundle 3
= Heater

=== \Nater Level

Height above bottom (cm)
P o) W L
o LN o Wy}
o
—

Inches from e ™ | | |
heater
Bundle 2 1 15 1T ’T’-"/ ------------------------------------ |
Bundle 1 3.25 10 / /
Bundle 3 6.5 Lt Lo

o

0 50 100 150 200 250
Temperature (°C) B
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Experiment 1

Cool, Pre-Test During Heating Cool, Post-Test
Air in Airout Airin Airout  Airin Air out

A » » » » g

L) (L

Heater

Brine N\
Tracer injection

R = Retardation factor due to
Henry's Law, R = 1+ 6H,,/6,
Model: 3-D @ = volumetric water content

SR : . 6, = volumetric air content
Advection-Dispersion Equation: Hgim = Dimensionless Henry's Law coeff.,

Hgim = CL/Cq
— DEHFECG — W a&, C = Tracer concentration
oz w = z-component of velocity (z vertical)
Degr = TereDo D, = Free-air diffusion coeff.
7.z — Effective tortuosity
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Chloroform Tracer: Pre- and Post (Cool)

C/C.... and BG subtracted

1.0

A Pre-test4/22/15
4 Post-test 5/11/15

——Chloroform cool t=0.5, w =0

c»"Icl'l'l ax

——Chloroform cool 1=0.26, w =0

Analytical solution to 3-D advection-dispersion equation:
C= R (x +y’ +(z-wt/R)? ) D.t =7 Dy

80, 7 Zt/JDT

150 200 250 300 350 400 450

Time (minutes)

Between the pre- and post-heating tracer runs, analytical fits to the
breakthrough curves suggest that 1+ decreases significantly from ~0.5 to
~0.26. The post-test “cool” case is not well-approximated by the analytical _

~ solution. e
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Chloroform: Cool & Hot

C,’ ax aNd BG subtracted

1.0 - '& ‘f‘w
PR ady A A
w \ A 4/22/15
0.8 - A 4/27/15
&
S 06 - 4 5/07/15
< 4 5/11/15
0.4 A A ——Chloroform cool t=0.5, w= 0
" ——Chloroform hott=0.72, w = 0.0025
0.2 ——Chloroform hott=0.54, w=0.0033
- A ——Chloroform hott=0.3, w=0.0025
'y , A ——Chloroform cool t=0.26, w =0
0.0 A7 |‘ T T T T T T T 1
0 50 100 150 200 250 300 350 400 450

Time (minutes)

Analysis: 1.4 decreases monotonically for the hot runs with time.
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Sk, Cool & Hot

C/C. .. and BG subtracted

max
1.0

® SF6 Hot 5/07/15

0.8 SF6 Cool 5/11/15

——SF6 hot t=0.31, w = 0.0027
0.6 SF6 cool 1=0.3, w =0
/ SF6 cool 1=0.27, w = 0.002

0.0 = T T T T T T T ]

0 50 100 150 200 250 300 350 400

cfcl'l‘lﬁl

0.2

Time (minutes)

Analysis: The “hot” run is well-fit by an analytical solution involving a z-component of velocity, w
= 0.0027 cm/s, and a 1.4 = 0.31. The post-test “cool” case is not well-approximated by w = 0 (no
advection), but a better fit can be found with w = 0.002 cm/s. The t4 of both late-time runs is
comparable to the chloroform case (the increasing slope of the breakthrough curve is well-
matched by the same ).
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Both Tracers: Cool & Hot

C/C__. and BG subtracted

max

1.0

® SF6 Hot 5/07/15
4 Chloroform Hot 5/07/15
SF6 Cool 5/11/15
4 Chloroform Cool 5/11/15
SF6 hot1=0.31, w=0.0027
= Chloroform hott=0.3, w = 0.0025
SF6cool=0.3,w=10

C}ICITIBK

== Chloroform cool t==0.26, w=0

Testing the effect of D, alone:
=== Chloroform hott=0.31, w=0.0027

T T T T T | === Chloroform coolt=0.3, w=10
150 200 250 300 350 400

Time (minutes)

Analysis: Note that the SF; and chloroform curves are more similar at hotter temperatures,

when the tracer more strongly partitions into the gas phase. Chloroform (cool) has the most
divergent 14 required to fit the data. SF4 has the greater diffusion coefficient (dashed lines show
effect of changing D_; only). _—
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Diffusion Coefficients
Dependence on temperature:

1.7E-01
1.6E-01
1.5E-01 —5F6

1.4E-01 —Chloroform
— 1.3E-01

=
£ 1.2E-01
S
=1.1E-01
(i

1.0E-01

9.0E-02

8.0E-02

SE 0 20 40 60 80 100 120 Chloroform
6

Temperature (°C) Watts, 1970

Marrero and Mason, 1972
[5] G = DT

In (pZ)=InA+sIh T—(S/T). (4.3-2)

Assumed ideal

10°A S | T Range - Second  Temperature Number
§ component range (°K) of data Dy, v
System atm-cm? ‘
(K K K CCl, 298348 72 2,996 %106 1.7
_ . CHCI, 298-328 62 5.830x10-° 1.694
_ cairSFe_ | 1.83 | 1576 | 12111 328-10* 2Cl = : :
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Chloroform Henry’s Law Data

Chloroform
0.4 Henry's Law Constant Henr_y§ law
0.35 coefficient
<03 (mol/kg bar)
20.25 25°C 0.285
% 0.2 50°C 0.091
%0.15 75°C 0.034
~Z 0.1 Temp. const
0 . 20 0 i 100 4395 3x smaller = 3x
more strongly
Temperature (°C) NIST Webbook

partitioned into gas

phase
Henry's Law constant (water solution)

k (T) = K°_ exp(d(In(k ))/d(L/T) ((1'T) - 1/(298.15 K))

kGH = Henry's law constant for solubility in water at 298 15 K (mol'kg*bar)

(0] —_—
SFB kH (25 C) - In(k))/d(1/T) = Temperature dependence constant (K)

0.00024 mol/kg
bar ky = Cag/P
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Chloroform: Absolute Concentrations

30

A 4-22-15 Data

A 4-27-15 Data

4 4-30-15 Data

—4-22-15 Cold t=0.56 w=0
C0=2.1e6

—4-27-15 Hot 1=0.65 w=0.0035
C0=4.1e6

—4-30-15 Hot t=0.56 w=0.0034
C0=4.2e6

0 100 200 300 400 500
Time (minutes)

Analysis: These experiments had ~equal concentration of chloroform
injected. Note that ~2x C, Is required to match the cool case to the hot
cases. p—
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Parameters Determined by Optimization

Tracer Date w (cm/s) C, (ppmv) R?coeff. D, Notes

Chloroform |4/22/2015 0.56 0 2,110,000f 0.9981|Cold

Chloroform [4/27/2015 0.63 0.0035| 3,950,000 0.9940Hot 1.9)x recovery

Chloroform |4/30/2015 0.56 0.0034| 4,180,000, 0.9962/Hot

Chloroform 5/7/2015 0.32 0.0022[ 2,200,000, 0.9989Hot

SF,. 5/7/2015 0.36 0.0027| 11,700,000, 0.9992|Hot 5.3/SF/Ch. C,

Chloroform |5/11/2015 0.29 0.0001 768,947 0.9913|Cold

SF. 5/11/2015 0.25 0.0020, 3,990,000f 0.9992/Cold 5.2SF./Ch. C,
Force w

Chloroform |5/11/2015 0.27 0 767,000 0.9899(Cold =0

SF. 5/11/2015 0.30 0 15,300,000f 0.9740(Cold

Generalized Reduced Gradient (GRG) solver to minimize Y™, (Y; — f;)*

Where Yi s are data and

Fechner-Levy and
Hemond, 1999

D, =74 D,

f=C=

t/R
897r/t/\/D73 (x+y+(zw ))
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