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I. INTRODUCTION 

The repository advanced conceptual design (ACD) is 
being conducted by the Civilian Radioactive Waste 
Management System, Management & Operating Contractor. 
Underground ventilation analyses during the ACD have 
resulted in preliminary ventilation concepts and design 
methodologies.2, X 6 This paper discusses one of the recent 
evaluations - effect of ventilation on emplacement drift 
temperature management. 

Federal regulation (10 CFR 60.133(i))5 requires that the 
impact of heat produced by the spent nuclear fuel on the host 
rock be considered in the underground repository design. 
Emplacement drift temperature is an important performance 
measure which will be used to determine whether the 
potential repository system meets the required objectives and 
criteria. A recent study confirmed that ventilation is one of 
the most direct means to manage drift temperature.4 Due to 
the complex thermal processes involved, quantifying the 
effect of ventilation on the management of drift temperature 
requires substantial efforts in development of analysis 
method and numerical computation. The overall repository 
cooling analysis is in its early stages of development. This 
paper provides a brief review of the current work. 

II. ANALYSIS 

An understanding is needed of the heat transfer 
processes in order to quantify the heat flow rates resulting 
from different mechanisms coupled in the process, and to 
determine the resulting temperature in an emplacement drift. 
Rates of thermal convection, conduction, and radiation can 
be described by Newton's cooling law, Fourier's conduction 
law, and the Stefan-Boltzmann law respectively. However, 
determination of the above rates requires knowledge of 
temperatures of the waste package surface and the airflow, 
and the rock temperature gradient. These temperature 
variables are all time-dependent and coupled throughout the 
process, and therefore, have to be determined at the same 

time. By using the energy conservation law the variables 
can be correlated, but analytical solutions are still not 
possible because the number of equations available is less 
than the number of variables involved. A methodology for 
reaching approximate solutions was developed and used in 
this study to evaluate the ventilation effects. 

The method developed for performing the heat flow 
and temperature calculations treats a ventilated emplace
ment drift as a series of finite drift segments, and the total 
ventilation time period as a number of time-steps. With this 
approach, the temperature of air traveling in a drift segment 
within each time span can be reasonably represented by a 
constant which is required as a boundary condition by any 
thermal analysis software. Thermal analysis using the 
ANSYS computer code (a commercially available finite 
element program for multi-dimensional analysis) was 
performed for each drift-section sequentially from the 
beginning to the end of the drift. Outputs from a drift 
segment at a given time-step were used as inputs and initial 
conditions for the next drift segment and time step. A 
detailed description of this approach has been provided in 
Reference 3. 

HI. RESULTS 

Results shown in Figures 1 and 2 are the air and drift 
wall temperatures, and heat removal rates for airflows of 2 
and 10 m3/s per emplacement drift. The analysis used the 
following data: areal mass load of 24.7 kg uranium per 
square meter (equivalent to 100 metric tons of uranium per 
acre) of emplacement area, in-drift emplacement mode, 
1,200-m long and 5-m diameter emplacement drift, waste 
packages containing 21 pressurized-water reactor spent 
nuclear fuel assemblies, and drift intake air and initial rock 
temperature of 26 °C. Analyses were performed for a 
continuous ventilation period of 100 years. The non
uniform time spans, shown in Figures 1 (a), 1 (b), 2(a) and 
2(b), were selected for the purpose of obtaining a constant 
decrease in the waste heat output within each time span, 
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FIGURE 1. Temperature and Heat Removal by Airflow 
During Continuous Ventilation (2 mA3/s per Drift) 

0 200 400 600 800 1/100 1500 
Distance Traveled by Airflow In Emplacement Drift, m 

0 200 400 600 800 1,000 1500 
Distance from the Air-Inlet End of Emplacement Drift, m 

10 2 0 3 0 4 0 5 0 6 0 70 8 0 9 0 
Time of Emplacement Drift Ventilation, Years 

FIGURE 2. Temperature and Heat Removal by Airflow 
During Continuous Ventilation (10 mA3/s per Drift) 
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according to the spent fuel decay function used in the 
evaluation.3 Due to the uncertainties of water availability 
and movement in the surrounding rock during the long term 
(i.e. 100 years) ventilation period, only sensible heat was 
considered in the calculations to conservatively quantify the 
effect of ventilation on the emplacement drift temperature 
control. 

Figures 1 and 2 show that during ventilation of the 
1,200-m long emplacement drift, the air and rock 
temperatures increase along the drift and reach a maximum 
at the drift exit. For a limited ventilation rate of 2 mVs per 
drift, the air temperature at the drift exit increases from 74 °C 
during the first year to 123 °C (peak) in the 20th year, and 
then decreases to 96 °C in the 100th year. If a more 
aggressive airflow of 10 mVs is applied, a maximum air 
temperature of 62 °C occurs in the ninth year of ventilation, 
and then steadily decreases to 50 °C in the 100th year. 
Under aggressive continuous ventilation (10 m3/s), a 
maximum drift wall temperature of 74 °C occurs in 9 years. 
For a limited ventilation rate of 2 nrVs, a maximum drift wall 
temperature of 136 "C occurs in the 27th year. For a shorter 
(600-m long) emplacement drift, the drift wall temperature 
at the drift exit will be 102 °C for an airflow rate of 2 miVs, 
and 54 °C for 10 mVs. 

Compared with an unventilated scenario3 for the same 
waste emplacement conditions, in which a maximum drift 
wall temperature of 177 °C is observed along the entire drift 
length, ventilation can reduce the peak wall temperature by 
103 °C at the drift exit for an airflow of 10 rrl /s per drift. 
For an airflow of 2 m3/s, the reduction in the maximum wall 
temperature is 41°C at the drift exit. For a 600-m long 
emplacement drift, the reduction in wall temperature by 
ventilation will be 75 °C and 123° C at the drift exit for 
airflow rates of 2 m3/s and 10 m3/s respectively. 

Figures 1(c) and 2(c) show that an airflow of 2 m3/s per 
drift can remove from the 1,200-m long drift 51% of the 
total heat generated by the waste within a 100-yr ventilation 
period. If the airflow is increased to 10 m3/s, more heat 
(74% of total) can be removed within the same ventilation 
period. 

It is worth noting that the effect of potential moisture 
withdrawal from the rock was not included in the above 
results. If the effect of potential moisture withdrawal from 
the rock is included, an additional amount of heat (latent heat 
resulting from evaporation of water in the rock) would be 
removed from the drift. Consequently, the drift temperature 
would be further reduced and the time of peak temperature 
would be delayed, as shown in a recent preliminary study1 

on the moisture effect However, this enhanced drift cooling 
by latent heat removal is possible only when a significant 

amount of water is constantly moving towards the drift 
surface throughout the ventilation period. Therefore, the 
availability and movement of the water in the host rock 
should be further evaluated before including latent heat in 
the determinations of the required air quantity for emplace
ment drift temperature control. 

IV. CONCLUSIONS 

Continuous ventilation with an appropriate air quantity 
can remove a significant portion of the total heat generated 
by the waste from emplacement drift, and therefore, could, 
if considered desirable, be used as an effective method for 
emplacement drift temperatures control. 
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