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‘Whatis “Cb_"d'T r'ép”’?Pro'cess‘ 2.

' ‘0 The cold-trap process |n tunnels mvolves

- Evaporatron from warmer areas and condensatron on -
~.cooler or hygroscoplc surfaces .

e Movement of vapor driven by thermal gradlents e

e Contmuous source of moisture from mountain scale
por transport and ambrent percolatlon

e Relevant literature toplcs

—-Natural convectlon in honzontal eccentnc cylmders S
Condensatlon m prpes boundary Iayer transfer B




'1}'V‘he‘;Co|d Trap a'n Yucca MoUntain

- The cold-trap process describes a mechanism fo
:,,m-drrft water movement ' e :

Why rs it rmportant’?

- Provides localized Irquud water that may contact drrp i
,shlelds and waste packages leadrng to corrosron

- After possrble waste package failure, Irqurd water
: provrdes a pathway for radronuchde transport

' Possible components of
.. water in Passive Testin
*~ Cross-Drift tunnel at Yucca

Mountam ,

- condensatron

- ,seepage




Seepage mixed |}
:{ with reflux residue E

e 4

‘% %] Condensed H,0
4 Drip Shield\ (acndlc to very
/" 1 acidic, very dilute)
He? ?
) Waste
Package

: _To determme the |mportance of HZO to dnp sh:eld/waste—
‘package lifetimes and develop expenments and models e
’ ito estlmate the: = :

- quantlty of condensed Hzo as a functlon of t|me and
" location in the reposutory settlng :

' »“— chemical compos ons of condensed HgO reacted wnth
- natural and engmeered materials (i. e. rock bolts W|re
mesh) at various temperatures

N :— range of H.0 composntlons resultmg from mlxtures of
-brine, seepage and condensed waters




Conceptual In-Drift Flow Patterns

* [nterplay between
- strong local temperature variations leading to
prominence of cross-sectional flow patterns

- strong large-scale temperature variations leading to
prominence of axial flow

Thermal Scaling

* Maintain temperature difference
and assume heat transfer
coefficient is constant

~ T, for scaling is problematic

— Heat transfer not constant across
Scaﬁng O test data port

E computer code relerance prediction
O computer code pradictions (good)
®  computer code predictions (poer)

Ta'Tw
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Scaling Issue: Grashof number
estimation is critical for flow, must 2

get flow correct to get condensation g g w—
correct £ .
Confidence gained if computer §

simulations adequately compare L L - 8
to test results at 2™ scale Geomeic Scale Factor

COl




Condensation Model Approaches

¢ Simple approach
— drop all condensate out at cold end

¢ Physically realistic approach
- drop condensate out when dew point reached

- - diffuse and convect water to condensation point as
condensation occurs

Heat sink assembly

e T P T

Laboratory
Model

*'s mark the locations of thermocouple Porgus ceramic eylindar
arrays along the length of the eylinder.

5 em S % % % x ® * x
P — 2111058 heater
ik

= Vertical thermacouple arrays, i
Dots mark locations were 2 - nitic
temperatures wore measured Were temperatures wers

in the sand ahove. fheasured,
and below the cylinder.




Air Flow Pathways and Temperature Profiles
Modeled by FLOW-3D

fluid temperaturs and vectors (vmax=3.37E-02)

Effects of:

conduction
radiation

boundary
condition

Insulated boundary at drift convection

latent heat
transfer

302.1 305.3 308.5 311.7 314.9 318.1

Heater Temp
not displayed

Wallrock (sand) included

Typical Cross-Sectional Views
Modeled by FLOW-3D

Mid-Tunnel Position Above Heater

Fluld tesperatury anc vectors
(I

- on

R AR T R Y
v

toes

ALOM-3] - tadl O =2 BAUE-OL [ jgel 10 X3 kzeZ to 33} & H
e e e S e it 2

%




o

. Note Modules WI|| have to be added to CFD codes
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- Measured
Condensation Flux
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Water Collection Rate, g
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Temperature Difference, C

~Calculated Air Flow and Condensation Flux
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Temperature Difference, C

. Analytlcal solution assumes all condensatlon

‘occurs on cold wall

- -~ Based on air ﬂowlmes from CFD sumulat:ons only a
smallﬂfractlonrmay condenee on the cold wall
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