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GEOHYDROLOGIC INVESTIGATIONS OF BURIED METfoJ\IORPHIC ROCK 
AND ~IUDS TONE FOR THE STORAGE OF RADIOACTIVE II'ASTE* 

I. 11'. Marine 
Savannah River Lqboratory 
E. I. du Pont de Nemours and Company 
Aiken, South Carolina, U.S.A. 29801 

ABSTRACT 

From 1961 to 1972 a geohydrologic investigation of crys
talline metamorphic rock and Triassic mudstone was carried on at 
the Savannah River Plant near Aiken, South Carolina, U.S.A., 
operated by the U. S. Department of Energy, for the purpose of 
evaluating the feasibility of storing radioactive waste in these 
host rocks. Although this investigation is no longer actiVe, many 
of the concepts, testing met!Juds, and results developed in this 
investigation arc applicable to investigations currently being con
ducted at other locations for geologic storage of radioactive waste. 

*The information contnined·in this article was developed during the 
course of work under Contiact No. AT(07-2)-l with the U. S. ·Depart
ment of Energy. 
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J:\TRODllCTI ON 

A geohydrologic study of crystalline metamorphic rock and 
Triassic mudstone was performed from 1961-1972 at the Savannah River 
Plant ncar Aiken, South Carolina, U.S.A. The purpose was to evalu
ate the feasibility of storing radioactive waste in these host 
rocks. Nany of the concepts, test methods and results developed 
during this study can be appl~ed to current investigations for geo
logic storage of radioactive waste at other locations. 

The Savannah River Plant is about 35 Km southeast of the 
Fall Line and is adjacent to the Savannah River. The geologic and 
hydrologic section at the plant, may be divided into three major . 
units - (1) the unconsolidated to semiconsolidated formations of the 
Coastal Plain sediments, ·about 283 m thick, (2) the underlying 
crystalline rocks composed primarily of chlorite-hornblende schist 
and hornblende gneiss with less amounts of quartzite, and (3) far
ther to the southeast, but still within the plant boundary, the 
reddish brown sandstones and shales of Triassic age that fill a 
basin in fhe metamorphic rocks but are overlain by the coastal plain 
sediments. Khere the Coastal Plain sediments lie on the basement 
rock, these two units are separated by a layer of saprolite about 
24 m thick. The saprolite is a residual clay formed from the weath
ering of the crystalline rock. The weathering may have been ca11sed 
by subaerial process during Jurassic or Early Cretaceous time. The 
weathering may have also been caused by subsurface chemical reac
tions between the acidic,·oxygenated water in the Coastal Plain sed
iments and metamorphic minerals of the crystalline rock. 

The saprolite effectively separates the water that occurs 
in the intergranular spaces in the Coastal Plain sediments from 
that which occurs primarily in small fractures in crystalline rock. 
Water %hat occurs in the Coastal Plain sediments above the saprolite 
contains about 30 mg/1 of dissolved solids, whereas water that 
occurs in the crystall.iue rock below the saprolite contains about 
6,000 milligrams per liter dissolved solids. Water from the crys
talline rock contains a dissolved gas which consists df up to 6 
percent helium. This accumulatio~ of helium indicates that the 
water has been in contact with the rock for 840,000 years. ·rn .con
junction with a probable flow path, it indicates that the regional 
velocity of water in the crystalline rock is about O.Q6 m per year. 

FRACTURES 

~lost of the fractures that have existed at one time in 
the crystalline rock have been filled by the precipitation of some 
mineral in the formerly open space. Of more importance hydro
logically are the r~latively few fractures that are still open and 
permit the passage of water. Two types of these fractures charac
terize the upper 305m of crystalline rock, and.these two types are 
distinguished by different degrees of openness. Most of the crys
talline rock is pervaded by fractures of small magnitude that trans
mit w~ter extremely 3lowly. However, these fine fractures connect 
the entire body of crystalline rock into a single hydraulic unit. 
Rock containing only these minute fractures is termed virtually 
impermeable rock. The second type of fracture consists of large 
openings that will transmit water at faster rates, These fractures 
appear to occur in vertically restricted but laterally extensive 
zones in which the fracture& furm an interlac1ng network. Rock 
containing this type of fracture is called hydraulically trans
missive rock; 

In determining the location of hydraulically transmissive 
fractures, inspection of the core was found to be of little use. 
Geophysical log~ were incapable of locating individual fractures 
although they were of use irr distinguishing more general properties 
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of the geologic section such as clays and sands in the sediments, 
the top of the saprolite, and the top of the crystalline rock. The 
most reliable method of determining the location and character of 
hydraulically tra11smissive fractures ~as by isolating sections of 
the open rock hole with expandable rubber packers. \later \\RS in
iected into or removed from these isolated sections of rock, and 
llows and recovery rates were measured. In-hole tracer tests in 
which radioactive iodine was made to move in the borehole and out 
of it into fractures were used to obtain the exact location of large 
fractures. However, it was difficult to use tracers to locate small 
fractures or fracture zones that occur in the same well with large 
fractures. 

Most of the hydraulically transmissive fractures occur in 
zones that are apparently correlatable between wells. This correla
tion is based primarily on the rapidity with whi~h ~ater levels 
respond to activities in isolated sections of nearby wells. One of 
the apparently £orrelatable fracture zones occurs at the top of the 
crystalline rock just beneath the saprolite, where the rock is some
what weathered but not yet reduced to clay. Another fracture zone 
is inclined at an angle of zz• or more to the southeast and has a 
strike approximately parallel to that of the schistosity. Several 
hydraulically transmissive fractures do not correlate with either 
of these two fracture zones. In some areas there is more than 305 m 
of rock without any hydraulically transmissive fractures~ 

WATER- LEVEL FLUCTUATIONS AND FLOW PATH 

Artificial water-level fluctuations in the crystalline 
rock ar~ caused by injecting and removing water during the drilling 
and testing of the exploration wells. Parts of these changes were 
caused by pressure rises or declines that are normal to a region 
where water is being injected or removed. However, because of the 
low transmissivity and storage of the crystalline rock, these 
effects last many times longer than the duration of the activities 
that caused them. The water levels in the exploration wells are 
also kffected by the density contrast betwee11 the water that is 
native to the crystalline rock and the fresh water that was used in 
the drilling and coring of the wells and in some of the testing pro
cedures. For a number of years the static water level could not be 
determined due Lo the residual hydraulic effects of drilling and 
testing. However, after a period of 2 years without any hydraulic 
disturbance, which was preceded by a period of 2 years in which the 
hydraulic tests· involved essentially no net withdrawal or injection, 
it is believed that a reliable static water level was determined. 
This level was then corrected for the effects of the density of the 
fluid in the borehole. 

The static ~ater revel in five of the six wells drilled 
outside of the area of intensive investigation, and consideration 
of the general pattern of flow that is governed by the regional 
aquifer geometry determined by the major drainage in tl1e area, leads 
tu an approximation of the regional flow path and gradient. Kater 
that flows through the area of intensive investigation probably 
follows an accurate path that originates in· the interstream area 
between the Savannah and Congaree Rivers and terminates in the 
Savannah River Upstream from the Savannah River Plant. The length 
of this flow path is about 90 km and the average gradient along it 
.is 0.6 m per km. 

HYDRAULIC PARA~IETERS 

The apparent hydraulic conductivity of virtually impermea
ble rock was determined from laboratory analy5is and from analy~is 
of ~acker tests in wl1ich water-level recovery was measured after 
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essentiall~ instantaneous removal or injection of water. The 
apparent hydraulic conductivity ranged from R.3 x 10- 7 to 3.4 x 10-s 
m/day and averaged 1.2 x lo-s m/day. 

Individual hydraulically transmissive fractures have a 
"'ide range of transmissivity up to 5.3 m2 /day. HOI\ever, the indi
vidual fractures are interlacing and. the fracture zones have a lower 
transmissivity. The transmissivity of these zones is estimated from 
two pumping tests to be about 2.0 m2 /day and from a tracer test to 
be about 1.1 m2 /day. The average a~parent hydraulic conductivity 
is estimated to be 0.03 m/day from the two pumping tests, 0_04 
m/day from the hydraulic data from the tracer test, and 0.01 m/day 
from the tracer concentration data. A digital computer modeling 
technique was used to analyze the second of the two pumping tests. 

The coefficient of storage is estimated from two pumping 
tests and from considerations of aquifer compressibility, to be 
about 12 x 10- 6

• 

•The intercrystalline porosity was measured from core 
samples to be about 0.13 percent. The. fracture porosity of a frac
ture ·zone was determined by a tracer test to be about 0.08 percent. 

A method was developed for theoretically computing Lhe 
tracer concentration arriving at the discharge well using only the 
time of arrival for nondispersed flow along the direct path between 
~he two wells, the dispersivity, and the assumption of homogeneity 
of the aquifer. The theoretical curve of concentration versus time 
so computed using a time of arrival of nondispersed flow along the 
direct path between the wells (538 m) of 440 days and a character
istic dispersion length of 134 m fits the observed curve very 
closely. The time is useful in calculating the porosity and other 
hydraulic parameters. The dispersion length is useful in predicting 
the departure of the rate of movement of some water particles from 
the average rate as ~redicted by Darcy's law. 

GEOCHHIISTRY OF WATER 

The diss6lved solids content of water from the sediments 
is about 30 mg/1 and that from the cr~stalline rock about 6,000. 
The Hater from the crystalline rock is high .in sodium, sulfate, and 
chloride. There are no readily identifiable chloride~bearing min
erals in the crystalline rock. 

The water from the crystalline rock contains a dissolved 
gas which is about 91 percent nitrogen and 6 percent helium. This 
helium concentration is used to arrive at an age for the water of 
at least 840,000 years. Attempts to obtain a carbon-.14 age on the 
water have been unsuccessful because of the very low bicarbonate 
content ~f the water, 16 mg/1. 

TRIASSIC S~DINENTARY RO(K 

Under about one-third of the plant site the Coastal Plain 
sedimeTtts are underlain by red sandstone and claystone of Triassic 
age rather than by crystalline rock. The areal extent of the 
Triassic rock is known approximately from an aeromagnetic map of 
the region. The northwest border is kno~Vn more precisely from a 
seismic reflection traverse and a well that was drilled through the 
Triassic· rock to penetrate the underlying crystalline rock. The 
crystalline iock from this well Has a feldspar augen gneiss, some
what different from the hornblende schist and gneiss of other areas. 

Based on the two wells that penetr~ted it, the Triassic 
rock has a hydraulic conductivity about equal to that of the vir
tually impermeable crystall~ne rock 4 x ·10- 6 to 4 x 10- 7 m/dav. In 
one of these wells the water level was still recovering, 8 ye~rs 
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after an instantaneous depression of the head by about 36 m. Water 
from the edge of the Triassic rock has about the same.dissolved 
solids. content as that from the crystalline rock, but its chloride 
content is much higher and its sulfate content much lower. · 

Other wells in the Triassic mudstone have much lower 
permeability and bnly single well tests could be performed. These 
wells also contain as much as 18,000 mg/1 dissolved solids which is 
mostly sodium chloride. These wells exhibit water pressures well 
above hydrostatic. It is b~lieved that these pressures are the 
result of osmosis operating within the low permeability Triassic 
sediments. As a result the direction of water movement cannot be 
assumed to be in accordance with the hydraulic gradient, since 'the 
gradient is an effect ra~her than a cause of water movement . 
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