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Introduction 

Two dimensional computer models that couple thermal and hydrologic processes are 

used to predict the emplacement drift environment of the proposed nuclear waste repository at 

Yucca Mountain, Nevada. The thermal-hydrologic sensitivity of the engineered barrier system 

will be quantified for design parameter options such as the duration of the ventilated pre-closure 

and the initial linear power density. 

The thermal perturbation created by the spent fuel decay heat can affect the seepage flow 

into the drifts, the hydrologic transport out of the drifts, the degradation of the waste packages, 

and the decomposition of the waste form. Consequently, the thermal-hydrologic response of the 

repository to various design parameters should be investigated to understand how they affect the 

performance of the repository. 

Two-dimensional (2D) line-loaded, drift-scale, thermal-hydrologic (LDTH) models have 

been developed by Lawrence Livermore National Laboratory to perform the thermal-hydrologic 

analysis (CRWMS 2000a) for Total System Performance Assessment - Site Recommendation 

(TSPA-SR). One LDTH model, at location L4C4 (Easting 170501m, Northing 233807m) is 

used in these thermal-hydrologic design sensitivity analyses. 
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The TSPA-SR reference case has the following characteristics: an initial linear loading of 

1.45 kW/m, 50 years ventilation, 5.5 m drift diameter, 8 1 m drift spacing, 0.1 m waste package 

spacing, and no backfill (CRWMS M&O 2000b). To simplify the 2D analyses the ventilation 

period is assumed to have a 70% heat removal efficiency, i.e. only 30% of the linear load is 

applied during the ventilated portion of the simulations. In addition, three different infiltration 

flux cases (mean, low, and high) were run to incorporate uncertainties in the hydrology of the 

Yucca Mountain Site. For the mean infiltration case, the simulation used the surface infiltration 

rates of 10.1 m d y r  during the first 600 years of emplacement (present climate), 28.9 mm/yr 

from 600 to 2000 years (monsoonal climate), and 42 m d y r  from 2000 to 10,000 years (glacial 

transition climate). The low infiltration case assumes that the infiltration rate is 0.0 m d y r  

during the first 600 years of emplacement, 10.1 mm/yr from 600 to 2000 years, and 1.99 mm/yr 

from 2000 to 10,000 years. The high infiltration case has 24.3 mm/yr during the first 600 years 

of emplacement, 47.6 m d y r  from 600 to 2000 years, and 82.0 mm/yr from 2000 to 10,000 years 

(USGS 2000). 

Purpose 

The purpose of this study is to investigate the effect of changing the linear power load 

and the ventilation time on the thermal hydrologic response of the system. The initial linear load 

is varied between 0.9 and 1.60 kW/m. This linear loading change can be accomplished by 

changing the waste package to waste package in-drift spacing only, i.e. without changing the size 

of the waste packages. The ventilation time is varied between 0 and 125 years. Each ventilation 

time and linear load case had simulations run for all three infiltration flux scenarios. 



The thermal-hydrologic analyses could provide many combinations of data set 

extractions. However, for ease of comparison, a standard set of thermal-hydrologic performance 

parameters will be extracted from the simulation results. Since the LDTH model is two 

dimensional, all thermal-hydrologic variables represent average response conditions. Due to 

symmetry assumptions required for the 2D analyses, the variety of heat output characteristics 

from individual waste packages was smeared into a simple, average output curve. The 

performance parameters chosen for comparison purposes were: 

Waste Package 

Peak temperature 

- Used primarily for comparison between repository layouts. Waste fuel cladding 

integrity could be compromised if temperatures rise to 350 "C. 

Years until temperature is less than or equal to 115 "C 

- Used as a rough estimate for the possible initiation of waste package corrosion. 

Based on saturated pressure at this temperature and the assumption that local vapor 

pressure remains steady, it can be generally assumed that the relative humidity will 

remain below 50% so long as the waste package surface temperature is above 115 "C. 

Years until temperature is less than or equal to 80 "C 

- Used as a comparison between various designs. 



Drift Wall Crown 

0 Peak temperature 

- Used to determine if the host rock is elevated above the local boiling temperature. 

High host rock temperatures are expected to result in greater thermal-hydrologic- 

chemical and thermal-mechanical effects. 

0 Years until temperature is less than or equal to 96 "C 

- Used as a comparison between repository layouts with above boiling host rock. 

Pillar Conditions 

0 Peak temperature at the quarter pillar position (approximately 19 meters from drift wall) of 

75.5 m total pillar length 

- Useful in determining if more than 50% of pillar exceeds boiling at the peak extent of 

the thermal pulse into the host rock. Water into the drift from infiltration or from 

condensation is not expected until the host rock is below boiling temperature. 

Results 

A summary of the thermal-hydrologic performance parameters related to the EBS 

sensitivity analysis is presented in Tables 1 and 2. Table 1 quantifies the sensitivity of the 

TSPA-SR reference case repository design to the duration of the ventilated preclosure period. 

Table 2 presents the effects that ranging the thermal loading and the ventilated preclosure time 

can have on waste package temperature peaks. For all models, the pre-closure ventilation is 



assumed to have a constant heat extraction efficiency of 70%. This heat extraction efficiency 

can be accomplished with a ventilation flow of 10 - 15 m3/sec per drift. Figure 1 graphically 

presents the trends observed in Table 2 for the waste package peak temperatures when using the 

mean infiltration rate assumption. 

The thermal-hydrologic performance of the repository changes dramatically over the 

range of ventilation time and thermal heat loads. As can be noted from Table 2, the waste 

package peak temperature of the 125 year ventilation and 0.90 kW/m heat load case is only 72 

"C (mean infiltration rate), while the waste package peak temperature of the 0 year ventilation 

and 1.60 kW/m heat load is up to 329 "C (mean infiltration rate). Extending the TSPA-SR 

reference case ventilation from 50 years to 100 years results in a reduction of the average waste 

package peak temperature from 157 to 110 "C. An additional 25 years of ventilation, 125 years 

of total ventilation, reduces the waste package peak temperature to 10 1 "C. The large difference 

of the peak temperatures shown in this study may cause significant differences in the 

performance of the nuclear waste repository. 

Conclusions and Discussion 

This sensitivity study presents the effects that changing the ventilation time and initial 

linear power loading can have on specific thermal-hydrologic response parameters, such as waste 

package peak temperatures. Results show that an approximate 55°C drop in waste package peak 

temperature can be expected from the reference case design if the initial line loading is reduced 

to 0.90 kW/m or if the ventilation time is increased to 125 years. 



Increasing the waste package to waste package spacing in order to reduce the linear load 

to 0.90kW/m requires additional emplacement drifts and an expansion of the area that the 

repository occupies. Increasing the ventilation duration requires that the repository remains open 

and is maintained for long periods of time. The effectiveness and expense of each design 

alternative must be weighed in determining the best way to achieve a particular thermal goal. 

Also, this sensitivity study shows that certain thermal goals may not be reached if only using 

ventilation, sometimes only the reduction of the linear load or a combination of linear loading 

and ventilation can reduce the thermal response to lower temperature specifications, if 

considered. As an example, Figure 1 shows that waste package peak temperatures below 96°C 

would require both a reduction in the linear load and an increase in ventilation duration. 
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Figure 1 .  Relationship of the ventilation duration and the predicted waste package temperature 
peak as a function of the initial linear power loading of the emplacement drift. 



Table 1. Summary of thermal hydrologic performance parameters showing the drift-scale 
sensitivity to ventilation. 1.45kW/m LDTH model used for all simulations. 

(Celsius) I High 
I Temperature 1 Mean I 298 1 238 I 214 I 157 1 110 1 101 I 

288 I 231 I 207 I 151 I 107 I 99 

Duration 
(Years) 
WP>80°C 
Duration 
(Years) 

DW Peak 
Temperature 
(Celsius) 
DW'96OC 
Duration 
(Years) 

% Pillar Peak 
Temperature 
(Celsius) 

Mean 650 575 500 300 0 0 
High 550 450 380 240 0 0 
Low 5550 5400 51 50 5000 4600 4500 
Mean 3400 3250 3200 2900 2500 2400 
High 2600 2450 2400 2250 2000 1900 

Low 284 232 210 160 121 111 
Mean 268 21 5 195 145 103 96 
High 258 208 188 138 99 93 
Low 2850 2500 2300 2000 1800 1675 
Mean 1650 1450 1350 975 620 0 
High 1400 1200 1100 800 340 0 

Low 113 104 102 97 92 90 
Mean 99 95 93 88 82 81 
High 96 93 91 85 80 78 

Pp--p-pp 



Table 2. Summary of waste package peak temperature as predicted by each thermal-hydrologic 
2D model simulation. 

0.90 kW/m Mean 183 149 133 99 77 72 
High 176 141 126 97 75 70 
Low 270 22 I -- 151 113 -- _ _  1.25kWIm Mean 255 207 -- 136 98 

1.45kW/m Mean 298 238 21 4 157 110 101 

High 247 199 -- 129 96 

High 288 231 207 151 107 99 

Low 31 3 255 229 172 129 117 

-- 188 140 -- 281 _ _  Low 344 

High 32 1 256 -- 167 118 
l.GOkW/m Mean 329 264 -- 174 125 


