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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 c¢rystalline rock is high in dissolved
solids {6000 mg/1), alkaline (pH ~8), and 840,000 years old as
determined by helium dating techniques. Water in the Triassic
rock is highest in dissolved solids (18,000 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, 1In the fall 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 rock wells became
available after the well drilling was completed, and a final
round of collecting samples was made. Rock specimens were 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 inciuded and the
problems of obtaining representative samples. The second section,
entitled Geochemical Analyses, discusses individual analyses and
sequences of analyses and their meaning related te 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,



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¢c 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 a
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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FIGURE 1. Generalized NW to SE Geologic Profile Across SRP



GEOCHEMICAL ANALYSES AND INTERPRETATION
Dissolved Solids

Water in the Coastal Plain formations is low in dissolved
solids (V30 mg/1}, acidic (pH ~5.5), and aggressive in its attack
on metallic surfaces. In places, the water from the Coastal Plain
formations is saturated with dissolved oxygen (v9 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 (“0 mg/l) and raising the sulfate content {13 mg/1).
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(IT), magnesium, calcium, and sodium and, also, the increas-
ing hydration of minerals from bottom to top of the saprolite layer.
The dissolved sclids 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/1), sodium {1400 mg/l), sulfate (2300 mg/1), and chloride
(1400 mg/1}. 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 crystzlline 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/1) than the water from crystalline metamorphic rock
(6000 mg/1). The dominant cations are calcium (4600 mg/1) and
sodium (2900 mg/1), and the dominant anion is chloride (10,000 mg/1)}.
Sulfate is very low (%0 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 (“83%); however, it
‘also contains a significant quantity of helium (v6%), 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 1s not known, gas derived from coal in the nearest outcropping
Triassic basin in North Carolina has about the same ratio of
hydrogen to nitrogen.

{sotopic 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 (lark 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-18 to
oxygen-16 indicate that the water from the crystalline rock
cannot be a simple mixture of rain water and sea water. However,
these ratics 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 sulifide 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 sclution 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 ratics, 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.



ANALYSES 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, Si0O.; the cations Mg, Ca, Na, K; and the
anions HCOs;, SO,, 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
rainfail, 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 dissclved 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 isotoplc 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.! 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 %0 than ?H, and thus cause a departure from 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*$/°2S) 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 Analyses

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 he 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 1is
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 te 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 summary 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
19731, 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 11i}
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 (DRB 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 $. 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
USGS ~ U. S, Geological Survey, Water Resources

Division Laboratory, Denver, CO; Raleigh, NC;
or Washington, OC
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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 1.
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} Llower Three Runs Creek at the bridge on S. C. Highway 125.

{4} The Savannah River at the bridge on U. 5. 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 mnot 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
pericedic basis since construction of SRP began in 1951. Some
maximum, median, and minimum chemical analyses of Coastal Plain
water are shown in Table 9.

The upper surface of the crystalline rock, where it is in
contact with the Coastal Plain sediments, is intensely weathered,
forming a buried sapreclite. 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 5. 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 flucrescence, and atomic
adsorption. The results are presented in Table 11.

WATER FROM CRYSTALLINE METAMORPHIC ROCK

Isotopic ratios, dissolved gases, and dissolved solids were
determined on water samples from crystalline metamorphic rock
(Table 3). The most reliable analysis of dissolved solids for
each well 1s ordinarily the latest one listed, as many of the
early samples were contaminated with drilling water. For several
of the wells (DRB 1, DRB 2, DRB 3, DRB 4, and DRB 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-
guently, final samples from DRB 6 and DRB 8 are considered as
the most, if not the only, reliable samples taken from the small
area labeled "DRB's" in Figure 2.

The relatively unchanging chemical character of water pumped
from DRB 6 during a two-year tracer test,° in which water was
pumped through a plastic pipe from DRB 6 to DRB 5 and injected
into DRB 5, is shown in Figure 3. Much of this water moved through
the ground back to DRB 6. After some changes in the chemical
analyses of water at the very beginning of the test, the largest
change occurred between 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 l-year pumping test was then begun in which water
was discharged from DRB 6 to waste. Even during the l-year pump-
ing test, the largest change was an analytical one between two
batches of samples.

Well DRB 8 afforded an ideal opportunity to determine whether
the water in the crystalline metamorphic rock was stratified verti-
cally. The well was drilled 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 DRB 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 1t, so that if the water in each fracture were
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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 DRB 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 gsllons {Fig-
ure 6}). Thus, the final sample from DRB 8 is probably represen-
tative of native water from the crystalline metamorphic rock.

Well DRB 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
DRB 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
sampling 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 hydrofracture 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 PBR 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 PY9R and P11R 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 DRB 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 COASTAL 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 bicarbeonate 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
EFocene formation waters is given by Siple," and the analyses
are presented in Table 9. Only one well for which pericdic
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/1.

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 very
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 zerc 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
locality 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 dissoclved 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 c¢rystalline 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/1), sodium
{1400 mg/1}, 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/1)}. .

The origin of the water found in the crystalline metamorphic
rock 1s 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 zene 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 same
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
vears 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, backflushing 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 circulatien. 1In 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.

Additicnal 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 **S/3?S 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/%?S 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 scurce.

The 3"S/%2S 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
3%5/3%28 ratio in the crystalline rock. No analysis was made on
the sulfide minerals in the sediments, which are gresant princi-
pally in the Ellenton formation. Thus, although‘>"S/3%2S 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 egquivalents, or
mg{equiv)/1l. 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/1 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 water®
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 31A, 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 31A: 0, = 9.9 mg/l,
SOw = 2.3 mg/1; Well 43H: Oy = 0.0 mg/1l, SO, = 14.3 mg/l).

Based on Figure 10, 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 Tuscalocosa 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 PSR.
In an effort to provide more information on the anomalous
character of Well P8R, Wells PSR and P11R 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 dissclved solids from Wells PY9R and P1l1R are consistent
with those of other crystalline rock piezometers (from Table 3:
P9R = 3400 mg/1, P11R = 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 (DRB 6 = 6000 mg/l, DRB 7 =
8000 mg/1, and DRB 8 = 5500 mg/l. However, in terms of the ionic
ratios, the waters from Wells P9R and P11R more closely resemble
that from Well P8R (Figure 10). It is also of interest that
water from nearby Tuscaloosa Well 31A 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 13 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
te oxygen-15 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 standard
mean ocean water {SMOW).? 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 &D = 85'%0 + 10,
where 6 = [(R/R') - 1] x 1000, R is the isotopic ratio of either
deuterium to hydrogen or '°0 to '®0 in the sample, and R' is the
same ratio for SMOW. Thus, the world precipitatien line has a
slope of 8. Craig' also found that when water was subjected to
evaporation, 8D = 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 '%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 '°0 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 150 percent, and ¢ 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 radiccarbon 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.® The system consisted of pumping a predetermined
amount of well water (1270 liters) through 50 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. The average rate of
throughput was 575 milliliters per minute. In addition, samples
of water were collected before entering the system, after the
first resin container, and after the second resin container.

No carbonate ion was extracted with the second ion exchange
Tesin, 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.’ 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,
DRB 6, DRB 8, P6R, and P8R. 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 '3C/'?C 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 '*C content ranges from 1.3 to 18.2 percent of
modern, the values are probably spurious and caused by contami-
nation.
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The value of the difference of the 3C/!?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 collecticn. 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 DRB 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 DRB 8 and provided an age of 290 million years =11
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 the
crystalline rock contains sufficient dissolved gas to effervesce
when brought to the surface. This gas contains 91 to 96 percent
nitrogen 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 1s an example of this calculation: the helium genera-
tion rate from uranium is reported8 as 11.0 x 10-° mma/(g U-vyr),
and from thorium 3.1 x 10-° mm®/(g Th-yr) 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-% g U/g rock x 11 x 108 cc
He /(g U-yr), or 16.5 x 10~'* cc He/(g rock-yr). The helium
generation rate from thorium is: 8 % 10-% g Th/g rock x 3,1 x
107% ¢c He/(g Th-yr) = 25 x 10™'* cc He/ (g rock-yr). For both
uranium and thorium together, the generation rate is 41 x 10-1*
ce/ (g rock-yr).



Now consider one cubic meter of crystalline rock with an
average fracture and non-fracture porosity of 0.2 percent.
There are 2 x 107 cc of water in one cubic meter of rock. In
Well DRB 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 107? cc helium per
liter of water, or 3.6 x 10°° cc helium per cc of water, or
7.2 x 107% cc helium per cubic meter of rock. The average density
of the crystalline rock is reported® to be 178 1b/cu ft, or about
2.9 x 10° g/m?, so the helium accumulated in the crystalline
rock is:

-2 3
7.2 x 10 ccHe/m

= 2.5 x 107% cc rock
2.9 x 10° g/m? Che/8

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.

-8
2.5 x 10 ccHe/g rock

41 x 10-1* ccHe/(g rock-yr) ~ 60,000 years

In Table 16, there are wide differences in the amount of
gas recovered and the percent of helium in the gas between Wells
DRB 3, DRB 5, and DRB 6 on the one hand, and Wells DRB 2 and DRB 7
on the other. Wells DRB 2 and DRB 7 penetrate virtually impermeable
rock, whereas Wells DRB 3, DRB 5, and DRB 6 each penetrate cne 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 DRB 3, DRB 5, and DRB 6 were pumped continucusly, 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 (DRB 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 DRB 2 and DRB
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 idie for periods that varied
from ocne 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 DRB 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 dissoclved 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 twoc such collections from
DRB 6 are shown in Table 17. This table also shows the values
calculated for DRB 6 and DRB 7 by applying Henry's Law to the
earlier data. The agreement of these calculated values for
DRB 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. When the
analysis for the sample collected under pressure from Well DRB 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 DRB 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:

e 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 DRB 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-% nl He/g rock per year, 11 million
years is required to generate the helium.
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e No sigrnificant changes have occurred in the rate of
transfer of helium from rock to water during this 11-
million 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
(Table 14) indicates it has probahkly heen below sea
level at least since Eocene time (W50 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.

e 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!’ for 242 analyses of
silicic igneous rock from all over the world. There is
on the average four times more thorium than uranium in
granite rocks.!® 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-'* 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.

e 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
accumulation (the volume of rock explored), a longer
period of accumulation would be required. If the helium
were 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'! 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 DRB 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:

e The average atmospheric temperature was near 0°C when
this water entered the rock system from the surface.

e The addition of salts to the water has subsequently
reduced the solubilities of the gases 1n the water,

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

e Subsurface processes are producing both nitrogen and
argon.

The measured hydrogen content of DRB 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 1f 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
(Table 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 i1s 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 <»n 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, DRB 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 extracticn 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}. 1In 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.'? 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 intec 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/l). Like
the crystalline rock, the dominant cations are calcium (2200 to
4600 mg/1) and sodium (2100 to 2900 mg/l), but the dominant
anion is exclusively chloride (7500 to 10,000 mg/l). Sulfate
ion concentration is very low (w0 to 80 mg/l), as are the con-
centrations of most of the other cations and anions.

The dissclved 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~°. The corresponding value'®
for ocean water is 2.6 x 10°%, or a factor of about 30 less than
in the DRB 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 when compared to sea
water. No evidence of evaporite deposits were found in the Triassic
rock in the drilling program at SRP, but some has been discovered
in other Triassic basins [Glauberite (NapSO. + CaSO,) and salt
{NaCl} casts].
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The sample labeled "DRB 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 typlcal 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 184 feet. Thus,
it also, if the osmotic explanation of the high Triassic head is
correct, should 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 DRB 10 and PY9R. These water samples were analyzed by
neutron activation, x-ray fluorescence, and atomic absorption
techniques (Table 18). )

All the isotopic ratios shown on Figure 11 for Triassic
waters are from the same well, DRB 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 thére 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 DRB 10 and DRB 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 DRB 6.
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The dissolved gas from the Triassic Well DRB 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 nitrogen 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,!® 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 DRB 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 DRB 11 is surprising
in that 1t does not show a similarity to the gas from DRB 10.
Another sample from DRE 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 Coastal Plains sediments, 1s hypothesized.
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.

Spring 71 Surmer 77 Faill 71 Winter 71-72 Summer 72
Date Sampled: 5-11-71 8-24-71 11-36-71 2-1d4-78 2-14-72 9-18-72
Isotopic Ratios: .
18g,180q -4.50 -4.54 -4.78 -4.87 ~
2H/ e -24.5 -24,4 . -25.6 -26.7
34g/32gd 6 +2

Dissolved Gases, mol %:%
Oz, ppm 9.4 7.0 8.8 10.1
COz, ppm 2.55 29.1
N>
A
CH,
Hy
He

Dissolved Solids, mg/&:

b b b o e

510, 2.5 0.43 1.3 . 0.97 1.15
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 .39 <0.11
Na 1.0 1.4 1.6 1.86 1.35
X 0.50 0.50 0.4 0.55 0,32 0.50
HCO 3 24.4 28.3 4.6 3.7 1.5
S0, <2 0.35 <2 5.1 0.27 1.1
c1 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; (mg/L):. 13.1 16.0 12,9 7.9

pH i 6.7 5.2 7.0 6.02 6.7

Analysts (see text): a, Scripps; b, SRP; o, SRL; 4, ANL; e, Bu Mines; f, USGS; g, Geochron.



TABLE 1 {Continued)
Source: Upper Three Runs Creek at S. C. Highway 125 Bridge

Spring 71 Swmmer 71 Fall 71 Winter 71-72
Date Sampled 5-11-71 8-24-71 11-30-71 2-14-72 9-14-7%
Isotopic Ratios:
18/ 18 -4,59 -4,73 -5.05 -5.09
H/Ha -24.3 -25.2 -27.7 -27.8
ugazgd 0.4 £0.3

Dissolved Gases, mol %:b
0z, ppm B.3 7.3 8.6 10.1
COz2, ppm 4.1
N2
A
CHy
Hp
He

Dissolved Solids, mg/%:

b b b b a

$i0, 4.34 0.83 <0.08 1.7 2.31
Fe 0.4 0.35 0.26 0,23 <0.02
Mn <0.05 <0.05 <0.05% <0.05
Cu <0,02 0.01 0.11 0.14
Mg 4.6 31 2.4 0.33
Ca 5, 1.3 0.52 0,52 0.89
Na 0.70 1.75 1. 1.7 1.56
K 0.55 0.45 0. 0.65 0.38
HCO 3 3.2 4.0 2.2 5.0 2.3
S0, 0.35 1.91 0.84 0.70 2.6
c1 1.5 0.65 2.5 0.78 <1
NO3 0.54 0.18 0.90 D.53 2.9
PO, 0.47 1.53 <0.3 <0.3

Tatal {Residue): 27.8 12.8 11,0 32.0

Hardness as Cal04: 12.8 15.8 56.8 11.2

pH 6.3 5.9 6.9 6.0 6.1

Summer 72
9-18-72

<0.02

0.80
5.9
2.8
9.3
6.0
1.7
4.6
0.005



TABLE 1 {Continued}

Source: Lower Three Runs at S. C. Highway 125 Bridge

Spring 71 Summer 71  Fall 71 Winter 71-72 Summer 72
Date Sampled 5=11-71 §-24-71 11-30-71 2-14-72  2-14-72 5-18-72
Isotopic Ratios:
185, 1802 -3.56 -2.64 -4.49 -3.74
2Hy \na 19.9 -14.8 -22.7 -21.6
325, 3ugd 6.7

Dissolved Gases, mol §:b
02, ppm 5.2 5.9 5.1 10.1
COz2, ppm 35.7 20.9
N2
A
CH,
Ha
He

Dissolved Solids, mg/&:

b b b b o e

5i0, 5.31 1.0 2.95 1.4 2.31
Fe 0.4 0.33 0.25 0.30 0.35 <0.2
Mn <0.0GS <0.05 <0,05 <0.05
Cu 0.15 .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 .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
HCO 4 34.4 20.4 l6.1 17.4 27,5 74
SO, 0,49 0.70 3.2 4.9 z.4 1.5
C1 1.3 1.2 2.5 1.3 <1 3.7
NO, 0.52 0.08 0.53 .53 3.0 0.003
PO, 0.38 .61 0.32 6.1

Total (Residue): 71.6 55.8 36.4 49,9

Hardness as CaCOs: 21,1 11.0 20.5 37.0

pH: 6.8 6.5 7.48 6.88 6.8



TABLE 1 (Continued)

Source: Savannah River at U. S.
Date Sompled &=11-71
Isptoplic Ratios:
gy tepa -4.2
2y pe -23,3
aus/azsd
Dissolved Gases, mol %:b
0z, ppm 4.0
€02, ppm 14.5
N2
A
CH,
Hz-
He
Dissolved Solids, mg/%:
b
510, 5.56
Fe 0.7
Mn <(,05
Cu 0.08
Mg 3.7
Ca 2.4
Na 3.5
K 0.80
HCO 4 14.0
50y 4,80
C1 3.3
NOj 0.52
PG, 0.19
Total (Residue): 42.3
Hardness as CaCQj: 8.4
pH: ' 7.1

Spring 71

301 Bridge

Summer 72

§-284-71

-4,42
-24.9

Fal

(=)
LR S
LT -

.65
77

.26
.35

[ == S T R I I 7. I

25.0

28.9
7.9

55

Fall 71
11-30-71

-3.88
-22.5
8.4

14,

—
[ S D T 72 B o T ¥ B 6}

o o B~ O

39.3

18.1
6.9

Winter 71-72

2-14-72

4,56
-26.8

10.0

0.17
<0.05
0.20
3.9
1.35
27.0
1.57
12.1
6.0
1.6
4,43

45.7

19.6
6.58

2-14-72

2.31
0.48

1.27
1.88
4.96
1.57
18.6
5.0
3.2
2,8

Summen 72
9-18-71

<0.2

1.2
0.76
7.4
1.5
24
6.0
5.3
1.05



TABLE 2

Analyses of Water from Coastal Plain Fgrmations
Part A, Continuously Pumped Wells, Periodic Analyses

Source: Well 905-31A, Tuscaloosa Formation

Spring 71 Surmer 71 Fall 71 Winter 71-72 fpring FY o Summer 71
bare Sampled: L= l1.73 4o 81272 1-18-71 F-PI-71  -£1-77 - 1h-7T 9-1A- 7
Isotopic Ratios:
ROTARVE -5.04 -5.08 -4.96 -4.904
“H/ THa -27.7 -27.7 -27.6 -27.4
3‘15/325,47 6.0
i'issolved Gases, mol ool
Uz, ppm 9.8
€0z, ppm 9.8
Nz
A
CHe,
H»
He
Lissolved Solids, mg/f: N
& i i 2 3 I
510, 7.0 0.70 0.64 0,56 3.6
Fe <0.05 <(},05 <{1,05 0.012 .18 <0.?2
Mn <0.05 <{0.05 <0.05 <0.05
Cu 0. 10 <0.02 0.25 0.30
Mg 2.0 4,2 1.3 1.7 0.18 .14
Ca 8.7 0.68 0.68 0.11 (.30 <0.11
Na 6.0 1.8 1.4 1.75 1.15 1.25
K
HCO 4 9.5 2.1 3.8 5.4 i 0.0 <0, 6
50y 0.0 <2 1.1 2.3 <1 <1
Cl 2.1 1.6 0.5 0.8 1.5 <2
NO3 0.03 <0.02 <0.01 <0.02
PO, 0,09 <0,03 <0.,03 <0.03
Total (Residue}: 33.6 5.2 6.9 20,8
Hardness as CafOy: 13,7 15,1 6.0 7.2
pH: 5.8 5.2 5.45 5.5 5.2
Specific Con-
ductance, umhos: 18.0 16,5 16.0 17.0

Analysts (see text): a, Scripps; b, SRP; ¢, SRL; d, ANL; e, Bu Mines, f, USGS; g, Geochron,



TABLE 2, Part A, Continued

Source: Well 905-41D, Tuscaloosa Formation

Spring 71 Summmer 71 Fall 71 Winter 71-72

late Sampled: H-81w71 8-31-71 12-13-71 2-29-72 2-29-72
Isotopic Ratios:

Teosl8pa -4.38 -4.42 -4.40 -4.34

“H/HE -23.8 -22.9 -21,7 -22.3

Iug s 3zgd -13.4
Dissolved Gases, mol %:b

0,, ppm 0.0

COz, ppm 16.8 12.9 38

N2

A

CH,,

H

He

Dissolved Solids, mg/%:

b b b b e
510, 10.6 0.85 3.3 0.70 0.6
Fe 0.3 1.0 0.18 0.05 <0.05
Mn <. 05 <0.05 <0.05 <0.05 <0.05
Cu 0,21 0.11 0.05 0.1% 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
K 4.6 4.3 4.3 4,3 4.3
HCO 3 16,2 12,6 16.0 13.4 9.9
50, 12.1 12,0 9.2 13.9 15.0
Cl 2.1 1,1 1.2 0.44 0.59
NGOy <0.,02 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 as CalOa: 25.3 18.4 48.9 17.7 18.1
pH: ) 6.6 5.8 6.6 6.15 6.6



TABLE 2, Part A,

Source: Well 905-43H

Jarte Campled
Isotopie Ratios:

8 s 1607

“H T

3ug 125
Dissolved Gases,

Oz, ppm

COz, ppm

Nz

A

CH,

Hz

He

Dissolved Sclids,

510;
Fe
Mn
Cu
Mg
Ca
Na

K
HCO 5
50y
CI
NG 3
PO,

Total [Residue):

Hardness as CaCO4:

pH:

Specific Con-

ductance, umhos:

Continued

Spring 71
0-21-71

-4.71
-26.9

mol %:

mg/ L

B
7.3
0.6
<0.05
0.21

8.4
1.0
0.55
<0.1
14.1
0.7
0.27
.57

24.9
96.4

4.8

45

Tuscaloosa Formation

Surmer 71
§-31-71

~4.71
-24.3

o

0.55
0.29
<0,05%
0.18
3.6
1.5
1.3
C.87
3.0
11.9
i.2
0.09
0.20

26

18.6

50

Fall 71
18-313-71

-4.63
~24.5

<0.05
0.10
0.48
17.3
0.75
20.5
12.9
8.61
1.8
0.27
<0.03

26.7

53

58 -

Winter 71-78
2-21-72 8-21-72

-4.59
_24.7
15
0.9 6.9
<0.05 0,14
<0.05 <0.05
0.16 0,34
1.38 1.52
0.48 0.82
1.90 1.82 -
0,50 1.15
2.9 0.97
4.9 14,3
0.82 0.60
0.26 0.09
<0.3 <0.3
16.1 35.6
6.9 8.35
5.25 4.3
20.5 54,0

Swmmer 7 f
G-13-7&

Q

0.28
<0.11

0,80
0.0

12.0

0. 006



TABLE 2, Pert A, Continued

Source:  Well 905-67U,

bate Sampled:
Isotopic Ratios:

]80/16()(1

2y e

gy 3254
Dissolved Cases, mol

Oz . Ppm

CQ,, ppm

Nz

A

CH,

Hz

He

Dissolved Solids, mg

5i0,

HCO 4

S0,

C1

NO 2

POy
Total (Residue):
Hardness as CaCOj
pH:

Specific Con-
ductance, umhos:

Spring 71
H=-11-71 8-14-71
-4.92 -4.86
-27.2 -26.5
-0.4
%:b
8.3
3.6 1.

/1

b b

7.1 0.56
<0.05 0.19
<0.05 <0, 08
0.09 0.19
5.2 1.8
1.9 0.94
1.3 1.4
0.5 0.65
3,44 1.5
1.27 0.71
1.6 1.26
0.26 0.09
0.09 0.20
20.6 3.9
10.5 9,8
5.0 4.8
18.0 23.5

Tuscaloosa Formation

Swummer 71

Fall 71 pinter 71-72 Spring 72
11-18-71 2-21-71 2-21-72 4-24-72
-4.88 -4.83
-26.5 -26.4
-8.5
15
7] c a
1.0 9 0.44 4,15
<0.05 <0.05 0.05 0.35
<0.05 <{.05 <0.05
0.08 0.16 0.20
3.5 1.4 1.5 G.22
g, 38 0.48 0.22 0. 30
1.3 1.9 1.5 1.36
0.5 0.5 0.43 0,42
0.9% 2.9 0.97 0.0
0.42 4,9 3.5 1.2
3.0 0.82 0.74 <1
.08 0,26 0.27 0,32
0.56 <0,3 <0.3
13.4 16,1 27.3
15.5 6.9 6.7
6.0 5.5 5.15 5.4
18.0 20,5 19,0

59 -

Swmmer 72
§-18-72

<0.2

A}
(=]
Lo-T s I T = N A

5.6



TABLE 2, Part A, Continued

Source: Wel}l 905-72G, Tuscaloosa Formation, depth 580 ft, ground elevation 293 ft

Spring 71 Surmer 71 Fall 71 Winter 71-7F Spving 72  Surmer 72
late Sampled: S=21-77 8-31-71 18-31-71 5-21-72 a-21-72 du24-72 -18-72
Isotopic Ratios:
18gy e -4.46 -4,46 -4,50 -4.50
2H/ R -24.1 -22.9 -24.3 -24.5

JMS/3ZS

o

Dissolved Gases, mol %:
02, ppm 8.0
COz, ppm 34,7 35.¢9 38
Nz
A
CHy
Ha

He 1

Dissolved Solids, mg/l:

- b b b [ o) a

510y 9.45 0,42 1.18 70 0.60
Fe <0.05 0.08 <0.05 <0.05 0.012 0.35 <(.2
Mn <0,05 <0.03 <0.05 <0.05 <0,05
Cu 0.02 0.07 0.03 0.23
Mg 22.5 8.0 16.9 9.2 9.2 0.37 0.3
Ca 18.1 5. 1.7 7.0 7.0 5.9 2.1
Na 5.6 5. 1.83 12,5 i2.5 .2 2.1
X 0.75 0.60 0.40 1.0 0,90 0,50 0.4
HCO, 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 1.8 1.6 1.8 1.6 1.6 <1.5 2.5
NO 3 1.33 0.26 0.88 0.88 0.44 2.2 0.8
PO, 7.0 10.3 2.8 5.6 0.18

Total (Residue): 69.0 6l.4 9.8 67 85,2

Hardness as CaCOz: 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



TABLE 2, Part A, Continued

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

Spring 72 Swamer-71  Fall 71 Winter 71-72 Spring 72 Swwner 72
late Sampled: 8-21-71 §-51-71 1i-18-71 B-21-72 2-21-72 b-15-72 9-18-72
lsotopic Ratios:
LB, t6pR -4.92 -4, 84 -4.74 —4.74
BT -25.8 -25.5 -25.5 -25.6
tegiegd 8 12

Dissolved Gases, mol %:b

0z, ppm 7.5
CC2, ppm 2.0 2.55 21.0
Nz

A

CH,,

Ha

He

Dissolved Solids, mg/l:

b b b e e e
510 5.1 0.42 2.1 <] 0.8 4,0
Fe 0.1 0.06 <0.02 0.05 0.006 0.10 <0.2
Mn <0.05 <0.05 <0.05 <0.05 <0,05
Cu <0.05 0.10 <0.02 0.16 0.12
Mg 0.7 2.0 3.8 1.42 1.24 0.37 2.3
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 0.5% 0.83 R 0.23 0.3
HCO 2 2.0 8.9 4.0 1.5 0.0 <0.1
S0y <2 0.64 <2 0.70 1.4 <1 <1
C1 1.8 1.0 1.1 0.96 0.76 2.2 2.0
NG5 4.4 0.62 0.52 4.4 0,27 5.0 3.0
POy 0,47 0.37 <0.,3 <0.3 0.3 <1
Total (Residue}: 11.0 5.0 10,5 3.2 31
Hardness as CaCO,: 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, pmhos: 39 20 19 23 21

- 61 -



TABLE 2

Analyses of Water from Coastal Plain Formations

Part B. Single Analyses
Well No.,: DRB 4ww
Stratum: MeBean
Date Sampled’ 5-20-71
Isotopic Ratios:
Yoo/ 100 -4,37
*H/H -
dugytigd 23.0
Dissolved Gases, mol %:b
0z, ppm
COz, ppm 3.9
N2
A
CHy
Hz
He
Bissolved Solids, mg/l:
b
5102 1.3
Fe <0,05
Mn <0.05
Cu -
Mg 217
Ca 19.7
Na 230
K 1.3
HCC 3 25.8
50, 24.7
Ccl 103
NO, 0.13
PCy g.2
F 0.3
Total (Residue): 91
Hardness as CaCOs: 55
pH: 7.8
Specific Conductance,
umhes: 110
Remarks:
Well depth, ft 198
Ground elevation, ft +246
Screen depths, ft bottom
Sampler: cable

Analysts (see text):

a, Scripps;

DRB GWW 13G¢ b4l 55K
Congaree Tuscaloosa
5-20-71 4-11-67 7-12-88 10-27-64
-4.22
-22,2
<0.005
b B B .k

<0.08 12 11

<0.05 0.2 0.18 <. 05

<0.05 <0.05 <0.05

- <0.02 0.006 0.03
2.0 1.2 0.9 5.0
1.6 5.3 5.0 7.0
100 5.6 1.2 0.6

15 3.4 1.0 1.2
2.3 18 10.5 15
2.0 14 14,1 - 10
7.5 0.8 1.4 3.2
0.09 0.27 -

<0.3 0.3 1.8 a,2
5.0 - -

98 45 38 36
4.8 18 16 38
8.3 6.6 6.3 5.8

150 57 40 60
241
+271

236-241

cable

b, SRP; @, SRL; d, ANL; e, Bu Mines; F, USG3; g, Geochron.



TABLE 3

Analyses of Water from Crystalline Metamorphic Rock

Source : DRB 1 DRB 2 DRB 2 DRB 2 DRB 3 DRB 3 DRB 3 DRB 3
bate Sampled: 7-25-82 5-24-83 7=10=-63 5=9-82 5-10-62 5-3-63 5-1-83
Isotopic Ratios:
JBO/,'JSO
“H
VAL
Dissolved Gases, mol %: I o P
0z, ppm 4.08 0.77 trace
€Oz, ppm <0.01 <0.01 0.0
N2 91.74 54,98 95.6
A 1.33 1.32 1.1
Cily 0.0
H, 1.45 1.16 1.7
He 1.41 : 1.75
Dissolved Sclids, mg/l: b c f b
$:0; 0,25 12 17
Fe <0.05 0.00 0.1
Mn
Cu
Mg 45 41
Ca 165 278 294
Na 554 518 740
K 28
HCO 3 23 9.4 43 44
50, 1210 2800 1140 1550
C1 258 1500 556 613
NO 3 0.04 0.0
PO,
Total [Residue): 2472 65490 2770
Hardness as CaCOj: 438 380 910
pH: 7.2 5.6 7.6 8.6
Specific Conductance, pmhos: 3410 8770 3670
kemarks:

DRB 1. No formation water samples collected.

DRB 2. (7-25-62). Sample diluted by drilling water; swabbed sample.

DRB 2. {5-24-63). C(0<0.01; 5.3 ml collected per liter of water.®

DRB 2 (7-16-73), Cable sampler from 1535 ft.

DEB 3 [5-9-62). Pumped sampie taken near end of pumping test after removal of
200,000 gals; water injection during drilling was 290,000 gal.

DRB 3. {5-10-62). Pumped sample.

DRB 3. (5-3-63). (0<0.01;% 0.82 cc collected per liter of water.

DRE 3. (5-1-63). Hydrocarbons, 0.0; hydrogen sulfide, 0.0.€

Analysts {see text): a, Scripps; b, SRP; e, SRL; d, ANL; e, Bu Mines; f, USGS; g, Geochron.



TABLE 3, Continued

Source DRB 4 DRB 4 DRB 5 DRB 5 DRE 5* DRB 5**
Date Sampled: 12-20-61 8-10-82 5-10-63 7-10-73 7-10-73
Isotopic Ratios:
LIYRLT
*H/'H
Mgylg
Dissclved Gases, mol %: 2 e
O, PPM 0.18
€Oz, ppm 22 <0,01
N2 95.96
A 1.45
CH,
H, 0.17
He 2.21
Dissclved Solids, mg/l: b @ b <3 2
510, 10
Fe 1 0.4
I
Mn 3
Cu 0.6
Mg 10 25
Ca 388 1000 348
Na 810 1000 284
K 30
CH=50 OH=1,3
HCO 4 7.7 13 23
S0, 2300 1060 1600 2100
Cl 363 343 730 700
NO; 0.03
POy
Total (Residue}: 4850 4440 3960 4470
Hardness as CaCOj: 1190 875
pH: 11.1 9.0
Specific Conductance, umhos: 5550 5630 5670
Remarks :
DRB 4. Swabbed sample; probably diluted with drill water.
DRB 4. (12-20-61). Swabbed sample, probably diluted with drill water. Emission specto-
., graphic results (ppm): B, 3; Pb, 0.03; Al 3; Sr, 6; Cr, 0.03; Br, 0.2.
DRB 5. (9-10-62). Swabbed sample; probably diluted with drill water.
DRB 5. (5-10-63}. GCas analysis: (0,90 chasfliteero); C0<0.01.
DRB 5.* {7-10-73). Cable sampler from 1475 feet.
DRB 5.** (7-10-73). Cable sampler from 1790 feet,



TABLE 3, Continued

Source: DRB © DRB 6
bate Sampled: 11-12-p2 11-9-62
Isotopic Ratios:

]BO,"lbU

M/ H

3u5/325
Uissolved Gases, mol %: e

0z, ppm 0.74

CO;, ppm 0.04

Na 92.53

A 1.03

CHy

Ha 0.26

He 5.28
Dissolved Solids, mg/l: f

530y 11

Fe 0.10

Mn

Cu

Mg 12

Ca 558

Na 1390

K 13

HCO, 16

50, 2480

Cl 1460

NO4 0.2

[ZUN 3.0
Total (Sum): 5840
Hardness as CaCQ,: 1440
pH: 6.9
Specific Conductance, pmhos: 8350
Remarks :
DRB 6. (11-12-52). Pumped sample; sampled at end of pumping test.
LRB 6. (11-9-62), co = 0,11
DRB 6. (1-24-63}. (O = 0.4; 0.60 ccgas/iy o collected.
DRB 6. {1-23-63). Hydrocarbon = 0.0; H;S = 0.0,
DRB 6. ([8-21-64], Pumped sample; Sampled at beginning of tracer test.
DRB ©. (8-24-860), Pumped sample; sampled at end of tracer test.

65

DRB 6

1-24-63

1.00
0.2
51.00

1.10

0.30
6.00

DRB &

1-23-63 8-21-64

0.0
0.1
94.6
1.1

DRB 6

I
11

t
0.03

531
1400
19
16
2600
1280

6030
1340

7550

DRB &

8-24-66

13
0.01

i1

1400
15
16

2600

1270

5880
1370

€770



TABLE 3, Continued

Source: CRB 6 DRB & DRB 6
bate Sampled: 4-15-69 9-12-69 f-16-71
Isotopic Ratios:
Yooy 1804 -3.73 -4.32
2hy 10 19.9 ~21.9
fhgy32sd 16.7 17.5
bissolved Gases, mgl %:b
Gz, ppm
CO;, ppm 22.7 (see Table 17)
Nz
A
CH
Y
Hs
He
bissolved Solids, mg/1: b f
5i0; 1.7 12
Fe <0.05 0,01
Mn
Cu
Mg 47 12
Ca 413 526
Na 1360 1410
K 19 14
HCO, 14.6 18
S0, 2735 2290
Cl 1270 1400
NO 4 0.13
PO, 6.44
F 3.2
Total (Sum): 5980
Hardness as CaCOa: 1360
pH: 7.3 7.5
Specific Conductance, umhos: 6450
Remarks :

DREB 6. (4-19j69). Pumped sample; sampled during one year pumping test.
DRB 6. (9-12-69). Pumped sample; sampled at end of one year pumping test.
DRB 6. (6-18-71). Pumped sample,



TABLE 3, Continued
Sourec:

Late Sampled:
Isotopic Ratios:
180/160
"H/'H
:“‘S," 325
Mssolved Gases, mal %:
Oz, ppm
€Oz, ppm
Na
A
CHy
Hy
He
Disscived Solids, mg/1:
5i0;
Fe
Mn
Cu
Mg
Ca

NO 4

PO,
Total: Sum
Residue

Hardness as CaCOj:

pH:

Specific Conductance, umhos:
Remarks:

DRB 7 (6-27-63). C(0<0.01; 14.0
DRB 7 (1-31-68). Cable sampler
DRE 7 {1-31-68), Cable sampler
DRB 7 (1-31-68). Cable sampler
DRB 7 (7-10-73). <Cable sampler
DRB 7 (7-10-73). Cable sampler
DRB 7 (7-10-73). Cable sampler

DRB 7 DRB 7 DRB 7 DRBR 7 DRB 7 DRB 7 DRB 7
6-27-63  1-31-68 1-31-68  1-31-88 7.10-73 7=10-73 7-10-73
44
1.37
0.01
91.32
1.18
5.87
0,26
f f e el e
15 7.2 3.0
1
0.02 0.06 4,8
501 518 6088
1370 1410 2020
23 15 16
42 4 27 3 2.3
18 27 10 0.9
2360 2540 2500 2180 2000 1800
1170 1200 2390 910 910 340
0.3 0.3 0.3 )
0.04 0,00 0.00
5810 6010 7980
5680 5780 5700
1250 1290 1746
10.8 9.7 8.2 10,8 9.5 9.3
7620 6850 9350 7190 7190 7190
cc of gas collected per liter of water.
from 1200 feet, drilling water not completely removed.
from 1600 feet, drilling water not completely removed.
from 1900 feet, drilling water not completely removed.
from 1200 feet, drilling water not completely removed.
from 1600 feet, drilling water not completely removed.
from 1990 feet, drilling water not completely removed.



TABLE 3, Continued

Source: DRB § DRB 8§ DRB 8 DRB 8 DRB 8* DRB 8** DRB 8
Date Sampled: £-4-69 £-5-89 6-8-68 6-13-69 6-15-68 6-15-65 6-16-69
Isotepic Ratios:
ERTRLN
“H/'H
JMS/ dzg
Dissolved Gases, mol %:
0z , ppm
COz, ppm
N2
A
CH,
H;
He
Dissolved Solids, mg/l: 7 f F 7 F COF f
510; 1.8 2.4 2.7 3.2 4.0 6.6 7.1
Fe 0.30 0.15 0.49 0.47 0,73 0,26 0,35
Mn 1
Cu
Mg 18 20 19 16 15 12 12
Ca 483 481 462 463 463 471 468
Na 1100 1100 1230 1240 1240 1280 1270
K 17 18 14 14 14 13 13
HCO, 22 22 14 7 7 10 13
50, 2270 2270 2450 2460 2480 2490 2490
[o9] 860 850 880 900 910 865 960
NO 3
PO, 0.05 0.04 G.01 0.04 0.037 0.01 0.01
F 2.4 2.4 2.4 2.5 2.5 2,6 2.6
Total: Sum 4760 4750 507¢ 5100 5130 5250 5230
Residue 5110 5180 5380 5410 5440 5600 5560
Hardness as CalOj: 1280 1280 1230 1220 1220 1220 1220
Noncarbonate: 1260 1270 1220 1220 1210 1210 1210
pH: 6.9 6.8 6.4 6.4 6.0 6.5 6.6
Specific Conductance, pmhos: 5480 5480 5650 5650 5650 5810 5810
Remarks:

DRB 8 {6-4-69}. Blown samplie when well was 1082 feet deep.
URB 8 [6-5-69}, Blown sample when well was 1140 feet deep.
DRB 8 {6-8-69). Blown sample when well was 1401 feet deep.
DRB 8 {6-13-69). Blown sample when well was 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 8 (6-16-69). Blown sample when well was 1631 feet deep.



TABLE 3, Continued
Source:

Date Sampled:
Isotopic Ratios:
180/ lbDa
Hype

3ug s 3209

Dissolved Gases, mol %:b

0:, ppm

COz , ppm

N

A

CHy

Hz

He

lissolved Solids, mg/l
5id;
Fe
Mn
Cu
Mg
Ca
Na
K
HCO 5
50,
Ccl
NGO,
PO,
E
Total: Sum
Residue
Hardness as CaCOj:
Noncarbonate:
pH:
Specific Conductance, umhos:

Remarks:

DRBE B

10-10-70 10-1-70

DRB 8 DRB 8
F=21-74
<0,02
F f
7.6 7.0
0.033
0.130
15 12
467 473
1200 1180
le 15
18 i0
2590 2580
300 829
0.2 0.3
3.1 3.7
5200 5110
5600 5330
1220 1230
1210 1210
6.7 9.2
7880 6840
0.074 mg/l.

DRB 8. (6-21-70). Pumped sample; Al,

DRB 8. (10-1-70). Pumped sample.

-4.71
-22.7
10.8

1.5

0.7
<0.05
<0,05

830
640
680

15

3530
780

5160

2000

4500



TABLE 3, Continued

Source: DRB 9 DRB 9
Date Sampled: ?7-17-69  P-18-68
Isotopic Ratios:

1oy, lig

THf 'H

Ing g
Dissolved Gases, mol %:

0z, ppm

COz, ppm

Nz

N

CH,

Hz

He
Dissolved Sclids, mg/l:f

510, 6.1 0.7

Fe 0.08 0.39

Mn

Cu

Mg 38 18

Ca 461 475

Na 1440 1430

K 11 11

HCO 4 29 38

50, 2460 2300

[0} 1260 1290

NO 3

PO, .02 0.03

F 2.0 2.2
Total: Sum 5660 5550

Residue 5990 5850

Hardness as CaCOg3: 1310 1260
Noncarbonate: 1280 1230
pH: 6.5 7.1
Specific Conductance, umhos: 6450 6450
Remarks: -
DRB 9. (7-17-69). Blewn sample from 2700 feet.
DRB 9. (7-18-6%9). Last sample blown from well at 2700 feet.

70



TABLE 3, Continued

Source: P4R P4R PeR P&R P6R P6R P6R
iate Sampled: 1-25-¢€8 6-20-73 3-22-87 1-23-88 18-7-70 12-7-70  11-9-71
Isotopic Ratios:
B/t -4.80 -4.58
IRt -24.3 -24.7
gyt 22.49 24.72
bissclved Gases, mol %:
Oz, ppm 0.6 8.8 o
€Oy, ppm
Nz
A
CHy
H»
He
Dissolved Selids, mg/l: f <] f f f b b ¢
5102 15 4.0 6.3 0.0 <0.08B 1.6 <5
Fe 0.00 <0.01 0.00 <@¢.05 <0.053 <0.
Mn 0.1 0.09 0.03 <0,05 <0.05
Cu <0.01 . 0.08
Mg .00 36 0.02 59 37
Ca 28 342 419 316 3.3 308
Na 109 573 467 478 480 472
K 25 24 41 20 11 16 16
8131 96 120 133
HCO 4 30 39 15 2,2 8.8 23
Sy, 18 17 1320 897 1350 1200
C1 .2 88 600 470 504 450
NO 4 0.8 0.0 0.3 0.2 0.13 0.18
PC, 0.02 0.00 0.00 0.15 - 0.3
F 0.0 0.8 0.8 2.8
Total: Sum 332 2920 25640 2740
Residue 540 3030 2760 2850 2820 2820 2900
Hardness as CaCOj: 80 1010 1050 1030 1160
Noncarbonate: 974 612 1020
pH: 11.2 11, 7.7 11.3 7.6 7.4 6,1 7
Specific Conductance,
uithos : 1400 1730 4060 4470 35810 2800 3600 3700
Rematks: _
P48 (1-25-68)., Cable sampler from 750 feet; diluted with drilling water; COs, 32; Al, 1.7
PAR (6-20-73). Cable sampler from 760 feet; diluted with drilling water.
P&R (9-22-87). Blown sample from 1042 feet; Al <0.1; Sr, 3.1; Li, <0.01; Zn, <0.01.
P6R (1-29-68). Cable sampler from 1000 feet; COs, 26.
P6R (12-7-70). Pumped samples.
P&R (11-$-70). Pumped sample.
P6R (4-26-73). Cable sampler from 1020 feet.

- 71 -

P&R
4-86-72



TABLE 3, Continued

Source: P7R P7R P7R
Date Sampled: 12-6-67  1-28-68 7~11-73
Isotopic Ratios:“

185,160

EH/ lH

3g/3%g
Dissolved Gases, mol %:

Oz, ppm

€02, ppm

Nz

A

CH,

H:

He
Dissolved Solids, mg/l: f f ]

516, 3.6 4.0

Fe 0.20 8.01

Mn ' 0.25

Cu

Mg 4.9 3.5

Ca 374 501

Na 880 1370

K 20 820

OH 36

HCO3 32 36 36

50, ’ 1660 1670 1600

cl 800 2380 1800

NO, 0.5 1.8

PO, 0.01 0.01

K 0.5 1.4
Total: Sum 3760 6770

Residue 5030 7910 6730

Hardness as CaC0;: 952 1270
Noncarbonate: 926 1240
pH: ’ 7.8 6.4 11,1
Specific Conductance, umhos: S810 8710 8940
Remarks :

P7R (12-6-67), Cable sampler.

P7R (1-29-68). Cable sampler; diluted with residual fracturing fluid,

P7R (7-11-73}. Cable sampler from 1000 feet; diluted with residual
fractuyring fluid. ’



TABLE 3, Continued

11-21-68 11-24-83 5-7-70

Source: P8R P8R
fate Sampled: 12-1-87
Isctopic Ratios:
130/1509
“hy e
Thgritgd
Dissolved Gases, mol %:
Uz, ppm
COz, ppm
Ny
A
CHy
Hy
He
Dissolved Solids, mg/li: f f
510, 3.0 7.8
Fe 0.12 0.76
Mn 0.04
Cu
Mg 7.9 9.7
Ca 24 23
Na 157 126
K 29 12
HCO 5 135 87
50, 96 86
Cl 184 156
NO3 ¢.5 0.2
PO, 0.01 0.04
F 4.0 5.4
Total: Sum 572 468
Residue 574 485
Hardness as CaCO3j: 92 93
Noncarbonate: 0 22
pH: 8.0 8.2
Specific Conductance, umhos: 968 806

Remarks:

P8R (12-1-67}.
P8R (11-21-69).
P8R (11-24-69),
pgr [(4-26-73).

Blown sample.
Pumped sampie.
Pumped sample.
Cahle sampler from 1000 feet.

P8R

-6.00
-24.5
24.0

b
7.7
<0.05
<0.05

38.1
18.7
230

38
23.3
198

P8R

3.9

10
26
130

100

90
149

873

P8R

4-26-73

<5
<0.3

460
270

1130

1890



TABLE 3, Continued
Source:
Date Sampled:

Isotopic Ratios:
18g,18pa
2H/ 'He
g 32gg

Dissolved Gases, mol %:

0z, ppm
€02, ppm
Nz

A

CHy

Ho

He

Dissolved Sclids, mg/l:

510,

Fe

Mn

Cu

Mg

Ca

Na

K

HCO 3

50y

Cl

NO,

PO,

F
Total: Sum

Residue

Hardness as CaCOjs:

Noncarbonate:

pH:

Specific Conductance, umhos:

Remarks:

P9R

P11R

6-13-71 7-18-71

-4.08
-19.1
21.4

b
2.6

0.016
0,750

13
140
1040
22
196
552
1400
0.0
0,00
2.1
3270
3420
402
242
7.4
5860

-3.73
-16.6
19.3

1.2
0.0
0.50

11
66
1140
19
79
694
1470
0.0
0.00
2.9
3440
3450
212
148
6.9
606¢

P9R (6-13-71). Blown sample; Al, 0.25; Li, 0.10.
PI1iR (7-15-71). Blown sample; Al, 0.078; Li, 0.10.
PIIR (7-11-73), Cable sampler from 1557 feet,

P11R

7-11-73

83
560
1300

3420

5520



TABLE 4

Analyses of Water from Triassic Rock

Source: DRE 9 DRB 10 DRB 10 DRB 10 DRB 10
Date Sampled: 7-14-869  5-3-71 5-8-71 5-14-71 §-27-71

Isotopic Ratios:

FPo/ 1002 -3.62 -2.20 ~2.75 -1.82
2y 1p? -14.0 -6.1 -4.4 +4,1
REYRLR 0.28 0.4 0.79
Dissolved Gases, mol %:
Oz, ppm
COz, ppm
N2
A
CHy
Ho
He
Dissolved Solids, mg/l: f f f B
$i0p 1.1 1.9 0.8 3.5
Fe 0.66 0.03 .00 0.004
Mn 7.3 7.1 5.84
Cu
Mg 79 42 43 53
Ca 522 1919 2200 1980
Na 1080 2220 2120 2100
K 31 34 40 44
HCO 3 68 40 15 85
50, 428 84 72 110
[ 2600 7130 7500 6720
NO4 0.5 1.4 2.3 0.0
PO, 0.03 0.05 0.04 0.01
F 0.6 0.6 0.3 0.3
Total: Sum 4810 11,500 12,000 11,07¢
Residue 5660 12,600 13,000 11,900
Hardness as CaCOj: 1610 4960 5700 5220
Noncarbonate: 1570 4930 5690 5150
pH: 6.2 6.4 5.6 6.4
Specific Conductance, umhos: 6110 19,200 20,100 18,000
Remarks: -

DRB 9 (7-14-69). Blown sample,

DRB 10 (5-3-71). Blown sample when well was 1493 feet deep.

DRB 10 (5-8-T1). Blown sample when well was 2280 feet deep; Al, 0.49; Li, 0.20.

DRE 10 (5-14-71). Blown sample when well was 2890 feet deep; Al, 0.39; Li, 0.23.

DRB 10 (5-27-71). Blown sample when weil was 4212 feet deep; Al, 0.45; Li, 0.28; I, 0.5%9.

Analysts (see text): a, Scripps; b, SRP; ¢, SRL; d, ANL; e, Bu Mines; f, USGS;
g, Geochron, h, McCreath; j, BCL.

- 75 -



TABLE 4, Continued

Source: DRB 10 DRB 10 DRB 10 DRB 10  DRB 10 DRB 10
Date Sampled: 2-29-72 2-28-72 2-289-78 2-29-72 2-29-72 2-28-72
Isoteopic Ratios:

130/160

2H/

Tug, 3
Dissolved Gases, mol %:

Gz« FpM

COz, ppm

N2

A

CHg

Hz

He
Dissolved Solids, mg/l: el J a J a J

810, <1 <1 <]

Fe 1.3 0.55 0.43

Mn

Cu

Mg 134 50 61 58 65 65

Ca 1254 1330 1273 1340 1.57 1280

Na 1887 1920 1815 1820 1n91 1790

K 39 38 42 36 52 59

HCO 5 1 30 1.3 34 6l 56

S0, 14 () 30 w0 <1 0.6

Cl 5499 5452 54499 5345 5137 5239

NO 3 <0.1 0.62 <0.1 0.62

PQ, <0.1 <0.1 <0.1

F 0.68 0.61 0.51
Total (Residue): 10,134 10, 360 10,141
Hardness as CaCOj:
Noncarbonate:
PH: 5.0 6.0 5.5 6.0 7.0 6.4
Specific Conductance, umhos: 15,600 15,200 14,300
Remarks:
DRB 10 (2-29-72).% Cable sampler from 400 feet.
DRB 10 (2-29-72).7 Cable sampler from 400 feet; As, <G.01; B, 0.02; Cr, <0.01; Br, 1.1; I, 0.9;

Hg, <0.00L.
DRB 10 (2-29-72).¢ Cable sampler from 800 feet.
DRR 10 (2-29-72).Y Cable sampler from 800 feet; As, <0.01l; B, 0.02; Cr, <0,01; Br, 2.2; I, 1.6;
Hg, <0.001.

DRB 10 (2-29-72).F Cable sampler from 1200 feet.
DRB 10 (2-29-72).7¢ Cable sampler from 1200 feet; As, <0.01; B, 0.11; Cr,< 0.01; Br, 4.2; I, 1.1;

76

Hg, <0.001.



TABLE 4, Continued

Source: DRB 10 DRB 10 DRE 10
bate Sampled: 3-1-72 3-1-72 4-26-73
Isotopic Ratios:?
t8g/1%0 3.94
2H/'n -19.5
g, 32g
Dissclved Gascs, mol %:C
Oz, ppm 0.002
€0z, ppm 0.025
Nz 33.1
A 0.50
CH, 0.1
Hz 66.0
He 0.28
Dissolved Solids, mg/1: = J c
510, <1 <5
Fe 7.0 5.2 <0.3
Mn 4.5
Cu 21
Mg 70 56 131
Ca 867 930 1365
Na 1702 1700 1943
K 45 67 2.3
HCO, 10 12
S0, 22 G 4
cl 4594 4460 5110
NO 5 <0.1 1.2
PO, <0,1
F 0.56
Total (Residue): 8690 9400
Hardness as CaCOgz:
Noncarbonate:
pH: 3.1 4.4 6.8
Specific Conductance, umhos: 12,700 14,800
Remarks:

DRB 10 (3-1-72). Overflow sample.

DRB 10 (3-1-72}. 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.

DRB 10 (4-26-73). Cable sampler from 1200 feet.



TABLE 4, Continued

Source:

Date Sampled:

Isotopic Ratios:

DRB 11 DRB 11

1-22-73  2-26-

18g 16g
2H/'H
Ingp32g
Dissclved Gases, mol %:°
Oz, ppm 0.25
€02, ppm 0.005
N2 93.1
A 0.8
CH, 0.02
Hz 5.8
He
Dissolvzd Solids, mg/l: c <]
5i0;
Fe <1 <1
Mn
Cu
Mg 8.4 8.5
Ca 3789 3845
Na 2623 2710
K 24 22
OH 11.8
HCO
50, Al Al
cl 11,600 11,600
NO3
PO,
Total (Residue): 18,400 18,500
Noncarbonate:
pH: . 10.61 10.61
Specific Conductance, umhos: 26,500 26,800
Remarks:
DRE 11 {1-22-73). Overflow sample.
DRB 11 (2-26-73), Overflow sample.
DRB 11 (3-15-73), Overflow sample,
DRE 11 (4-23-73). Cable sampler from 2340 feet.
DRB 11 (4-23-73). Cable sampler from 2700 feet.

DRB 11 DRB 11 DRE 11

73 3-15-73 4-23-73 4-23-73

<5

<0.

18
4605
2882

0.

11

2.

10,200

18,800

10.

28,600

@ a

3 0.02 0.02
24 15
4392 3041
2611 1716

76 6.9 8.3
23 13

5 3.6 3.8
9630 6990
18,300 12,900

1 6.6 6.2
27,500 18,900



TABLE 4, Continued
Source: PSR P12R
Late Sampled: 4-26-73  4-28-73

Isotopic Ratios:

ERYALH
ZH/ '
3»5/325
Dissclved GGases, mol %:
Oz, ppm
€02, ppm
N3
A
CHy
Ha
He
Dissoclved Solids, mg/l: < ¢
5i0; <5
Fe <0.3 0.05
Mn
Cu
Mg 0.06 7.6
Ca 6.1 22
Na 15 262
K 19 9.3
HCO4 62 157
SOy 1 <1
Cl1 6.6 330
NO 4
PO,
Total (Residue): 88 800
Hardness as CalDgz:
pH: 7.7 6.9
Conductivity, umhos: 140 1460
Remarks:

PSR (4-26-73). <{(able sampler from 1246 feet; drillwater still in well.
P12R (4-18-73). Cable sampler from 1255 feet.



08

TABLE 5.

Analyses of Saprolite and Crystalline Metamorphic Rock*

A.

POR

DRE
DRB
DRB

DRE

DRB

P8R

Chemical Analysis

Depth,
well ft

773
782
830
859

1 1631,

2 1395

1 1746,

7 1743

8 903
915
946
946
968
971
760
765
770
780
820
830

* Specimens from Wells PoR, DRE 1, DRB 2,
Parts B and C of this Table.

3

Deseription
Saprolite,
Saprolite,
Saprelite,

Unweathered

unit 1
unit 2
unit 4

horn-

blende -~ chlorite

schist
Hornblende

Hornblende

schist

schist

Banded granitoid

gneiss and
blende gnei

Banded hornblende-

horn-
55

chlorite schist

and quartz - feld-

spar gneiss
Saprolite,
Saprolite,
Saprolite,
Saprolite,
Hornblende
Hornbliende
Saprolite,
Saprolite,
Saprolite,
Saprolite,
Saprolite,

Hornblende

unit 1
unit 2
unit 4
unit 4
schist
schist
unit ]
unit
unit

unit

NN

un:t

schist

5102
64.5
76.0
63.0
50.1

52.0
43,2
60.6

60.6

64,
30,
54
51.
49.
54.
80.
53.
70,
69,
65.
65,

=R - B T o B FY I« B R o)

Element Concentration, wt %

A1203 Fea:0y Fel
17,0 9.0 0.12
14.0 1.9 0.12
14.1 7.5  0.78
15.3 3.1 5.5
15,6 4 .5
16.8 3. 9.2
16.4 3.1 .2
14.8 1.8 3.9
21.2 2.8 0.31
11.4 1.9 0.41
17.2 9.7 1.2
17.8 10.5 1.5
15.8 6.9 3.2
7.9 5.1 2.

11.7 0.97 0,37
21.1 13.8  0.32
16.7 3.1 0.13
12.0 6.5 0.88
13.1 7.4 1.3
14.4 1.9  4.55

Specimens from Wells DRB 8 and P8R were

MgO

S = o B D S R (S R S T - T <

ST e}

0.20
0.
1

3

10

.1
.6

Cad

0.
0,

L nlL ¢ - T S - e SR B « <A S T = S =

30
30

.25
.23

.13
.18
.21

Na20
0.10
0.20
1.7
3.5

K20

0.

ra

LN

R

e T R P R o S~ S Y
[ I R R R N T I CR |
~J

30

1.4
1.
1.0

1

.40

.50

co o
[=-}

Ha0-
0.92
0.60

0.05
0.16

20+ Ti0p

6,

4
3.
2

7

2
3
8

0.
0.38
0.
1.0

o 0 o o O QO O = 929 O O O

75

64

.85
.80

.66

70

.40
.86
.88
.2

.88
.67
.60
.45
.41
.58
.60

Pals
0.02
0.04
0.09

0.16

and DRB 7 were analyzed by the U. S. Geclogical Survey; see also

analyzed by Andrew $. McCreath and Son, Inc,

f=]

=B = I o R ]

.05
.05

.32

.18

S as
C02 502
<0.05 -
<0.05 -
<0.05 -
4.4 1.2
<0.05 0.63
1.2 <0.05
0,09 -
2.5 -

o}

0.018
0.010
0.006
0.023

0.023
0,012

Sum
100

99
100
100

99
99
100

99
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TABLE 5 (cont'd)
Analysis of Saprolite and Crystalline Metamorphic Rock
B. Spectrographic Analysis®

FElement Concentration, wt ub

Well Depth, ft Description Al Ca Fe K Mg Na P 351 T
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
blende - chlorite
schist
DRB 1 1631.7 Hornblende schist G 10 G N 10 1.5 N G 0.7
DRB 2 1395 Hornblende schist 10 7 G 1 10 1 N G 0.5
DREB 1 1746.8 Banded granitoid G 7 10 N 7 2 N G

gneiss and horn-
blende gneiss

DRB 7 1743 Banded hornblende- 10 7 5 1.5 5§ 3 N G 0.5
chlorite schist
and quartz - feld-
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

€. Spectrographic Analysis

Depth,
Well ft
P&R 773
782
830
859
DRB 1 1631.7
DRB 2 1395
DRB 1 1746.8
DRE 7 1743
Depth,
Well It
P&R 773
782
830
859
DRE 1 1631.7
DRB 2 1395
DRB 1 1746.8
DRB 7 1743

Element Concentration, ppm

b

Leseription Ag As Au B Ba Be Bi (d Ce Co Cr Cu Bu Ga Ge Hf Im La Li Mn Mo ND
Saprelite, unit 1 N N N N 70 7 N N 500 N 50 50 N 15 N N N 150 N 150 5 7
Saprolite, unit 2 N N N N 300 § N N 700 10 20 10 N 10 N N N 300 N 50 N 3
Sﬂ?rolite, unit 4 L N N N 500 N N N N N N 50 N 1§ N N N N N 700 5 7
Unweathered horn- L N N N 200 N N N N 50 50150 N 10 N N N N N 5000 3 N
blende - chlorite
schist
Hernblende schist L N N N 100 WN N N S0 50 100 N 15 N N N N 1500 5§ N
Hornblende schist L N 300 506 50 100 N 15 N N 1500 7 N
Banded granitoid L N 200 15 20 30 10 N N N 1000 3 N
gneiss, and horn-
blende gneiss
Banded hornblende- L N N N 1600 L N N 100 15 50 70 N 15 N N N 70 N 1000 5 7
chlorite schist,
and quartz - feld-
spar gneiss

Element Concentrationiip@mb
Description P Pd Pr Pt Re Sb Se Sm Sn Sr Ta Te Th T2 U V ¥ Y Yb EZn ir
Saprelite, unit 1 5 N N N N N 20 N J0 N N N N 150 N 30 3 N 150
Saprolite, unit 2 30 N N N N N 10 N N 260 N N N N 50 N 3¢ 3 N 70
Saprolite, unit 4 N N - N N N 20 - N 100 N N N N N 150 N 50 5 N 500
Unweathered horn- N N - N N N 3 - N 30 N N N N N 200 N 50 5 N 100
blende - chlorite
schist
Hornblende schist 500 N - N N N 3 - N 50 N N N N N 300 N 3 N 70
Hornblende schist N - 30 - 300 N N 300 20 2 70
Banded granitoid 10 N - 26 - N 300 N N N 200 50 5 150
gneiss, and horn-
blende gneiss
Eanded hornblende- 7 N N N N N 20 N N 50C N N N N N 100 N 30 3 N 100

chlorite schist,
and quartz - feld-
Spar gneiss

a. Analyzed by the U. S. Geological Survey; same samples as in Parts A and B of this Table.
L. N - none detected; L - detected, but quantity too small to measure.

Nd

300

- el

50
30



TABLE 6

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

Congentration, mol %

Scurae Date An, % BAr, % “0ap, g
DRB & 6H-16-71 0.337 0.068 99.60
0.3535 0.064 99.60
DKB 6 6-28-71 0.339 2.064 99.60
0.337 0.066 99.60
Air Accepted values 0.337 0.063 - 99.60
TABLE 7

Thorium, Uranium, and Heiilum Contents4 ot Selected Core Samples of Crystalline Metamorphic Rock

Pergent of

He, nl/g Caleulated He

Werll Lepth, Thy ppm J, ppm Measwred  (alculatedt Meagured®
DRE & 1833.8 5 1 4.2 77 5

DRB 7 1845 13 2 49.3 181 27

RB & 12935,.4-1294.8 13 2 47.0 181 26

DRE 8 1634, 7-1635. 8 19 5 22.7 321 7

PBR 1041 3 1 1.9 59 3 B
P8R B32 5 1 3.0 77 3

DRE 8 905, 19-906. 6] 13 5 10890 277 39

PRE AZ 932,35-934, 85 10 2 5.0 235 2

PRBE 84 064.02-965.52 7 2 31.4 127 25

d. Spark source spectrometry analyses by Lawrence lLivermore Laboratories, Livermore, {alifornia.

Caleulated production im 2.9 » 10% wr using Th and U analyses, and rates of 3.1 x 1677 nl
Hesto Thy (vr) and 11 = 1077 nl He/(g ) {vr).

hoes not include helium in water (~1% of calculated total).

. Clay and rock materials from the saprolite region.



TABLE 8

Ratio of ¥%S$/3%2S 1in Sulfide Minerals in Crystalline
Metamorphic Rock Compared to that of Sulfate in Water

Crystalline Metamorphic Rock:

well Depth, ft INgyizga
DRB 8 1294 +2.1
PGR 859 +7.1
P6R 1041 +5.7

Water from Crystalline Metamorphic Rock:

Well Sampling Date Ihgy3zga
DRB 6 4-19-69 +16,7
DRB © 6-18-71 +17.5
DRB 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
P1l1IR 7-15-71 +19.3

a. Expressed as parts per thousand variation from the
standard, Canon Diablo Troilite,

- 84 -
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TABLE &

Range and Median Values for

Number of Tron
Analyses {Fe), ppm

Tuscaloosa Formation

13 Maximum--- G,77
Median---- (1,16
Minimum--- 0,00

Ellenton Formation

16 Maximum--- 4.1
Median---- 1.1
Minimum--- 0.10

Eocene Limestone

15 Maximum--- 1.0
Median---- (.25
Minimum--- 0,00

Eocene Sand

9 Maximum--- 1,84
Mediap---- 0.16
Minimum--- 0.04

Chemical Constituents and Properties of Water from the Coastal Plain Sediments*

Caloium

{Caly ppm

L R s R
[P

47
27
17

8.7
1.5
0.5

Magnesium
(Mg}, ppm

0.9
0.5
0.0

Sodium and
Potassium
(Na+K}, ppm

Bicarborate
(HCO04}, ppm

23
12

17¢
94
35

17

5.5

Sulfate
(804J, ppm

27
11
7.4

14
4.3
0.8

9.3
1.9
0.8

rchloride
1), ppm

4.0

2.
0.

"~

—

2
8

i o~ QO

Fluoride
(F}, ppm

0.1
0.0
0.00

0.2
0.1
0.0

0.5
0.1
0.0

0.3
0.1
0.00

Nitrate

Disgolved solids
(residue on evap-
aration at 180°C),

{NOs}, ppm PP

0.9
0.0
0.0

6.2
0.2
0.2

54
41
36

192
95
75

29
21
20

Hardnegs as
Cat'lsy, ppm

30
19
io0

132
72
50

15

pH



TABLE 10

Generalized Log of Saprolite Cores

Litheology

1]
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 greiss

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

Unit 4:
Soft, wiathered schist or gneiss
with foliation visible, but can
be scratched with fingernail,
Flaked and cracked on drying.

Entire Saprolite

Hard crystailine rock
(schist, gneiss, or quartzite)

Depth (Tops), ft

Thickness, ft

PER

745

780

798

842

P7R

792

816

856

868

888
(s00)2

P8R

740

756

768

781

789

830

DRB 8

874

914

960

Range

16-39

12-35

72-97

Average

26

14

14

29

83

a, Criginally 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.

86 -



TABLE N

Analyses of Pore Water from Saprclite*

x
.
:

et
785.

786,
P7R 794,
795.
796,
820.

821.
823,
825,
848.

849,
851,
852Z.

P8R 769,
770.
771.

DRE 8 896.
901.

916,

918.°

Coneentration, ppm

Analyticeal

h, ft Core nit Method 57

O Saprolite, X-ray

Unit 2 fluorescence

b L]

2 Tuscgloosa

3

[

y
2 Saprolite,
Unit 1

7

8

)]

Y
2 Saprolite,
Unit 2

2

2

0

Y
1 Saprolite,
Unit 2
2
b
|

94- Saprolite,

1 Unit 1 A
atomic abscrption 21
neutron activation

6~ Saprolite,

3 Unit 3
x-ray
fluorescence

atomic absorption

neutron activation

* Pore water

pressed from core specimens and analyzed

Ca Mg

55

a4

(AN T NSO B W

~1

10

13 4

75
41 21

by USGS.

Na

76

X
12

[ TS B S P = |

0o ;A

10

25

1
88

62

10
15

15
15
65
i3

25
25
10

25

15
15

28

38

10

15

50y
400

280
70
170
300
20

20
25
50
140

L]
150
140
350

20

25
20

85

370

oy
25

25
15
15
10
20

15
15
15
15

15
15
15

15

15
15



TABLE 12

Electrical Conductivity of Water from DRB 11

Date

1972: 12-14
12-21
12-26
12-29

1973: 1.2
1-4
1-8
1-10
1-12
1-15
1-17
1-19
1-22
2-21
2-23
2-26
3-8
315

Conductivity,
umhos

4350
4167

4545

4545
19,600
19,600
20, 400
22,990
22,470
22,470
20,800
25,700
25,000
26,670
25,000
28,600

Remarks
Last drilling
Last work in hole with drill pipe

Well was closed for pressure test

Well was opened for flow test

Well was closed for pressure test

- 88 -
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TABLE 13

Geologic Formations Underlying SRP

Thickness,
Formaticn Geologic Age Outerop Dasoription Water Content ft
Alluvium Recent epoch Fine to coarse sand, silt, and Very little 0-30
clay
Terrace FPleistocene In flood plains and Tan to gray sand, clay, silt, Moderate to none 0-30
Deposits epoch terraces of stream  and gravel with blankets of
valleys coarse gravel on higher terraces
Alluvium Pliocene epoch Gravel and sandy clay Little or none 0-20
Hawthorn Miocene epoch Large part of Tan, red, and purple sandy clay Little to moderate 0-80
ground surface with numerous clastic dikes
Barnwell Eocene epoch Large part of Red, brown, yellow, and buff, Limited but sufficient G-90
greund surface near fine tc ccarse sand and sandy for domestic use
streams clay
McBean Eccene epoch In banks of larger Yellow-brown to green, fine to Moderate to large. 100-250
Congaree streams coarse, glauconite guartz sand, Likely harder and higher
intercalated with green, red, iron than other ground-
yellow, and tan clay, sandy waters
marl, and lenses of siliceous
limestone
Ellenton Upper Creta- Nene on plant Dark gray to black sandy Moderate to large; 5-100
ceous epoch lignitic micaceous clay contain- higher sulfate and iron
ing disseminate crystalline than water from other
gypsum and coarse quartz sand formations
Tuscaloosa Upper Creta- None on plant Tan, buff, red, and white; Large. Up to 2000 gpm; 600
ceous epoch crossbedded, micacebus quart- yields from 8- to 12-
zitic and arkosic sand and inch gravel-pack wells.
gravel interbedded with red, Soft; low in total solids
brown, and purple clay and
white kaolin
Newark Series Triassic None on plant Gray, dark-brown, and brick-red Low »3000
"Red Beds” period sandstone, siltstone, and clay-
stone with included sections of
fanglomerate containing gray
calcareous pebbles
Basement rocks Precambrian None on plant Hornblende gneiss, chlorite- Small Many
of the Slate and Palezoic hornblende schist, lesser thousands

Belt and
Charlotte group

eras

amounts of quartzite., Covered
by saprolite layer derived from
basement rock.



TABLE 14

Gealogic-Hydrologic History of the SRP Region

Yeara Ago,

Age Millicna Teatonice Topography Geologie Avtivity Eydraiogy
Permian 23u-280 Appalachian orogeny . Mountainous. At surface, evosion; at Mounttain streams.
depth, metamorphism and
i1gnecus intrusions.
Early w215-230 Possibtle waning phases Mountainous - At surface, erosion; at Mountain streams.
Triassic of Appalachian cropeny. depth, possible late
igneous intrusions.
Middle 200-215 Quiescent . Froded to moderate relief for seve- Evasion. Streams on moderate
Triassic ral hundred to perhaps a thousand relief
feet. This surface is préserved at :
the base of the Dunbarton Triassic
basin.
Late 181-.200 Development of surface Basin and range mountains and adja- Erpsion in highlands. De- Warm climate; precipitation
Triassic sags Teceiving depesi- cent valleys. Great relief; prob- position in valleys con- in mountains; evaporation
tion, Major normal ably several thousand feet. current with down-faulting. high in valley; high energy
fault {trending NE-SW) Steep fault scarps and cliffs. Mudrock flows of boulders streams at times of flooding
of large displacement and mud near valley margins, and during renewed fault
outlining basins of de- Conglomerate of coarse movement, Streams choked
position. Possibie angular rock fragments with sediment, Extenszive
nprmal faulting perpen- (metamorphics) embedded in flood plains. Little re-
dicular to axis of basin. mud and sand. Some second- working of previously de-
HNa cvidence of this in cycle rack fragments of posited material as sedi-
the exploration of the Triassic rock., Muddy sand- ment supply was always
Dunbarton basin, Lvi- stone, Mudstone. Rock plentiful,
dence is from other fragments are geniss and
Triassic basins, schist. Sand is arkosic
with abundant fresh feldspax.
Longitudinal normal Lake deposits and coal are
faults and oblique present in other Triassic
fauits. basing. Not discovered so
far in Dunbarton basin,
Possible injection of Fassils include land plants
igneous dikes and possi- and dinosaur footprints in
bly sills. In the Pied- other basins. No fossils
mont, the dikes follow found in Dunbarton basin,
the trend of the cross- Worm borings plentiful’ in
faults, NW-SE. some places,
Larl.
Jura-sic n165-181 Possible injeetion of Decreasing relief as mowntains were Erosion in highland; possible Dscreasing gradients on
igneous dikes. Possi- worn down. deposition in remaining low streams as Tectonic
ble waning phases of places. attivity quieted,
fault-block movement.
Middle “w]50-165 Broad uplift of entire Moderate Telief Erosion of perhaps a few Moderate gradient streams .
wrassic thousand feet of crysta]line_
and Triassic rock owver entire
region
Late 135-150 Quiescent. Flat plain. Erosion to peneplain with Low gradient streams.
Jurassic only 30 to 40 feet of local
relief,
Early 100-135 Quiescent, Flat plaim. Chemical weathering of sapre-  Climate warm and humid;
Cretacecus lite clay on crystalliffe rock very low gradient streams,
and illite to mentmorillonite
clays on Triassic rock., Soil
formation,
Uplift pulse in Low relief, Deposition of coarse quartz Streams eroding in Piedmont,
Appalachians. gravel imbedded in sandy depositing on present SRP
clay. Now semiconsolidated, s_te and to SE.
Up to 100 feet thick.
Late 63-~100 Quiescent. Low relief; peposition of kaolinic clay, Siream gradients low.

Cretanceous;
Tusci loosa

Formation
Uplift in Appalachians,
tilting of Coustal
Plain
Quiescent.
Uplift in Appalachians;
tilting of Coastal Plain
Uplift of Coastal Plain.

LEilenton Quiescent.
Fornation

Occasional swamps.

Deposition plain.

Low relief,

Deposition plain.

Rolling.

Plain,

about 30 ft thick; wccasional
lignite deposits.

Deposition of medium to coarse

well-sorted sand, Cut and

Drainage disrupted.

Meandering braided streams

fill lenses, about 250 fr thick.

Deposition of kaolinic clay,
about 50 ft thick,
lignitic deposits.

Deposition of mediun and
fine well-sorted sand.
and fill lenses, ~250 ft
thick.

Cut

Erosicn.

Deposition of quartzose
sand and lignite., Deposi-
tion of lignitic clay.

Dccasional

Low stream gradients.

Meandering, braided
sireams.

Low to moderate gradient
streams.

Streams meandering through
vegetated landscape.
Swamps .



TRBLE 14, Continued

Fears: Ago,
i

&

TlanT e

Fuleocene B3-03 u
tilting of coastal
plain,

:spent ), pethaps

“apngraphy

Gently emergent plain or
gently scbmergent plain,

Geplogic Aetivity

Perhaps gentle erosion;
perhaps some marine
depesition; but if so, the
deposits were subsequently
eroded,

Hydrology

Paleocens deposits in South
western Georgia indicate
marife deposition. If the
sea covered the Savannah
River plant area, it is the
first incursion of the sea
for which any indication
exists since late Paleozoic
time. However, this area
may have been a site of mild
erosion during Paleccene
time,

tient1ly emergent
or submergent plain.

Perhaps gentle erosion;
perhaps some marine
depesition; but if so,
the depusits were subse-
quently eroded,

Lower Eoceme deposits in
South Georgia indicate
near-shore deposits,

Submergent,

bmergent.,

Submergent .

Deposition of fine to
medium glauconitic sand
interbedded with greenish-
tan clay.

Erosion.

Deposition of medium ta
coarse limey sgnd

First indisputable evidence
of a marine invasion since
late Paleozoic time,

Fresh water streams.

Marine, near-share.

bFarly 51-58 (iiescent; perhaps
Fucene tilting of Coastal
Flain .10 ft/mi .
Milgle ad- il
[ovene
Cangaree Some 11l of
FOTTAT On Coastal I'lawn -
Uplifr
HcBean ST wadry .
___Formatinn -
Late 3u-dd Uplaft and talting of
Locene coastal blain ~10 fr/mi
Rarmwe | | Newin-wa s -

FoTmation

Energent .

Submergent

Erosion.

Deposition of sandy lime-
stone near shore.

Fresh water streams.

Estuariné.

tiently emergent or
submergent plain.

lergent

Perhaps gentle erosien or
perhaps marine deposition
of sandy limesteone; but if
so, the deposits were subse-
quently eroded.

Erosion.

Marine,

Fresh water streams,

Prubably emergent.

Emergent .

River or estuarine
deposition.

Erosion,

Fresh water stream
or estuaries,

Fresh water streams,

EmeTgent .

Frincipally erosion but
spme alluvial deposits.

Fresh water streams,

Sligocene o5
Uplift
Mingene; Quivscent .
Hawthorn
Format;on
uplifr .
#liocene k=13 Uplifs .
Plelstacene; $.01-1 Quiescent .
Hazelhurst
turrace
toharie
ferrace

Sunderland
Terruce

Gketfenokes
lerrace

rlcumico
Terrace

ShoTeline at elevarion
270 ft above present-day
sea-level.

Shoreline at elevation
215 ft above present-day
sex-leyel.

Shorcline at elcvation
170 ft above present-day
seia-level -

shoreline at elevation
145 ft above present-day
sea-level

Shoreline at elevation
100 ft above present-day
sea-level.

Deposition at shoreline
and below, erosion else-
where.

Depositien at shoreline
and below; erosion else-
where,

Deposition at shoreline
and below; ernsion else-
where,

Deposition at shoreline and
below; erosion elsewhere-

Neposition at shoreline and
beiow; crosion clsewhere.

Sea water covered Savannah
River valley and much of
present SRP site, but high
areas stood as islands.
5hallew aquifers and Tusca-
loosa Formation invaded by
salt water, but much of the
Tuscaloosa squifer north
and east of SRP arez re-
nained fresh.

Sea warer covered Savannah
River Valley and much of
present SRP site, but fresh
water head was high emough
te flush salt water from
aguifers down to the McBean
Formation and to flush some
5alt water from the Tusca-
lposa aquifer,

Fresh water head is now
sufficient to flush most
of all aquifers.

Fresh water head is now
sufficient to flush salt
water from all parts aof
all aquifers.

fresh water continues to
flush aquifers.

Kecent 0051 Nuiescent.

issection by creeks.

Erosion,

All Coastal Plain zquifers
are flushed witi fresh
water, Crystalline met-
amorphic rock perhaps not
completely flushed; Triassic
basin acts as isolated sys-
tem,



TABLE 15

Analysis of Leach Solutions from Ground Rock®P

DHB 6 DRB 10 DRB 10  DRB 10

Ion or 1464 fi DRB 4 1243 f¢ 1243 ft 3087 ft DRB 3
Element 1 2 1903 ft Sandetone Mudstone Sandstone 1272 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 .8 7.0 1.4
s0z* 200 290 1.0 3.8 9.6 9.6 5.8

Si 17 200 1.0 2.8 17 14 28

a. Samples were ground and sieved to less than 177 um. 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 um filter,
and the filtrate was analyzed by spark source mass spectrometry.

The sample from DRB 6 was run in duplicate as a check on the technique.

b. Concentrations of ions reported as mg/l.

- 92 _



£6 -

TRBLE

Selected Analyses of [ffervesced Gas from Wells in Crystalline Metamorphic Rock

Crystalline
Rock:

DHE 2

BB 5

IRE &

DRE 7

Tuscaloosa
Farmation

Date cf

Collertiun

HESCH
3724767

A7 Lo
54363

5/1/6%

"5/7 to

5710463
1N/79/62

Wzl te
1724762

1432 te
1/23/63%

1423 to
V24463

b/ 2T{03

wWater Hensued,

guid

F300
35MHM)

235, 000

229,090
26,000

840,000

L 020,000
940, 000
1,020,000

000

Very large

Fumping Conditions
at Timg of Sampling

Pumped at

.6

hour each day

Continuous
days
Continuous
Continuous
for 3 days
Continuous
28 days
Continuous
3 days
Continuous
2 days
Cantinuous
3 days

at

at

at

gpm for about 1
for 8 days
2 gpm for 3

2 gpm for 1 day
average of & gpm

20,5 gpm for
20,5 gpm for
2.5 gpm for

20.5 gpm for

Pumped at 2,4 gpm fer about
1 heur every 3 days over a
period of 1 month

Continuous; aboyt 1000 gpm

Water Con-
duetivity,
umhag

4300
4800

3000

4000

8000

Sumber of

Sarples
Averaged

2. Total guantity of water removed from well from completion of packer tests to time of sampling.

Sas Bvolved
through Sempler,
mlrgas) /liter{H:0)

9%.00
41,74

91.00

94.6

94.7

91. 32

93.20

.09

Helium

1.49
1,41

<0.01

Hydvagen Qwpgen

1.19
4,08

Carbon

dlorid

<0
=001

<0.01

Larian
Ny

F

.5
L

<0, 01

<0l

4L

<0.01

<001

Feliwn Soolved
From Hatep,
mi Hefliter K0

0. 158
.ara

D036

L oawi Nemarks

SRL
SRL

SRI

Bu Mines; hydrocarbons, 0.0 mol %:
hydrogen sulfide, 0.0 mol %.

SRIL

SRL

SKL

Bu Mines; hydrocarbons, 0.0 mol %.
hydrogen sulfide, 0.0 mel %.
Bu Mines

SRL

SR



TABLE 17

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

Gas .

Helium
Argon
Nitrogen
Oxygen
Hydrogen

Volume, cc at STP per Liter of water

- 94 -

from Water from Gas Sample Total

Sample Collected Collected at Caleulated from

Under Pressure Atmospheric Preseaure Gas Sample

DRB 6 DREB & DRB & DRB 7 DRB 6 DRB 7
8/16/71 8/28/71 1/23/83 8/27/63 1/23/83 6/27/83
0.50 0.57 0.036 0.036 0.058 0.06
0.40 0,43 0,0066 0.16 0,45 0.64
18,0 20.9 0.546 12.8 13.3 25.6
0.50 0.79 0.006 0.19 0.29 (.58
0,071 0,011 0.0018 0.82 0,058 1.9

a. Data from Handbook of Chemistry and Physics.!®

Equilibrium
with Normal
Atmoaphere®
0.00004
0.375
13.7
7.14
0,002
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TABLE 18
Analyses of Pore Water from Tuscaleosa and Triassic Rock Samples*

Method of Elemental Concentration, mg/l

Well Farmgtion Depth, ft Anglysis Mn Cu ¥ Al Mg
R Tuscaloosa 6£95.5-699.4 a 4.3 <0.2 1.003 0.020
{above :
crystalline rock) -
] 6200 180
Pgi Muscaloosa 710.2-713.0 a 0.3 <0.2 0,006 - 13
{above N
crystalline rock) “ 110
e 91
BRE 10 Tuscaloosa 1126.4-1122,5 g 0,12 <. 2 0.01 - 3.8
{fabove -
triass.c rock) o
e 100 18
DRE 10 Tuscaloosa 1149.3-1151.6 a 0.005 <0.2 Q.003 G.003 4.5
(above .
Triassic rock} =
a <10 13
DRB 10 Triassic 1184,0-1186.4 a 0.01 <0.2 0.01 0,13 3.6
&

i+

50 15

a. Neutron activation
{.  X-ray fluorescence

o. Atomic absorption

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

e
470

830
560

130
170

44
110
5%

35
60
37
24
30
23

Na

75

100

280

120

120

120

130

70
46

40
56

50
61

20
28

cl

40

130
170

120
190

60
20

90
120

Br

0.6

50y

3000

780

220

90



TABLE 19

Analyses of Dissolved Gas in Water from Triassic Rock

Congentration, mol %

DRB 6 (erystalline rock
for comparison)

Effervesced Gas ALl Gasb

Constituents June 23, 1963 June 1871
Carbon Dioxide 0.2 -

Argon 1.1 2,0
Oxygen 1.0 3.0
Nitrogen 91.6 92.3
Acetylene - -
Methane 0.03 -
Helium 6.0 2.5
Hydrogen 0.3 0.2
Total, cc(STP} per 0.6 21.1

liter of water

a. Average of three samples.
b. Average of two samples.

¢. Not determined.

DRB 10

Effervesced Gas®
Feb. 87, 1978
0.023
0.475
0.008
32.68
0.015
0.098
0.285
66.15

a4

DRB 11
Effervesced Gasb
Feb, 27, 1872
0. 005
0.815
0.245
93.131
0

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

Water Injected, gal

Well Upper Zone Lower Zone Total

DRB 1 300,000 25,000 325,000
2 - 3,000 (3,000)
3 290,000 - 260,000
4 290,000 20,000 310,000
5 400,060 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 milliom 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.

Injection Swabbing Tests, gal Net, gal

Well Dates Tests, gal Injected Removed Injected  Removed
DRB 1 5-61 2000 2000
DRB 2 11-61 200
3-21-62 to 4-5-62 20 1500 1300
DRB 3 10-61 and 12-61 500 .
3-1-62 to 3-15-62 0 5700 5200
DREB 4 12-61 800
12-61 to 1-15-62 ' 1600 2000 400
DRB 5 9-5-62 to 9-7-62 3800 3800
DRB 6 6-12-62 to 6-12-62 6300 6300
DRB 7  6-7-62 to 6-12-62 500 1700 1200
Totals 3500 2120 21,000 2400 17,800
Net 15,400

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



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

Gallons
Aetivity Well Rate of Zone Pates Removed Injected
Pumping Test DRB 3 Upper Zone 4-25 to 5-10, 1962 200,000
DKB © Lower Zone 10-12 to 11-12, 1962 930,000
Helium testing DRB 2 Insignificant 5-17 to 5-24, 1963 3,500
DRE 3 3 days @ 5 gpm 4-26 to 4-29, 1963 26,000
3 days @ 2 gpm 4-30 to 5-3, 1963 9,000
DRB 5 3 days @ 6 gpm 5-7 to 5-10, 1963 26,000
DRB 6 3 days & 20.5 gpm 1-21 to 1-24, 1563 90,000
DRB 7 Insignificant 5-27 to 7-18, 1963 5,000
To convert water DRB 4P 4-16 to 4-17, 1963 308
in well to fresh
water DRB 4C 4-16 to 4-17, 1963 1940
Dyetracer
injection DRB 5 10-10-62 w2750
Totals Y 1,350,500 4998
~1.3 million 45000

D. ?stimate of Water Injected and Removed during Geophys-
ical and Packer Tests (February 13 through June 11, 1964)

] Gallons

well Datea Injected Removed
DRB 2 2-25 to 3-16 14G0

6-8 100
DRB 3 3-4 to 3-5 800

6-3 700
DRB 5 3-8 600

3-13 to 3-18 21,500

4-20 to 5-13 5100

6-6 to 6-10 17,000
DRB 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



Estimate of Water Injected and Removed during Tritium Tracer Test, Long-Term

Pumping Test, and lrilling of Wells between June 1962 and December 1970

Activity

Tracer Test

lrilling

Carbon-14 sampling
Drilling
Hydrofracturing
Drilling

Packer sets
Sampling

Carbon-14 sampling
Pumping test
Carbon-14 sampling
Drilling

After completion
Packer testing
Water removal
Carbon-14 sampling
Drilling

Packer testing

Uates

7-22-64 to 8-27-66

9-12-67 to 9-22-67
65-1-70 to 12-14-70
10-18-67 to 11-6-67
12-12-07 to 12-17-67
11-22-67 to 12-1-67
1-14-68 to 4-30-69
10-30-69 to 11-24-69
3-10-70 to 4-29-70
8-7-68 to 10-1-69
12-17-69 to 5-27-70
6-2-69 to 6-21-69
6-21-69 to 6-22-69
3-23-70 to 4-1-70
6-25-70 to 7-21-70
7-21-70 to 8-21-70
7-8-69 to 7-18-69
4-4-70 to 5-11-70

Well
DRB
DRER
P6R
P6R
P7R
P7R
P8R
P8R
P8R
P8R
DRB
DRB
DRB
DRB
DRB
DRB
DRB
DRB
DRB

5

o WY g o o 0 o o v

Gallons
Injected Hemoved
8,220,000
8,540,000
3,000
10,440
100
7,000 5,650
3,500
1,009
8,250
4,090
?,375,000
2,452,000
33,600 354,000
144,000
2,006
377,300
8,800
13,000
1,000



F. Estimate of Water Injected and Removed from Bedrock Exploratien
Wells (January 1971 to June 1973)

Aetivity

Drilling

Intermittent sam-
pling and leaks

Drilling
Drilling
Gas sampling

Gas-sampling

After completion
of drilling

Drilling

Logging and
testing

Flow test
Flow test
Sample collection

Valve repair

Dates

5-1-71 to 7-31-71

9-30-71 to 3-1-71
6-10-71 to 6-14-71
6-27-71 to 7-14-71
6-12-71 to 6-28-71

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

7-4-72 to 7-5-72
7-22-72 to 12-14-72

12-14-72 to 12-21-72
12-21-72 to 1-22-73
2-21-73 to 3-15-73
4-23-73

6-1-73

- 100 -

Well

DRB 10

DRB 10
PSR
P11R
DRB 6
P6R

P12R
DRE 11

GCallons

Injected

Removed

5160

1360
1600

600
3500

1100
600
300

1100

1500

640
5356

500
3230
2315

20
2
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