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CHAPTER X 

HYDROLOGIC EFFECTS OF NATURAL DISRUPTIVE EVENTS ON 
NUCLEAR REPOSITORIES 

S. N. Davis 

University of Arizona 

The assessment of hazards to deeply buried nuclear repositories must 
include consideration of several possible mechanisms of containment failure. 
One of the most difficult mechanisms to assess is the upward transport of 
radionuclides into the biosphere by slowly moving groundwater. This mechanism 
is, moreover, one of the most likely failure modes, particularly if some dis
ruptive event (such as faulting) affects the repository. 

The purpose of the present report is to review some of the hydrogeologic 

aspects of containment failure, particularly in relation to natural disruptive 
events. Attention will be focused on geologic environments typical of salt 
domes in the Gulf Coast, bedded salt in Texas, Oklahoma, and New Mexico, and 
various media found in the Nevada Test Site. Although this report will not 

concentrate on site-specific details, hydrogeologic properties discussed, 
insofar as possible, will be based on actual field investigations. 

This report describes some possible hydrogeologic effects of disruptive 
events which may affect repositories for nuclear waste. Although the impor
tance of human activities in possible containment failure is apparent to all 
students of the problem, the present report concentrates on the effects of 

natural events. A very large number of combinations of natural events can be 
imagined; nevertheless, this report covers only those events which are judged 
to be most probable. 

Failure of the containment of deeply buried radioactive waste, if it 

occurs, would most likely involve some transport of radionuclides by ground
water. The prediction of the future groundwater motion is, therefore, of 
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prime importance. Although sorption characteristics of the media are of pri

mary importance in radionuclide transport, the objective of the present review 
is to discuss the nonchemical aspects of natural disruptive events. Of the 
nonchemical variables, the permeability of the material is most difficult to 
estimate accurately for a given transport problem. Even if present field con
ditions were known perfectly, future geologic processes, such as compaction, 
weathering, fracturing, and cementation, could easily change current values of 
permeability by several orders of magnitude. Reasonable values are given in 
this report for various natural materials, but they represent only the median 
value in a set of log-normally distributed values from a given formation. 

Effective porosity values, which also govern the flow velocities and are 
inversely proportional to those velocities, vary between about 0.001 and 
0.2 (0.1% and 20%) for most water-bearing materials. Because effective poro
sity has a normal distribution in samples from a given formation, moderately 
close estimates of the effective porosity can be obtained with only a limited 
number of field determinations. Dispeision, which is another critical factor 
in transport equations, is difficult to estimate, and laboratory determina

tions of dispersivity are almost meaningless when applied to field situa
tions. Generally, field values are at least one or two orders of magnitude 
larger than corresponding laboratory determinations would suggest. Good field 
determinations of dispersivity are unfortunately very scarce. 

Numerous disruptive events could cause a containment failure in a nuclear 
waste repository. Of the natural events which may induce undesired ground
water transport of radionuclides, faulting, dissolution of rocks, miscella
neous fracturing, and rapid changes of the groundwater regime are considered 
the most probable. Most disruptive events will cause some new groundwater 
flow patterns to develop in response to increased permeability of the rocks or 
an increased amount of groundwater. Increases in groundwater may be due to 
increases in water available for recharge. As a first approximation, natural 
disruptive events can be assumed to produce permeable zones that allow instan
taneous injection of contaminated water into adjacent permeable rocks. This 

assumption is very conservative and should only be used when details of the 
natural system are not available for more realistic models. 
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Permeability increases produced by faulting have been a cause of concern 
with respect to the integrity of a waste repository. However, contrary to 
many published reports, faults do not necessarily increase the permeability of 
rocks that are affected. Many active faults in California have been documen
ted to be groundwater barriers. Furthermore, recent faults in other regions 
commonly show evidence of local decreases of permeability. In general, faults 
that offset nonindurated sediments tend to form hydraulic barriers, and only 
geologically young normal faults traversing older brittle rock are always 
zones of high permeability. 

Dissolution of anhydrite, gypsum, limestone, dolomite, and salt can form 
collapse features, which may disrupt nuclear repositories. The dissolution 
may be relatively slow, with a corresponding slow settling and failure of 
overlying material. Occasionally, the dissolution produces subsurface cavi
ties that collapse suddenly and sometimes catastrophically. Dissolution with 
subsequent collapse is probably the most likely form of containment failure 
for repositories in bedded salt and salt domes. 

Non-tectonic fracturing of rock may be associated with large landslides, 
subsidence of alluvial basins, and impact and explosion events. Proper site 
location should avoid most areas of non-tectonic fracturing. 

Rapid changes of the groundwater regimen are particularly difficult to 
predict. In general, if one takes the elevation of the local recharge area 
and assumes that groundwater fills all pore spaces to the surface, and if the 

exit head is assumed to be stable, then most regional groundwater gradients in 
humid areas are not even doubled. In arid regions, in contrast, the gradients 
may be more than tripled. Because transport velocities are almost everywhere 
proportional to the gradients, the rates of movement of radionuclides will be 
increased accordingly. The most serious problem which could come from changes 
in the groundwater regimen appears to be a shortening of the groundwater flow 
path. If groundwater levels increase in elevation until the water is near the 

~ . surface, then long regional flow paths of contaminant travel may become short, 
local paths. Stated in another way, a large increase in the quantity of local 
groundwater may cause a more direct and rapid movement of contaminants to the 

surface. 
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