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ABSTRACT 

Subsurface hydrogeologic systems underlying the Savannah 
River Plant (SRP) were studied to determine the origin and age 
of the contained fluids. Three distinct systems exist beneath 
SRP: the Coastal Plain sediments, crystalline metamorphic base
ment rock, and a Triassic rock basin surrounded by the crystalline 
rock. The water in the Coastal Plain sediments is low in dis
solved solids (~30 mg/l), acidic (pH ~5.5), and comparatively 
recent. Water in the crystalline rock is high in dissolved 
solids (~6000 mg/l), alkaline (pH ~8), and ~840,OOO years old as 
determined by helium dating techniques. Water in the Triassic 
rock is highest in dissolved solids (~18,OOO mg/l) and is 
probably older than the water in the surrounding crystalline 
rock; a quantitative age was not determined. The origin of 
the water in the crystalline and Triassic rock could not be 
determined with certainty; however, it is not relic sea water. 
A detailed geologic-hydrologic history of the SRP region is 
presented. 
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GEOCHEMISTRY OF GROUND WATER AT THE 
SAVANNAH RIVER PLANT 

INTRODUCTION 

During the Bedrock Waste Storage Exploration Program at the 
Savannah River Plant (SRP), a number of surface and ground water 
samples were analyzed to determine isotopic composition, dissolved 
solids, and dissolved gases. These analyses were made to interpret 
the age and origin of water in the bedrock (Triassic and crystal
line metamorphic rocks). In addition to water samples collected 
from the bedrock, samples were collected on a periodic basis from 
surface sources and from aquifers in the Coastal Plain sediments. 
Samples of water from the bedrock date back to the early phases 
of exploration in 1961-62, but periodic surface and ground water 
sampling did not begin until the spring of 1971. In the fa1l of 
1972, the Bedrock Waste Storage Exploration Program was indefi
nitely postponed, and, as a result, the periodic sampling of 
surface water and ground water was terminated. A few water 
samples from the Triassic and crystalline r0ck wells became 
available after the well drilling was completed, and a final 
round of collecting samples was made. Rock specimens wer-e also 
collected from the well cores for geochemical analysis. 

The purpose of this report is to tabulate all the water and 
rock analyses that may be useful for subsequent geochemical inter
pretation. In addition to reporting the basic data, this report 
also provides some preliminary and elementary interpretations of 
the data in regard to the origin and age of the various waters. 
These interpretations are not meant to be exhaustive, but to 
present the conclusions reached at the time that work on the 
project was terminated. 

The report is arranged into three major sections. The first, 
entitled Analyses and Sampling, discusses the general usefulness 
of the types of geochemical analyses that are included and the 
problems of obtaining representative samples. The second section, 
entitled Geochemical Analyses, discusses individual analyses and 
sequences of analyses and their meaning related to their specific 
source, i.e., individual well or creek. The third section, en
titled Interpretation of the Geochemical Analyses, discusses the 
interpretations of the analyses in terms of conceptual models of 
the various geohydrologic systems. 
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SUMMARY 

GEOLOGIC AND HYDROLOGIC SYSTEMS 

Three distinct geologic and hydrologic systems (Figure 1) 
exist beneath SRP: (1) the Coastal Plain sediments of Cretaceous 
and Tertiary age (Eocene and Miocene on Figure 1), where water 
occurs in porous, unconsolidated to semi-consolidated sand and 
clay; (2) the buried crystalline metamorphic basement rock con
sisting of chlorite-hornblende schist, hornblende gneiss, and 
lesser amounts of quartzite, where water occurs in small frac
tures; and (3) a buried Triassic basin, consisting mostly of red 
consolidated mudstone with some poorly sorted sandstones, where 
water occurs in the intergranular space, but is very restricted 
in movement due to the extremely low permeability. 

To these three sources of water samples may be added ~ 
fourth: the surface streams that drain the region. However, 
much of the water that flows in streams, especially in dry 
weather, has passed through the ground for some indeterminate 
distance and time prior to its presence in the channel of a 
stream. Thus, surface water and the shallow ground water in the 
Coastal Plain formations are not separate and distinct, but part 
of the same system. 
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GEOCHEMICAL ANALYSES AND INTERPRETATION 

Dissolved Solids 

Water in the Coastal Plain formations is low in dissolved 
solids (~30 mg/l), acidic (pH ~S.S), and aggressive in its attack 
on metallic surfaces. In places, the water from the Coastal Plain 
formations is saturated with dissolved oxygen (~9 mg/l) and has a 
very low sulfate content «2 mg/l) to depths as great as 800 feet 
(Tuscaloosa aquifer). In other areas, the oxygen apparently has 
reacted with sulfide minerals in the rock, completely depleting 
the oxygen (~O mg/l) and raising the sulfate content (13 mg/l). 
The demarcation line between these two areas is sharp and distinct, 
and may be an oxidation front that is moving in the direction of 
ground water flow but at a much slower rate. 

The Coastal Plain sediments are separated from the crystalline 
metamorphic rock by about 80 feet of residual weathered crystalline 
rock called saprolite. Chemical analyses of the saprolite show 
clearly the weathering profile by the progressive upward leaching 
of iron(II), magnesium, calcium, and sodium and, also, the increas
ing hydration of minerals from bottom to top of the saprolite layer. 
The dissolved solids content of the water changes abruptly across 
the saprolite layer from 30 mg/l at the basal Coastal Plain inter
face to 3500 mg/l at the top of the crystalline metamorphic rock. 
Analyses of the very small quantities of water squeezed from cores 
of the saprolite were not sufficiently accurate to determine where 
or how this change of water quality occurred within the saprolite. 

The water from the crystalline metamorphic rock is high in 
dissolved solids (6000 mg/l) consisting almost entirely of calcium 
(500 mg/l), sodium (1400 mg/l), sulfate (2300 mg/i) , and chloride 
(1400 mg/l). Because there are no identifiable chloride-containing 
minerals in the rock, and because a leach solution from distilled 
water and ground-up crystalline metamorphic rock contained very 
little chloride, a source for the water other than rain is suggested. 
Sea water is an a priori candidate source. However, the geOlogic 
history of the area and the required hydraulics of sea water 
intrusion make this hypothesis nearly untenable. Chemical analyses 
of the rock do indicate the presence of a very slight amount of 
chloride, and additional experiments of longer duration with leach 
solutions might indicate the rock itself to be the source of 
chloride. 

Although some question remains on the origin and paleohydrology 
of the water in the crystalline metamorphic rock, its general flow 
pattern at the present time is known. Flow originates in the vicinity 
of the Fall Line, moves in an arcuate path passing beneath the 
Savannah River Plant, and discharges upstream into the Savannah River 
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valley. Water is estimated to have been in the crystalline metamor
phic rock for 840,000 years, and if a flow path of 32 miles from the 
outcrop area is assumed, the water has traveled at an average rate 
of 0.2 ft/yr. 

Water from the Triassic rock is higher in dissolved solids 
(18,000 mg/l) than the water from crystalline metamorphic rock 
(6000 mg/l). The dominant cations are calcium (4600 mg/l) and 
sodium (2900 mg/l), and the dominant anion is chloride (10,000 mg/l). 
Sulfate is very low (~O mg/l), as are most other constituents. 

The two wells in the Triassic basin that have the highest 
dissolved solids content also have hydraulic heads that are well 
above land surface. The preservation of these heads in the 
Triassic basin, when surrounded by much lower heads in the over
lying Coastal Plain and metamorphic rock attests to the imperme
ability of the Triassic rock. These heads do not originate from 
the water-level elevation in a recharge area, from relic head 
from some previous loading, from compaction of sediments, or from 
any of several endothermic chemical reactions that can release 
free water. The hydraulic heads in the two wells are different 
and are in proportion to their dissolved solids contents. The 
hydraulic head in each well approximates that which would balance 
osmotic forces caused by a semipermeable membrane separating 
aqueous solutions identical to the water in the Coastal Plain 
sediments and the water in the Triassic rock. As would be 
expected if osmosis were the cause of these heads, wells near 
the vertical and horizontal margins of the Triassic basin are 
lower in dissolved solids and have lower hydraulic heads. 

Dissolved Gases 

The water from the crystalline metamorphic rock contains 
dissolved gas, most of which is nitrogen (~93%); however, it 
also contains a significant quantity of helium (~6%), which could 
~not have an atmospheric origin. The helium content provides a 
method for dating the water because its generation rate from the 
decay of uranium and thorium in the rock is known. Only about 
7-1/2% of the helium found is contained in the water, the 
remainder being in the rock itself. Eleven million years would 
be required to generate all of the helium found. 

Because water from the crystalline metamorphic rock contains 
no tritium, this water has been in the ground more than forty 
years. 
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Gas that effervesces from one of the Triassic wells is about 
2/3 hydrogen and about 1/3 nitrogen. Although the origin of this 
gas is not known, gas derived from coal in the nearest outcropping 
Triassic basin in North Carolina has about the same ratio of 
hydrogen to nitrogen. 

Isotopic Ratios 

Isotopic ratios of deuterium to hydrogen and oxygen-18 to 
oxygen-16 of surface and ground water samples reflect the evap
oration that occurs at Clark Hill Reservoir on the Savannah River 
and at Par Pond on Lower Three Runs Creek. Surface streams, all 
of which are supported by influent ground water seepage (especially 
during dry periods), have isotopic ratios and dissolved solid 
constituents that are similar to those of ground water in the 
Coastal Plain formations. 

Isotopic ratios of deuterium to hydrogen and oxygen-IS to 
oxygen-16 indicate that the water from the crystalline rock 
cannot be a simple mixture of rain water and sea water. However, 
these ratios follow the same pattern as the water from the Coastal 
Plain sediments, indicating that the Coastal Plain sediments may 
be the source, even though the water has undergone many modifica
tions after entering the crystalline metamorphic rock. 

Isotopic ratios of sulfur-34 to sulfur-32 from the sulfate 
in the water and the sulfide minerals in the crystalline rock 
indicate an external source for the sulfate in the water, but 
also indicate that the water from the Coastal Plain. sediments 
could be this source instead of relic sea water. 

A graph of the ionic ratios indicates that the water now 
found in the crystalline rock is not similar to modern sea water 
nor is it similar to the short-term leach solution obtained from 
distilled water and ground-up crystalline metamorphic rock. 
However, if some calcium and chloride were precipitated or some 
sodium and sulfate added, the present water could be a mixture 
of these two waters. Based on the ionic ratios, the crystalline 
rock water cannot be a mixture of Coastal Plain water and sea 
water. 

Because the bicarbonate content of the water (16 mg/l) is 
very low, dating the water by carbon-14 methods was not successful. 

Potassium-argon determinations on the crystalline rock 
indicate that its last metamorphism was during the Appalachian 
mountain deformation in late Pennsylvanian or Permian time. 
However, the age of the rock has little bearing on the age of 
the water. 
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The several techniques applied to decipher the orIgIn of the 
water in the crystalline rock yield contradictory results when the 
question is asked in simple terms: Is this water from rain, sea 

water, or the Coastal Plain formations? The water now found has 
been greatly modified during its 840,000 year travel time, and its 
genesis is masked by the characteristics acquired since its origin. 

The dissolved solids content and particularly the chloride 
content of water from the Triassic basin have led to speculation 
of a sea water origin. However, the chloride content of the 
water may be derived from the solution of chloride minerals in 
the Triassic rocks. Even though no chloride minerals have been 
determined in the Triassic basin exploration at the Savannah 
River Plant, some are known from other Triassic basins. The 
iodine-chlorine ratio of the water from the Triassic basin is 
about 30 times greater than that of sea water. Ionic ratios and 
isotopic ratios also indicate that this water is not sea water, 
nor is it a simple mixture of sea water and rain water, nor sea 
water and water from the Coastal Plain sediments. 
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ANAL YSES AND SAMPLING 

ANALYSES 

The objective of this section is to discuss generally the 
purpose for which certain types of analyses are made and to 
introduce the tables of analyses, which are at the end of the 
report. 

The tables of analyses are categorized according to four 
principal sources: Table 1, water from streams and rivers; 
Table 2, water from the Coastal Plain sediments; Table 3, water 
from the crystalline metamorphic rock; and Table 4, water from 
the Triassic basin rock. Water from the Coastal Plain sediments 
are further distinguished between the two major water~bearing 
units: the McBean and Congaree formations of Eocene age, and the 
Tuscaloosa formation of Late Cretaceous age (Figure 1). Water 
samples from the exploration wells in the Triassic basin and 
crystalline metamorphic rock were analyzed when they became 
available through specific drilling or testing programs. Periodic 
samples were obtained every three months from six wells in the 
Coastal Plain sediments (Table 2) and from four surface streams 
that drain the area (Figure 2). These water samples were 
analyzed for dissolved solids; dissolved gases; isotopic ratios 
of oxygen, hydrogen, and sulfur; pH; and specific conductance. 

Rock samples were analyzed for elemental composition 
(Table 5) and for isotopic ratios. 

Dissolved Solids 

Dissolved solids are those constituents that when not dis~ 
solved in water are normally in the solid phase. Several 
constituents normally make up the largest part of the solute in 
natural water, namely, SiO,; the cations Mg, Ca, Na, K; and the 
anions HC03, S04, and Cl. Other constituents may be important 
to the geOChemistry of the water, even though they are not 
present in large amounts. Where a constituent is commonly 
reported, it is listed on the appropriate table. If a constit~ 
uent is reported for only a few analyses, it is listed under 
remarks. Compositional analyses are expressed as milligrams of 
dissolved substance per liter of water. 
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Dissolved solids are present in small amounts in water from 
rainfall, but commonly the soil zone adds much more. Thus, sur
face water will have a dissolved solids content that varies 
widely depending on the duration of its contact with the soil 
zone and the character of the soil zone. In addition, activities 
of man on some streams commonly contribute to the character, 
magnitude, and variation of the dissolved solids load. 

Much of the water that falls on the land runs off, but some 
of it reaches the ground with its residence time being a function 
of the depth and permeability of the body of rock through which 
it moves. Some water enters the soil zone, percolates a short 
distance, and reemerges as overland runoff. Other water penetrates 
deeper and resides in the ground for tens of years, to centuries, 
and even up to millions of years. Obviously, water that spends 
much time in contact with rocks will eventually reach chemical 
equilibrium with them; however, some of its original characteris
tics may be preserved. For instance, the chloride ion is quite 
soluble in water, yet is not present in the most common rock
forming minerals, except for salt itself. Thus, the presence of 
abundant chloride in the absence of rock salt may indicate that 
chloride was present in the source water before it entered the 
ground. If there is no high chloride source at the present time, 
the chloride concentration may indicate that the water originated 
at the surface when conditions were quite different from those of 
today, possibly when the sea covered the area. Thus, the dissolved 
solids content coupled with known geologic history may indicate the 
age as well as the origin of the water. 

Dissolved Gases 

Dissolved gases are those constituents that when not dis
solved in water are normally in the gas phase. The analyses for 
dissolved gases are reported for specific sources in Tables 1, 2, 
3, and 4. Oxygen and carbon dioxide are reported in parts per 
million (ppm); all other dissolved gases are reported as mole 
percent (mol %). Rainfall is normally saturated with atmospheric 
gases, principally nitrogen, oxygen, and argon. As the water 
passes through the ground, nitrogen, which is relatively inert, 
can have its ratio to other gases change only by reactions of the 
more chemically active gases. Oxygen is of course quite reactive, 
and amounts of dissolved oxygen would be expected to be quite low; 
yet certain waters in the deep Coastal Plain sediments, which are 
probably several centuries old, are essentially saturated with 
oxygen, indicating that the sediments are either inert, or that 
the possible reactions have already taken place to completion 
over the centuries that the oxygen-saturated water has flowed 
through the rocks. 
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Argon is inert, and most water samples contain the expected 
mol % argon from atmospheric saturation. The air origin of argon 
is also supported by comparing its isotopic composition as 
dissolved in water with its isotopic composition in air (Table 6). 

Organic reactions in the soil zone and to a much lesser 
extent in deeper rocks may produce carbon dioxide and methane, 
and these constituents may be carried to greater depth by 
ground water circulation. Hydrogen, as well as some nitrogen, 
may also result from organic reactions in the rocks. 

Helium, which is a dissolved constituent of water from 
Triassic rock and crystalline metamorphic rock (Tables 3 and 4), 
cannot be a constituent from the atmosphere, but must originate 
from the radioactive decay of uranium and thorium in the rock. 
Thus, the dissolved helium content in the water, coupled with 
certain hydrologic knowledge, permits a quantitative calculation 
of the age of the water. In addition to uranium and thorium 
contained in the rock, the quantity of helium dissolved in the 
rock itself is also of interest (Table 7). 

Isotopic Ratios 

A straight line relationship exists for the enrichment of 
deuterium and oxygen-18 concentrations (Tables 1-4) in the natural 
meteoric waters (relative to that of standard mean ocean water) 
if excessive evaporation has not taken place. 1 Enrichments in 
both of these isotopes vary according to the temperature of 
precipitation (latitude), but the relationship is generally 
constant. Excessive evaporation may cause greater relative 
enrichment of 180 than 'H, and thus cause a departure f~om the 
"World Precipitation Line." Using this, the isotopic ratio may 
indicate the origin and possibly the age of the water if the 
Pliestocene climate was vastly different in evaporation than the 
present climate. 

Sulfur isotopic ratios (3'5/ 3'5) may be used to infer the 
origin of water; however, many reasons for changes of this ratio 
are poorly understood. The comparison of the isotopic ratio of 
sulfur in the sulfate in water (Tables 1-4) and the sulfide 
minerals in. the rock (Table 8) should readily show whether dis
solution of rock minerals was the source of the sulfate in the 
water. 

The isotopic composition of oxygen and hydrogen is reported 
as parts per thousand deviation from standard mean ocean water;' 
for sulfur, it is parts per thousand deviation from Canyon 
Diablo Troilite. 
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Other Ana lyses 

The acidic nature of the water samples was measured as pH. 
Specific conductance is given in micromhos per centimeter at 25°C, 
and hardness is expressed in terms of the equivalent mg/l of 
calcium carbonate. 

SAMPLING AND ANALYTICAL VALIDITY 

The objective of collecting and analyzing ground water 
samples is to determine the composition of water that naturally 
resides in a part of a body of rock or to trace the history of 
fluids that have been intentionally or inadvertently injected 
into the body of rock. Water samples have been collected for 
both purposes at SRP. 

To determine the composition of the native water, it is 
absolutely essential to know the history of fluid injection and 
removal before the assumption can be made that a particular 
sample is representative of the native water. This is a most 
stringent requirement where the amount of water in the rock is 
small, as it is in the Triassic and crystalline metamorphic 
rocks. Many of the water samples collected during the early 
phases of the exploration of the crystalline metamorphic rock do 
not represent the composition of native water because of the 
large volumes of fresh water that were injected into the rock 
during the drilling process. In addition to drilling, many tests 
that have been performed on the exploration wells for other pur
poses have disturbed the chemical or isotopic composition of the 
water produced by the well. A sununary of these activities and 
the volumes of water injected and removed are cited in the 
Appendix. The history of each well and the probability of con
tamination must be considered before using these data to inter
pret the geohydrologic history of the area. 

Because of the difficulties experienced in obtaining reliable 
water samples when water was used as a drilling fluid, air was 
used as a drilling fluid on all wells drilled from 1967 through 
1971. Although using compressed air as a drilling fluid eliminated 
contamination of the formation with foreign fluids, it thoroughly 
aerated any water samples collected during the drilling process. 
The saturation of the water specimens with air probably caused an 
alteration of pH and perhaps other values. However, samples taken 
from air-drilled wells are considered more representative than 
samples taken from the water-drilled wells. The most reliable 
samples are those that were later pumped or drawn from a well that 
was drilled with air. The wells drilled in 1972 (P12R, DRB III 
were completely cored using a wire-lined core barrel with water as 
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the drilling fluid. However, one well (P12R) was evacuated of 
fluid as soon as it was completed, and the other well (ORB 11) had 
a head above land surface; thus. no contamination of the formation 
(Triassic) occurred. 

For most of the bedrock samples where the dissolved solids 
concentration was high, the chemical balance of cations and 
anions reported was very nearly equal. However. in many of the 
analyses of surface water and water from Coastal Plain sediments, 
where, the dissolved solids concentration is low and approached the 
analytical limit for the constituent reported, the chemical balance 
is poor. These latter analyses still indicate the correct order 
of magnitude of the concentration of the constituents. 

ANALYSTS 

The analyses reported herein were made by many different 
laboratories and each is identified by the following abbreviated 
form: 

ANL - Argonne National Laboratory. Chicago, IL 

BCL - BC Laboratories, Bakersfield, CA 

Bu Mines - U. S. Bureau of Mines, Amarillo, TX 

Geochron - Geochron Laboratories, Blackstone, MA 

McCreath - Andrew S. McCreath and Sons, Inc. Harrisburg, PA 

Scripps - Laboratories of Prof. Harmon Craig at Scripps 
Institute of Oceanography, La Jolla,. CA 

SRL - Savannah River Laboratory, Aiken. SC 

SRP - Savannah River Plant, Aiken. SC 
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GEOCHEMICAL ANALYSES 

SURFACE WATER 

Periodic samplings of surface water at quarterly intervals 
at the four locations shown on Figure 2 are reported on Table l. 
These locations are: 

(1) Hollow (Holley) Creek at the bridge on S. C. Highway 125, 
3 miles north of the SRP boundary. 

(2) Upper Three Runs Creek at the bridge on S. C. Highway 125. 

(3) Lower Three Runs Creek at the bridge on S. C. Highway 125. 

(4) The Savannah River at the bridge on U. S. Highway 301, 38 
miles by river below the mouth of Upper Three Runs Creek. 

WATER FROM COASTAL PLAIN SEDIMENTS 

The analyses of water from the Coastal Plain formations are 
presented in Table 2. Part A presents periodic analyses from one 
well that penetrates the McBean formation and five that penetrate 
the Tuscaloosa formation. All of the periodic analyses are on 
samples collected from wells that are pumped continually. Part B 
presents analyses of water from selected wells in the Coastal 
Plain formations. The selected wells in the Tuscaloosa formation 
are pumped continually; however, the samples from selected wells 
in the McBean formation are from wells that had not been pumped 
for a period of years. These samples were collected in the 
vicinity of the bottom of the wells by a sampler on a cable. 

Additional analyses of water from SRP water-supply wells, 
both in the McBean and Tuscaloosa formations, exist but are not 
reported here. Water from these wells has been analyzed on a 
periodic basis since construction of SRP began in 1951. Some 
maximum, median, and minimum chemical analyses of Coastal Plain 
water are shown in Tab Ie 9. 

The upper surface of the crystalline rock, where it is in 
contact with the Coastal Plain sediments, is intensely weathered, 
forming a buried saprolite. The saprolite is divisible into four 
units as shown in Table 10. Chemical analyses of samples from 
these units of saprolite are also given in Table S. Because of 
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the vast difference in chemical characteristics of water from the 
Coastal Plain sediments and water from the crystalline metamorphic 
rocks, and the fact that the transition occurs within the sapro
lite, chemical analyses of water within the saprolite are of 
particular interest. Because of its low permeability, water 
cannot be pumped from the saprolite. However, attempts have been 
made to squeeze water from clayey samples of saprolite and to analyze 
them by neutron activation, x-ray fluorescence, and atomic 
adsorption. The results are presented in Table 11. 

WATER FROM CRYSTALLINE METAMORPHIC ROCK 

Isotopic ratios, dissolved gases, and dissolved sOlids were 
determiCled on water samples from crystalline metamorphic rock 
(Table 3). The most reliable analysis of dissolved solids for 
each well is ordinarily the latest one listed, as many of the 
early samples were contaminated with drilling water. For several 
of the wells (ORB 1, ORB 2, ORB 3, ORB 4, and ORB 7), this water 
may never have been pumped out, so even the latest sample listed 
may not be an indication of native water in the rock. Conse
quently, final samples from ORB 6 and ORB 8 are considered as 
the most, if not the only, reliable samples taken froIll the small 
area labeled "ORB I s" in Figure 2. 

The relatively unchanging chemical character of water pumped 
from ORB 6 during a two-year tracer test,' in which water was 
pumped through a plastic pipe from ORB 6 to ORB 5 and injected 
into ORB 5, is shown in Figure 3. Much of this water moved through 
the ground back to ORB 6. After some changes in the chemical 
analyses of water at the very beginning of the test, the largest 
change occurred uetween the transmittal of two batches of samples 
and was attributed to an interim change in analytical. techniques. 
After pumping for 2 years, the test was terminated, and the well 
field was idle for another 2 years. During this two-year period 
of no pumping, there was very little change in the chemistry of 
the water. A I-year pumping test was then begun in which water 
was discharged from ORB 6 to waste. Even during the I-year pump
ing test, the largest change was an analytical one between two 
batches of samples. 

We 11 ORB 8 afforded an ideal opportunity to determine whether 
the water in the crystalline metamorphic rock was stratified verti
cally. The well was drill'ed with compressed air as the circula
ting fluid; thus water samples taken during drilling were uncon
taminated. The water chemistry changed very little with increasing 
depth as Well ORB 8 was being drilled (Figure 4). The deeper 
samples are composites of all of the water yielded by the well 
to that depth. However, the yield of each fracture was greater 
than the one above it, so that if the water in each fracture were 

- 21 -



3000 

::! 
'" E 

Analyses of Samples 
Sent to Loboratory 

on 5/28/65 
Analyses of Samples Sent to Laboratory on 6-25-69 

Sulfate 

t-------~~----------

tina I yses of 
II Samples Sent 
II to Laboratory 
lion 10/23/69 

----
.: 2000 
c 
m 
o 

~ 
c 
o 

U 

'" 
;;:::::- --:::::::::==============~S~O~d~j~Um~::===========~~=:~========== 

~ 1000 
Chloride 

"0 
~ 
~ 

o Calcium 
,~--------------~~~--------

TRACER TEST 
Avg. Discharge Role = 79 gpm 

LONG TERM PUMPING TEST 
Avg. Discharge Role = 14.9 gpm 

OL-~ __ ~~ __ ~~~~ __ ~~ __ ~~~~ __ ~~ __ ~~~~ __ ~~ __ ~~ 
o 100 200 300 400 500 800 900 1000 1100 

Days of Pumping 

FIGURE 3. Changes in Water Chemistry from Long-Term, Discharge of 
We 11 ORB 6 

IOOO.-----------~-------------r------------,-------·D~iS-s-o~lv~e~d--------T<~o~to~/~ 

:: 1200 
-

'" :;= -0 

cE 
"-

'" 01400 

1600 

SiO z 

10 

Solids, Depth Yield 
Mg HCO, Co CI No S04 residue (feel) !qpm) 

100 1000 
Dissolved Constituent, mg IL 

- 1080 10 

- /385 30 

),""". 
- 1560 70 
- 1580 120 

10,000 

, VlrlUO//Y 
.. Impermeable 

Rock 

FIGURE 4. Changes in Water Chemistry with Depth in Well ORB 8 

- 22 -



different, there should have been a noticeable variation in the 
chemistry of the various samples. The principal points of in
flow to the well and their yields are shown in Figure 5. No 
significant change occurred in calcium, sodium, chloride, sulfate, 
or dissolved solids. Silica increased after a section of 
quartzite was penetrated, and magnesium decreased slightly. 
Bicarbonate decreased in the quartzite section, but increased 
again after the schist was again penetrated. 

The drilling fluid in ORB 8 was changed from compressed air 
to water when the well reached a depth of 1631 feet because the 
rapid recovery of the water level made adding drill rods difficult. 
In the last 6 days of drilling, between 16,000 and 47,000 gallons 
of fresh water were injected into the rock fractures. Upon com
pletion of the well, 144,000 gallons of water were pumped from 
the well, which is between 3 and 9 times the volume injected 
depending on which estimate is used. Dispersion of the drilling 
water entering the fractures did not permit the return of the 
dissolved constituents to their pre-injection values, even after 
the removal of 3 to 9 times the volume of water that was injected. 
A period of one year elapsed before pumping was resumed, when 
about 378,000 additional gallons were removed. During this water 
removal, the level of dissolved constituents continued to increase 
until stabilizing during the last hundred thousand gallons (Fig
ure 6). Thus, the final sample from ORB 8 is probably represen
tative of native water from the crystalline metamorphic rock. 

Well ORB 9 was drilled near the margin of the Triassic basin 
(Figure 2) using air as a circulating fluid. After passing through 
1034 feet of Coastal Plain sediments, the well penetrated 1593 
feet of Triassic red beds. The yield of water from the Triassic 
rocks was about 0.14 gpm. At a depth of 2626 feet, the interface 
between the Triassic rock and the crystalline metamorphic rock was 
penetrated, and the water yield increased to 4 gpm. The well was 
stopped at a depth of 2694 feet. Analyses of water samples taken 
at this depth (Table 3), are similar to those taken in other areas 
of crystalline rock and quite dissimilar to that of the water from 
the Triassic rock above, especially in chloride and sulfate content. 

After completion of the drilling, the well was filled with 
fresh water for 14 hours to make certain geophysical logs; then 
the water was pumped from the hole. The analysis of a sample from 
ORB 9 on July 18, 1969 (Table 3~ shows that virtually all of the 
fresh water was removed from the hole. In the spring of 1970, 
however, water injection tests were made on this well so that 
native water is no longer present in the hole (as of March 1976). 

In 1968 and again in 1973, Well P4R still showed the effects 
of the fresh water that was used to drill the well in 1962. This 
well was completely plugged with concrete in July 1973. 
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Well P6R was drilled with air, and no foreign water has ever 
been injected into the well. However, the effects of different 
sampliag methods are shown by the changes in pH and in the bi
carbonate, carbonate, and hydroxide content. 

Well P7R was drilled using compressed air as a circulating 
fluid. The sample of December 6, 1967, is native water. How
ever, on December 13, 1967, an artificial hydro fracture was made 
in the well, and although most of the fracturing fluid was 
removed, the sample of January 29, 1968, shows by its sodium, 
potassium, and chloride contents that some fracturing fluid 
remained in the hole. 

Well P8R was drilled using compressed air as a circulating 
fluid, and the sample of December 1, 1967, was taken when drilling 
was finished. Hydraulic packers have been placed in the hole on 
several occasions, and this necessitates the introduction of a 
small amount of fresh water, but sufficient water has been pumped 
from the well to remove any traces of this fresh water. All 
samples from this well for which analyses are reported are valid 
native water. 

Both Wells P9R and PllR were drilled with air, 'and the 
samples for which analyses are reported are valid native water. 

WATER FROM TRIASSIC ROCK 

The isotopic ratios, dissolved gases, and dissolved solids 
were analyzed in water samples from Triassic rock (Table 4). 
Wells DRB 9 and DRB 10 were drilled using air as a drilling 
fluid, and the analyses should be representative of native water. 
Well P12R was drilled using water as a drilling fluid; however, 
when the well was completed, all of the water was pumped from the 
hole, and native water was allowed to seep in before the sample 
was taken. The analysis should therefore be representative of 
the Triassic water at that depth and location. 

Well DRB 11 was continuously cored and was deviated from 
the vertical in order to explore a fault inferred from geophysi
cal exploration. These procedures required that water be used 
as a circulating fluid. Thus, no water samples were obtained 
while the hole was being drilled. After the hole was completed 
and geophysical logs were made, an attempt to flush the drilling 
water out of the hole was made. Caving problems during drilling 
prevented pumping out all the drilling water, as was done in 
P12R, for fear of collapsing the hole. Much of the well inflow 
came from a depth of about 2340 feet. It was less certain, but 
suspected, that some inflow came from depths between 3000 and 
3100 feet. 
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Because of the extremely small yield of the well (0.07 gpm), 
any type of flushing operation would require a long time. To 
flush the hole, the drill rod was placed at the bottom of the 
well, and the annulus between the well casing and the drill pipe 
was blocked so that water could only flow from the drill pipe. 
The flow (from a depth of 2340 feet) descended to the bottom of 
the well and then ascended in the drill pipe. This process was 
continued for a calculated length of time so that after the drill 
pipe was removed the native water should have occupied the lower 
part of the well from a depth of 2850 feet to the bottom. The 
well was then permitted to flow, and after 14 to 18 days of flow, 
the electrical conductivity of the discharge water abruptly in
creased from 4500 to 19,600 micromhos (Table 12) indicating that 
the drilling water had been displaced. If the flow had come 
from between 3000 and 3100 feet, then all of the drilling water 
in the well bore would have been displaced; however, if water 
entered the well only at 2340 feet, the drilling water would have 
remained in the well bore between 2340 and 2850 feet. The sample 
collected by a cable sampler on April 23, 1973, from 2700 feet 
indicated the water entered the well at 2340 feet. Yet the geo
physical log of the self-potential (Figure 7) made before the 
flushing operation indicated that the water at the bottom of ORB 11 
was fresher than the water in the depth interval between ,2100 and 
2350 feet. Thus the sample collected on April 23, 1973, from a 
depth of 2700 feet may be indicative of native water in this part 
of the hole. 

Well P5R was drilled using water as a drilling fluid, and 
two bottom hole water samples (one collected in January 1968, 
and one in April 1973) showed that this water still resided in 
the hole. 
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INTERPRETATION OF GEOCHEMICAL ANALYSES 

SURFACE WATER AND CDASTAL PLAIN SEDIMENTS 

Chemical analyses of surface water sources (Table 1) indicate 
that the total dissolved solids are quite variable, ranging from 
about 10 to about 100 milligrams per liter (mg/l). Much of this 
difference is caused by the variability of magnesium, calcium, 
and bicarbonate ion concentrations, which are usually more in
fluenced by ambient surface conditions than others. Generally, 
sodium, chloride, and sulfate concentrations are more constant 
in value. 

The individual geologic formations underlying SRP and their 
characteristics are given in Table 13. A description of the 
Eocene formation waters is given by Siple,' and the analyses 
are presented in Table 9. Only one well for which periodic 
samples were taken (Table 2) was in the Eocene sediments 
(McBean Formation). The remaining five wells in Table 2 are 
in the Tuscaloosa formation of Late Cretaceous age. Water 
from this prolific water-bearing bed, which supplies water to 
most large wells at SRP, is very low in dissolved solids, 
generally averaging between 10 and 40 mg/l. 

In addition to being low in dissolved solids, the water from 
the Tuscaloosa formation is acidic (pH:::;: 5.5), and some of it is 
saturated with dissolved oxygen. This makes the water ~ery 
aggressive in its attack on metallic surfaces. 

The high dissolved oxygen content of some water from the 
Tuscaloosa formation is correlative with a low sulfate content. 
A dissolved oxygen content of 8 or 9 mg/l indicates a sulfate 
content of less than 2 mg/l, whereas analyses that show zero dis
solved oxygen have a sulfate content of about 13 mg/l. Well 67U 
(Table 2) was drilled to a depth of 800 feet, near the bottom of 
the Tuscaloosa formation, in an effort to find a stratum at this 
locali ty that was free of dissolved oxygen. The well was finally 
screened between 630 and 725 feet, but the water is nearly satu
rated with dissolved oxygen. Thus, the dissolved oxygen does 
not vary vertically; however, it varies laterally, as Well 43H 
has zero dissolved oxygen. Figure 8 shows the distribution of 
dissolved oxygen in water from SRP wells. (Not all of the 
analyses shown are presented in the tables of this report.) 
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Sulfide minerals (pyrite, marcasite) exist in the Ellenton 
formation, and the map pattern may indicate a slowly advancing 
sulfide oxidation front. Water from wells behind this front are 
saturated with oxygen, as all sulfide minerals have already been 
oxidized. Oxygen dissolved in water in advance of this front is 
combining with the sulfide minerals and enriching the sulfate 
content of the water. Sulfide minerals are not common in the 
Tuscaloosa aquifer, but there may be some that are not readily 
identifiable. 

CRYSTALLINE METAMORPHIC ROCK 

Hydrologic History 

The change in water chemistry from the lower part of the 
Coastal Plain sediments to the top of the crystalline rock is 
abrupt and occurs within the saprolite. Water from the crystalline 
metamorphic rock is characterized by a much higher dissolved solids 
content (6000 versus 30 mg/l) and high calcium (500 mg/l) , sodium 
(1400 mg/l), sulfate (2300 mg/l), and chloride (1400 mg/l) con
centrations. The bicarbonate content is extremely low in samples 
of water from the crystalline rock (16 mg/l). 

The origin of the water found in the crystalline metamorphic 
rock is related to the age of the water and is a question of great 
interest in relation to waste storage in bedrock. The water in 
the crystalline metamorphic rock now enters the rock through the 
soil zone in or near the Piedmont province (Figure 9) and moves 
very slowly toward a discharge area in the Savannah River north
west of SRP. Information on the hydraulic head in the ground
water system (Figure 9) provides support for this view of the 
present ground-water circulation system. The dilemma concerning 
the origin of the water in the crystalline rock is whether the 
water now found in the crystalline metamorphic rock is simply a 
product of the operation of this same system, or whether it is 
relic sea water. In the former case, the geologic history of the 
area would provide no specific indicators of the age of the water. 
In the latter case, the last inundation of the sea would provide 
information on the age of the water. Irrespective of its origin, 
the water now found is neither rainwater nor sea water, but has 
been greatly modified by the rock environment in which it has been 
for a very long time. If the original water were rain, the net 
action of the water is dissolution of rock material; if the 
original water were sea water, the net action is one of flushing 
and dilution, as well as modification of the ionic ratios of the 
constituents. If the origin of the rock water were rain, the 
hydraUlic system is easy to visualize, as it would be the sarne 
as that which exists now. If the present water were originally 
part relic sea water, it is more difficult to visualize a 
hydraulic system where the sea water would enter the crystalline 
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rock, because differences in water-level elevation, which are the 
cause of most ground water circulation on land, would not exist 
if the entire area had been covered by the sea. 

The geologic-hydrologic history of the SRP area is presented 
in Table 14, and indicates that after the formation of the 
crystalline metamorphic rock in the Permian Period about 260 
million years ago, there followed a long period of 216 million 
years of emergent conditions. At the end of this period, the 
water in the crystalline rock must have been modified rain water. 
The sea alternately covered the area and receded for the next 19 
million years. It is during this period that sea water could con
ceivably have entered the crystalline rock during periods when 
sea level rose slowly, back flushing the rock; that is, sea water 
entered what is now the discharge end of the aquifer system and 
progressively reduced the volume of the aquifer available for 
fresh water circulation. In the last 25 million years, emergent 
conditions have predominated, and this should have been sufficient 
to flush whatever sea water had entered from the previous period 
of inundation. Thus, if relic sea water is in the crystalline rock, 
it can only be Pleistocene in age (back to 1 million years ago). 
During this period, the sea never covered· the recharge area for 
the crystalline rock (Figure 9), but on possibly four occasions, 
an arm of the sea invaded the Savannah River valley coming to a 
lower level each time. The helium in the rock water, however, 
indicates that its average age is older than these last incursions 
of the sea. Thus, on the basis of geologic and hydrologic history, 
a case cannot be made for considering the water from the crystalline 
metamorphic rock as relic sea water. 

Dissolved Solids 

The principal argument that leads to consideration of relic 
sea water is the chloride content in the water from the crystalline 
metamorphic rock (Table 3) in the absence of apparent chloride
bearing minerals in the rock itself. However, chemical analyses 
of the unweathered rock (Table 5) showed 0.02 percent or 200 milli
grams of chloride per kilogram of rock. Without regard to the 
chemical kinetics of the system, this concentration appears to be 
sufficient to account for the chloride content of the water. For 
example, if all of the chloride in a kilogram of rock were dis
solved by the water existing in that kilogram of rock at a porosity 
of 0.2 percent, the concentration in the water would be 100,000 
parts per million, more than 60 times the amount found. 

To provide more information on whether dissolution of minerals 
in the crystalline rock by rain water could develop the chemical 
characteristics of the water now found in the crystalline meta
morphic rock, distilled water was placed in contact with ground 
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rock for one week (Table 15). The resulting fluid was high in 
calcium and sulfate (as is the water from the rock), but it was 
low in sodium and chloride. Such results may indicate an 
external source of sodium chloride; however, this single short
term experiment without additional consideration of the chemical 
environment in the crystalline metamorphic rock is not conclusive. 

Additional information on an external source for some 
chemical constituents is provided by sulfur isotope ratios in the 
sulfate in the water and the sulfide minerals in the rock (Table 
8). The range of the 34S/32S ratio (expressed in parts per 
thousand variation from the standard Canyon Diablo Troilite) in 
the sulfide minerals in the rock is +2.1 to +5.7, whereas the 
range of '"S/ 32S ratio in the sulfate in water from the rock is 
+10.8 to +24.7. Thus, from this information, it appears that 
the sulfate in the water is from an external Source. 

The 34S;32S ratio of water from the Coastal Plain formations 
as reported is very erratic, ranging from -22 to +23. This 
sulfate is necessarily either biogenic or dissolved from the 
sulfide minerals in the sediments and could be the source of the 
34 S/ 32 S ratio in the crystalline rock. No analysis was made on 
the sulfide minerals in the sediments, which are~resent princi
pally in the Ellenton formation. Thus, although' 4S; 32S analyses 
show that the source of the sulfate in the water from the cry
stalline metamorphic rock is not simply a dissolution of sUlfide 
minerals in the rock, it does not show conclusively that it is 
relic sea water. 

The determination of ratios of prevalent ions is a common 
method applied in deciphering the origin of water, and it is 
particularly useful if a certain water is suspected to be a 
mixture of two other waters. For this purpose, the ionic con
centration in mg/l is converted to chemical equi~alents, or 
mg(equiv)/l. For the bedrock water at SRP, the dominant cations 
are calcium and sodium, and the dominant anions are sulfate and 
chloride. Although magnesium, potassium, and bicarbonate are 
present, their amounts are negligible compared to the four domi
nant ions, and in the subsequent considerations they will be 
neglected. The same treatment could not be used for the waters 
from the Coastal Plain sediments. Figure 10 shows the percent 
of calcium in the sum of calcium and sodium values plotted against 
the percent of sulfate in the sum of sulfate and chloride values 
for each of the most representative and reliable analyses of 
bedrock water. Because only two ions are involved on each co
ordinate, the graph also shows the percent sodium and the percent 
chloride. Such a plot gives no indication of concentration of 
the various ions; thus, two waters may show the same ionic 
percentages even though one has a total dissolved solids of 30 
mg/l whereas the other has 30,000 mg/l. Water that is a mixture 
of two other waters would plot on a straight line connecting the 
two mixing waters. 
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Water from the crystalline metamorphic rock (Figure 10) 
appears clustered around 30% calcium (70% sodium) and 60% sulfate 
(40% chloride). These samples were collected from a large 
region: Well P6R is 5 miles west of DRB 6, whereas Well P7R is 
4-1/2 miles northeast of DRB 6, and Well DRB 9 is 3-1/2 miles 
southeast of DRB 6 and beneath Triassic rock. Yet, the analyses 
of water from all of these wells are in the same region of the 
graph (Figure 10). 

The ionic ratios of this cluster of bedrock waters are 
quite different from the ionic ratios that developed in a leach 
solution of distilled deionized water in the presence of finely 
ground crystalline metamorphic rock (Table 15). For reference, 
the ionic ratios for the same constituents of modern sea waterS 
are plotted in Figure 10. The same ratios are plotted for average 
Tuscaloosa formation water (Table 9) and two specific Tuscaloosa 
formation water analyses (Wells 43H and 3lA, Table 2). The wide 
scatter of these three points for water from the Tuscaloosa 
formation are caused by: (1) ions other than those plotted can
not be neglected for the Coastal Plain waters; (2) the low ionic 
concentrations of the Coastal Plain waters approach the analytical 
limits for some of the ions; and (3) the control that oxidation 
of sulfide has on the sulfate ratio (Well 3lA: O2 = 9.9 mg/l, 
SO. = 2.3 mg/l; Well 43H: 02 = 0.0 mg/l, SO. = 14.3 mg/l). 

Based on Figure la, it would appear that the water from the 
crystalline rock is not solely derived from the simple leaching 
of the minerals in the crystalline rock, nor is it sea water. 
However, it does appear conceivable that it may be a mixture of 
the two, although other chemical reactions have apparently taken 
place. For example, the precipitation of calcium carbonate, which 
does exist as vein fillings in the rock, would tend to drop the 
cluster of bedrock waters below the straight line connecting the 
leach water and sea water, possibly accounting for its present 
position on the graph. To confirm such a hypothesis would require 
a great deal more work with leach solutions and their reaction with 
sea water. This work was not completed when the bedrock investi
gation was postponed. The ionic ratios of Tuscaloosa formation 
water (Figure 10) indicate the crystalline rock water is 
apparently not a simple mixture of sea water being diluted 
(flushed) with Tuscaloosa water. This conclusion is expected 
because the explanation completely neglects the chemical environ
ment of the crystalline rock which must contribute to the chemical 
characteristics of the water. 

The cluster of analyses of water from Well P8R on Figure 10 
shows a quite different type of water than that from the typical 
crystalline metamorphic rock. Well P8R has a hydraulic head that 
is higher than is consistent with the piezometric map derived 
from head measurements in other wells (Figure 9). Water from 
Well P8R is much lower in total dissolved solids (500 mg/l) than 

- 36 -



most wells in crystalline rock (6000 mg/l). The hydraulic head 
on this well is 23 feet higher than the head in an adjacent 
Tuscaloosa well, so simple leakage from poor well construction 
or a break in the saprolite is precluded. A reflection seismic 
traverse indicated a fault about 200 feet southeast of Well P8R. 
In an effort to provide more information on the anomalous 
character of Well P8R, Wells P9R and PllR were drilled about 4000 
feet east of Well P8R to determine if the head and quality of 
water were similar to those of Well P8R or to those of most other 
wells in crystalline metamorphic rock. As shown on Figure 9, the 
head is consistent with those of the other crystalline rock wells. 
The total dissolved solids from Wells P9R and PllR are consistent 
with those of other crystalline rock piezometers (from Table 3: 
P9R = 3400 mg/l, PllR = 3500 mg/l, P6R = 3000 mg/l, and P7R 
5000 mg/l), although water from the crystalline rock in the cen
tral part of SRP is somewhat higher (ORB 6 = 6000 mg/l, ORB 7 = 
8000 mg/l, and ORB 8 = 5500 mg/l. However, in terms of the ionic 
ratios, the waters from Wells P9R and PllR more closely resemble 
that from \\ell P8R (Figure 10). It is also of interest that 
water from nearby Tuscaloosa Well 3lA has similar ionic ratios. 
However, the plot of ionic ratios (Figure 10) confirms the con
clusion (based on the head relationships) that the water at Well 
P8R is not a simple mixture of Tuscaloosa water and water'from 
crystalline rock. The origin of this water is not determinable 
from present information. 

Isotopic Ratios 

The isotopic ratios of deuterium to hydrogen and oxygen-18 
to oxygen-16 can sometimes be used to show the origin and (under 
special circumstances) the age of the water. Both isotopic 
ratios are reported in parts per thousand departure from ytandard 
mean ocean water (SMOW).2 The isotopic analyses of deuterium 
and oxygen-18 for water samples from the SRP vicinity are plotted 
on Figure 11. For worldwide precipitation! the relationship be
tween deuterium and oxygen-18 is expressed by 80 = 88"0 + la, 
where 6 = [(R/R') - 1] x 1000, R is the isotopic ratio of either 
deuterium to hydrogen or "a to '6 0 in the sample, and R' is the 
same ratio for SMOW. Thus, the world precipitation line has a 
slope of 8. Craig' also found that when water was subjected to 
evaporation, 60 = 56"0; i.e., the water departed from the World 
Precipitation Line with a slope of 8 and onto a line that had a 
slope of 5. 

Samples from the Savannah River lie on the World Precipitation 
Line (Figure 11) except for one sample (fall, 1971) that falls on 
an evaporation line with a slope of 5. Samples from Lower Three 
Runs Creek appear to correlate with an evaporation line except for 
one sample (fall, 1971). Both of these streams have large dammed 
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reservoirs on them, thus providing ample opportunity for evapora
tion. The reservoir on Lower Three Runs Creek receives heated 
reactor cooling water that probably enhances the evaporation from 
the reservoir. 

Ground water from wells in the Coastal Plain sediments 
appears to correlate along a line that is parallel to the World 
Precipitation Line, but displaced from it by about 0.3 parts per 
thousand 18 0 . Analyses of water from Hollow Creek and Upper 
Three Runs Creek also correlate along this same line, which is 
not surprising because much of the flow of these creeks comes 
from effluent ground water. The source of the stream water is 
water from the Coastal Plain sediments; the source of the water 
in the Coastal Plain sediments is precipitation on the inter
stream areas. The IBO shift in the ground water from the pre
cipitation line may be due to selective precipitation or solution 
of oxygen-containing minerals in the ground or to organic proc
esses in the soil zone. 

Isotopic analyses of water samples from the crystalline meta
morphic rock plot nearly on the same line as similar analyses of 
water from the Coastal Plain sediments. This may mean that the 
water in the crystalline metamorphic rock originated in the sedi
ments. The isotopic analyses also indicate that the water from 
crystalline metamorphic rock is not a simple mixture of sea water 
(SMOW, Figure 11) and precipitation (World Precipitation Line, 
Figure 11). 

Radioisotope Dating 

nuplicate analyses of native rock water pumped from Well 
DRB 6 on September 17, 1964, showed a tritium content of 3 tritium 
units with a possible error of ISO percent, and 0 tritium units 
with a possible error of 14 percent. Thus, this water has no 
tritium; however, this indicates only that it is older than about 
40 years. 

Because the range on radiocarbon dating is between 3000 and 
50,000 years, much effort was directed toward obtaining radiocarbon 
dates. As the water from the crystalline rock contains only about 
16 ppm bicarbonate, collection was laborious, and special pre
cautions against contamination were taken. 

The first system for collecting carbon was one consisting 
of several ion exchange resins in series as described by Crosby 
and Chatters. 6 The system consisted of pumping a predetermined 
amount of well water (1270 liters) through SO liters of a weakly 
basic anion exchange resin (to remove the sulfate and chloride 
ions) and then through 0.3 liters of a strongly basic anion ex
change resin to remove the bicarbonate ions. The entire system 
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was kept under positive nitrogen pressure. 
throughput waS 575 milliliters per minute. 
of water were collected before entering the 
first resin container, and after the second 

The average rate of 
In addition, samples 
system, after the 
resin container. 

No carbonate ion was extracted with the second ion exchange 
resin, and analysis of the water samples showed that the resins 
had practically no effect on the water that passed through them. 
The difficulty was in the pH of the original water, which was 
about 8. For the basic ion exchange resins to function, the well 
water should have been acidic. 

Although an alternative design using ion exchange resins was 
developed, it was realized that the results obtained by the ion 
exchange method were suspect unless they could be checked by a 
more accepted method of carbon collection. The ion exchange 
method for carbon collection was therefore abandoned in favor of 
the more accepted gas evolution technique. 7 In this method, the 
water is acidified to convert the dissolved bicarbonate to carbon 
dioxide,which is then passed through a strontium chloride trap 
to precipitate the carbon as strontium carbonate. 

In the system used here, a 55-gallon stainless steel drum 
was connected directly to the well which contained a submersible 
pump. After purging with well water and nitrogen gas, the drum 
was filled with well water. About 200 ml of sulfuric acid was 
added to lower the pH of the water and allow the bicarbonate to 
evolve as carbon dioxide gas. Nitrogen from tanks was passed 
through a carbon dioxide trap, and then bubbled through the water 
to sweep the carbon dioxide from the drum. The gas was passed 
through a drier, then bubbled through a trap containing an ammonium 
hydroxide-strontium chloride solution to precipitate strontium 
carbonate. After stripping the carbon dioxide from the water, 
the drum was emptied under a nitrogen purge and refilled from 
the pumping well by lines that had only contained well water in 
the interim period. The well was pumped continuously through a 
valved bypass system when the drum was not being filled. Thus, 
no air was ever allowed to come in contact with the water. 

Replicate samples were obtained from four wells, namely, 
ORB 6, ORB 8, P6R, and PBR. The carbon collection efficiency of 
these samples was low and variable, ranging from about 10 to 45 
percent. The carbon-14 content also varied between replicate 
samples from the same well. In addition, the difference between 
the I3C/!2C ratio and that of a standard varied even in replicate 
samples. Thus, not only was isotope fractionation taking place 
during collection, but also carbon contamination was being intro
duced at some stage in either the materials preparation, sample 
collection, or sample analysis phase of the operation. Therefore, 
even though the I4C content ranges from 1.3 to 18.2 percent of 
modern, the values are probably spurious and caused by contami
nation. 

- 40 -



The value of the difference of the '3C/ '2 C ratio from a 
standard is -15 ±2 parts per thousand, which is common in ground 
waters. The value is about -25 in land plants, and is nil in 
marine limestone. Thus, the carbon in the water from the cry
stalline rock could be a mixture of dissolved carbon dioxide 
from the soil-air interface and from dissolved rock carbonate. 
However, many other natural processes could work to alter the 
ratio. In addition, carbon fractionation was apparently occurring 
during the sample collection. Thus, conclusions cannot be drawn 
from the carbon analyses about the origin or the age of the water 
found in crystalline rock. 

The age of the water, of course, is not the same as the age 
of the rock. However, knowing the age of the rock is helpful in 
interpreting the helium data. A potassium-argon date for the 
last heating of the rock to 300°C was determined for two samples 
by two different commercial laboratories. The first sample was 
from a depth of either 1665 feet or 1845 feet in Well ORB 7. 
The age was 258 million years ±3 million years, the Permian period 
according to most geologic time scales. The last metamorphism 
of this rock would therefore have occurred during the Appalachian 
mountain building period, which was Late Pennsylvanian and 
Permian in age. The second sample was from a depth of 1294 feet 
in Well ORB 8 and provided an age of 290 million years ±li 
million years. This analysis was made on the biotite from a 
sample of schist and was made by a different laboratory than 
the first sample. This age is Late Pennsylvanian according to 
most geologic time scales but is still within the epoch included 
in the Appalachian mountain deformation period. 

Gas Analyses and Helium Determined Age 

In addition to the dissolved solids, the water from tne 
crystalline rock contains sufficient dissolved gas to effervesce 
when brought to the surface. This gas contains 91 to 96 percent 
ni trogen by volume (Table 3). However, the most significant 
constituent is dissolved helium. From the quantity of helium 
collected and the uranium and thorium content of the rock, a 
residence time for the water in the rock can be calculated. The 
following is an example of this calculation: the helium genera
tion rate from uranium is reported 8 as 11.0 x 10- 5 mm 3/(g U-yr) , 
and from thorium 3.1 x 10- 5 mm 3

/ (g Th-yrJ at standard temperature 
and pressure. For the crystalline rock at SRP, the uranium con
tent averages 1.5 ppm and the thorium 8 ppm. The helium genera
tion rate from uranium is: 1.5 x 10- 6 g U/g rock x 11 x 10- 8 cc 
He/(g U-yrJ, or 16.5 x 10- 14 cc He/ (g rock-yr). The helium 
generation rate from thorium is: 8 x 10- 6 g Th/g rock x 3.1 x 
10- 8 cc He/(g Th-yr) ~ 25 x 10- '4 cc He/(g rock-yr). For both 
uranium and thorium together, the generation rate is 41 x 10- '4 

cc/(g rock-yr). 
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Now consider one cubic meter of crystalline rock with an 
average fracture and non-fracture porosity of 0.2 percent. 
There are 2 x 10' cc of water in one cubic meter of rock. In 
Well ORB 6 (see Table 16),for example, there is 0.6 cc of gas 
per liter of water and 6 percent of the gas is helium. There
fore, the water from the rock contains 3.6 x 10- 2 cc helium per 
liter of water, or 3.6 x 10- 5 cc helium per cc of water, or 
7.2 x 10- 2 cc helium per cubic meter of rock. The average density 
of the crystalline rock is reported' to be 178 Ib/cu ft, or about 
2.9 x 10 6 g/m', so the helium accumulated in the crystalline 
rock is: 

7. 2 x 10- 2 cc 1m' 
He 

2.9 X 10 6 g/m' 

If the accumulated helium is divided by the generation rate from 
uranium and thorium given above, the result will be the minimum 
length of time necessary to accumulate the observed quantity of 
helium. 

2.5 X 10- 8 ccHe/g rock 
--------'l~"----~~----~---- ~ 60,000 years 41 x 10- ccH/ (g rock-yr) 

In Table 16, there are wide differences in the amount of 
gas recovered and the percent of helium in the gas between Wells 
ORB 3, ORB 5, and ORB 6 on the one hand, and Wells ORB 2 and ORB 7 
on the other. Wells ORB 2 and ORB 7 penetrate virtually impermeable 
rock, whereas Wells ORB 3, ORB 5, and ORB 6 each penetrate one or 
more sections of fractured rock. The condition of the rock may 
affect the concentration of helium in the gas, and the amount of 
gas dissolved in the water. However, these differences may better 
be explained by the methods of collection of the gas samples,which 
differed between the two groups of wells. 

Wells ORB 3, ORB 5, and ORB 6 were pumped continuously, and 
a fraction of the water was passed through a water-filled plastic 
bottle inverted in a tub of water. As the gas evolved from the 
water passing through, it displaced the water in the bottle. At 
a pumping rate of 20.5 gpm (ORB 6) the water leaves the rocks at 
a depth of about 1785 feet and takes about 2 hours to travel up 
the well and pass through the sample bottle. Wells ORB 2 and ORB 
7 would not yield water continuously at a rate sufficient to pump. 
These wells were therefore pumped intermittently, drawing the 
water level down to the pump suction (615 feet below surface) 
each time; whereupon they were left idle for periods that varied 
from one to eight days before being pumped again. During these 
idle periods, the dissolved gas and the helium had ample oppor
tunity to come into equilibrium with their new temperature and 
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pressure conditions. In ORB 2, for example, about four days 
elapsed between the time the water left the rock and the time 
that it passed through the sample bottle. The different methods 
and rates of obtaining the water from the various wells may 
explain some of the differences in helium concentration and in 
the amount of gas recovered. Gas recovery was not considered 
complete because of the short period of time required for the 
water to pass through the inverted bottle. In addition, all 
elements probably did not evolve in the true proportions in which 
they existed in the dissolved state. 

To overcome these difficulties, equipment was developed to 
collect water samples in a pressurized flask and evolve the gas 
in the laboratory. The pressure was approximately equivalent to 
900 feet of water. The analyses of two such collections from 
ORB 6 are shown in Table 17. This table also shows the values 
calculated for ORB 6 and ORB 7 by applying Henry's Law to the 
earlier data. The agreement of these calculated values for 
ORB 6 with the data from the pressurized sample collection 
bottles is considered good. The last column of Table 17 contains 
reference values for the amount of each gas dissolved in pure 
water in equilibrium with mean sea level air at 20°C. ~en the 
analysis for the sample collected under pressure from Well ORB 6 
and the method of age calculation given above are used, the 
residence time for water in contact with rock is 840,000 years. 
The length of flow path (Figure 9) from near the outcrop area 
through Well ORB 6 is inferred to be 32 miles. Assuming flow 
along this path constitutes residence time for the water, the 
velocity of the water is ~0.2 ft/yr. 

Several assumptions involved in this calculation need 
explanation: 

• The water contains 100 percent of the helium generated. 
This assumption cannot be true as some must reside in 
the rock where it was first generated. Table 7 shows 
helium analyses of the rock, and the uranium and thorium 
content of the same rock samples. A definite correla
tion exists between the uranium-thorium content and the 
helium content of the rock specimens. The present-day 
helium in the rock represents from 3 to 27% of the 
helium formed in 2.9 x 10' yr, the potassium-argon age 
of the rock. The variation in three clay samples is 
somewhat greater. Assuming 0.2% rock porosity, the 
amount of helium in water is ~0.34 nl/g rock at ORB 6, 
which represents about 7-1/2% of the helium in the rock 
and water. Thus, considering the helium in the water 
(0.34 nl/g rock), and the helium retained by the rock 
(4.2 nl/g rock), the total accumulation is 4.54 nl/g 
rock. Dividing this accumulation by the helium gener
ating rate of 41 x 10- 8 nl He/g rock per year, 11 million 
years is reql1ired to generate the helium. 
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• No significant changes have occurred in the rate of 
transfer of helium from rock to water during this 11-
,aillion year period. Helium is assumed not to have 
accumulated in the rock and then been released recently 
to the water either because the presence of water is 
recent or because of some change in the transfer mechanics 
or coefficients. 

• The top of the crystalline rock is now about 650 feet 
below sea level and the geologic-hydrologic history 
(Tab Ie 14) indicates it has probahly heen below sea 
level at least since Eocene time (~50 million years ago). 
The crystalline rock has probably always been saturated 
with water since the beginning of the Tuscaloosa deposi
tion even before it sank below sea level. However, the 
extent to which changes in the dissolved solids concen
tration in the water may alter the mechanics of helium 
release from the rock are not known. 

• These computations assume that the helium was generated 
by the same type of rock as that in the area in which it 
is found. This is a very reasonable assumption. However, 
it is possible that a granite intrusion with a' higher 
content of uranium and thorium may have contributed some 
of the helium. For example, assume the helium-generating 
rock contains 20 ppm uranium, a very unlikely value as 
this,is the maximum value reported lO for 242 analyses of 
silicic igneous rock from allover the world. There is 
on the average four times more thorium than uranium in 
granite rocks. lo So in the assumed helium-generating 
rock there would be 80 ppm of thorium. These concentra
tions would give this rock a helium-generating rate of 
370 x 10- 14 cc He per g rock per year and would still re
quire 90,000 years to generate the observed accumulation 
of helium in the water. 

• The calculation also assumes that the volume and density 
of the rock in which the helium was generated are equal 
to the volume and density of the rock in which it has 
accumulated, although these two volumes need not consist 
of the same kind of rock. If the volume of rock in which 
the helium was generated were smaller than the volume of 
aC.cumulation (the volume of rock explored), a longer 
period of accumulation would be required. If the helium 
w'ere generated in a large volume of rock and concentrated 
in the explored volume of rock, then a shorter time of 
accumulation would be indicated. However, the helium 
occurs in solution with water and not as a free gas. 
Laboratory and field studies ll showed that helium is a 
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highly satisfactory tracer of water if there is little 
opportunity for loss to the atmosphere. This finding 
would indicate that helium in solution moves with the 
water and could not concentrate independently of the 
water. 

• The previous calculations presuppose that no helium has 
been lost from the rock during the past 11 million years. 
If helium has been lost, then the length of time to accu
mulate the observed quantity of helium must be corres
pondinglY greater. It would be nearly impossible to 
observe leakage directly because the high porosity, 
permeability, and the quantity of water naturally flow
ing in the Tuscaloosa formation would make the slight 
amount of helium leaking from the crystalline rock into 
that formation undetectable. However, if any significant 
quantity of helium were leaking out of the rock, the 
observed quantity of helium could not accumulate. 

The measurements of nitrogen and argon in ORB 6 water (Table 
17) are about 10 to 50% higher than the calculated amounts of these 
gases dissolved in water in equilibrium with a "mean" atmosphere 
at 20°C. These results and the previously observed effervescence 
of these gases from surfacing rock water are mutually confirmatory. 
The fact that the water is supersaturated with both nitrogen and 
argon could suggest one or more of the following: 

• The average atmospheric temperature was near O°C when 
this water entered the rock system from the surface. 

• The addition of salts to the water has subsequently 
reduced the solubilities of the gases in the water. 

• Some of the water that entered the rock from the surface 
has been assimilated as pure water into the rock minerals. 

• Subsurface processes are producing both nitrogen and 
argon. 

The measured hydrogen content of ORB 6 water is up to 35 
times the calculated hydrogen content of water in equilibrium 
with atmospheric air. Henry's Law calculations for previous 
analyses of effervesced gas indicate that the hydrogen content 
is perhaps even higher in water from certain other wells. No 
mechanism for hydrogen generation is postulated at this time. 

A low oxygen content of the rock water relative to surface 
water in equilibrium with air is expected because of oxygen 
scavenging by the rock minerals. In fact, the dissolved oxygen 
would be expected to be immeasurably low if the water were 
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in the rock long enough to approach thermodynamic equilibrium. 
As in the case of hydrogen, the measured value of oxygen content 
Crable 17) and that obtained by application of Henry's Law to 
measurements of oxygen in effervesced gas are in substantial 
agreement. The oxygen consumption reactions may be rate-limited. 

SAPROLITE 

In the Piedmont province of the Southeastern states much of 
the crystalline rock at the surface is not hard or consolidated, 
but weathered to soft clayey or sandy material. Relic structure 
of the rock is commonly visible in outcrop, but the material is 
soft and may be easily crumbled by hand. This weathered clayey 
material derived from in situ chemical breakdown of crystalline 
rock is called saprolite. Saprolitic material not only occurs 
in the Piedmont province where the crystalline rocks are at the 
surface, but also in the Atlantic Coastal Plain province at the 
upper boundary of the crystalline rock. The position of buried 
saprolite indicates that, if the weathering process Were exclusively 
a subaerial process, it developed before Late Cretaceous time, but 
after the period of erosion that reduced the crystalline rock 
mountains that supplied the Triassic sediments. At that time, 
erosion removed 6000 to 8000 feet of Triassic sediment, and left 
a plain with only 30 to 40 feet of local relief. 

A geologic section of the saprolite is given in Table 10, and 
its chemistry is given in Table 5. The sequence of samples from 
Wells P6R, ORB 8, and P8R shows a fairly constant silica and 
alumina content and an irregular ferric oxide content, but a 
progressive upward leaching of ferrous iron, magnesium, calcium, 
and sodium. Potassium appears to be uniform in the saprolite 
and crystalline rock. Hydration increases upward. All of the 
trends are to be expected as soluble cation salts are removed 
during the weathering of metamorphic rocks. 

The water quality changes abruptly in crossing the saprolite; 
yet because of the low permeabilitY,it is extremely difficult to 
obtain water samples from saprolitic material. The quality of 
water in the saprolite was determined by pressure extraction of 
water from rock cores 3 to 4 feet in length. The extracted 
water was analyzed by techniques that can be used for only a 
few milliliters of sample (Table 11). In a very general way, 
sulfate, chloride, potassium, and calcium appear to increase 
with increasing depth in the saprolite. The high phosphate 
content of the samples from Wells P6R, P7R, and P8R may indicate 
some inadvertent contamination with drilling mud. 
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TRIASSIC ROCK 

Whereas the ground water circulation systems in the Coastal 
Plain sediments and in the crystalline metamorphic rock are 
grossly determinable from measurements of the hydraulic heads in 
observation wells, the ground water system of the Triassic forma
tion is not. Wells that penetrate the interior of the Triassic 
basin have a hydraulic head between 100 and 170 psi higher than 
that of surrounding rock bodies. This head is not from a litho
static load nor is it a relic head preserved from some previous 
time. 12 The most probable explanation is that osmotic phenomena 
cause an inward fluid driving force that can only be balanced by 
an increase in hydraulic head. The membrane characteristics of 
the Triassic mudstone, the chemical differences between Triassic 
water and the surrounding water, and the extremely low permeability 
of the Triassic rock contribute to the preservation of this head. 
Until the first well was drilled into the Triassic basin, the 
hydraulic forces were balanced by the electrochemical forces, and 
there was no flow into, out of, or within the Triassic rocks. 

The concentration of dissolved constituents is greater in 
the water from Triassic rock (12,000 to 18,000 mg/l, Table 4) 
than in the water from the crystalline rock (6000 mg/I). Like 
the crystalline rock, the dominant cations are calcium (2200 to 
4600 mg/l) and sodium (2100 to 2900 mg/l) , but the dominant 
anion is exclusively chloride (7500 to 10,000 mg/I). Sulfate 
ion concentration is very low (~O to 80 mg/I) , as are the con
centrations of most of the other cations and anions. 

The dissolved solids content of waters collected from the 
Triassic basin has led to conjecture that these waters may in 
part have a marine origin. As a partial test of this hypothesis, 
an iodine analysis was performed on a sample collected from DRB 
10 at a depth of 4212 feet. The average result from five deter
minations was 0.59 ±0.06 ppm iodine by weight, corresponding to 
an iodine/chlorine ratio of 8.8 x 10- 5

• The corresponding value 10 

for ocean water is 2.6 x 10- 6
, or a factor of about 30 less than 

in the DRS 10 sample. Thus, a sea water origin is not corroborated 
by this test. 

Water from Triassic rock has a nearly zero sulfate content, 
and between 50 and 70 percent of the total cation content is 
calcium (Figure 10); thus, although sodium chloride may occur, the 
dominant ions are calcium and chloride. The water appears to be 
unique as it is depleted in sulfate compared to the leach solution 
from Triassic mudstone (Figure 10 and Table 15). Water from 
Triassic rock is deficient in sodium ion \\;hen compared to sea 
water. No evidence of evaporite deposits were found in the Triassic 
rock in the dri II ing program at SRP, but some has been dis covered 
in other Triassic basins [Glauberite ("aZS04· CaS04) and salt 
(.~aCl ) cas ts 1 . 

- 47 -



The sample labeled "ORB 9 Triassic" in Figure 10 was col
lected while the well was being drilled in Triassic rock and 
570 feet before the well penetrated crystalline rock. This well 
is near the very edge of the Triassic basin (Figure 2), and if 
the osmotic hypothesis is correct, the water should be fresher, 
which it is. Also, due to its edge position in the Triassic 
basin, some diffusional mixing with water from crystalline rock 
should have taken place, which may be indicated by analytical 
values between typical Triassic water and typical crystalline rock 
water (Figure 10). 

Well P12R is within the borders of the Triassic basin 
(Figure 2), but penetrates the Triassic by only lS4 feet. Thus, 
it also, if the osmotic explanation of the high Triassic head is 
correct, shou,ld be fresher than typical Triassic basin water, 
which it is (Table 4). This water is much higher in its pro
portion of sodium than typical water from the Triassic basin 
(Figure 10), perhaps from a local concentration of sodium salts. 

Water was squeezed from core samples of the basal Tuscaloosa 
formation and from the weathered upper part of the Triassic rock 
from Wells ORB 10 and P9R. These water samples were analyzed by 
neutron activation, x-ray fluorescence, and atomic absorption 
techniques (Table IS). 

All the isotopic ratios shown on Figure 11 for Triassic 
waters are from the same well, ORB 10, but taken at different 
depths. Hydraulic tests made while this well was being drilled 
indicated that, even though these water samples were collected 
when the well was at different depths, all of the water was 
coming from the same zone, between 1250 and 1493 feet. Compari
son of the chemical analyses generally support the same con
clusion, even though the deepest sample contains less dissolved 
material. However, the isotopic data show that there must be 
more than one source of water in this well. The isotopic 
analyses also indicate that the Triassic water is not a simple 
mixture of sea water and precipitation. 

Gas effervesced from Triassic Wells ORB 10 and ORB 11. Gas 
samples were collected by permitting the water from these wells 
to flow through an inverted water-filled bottle. The wells are 
free-flowing, and the total water flow-through during the sample 
collection was not determined. The analyses of these samples are 
given in,Table 19. This table also shows for comparison the 
effervesced gas and total gas from water from ORB 6. 
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The dissolved gas from the Triassic Well ORB 10 is principally 
two-thirds hydrogen and one-third nitrogen by volume with other 
minor constituents present including helium. Helium is believed 
to have significance in the Triassic similar to its significance 
in the crystalline rock. 

The origin of hydrogen and ni trogen is not definitely known, 
but an igneous intrusion into a coal bed or simply compaction of 
the coal might release volatiles. Analyses of Triassic coal in 
the Deep River Basin,l3 170 miles north of SRP, show a hydrogen
to-nitrogen ratio of 2.5 to 1, about the same ratio as the gas 
from water from ORB 10. However, drilling in the Triassic basin 
at SRP has thus far not encountered any igneous rock nor has it 
encountered any coal or even black shale. 

The analysis of gas from the water from ORB 11 is surprising 
in that it does not show a similarity to the gas from ORB 10. 
Another sample from ORB 11 should be collected and analyzed before 
these results can be interpreted. 
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CONCLUSIONS 

The foregoing analyses indicate that the origin of neither 
the water found in the crystalline rock nor that found in the 
Triassic rock can be determined using simple closed system models. 
Contradictions appear if a simple origin, such as sea water, rain 
water, or water from the Coas tal Plains sediments, is hypothesi zed. 
The complexity of these two waters is an indication that their 
rates of movement are slow because more rapidly moving water would 
provide more definitive clues for determining their origins. The 
origins of these two waters are lost in antiquity. 

Although the origins of these two waters are still in doubt, 
the age of the water from the crystalline metamorphic rock is 
fairly reliably estimated to be at least 840,000 years. Sampling 
of the Triassic water does not permit as reliable an estimate for 
its age, but very likely it is older than the water in the cry
stalline rock. 
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TABLE 1 

Analyses of Water from Surface Sources 
Source: Hollow (Holley) Creek at S, C. Highway 125 Bridge. 

Sp:r>ing ?1 Sumner 71 Fa'll ?1 Wint8l' ? 1-? 2 Summer 72 
Date Sampled: 5-11-?1 8-24-71 11-30-71 2-14-72 2-14-72 9-18-72 

Isotopic Ratios: 
180 /16 0 a -4. SO -4.54 -4.78 -4.87 

2 H/ I Ha -24.5 -24.4 -25.6 -26.7 

34 S;32 Sd 6 ±2 

Dissolved Gases, mol %,b 

02-, ppm 9.4 7.0 8.8 10.1 

CO2, ppm 2.55 29.1 

N, 

A 

CH, 

H, 

He 

Dissolved Solids. mg/R.: 

b b b b a a 

Si0 2 2.5 0.43 1.3 0.97 I. 15 

Fe 0.7 0.82 0.31 0.32 0.48 0.90 

Mn <0.05 <0, 05 0.05 <0.05 

Cu 0.10 0.04 0.07 0.14 

Mg 6.4 3.2 17.6 1.8 0.30 0.28 

Ca 2.5 1.1 0.52 0.22 0.39 <0,11 

Na 1.0 1.4 0.9 1.6 1. 86 1. 3S 

K 0.50 0.50 0.4 0.55 0,32 0,50 

HC0 3 24.4 28.3 2.5 4.6 3.7 1.5 

SO, <2 0.35 <2 5.1 0.27 1.1 

CI 1.6 0.70 1.8 1.5 <1 1.8 

NO, 0.54 . 0,09 0.09 0.27 1.6 0.003 

PO, 0.43 1. 30 <0.3 <0.3 

Total (Residue) : 7.9 17.3 17.0 20.6 

Hardness as 
CaC0 3 (mg/l) , 13. 1 16.0 12.9 7.9 

pH 6.7 5.2 7.0 6.02 6.7 

Analysts (see text): a, Scripps; b. SRP; c. SRL; d, ANL; e, Bu Mines; f. USGS; g. Geochron. 
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TABLE 1 (Continued) 

SOUTce: Upper Three Runs Creek at S. C. Highway 125 Bridge 

Spring 71 Swrrnet' 71 Fan 71 Winter 71-72 Summer 72 
Date Sampled 5-11-71 8-24-71 11-30-71 2-14-72 2-14-72 9-18-72 

Isotopic Ratios: 
19OjlbOU -4.59 -4.73 -S.05 -5.09 

2 H/ i Ha -24.3 -25.2 -27.7 - 27.8 
3".5/ ~2Sd 0.4 ±O.3 

Dissolved Gases, mol % ,b 

0, , ppm 8.3 7.3 8.6 10.1 

CO 2 • ppm 4.1 

N, 

A 

CH, 

H, 

He 

Dissolved Solids. mg/~' 

b b b b c C 

Si02 4.34 0.83 <0.08 1.7 2.31 

Fe 0.4 0.35 0.26 0.23 <0.02 <0.02 

Mn <0.05 <0. OS <0.05 <0.05 

Cu <0.02 0.01 O.ll 0.14 

Mg 4.6 3. 1 2.4 0.33 D.80 

Ca 5.3 1.3 0.52 0.52 0.89 5.9 

Na 0.70 1. 7S 1.4 1.7 1. 56 2.8 

K 0.55 0.45 0.6 0.65 0.38 9.3 

HC03 3.2 4.0 2.2 5.0 2.3 6.0 

SO, 0.35 1. 91 0.84 0.70 2.6 1.7 

Cl 1.5 0.65 2.5 0.78 <1 4.6 

NO, 0.54 0.18 0.90 0.53 2.9 0.005 

PO, 0.47 1. S3 <0.3 <0.3 

Total (Residue): 27 .8 12.8 11. 0 32.0 

Hardness as CaC03: 12.8 15.8 56.8 11. 2 

pH 6.3 5.9 6.9 6.0 6.1 
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TABLE 1 (Continued) 

SouTce: Lower Three Runs at S, C. Highway 125 Bridge 

Spring 71 Sumner 71 Fall ?1 Winter 71-72 S'UTfU'Tler 72 
Date SarrrpZed 5-11-71 8-24-71 11-30-71 2-14-72 2-14-72 9-18- 72 

Isotopic Ratios: 

190j 16 0 a -3.56 -2.64 -4.49 -3.74 
2H/IH'2 19.9 -14.8 -22.7 - 21. 6 

32S/3IoSd 6.7 

Dissolved Gases, mol %:b 

0, , ppm 5.2 5.9 5.1 10.1 

CO 2 , ppm 35.7 20.9 

N, 

A 

CH, 

H, 

He 

Dissolved Solids. mg/£: 

b b b b c C 

Si0 2 5.31 1.0 2.95 1.4 2.31 

Fe 0.4 0.33 0.25 0.30 0.35 <0.2 

Mn <0. as <0.05 <0,05 <0. as 
Cu 0.15 0.01 0.11 0.16 

Mg 1.1 6.7 19.0 7.2 0,65 0.80 

Ca 19.3 5.4 2.4 2.9 4.65 5.9 

Na 2.5 6.4 1.6 17.5 3.0 2.8 

K 3.3 1.1 2.0 1.8 1.64 9.2 

HC0 3 34.4 20.4 16.1 17.4 27.5 74 

so, 0.49 0.70 3.2 4.9 2.4 1.5 

C1 1.3 1.2 2.5 1.3 <1 3.7 

NO, 0.52 0.08 0.53 0.53 3.0 0.003 

PO, 0.38 0.61 0.32 6.1 

Total (Residue): 71. 6 55.8 36.4 49.9 

Hardness as CaC03: 21. 1 41. 0 20.5 37.0 

pH: 6.8 6.5 7.48 6.88 6.8 
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TABLE 1 (Continued) 

Source: Savannah River at U. S. 301 Bridge 

Sp:ring 71 Summer 72 Fall 71 Winter 71-72 Summel' 72 
Date Sampled 5-11-71 8-24-71 11-30-71 2-14-72 2-14-72 9-18-71 

Isotopic Ratios: 
18 0j 16 0a -4.2 -4.42 - 3. 88 -4.56 

21ljlHQ - 23.3 -24.9 -22.5 -26.8 

3"S; 32 Sd 8.4 

Dissolved Gases. mol %:b 

0, • ppm 4.0 4.6 7.52 10.0 

CO 2 , ppm 14,5 4.9 

N, 

A 

eH, 

H, 

He 

Dissolved Solids. mg/9,: 

b b b b e e 

Si0 2 5,56 1.1 1.2 1.7 2.31 

Fe 0.7 0.44 0.08 0.17 0.48 <0.2 

Mn <0.05 <0.05 <0,05 <0. OS 

eu 0.08 0.13 0.03 0.20 

Mg 3.7 5.7 18.2 3.9 1.27 1.2 

Ca 2.4 2.2 1.5 1. 35 1. 88 0.76 

Na 3.5 7.8 7.0 27 ,0 4.96 7.4 

K 0.80 1.65 1.5 1. 57 1. 57 1.5 

HCD 3 14.0 4.77 14,4 12.1 18.6 24 

50, 4.80 3.2 0.7 6.0 5.0 6.0 

CI 3.3 2.6 4.0 1.6 3.2 5.3 

NO, 0.52 0.26 0.53 4.43 2.8 1.05 

PO, 0.19 1. 35 0.47 

Total (Residue): 42.3 25.0 39,3 45.7 

Hardness as CaC0 3 : 8.4 28.9 19.1 19.6 

pH: 7. I 7.9 6.9 6.58 6.8 
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TABLE 2 

Analyses of Water from Coastal Plain Formations 

Part A. Continuously Pumped Wells. Periodic Analyses 

Source: Well ~()5-31A. Tuscaloosa Formation 

uate :Jal'1pi-e-i: 

Isotopl( \{ati()~: 

j ""0/ 1 bOG! 

LHjlWl 

3~SI 325') 

Spr>-cng ?l 
.. - ';1- "1 

- S. U4 

- 27.7 

]lissolved Gases, mol 

02. ppm 

C02, ppm 

N, 

A 

CH~ 

H, 

He 

Uissolved Solids, 

,SlO, 

Fe 

fin 

eu 
M, 
Ca 
N, 

K 

HeO, 

SO, 

Cl 

NO, 

PO, 

Total (Residue) : 

Hardness a' [aeo l : 

pH: 

SpecifIc Con-
ductance, wmhos: 

9. 

9.8 

mg/ lL : 

L 

7.0 

<0. as 
<0,05 

0.10 

3.0 

8. 7 

6.0 

9.5 

0.0 

2. I 

0.09 

.B.o 

13.7 

5.8 

18.0 

-5.08 

- 27.7 

Fall 11 
n~l.4-'I! 

- 4.96 

- 27.6 

.0 

D.70 

<0,05 

<0.05 

<0.02 

4.2 

0.68 

1.8 

2. 

'2 

1.6 

<0,03 

5.2 

19. 1 

5.2 

16,5 

!-i-inter' 11-?:; 
:; :-,'1-7] ::-[;]-7] 

-4.94 

- 27.4 

~ C 

0.64 II. 56 

<0.05 0.012 

<0.05 <O.OS 

0.25 0.30 

1.3 1.7 

0.68 0.11 

1.4 1. 75 

3.8 5.4 

1.1 2.3 

0.5 U.R 

0.03 <0,02 

<0,03 <0.03 

6.9 20.8 

6.9 7.2 

5.45 5.5 

16,0 17,n 

';pl"ing /," 

;,- " 8- '(] 

0.6 

,r:u,"lI"'lPl" 

~'-]-I-/; 

(J.I8 <0.: 

0.18 ().14 

0,:)0 < n. 11 

1. 15 1. 25 

n.G <(). () 

'I , I 

.5 '2 

< 0.01 < 0.02 

5.2 

Analysts (see text): a, Scripps; L, SRP; c, SRL; d, ANL; e, Bu Mines, f, liSGS; g,' Geochron, 
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TABLE 2, Part A, Continued 

Source: Well 905- 41D, Tuscaloosa Formation 

Spring 71 Swnmer 71 PaU 71 Winter 71-72 
[Jate .'J(1J11pled: {,-21-71 8-31-71 12-13-71 2 29-72 2 29-'12 

I~otopic Ratios: 

18 0 / 16 0 a -4.38 - 4.42 -4.40 -4.34 

)Hj1HQ - 23. 8 -22.9 - 21. 7 -22.3 

34 S; 3Z Sd -13.4 

Dissolved Gases, mol %,b 

0, ' ppm 0.0 

COz. ppm 16.8 12.9 38 

N, 

A 

CH~ 

H, 

He 

Dissolved Solids, mg/t: 

b b b b 0 

Si02 10.6 0.85 3.3 0.70 0.6 

Fe 0.3 1.0 0.18 0.05 <0.05 

Mn <0.05 <0.05 <0.05 <0.05 <0,05 

ell 0.21 0.11 0.05 0.19 0.23 

Mg 3.2 3.2 3.5 

Ca 6.0 2. 1 1.65 1.72 1.4 

Na 4.4 5.6 23.5 11.8 11.0 

4.6 4.3 4.3 4.3 4.3 

HC0 3 16.2 12.6 16.0 13.4 9.9 

so, 12.1 12.0 9.2 13.9 15.0 

(1 2.1 1.1 1.2 0.44 0.59 

NO, <0.02 0.09 0,27 1. 32 0.26 

po, 0.28 0.48 1.0 <0.3 0.3 

Total (Residue) : 38.0 46.3 41. 5 41. 7 48.9 

Hardness a> CaC03 : 25.3 18.4 48.9 17. 7 18. 1 

pH: 6.6 5.8 6.6 6.15 6.6 
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TABLE 2, Part A, Continued 

<;our~'e ; ~'e II 90S -43H, Tuscaloosa Formation 

Spring 71 Surrrmer 71 Fall 71 Winter 71-72 SUf71meY' 7:; 
ltf' <'~'o.mpled 5-21-71 8-3]-71 1:d-13-71 2-21-72 2-21-72 8-13-7k 

Isotopic Rati.os: 

18 0 ;1 ":)" - 4. 71 - 4. -/1 - 4.63 - 4.59 

~H/IHQ - 26.9 - 24.3 - 24.5 - 24.7 

34 5 / 32 511 - 11. 2 

Dissolved Gases, mol %;b 

O2 , ppm 0.0 

CO 2 • ppm <0.1 3.1 15 

" 
A 

CH 4 

H, 

He 

Dissolved SOlIds, mg/£: 

b b b c c " 
Si0 2 7. 3 0.55 3.0 0.9 O. 9 

Fe 0.6 0.29 <0,05 D,14 1.2 

Mn <0.05 <0,05 <0.05 <0.05 <0.05 

Cu 0.21 0.18 0.10 0,16 0.34 

Mg 3.6 0.48 1. 38 1. 52 (). 28 

Ca 8.4 1.5 17.~ 0.48 0.82 <().11 

Na 1.0 1.3 0.75 1. 90 1. 82 1. 36 

0.55 0.87 20.5 0,50 1. 15 0,80 

HC03 <0.1 3.0 12.9 2.9 0.97 0.0 

SO, 14. 1 11.9 8.61 4.9 14.3 12.0 

Cl 0.7 1.1 1.8 0.82 0.60 <, 
NO, 0.27 0.09 0.27 0,26 0.09 0.006 

PO, 0.57 D. 20 <0.03 <0,3 <0.3 

Total (Residue) : 24.9 26 26.7 16. 1 35.6 

Hardness a; CaCO): 96.4 18.6 20.8 6.9 8.35 

pH: 4.8 3.2 3.95 5.25 4.3 

Specific Con-
ductance, ~mhos: 45 SO 53 20.5 54.0 

- 58 -



TABLE 2. Part A. Continued 

Source: l'oeIl 90S -67U, Tuscaloosa Formation 

Spring ?1 Summer> 71 FaZZ 71 £t:i!1 ter> 71-72 Spring 72 Swrrme1' 72 
/)ate .Sampled: ,~-11-71 8-14-71 11-18-71 2-21-71 2 21-72 4-24-72 9-18-? 2 

lsotopic Rat! as: 

l80/16 0 a -4.92 -4.86 -4.88 -4.83 
2H;llf -27.2 - 26.5 -26.5 -26.4 

34Sj12Sd -0.4 -9.5 

Dissolved Gases. mol %. b 

0, ' ppm 8.3 

CO 2 • ppm 3.6 1.5 15 

N, 

A 

[H, 

H, 

lie 

Dissolved Solids, mg/ 1: 

b b b b c c c 

SiO z 7.1 0.56 1.0 0.9 0.44 4. 15 

Fe <0.05 0.19 <0.05 <0.05 0.05 0.35 <0.2 

"n <0,05 <0. as <0,05 <0.05 <0.05 

Cu 0.09 0.19 0.08 0.16 0.20 

"g 5.2 1.8 3.5 1.4 1.5 0.22 0.2 

Ca 1.9 0.94 0.38 0.48 0.22 0.30 <0. 1 

~a 1.3 1.4 1.3 1.9 1.6 1. 36 1.4 

K 0.5 0.65 0.5 0.5 0.43 0.42 0.5 

HeO, 3.44 1.5 0.99 2.9 0.97 0.0 <0.6 

S0, l.27 0.71 0.42 4.9 3.5 1.2 1.5 

CI 1.6 1. 26 3.0 0.82 0.74 'I 2.8 

:.lOl 0.26 0.09 0.08 0,26 0.27 0,32 <0.01 

PO, 0.09 0.20 0.56 <0,3 <0.3 

Total (Residue) : 20.6 9.9 13.4 16.1 27.3 

Hardness a' CaC0 3 10.5 9.8 15.5 6.9 6.7 

pH: 5.0 4.8 6.0 5.5 5.15 5.0 5.6 

Speci fi c Con-
ductance. ~rnhos : 18.0 23.5 18.0 20.5 19.0 

- 59 -



TABLE 1, Part A, Continued 

Source: Well 905- 72G, Tuscaloosa Formation, depth 580 ft, ground elevation 293 ft 

Spping 71 SU"1I77er 71 Fall 71 Winter 71-72 Spr>ing 72 Summer 72 
;'Iate Sampled: 5-21-71 8-31-71 l?,-Jl-71 2 21 ?2 2 21 ?2 4-24-72 9-18-72 

Isotopic Hatios: 
18 0 ;16 0 Q -4.46 -4.46 -4.50 -4.50 

2H/llfl - 24. 1 -22.9 -24.3 -24.5 
3~S/32S 

Dissolved Gases. mol %:b 

O2 , ppm 8.0 

CO2. ppm 34.7 35.9 38 

N, 

A 

CH" 

Ii, 

He 

Dissolved Solids. mg/l: 

b b b b c c C 

Si0 2 9.45 0.42 L 18 0.70 0.60 

,e <0.05 0,08 <0.05 <0. as 0.012 0,35 <0.2 

"n <0.05 <0.05 <0. as <0.05 <0.05 

eu 0.02 0.07 0,03 0.23 

"g 22.5 8.0 16.9 9.2 9.2 0.37 0.3 

Ca 18.1 5.6 1.7 7.0 7.0 5.9 2.1 

Na 5.6 5.9 1. 83 12.5 12.5 2.1 2.1 

K 0.75 0.60 0.40 1.0 0.90 0,50 O. 

Heo) 33.4 35.0 14.2 33.3 27.5 25.3 24 

50, <2 4.6 <2 11. 3 10.2 1.3 1.5 

Cl 1.9 1.6 1.8 1.6 1.6 <1.5 2.5 

NO, 1. 33 0.26 0.88 0.88 0.44 2.2 0.8 

PO, 7.0 10.3 2.8 5.6 D.18 

Total (Residue) : 69.0 61. 4 9.8 67 85.2 

Hardness a; CaCO 3 : 55.2 47.0 17.9 55.1 55. 1 

pH: 7.0 4.8 6.5 6.65 7.0 6.4 6.5 
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TABLE 2, Part A, Continued 

Source: We 11 905- 70G, McBean Formation, depth 250 ft, ground elevation 392 ft 

Spr'1:ng 72 51.Pm1eY'-71 Fall 71 Winter 71_72 Spring 72 Summer 72 
/Jate SamF~ed: 5-21-71 8-31-71 11-18-71 2-21-72 2-21-72 5-15-72 9-18-72 

Isotopic Ratios: 
lSO(16oa - 4.92 -4. 84 -4.74 - 4. 74 

2H/11-P -25.8 -25.5 -25.S -25.6 
3~S/32Sd 8 ±2 

Dissolved Gases, mol %:b 

0, , ppm 7.5 

CO2. ppm 2.0 2.55 21. 0 

" 
A 

eH, 
H, 
He 

Dissolved Solids. mg/I: 

b b b b c c C 

Si02 5.1 0.42 2. 1 0.6 0.8 4.0 

Fe 0.1 0.06 <0.02 0.05 0.006 0.10 <0.2 

"n <0.05 <0. as <0.05 <0. 05 <0. 05 

eu <0.05 0.10 <0.02 0.16 0.12 

"g 0.7 2.0 3.8 1. 42 1. 24 0.37 0.3 

Ca 6.4 1.2 0.3 0.22 0.15 0.35 <0.1 

Na 3.3 2.2 1.6 4.3 5.5 1.8 2.0 

K 0.4 0.35 0.2 0.55 0.83 0.23 0.3 

HC03 2.0 8.9 4.0 1.5 0.0 <0.1 

S04 <2 0.64 <2 0.70 1.4 <1 <1 

Cl 1.8 1.0 1.1 0.96 0.76 2.2 2.0 

NO, 4.4 0.62 0.52 4.4 0.27 5.0 3.0 

po, 0.47 0.37 <0.3 <0.3 0.3 <1 

Total (Residue) : 11. 0 5.0 10.5 3.2 31 

Hardness as CaC0 3: 17. 3 11. 2 16.7 6.4 5.5 

pH: 5.4 5.0 8.3 5.0 5.2 5.15 5.49 

Specific Con-
ductance, \-lmhos: 39 20 19 23 21 
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TABLE 2 

Analyses of Water from Coastal Plain Formations 

Part B. Single Analyses 

WeLL No.: 
St1"atum: 

Date Sampled: 

Isotopic Ratios: 
16 0 /16(Jll 

2HjlH 

3"51 ~2Sd 

Dissolved Gases, mol %:b 

H, 

He 

Dissolved Solids, mg/l: 

Si02 

Fe 

Mn 

Cu 

Mg 

Ca 

Na 

K 

HC0 3 

SO. 

C1 

NO, 

PO. 

F 

Total (Residue): 

Hardness as (aC03: 

pH: 

Specific Conductance, 
).Jrnhos: 

Remarks: 

Well depth, ft 
Ground elevation, ft 
Scree~ depths, ft 

Sampler: 

DRB 4WW 
McBean 

5-20-71 

-4.37 

23,0 

3.9 

b 

1.3 

<0, as 
<0.05 

217 

19.7 

230 

1.3 

25.8 

24.7 

103 

O. 13 

0.2 

0.3 

91 

55 

7.8 

110 

198 
+246 
bottom 

cable 

DRB 6WW 
Congaree 

5-20-71 

- 4.22 

-22,2 

<0.005 

b 

<0,08 

<0.05 

<0. OS 

2.0 

1.6 

)00 

)5 

2.3 

2.0 

7.5 

0.09 

<0.3 

5.0 

98 

4.8 

8.3 

150 

241 
+ 271 

236- 241 

cable 

13G 

4-11-67 

b 

0.2 

<0.02 

1.2 

5.3 

5.6 

3.4 

)8 

14 

0.8 

0.3 

45 

)8 

6.6 

57 

54P 
Tuscaloosa 

7-12-68 

b 

12 

O. 18 

<0.05 

0.06 

0.9 

5.0 

1.2 

1.0 

lU. 5 

14.1 

1.4 

0.27 

1.8 

38 

)6 

6.3 

40 

55R 

10-27-64 

/0 

11 

<0.05 

<0. OS 

0,03 

5.0 

7.0 

0.6 

1.2 

L5 

lO 

3.2 

D,2 

36 

38 

5.8 

60 

Analysts (see texd: a, Scripps; b, SRP; c, SRL; d. ANL; e, Bu Mines; f, USGS; g. Geochron. 
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TABLE 3 

Analyses of Water from Crystalline Metamorphic Rock 

Source: 

iJate Sampled: 

J satop ic Rati05: 

1 aO/ 160 

2/l/ In 

") 4 s/ 32S 

[)lsso)vcd Gases, mol %: 

O2 , ppm 

CO 2 , ppm 

N, 

A 

Dissolved Solids, mg/I: 

Si0 2 

Fe 

Mn 

Cu 

Mg 

Ca 

Na 

K 

HCDl 

SO, 

Cl 

NUl 

PO, 

Total (Residue): 

Hardness as (aC0 3 : 

pH: 

Specific Conductance, ~mhos: 

Remarks: 

ORB 1 DRB 2 

7-25-62 

b 

0.25 

<0,05 

165 

554 

23 

1210 

258 

0.04 

2472 

438 

7.2 

3410 

ORB 1. No formation water samples collected. 

ORB 2 ORB 2 

5-24-63 7-10-63 

c 

4.08 

<0.01 

91. 74 

1. 33 

1. 45 

1. 41 

9.4 

2800 

1500 

6540 

5.6 

8770 

ORB 3 

5-9-62 

f 
12 

0.00 

45 

278 

518 

28 

43 

1140 

556 

0.0 

880 

7.6 

ORB 
DRB 
ORB 

2. 
2. 
2. 

(7-25-62). Sample diluted by drilling water; swabbed sample. 
(S-24-63), (0<0.01; 5.3 ml collected per liter of water.a 
(7-10-73). Cable sampler from 1935 ft. 

ORB 3 

5-10-62 

b 

17 

0.1 

41 

294 

740 

44 

1550 

613 

2770 

910 

8.6 

3670 

ORB 3. (5-9-62). Pumped sample taken near end of pumping test after removal of 

DRB 3. 
ORB 3. 
ORB 3. 

(5-10-62) . 
(5-3-63) . 
(5-1-63). 

200,000 gals; water injection during drilling was 290,000 gal. 
Pumped sample. 
(0<0.01;° 0.82 cc collected per liter of water. 
Hydrocarbons, 0.0; hydrogen sulfide, O.O.e 

ORB 3 

5-3-63 

c 
D.77 

<0.01 

94.98 

1. 32 

1. 16 

1. 75 

Analysts (see text): a, Scripps; h, SRP; 0, SRL; d, ANL; e, Bu Mines; I, USGS; g, Geochron. 
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ORB 3 

5-1-63 

e 

trace 

0.0 

95.6 

1.1 

0.0 

1.7 



TABLE 3, Continued 

Source 

Date Sampled: 

Isotopic Ratios: 
160 /1&0 

2H/IH 

3~S/32S 

Dissolved Gases, mol %: 

02' ppm 

C02' ppm 

N, 

A 

CH, 

H, 

He 

Dissolved Solids, mg/l: 

Si0 2 

Fe 

Mn 

Cu 

M. 
Ca 

Na 

Cl 

Total (Residue): 

Hardness as CaC0 3 : 

pH: 

DRB 4 

b 

388 

810 

2300 

363 

4950 

1190 

DRB 4 DRB 5 

12-20-61 9-10-62 

c 

0.6 

10 

1000 

1000 

30 

b 

22 

b 

10 

0.4 

25 

348 

284 

7.7 

1060 

343 

0.03 

4440 

975 

DRB 5 DRB 5 * 

5-10-63 7-10-73 

c 

O. 18 

< 0.01 

95.96 

1. 45 

O. 17 

2.21 

c 

OH=50 

13 

1600 

7.30 

3960 

DRB 5** 

7-10-73 

OH= 1. 3 

23 

2100 

700 

4470 

Specific Co~ductance, wmhos: 5550 

11. 1 

5630 

9.0 

5670 

Remarks: 

ORB 4. 
ORB 4. 

DRB 5. 
ORB 5. 

DRB 5.* 
ORB 5. ** 

Swabbed sample; probably diluted with drill water. 
(12-20-61). Swabbed sample, prohably diluted with drill water. Emission specto

(9-10-62) . 
(5-10-63) . 

(7-10-73) . 
(7-10-73). 

graphic results (ppm): B, 3' Pb, 0.03; Al 3' Sr, 6; Cr, 0.03; Br, 0.2. 
Swabbed sample; probably diluted with drill water. 
Gas analysis: (0.90 cCgas/literH20); CO<O.Ol. 
Cable sampler from 1475 feet. 
Cable sampler from 1790 feet. 
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TABLE 3, Continued 

Source: ORB 6 DRB 6 ORB 6 ORB 6 ORB 6 ORB 6 

l..iQte Sampled: 11-12-62 11-9-62 1-24-63 1-23-63 8-21-64 8-24-66 

lsotOPlC Katios: 
180/ lb O 

211/1fl 

3~S/ 32,<,; 

Dissolved Gases, mol % : c c e 

0, , ppm 0.74 1. 00 0.0 

CO; , ppm 0.04 0.2 0.1 

N, 92.53 91. 00 94.6 

A 1. 03 1.10 1.1 

CH 4 

H, 0.26 0.30 O. I 

lie 5.28 6.00 4.2 

lJi s501 vcd Solids, mg/1 : f f f 
SiO~ 11 II 13 , 
Fe 0.10 0.03 0.01 

Mn 

Cu 

Mg 12 II 

Ca 558 531 530 

Na 1390 1400 1400 

K 13 19 15 

HeO, 16 16 16 

SO, 2480 2600 2600 

CI 1460 1280 1270 

NO; 0.2 0.9 

PO~ 3.0 2.9 2.6 

Total (Sum) : 5940 6030 5880 

Hardness a' CaC0 3 : 1440 1340 1370 

pH: 6.9 7.0 6.9 

Specj fic Conductance, j.lmhos: 8350 7550 6770 

Remarks: 

DR8 6. (11-12-62) . Pumped samp Ie; sampled at end of pumping test. 
ORB 6. (11-9-62). CO "" O. 11 
OR8 6. (1-24-63) . CO "" 0.4; 0.60 cCgas/£H a collected. 
DR8 6. (1-23-63) . Hydrocarbon " 0.0; H2S ; 0.0. 
DRB 6. (8-21-64) • Pumped sample; sampled at beginning of tracer test. 
ORB 6. (8-24-66) . Pumped sample; sampled at end of tracer test. 

- 65 -



TABLE 3, Conti nued 

Source: 

Date 8amp~ed: 

Isotopic Ratios: 
I BO;160 a 

2H;IHL< 

HS; :12 sg 

Ulssolved Gases, mol %:b 

N, 

A 

CH 

Ih 

He 

Dissolved Solids, mg/l: 

Si0 2 

Fe 

Mn 

Cu 

Mg 

Ca 

Na 

C1 

rota! (Sum): 

Hardness as (aCO;: 

pH: 

Specific Conductance. umhos: 

Remarks: 

ORB 6 

4-19-69 

- 3. 73 

19.9 

16.7 

22.7 

b 

1.7 

<0.05 

47 

413 

1360 

19 

14.6 

2735 

1270 

0.13 

0.44 

7.3 

ORB 6 

9-12- 69 

f 
12 

0.01 

12 

526 

1410 

14 

18 

2290 

1400 

3.2 

5980 

1360 

7.5 

6450 

ORB 6 

6-18-?1 

- 4.32 

- 21. 9 

17.5 

(see Table 17) 

ORB 6. 
ORB 6. 
ORB 6. 

(4-19-69) . 
(9-12--69) . 
(6-18-71). 

Pumped sample; sampled during one year pumping test. 
Pumped sample; sampled at end of one year pumping test. 
Pumped sample. 
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TABLE 3, Continued 

Source: ORB 7 ORB 7 ORB 7 DRB 7 ORB 7 DRB 7 ORB 7 

/)ate ,';amp led: 8-27-63 1-31-68 1-31-C8 1-31-68 7-10-73 7-10-73 7-10-73 

IsotOPIC Ratios: 

18 0 ;160 

2H/IH 

l~S/ 12 5 

Dissolved Gases, mol %: c 

0" ppm 1. 37 

CO 2 , ppm 0.01 

" 91. 32 

A 1. 18 

Cll4 

H, 5.87 

He 0,26 

Dissolved Solids, mg/l : f f f 
5i0 2 15 7.2 3.0 

Fe 

Mn 

Cu 

Mg 0,02 0,06 4.8 

Ca Sal 518 688 

Na 1370 1410 2020 

K 23 15 16 

DB 42 4 27 3 2.3 

H(03 18 27 lD 0.9 

S0, 2360 2540 2590 2100 2000 1800 

Cl 1170 1200 2390 910 910 940 

NO, 0.3 0.3 0.3 

PO, 0.04 0,00 0,00 

"] otal: Sum 5810 6010 7980 

Residue 5690 5780 5700 

Hardness as CaC03: 1250 1290 1746 

pH: 10.8 9.7 8.2 10,8 9.5 9.3 

Speci fi c Conductance, llmhos: 7020 6850 9350 7190 7190 7190 

Remarks: 

ORB (6-27-63) . CO<O.OI; 14.0 cc of gas collected per liter of water. 
DR8 (1-31-68) . Cable sampler from 1200 feet, drilling water not completely removed. 
ORB (l-:~1-(8) . Cable sampler from 1600 feet, drilling water not completely removed. 
DRB (1-31-68) . Cable sampler from 1900 feet, drilling water not completely removed. 
URB (7-10-73). Cable sampler from 1200 feet, dri lling water not completely removed. 
ORB (7-10-73) . Cable sampler from 1600 feet> drilling water not completely removed. 
ORB (7-10-73J. Cable sampler from 1900 feet, drilling water not completely removed. 
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TABLE 3, Continued 

Source: DRB 8 DRB 8 ORB 8 ORB 8 ORB 8* ORB 8** ORB 8 

Date SampLed: 6-4-69 6-5-69 6-8-69 6-13-69 6-15-69 6-15-69 6-16-69 

Isotopic Ratios: 

160 /16 0 

21-1/11-1 

34 5 / 32 5 

Dissolved Gases, mol %: 

O2 , ppm 

CO 2 , ppm 

" 
A 

CH~ 

H, 

He 

DIssolved Solids, mg/l: , 
f , f f f f f 

5i02 1.8 2.4 2.7 3.2 4.D 6.6 7.1 

Fe 0.30 0,15 0.49 0.47 0,73 0.a6 0,35 

Mn 

Cu 

Mg 18 20 19 16 15 12 12 

Ca 4B3 4Bl 462 463 463 471 46S 

Na 1100 1100 1230 1240 1240 1280 1270 

K 17 lB 14 14 14 13 13 

HC0 3 22 22 14 7 10 13 

SO, 2270 2270 2450 2460 2480 2490 2490 

Cl B60 850 BBO 900 910 965 960 

NO, 

PO, 0.05 0,04 0.01 0.04 0,03 O. 01 O. 01 

2.4 2.4 2.4 2.5 2.5 2.6 2.6 

Total: Sum 4760 4750 5070 5100 5130 5250 5230 

Residue 5110 5180 5380 5410 5440 5600 5560 

Hardness "' Ca:::03: 1280 1280 1230 1220 1220 1220 1220 

Noncarbonate: 1260 1270 1220 1220 1210 1210 1210 

pH: 6.9 6.B 6.4 6.4 6.0 6.5 6.6 

Specific Conductance, lJmhos: 5480 5480 5650 5650 5650 5810 5810 

Remarks: 

DRS (6-4-69). Blown sample I.'hen well ,,"'as 1082 feet deep. 
DRS 8 (6-5-69) . Blown sample when well w"' 1140 feet deep. 
DRB 8 (6-8-69) . Blown sample when ,,"'ell w"' 1401 feet deep, 
DRB 8 (6-13-69) . Blown sample when well w"' 1490 feet deep. 
DRB 8' (6-15-69) , Blown sample when well was 1549 feet deep. 
DRB 8" (6-15-69) . Blown sample when well was 1619 feet deep. 
DRB (6-16-69) . Blown sample when well was 1631 feet deep. 
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TABLE 3. Continued 

Source: ORB 8 ORB 8 ORB 8 

Lute Sampled: 7-21-70 10-10-70 10-1-70 

Isotopic Ratios: 
IBO/loOa 

2 H/I Ha 

3"S/32 Sg 

Dissolved Gases, mol %:b 

O2 , ppm 

C02, ppm 

., 
A 

CH .. 

H, 

He 

Dissolved Solids, mg/1 

Si0 2 

Fe 

Mn 

eu 
Mg 

ea 
Na 

K 

HCOl 

SO" 

(1 

NO, 

PO, 

F 

Total: Sum 

Residue 

Hardness as CaCO): 

Noncarbonate: 

pH: 

Specific Conductance, ~mhos: 

Remarks: 

<0.02 

f f 
7.6 7.0 

0.033 

0.130 

15 12 

467 473 

1200 1180 

16 15 

lB 10 

2590 2580 

900 B29 

0.2 0.3 

3.1 3.7 

5200 5110 

5600 5330 

1220 1230 

1210 1210 

6.7 9.2 

7880 6840 

ORB B. 
ORB B. 

(6-21-70). 
(10-1-70) . 

Pumped sample; AI, 0.074 mg/l. 
Pumped sample. 
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-4.71 

-22.7 

10.8 

1.5 

b 

0.7 

<0.05 

<0.05 

B30 

640 

6BO 

15 

3.7 

3530 

7BO 

O. 13 

0.18 

2.6 

5160 

2000 

7.5 

4500 



TABLE 3. Continued 

Source: 

Date Sampled: 

Isotopic Ratios: 
160/ 1 £0 

)H/1H 

3~S/12S 

Dissolved Gases, mol %: 

O2 , ppm 

CO 2 , ppm 

N, 

A 

eH, 
B, 

He 

Dissolved Solids, mg/1: f 

Si0 2 

Fe 

Mn 

Cu 

Mg 

Ca 

Na 

K 

HeO l 

SO, 

Cl 

NO, 

PO, 

F 

Total: Stun 

Residue 

Hardness as CaC0 3 : 

Noncarbonate: 

pH: 

Specific Conductance, ~mhos: 

Remarks: 

ORB 9 

7-17-69 

6.1 

0.09 

38 

461 

1440 

11 

29 

2460 

1260 

0.02 

2.0 

5660 

5990 

1310 

1280 

6.5 

6450 

ORB 9 

7-18-69 

0.7 

0.39 

18 

475 

1430 

II 

38 

2300 

1290 

0.03 

2.2 

5550 

5850 

1260 

1230 

7.1 

6450 

ORB 9. 
ORB 9. 

(7-17-69) . 
(7-18-69) . 

Blown sample from 2700 feet. 
Last sample blown from well at 2700 feet. 
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TABLE 3, Continued 

Source: P4R P4R P6R P6R P6R P6R P6R P6R 

;>al-e Sampled: 1-2fj-68 6-20-73 9-22_67 1-29-68 12-7-70 12-7-70 11-9-71 4-26-?J 

Isotopic Ratios: 
18 0 /16 0 a 

2!l/I HQ 

3~S/32S 

llisso1ved Gases, mol %: 

°2 , ppm 

CO 2 , ppm 

N, 

A 

CH~ 

H, 

He 

Dissolved Solids, mg/l: 

Sia 2 

Fe 

Mn 

Cu 

Mg 

Ca 

Na 

Total; Sum 

Residue 

Hardnes 5 as CaCO 3: 

Noncarbonate: 

pH: 

Specific Conductance, 
-wmhos: 

Remarks; 

f 
IS 

0.00 

0.1 

0.00 

28 

109 

25 

96 

18 

6.2 

0.8 

0.02 

0.0 

332 

80 

11. 2 

1400 

P4R (1- 25-68). Cable sampler from 
P4R (6-20-73). Cable sampler from 

c 

120 

30 

17 

88 

540 

11.2 

1730 

750 feet; 
760 feet; 

f 
4.0 

<0.01 

0.09 

<0.01 

36 

342 

573 

24 

39 

1320 

600 

0.0 

0.00 

0.8 

2920 

3030 

10lD 

974 

7.7 

4060 

f 
6.3 

0.00 

0.03 

0.02 

419 

467 

41 

133 

997 

470 

0.3 

0.00 

0.8 

2560 

2760 

1050 

612 

11.3 

4470 

0.6 

f 
0.0 

59 

316 

478 

20 

IS 

1350 

504 

0.2 

2.8 

2740 

2850 

1030 

1020 

7.6 

3910 

diluted with dri I ling water; 
diluted with dri I ling water. 

P6R [9-22-67) . Blown sample from 1042 feet; Al <0.1; Sr. 3.1; Li. <0.01; 
P6R (1-29-68) . Cable sampler from 1000 feet; C03. 26. 
PbR 02-7-70) . Pumped samples. 
P6R (11-9-70). Pumped sample. 
P6R (4-26-73) . Cable sampler from 1020 feet. 
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-4.80 

-24.3 

22.4!1 

8.8 

b 

<0.08 

<0.05 

<0.05 

3.3 

2.2 

0.13 

0.15 

2920 

1160 

7.4 

2800 

CO, • 32; 

- 4. 58 

- 24. 7 

24. ,a. 

0 

b 

·l.6 

<0.05 

<0.05 

0.05 

480 

16 

8.8 

0.18 

0.3 

2820 

6.1 

3600 

AI. l.7 

c 

<5 

<0.3 

87 

308 

472 

16 

23 

1200 

450 

2900 

7.6 

3700 

In. <0.0l. 



TABLE 3, Continued 

Source: 

Da te Samp led: 

Isotopic Ratios: a 

180 / 16 0 

'H/IH 

310 5; 32 5 

Dissolved Gases, mol %: 

02, ppm 

C02, ppm 
N, 

A 

C'H, 

H, 

He 
Dissolved Solids, mg/l: 

Sia2 

Fe 

Mn 

Cu 

M. 
Ca 

Na 

K 

OH 

HC03 

SO, 

C! 

NO, 

PO, 

K 

Total; Sum 

Residue 

Hardness as CaCO 3: 

Noncarbonate: 

pH: 

Specific Conductance, umhos: 

Remarks: 

Cable sampler. 

P7R P7R P7R 

12-6-67 1-29-68 7-11-73 

f 
3.6 

0.20 

4.9 

374 

BBO 

20 

32 

1660 

BOO 

0.5 

0.01 

0.5 

3760 

5030 

952 

926 

7.B 

5810 

f 
4.0 

0.01 

0.25 

3.5 

501 

1370 

B20 

36 

1670 

2380 

1.8 

0.01 

1.4 

6770 

7910 

1270 

1240 

6.4 

8710 

a 

36 

36 

1600 

1800 

6730 

11. I 

8940 

P7R (12-6-67). 
P7R (1-29-68). 
P7R (7-11·73). 

Cable sampler; diluted with residual fracturing fluid. 
Cable sampler from 1000 feet; diluted with residual 
fracturing fluid. 
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TABLE 3, Continued 

Source: 

Isotopic Ratios: 
lBO/160 0 

cHI III" 

"'S/12 S 9 

Oissolved l;ascs, mol %: 

02' ppm 

C02, ppm 

" 
CH" 

H, 

He 

Dissolved Solids, mg/l: 

SiD, 

,e 
~ln 

Cu 

Mg 

Ca 

Na 

liCO 3 

SO" 

Cl 

NO, 

PO, 

Total: Sum 

Residue 

Hardness as CaCO,: 

lIioncarbonate: 

pH: 

Specific Conductance, umhos: 

Remarks: 

Blown sample. 
Pumped sample. 
Pwnped sample. 

PRR 

12-1-67 

f 
3.0 

0.12 

0.04 

7.9 

24 

157 

29 

135 

96 

184 

0.5 

0.01 

4.0 

572 

574 

92 

0 

8.0 

968 

P8R P8R P8R 

11-21-69 11-24-69 5-7-70 

f 
7.8 

0.76 

9.7 

23 

126 

12 

87 

86 

156 

0.2 

0.04 

5.4 

468 

485 

93 

22 

8.2 

806 

-6.00 

-24.5 

24.0 

b 

7.7 

<0.05 

<0.05 

38.1 

18.7 

230 

1.4 

38 

23.3 

198 

0.09 

0.15 

f 
3.9 

10 

26 

130 

8.0 

100 

90 

149 

0.0 

7.5 

473 

482 

106 

24 

7.9 

873 

P8R (12-1-67). 
P8R 01-21-69). 
P8R 01-24-69). 
P8R (4-26-73). Cable sampler from 1000 feet. 
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P8R 

4-26-73 

c 

<5 

<0.3 

9.9 

52 

294 

7.6 

91 

460 

270 

1130 

8.1 

1890 



TABLE 3, Continued 

Source: P9R PllR PllR 

Date Sampled: 6-13-71 7-15-71 7-11-73 

Isotopic Ratios: 

180 / 11i0Q 

2H/1HQ 

3"S/32 Sg 

Dissolved Gases. mol %: 

A 

CH, 

H, 

He 

Dissolved Solids, mg/l: 

5i02 

Fe 

Mn 

Cu 

M. 
Ca 

Na 

K 

HC03 

SO, 

Cl 

NO, 

PO, 

F 

Total: Sum 

Residue 

Hardness as CaCO): 

Noncarbonate: 

pH: 

Specific Conductance, ~mhos: 

Remarks: 

-4.08 -3.73 

- 1£).1 -16.6 

21.4 19.3 

f f 
2.6 1.2 

0.016 0.0 

0.750 0.50 

13 11 

140 66 

1040 1140 

22 19 

196 79 

552 694 

1400 1470 

0.0 0.0 

0.00 0.00 

2.1 2.9 

3270 3440 

3420 3490 

402 212 

242 148 

7.4 6.9 

5860 6060 

P9R (6-13-71). 
PUR (7-15-71). 
PllR (7-11-73). 

Blown sample; AI, 0.25; Li, 0.10. 
Blown sample; AI, 0.078; Li, 0.10. 
Cable sampler from 1557 feet. 
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83 

560 

1300 

3420 

7.5 

5520 



TABLE 4 

Analyses of Water from Triassic Rock 

Source: ORB 9 

lJate Sampled: 7-14-69 

Isotopic Ratios: 
180/16 0a 

LH/1Ha 

3 "SI 3Zs 

Dissolved Gases, mol %: 

O2 , ppm 

C02, ppm 

N, 

A 

CH4 

H, 

He 

Dissolved Solids, mg/I: 

SiD2 

Fe 

Mn 

Cu 

Mg 

Ca 

Na 

K 

HC03 

SO, 

[1 

NO, 

PO, 

F 

Total: Sum 

Residue 

Hardnes 5 as CaCO 3 : 

Noncarbonate: 

f 
1.1 

0.66 

79 

522 

1080 

31 

68 

428 

2600 

0.5 

0.03 

0.6 

4810 

5660 

1610 

1570 

Specific Conductance, ~mhos: 

6.2 

6110 

Remarks: 

ORB 9 (7-14-69). Blown sample. 
ORB 10 (5-3-71). Blown sample when well 
ORB 10 (5-8-71). Blown sample when well 
DRB 10 (5-14-71). Blown sample when well 
ORB 10 (5-27-71). Blown sample when well 

was 
was 
was 
was 

ORB 10 ORB 10 ORB 10 ORB 10 

5-3-71 5-8-71 5-14-71 5-27-71 

-3.62 - 2.20 - 2.75 -1. B2 

-14.0 -6.1 -4.4 +4.1 

O. iI 0.4g 0.7d 

f f f 
1.9 O.B 3.5 

0.03 0.00 0.004 

7.3 7.1 5.84 

42 43 53 

1919 2200 1990 

2220 2120 'Z100 

34 40 44 

40 IS 85 

84 72 no 
7130 7500 6720 

1.4 3.3 11.0 

0.05 0.04 0.01 

0.6 0.3 0.3 

11, SOD 12,000 11, 070 

12,600 13,000 11,900 

4960 5700 5220 

4930 5690 5150 

6.4 5.6 6.4 

19,200 20,100 18,000 

1493 feet deep. 
22BO feet deep; AI, 0.49; Li. 0.20. 
2890 feet deep; AI, 0.39; Li. 0.23. 
4212 feet deep; AI, 0.45; Li. 0.28; 

Analysts (see text): aJ Scripps; bJ SRP; OJ SRL; dJ ANL; eJ Bu Mines; fJ USGS; 
gJ Geochron. hJ McCreath; jJ BeL. 
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TABLE 4, Continued 

Source: 

Date Scunpled: 

Isotopic Ratios: 

180 /16 0 

2H/IH 

3"5/ 32 5 

Dissolved Gases, mol %: 

CH, 

H, 

He 

Dissolved Solids, mg/l: 

Si0 2 

Fe 

Mn 

Cu 

Mg 

Ca 

Na 

K 

HC0 3 

SO, 

C1 

NO, 

PO, 

F 

Total (Residue): 

Hardness as CaC0 3 : 

Noncarbonate: 

Specific Conduct-ance, jJmhos: 

Remarks: 

OR8 10 (2-29-72) . c: Cab Ie sampler 
DR8 10 (2-29_72).J Cable sampler 

DR8 10 (2-29-72). c: Cable sampler 
ORB 10 (2-29-72) . J Cable sampler 

ORB 10 (2-29-72). " Cable sampler 
ORB 10 (2- 29-72) . J Cable sampler 

ORB 10 DRB 10 DRB 10 ORB 10 DRB 10 ORB 10 

2-29-72 2-29-72 2-29-72 2-29-72 2-29-72 2-29-72 

c 

1.3 

1>4 

l2::i4 

1887 

39 

14 

5499 

<0.1 

5.0 

from 400 
from 400 

from 800 
from 800 

from 1200 
from 1200 

j 

<1 

50 

1330 

1920 

38 

30 

"'0 

S452 

0.62 

<0.1 

0.68 

10,134 

6.0 

15,600 

feet. 
feet; As, 

Hg, 
feet. 
feet; As, 

Hg, 
feet. 
feet; As, 

Hg, 
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c 

0.55 

61 

1273 

1815 

42 

1.3 

30 

5499 

<0.1 

5.5 

<0.01; 8, 
<0.001. 

<0.01; B, 
<0.001. 

<0.01; B, 
<0.001. 

j c j 

<1 <1 

0.43 

58 

1340 

1820 

36 

34 

"'0 

5345 

0.62 

<0.1 

0.61 

10,360 

6.0 

15,200 

0.02; Cr, 

0.02; Cr, 

65 

1,57 

11i91 

52 

61 

<1 

5137 

7.0 

<0.01; 

<0.01; 

0.11; Cr,< 0.01; 

65 

1280 

1790 

59 

56 

0.6 

5239 

<0.1 

0.51 

10,141 

6.4 

14.300 

Br, 1. 1; I, 

Br, 2.2; I, 

Br, 4.2; I, 

0.9; 

1. 6; 

1. 1; 



TABLE 4, Continued 

Source: 

Date Sampled: 

Isotopic Ratios: a 

180/ 16 0 

2H/1H 

34 5 / 32 S 

Dissolved Gases, mol %:c 

ORB 10 

3-1-72 

3.94 

-19.5 

ORB 10 

3-1-72 

02, ppm 0.002 

CO 2 , ppm 0.025 

Nz 33.1 

A 0.50 

CH 4 0.1 

H, Y.O 

~ 0.28 

Dissolved Solids, mg/l: 

SiO l 

Fe 

Mn 

eu 
Mg 

Ca 

Na 

K 

HC0 3 

SO, 

el 

NO, 

PO, 

Total (Residue): 

Hardness as CaCO 3 : 

Noncarbonate: 

7.0 

70 

867 

1702 

45 

22 

4594 

<0.1 

j 

<1 

5.2 

4.5 

21 

56 

930 

1700 

67 

10 

"'0 

4460 

1.2 

<0.1 

0.56 

8690 

ORB 10 

4-26-73 

<5 

<0.3 

131 

1365 

1943 

2.3 

12 

4 

5110 

9400 

pH: 3.1 

Specific Conductance, umhos: 

4.4 

12.700 

6.8 

14.800 

Remarks: 

ORB 10 (3-1-72). 
ORB 10 (3-1-72). 

ORB 10 (4-26-73). 

Overflow sample. 
Overflow sample; As <0.01; B. 0.04; Cr. <0.01; Br. 1.4; 

I. 1.5; Mo, <0.01; Pb, <0.01; Cd, 0.006; 
Ag, <0.01; Hg. <0.001; Se. <0.01; Li. 0.08; 
Sr, <1; Acetylene, 0.013. 

Cable sampler from 1200 feet. 
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TABLE 4, Continued 

Source: ORB 11 ORB 11 ORB 11 ORB 11 ORB 11 

Date Sampled: 1-22-73 2-26-73 3-15-73 4-23-73 4-23-73 

Isotopic Ratios: 

180 / 160 

2HjlH 

3't S j 12S 

Dissolved Gases, mol %;c 

02, ppm 

C02. ppm 

N, 

A 

CH, 

H2 

He 

Dissolv~d Solids, mg/l: 

Si0 2 

Fe 

Mn 

Cu 

Mg 

Ca 

Na 

K 

OH 

HCO 

SO, 

C1 

NO, 

PO, 

, 

Total (Residue): 

Noncarbonate: 

0.25 

0.005 

93.1 

0.8 

0.02 

5.8 

c c 

<1 <1 

8.4 8.5 

3789 3845 

2623 2710 

24 22 

I!. 8 

"'1 "'1 

11,600 11,600 

18,400 18.500 

c c c 

<5 

<0.3 0.02 0.02 

18 24 15 

4605 4392 3041 

2882 2611 1716 

0.76 6.9 8.3 

11 

23 13 

2.5 3.0 3.8 

10,200 9630 6990 

18,800 18.300 12.900 

pH: 10.61 10.61 10.1 6.6 6.2 

Specific Conductance. ~mhos: 26,500 26,800 28,600 27,500 18,900 

Remarks: 

ORB 11 (1- 22-73). Overflow sample. 
ORB 11 (2-26-73) . Overflow sample. 
ORB 11 (3-15-73). Overflow sample. 
ORB 11 (4-23-73) . Cable sampler from 2340 feet. 
ORB 11 (4-23-73) • Cable sampler from 2700 feet. 

- 78 -



TABLE 4, Contin~ed 

Source: 

lJa te 8corrp led: 

Isotopic Ratios: 
18 0 / 16

0 

LH/IH 

3"S/32 S 

Dissolved (;ases, mol %: 

02, ppm 

CO 2 , ppm 

A 

He 

Dissolved Solids, mg/l: 

Si0 2 

Fe 

Mn 

Cu 

Mg 

Ca 

Na 

K 

HC0 3 

SO, 

Cl 

NO, 

PO, 

Total (Residue): 

Hardness as CaCD3: 

pH: 

Conductivity, wmhos: 

Remarks: 

PSR Pl2R 

4-26-73 4-28-73 

<5 

<0.3 

0.06 

6.1 

15 

19 

62 

6.6 

88 

7.7 

140 

0.05 

7.6 

22 

262 

9.3 

157 

<1 

330 

800 

6.9 

1460 

P5R [4-26-73). 
P12R [4-18-73). 

Cable sampler from 1246 feet; drillwater still in well. 
Cable sampler from 1255 feet. 
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TABLE 5. 

Analyses of Saprolite and Crystalline Metamorphic Rock* 

A. Chemical Analysis 

OepthJ 
We II ft Description 

P6R 

DRB 

773 

782 

830 

859 

saproli te, ul1i t 

Saprolite, unit 

Saprolite, unit 4 

Unweathered horn
blende - chlorite 
schist 

1631.7 Hornblende schist 

ORB 2 1395 Hornblende schist 

DRS 1746.8 Banded granitoid 
gneiss and horn
blende gneiss 

SiOz Alz0 3 

64.5 17.0 

76.0 14.0 

63,0 14.1 

50.1 15.3 

52.0 15.6 

43.2 16.8 

60.6 16.4 

ORB 7 1743 Banded hornblende- 60.6 14.8 
chlori te schist 

ORB 8 903 

915 

946 

946 

968 

971 

P8R 760 

765 

770 

780 

820 

830 

and quartz - feld-
spar gnei ss 

Saproli te. uni t 

Saproli te. Wli t 

Saprolite, unit 4 

Saproli te, unit 

Hornblende schist 

Hornblende schist 

Saproli te. uni t 

Saproli te, uni t 

SaprOlite, unit 2 

Saprolite, unit 2 

Saprolite, unit 4 

Hornblende schist 

64.9 21.2 

80.1 11.4 

54.9 17.2 

51.3 17.8 

49.6 15.8 

54.7 17.9 

80.2 11.7 

53.7 21.1 

70.8 16.7 

69.1 12.0 

65.9 13.1 

65.0 14.4 

Element Concentration, wt % 

Pe2.03 FeO MgO CaO NazO KzO HzO-

9.0 

1.9 

7.5 

3.1 

4.8 

3.2 

3.1 

1.8 

2.8 

1.9 

9.7 

10.3 

6.9 

5. 1 

0.12 0.20 0.30 0.10 

0.12 0.10 0.30 0.20 

0.78 1.1 1.3 1.7 

5.5 

7.5 

9.2 

4.2 

3.9 

3.6 

4.8 

9.4 

3.4 

2.6 

7.3 

7.7 

7.9 

5.6 

4.9 

3.5 

2.6 

1.6 

3.5 

3.7 

0.31 0.38 0.25 0.18 

0.41 0.18 0.23 0.07 

1.2 2.6 4.8 0.11 

1.5 2.7 5.8 0.71 

3.2 3.1 8.6 2.0 

2.9 3.2 7.0 3.2 

0.97 0.37 0.11 0.13 0.05 

13.8 

3.1 

6.5 

7.4 

1.9 

0.32 0.20 0.19 0.07 

0.13 0.33 0.21 0.18 

0.88 1.22 8.6 0.13 

1.3 1.9 1.5 1.6 

4.55 2.2 1.4 2.5 

0.30 0.92 

1.4 

1.1 

1.0 

0.60 

4.9 

0.59 

0.40 0.05 

1.4 0.16 

0.50 0.05 

1.9 

1.9 

0.80 

1.7 

2.2 

2.7 

2.4 

O. 1 

0.47 

3.2 

3.7 

1. 7 

3.2 

0.05 

HzO+ TiO z 

6.7 

4.2 

3.3 

2.8 

1.4 

4.0 

1.4 

1.4 

0.75 

0.38 

0.64 

1.0 

1.2 

0.85 

0.80 

0.66 

0.70 

0.40 

0.86 

0.88 

1.2 

0.88 

0.67 

0.60 

0.45 

0.41 

0.58 

0.60 

P2.0S 

0.02 

0.04 

0.09 

0.20 

0.15 

0.16 

0.12 

0.21 

Specimens from Wells P6R. ORB I, ORB 2, and ORB 7 were analyzed by the U. S. Geological Survey; see also 
Parts Band C of this Table. 

Specimens from Wells ORB 8 and P8R were analyzed by Andrew S .. ~cCreath and Son, Inc. 

MnU 

0.05 

0.05 

0.12 

0.32 

co, 
<0.05 

<0.05 

<0.05 

4.4 

0.20 <0.05 

0.20 

O. 15 

0.18 

1.2 

0.09 

2.5 

S as 
802. 

1.2 

0.63 

<0.05 

Cl Sum 

0.018 100 

0.010 99 

0.006 100 

0.023 100 

0.026 

0.023 

99 

99 

0.012 100 

0.015 99 



TABLE 5 (cont'd) 

Analysis of Saprolite and Crystalline Metamorphic Rock 

B. Spectrographic Analysisa 

Element Concentpation l wt %h 
Well Depth, ft DescI'iption Al Ca Fe K Mg Na P Si Ti 

P6R 773 Saprolite, unit 1 10 0.2 10 N 0.2 0.05 N G 0.5 

782 Saprolite, unit 2 7 0.1 2 0.7 0.1 0.07 N G 0.2 

830 Saprolite, unit 4 10 0.7 10 0.7 1 1.5 N G 0.7 

859 Unweathered horn- 10 7 10 0.7 7 2 N G 0.7 
b1ende . chlorite 
schist 

00 - ORB 1631. 7 Hornblende schist G 10 G N 10 1.5 N G 0.7 

ORB 2 1395 Hornblende schist 10 7 G 1 10 1 N G 0.5 

ORB 1 1746.8 Banded granitoid G 7 10 N 7 2 N G 0.5 
gneiss and horn-
blende gneiss 

ORB 7 1743 Banded hornblende· 10 7 5 1.5 5 3 N G 0.5 
chlori te schist 
and quartz - fe1d· 
spar gneiss 

a. Analyzed by the U. S. Geological Survey Laboratories; same samples as in Parts A and C 
of this Table. 

b. N - none detected; L - detected, but quantity too small to measure; G - amount relatively 
large, but not quantitatively determined. 
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TABLE 5 (cont'd) 

Analysis of Saprolite and Crystalline Metamorphic Rock 

C. Spectrograph; c Ana 1ysi s 

Element Concentzoation. ppmb 
Well 

POR 

Depth, 
ft Deseription 

Saprolite, unit 

Saprolite, unit 

Saprolite, unit 

Unweathered horn
blende - chlorite 

Ag As Au B Ba - -Tie B~Cd Ce- Co Cr Cu Eu Ca Ce Hf In -La r;r- Mn-----,:jQ- Nb Nd Ni 

ORB 

ORB 

ORB 

DRB 7 

773 

782 

830 

859 

schist 

1631. 7 Hornblende schist 

1395 Hornblende schist 

1746.8 Banded granitoid 
gneiss, and horn
blende gneiss 

1743 Banded hornblende
chlori te schist, 
and quartz - feld
spar gneiss 

Depth, 
Well ft Description 

P6R 

ORB 

ORB 

ORB 

773 

782 

830 

859 

1631. 7 

1395 

1746.8 

DRB 7 1743 

Saprolite, unit 

Saprolite, unit 

Saprolite, unit 

Unweathered horn
blende - chlorite 
schist 

Hornblende schist 

Hornblende schist 

Banded grani toid 
gneiss, and horn
blende gneiss 

Banded hornb lende
chlorite schist, 
and quartz - feld
spar gneiss 

N N N N 70 N N 500 N 50 SO N 

N N N N 300 N N 700 10 20 10 N 

N N N 500 N N N N N N SO N 

N N N 200 N N N N SO SO 150 N 

15 N N N ISO N 

lONNN300N 

15 N N N N N 

150 

50 N 

700 

10 N N N N N 5000 

N N N 100 N N N N SO SO 100 N 15 N N N N N 1500 

N 1500 

N 1000 

N N N 300 N N N N SO 50 100 N IS N N N N 

N N N 200 N N N N 15 20 30 N 10 N N N N 

N N NlOOO N N 100 IS 50 70 N 15 N N N 70 N 1000 

Element Concentrution; prrnb 
Po--Prr-fr-PtReSb--------sa 8m Sn Sr Ta Te TkTl U-V W Y Yb Zn -iI> 

5NNNNN20NN to N N N N N 150 N 30 

50 N 30 30NNNNN 

N N N N N 

N N N N N 

10 N N 20 N N N N N 

20 

30 

N 100 N N N N N 150 N SO 

N 300 N N N N N 200 N 50 

500 N N N N 30 

30 

20 

N 500 N N N N N 300 N 30 

300 N 20 

200 N SO 

N N N N N N 300NNNNN 

10 N N N N N300NNNNN 

7 N N N N N 20 N N SOC N N N N N 100 N 30 

N 

N 

ISO 

70 

N 500 

N 100 

N 

N 

N 

N 

70 

70 

150 

100 

Q. Analyzed by the U. S. Geological Survey; same samples as in Parts A and B of this Table. 
b. _'-i - none detected; L - detected, hut quantity too small to measure. 

N 

N 

N 

N 

N 

300 

7 N 

N 

L 

L 

SO 

30 



TABLE 6 

Isotopic Composition of Argon Dissolved in Water from the Crystalline 
Metamorphic Rock Compared with the Isotopic Composition of Argon in Air 

concentration, mol % 

ScUP(].s i)at8 36 AY'J % 38 AI'J % 4 oAr, % 

DHB 6 6-16-71 0.337 0.068 99.60 

0.535 0.064 99.60 

IlRS 6 6-28-71 0.339 0.064 99.60 

0.337 0.066 99.60 

Air Accepted values 0.337 0.063 99.60 

TABLE 7 

Tnorium, Urarnurn, ana Hellum L.ontents u ot Selected Core Samples of Crystalline Metamorphic Rock 

11)(1) G 

[lkB 

[1gB , 
IlRE 

PhR. 

PHR 

PI{[I s~i 

IWK (let 

PHH H'i 

1833. 

U).1:, 

1293.,1-12:),1.8 

lb."';"', --lb3S.b 

]Il·l] 

K32 

~().s. I :I-~)(l(). (>I 

:1:)2.35 :1:i4.85 

'Ib·l. (,2 (Ib:,. 52 

13 

I., 

1:) 

ppm 

Percent of 
He z r.Z/'d CaLculated He 
,.tiew]'u:rea (alcu.ZatedC .tleasu!'ecP 

4.2 77 

49. :; 181 27 

47. 181 26 

22. 321 

1. ~l 59 3 

:l.1l 

1()9 () 1. 77 39 

5.ll 235 

31.-1 127 25 

,-1. Spark ;;ource :;pectromctry analy::.cs hy Lal<.Tence Livermore Laboratories, Livermore, California. 

Calculated fll'oduction in 2.~) x lOB yr using Th and U analyses, and rates of .3.1 x 10-
7 nl 

Jk/(f~ Til) (yr) an,1 II x 111- 2 nl lJc>/(g 11) (yr). 

(locs not Irh~lllde helium In I,ater l~ I'" of calculated total). 

Cl:Iy ;:HlJ rock matcria"ls from the saproli te region. 
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TABLE 8 

Ratio of 34 5/ 32 5 in Sulfide Minerals in Crystalline 
Metamorphic Rock Compared to that of Sulfate in \,ater 

Crystalline Metamorphic Rock: 

Well 

ORB 8 

P6R 

P6R 

Depth, ft 

1294 

859 

1041 

+2.1 

+7.1 

+5.7 

Water from Crys tal line Metamorphic Rock: 

Well Sampling Date "S/ 32sa 
ORB 6 4-19-69 +16.7 

ORB 6 6-18-71 + 17.5 

ORB 8 10-1-71 +10.8 

P6R 12-7-70 +22.4 

P6R 11-9-71 +24.7 

P8R 11-24-69 +24.0 

P9R 6-13-71 +21. 4 

P11R 7-15-71 +19.3 

a. Expressed as parts per thousand variation 
standard, Canon Diablo Troi lite. 
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TABLE 9 

Range and Median Values for Chemical Constituents and Properties of Water from the Coastal Plain Sed1ments~ 

Dissolved solids 
Sodium and (residue on evap-

Number of [pan Calcium Magnesium Potassium Bioa:t'bonate Sulfate Cl-tloride Fluoride Nitrate oration at lrJOOC). Ha:t'dness as 
Analyses (Fe). ppm (Ca.), ppr'l (Mg), ppm (Na+KJ, ppm (HCO,). ppm (SO~), ppm ('::1). ppm (F). ppm (NO,), ppm ppm CaCO" ppm pH 

Tuscaloosa Formation 

13 Maximum--- 0.77 1.4 0.9 6.7 17 4.8 4.0 0.1 8.8 28 6.9 

Median---- 0.16 0.9 0.5 2.1 1.4 2.2 0.0 0.6 19 5.4 

Minimum--- 0.00 0.3 0.0 0.9 0.5 0.8 0.00 0.0 14 4.4 

00 Ellenton Formation <.n 

16 Maximum--- 4. 1 8.7 1.3 4.2 23 27 6.0 0.2 0.9 54 30 6.8 

Median---- 1.1 6.4 1.0 2.7 12 11 2.1 0.1 0.0 41 19 5.9 

Minimum--- 0.10 3.9 0.4 1.5 7.4 1.5 0.0 0.0 36 10 4.4 

Eocene Limestone 

15 Maximum--- 1.0 47 9.4 19 171 14 4.5 0.5 6.2 192 132 7.6 

Medlan---- 0.25 27 2.0 1.7 94 4.3 2.8 0.1 0.2 95 72 7.1 

Minimum--- 0.00 17 0.3 0.4 55 0.8 0.4 0.0 0.2 75 50 6.8 

Eocene Sand 

Maximum--- 1. 84 8.7 4.2 2.4 17 9.3 4.0 0.3 2.3 29 15 6.1 

Median---- 0.16 1.5 0.7 2.1 5.5 1.9 2.7 0.1 1.3 21 5.5 

Minimum--- 0.04 0.5 0.3 0.4 0.8 1.5 0.00 0 20 4.2 



TABLE 10 

Generalized Log of Saprolite Cores 

Lithology 

Tuscaloosa formation 

Basal aquiclude, gray clay 

Saprolite 

Unit 1: 
Mottled red, white, purple. gray 
and rust-colored clay with the 
consistency of brick 

Unit 2: 
Gray-green or red plastic clay, 
sandy clay, or clayey sand de
pending on whether original 
rock was schist or gneiss 

Uni t 3: 
Gray or green clay with chunks 
of soft, weathered schist 

Unit 4: 
Soft, w~athered schist or gneiss 
with foLiation visible, but can 
be sera tched with fingernai 1. 
Flaked and cracked on drying. 

Entire Saprolite 

Hard crystalline rock 
(schist, ~neiss. or quartzite) 

Depth (Topa) , ft 
P6R P?R PBR 

710 

745 

780 

798 

B16 

842 

792 

816 

838 

856 

868 

888 
(900)a 

740 

756 

768 

781 

789 

830 

Thickness. ft 
DRB 8 Range Average 

835 16- 39 28 

874 12-35 26 

908 6-18 14 

914 8-18 14 

931 20-41 29 

72-97 83 

960 

a. Originally thought to be 888 feet; but on drying, the cores from 888 to 900 feet dis
integrated, showing that hard rock began at a lower depth. 
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TABLE 11 

Analyses of Pore I'later from Saprolite* 

P7R 

PRR 

ORB 8 

:)(;IAh J ft 

785.6 

7R6.6 

794.2 

795.3 

796.6 

820.2 

821. 7 

823,8 

825,0 

848.2 

849.2 

851. 2 

852.0 

769.1 

770.2 

771.6 

896.Q4-

901. 1 

916.6-
918.3 

'Uf'C iini t 

Saprolite, 
Unit 

[u>crosa 

Saprolite, 

""f 
Saprolite, 

"""[ 
Saprolite, 
Uni t 2 

1 

Ana Zyt1:eal 
Method 

X-ray 
fluorescence 

Saprolite. 
Unlt 1 

1 
atomlC absorption 

neutron activation 

Saproll te, 
Unit 3 

x-ray 
fluorescence 

atomic ahsorption 

neutron activation 

coneentrationJ ppm 
Si Ca Mg Na K 

21 

5.0 

44 

3 

4 

6 

2 

2 

3 

6 

9 

15 

3 

2 

10 

13 

75 

4 

41 21 

76 

190 

12 

9 

3 

4 

5 

2 

5 

4 

8 

8 

10 

10 

9 

4 

3 

10 

25 

* Pore water pressed from core specimens and analyzed by USGS. 
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C1 

88 

62 

5 

10 

15 

15 

15 

65 

13 

25 

25 

10 

25 

15 

15 

28 

38 

10 

15 

280 

70 

170 

300 

20 

20 

25 

50 

140 

150 

140 

350 

20 

25 

20 

85 

370 

25 

15 

15 

10 

20 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

o 

o 



TABLE 12 

Electrical Conductivity of Water from ORB 11 

Conductivity, 
Date ",",hos Remarks 

1972: 12-14 Last drilling 

12- 21 Last work in hole wi th drill pipe 

12-26 4350 

12-29 4167 

1973: 1-2 4545 

1- 4 4545 

1-8 19,600 

1-10 19,600 

1-12 20,400 

1-15 22,990 

1-17 22,470 

1-19 22,470 

1-22 20,800 Well was closed for pressure test 

2-21 25,700 Well was opened for flow test 

2- 23 25,000 

2-26 26,670 

3-8 25,000 

3-15 28,600 Well was closed for pressure test 
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TABLE 13 

Geologi::: F(1rmations Underlying SRP 

t'01'l!'1UtIGri 

Alluvium 

Terrace 
Oeposi ts 

Alluvium 

(;eo[ogic Age 

Recent epoch 

Pleistocene 
epoch 

Pliocene epoch 

Hawthorn !>1iocene epoch 

Outcrop 

In flood plains and 
terraces of stream 
valleys 

Description 

Fine to coarse sand, silt, and 
clay 

Tan to gray sand, clay, silt, 
and gravel with blankets of 
coarse gravel on higher terraces 

Gravel and sandy clay 

Large part of Tan, red, and purple sandy clay 
~ __________ ~___ ground surface with numerous clastic dikes 

Barnwell 

McBean 
Congaree 

Ellenton 

Tuscaloosa 

Newark Series 
"Red Beds" 

Basement rocks 
of the Slate 
Belt and 
Charlotte group 

Eocene epoch 

Eocene epoch 

Upper Creta-
ceous epoch 

Upper Creta-
ceous epoch 

Triassic 
period 

Precambrian 
and Pale zoic 
eras 

Large part of Red, brown, ye llow, and buff, 
ground surface near fine to coarse sand and sandy 
streams clay 

In banks of larger 
streams 

None on plant 

~one on plant 

None on plant 

None on plant 

Yellow-brown to green, fine to 
coarse, glauconite quartz sand, 
intercalated with green, red, 
yellow, and tan clay, sandy 
marl, and lenses of siliceous 
limestone 

Dark gray to black sandy 
lignitic micaceous clay contain
ing disseminate crystalline 
gypsum and coarse quartz sand 

Tan, buff, red, and white; 
crossbedded, micacebus quart
zitic and arkosic sand and 
gravel interbedded with red, 
brown, and purple clay and 
white kaolin 

Gray, dark-brown, and brick-red 
sandstone, siltstone, and clay
stone with included'sections of 
fanglomerate containing gray 
calcareous pebbles 

Hornblende gneiss, chlorite
hornblende schist, lesser 
amounts of quartzite. Covered 
by saprolite layer derived from 
basement rock. 

Watep Content 

Very Ii ttle 

Moderate to none 

Little or none 

Little to moderate 

Limited but sufficient 
for domestic use 

Thickness, 
ft 

0-30 

0- 30 

0-20 

0- 80 

0-90 

Moderate to large. 100-250 
Likely harder and higher 
iron than other ground-
waters 

Moderate to large; 5-100 
higher sulfate and iron 
than water from other 
formations 

Large. Up to 2000 gpm; ~600 
yields from 8- to 12-
inch gravel-pack wells. 
Soft; low in total solids 

Low 

Small 

>3000 

Many 
thousands 



TABLE 14 

Geologic_Hydrologic Hi~tory of the SRP Reglon 

Per"" an 

lady 
Tnas_>lc 

Mlddle 
Trlasslc 

Late 
rYla_,si~ 

Middle 

Late 
Jurasslc 

f.arly 
CretaceQus 

Y",U8 ,1go, 
Milli.~,.6 

230-280 

IS] _'c200 

'elt>5_181 

'ol~O_ ~16S 

Late 63-'"100 
Crethceous; 
Tusc,loosa 

FOl mat ion 

Ellenton 
Formation 

Tectonics Topography Pydro!ogy 

Appalad""n Drogeny Mounta~nous. At surface, erosion; at Mountain streams. 
depth, metamorphism and 
igneous intrusiuns. -----'= ---~-------~~~~~ 

Possible "'aning phases r·lountainou5. 
of Appalachlan orogeny. 

At surface, eros~on; at 
depth, possible late 

Mauntain stream~. 

_________ -'igneous intrusion_~~ ___ ,,~ ___ ~_,,_ 

QUlescent 

- Development of surface 
sag' rece,v,ng deposi
tIon. ~1ajor normal 
faul t (trend~ng NF_SW) 
of large dispbcement 
outlining ba.5ins of d~~ 
positlon. Possible 
normal ["ulting perp~n
c1ieular to axis of basin. 
.~o eVldellce of this ill 
the exploration of the 
Dunbarton basin. I:V1-
dence is from other 
Tria~Slc basins. 

Longitlldinal nor,,",l 
faults and obl'que 
fauit5. 

l'oss1iJle injection of 
igneous dike., and possi_ 
bly sills. In the Pied
mont, the dikes follo~' 

the trend of the 
faults, N\,-SL 

Possible injection of 
19neous dikes. Possi
ble "aning pha5es of 
fault_black movement. 

~~~f~n uphft of entire 

Quiescent. 

Quiescent. 

Uplift pulse 
Appalachi ans. 

Quiescent. 

Froded to moderate relief for seve
ral hundred to perhaps a \housand 
feet. This surface is preserved at 
the base of the Dunbarton Tria5sic 
bas~n. 

Basin and range mOUlltalns and adja_ 
cent valleys. Great relief; prob_ 
ably several thou~and feet. 
Steep f.iult scarps and cliff,. 

Decreasing relief as llKlulltains were 
"oro down. 

~'!oderate relief 

Hat pla1n. 

Flat plain. 

Low relief. 

roOw rellef; 
OccasIonal swamps. 

Uplift in Appalachians, Deposition plain. 
tilting of Coastal 
Plain 

QU1escellt. 1.ow relief. 

Uplift in Appalachians; DejXlsition plain. 
tilting of Coastal Plain 

lIphft of Coastal Plain. Rolling. 

Quiescent. Pla1n. 

90 -

Erasion. 

Erosion in highlands. De_ 
p051tion in "alleys con_ 
Current ~'ith dOlOn-faulting. 
Mudrock flows of boulders 
and mud near "alley margins. 
Conglomerate of coar5e 
angular rock fragments 
(metamorpllics) embedded in 
mud and sand. Some seeond
cycle rock fragments of 
Triassic rock. Muddy ,and~ 
stone. Mudstone. Rock 
fragments are geniss and 
schist. Sand is arkosic 
with abundant fresh feldspar. 

Lake deposits and coal are 
present ln other Triassic 
basins. Not discovered so 
far in Dunbarton basin. 

Fossils lnclude land plants 
and dinosaur footpnnts in 
other basins. NO fossils 
fOlmd in Dunbarton bas~n. 
Worm borings plentifUl' in 
some places. 

~rosion in highland; possible 
deposition in remaining low 
places. 

Streams on moderate 
relief. 

~arrn climate; precipitation 
in m""n-rain5; "vaporation 
high in valley; high energy 
streams at times of flooding 
and during renewed fault 
movement. Streams choked 
with sediment. Extenslve 
flood plains. Little re
working of prevlously de_ 
posited material as sedi_ 
ment supply "as ah'ays 
plent1ful. 

D~erea51ng gradient5 
5treams as Tectonic 
aotivity quieted. 

Erosion of perhaps a few MoJderate grad~ent streams. 
thousand feet of crystalline 
and Trias5ic rock over entire 
reglan 

Erosion to peneplain wlth Low gradient streams. 
only 30 to 40 feet of local 
rel1e£. 

Chemical weathenng of sapro- Cl~mate warm and hum1d; 
lite day on erystalli-lte rock very IOh' gradient streams. 
and illite to montmorillonite 
clays on Triassic rock. Soil 
formation. 

Deposition of coarSe quartz 
gravel 1mbedded in sandy 
clay. !'<ow semi consolidated. 
Up to 100 feet thick. 

Streams eroding in Piedmont, 
depositing on present SRI' 
sc te and to SE. 

Depositlon of kaOlinic clay, S:ream gradients low. 
about 30 ft th~ck; OCCaS LanaI D~ainage disrupted. 
lignite deposits. 

DepOSltion of med1wn to ~o",rse Meandering braided streaTIE,. 
well-sorted sand. Cut and 
fill lenses, about 250 ft thick. 

Deposition of kaolinic clay, Low stream gradients. 
about 50 ft thick. Oeea,ional 
hgnitic deposits. 

Deposition of medium and 
fine well-sorted sand. Cut 
and fill lenses, 'e250 ft 
thick. 

Erosion. 

Deposition of quartzose 
sand and lignite. Depo5i
tion of lignitic day. 

Meandering, braided 
s:reams. 

Low to rooderate gradient 
stream5. 

S:ream5 meandering tr.rough 
vegetated landscape. 
Swamps. 



TlIllL, 14, Cont1nued 

I dr Iy 

'11 IJle ·,,1_ 
I f)c( It< 

"dIl~~ree 

;'on.ltIOl, 

"lcHean 
_~Q_rmHljill_ 

I ~t" 

l\"nw~11 

f-()rTI,atwn 

'''- A4 

)I,,,ccne; 1-\-2:; 
H,,~tlLorn 

h)rrnat,o", 

I-IS 

I'lelStov'ne; 01-1 
lldze11<urq 

Coharle 
;~rra«' 

S,mJerlarLJ 
T er rue", 

U.~tel,()ke~ 

~ e,r"Ce 

~l~v"'jcO 

lerr~'" 

)(ecellt c)_f).I)1 

qlJL,,·.~ent; p~rhap, 
tllt lng of ~(l"~taJ 
1'1", ... 

Q"'e'cent, perhaps 
tLlt'n~ of Coastal 
1'1 ... rL ,10 it/mI. 

s,,'-,<" 111! JI'l: of 
Co",t;<1 I'la'" 

111'1 ,ft 

GenLly emcrgent plain o~ 
gcntly 5ubm"~ge"t plain. 

Cent Iy emergent 
or ~lll!mergcnt pl<un. 

~llbmurgent. 

I "'("'gent. 

Submergent. 

GeoLogi~ ""tiuity 

Perhaps gentle erosion; 
pe~haps some marine 
deposition; but if so, the 
deposits were subsequently 
eroded. 

Perhaps gentle erosion; 
perhaps some marine 
deposition; but if so, 
lhe J,,!-,usits WeTe subse_ 
'lucntly erodcd. 

Deposition of fine to 
medll1m glauconitic sand 
1nterbedded WI th greenish
tan clay, 

~,osion. 

lJcposltion of medlllOl to 

Hydro1-0fiY 

Paleocene deposi:s in S<Juth 
western Georgla ind,cate 
marlne deposItion. If the 
sea covered the Savannah 
Rive!' plant area, It is the 
first incurSlon of the sea 
for WhICh any indlcaUon 
el<ists since late Paleo;:oic 
tlme. Ho",ever, :his area 
ma.y have been a site of mild 
erosion during Paleocene 
time. 

Lower Eocene dep~sits in 
South GeoTgia indicate 
near-shorc deposit,. 

First lndisputablc eVldenc~ 
of a marine ,nvasion sin"c 
late PaleOZOIC tlme. 

Frcsh ~atcr streams. 

~!arine, near-shore. 
_______ --',~'"""'C'_""'·.'"''_''H."';~ ______ . _______ . 

l.Ipl'ft and t,ltIng of emcrgent. 
Coa·,tal i'laln '_10 fti",l 

i)Ull 

Ul'l i'-t 

Upl' ft 

lJpllf, 

I)mcscent. 

SulJ"',-,rgc"t_ . 

(,cntlv cm~rgent or 
"ubme~ge"t pial". 

Prubably emergent. 

emergent. 

Lmcrgent . 

Shoreline at elev;luon 
2711 ft alJOv~ pre,~nt_da)-" 

,e,,-lcvcl. 

ShorelIne at elevatlon 
~IS ft aiJo\'e present-day 
,e"-I~vcl. 

Shorciln<' at clevatlon 
l/IJ ft .,!Jove pre_~ent-day 
sc,,-\e\'cl· 

~horel!ne ,it cl,'vat,on 
145 ft .. bo,'c present_day 
sca-l ~'.~l. 

SiLurcl,,,e at eleVatlOn 
11111 ft al~,,'e present -day 
,ea_lc,'el. 

ll'SS~Ltlon by Lr<:·eh. 
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Erosion. 

Deposition of sandy lime
Stone near shor~. 

Perhaps gentle erosion O!, 
perhaps marine deposition 
af sandy limestone; but lf 
so, the deposits were subse_ 
quently eroded. 

Eroslon. 

River or estuarine 
deposition. 

Erosion. 
----

Pnncipally erosion but 
some alluvial deposits. 

Deposltion at shoreline 
and belo~', erosion else
"here. 

Deposition at shoreline 
and beJow; eros.on else
where, 

Deposition at shoreline 
and below; erosion else
~'here. 

lJepo~itlOn at shoreline and 
belo,,'; erOSlon elsewhere. 

DeposItion at shorellne and 
below; erosion clse..-here. 

trosian, 

Fresh wate, streams. 

Estuarine. 

Marine. 

Fresh ~·a.ter streams, 

Fresh water stream 
Or estuaries, 

. '!-"-"-"'-'-'-'-'-"-'~-" ----
Fresh water streams, 

Sea water covered Savannah 
River Valley and much of 
present SRP site, but high 
areaS stood as Islands. 
Shallow "'luifero and Tus~,,_ 
1""5a Formation 1nvaded by 
salt_ .... ater, but llUch "f the 
Tuscaloos" aquifer north 
and east of SRP area re_ 
"'ained fresh. 

Sea water covered Savannah 
River Valley and much of 
present SRP site, but fresh 
water head was high enough 
to flush salt water from 
aquifers do ... n to the McBean 
formation and to flush some 
salt ~'ater from the TUsca_ 
loosa aquifer. 

Fresh ~'ater he .. d is no~' 

sufficient to flush most 
of all aquifers. 

Fresh "ater head is now 
suffiCient to flush salt 
water from all parts of 
all aquifers. 

fresh "ater con~inues to 
fl ush aqui fers. 

All Coastal Plain aquifers 
are flushed ~'l t.l fresh 
",ater. Crystalline met
amorph.ic rock perhaps oot 
completely flus~ed; Triassic 
basin acts as iSOlated sys_ 
tem. 



TABLE 15 

Analysis of Leach Solutions from Ground Rocka,b 

DRB 6 DRB 10 DRB 10 DRB 10 
Ion or 1464 it DRB 4 1243 ft 1243 ft 308? ft DRB 9 
Element 1 2 1903 ft Sandstone Mudstone Sandstone 12?2 ft 

Na+ 6.9 18 1.8 4.6 1.8 23 14 
K+ 3.9 20 3.1 3.9 12 2.7 12 

Ca+ 200 240 1.2 1.2 1.6 12 1.6 
Mg2+ 2.4 12 0.5 0.5 2.0 2.4 2.4 

Cl- 1.8 1.4 0.2 0.7 2.8 7.0 1.4 

50 2 + 
4 

200 290 1.0 3.8 9.6 9.6 5.8 

Si 17 20 1.0 2.8 17 14 28 

a. Samples were ground and sieved to less than 177 pm. 5 g of each 
sample was placed in a polyethylene bottle with five ml of deionized 
water, and the mixture was agitated on a shaker for one week at room 
temperature. The mixtures were filtered through a 0.45 pm filter, 
and the filtrate was analyzed by spark source mass spectrometry. 
The sample from ORB 6 was run in duplicate as a check on the technique. 

b. Concentra,tions of ions reported as mg/l. 
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TABLE 17 

Gases Dissolved in Water Samples from Wells ORB 6 and ORB 7 

Volume. co at STP ~er liter at water 
[Porn Water fr>Om GaB Samp le Total 
Sample Collected Colleated at Calculated fl'om 
Under Pre8sure Atmo8~heric Pressure Gas SP!!E,le Equi l ibl'iwn 
DRB 6 DRB 6 DRB 6 DRB 7 DRB 6 DRB 7 with Normal 

GaB 6/16/71 6/28/71 1/23/63 6/27/63 1/23/63 6/27/63 A tmosphe:rea 

Helium 0.50 0.57 0.036 0.036 0.058 0.06 0.00004 

Argon 0.40 0.43 0.0066 0.16 0.45 0.64 0.375 

Ni trogen 18.0 20.9 0.546 12.8 13.3 25.6 13.7 

Oxygen 0.50 0.79 0.006 0.19 0.29 0.58 7.14 

Hydrogen 0.071 O.Oll 0.0018 0.82 0.058 1.9 0.002 

a. Data from Handbook of Chemistry and Physics.l~ 
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TABLE 18 

Analyses of Pore Water from Tuscaloosa and Triassic Rock Samples* 

Method of Elementa Z. Concentration~ mg/Z 
w'e l [ Forma!~'{:oYi. /)epth~ ft Analysis .'In Cu V Al Mg ----c-;;---- NO. K c1 Br '~O4 

1':)1( Tusca 100'00<1 695.5 699.4 a .3 <0. 0.003 0.020 470 75 47 O. 1 
(above 1, 830 70 40 3000 crystalline rock) 

c 6200 180 560 100 46 

i'91{ ruscaloosa 710.2-713.0 a 0.3 <0.2 0,006 13 130 280 130 0.4 
(above 

[j 110 170 40 170 780 cryst;tlline rock) 
a 91 200 410 56 

l,kH II> 'luscaloQsa 1120.4-1122. 2 0,12 <0.2 0.01 3.8 44 190 120 0.6 
(above 

b llO 50 190 220 
CD 

l'riass,c rock) 

'" c 100 18 5E 280 61 

DEB J () Tuscaloosa 1149.3-:151.6 a 0.005 <0.2 0,003 0.005 4.5 3~J 120 60 0.4 
(above 

h 60 8 20 90 Trias,;ic rock) 
c < 10 13 37 120 21 

iJRB 10 rriassic 1184. O-1l86. 4 Q 0,01 <0,2 0.01 O. 13 3.6 24 120 90 0.5 

b 30 20 120 120 

c 50 15 23 180 28 

a. r\eutron activation 

< • X-ray fluorescence 

c. Atomic absorption 

* Pore water presscu from core specimens and analyzed by USGS. 



TABLE 19 

Analyses of Dissolved Gas in Water from Triassic Rock 

Constituents 

Carbon Dioxide 

Argon 

Oxygen 

Nitrogen 

Acetylene 

Methane 

Helium 

Hydrogen 

Total. cc(STP) per 
li teT of water 

Concentpation. mol % 
DRB 6 (crystaZline rock 
tOT' aompaPisonJ 
Effervesced Gas All Gash 
June 23, 1963 June 1971 

0.2 

1.1 

1.0 

91.6 

0.03 

6.0 

0.3 

0.6 

2.0 

3.0 

92.3 

2.5 

0.2 

21.1 

a. Average of three samples. 

b. Average of two samples. 

c. Not determined. 
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DRB 10 

Effervesced Gaga 
Feb. 2?.t 1972 

0.023 

0.475 

0.008 

32.68 

0.015 

0.098 

0.285 

66.15 

DRB 11 

Effepvesaed Gasb 
Feb. 27, 1972 

0.005 

0.815 

0.245 

93.131 

o 
0.020 

5.785 



APPENDIX. Summary of Water Injected and Removed during Drilling 
and Testing. January 1961 to July 1973 

A. Estimate of Water Injected during Drilling from January 1961 
to December 1962 

Well 
Water Indeated~ ~al 
Upper Zone Lower Zone Total 

ORB 300.000 25,000 325,000 
2 3,000 (3,000) 
3 290,000 290,000 
4 290,000 20,000 310,000 
5 400,000 40,000 440,000 
6 44,000 36,000 80,000 
7 

Totals 1,324,000 124,000 '1,448,000 
1.3 million 0.1 million 1.4 million 

B. Water Injected and Removed during Packer Tests, May 1961 to September 1962; 
Covers all Testing from May 1961 to April 1962. 

Well 

ORB 

ORB 2 

ORB 3 

ORB 4 

ORB 5 

ORB 6 

ORB 7 

Dates 

5-61 

11-61 
3-21-62 to 4-5-62 

10-61 and 12-61 
3-1-62 to 3-15-62 

12-61 
12-61 to 1-15-62 

9-5-62 to 9-7-62 

6-12-62 to 6-12-62 

6-7-62 to 6-12-62 

Totals 

Net 

Injection 
Tests~ yaZ 

2000 

200 

500 

800 

3500 

Swabbing Tests, gal ,"N"e'jt.., • ."gfa",l,.....-;=== 
Injected Removed Injected Removed 

20 

o 

1600 

500 

2120 

1500 

5700 

2000 

3800 

6300 

1700 ---
21,000 

2000 

400 

2400 

1300 

5200 

3800 

6300 

1200 

17,800 

15,400 

a. No water was removed or added to any bedrock exploration well from June 1973 
to the publication of this report in September 1976. 

- 97 -



c. Summary Df Water Injected and Removed during Tests from April 25, 1962,through 
September 25, 1963 

Activity 

Pumping Test 

Helium testing 

To convert water 
in well to fresh 
water 

Dyetracer 
injection 

Totals 

Well 

ORB 3 
UKS 6 

OKB 2 
ORB 3 

ORB 5 
ORB 6 
ORB 7 

ORB 4P 

ORB 4C 

ORB 5 

Rate of Zone 

Upper Zone 
Lower Zone 

Insignificant 
3 days @ 5 gpm 
3 days @ 2 gpm 
3 days @ 6 gpm 
3 days ~ 20.5 gpm 
Insignificant 

Dates 

4-25 to 5-10, 1962 
10-12 to 11-12, 1962 

5-17 to 5-24, 1963 
4-26 to 4-29, 1963 
4-30 to 5-3, 1963 
5-7 to 5-10, 1963 
1-21 to 1-24, 1963 
5-27 to 7-18, 1963 

4-16 to 4-17, 1963 

4-16 to 4-17, 1963 

10-10-62 

O. Estimate of Water Injected and Removed during Geophys
ical and Packer Tests (February 13 through June II, 1964) 

Gallons 
Well Dates J.njected Removed 

ORB 2 2- 25 to 3-16 1400 
6-8 100 

ORB 3 3-4 to 3-5 800 
6- 3 700 

ORB 5 3- 8 600 
3-13 to 3-18 21,500 
4- 20 to 5-13 5100 
6-6 to 6-10 17,000 

ORB 6 3- 6 to 3-7 4000 
3-10 to 3-12 22,500 
3-20 to 5-25 8500 

Totals 42,700 39,500 
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Gallons 
Removed 

200,000 
930,000 

3,500 
26,000 
9,000 

26,000 
90,000 

5,000 

1,350,500 
"-'I. 3 rni Ilion 

Injected 

308 

1940 

0,2750 

4998 
0,5000 



E. Estimate of Water Injected and Removed during Tritium Tracer Test, Long-Term 
Pumping Test, and Uri lling of We lIs between June 1962 and December 1970 

Gallons 
,J!ctivity Dates Well Injected Removed 

Tracer Test 7- 22-64 to 8- 27-66 ORB 5 8,220,000 
ORR Ii 8,540,000 

Drilling 9-12-67 to 9-22-67 P6R 3,000 

Carbon-14 samp ling 6-1- 70 to 12-14-70 P6R 10,440 

Llrilling 10-18-67 to lJ-6-67 P7R 100 

Hydrofractur ing 12-12-67 to 12-17-67 P7R 7,000 5,650 

Dri IIi ng 11-22-67 to 12-1-67 P8R 3,500 

Packer sets 1-14-68 to 4-30-69 P8R 1,000 

Sampling 10-30-69 to 11- 24-69 P8R 8,250 

Carbon-14 sampling 3-10-70 to 4- 29-70 P8R 4,090 

Pumping test 8-7-68 to 10-1-69 ORB 6 ~,375,000 

Carbon-14 sampling 12-17-69 to 5-27-70 ORB 6 2,452,000 

Dri lling 6-2-69 to 6-21-69 ORB 8 33,000 354,000 

After camp leti on 6-21-69 to 6-22-69 ORB 8 144,000 

Packer testing 3-23-70 to 4-1-70 ORB 8 2,000 

Water removal 6-25-70 to 7-21-70 ORB 8 377,300 

Carbon-14 5 amp ling 7-21-70 to 8-21-70 ORB 8 8,800 

Dri 11ing 7-8-69 to 7-18-69 ORB 9 13,000 

Packer testlng 4- 4-70 to 5-11-70 ORB 9 1,000 
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F. Estimate of Water Injected and Removed from Bedrock Exploration 
Wells (January 1971 to June 1973) 

Activity Dates 

Drilling 5-1-71 to 7-31-71 

Intermittent sam-
pl~ng and leaks 9-30-71 to 3-1-71 

Drilling 6-10-71 to 6-14-71 

Drilling 6-27-71 to 7-14-71 

Gas sampling 6-12-71 to 6-28-71 

Gas sampling 9-3-71 to 9-10-71 
11-8-71 to 11-10-71 
2-16-72 to 2-20-72 
3-24-72 to 3-29-72 
4- 4-72 to 4-11-72 

After completion 
of drilling 7-4-72 to 7-5-72 

Drilling 7-22-72 to 12-14-72 

Logging and 
testing 12-14-72 to 12-21-72 

Flow test 12-21-72 to 1-22-73 

Flow test 2-21-73 to 3-15-73 

Sample collection 4-23-73 

Valve repair 6-1-73 
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Wen 

DRB 10 

DRB 10 

P9R 

P11R 

DRB 6 

P6R 

P12R 

DRB 11 

GaHons 
Injeoted Removed 

5160 

1360 

1000 

600 

3500 

1100 
600 
300 

!l00 
1500 

640 

5356 

500 

3230 

2315 

20 

2 
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