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ABSTRACT

The Capital District area of New York was explored to determine the nature of
a hydrothermal geothermal system. The chemistry of subsurface water and gas,
the variation in gravity, maghetism, seismici{y, and temperature gradients were
determined. Water and gas analyses and temperature gradient measurements
indicate the existence of a geothermal system located under an area from
Ballston Spa, southward to Altamont, and eastward toward Albany. Gravimetric
and magnetic surveys provided Tittie useful data but microseismic activity in
the Altamont area may be significant. Efght wells about 400 feet deep, one 600
feet and one 2232 feet were drilled and tested for geothermal potential., The
highest temperature gradients, most unusual water chemistries, and greatest
carbon dioxide exhalations were observed in the wvicinity of the Saratoga and
McGregor faults between Saratoga Springs and St:henectady, New York, suggesting
some fault control over the geothermal system. Depths to the warm fluids within
the system range from 500 meters (Ballston Spa) to 2 kilometers (Albany).
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SUMMARY

Exploration for geothermal energy in the Capital Bistrict of MNew York has
defined an area of anomalous natur'a}) geothermal heat which\ encompasses much of
the Capital District. A minimum 20 C/km tempera ture gradient goes as far
south as Altamont and a broader 20 C/km or greater gradient extends north of
 the Mohawk River to Ballston Spa. Temperature gradfents may be as high as
42 C/km with & heat flow as high as 2.35 Heat Flow Units. The anomalous
 heat is mostly within a much larger area of carbon dioxide-rich brines which
extends from the Albany-Schenec tady area northward to Glens Falls. The brines
contain about 20,000 ppm (parts per miliion) total dissolved solids, largely
sodium chloride, in the Albany-Schenec tady area. {as compared to less than 5000
‘ppm to the immediate south). Toward Saratoga springs the total dissolved solids
‘concentration lessens,. probably in response to pumping of these fluids for..
commercial uses. North of Saratoga Springs the'_'jcarbon dioxide brines become
depleted 1in chlorine and enriched in potas‘si'um' and bicarbonate to become
sodium-potassum bicarbonate. brines. Heat appears to move with the carbon
dioxide and 7largely along fault zones and wi thin permeable zones in the Galway
‘and Little Falls dolomites. The 1qcation of the.;sdur'ce of i:he carbon “dioxide, -
heat, and sodium chloride 1is not known, fbu-tfevidence_points to- the westem
Albany or Westmere area as most Tikely. ' -

~ An exploration well gr_iﬂed in the town of Ballston lake has a -measured
" temperature of 25.3°C at 711 meters (2332 -_fféé:t). Samples of the water
' contained about 16,000 to 17,000 ppm total dissoived soldds and. were highly
| - carbonated. “Because ' of its high salini¥y, suc;ti"'fwater, once heat is extracted,
. __ﬁ should be returned to the aquifer in a re1n:]e'cﬁ ' ?weﬂ, i.e., deVeIOpment‘ of
©. the thermal resource should require at least mfé alls. o |

- Large quanti ties of shallow heat which are notirelated to the natural - geothermal
“system have been observed under the urban areas of the Capital District. Such
~heat is manifested in ground-wa ter with temperatires that are as ‘mich as 5C
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o .
9 ¢ for rural areas. The heat buildup

obable resutt of the insulating
"urban

W 1106 higher than the normal
extends as much as 130 meters deep and is & pr
and heating effect of buildings. This heat, which has been calied the
effect,” §s available in the Capital District as well as many other

urban areas. Further investigation into the extent and use of this resource fis
indicated. '
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Section 1
INTRODUCT ION

INTRODUCTORY STATEMENT

This report is written to complete the requirements for the third phase of
exploration for geothermal resources in the Capital District of New York, [t
follows the second phase report submitted by Dunn Geoscience Corporation (DGC)
to New York State Energy Research and Development Authority (ERDA) and the
United States Department of Energy (DOE) dated September 4, 1980, in which the
results of expanded geochemical sampling, thermal gradient measurement, and
geophysical exploration programs were discussed. Phase II concluded that direct
evidence of a geothermal system was indicated by an area of thermal gradients
ranging from two to0 four times a background value. of approximately 10 C/km.
Geochemical and geophysical data produced during the project provided additional
supportive indirect evidence. The Phase III contract between DGC and ERDA s
titled ‘'Exploration and Drilling for Geothermal Heat in the Capital District,
New York," and dated May 15, 1982. ERDA entered into a contract with DOE, and
funding was provided through these agencies. A similarly funded related
research contract to conduct seismic studies was negotiated with the New York
State Geological Survey. |

PERSONNEL

The project geologist for this program was Margaret R. Sneeringer, who was
responsible for organization, coordination, anﬂ operation of the field progranm,
data reduction, -and report preparation.. Dr. James R. Dunn was Senior Project
“Advisor, and helped 1in data interpretation and modeling. George M. Banino was
the Financial Advisor, and William E. Cutcliffe was the Senior Technical Advisor
- for _the project. Staff Geologist W. Konrad Crist was the primary f1eld and
computer geologist, and the Acting Project Geologist toward the end of the
‘project. Several other DGC geologists were involved in the field prugkam; but
in particular, Gretchen R. Rich, Richard L. Mead, and Daniel P. Fenno should  be
noted for their participation in the program. Michael Makgymik, part of the
Technical Staff, was respansible for coordination and {mplementation of the site
restoration program. |
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Geochemical analyses of water samples were performed by Health Research, Inc.,
a division of the New York State Department of Health, under the direction of
Robert Weinbloom. Electric Togging of the 2322 foot well was conducted by James
Nakao of the Syosset, New York, office of the United States Geological Survey.
Conductivity measurements of chip and core samples . from wells drilled during
this project were performed under the direction of Dr. Dennis Hodge at the State
University of New York at Buffalo. Electric well Tog interpretation was done
primarily by Mr. Boyd Brown, an Associate Geologic Consul tant to DGC.

PURPOSE

This work has been the third phase of an exploration program evaluating the
geothermal potential of the Capital District of New York. It was intended to
further define the shallow thermal characteristics of the system by continuing
the geochemical and thermal gradient measurement programs and by a shallow to
intermediate depth drilling program. This work was intended to provide
sufficient information to select a site and drill an approximately 2000-foot
exploration well at a potential use site. The purpases of the 2000-foot well
were to:

. test the data derived from the shallow drilling project;
. determine the variations in geothermal gradient;
’ determine the existence and location of the geothermal aquifer,

«  help determine the viability of the geothermal system as an energy
source for the Capital District.

SCOPE

This phase of the exploration program has included an expanded water sampling
program for silica, pH, and temperature determinations on water from active
domestic wells, and a continuation of the thermal gradient measurements in
abandoned water wells. All geologic, geochemical, and geophysical data were
combined to provide a sound basis for the selection of shallow (400 to 500 feet)
well sites  to £111 in holes in data and to confirm existing data. Information
gathered from the shallow drilling program, and from previous work was used to
select a site for a ZDbO—foot well, which was then drilled and evaluated through
water samples, a variety of well logs, snd modeling to provide insight into the
geothermal system as a potential energy source at a variety of 1locations,
depths, and conditfons. '
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Section 2
GEOLOGIC SETTING

STRUCTURE

The area of geothermal interest lies on the flank of a major basinal structure
that extends far to .the south and west .and becomes the Appalachian Basin.
Shelf-iype sediments lap onto the structurally complex 1{gneous and metamorphic
rocks of the Adirondack Mountains to the narth, and rapidly thicken to the south
and west. The basinal rocks are undeformed except by faulting west of the
Capital District, but are both folded and faulted east of the central Capital
District largely because of the westward thrusting of the metamorphosed lower
Paleozoic rocks of the Taconic Mountains. The Taconic front, or thrust edge,
passes approximately north-south just east of the Hudson River. Faults in the
basin trend from north-south to northeast-soutiwest with the major faults fading
out to the south. A particular fault system, including the MacGregior-, Saratoga,
and Ballston Lake faults, cuts through the area of geothermal interest, and
appears to control the deep movement of geothermal fluids {see Figure 2-1).

STRAT IGRAPHY

Following is a very brief review of the stratigraphic units observed in ~the
basin: )

Precambrian - A precambrian basement consisting of metamorphic rocks one to
“two billion years old underlies the sedimenfa_ry_ basin of the central Hudson
‘Yalley. Where exposed in the Adirondacks to the 1imnediate northwest, the
Precambrian consists of calcitic and_do1omit1¢ marbles, quartzites and various
metaclastics, as well as granftic and syenitic gneisses. Anorthosites and
gabbros form the core of the Adirondacks. ' '

Cambrian - The lowest sedimentary unit is the Cambrian Potsdam sandstone and
basal conglomerate which unconformably over'l'les.'thé basement rocks. The Potsdam
may be up to 100-feet thick, but is extremely variable because {1t was deposited
- on a hilly erosion surface. The Potsdam is overlain by the Cambrian Theresa



A~ Mo Gregor  Foult

B~ Sorcloga Foult _
¢~ Soratoga- Balision Loke Foult
D~ Motfmans  Foult

Fault Trace

‘Figure 2. Major Faults Within The Capital District-
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Formation (equivalent to Galway Formation), an intermixed sandstone and dolomite
sequence.

Cambro-Ordovician to Ordovician -~ The Beekmantown Group, an irregular
thickness of dolomites interfingered with 1imestones and sandstones, overlies
the Theresa Formation. The Beekmantown formations in this area are, from the
bottom up, the Little Falls, the Tribes Hill, and the Chuc tanunda Creek which
are largely dolomites. The thickness of the Beekmantown s variable because of
erosion at the regional Knox Unconformity surface which forms its upper contact
and because it wedges out against the Adirondacks. The thickness varies from O
to the north to 766' at the 2300-foot well ‘drilled in this program.

Middle to Late Ordovician - Above the Knox Unconformity 1lie the Black
River-Trenton 1imestones, which are more than 100 feet fhick at the Glens Falls
area. The limestones are overiain by the thick series of shales, sil{stones,
and minor sandstones of the Canajoharie/Utica and Snake Hill Formations., The
Snake|ﬁ11l Formation consists of the Schenectady, Normanskill, and Austin Glenn
members., This sequence is poorly understood because of glacial cover, the
depositionally transitional nature of the unfts, and the complicating factor of
being ]arge1} covered by alder rocks of the Taconic thrust fault sheet or
allocthon, The shales are known to have a possible maximum thickness of 3500
feet in this area. )

Early Devonian - The Helderberg Group, a series of limestones and cherty units
seen as a prominent c1iff face known as the Helderberg Escarpment, overlie the-
Ordovician shales above the Helderberg Group. . The overlying sandstones and
shales of the Devonian Catskill Delta Complex occur to the south and southwest
of the Albany area. The early Devonian occurs at the southern edge of the
Capital District study area. .

Very little deep drilling has been conducted 1in-'the Capital District area,
and,  therefore, the actual stratigraphy is poorly known. Stratigraphfc
information was obtained for two holes (Smith and Julick) drilled to basement by
- NL Industries, and used in estimating strat1gréph1c thicknesses for the dri]11ng
' program., Also avallable was deep stratigraph{c information for - a gas
exploration well drilled fn the early 1930's in.Altamont, which did not reach
basement but did penetrate. the carbonate rocks. The stratigraphy of these wells

is Tisted in Table 2-1.
Y




TABLE 2-1
STRAT IGRAPHY FOR THREE CAPITAL DISTRICT WELLS

Smith Well*

Depth Formation
0 - 35 Overburden
35 - 1065’ Canajoharie/Utica Shale
1065 ~ 1144° Trenton Limestone
1144 . 1317 Chuctanunda Creek Dolomite
1317 - 1648' Tribes Hi1l Dolomite
1648 - 1894° Little Falls Dolomite
1894 - 2062' Galway Dolowite
2062 - 2086' Potsdam Sandstone
2086 - 2094' Basement

Total Depth - 2094’

Julick Well*

Depth Formation
0- 19 Overburden
19 - 233’ Chuctanunda Greek Dolomite
233 -~ 489' Tribes Hi11 Dolomite
489 ~ 740' Little Falls Dolomite
740 - 9271' Galway Dolomite
927 - 989' Potsdam Sandstone
989 - 996 Basement

Total Depth - 996'

Devenpeck Well*

Depth. Formation
0 - 2956° Canajoharie/Schenectady Shale
2956 - 3012' Tribes Hi1l Dolomite
3012° Little Falls Dolomite

Total Depth - 3012°

*smith Well located Just south of Ballston Spa
- *Julick Well located Just west of Saratoga Springs
{Personal communication - Jon Broderick)

*Devenpeck Well located in Al tamont
- (N.Y.S. Geological Survey Bulle'in #295)



The locations of these wells are shown on the location map (Figure 2-2), and a
sketch cross-section (Figure 2-3) shows the estimated subsurface geology from
north to south based on the data from these wells.

During the lower Paleozoic,a deep sedimenyary basin existed to the east of
Albany 1in what 1is now the Hudson Vallgy. These sediments are different from
those in the Saratoga-Altamont area. Faulting and folding also occurred during
and after deposition of these sediments causing the depositional sequence to be
made more complex. The Taconic overthrust faulting later carried older rock
from the east over the younger Hudson :V¥alley rock further complicating the
present sequence east of Albany. Recent seismic work and possible future
drilling for gas may yield much needed informatfon of the rocks found in the
Hudson Valley. {iearly, considerable caution should be employed when using the
above stratigraphic information beyond the geographic location of each well,
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Figue 2-2. Location Map Showing N-S Section Line
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Section 3
GEOCHEMICAL AH&LYSES

INTRODUCTION

Initial interest in the possibility of a geothermal system 1in the Capital
District area was sparked by the unusual CHémstry of the carbonated waters at
Saratoga Springs coupled with the presence of low temperature warm springs at
Lebanon Springs. The earliest investigators who considered the origin of
Saratoga waters thought that the carbon dioxide had a thermal origin. However,
the absence of a source of heat was an obstacle to acceptance of this origin,
because- such waters throughout the world are generally assocfated with 1gneous
or metamorphic act1 vity. No other explanation has been suggested and the waters
have remained as an enigmatic scientific curiosity. The initial phases of ‘the
current geothermal exploration began with an investigation into the chemistry of
the system to determine whether clues to the origin of the waters could be found
by first applying modern geochemical analysis and interpretation.

PHASE I, REVIEW OF GEOCHEMICAL STUDIES

Water samples from 38 springs and wells 1in the vicinity of Saratoga Springs
were analyzed for a large suite of elements {see Appendix A) to determine the
macro~ and micro-chemical character of the system and the extent of the
carbonated saline waters. The different waters were grouped according to
chemical similarity and spatial relationship, and five basi'c types were defined.
These groups included the highly carbonated saline waters typical of Saratoga
Springs, a sodium bicarbonate water occurring to . the north, essentially
uncarbonated saline water occurring to the south, sulfate-bearing water, and: '
relatively pure ground waters. The thermal spring water at Lebanon Springs Was
also analyzed, and found to be essentially normal ground water that apparently
had circulated to great depth from a ground—wé'ter recharge zone at a 'h1gher'
elevation to a discharge area at a lower elevation. Geotogic condi tions as well
as the geochemical nature of the water at Lebanon Springs indicated that a
different process was atwork and that the two systems are probably {ndependent
of each other, ' |



A fairly large amount of effort was expended in characterizing the different
water fypes in an attempt to determine the source of the waters. In addition to
the extremely large wvolumes of CO_ exsolving from the Saratoga area water
indicating a possible heat source, the geochemical analyses picked up anomalous
concentrations of silica (S10 ) in several of the samples. Silica 1s a well
recognized geothermal indgcator since only two variables govern its
concentration in solution; high pH (>11) and high temperatures. As the waters
with silica anomalies were neutral to acid, it seemed that high temperature at
depth could be the controlling factor for getting silica into solutfon.

Several other types of analyses were performed on select samples including
hydrogen, oxygen, and carbon isotope analyses. The analyses were performed by
Ivan Barnes and Y.R. 0'Neil at the U.S. Geological Survey in Menlo Park,
California. The hydrogen and oxygen data, summarized below, indfcate that the
water in the Saratoga system is largely of meteoric origin although it may be
fairly old. Hydrogen and oxygen data also suggest that the saline component of
the water is connate {or of the formation) in nature, rather than derived from
sea water as dissolved evaporitic salts. The carbon isotope data fndicated a
thermal origin for the carbon dioxide, but the exact source, i.e., metamorphic
or igneous, is uncertain.

TABLE 3-1
ISOTOPE ANALYSIS

Sample ) 5180 Carbonate ppt. o, gas
Hathorn #3 - -64.2 - 9.22 + 57 ~5.03
Orenda -63.6 -10.39 + .60 -5,15
Big Red -65.9 -10.36 ' -3.92 -6.84
Bennett Well -79.0 12,10 ~4.35 ~7.55
Martin Well -90.4 -13.26 -4.91 _ ND

$ = isotope fractionation ratio in sample; expressed 1in parts per
thousand (per mi1) ¢ifference reiatgon to the standard

D = deuterium isotope uf hydrogen
18O = oxygen isotope mass 18
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gas analyses were also performed by Dr. Barnes. These analyses confirmed that
carbon dfoxide (CO )} is the dominant gas exsolving from -the waters at
‘Saratoga Springs. Anomalous helfum was observed in two samples, Although 1t is
recognized as a common radioactive decay product, the source of the helium is
unknown,

Radon 226 analyses were also performed; and the high radon contents, some
over 350 pci/1, were found to be restricted to the Saratoga-type water. Radon,
1ike helium, is also a radicactive decay product. Both radon and helium may be
present as a result of a leaching process in which carbonated water extracts the
decay products from rocks over a large area and concentrates them in solution.

A1l these geochemical analyses provided indirect evidence of thermal activity,
and a second phase of exploration was initlated to further test - the
hypothesis.

PHASE II, REVIEW OF GEOCHEMICAL DATA

Geochemical analyses were continued in Phase [I; additionally, more direct
methods of determining whether or not a geothermal ~anomaly existed were

employed. Complete chemical analyses were performed on 29 new wells, and.
repeated on six (see Appendix A and Figure 3«1}, The waters could all be’

classified within the same five categories previously identified, and the area
of known CO - bearing saline waters was extended to Rotterdam'Junction west
of Schenectady, and east to Melrose on the east side of the Hudson River, north
of Troy. South of the Schenectady-Albany area,saline waters contained less than
5000 ppm total dissolved solids and no CO_ was observed. As the size of the

data base has increased, the c1assif%cation scheme has become less preeise.

because of dilutions and combinations of water types, along with modifications
- by wall rock reactions. Gas samples were collected at -the time of water
"sampling,-and the results are shown 1in Table 3-2. Atmospheric contamination
proved to be a serious problem, but agdin Coﬁ was shown to be the dominant
gas in saline waters.

A regional silica sampling program was begun to try to better _define the high

silica area observed in the Saratoga Springs vicinity, Water samples were

- collected from domestic wells penetrating rock and analyzed for S0 (see
Appendix B), The results were hand - plotted and contoured, and 2 de%inite,
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Figure 3-l. Location: Map For Standard Geochemical Samples
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TABLE, 3-2
FREE GAS SAMPLE COMPOSITION

Sample* Oxygen + Carbon _
Number Argon Nitrogen Dioxide Helium  Methane Ethane Propane Total

15003** 21.6%  78.0% 0.11% 4.90 ppm 26 ppm - - 99.71%'
15004** 21.4%  76.7% 0.08% 3.50 ppm 30 ppm - - 98,18%
15005*% 21,7%  77.5% 10.08% 5.18 ppm 25 ppm - - 99,28%
15006 0.41%  9.69% 62.7% 5.20 ppm  21.0% - - 93.8%

15007 0.42%  8.37%  0.23% 5,20 ppm 88.0% 360 ppm 1 ppm 97.02%
15008 2.41% 28,3% 0.29% 392.0 ppm 61,0% 142 ppm - 92.04%
15009 3.09% 13.9% 0.4% 5.80 ppm 72.2% 144 ppm - 89.59%
15011 0,93% 46.2%  40.8% 1894, ppm 41.9% 268 ppm 1 ppm 100.00%
15015 5.02% 46.8% 0.42% 4303, ppm 40.9% 183 ppm - 93.57%
15016 0.21%  8.17%  0,38%  34.77 ppm 84.3% - 1 ppm  93.06%
15017  21.7%  78.1% 0.08%2 351.4 ppm- 10 ppm - - 100.00%
15019 0.05%  1.59% 84.1% 3.86 ppm  7.37% - 15 ppm  93,11%
15025+ 22,2%  76.7%  0.13% 805.90 ppm 12 ppm - 1 ppm - 99.11%
15026** 21.3%  76.1% 2,25% 5.20 ppm 21 ppm - - 99,65%
15031  20.9%  75.9% 2.36% 1590,90 ppm 24 ppm - - 99.32%

* Last two digits of sample number represents sample numbers on Figure 3-1.

**Contaminated samples where air apparently leaked into tbntainers which
failed to seal. ‘ - '
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though slight, anomaly could be seen in the Saratoga 5prings vicinity and o
the southwest.

The continued positive geochemical indicators combined with the more direct
thermal gradient indicators led to the third phase of exploration.

PHASE I{I, GEGCHEMICAL ANALYSES

No further geochemical sampling was done 1in the third phase of exploration
except for determining the water quality for wells drilled during this project.
There was, however, some further evaluation of existing data to attempt to
identify end members of the complex mixing scheme within the basin, and thereby
identify the most 11kely composition of the assumed geothermal fluid. One end

member was identified as a non-carbonate saline water. Using the Phase I

geochemical well water data Tisted in Appendix A, some mixing calculations were
attempted. Three water fypes were used in the calculations (see Table 3-3):
saline water (Type I, identified in sample wells 13, 16, and 21 on ternary
diagrams), groundwater (Type II, averaged compositions of water from sample
wells 14, 18, 32, and 35), and carbonated saline (Type III, average of three
samples from sample well 19}, Yarying proportions of the saline waters and an
average ground-wa ter composition were mixed to determine whether any actual well
compositions . could be approximated from simple mixing of the three
“end-menbers.

These average compositions were then mixed in the following proportions:

50% I, 50% II; 50% II, 50% I1I; 50% I, 25% II, 25% iII; and 25% I, 50% II and
25% III. Of these simple mixes, the results of which are tabulated in Table 3-4,
mixing 50% II and 50% II1 fairly closely resembled the composition of well
~number 4, and the mixture of 25% I, 50% II, and 25% III, somewhat resembled the

‘composition of well number 5. These calculations indicate that the mixing of.

subsurface waters involves at Tleast three members, and although the
carbonated-saline member can be approximated by the composition of well number
18, it is still apparent from actual concentrations of cempounds and elements in
the water, that 1t also is a mixed water.

Wall rock reactions may also affect water composition to varying degrees, It

is well known that dissolved CO_ attacks feldspar and releases sodium

2



TABLE 3-3

AVERAGED COMPOSITIONS FOR ASSUMED END-MEMBER WATER TYPES
USED IN MIX.NG CALCULATIONS

Type 1 Type II Type III
Saline Water Ground-Water Carbonated-Saline Water
Alkalinity 390,000 205,500 4615,000
S0 8.100 89.000 7.000
c14 5000.000 21.250 : 6300.000
Na 2933,330 32,550 4733,330
K 31.330 26.330 71.670
Ca 88.300 24.380 583,330
Mg 31.330 0.360 333.330
Fe 3.270 0.550 29.670
PO 0,015 0.013 0.035
F ' 2.400 0.730 0.107
Br 89,330 -—— 166,670
I 22,330 0.310 10,330
B 0.753 0.350 3,070
Al 0.061 0.160 - 0.070
Li 12.330 0.080 25.670
5i0 4.870 10.830 13,670
Sr 2 . 56.000 0.100 143,330
Ba 13.300 0.650 43,600
Ts 9742.000 394,000 158300.000

Results for solids in mg/?
The results of these calculations are tabulated ih Table 3-4,
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TABLE 3-4

RESULTS OF CALCULATED MIXING OF ASSUMED END-MEMBER WATER TYPES

Alkalinity
S0
C]4
Na
K
Ca
Mg
Fe
PD4
F
Br
B
Al

LY

S0
Sr 2
Ba
T8

50% I

50% I
297.750
48,570
2510.600
1483.000
28,800
56.340
15.850
1.920
0.014
1,560
44.660
11.330
0.560
0.111
6.200
7.860
28.050
6.680
5068.000

 Solids are in mg/1.

50% Il

50% 111
2410.250
48.000
3160.600
2382,900
49.000
303.850
106.840
15,120
0.024
0.420
83.340
5.320
1.720
0.11%
12.880
12.260
71.710
21.830
9847,000
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50% 1
25% I1
25% 111
1400.130
28.070
4080.300
2658,100
24,500
196.080
99.010
9,200
0.020
1.410
86.330
13.830
1.240
0.089
12.600
8.570
63.860
28.480

9794.000

25% 1
50% II
25% III
1354.000
48,280
2835.600
1932.900
38.900
180.100
91.340
8.520
0.014
1.810
64.000
8.320
1.070
0.113
9.540
10.060
49.880
14,250
7359.000



+ + + +
(Na )}, and potassium (K ). The Hhigh Na, K and Tlow chlorine

{(c1) found 1in carbonated waters north of Saratoga Springs could result from
(1) dilution of sg]ine wa ter cgus'l_ng a reduced total salt content, and (Zl
add1t19_n‘ of '_.K , and Na from feldspars increasing the ratio of Na
and K ® CL . Feldspars are Tlocally abundant in the carbonate rocks
where the carbonated saline waters primarily occur.

SILICA SAMPLING

The Phase Il silica data indicated a rough correlation of higher silica
content of the regional groundwater with major faults, and to some degree water
temperature. The silica sampling program was expanded to 1improve coverage 1in
the area from Saratoga Springs to Schenectady and Albany, and to join the data
sets from the Saratoga vicinity and the Lebanon Springs vicinity. Analyses were
performed by Health Research, Inc., the State Health laboratory, under the
direction of Robert Weinbloom. '

Tempera ture measurements were made fin the field, and pH measured in the
laboratory upon submission of the water samples. The silica data obtained from
this program are included in Appendix B. Also included are water temperature,
pH, silica geotemperature calculated for quartz, and calculated heat flow based
on quartz geotemperatures. The formulas by which the silica gedteniper‘atures are
calculated are, for chalcedony as the equilibrium phase...

0. _ 1032 ' (3-1).
TC = T.69 - Tog & 273.15

and for quartz as the equ'IHbr'iulm phase...

0. _ 1309 ‘ _ (3-2)
TC = B.19 - Tog L 273.15 .

where C = silica concentration in mg/l. These temperatures represent the Tast
temperature at which the water was in equilibrium with the given silica phase.
It was noted that temperatures calculated assuﬁﬂng equilibrium with chalcedony
were extremely low, and n many cases negative. It is assumed, therefore, that
. the equilibrium phase with which we are dealing, is most Tikely to he quartz,
Individual -heat flow values were then calculated using the quartz
geotemperatures and the relationship T15112_= ‘mg + b, deve!‘oped by Chagdier

and Swanberg, 1978, where T/sﬂz. 1s the silica geotemperature in C, m
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o 2 -1 o
and b are constants determined m_zbe 0.67 Cm my and 13.2¢C

respectively, and q is the heat flow in mim .

The previously collected data was hand-contoured in order to evaluate the
spatial variation in silica content and to determine whether a real pattern
existed or whether the results were random over the area in ques tion. .This
rough contouring did indicate a positive correlation between s1ightly elevated
silica contents of groundwaters in the area and the major Saratoga-McGregor
Fault System, In the present research, the computer system at Rensselaer
Polytechnic Institute was used to generate the contour maps for silica date
using a program called Surface II developed at the Kansas Geological Survey.
Appendix C has a more complete description of computer techpiques.

Contouring of the silica concentrations fnvolved the entire data set including
both this year'sand last year's results. In order to avold unnecessary
distortion of the contours, the sites producing carbonated saline waters with
notably higher silica contents (>25 ppm) were removed from the data set, and
only normal groundwaters (non-carbonated, non-saline) were used in the regional
evaluation.

Sampling points for silica data are shown on Figure 3-3, and results of the
Surface II analyses of silica concentrations are shown in Figure 3-2.

Even with the removal of the highest values in Saratoga Sp'rings a strong
"anomaly remains there. A stight northeast-southwest trend can be seen in the
contours, which is generally consistent with the major fault pattern for the
area, although' the features do not exactly overlie the faults. The effects may
represent regional groundwater flow and associated mixing 1in subsurface
aquifers, and might be reflecting fracture zones not observed at the surface.

The geochemical data collected,although apparently supportive for a geothermal
system, .are not considered conclusive.
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SECTION 4
THERMAL GRADIENT MEASUREMENTS IN ABANDONED WATER WELLS

METHOD

Geothermal gradient measurements throughout the Capital District area were
made 1in abandoned water wells which generally exceeded 90 meters (300 feet) in
depth. During the second phase of the project, the gradient measurement program
was initiated ‘using a hand-constructed direct-reading temperature meter
connected with a thermistor probe through 640 meters (2100 feet) of cable. An
apparently random electrical problem developed with this equipment,
necessitating its rep1a¢ement with a Yellow Springs instruments thermistor
thermometer and thermistor probe with 610 meters (2000 feet) of cable.

_For both sets of equipment, measurements were made by wanually lowering and

raising the probe and -cable assembly fn the well, stopping at five meter
1nterga15, and making temperature reédings. Both instruments were readable to
+0.05 C. Temperature readings were made while Tlowering the probe to
minimize disturbance of the thermal regime within the base, and the meter was
calibrated at the beginning of each run.

The temperature and depth data recorded for each well were graphed to
determine the depth to which climatic conditions affected the thermal
characteristics of that well, From the point where a continuous Tinear i{ncrease
in temperature was observed, temperature and depth data were entered into a
least squares linear regression program from which the gradient and coefficient
of determinatfon (degree of fit) were calculated. These calculations were
performed on a‘HEwlettkﬁackard HP-25 progrémab]e'Cd1cUIator for Phase II, and on
a Radio Shack TRS-80 computer for Phase III.

GRADIENT MONITORING

Gradients were successfully measured in a total of 80 wells around the Capital
District area. A number of these wells were selected for remeasurement to check
suspect data collected when problems were experienced with the first temperature
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meter. Others were selected for monitoring during the course of project work

to determine ‘the reproducibility of the results and to determine if there were
any slgnificant variations in gradient during the year. This monitoring ps‘ogram
indicated no distinct seasonal variation, and a reproducibility of 1 C/km
for most wells. Some of the variation in calculated gradients may be the result
of human error, &ither in initial data collection, or in selection of the point
from which the gradients were to be calculated each time.

GRADIENT DATA

The temperature gradient data collected over both Phases Il and III for
abandoned wells are listed in Appendix D. Appendix E contains temperature
gradient data as used in the computer modeling. For each well this table gives
the reference number, name, latitude, longitude, well depth, calculated
gradient, and coeffécient of determination for each sgte. Gradients ranged from
a low of 3.63 C/km to a l'n'gh_0 of 44,33 C/km, and the apparent
background value is approximately 10 C/km for the area. Graphic
representations of measured data are in Appendix D. The well number, graphed
data, calculated gradient, date and degree of fit (0 = no fit; 1 =perfect fit)
are included on each graph. The sample number can be cross-listed with Appendix
D and E. The calculated gradients were handled using the Surface II computer
contoyring program to produce a contour map of the data {(Figure 4-1}. The lines
shown on the map represent equal gradient values, and can therefore delineate
areas showing thermal anomalies. The small crosses show the locations of the
points listed in Appendix E where gradients measured are listed. For points
where multiple gradients were measured, the average gradient value for that site
was used fn contouring. '

A large positive thermal anomaly exceeding twice background can be seen on the
map in the area to the southwest of Saratoga Springs, including Schenectady, and
extending into the vicinity of Altamont. The northeast-souttwest elongation . of
the anomaly is fairly well constrained by actual data points, however, the
northwest elongation between Amsterdam and Ballston Spa 1is not supported by
sufficient data points to be regarded without caution as representing actual
gradients for that area.

The general location of tiis thermal anomaly corresponds closely with the area
of fnterest as designated: by geochemical data, and with the presumed fluid
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transport zone along the Saratoga and Ballston Lake Faults. Other features seeg
on this map include a fairly large arvea of lower gradients (less than 18

C/km) that essentially correspond to the Hudson River Valley. The area to the
cast of the Hudson River has generally lower gradients with a few small positive
anomalies. The graphical representation of thermal gradients (see Appendix D)
‘was useful, not only for making gradient calculations, but also for observing
several natural phenomena. Seasonal temperature variations and natural solar
heating affect the temperature of the outermost portion of the earth's surface,
and the near-surface ground waters. This action involving surface warming was
exiibited on many graphs of well temperature data. The natural thermal gradient
at any given site would be expected to have its lowest temperature at zero
depth, the earth's surface, and would continuatly increase with increasing
depth, if nothing were to interfere with the normal flow of heat from the
| earth's interior. When surface warming takes place, there can actually be
either no change or a decrease in temperature with depth, to a point where the
surface heat source (warm summer air and/or solar heat) no Tonger exerts any
influence and the normal geothermal gradient resumes, The depth of this
inflection point s of importance when calculating the geothermal gradient since
a great deal of error can be introduced when trying to fit a straight Tline
through a V- or U-shaped curve, and an fnaccurate representation of the gradient
will result. '

Another natural phenomenon was observed in wells bearing carbonated or ‘"gassy"
water. At depth, the gases are held fn solution partially by hydrostatic
pressure, but when the gas-bearing water is exposed to atmospheric pressure- in
an environment such a's a wall _base_,- the gases will exsolve. The exsolution of
gases is an endothermic reaction, and the necessary heat in this case 1is ftaken
from the solvent water. Therefore, as the gases bubble out, the'water' cooTs,
and a sharp decrease in temperature can be seen for the exsolution zone near the
top of the well. The size and depth of the exsolution zone would seem to depend
on several things: the quantity of gas involved, the chemistry of the water,
and depth of the water table.
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SECTION 5
SHALLUW WELL DRILLING PROGRAM

GOALS OF DRILLING

Geochemical and thermal gradient data gathered during Phases I and II of the
expioration program provided evidence that a potentially usable geothermal
systéem existed in the Saratoga Springs-Capital District area. The available
data, however, left some Jlarge informational gaps, and in order to adequately
assess and evaluate the geothermal sysi:em, it became important to obtain
additional information. A drilling program was designed in which a series of
shallow (400-600 feet) water wells would be drilled to provide thermal gradient
information between data points. This program was designed to determine the
limits of the high gradient area, and *to p_r'o'vide geologic and  thermal
information for the placement of an intermediate (2000 feet) depth well.

SELECTION PROCESS

The well sites were initially selected by Dr. James R. Dunn and Margaret R.
Sneeringer on the basis of all geological, geochemical and geophysical data
available. The sites were disussed with other DGC technical personnel in order
to take advantage of collective experience on drill site locating and geologic
experience. The site-selection. process and drill-site locations were then

reviewed with outside experts including Henry Bailey of the New York State |
Geolegical Survey and Dr. Gerald Brophy of Amherst College and Dr. Burton Krakow -
of ERDA. Mr. Bailey, a Petroleum Geologist,'hag,-‘c'onsider'abw experience in local |
geology, exploration rationales, and the drillT site selection process. Dr.
Brophy has been 1nvolved with geothermal exploration and drilling throughout the
gastern United States and headed the_' geother'm_al exploration program for the
USDOE for the United States. Finalization of -the drilling Tocations was made .
with the approval of Dr. Burton Krakow of ERDA in a meeting at DGC offices.

EQUIPMENT AND PROCEDURE

- Formal requests for drilling estimates were sent to six Tlocal firms. W.
Gordon Goold, Inc. submitted the Towest estimate and was awarded the contract.



The equipment used was a Portadrill Model TLS rotary rig with a 2000- foot depth

capabi}ity. Nine wells ranging 1in depth from 405 feet to 600 feet were

drilled. The holes were drilled as standard water wells, six inches in

diameter. Casing was set to a minfmum of fifty feet with at least ten feet
cased into competent rock., Samples of the drill cuttings were collected for ten-
foot intervals, and a record of drilling time kept. A small amount of the drill

cuttings were washed and logged in the field, and a representative sample of

each ten-foot interval was_then bagged and returned to the DGC Taboratory where

it was washed, dried, and split, and set aside for more detailed examination,

SELECTED SITE DESCRIPTIONS

Based on all geologic, geochemical, and geophysical data, nine drill sites
were selected for thermal gradient holes. The general locations are shown on
Figure 5-1.

Welll'is on the Frederick C. Myers farm on the Sacandaga Road 1in the
Harding—Hutchinson' 'crossing area. This site 1s approximately one mile east of -
the highest gradient measured thus far, and 1ies along a northeast-southwest
linear feature that may be a fault, although no field evidence for faulting was
seen., This site i5 close to Scotia, a potentfal user area. :

Well 2, a1§o_ in the Scotia area, is on the south side of Sunnyside Road on
property owned hy Mrs. lda Piotrowski. This site is between a major fault and a
1inear that may be a fault, and was selected to help determine whether the areas
between assumed conduits {faults) are also being warmed, or whether the thermal
features will be restricted to the conduit areas.

Well 3; at the Ballston Lake Fireman's Grove, is located on or very close to
the Ballston Lake fault, an extensfon of the Sar'atoga-McGregorofauTt system. It
is about two miles south of an area exhlbiting 29 to 31 C/km wells on
opposite ‘sides of the fault, and where the fault is apparently acting as a
conduit for warm fluid.

~ Mell 4 is located in Tivoli Park adjacent to Livingston Junior High School
in Albany. Ths location is at the approximate extension of a linear segment of
the Mohawk River, over the Albany gravity high, and close to the southeastern
most occurrence of 602. It was selected because there 1s virtually no



Figure 5-I. Locmion-_-Map df Sﬁullow _"rest_'Wells.
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thermal or chemical data for this area at the present time. This site is in a

good potential user ared.

Well § is located "at the Westside Landfill off Wedgewood Avenue in the
Hungry Hill area of Rotterdam. This site is located at the intersection of the
extension of a linear segment of the Mohawk River, the trace of the Ballston
Lake Fault, and the edge of a s1ightly lower gravity anomaly near Schenectady
(Sneeringer and Dunn, 1981}, The fntersection of all these features may
represent a major conduit area. This is ina good potential user area.

Well 6 is located at the Rotterdam Industrial Park on Route 7. This site 1s
near the southernmost extension of any faulting and also provides a measure of
the southernmost limits of the thermal anomaly. The industrial park tenants are
potential users.

¥ell / 7 is located at the Scotia Naval Base Just west of Scotia on Route 5.
This site is located along a fault and fracture system and is in potential user
ared.

Well 8 is located at Clark and Brown Furni ture several miles west of the
Scotia Naval Base well site. It was intended to provide a measure of the
thermal gradient west of the known fault/fracture systems around Scotia and
should indicate the westward 1imit of the Scotia area thermal anomaly.

Well 9 is located at the Schénmectady Solfd Waste Transfer site on Weaver
Street in Schenectady. This area is adjacent to a major cross-lineation
indicated by the right angle bends in the Mohawk River and near a fault zone.
This is also a potential user area.

DRILLING -RESULTS

‘Each well was dri Tled into shale and graywacke, the carbonate sequence being
mich deeper. Lithologic analysis of the rock cuttings from each well was
performed by Dunn Geoscience Corporation. These analyses, including water shows
and driiling rate times,K may be reviewed in Appendix F. Generally water
production in each well was estimated at less than two gallons per minute
(g.p.m.) except for the Tivoll Park well where in excess of 30 to 40 gpnm was
es timated. ' '
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Temperature gradients were measured using the Yeliow Springs  thermistor
thermometer instrument and probe. Measurements were taken every five meters in
water using the same procedure as for the abandoned water wells. Resulting
temperature profiles were graphed via the computer and are included in
Appendix G. Measurements were begun several days after drilling of each hole
and repeated periodically until October, 1982. Table 5-1 is a condensation of
values which are felt to be representative for each well. Figure 5-2 is a
temperature gradient contour map of the Capital District including the data from
the shallow test wells. A comparison with earlfer abandoned well data can be
made from Figure 4-1.

TABLE 5-1
SHALLOW ﬂELL GRADIENT DATA

well Gradient* RBwk Dep thie*
Myers Farm 24,10 . 995 121,
Piotrowski Farm 36.60 . 996 122,
Fireman's Park 31.03 .999 121.
Tivoli Park 17,66 970 . 183.
Westside Landfi1] 2106 .997 155,
Rotterdam Industrial Park 19.06 : ‘;996 139,
Scotia Naval Base 28,22 .97 141,
Clark & Brown Furniture 20.44 .99 139,
Schenec tady Sotid Waste 21.08 .995 138.

Transfer

0 .
*  gGradient = Celsius per kilometer.

o gt o= coefficiept of determinatioh;fior degree of fit to a
straight 1ine. R™ = 1 would be a perfect fit.

*** Depths = meters.

WATER SAMPLES AND CHEMISTRY

Water samples were collected from seven of the. nine shallow wells drilled
using a Kemmerer down-hole water sampler,” Field measurements of pH,
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temperature, and titrated alkalinity were made prior to transporting the samples
to Health Research, Inc. where basic water chemistry was analayzed. Samples
were not collected from two of the drilled wells because they did not produce
enough water to be sampled, Partial analyses were performed, with analyses for
sulfate as S0, chloride, sodjum, calclum, wmagnesium, silica as 510,
and total solids, and the results all shown below in Table 5-2. All wells
produced normal groundwaters except the Fireman's Park well which contained
s1ightly carbonated water.
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Temperature 0C

pH

Alkalinity (field)
Sulfate as S0
Chloride

Sodium

Potassium
caleium
Magnesium
Silica, react. as
Total Solids

TABLE 5-2

SHALLOW TEST WELL WATER CHEMISTRY DATA

Tivoli Fireman's
Park pPark

10.800 10.000
7.560 7.600
227.000 2340,000
70.000 25.000
46,000 370,000
29.000 1300.000
3.700 14.000
54.000 8.400
22.000 4,700
$10 3.700 $.000

401,000 2970000 1

Results for solids and alkalinity in mg/1

Temperature OC

pH

Alkaliniy (field)
Sulfate as S0
Chloride

‘Sodium

Potassum

calcium
Magnesium

§ilica, react. as
Total Solids

Piotrowski Myers

SSHTS*

10,600
9,460
282,000
4.100
320.000
330.000
3.500
3.100
1.800
3.200
020.000

Westside
Landfill
10.200
8.300
130,000
7.500
2,300
48,000
1,900
9,500
1.900
8.500
183,000

| clark & Brown

8.500 10,400
9.790 9.140
305,000 594,000
18.000 13,000
80,000 230,000
240,000 400,000
2,700 3.600
10,900 3.200
0,600 4,700
510 3.600 6.000
530,000 1570.000

Resylts for solids and atkalinity in mg/1

*Schenectady Solid Wa

ste Transfer Station

5.8

10.700
9.128
970.000
6.800
54.000
1100.000
6.000
3,900
1,188
3.200
1170.000



SECTION 6
NEAR-SURFACE GRAD ENT CORRECTIONS

At elevations of generally less than 600 feet above sea level, a normal
temperature gradient prog1 ieomaw show a temperature decrease for 10 to 35 meters
{usually " starting at 9 -10C), then the natural geothermal  temperature
gradient takes effect and the temperature increases with depth {see Figure 6-1).
- This basic r‘e‘lationship involving a thermal inflection point can be found 1in
most rural water wells measured in the Capital District. Temperature gradients
measured at higher than about 600 feet above sea Jevel tend to be coldest at the
top of the water and tend to have no inflection point. '

Linear regression is used on all temperature and depth readings only after the
geothermal temperature gradient begins. The - temperature change in C per
1000m for this deeper part of wells is the geotherma) temper-ature gradient used
in this work.

In urbanized or built-over areas, the temperature | gradients havé a different
_charac'ter" The inflection’ point occurs at .greater depths, the near-surface
temperatures are higher; and the transit‘lon from surface effects to the natural
geothermal gradient occurs over a greater depth range.

For example, a well under a building 1in Albany had a temperature of 19'.40(:
at '5 meters below the well head, with an inflection point at 135 meters at
14.1 C The ' near-surface temperature is over 9 C above normal and ‘the
inflection point over 100 meters deeper‘ “than normal (see Figure62) Tge
© United Plating well in Schenectady had a near-surface temperature of 13.8 C
~and an inflection depth of 60 meters and a temperature of 11, 17 C. The well
‘at - the Shrine at Auriesvme had a gurface temperature of 170 an
inflection point at 85 meters at 10.2 C. The abandoned Saratoga Board plant
at Mechanicville had an S-shaped curve6 with the deep inflection point at 105
meters with a temperature of 12.2 C. The curve: reversed near the surface
apparently in response to a ground temperature decr-ease because the plant was -
closed and, hence, no longer adding heat to the ground. A shallow well in the
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basement of the Tuff-Lite Plastics plant in Ba1lstnn Spa produged water with an
increasing temperature with pumping from 16.1 % tw 22.2¢C during a test
pumping, The temperature apparently increased as the warmer, upper water was
drawn down by the pumping.

This so-called "urban effact" causes the transition zone around the inflection
point to be much broader. The inflection point represents a balance be tween
heat input from the surface and at depth. Selection of a depth at or Just below
the inflection point for gradient calculations is felt to be in error for such
wells, and usually produces too low a geothermal gradient. Deviations from the
normal geothermal gradient were not eliminated until about twice the depth of
the inflection point. In essence, the surface heat influx obscures the normai
gradient at depth and depresses the inflection point; Using a depth nearer to
the inflection point decreases the calculated geothermal gradient, since the
surface heat influx “raises" one end of the curve causing a smaller slope to the
regression 1ine.

The urban heating effect causes the measured gradient to be depressed by
raising the temperature at the near-surface. Gradient measurements having
"wrban effect" were recalculated after selecting a depth twice the inflection
point as desgribed above. Recalculated femperature gradients genera11y'showed a
less than 1 C/km to nearly b5 C/km gradient Jncrease but did not
appreciably affect the overall gradient contour map since the urban areas
geographically are small with respect to the entire Capital District. Figure
6~3 shows the corrected gradient contour map which can be compared with Figure
5-2,

Somewhat similarly, an anomalously Tow surface temperature could cause an
apparently high geothermal gradient. The Widmer well with a surface temperature
ofo only 6.86 C had the 'highest observed geothermal gradient of over
42 C/km. This high gradient is, therefore, suspect and possibly is caused
by some unexplained anomalousty cold water circulation at the top of the well.

The significant conclusions which are related to the urban effect (which has

apparently not been observed until this research, see Sneeringer and Dunn, 1982)
are:
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In urban areas geothermal gradient measurement wells  should
probably be between 200 and 400 meters deep to get below the

surface effects.

The shallow wells drilled in the current program should have been
deeper in the metropolitan areas, i.e., 200 or more meters, instead
of the maximum of 155 meters which was drilled.

The urban effects in the Albany-Schenectady area probably mask
the true geothermal gradients.

Presumably the urban effect 1s greater under older areas of
cities or under clder plant sites.

Vast quantities of heat are probably stored under wmost urban
areas and are economically available for ground-water heat pump
systems.

6-6



SECTION 7
2300-FOOT WELL

PURPOSE

The 2300-foot well was drilled to further define the physical characteristics
of the geothermal aquifer. Better definition was sought for the:

, depth and occurence of deep geothermal aquifer(s);

. temperature gradient variations for vari_ous sedimentary units;
. water chemistry of geothermal aquifer(s);

. occurrence and description of 1{thologic units;

. general aquifer characteristics such as fracture, porosity and
permeability.

Results of previous temperature gradient measurements collected throughout the
Capital District indicated an area of promising temperature gradients along the
Saratoga-McGregor faults between Saratoga Springs and Scotia, ‘New York. This
fault system may provide a "con_duit" for geothermal fluids to mix nearer the
surface with ground water such as at Saratoga Springs.

SITE SELECTION

$ite selection was determined cooperatively between  Dunn Geoscience
Corporation ~and New York State ERDA personnel. The major site criteria were as
noted above with a potential user and a well defined temperature gradient
- nearby. Budgetary restraints Tlimited the maximym dri11ing depth to about 2300
feet. Choice of a site was therefore limited to where basement was within 2300
feet of the surface. ' o

The basement depth increases southward from outcrops in the southernmost
Adirondack Mountains The area of geothermal interest ranged from just north of
Ballston Lake to the Scotia-Glenville area with basement depths ranging from an
estimated 2000 feet to 3500 feet north-to-south. The area around Banston Lakg
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was chosen for the desp wel)l drill site, since basement depths could be
estimated at about 2200-2300 feet.

Previously the Fireman's Park shallow test well (DGC:DH-3) grmed in Ballston
Lake had a measured temperature gradient of about 31 C/km.  Given this
known value,a site near this well was desirable. The F.L. Stevens Elementary
School, located on Lake Hill Road in Ballston Lake near the Fireman's Park well,
was felt to be a potential site (see Figure 7-1).

Dr. Richard 0'Rourke, Superintendent of the Burnt Hills-Baliston Lake School
System, was approached with the idea of drilling at the Stevens Elementary
School. He suggested that Dunn Geoscience Corporation should present this
proposal to the school board at the April 27, 1982, public meeting. dJames R.
Dunn and George M. Banino represented Dunn Geoscience Corporation for the
discussion of the proposal. The school board decided favorably and an agreement
was reached between Dunn Geoscience Corporation and the school system to proceed
with drilling at the school. The site agreed upon was in some scrub woods on
the west side of the playground behind the school's old garage buiiding. It was
felt that this would minimize any potential disruption of school activities and
would keep land rehabilitation problems to a minimum.

DRILL ING

The drilling was awarded to New .Jersey Drilling Company of Netcong, New
" Jersey, which started drilling on May 20, 1982, Equipment used was an
Ingersoli-Rand T5-DH Drilimaster. This is a top-head drive mobile rig with a
maximum 5000 . foot depth capability and using 30-foot long, 4-1/2-inch dril}
rods and a 7-1/4 <inch driT1 bit. Condition of the equipment was excellent.

The well was drilled as a standard water well. To ensure that no near-surface
water would enter the hole or vice versa, a 12-1/4-inch hole was drilled several
feet into bedrock to a total depth of 32 feet. An 8-1/4-inch hole was drilled
20 feet further into bedrock to a total depth of 52 feet. Twelve inch casing
supported the larger hole while 8-inch.casing was set into the smaller hole.
Cement grout was injected fo fil1l the space between the casings. The 12-inch
casing was removed by the drill rig, and the cement allowed to harden and seal
the B-inch casing with the bedrock to ensure a water-tight fit.
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" Figure 7-I. Location Map Of Shallow Test Wells
With Deep Test Well Added
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A 12-inch roller-cone bit was used for the upper cased part of the hole.
Orilling was then with an 8-inch percussion bit down to 230 feet where an 8-1inch
roller cone bit was mounted and used for the rest of the dr111ing. Rock coring
was unsuccessfully attempted at 1930 feet using MNX-size core, Apparently
jointed, cored rock wedged in the core barrel vesulting in only 1/2. inch
recovery in a 10-foot run.

SAMPLE COLLECTION

Rock cuttings were collected every 20 feet 1n the upper shale and graywacke
formations. Upon contact with the Trenton limestone, sampling was Increased to
every 10 feet. Samples were collected from the drill rig spillpipe and stored
in sample bags for transport to the DGC laboratory.

The on-site geologist was responsible for sample collection as well as noting
any observable faults, fractures or water zones, plus the general rate of
drilling. Other responsibitities included on-site coordination with the drill
crew, school district representatives, and the media. '

STRATIGRAPHY

A Yithologic description of the drill cuttings was completed in which all
samples collected were examined 1in hand specimen and by microscope for
Tithology, color, grain size, matrix and accessory minerals. Rock cuttings from
the ‘shaie/graywacke section were generally 1-15mm flat chips, whereas the
Yimes tone/dolomi te/sandstone chips were much finer (sand-sized}, Figure 7-2 s
a compilation in Tog form of the 1ithology of the 2332-foot well,

Original (before drilling) estimates of the stratigraphy projected a
hypothetical column Tisted in Table 7-1.

This column was derived from the Smith and Julick wells mentioned earlier and
with structurat and stratigraphic information from the New York State Museum and
Science Service Map and Chart Series Number 18. Assuming a regional slope to
the basement and relatively uniform thicknesses to the sedimentary cover, the
hypothetical column could be constructed by projecting' from the Smith well
southward to the drill site. '

buring drilling no gre&t deviatjonS'frnm the hypothetical column were recorded
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GEOTHERMAL DRILLING PROGRAM

HoLe ON-1o

LOCATION Stevens Elmeniyy School, Ballston Loke
DATE DRILLED Aay&/-June [5, 1982

Strotigropiio
Cohun
sy 1200
T -zom
I|/
//} 1250
Ay
e
1300
1350
1400
1450
1500
1550
11
yayi
7/ ] 1600
P
|
VAl
[}
. 1650
»
L1 il 1roo
i
V7 |
AV
.///
: 1750
V!
I 1
L
. 1800

Deacription Stratigrephio
Column
$hale and graywacke with some
caleite . /
Limestone, dolemitic, dark gray Yy
(N2), calcite [ /_,4
|+/

Dolosteone, moderately Eine, dark
gray (N2), calcita present with
ninor sand ot silt, some pyrite

Limestone, dolomitic, very fine
grained, medium gray {N4=N5)
with angular caleite and minor
rounded shaly content, strong
acld reaction ’

As above, slightly darker gray
(&)

As above, with lesser smounis of
calcite

As above, slightly lighter gray
(M4-N5), pounded Fine chips

Dolostone, fine, dark gray (N2}
ecalcite, chert, quarts in minor
amounte

Limaestone, dolomitized, medium
dark grey (N3)

Limestona, very fine grained,
medium gray (N4-N5), strong
acld resetion

Dolomite, fine grained, dark
gray (N2}, gome silt somecaleite

Limestone, dolomitic, medium
gray (N4~N3), some caleite and
dark ancessory minarals

Limesatona, £ine, medium gray
{(N-4) some calclte or pyrite
As nbove, no pyrite

As above, alightly darker gray
{H5)

Dolomite, fine medium dark gray
(N3-N4), some calcite

Dolomite, fina, medium pray
(N5-N6) some limey content wf
pyrite

Ap above, some calcite
Limeatone, dolomitic, olive gray
Limestone, fine medium gray (N4)

some pyrite
Dolomi{e, moderately fine, olive

gray, some limey shale frag

1800

1850

1900

1950

2000

2050

2100

21%

2200

2200

2350

2400

Deacription
TPolomite, as above

Dolomite, Jimey, medium to fine grained,
dark gray,(N3), some calcite

Polomite, as above (N&)

Dolomite, {N3)

Dolomite, as above, with caleite
and quartz grains

Dolomite, moderately £ine grained,
medium gray (N4}, some calcite, quartz
and rare chert gxsing

Dolomite, as above, yuartz content,
slowly increasing grains rounded to

" aubangular frosted and clear {N4) some

ghaly content, pyrite

Dolomite, 84 above, darker (N3), less
shale content

Dolomite, as above, Lighter (N5}, much
quartz with calcite and pyrite. Quartz
is rounded, frosted or clear

As above, slightly limey, no calcite
fragments

Nolomite, minor lime content

Dolomite, no lime {N4) , quartz, calcite
present, as abanve

As above, slightly 1imey, sandy
Dolomite; shaly (N4}, ssndy w/ chert?

Dolomite, fine, light gray (N5}, sandy
As abova, some Lime, sandy
fandstons uhits, clean Erostad grains

Metaquartzite, angulaq. pyrita, garnet,
atceasory minerals, very fine grained

TQTAL DEPFH - 2332'
711 meters
WATER SHOWS AT: 1790 (546m)
074t (632m)

Figure 7-2. Lithologic Log For DH=10
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GEOTHERMAL DRILLING PROGRAM
2. ol S
mﬁﬁwm,mun
pave OMLLED ARy §f-dme A, (982

Description Wirakigraphic Deacription

600 Graywacke, medium grained, dark to medium
dark gray with some fine grained, dark

¢ Overburden, sand, silt
w/ occoslonal gravel

(e300 gray shale
= i As above, with rare small quartz crystals
gl 20 Shale, mpderately fine grainad, %0
ST dark gray {N1) with pravwacke
: - £30%), minor carbonate matrix As above, with incrasasing shale content
oo
- - Shale, fine, dark gray (N2) :
- 00 T ey 70O | Graywacke, as above, sbundant vein caleite
‘-‘::}-:l‘ .
:,':,'.‘3- Shale, fine with equal amounts Shale, Eine grained, dark gray (N2) with
-e';_"f_ of fine graywacke, no carbonate graywacke (40%) and caleits with biotite?
. E tn matcix Shale, very Fine graingd, dark gray-black
= 150 Shale, as gbove with minor gray- 80 | (n1), lLittle rare graywacke, rich

wicke content (25~40%) pcerbonate matrix

Shale as above, sulfur odor when acid is
applied

Graywacke, moderately fine, dark

200 gray (N2}, with fine dark grav 800 | shale, fine grained, black and graywacka,

ghale (+402) -~ fine grained, dark gray (Nl1-N2)
Shale and graywacke, very dark - Shale, as above, little graywacke (10Z)
gray-black, (Ni-N2) some o of
250 carbonate {n matrix 1."-_.& Graywacke, medium to fine, dark gray (N2},
(it 880 some pyrite crystals
As above, but with less gray- -
wacke, no carbonate in matrix - Shale, very fine, black (NL), mo graywacke,
- gulfurous odor

Craywacke, fine to medium dark ,-!.-_',7 Shale, as above, rave graywacke (LO% ov
300 | o ay, with minor shale (5-200), |—_| 900 | less)
. rare magnatite at 320° -

n N}
L

Shale on ;_zawacke in equal

ambunts ; .
Shale, fine grained black {¥1), no

2% graywacke content, sulfurous odor

1
NI
g 1!

B0 1 4g above with inoreasing grave
wacke centent

(1
i
|II

Graywacke, medium te fine,
nedium to dark gray (N3-N2) with
minor_shala (i0%)

[}
Ly

Shale, as above

400 =] 1000
Graywacke, as above, (N2) —
450 Graywacka, az sbova, (N2),fine -z -
. shale, dark gray, (5%), alight - 0% Shale, as abova
greanish eolor -
00 As above - - 1100 Shale, as above, no graywacke.
Graywacke, moderately Fine, - -
dark gray, (N2), with emall L
w5 quartz cryatals, biotital et nm Graywacke, fine, dark gray(N2) with
: ey shale, fine and dark gray (404},
- -1 sulfurous odor
_ it ",-‘_.'
Graywacke, ds above, with R ) Graywacke, fine grained, black (N1) with
‘| vein quartz et minor shale, fine black (20%), sulfurous
600 Liad  jzog | odor

Figure 7-2. continued
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P O T M N T s 1AL

Depth (Feet)

0 -
1220
1300
1475
1515
1590
1810
2055
2065
2230
2270~

TABLE 7-1

HYPOTHETICAL 2300-F00T WELL STRATIGRAPHY

1220

-

1300
1475
1515
1590
1810
2055
2065
2230
2270

Formation
Shdieiﬁraywacke
Trenton Limes tone
Chuc tanunda Creek Dolomite
Wolf Hollow Member - Tribes Hill Formation
Pallatine Bridge Member - Tribes Hi11 Formation
Fort Johnson Member - Tribes Hill Formation
Little Falls Dolomite
Mosherville Sandstone
Galway Dolomite
Potsdam Sandstone

Precambrian Basement
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and the on-site geologist was generally able to anticipate and recognize
noticeable 1lithologic changes in the dril] cuttings. The stratigraphic column
based on sample cuttings is listed in Table 7-2

A short description of each 1ithology is as follows:

Schenectady/Utica Shale ~ black, fissile shales with interbedded fine-grained,
medium gray graywacke. The stratigraphy of the shale/graywacke sequence s
poorly understood.

Trenton Limestone - alternating dark gray limestone with dark gray to black
calcareous shale interbeds.

Chuctanunda Creek Dolomite - medfum gray dolomite. The upper part s
generally more siliceous. Black jnterstitial carbonaceous - material, some
quartz, silt and sand is also present.

Wolf Hollow Member - massive, dark gray to black dolomitic Tlimestone, some
calcite. ' '

Pallatine Bridge Member - gray dolomite with Tlarge amounts of interbedded
shale and persistent, thin-bedded, fine-grained, arenaceous Timestone.

Fort Johnson Member - massively bedded, dark gray to black, fine grained,
dolomitic limestone. '

Little Falls Delomite - thick ser1és of dolomites variable in color and grain
size, mixed with varying amounts of rounded quartz sand frequent Tight gray to
. white chert nodules,

Galway Dolomite - generally thin-bedded, fine-grained, sandy dolomite with
increasingly greater amounts of rounded quartz grains. Some layers of quartz
sandstone and dolomitic quartz sandstone and chert are present in the upper part
of the section. Remainder of formation is a medium- to-1ight gray, massive,
fine- to~medium grained sandy deiomite.

Potsdam Sandstone - well-sorted, clean {white), rounded, frosted quartz sand
grains.  Basal 1a.,y_er, if present, may be an argillaceous (dirty) conglomerate
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resting on the Precambrian basement.

Basement - highly variable, metamorphosed rock. At the drill site it appears

to be a metaguartzite with some accessory minerals and is extremely hard.

WELL LOGGING

Introduction

To further define the characteristics of the geothermal aquifer, a series of
geophysical logs were run of the deep well, These logs jncluded mul tipoint
electric resistivity (including self-potential [also called SP or spontaneous
potentiall, short-normal and long-normal electrical logs) and gamma-ray Togs.
Also run were conductivity, caliper and most important. temperature togs. The
U.S. Geological Survey logging truck from Syosset, New York, with a 4000-foot
logging capability was used. James Nakao of the U.S. Geological Survey was the
aquipment operator. Logging was performed during the week of June 14, 1982,
A1l logging was successful except conductvity and temperature. The conductivity
equipment was unable to function because of the high salinity of the well
fluids. The temperature log was successfully re-run on July 19, 1982, after the
temperature tool and electronics which had been causing abnormatly high

temperature readinas were replaced. .

These logs were used to provide general 1ithostratigraphic correlation and
information on the type of aquifer providing the geothermal fluids. The most
jmportant measure for the test well was a verification of the geothermal
gradient data derived from the shallow and abandoned well gradient measurements.
This verification allows better temperature predictability at the depths of
occurrence for the geothermal aquifer elsewhere within the Capital District.

Me thod

In each case the logging tool in use was lowered via an electric winch into
the hole. Actual logging was done while retrieving the tool from the bottom of
the hole. This allowed for cahle stretch to be accounted for during calibration
since the 'ho]-e depth wss already known. Only temperature was logged while
“moving down the hole so thet the tool would not mix the well fluids by {ts
passage after being lowered.. Measurements were recorded on a strip chart in the
Tagging truck.
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Log Description

Gamma ray logging measures the natural radicactivity of the rock. Shales read
higher 1in radicactivity while limestones and sandstones are lower. This log is
generally used to record 1ithology and the "cleanliness" of the rock. Shales
contain finer, clay-like wmaterial :and are generally organic-rich ("dirtier").
Limestones and sandstones tend to be more mono-11thologic (of one mineral type)
and contain Tess organic material.

Electric resistivity logs provide a measure of the fluid saturation of the
rock. They also can provide a measure of the porosity of the rock. Dry rock
has a higher resistivity. Saturated rock 1s lower in resistivity. Salinity of
the fluid also lowers the resistivity. More porous or fractured rock also has
greater opportunity to be more fluid-saturated with a Tower resistivity than a
“tight ," non-porous rock. '

Caliper logs are a physical measure of the diameter of the drill hole. Areas
of weakness {fractures, fault zones, mud zones, etc.) will generally widen the
hole due to the mechanical action of the drill. These zones can be used to
indicate possible water-bearing zones which may coincide with zones of weak or
broken rock.

Temperature logs are used to provide a direct measure of the geothermal '
gradient and the temperature at any depth in the hole. When correlated agaiﬁst
lithology, a change in heat flow values can be roughly documented by the change
in temperature gradient per 1ithologic fype. '

Results

A general correlation of gamma-ray and electric logs versus 11thoiogy can be
seen in Figure 7-3. A graph of the tempér_'amre Tog is 1n Figure 7-4. ‘A
separate temperature log using the Dunn Geoscience Corporation temperature probe -
can be found in Figure 7-5. The two tempe'rature logs provide a measure of
_control on the accuracy of each measurement.

Boyd R. Brown, an associate geo1ogi'c ‘consultant to Dunn lGeoscience
Corporation, analyzed the logs and provided these conclusions: '
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. CaTiper Tog:
fluid sensitive or gas pressure zone at 720" (220 m)

possible permeability(?) at: 1740' {530 m)
2074 (632 m)
2168' {661 m)
2190' (668 m) (1)

. Gamma Ray/Electric Logs:

natural permeability is producing water at 1790' (564 m), but
is interpreted to be fed by a fracture system at 20741 (632
m). These water zones are delineated by lower resistivity
“kicks" 1in the Tong-normal and short-normal electric logs over
that depth interval. Fractures and natural permeability of
the rock are believed to be responsible for communication
between these iwo water-producing zones.

fracture system is probably the true reservoir source with the
upper permeable zone of secondary importance.

fracture system 1is probably steep-angle and close to the
general area of the well (i.e., fault related).

Gamma ray logs were used to provide cross-correlation with respect to the
dri1l cuttings and the 1lithotogic analysis. Table 7-3 has the depths to the top
of each formation using each Togging method and the 11thologic analysis. .

Temperature l1og - general instability of the fiuid due to the extremely high
CG_ content of the fluid prevented a measure of normal geothermal gradient.
Fluid would semi-periodically flow from the well producing an upward movement of
geothermal fluids. This upward flow of warmer fluid disrupted the normal
geothermal gradient which requires a static water flow. Using the gradient
measurement for the shallow well at Fireman's Park of 30.5 C/km a
tempera ture gradient for the deeper 1ithologfes in the well could be calculated
(see Table 7-4). ' ' '

The temperature 'Tog measured ano aquifer temperdture of 23.50-(: and a
bottom hole temperature of 2%.3 C. This was within the calculated bottom
temperature range of 24 to 29 C estimated prior to the actual drilling
using the shallow well temperature data. This resul t was felt to vind‘icate the
use of shallow temperature gkadient data as long as adequate '._r.ubsur'face
Tithologic informatfon s available. This 1s necessary so that the overall
temperature gradient and temperature-at-depth may be estimated in various lrock
types at other areas within the Capital District.
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TABLE 7-3
CORRELAT ION COMPARISON BY LOGGING

LOG TYPE
{DEPTHS ~ FEET/METERS)

Carbonate (within and below aquifer) 10.7
{Average gradient = 22,96 ° C/km) |

7-16

Lithologic Gamma SP
Trenton 1205/367 1205/367 1205/367
Chuck tanunda Creek 1278/390 1278/390 1288/393
Tribas H111
Wolf Hollow 1418/451 - - - 1418/432(2}
Palatine Bridge 1480/451 1504 /459 1514 /462
Fort Johnson 1588 /484 1596 /487 1602 /489
Littje Falls 17495 /547 1826/557 1832 /559
Mosherville(?) - - 2044 /623 2034 /620
. Galway 2044 /623 2060/628 2056/627
Potsdam : 2316/706 2316 /706 2308/704
TABLE 7-4
.. TEMPERATURE GRADIENT BY LITHOLOGY
Lithology Gradient (% ¢/km)
Shale | 30.5
Carbonate {above aquifer) 19.45
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CONDUCTIVITY MEASUREMENTS AND HEAT FLOW CALCULATIONS
Me thod '

Heat flow is a measure of the heat flowing out of the earth by conduction, and
can be calculated using the equation:

* g =K (AT/AZ)}, where: ‘ {7-1)
. 2

+ g = heat flow Tn milliwatts per square meter (mi/m ),
0

* K = rock thermal conductivity (units are W/M C)

« and (AT/AZ) = change (%/km)  n temperature with depth, or
the geothermal gradient. -

Four samples collected from the shaley drill cuttings and dolomitic core taken
at the deep well site, and two samples of dolomitic core from the Pallette
quarry west of Saratoga Springs were sent to Dr. Dennis Hodge at Technological
Systems Research, Inc., near Buffalo for rdck conductivity measurements. These
samptes were chosen to represent the major 1lithologies 1in the well, Chip
samples were prepared from the material sent and saturated with water for the
measurements. Measurements were made using the needle-probe method, with &
precision reported by Hodge (personal communication) of 9% of values determined
using divided-bar method, However, according to Sass, et.al., 1in 'Physical
Properties of Rocks and Minerals," probiems with sampling and the uncertainty
involved with the in-situ three-dimensional conductivity structure of the rock,
the accuracy of conductivity measurements can be 1imited to as much as 20% when
dritl cuttings are used and porosities are uncertain.

Results

The conductivity results determined by Hodge for samples from the Stevens
Elementary School well (DGC:DH-10) and Pallette quarry are given in Table 7-5.
Samples 1 and 2 were the dolomites from the Paﬂette quarry, samples 3, 4 and 5

‘were shale chip samples from the Steven s well, and sample 6 was a piece of

dolomitic core collected in the Stevens well. Samples 1 and 2 are located in
the Little Falls and Galway Formations respectively.

“For the purpose of calculating heat flow for this site, and for estimating

heat flow nearby, the average of the three shale values will be used for shale
conductivity (2.27 W/m C) and the average gf the three do'lomite values will

be used for dolomite conductivity (3.47 W/m C).
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Sample
No.

Identification
Pallette #7/B.15

Pallette #7/8.22

DGC:DH-10
DGC:DH-10
DGC:DH-10

DGC:DH-10

TABLE 7-5
HEAT FLOW RESULTS OF SELECTED SAMPLES

Depth
250"

437!

180-200'
400-420°
640-660 '

1930'

Thermal
Rock Type Conductivity

Micritic Limestone K=2.79 N/moc
(Hoyt Formation)

Med. crystalline K=3.66 W/m’C
silicous dolomite
(Galway Formation)

Fine graywacke/shale K=2,36 W/m’C
(Schenectady Formation)

Fine black shale K=2.23 W/m’C
{Schenectady Formation)

Fine black Shale K=2.22 W/m’C
(Schenectady Formation)

Yery coarse dolo- K=3.96 N/mo(:
mite with calcite

clasts

(Little Falls Formation)
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In ca1cu1at‘ing the heat flow at the Stevens Elementary School site, the
gradients measured within the specific rock types are also required, Since the
heat flow at a given site must be the same for all rock types encountered, it is
expected that Tlower conductivity rocks would have higher gradients, and
simiiarly, high conductivity rocks would have "}ower‘ gradients. The gradient
within the shale was deter'mineg to be 30.500/km, and within the dolomite
section, it was found to be 19.4 C/km. Usfing these gradients, the average
conductivi}ies and the equation g=k - T/AZ, the heat flow, q, for the shale is
69.2 mW/m or 1.66 HFU {1HFU o 41.8 wh/m ), and q calculated for the
dolomite sequence 1s 67.3 wmW/m or 1.61 HFU Which 1s within experimental
error for the measurement technique used for heat flow determination.

Only one other published heat flow value 1is available for this area of New
York, and that was measured 1in Glens Falls at 43.47 mi/m or 1.04 HFU,
Costain, in 'Heat Flow From the Crust of the United States in Physical
Properties of Rocks and Minerals," also states that norma) heat flow values for
this area are in the range of 36 to 48 mi/m or 0.9 to 1.1 HFU,
significantly less than that calculated for the Steven's School site. The area
of high gradients can, therefore, be considered to be an area of relatively high
heat flow.

By using the average condu'ctivity of shale at the Ballston Lake site, 1t is
possible to estimate the heat flow at other Tocations where gradients were
measured in shale wells. Of particular interest are the two wells haﬂng' the
highest gradients, since they will give an indication of the highest heat flow
for the géotherma1 area. The Widmer well, having an average é’apparent gradient"
of 43.2 C/km, would yield a heat flow of 98.1 mW/m or 2.35 HFU (Note:
for reasons discussed in the Near-Surface Gradient Corrections this gradient may
not be valid). The Piotrowski weH,odrﬂTed' for this project and having the
secoEd highest gradient, averaging 36.6 C/km, yields a | heat-flow of 83.0
md/m  or 1.99 HFU. Both these values are much greater than expected for
this part of the country. They appear to indicate that a Tocal high heat flow
anomaly coincides with the area of high gradients. . :

WATER SAMPLES AND CHEMISTRY

Three water samples were collected from the 2300 -foot well and chemicaﬂy
analyzed. The samples were collected at depths of 200 feet, 1800 feet and 2230
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feet, These depths were chosen to supply information on the near-surface water,

the water from the deep water-producing zone, and from below the producing zone.
An electrically-operated, piston. chamber collection device provided by the y.s.

Geological Survey was used to collect these samples.

The water {s extremely gassy (predominantly CO ), so much so that the
exsolution of gas fin the casing made the water appear to boil rapidly. Enough
gas was exsolving at depth, to lift a column of water 40 to 60 feet in the air
in a thrice dafly geyser of short duration. The chemical analyses for these
samples are shown in Table 7-6. The water from the three depths was essentially
the same due fo the gas instability, and the total solids were approximately
16,700 mg/1 or somewhat less than the most saline of the carbonated waters which
were sampled. The highest total solids value is within the aquifer zone and
indicates the saline water apparently originates from or travels within the
aquifer. Silica concentrations were rather low, but the samples were otherwise
“chemically similar to the Saratoga-type carbonated saline water.
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TABLE 7-6

CHEMICAL ANALYSIS - 2300-FOOT WELL

pH

Sulfate as SO
Chloride

Sodium

Potassium

Calcium

Magnesium

Iron

Nitrogen, nitrite*

Nitrogen, nitrate and nitrite

Nitrogen, ammonia
Nitrogen, total lyeldahl
Carbon, organic (TOC)
Phosphate, total as P
Floride, free

Bromide

Iodide

Boron

AlumTnum*

lLithium

Silica, react. as $i0
Strontium 2
Barium

Mercury, total*

LT

Zinc

Hardness, total as Ca003
Hardness, calcium as CaC0
Total solids 3

Results for solids in mg/1.

200 ft.

' 6.410
33.000
8,100,000
4,600.000
440,000
700,000
280.000
2.600
11.000
0.050
9.000
10.000
§.,000
0.056
0.300
100,000
4.300
6.500
130,000
17,000
2.800
18,000
28.000
0.400

LY

1.300 -
4,020.000

3,370.000
16,400,000
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1800 ft.

6.560
36.000
7,200,000
4,600,000
450,000
700.000

. 320,000
2.400
5.000
0.920
7.000
9,200
10.090
0.030
0,400
140,000
3,900
6,400
50,000
17.000
2.400
18.000
29.000
0.400

1,100
4,200,000
2,710.000

17,100,000

LT

2230 ft.

6.460
29.000
8,100,000
4,800.000
460.000
500.000
290,000
2.100
20,000
0.060
11.000
14..000
6.000
0.054
0.400
170.000
4.400
6.800
50,000
17.000
2.700
27,000
19.000

0.400

1.600
3,810,000

2,330,000
16,600,000



SECTION: 8
GEO-HYDROLOGIC MODEL

INTRODUCT ION

For any demonstrated thermal anomaly in ‘the geothermal gradient for an area, a
source of abnormal heat is indicated. Within the Capital District two
demonstrated areas of geothermal {nterest are now known: the wartm springs at
Lebanon Springs and the thermal anomaly associated with the fault system running
through Saratoga Springs. The lack of extensive geo-hydrologic information for
the deep subsurface in the Capital District is a Timiting factor in determining
an absolute heat source for the thermal anomalies. The following is a
discussion of the alternative hypotheses which may explain the thermal waters.

DEEP CIRCULATION-LEBANON SPRINGS AREA

Areas of normal geothermal gradients may have wafm springs if a deep system of
faults and fractures 1is present. These faults or fractures .provide a condult
where surface fluids may circulate easily to great depths, become werm, and
return to the surface. Such systems are believed to operate for a number of
warm springs located along the structural front of the central and southern
Appalachian Mountains in the eastern United States. A complex fracture system
along which water may circulate appears to be responsible for these springs.

L_ebanon Springs probably has a deep circulation system simitar to those
postulated at other warm springs along the Appalachian Mountains. The water
chemistry is similar to surface and near-surface groundwaters. A complex
fracture system associated with reverse faulting in. the area probalﬂy acts as a
conduit whereby deep1y circulating groundwater - becomes heated at dapth.
Probable groundwater recharge areas are in the mountainous areas to the north -
and northeast where exposed aqu1fers of dotomitic. rock in contact w'lth the
reverse fault provide an access zone for water to begin deep'circm'ation..
Temperature gradients in the Lebanon Spr‘ings area are considerably Tower than
those of the Saratoga-Scotia area.
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Given the normal 1U fo 150 c/km regional temperature gradient, measured
gradients {180 c/km} §n  the Lebanon Springs area are not much greater than
norma) for the entire region. If deep circulation is responsible for the
thermal waters of Lebanmon Springs,an elevated tempera ture gradient would not be

required to account for the warm waters.

ALTAMONT -SCHENECTADY ~SARATOGA-HIGH HEAT FLOW AREA

An area of high heat fiow is demonstrated for the greater Capital District.
Deep circulation would not explain the 00 -pich and saline character of the
Saratoga-type waters. Previous isotope analyses of dissolved [:02 and other
gases for Saratoga-type waters have suggested that a deep thermal source is
responsible for the presence of (:0'2 (see Figure 8-1}. Deep circulation
within an area of normal geothermal gradient is considered to be very improbable
for the greater Capital District. Several geologic mechanisms may be
responsible for producing this anomaly. These are discussed below.

Deep Magma tic Source

A hot, magmatic body intruding upward into an area will warm the surrounding
area, creating an increased geothermal gradient. High tempera tures associated
with an intrusive body would metamorphose surrounding non-intrusive ‘country"
rock which, if 1in contact with carbonate-rich rock, could release -large
quantities of CO_ as fn the Saratoga-type waters. A magmatic source may
also contribute CO_ plus magmatic fluids and salts altering the water
chemistry, The suddenly increased salinify found in the deep aquifer waters in
the Schenectady-to-Albany area could be affected by magmatic additions. Saline
waters of the deep aquifer are probably connate, but magmatic additions cannot
be completely ruled out due to the complex chemistry of these waters. The
magnatic body should have a relatively high percentage of radicactive elements
avaﬂabTe for solution in the thermal fluids to account for the measured
radioactive component of the thermal fluids. '

A fault/fracture system intersecting the magmatic source at depth would
_produce a path for transporting the thermal fluids and heat directly to the
aquifer and to the surface, Presumably the igneous mass would be at
consfderable depth (at least 10 km) and at the last stages of crystallization
during which gases are most commonly released. The great depth of burial wou?ld
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Figure 8-1. Area Enclosing Known CO, - Bearing Wells. Geochemical
Sample Locations Included For Comparison '
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obscure any obvious surface temperature anomaly, but at the same time requires
deep faulting or fracturing to reach the heat source and bring thermal fluids to
the surface. The thermal mass of a magmatic body must be small or the heat flow
would be expected to be greater than that measured for the Capital District.

Measurements of gravity and magnetics do not give positive evidence that such
a body does exist. This area is generally geologically stable and does not have
any evidence of major recent tectonic or magmatic activity. A magma tic
intrusive body would be expected to produce some earth tremors as 1t cools and
shrinks. The tremors observed, particularly in the Thompson Lake area, could be
related to such fintrusive activity. A small mass of several square kilometers
of surface area in the last stages of crystallization may not necessarily be
associated with much measureable seismic activity.

Radigactive Heating From Buried Pluton

Some granitic igneous rocks occurring 1in the Precambrian Adirondacks to the
north and in the rocks of the same age in northern New Jersey and southern New
York contain appreciagble concentrations of radioactive elements -- enough in
same areds to be considered as economic sources of radioactive elements {Zen, et
al, Chapter 33). Precambrian age rocks underlie the sedimentary rocks of the
Capital District and some may contain concentrations of radicactive elements.
The heat emitted as a by-product of radfoactive decay could cause areas of high
heat flow., Such heat is considered to be a probable source of several of the
geothermal anomalies in the eastern United States. Nearby granitic bodies 1in
New Hampshire have a demonstrated high heat flow due to natural radioactivity.
Given a sufficient insulating cap of rock over a pluton, high temperatures can
resul L.

Geophysical evidence of a burfed radicactive mass 1is equfvocal. Such masses
are often associated with magnetic minerals and, their'efore, might be associated
with a magnetic'anomaiy. No such anomaly has been observed on the magnetic maps
of this ar‘ea6 However, an igneous mass heated beyond the Curie point for
magnetite (575 C) would not be magretic. Sucha mass would have to be over
10 km deep to be consistent with known temperature gradients.

If such a radioactive body were in contact with the sedimentary carbona te
rocks of the Capital District and sufficiently hot, it could cause chemical
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reactions between carbonate minerals and silica to create Ca-Mg-Fe silicates
and release cagbon dioxide 1n ‘the process. However, the temperature would have
to be from 350 to 400 C for such reactions to occur and there is no
evidence that such temperatures occur anywhere in the Capital District at the
relatively shallow depth of the sedimentary carbonate rocks. The desper
carbonate rocks in the Precambrian have already been metamof-phosed and most
available 5102 atready combined with car__t}onates to form Fe, Mg and Ca
siticates. However, a calcitic marble containing quartz could exist, i.e., may
not have previously reached the very high temperatures required to cunhine
Cac0, and Si0_. Radicactive heat could now be great enough to combine
Si0. and CaCd_ to produce 002. Marbles of Grenville age everywhere
observed 1in New York State have already undergone metamorphism of amphiboli te
grade. This means that silica has probably already combined with carbonates and
been used up. Diopside is pretiy much ubiquitous in such marbles. Its equation
for formation is:

+ 510 = CaMgSi 0+ 200 -
CaMg(c03) 51 p = Cags1 0, 02 (8-1)

Such reactions have mostly consumed free silica so that ﬁeating Grenville
marbles should not usually result in release of more CO_. However, some
Grenville calcitic marbles contain quartz indicating the temperatures were too
Tow to combine quartz and calcite to produce wollastonite (CaSi0_) plus
carbon dioxide. If such a marble occurred at great.depth and the temperatures
were very high (400°+C), wollastonite could form. If this is the case, the
radioactive mass may well be heating up and could 1intrude sometime in the
future. The remetamorphism of metamorphosed Grenville rocks does not readily
explain the increased NaCl content of the waters associated with the heat,
because both the radioactive mass and the marbles would be very Tow in NaCl.

A deeply buried pluton within the geologic environment of the Capital District
would be consistent with the observed high radon, radium and helium present in
the geothermal fluid, with the fault system being conduits for these fluids.
The contact metamorphism associated with a deeply buried pluton would explain
the dissolved CO_ found 1in the thermal fluid, but would not explain the
increased sait c%ntent observed in the thermal fluids.
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Decomposition of Organic Matter

Another process of producing heat at depth is exothermic decompositjon of
organic material trapped within the rock. The production of oil and natural gas
(tydrocarbon) from organic material results in a net heat output {exothermic).
This process 1is known, for example, to be producing appreciable quantities of
heat at depth in recent sediments in the Guif of Mexico, an fmportant source of
petroleun and natural gas (methane).

The Capital District is located on the edges of two structurally complex
areas: the Appalachian basin to the south and southwest; and the Taconic
Overthrust belt to the northeast, east and southeast. The Appa1achian basin has
produced quantities of ofl and gas while the Taconic Overthrust belt is
currently being investigated for gas. The decomposition of organic materials is
exothermic (heat producing) and with sufficient insulating overburden,
appreciable temperatures can be attained within the rock.

Exothermic decomposition of organfc materials has been suggested' to account
for the geothermal anomaly in the Capital District. This hypothesis has several
problems limiting its acceptance as a viable model:

» The heat source for the geothermal anomaly is associated with
deep faulting and fracturing, apparently bringing'heat up from
great depth. The heat source is apparently below the carbonate
geothermal aquifer which transmits the warm fluids. The aquifer
cannot be a source of heat by decomposition of organic matter,
because of the carbonate rock's low organic content. There are no
known fhydrocarbon source rocks stratigraphically below  the
aquifer., | '

® Due to the great age of the carbonate and related rocks in this
area, the exothermic decomposition of organic material in any
hydrocarbon source rocks in the Appalachian basin and the Taconic
Qverthrust -probably occurred hundreds of millions of years ago,
and the.heat has long been dissipated. The known age of faults in
this area that cou]d'deep}?y bury younger source rock is old encugh
that exothermic -decomposi%ion would also have ceased in  the
younger rocks and the heat would no longer be present.



. The temperature gradients measured to the south (Catskitl Mountains)
and the Taconic Overthrust belt are too low to indfcate that any active
heat source is present. This finding corroborates the inference that
exothermic processes are largely inacti ve for the areas near the
Capital District. :

Exothermic decomposition of organic material has also been postulated as. the
source of 602 found 1in the geothermal fluids, Carbon dioxide is produced by
exothermic decomposition, especially in the presence of oxygen (oxygen is rarely
found at depth). Isotope analysis of carbonated water from wells in the
Saratoga Springs area findicated that the CO could be from a variety of
sources 1inciuding exothermic decomposition. While equivocal,the carbon isotope
data for Saratoga suggested a mixture of C0 derived from deep, possibly
thermal sources and carbon derived from dissolution of known surficial rocks.
The chemically reduced nature of the aquifer waters, the mass proportions of
measured gases, and carbon {isotope ratios do not suggest oxidation of organic
material as a major source of CO_ (see. Section 3 of this report and Young
and Dunn, 1979), More testing of the dissolved gases is reqaired for a more
definite answer.

It should be noted that the dissolution of carbonate rock to produce carbon
dioxide is not heat producing. As noted some of the CO_ dissolved in the
geothermal fluids may have this source, but no heat would be produced. Magmatic
(deep), thermal sources for warm and hot springs throughout the world do produce
great amounts of CU (White, 1957). ' '

In general, the model of exothermic decomposition of organic mnterials as a
heat source for the geothermal anoma]y is not supported by

. the extreme age of the rock,
L the structure and strati‘graphy of the rocks, and,

° the known thermal gradient measurements.

The past activity of this process may account for the presence of methane



within rocks in and surrounding the Capital District. Exothermic decomposition
probably contributes to the (0, found in the geothermal fluids. Present
evidence, while equivocal, suggests that this process is not 2 major
contributor.

Summary Nefther the magmatic nor the radioactive model s totaily
satisfactory as an explanation of the observed phenomena. However, because no
other alternatives are reasonable, one of these possibilities probably accounts
for the geothermal anomaly. Exothermic decomposition of organic material 1s not
considered a probable mechanism for heat production within the Capital District.
Carbon dioxide is most easily explained as being derived from a deep thermal
source and moving in the carbonate aquifer up-dip from the south to nerth
towards Saratoga Springs. While flow from the east 1s not impossible, the
structure of the subsurface to the east with the known series of multiple thrust
and normal faults should restrict flow of any Co, from this direction.
These faults place shale beds 1n contact with ‘carbonate beds which should
effectively block the movement of gases from the east to the west towards the
Capital District. Current exphration for hydrocarbons under the Taconic
Jverthrust is largely Justified because the structural relationship of the
faul ted beds should prevent the migration and escape of gases such as CO2
and methane.

HYDROLOGIC MODEL

As observed in the 2300-foat Stevens Elementary School well, the major aquifer
which transports geothermaﬂ fluids may be in the Tower third of the carbonate
section probably*in the Little Falls and Galway Formations. The thermal fluid
is saline- and CO _-rich and may be moving northward towards the surface
around Saratoga Springs. As this fluid moves northward, mixing with meteoric
and groundwater reduces itS  satinity and contributes to cooling of the fluid.
The extensive pumping over the past century from wells in the Saratoga area
undoubtedty has contributed markedly to the dilution and accounts for the wells
becoming less saline through the years. }

The Saratoga-MacGregor-Ballston Lake fault system extends  into the carbonate
section and probably downwards into the basement. These faults encourage the
migration of the thérmal flui¢ and appear to localize 'the geothermal gradient
anomaly in the area. The associated fractures in the area probably facilitate
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movement of thermal fluids east and west of the faults. The fracture system 1is
complex enough that thermal fluids, but not necessarily heat, migrate over a
wide area and can be recognized in well samples far removed from the known'
faults often even when the wells do not penetrate the carbonate section.

Interpretation of evidence by Boyd Brown from the Stevens Elementary School
test well indicates an upper porosity zone aquifer is being fed by a lower
fracture zone aquifer. Temperature gradient measurements indicate a nearly zero
temperature increase from the top of the first aquifer to the bottom of the
second aquifer. These aquifers occur over a thickness of about 150 to 170 feet
in the Ballston Lake area. Below this the gradient is normal or below normal
for the general region. Above the aquifer the gradient Is greater than that for
the general region. The aquifers appear to be condud ts carrying deep thermal
fluids northward from somewhere to the south to the surface near Saratoga
Springs. Otherwise the temperature gradient would not decrease below the
aquifers. Most ~- perhaps all -~  gradients measured in the
Albany-Schenectady-Ballston Spa areas may, in a sense, be "perched gradients ,"
i.e., the gradients are above a flowing thermal fluid and probably do not
persist below the zones in which that fluid travels.

Water flow rates for wells penefr-ating the geothermal aquifer 1in the carbonate
rocks are not known except in the Saratoga Springs area where the geothermal
aquifer is less than 700 feet below the ground surface. Many of these wells
which were drilled by the Saratoga Springs Authority for the commercial mineral
baths are capable of producing a sustainable flow of 30 to 50 gallons per minute
(Carl Edwards, personal communication). Groundwater studies for Saratoga
County 1ist yields as high as 150 gallons per minute for several wells' (100 gpm -
~ for Lincoln Spring #12 well and 150 gpm for an unnamed well; Heath et.al.,
1963}, Detailed records are una‘vaﬂable, and . the reliability of these
measurements 1is unknown. Conversely, a number- of other wells produce less than
30 gallons per minute. Water flows from wells in Saratoga Springs are probably
not as great as could be. produced froma properly developed geothermal well
'eSpeciaHy 1f standard techniques for increasing flows as for oil and gas wells
are employed.

A well drilled into the carbonate geo thermal aquifer in the _southern ‘Capitai
‘District area near the probable geothermal source area should produce a greater
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water flow than Saratoga Springs wells 1f drilled as a geothermal well.
Additionally, the association of faylting and fracturing with the Saratoga
Springs ichy" wells is clearly established. Several large and numerous small
faults and fracture zones cross the Capital District. Water flow should be
greatest in or near zones of faulting and fracturing with possible flow rates .Df
several hundred gailons per minuta not unlikely. The locations of zones of
maximum fracturing along faults where high flow might occur are difficult to
predict.

An area with a higher probability for well-developed fracture permeability is
the Scotia area where the southern extensions of the faults present in the
Saratoga Springs area are located along with possible fracture zones along the
Mohawk River lineament. The Albany area is also higiﬂy- fractured and faul ted
due to the nearness of the large Taconic Jverthrust faults to the east.
Fracturing and faulting may extend to great depths as a result of the more
intense deformation of the rocks to the east.
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SECTION 9
DISCUSSIGN AND CONCLUSIONS

The research on the geothermal potential of the greater Capital District has
disclosed the presence of two unrelated geothzrmal systens:
o  the Lebanon Springs system which is in an area of relatively low
geothermal gradients. Apparently normal groundwater circulating to
great depth along zones of secondary permeability is released to the

surface via a discharge zone along a high angle reverse fault in an
area of relatively low geothermal gradients; and,

s the Albany~Schenectady~Saratoga area which 1is underlain by a
geothermal system of higher temperature gradients and heat flow.
This latter system is the primary subject of the present research.

THE ALBANY-SCHENECTADY~-SARATOGA GEOTHERMAL MODEL

The system is manifested as an area of relatively high temperature gradients
and heat flows and ‘is associated with CO_- and sa1t—_—r1éh-waters of the
Saratoga Springs type. The origin of the CO , the increased salts and  the
heat s not known with certainty. The best explanation for the chemical,
therimal and structural data appears to be that an igneous mass in the Jlast
stages of crystallization (a fluid-release phase} at a depth of 10 to 20 km,
~occurs somewhere under the Capital District, This mass could also be relatively
high in natural radicactivity. '

“An alternative hypotheéis to account for the heat and the CO - is that a.
radioactive granitic rock is in contact with quartzose or cherty marbles and the
heat is sufficient to cause recrystallization of new silicates. This could most
Tikely occur 1if metamorphism of the Grenvi)le-age carbonates had not previously

reached a high enough grade to combine a1t of the free silica. If this 1is the
case, the radioactive mass is heating and could be melting and intruding upward
some time in the future. The location of such a mass could be .around the
Westmere area. ' ‘

Because 002 must wmove from high pressure at great depth to be re]ease_d at
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Jaw pressure at shallow depth, the most reasonable source area appears to be the

southern edge of the geothermal area where the tayered rocks are deepest. Carbon
d.inxide ms been recorded in the Albany area, and although the highest
temperature gradients were observed in the Scotfa area, forcing CU 5 back 29
km to Albany against the implied pressure gradient 1Into deeper rocks s
difficultt to visualize, The faults in the Scotia area act as conduits allowing
a greater heatflow to the surface and thus, 2 higher temperature gradient
measurement. The area where such a source wight most logically occur is at the
western edge of Albany where temperature gradients would presumably be higher.
A smaller related mass could possibly account for the southward thermal
projection to the Altamont area. Study of seismic activity along with
temperature gradient measurements in the Capital District have not provided a
clear answer to the question of the source of the geothermal anomaly.

Information from the microseismic network indicates that no magmatic masses of
the types which occur in  western geathermal areas of the United States exist
under the Capital District. The extent to which a modest-sized largely
crystalline wmass could be hidden is not known. Migroseismfc activity which
occurred at Thompgon Lake on Febryary 8, 1982, may be related to the southern
spur of the 20 gradient line {in some unknown way {Altamont and Thompson
Lake are on the southernmost projection of the Saratoga fault.) The only
microseismic activity which was detected near the area of the most probable heat.
source occurred at Elsmere, just south of Albany, -bout six miles southeast of
- HWestmere.

The evidence indicates that heated 602 is generated in or about the heated
mass and moves upward from depth first along zones of permeability created by
faults then,once it reaches the bedded Paleozoic rocks, tends to move along
zohes of secondary permeability and alse through porous zones in the Little
Falls and Galway dolomites and, possibly the Potsdam sandstone.

The entry zone appears to be somewhere along a line starting at the Hudson
River at central Albany passing north of Westmere and then to Rotterdam Junction
to the west. No CO_ was found in saline wells south of this 1line. In
addition, saline wells south of the line are relatively Tow in total dissolved
solids -- less than 5000 ppm - whereas the salinity north of the Tline rises
stddenly to about 20,000 ppm.
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The CO_ migrates 1largely in the carbonate rocks, under covering rocks of
low permeabilily, northward past Saratoga approximately to the Glens Falls area.
The CO_ must be naturaily vented into the meteoric groundwater  and into the
air w%ere the Paleozoic carbonate rocks dutcrop west, north and northeast of
Saratoga. Figure B8-1 shows the; distribution of the known Coz-bear‘ing
wa ters.

South of 3aratoga Springs the Coz-r'ich waters are associated with NaCl
brines not appreciably different than sea water, but more dilute. North of
Saratoga the total solids drop off and change to high-potash sodium-carbonate
brines. This 1is interpreted as being the result of dilution of the brines by
normal groundwater from the north combined with decomposition of alkalic
feldspars causing release of Na and K thus radically increasing the ratio of the
alkali metal idons to chloride ions. (Simple ditution would leave Ha:C1
molecularly about 1:1.}

Presumably in this system (:02 moves - from high pressure to the south and
east northward through a stationary or relatively slowly nortiward-moving brine.
Any salts or water introduced with the CO2 move very slowly or may even be
essentially stationary. The warm areas coincide <c¢losely with the
- C0,_-bearing waters and hence it appears that this fluid carries much of the
heat. The sharp drop 1in geothermal gradient which was observed below the
permeable zone in the Little Falls and Galway 'dc_ﬂomi'oes in the Stevens
Elementary School well (DGC:DH-10) is consistent with the heat moving with the -
fluids, not with its being transmitted by conduc tivity upward from deeper in the
earth below that area.

PREDICTING AQUA-THERMAL RESULTS FROM DRILLING

“Any well drilled through the overlying shales and sandstones inte  the
Paleozoic carbonate rocks withie the ~CO_-rich area should encounter
CO0 -bearing saline waters in the Paleozoic carbonate rocks. Wells drilled
only into the ‘upper shale-sandstone sequence should usually encounter normal
groundwater - varying from fairly pure meteoric water to sulfate-rich and/or
carbonate-rich water with occasional H_S and/or SG2 concentrations. A
few shallow wells have encountered CO_-bearing NaCl brines. Such waters are
preSumably rare leakages upward along zones of permeability such as faul ts.
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In most areas within that part of the thermal anomaly from Altamont north past
Saratoga and as far east as the Saratoga Fault, the depth to the observed
water-bearing zone and the temperature of the thermal water can be anticipated
fairly well. The depth to the aquifer can be estimated from the geology. The
temperature of the water ip this zone can be estimated by using the temperature
gradient in the shales for a given geographic area and by assuming that the gra-
dient in the underlying carbonate rocks is about 0.6 that of the shales, i.e.,
assuming the same proportionality as observed in the Stevens Elementary School well.

An area with relatively high probability for well-developed fracture
permeability is the Scotia area where the southern extensions of the faults
present in the Sar;atoga Springs area are located along with possible fracture
zones along the Mohawk River lineament. The Albany area 1s also highly
fractured and faulted due to the nearness of the large Taconic Overthrust faults
to the east. Fracturing and faulting may extend to great depths as a result of
the more - intense defar‘mation'of the rocks to the east. If a properly designed
well is drilled into a faulted and fractured zone within the carbonate section
containing the geothermal aquifer, a flow rate 1in excess of 150 gallons per
minute ma_y be obtained based on maximum yields for non-geothermal type wells in
the Saratoga Springs area. ‘

East of the Saratoga Fault, the geclogy rapidly becomes complex and much Tess
predictable because the carbenate rocks are deeper, and because a series of
eas tward-dipping thrust faults double up the rock layers. The depth of the
aquifer should lie within 200-500 feet above the Precambrian basement (see
‘Figure 9-1). An approximate temperature of the aquifer can also be estimated
from known temperature gradients, geology and the assumed depth of the aquifer
{approximately 200 feet above the basement) for the Capital District west of the
Hudson River {see Figure 9-2). Complexities increase from the Hudson River
eastward, because complex. sedimentation processes operated during deposition in
& Jlang, harrow trough of the ocean along the H_udSon River during the lower
Paleozoic. The rock units were further 'compHcated by early allocthon block
faulting, followed by thrust faulting, with the entire mass being covered by an
overthrust plate coming from the east,greatly reducing the ability to prédict
the geology at depth. Presumably,possible gas exploration drilling in eastern
New York coupled with their deep seismic exploration backup will help some in
understanding the Hudson Valley gé.ﬂogy around Albany, Because of the very
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complex geology east of the Hudson Ri ver, prediction of the occurrence, depth
and temperature of a geothermal aquifer in that area is currently not possible.
Most Signiﬁ'canﬂy, so far as the exploration for geothermal energy is
concernad, drilling east of the Hudson River based on the data available appears
to have Tittle probability of success because, the temperature gradients are
discouraging and because the probability of hitting an aquifer at a predictable
depth is very low.

The discovery 1n this program that relatgvely near-surface water under urban
areas can be as much as 10 to 15C warmer than under rural areas at
comparable elevations and latitude is of potentially major importance.
According to research by American Water Well Association and DGC (1978),
normal- temperature rural ground wa ter s now economic for ground-water heat pump
use over most of New York State, Tapping the stored heat under urban areas
could greatly improve the energy efficiency of the ground-water heat pump as
compared to heat pump usage with normal ground-water temperatures.
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INTRODUCT ION
Phase I, Geochemical Data

The foldout represents values for chemical data from wells sampled during
Fall, 1978, This chart contains representative chemical values for the sampled
wells., Additional sampling data is contained within the Phase I report,
“seothermal Resources Evaluation: Eastern New York State, " NYSERDA 79-6. The
great majority of these samples are from the Saratoga Springs "Wichy" wells, or
were duplicated by later sampling in the Phase 1I study.

Phase II, Geochemical Data

The table following the foldouts 1is a compilation of Phase II geochemical
sampling. Additional analysis of geochemical data with respect o the
geothermal system is contained 1n the Phase Il report, "Exploration for
Geothermal Resources in the Capital District of New York." A location map for
these chemistry samples can be found as Figure 3-1. The last two digits of the
sample number represent the posting number for well Tocations in Figure 3-1.
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004 | 005 | 008 | 0027|002 LT| 005 |.002 LT| 002LT| .005 | 004 |0C2LT| 002 | NA | NA
3L 026 {003LT|.003LT|.003LT[.003LT| .004 | 017 | 003 | o0 [o03Lr| o003 | Na | Na
35 | 2070 [ 1910 | 6550 | 1420 | 1480 | 436 | 200 | 140 | 230 | 484 | 102 | 341 |as5e6
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ANALYTICAL  DATA

FALL 1978 SAMPLING
l North  Central _ l Sulfate I

7
Carbonated Waters Waters

voress | natiom ; BHARON AUQUST

Alicated) .1 BIG RED | PEEMESS RED GURN QUAKER | BENNET waAtin | nosvem 1 mc NER s:n”n‘:n DAViS PITCHER ::m tsmm comerr | Lo

Az Az) 10003 | Ao | I071010 | 1040 | IvS/02 11040412 | 10218200 | oa2AG | a1 | 10/0210] 10472 | 10716012 | 100042 | 0419718 | ipneas Liosroz | loszons

2. .o 10.0 0.5 13.6 1086 e 12,6 .2 15.8 n.s 8.9 0.2 !2l.5 8% 8.9 2.5 13.8
6.3 6.0 5.9 5.8 6.1 6.4 6.2 64 67 |58SU| &8 8.7 74 1.2 78 78 1.4 7
380 | 1800 | 2500 | 980 650 | 750 T00 450 | 190 600 260 | 230 ] 230 5 43 [2i100 | 1000
54 JINTERF[ 9 4 4 L INTERE| 40 |INTERF. | INTERF | INTERF | INTERF.|INTERF. | 2400 | 1BOO | IBOO [INTERF| 2LT

0 | 2240 | 2660 | 1960 | 1340 [ 1672 1550 | 1930 | 2340 | 2250 8l0 220 | 840 | 380 | 290 260 | 220 339

380 | 950 | 1100 | 740 | 470 [ 600 | BBO | 500 | 570 { 910 | 240 { BO | 170 | 88 | 1B 12 | 950 | s3o
38 | 130 |00 | 90 | 36 |72 | 2 | a7 | w | w8 | 29 [ 4 | 73 | u 16 | 21 | 23| ez
40 | 4o | 330 {420 | 290 [ 330 | 56 | 200 { 1o | wo [ 170 | 350 | 340 | 130 | 400-] 400 | M0 [ 20
63 | 160 {280 [ 120 | 90 [uwo | 18 [ 65 | 62 |28 | 4 |30 (560 450 | 73 | %0 | 85 | 10
24 | 18 | @ 7 | 60 | 29 { a7 [ 1e | 15 | 44 | w0 | our [osr]e | 05 josiT| 8 [ 27
eLT | 2T 2Lt |2LT (2T [ euT) o2 fetT [2eT [t |2t |eTr | 2 |ewr) e 2 | 2w
st sutlsir | 7 |sur {surfsur |[scr | 5 | sur|sir| sur| 5 | SLT) SLT |SLT | 84 5
15 { 65 [ 80 | 35 [ 36 | 30|33 8o [60 [958 | 59 | 55 | 34 [ 11 | 23 | 26 | 75 | 80
20 | 6.4 10 4.9 38 | LA 3.5 10 | 7.2 LA. | L3 5.9 4 1.0 5 LA LA | &4
10 | 60 | 88 | 80 |1tout| 22 | 34 [wiT| 20 [ 14 {10 [ 24| & [rour|iour|owr| 1o fuour
o4 | 027 | o056 | o3z | 034 | 15 | 027 |03 |.022 [.04a | 008 | 008 | 045 |.0CZLT| QOSLT 008 LTI o0z | .04
50 | s | 23| 54 | 58 | 43| 34 {20 |20 | 88 | 20 ] 48 [ w0 | ousa | e jus | o [aLT
60 | 29 | & 22 | 15 15 | 13 8 |26 .f 27 [ 72 |83 | 685 |13 | 7 |0z | 28 | 14
% | 78 | e2 | a5 | a2 | 45 | a7 | a6 | 47 | 60 |.o0se | 040 |oosir| on [ oos [ 008 | 27 | v3
6 |14 | 15 | 9 | .58 |10 |11 |20 |20 |28 |68 |12 ]| 28 | 37 | 20 | 26 | 40 | &7
wir| 22 |osir| 16 | 08 |32 | o6 | a6 |osiv [.ositjoscir| 22 [osur|osur| osuriosir| o5 [osuT
79 | 38 {48 J26 | L2 |20 |30 [19 ju1 6o |52 | 83 | 47 | 48 [ 02 | 03 | 20 | 24
16 b3 70 1% 46 55 5 | 17 e | 13 [ 22 22 I8 . 15 16 17 o |t
16 | 5.0 | N 3.3 | a8 |25 |88 [ a8 [ 77 [ 10 | 2l 12 | ss no |93 | 2 | 38
5 |53 {87 |38 (34 |74 |26 |28 | 79 | 16 30 | st sut|scr| 8 [suT | 90 | 2e

L7108 LT |05 LT |.05LT |05 LT |.060LT|05 LT |05LT |05LT | 051 | 05uT{rere| 05t | osLr | 051 |05 LT | 05LT | o5LT
204 | 006 |oozLr| 008 | .004 | 007 | 004 | 008 |oozLT| 004 {.007 | 005 [oozir| o |oozir|.ocs | .co3 foozLT
509 | 120 { o6 | 0s0 | .o16 |.00sLT| 06 |.228 | 210 | .70 | 009 | .050 [.003LT|003LT|003 LT| 003 LT 00BLT}.0OBLT]
40 503_0 6460 |3820 | 2430 | 3230 | 2650 | 2730 | 2600 | 3230 1270 | 3720 | 5460 | 4180 | 2400 | 2520 | 4300 | 2030

SU = Suspect

LT « Less Than
LA = Lab Accident
NA = Not Available
INTERF = Inferference




Thermal

The units of all voluss ors expresaed (n my/i
axcept Nitrogen, Niwits which s pma/ L.

‘Waters Saratoga  Springs Are
;:::“u.o: :;::; ,:".,: macworr| rna | roLanis | omesos sEYMER "'n:o:';" nosemwy | coneneas |G
Dote g‘ﬁ_iﬂﬂiﬁ;? of 1072508 | 1072670 { iovi02 | 10216210 | ivizhe | 1043410 | 1041308 | 10413712 ion8n0 fio/she | woneng |t
Water Temperature ¢ )| 225 [220 | w05 | 99 w2 | 35 |02 | 48 | w08 | ns | 12)
pH (Fieki) 8.1 82 | 6.2 | 64 | 80 55 | et | 59 65 | 60 | &3
Chioride 7 3 750 | 6300 | €000 | 1400 [4i00 | 1300 | 1200 | 560 | 40
Sulfate (SO4) 28 9 | INTERF[INTERF. INTERF.|INTERF. [INTERF|INTERF. [INTERF,| 19 |INTERF.
_“E_,!‘:‘,_,'}‘,‘ﬂ"’g’“ a5 126 | 92 | 1280 | 4340 | 4270 | 10508y 3280 | 2100 | 2080 { 1960 | 960
Sodlum 78 | 20 | 520 | 4400 [ 3100 | 770 | 2300 | 640 | 740 | s%0 | 340
Potassium 1.6 1O 34 | 300 ( 320 | 100 | 230} 10 | 1o 87 | 39
Colclum 34 | 20 | 320} o950 | 950 | 400 | 780 | 320 | 340 [ 270 | 200
Magnesum 15 [ 12 79 | 470 | 40 | w0 [ 300 [ 150 | 190 | 190 | 64
1 on 05 |o5LT| 10 071 | 08 16 23 | 27 62 | 62 | 23
Nitrate and Nitrite 2 |e2wrjewr| 2 |ewrf.eLr|2tT).2 LT 2wt 2Lt | 2Lt
Nitrite 5LT | sLT| 12 5 5 5 15 8 7 SLT | 5LT
Ammonia 007 | o007 | 32 | 32 | 18 4.3 2 | 43 | a5 | 4 8
Nitrogen Total 38 { 2LT| 36 | 26 | 2 6.1 LA | 58 | 61 | 43 | 2.
Carbon Organic{Toc)|] 38 [ 18 | 10| o[ 18| s0 [ 28 | 10 Lot | 38 ] 10
Phosphate 006 [ o0 | 052 | o8 | o4 | o9 | o35 | 014 | 0% | o | .o | )
Fluoride (Free) 25 | LT | 45 | AT | 34 | 14 68 | s2 | s0 | 32 | .50
Bromide 1 es | a4 | 18 | 130 | o | 24 | 74 | 26 | 34 19 10
todide o006 | 004| 49 [ 42 | 43 54 26 | 43 | 87 | .45 | 9
Boron 20LT | .20LT| .86 32 | 35 L1 1.6 | 87 | 1.6 e | .79
Aluminum O5LT|05LT| OSLT) 06 | .05 08 | 26 {OBLT| .06 (.09 |.05LT
Lithium OILT oLr| 20 14 12 28 10 28 | 27 | 19 | 80
Silico 15 16 45 16 12 21 13 45 45 | 40 15
Strontium 3 |osLr| 78 | 25 17 4.7 14 5.2 51 | 40 | 18
Barium SLT [ 5LT [ &7 34 | 2 5.1 7] 5. 50 | 37| 7
Tin O5LT { O5LT { O5LT [ 05LT|.05LT |08 LT|08LT| 05LT|.05Lr |.05LT [05LT
y,,,,;,;n- 003 |002LT| .003 |.002LT| 002 LT 002LT| 010 |.002LT| 007 |.002 LT}.002LT
Zirconem 003 Li' 0031T| o010 | 423 | o025 | 400 | 237 | 053 | .ca8 | 045 | 05 |}
Total Dissolved Sokids | 179 | u7 | 2si0 |i7500 | 14610 | 4420 | 107804320 |4240 | 3000 | O |1}
NOTE.




TABLE A-2
SAMPLING SITES - SOURCE DATA
FALL 1978

Sgmpling Site Location : Owner

Lebanon Springs Lebanon Springs

Town of Lebzwn Springs

Sand Spring Williamstown, Massachusetts Mr. Fred George

0ld Iron Ballston Spa, New York Tovn of Ballston Spa
Bischoff Ballston 8Spa, New York Mr. Louls Pastore
Hathorn #3 Saratoga Springs Reservation State of New York
Polaris Saratoga Springs Rezervation . State of New York
Orenda Saratoga Springs Resgervation State of New York
Geyser Saratoga Springs Reservation State of New York
Lincoln #12 Saratoga Springs Reservation State of New York
Rosemary Grand Union Motel Mr, James Benton

Saratoga Springs, New York

Congress #1

Hathorn #1
Big Red
Peerless
Red

Gurn Spring

Quaker

Bennet
Martin
MeNeil

Sharon Spring

Vita Spring
Davis
Pitcher
Congly
Avguste Bohl
Yezzi
Figliomenl

Congress Park, Saratoga
Springs, New York

Saratoga Springs, New York
Saratoga Springs, Wew York
Saratoga Springs, New York
Saratoga Springs, New York
Gurn Springs, New York
Quaker Springs, New York

Moreau, New York
Moreau, New York

Argyle, New York

Sharon Springs, New York
Durkeetown, New York
Smith's Basin, New York
Dunnsﬁille, New York
Melrose, New York
Bethlehem, New York
Guilderland, New York

Parkers Corners, New York

City of Saratoga Springs

City of Saratoga Springs
Saratoga Race Track

City of Saratope Springs
City of Saratoga Springs
Wilton Medical Center

Quaker Springs Historical
Soclety :

Mr. Gerald Bénnet

Mr. Jeffrey Martin

Mr, Harold McNeil
Town of Sharon Springs
Mg, Elizabeth Rozelle
Mr. James Davis

Mr. LeRoy Pitcher

Ms. Dolores Congly

Auguste Bohl Equipﬁent'corp.

Mr. Danilel Yezzi
Mr. Joseph Figliomeni



{Table A-2 {Continued)

Sampling Site

Tudor Pines
Gorman
Pattersonville
Pompa

Y.K. Greene
Bloodgood

Saratoga Veteri-

nary Hospital
Wilson

Middletown
Springs

Celestins

Hopital

.anation

Central Bridge, New York
Sloansville, New York
Pattersonville, New York
Milton, New York

Wilton, New York

Malta, New York

Wilton, New York

Altamont, New York
Middletown Springs, Vermont

Vichy, France
Vichy, France
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Owmner

Tudor Pines Homes

Mr. Gorman

N.Y.S. Thruway Authority
Pompa Bros., Quarry

Mr. Y. Kittner Greene
Judge Bloodgood

Saratoga Veterinary
Hogpital

Mr. Arthur Wilson

Middletown Springs Histori-
cal Soclety

Unknown

Unknown




APPENDIX A
~ CHEMICAL DATA FROM STANDARD SAMPLING

Sample No.  15001* 15002 15003 15004 15005 15006
T0¢ 13.3 11,4 12.6 9.9 10.6 10.4

BH 7.9 8.0 6.1 5.8 6.6 5,8
Alkalinity  194.0 1690.0 2040.0 33600  3560.0  1410.0
(field)

S0, 4.0 8.0 28.0 15,0 20.0 4.0

c1 450,0 330.0 350.0  3100,0  2700.0  1700.0

Na 180.0 450.0 350.0  2300,0  2300.0 550.0

K 3.4 8.4 72.0 220.0 36.0 35.0

Ca 55,0 5.4 260.0 720.0  120.0 290,0

Mg 26.0 2.3 190.0  310.0 120.0 80.0

Fe 0.77 0.13 6.6 2.8 7.8 13.0
No, .005 .005 .005 .007 .007 .005
NH 0.49 2.3 2.8 5.2 11,0 3.4.
NroT 0.7 3,3 3.7 9.0 13.0 4.4
TOC 5.0LT 11.0 5.0LT  34.0 5,0LT 5.0
Po, 0.008 0.04 0.07 0.053 0.049 0.074
F 0.06 2.0 0.37 0.46 0.44 0,42
Br 6.7 18.0 18.0 82.0 67.0 26.0

I 0.62 2.5 0.10 2.0 1.8 0.35

B 0.29 1.2 1.0 3.4 2.5 0.98
Al 0.05LT . 0.05LT  O0.05LT 0.59 0.063 0,05LT
Li 0.5 3.2 1.2 7.3 10.0 2.0
510, 8.8 7.6 44,0 10,0 15.0 16.0

Sr 3.1 2.8 4.3 13.0 37.0 8.4

Ba 2.2 0.9 2.4 14,0 20.0 7.2

Hy 0.0004LT 0,0004 . 0.0004  0,0004LT G,0004LT  0,0004LT
In 0.07 0.36 0.05LT  0.05.T  0.06LT  0,05LT
TS 1180.0 2250.0  2429.0  10370.0  7835.0  2567.0

* Last two digits of the sample number represent the posting number for data
located in Figure 3-1, _

Lab Accident
LT = Less Than

NA = Not Analyzed
INTF = Interference
Results in mg/1.

LA

A-7



Appendix A - cont'd.

Sample No. 15007 15008 15009 15010 15011

1% 12,2 12.1 10.8 10.2 11.0

pH 8.1 9.3 8.9 6.5 6.3

Alkalinity  720.0 410.0 690.0 2470.0 2270,0

{field)

S0, 5.0 3.0 2.0 7.0 28,0

cl 270.0 390.0 350.0 1500.0 120,0

Na 400.0 350.0 460,0 1500.0 290.,0

K 4.2 NA 3.5 100.0 15.0

Ca 2.3 0.9 0.9 170.0 73.0

Mg 0.4 0.6 1.7 83.0 54,0

Fe 0.29 NA 0.05 8.8 1.7

NO, .005 .005 .006 .013 .005LT

NHy 0.95 NA 1.6 5.8 5.2

Nrot 1.2 NA 1.8 7.7 6.3

T0C 16.0 NA 5,0LT 6.0 32.0

PO, 0.047 NA 0,057 0.036 .013

F 4.2 NA 3.6 0.18 .2

Br 16.0 NA 14,0 42,0 15.0
0.92 NA 1.8 1.4 0,020

B 1.1 NA 0.88 3.4 2.0

Al 0.05 NA 0.05LT 0.36 0.05LT

Li 2.0 NA 1.9 3.5 0.9

510, 8.3 7.2 7.6 12.0 13.0

Sr 1.0 NA 1.0 18,0 7.6

Ba 0.5LT NA 0.5LT 20,0 5.6

Hg 0.0004LT  NA 0.0004LT  0.0004LT  0,0004LT

In 0.16 NA 0.05 0.05LT 0.05LT

TS 1136.0 1073.0 1263.0 54580 2177.0

LA = Lab Accident

LT - Less Than

NA - Mot Analyzed
INTF = Interference
Results in Mg/1.
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15012

e

12.2
6.6
2260.0

34.0
700.0
950.0

17.0

65,0

28.0

0.39
.005
8.5
9.5
12.0
0.028
0.5
44.0
0.16
3.7
0.05LT
6.4

10.0

11.0

11.0

0.0004LT
0.05

3179.0




- Appendix A - cont'd.

Sample No. 15013 15014 1501% 15016 15017 15018
7o 9.9 9.6 10.8 11.5 12,2 10,9
pH 7.7 7.7 7.7 7.8 9.7 7.3
Alkalinity  280.0 110.0 670.0 640.0 490.0 450.0
(field)
50, 6.0 22.0 5.0 2,0 11.0 310.0
e 4100.0 2.0LT  240.0  4900.0. 7.0 66.0
Na 2600.0 2.6 290.0  2700.0 250.0 49.0
K 34.0 0.5 1.8 21.0 2.1 NA
Ca 89.9 35,0 7.1 35,0 0.5LT  39.0
Mg 33.0 3.8 5.7 18.0 0.4 84.0
Fe 3.4 0.96 0.1 0.52 1.5 NA
NO, .005 .,005LT  .0OSLT  .005 .010 NA
NH3 19.0 0.053 0.45 6.4 10,91 NA
Nyor 19.0 NA 1.3 8.5 1.4 NA
T0C 5.0LT NA 8.0 17.0 5.0LT NA
POy, 0.024 NA 0.032 0.010 0.067 NA
F 3.0 0.1LT 2.5 1.8 3.9 NA
Br 82.0 NA 6.5 56.0 5.2 NA
14.0 NA 0.035  35.0 0.17 M
B 0.79 0.2LT 0.28 . 1.1 1.2 NA
AT 0.052 0.37 0,05LT  0.05 0.35 MA
Li 12.0 0.01LT 0.3 11.0 0.6 NA
510, 6.7 8.7 7.7 5.5 11.0 17.0
Sp 58.0 NA 1.0 19.0 1.0 NA
Ba 16.0 NA 0.5LT 6.9 0.5LT NA
Hg 0.0006  NA 0.0004LT  0.0004LT  0,0004LT  NA
In 0.05LT  NA 0.36 0.84 0.05 NA
TS 9816.0 160,0  1079.0  8810.0 554.0  1010.0
LA = Lab Accident
LT = Less Than
NA = Not Analyzed

INTF = Interference
Results 1n mg/1.
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Appendix A - cont'd,

Sample No. 15019 15020 15021 15022 15023 15024
1% 10,5 1 10.8 8.7 11,0 8.1 8.9
pH 6.3 7.6 6.4 6.3 6.7 6.1
Akalinity 44300  2410.0 250.0  2740.0 70.0  4660.0
(Field)

50, INTF 180.0 16.4 9.0 8.0 5.0
C1 5700.0 800.0  6000.0  2800.0  14000.0  1200.0
Na 3800.0  1400.0  3500.0  1200,0  2700.0  1300.0

K 78.0 13,0 39.0 110.0 18.0 110.0
Ca 580.0 12.0 140.0 270,0  5000.0 380.0
Mg 320.0 5.0 43.0 120.0 650.0 230.0
Fe 39.0 0.05.T 5.9 6.3 15.0 240.0
NO, .010 005 .008 .007 .090 .016
NH, 22.0 3.5 13.5 10.0 0.81 5.4
NroT 31.0 3.5 13.0 11.0 1.2 LA
T0C 5.0LT 5,0LT 5.0LT 5.0LT 7.0 18.0
PO, 0.056 0,003 0.012 0.007 0.14 0.084
F 0.12 2.6 2.4 0.2 0.2 0.2
Br 160..0 25.0 130.0 46.0 100.0 40,0

I 12.0 3.0 18.0 0.27 0.27 0.76
B 4.0 1.3 0.37 0.97 0.94 0.55
Al 0.11 0.05LT 0,082 0.066 0.097 0.13
L1 25.0 5.0 14,0 5.0 0.51 4.0
s10, 14.0 8.2 2.4 13.0 6.8 55.0
Sr 100.0 3.3 91.0 36.0  2300.0 12.0
Ba 50,0 0.5LT  17.0 36.0 9.1 6.3
Hyg 0.0004LT 0.000&4  0.0004LT  0.0004LT  0.0004LT  0.0004LT
in 0.05 0.05 ' 0.05LT 0.05LT 0.06 0.05
TS 19500.0  4070.0  10600.0  7550.0  29700.0  6070.0

LA = Lab Accident
LT = Less Than

NA = Not Analyzed
INTF = Interference
Results in mg/1.
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Appendix A - cont'd,

Sample No. 15025 . 15026
°C 11.2 10.9
pH 8.7 6.9
AMkalinity 1680.0 1430.0
(field)

504 7.0 5.0
Cl 380.0 120.0
Na 760,0 310.0

K 2.1 50,0
Ca 5.7 99.0
Mg 2.0 32.0
Fe 0.86 0,39
NOZ 005 .005
NH3 0.37 3
NTUT ‘ 0.42 4,
TocC 13.0 5.0
P04 0.024 0.011
F 4.4 0.5
Br 14,0 INTF
I 0,070 0.044
B 0.46 ¢.50
Al 0.05 0,044
Li 0.3 1.7
5102 4.3 8.8
Sr 1,0LT 2.8
Ba 0.5LT 3.4
Hg 0.0004LT  0.0004LT
in 0.05LT 0.05LT
Ts 2050.0 1640.0

LA = Lab Accident
LT - Less Than

NA = Not Analyzed
INTF = Interference
Results in mg/1.

15027
11.7

0.02
0.9
INTF
0.005
0.29
0.005
0.41

12.0

1.0LT
0.5LT
0.0004LT
0.05LT

328.0
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15028 15029 15030
10.9 8.3 10.6
7.2 8.2 9.7
1020.0 310.0 510.0
3.0 14.0 6.0
680.0 32,0 6.0
850.0 10.0 190,0
6.0 0.1 1.4
13.0 72,0 0.7
8.6 16.0 0.2
3.7 0.05 0.29
.007 005 ,005
2.6 0,044 1.8
2.6 . 0.040 1.8
11,0 0.5 5.0
0.033 0.003 0.040
1.4 0.1LT 2.1
18.0 INTF 15.0
0.78 0.005LT  0.15
0.41 0.26 1.2
0.42  0.05 0.25
3.4 0.01LT 0.9
5.9 6.6 12.0
4.6 1.0LT 1.0LT
3.7 0.5LT 0.5LT
0.0004LT - 0,0004LT 0,0004LT
4.3 0.05LT  0.05LT
2110.0 - 304.0 500.0

e a1 = b3 Al o et AT = o




Appendix A - cont'd,

Sample No, 15031 15032 15033 15034* 15035 15036 15037
1°¢ 10.2 9.7 9.7 NA 9.0 9.9 9.5

pH 6.8 8.7 6.4 6.2 8.0 7.15 9.5
Alkalinity 3530.0 216.0 4600.0 NA 46.0 940.0 400.0
{field)

S04 20.0 3.0 5.0 9.0 21.0 4.0 5.0

¢l 700.0 2.0 §100.0 8100.0 15.0 320.0 12.0

Na 1100.0 78.0 5200.0 5200.0 4.6 450.0 160.0

K 26,0 2.2 69.0 68.0 1.0 7.2 2.9

Ca 150.0 7.3 600.0 570.0 24.0 51.0 2.1

Mg 160.0 3.0 330.0 350.0 6.7 17.0 0.8

Fe 2.1 0.06 14.0 36.0 0.05LT 2.7 0.39
NO, L051 .050 .010 .014 .005 .005 .005
NH, 6.1 1.2 12.0 13.0 0.021 1,2 0.95
N 7.8 1.5 29.0 28.0 0.082 1.4 1.2
TOC 5.0 2.0 2.0 3.0 2.0 1.0 1.0LT
PO, 0,022 0.021 0.036 0.013 0.005 0.019 0.04

F 2.5 2.0 0.1LT 0.1L7T 0.1LT 0.46 1.3

Br 25.0 6.8 170.0 170.0 INTF 12.0 INTF

I .26 0,066 10.0 9.0 ~0.55 0.55 0.052
B LA 0.65 2.6 2.6 0.2LT 1.3 0.62
Al 0.05LT  0.05LT 0.05LT 0.05 0.05 0,05 0.31
L 2.1 0.23 25.0 27.0 0.01LT 1.0 0.51
510, 16.0 8.8 13.0 14.0 8.8 10.0 12.0

Sr 13.0 1.0 160.0 170.0 1.00LT 3.9 1.0LT
Ba 9.7 .5 6.8 74.8 0.5LT 1.5 0.5LT
Hg 0,0004LT 0,0004LT - 0.0004LT 0.0015  0.0004LT  0.0004LT 0.G0O0ALT
In 0,05LT  0.05LT 0.05LT NA 0.15 0.05LT  0.05LT
TS 4380.0 231.,0  18900.0  19500.0 175.0 1490.0 435,0

*Duplicate Location For 15033

LA = Lab Accident
LT = Less Than

NA = Not Analyzed
INTF = Interference
Results in mg/1.

BN
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APPENDIX B

SILICA CHEMISTRY DATA
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INTRODUCT JON

Silica sampling data is compiled in tabular form from both the Phase II and
Phase III silica sampling surveys. Samples may be located by their latitude and
longitude, or by United States Geological Survey 7-1/2 - minute quadrangle wmaps.
The great number of points preclude their numbering on a posting of reasonable
size. An explanatory legend is located at the end of the table. Additional
explanatory information can be found 1in Section 3 of this report. The
temperature quality indicator is a minor indicator of data quality. Analysis of
the data set showed that little or no significant variation existed between
“suspec't" and "good” data. The first two digits of the sample number refer to
the year of sampling; the last three digits are the actual sample number.

A key to the quadrangle maps follows:

Abbreviation Quadrangle Map
ALBNY Albany

ALTAM Al tamont
AMDAM Ams terdam
AVLPK Averill Park
BROAL Broadalbin
BRTHL Burnt Hills
CAMBG Cambridge
CANAA Canaan

CORIN Corinth
DELMR Delmar

DUANE : Duanesberg
ECHAT East Chatham
EGLBG Eagle Bridge
EGRNB East Greenbush
FIMIL * Fort Miller
GALWY Galway

GLPVL : Gallupville
GLVRY Gloversville
GNSVT Gansevoort
GRFTH . Grafton
HANCK Hancock
JHNBG Johnsburg
MDGRY Middle Grove
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MECHY

NASSA

NISKY
PATVL
PORTC
POWNL
QKSPR
RNDLK
ROJUN
SARSP
SCOKE
SCYVL
STEPH
TABTN
TOMHN
TRBHL
TROYN
TROYS
VRHSH

Mechanicville
Nassau

Niskayuna .
ﬁ&ttersonv111e'
Porter Corners
Pownal

Quaker Springs
Round Lake
Rotterdam Junction
Saratoga Springs
Schaghticoke -
Schuylerville
Stephenltown Center
Tabor ton
Tomhannock

Tribes Hi11

Troy North

Troy South
Voorheesville



Sample

BO1510%
8015102
8015103
8015104
BO15105
8015107
8015110
§015111
BOiIS113
8Qi5114
8015115
803116
8035147
8015118
201511¥
8015120
8015122
ao15123
80315124
8§0t5L25
8018124
8015127
8035128
8015130
8015131
86015132
8015133
8015134
8015135
8015136
8015137
8015138
801513¢
8015140
80151414
8015142
8015143
4015148
8015145
8015144
8015147
8015148
8015149
8015150
80151351
80151382
8015153
80151534

Quad. Lat.

CANAA 42 .9853-73.
CANAA 42.4762-73.
CANAA 42.4565-73.
CANAA 42.4711-73,
MECHV 42.39%44-73.
MECHV 42.3987-73.
MECHV 432 .3981-73.
SCOKE 42.9061-73.
MECHV 42.3971-73.
SCOKE 42.9297-73.
STEPH 42.5691-73.
CANAA 42.4642-73.
CANAA 42.4601-73.
HANCK 42.5569-73.
MECHV 42.4250-73.
CANAA 42.4259-73.
CANAA 42.4461-73.
CANAA 42.4448-73.
CANAA 42.4509-73.
CANAR 42.456%5-73.
CANAA 42.4595-73.
CANAA 42.46%7-73,
CANAA 42.4519-73.
CANAA 42.4485-73,
STEPH 42.5299-73.
HANCK 42.5722-73.
HANCK 42.5140-73.
HANCK 42.5127-73.
STEPH 42.5500-73.
STEPH 42.5523-73.
STEPH 42.5674~73.
HANCK 42.5310-73.
STEPH 42.5091-73.
CANAA 42.4%27-73.
BCOKE 42.9152-73.
SCOKE 42.8799-73.
ECHAT 42.4911-73.
NASSA 42.5179-73.
NASSA 42.5330-73.
NASSA 42.5489-73.
NASSA 42.5553-73.
NASSA 42.5783-73.
NASSA 42.5823-73.
NASSA 42.5874-73.
CANAR 42.4748-73.
CANAA 42.4752-73.
CANAA 42.4657-73.
CANAA 42.4703-73.

Long.

4704
3git
3820
3927
3808
3674
4184
5704
4824
5857
3347
4038
4041
305¢9
4390
4442
4215
4218
4227
1?7
4177
4241
430%
4352
3802
ap2z2
38578
3544
s8zd
3914
4272
3585
3794
3875
S484
ég8l
SRR L]

3841

5987
5646
5243
3158
5584
5752
3759
3773
4044
3932

b QI
187. 0
1. 0
30. 0
7. 0
0. 1
61, ¢
30. 0
50. 0
é. 0
2¢. 0
8. 0
26. 0
25. 0
53. 0
30. 0
85. ¢
67. 0
6. 0
gs. 0
4. 0
4. 0
119. 0
30. 0
34. 0
45. 0
49. 0
9. 0
6. 0
io. 0
39. 0
12¢. 0
CR I
41, ©
30. 0
27. 0
48. 0
0. 0
30. 0
17. 0
30. @
43. 0
9. 0
6. 0
30. O
30. 0
38. ¢
21,
5. 0
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Tgtz

27.
20,
.21
34.
17.
52.
24,
.?7

aop

$2

5.
42.
52,
ae.
23.
.55

21

19.
47.
47.
i8.
50.
52.

47

45 .
L2

0

§0.

50

2.
b7

27

16.
2é

5%

55 .
.18
.53

4%
35

92
a9,
37.
50.
29.
2.
47,
15 .
50.
5%.
28,
3.
aq.
18.
39.
27.

&9
51

58

17

97
51

53
38
§7
28
0é

43
99
99
32
55
7
e
ze

53
93
0é

59

24

a8
24
27
55
3%
58
99
28
56
26
12
71
82
32
26
69

Qqtz

21,
10.
25,
34.
.93
59.
14.
59.
33.
43,
59 .
37.
14.
12.
.30
51.
.93
. 64
55,
59.
.93
47.
25 .
5%,
55.
13.
21.
.05
62,
6% .
47.
L33
13,
38,
a5,
55,
24.
28,
51.
q7.
55
62 .
22,
30,

51

51

33

32

63
?0
40
20

3%
88
3%
a3
55
33
13
7%
46

93

75
a5

g8
10
75
75
22
63

78
78
8

L3}
90
$3
75
17
?3
93
gg
7%
748
27
62

.26
.64
8.
21,

70
43




Sample Quad.  Lat. Long. D QI Temp. pH $10,  Tqtz Qqtz
BD15155 CANAA 42.4438-73.3910 30. 0 B.3 -0.0 5.7 22.06 13.22
8015156 STEPH 42.5349-73.4030 73. 0 14.5 ~0.0 6.0 23.5%  15.45%
8015157 EGRNB 42.5640-73.6245  40. 0 10.4 -0.0 15.0 52.%7 59.3%
8015158 MECHV 42.3989-73.4328° 0. 0 7.2 -0.0 4.2 13.49 0.43
8015159 MECHV 42.4060-73.4106 55. 0 6.7 -0.0 2.1 -4.24 -26.08
BO15160 MECHV 42.406%-73.4314 27. 0 5.6 -0.0 3.4 7.84 -8.00
8015161 CANAA 42.4425-73.3985 58. 0 3.3 -0.0 5.7 22.06 13.22
BO15162 CANAA 42.4427-73.3959 20, 0 ~0.0 -0.0 5.0 18.32 7. 464
8015163 HANCK 42.5425%-73.3703 2. 0 10.0 -0.0 7.9 3i{.84 27.78
8015164 HANCK 42.5892-73.3689 70. 0 4.1 -0.0 16.0 §%.24  4é2.78
80151465 BTEPH 42.5318-73.4045 30, 0 15.% -0.0 9.2 36.58  34.790
8015146 HANCK 42.6127-73.83578 32. 0 4.1 -0.0 14,0 50.5%5  55.7%
8015167 HANCK 42.6181-73.3566 27. 0 6.1 -0.0 5.9 23.06 14.72
8015169 EGRNB 42.5011-73.7062 30. 0 11.0 -0.0 17.0 57.44  66.03
8015179 NASSA 42.5045-73.4090 44. 0 9.0 -0.0 10.0 39.26  38.90
BOI5184 HANCK 42 .5670-73.3027 5. 0 -0.0 -0.0 5.3 19.97 10,1t
8015198 HANCK 42.5429-73.3464 30. 0 12.0 ~0.0 6.1 24.08  16.17
BOL15199 HANCK 42,5415-73.344% 39. 0 -0.0 -0.0 7.2 28.97  23.%4
8015200 OGKSPR 43.0058-73.704% 27. 0 12.0 -0.0 12.0 45.28 ~ 47.88
8015202 QKSPR 43.0304-73.6612 J30. 0 12.0 -0.0 10.0 39.26  38.90
B015204 QKSPR 43.0358-73.4530 30. 0 10,0 -0.0 15.0 52.97 59.3%
8015206 QKBPR 43.05%4-73.6408 18. 0 11.0 -0.0 8.2 32.96  29.50
BO15208 OKSPR 43.0819-73.4218 0. 0 10.0 -0.0 4.5 25.91  18.97
8015209 SBARSP 43.0970-73.8382 18. 0 11.0 -0.0 5.4 20.51  10.90
8015210 QKSPR 43.1101-73.4780 30. 0 9.0 -0.0 8.0 32.20  28.3¢
8015211 SARSP 43.0957-73,8612 41. 0 10.8 -0.0 6.0 23.55  15.4%
BO16212 QKBPR 43.0813-73.4%82 49. 0 11.0 -0.0 1.0 42.38  43.5%5
8015213 SARSP 43.0705-73.8465 27. 0 13.0 -0.¢0 9.5 37.61  34.43
8015214 QKSPR 43.0608-73.6862 55. 0 9.0 -0.0 11.0 42.38  43.55
8015215 SARSP 43.0621-73.8418 30, 0 10.5 -0.0 13.0 47.99  51.93
8015214 OKSPR 43.0123-73.6944 22. 0 10.0 ~p.0  14.0 50.35  55.75
BO15218 CORIN 43,1263-73.8568 49. 0 9.0 -0.0 9.6 37.94  36.93
BD15219 GNSVT 43.1362-73.6826 9. 0 11.5 =0.0 12.0 45.28  47.88
8015220 CORIN 43.1509-73.8565 24. 0 10,0 -0.0 12.0 50.55  55.75
8015221 GNSVT 43.1581-73.6383 1. 0 8.0 -0.0 8.y 35.53 33,83
BO15222 CORIN 43.2147-73.80%21 42, 0 11.0 -0.0 8.8 85.18  32.80
8015223 GNSVT 43.1976-73.64%3 91. 0 10.5 -0.0 8.1 32.58 28.93
8015229 CORIN d3,1200-73.8056 33. 0 11.5 -0.0 10.0 39.24  38.90
8015225 GNSVT 43.2323-73.6818 9. 0 13.0°~0.0 15.0 52.97  39.3%
8015226 CORIN 43,1787-73.8447 30. 0 10,5 -0.0 $.3 36.93  3%5.42
8015227 GNAVT 43.2371-73,4554 43. 0 11.2-°-0.0 6.8 27.25  20.97
8015228 CORIN 43.1606-73.8346% 160. 0 12.0 ~0.0 9.0 35.89  33.86
8015229 GNEVT 43.2381-73.6556 80. 0 13.0 -0.0 8.2 32.96 29.50
5015230 CORIN 4%,1416-73.8861 91, 0 9.5 -0,0°  ¢.4 37.27° 35.93
8015231 GNSVT 43.2470-73.6434 21. 0 12.8 =0.0 6.3 24.98 17.%59
8015232 CORIN 43.1772-73.7541 98, 0 10.5 ~0.0 10.0 3y.26  38.90
8015233 GNSVT 43.2213-73.6400 81. 0 12.5.-0.0 4.1 12.83  -0.85
8015234 GNSVT 43.1892-73.73%4 37. 0 9.5 -0.0 11.0 42.38  43.53
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Sample

8015235
8015236
8015237
8015238
8015239
8015240
8015241
8015242
8015243
8015244
80152435
8015244
8015247
3015248
BO15249
8015250
8015251
BO15252
8015253
8015254
8045225
8015254
BO15237
8015238
8015259
8015260
8015241
8015262
8015263
8015264
BO1526%
8015266
BO15247
8015249
BOL5273
8015275
8015277
8015279
8015281
8015283
8015287
8015291
8015293
BOLS29S
8128001
8128002
8128003
8128004

Quad.

CNSVT
GNBVT
CNSVT
CNSVT
CORIN
SARSP
RNDLK
RNDLK
ERTHL
BRTHL
BRTHL
BRTHL
BRTHL
RNDLK
MDGRV
RNDLK
MOGRV
HNDLK
MDGRV
RNDLK
MDGRV
BRTHL
MDGRV
BRTHL
MDGRV
BRTHL
MDGRV
BRTHL
MDGRV
BRTHL
MDGRV
BRTHL
MDGRV
MDGRV
DUANE
DUANE
DUANE
DUANE
DUANE
DUANE

DUANE

ROJUN
ROJUN
ROJUN
SARSP
S8ARSP
SARSP
SARBP

lat.

43.
43.
33
43.
43.
43 .
42
42 .
42.
42 .
ag .
42 .
92
92
43
42
43
Q2
43,
42,
43
42 .
42
42,
43,
43,
43,
32.
43.
42 .
43,
42,
43,
43
4z,
472,
1%,
4z,
4z,
1z .
12
42
42.
42,
43
43
43,
48

Long.

2353-73.6281
2175-73.7121

L2084~73 6823

1654-73.7203
1485-73.7630
0121~-73.787¢

. 904273 . 951%

$418-73.9515
§788-73 8879
$721-73.9204
$391~73.93448
$414-73.9457

.9530-73.89352
. 9541-73.9894
.01488B-73.9258
. 9072~-73.9012
.055%B-73.87914
. 9725-73.9235

0853-73.8982
$451-73,9529%

.1164-73.9270

$104i-73.92148

.08464-73.9258

8925-73.9552
0478-73.9580
9149-73.9643
0047-73.9674
§919-73.9783
0590-73.9927
8930-73.9994
0575-73.9921
$120-73.9862
0726-73.9824

L0709-73.987%1

7942-74.144°¢
7814-74.1720
8020-74.1714
7563-74.1995
7909~74.2131
8631-74.1568

.8306-74.1442
.8421-74.0913

B271-74.0398
8124-74.0640

.A500-73.8024
.0506-73.8038

0513-73.8060

. 0537-73.8074

T 65

o QI

101
7.
?6.
23.
60.

53.
55.
55.
24,
azr.
69.
74.
45 .
18,
24,

27.
23.
18.

HE-T

71.
52.
48 .
&1,
44 .
27,
"98.
71.
23.
21,
20.
3.
41.
32.
Pé.
zq.
28.
57.
70.
38.

44.
M.,
10°.

- - - Eo-R-R - - - - - E-N-N-F-N-E-R- - - - = - N - - R =T — =N~ R - =R = — L= -

Temp.

11,

i1,
11.

12.

i0.
10.
11,

1z.
10,
1.
11.
14.

21

10.
10.
15.

11

14.
10.
12.

iz

11.

il.

13.
12.
~-q.

1¢.

12.
149.
1.
10.
10,

a-aa.a:momcmaaumo.-_-.ucuoug»—chnmmmaoommmoummomcouuuamc

o
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o
Do LoD a0 o0l PP lnd o doCtoRolPado Do oo

510

13.

14.
10,
11.

13.
14.
18.
11.
11.
12.
i1,
17,
13.
11.
11,
1Z.

13.
14.

10,
11,
13.
11,

1é

11.

13,
13.

13.
14.
11i.
14.

132.
i0.
17.
10.

VN RGO NOoOOoS oD oo 00 OO YOO S 0000030 8e0 00N Qe

Tqtz

28,
47,
.94

az

34q.
50.
39,
.38
35.
37.
47 .
50.
59.
4z .
92 .
45 .
42,
57.
17 .
2.
42 .
.28
35.
.81
35.
47,
50.
35.
ay,
42 .
97.
12,
B .
42 .
26 .
47.
47.

4z

45

3

50

q97.
95,
92 .
24
3a.

55

87

45.

41

58,
ag.v0
35.53

85
?9

8z
9%
24

gy
27
99
5%
53
ag
38
28
as
94
79
38
38

53

53
79
5%
18
24
3s
¥
aa
24
3
3é
99
9
98
99
24
3a

z48
é1
28
14
08

Qqtz

22.
91,
36.
3z.
55.
3e.
43.
33.
35 .
St

R

4%,
.85

13

43,
17 .
43 .
46 .
5.
43.
43 .
97 .
33.
27.
33.
.¥3

51

§5.
32.
3s.
43.
§1.
43.
62.
43.
19.

91
91
2%
1

g3
93
§3
24
7%
90
55
8é
?3
93
75
13

95
ae
5%
03
?3
55
9%
LX:)
33
78
33

73
-4+
90
5%
?3
5%
78
5%
44
23
$3

.75

éz.
.59
62.
37.
3é.
47 .
41 .
66.98
3%.84
33.233

93
78

78
43
43
a8
73



Sample

8128005
8128004
8128007
a128008
8128010
a128da11
8128013
8128015
8128014
8128017
4128020
8128022
8128023
8128025
4128027
6128029
8128031
6128032
8128033
8128034
8128038
8128037
4128038
8128037
8128041
41280492
0128044
8128045
8128045%
86128047
8128049
81280850
Bi28052
81280%23
8128055
8126054
8128047
81280458
B12080%8%
8128040
8128061
6128062
81280414
8128046
8128047
8128048
8128049
8128071

Quad.

BEARSP
SARSP
SARSP
SARSP
BARSP
SARSP
BARSP
SARSP
SARSP
SARSP
BARSP
SARSP
SARSP
SARSP
SARSP
ROJUN
ROJUN
ROJUN
ROJUN
ROJUN
ROJUN
ROJUN
ROJUN
ROJUN
ALTAM
DUANE
DUANE
DUANE
PATVL
PATVL
PATVL
PATVL
PATVL
EATVL
PATVL
FATVL
PATVL
GALWY
GALWY
PATVL
CALWY
GALWY
GALWY
GALWY
GALWY
CALWY
NISKY
NISKY

Lat.

43,
43 .
43,
93,
93,
43
93,
43
43
93.
43.
43,
43
43 .
43
47 .
42z.
42,
4z
42 .
9z
42 .
4z.
42,
42
42.
4z .
42 .
4z,
42,
42
q2.
LI
42.
42
qz.
42 .
3.
43,
42 .
43,
43
43 .
a3.
43 .
q3.
42 .
42 .

0371-73
0357073
0487-73
0023-73
0881-73

.0774-73

0834-73

079673
.0B90-73

0900-73
0871-73
0847-73

0781-73

0780~-73

.0448-723

§459-74
8448-74
§273-74

.B8119-74

799574

.84654-714

8051-714
7715-74
7745-74

.7347-7¢

837274
8523-714
7522-714
9241-74
9252-749

.9147-74

?589-74
$430~74
?683-74

.9743-74

9749-74
$948-74
0z208-79
poag-74
?925-74
090%5-74

.0140~74

0572-~71
0873-74
0872-71
0942~74
86188-73
8532-723

Long,

L8034
L8042
L8020
.8544
.778%
L7853
L7850
.7851
7744
L7640
.7800
.7800
.7B64
70843
L7890
L0347
L0774
0719
.0424
L0907
1141
L1050
L1071
04813
.0813
13949
2459
L1400
.0247
.0é40
.1181
L0324
L1078
.0994
.0588
L0438
L0287
L0638
L0962
Q797
1071
L0054
L0359
.0878
.0avé
.0388
L7754
L7735

D

4¢é.
244.
197,
130.
30.
84q.
Jos.
76.

76,
91.
30.
1.
60 .
ag.
55.
53.
70.
30.
19.
71.
18 .
75.
33,
a1 .
34.
27.
74.
55,
30.
30,
12.
30.
51.
2é.
18.
24.
30.
18.
10.
59,
43.
20,
24.
30.
49 .

qr
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Temp.

13.9
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11,
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11.
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11,
11.
11,
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11,
11
11.
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13.
L.
12.
12
i1
18,
10,
i1.
13.
13,
11,
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13.
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1o0.
i2.

10.
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12.
12,
13,
11,
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R I R R e R N R T e SN
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pH
B.00
6.14

§.24
5.42

w
B Ry O
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b S LT - R - N - N - MR T N
oF = :
[~ ~o

.14

07

57
3¢

¥1

72.
249.
82.
i00.
35.

q7

4z .
38.
44 .
39.

42
35

34
46

- 21

11 .
8.
99 .
39.
99,
(1

37

az.

.94
100.
5.
¢8.
2.
40.
64
.58
vé.
30.

¥7
53
18
79
22

33
30
53
83
oz
18
30
18
20
38
é1

46

82
97

.53
P a7.
.82
.37
40.
ar.
3N,
0.
44 .
42.
53,
7.
23.
37.
47 .
40.
1.
.59

%7

4
24
8y
835
93
og
g0

04
74
54
54
81

14

94

14
ié
53
2%

3

58

(qtz

34.
130.
33.
124
119,
40
LY
ag,
124,
55 .
57
8y.
16.
103.
130
3z.
50.
43 .
37.
4% .
az
44 .
as.
3s.
3z.
49 .
40,
4.
as.
44
50.
43.
&0,

14.
36.
4.
40,
27.
12.

' E

38.
a6,
3s.

69.

83,
34.
28.

23
9
a3

.81

D¢

.33
.35

38
11
a7

.21

oo
17
40

.00

80
74
55
P2
74

.24

44
33
93
26
53
80
93
86

.27

34
10
74

.43

72
93
25 -
80
78
44
73
41
18
90
15
21
43
93



Sample

8128073
8128074
8128075
B1ZBDT77
8128078
8128080
B12Z50B1
8128082
8128083
5128054
8128085
8128087
8128068
8128089
8128091
8128092
B128092
8128094
BL28095
B128096
8128097
81728098
8128100
81z810!
B1281032
B128103
128104
8128105
8128107
5126109
#1281141
§1268112
8128813
86128114
B128B1145
8128114
B12B117
8126119
8128121
8128122
B1z8123
B12B124
8178125
8128126
Biz28127
8128128
8128129
6128131

Quad.

NISKY
NISKY
RNDLK
RANDLK
RNDLK
RNDLK
ANDLK
ANDLK
MECHV
MECHV
TROYN
TROYN
MECHY
MECHV
MECHV
MECHV
MECHV
MECHV
MECHV
TROYN
TROYN
TROYN
TROYN
SCOXE
SCOKE
SCYVL
ECYVE
SCYVL
TOMHN
TOMHN
TOMHN
TOMHN
TOMHN
TOMHN
TOMHN
AVLPK
AVLPX
AVLEK
AVLEK
AVLEX
AVLPK

AVLPK

AVLFX
AVLEPK
AVLPK
AVLPK
TOMHN
GRETN

Lat. Long.

4% . 8674-73.
42.8400-73.
42 . 9150-~73.
43.9295-73.
42 .9218-73.
47.9646-73.
42.9854-73.
42 .9276-73.
42 .9378-73.
47 .8882-73.
42 . 8524-73 .
43 .8712-73.
432 .6852~73.
42 . BES50-73.
42.9575-73.
42 .$749-73.
43 . 98%3-73.
42 .9450-73.
472 .9239-73.
42 .8335-73.
42 .BA89-73.
42.84%0-73.
42 .8132-73.
42.8791-73.
42 .9845-7%.
43.0292-73.
49 .0449-73.
49 .0926-73.
42.7404-73.
42.7863-73.
42.8122-73.
42.8059-73.
4% .8334-73.
42 .8349-73.
42 .7693-75,
42 .7350-73
42 .745e8-73.
42 .7376-73.
42 .6B84-73.
42 .4585-73.
42 .6400-75.
42 .6692-73.
47 .7040-73.
42.7137-73.
42 .4804-73.
42.4400-73.
42.84603-73.
42 . B8451-73.

5491
g41e
8521
8454
B582
B&32
8204
8009
7442
7471
7112
7229
6859
7071
4BA%
7521
[ X XA
£759
4400
6921
4371
6340
43548
4171
5571
5556
5494
5345
5660
53457
5344
5760
5930
5580
5921
4039
5483
5129
5208
5234
5445
5501
5435
5964
5922
5916
5179

441¢%.

b

3q.
é1.
it.
£7.
15,
B85 .
44 .
z1.
45,
123.
6é.
14,
37.
73.
é1.
13.
46 .
io.
5¢%.
?9.
30.
30.
27.
27.
179
55 .
74.
58.
58.
29.
28.
z1.
37.
30,
71,
44 .
15 .
B7.
3.
ap.
st.
47 .
30.
21.
&1,
36.
38.
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Temp.

12.
i1,
13.
14 .
15,
16.

12

14.
19.
11,
i1,
12.
15.
11.
12.
11.

14
12

1o0.
1é.
13,

12

11.

it

13,
i1,
11.
11.
12.
14.
13
13.

1%

11.
14,
12.

15.
1L,
15
11.
11,
1.
16,
i3.
13,
15.

B2 =3 Ov 00 0 O U3 ~3 B =3 B A B O N £3 03 2 0 ~ D0 0w B 05 ) AW w3 U LB U0 N D B N O DA B N

pH

B R R R R T R B A B R N R R IR B R N I - B I - R B - B

.97
.83
.01
.68
45
.20
.41
.03
.04
. 5%
2B
.88
.35
(29
.51
.87
.70
.28
.97
54
.81
.53
LAé
.74
.99
.44
.0%
.89
.40
.93
.80
.58
.17
L
.70
.95
.79
B4
.58

42

.30
12

80

.98
.76
.83
.88
.03

§10

20

?.
10.
15.
1.

8.

7.

?.
11.
13,
10.
14.
18.
10.
11,
11.

8.
11,
11.
19.
13.
14,

9.

7.
13,
12.
15,

9.
13.
11,

8.

12

g.
12.
12.

2
12.
%,
15,
16.
10.
10.
7.
12.
13.
9.
7.
9.
10.

B3 D3 o e O A3 O 03 N 00 0 00 S B SR 00N~ O g ROV Y o DD O

Tqtz

L
36,
52.
.Zé

55

42.
.p8

4z

ar.
44 .
48,
3é.
a1.
34 .
.08

42
L3

3é.
40 .
59.
4% .
5.
a7.
37.
45 .
48 .
.22

490
51
47

40 .
.56

93

43 .
34

33

43 .
13,
62.
49 .
52.

aé

al.
30,
44 .

34

6.
99 .
19,
34.
45 .
37,
q% .
45 .

28
24
27

o8

61
64
32
93
LY
24

14
24
54
13
0o
¥3
4
94
on
24

049

A

22

48

27
85
11
%4
73
24
61
05
93
58
g3
54
43

4% -

94
27
83
83

Qqtz

97 .
3q.
59.
62 .
43 .
43.
.43
19,
5z,
35.
27.
3.
43.

3

74

34.
40.

é1

47.
33.
34.
3é.
47.
52.
10 .
56.
51.
40.
45.
44,
30.
44,
45 .
.00
4.
g9.

-73

34

27.
53,
30.

é1

35.
§54.
44 .
a1,
48 .
39.
48,
q948.

a8
38
35
78
10
10

94
71
42
19
as
10
29
38
80
0e
44
33
$3
93
44
32
33
48
93
33
32
31]
06
a8
7%

28
00
a8
78
Q0
314
77
42
23
61
72
29
73
71
71



Sample

8
a8
e

CorPalololalulololololaleleloglolololololade®ed

128138
128134
128138
128134
128137
1Ze1a8
128240
128191
128142
128143
120141
12814%
128147
128148
12483549
128150
1281952
128153
128164
1248158
1281566
128157
iZa168
128159
128162
1281463
128144
12814685
1281466
128147
126148
1z817¢
128172
t2a8173
128174
L2817%
128174
128177
128178
128179
128180
128181
i12e182
Lzei184
1283188
128184
1Z81487
1zaid8

Quad,

GRETN
GRFTN
EGBRG
GRETN
EGERC
BOOKE
EGLBG
EGLEG
BEGLEG
CAMBG
CAMBG
SCYVL
BOYVL
£CYVL
BCOKE
GRETN
GRFTN
GRFTN
TABTN
ALENY
ALBNY
ALBNY
DELMR
TABTN
TABTN
TABTN
TABTN
TABTN
TABTN
TABTN
PORTC
PORTEC
FIMIL
FTMIL
AMDAM
AMDAM
AMDAM
AMDAM
TREHL
TRBHL
TRBHL
TREHL
AMDAM
AMDANM
AMDAM
BRDAL
ERDAL
BRDAL

Lat. Long.

42 . B344~753.4780
4% .8441-73.4457
12 .8992-73.4227%
42 . 872273, 4049
4Z . 9018-78.4457
42,9012-73.%028
4%.9353-75 4974
42 .9650-78.474z2
12 . 9900-73.4800
43.0419-73,4750
43.,08492-73.4879%
43.0904-73. 5704
43,.0538-73.8749
43.0071-78.58%7
9% .9556~73.5809
42.7683~73.4707
1% .7642-73.3978
42 .8004-73.402%
42 .7448-73,4552
42 .4797-73.7400
42.6774-73.7997
42 .68466~73.7974
42 .5884-70.7759
42 ,7136~73,4722
4% .7131-73.4200
42.7897-73.4002
42 . 4989-78.4025
42 .6364-73.44%91
42.6427-73.4749
42 . 4%517-73,3926
43.1433-73.,9256
43.1815-73.8985
43.15%434-73,7974
43.1830-73.5459
42.8946-74.3394
47.9035-74.1921
42 .8945-74, 1847
4%.9000-74,293%
4%.884674,2921
42 .9037-74,349%94
42 . 9429~74.353848
42, 9821-74.3015%
42.9757-74.22%9
12.9939~74.1844
A%, 9896-74.1376
43, 0088-74.1418
45.0890~74.13%4
93,0492~74.2262

D

9% .
58.
ae.
25.
29.
38 .
43,
29.
12,
87.

a8
43

38,
43,
1i0.
Z0.
24,
48,
21.
30,
8.
41,
iev.

é1

4.
94 .
9.

118
187

107 .
28,
aon,
28,
34.
45 .
17,

122

244.
6.
Z8 .

85

24,

40
38
21

17.
a4 .
23,

QI
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FX3
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Aaac@acﬂmmmqva-.ha&quﬁnhnhuwnuﬂﬁqh\:ww

mﬂq'\!qﬂqﬂmﬂ\:ﬂ\a‘dﬂbuﬂﬂﬂm-ﬁq'\:mﬂqﬂﬂ&mamﬂﬂmﬂ&mﬂﬂmﬂﬂﬂﬂﬂ

pH

L1
.52
.97
.67
59
.22
.94
.89
.70
.98
.79
.72
. 74
.40

.08
.1é
.22
4%
.80
.22

.08
.87
.Ba

A1
.89
.20
. Bé
.42
.74
A4
.05
.30
.57

33

.69
.3y
.84
.18
7.80

.40

.87

.70

sio

[
»
W W ) D e

o
O~

[y
[~

-
GF
L e L e R S B AL N - S T e e A T )

12,8

Tatz

50.
50.
17.
8%,
55,
%1,
49 .
16 .
23.
36 .

a7

2.
q4 .,
39,

38
50

45

q9

31.
28,
26.
49,
iy,

5

54,
41,
4é .
80,
78
47,

47

80
8%
Z0
?3
¥a
04
9
éé
bé
74
a4
58
14
?0
18

85
$é.
57,
58 .
37.
-7,
3é.
aé.
a8 .
50.
99 .
40 .
58,
44,
53.
‘56
95 .
az.
41,
az.

34
.Y
29
?4
By
58
i
24
&0
94
54
71
LY
67

83
68
77
08
80
02
97
38
80
58
1y
81
77
11
80

44

Qqtz

94,
5% .
50.
43.
63
5é.
33.
a9 .
14
38,
51.
26
6.
39.
A2
%8 .
éq.
66,
47.
34,
3L,
34,
34,
5%.
56.
L
70.
67,
9.
&0,
48,
48,

42.
q43.
54q.
24.
23.
19.

ae
77.
6% .
2.
9.
96 .
$ti.
51,

12
75
74
77

.77

98
g7
94

.72

q1
14
g3
18
B&

B0

75
4z
3%
30
23
47
70
70
32
12
23
45
?2
74
40
29
71

.00

65
10
&7
40
54
49
LY

.38

a7
i0
&5
12
12
54
14



Sample Quad, Lat. Long. D QI Temp. PpH $ip Tqtz Qqtz

2
8128189 BRDAL 43.0301-74.22%56 53, ¢ -0.0 ?7.94 11.7 44.43 46 .61
6128190 GLVRYV 4%.0101-74.32314 30. 0 -0.0 4.80 10.%5 40.8% 41.27
5126191 GLVRV 43.0318-74.28%4 22. 0 -0.0 7.38 14.1 30.80 56,12
B128192 VRHSV 42.4699%4-73.92%3 47. 0 12.7 7.51 6.8 27.2% 20.97
8128194 VRHSV 42.7106-73.9762 20. 1 11.5 7.42 $.7 38.28 37,45
8221008 MYERS 42.8530~73.96810 121, 1 (0.4 9.14 6.0 23.55 15.45
8221007 PIOTR 42 .8300-73,.9540 122. 1 B.5 9.79 3.4 §.35 ~-5.75
8221004 FGRVE 42.9080-73.8790 123, t 10.0 7.60 .0 35.89 33.84
8221003 TIVOL 42.6710-73.7400 122. 0 10.8 7.56 3.7 10.07 -4.47
8221006 WSTLF 42.7840-73.9110 155. 1 10.2 8.390 8.8 33.10 31.17
8221009 CLARX 42.8%30-74.0180 139. 1 10.7 9.12 8.2 6.24 =10.34
B22100% S8WTS 42.8040-73.9510 138. 1 10.0 7.40 9.0 35.8% 33.84
8221012 STEVE 42.9120-73.89%42 480. 1 0.0 46.4) 2.8 2.84 ~-15.4&
§221001 SEALE 42.6437-73.800% 135. & 19.4 7.7% 10.0 39.2¢ 48.90
5015001 EGRNB 42.5453-73.7156 43. 1 13.3 7.9%0 8.6 35.18 32.80
8015002 VRHSV 42,7410-73.%741 85. 1 11.4 8.00 7.6 30.42 26.00
8015007 TROYN 42.8247-73.72%5 11t. 1 12.2 B.10 8.3 233,34 30,06
80150068 GNSVT 43.1838-73,7295% 122. 1 12.1 9.30 7.2 28.97 23,54
8013007 RNDLK 42.998%5~-73.7473 54. 1 10.8 8.90 7.4 3D.42 26.00
8015010 TROYN 42.8485-73.638% 80. { 10.2 6.50 12.0 4%5.28 47.88
8015051 FTMLR 43.2647-73.594% 89. 1 11.0 4.30 13.0 47.99 51.93
8015012 GNBVT 43.2015-73.65%7 41. 1 12.2 46.80 10.0 39.26 38.90
BO1S013 DUANE 42.77%7-24.2321 100. %+ 9.9 7.70 6.7 26.81 20.31
6015014 EGLBEG 42.9939-~73.3762 0. & 9.6 7.70 8.9 34.82 32.26
4015016 VRHSV 42.7364-73.9%940 94. 1 11.5 7.80 5.5 21.0a 11.6%
BO15017 TROYS 4%2.7134-73.7248 158. & 12.2 9.70 11.0 4z.8%8 43.55
8015018 TROYS 42.6280-73 7345 S5. 1 10.9 7.30 17.0 57.44 66.03
8015019 ROJUN 42 .8472-74.018% 10. 1 106.5 4.30 14.0 50.%5 55.75%
8015020 VRHEV 42.4957-~73.9938 41, t 10.B 7.40 B.2 32.9% 29 .50
5015021 GLPVL 43 .6912-74.1752 B87. 1 8.7 §.490 2.4 ~1.00 -21.19
BOLS0L2 TOMHN 42.8446-73.46200 725. 0 11.0 4.30 13.0 47.9% 51.93
§015023 JHNBG 43.4003-73.9598 74. 1 8.1 4.70 6.8 27.25 20.97
8015024 BARSP 43.0739-73.7729 305. 1 8.9 4.10 55.0 104.31 138.97
6015025 CANAA 92.4933-73.4513 183. 1 11.2 8.70 4.3 14.13 1.3y
8015026 MDGRV 43,0295-73.890& 132. 1 10.9 4.%D 8.8 35.18 3z .80
8015027 RNDLK 42.9980-73.8122 55. 1 11.7 9.50 12.0 45.28 47 .88
8015028 NISKY 42.7809-73.8331 183. 1 10.5 7.20 5.9 23.06 14.72
6015025 POWNL 4%.4804~73.2474 Y8. 1 8.3 B8.320 6.4 26.36 19. 44
BO15031 ALTAM 43,2110-73.5796 93. 1 10.2 &4.80 16.0 55,24 62 .78
8015032 CORIN 43.1300-73.76%0 61. 1 §.7 8.70 8.8 35.18 32,80
8015035 EGRNB 437 .5886-73.4544 44. 1 9.0 B8.00 8.8 35.18 3%.80
BOIS036 VRHABV 42 ,4295-73.905% 40. 1 9.9 7.15 10.0 39.24 38.90
BO1%037 NISKY 42.8127-~73.82%7% 67. t 9.5 9.50 12.0 4%5.28 47.88
Sample = Sample number Temp. = Water temperature
Quad. = Topographic quadrangel $10, = Silica concentration 1n mg/1
Lat. = Latitude A TqtZ = Quartz geotemperature
Long. = Longitude Qqtz = Heat flow based on quartz
D = Well depth ‘ geotemperature
QI = Temperature quality; l=good; c=suspect " =0,0 = Missing data
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APPENDIX C

COMPUTER TECHNIQUES
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COMPUTER TECHNIQUES

With the large database developed during this project, computer analysis of
the data became useful and necessary. Different sampling locations and
éorresponding data were used in construction of a modular database of similar
format allowing the database to be accessed by a variety of computer programs.
Locations were plotted onto topographic maps with the resulting Tatitude and
longitude values wused in the database. Accuracy by this method was
approximately .001 to .0001 degrees.

The computer system at Rensselaer Polytechnic Institute was used to generate
contour maps using a program called Surface Il developed at the Kansas
Geological Survey. Surface II is a multipurpose contouring package which can
generate contour maps from dirregularly distributed data points such as
well locations. The program first generates a regularly spaced data grid from
the irregular X, Y or Z (latitude, longitude and value to be contoured} data
array. The regular grid is generated by an interpolation operation from the
irregular data points. A complex weighting scheme dependent on the point
distribution is used to locate each regular grid point by the interpolation
procedure. Sample data were selected by a quadrant search method which require
the data chosen for grid point calculation surround the grid point thus reducing
extrapolation beyond the data and reducing the effects of cliustered sample
data. -

Contouring is accomplished by determining the location of a contour finterval
by interpolation as it is drawn between the regular grid coordinates. Once the
location of the contour line has been found between or atone of two adjacent
grid points, a search routine is dinitiated to locate the next pair of grid
points through which the contour Tine may be extended. The process is repeated
across the grid surface until the contour terminates at the grid edge or with
jtself.

Care must be exercised so that the sample data points are well distributed
spatially. Highly clustered pofnts force the program to extrapolate {estimate)
a relatively large amount of the grid surface. These areas of low data density
should be viewed with some cautior as the fitting routine for estimation may not
accurately describe the true surfabe. For this project, care was taken whenever
possible to ensure an evenly distributed sample data set.
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Statistical analysis using the database required the use of Dunn Geoscience
Corporation's computer programs for tempera ture gradient calculations and some
univariate statistics. The MIDAS statistics package at Rensselaer Polytechnic
Institute was used for regression and cluster analysis of the chemical data.
Results were analyzed by Dunn Geoscience Corporation personnel.

Plotting of data was done through the Plotsys plotting system at Rensselaer
Polytechnic Institute using its Caicomp plotter or the Dunn Geoscience
Corporation Tektronix 4662 plotter. Plotting programs were efther written by W.
Konrad Crist of Dunn Geoscience Corporation or were already part of a computer
program such as in the case of Surface II. In all cases compu ter-derived output
whether tabular or plotted was reviewed for consistency with the original data
and with human interpretation of that data.
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APPENDIX D

ABANDONED WELL GRADIENT GRAPHS
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APPENDIX E
ABANDONED' WELL TEMPERATURE GRADIENT DATA



INTROBUCTION

Temperature gradient data are compiled in tabular form from Phase II and. Phase
III data gathering surveys. Samples may be Tlocated by their latitude and
Tongitude, or by United States Geological Survey 7-1/2- minute quadrangle maps.
See Appendix B for quadrangle abbreviation 1isting. Alternatively sample
numbers are posted on Figure 4-1 of the text with the corresponding cross
location on the map. An explanatory legend is located at the end of the table.
Additional explanatory material can be found in Section 4 of this report.

Some well samples in Appendix D are beyond the geographic limits of the computer
database listed here in Appendix E (example - samples 1-4, 41, 62, 66-67,
70-71). Sample 39 and 48 could not be located precisely for the computer.
Sample 79 was never used as a valid sample number. Locations are listed below:

TABLE E-1
DATA SPECIFICS FOR UNUSED ABANDONED TEMPERATURE GRADIENT WELLS

Well Coordinates

Ho. Qwner Lagitude Longitude Quad Location Notes

1 Herhert 43%35140"  73%56' 50" Johnshurg South Johnsburg Road
1.75 miles South of
Johnshurg, New York

2 Fort Aan 43%241470  73%9'19"  Ft. Amn Fort Ann, New York

~ Schoo!
3 Smith Basin 43%21'30"  73°29'40"  Hartford Site Destroyed
Dairy

4 CIBA-GEIGY 43%19'000  73%36' 15" Hudson Falls Hudson Falls, New York

39 Nyewriter Unavailable Hancock Saltbox Farm Road,
Hancock, Massachusetts

41 Zucker Isgood Unavailable Hancock Bailey Road, Hancock,
Massachusetts

48 Kennedy 42%19115%  73%27135¢ State Line Auster1itz, New York

62 Hallsville

Supply .
66  Sandy Hill 43°17'04"  73935'33"  Hudson Falls Hudson Falls, New York
Iron Works
67 Hudson Falls 43%181350  73%5110¢ Hudson Falls Hudson Falls, New York
Water Works '
70 Mosher ¥ Unavailable Schuylerville Unavailable
71 Walker 43250130 73%20031" Fort Ann 1 mile south on Route 4

E-2
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MR A o

11
12
13
14
15
14
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
3z
33
34
35
34
37
38
a4
42
43
44
LR
44
47
a9
50
51
52
53
54
5%

Quad.

GNSVT
SARSP
MDGRV
MDGRV
SARSP
QKSPR
RNDLK
SAREP
BRTHL
RNDLK
BRTHL
BCOKE
HRTHL
ROJUN
ROJUN
SCHEN
DUANE
NISKY
NPWNL
ALTAM
ALTAM
CLKSV
CLKBV
EGRNB
EGRNB
TROYS
AVERK
NEWNL
HANCK
HANCK
STEPH
HANCK
BERLN
HANCK
HANCK
HANCK
STEPH
NAGSA
NAESA
DELMR
CHATM
CANAA
EGRNE
CHATHM
CHATM
CHATM
NPWNL
EGRNEB

Lat.

43.
43
43 .

43 .

43.
43.
42 .
43
42
42,
42 .
42.
42,
42
42 .
42
42,
42
12,
42,
92
42
42,
92 .
42.
12,
42.
12
42,
92 .
4z.
42
42,
42
42.
q2.
42 .
42
12.
4z .
42.
12 .
4z .
42.
2.
2.
4z .
92

1782-73

.0739-73

0198-73

0297-73,
0265-73 .

0:123-73

75073,
.0103.73.
.9353~73
?3%1-73.

$116~73
$058-73
8856-73

.8545-74,

8472714

.82%31-~-723,

7757-74

.7809-73

8051~73
$6331-~-74

.A4935-74,
. 6099-73,
606873,
6095-73.
4134-73.
6924-73.

7109-73

.7681-73.
554173,

5483~-73

52%5-73.
.923%9-73 .,
6272-73.
L59791-73.,

5627-73

3037-73.
5058~73.
.95863-73
5000~73.
5148-73.

310773
3905-73
271-73
3251-73
3322-73
3124-73
8746-723

.5831-73

Long.

L7365
L7729
L9812
?903
7¢58
L8332
8521
7970
.B748
8482
. #5214
.58%6
.7789
60z21
.018%
280
.2321
.8331
.2644
.00128
0435
9586
§583
7345
7345
6774
.85800
3624
3721
.348%9
4097
3733
2810
3015
.28%55%5
2770
3855
L9070
4184
750%
.8400
L3940
L6519
.5422
98677
.5108
L2735
L6996

b

100.
2.
140.
140,
75.
id40,
165.
0.
85,
120.
164,
105.
60.
0.
12%,
8090,
105,
178.
220.
120.
130.
0.

133

?235.
160.
135.
147.

?5.

80.
145,
185.
140.

.130.
140.
153%.
140.

80.
120,
100.

vQ.
130.

185,
110,
192,
140.
220.
105.
109.

QI

=

o (=]
o oaOcocool—_aoaccooccncQol—so-ou-nHcooauwctzs—-mgau:::aocw

Grad,

10.
12.
.08
.81
.43
19.
25,
17.
29.

14
22
15

31
9

2t

20

13

i9.
13,
.48

18

9.
12.
14,
.60

21

24,
18.
.82

119
17

7.
i0.
.81

g.
17.
12,

8.
17.
17.
18.
.64

8

8

3,
.20

15

£-3 .

00
42

21
02
00
&8

.79
.51
14.
16.
92,
25 .
25.
10.
.88
132,
19,
.04
15.
18.
.07

B3
48
63
20
73
9%

40
79

79
548

15
18

49
40
72

68
34

03
01
aa

51
é2
70
45
e
&6
47

Bé

‘R Elev.TOSurf TO-100

.B795
L9914
AN
AR
. 734
589
.998
957
994
999
L ¥94
973
992
L9250
.9%8
.99%
.982
.798
950
.9%¢8
998
L9971
. 789
.975
. 983
.848
.98
L9938
.798
L¥Y2
. 990
997
.88
. 784
. 758
.88
.8%6
L9995
. 913
. 785
.974
940
.79
P97
¥
.98¢
L2568
. 783

148 .
124.
212,
205,
110,
212.
134,
135.
140,
127.
158.
150.
z04.
111,
108,
111.
341,

71.
18%.
304,
28%.
154 .
145,
144,
123.
131,
Zia.
397.
340,
296 .-
296.
334.
ast.
448,
429 .
392.
831,
202.
148.

79.
89,
434,
178,
236,
262.
399,
280.
138,

D e ® g 0@ T g

O

AT BB = R T R - . R - - SV S WY ey s @0

L6490
L4190
L8870
L0110
L4150
.720
.8%0
L1400
.0z20
.380
.520
.150
.020
L630
.070
L9610
.60
.a50
.200
L0740
.420
L2770
L4008
.a10
.BBO
.750
L6320
430
. 780
L080
.580
.%530
. 740
.270
L1110
.870
.270
.410
-250
.900
.6%0
L6110
.9%0
280
.210
120
. 750
L8740

11.
10.

11
12

10.
11.
12.
.39
15.

11

12

13,
13.
13.
10,
.B4
.84

11
11

12.
.20

11
13

12.
14,
11.

11

i1,

11
11

12.
.09

13
13

12.

13
14

149.
14.

15

10.

12

11.

10
12

13,
11,
is.
13,
13,
12.

10
11

14
3
.98

.39

&8
¢0
23

11

.41

o
37
60
2%

56

.46
&0
22
73
.97
19
.25

.48

49

.24
44
.97

.78

19
9t
.33
62
.85
i8
.46
.29
37
29
18
80
79
58
.83
.96



# Quad. Lat. Long. ©§ QI Grad. RZ  Elev. TOSurf T9-100

$6 ALTAM 42.7315-74.027% 145. 2Z.549 .9%6 213. 9.420 14.:23
57 GLUPV 42.48%09-74.1744 90, 15.00 .999 414, 8.550 14,74
58 ROJUN 42.84%3-74.0150 142, 28.4% . 995 117. 8.400 11.57
80 HLSDL 42 .17469-73.5278 80. 5.00 .999% 238.11.000 12.19
61 CLKSV 42 .46004-73.9557 100, 12.%7 .993 157. 9.820 11.86
63 ALTAM 42.7103-74.1019 125, 11,73 .9%3 332. 8.870 12.77
é4 ALTAM 42.7155-74.099%0 110, 12.25 .997 331. %.220 12.34
4% WBSTRL 4€2.5415-~74.1215% 125. 4.%56 .932 440, 8.850 11.04
68 MECHV 42.9%123-73.8824 405. 22.71 .999 5%. 9.220 10.57
49 GNBVT 43.1769-73.7115 220, 14.78 .9%2 118, 9.070 11.00
72 RNDLK 47.9%537-73.78%4 150. 20.37 .9%7 130, 9.170 11.81
73 BERLN 42.6343-73.3504 145. 10.98 .978 399. 8.400 12.98
75 BERLN 42.706%-73.3241 15%5. ?.79 .99%3 375. 8.760 1%.48
76 DUANE 42.7881-74.23%5 27¢0. 20.95 .948 297. 7.440 14.32
77 ALTAM 42.4993-74.0335 130. 29.40 .988 177. 8.2490 13.44
78 CGRNVL 42.4213-74.0414 125, 12.94 .999 28§9. 9.350 11.48
80 RNDLK 42.9446-73.8632 93. 21.14 .982 1%4. 9.520 12.77
8! TROYN 42.8489-73.48371 100. 15.74 .9%4 t148. 0.0 0.0

82 SARSEP 43.0724-73.8532 154. 7.8%2 .984 148. B.930 i0.01
§3 MYERS 42.8530-73.9810 121. 23.12 .996 113. 9.115% 11.72
89 PIOTR 42.B300-73.9540 122, 34.60 .997 107. 6.820 10.75
B3 FGRVE 42.9080-73.8790 12%. 31.63 .%%9 120, B8.483 1%.49
84 TIVOL 42.6710-73.7400 122 19.30 .978B 74. 9.438 10.74
87 WSTLF 42.7860-73.9110 155. 20.48 .%%4 133. 9.094 11,84
68 RINPK 42.7830-73.9820 13%. 18.83 .989 133. 9.470 11.97
89 GSASN 47.8370-73.9880 142, Z9.13 .99%96 119, G.0 0.0

#0 CLARK 42.8%30-74.0180 144. 21.34 .99%6 111. 9.381 11,74
9

I‘HF‘I‘H“HHFH#HHH#‘Hl—...p,..p-n.....—......._.oo

91 SSWTS 42.8060-73.9510 138, 1 20.88 .994 102. 9.401 11.53

# = Sample No. Gsad. = Gradient %¢/km

Quad. = Topographic Quadrangle RZ = Coef. of determination

Lat. = Latitude - - . Elev. = Location elevation (feet)

Long. = Longitude TOSurf = Calculated or meas. surface

D = Depth {metersQ _ temperature in C

QI = Gradient quality indicator TO-100 = Calculated water temperature
l=good; O=suspect at 100 feet below sea level

¥

E-4



APPENDIX F
SHALLOW WELL LOGS

Fa1



GEQTHERMAL DRILLING PROGRAM

HOLE .ﬂtH_F___
Location MYERS FARM

DATE DhiLLEn /RO 8

Dritting Time {minctes} Stratigranhic Description

1 23 4 85 &8
s 18 %p 0 , S0il, gray w/ silt

»n
a8

Dupth (11}

g

6' - gravel, sand & silt
| 35' = Boulder
L41" ~ Begin black shales, fine grained to gray,
50 50 silty shale and graywacke, medfum light
gray, medium grained, w/ medium dark shala,
fine laminae
1 Graywacks & ghale
AlA* w/ minor ailty shale
Pi
1 0o 00 | Shala, soma graywacke w/ silty shale
x silty shale, little graywacka & black shale
§ilty shale w/ graywacke & hlack shale
150 150
Water I gpm
Predominantly black shele w/ eilty shale
T
AfA* with rare gray weathered shals
T
Black shala with some reddish staining
20 200 Black shale
AfA* w/ some reddish staining
250 250 | Black shale
Water ghow - minor flow
: Dark gray aud black abale, move silty
300 300 | Park gray and black shale, less siley
A/A*, but more silty w/ rare graywacka
350 3 | /A%, but W/ more greywacke
8ilty shale, graywacke & black shale
A/A*, but less silt and graywacke, some red
+ 400 400 ] staining ] .
H Predominantly black, fine grained to slightly
silty ghale
Final Depth 405
' + : Est. 3/4 gpw water flow
+ 450 480
! ot
I
! 300G 500
O
P *ag above
R T '
! Ji3 7111 m m

DUNN GEOSCIENCE CORPORATION

Fu2



Dapth {ft}

GEOTHERMAL DRILLING PROGRAM
woLe PH=€__

LOCATION

LIOTROWSK _FARM
DATE ORiLLED MI/278!

Orilling Time (mirutes) Stratigrophic . Description
2 34 8567809 0 Column
0

0 | Pl
* T

T

Sand, brown soil, overburden
Gravel, quartz, sandstone, metamorphic fragments,
some shale

H

¥
| e T
L Q

40" = water-bearing SAND & GRAVEL

clay L363")

T{ll, gravel, sand, soue clay

Graywacke, mixad shale & gilty shals interbeds,
durk gray to black, fine greined to silty or
fina sand

100 Watar at 93°

AJA%, ahale content lase

Watar at 120'

AfA%, 1ittle black, fine grained shale

Ala%, glightly darker shele with interbadded
greywacke (138%)

Afd*, with soma light gray waathered shale

200

200 t i ¥ 200
M A/A%, no light gray shale

AfA%, somewhat silty

Graywacke on ghale, thinty bedded

8
g

. 250

ghale, winor graywacke bads, less eilty,
shale & graywacke, somewhat darker gray

8
g

Shale, minor graywacke

A/A%, with incressad siltiness & some graywacke,
plightly lighter gray color

Al/A%, intermixed dark gray shale & lighter gray
silty shale & graywacke

A/A%, somewhat less graywacke

Afa%, significant silty shale

AfA%, more silty shala

400 et ‘ ' : 400 400
+ . g ™ Final depth 405'
s f + ' Ekt. water flow & gpm

450 - s ‘ f. ¢ : 450 450 * as above

500 t f * + 500 300
ek L

i
111 IIIII*
1t LIl

DUNN GEOSCIENCE CORPORATION
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GEOTHERMAL DRILLING PROGRAM

HOLE ,
LocaTion SIREMANS GROVE
OATE DRiLLEC UA3/SWN

00

2%

Depth (1)

400

430

Duling  Time (minutes) Stroligraphic
l 2345678 8 0 Column
JLI 1] 1111 4 L] Tl 4
LA I O H - LY
I il AR 1]
bt " o~
i) t D " Lok
{ : HI 1 - oy
SO M MM | (1]
L MM HIM H e
M i T T
- HH i il
e i il H } | 1.1 m
T 1 LR
b - ) | i o
el b - H
LI | H LI -
ettt mpel e
M — +
H ! ! et
1 - + -
et + + + 00
T : W
P :
. 1 | 11 1.l
H H et " I
bl 4 e
R - » " .|
et + t
i H il tw
; 4 - t
H M . H H
A H H M [
1 L W H . HE A
T R i
T H b
T L. 1. 1 i
v - R B v
- it -t
o et + 200
. o HIN |
: 11} b S I
it + LI i
i i | H H 1 H
T il DAL B B
—v-n+¢»«++u~l’-:h~q»++-" ot 3 + ++
M W ik H |
e} it + 1 250
" - ot et
" 1 &
1 M
1 1 H
' ottt
Tt ) HIEA i
H + L!
vy l T t + 300
1 N 1L T H
; i H
il 1 4
HIMH N M} .
M vt N 1 -
ot ] : ot H
M i + . . T
0 e 30
I —_ 1 H
H } N ! +
H M 1 i
HM —t M
1 HiM H M
Foadoaimalms H
. N 1
H 1 H
I R +— 1 %0
L .
+ ¥
i 4 H
Jore .
4 b o+
- M t
~ R 1
it btk 450
i N
+ + Jarefas I & 1
M ¢ i T
M Tt I
;--;-T* v
v
I b A
i+ et 8600
- .r- - -"1
nay ; [ K
+ +i11+t
. 850

DUNN GEOSCIENCE

F-4

100

200

250

400

450

0

Decription

- stona and graywacke.
20'~ Water show, probably parched.
Graywacke with shale '

| Dark silty shale
8ilt contant decreasing

| 98-98' thin weathsred zons

shale, dark gray with minor silt contant;
very fine laminae

|- Shala, darker with no silt contant
210° -~ water show < 2 gpm

Shale, dark gray and black,
vary fine laminaa, no silt

B/A* minor graywacie content

A/A%, no graywacke

|- Final depth - 405'
Est. water flow 3/4 - 1 gpm

* as abova

CORPORATION

. 57 ~ shale, daxk gray to hlack with weathared
red gilty shalas changing to gray silt-



GEOTHERMAL DRILLING PROGRAM

200

2%

Depth {ft)

400

450

500

woLE QH-4
Location JIML! PAAN
DATE DRILLED HW/4/8f, 3/17/82
) Dxitting  Time (minctes) Strofigrophic Deacription
I 2 3 4 % &8 7T a 9% 0
] o
+ . +4 Overburden, clay, silt, sand, gray to brown
} w/ oceasional quartz, shale pebbles (1-2 mm)
& organic fragments
50 50
; ~75' - thin shale layer
1 100 0O [ Shale, medium to dark gray, ext, fine, ext. finely
leminated, some silty shale
T
] 50 150 | Water 15 gpm HgB odor
] Shale w/ graywacke, fine grained, ailr.y.
Shala & graywacke, madiun to dark gray,
Shale, minor graywacke, some silty shale
200 200 .
250 ‘250 AfA* w/ some vein calcite
I
H AfA%, no graywacke
T _ AfA*, wogtly silty shale
i |
T ; 300 300
i )
1 M
+ 380 . 4]
? _
| Shale w/ silty shale, medium to dark gray,
not diffarant from abova
- {1 400 q00 |
f
1 450 450 {
1
“ .
1 500 500 a8 above
[
1
- :
- " H
H i T .
&lin; H 1 I - 550 =50

DUNN GEOSCIENCE CORPORATION
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GEOTHERMAL DRILLING PROGRAM
woLg -4
LOCATION

JIVOLL RARK
DATE DRILLED LI£47

700

g

Depih (£t}

g

2900

080

1100

Drifting Tiww (minutes)
2 3 4 5 8§ 78 % K

TR 550 L
I |
600 800
Final Dapth ~ 600"
Fat, Water Flow - 40 gpm
850 850
00 T00
750 780
8O0 800
850 850
900 900
980 | 950
1000 1000
wose | 1080
i 100 100

DUNN GEOSCIENCE CORPORATION
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GEOTHERMAL DRILLING PROGRAM

woLe OH-8

LocaTion HESTSIOE LAMDFI
DATE DRILED #7378 ~

200

250

Depth (f1)

400

450

Drilting Time {minutes) Stratigrophic
1l 2 3 4 § 6 768 9 Column
T o 0
1
! +
50 50
e
T
sa LY oo
4
H L
L
i N
150 150
1
1 1
t T
" I 200 200
:- T H 250 250
i 1 !
300 300
+
350 350
[ |
I
1
et 400 400
il
M 1
-t
: A 40 450
] i
i i :
| T * 800 500
| 5
} ! -
M H
} T Y
T . 0

Deacriofs

Soil, w/ send & sile

- 65' ~ gravel, some sand, silt & cobbles

Shals, dark grey to black, fine grained silty

shale to fine graywacka

Graywacka w/ shale

Shale, aome graywacke

Craywscke, soue shale
Shala, some graywacka

Drilling rate decreased

‘Graywacke and shale, interbedded

[“Final depth 505'
Est, water flow 2 gpm

DUNN GEOSCIENCE CORPORATION

FuT .



GEOTHERMAL, DRILLING PROGRAM

woLE OH-6
LocATION SUTTERDAM MOUSTRIAL PARK

200

280

Deptt (1)

400

450

DATE ORILLED 2/ /8

Drilting Tim { minuten)
2 3 4 5 8 7T 8 %0

Il

-l
).

+
1
4
1

b A1)
ryY

450

550

Stroligrophic

200

280

450

580

Description
Overburden - gand, soil, some clay

gray to brown w/ organic remains, occasional
graval.,

- 120' Shale - gray in clay

‘b 140" - Water 1 1/2 gpm, calcite veins

L. A/A* w/ some graywacke

170" - A/A} lems graywacke, calcite gone
180" ~ Moatly shele; Lt, gray clay

L 230'.- Graywacke & shale
= 232' - Badrock
™~ 240' - Shale

|- 260" - Fine grained shale & graywcke, calcite
veins

270-272' Hard zone

270" - Graywacke & ghele

- 290" - Graywascke & little shale

- 300" - Graywacke

b 310" - Shale

.. 320" - Calcite prominent w/ shale w/ Eine
graywacks .

330' - Shale & graywacke

| 360" - Shale w/ grnw&cke

[~ 4007 -~ Shala & graywacke

4207 « Calcite veins

430" - Graywacke w/ shale, no calecite
[~ 440! - Graywacke & shals

- 450" - Shale & graywacke

Final depth 450’
Eeb. water flow 2 gpm

*ag above

DUNN GEOSCIENCE CORPORATION
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GEOTHERMAL DRILLING PROGRAM

HoLe QMr
LocATION SCOTIA NAWK [EFOT

DATE DRILLED
Drilling Time (minutes) Strofigrophic Description
I 2 3 4 8 6 7 8 9 0
] 4] ]
Coarss gravel
50 50 50 | Very coarsa sand w/ pebbles
100 100 10Q | Coarse silica sand in elay cament
%0 150 180 | Coarse quartz pebbles, clay matrix
176 - bedrock
Siltetone wil:h fine pebbles
200 200 200 | Medium pray to black, fine grai.ncd
1
No data
2%0 250 250
g 7
£ Graywacke w/ shale, dark gray to black, fine
3 grained, Fisaile
300 300 300
350 380 3%0
400 400 400 )
Pine graywacke w/ shale
Graywacke w/ shale
450 450 450 i ‘
" Final Dapth 460°
Bst. water flow 1/2 - 3/4 gpm
" .
506 %00 500
50 %50 580

DUNN GEOSCIENCE CORPORATION
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GEOTHERMAL DRILLING PROGRAM

noLe QH-8
LocaTion CLARKE & BROWNV
OATE ORILLED 2/28 - 12/ 307,
Drifling Time [ minutes) Strofigrophic Dencription
2 0
Y 1) ! - o] 4] .
! 1 1 | 10" - gray clay w/ pebbles (vounded)
: - - B 20" ~ pebblas and gray clay (till)
50 -+ o 50 .
e | 69" - gray clay w/ some shale
I |, 80' - A/A%, more shale
i 90' - Shale end clay
100 100 100
|- 120" ~ gray clay w/ some shale; occcasional
cobbles
i 140" - Gray clay, little shals
50 150 150
!
T Ko data
200 200 200
; L. 220' - gray shale w/ some graywacks
j | 230" - Shale & graywacke
" | 240" - Graywacke & ghale
2 250 . 250' - Graywacke
. o 280 266" - Shale & graywacks
z [ 276" - Shals & graywacke
3 - 290" - Graywacke w/ soma shale
. X0 300 00 300" ~ Shele & graywacke
. 316' ~ Graywacke & shale
| 320" ~ Graywacke & little shele
: . 330" - Shala & little graywacke
+ .
t 350' - Shale & graywacke
350 1 350 30 F 366" - Graywacke & shale
|- 386" - Shale & graywacke
400 /00 400 _
[~ 416" ~ Shale dark gray
’ ! L 440" - AJA®
' S :
4%0 , o] e 480 [ yinal depth 450"
1 N Est. watar flow 1/2 gpm
1 ot
H — } : % ag sbove
ey
500 } b 800 - 500
1 +
; : : T
H 1 i
I T H
e o
=0 Ll bieidl 850 820

F-10
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GEOTHERMAL DRILLING PROGRAM

200

8

Depth  (ft.}

8

400

HOLE
LOCATION STATONV
DATE ORILLED J/UJ-6/82
‘ Drifting Time {minutes) Stratigrap e Description
12 3 485678 9 p Column
oy ™y v 0 0 gOverburden - 8oil, sand, silt, clay, some man-
« : made nmateriale (i.e. concrate chonks)
] Bog - aoft, organic clays and silty w/ rich )
abundant plent £ragments (woody). Some occasional
. sand stringers, but mostly clayey or silty.
I
! [ 50 50
)
1 + 75" ~ graval zona begins
|_88' - hard, gravel rich zone
b I
L 1]
+ 00 100 [100' - organic clay
[ e el ertd - 109" ~ hayd gravel vich gona
IadNn - 122" = glight water influx at bedrock surface
s 130" - shﬁ.n w/ fins graywacke
! '
1
A 0 I, 150 150
-
i AR . 170"~ Bhale & graywacke
A
' ) "
e S T
-+ NS 200 200
.'_{ " o +4o ' |10 ~ Graywacke & ghala
-t : ; .' .22¢" - Graywacke w/ shale
i+ it
¥ 280 ‘250
bttt e " .270" - Graywacka
- 1
,d:m“‘fmiwv* bsi ot 1 [-292' ~ poasible watar infilux
et it !. 300 300 ] 300" - Graywacke, fina grained
) : bt M
" ‘_‘1 it o
vt R W
o g e ¥
i H N
' " # + 350 350
f . i ] 3611, 364" - pomsible water influx
YARgES | m
: SIReH ERE:
i i P N
T oA 400 400
H A II"IL 410" ~ Graywacke, coarser grained
1 A
e
Lok " 480 a0
! . )
-+ 1 ®Pinal Nepth 455' -
-] Bat. watar flow 1/2 gpm
" 500 800 '
H .
st 550 650

DUNN GEOSCIENCE CORPORATION
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