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Basalt is nearly in phase and of the same
amplitude as the atmosphere.

Well 1015

N | —

801 s Port label and slant depth, m
. — At O — D 1156
3 ---A 130 — E131.0

e ——B 574 —— F 1480

797 ‘ i C 107.0 —_‘ G 160.3 ‘ . .
235 236 237 238 239

JULIAN DAY OF 1996

9/9/2019 | 7



"« Los Alamos
NATIONAL LABORATORY
E5T.1943

Cerros del Rio Basalt

Rt it
P
v |

T,

. = ‘ :_;:"";

1
i | E o 3 \ 2 e =
P [

i o B . SNy - e \
b B | i - o s 1y ol TS
ki ¥ .- \ # "

, * 2017 Tracer test
| : In the
Cerros del Rio

Basalt

High permeability |

.l

Thinner interflow breccia
Rubble porosity 35%
High permeability

Los Alamos National Laboratory & A " SR =2h & | e A I 9/9/2019 | 8



Injection Borehole S

Los Alamos

NATIONAL LABORATORY
EST.1943

Tracer Experiment April 2

Sulfur Hexafluoride

injection into the
- 172 m

l|

]
=]
@
:___o [y
T .u
a.9 .
3 u 1Ze asalt
b 59
— = Y
499568 499629 499690 499751 499812 499873 499934 499995 o o e
| | e \ I | | i N P %l °,
° _olfle o
% b © a o #
\ %, 1 54-01015 Lo ollf o ° ]
@ . » o o o I — _— — _— —_— _— —_—
8 y 8 | |
g 4 3 3 g 3 ‘; ol o . I
(¢ A |
o © ol °H
’ i % 5" b © 2% I
- X \ | 54-2424 o 9 ol e T ——
@ Angled borehole A \ P %l ° o
o B, N\ o “ollf o
. 2005 investigation borehole % ‘\ L © o o o
@ 2007 investigation borehole 7 %/@\ §4-27641 3 Du ° o fl
N [ Disposal shaft (circular feature) = %, ) 5 K = o ol o OD !
8+ [I0] Regulated disposal shat (cirular feat ¢ % % 2 b © o
8 gulated disposal shaft (circular feature) o & 2 o 9 °
“ || [ Pitimpoundment s & P o°Il °o
|:| Regulated impoundment N o ° o |
b~ o] o 4
[ structure L 2olll 5 @
MDA L @ @
= 7 o ofll - %
/\/ Contour, 50m interval b a o
] o
/' Contour, 10m interval a5 o o o f
& Contour, 1m interval i - = o
§ 4 "\ Landscape feature g
1] /"< Unpaved road | ©
/" Paved parking
#N Paved road
New Mesico St Plane Coardinste System Cenial Zone (102) 54-24243 ]
North American Datum, 1983 (NAD 83) \\
US Survey Meters
rvey Met & BH-E
GiS: Dave Frank £ 54-24238 e @
Revised-Anita Lavadie-Buines o o
Dote: Z8arch 2011 S PR
8 || Revon 02 2 o o o
H Reveed: ZiNov2018 & o0
% Vop Nurber 1.0037.08 fure, 25-15_ALBedit 2, a g a © 0?
o
DISCLAMER: This map was crecicd for work processes assogaled with o @ o
the MDAL. All other uses shoud be confrmed with LANL staff = o o a o ° b
N 2030 @“- F %6 %0
{}.— & " F0®4s° 0
o 2 0 o P~ 009
Meters o Q
T T I ol < ﬁ‘k\\ ] 1 ——
499568 499629 499690 499751 499812 499873 499934 499995

Los Alamos National Laborato




Tracer Experiment April 2017
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Innova 1412i Photoacoustic Gas Monitor, installed in the field at MDA L, April 2017.
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Presenter
Presentation Notes
Starting on 5 April 2017, a 1‐L bag (5‐g aliquot) of gas tracer SF6 was injected into borehole 54‐24399 at a depth of 173mthrough the injection/return flow tubing of the packer system (Figures S4 and S5). The tracer was subsequently monitored as it spread into the subsurface. Flow of about 2 L per minute to the packer outlet was continued for 10 min to ensure that the entire volume of tracer was flushed through the downhole tubing (approximate volume 2 L). After injection and flushing of the tubing to 173 m bgs, the pump was reversed and sampling was initiated with the INNOVA from 173 m bgs. INNOVA data were recorded approximately every 57 s.



Tracer Experiment April 2017 — Tracer Data

Ty
« Los Alamos

NATIONAL LABORATORY

Tracer initially spikes, disappears, then returns, drops then increases.

SF 4 (umol/mol)

0.5 |

o o o
(N w NEN
1 | I ] T 1 1 I 1 1 L] ] I T | 1

o
N
T

o

00f ®

1000

o SFg 10 min running avg

—
=

SFg (umol/mol)

o
-

100 |

E
E
E

E

e SFg 10 min running avg

Apr 05

Apr 07

Apr 09

Apr 11

Apr 13

Apr 15

Apr 17

Behavior was predicted by pre-test simulations

Los Alamos National Laboratory

9/9/2019 | 14


Presenter
Presentation Notes
Starting on 5 April 2017, a 1‐L bag (5‐g aliquot) of gas tracer SF6 was injected into borehole 54‐24399 at a depth of 173mthrough the injection/return flow tubing of the packer system (Figures S4 and S5). The tracer was subsequently monitored as it spread into the subsurface. Flow of about 2 L per minute to the packer outlet was continued for 10 min to ensure that the entire volume of tracer was flushed through the downhole tubing (approximate volume 2 L). After injection and flushing of the tubing to 173 m bgs, the pump was reversed and sampling was initiated with the INNOVA from 173 m bgs. INNOVA data were recorded approximately every 57 s.
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Numerical Model of the Tracer Test “7Los Alamos
Finite Element Heat and Mass Transfer Code i, TR

3-D long narrow slice of basalt t Injection/Sample Port @} Rubble
Z o
8 m vertical x 20 m wide % 8m
x 2500 m long E
0.07 m radius borehole n Rubble
1 m spacing within 100 m of the 20m

borehole

Atmosphere f

2500 m

Los Alamos National Laboratory . 9/9/2019 | 16


Presenter
Presentation Notes
The mesh includes a high‐resolution borehole with a central
radius of 0.07 m. The borehole runs the entire 8‐m vertical length of the
domain, with the upper 3.5mof the borehole set to impermeable and nondiffusive,
representing a cased/cemented interval. Porosity in the open
section of the borehole is set to 0.999, while permeability in this section
is fixed at 10−4 m2 based on downhole pressure loss matching.
The third dimension of the mesh extends from 0 to 2,500 m, with borehole
54‐24399 located at 1,100 m (Figure S11). The 2,500‐m mesh allows the
boundaries to be adjusted such that the measured atmospheric forcing
can be moved to the point at which the measured pressure response
beneath the packer is recreated in the simulations. Mesh spacing is 1 m
in all directions within 100 m on either side of the borehole.



Simulation Spin-up to atmospheric pressure “/Los Alamos
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Presenter
Presentation Notes
Measured atmospheric pressure, March 5 – April 17 at TA-54, simulated atmospheric pressure boundary, and measured downhole pressure beneath the packer in borehole 54-24399 at 173 m bgs. 
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Basalt permeability on order of 1000 darcies
Basalt porosity 35% rubble 0.4% massive fractured (4 mm fracture per m)

Lateral boundary for pressure drive at 1000 m from the sampling port
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Presenter
Presentation Notes
The mesh includes a high‐resolution borehole with a central
radius of 0.07 m. The borehole runs the entire 8‐m vertical length of the
domain, with the upper 3.5mof the borehole set to impermeable and nondiffusive,
representing a cased/cemented interval. Porosity in the open
section of the borehole is set to 0.999, while permeability in this section
is fixed at 10−4 m2 based on downhole pressure loss matching.
The third dimension of the mesh extends from 0 to 2,500 m, with borehole
54‐24399 located at 1,100 m (Figure S11). The 2,500‐m mesh allows the
boundaries to be adjusted such that the measured atmospheric forcing
can be moved to the point at which the measured pressure response
beneath the packer is recreated in the simulations. Mesh spacing is 1 m
in all directions within 100 m on either side of the borehole.
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Presenter
Presentation Notes
The mesh includes a high‐resolution borehole with a central
radius of 0.07 m. The borehole runs the entire 8‐m vertical length of the
domain, with the upper 3.5mof the borehole set to impermeable and nondiffusive,
representing a cased/cemented interval. Porosity in the open
section of the borehole is set to 0.999, while permeability in this section
is fixed at 10−4 m2 based on downhole pressure loss matching.
The third dimension of the mesh extends from 0 to 2,500 m, with borehole
54‐24399 located at 1,100 m (Figure S11). The 2,500‐m mesh allows the
boundaries to be adjusted such that the measured atmospheric forcing
can be moved to the point at which the measured pressure response
beneath the packer is recreated in the simulations. Mesh spacing is 1 m
in all directions within 100 m on either side of the borehole.



Implications — Contaminant Plume Migration

Atmospheric pressure drops will pull the plume into the basalt
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Presenter
Presentation Notes
Results from the tracer test and simulations suggest that barometric pumping induces 10x to 100x more mixing in the basalt than standard diffusive theory would predict. Further, within the basalt fractures, estimates of average linear velocity reach maximums of nearly 1000 m/day.    
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Presenter
Presentation Notes
Results from the tracer test and simulations suggest that barometric pumping induces 10x to 100x more mixing in the basalt than standard diffusive theory would predict. Further, within the basalt fractures, estimates of average linear velocity reach maximums of nearly 1000 m/day.    
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Presenter
Presentation Notes
Figure showing Model domain and mesh used for FEHM gas flow and transport �simulations for a site where an underground nuclear explosion was performed,�which includes hydrostratigraphic units, faults, and detonation-induced damage structure. �
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Presentation Notes
The mesh includes a high‐resolution borehole with a central
radius of 0.07 m. The borehole runs the entire 8‐m vertical length of the
domain, with the upper 3.5mof the borehole set to impermeable and nondiffusive,
representing a cased/cemented interval. Porosity in the open
section of the borehole is set to 0.999, while permeability in this section
is fixed at 10−4 m2 based on downhole pressure loss matching.
The third dimension of the mesh extends from 0 to 2,500 m, with borehole
54‐24399 located at 1,100 m (Figure S11). The 2,500‐m mesh allows the
boundaries to be adjusted such that the measured atmospheric forcing
can be moved to the point at which the measured pressure response
beneath the packer is recreated in the simulations. Mesh spacing is 1 m
in all directions within 100 m on either side of the borehole.
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