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Outliné

e Natural draft ventilation concept.
» MULTIFLUX code verification.
» Ventilation sensitivity study.

 Post-closure natural draft ventilation study. |
— An ihtegrated thermo-hydraulic drift airflow model was
perpared for 5000 years of pre- and post-closure.
— Post closure natural yehtilatioh will occur.

— Cold-trap condensation is seen at the drift ends in the |
current design. |

— Design changes will be needed to eliminate
condensation.
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What do we mean by ventilation?

Pre-closure ventilation and post—closure
air infiltration. .

Concept

-~ with rubble filled drifts or other means. -

Potent1a1 Advantages
- Smaller repos1tory footprlnt

* Combineé with more ﬂex1ble pre-closure

Enhance natural breathlng of mountam

“Permanent, flow driven by waste heat
induced buoyancy |

ventilation.

FRE

Lower temperatures.
Dryer, less condensation.
Lower cost.

Lower corrosion. |
Improved drift shadow.
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MULTIFLUX

Lawrence leermore National Laboratory
porous/fractured-media flow and transport software model
(NUFT) as a module for simulating heat and moisture
flows in the rock domain.

Computational fluid dynamics (CFD) module for the
simulation of transport processes in the airway system,
including the waste packages.
Modules coupled on therock-air interface:

— Heat and moisture flows are balanced at interface.

— Temperature and vapor pressure equalized at each surface node.

Developed by George Danko, University of Nevada, Reno.
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Code Verification (Benchmarking)

Analytlcal solution of transient heat transfer from drift to
rock with heat conduction in rock.

Boundary condltlon arbitrary function of time.
Carslaw and Jaeger double integral solution: -

Integrate along drift to give two dimensional transient
solution.

Set parameters to maximize actlon

Excellent agreement between model and analytical
solution.

NWRPO-2003-05 Coupled HydrqthermaI;Ventilation
Studies for Yucca Mountain Annual Report for April 2002
— March 2003, George Danko.




Sensitivity Study

« What factors and parameters are most important?

* Modify: ventilation rate, thermal conductivity (k),
heat transfer coefficient (h), heat capacity (pC,).

« NWRPO-2003-05 Coupled Hydrothermal-
Ventilation Studies for Yucca Mountain Annual
Report for April 2002 — March 2003, George
Danko.
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- Sensitivity Study Conclusions

« Thermal loadmg does not change sensmvmes

. Vent11at1on rate:

— Thermal eonduet1v1ty and thermal diffusivity (density)
* 1mportant at low ﬂow rates (lower than 5 kg/s ~ 0.25
m/s air Ve1001ty)

— Heat transfer coefﬁe1ent 1mportant at high flow rates
~ (higher than 1 kg/s ~ 0. 05 m/s air velocity).

* Thermal eonduet1v1ty 1mportant and uncertain n
11thophysa1 areas. - -




Post Closure Ventilation Simulation

Simulates current_DOE “hot” repository design.
U-Tube assumption for buoyancy flow:

— Cold air goes down Solitario Canyon Fault zone.
— Warm air goes up Ghost Dance Fault Zone.

— Single drift.
Flow rates centered on USGS (Gary LeCain) permeability.

Results for a range of flow rates following 50 years of
forced ventilation.

Highest flow rates illustrate enhanced natural draft
ventilation.

Nye County Department of Natural Resources and Federal Facilities 7' e




236

. 235

Northing (km)

- 232,

234

233

_ Repbsitory

1
| | ‘l |
,A
=3 I.
/
/ P2W
I
]
» ',
| ) ’
| 2
NS
3
| 8 |
-1 £ 8 g
193 E
| £ 3 | 3
[14 10
— I,
I 1
170 Drift 172 174
studied Easting (km)

Nye County Department of Natural Resources and Federal Facilities




Natural Ventilation Flow System

Air infiltration /S.uface
%?I SR

Ghost Dance

Air infiltration

Surface

Not to scale
Dimensions in m

Solitario Canyon

10 Nye County Department of Natural Resources and Federal Facilities \(g&38l);




11

Air Infiltration R:afe‘ [kg/s]
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RH[%] Temperature [°C ]

Condensate [ kg/s x 16°]

Air Inﬁltration‘: Low

Location: WP

In-Drift Model: CFD-Convective
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Condensate [ kg/s x 16°]
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Air Infiltration: Low

Location: WP In-Drift quelz CFD-Diffusive (Porous Media Emulation)

Year 60 Year 750 ' Year 1500 .. ) ' Year 5000

Drift Length[m] Drift Length[ m ] Drift Length[m ] ) Drift Length[m ]
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RH[%] Temperature [°C ]

Condensate [ kg/s x 16°]
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Air Infiltration: Low

Location: Drift ,w:ill

In-Drift Model: CFl_)-Convective

Year 60 ' Year 750 Year 1500 Year 5000
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Location: WP 4 N -
o In-Drift Model: CFD-Convective

RH[ %]

Temperature [°C ]

Condensate [ kg/s x 13°]
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RH[%] Temperature [°C ]

Condensate [ kg/s x 10° ]
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Air Infiltration: Balanced

| Loéatidn: WP In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Year 60 Year 750 Year 1500 : Year 5000
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Temperature [°C] -

RH[%]

—
~J

Condensate [ kg/s x 16% ]

Air Infiltration: Balanced

Location: Drift wall

In-Drift Model: CFD-Convective
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RH[ %] Temperature [°C ]

Condensate [ kg/s x 10 6 ]
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Air Infiltration: Medium |

Location: WP In-ant‘Model: CFD-Convective
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RH[%] Temperature [°C ]

Condensate [ kg/s x 168 ]
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Air Infiltration: High

Location: WP

In-Drift Model: CFD-Convective
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Relative Humidity and Condensate
Formation

Condensation predicted on downstream drift wall
and waste packages.

Condensation disappears at higher flow rates.

Condensation decreases with decreasing
maximum temperatures.

Refined convective air flow pattern required to see
correct condensate formation.

Best viewed as engineering design challenge.

Nye County Department of Natural Resources and Federal Facilities et gl
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Relative Humidity and Condensate
- Formation

CondenSation- predicted on downstream drift wall

- and waste packages.
.Cdndensatipnr:dis'ap\pearsfat higher flow rates.

Conderisation decreases with decreasing: -

maximum:temperatures.
Refined convective gir flow pattern required to see

correct-condensate formation.
Best viewed as engineering design challenge.
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Summary

e Natural draft ventilation occurs with and without
enhancement.

« Design changes will be needed to minimize
condensation.

e Active and passive ventilation can be optimized to
reduce condensation and lower average
temperatures: |

— Run fans longer and/or faster?
_ Enhance natural ventilation?
— Modify thermal loading?

Nye County Department of Natural Resources and Federal Facilities ‘ 5




‘Future ActiVities

.+ We W1ll continue to contnbute subJ ect to fundmg

~ constraints, with Nye County and UNR
cooperatlon

 Future studles

23

{

— How to ehmmate condensat1on‘? o

— Effects of part1a1 roof collapse w1th air movement
above rubble. - .

‘- = Effects of cold rep031tory des1gn L
. _ Effects of barometrlc _pressure pumping.
— Will condensate at dr1ft wall dr1p or 1mb1be into rock‘7

— Can WPs be compartmentahzed W1th alternat1ve
emplacement design? ~

— We are open to suggest1ons

Nye County Department of Natural ReSources' and Federal Facilities {4







Additional Support Material
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Wall Temperature Comparison
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MULTIFLUX Compared with the ANSYS-based
Ventilation Model (BSC)
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S kg/s Air Flow Results

Heat Removal Sensitivity [%)]
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Panel 5 with the mountain-scale rockmass domain
ESF tunnel

AN

Post closure
air infiltration
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Water table ;
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Waste Package Emplacement Sequence

8 waste
packages

Enlarged drift
segment

B
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Ajr Infiltration: Very low
Temperatures, and Relative Humidities
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Thermal Model: NTCF-NUFT
Moisture Model: Robust-Approximate
In-Drift Model: CFD-Convective

Wall temperature; (b) Wall relative humidity; (c) Wall-air near wall temperature difference;
(d) Air near wall relative humidity; (¢) Wall-air near WP temperature difference;

(f) Air near WP relative humidity; (g) WP-wall temperature difference; and

(h) WP relative humidity distributions in time and space
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Air Infiltration: Low . Thermal Model: NTCF-NUFT .

Moisture Model: Robust-Approximate
In-Drift Model: CFD-Convective

Temperatures, and Relative Humidities
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*  Wall temperature; (b) Wall relative humidity; (c) Wall-air near wall temperature difference;
(d) Air near wall relative humidity; (¢) Wall-air near WP temperature difference;

(f) Air near WP relative humidity; (g) WP-wall temperature difference; and

(h) WP relative bumidity distributions in time and space
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Air Infiltration: Balanced Thermal Model: NTCF-NUFT
Moisture Model: Robust-Approximate

In-Drift Model: CFD-Convective

Tempcratﬁrs, and Relative Humidities
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¢ Wall temperature; (b) Wall relative humidity; (c) Wall-air near wall temperature difference;
(d) Air pear wall relative humidity; (¢) Wall-air near WP temperature difference;

(f) Air pear WP relative humidity; (g) WP-wall temperature difference; and

(h) WP relative humidity distributions in time and space - ’




Air Infiltration: Medium Thermal Model: NTCF-NUFT
Moisture Model: Robust-Approximate

In-Drift Model: CFD-Convective

Temperatures, and Relative Humidities
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*  Wall temperature; (b) Wall relative humidity; (c) Wall-air near wall temperature difference;
(d) Air near wall relative humidity; (¢) Wall-air near WP temperature difference;

(D Air near WP relative humidity; (g) WP-wall temperature difference; and

(h) WP relative humidity distributions in ime and space
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Ajr Infiltration: High Thermal Model: NTCF-NUFT

Moisture Model: Robust-Approximat

Temperatures, and Relative HTumidities ° uSEAPP ©
In-Drift Model: CFD-Convective
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e Wall temperature; (b) Wall relative humidity; (c) Wall-air near wall temperature difference;
(d) Air near wall relative humidity; (¢) Wall-air near WP temperature difference;

() Air ncar WP relative humidity; (g) WP-wall temperature difference; and
(h) WP relative humidity distributions in time and space .
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Thermal Model: NTCF-NUFT
¢ Moisture ModeL: Rot;us!-Approximatc
- In-Drift Model: - CFD-Convective

Alr Infiltration: Verylow

Parameter: Condensates

Sonmneme bows W
]

Comtmnomm pgn s WY
[ ]

» wall condensate, (b) WP condensate, (c) mist near wall,
(d) mist near WP, (¢) condensate variation.

37
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Thermal Model: NTCF-NUFT
Moisture Model: Robust-Approximate
In-Drift Model: CFD-Convective

Alr Infiltration: Low

Parameter: Condensates

wall condensate, (b) WP condensate, (c) mist near wall,
(d) mist near WP, (¢) condensate variation. '
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Air Infiltration: Balanced Thermal Model: NTYCE-NUFT
Moisture Model: Robust-Approximate
In-Drift Model: CFD-Convective

Parameter: Condensates

(®)

. Coamtunte g 2 WY
lossalus

Conmm iy
]

* wall condensate, (b) WP condensate, (c) mist near wall,
(d) mist near WP, (¢) condensate variation.

T
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Air Infiltration: Medium Thermal Model: NTCF-NUFT

Moisture Model: Robust-Approximate
. Parameter: Condensates ' ppro

In-Drift Model: CFD-Convective

» wall condensate, (b) WP condcnsz{tc, (c) mist near wall,
(d) mist near WP, (e) condensate variation.
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Air Infgllration: High Thermal Model: NTCF-NUFT

Moisture Model: Robust-Approximate
Parameter: Condensates pPTo
' In-Drift Model: CFD-Convective

() ® (©

« wall condensate, (b) WP condensate, (c) mist near wall,
(d) mist near WP, (¢) condensate variation.
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Afr Infiltration: Very low . Thermal Model: NTCE-NUFT

‘ Moisture Model: Robust-Approximate
Temperatures, and Relative Humidities ' ° PP
In-Drift Model: CFD-Diffusive (Porous Media Emulation)

L

*«  Wall tcmperaturef(b) Wall relative humidity;
(c) Wall-air temperature difference; (d) Air relative humidity; - o . -
(e) WP-wall temperature diffmnce; and (f) WP relative humidity distributions in time and space i
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Alr Infiltration: Low Thermal Model: NTCF-NUFT

Moisture Model: Robust-Approximate
Temperatures, and Relative Humidities o el obusk-Approxima

In-Drift Model: CFD-Diffusive (Porous Media Emulation)
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*  Wall temperature; (b) Wall relative humidity;
(c) Wall-air temperature difference; (d) Air relative humidity; .
(e) WP-wall temperature difference; and (f) WP relative humidity distributions in time and space
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Air Infiltration: Balanced Thermal Model: NTCE-NUFT

Moisture Model: Robust-A; imate
Temperatures, and Relative Humidities orsture ooust-Approxima

In-Drift Model: CFD-Diffusive (Porous Media Emulation)

N EEEEN)

e Wall temperature; (b) Wall relative humidity;
(c) Wall-air temperature difference; (d) Air relative humidity;
(e) WP-wal] temperature difference; and (f) WP relative humidity distributions in time and space
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Air Infiltration: Medium , Thermal Model: NTCF-NUFT
Moisture Model: Robust-Approximate

In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Temperatures, and Relative Humidities

z : . L]
I ;
- ]
= A
.
g
1
e Wall temperature; (b) Wall relative lmmidity;L
(c) Wall-air temperature difference; (d) Air relative humidity; .
(¢) WP-wall temperature difference; and (f) WP relative humidity distributions in time and space q‘a"?
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Air Infiltration: High .. - ThermalModel: NTCF-NUFT

Moisture Model: Robust-Approximate
In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Temperatures, and Relative Humidities

i: .

" .
i, »
- »
3 -3

¢ Wall temperature; (b) Wall relative humiﬂity; "

(c) Wall-air temperature difference; (d) Air relative bumidity; } -

(e) WP-wall temperature difference; and (f) WP relative humidity distributions in time and space ’ Sl
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Air Infiltration: Verylow  1hermal Model: NTCE-NUFT
Moisture Model: Robust-Approximate

In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Parameter: Condensates

Canmsamn s 9

¢  wall condensate, (b) WP condensate, (c) mist

(d) condensate variation. < s
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Air Infiltration: Low Thermal Model: NTCE-NUFT

Moisture Model: Robust-Approximate
In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Parameter: Condensates

c- -
| 18
.
£
i -
¢ wall condensate, (b) WP condensate, (c) mist
(d) condensate variation. o]
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Air Infiltration: Balanced  10cmmalModel: NTCE-NUFT

Moisture Model: Robust-Approximate
Parameter: Condensates roistire PP .

In-Drift Model: CFD-Diffusive (Porous Media Emulation)

:

o wall cofxdcnsate, (b) WP condensate, (¢) mist
(d) condensate variation.
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Air Infiltration: Medium  Thermal Model: NTCE-NUFT
! ' oo Moisture Model: Robust-Approximate
Parameter: Condensates HIOISTrE ° PPro

‘ In-Drift Model: CFD-Diffusive (Porous Media Emmlation)
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+ wall condensate, (b) WP condensate, (c) mist
(d) condensate variation.
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Air Infiltration: high Thermal Model: NTCE-NUFT

Moisture Model: Robust-Approximate
Parameter: Condensates ' PP

In-Drift Model: CFD-Diffusive (Porous Media Emulation)
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¢ wall condensate, (b) WP condensate, (¢) mist
(d) condensate variation.
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Alternative, Compartmentalfzed Waste Package Emplacement with Post-Closure
; _ Backfill and Air Cell Recirculation

193
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Outline

» Natural draft ventilation concept.
MULTIFLUX code Verlﬁcatlon
~+ Ventilation sensitivity study

Post-closure natural draft Vent1lat_ion study.

— An integrated thermo-hydraulic drift airflow model was
perpared for 5000 years of pre- and post-closure.

— Post closure natural ventilation will occur.

— Cold-trap condensation is seen at the drift ends in the
current design.

— Design changes will be needed to eliminate
condensation.

Nye County Department of Natural Resources and Federal Facilities {88 Al




What do we mean by ventilation?

Pre-closure ventilation and post-closure
air infiltration. .

Concept

Enhance natural breathmg of mountam

‘with rubble filled drifts or other means.
‘Permanent, flow driven by waste heat

induced buoyancy

‘Combine with-more flexible pre- closure

~ventilation.

Potential Advantages

Smaller repository footprmt
Lower temperatures.

Dryer, less condensation.
Lower cost.

Lower corrosion.
Improved drift shadow.

Nye County Department of Natural Resources and Federal Facilities _1':" o




MULTIFLUX

Lawrence Livermore National Laboratory
porous/fractured-media flow and transport software model
(NUFT) as a module for simulating heat and moisture
flows in the rock domain.

Computational fluid dynamics (CFD) module for the
simulation of transport processes in the airway system,
including the waste packages. -

Modules coupled on the'rock-air interface:
— Heat and moisture flows are balanced at interface.
— Temperature and vapor pressure equalized at each surface node.

Developed by George Danko, University of Nevada, Reno.

Nye County Department of Natural Resources and Federal Facilities ¢ 4 ealls




Code Verification (Benchmarking)

Analytical solution of transient heat transfer from drift to
rock with heat conduction in rock.

Boundary condltlon arbltrary function of tlme
Carslaw and Jaéger double integral solution.

Integratealong drift to give two dimensional transient'
solution.

Set parameters to maximize actlon

Excellent agreement between model and analytical
solution.

NWRPO-2003-05 Coupled Hydrothermal-Ventilation
Studies for Yucca Mountam Annual Report for April 2002
— March 2003, George Danko.

Nye County Department of Natural Resources and Federal Facilities ol




Sensitivity Study

« What factors and parameters are most important?

. Modify: ventilation rate, thermal conductivity (k),
heat transfer coefficient (h), heat capacity (pC,)

« NWRPO-2003-05 Coupled Hydrothermal-
Ventilation Studies for Yucca Mountain Annual
Report for April 2002 — March 2003, George
Danko.

Nye County Department of Natural Resources and Federal Facilities e\‘:ﬁ f)




) ':S,ensitivity,Study Conclusions

 Thermal loadmg does not change sensitivities.

. Ventllauon rate:

— T hermal conduct1v1ty and thermal diffusivity (density)
o 1mportant at low flow rates (lower than 5 kg/s ~ 0.25
m/s air Ve10c1ty)

— Heat transfer coefﬁment 1mportant at high flow rates
(h1gher than 1 kg/s ~ 0. 05 m/s ait velocity).

» Thermal conductwlty 1mportant and uncertaln n
hthophysal areas. . |

Nye County Department of Natural Resources and Federal Facilities ; ZlE




Post Closure Ventilation Simulation

Simulates current DOE “hot” repository design.
U-Tube assumption for buoyancy flow:

— Cold air goes down Solitario Canyon Fault zone.
— Warm air goes up Ghost Dance Fault Zone.

— Smgle drift.
Flow rates centered on USGS (Gary LeCain) permeability.

Results for a range of flow rates following 50 years of
forced ventilation.

Highest flow rates illustrate enhanced natural draft
ventilation.
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Natural Ventilation Flow System

Air inﬁltzt:q /S“face

343

Ghost Dance

Air infiltration

Surface Panel 5

Not to scale
Dimensions in m

Solitario Canyon
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Inﬁltration Airﬂow Rates
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RH[%] Temperature [°C ]

Condensate [ kg/s x 10%]

Air Infiltration: Low -

Location: WP

In-Drift Model: CFD-Convective

Year 60 Year 750 Year 1500 Year 5000
140 140 140 140
120 120 120 120
100 100 100 100
80 . 80 80 80
air flow |
60 ' 60 60 60
40 40 40 40
0O 200 400 600 800 O 200 400 600 800 O 200 400 600 800 O 200 400 600 800
100 100 100 100 LMM
80 80 80 80
60 60 : 60 60
40 40 40 40
20 20 20 20
0 0 0 0
0O 200 400 600 800 O 200 400 600 800 O 200 400 600 800 O 200 400 600 800
200 200 < 200 200
150 150 150 150
per waste
100 100 100 100
package
50 50 I 50 50
0O 200 400 600 800 O 200 400 600 800 O 200 400 600 800 O 200 400 600 800

Drift Length[m ]

Drift Length[m ]

Drift Length[m ]

Drift Length[m ]

Nye County Department of Natural Resources and Federal Facilities
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Air Infiltration: Low

Location: WP

In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Year 60 Year 750 Year 1500 Year 5000
140 140 140 140
0 120 120 120 120
] L .
5100 100 100 100
8 -
é 80 " 80 80 80
Q (N [
- 60 60 60 60
0l 40 40 40
"0 200 400 600 .800 .. O 200 400 600 800 O 200 400 600 800 O 200 400 600 800
100 100 100 100 rm.,_,
" 80 80 80 80
R 60 60 60 60
I
2 40 40 40 40
20 { . 20 20 20
e AnAMAMAN : -
0 0 " 0 A i 0 i " i
0 200 400 600 800 .0 200 400 600 800 O 200 400 600 800 O 200 400 600 800
200 200 = 200 200
«;-‘ ) il .
°
% 150 150} ., 150 150
=100} - 100 100 100
5 .. . A
0 . .
& 50 50 50 - 50
hel .
c
[e]
° o 0 0 0
0O 200 400 600 800 . O 200 400 600 800 O 200 400 600 800 O 200 400 600 800
Drift Length {m ] Drift Length [m ] Drift Length[m] ~ . Drift Length[m ]
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Air Infiltration: Low

Location: Drift wall"

In-Drift Model: ' CFD-Convective

Year 60 Year 750 Year 1500 Year 5000
140 140 140 140
» 120 Wﬂﬂwn\ 120 120 120
[}
5 100 100 100 100
©
é. 80 80 80 80
G '
~ 60 60 60 60
40 40 40 40
0 200 400 600 800 0 200 400 600 800 0O 200 400 600 800 0 200 400 600 800
100 100 100 100 ~
80 80 80 80
R 60 60 6Q 60
I
€ 40 40 40 40
20 A 20 20 20
e ARAAAA AI;LJ
0 b 0 0 0
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 0O 200 400 600 800
200 300 = < 200 200
(0—‘
° 250
w 150 150 150
o 200
L2
— 100 150 100 100
E 100
3 50 50 50
c 50
[=]
© 9 0 , 0 0
0O 200 400 600 800 0O 200 400 600 800 0 200 400 600 800 0O 200 400 600 800

Drift Length[m ]

-
NN

Drift Length [ m]

Drift Length[m ]

Drift Length[m ]
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Air Infiltration: Balanced (best estimate of anticipated flow rate)

Location: WP o o
In-Drift Model: CFD-Convective

Year 60 Year 750 Year 1500 Year 5000
140 140 140 140 ]
O 120 120 120 120
— ‘
5 100 100 100 100
g
é 80 80 80 80
- 60| 60 . 60 60
a0l I 40 40 - 40 '
O 200 400 600 800 O 200 400 600 800 O 200 400 600 800 O 200 400 600 800
100 100 100 1 100h
. 80 80} 80 { 8o
§_ 60 60 60 601
I .
2 40} 40} 40 40
20} 20} 20 ' 20
vo g sl asd 0 N 0 N ’ N — 0 )
O 200 400 600 800 O 200 400 600 800 0. 200 400 600 800 O 200 400 600 800
. 200 200 < 200 200
co.—. - .. . . .
h=] B
= 150 150 150 150
)
4 . .
= 100 100 - , 100 . 100
] ‘
g .
G 50 50 A 50 50
o _
[e]
0O 200 400 600:.800 O 200 400 600 800 O 200 400 600 800 O 200 400 600 800 %@5

Y
8)]

Drift Length[m] Drift Length[m ] Drift Length[m] | "~ .. Drift Length[m]
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RH[%] Temperature [°C ]

Condensate [ kg/s x 168 ]

—_
(®))

Air Infiltration: Balanced

. .:Lo'catio.n: WP

In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Year 60 Year 750 Year 1500 Year 5000

140 140 140 140
120 120 120 120
100 100 100 100
80 80 80 80
60 60 60 60
40 40 : 40 40 -

0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 0 2000 400 600 800
100 100 100 100
80 80 80 80 ’
60 60 60 60
40 40 40 401
20 20 20 20

0 boremememmnnnsarnad 0 0 0

0 200 400 600 800 0 200 400 600‘ 800 0 200 400 600 800 0 200 400 600 800
200 200 200 - 200
150 150 150 150
100 100 100 100
50 50 50 50

0 0 0 -0

0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800

Drift Length[m ]

Drift Length{ m]

Drift Length[ m ]

Drift Length[m }
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RH[%]

Condensate [ kg/s x 13%)

—_—
\l

Temperature [°C )

Air Infiltration: Balanced

Location: Drift warll'

In-Drift Mod@i: CFD-Convective

'

Year 5000

Year 60 Year 750 Year 1500
140 140 140 140
120 120 120 120
100 100 100 100
80 80 80 80
60 - 60 ) 60 60
ol — 40 SRR 40 . 40 :
.0 200 400 600 800 . O 200 400 600 800 O 200 400 600 800 O .200 400 600 800
100 100 100 100
80 80 80 80 ’
60 60 60 60’
40 .40 40 40 ,
20 ‘ ) 20 20 20
6 T el . 0 0
"0 200 400 600 800 .0 200 400 600 800 O 200 400 600 800 O 200 400 600 80O
200 300 = 200 200 —— -
: 250 .
150 150 150
- 200
100} 150 100 100
100 .
50 50 50
50
0 0 0 0
O 200 400. 600 . 800 O 200 400 600 800 O 200 400 600 800 © 200 400 600 800
Drift Length[m] ' Orift Length[m] Drift Length[m ] : . Drift Length[{m]
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RH[%] Temperature [°C ]

Condensate [ kg/s x 10°]

Y
oo

Air Infiltration: Medium

Year 5000

200 400 600 800

200 400 600 800

i

- . In-Drift Model: CFD-Convective
Location: WP
Year 60 Year 750 Year 1500
140 140 140 140
120 120 120 120
100 100 100 100
80 80 80 a0
60 60 60 60
40 40 40 40
0 200 400 600 800 0 200 400 600 800 4] 200 400 600 800 0
100 100 100 100
80 80 80 80
60 60 60 60
40 40 40 40
20 20 20 20
0 etttk 0 0 0
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1]
200 200 - 200 200
150 150 150 150
100 100 100 100
50 50 50 50
0 0 0 0
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 0

Drift Length[m]

Drift Length[ m]

Drift Length[m ]

200 400 600 800
Drift Length [ m ]
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RH[%] Temperature [°C ]

Condensate [ kg/s x 16% ]

-
©

Air Infiltration: High

Location: WP

Yeg_r 60

SO
o Q

0 200

400 600 . 800

100
80
60
40
20

200

200 400 600 800

150

100

50

0
0

200 400 600 800
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120
" 100
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]

200

In-Drift Model: CFD-Convective

Year 750

140

.80

60

40

200 400 600 - 800

100

i

80

60

1

1

e ®

0

200 400 600 800

‘e

150

100

50}

0
0

200 400 600 800
Drift Length[m ]

-100

- 60

Year 1500 .

140
120
100

60
40
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0

200 400 600 800

80

40

"
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200

o
0

200 400 600 80D

150

100 .

50

0
0

200 400 600 800
Drift Length[ m]

60

Year 5000
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120
100

80}
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200 400 600 800

100

200
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100

50

0
0

200 400 600 800
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400 600 8OO

Nye County Department of Natural Resources and Federal Facilities




20

‘Relative Humidity and Condensate |
Formation

Condensation predicted on downstream drift wall
and waste packages. |

Condensation disappears at higher flow rates.

Condensation decreases with decreasing
maximum temperatures.

Refined convective air flow pattern required to see

correct condensate formation.

Best viewed as engineering design challenge.

- Nye County Department of Natural Resources and Federal Facilities 3
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Relative Humidity and Condensate
| - Formation

Condensation predicted oh downstream drift wall

_-.and waste packages.
Condensation disappears at higher flow rates.

Condensation'decreases with decreasmg
max1mum temperatures.

Refined convective dir flow pattern required to see

correct condensate formation.
Best viewed as engineering design challenge.

Nye County Department of Natural Resources and Federal Facilities m m :
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Summary

 Natural draft ventilation occurs with and without
enhancement.

» Design changes will be needed to minimize
condensation.

« Active and passive ventilation can be optimized to
reduce condensation and lower average
temperatures:

— Run fans longer and/or faster?
— Enhance natural ventilation?

— Modify thermal loading?

Nye County Department of Natural Resources and Federal Facilities 'E, L /




Future Act1v1t1es

*« We will continue to oontnbute subj ect to fundlng

~ constraints, with Nye County and UNR

COOpel‘atIOIl

o Future studies: |
- How to. ehmmate oondensat1on‘7

o Effects of partlal roof collapse W1th air movement

23

~aboverubble.
-~ — Effects of cold repository de31gn
— Effects of barometric. _pressure pumping. |
— Will condensate at drift wall drip or 1mb1be into rook?

— Can WPs be compartmentahzed with altematlve
B emplacement design? - | -

— Weare open to suggesuons{ |

- Nye County Department of Natural Resb_urces and Federal Facilities ,l"z"‘ il
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* Additional Support Material




Wall Temperature Comparison

AF

3
o

Torperature (°C)
3
—T
3

\
:

20.2F d L
4 *  Sokssan 2: MF with CJ rock moded, 137 $me dhvisions
) e Bokuon 1: MF with NUFT rock model, 137 Ime disions
’ === Soh#an 3; anelytonl, appruimaie, 500 bme dvisions
’ v SohAon 4: Walton, 100 bme dvisiors
¢

N ) 1 2 P
-] 053 1 1.5 2 25 3 3%
Time [yrs)
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MULTIFLUX Compared with the ANSYS-based
Ventilation Model (BSC_)

P AMJB" 1m
. /D \/ /Dt
s Pjchage _\ /[ﬂﬂm '\\ /,.,M-,
AR v/ AN
\WaLT ‘ Y l_'\\
! / Ly 3 N
MNE NN
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Umeters S mers 600 meters

Source: CAL-EBS-MD-000030 REV 01D, p. 76
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S kg/s Air Flow Results

D

-

o
T

&
R

— k=20, h=1.89, p=2540 (basecase)
—— k=20, h=3, p=2540 h
—e— k=20, h=4, p=2540

Heat Removal Sensttivity {%]
& 8

50} —— k=16, h=1.89, p=2540 .
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—e—~ k=20, h=1.89, p=1905
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Panel 5 with the mountain-scale rockmass domain
ESF tunnel ’
Surface 2
e
<4
<
\\ &Y,
|
N
1/’ Rock mass
Post closure cross slice
air infiltration
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Waste Package Emplacement Sequence

8 waste
packages

Enlarged drift
segment

31 ‘. Nye County Department of Natural Resources and Federal Facilities

Ajr Infiltration: Very low Thermal Model: NTCE-NUFT

Moisture Model: Robust-A| imate
Temperatures, and Relative Humidities o Hst-ApproXima

In-Drift Model: CFD-Convective

'/

—

Sopeantn
U NN NN
\

-
“w s v o s

* - Wall temperature; (b) Wall relative humidity; (c) Wall-air near wall temperature difference;
(d) Air near wall relative humidity; (¢) Wall-air pear WP temperature difference;
(f) Air near WP relative humidity; (g) WP-wall temperature difference; and

(h) WP relative humidity distributions in time and space %
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Alr Infiltration: Low Thermal Model: NTCE-NUFT .
Moisture Modcl Robust-Appmxxmate

Temperatures, and Relative Humidities
. In-Drift Modc] CFD-Convective

PR ——
UNENEERNR)

‘J-—lﬁ )

¢ . Wall temperature; (b) Wall relative humidity; (c) Wall-air near wall temperature dxﬂ'emnce.

(d) Air near wall relative humidity; (¢) Wall-air near WP temperature difference;

(f) Air near WP relative humidity; (g) WP-wall temperature difference; and

(h) WP relative humidity distributions in time and space . Tz

. AT
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Air Infiltration: Balanced Thermal Model: NTCF-NUFT
Moisture Model: Robust-Approximate

Temperatures, and Relative Iiumidities .
In-Drift Model: CFD-Convective

[os——
UREEERNN]
¢ 0w o

l} [y

L]
o v b 0 s &

¢ . Wall temperature; (b) Wall relative humidity; (c) Wall-air near wall temperature difference;
(d) Air pear wall relative humidity; (¢) Wall-air near WP temperature difference;
() Air pear WP relative humidity; (g) WP-wall temperature dxffcrenoe and
(h) WP relative humidity distributions in time and space -

k) . Nye County Department of Natural Resources and Federal Facilities §,




Thermal Model: NTCENUFT
Moisture Model: Robust-Approximate
In-Drift Model: CFD-Coanvective

Air Infiltration: Medium

Temperatures, and Relative Humidities

. PRI |
——ante
TR EE)

o
el g’

g
UEEEEXEEN!

e Wall temperature; (b) Wall relative humidity; (c) Wall-air near wall temperature difference;
(d) Air near wall relative humidity; (¢) Wall-air near WP temperature difference;

(f) Air near WP relative humidity; (g) WP-wall temperature difference; and
(h) WP relative humidity distributions in time and space

e
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Thermal Model: NTCE-NUFT
Moisture Model: Robust-Approximate
In-Drift Model: CFD-Coovective

Afr Infiltration: High
Temperatures, and Relative Humidities

T
)

]
(IEEEERNN)

2 e )&

b

S.s8ubB0F8

f o
s Wall temperature; (b) Wall relative humidity; (c) Wall-air near wall temperature difference;
(d) Air near wall relative humidity; (¢) Wall-air pear WP temperature difference;
(f) Air near WP relative humidity; (g) WP-wall temperature difference; and
(h) WP relative humidity distributions in time and space t;
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Air Infiltration: Verylow ~ -~ Thermal Model: NTCENUFT

Moisture Model: Robust-Approximate
Parameter: Condensates . PP

In-Drift Model: CFD-Convective

Comtuts Poh o WY
1]

Comdrenats by s 99
]

+ wall condensate, (b) WP condensate, (c) mist near wall,
(d) mist near WP, (¢) \cmlld.ensatcA variation. © . <X

37 \ Nye County Department of Natural Resources and Federal Facilities

"Alr Infiltration:” Low - ©+ 7 ThermalModel: NTCF-NUFT
Moisture Mode!: Robust-Approximate

Parameter: Condensates .
In-Drift Model: CFD-Convective

* wall condensate, (b) WP condensate, (¢) mist near wall,
(d) mist near WP, (¢) qondpn’sapc variation. o . -
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Air Infiltration: Balanced Thermal Model: NTCF-NUFT
Moisture Model: Robust-Approximate

In-Drift Model: CFD-Convective

Parameter: Condensates

O}

* wall condensate, (b) WP condensate, (c) mist near wall,
(d) mist near WP, (¢) condensate variation.

39 A Nye County Department of Natural Resources and Federal Facilities ¢

Air Infiltration: Medium Thermal Model: NTCF-NUFT
Moisture Model: Robust-Approximate
In-Drift Model: CFD-Convective

. Parameter: Condensates

el
[}

.

* " wall condensate, (b) WP condensate, (c) mist near wall,
(d) mist near WP, (¢) condensate variation.

40 Nye County Department of Natural Resources and Federal Facilities §




Alr Infiltration: High Thermal Model: NTCF-NUFT

Moisture Modcl: Robust-Approximate
Parameter: Condensates '
: In-Drift Model: CFD-Convective _,

® (W] (¢

wall condensate, (b) WP condensate, (c) mist near wall,
(d) mist near WP, (¢) condensate variation.

oL

4 \
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Afr Infiltration: Verylow . Thermal Model: NTCF-NUFT
Moisture Model: Robust-A, imate
Temperatures, and Relative Humidities . o © pproxima
In-Drift Model: CFD-Diffusive (Porous Media Emulation)

L

*  Wall temperature; (b) Wall relative humidiry;‘ L

(c) Wall-air temperature difference; (d) Air relative humidity; - . IR .

() WP-wall temperature difference; and (f) WP relative humidity distributions in time and space
42 ‘ o
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Air Infiltration: Low Thermal Model: NTCE-NUFT
Moisture Model: R'obust-Approximate
In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Temperatures, and Relative Humidities

- -
H '
: .
= B
‘ -»
i,
5
«  Wall temperature; (b) Wall relative humidity;
(c) Wall-air temperature difference; (d) Air relative hamidity;
(¢) WP-wall temperature difference; and (f) WP relative humidity distributions in time and space
43 \ - Nye County Department of Natural Resources and Federal Facilities
Alr Infiltration: Balanced Thermal Model: NTCENUFT

Moisture Model: Robust-Approximate
In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Temperatures, and Relative Humidities

¢ Wall temperature; (b) Wall relative humidity;
(c) Wall-air temperature difference; (d) Air relative humidity;
(¢) WP-wall temperature difference; and (f) WP relative humidity distributions in time and space

-

e
SR ¢
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Alr Infiltration: Medium Thermal Model: NTCF-NUFT
Moisture Model: Robust-Approximate

In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Temperatures, and Relative Humidities

3
s 8

-t
“« s o =

Vompwaine |
sy s os G 3

L

*  Wall temperature; (b) Wall relative humidity;
(c) Wall-air temperature difference; (d) Air relative humidity;

'

(e) WP-wall temperature difference; and (f) WP relative humidity distributions in time and space \ﬁ/
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Air Infiltration: High . Thermal Model: NTCF-NUFT
Moisture Mode!: Robust-Approximate
In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Temperatures, and Relative Humidities

: ; :

S, R 20

-py
A S IEEEE ]
f.sunseR e

¢ Wall temperature; (b) Wall relative humidity;
(c) Wall-air temperature difference; (d) Air relative humidity;

b

(¢) WP-wall temperature difference; and (f) WP relative humidity distributions in time and space WE,.
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Air Infiltration: Very low Thermal Model: NTCF-NUFT
Moisture Model: Robust-Approximate

In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Parameter: Condensates

Combmuns po s 9

Comtumen pon1 0 Y
Levurn

¢ wall condensate, (b) WP condensate, (c) mist
(d) condensate variation.

s 7eg
\ . Nye County Department of Natural Resources and Federal Facilities {.,ﬁ

Alr Infiltration: Low Therma! Model: NTCF-NUFT
Moisture Model: Robust-Approximate
In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Parameter: Condensates

Comtrarms hev e WY
l.ivrst

Comtomnens pge s 4°Y

¢ wall condensate, (b) WP condensate, (¢) mist
(d) condensate variation. -

Nye County Department of Natural Resources and Federal Facilities ¥

12



Air Infiltration: Balanced 102l Model: NTCENUFT
Maisture Model: Robust- Approximate
In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Parameter: Condensates

Contanaan pom s 0%
[

*  wall condensate, (b) WP condensate, (c) mist . -
(d) condensate variation.
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Air Infiltration: Medium Thermal Model: NTCE-NUFT
' . Moisture Model: Robust-Approximate

Parameter: Condensates R .
In-Drift Mode): CFD-Diffusive (Porous Media Emulation)

o)

- ? ]
fa j 3
i Ak

Contosss un s WYy

» wall condensate, (b) WP condensate, (c) mist

(d) condensate variation. <5
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Alir Infiltration: high Thermal Model: NTCF-NUFT
X Moisture Model: Robust-Approximate
In-Drift Model: CFD-Diffusive (Porous Media Emulation)

Parameter: Condensates

s
i-
52
i-
* wall condensate, (b) WP condensate, (c) mist
(d) condensate variation. <
51 \ . Nye County Department of Natural Resources and Federal Facilities ‘{%;

Alternative, Compartmentalized Waste Package Emplacement with Post-Closure
; Backfill and Air Cell Recirculation

SZNM ;o scale Nye County Departrment of Natural Resources and Federal Facilities %
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