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PLATE I 

Graphic logs of the drillcores obtained under the 

U.S. Bureau of Mines Contract J 0188022, 

A. Masslite Quarry, Mass. 

B. Norton, Mass. 

C. Seekonk, Mass. 

D. Portsmouth, R.l. 

PLATE II 

Graphic logs of the drillcores obtaineq und~r. the 

National Science Foundation Grant No. AER76~02147. 



ABSTRACT 

This report summarizes the results of the Narragansett Basin Project's 
activities during the U.S. Bureau of Mines (B0M) Phase 1, which was transi­
tional from and which followed the National Science Foundation (NSF) Phase 
which initiated the investigation of New England's potential coal resource. 
The 960 sq. mile basin is a structural and topographic lowland containing 
12,000 to 20,000 ft. of terrigenous elastic sediments of late Pennsylvanian 
age, and which rests on an upper Precambrian and Cambrian basement. The 
Rhode Island Formation, which is the coal-bearing unit, comprising the bulk of 
the Pennsylvanian rocks consists, in order of decreasing abundance, of sand­
stone, conglomerate, siltstone, shale, and coal. In the NSF Phase, 24 drill­
holes yielded 17,900 ft. of core; in the BOM Phase 1 study, 4 drillholes 
yielded 2,100 ft. of core. Anthracite and semi-anthracite was encountered in 
beds up to 30 ft. thick in widely spaced parts of the Basin. The coal, 
typically very low in sulfur, and a high ash anthracite, was mined in sub·· 
stantial volumes from 1808 to 1959 from shaft and open pit in Portsmouth and 
Cranston, R.I., and in lesser volumes in Mansfield, Mass. Currently coal is 
now being mined in Plainville, Mass. as a fuel in the manufacturing of light­
weight aggregate from the same quarry that serves as the source of rock being 
processed. 

The structurally complex Narragansett Basin is now known to have a greater 
extent than earlier since recent drilling by others (Chapter 2) has confirmed 
our interpretation that the Basin extended offshore south of Boston. The 
Basin also extends into Rhode Island Sound to the south. 

The geological structure is more complex in the southern part of the Basin 
than in the northern part. Three episodes of folding have been documented on 
Aquidneck Island and four episodes of faulting have been demonstrated for the 
Basin as a whole. Relatively less well exposed rock in the norlhern part of 
the Basin, increases the difficulty of recognizing and correlating structural 
episodes in the northern part of the Basin. The Basin has been subdivided 
into six structural domains which appear to have distinctive structural, meta­
morphic, paleontological and sedimentological differences that may assist in 
isolating important events in the evolutiou of the Basin and its component 
parts. 

The tentative structural model recently developed in B0M Phase 1 has 
important implications for exploration and mining. In the first and second 
folding stages the coal is mobilized and thickened in the crests and troughs 
of folds whose axes are horizontal to subhorizontal. While conventional coal 
exploration and mining methods are not applicable, great thickening in the 
crests and troughs of large scale structures, which can be defined by geology, 
geophysics and drilling, may provide compensating advantages. Bedrock over 
most of the Basin is 0-50 ft., but thicknesses of glacial deposits up to 150 
ft. are present locally. Pre-Pleistocene topographic trends are controlled 
by structure and rock hardness; Pleistocene deposits aligned to the S.E. are 
superimposed on earlier trends. 
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The southern part of the Basin is mainly dominated by high grade Barrovian 
metamorphism and plutonism of Permian age, related to the Alleghanian 0rogeny. 
About 300 sq. miles of the 960 sq. mile Basin has been affected. The remain­
ing 660 sq. miles, in the chlorite and subchlorite zones of metamorphism are 
compatible with the presence of high quality anthracite and semi-anthracite. 
Illite crystallinity studies begun in the NSF Phase, have been carried out in 
the BOM Phase 1 with important results. About half of the northern Basin is 
now known to be in the diagenetic (unmetamorphosed) or subchlorite zone and 
the remainder in the chlorite zone of metamorphism. Illite studies, probably 
best recording temperature effects, show a generally progressive increase 
from the NW corner of the Basin near Plainville, Mass. toward the south and 
southeast. Reflectivity and coal petrography studies, probably best record­
ing pressure and effects related to shearing, indicate a generally opposite 
pattern. Thus these methods provide powerful tools for the ultimate solution 
of problems important to coal exploration for coals of nigher combustible 
volatile content and exploitation of these. 

Due to the complex nature of the coal, chemical data may not be easily 
used to determine rank. The coals have been tectonically deformed and miner­
alized. This deformation plus thermal metamorphism have altered the coals, 
in some cases by producing natural coke. Brecciated coal is often coated with 
a secondary depositional carbon. The coals' hydroscopic nature and high ash 
contents are due to the deformed nature of the coal and thf presence of this 
secondary carbon. The stratigraphy and sedimentology of the coal-bearing 
Rhode Island Formation is similar to described alluvial fan deposits. 

The non-geological studies allow three conclusions to be made: 

1. A substantial number of areas have been identified in the 
Narragansett Basin in which mining could be carried out 
without undue difficulty from a land use point of view. 

2. Substantially more than two hundred instances of p4st or 
current mining activities have been identified in the Basin. 
Many of these are in areas defined as geologically interesting, 
and may be advantageous from the point of view of future 
exploration. 

3. The map systhesis technique developed for this contract 
is successful and may easily be adapted to future exploration 
in its current form and also in its expandable form dealing 
with unit measurements of one-tenth mile. 

We recommend that BOM Phase 2 exploratio~ shoµld accomplish the intent of 
the Congressional language in Bouse Report No. 95-1251, to continue a substan~ 
tial drilling and geophysics program: 

"The Committee expects the Bureau to continue studies involved in 
ascertaining the extent and quality of low sulfur coal reserves 
in the Narragansett Basin in New England including necessary drilling 
and geophysical studies. The knowledge of the extent of such deposits 
is of great importance to this 'energy poor' area", 
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Chapter 1 

INTRODUCTION AND GEOLOGIC SETTING OF THE NARRAGANSETT BASIN 

by 

James W. Skehan, S.J. and Daniel P. Murray 

Introduction 

The Narragansett Basin supported intermittent and limited coal mining 
mainly during the nineteenth and early twentieth century. Because of the 
'energy shortage" of 1973, renewed interest in the potential coal resources of 
the Basin was generated. This interest resulted in tpe Narragansett Basin 
Project, a program at Boston College that was initially (February, 1976 to 
February, 1978) funded by the National Science Foundation and other organi­
zations, and more recently (November, 1977 to February, 1979), the U.S. 
Bureau of Mines (BOM) funded a program which was phased in to continue acti­
vities begun in the NSF phase and to carry on new approaches. 

During the NSF phase, 24 core holes were 
of the Basin, producing 17,900 feet of core. 
holes were drilled in widely spaced parts of 
feet of core. Both phases consisted also of 
studies. 

drilled in several different parts 
During the BOM Phase 1, 4 core 

the Basin, resulting in 2,100 
related geological and demographic 

The results of the National Science Foundation phase and the closely re­
lated transitional activities of the first part of the U.S. Bureau of Mines 
phase are detailed in a two volume report previously submitted to both agencies 
(Skehan and Murray, eds., 1978). The results contained in volume 1 are 
oriented toward a reconnaissance evaluation of the coal resource through geol­
ogic studies and drilline; those in volume 2 are oriented toward identify-
ing in a preliminary fashion Legal, Economic, Environmental, and Societal 
(LEES) constraints to possible future mining activities in the Basin. These 
volumes also contain a more complete hisotry of the Narragansett Basin Project, 
a comprehensive bibliography of the geology of the region, and preprints of 
several papers that pertain to the regional geologic setting of the Basin. 

This report, which in general follows the format of the U.S. Bureau of 
Mines Work Statement, consists of discussions on the following topics: 

1. Regional Geologic Studies 

2. LEES Studies 

3. Drillsite Selection 

4. Drilling Results 

5. Recommendations 
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The present volume, prepared as the final report of BOM Phase 1 for the 
U.S. Bureau of Mines, summarizes salient points of that work which was carried 
out jointly under NSF and BOM funding but which was previously reported on in 
the two aforementioned volumes. To that extent, then there is some necessary 
repetition in the present volume, chiefly in the section on core logging as the 
methodology was developed during the NSF and the application done during BOM 
phases respectively. Additionally this volume covers in detail the results of 
the Bureau of Mines funded effort during the period February through October 
1978. 

Geologic Setting 

The 960 sq. mile Narragansett Basin is a structural and topographic de­
pression that contains terrigenous elastic sediments of Late Pennsylvanian 
age (Figure 1-1). These rocks, at least in part, rest·unconformably upon 
Avalonian basement (Figure 1-2) and are comprised primarily of 600-650 million 
year old (m.y.) granitic rocks and subordinate amounts of Upper Precambrian to 
Cambrian and possibly Ordovician sediments, volcanics, and volcaniclastics. 
The Basin/basement contact is exposed in several widely separated localities. 
It appears that the western margin is mainly a fault contact, while the north­
ern margin is known to be, at least in several places, an unconformity and at 
least locally is cut by faults which affect the Basin margin. Recent geo­
physical studies (McMaster and Collins, 1978), mapping and drilling (Skehan 
and others,1978b) indicate that the Narragansett Basin extends beneath the 
Atlantic Ocean north of Cape Cod and south of Narragansett Bay respectively. 
Several horsts of granitic basement also occur within the Basin. Gravity 
traverses across the Basin (Sherman, 1978) indicate an irregular Basin/base­
ment surface, probably developed by a combination of folding, involving 
basement, and faulting. In certain parts of the Basin the thickness of Penn­
sylvanian sediments may be as great as 12,000 or even 22,000 feet. 

Five formations, now referred to collectively as the Narragansett Bay 
"Group" (Skehan and others, 1978a) are recognized in the Narragansett Basin: 
The Pondville Formation, the Wamsutta Formation, the Rhode Island Formation, 
the Dighton Conglomerate, and the Purgatory Conglomerate (Table 1-1 and 
Chapter 4 of this volume). All of these consist of elastic terrigenous sedi­
ments. Lack of outcrop, due to extensive glacial overburden, coupled with 
rapid facies changes and structural complexities render the construction of a 
detailed stratigraphy for the Narragansett Basin a slow and painstaking process 
which can only be accomplished by an intensive drilling and geophysical 
program. The stratigraphic relationships of the above mentioned formations 
are basically the same as presented by Mutch (1968, Figure 2), except for the 
Conemaughian (Stephanian A) age which we have tentatively assigned to the 
Purgatory Conglomerate, which may be the correlative of the Dighton Conglom­
erate. A previously estimated total thickness (Shaler and others, 1899) of 
12,000 ft for the five formations was highly speculative; however, it is 
consistent with stratigraphic sections determined recently from gravity obser­
vations of depth to basement under the Narragansett Basin (Sherman, Peter, 
pers. comm., 1978). Lyons (1977) indicates a total thickness of almost 
20,000 ft for the Rhode Island Formation alone. 

The five formations are comprised of elastic sediments consisting (in order 
of decreasing abundance) of sandstone, conglomerate, siltstone, shale, coal 
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and rare volcanics. They were deposited in a predominantly fluviatile envir­
onment, possib]y associated with active alluvial fans. The Rhode Island Form­
ation and, to a lesser extent, other units as well, contain an extensive and 
well documented megaflora (Lyons, 1978} which indicates that the period of 
sedimentation extended from Late Pottsvillian (Westphalian B) to Conemaughian 
(Stephanian A) time, (Table 1-1). 

The Narragansett Basin has undergone a complex history of structural de­
formation, metamorphism, and plutonism (Skehan and Murray, Chapter 2 and 
Murray and others, Chapter 3, this volume). 

Coal is confined to the Rhode Island Formation, where it occurs in at least 
two stratigraphically distinct horizons. In general, seams are of variable 
thickness, ranging from a few inches to approximately 40 ft. The coals have 
high ash and very low sulfur content. Coal rank varies from semi-anthracite 
to meta-anthracite (Barton and others, 1977). In the southern part of the 
Basin where the rocks have been subjected to high intensity metamorphism, coal 
has been converted to meta-anthracite (Quinn, 1971). The most abundant and 
thickest coal occurrences identified by recent drilling lie within a 5-10 mile 
swath along the western, northern, and southeastern margins of the Basin. The 
most continuous and most extensively mined seams occur at Portsmouth and 
Cranston, Rhode Island and the thickest seam or seams occur at Bristol and 
Cranston, Rhode Island and Plainville, Mass. At the Masslite Quarry in Plain­
ville, a 30 ft thick coal seam, which may be relatively continuous, is cur­
rently mined and used as a fuel for the production of lightweight aggregate. 
The Mansfield, Mass. area also contains abundant coal seams which may be 
rather continuous. Our understanding of the coals is based upon acquisition 
and analysis of approximately twenty thousand feet of NX (2½;" diameter) drill­
core in 28 drillholes by members of the Narragansett Basin Project and coop­
erating agencies and persons. 

Anthracite and meta-anthracite from the Narragansett Basin have been the 
subject of several studies (Ashley, 1915; Toenges and others, 1948; Quinn and 
Glass, 1950; Grew, 1974), which in general have produced ambiguous or conflict­
ing results. Only after detailed petrographic analysis of the coal (Gray and 
others, 1978; Raben, Chapter 3 this volume; and Skehan and Murray, eds., 
1978), has it become clear that the Narragansett Basin coals have recorded a 
very complex history which is, however, decipherable using modern methods of 
geological analysis. This history, whose basic outlines we believe that we 
now understand, would make these coals some of the most distinctive yet 
described, The results of the study of these coals are given below (Chapters 
3 and 4). 

Age Relationships in the Narragansett Basin 

In spite of their critical potential for bracketing the exact chronology 
of Late Paleozoic thermal activity within the Appalachian Orogen, metamorphic 
rocks within the Narragansett Basin have not received the study they deserve 
in recent systematic geochronologic studies. Table 1-2 summarizes the avail­
able radiometric ages obtained from the metasediments and plutonic rocks of 
the Narragansett Basin. Lyons (in press, 1979) has summarized the available 
floral age data. Figure 1-2 shows dates obtained from the ba~ement rocks 
that surround and lie within the Basin. The radiometric and floral dates 
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TABLE 1-2 
RADIOMETRIC AND FOSSIL DATES FROM THE rMRRAGANSETT BASIN 

UNIT MATERIAL METHOD AGE REFERENCES 
Rhode Island Fm Whole Rock K-Ar 2532: 13 Hurley et al., 1960 

II II II II II II II 2302: 12 II II 

II II II II II II II 2602: 13 II II 

II II II II II 11 II 2632: 13 II II 

" " " Impure biotite " II 2752: 15 II II 

II " II Biotite II II 2502: 12 II II 

II II II II II II 2372: LI. II II 

II II II II II II 2302: 11 II II 

II II II II Rb-Sr 2442: 15 II II 

II II II II II " 244~ 12 II II 

II II II II K-Ar 200 Harakal, 1964 

*Warnsutta Rhyolite Whole Rock Rb-Sr 211! 23 Bottino, 1963 

;~ II II II II II II 2252: 25 II II 

Westerly Granite Biotite K-Ar 2402: 12 Hurley, et al.' 1960 

II 11 Mcnazite Pb-a 220 Quinn, et al., 1957 

II II Zircon II 243 II II 

II II Biotite Rb-Sr 2592: 10 Bottino, 1963 

II II Whole Rock Rb-Sr 2992: 40 II II 

II II Biotite K-Ar 240! 12 Hurley, et al., 1960 

Narragansett 
Pier Granite Zircon Pb-a 208 Quinn, et al., 1957 

II II II II 225 II II 

II II II II 235 II II 

II II II II 274 II II 

" Sphene U-PB 276 Kocis et al., 1978 
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TABLE 1-2 
RADIOMETRIC AND FOSSIL DATES FROM THE NARRAGANSETT BASIN 

UNIT 
Narragansett 
Pier Granite 

(CONT I NUED) 

MATERIAL METHOD 

Plant fossil (Annularia 
stellata) in xenolith in 
granite. 

AGE REFERENCES 

<290 Brown et al., 1978 

* Anomalously low with respect to overlying fossiliferous strata (Rhode Island 
Fm) of Pennsylvanian age. 
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together indicate a short period of time between the end of sedimentation and 
the intrusion of the post-tectonic Westerly Granite. Thus, in the Narragansett 
Basin, the Alleghanian Orogeny appears to be an abrupt event largely confined 
to the Early Permian or late Pennsylvanian, based on floral data. 
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Chapter 2 

STRUCTURE 

by 

James W. Skehan, S.J. and Daniel f. Murray 

Introduction 

Objectives 

One of the objectives of the present study was to determine whether the 
structural complexity found in the southern part of the basin is typical of 
the entire Basin or whether the northern part is more gently deformed than 
the southern. In order to accomplish this objective, we focused attention 
on several aspects of the structural analysis. One of these was to determine 
more ac~urately than was previously possible the shape of the Basin, not only 
in map outline, but, as possible, also the shape of the Basin in the third 
dimension. This objective required in part that a better understanding of 
the pattern of faulting be developed and that the style and intensity of fold­
ing be better determined. 

Shape of the Basin 

The understanding of the map shape of the Basin has changed significantly 
as a result of work done in each phase of the Project to date by the authors 
and others (McMaster and Collins, 1978), Figure 1-1 portrays our current 
understanding of the Basin's configuration. The main changes from earlier 
geologic maps include: 

1. The Basin extends both northeastward and southward into 
the offshore area south of Boston Bay and into Rhode Island 
Sound. The distance of these offshore extensions in both 
cases is in the order of tens of kilometers. A cooperative 
program of drilling during the summer of 1978 by the U.S. 
Geological Survey and the State Geologist of Massachusetts 
has recovered sedimentary rocks considered to be typical of 
the Wamsutta and Rhode Island Formation. (Joseph Sinnott, 
personal comm., 1978). This discovery confirms our earlier 
tentative interpretation that the Carboniferous rocks of the 
Basin extend into the offshore area near Marshfield, Mass. 

2. Sedimentary units previously thought to be Carboniferous in 
age on Conanicut Island are now known to be Cambrian strata. 
(Skehan and others, 1978c). 

3. Basement granites of Precambrian age, with or without a cover 
of frnsiliferousCambrian sedimentary rocks, are pre~ent along 
the southern part of Aquidneck Island in the core of a norther-
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ly plunging fold; and in Conanicut Island separated from 
Pennsylvanian rocks to the north by the Beaverhead fault, 
a major fault zone. Additionally such rocks are present 
within the southeastern part of the Basin in Portsmouth, 
R.I. in a horst block surrounded by Pennsylvanian rocks; 
in Bristol, R.I. probably in the core a northerly plunging 
fold; at Hoppin Hill, North Attleboro, Mass. and at Manchester 
Pond Reservoir in Attleboro in probable thrust blocks. 

An improved understanding of the structure is essential to developing a 
more refined plan to explore for coal and ultimately to identify the geo­
metry, location, and reliable tonnage estimates of recoverable coal. The 
structural analysis of the Basin has always been considered of great signi­
ficance but it assumes increased importance as the structural complexity 
of the Basin, and therefore of the coal seams, is prqgressively better demon­
strated by several phases (e.g., metamorphism, Chapter 3 and petrography, 
Chapter 4), of the present and earlier studies. 

Structural Contrast between Southern and Northern Parts of the Basin 

The southern half of the Narragansett Basin is better exposed in seacliff 
outcrops than itsnorthernpart, where a blanket of glacial deposits tends to 
obscure the bedrock. In the earliest phases of this study in 1976 it was 
clear than the northern part of the Basin differed from the southern in 
structural and metamorphic characteristics (Quinn, 1971; Skehan and others, 
1976a). Later it appeared that this distinction of northern and southern 
parts of the Basin was valid but that the location of the boundary between 
the two was not easily placed. Thus we interpreted a NW-trending structural 
transition zone (Skehan and Murray, eds., 1978a, Fig. 9) near the place where 
the N-S trending folds gave way to ENE trending folds. Whether this change 
in trend takes place gradually by folding along a NW-striking axial plane, 
or whether abruptly by faulting is as yet uncertain due to a lack of outcrop 
near the head of Narragansett Bay. 

Our present understanding is that deformation of the southern part of 
the Basin is more intense than that in the northern part, and that at least 
a portion of southern Rhode Island underwent three episodes of folding accom­
panied by thrusting. The Beaverhead fault in the southern part of the Basin 
may mark the trace of the Variscan thrust fronc,Rast and Grant, 1973) as it 
passes through New England. Within the southern part of the Basin the 
intensity of deformation generally appears to increase from east to west and 
especially so west of the Beaverhead fault (Fig. 2-1). 

The style and intensity of deformation of the northern part of the Narra­
gansett Basin on the other hand, is less easily analyzed due to poor exposure, 
but appears to be less deformed than the southern part (Fig. 2-1). This 
conclusion is based on reconnaissance observations over the entire northern 
part of the Basin and is reinforced by the presence of diagenetic zone meta­
morphic rocks in the northwestern corner of the Narragansett Basin (see Hop­
pin Hill Domain below) and of dominantly anchizone rocks in the remainder of 
northern part of the Basin (Providence and Taunton Domains). Diagenetic 
zone and anchizone are subdivisions (Rehmer and others, 1978) of the sub­
chlorite zone of Barrovian regional metamorphism based on illite crystallin~ 
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ity measurements. The anchizone belongs to subgreenschist facies (Chapter 3). 
The greenschist facies corresponds approximately with the biotite zone. 

The northern part of the Basin is characterized by a steep, pervasive 
northwestly dipping cleavage which we tentatively correlate with the second 
deformation of the southern Narragansett Basin. Structures tentatively 
assigned to the first deformation may be present in the Providence Domain but 
as yet have not been recognized widely enough to suggest that they constitute 
the structural framework of the Basin as appears to be the case for the 
southern part of the Basin. The dominant cleavage however, has been warped 
as is shown in a schematic cross-section of one typical area in this part of 
the Basin (Figure 2-2). 

In the present study it has become clear that both the southern and north­
ern parts of the Basin have major characteristics that allow them to be 
further subdivided into what we have referred to as domains. 

Structural Domains 

In a few instances the boundaries between various subdivisions of the 
basin are sharp and can therefore be located exactly and the nature of the 
boundary is known. In others the exact location of the boundary and/or its 
exact nature are not yet known. Nevertheless we believe it is useful to try 
to differentiate these domains and, as the opportunity arises, to better 
define the boundaries. 

We have therefore divided the Narragansett Basin into 6 structural or 
tectonic domains. Field and petrographic studies of drillcore and outcrop 
permit these division to be defined in terms of structural elements such as 
the number and intensity of deformational and metamorphic events; the style 
and sequencing of major and minor structures and distinctive paleontological 
and sedimentational characteristics. 

Domain boundaries may be defined by discontinuities or offsets in isograds 
and structural elements, and may define the location of major faults within 
the Basin. More commonly, however, the domain boundaries are gradational or 
unexposed, and where this is the case an important future task will be to 
refine this pattern. Models which treat the Basin as a unit must be revised 
to take the variations and discontinuities into account. 

The domains which can be discriminated on the basis of these character­
istics are from southeast to northwest: 

1. Narragansett Pier Domain (NPD) 
2. Newport Domain (ND) 
3. Sakonnet Domain (SD) 
4. Providence Domain (PD) 
5. Hoppin Hill Domain (HHD) 
6. Taunton Domain (TD) 

The Narragansett Pier Domain (NPD) 

Without question the NPD is the most highly deformed and most highly 
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metamorphosed part of the Basin (Fig. 2-1). It is the only domain in which 
Pennsylvanian metasedimentary rocks have been raised as high as the second 
sillimanite zone and which furthermore are cut by the Permian Narragansett 
Pier Granite (Fig. 1-1). The southeastern margin of this domain is sharp and 
distinctive being marked by the highly brecciated Beaverhead fault zone. 
This fault zone separated three domains, the NPD, the Providence Domain (PD), 
and the Taunton Domain (TD) to the northwest from two domains to the south­
east, namely the Newport (ND) and the Sakonnet (SD) Domains. This fault 
zone is most probably a southeasterly dipping thrust fault related to the 
first deformational episode. In this highly probable interpretation the rocks 
of the ND and the SD have been thrust westward over the domains to the north­
west just mentioned (Fig. 2-1). The dominant cleavage throughout most of the 
NPD is southeasterly dipping but locally at Stook Hill, Route 138 is north­
easterly dipping. A northwesterly dipping cleavage is not recognized in the 
highest zonesof metamorphism (sillimanite zones) but is conspicuous on Dutch 
Island northwest of Beaverhead (Fig. 1-1). 

The very thick coals (up to l) ft.) of the Budlong Mine in Cranston, R.I., 
which were extensively extracted up to 1959, occur in the northern part of 
this domain, near the Providence Domain boundary. 

Newport Domain (ND) 

Three generations of folds, at least two generations of thrust faults and 
at least one generation of kink banding and normal faulting have now been 
demonstrated on Aquidneck Island in the present study. All of these struc­
tures can be observed in one set of outcrops at the crest of Butts Hill in 
Portsmouth, R.I. in the State Historical Park. 

1. The first deformational episode (Fig. 2-2) consists of asymmetric, 
folds overturned to the NW with an axial plane cleavage (Mosher and 
Wood, 1976; and Skehan and Murray, eds. 1978, p.47) which is most 
readily recognized where it is southeasterly dipping to near vertical. 

0 These folds typically have a plunge ranging from gently NE to 25 SW, 
which in conglomerate beds is p~rallel to the elongation of pebbles, 
cobbles and boulders. 

Cleavage of the first deformational episode is recognized in roadside 
outcrops at Turkey Hill on Route 114, Portsmouth, R.I. Thrust faults 
of the first deformational episode are recognized in several locali­
ties in southern Aquidneck Island (Mosher and Wood, 1976; and personal 
comm., 1976). The Beaverhead fault may be contemporaneous with such 
faults which are axial planar to F1 folds. 

2. Superimposed on earlier formed structures is a second deformation 
most readily recognized as a northwesterly-dipping cleavage axial 
planar to folds developed on both bedding and on the first cleavage. 
The fold axis of these second folds commonly deviates less than 20° 
from the azimuth and angle of plunge of the first folds. Note that 
in contrast to the previously described (NPD) the westward dipping 
cleavage is the dominant fabric. The second cleavage is the 
dominant structural feature throughout the Newport Domain being well 
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developed in the rocks of northern Aquidneck Island. In particular 
this is the case in the rocks near Drillhole No. 181 in Portsmouth, 
in the roadcut at Turkey Hill, Portsmouth and in the nearby quarry 
on Cory's Lane, Portsmouth. A northwesterly-dipping thrust fault 
parallel to the second cleavage is seen cutting Purgatory Conglom­
erate in the Paradise Quarry in Middletown, R.I. 

3. The third episode of deformation is a broad, undulatory folding most 
easily recognized in the warping of the second cleavage. This is 
most commonly recognized by variations in the angle of dip of the 
second cleavage. This undulatory warping is marked by a steep kink 
banding which may be associated with normal faulting. Kink bands 
observed in the Portsmouth Drillhole No. 181 may also have formed 
during this episode of dPfocmation. This structural feature is well 
displayed on Butts Hill, Portsmouth, R.I. 

Thus the first deformation appears to have established the basic struc­
tural framework of the southern part of the Basin. The second, most con­
spicuous, and fairly pervasive cleavage appears mainly to have flattened 
earlier structures and to have developed relatively smaller scale structures. 
It is the dominant structure in most outcrops of the northern part of the 
Basin. The third deformation may be the result of high angle reverse and/or 
normal faulting. 

The Newport Domain of the southern part of the Basin appears to be, for 
the most part, fault bounded along its northwestern margin. This boundary is 
the important Beaverhead fault which brings Middle Cambrian and Precambrian 
rocks of southern Conanicut Island, as well as Pennsylvanian rocks of probably 
Conemaughian Gtephanian) age on Aquidneck Island into contact with higher 
grade metamorphic rocks, of dominantly late Pottsvillian (Westphalian D) 
age lying to the northwest. During the 19th and early 20th century between 
1,000,000 and 2,000,000 tons of coalsW=remined from two of the several mines 
in Portsmouth, R.I. (Chase, 1978). 

Sakonnet Domain (SD) 

The Sakonnet Domain, along the southeastern margin of the Basin, has 
much in common with the Newport Domain but consists of rocks which are in the 
biotite zone of metamorphism. As yet we have not determined whether the 
isograd boundary between the two domains may be a thrust fault or whether it 
represents a normal increase in metamorphic intensity toward the east. The 
northwestern boundary of this domain in Portsmouth is marked by a prominent 
horst which exposes Precambrian Metacom Granite. This granite has been 
severely deformed by easterly-dipping thrust faults exposed in a quarry in 
the horst which is bounded on the west and east by north striking normal 
faults. 

Further data will be required to determine whether there are a sufficient 
number of meaningful differences to warrant the separation of this domain 
from the Newport Domain. In any case the Newport and Sakonnet Domains 
together basically form a single tectonic block probably thrust northwest­
ward over the rest of the Basin to the northwest. 
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Providence Domain (PD) 

The separation of the Providence Domain from the Narragansett Pier Domain 
to the south, and from the Hoppin Hill and the Taunton Domains to the north­
east grows out of the observation that N-S structural trends characteristic 
of the southern part of the Basin change to ENE trends which characterize 
the northern, Massachusetts part of the Basin. Moreover the polyphase 
deformation which characterizes much of the southern part of the Basin is 
present in this domain but has been recognized only locally in the Taunton 
Domain. Additionally the more or less abrupt southwestern termination of the 
Dighton, Great Meadow, and Attleboro synclines marked by Dighton Conglomerate 
in their axial region suggests the possibility that the Providence Domain may, 
in part at least, be an important NW-striking fault zone. Alternatively this 
domain may mark the NW-striking axial region of a fold salient convex toward 
the northwest. 

The thick coals (up to 30 ft) encountered in drilling in Bristol, R.I. 
(Skehan and Murray, eds., 1978) as well as numerous coal sightings and 
prospects near Providence and Pawtucket are in the northern part of this 
domain. 

Hoppin Hill Domain (HHD) 

The Hoppin Hill Domain is a most distinctive zone consisting in large 
part of Wamsutta Formation and overlying Rhode Island Formation. Fossilferous 
Lower Cambrian sediments unconformably on Precambrian granitic rocks (Skehan, 
1973) are a distinctive feature of this domain. The eastern border of this 
domain is a fault zone along which are mylonitized blocks of granitic rock. 
This zone may consist of a series of thrust sheets probably derived from the 
northwest. The rocks of this domain are distinctive in regard to their grade 
of metamorphism. Of all the rocks of the entire Narragansett Basin, the rocks 
of the Hoppin Hill Domain are the least metamorphosed. Illite crystallinity 
studies (Murray and others, Chapter 3) indicate that the Carboniferous rocks 
of this domain are dominantly in the diagenetic zone. Other factors being 
equal, any coals in this domain should be less metamorphosed and therefore 
contain a higher percentage of combustible volatiles than elsewhere in the 
Basin. 

Taunton Domain (TD) 

The remainder of the Basin in Massachusetts may belong to a single domain. 
There is as yet not a sufficient amount of data available that would suggest 
the necessity for further subdivision of this northeastern part of the Basin. 

The southwestern part of TD is characterized by a series of large scale 
synclines containing extensively developed Dighton Conglomerate in their 
cores. The dominant deformational features consist of ENE-striking, NW­
dipping cleavage which appears to be axial planar to large scale folds. 
These features are similar to second deformation structures in the Newport 
Domain. To date we have discovered only isolated locations in which polyphase 
deformation features are recognized. Thus it is not clear what may be the 
relationship between the age of structures in the Taunton Domain relative 
to those in the Newport Domain. The structural evolution of the TD may be 
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less complicated than that of the ND. Alternatively further data, not yet 
available, may show that earlier formed deformational features are region­
ally important. The former case would suggest that the Newport and Sakonnet 
Domains may have a far different history from the domains NW of the Beaver­
head fault. The second case would suggest that the two parts of the Basin 
may have a relatively similar history of evolution. 

The several coal mines and prospects of Mansfield and Foxborough, from 
which several thousand tons of coal were extracted in the 19th century (Chase, 
1978), are in this domain. 

Late High Angle Faults 

The northern margin of the Basin is offset locally by high angle faults 
of various orientations but chiefly striking north to northwest. Normal and 
other high angle faults may be abundant in the southern part of the Basin but 
those parallel to structural trends are less easily recognized than those in 
the northern part of the Basin which are at a high angle to the dominant 
structural trends. 

One set of normal faults in the southern part of the Basin was recognized 
by Quinn (1971) in Portsmouth, R.I. (Fig. 1-1). These faults bound a granitic 
horst block located at the northern end of the Sakonnet River and approx­
imately at the boundary between the Newport (ND) and Sakonnet (SD) Domains. 

Model for Coal Deformation and Explora~ion 

Petrographic studies and megascopic analyses of coals from cores from 
several parts of the Basin have shown that they have been brecciated (Gray 
and others, 1978). Reports from early mining ventures in the Basin indicate 
that the coal was "rolled" into podlike bodies probably as a result of 
tectonic thickening since coal is far less competent than the enclosing rocks. 
Additionally our experience in the analysis of the variability of occurrence 
of coals in drillcores taken in the course of several phases of the Narra­
gansett Basin Project (Skehan and Murray, eds., 1978, p. 73 ff and Appendix G) 
suggests extreme variability in thickness aPa continuity both along presumed 
strike of beds and down the presumed dip of beds. 

All of these features and observations are generally consistent with what 
one might expect from the style and intensity of deformation recorded in 
surface outcrops and in drillcores. As a result of field mapping and analysis 
of structural data during late stages of this present study we have developed 
the following general model (Fig. 2-2) to explain the deformation of coal 
seams and consequently a model for exploration of the coals of the Basin. 
The model is primarily developed for the Newport Domain of the southern 
Narragansett Basin, but is probably also applicable to the northern part of 
the Basin whether the first episode of deformation is developed or not. If 
not, then the pattern of deformation would be expected to be the mirror image 
of Stage 2 of Figure 2-2. The model is also applicable to the Sakonnet 
Domain but the fact that it is in the biotite zone of metamorphism (Quinn, 
1971), and that a graphite mine was operated there, renders. it of academic 
interest only at the present time. 
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The generalized model for the structural evolution of coals of the 
Narragansett Basin (Fig. 2-2) illustrates several features which may prove 
useful in developing an exploration strategy and drilling program. In par­
ticular, the model suggests that drilling strategies commonly used in coal 
exploration may be insufficient to define adequately the deformed coal seams 
of the Narragansett Basin as will be suggested below. 

Records and descriptions of mining efforts of the past 170 years (Bolhouse, 
1967; Ashley, 1915; Jackson, 1840) indicate that in all mining and exploration 
efforts there were problems of rapid change of dip of seams, "rolling" or 
rapid thickening and thinning of seams, and generally an inability to trace 
out seam continuity. The most predictable seams were in the Portsmouth 
mines, which, although thin, averaging 3-5 ft thick, were apparently 
continuous along a N 40°E strike for 4000 ft and down the 32° dip for approx­
imately 2100 ft. Figure 2-2 shows the kinds of structural settings which 
could satisfy all of the known data of which we are aware which apply to the 
Portsmouth, R.I. mines and to the Bristol, R.I. mine and drillholes. The 
structure in Figure 2-2 is simplified somewhat since the broad warping, 
kinking and faulting of the s

3 
cleavage developed in Deformation Episode 3 

are not shown. 

Although the structural deformation of these coals is substantial and 
complex there are several favorable aspects that should not be overlooked. 
The first is that the coals are probably highly concentrated tectonically in 
the crests and troughs of folds. Moreover the coals should have great conti­
nuity along the fold axis trends, which generally vary no more than 20° to 
30° from the horizontal on the basis of presently available data. Moreover 
F

1 
folds vary in trend no more than 20° from the F

2 
folds and both are 

commonly horizontal. This has profound implications for possible mining of 
large concentrations of surface and near-surface coal by non-conventbnal 
methods. 

The initial problem is that of knowing the wave length of the major folds 
of Deformation Episode 1 which can only be learned by an extensive exploration 
program. The wave length of major folds in the Newport Domain is about two 
miles; that in the Tauton Domain appears to be of the order of 5 to 7 miles 
(Skehan and others, 1978c, Fig. 6, p. 32). Once the average wave length 
in any given domain can be determined, closer-spaced drilling,geophysical 
studies and geological analysis of cores and test pits, and reinterpretation 
of surface outcrops should provide moderately reliable resource estimates 
at least for those areas for which there is an adequate density of drillholes 
and geophysical information. The folds, however, have probably been cut by 
NW-striking cross faults. Thus a delineation of these is also necessary for 
a successful coal exploration program. All of these factors should form a 
solid foundation for planning further drilling and ultimately determining 
reliable resource calculations. 

Relation of Surficial to Bedrock Geology 

Pre-Pleistocene topographic trends appear to have been controlled by 
structure and rock hardness. Present topographic trends, including drainage, 
appear to be controlled by a combination of such Pre-Pleistocene bedrock 
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features as well as by Pleistocene processes and deposits. Dominant N to NNE 
trends in southern Narragansett Basin appear to be largely parallel to major 
fold axes. In the northern part of the Basin the dominant ENE trends are 
likewise parallel to fold axes. Additionally in the southern part of Basin, 
axial planar thrust faults have been demonstrated by Mosher and Wood (1976). 
Glacial erosion appears to have deepened the resulting fault valleys. The 
distribution of islands in Narragansett Bay, elongate in a general NNE direc­
tion may in part have resulted from the above-mentioned processes, but addi­
tionally have probably been modified by later normal and high-angle reverse 
faults. For example the N-S trending horst block in Portsmouth, R.I. (Fig. 
2-1) accentuates the general N-S trends due to other factors noted above. 

In part, at least, the alternation of islands and channels, comprising 
Narragansett Bay may be due to alternation of graben and horst structures. 
The NE-striking Beaverhead fault (Fig. 2-1) brings Cambrian rocks of south­
ern Conanicut Island (Figs. 2-1 and 2-2) into contact with Pennsylvanian 
rocks, possibly by NW-directed thrusting. The northeasterly-trending lower 
reaches of the Taunton River may be controlled by the continuation of the 
Beaverhead fault. 

Secondary topographic features are NW-trending offsets in shoreline parti­
cularly well-developed in the Newport and Sakonnet Domains (Fig. 2-1). An 
inspection of a map of the jagged eastern shore of Aquidneck Island and the 
eastern shore of the Sakonnet River (Fig. 1-1) may be interpreted as con­
trolled by NW-striking faults. An examination of the NW-trends of brooks 
and streams on Aquidneck Island suggest the same conclusion. As long ago 
as 1975 William H. Barton (personal comm.) noted this NW-trend of lowlands 
along Barker Brook which flows into the Bay between NBP Drillhole Nos. 1 
and 2 and BOM Drillhole No. 1 (Toenges and others, 1948). Noting the strong 
alignment of topographic features along the northern end of Prudence Island, 
Greenwich Bay and Scituate Reservoir, Barton suggested that this fault, 
which we have called the Portsmouth Mines fault, may be an important struc­
tural feature of the Basin. If it is a throughgoing fault it must be later 
than the presumed continuation of the Beaverhead fault which itself is synch-
1unous withthe NNE-SSW folds and thrust faults. 

A dominant NW-SE trend of brooks and streams throughout most of the 
northern part of the Basin may follow the dominant trend of NW-SE trending 
ridges and valleys controlled by elongation of Pleistocene glacial deposits 
(Fig. 2-3). Some of these glacially controlled trends may have been accen­
tuated by earlier erosion NW, N-S, and NNE striking faults. 

The glacial deposits of the Basin for the most part are less than 50 ft 
thick (Fig. 2-4). Nevertheless there is much of the bastn, particularly 
near the Basin margin, which has thicknesses of between 50 and 150 ft. 
Locally these deposits, some of which are brick clays, reach thicknesses of 
more than 150 ft. The pattern of NE trends for these deposits in the north­
ern and northwestern part of the Basin suggest the dominant influences of 
fold and fault trends in localizing the relatively limited thicker 
deposits of glacial materials transverse to SE movement directions of the 
Pleistocene glacial ice. 

These maps (Figs. 2-3 and 2-4), compiled from bedrock outcrop maps, from 
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drillcore, waterwell, and other drill data, and seismic refraction data, 
when compared with those showing bedrock composition and structural features 
(Fig. 1-1) suggest the following conclusions: 

1. There is no obvious correlation between the presence of coal 
and the location of large swampy areas. 

2. The underlying bedrock surface is irregular and probably 
reflects the underlying structural fabric and rock type. 

3. Outcrops in the northern part of the Basin are mainly 
ridges of relatively resistant sandstone and conglomerate. 
However, it is by no means certain that the converse is 
true, namely that unexposed areas are underlain by fine­
grained coal-bearing sedimentary rocks .. Several of the 
NBP drillholes in such areas lacking nearby outcrops, en­
countered stratigraphic sections dominated by coarse sand­
stone. 

Coal occurrences cannot as yet be predicted based on any of these relation­
ships. Coal appears to occur most characteristically in belts of carbona­
ceous black slates between Cranston, R.I., Mansfield and Easton, Mass., or 
along the southeastern margin of the Basin from Newport to Bristol, R.I. to 
Somerset, Mass. Further drilling and geophysical studies may yield corre­
lations that would be useful in prediction of coal occurrences. 
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Chapter 3 

METAMORPHISM OF THE NARRAGANSETT BASIN 

by D.P. Murray, J.C. Hepburn and J.A. Rehmer 

Introduction 

Studies of the metamorphism of the Narragansett Basin are important for an 
understanding of the quality of the coals, their tectono-thermal history, and 
as a guide to coal exploration. The coals of the Basin have been variously 
categorized as meta-anthracite (Toenges and others, 1948) and anthracite and 
semi-anthracite (Barton and others, 1977; Skehan and }lurray, eds., 1978). 
However, before the present study no clear relationship was demonstrated for 
the entire Basin, and especially for its northern part between the rank of the 
coal, its location in the Basin, and the regional metamorphism. The coal­
bearing rocks have undergone a complex history of evolution in terms of their 
thermal histories and in the relationship of the thermal history of the timing 
and type of deformation. Studies on the coal itself are presented in Chapter 
4. The goal of the metamorphic studies is to obtain an independent evaluation 
of the pressure, temperature, and tectonic history of the various parts of 
the Basin, and then relate these studies to the coal. This allows an under­
standing of the processes and conditions of metamorphism and coalification 
that cannot be obtained solely from studying the coal. For example, in many 
cases temperature can be more accurately estimated by examining metamorphic 
mineral assemblages in the enclosing pelitic rocks than can be obtained from 
coal rank observations. 

The studies on the metamorphic and tectonic evolution of the Narragansett 
Basin can be divided into two parts for discussion: 

1. Those in the higher grade areas of Barrovian metamorphism in the 
southern Narragansett Basin. 

2. Those in areas of the Narragansett and Norfolk Basins that have been 
metamorphosed to conditions of the lowest greenschist and subgreen­
schist facies. Murray has largely been responsible for studies in 
the first case and Rehmer and Hepburn for the latter studies. 

Figure 3-1 is a generalized isograd map of the Narragansett and Norfolk 
Basins modified in part after Rehmer et al., (1978) with the Rhode Island 
portion modified in part after Quinn (1971). 

Southern Narragansett Basin - Barrovian Metamorphism above theChlorite Zone 

This study consists of refining the patterns of metamorphic isograds for 
the Basin, and separating out the distinct metamorphic episodes that together 
characterize the polymetamorphic history of the Narragansett Basin. We have 
endeavored to determine whether it is possible to correlate the individual 
metamorphic events with episodes of folding and faulting. Such a study is 
essential, as several of the historically most productive mining areas and 
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thickest seams encountered during drilling (e.g. Bristol, Cranston, and Ports­
mouth), came from portions of Rhode Island that have evidently undergone mul­
tiple metamorphic and structural episodes. 

The pattern of isograds (Figure 3-1) is based upon limited field control 
as well as geochemical reactions involved in the production of mineral assem­
blages, particularly key index minerals. Ongoing studies by Murray and by 
the University of Indiana suggest that revisions in the distribution of meta­
morphic isograds within the Basin may be necessary. Most significantly, it 
appears that the preliminary isograds of Grew (1974) must be expanded west­
ward from the Basin and that some of the metamorphic rocks mapped southwest 
of the Basin (previously considered Precambrian or lower Paleozoic in age) 
may be actually very high grade metamorphic correlatives of the Pennsylvanian 
rocks found within the Basin. 

Previous attempts to estimate the possible conditions of metamorphism 
within the Narragansett Basin were outlined by Grew and Day (1972). Their 
work represents a major contribution to our understanding of the Basin, as, 
among other things, they report the first documented occurrence of kyanite 
and sillimanite (fibrolite). However, in their assessment of metamorphic 
parameters these workers used available experimental data on silicate equil­
ibria which were largely obtained in graphite-free pelitic systems. Carbon­
aceous material is ubiquitous throughout the metamorphic rocks within the 
Basin and many recent studies (Eugster, 1972, 1977; Ohmoto and Kerrick, 1977; 
Holloway, 1977; Grangley, 1972) have shown that dilution of the fluid phase by 
gases liberated during metamorphism of carbon (CO, CO 2 , CHu, etc.) signifi­
cantly reduces the mole fraction of water. This affects the pressure and 
temperature at which metamorphic reactions occur. In addition, quite low 
values of oxygen fugacity can be maintained during metamorphism of carbon­
acous material because of the buffering effect of CO and co

2
• Many of the 

experimental equilibria used by Grew and Day (1972) to estimate metamorphic 
conditions within the Basin were obtained at Oxygen fugacity values equal to 
or higher than those defined by the QFM buffer. Therefore, a direct corre­
lation between these equilibria conditions and those actually attained during 
metamorphism of the carbonaceous rocks in the Basin is not possible. 

Many peak metamorphic index minerals within the Basin are locally replaced 
by pseudomorphic aggregates of relatively more hydrous phases formed as a 
consequence of retrograde and/or metasomatic processes. Grew and Day (1972) 
incorrectly interpreted these replacement textures (e.g., see their Figure 2D) 
as prograde reactions and used them to estimate metamorphic parameters. 

Relative Time Relationship between Metamorphism (s), Deformation (s), and 
Intrusion for the Southern Narragansett Basin 

Grew and Day (1972) suggested that the Narragansett Pier Granite was 
emplaced during metamorphism and that the highest grades (first and second 
sillimanite isograds) were attained at its contact aureole. However, their 
analysis was based upon a very limited number of samples and without the 
benefit of information about the structural evolution of the region. Based 
upon a consideration of petrographic and structural data from the southern 
part of the Narragansett Basin an alternative interpretation of the sequence 
of tectonothermal events in this area has been developed and is illustrated 
in Figure 3-2. 
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Stage A 

Stage B 

Stage C 

Stage D 

High grade Barrovian metamorphism occurred and was broadly 
synchronous with a major period of folding (D

1
). 

A n1 axial planar schistosity is overgrown by randomly 
oriented porphyroblasts of biotite and muscovite. These 
become increasingly more abundant toward the Narragansett 
Pier Granite and, therefore, are considered to represent 
a metasomatic and/or contact metamorphic phenomenon 
associated with the granite's emplacement. 

Both peak metamorphic index minerals and the randomly 
oriented biotite porphyroblasts are locally retrogressively 
overgrown by pseudomorphic aggregates of chlorite in areas 
where a later crenulation cleavage (D

2
) is well-developed. 

A final period of open folding unaccomp·anied by meta­
morphism occurred. 

This interpretation is in marked contrast to that of Grew and Day (1972), 
and must be confirmed by detailed petrologic studies. 

Conditions of Emplacement of the Narragansett Pier Granite 

The thermal maxima of regional (Barrovian) metamorphism is roughly center­
ed near the contact between the Narragansett Pier Granite and the Pennsylvan­
ian metasedimentary rocks. However, in detail, it appears the isograds are 
oblique to structural trends and are truncated by the granite. Both the 
granite and the isograds are deformed by the D2 folding. In detail, the con­
tact is an injection migmatite, and the lack of contact effects indicates 
that the sediments were hot (at near peak metamorphic temperatures) at the 
time of the granite emplacement. These features, coupled with the petro­
graphic observations mentioned earlier under Stage B, suggest that the granite 
may be a result of the thermal event that caused the metamorphism, and not the 
latter's cause. 

It has been suggested (D. Wones, pers. comm., 1978) that the Narragansett 
Pier Granite was H

2
o saturated and characterized by a relatively high f 02 , 

The coal-bearing sediments that it intrudes, on the other hand, were 
probably buffered by a fluid phase of very different composition (e.g., lower 
£

02
). The interaction and circulation of these contrasting fluid phases may 

be responsible for changes in bulk and mineral chemistry observed in both 
rock types as their contact is approached. These include: 

1. Change in color of granite from red to white 

2. Increase in modal muscovite in the granite 

3. General absence of sillimanite in metasediments of 
appropriate composition. 

Fluid exchange between post-tectonic granite and metasedimentary host 
rocks at intermediate to shallow depths has been well-documented in Maine 
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(Ferry, 1978) and California (Morgan, 1975) respectively. Both these and 
other studies (Pitcher and Berger, 1972; Taylor, 1977; etc.) dealt with 
environments that differed from that of the Narragansett Basin in two import­
ant aspects. First, they are post-tectonic granites that clearly are responsi­
ble for at least the local isograd configuration. The emplacement of the 
Narragansett Pier Granite, although broadly synchronous with the regional 
Barrovian metamorphism, appears to post-date growth of peak metamorphic index 
mineral (Figure 3-2) and has in turn been affected by at least one episode of 
folding (Stage C in Figure 3-2). 

Metamorphism in the low greenschist and subgreenschist 
pbrtions of the Narragansett and Norfolk Basins 

Previous to this project the majority of the Narragansett Basin was assign­
ed to the chlorite zone of regional metamorphism (i.e., the lowest part of the 
greenschist facies). However, coal rank data from coals in this zone clearly 
varied one from another, indicating different temperature and pressures within 
the broad chlorite zone as previously defined. 

Thus, a study was undertaken to examine the changes in metamorphism within 
the low grade portions of the Narragansett and Norfolk Basins to see what 
subdivisions might be mappable and what the relation of these subdivisions is 
to the coal rank. 

Illite crystallinity can be used as an index of very low grade metamorphism 
in shales. As the clay mineral illite is heated, it becomes better crystall­
ized as interlayers are given off, and eventually it becomes a well-crystall­
ized muscovite. Thus, the illite crystallinity index is a measure of the 
gradual change from a fairly disorganized clay mineral to a well-crystallized 
muscovite that occurs during metamorphism over the temperature interval from 
about 150° to 300° C. The method of defining isocrystallinity indices on the 
basis of the sharpness (i.e., degree of crystallinity) of illite X-ray peaks 
has been used successfully in coal basins in Europe (Frey and Niggli, 1971; 
Gill et al, 197nbut to our knowledge has not been used previously in this 
country. Frey and Niggli, (1971); Frey, (1978); Kisch, (1968) and others have 
established the relationship between il]ite crystallinity and coal rank. Thus, 
the regional illite crystallinity studies provide both mapped subdivisions of 
the lower grade portions of the Narragansett Basin and an indication of the 
expected coal rank at any place in this part of the Basin. This is a parti­
cularly valuable tool for coal exploration as outcrops or cores of rocks other 
than coal are far more abundant than those of coal, and the procedure for ob­
taining illite crystallinity data is far simplier and much less expensive than 
coal rank determinations. Since this method is relatively new in North 
America, a section follows briefly outlining the method used for determining 
illite crystallinity. 

Method for Determining Illite Crystallinity 

Clays that are originally expandable, disordered mixed-layered varieties 
at sedimentation gradually become ordered, better crystalli~ed and monominer­
alic upon burial. Under the conditions of diagenesis to low grade metamorphism, 
these clays gradually unmix and transform into the stable illite-chlorite as­
semblage typical of most Paleozoic and older shales, as well as those in tectonic 
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settings. These reactions are largely a function of rising temperature, the 
abundance of suitable available cations to effect this transformation, and 
time. The increased crystallinity that results from the thermal closing of 
chloritic interstratified layers within the illite structure has been used to 
define subzones within low-grade shales and slates of the Narragansett and 
Norfolk Basins. 

0 
The measurements of illite crystallinity are based on the 10 A basal X-ray 

reflections of white micas. Samples of argillaceous rock from cores, outcrop 
and rip-up clasts were gently disaggregated so as to prese~ve original clast 
sizes, by a combined method of oxidation of organics in sodium hypochlorite 
solution followed by brief ultrasmeration. OnJ.y the easily dispersed 2p 
clay fraction was used to measure crystallinity. This was done in order to 
eliminate the possible presence of coarse detrital muscovite flakes, which 
would make the clays appear anomalously well-crystalltzed. To further confirm 
this, illite (001) and (002) peak areas were measured by planimeter. Illite 
(002)/(001) peak area ratios are lower in the <2p fraction than in the whole­
rock micas, and also show less scatter. This is due to, either or both, 
decreased potassium (i.e., increased interlayering) or a more ferromagnesian 
composition in the <2µ fraction relative to the whole-rock mica (Weaver, 1965; 
Esquevin, 1969) and further indicated that coarse detrital muscovite and 
biotites have been largely eliminated from the fine fraction. 

The peak width at 1/2 height of the lOA mica reflection was measured as 
an index of illite crystallinity

0
(method of Kubler, 1968) on <?Jl oriented 

slurries, run at slow scans (1/4 20/min., 60 in/hr. chart speed, CuK<A.. 
radiation, average of 3 runs per sample; converted to 1° 20/min. equivalent 
peak widths). Kubler's illite crystallinity zone boundary standards were also 
run under the same instrumental conditions. These yielded, respectively, 
values of 7.25 mm and 4.6 mm for the diagenetic-anchimetamorphic and anchimeta­
morphic-greenschist boundaries, as defined by Kubler (1964). 

Subdivisions of Low Grade Portions of Narragansett Basin 

The illite isocrystallinity lines on Figure 3-3 can be considered to be 
similar to metamorphic isograds. The 7.25 mm and 4.6 mm have been correlated 
to the divisions between the diagenetic-anchizone and anchizone-greenschist 
boundaries that Kubler (1964) established in Europe. The diagenetic zone 
represents an area that has not been metamorphosed above approximately 1758 C -
200QC. The anchimetamorphic zone would correspond approximately with the zeo­
lite and prehnite-pumpellyite-facies of regional metamorphism (Frey and Niggli, 
1971). These latter zones cannot be determined in the Narragansett Basin since 
the rocks do not have the correct bulk composition (volcanic or graywacke) for 
these minerals to form. The upper anchizone is approximately equal to the 
chlorite zone of the greenschist facies and the 4.6 mm isocrystallinity line 
closely approximates the biotite isograd. Above the biotite zone the illite 
has become well-crystallized and the method no longer is applicable. 

Isocrystallinity contours have been mapped for the subgreenschist and lower 
greenschist argillaceous rocks of the Narragansett and Norfolk Basins (Figure 
3-3),and these demonstrate increasing grade toward the south and center of 
the basin system. These zones reflect conditions of deep diagenesis through 
anchizone and chlorite metamorphism (approximately 175-300° C). Only a small 
area in the northwest part of the Basin is sub-metamorphic. In general, 
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anthracite coals characterize the rocks of the anchizone in the Narragansett 
Basin. Illite crystallinity appears to be independent of illite composition 
(based on 002/001 peak area ratios) in the anchizone and greenschist facies; 
similar results have been reported in othe~ ba$ins (Esquevin, 1969). 

Correlations of coal ranks (Chapter 4) and illite crystallinity seem to 
correlate well and agree with previous determinations (Gray and others, 1978) 
in the Portsmouth, Cranston, Bristol and Somerset areas. However, in the 
northern part of the Narragansett Basin, the Mansfield area, where the illite 
crystallinity indicates the temperatures reached during metamorphism were 
the lowest, the coal rank is quite high. The exact reason for this discrepancy 
is still under investigation but preliminary evidence,(Murray, Raben and 
Rehmer, in press, 1979), indicates the coal in this area has an abnormally 
high rank for the temperature reached during metamorphism. Thus, other factors 
such as the effect of shear may have affected the coal in this area. Certainly 
the coal has had a complex tectono-thermal history (Chapter 4). 

Conclusions 

The trend of the Barrovian isograds in the southwestern part of the Basin 
are arcuate, curving from northeasterly to northwesterly. Along the south­
eastern margin of the Basin, in the Sakonnet Domain, they trend northeasterly. 
The illite isocrystallinity contours or "isograds" which subdivided the sub­
greenschist facies appear to trend dominantly in a northeasterly direction. 
This latter trend is markedly discordant to the high-grade pelitic isograd 
configuration as shown in Figure 3-1. It is possible that the discordance 
between high- and low-grade terrains reflects the overprint of two distinct 
thermal events. This interpretation would suggest an increasing degree of 
burial metamorphism to the southeast with a higher grade thermal event centered 
near the southwestern corner of the Basin producing the pattern of pelitic 
isograds in the high-grade terrain (Murray apd Hepburn, 1979). 

An understanding of the tectono-thermal history of the Basin is? pre­
requisite for an identification of those areas that, with respect to coal 
rank, are most likely to contain economically viable coal. 
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Chapter 4 

COAL: CHEMISTRY, PETROGRAPHY, RANK AND STRATIGRAPHY 

by- Jon,athan D. Raben 

Introduction 

This section reviews both published and unpublished data (Skehan and 
Murray, Eds., 1978) and presents the main results obtained during the current 
BOM Phase 1 study. Additional other relevent data has been incorporated. 

Geology of Coal Seams 

Coal has been found in many localities in the Narhagansett Basin (Skehan 
and Murray, Eds. 1978),(Appendices Band J). Table 4-1 presents the coal seam 
thickness data determined from drillcore. The thickest seam encountered in 
drilling was 30 feet, but an average thickness of 20 feet over an area of at 
least 1300 feet by 300 feet was reported ,at Cranston (Toenges and others, 
1948). In general, however, the coal beds are neither uniform in thickness 
nor in distribution. The original geometry of coal seams has changed to a 
greater extent than adjacent rocks. The coals have been thickened, thinned 
and podded as a result of folding and faulting while in a rigid state. Veins 
are associated with nearly every occurrence of coal irt the Project's drillcore. 
Veins containing brecciated coal fragments occasionally cut across bedding 
(Raben and Gray, 1979 b). This is largely the result of tectonism (see 
Chapter 2 of this volume). A brief discussion of the stratigraphy of the coal 
is presented later in this chapter. 

Coal Chemistry 

Proximate analyses for several Narragansett Basin coals are presented in 
Table 4-2. Barton and others (1977) reported on the results of chemical 
analyses of 28 coal samples and on the washing characteristics of 20 samples 
from the Narragansett Basin. Their major conclusions about the coal are: 

1. The coals are anthracites and semi-anthracites 

2. They are low sulfur 

3. They contain moderate to high amounts of ash 

4. They are suitable for physical preparation to a product that 
generally contains less than 10% ash 

5. None of the samples analyzed were found to be meta-anthracite 
by ASTM D-338 classification 

6. Additional exploration, sampling and testing is required to permit 
appraisal of the Narragansett Basin coals as a resource. 
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TABLE 4-1 CO,~L SEAM THICKNESS DATA 

COAL SEAM THICKNESS DATA 

SEAM 
THICKNESS 

, {feet) 

0.5 

0.6-1.4 

1.5 -4.9 

5-9.9 

10 

NUMBER 

32 

25 

21 

5 

3 

PERCENT TOTAL 
THICKNESS 

8.0 14.3 

13.9 

25.4 

18.8 

33.7 

24.6 

44.9 

33.3 

59.5 
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TABLE 4-2 PROXIMATE AND ULTIMATE ANALYSES OF NARRAGANSETT BASIN COALS 

DRILLED SEAM WOLATILE FIXED 
DEPTH lrHICKNESS MOISTURE MATTER CARBON ASH HYDROGEN --CARBON NITROGEN 

258 8.9 ------ 13.3 86.6 ----- 0.40 95.7 0.3 

385 17.5 ----- 9.1 90.8 ----- 1.60 92. 7 0.7 

230 26.6 ----- 7.6 92.3 ----- 0.50 94.9 0.2 

976 1.25 6.8 ·. ----- 93.2 ----- 1.06 95;12 0.31 

463 5.9 ----- 8.4 91.6 ----- 0.70 93.3 0.5 

468.5 1.0 ----- 8.56 91.44 ----- 0.60 94.64 0.11 

733.5 11.0 5.4 94.5 - 0.40 95.7 0.3 

681 1.0 ----- 26~52 73.48 ----- 2.56 82.86 0.42 

625.5 4.7 ----- 6.5 93.5 ----- 0.40 95.5 0.18 

258 8.9 13. 7 8.4 53.3 24.5 1.8 59.1 0.2 

385 17 .5 1.1 5.2 43.4 50.2 1.0 44.6 0.3 

230 26.6 2.4 6.3 76.0 15.3 0.7 77.9 0.2 

976 1.25 4.49 5.38 73.84 16.29 1.34 75.35 0.25 

463 5.9 0.6 5.0 51.8 36.2 0.5 58.8 0.07 

468.5 1.0 0.41 4.37 46.66 48.56 0.35 48.29 0.06 

733.5 11.0 3.7 4.2 72.8 19.2 0.7 73.7 0.2 

681 I 1.0 3.7 4.9 13.58 77 .82 0.88 15.32 0.08 

625.51 4.7 0.8 4.7 68.2 26.1 0.4 I 71.1 0.13 

OXYGEN SULFUI B.T.U. 

3.1 0.4 13607 

4.0 0.8 13820 

4.2 0.1 13373 

1.97 1.54 14158 

5.7 0.1 12992 

4.66 0.0 13869 

3.2 0.3 13859 

11.36 2.8 11040 

3.7 0.17 13258 

14.0 0.3 6970 

3.1 0.5 6630 

5.6 0.07 6263 

5.55 1.22 11215 

4.3 0.05 8218 

2.74 0.0 7077 

5.8 0.1 10669 

5.39 lo. 52 2041 

2.6 k"l.1 9669 



The Narragansett Basin coals are chemically complex. Although volatile 
matter and carbon contents obtained from chemical analyses would indicate that 
the coals range in rank from low volati.le bituminous to anthracite (Barton and 
others, 1977), the yolat;ile matter of the coal has been said to be almost 
entirely non-combustible (Ashley, 1915; Johnson and Auth, 1951) and thus is 
not a reliable parameter for determining rank. It is probable that the vola­
tile components are comprised of water of dehydration of certain minerals and 
of co2 derived from carbonate. The coals are high ash and contain substan­
tial amounts of quartz, layered silicates and other minerals. This mineral 
matter appears to be secondary in origin in some coals~ 

A detailed study of the mineral matter in the coal and how it affects the 
results of chemical analyses is necessary if the coals are to be considered 
for use. It is apparent that proximate chemical analyses are not sufficient 
for determining the rank of the coals, The use of reflectance on carefully 
selected vitrinites is likely to be a better rank indicator. 

The coals are hydroscopic (Ashley, 1915, Johnson and Auth, 1951). The 
coal takes up as much as 15% moisture if exposed to dampness and may lose an 
equal amount if exposed to dry air when broken up fine. As a result, the Btu 
value is largely dependent on conditions of mining and storage. A possible 
explanation for the coals' hydroscopic nature is given in the petrographic 
section in this chapter. The effects of moisture on the burning characteris­
tics of the coal is discussed in Ashley (1915) and Johnson and Auth (1951). 

Ultimate and Proximate Analy es, Washability Tests 

On the basis of analytical work performed under the direction of Albert 
W.Deuerbrouc~, Chief, Coal Preparation and Analysis Laboratory, U.S. Bureau of 
Mines, Pittsburgh, Pennsylvania, the coal can be characterized generally as 
anthracite with low sulfur, relatively high ash, and 11,000 to 14,000 Btu 
(daf basis) (Barton and others, 1977). The washability tests, also performed 
by the U.S. Bureau of Mines are summarized in Skehan and Murray, Eds., (1978, 
Appendix K) . 

Trace Element Analysis 

Under the direction of Mr. Gordon Wood, then Chief of the Coal Branch, 
U.S. Geological Survey, in the laboratory of Dr. Jack Medlin, now Chief of the 
Coal Branch, semi-quantitative spectrographic analyses of major and trace 
elements in the coal were carried out. These analyses are presented in Skehan 
and Murray, Eds., (1978, Appendix N), 

Megascopic Analysis 

The coals have a dull, graphitic to submetallic appearance, may be sooty 
and friable to brecciated, and seldom break with a conchoidal fracture except 
on a very small scale as a result of their friable to brecciated nature. 
Figure 4-1 shows Narragansett Basin coals in hand sample and in drillcore. A 
sample of anthracite from Pennsylvania is shown for comparison. The coals are 
characterized by mylonitized or brecciated textures and by later quartz, 
chlorite, muscovite, calcite and other vein fillings (Gray and others, 1978). 



REFLECTANCE DATA FOR N RRAGANS.ETT BASIN COAL SAMPLES 
REFLECTANCE 

SAMPLE NUMBER [ 
MEAN MEAN MEAN LOCATION OF SAMPLES 

MAXIMUM MINIMUM Bl REFLECTANCE 

AVERAGE 6.4 AVERAGE 3.5 AVERAGE 2.8 
MANSFIELD I I HIGH 7.5 HIGH 4.4 HIGH 3.0 

LOW 4.8 LOW 2.1 LOW 2.2 

AVERAGE 5.1 AVERAGE 3.1 AVERAGE 1.9 

BRISTOL 16 HIGH 7.6 HIGH 4.5 HIGH 3.4 
LOW 4.0 LOW 2.4 LOW I . I * (2. 8) * (0.81. 

AVERAGE 5.0 AVERAGE 2.5 AVERAGE 2.5 
,. 

I 
V, PORTSMOUTH 7 HIGH 6.0 HIGH 3.1 HIGH 3.1 ..,... 
I 

LOW 3.7 LOW I .9 LOW I .6 * {2.8) * {O. Bl 
AVERAGE 4 .6 AVERAGE I. 8 AVERAGE 2.7 

SOMERSET 3 HIGH 6.2 HIGH 3.1 HIGH 3.1 
LOW 3.2 LOW I .0 LOW 2.2 

MASSLITE 5.6 3.4 2.2 

* Values in parenthesis are questionably low and ore not included in averages. 

TABLE 4-3 VITRINITE REFLECTANCE DATA OF SELECTED NARRAGANSETT BASIN COALS 



FIGURE l!,-2 

PHOTOMICROGRAPH OF BRECCIATED Nfftm.L\CITF) FROM THE ~l/\RRAGANSETT RASE!. Tiff 

SURF.~CES OF CRACl<S) THAT RESULT FROM BRECCIATimL ARE COATED 1·!ITH !\ SEcor~Df\RY 

GRAPHITIC DEPOSITIONAL CARBON. (l100X) REFLECT[~ LIGHT IN OILJ COURTESY OF 

RALPH J, GRAY) U.S. STEEL CORP.), 
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coals that were brecciated were later recemented by this carbon, 
and in places the carbon and coal particles are so annealed that 
the sample is essentially optically continuous. This depositional 
carbon is more abundant in the southern coals studied than ones to 
the north. 

3. Natural coke with graphitic depositional carbon similar to 2) above 
(Figure 4-3). The presence of natural coke indicates that the coal 
was of a lower rank than anthracite, which upon heating does not 
form coke. Because of the very limited extent of coke formation 
in samples observed, the coals were probably very close to the 
rank of anthracite. It is presumed that the coals which formed 
coke had been coalified to the rank of low-low volatile bituminous 
when they were heated to produce coke. They were subsequently 
coalified to anthracites and meta-anthracites, 

The coals tend to be brecciated (Figure 4-4). The broken fragments are 
usually quite angular indicating that brecciation most likely took place 
after the coals had attained a relatively high rank, possibly semi-anthracite. 

The presence of secondary carbon could be explained by its release upon 
thermal cracking of methane, the methane possibly being released upon breccia­
tion of the coal, since it is the most common gas in anthracite. 

The "inert organic" components of the coal are unusual. Funsinite, and 
semifusinite, usually highly reflecting components compared to the vitrinites, 
are often very low-reflecting components in the Narragansett Basin coals 
(Figure 4-5). In some cases semifusinites and, to a lesser extent, fusinites 
are lower reflecting than the vitrinites. We have no explanation for this 
phenomenon at this time. 

The coals have a high ash content, a substantial percentage of which is 
secondary. Minerals commonly associated with the coal, either as primary or 
secondary ash, include quartz, sericitized feldspar, chlorite, illite or 
muscovite, calcite, pyrite, marcasite, chalcopyrite, sphalerite, rutile and 
others. Quartz and chlorite-muscovite intergrowth, are the 
predominant minerals in many of the samples observed (Gray and others, 1978). 
Pyrites include framboidal and euhedral varieties. The presence of mineral 
matter in some of the voids in brecciated coals enclosed by a graphitic de­
positional carbon rim, indicates that these minerals were emplaced by solu­
tions of unspecified origin at a stage after substantial coalification, 
brecciation and carbon deposition had gone to completion. Some samples 
observed were carbonaceous shales. In these samples the mineral matter is not 
substantially comprised of minerals that are secondary in origin, but are the 
product of metamorphism or dj_agenesis of the primary coal ash (i.e. minerals 
deposited in the original peat swamp). 

Deformational Textures and Implications for Utilization 

Tectonic thickening and thinning of anthracites and meta-anthracites in 
the Narragansett Basin make true thickness estimates difficult. The response 
of the coals to heating and deformation has resulted in deformational textures 
which in turn have had an effect on the coals' subsequent history. The coals 
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FIGURE l!--3 

Pl10TOMICROGRAPH OF NATURAL COKE FROM THF NARRAGANSETT BASI~. DAR~ VOIDS ARE 

COl<E PORES, T!ff SURROU~,JD If1G LI G~ffER AREAS .~RE COl<E HALLS, THE COKE \'!ALLS 

DISPLAY WELL DEVELOPED MOSAIC ANISOTROPIC T[XTURE (L!OOXJ REFLECTED LIGHT 

IN OIL,, COURTESY OF RALPH J, GRAYJ U.S. STEEL CORP,), 
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FIGURE L[-1.! 

PHOTOMICROGRAPH OF ~ LOH ASll POl1TION OF BRECCIATED MlTIIR,~CITE FROM THE 

N.ARRAGANSETT BASIN. THE DIFFERENT SIMDF.S (FROM GRAY TO WHITE) OF BRECCIATED 

CO.~L FR,~GMF}ITS ARE DUE TO I TS /\MI STROP IC CB I REFLECTAMT) ~JATURE. THF. FRAGME~lTS 

HAVE BEE~l ROTATED WITH RESPECT TO QrlE MJOTHER A~lD REFLECT LIGHT DIFFERE~lTIALLY 

DEPENDING O~·l THEIR ORIEf1ffATimJ. T!IE SPACE B[T'11FF~I LARGE FRAGMt~lTS OF Nffl1R.4CIL.. 

HAS BEEN FILLED BY SMALLER FRAGMENTS OF VARYING SIZE. THE ENTIRE SAMPLE HAS 

BEEN PART I ALLY AN MEALED. ''IOTE THE SURFACE TEXTURE OF THE LARGER FRAGMENTS OF 

COAL. (llQOXJ REFLECTED LIGHT I:~ 0 I LJ COURTESY OF RALPH J. GRAY J ~!. S. STEEL 

CORP.) I 

-58-



FIGURE il-5 

PHOTOMICROGRAPH OF SEMIFUSI~ITE (SF) THAT IS LOWER REFLECTING THArJ ASSOCIATED 
VITRHlITE (\/), (400X1 REFLECTED LIGHT HI OIL, COURTF.SY OF R.~LPH J, GR,L\YJ 
U.S. STEEL CORP.). 
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have been distorted by folding, faulting, shearing, and brecciation. Petro­
graphic investigations (Raben and Gray, 1979a) have defined several textures 
that bear directly on the coals' behavior under stress that must be consi­
dered when making thickness estimates. Additionally, the identification of 
certain coal textures and other petrographic features, produced by several 
subsequent geological events, are of the utmost importance in considering 
the coals for utilization. 

In coals with high primary ash contents, microfolding and faulting appear 
to be deformational styles often observed (Raben and Gray, 1979a), (Figure 
4-6). In these coals the silicate minerals (predominantly phyllosilicates) 
tend to deform plastically while the coals deform in a more brittle or rigid 
manner. The coal layers between silicate layers have been broken and rotated 
slightly to conform to the folding silicates. In coals with lower primary 
ash contents, brecciation, rotation and displacement ?re dominant (Figure 4-4). 
The term primary ash is used to differentiate this material from ash that is 
clearly of secondary origin such as vein and cavity fillings. The magnitude 
of the above processes is related to proximity to planes of shear. Rotation 
can be inferred by the orientation of the anisotropy of the coals. Displace­
ment can be relatively inferred from the degree of rounding of individual 
fragments (Figure 4-4). 

Cracks and voids, which result from brecciation, are common.ly coated 
with secondary depositional carbon which in turn encloses secondary mineral 
matter. Open voids correspond to thickening; annealing textures and shear­
smeared textures correspond to thinning. 

The foregoing discussion is generalized in that it describes "end-member" 
coal types. Thus it is recognized that textural elements of one type of coal 
may be associated with textural elements of other types. 

The coals are hydroscopic and may hold up to 15% moisture if left out in 
damp air (See coal chemistry, this chapter). Petrographic investigations of 
the coals indicate that the moisture is most likely held in voids and capil­
laries associated with brecciation and secondary carbon deposition (Figures 
4-2, 4-4). Also the secondary mineral m8tter is more easily washed than the 
primary mineral matter in these high specific gravity coals. It is important, 
when considering particular coals for utilization, to consider: 1) the 
relative amounts of primary vs. secondary mineral matter, and 2) the amount 
of void space and secondary carbon (Raben and Gray, 1979a). 

Coal Rank 

The fact that coal rank increases with depth, has been known for quite 
some time in many basins and can be observed using different rank parameters 
obtained from samples se.lected at different depths in drillcore. The basic 
assumption is, however, that the stratigraphic column tested is essentially 
the same as the stratigraphic column at the time the rocks were most deeply 
buried, and that they have not been markedly disturbed subsequently. Thus, if 
the rocks have been subsequently faulted or folded the relationship of rank 
vs. depth of burial may not apply. 

A plot of coal chemical parameters vs. depth in drillcore is not infor-
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FIGURE l!-6 

PHOTOMICROGRAPH SHOWING A TYPICAL HIGH ASH PORTI0:·l OF ~MRRAGN·JSE:TT BASif'J COAL. 

THE LO\'fER REFLECTING AREAS (BLACIO .l\RE COMPRISED OF MHIF.:R.~L M.L\TTJ::R. THE HIGH 

REFLECTING AREAS (WHITE) /\RE N.!THRACITE. THE MICROFOLDED AND MICROFAULTED 

TEXTURE DISPLAYED HERE IS TYPICAL OF THE DEF0RMATI0:\1/\L TEXTURES OF HIGH ASl1 

SAMPLES. COMPARE TO FIGURE 4-4 Wl1ICH IS A LOW ASH SAMPLE. C400X, REFLECTED 

LIGHT IN OIL, COURTESY OF RALPH J, GRAY, U.S. STEEL CORP.). 
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mative because of the small number of samples in any given drillhole. A plot 
of coal reflectance vs. depth in drillcore yields a trend that indicates in­
crease of rank with depth. However, an insufficient distribution of samples 
plus the presence of a few anomalous reflectance readings indicates that there 
may be no definite relationship of increase of rank with depth. 

There are several important aspects that must be considered in any dis­
cussion of depth vs. rank relationship of coals in the Narragansett Basin, 
namely the coals' complex chemical and physical characteristics and the 
geological complexity of the coal seams. The former directly affect the 
limits of analytical precision (for example the determination of coal volatile 
matter). 

The parameters used to determine rank for the coals of the Narragansett 
Basin, include chemical parameters and the reflectance of vitrinites. The 
results of chemical analyses (Barton and others, 1977) are such that, with 
one exception (Somerset), in the Narragansett Basin, coal rank increased 
from south to north, specifically in the following order based on geologic 
location;Portsmouth, Bristol, West Mansfield, Mansfield and Somerset (Table 
4-3). Likewise preliminary coal reflectance data indicates a similar general 
trend of increase in rank to the north specifically in the following order: 
Portsmouth, Bristol, Somerset and Mansfield. 

The illite crystallinity data from rocks within the chlorite and sub­
chlorite zones of metamorphism and diagenesis indicates that the temperature 
to which the rocks were heated increases to the southeast (See Chapter 3). 
Therefore, it was at first thought that the coal rank should increase to the 
southeast. This is contrary to what is found on the basis of the reflectance 
of vitrinites and chemistry of the coal. A possible explanation is that the 
coal rank is affected by frictional heating during tectonism, particularly 
along the northern basin margin and along faults, and may decrease in inten­
sity toward the interior of the basin or away from zones of shear. The nature 
and rank of the coal at the time of deformation also influenced its behavior 
when stressed. The major deformation affecting the Narragansett Basin coals 
may have been concurrent with or subsequent to the peak regional thermal 
metamorphic event. Within a single seam,reflectance may be quite variable 
and related to proximity to planes of shear. A preliminary indication based 
on reflectance is that the rank of the coal may be higher near the roof and 
floor of a seam and lower in the middle. Likewise,based on illite crystal­
linity (Hepburn, pers. comm., 1978) the temperature to which shales surround­
ing the coals have been elevated is higher than the temperature within the 
coal. These findings are in agreement with Ashley's (1915) conclusion that 
the coals are more graphitized near their roof and floor rocks than in the 
middle of the seam because of more intense shear in these zones where the 
coal "flowed like so much putty" as he phrased it. · 

Coal Stratigraphy 

The subject of the occurrence of coal in 
approached on several different levels: 1) 
coals; 2) the immediate stratigraphy about 
close proximity to the coal). 

the stratigraphic column can be 
the regional distribution of the 
the coals (i.e., sediments in 

All the coals studied occur within the Rhode Island Formation (Coal 
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Measures of Shaler, 1899), the most extensive and thickest formation in the 
Narragansett Basin. Comprehensive and abbreviated descriptions of the Rhode 
Island Formation have been presented by Shaler and others (1899); Skehan 
and Murray, eds., (1978); and Skehan and Murray, this volume, Chapter 1. 

The thickness of the Rhode Island Formation has been variously computed 
as ranging from 3,000 to 12,000 ft (Skehan and Murray, eds., 1978); Lyons 
(1978) has computed the thickness at approximately 20,000 ft. Rock types 
encountered in drillcore include sandstone 43.5%, siltstone 34%, shale (or 
mudstone) 12%, conglomerate 8%, and coal 1.5% (Skehan and Murray, eds., 1978). 
The lithologic subdivisions are subject to some variability due to the in­
herent subjectivity of field identification of grain size. However, attempts 
were made to adhere as closely as possible to the Udden-Wentworth classifica­
tion of grain size. The results of lithologic compilations of the 4 holes 
drilled during the present study are presented in Table 6-1. 

Sandstones, the most abundant lithology in the Narragansett Basin, are 
primarily lithic greywackes (Towe, 1959), which are characterized by quartz 
contentsless than 75%, 15-75% clay matrix and rock fragments in greater 
abundance than feldspar grains. According to the work of Towe (1959), quartz 
contents of sandstones analyzed were between 22.2 and 78.0% most being in the 
range of 22.2-42.6%. Other sandstone lithologies recognized by Towe include 
subarkose, subgreywacke and feldspathic greywacke. Conglomerates are polymict 
with quartz and granite comprising the dominant clast types. They are charac­
terized by both grain and matrix supported textures. Work carried out by 
Valia (written comm., 1978) was in close agreement with Towe's work. 

The Rhode Island Formation is characterized by rapid facies changes, i.e., 
alternations of very coarse grained sequences (primarily conglomerates and 
sandstones) and finer grained sequences (primarily sandstones, siltstones, 
and shales). The coals are confined to the finer grained portions which are 
dominated by sandstones, siltstones, and shales. Shales are the dominant 
roof and floor lithologies. Specifically, the coals commonly occur at the 
top of a fining-up sequence. These sequences are generally similar to those 
formed by lake fill and by bar migration in modern and ancient fluvial systems. 
The coals also commonly occur interbedded with shales and silty shales. 
Where several thin seams are closely spaced in the stratigraphic succession, 
they are usually interbedded with shales and siltstones, whereas most of the 
thicker seams occur at the top of fining-up sequences. The thicker coal 
seams tend to be lower in ash than the thinner ones. They are probably alloch­
thonous as evidenced by rooted horizons in close proximity below the coal. 
Underclays may not be readily recognized in drillcore due to their generally 
poor recovery, but in outcrop underclays have been observed, Some of the 
thinner seams may be allochthonous and these tend to grade into surrounding 
shales. 

Some of the finer grained rocks were probably deposited in standing bodies 
of water. This is evidenced by occasional varved sequences and the presence 
of thin graded beds that are probably the result of small density flows in 
ponded water. Some of the fining-up sequences appear to be related to the 
filling of standing bodies of water with sediments. 

The nature of the sediments is quite complex. There most certainly are 
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several diverse environments of deposition associated with the coal-bearing 
rocks. The coarse-grained conglomerates and sandstones, which are the domin­
ant lithologies in many parts of the Basin and probably basin wide, have 
characteristics that suggest they were deposited, or at least reworked, by 
processes involving mass sediment flowage. Large clasts are commonly sup­
ported by matrix in poorly bedded to massive units. These characteristics 
are similar to those observed in deposits laid down during floods and storms. 
Extensive sequences of trough cross-stratified coarse sandstones are similar 
to channel deposits in sandy fluvial systems. Both braided and meandering 
streams were probably active in different parts of the Basin at different 
times. The coals in the Plainville and Mansfield areas, Massachusetts, are 
dated by plant fossils as being Early Alleghanian (Westphalian C) (Oleksyshyn, 
1976). The coals in Portsmouth and Bristol, Rhode Island are dated as 
Conemaughian (Stephanian A) (Lyons, 1978). The Alleghanian (Westphalian) 
sequences intercepted in drilling tend to contain more comglomerates and 
sandstones than sequences from drillcore in the Conemaughian (Stephanian A) 
age rocks. 

The character of the stratigraphy reflects proximity to a source area 
and probably also a relationship to a pulse of tectonic activity in terms 
of relative vertical movements. In the latter case, sequences of coarse­
grained rock may be deposited as a result of new influx of sediment which in 
turn resulted from either a local downdropping of the Basin or uplifting of 
a source area, Depositional processes there reworked these sediments and 
eventually the slope conditions were lowered and finer grained rocks were 
deposited again. During the development of these finer grained sequences, 
the deposits are apt to contain coal which required fairly low slope condi­
tions and a high water table. Fine-grained sequences are commonly inter­
rupted abruptly by coarser grained sequences so that it is likely that tec­
tonic activity is at least in part the cause of these rapid changes in de­
positional style. 
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Chapter 5 

LEGAL, ECONOMIC, ENVIRONMENTAL AND SOCIAL (LEES) STUDY 

Introduction 

Contract J0188022 in the Statement of Work on Page 3 requires that Legal, 
Environmental, Economic and Social Studies (LEES) be conducted and "aimed at 
extending previous work accomplishments by conducting land use assessments in 
greater detail, including contact with key people in selected areas of the 
Basin to determine the nature of the impact of possible mining development." 

As part of this requirement contained in Paragraph.1.3.1.1, a series of 
7 1/2 minute quadrangle scale geographical maps is required to be developed. 
This report describes the development of these maps and the required contact 
with several key people relative to the potential development of mining. 

The same work statement on Page 3 in Paragraph 1.4.1 requires a synthesis 
of Parts I and II, being defined as the combination of "the two series of maps 
generated in Parts I and II so that the resultant maps will constitute a geo­
graphic base from which to identify specific sites that may be amenable to 
future investigation - i.e., sites in which potentially mineable coal is likely 
to exist and in which any LEES problems are either nonexistent or minimal." 

The next section of this report, Initial Contact with Mansfield, 
Massachusetts, addresses the first set of requirements, including the develop­
ment of quadrangle scale maps, and the section entitled Map Development and 
Synthesis addresses the requirement for synthesis of Parts I and II. In the 
case of the latter requirement, the approach used and approved by the Bureau 
Project Monitor was the development of a computer program with a grid system 
which allows the mapp.Lng of the Narragansett Basin considering both geological 
and LEES criteria. 

In the referenced work statement in Pc1.ragraph 1. 5 .1. D, a requirement exists 
to carry out LEES investigations at each site, including title searches and 
other activities related to evaluating any local nongeological barriers to min­
ing. Response to this requirement is contained ~n Follow-Up Investigations in 
Drillsite Areas, which section contains the results of visits to the areas in 
which drilling was performed under this contract. In each case ownership 
records were examined from public information, assessments were made of the 
nature of each of the areas with respect to potential mining development, and 
other potential nongeological barriers were identified as individually as­
sessed. Ownership of the parcels of land surrounding the drillsites was identi­
fied, and for purposes of this report the ownership density is reported, while 
the names and addresses of actual owners are omitted. While these individuals 
do indeed hold title to the land, it seems appropriate that for purposes of 
this report the nongeological barriers concern primarily ownership density and 
not owner identification. This information is available, however, in the 
Weston Observatory offices and may be made available to the extent that it 
exists at that location. 
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Initial Contact with Mansfield, Massachusetts 

As indicated in the introduction, a series of 7 1/2 minute quadrangle scale 
maps are to be developed, and this initial contact aided in reasonable estab­
lishment of priorities for the subsequent map development. The next section of 
the report contains a detailed explanation of this development and references 
the maps themselves. Appendix G contains reduced copies of the maps, which are 
contained herein for reference purposes as differentiated from purposes of 
meeting contract requirements. 

The contract work statement requires contact with key people in the Basin 
to determine impact of possible development. In August of 1978 a representa­
tive of Weston Observatory met with members of the Board of Selectmen and the 
Planning Board of the Town of Mansfield, Massachusetts. The Mansfield area has 
an early history of mining, with the Harden and Skinne_r mines, and is also 
representative of Narragansett Basin towns in an area where nongeological con­
siderations, particularly environmental and ground water, could be most impor­
tant. Weston's representative explained that the purpose of the visit was to 
discuss a hypothetical mine and was to gain the reactions and insights of town 
leaders towards such a development. Both boards were realistic and objective 
in their responses. No member of either board spoke against the hypothetical 
mine, although most members did voice questions reflecting genuine concern over 
certain side effects of a coal mine in the area. There was a universal inter­
est in the energy resource aspects of a mine operation, especially if the power 
generating plant were to be built locally. Specifically, the boards offered 
the following comments: 

Board of Selectmen: 

1. Educating the town as to the impacts and benefits would be very 
important. An objective appraisal of the costs and benefits to 
allow for citizen involvement in the decision-making process 
was seen as mandatory; 

2. Economic benefits to be derived from the town, i.e., property 
tax, jobs, business expenditures; 

3. Impact on the abutters, in relation to a long-term increase in 
truck traffic; 

4. Reclamation of the exhausted mine area to restore it to its 
original state; 

5. Mineral rights ownership, and the role of the town. Specific 
concern was voiced over what rights the state may take away from 
the landowner and/or the town; 

6. Concern over the amount of land to be used in developing the 
mine, and that it may overwhelm the town; 

7. Water table impacts. 

-67-



Planning Board 

1. Echoed the concerns over water table impact, traffic considera­
tions, and the amount of land to be used; 

2. Concern over the sufficiency of current laws in Massachusetts 
concerning environmental protection and land reclamation; 

3. Concern over what happens to Mansfield, as a community, once 
the coal supply is exhausted. Will it be just another Boom-to­
Ghost town? 

4. Concern over the contamination of town wells; 

5. Concern that Mansfield may be too densely populated for such 
an activity. 

The respective boards were receptive to discussing the hypothetical coal 
mine possibilities, and were candid in their appraisals of the problems at­
tendant both to the mine itself and to the host town. Concern over develop­
ing a viable energy source for local consumption was evident, counterbalanced 
by an understandable concern over environmental costs. 
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Map Development and Synthesis 

In Paragraph 1.4.1 the work statement requirement for synthesis of Parts I 
and II of the contract states that the resultant maps should constitute a geo­
graphic base from which to identify specific sites that may be amenable tofu­
ture investigation. One of the key considerations in the response to this re­
quirement is that analyses of different parts of the Basin be conducted on a 
basis which is completely uniform from point to point, and allows the relative 
weighting of barriers and geological criteria in order best to identify the 
priority in which sites should be explored. This approach suggests the use of 
a computer analysis as the basis for the synthesis of data. 

On the basis of this rationale and after discussions with the Bureau of 
Mines relative to this contract, it was decided to develop such an approach. A 
program was therefore developed at Weston Observatory which examines eight 
geological criteria and ten LEES criteria and which combines these criteria on 
a basis weighted by the user for that particular map on a square mile by 
square mile basis throughout the Basin. The system can be adapted to 1/10 
square mile units. 

The entire Narragansett Basin was analyzed from the perspective of land 
use and environmental resources. A series of maps was produced displaying the 
extent of developed lands, wetlands, fragile ground water resources, and sur­
face mining, both active and inactive. Since it was recognized that the first 
three items all constituted barriers to mining development, a search was made 
for sites of appropriate size with minimal obstacles. A surprisingly large 
number of sites with apparently surmountable barriers were identified. A care­
ful quantitative analysis was made. The possibility of favorable mining condi­
tions under wetland areas was entertained, and a second search for favorable 
sites was undertaken from this perspective. The results suggested considerable 
potential. Sites of this type, apart from being numerous and extensive, occur 
in portions of the Basin not otherwise amenable to mining. A possible connec­
tion between wetland regions and bedrock geology is a serious possibility. The 
results of the analysis are later combined with geologic information to design 
a drilling program with the capability of satisfying multiple objectives. 
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1. Development of the Maps 

Contract J0188022 required that two sets of maps be developed for 
the Narragansett Basin. One set is to show geological character­
istics, particularly with respect to the likelihood of coal, and 
the second set is to illustrate significant land use related 
barriers to potential mining. The contract further required that 
these maps be superimposed to identify overlap areas in which 
geological indications were favorable and constraints were likely 
to be acceptable. As the work proceeded, it was discovered that 
the presentation alone of the negatively oriented barrier type of 
information was misleading because of its lack of tie to geological 
information. A decision was therefore made to computerize both 
sets of maps, not only for consistency but also for easy synthesis 
and applicability as data bases improved. 

The discussion which follows below addresses the development of 
7 1/2 minute quadrangle nongeological barrier maps as required. 
That discussion is followed by treatment of the computerized 
maps, which by agreement with the Bureau of Mines are used to meet 
the terms of the contract and which also represent a useful tool 
for future application not only to the Narragansett Basin but to 
any other area thought to have underground resources. 

a. Mapping Rationale: The Nature and Significance of the 
lnformation Displayed. 

i. Base Map. Standard U. s. Geological Survey 7 1/2 
minute topographic maps were used as base maps for 
the study. LEES information is displayed in a man­
ner suitable to the preservation of all data re­
corded on the base maps. 

ii. Basin Border. The surface limit of Pennsylvanian 
age rocks is indicated and defines the limit of 
the study. There is currPntly no information sug­
gesting the occurrence of Pennsylvanian rocks 
underneath the surrounding terrain at mineable 
depths. Extractive activity, th~refore, will have 
only indirect effects on regions peripheral to the 
study area. 

iii. Political Boundaries. The Narragansett Basin has 
a large population and no recent history of com­
mercial coal mining. Any effort to develop re­
serves will require careful consideration of 
political and societal issues. With this in mind, 
state and township boundaries have been high-
lighted on the maps. Since county and planning council 
boundaries are coterminous with township and state 
boundaries, they are readily located on the LEES 
maps. The four regional planning councils in.the 
Basin were important sources of advice and 
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information during production of the maps. Their 
jurisdictions are indicated on Figure 5-1. 

iv. Developed Lands. To develop a mining site within 
the Basin, one of three apJ?roaches may be taken: 
(1) Complete avoidance of all land which is de­
veloped and in use; (2) acquisition of land titles 
from all property owners; or (3) acquisition of 
mineral rights from all property owners and as­
sumption of liability. 

Given these criteria, the LEES maps ideally should 
display; (1) Intensity of develop~ent, or capital 
investment per -q.nit area; and (2) the number of 
owners per 1,ll'lit area. 

These considerations were combined with the avail­
able data sources, and three classifications were 
developed: (1) Highly developed (HD); 
(2) moderately settled (MS); and (3) lightly 
settled (LS). 

These three categories are defined and discussed 
below. 

Highly Developed Om) • This includes the follow-
ing: industrial facilities; airports; port facili­
ties; railyards; truck terminals; storage facili­
ties; public installations such as water works, 
sewage treatment plants, disposal sites; limited 
access highways; downtown commercial areas; shop­
ping centers; commercial strips along highways; 
)?ublic institutional land supporting major faciLl­
ties, such as hospitals, churches, colleges, 
prisons; recreational facilities involving large 
capital investment, such as racetracks, outdoor 
theaters, stadiums, fairgrounds, etc.; cemeteries; 
nurseries with greenhouses; apartment buildings; and 
all residential land with lot sizes less than one­
half acre. Residential lots of this size generally 
have a street frontage of from 50 to 100 feet. 

Moderately Settled (MS). This includes only resi­
dential land, Lot sizes fall in the range of one­
half to one acre, with the majority being one acre 
in size. In general, two types of areas appear, 
First, there are su,purban or semi-rural areas lo­
cated on the peripheries of cities and towns, and 
also along major secondary roads. Second, there are 
clusters of three to ten dwellings in a rural setting. 

Lightly Settled (LS). This also includes only 
residential land. Lot sizes typically fall in the 
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range of one to three acres. Two types of residence 
appear. First, there are rural homes which often 
leave up to 75 percent of the acreage as uncleared 
forest or open field. Second, this category includes 
urban estates of two to three acres with extensive 
landscaped gardens. 

Agricultural Land and Farm Residences. The propor­
tion of developed agricultural land in the Basin has 
been declining in recent years, with a growing num­
ber of fields untilled, abandoned, or sold for de­
velopment. In the interest of economy of space, 
agricultural land is not displayed on the LEES maps. 
As preliminary analysis indicates sites favorable 
for development, the addition factor of agricultural 
land use can be studied in these more limited areas. 
An approximate indication of farm lands and resi­
dences is given by the U.S. Geological Survey base 
maps. House symbols falling outside of the three 
LEES classifications are generally farmhouses, and 
the rectangular white-colored areas adjacent to rural 
roads are generally agricultural fields. 

Summary. By use of the above scheme, the LEES maps 
develop a simple picture of land development in the 
Basin. The category "highly developed" delineates 
all major urban areas, the central districts of 
towns, and small commercial clusters centering on 
the junction of roads. The category "moderately 
settled" identifies perhaps 90 percent of the non­
urban residential lands in the Basin. The category 
"lightly settled" serves to classify the remaining 
areas of non-agricultural settlement. 

v. Unique Cultural Features. Historical sites, wild­
life preserves, and archaeological zones were con­
sidered for inclusion on the maps. Historical 
sites often correspond to developed areas; wildlife 
preserves are frequently wetlandp; and archaeologi­
cal zones are extensive and loosely delineated. For 
these reasons it seems unnecessary to attempt pre­
cise mapping of such features. They should, how­
ever, be investigated by local inquiry in any area 
later identified as favorable for potential develop­
ment. 

Major archaeological zones in the Basin are located 
along the Taunton River and in lakeshore areas of 
the Assawompset Pond quadrangle. Additional sites 
are ubiquitous throughout the Basin. This historic 
and prehistoric record is regarded as part of the 
national heritage and protected by both Federal and 
State law. Therefore, expert assessment will be 
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required before mine development can be initiated. 
The Anthropology Department of Brown University in 
Providence, Rhode Island, operates a Public 
Archaeology Laboratory. This is a permanently 
staffed facility, readily available for consultation 
and capable of providing the requisite expertise. 
The Laboratory has just completed a survey and is 
conducting salvage excavations along the route of the 
proposed Interstate Highway 495 extension between 
Mansfield and Bridgewater. This right of way is 
400 feet wide, 14.3 miles in length, and lies entirely 
within the Basin. The survey resulted in the identi­
fication of twenty-one historic and thirty-four pre­
historic archaeological sites. An additional project 
currently underway at the Laboratory ha_s the goal of 
locating all known prehistoric sites in Bristol, 
Plymouth, and Barnstable Counties. 

vi. Surface Mining. Surface mining is surprisingly ex­
tensive and widely scattered throughout the Basin. 
With the exception of the Masslite Quarry and a small 
number of clay pits and borrow pits, these opera­
tions are confined to sand and gravel extraction. 
All surface mining, both active and .inactive, is in­
dicated on the LEES maps. This information is sig­
nificant for the following reasons: (1) These quar­
ries are convenient and accessible locations for ex­
ploratory drilling. Active operations may provide 
some measure of security for drilling equipment; 
(2) both till and possible bedrock exposures may be 
helpful for geologic mapping; (3) larger quarries 
might be desirable locations for a mine entrance 
shaft. Overburden is rerroved and roadways are some­
what developed. Surface reclamation at the close 
of mining activity has the advantage of restoring 
to public use an area which in all likelihood would 
have remained distressed. 

vii. Wetlands. 'rhe Wetlands Protection Act written into 
law by the states of Rhode Island and Massachusetts 
has recently provided for the legal protection of 
wetlands. At both the state and local level, pro­
cedural channels for implementation of these laws are 
developing rapidly. Even minor activity such as the 
construction of a gravel pad under a drill rig or the 
discharge of drilling mud may require .issuance of a 
permit from the appropriate township. In addition to 
these legal barriers, wetlands, of course, represent 
potential engineering problems in the planning and 
operation of an underground mine. Given all of these 
factors, mapping and careful consideration of wet­
lands is one of the most important aspects of the 
study. 
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A significant conceptual point arises when wetlands 
are viewed in map form. Since they are now legal 
entities, there is some urgency about placing 
rigidly fixed, "legal" boundaries around them. 
Wetlands, however, are naturally variable and shift­
ing. The Wetlands Protection laws relate to actual, 
existing wetlands and not to geographic areas. In 
Rhode Island in particular this concept has been 
articulated as official policy by the Department of 
Environmental Management. The result is that on­
site investigation is usually necessary before a 
permit for wetland alteration can be issued. In 
Massachusetts the permit process is the responsi­
bility of Town Conservation Commissions with appeal 
to the Department of Environmental Quaiity 
Engineering possible. In Rhode Island permit ap­
plication is made directly to the Department of 
Environmental Management with the townships re­
taining absolute veto power. 

Although the above discussion does apply to wet­
lands administration in the Massachusetts portion of 
the Basin at present, the future situation is more 
complicated. New state laws provide for the "re­
striction" of inland (131-40A) and coastal (130-
105) wetlands. "Restriction" in this case does mean 
the delineation of geographical boundaries within 
which activities detrimental to wetland ecology are 
prohibited. Once such boundaries have been deter­
mined, the restriction will be incorporated into all 
land deeds covering the affected area. The majority 
of Massachusetts wetlands apparently will be so 
classified. The wetland restriction program is ad­
ministered by the Department of Environmental 
Management. Wetlands which are not restricted will 
remain under the administration of the Department of 
Environmental Quality Engineering, and the "site­
specific" approach discussed previously will 
probably be retained. ' 

The Massachusetts Department of Environmental 
Management is currently in the process of preparing 
detailed maps on which restricted wetlands are iden­
tified, and will shortly undertake to notify all af­
fected property owners. The basis of wetlands iden­
tification will be aerial photography and field 
survey. [See Section l(e)., General Comments on the 
Character of the LEES Maps and Future Sources of 
Information, for further discussion.] 

In mapping wetlands, the goal of the study has been 
to attain the closest possible correspondence 
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between the wetlands displayed on the LEES maps and 
the "wetlands" as a legal entity. Both because of 
the subtleties of the laws as discussed above and 
because wetlands mapping and management are quite new 
to the region, existing sources are erratic and vari­
able throughout the Basin. The best data was 
sought out, and an accurate record of the sources 
used has been maintained. Detailed discussions will 
be found under Section l(b), Data Sources, and 
Section l(c), Mapping Procedures and Accuracy. 

Finally, coastal wetlands are distinguished from in­
land wetlands on the LEES maps. In both Rhode 
Island and Massachusetts separate state agencies are 
responsible for management of coastal qs opposed to 
inland areas. In Rhode Island coastal wetlands are 
administered by the Division of Coastal Resources, 
and inland wetlands, by the Division of Land 
Resources. Both divisions are included within the 
Department of Environmental Management. In 
Massachusetts coastal wetlands are administered by 
the Coastal Zone Management Council, and inland wet­
lands, by the Department of Environmental Quality 
Engineering. Both function under the Executive 
Office of Environmental Affairs. 

viii. Ground Water Resources and Well Protection Areas. 

The recent Southeastern New England Study Report of 
the New England River Basins Commission makes two 
relevant points in its discussion of water resources 
in the LEES study area: (1) Many townships already 
rely heavily on ground water, tapped both privately 
and publicly, to meet existing needs; and (2) Growing 
demand will require extensive development of ground 
water resources in these as well as other areas. 

The report recommends that legislation be formulated 
to achieve two primary goals: (~) Regulation of 
ground water extraction to prevent depletion; 
(2) prevention of groundwater contamination by surface 
seepage in recharge areas. 

To provide for implementation of Section 208 of the 
Federal Water Pollution Control Act Amendments of 
1972 (PL92-500), Metropolitan Area Planning Council, 
Old Colony Planning Council, Southeastern Regional 
Planning and Economic Development District, and Rhode 
Island Statewide Planning have all recently completed 
or are in the process of drafting reports which make 
specific recommendations for such legislation, with 
particular emphasis on contamination control. 
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The Old Colony Planning Council report serves as a case 
in point. There, consultants were hired to map the up­
per and lower contours of the transmissive layers, 
transmissivity, and surficial geology. Groundwater 
basins and divides and general recharge patterns were 
determined. This, in combination with patterns of sur­
face drainage plus the location of existing and intended 
public supply wells, served as a basis for defining 
present and future well protection areas. In the final 
report of the Planning Council, these areas are de­
lineated on maps, and the townships are urged to pro­
tect them by law from any surface activity which might 
lead to contamination. 

The location of a mine shaft, surface storage and 
processing operations in an important recharge area 
is environmentally questionable to begin with and ap­
parently may become legally restricted as well in the 
immediate future. Given such considerations it was 
deemed important to indicate these areas on the LEES 
maps and weigh them in any recommendation of favorable 
exploration sites. In addition, public and industrial 
wells, with output indicated in millions of gallons 
per day if known, are located on the maps. It 
should be kept in mind that no information is given 
on the locations of private wells. Presumably, their 
distribution will correspond to the locations of 
farms and rural residences. The possible lowering of 
the water table and consequent debasement of public 
and private wells is an important environmental factor 
which should be allowed for in the planning of an 
underground mine. 

Just as with wetlands, surface recharge areas are im­
portant from a purely engineering point of view as well. 
They delineate areas where surface runoff is minimal 
and permeation of meteoric water is maximal. Hence, 
they represent a higher probabiLity of encountering 
water problems in the process of underground mining. 
In the Old Colony Planning Council area this is not 
strictly true because some areas of high surface run­
off immediately peripheral to recharge areas have 
been included in the well protection areas. In the 
remainder of the region covered by the LEES maps, 
however, the recharge areas displayed do correspond 
to the areas of highest surface permeability. 

Only in the Old Colony Planning Council area has the 
recent concern over water protection advanced to the 
actual delineation of well protection areas. In the 
remainder of the Basin hydrological maps and appropri­
ate consultation were relied upon to anticipate the 
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locations of emerging well protection areas. For a 
detailed discussion, refer to Section l(b), Data 
Sources. 

b. Data Sources 

The precise description of data sources for the entire area 
is, unfortunately, quite complicated. To facilitate study 
of this detailed description, it is recommended that the 
reference map of the study area be referenced. For the sake 
of expediency the following abbreviations will be used: 

MAPC 
OCPC 
SRPEDD 

RISWP 
USGS 

Metropolitan Area Planning Council 
Old Colony Planning Council 
Southeastern Regional Planning and 
Economic Development District 
Rhode Island Statewide Planning 
U.S. Geological Survey 

i. Base Map. The most up-to-date USGS maps were used. 
In Massachusetts most of the maps were published be­
tween 1962 and 1964. In Rhode Island most of the maps 
were published between 1955 and 1957 with photo updat­
ing in 1970 and 1975. It should, therefore, be borne 
in mind that whereas the base maps are useful in in­
dicating the character of an area, they can frequently 
be completely out of date. Figure 5-2 indicates the 
date of publication and the date of any photo re­
vision for all the LEES base maps. 

ii. Basin Border. The surface limit of Pennsylvanian age 
bedrock was located on the basis of published geologi­
cal maps of the region and field studies conducted by 
Weston Observatory. This boundary is discontinued 
where it passes under the waters of Narragansett Bay, 
as no information exists 0n which to base its location. 

iii. Developed Lands. The primary source used for mapping 
of developed lands throughout th~ entire study area 
was the 1971 Land-Use and Vegetative Cover Mapping 
series developed by the Massachusetts Agricultural 
Experiment Station under the direction of William P. 
Macconnell and herein referred to as Macconnell maps. 
This 1971 study was based upon air photo interpreta­
tion, and the information was transferred onto USGS 
7 1/2 minute series topographic maps. The three 
categories of land development used on the LEES maps 
are a composite of forty categories used on the 
Macconnell maps. Thus, considerable interpretation 
was required to meet the needs of this study. (See 
Section c, Mapping Procedure and Accuracy, for a de­
tailed discussion.) 
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TABLE 4-1 COAL SEAM THICKNESS DATA 

COAL SEAM THICKNESS DATA 

SEAM 
THICKNESS 

. (feet) 

0.5 

0.6-1.4 

1.5 -4.9 

5-9.9 

10 

NUMBER 

32 

25 

21 

5 

3 

PERCENT TOTAL 
THICKNESS 

8.0 14.3 

13.9 

25.4 

18.8 

33.7 

24.6 

44.9 

33.3 

59.5 
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TABLE 4-2 PROXIMATE AND ULTIMATE ANALYSES OF NARRAGANSETT BASIN COALS 

DRILLED SEAM !VOLATILE FIXED 
DEPTH trHICKNESS MOISTURE MATTER CARBON ASH HYDROGEN ·-cARBON NITROGEN 

258 8.9 ------ 13.3 86.6 ----- 0.40 95.7 0.3 

385 17.5 ----- 9.1 90.8 ----- 1.60 92.7 0.7 

230 26.6 ----- 7.6 92.3 ----- 0.50 94.9 0.2 

976 1.25 ----- 6.8 93.2 ----- 1.06 95.12 0.31 

463 5.9 ----- 8.4 91.6 ----- 0.70 93.3 0.5 

468.5 1.0 ----- 8.56 91.44 ----- o.·60 94.64 0.11 

733.5 11.0 5.4 94.5 - 0.40 95.7 0.3 

681 1.0 ----- 26~52 73.48 ----- 2.56 82.86 0.42 

625.5 4.7 ----- 6.5 93.5 ----- 0.40 95.5 0.18 

258 8.9 13.7 8.4 53.3 24.5 1.8 59.1 0.2 

385 17.5 1.1 5.2 43.4 50.2 1.0 44.6 0.3 

230 26.6 2.4 6.3 76.0 15.3 0.7 77.9 0.2 

976 1.25 4.49 5.38 73.84 16.29 1.34 75.35 0.25 

463 5.9 0.6 5.0 51.8 36.2 0.5 58.8 0.07 

468.5 1.0 0.41 4.37 46.66 48.56 0.35 48.29 0.06 

733.5 11.0 3.7 4.2 72.8 19.2 0.7 73.7 0.2 

681 1.0 3.7 4.9 13.58 77 .82 0.88 15.32 0.08 

625.51 4.7 0.8 4.7 68.2 26.1 0.4 71.1 0.13 

OXYGEN SULFUI B.T.U. 

3.1 0.4 13607 

4.0 0.8 13820 

4.2 0.1 13373 

1.97 1.54 14158 

5.7 0.1 12992 

4.66 o.o 13869 

3.2 0.3 13859 

.11.36 2.8 11040 

3.7 0.17 13258 

14.0 0.3 6970 

3.1 0.5 6630 

5.6 0.07 6263 

5.55 1.22 11215 

4.3 0.05 8218 

2.74 0.0 7077 

5.8 0.1 10669 

5.39 iO. 52 2041 

2.6 0.1 9669 



The Narragansett Basin coals are chemically complex. Although volatile 
matter and carbon contents obtained from chemical analyses would indicate that 
the coals range in rank from low volati.le bituminous to anthracite (Barton and 
others, 1977), the volatile matter of the coal has been said to be almost 
entirely non-combustible (Ashley, 1915; Johnson and Auth, 1951) and thus is 
not a reliable parameter for determining rank. It is probable that the vola­
tile components are comprised of water of dehydration of certain minerals and 
of co2 derived from carbonate. The coals are high ash and contain substan­
tial amounts of quartz, layered silicates and other minerals. This mineral 
matter appears to be secondary in origin in some coals 1 

A detailed study of the mineral matter in the coal and how it affects the 
results of chemical analyses is necessary if the coals are to be considered 
for use. It is apparent that proximate chemical analyses are not sufficient 
for determining the rank of the coals, The use of reflectance on carefully 
selected vitrinites is likely to be a better rank indicator. 

The coals are hydroscopic (Ashley, 1915, Johnson and Auth, 1951). The 
coal takes up as much as 15% moisture if exposed to dampness and may lose an 
equal amount if exposed to dry air when broken up fine. As a result, the Btu 
value is largely dependent on conditions of mining and storage. A possible 
explanation for the coals' hydroscopic nature is given in the petrographic 
section in this chapter. The effects of moisture on the burning characteris­
tics of the coal is discussed in Ashley (1915) and Johnson and Auth (1951). 

Ultimate and Proximate Analy es, Washability Tests 

On the basis of analytical work performed under the direction of Albert 
W .Deuerbrouck, Chief, Coal Preparation and Analysis Laboratory, U.S. Bureau of 
Mines, Pittsburgh, Pennsylvania, the coal can be characterized generally as 
anthracite with low sulfur, relatively high ash, and 11,000 to 14,000 Btu 
(daf basis) (Barton and others, 1977). The washability tests, also performed 
by the U.S. Bureau of Mines are summarized in Skehan and Murray, Eds., (1978, 
Appendix K) . 

Trace Element Analysis 

Under the direction of Mr. Gordon Wood, then Chief of the Coal Branch, 
U.S. Geological Survey, in the laboratory of Dr. Jack Medlin, now Chief of the 
Coal Branch, semi-quantitative spectrographic analyses of major and trace 
elements in the coal were carried out. These analyses are presented in Skehan 
and Murray, Eds., (1978, Appendix M), 

Megascopic Analysis 

The coals have a dull, graphitic to submetallic appearance, may be sooty 
and friable to brecciated, and seldom break with a conchoidal fracture except 
on a very small scale as a result of their friable to brecciated nature. 
Figure 4-1 shows Narragansett Basin coals in hand sample and in drillcore. A 
sample of anthracite from Pennsylvania is shown for comparison. The coals are 
characterized by mylonitized or brecciated textures and by later quartz, 
chlorite, muscovite, calcite and other vein fillings (Gray and others, 1978). 
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FIGURE 4-1 

MEGASCOPIC ATTRIBUTES OF ANTHRACITE FROM THE NARRAGANSETT BASIN COMPARED TO 

AMTHRAC ITE FROM PENNSYLVANIA, rlOTE !-L~MMER FOR. SC.~LF., 

A SECT I ml OF NX CORE FROM THr: ~l.L\RR/\G.A~~SETT B.L\S l;\J COilT /\ Fl If lG BRECC L~ TED COAL 

WITH ASSOCIATED SECO~lDARY SILICEOUS MINER~LIZATIO~l. T!lE PORTimls OF THE 

CORE THAT ARE :-JOT AS EXTE~!SI\/ELY MHIERALIZED ARE C/\RBOW\CEOUS SHP1LE LAYERS. 

rJOTE THAT IN THE MOR[ Mlr.JER/l.LIZED PORTiml SOMF BRO!(EM FR,~GME~lTS APPE,~R 

'SUPPORTED' BY VEIN MATERIAL, 

R HN.JD SAMPLE OF COAL DISPL~YHlG THE TYPICAL BRECCI.~TFD ~,!ATURE OF MAMY OF 

THE ft~RRAGANSETT BAS P! COALS, Tiff COAL HAS .~ SUBMETT1~L IC LUSTER AND DOES 

NOT BREAK WITH A PRONOUrKED co~rcHOlDAL FRACTURE. 

C SAMPLE OF TYPICAL AMTHRACITE FROM PE~mSYLVNH.~ DISPLAYING COi.JCHOIDAL 

FRACTURE AND VITREOUS LUSTER, 
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Coals are rocks that are least resistant to directional pressure, and 
are thus invariably more highly deformed than the accompanying roof·and floor 
rocks. The nature of the de;t:ormation is discussed more completely later in 
this section and in Chapters 2 and 3. Where subjected to deformation, the 
coals may occur in irregular lenses and are coll11Tlonly brecciated. In the pro­
cess of brecciation and shearing, an extensive network of fractures was form­
ed which were subsequently coated with secondary graphitic depositional carbon 
and then permeated by silica bearing solutions, Thus, the coals have acted as 
zones of accelerated movement during deformation and as avenues to direct min­
eralization (veins and cavity fillings) and gases (which were cracked to pro­
duce graphitic depositional carbon). In some seams, individual brecciated 
fragments may be entirely supported by vein material (Raben and Gray, 1979 b). 

Microscopic Analysis 

Forty samples of coal from selected Narragansett Basin Project cores, 
drilled during the NSF phase of exploration, were analyzed petrographically, 
both during that phase and concurrently with the present study (Gray and 
others, 1978; Raben and Gray, 1979 a,b). The coals discussed here are those 
obtained from drillcore in Mansfield and Seekonk, Massachusetts and from 
Bristol and Portsmouth, Rhode Island, and from hand samples in Plainville, 
Massachusetts, within the chlorite and subchlorite zones of metamorphism. 

The microscopic attributes (habit, texture, mineralogy and maceral content) 
were described, and the reflectance of vitrinites measured to determine rank. 
The mean maximum reflectance for samples analyzed ranged from a questionable 
low of 2.84% to a high of 7,62% under green light in oil. All reflectances 
indicate that the coal is dominantly anthracite with minor amounts of meta­
anthracite (Table 4-3). In a few instances the coal has been altered to 
natural coke, as evidenced by the occurrence of mosaic anisotropic texture. 
Vitrinites observed included both textured and untextured varieties. 

Three general types of coal are differentiated based on petrography 
(Gray and others, 1978): 

1. Normal anthracite similar to anthracites found in the 
Pennsylvania anthracite fields. 

2. Brecciated anthracite with graphitic depositional carbon 
coating surfaces of voids and cracks. The identification 
of this feature helps explain why many of the past analyses 
of the coals were confusing and often contradictory (see also 
coal chemistry section, this chapter). Coals that contain 
amounts of graphitic depositional carbon microscopically 
identifiable are such that the individual brecciated 
fragments of coal are rimmed with a layer of carbon (Figure 4-2). 
The amount of secondary carbon varies from sample to sample. 
If one x-rays or conducts other analyses of the coal, they 
would test not only the coal particles, but also the secondary 
carbon, thus yielding erroneous results. For this reason, 
among others, reflectance measurements are considered the 
most reliable rank indicator because the measurements can be 
positioned so as to avoid the secondary carbon. In some samples, 
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REFLECTANCE DATA FOR N RRAGANSETT BASIN COAL SAMPLES 

REFLECTANCE 
- -- ~ 

SAMPLE NUMBER I 
MEAN MEAN MEAN LOCATION OF SAMPLES 

MAXIMUM MINIMUM Bl REFLECTANCE 

AVERAGE 6.4 AVERAGE 3.5 AVERAGE 2.8 
MANSFIELD 11 HIGH 7.5 HIGH 4.4 HIGH 3.0 

LOW 4.8 LOW 2.1 LOW 2.2 

AVERAGE 5.1 AVERAGE 3.1 AVERAGE I. 9 
BRISTOL 16 HIGH 7.6 HIGH 4.5 HIGH 3.4 

LOW 4.0 LOW 2.4 LOW I . I * (2. 8) * (0.81_. 

AVERAGE 5.0 AVERAGE 2.5 AVERAGE 2.5 
I 

PORTSMOUTH 7 \Jl HIGH 6.0 HIGH 3.1 HIGH 3.1 .i::--
I 

LOW 3.7 LOW I .9 LOW I .6 * (2.8) * {0.81__ 

AVERAGE 4 .6 AVERAGE I. 8 AVERAGE 2.7 
SOMERSET 3 HIGH 6.2 HIGH 3 .I HIGH 3.1 

LOW 3.2 LOW I .0 LOW 2.2 

MASSLITE 5.6 3.4 2.2 

* Values in parenthesis are questionably low and are not included in averages. 

TABLE 4-3 VITRINITE REFLECTANCE DATA OF SELECTED NARRAGANSETT BASIN COALS 



FIGURE l!.-2 

PHOTOMICROGRAPH OF BRECCIATED Nff 1➔ R.L\CITFJ FROM THE ~!.~RRAG/.\NSETT RASE!. Tiff 

SURF.4CES OF CRACKS) THAT RESULT FROM BRECCIATimlJ ARE COATED l•!ITH -~ SECONDARY 

GRAPIHTIC DEPOSITIOMAL CARBO~l. (LJOOXJ REFLECTt~ LIGHT IN OIL COURTESY OF 
RALPH J, GRAY) U.S. STEEL CORP.). 
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coals that were brecciated were later recemented by this carbon, 
and in places the carbon and coal particles are so annealed that 
the sample is essentially optically continuous. This depositional 
carbon is more abundant in the southern coals studied than ones to 
the north. 

3. Natural coke with graphitic depositional carbon similar to 2) above 
(Figure 4-3). The presence of natural coke indicates that the coal 
was of a lower rank than anthracite, which upon heating does not 
form coke. Because of the very limited extent of coke formation 
in samples observed, the coals were probably very close to the 
rank of anthracite. It is presumed that the coals which formed 
coke had been coalified to the rank of low-low volatile bituminous 
when they were heated to produce coke. They were subsequently 
coalified to anthracites and meta-anthracites, 

The coals tend to be brecciated (Figure 4-4). The broken fragments are 
usually quite angular indicating that brecciation most likely took place 
after the coals had attained a relatively high rank, possibly semi-anthracite. 

The presence of secondary carbon could be explained by its release upon 
thermal cracking of methane, the methane possibly being released upon breccia­
tion of the coal, since it is the most common gas in anthracite. 

The "inert organic" components of the coal are unusual. Funsinite, and 
semifusinite, usually highly reflecting components compared to the vitrinites, 
are often very low-reflecting components in the Narragansett Basin coals 
(Figure 4-5). In some cases semifusinites and, to a lesser extent, fusinites 
are lower reflecting than the vitrinites. We have no explanation for this 
phenomenon at this time. 

The coals have a high ash content, a substantial percentage of which is 
secondary. Minerals commonly associated with the coal, either as primary or 
secondary ash, include quartz, sericitized feldspar, chlorite, illite or 
muscovite, calcite, pyrite, marcasite, chalcopyrite, sphalerite, rutile and 
others. Quartz and chlorite-muscovite intergrowth, are the 
predominant minerals in many of the samples observed (Gray and others, 1978). 
Pyrites include framboidal and euhedral varieties. The presence of mineral 
matter in some of the voids in brecciated coals enclosed by a graphitic de­
positional carbon rim, indicates that these minerals were emplaced by solu­
tions of unspecified origin at a stage after substantial coalification, 
brecciation and carbon deposition had gone to completion. Some samples 
observed were carbonaceous shales. In these samples the mineral matter is not 
substantially comprised of minerals that are secondary in origin, but are the 
product of metamorphism or diagenesis of the primary coal ash (i.e. minerals 
deposited in the original peat swamp). 

Deformational Textures and Implications for Utilization 

Tectonic thickening and thinning of anthracites and meta-anthracites in 
the Narragansett Basin make true thickness estimates difficult. The response 
of the coals to heating and deformation has resulted in deformational textures 
which in turn have had an effect on the coals' subsequent history. The coals 
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FIGURE l[-3 

PHOTOMICROGRAPH OF NATURAL COKE FROM THF NARRAGANSETT BASI~. DARK VOIDS ARE 

coi<E PORES. THE suRRou~m u1G LI G!HER AREAS .~RE co1<E WALLS. TME co1<E HALLS 

DISPLAY HELL DEVELOPED MOS.I\IC ANISOTROPIC TEXTURE (LtOOXJ REFLECTED LIGHT 

IN OIL., COURTESY OF RALPH J, GRAY, U.S. STEEL CORP.), 
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FIGURE L!.-l.[ 

PHOTOMICROGRAPH OF ~ LO\'J ASII POl1TION OF BRECCIATED Mffl!Ri~CITE FROM THE 

NARRAGANSETT BASIN, THF. DIFFERErn SHADES (FROM GRAY TO WHITE) OF BRECCIATED 

CO.~L FR,~GMF.rlTS ARF. DUE TO ITS /\MISTROPIC (BIREFLECTM!T) \JATURE, Tiff FR.~GME~lTS 

HAVE BEE~l ROTATED HITII RESPECT TO flrlE A!JOTHER A~lD REFLECT LIGHT DIFFERE~lTI/\LLY 

DEPENDING O~·l THEIR ORIEf1ffATimJ. T!IE SPI\CE B[Jlilf~}l LARGE FRAGME~ns OF NHHR.l\CIT L 

HAS BEEN FILLED BY SMALLER FRAGMENTS OF VARYING SIZE, THE ENTIRE SAMPLE HAS 

BEEN PARTIALLY ANNEALED, ~DTE THE SURFACE TEXTIJRE OF THE LARGER FRAGMENTS OF 

COAL. (l.lQOX., REFLECTED LIGHT P~ OIL., COURTESY OF RALPH J, GR~.Y., ~!.s, STEEL 
CORP,), 
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In Rhode Island, as part of studies undertaken in 
connection with the "208" Water Quality Program, 
RISWP has developed a colored series of Macconnell 
maps with land use information updated on the basis 
of April 1975 air photos. These maps were nearly 
complete at the time the LEES maps were produced, and 
it was possible to use them as a basis for mapping in 
virtually all the Rhode Island portion of the Basin. 
Figure 5-3 indicates the area for which up-to-date 
information was available. 

In the OCPC area, recent maps, again produced in 
connection with the "208" Water Quality Program, 
with up-to-date land use information were available. 
These maps, completed in 1977, were based on informa­
tion provided by town assessors and departments of 
public works and were thoroughly substantiated by 
field survey. The Macconnell information was up­
dated by comparison with the OCPC maps and subse­
quently included in the LEES maps. 

One final source of updating was the USGS base 
maps themselves. Specifically, the Assonet, Scituate, 
and Duxbury quadrangles contained information more 
recent than that available from other sources which 
was incorporated into our mapping scheme. Refer to 
Figure 5-2 for the dates of publication and 
photo update of all LEES base maps. 

iv. Surface Mining. All surface mining indicated on the 
Macconnell maps was replicated on the LEES maps with 
the exception of a few sites known to have been con­
vertE:d to residential or industrial use between 1971 
and the present. New sites identified on the up-to­
date RISWP Macconnell series were also included on 
the LEES maps. (See Figur~ 5-3 for the area 
covered by these newer maps.) The USGS base maps, 
which the reader will recall are mostly fifteen years 
older than the Macconnell study, .indicate a substan­
tial number of extractive operations not identified 
as such by Macconnell. On examination these prove 
to be mostly classified by Macconnell as abandoned 
field, heath, or land with a very young forest cover, 
The conclusion implied is that these represent 
abandoned quarry operations. Because these workings 
are indicated only by symbols on the USGS base maps, 
it is not possible with data at hand to determine 
their surface extent. Aerial photography coµld be 
useful in providing current extent. For this reason 
they are indicated by schematic circles with an area 
chosen to be a conservative average of quarry .sizes 
in the Basin. 
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v. Wetlands. As mentioned earlier, the mapping of 
wetlands is problematic. A well-developed and uni­
form data source for the study area simply does not 
exist. The LEES maps represent the most accurate and 
consistent picture that could be developed given 
existing data services. Many townships are in the 
process of mapping their wetlands, and others will 
shortly undertake to do so. As these local maps ap­
pear, they will no doubt disagree with the LEES maps 
both by adding a number of small wetlands and by 
modifying boundaries of those which are indicated. 
However, the general picture developed by the maps 
may be regarded as essentially correct. 

Rhode Island. In general the best inf0rmation 
available is in Rhode Island. A series of wetlands 
maps covering the entire state has been developed 
by the Soil Conservation Service of the United 
States Department of Agriculture, the Rhode Island 
Department of Environmental Management (previously 
the Department of Natural Resources), and the Rhode 
Island State Conservation Committee. The basis of 
these maps is general soils information, air photo 
interpretation, using photos at a scale of 
1 inch= 1,000 feet, and some field checking. The 
maps were completed in January 1972. Wetlands are 
delineated on city or town maps. The base maps 
used are USGS 7 1/2 minute series topographic maps 
composited and enlarged to 1 inch= 1,000 feet. 
The wetlands are numbered beginning at one in each 
city or township, and are classified according to 
type. Complete sets of these maps are located at 
both the Rhode Island Department of Environmental 
Management and the offices of Rhode Island Statewide 
Planning. They were the primary source of wetlands 
information used in compiling the LEES maps, and 
all of the information which they include has been 
recorded, with the exception of floodplains and 
minor wetlands occurring in highly urbanized areas. 

The single exception was the city of East Providence, 
where the Department of Planning and Urban 
Development has conducted its own study and pro­
duced a highly detailed wetlands map. This map was 
used as the source for the LEES maps. Because of 
the very detailed scale of the East Providence map, 
it was necessary to generalize the indicated wet­
lands. 

Although the official wetlands maps 
coastal wetlands, more detailed and 
of the coastal area are available. 

do include 
up-to-dat!= maps 
The Coastal 

Resources Center, operating under the auspices of 
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the Coastal Resources Management Council, has pre­
pared and published these maps in 1976, as the 
Atlas of Rhode Island Salt Marshes. This atlas 
was used as a secondary source in mapping coastal 
wetlands on the LEES maps. 

Massachusetts. The Army Corps of Engineers de­
veloped a series of Inland Wetlands maps for the 
New England River Basins Commission Southeastern 
New England Regional Report. These maps were de­
veloped on the basis of two primary sources: 
(1) The Macconnell maps - here it should be borne 
in mind that the Macconnell maps identify only un­
forested wetlands which comprise no more than 10 
to 15 percent of total wetlands in the.Basin; and 
(2) the USGS 7 1/2 minute series topographic maps 
which identify swampy areas with no differentiation 
as to type. 

Information from these two sources was combined us­
ing the Macconnell maps as a base, with minor modi­
fication where field data was available. A nearly 
identical approach has been used by the majority of 
Massachusetts townships in the study area to pro­
duce very preliminary wetlands maps, the main dif­
ference being the inclusion of information from 
U.S. Soil Conservation Service maps as well. In 
the OCPC area such preliminary maps were actually 
provided to the townships by the Planning Council. 
A set of these maps is available at OCPC; they are in 
the form of simple overlays done on drafting paper at 
a scale of 1 inch= 1,000 feet. 

With this background it seemed that the Inland 
Wetlands maps would serve as a readily available and 
uniform data source. They proved, however, to be un­
desirable for the following reasons: (1) A large num­
ber of Macconnell wetlands were omitted; (2) the 
perimeters drawn around swampy a,reas on the USGS maps 
were somewhat generalized and misplaced; and (3) no 
cognizance was taken of alteration and development of 
wetlands as indicated by Macconnell. To overcome 
these difficulties, an independent approach was de­
veloped with the result that wetlands shown in the 
Massachusetts portion of the LEES maps were generated 
by the following procedure, since 80 to 90 percent of 
inland wetlands in the Basin occur in forested areas: 
(1) Wetlands indicated on the Macconnell maps were 
replicated - this is also the sole basis for discrimi­
nation of coastal as opposed to inland wetlands; and 
(2) swampy areas indicated on the USGS base maps were 
encircled, provided that their existence was ·not 
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contradicted by the Macconnell classification of 
the area. 

Floodplains are not included on the LEES maps. De­
tailed examination of a potential mining site should 
consider floodplains. They are included under the 
wetlands protection laws and would represent poten­
tial hazards if made the site of surface installa­
tions. 

Cranberry bogs are indicated on the USGS base maps 
by both symbols and words. These have been com­
pared with the Macconnell maps to determine if they 
were actively cultivated in 1971. If so, they have 
been left as displayed on the base maps. It should 
be noted that although cultivated, they are other­
wise equivalent to open wetlands. 

The township of Pembroke has produced a wetlands 
map based on Macconnell and on the field work of a 
summer intern. This map was used as a source for the 
LEES maps and as the single exception to the proce­
dures listed above for the mapping of wetlands in 
Massachusetts. 

The townships of Dighton and Berkeley have just re­
cently completed accurate wetlands mapping, and the 
town of Seekonk has produced maps based on infrared 
photography. None of these, however, was readily 
available while the LEES maps were being drafted. 
The remaining townships in the Massachusetts portion 
of the Basin rely, at this point, on wetlands maps 
based on some combination of MacConnell's maps, 
USGS topographic maps, and U. S. Soil Conservation 
Service maps. 

vi. Ground Water Resources and Well Protection Areas. 
The OCPC has produced a single large map of its area 
at a scale of 1 inch= 2,000 fee~ on which recom­
mended well protection areas, both present and 
future, are delineated, and public wells, both exist­
ing and anticipated, are located. The base map is a 
composite of USGS 7 1/2 minute series topographic 
maps. These areas and well locations were replicated 
on the LEES maps. 

Similar, clearly defined well protection areas can be 
expected to appear in the remainder of the Basin in 
short order. The towns of Attleboro, Mansfield, 
Middleboro, and Swansea have contracted with SRPEDD 
to produce such recommendations for them during 1978. 
The towns of North Attleboro, Norton, and Taunton 
have made equivalent requests and will be accommodated 
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if funding permits. MAPC has collected some informa­
tion on ground water favorability and is recommending 
the designation ot protection districts by the town­
ships, especially those relying heavily on ground 
water for public supply. 

The LEES maps attempt to provide information on ground 
water resources which will permit anticipation of the 
approximate location of these protection areas. In 
Massachusetts the basic sources were the Ground Water 
Recharge and Favorability maps prepared by the u. S. 
Geological Survey for the New England River Basins 
Southeastern New England Regional Study. The ultimate 
sources of these maps are USGS Hydrologic Atlas 
Series, consultant engineers' reports,_ and field data 
and analyses of ongoing USGS water resources studies. 
For the sake of brevity these maps are hereinafter re­
ferred to as the SENE maps. These maps are organized 
on the basis of river basins. The Narragansett Basin 
is almost wholly contained in these USGS maps: 
(1) Narragansett Bay and Block Island; (2) •Ten Mile 
River Basin; (3) Taunton River Basin - A; and 
(4} Taunton River Basin - B. For the majority of 
the Rhode Island area, and a very small portion of 
Massachusetts, the basic source was a water resources 
map prepared by the Rhode Island Water Resources. 
Figure 5-4 is a reference map indicating the areas 
covered by each of the six source maps. Note that 
the town of Halifax is a recent addition to the OCPC 
jurisdiction, and therefore well protection recommenda­
tions have not yet been formulated by OCPC. 

Well output data for the entire Basin is derived from 
the SENE maps. In the SRPEDD areas the figures have 
been updated by SRPEDD to indicate 1976 output. Well 
locations in all parts of the Basin except within 
OCPC well protection areas are also derived entirely 
from the SENE maps. 

Unfortunately, the five source maps used for areas 
outside of the OCPC area do not use consistent map­
ping criteria. In order to make maximal use of the 
information on the LEES maps, it is important to un­
derstand precisely what is mapped in each of these 
areas, as well as in the OCPC area. Precise defini­
tions, as well as the symbols actually used on the 
maps, are given on Figure 5-5. 

c. Mapping Procedures and Accuracy 

This section provides a precise description of the methodology 
used in drafting the LEES maps. In that process ·it was often 
noted that this type of information was the most useful in 
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GROUND WATER RESOURCES AND WELL PROTECTION AREAS 

Areas of significant to essential ground water 
resources with high susceptibility to con­
tamination from surface seepage. Wells located 
immediately within the perimeter will generally 
yield less than 300 gpm whereas wells more 
centrally located will yield 300 gpm or more. 
Potential well output in Rhode Island is not 
included. 

As above, except that wells near the perimeter 
will generally yield less than 200 gpm. 
Centrally located wells will yield 300 gpm or 
more. 

As above, except that all wells within the 
area will generally yield 100 gpm or more. 

Indicates the limit of Rhode Island Water 
Resources Board Study Area. 

Used in Massachusetts only to indicate data de­
rived from Rhode Island Water Resources 1\ .r. WATl:R 'R€.~o((Rce.s c;-rvi VJ 

C ( ( I c 1 1 --r Board ground water study. 

FIGURE 5-5 A 
SYMBOLS USED IN MAPPING \·JELL PROTECTION AREAS AND GRou~m HATER 
UJFORMATIO"I ON THE LEES MAPS 
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0.5 

0 

a 

EJ/ 
/El 

Municipal - Industrial Supply Well with output 
in millions of gallons per day listed if 
available; output for closely spaced wells 
listed as a total. 

Proposed Municipal Supply Well - used only in 
Old Colony Planning Council area. 

Well Protection Areas with active wells (WP) 
or proposed wells (HT) - used only in Old 
Colony Pl1mning Council area; WP = Well 
protection area; HT= area of high trans­
missivity to be protected for future use; 
single, unbroken line indicates boundary 
between WP and HT areas. 

FIGURE 5-5 B 

SYMBOLS USED IN MAPPING WELL PROTECTION AREAS AND 
GROUND WATER INFORMATION ON THE LEES MAPS 
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assessing reliability and applicability of data sources. This 
is particularly true when applying information to an end it 
was not specifically designed to accommodate. The following 
discussion, therefore, serves three purposes: (1) It outlines 
a methodology useful as a starting point for any similar pro­
ject; (2) it increases the flexibility of the LEES maps, 
facilitating their application to purposes other than mine 
development; and (3) it provides frank assessment of map ac­
curacy. The order of discussion corresponds to that in which 
information was collected and mapped. As in the preceding 
section, abbreviations will be used for the sake of expediency. 
The following are employed: 

MAPC Metropolitan Area Planning Council 
OCPC Old Colony Planning Council 
SRPEDD - Southeastern Regional Planning and Economic 

Development District 
RISWP Rhode Island Statewide Planning 
USGS U. S. Geological Survey 
SENE Southeastern New England Water and Related 

Land Resources Study of the New England 
River Basins Commission. 

i. Basin Border. This information exists on geologic maps 
employing USGS topographic maps as a base. Typically, 
however, the scale is reduced from the standard 1 inch= 
2,000 feet. The Basin border was carefully transferred 
onto the LEES maps. 

ii. Developed Lands. The following topics are discussed: 
(1) Combination of Macconnell categories; (2) transfer 
of Macconnell Data to LEES maps; (3) update of Macconnell 
data in Rhode Island; (4) update of Macconnell data in 
Old Colony Planning Council area; (5) update of Macconnell 
data from USGS base maps. 

Combination of Macconnell Categories. The LEES category 
"Highly Developed" (HD) includes the following twenty­
six Macconnell categories entire1y: 

UI Heavy Industry 
UL Light Industry 

UTA Airports 
UTW Port Facilities 
UTR Railyards 
UTT Truck Terminals 
HW Divided Highways 

D Dump 
DA Automobile Dump 
FB Filter Bed 
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UP Hospitals, Colleges, Prisons, etc., 
with Grounds 

I- Cemeteries 
UC Downtown Commercial 
UH Highway Strip Commercial 
US Shopping Center 

RM Marinas or Boatyards 
RT Racetracks 
RA Athletic Fields and Stadiums 
RAP Commercial Amusement Parks 
RFG Fairgrounds 
RI Drive-In Theaters 

UO Vacant Lots within Urban Areas. 

UA Garden Apartments 
UT Tenements 
URH Residential - High Density, Lots less than 

1/4 acre 
URM Residential - Moderate Density, Lots 1/4 

to 1/2 acre. 

When greenhouses were indicated on the USGS base map, 
the following Macconnell category was included: 

N Nurseries 

When they occurred within decidedly urban regions, the 
following eight Macconnell categories were included: 

RFB Freshwater Beach with Bathhouse 
RSB Saltwater Beach with Bathhouse 
RS Swimming Pools (3 acres or more) 
RC Tennis Courts (3 acres or more) 
RG Golf Courses 
RD Golf Driving Ranges, Shooting Ranges 
RP Urban Park 
RPG Playground 

The LEES category "Moderately Settled" (MS) includes 
the following two Macconnell categories entirely: 

URL Residential - Light Density, Lots 1/2 to 
1 acre 

UCR Clusters of three to ten houses in Rural 
Areas 

The LEES category "Lightly Settled" (LS) includes the 
following three Macconnell categories entirely: 
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URF Residenti.al, Lots in Excess of 1 acre, 
predominantly 2 acres in size, with 
more than 75% of forest cover left in­
tact 

URO Residential, open land with large lots, 
from 1 to 2 acres in size 

UE Residential, garden estates of 3 acres 
or more with extensive landscaped 
grounds. 

The three LEES categories, then, totally include thirty­
one Macconnell categories and partially include an addi­
tional nine Macconnell categories. 

Transfer of Macconnell Data to LEES Maps. The Macconnell 
maps are extremely difficult to use for wholesale trans­
fer of data without the time-consuming intermediate step 
of coloring. As part of the Southeastern New England 
Regional Study, the New England River Basins Commission 
contracted with MAPC to produce a series of Land Use 
Maps covering the SENE study region. For this pur-
pose the Macconnell maps were photo reproduced with a 
reduction in scale of approximately 62%. The result-
ing maps were roughly 6. 4 by 8. 5 inches in size. 'I'he 
104 Macconnell categories were combined into 18 com­
posite categories, and the reduced maps were then hand 
colored accordingly. These maps are presently stored 
in the drafting department of MAPC. The SENE Land 
Use Maps themselves were extracted from the colored 
Macconnell series, generalized, further reduced, and 
printed as single color outlines on a base map show-
ing only political boundaries. 

The Macconnell data was transferred to the LEES maps 
from the MAPC colored series rather than from the 
original Macconnell series. The LEES category 
"Highly Developed" (HD) includes the following SENE 
Land Use categories: 

I Industrial (Macconnell UI, UL) 
T Transportation (Macconnell UTA, UTW, 

UTR, UTT, HW) 
D Disposal Site (Macconnell D, DA, FB) 
PI Public Institutional (Macconnell UP, f) 
C Commercial (Macconnell UC, UH, US) 
Rl Residential 1 (Macconnell UA, UT, URH) 
R2 Residential 2 (Macconnell URM) 

Additionally, the following SENE Land Use categories 
are partially included, as indicated: 

OS Open Space and Recreation (Macconnell.RM, 
RT, RA, RAP, RFG, RI, RFB, RSB, RS, RC, 
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RG, RD, Rl?, RPG). LEES maps include all 
capital intensive recreation facilities, 
and any type of recreation space within a 
decidedly urban area. 

OT Open Transitional (Macconnell PL - Power 
Lines, AF - Abandoned Fields, UO - Urban 
Vacant Lots). LEES maps include only 
Macconnell UO. 

AC Cropland (Macconnell T, TU, O, AO, CB, N). 
LEES maps include only Macconnell N -
Nurseries when these are recognized to in­
clude greenhouses. 

The LEES categories "Moderately Settled" (MS) and 
"Lightly Settled" (LS) correspond respectively to the 
SENE Land Use categories R3 - Residential 3 and 
R4 - Residential 4. 

The Macconnell data was transferred to the LEES maps 
from the MAPC colored Macconnell series by careful judg­
ment. Since the base map used was identical, this could 
be accomplished with more accuracy than might be sup­
posed. Additionally, at the outset of the process, 
portions of the East Providence and Somerset quadrangles 
were precisely mapped using the original Macconnell 
maps. This provided a basis for correct scaling in the 
less precise transfer of Macconnell information from 
the MAPC colored series. As each map was finished, it 
was examined; any questionable areas were checked 
against the original Macconnell map. Similarly, where 
questions existed as to, say, the nature of a recreational 
area, the original Macconnell map was consulted. How­
ever, the Massachusetts Macconnell series provided to 
Weston Observatory used a preliminary residential 
classification scheme employing only five categories 
(UA, UT, UR, UE, UCR). Tho final scheme used nine 
categories (UR was broken down into URH, URM, URL, 
URO, URF). Because of this the LEES maps depend almost 
entirely upon the MAPC colored s~ries for residential 
categorization in Massachusetts. 

Update of Macconnell Data in Rhode Island. RISWP has 
two full-sized, fully colored sets of Macconnell maps 
for the State of Rhode Island. The first is colored 
according to the scheme recommended by the Macconnell 
study with twenty-eight composite categories. The 
second set was updated in 1977-78 by RISWP using 
April 1975 air photos and employs a somewhat differ­
ent scheme for compositing categories as well as 
different pencil colors, Neither scheme of composit­
ing is compatible with the LEES scheme. In order to 
obtain the updated information for the LEES maps, the 
following procedure was used: (1) Familiarity with 
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both schemes was acquired; (2) each pair of maps was 
held side by side and ca.refully inspected for 
divergence; (3) all divergence, along with appropri­
ate category, was recorded on a set of Macconnell 
maps; and, finally, (4) this information was trans­
ferred by hand to the LEES maps. 

Note that updated information was not available for 
the entire Rhode Island portion of the Basin. Refer 
to Figure 5-3 to determine updated area. 

Update of Macconnell Data in Old Colony Planning 
Council Area. The recent land use maps developed 
oy OCPC are done on a township basis at a scale of 
1 inch= 1,000 feet.' The base maps use<l are 
Department of Public Works maps showing only public 
highways and streets. Although these maps are 
highly accurate and excellently produced, they 
proved of limited usefulness for three reasons: 

Residential land was not categorized be­
yond a division into that supporting 
single versus multiple family dwellings. 
Individual houses and internal lot bound­
aries are not shown. Thus it was not 
possible to place reliably new develop­
ment in the LEES categorization scheme. 

Farm residences were included in the 
residential category. Macconnell, of 
course, includes them in agricultural 
categories. To include farm residences 
in a "Developed Lands" category in the 
OCPC area would have introduced signifi­
cant inconsistency into the LEES mapping 
scheme. 

The OCPC maps identify actual lot bound­
aries. Whereas this is excellent, it is 
not at all compatible with the character 
of the Macconnell-based LEES maps. 
Macconnell identifies land use rather 
than ownership. The two approaches yield 
results which are visually distinct. 

Therefore, "Developed Lands" in the OCPC area were 
mapped by the procedure described below: 

The area was mapped in pencil using the 
MAPC reduced and colored Macconnell series 
as previously described. 
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Then the OCPC maps were checked for corre­
spondence. Whe~e any new development was 
noted, it was added freehand to the LEES 
maps in a style graphically consistent with 
Macconnell. Rigid lot boundaries were 
drawn inward and rounded. Small resi­
dences surrounded by agricultural land were 
assumed to be farm houses and were not 
mapped, New single-family residential 
areas were usually included in our 
"Moderately Settled" (MS) category, as this 
best reflects the one-acre zoning now ap­
plied to most undeveloped areas in OCPC 
townships. 

In effect, very minor changes were difficult to 
notice, but new subdivisions and industrial sites 
were effectively recognized. 

Update of Macconnell Data from USGS Base Maps. 
This is of particular significance in the Assonet, 
Duxbury, and Scituate quadrangles. These base maps 
are more recent than the Macconnell study. After 
the Macconnell data had been mapped and checked, 
all areas of additional development indicated by 
house symbols or urban perimeters were mapped as 
such. Categorization was estimated from visual 
character, and outlining was essentially schematic. 
Finally, developed sites indicated by Macconnell 
but not appearing on the newer base map were as­
sumed to be abandoned and therefore not mapped. 

Because the Macconnell maps are based on "leaves 
on" aerial photography, they not infrequently fail 
to recognize houses which are "buried in the trees," 
such as clusters of lakeshore cottages. Where 
recognized on the USGS base maps, such residential 
areas were included in the appropriate "Developed 
Lands" category. 

iii. Surface Mining. Surface mining was mapped in a man­
ner analogous to that used in mapping developed 
lands. Transfer to the LEES maps was effected using 
the MAPC colored Macconnell maps with updating from 
appropriate sources. The Macconnell categories com­
bined in the LEES category "Surface Mining" are: 

SG Sand and Gravel 
OM Other Mining 

The single SENE Land Use category is: 

X Extractive Mining (Macconnell SG, OM) 

-94-



iv. 

All quarry operations indicated on the USGS base 
maps were checked against the original Macconnell 
maps. Where abandoned workings were suggested, a 
schematic circle was placed on the LEES map as de­
scribed in Section b, Data Sources. An appropri­
ate size for these circles was estimat.ed vjsually 
by examining typical quarries as they appeared on 
the maps. 

Wetlands. 
(1) Rhode 
Wetlands; 

The following topics are discussed: 
Island Wetlands; (2) Massachusetts 
(3) Open Water. 

Wetlands and developed land are almost mutually 
exclusive, but not quite. Wetlands especially are 
frequently coterminous with recreational areas and 
residential land of rural type. As these overlaps 
would have been very minor on the LEES maps, they 
were totally eliminated for the sake of clarity 
and to permit unambiguous data quantification. 
Small wetlands within urbanized areas were included 
within the category "Highly Developed" (HD), their 
delineation being pointless within the context of 
the current study. Larger urban wetlands are in­
dicated. 

Rhode Island Wetlands. For all areas except the city 
of East Providence, wetlands were transferred to the 
LEES maps from the official township wetlands maps by 
careful visual reference, possible since the base maps 
used are identical. 

As the Rhode Island Wetlands maps are at a scale twice 
that of the LEES maps, transparent grids were used to 
facilitate accurate reduction. The township identifi­
cation number and wetland type were recorded. For the 
city of East Providence the detailed city wetlands 
map was examined, and the indicated wetlands were 
drawn on the LEES maps in generalized form. Highways, 
buildings, landforms, etc., were used as guides for 
proper location and size. 

All coastal wetlands included on the Rhode Island Wet­
lands maps and the city of East Providence map were 
transferred to the LEES map. Then the Atlas of Rhode 
Island Salt Marshes was examined for correspondence. 
Any additional coastal wetlands were added by simple 
visual reference and their source noted on the LEES 
maps. However, coastal wetlands previously recorded 
were altered on the basis of the second source, as 
the correspondence was good. 
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Massachusetts Wetlands. The original intention was 
to utilize the Army Corps of Engineers Inland 
Wetlands maps by overlaying the LEES maps on a light 
table and tracing. As this procedure was applied, the 
objections to use of the Inland Wetlands maps 
enumerated in Section b, Data Sources, gradually be­
came apparent. The maps already completed were cor­
rected, and the following methodology was developed: 

The Macconnell maps were scanned, and all 
wetlands were colored or outlined with a felt­
tip pen. 

The LEES maps were overlain on a light table, 
and the Macconnell wetlands were traced in 
pencil. 

All swampy areas indicated on the USGS 
base maps in forested areas were encircled. 
Where Macconnell open wetlands were immedi­
ately adjacent, a single line enclosed both 
areas. Developed lands had already been mapped. 
Therefore, it was possible to recognize when 
previously wet areas had been altered in 
character and avoid the error of mapping them 
as wetlands. 

Comparison of mapped wetlands in Rhode Island 
and the township of Pembroke with the swampy 
areas indicated on the USGS topographic base 
maps suggests that the former are perhaps 10 
percent more extensive. For this reason some 
license was taken in connecting several proxi­
mate but separate wetlands indicated by the 
Macconnell and USGS maps to form a single 
wetland. 

In the township of Pembroke the above procedure was 
allowed but amended before final inking and pat­
terning. The township wetlands map was obtained and 
studied. Because this map was at twice the scale of 
the LEES maps and showed only highways for reference, 
precise transfer was not attempted. Comparison was 
made, and any significant variation was corrected on 
the LEES maps using judgment. 

Open Water. In a few instances it was noted that the 
various sources studied differed in the extent indicated 
for some bodies of open water. In these cases the maps 
were corrected to correspond to the most recent source, 
the assumption being that human activity had resulted 
in a lower or higher water level. No methodical search 
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for such discrepancies was undertaken, but when noted 
in the course of map preparation, appropriate correc­
tions were invariably made. 

v. Ground Water Resources and Well Protection Areas 

Old Colony Planning Council Area. Since a map of 
well protection areas in this region exists at the 
same scale, the LEES maps were overlain on a light 
table to permit tracing of area perimeters and well 
locations. Neither well outputs nor the locations 
of wells outside of the protection areas are given 
on the OCPC map. This information was added from 
the appropriate SENE Ground Water Recharge and 
Favorability maps. Well locations derived from this 
source are only approximate, The OCPC map does not in­
clude the township of Halifax. Ground water resources 
information in Halifax was taken from the SENE maps 
and drafted onto the LEES maps by judgment. 

Massachusetts Outside the OCPC Area. SRPEDD has used 
the SENE Ground Water Recharge and Favorability maps 
to produce accurate transparent mylar overlays con­
taining the same information at a scale of 1 inch= 
2,000 feet. The overlays are organized on a township 
basis. The LEES maps were overlain on a light table, 
and information was traced. Very small areas were 
omitted. The overlay for the township of Swansea was 
not available; information on that township ·was trans­
ferred to the LEES maps by judgment. In the townships 
of Attleboro and North Attleboro, some information was 
transferred, again by judgment, from the Rhode Island 
Water Resources Board map. 

Rhode Island. A map of ground water resources cover­
ing most of the study area in Rhode Island was pro­
vided by the state Water Resources Board. Informa­
tion on this map is at a small scale with a very 
limited base map. Transfer to t~e LEES maps relied 
largely on the clear relationship between till areas 
and elevated ground characteristic of the area. For 
portions of Rhode Island outside of the Water Resources 
Board Study areas, ground water resources information 
was transferred from the SENE Ground Water Recharge 
and Favorability maps by judgment. Well locations and 
output data for the entire state were derived from the 
SENE maps. 

d. LEES Reference Grid 

i. Purpose and Rationale. The final step in the develop­
ment of the LEES maps was the overprinting of· a faint 
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reference grid, subdividing each full sheet into sixty 
equal area cells. This grid is designed to serve four 
purposes: (1) Permit ready reference and location of 
any specific feature; (2) serve as a basis for the tabu­
lation of map data; (31 permit that data to be stored 
in digital form with further subdivision readily pos­
sible; and (4} allow for easy coordination with geological 
data. 

Before undertaking to design a grid specifically adapted 
to the LEES study, investigations were made to determine: 
First, if any standard practice existed for the definition 
of such a data grid; and second, failing this, if there 
was a uniform grid system in use by agencies operating 
within the study area. Extensive queries proved that 
the answer to the first question is "no." Demonstrating 
the truth of this assertion, different grid systems are 
actually in use within the Basin. Rhode Island Statewide 
Planning, for instance, has digitized land use informa­
tion for its area, using UTM coordinates and a 10-acre 
cell size. The Massachusetts Department of Environmental 
Management in its current project to delineate restricted 
wetlands is using Massachusetts Plane Coordinates. 

Based on these considerations, the following conclusions 
relative to a grid system were reached: (1) The informa­
tion on land use and wetlands location the LEES maps con­
tain is not new; (2) new information provided by the LEES 
maps and associated studies will be (a) the location of 
possibly favorable sites for potential mine development, 
(b) areas of favorable and unfavorable societal response 
to this potentiality, and (c) geologic information; 
(3) this new information will be at a much more gross 
scale than that generally used to digitize land use and 
wetlands information; (4) it can, as a result, most use­
fully be provided to interested parties in the form of 
areas graphically delineated on USGS topographic base 
sheets; and (5) the grid placed on the LEES maps should, 
therefore, be designed to serve the internal needs of 
the Coal Resources Survey. 

ii. Design. Each of the USGS 7 1/2 minute series base maps 
was divided along its vertical dimension into ten equal 
sections and along its horizontal dimension into six 
equal sections. This serves as the basis for division 
of each sheet into sixty rectangular cells. Because 
lines of longitude converge in a northerly direction, 
it will immediately be observed that these cells can­
not be precisely of equal area. However, in the study 
area, which extends over 45 minutes of latitude, the 
variation in cell size is 0.0086 square miles or 0.92%. 
Given the purposes for which it is intended, the 
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convenience and simplicity of the LEES grid system 
more than balances this loss of accuracy, 

Each of the rectangular cells has a 
dimension of 45 seconds of latitude 

of 

vertical 

equal to ..-v0.86 
75 seconds of miles and a horizontal dimension 

longitude equal to ./l/'l. 08 miles. 
cell is ,..,,,Q.93 square miles. 

The area of the 

For digital storage and retrieval a standard 
coordinate system with an origin outside of the 
study area will be used. For field work and in­
ternal communication during the study, a less 
opaque numbering system is employed. Each quadrangle 
is given a one or two~letter code baseq on its name. 
For example, the Assonet quadrangle is coded "AS." 
Refer to Figure 5-6 for a full list of the codes em­
ployed. The horizontal divisions of each map are 
numbered, left to right, from Oto 5. The vertical 
divisions are numbered, top to bottom, from Oto 9. 
Each cell can now be given a unique two-digit desig­
nation, the first digit referring to the horizontal 
location and the second to the vertical location. 
Combination of the letter code and two-digit cell 
designation results in the unique identification of 
every grid cell within the study area. Refer to 
Figure 5-7 for a graphic explanation and example. 

iii. Application to Geologic Mapping 

The reference grid has been used to catalog all 
geologic information for the quadrangles in the 
Basin. Location points for the data are plotted on 
quadrangle maps, and each location is assigned a 
number corresponding to the grid cell. Actual measure­
ments and other information for each location are 
catalogued on the basis of this numbering. 

The information that has been tabulated in this form 
is: (1) Outcrops (presently existing and historical); 
(2) coal sightings; (3) floral localities; and 
(4) boreholes, wells, and Narragansett Basin Project 
drillholes. 

Each locality is assigned the cell number plus an 
identifying number within the cell. Thus, AS55-6 
is the sixth locality (outcrop, floral locality, 
etc.) in Cell 55 of the Assonet Quadrangle. 
Separate catalogs for the different types of in­
formation have been prepared, using the identify­
ing number and listing the important data. An 
example of this is shown as Figure 5-8. 
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The usefulness of this system is in referencing specific 
points within a quadrangle. The unique numbering system 
allows for exact location of any data point once the 
system is known. Also, the system grants great ease in 
adding new material. Each new data point is assigned a 
number based on the grid cell system. Thus, data points 
within the square mile cell have the same identifying 
number. It must be noted that data points within the 
grid cells are numbered somewhat arbitrarily. 

The grid system makes graphic reduction of quadrangle 
maps an easy process. Quadrangle maps are very awkward 
to use; the geologic information is not easily displayed 
at this scale. For the Narragansett Basin Project, each 
quadrangle has been reduced to a page-:3ize (l" = 4500'; 
1:54000) map. See Figure 5-9 for an example. At this 
scale, graphic presentation is manageable. 

The grid system is an excellent tool for mapping in an 
area. The reduced-size quadrangle maps immediately show 
which areas have no geologic information and therefore 
which areas need close field examination. New outcrops 
can be easily catalogued, and information which has been 
compiled previously can be added very easily. 

It is important to note that the size of the unit cell 
is important for geologic mapping. The 1 square mile 
cell is used for the Narragansett Basin which has 
limited outcrop. Other areas may use a different size 
grid cell. 

Other important features of this system are the computer 
applicability and the relationship with nongeologic data. 
The systematic data cataloging allows easy transfer to 
computer storage and maps can be produced using the grid 
system. All data which has been compiled with the system 
in mind and any map which has a grid superimposed may 
be used with the geologic maps. Comparison of these 
different types of information is made easier by the 
grid system. 

e. General Comments on the Character of the LEES Maps and 
Future Sources of Information 

i, Character of the LEES Maps. The Basin Border and 
political boundaries are clearly delineated and re­
quire little discussion. Map information stops at 
the Basin Border, chosen as a rational limit for the 
current study. Development of coal resources extend­
ing under the surrounding non-Pennsylvanian terrain 
or right up to the Basin border will obviously im­
pact areas adjacent to the Basin, either directly or 
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indirectly. Should geologic information suggesting 
this eventuality appear, the current study area should 
be extended. 

Developed lands are mapped on the basis of Macconnell 
air photo interpretation. The LEES maps, therefore, 
identify land use rather than ownership. This is ad­
vantageous if the maps are used to determine actual 
land use, but disadvantageous if they are applied 
directly to the problem of property acquisition, 
which should be addressed by future mine developers. 
Surface mining is carefully mapped, allowing advan­
tageous coordination with ongoing geological investiga­
tion as well as a useful reference point when the im­
pact of mining in the region is discussed. Wetlands 
mapped represent a usable and basically sound picture 
of wetlands in the area. Except in Rhode Island, how­
ever, they are not discriminated as to type and will 
have expectably imperfect correspondence to forthcom­
ing township wetlands maps. Ground Water Resources 
and Well Protection Areas can only be suggested at 
this early stage in their evolution. In this regard 
the LEES maps indicate an existing environmental and 
engineering factor and anticipate a forthcoming legal 
barrier. 

ii. Future Sources of Information. The Massachusetts 
Department of Environmental Management is currently 
producing a series of orthophotographic maps in con­
junction with the Wetlands Restriction Program. 
[See Section l(a) (vii), Mapping Rationale (Wetlands), 
for a discussion of this program.] The maps covering 
the Massachusetts portion of the Basin will rely upon 
"leaves-off'' aerial photographs planned for April 1978. 
Although interpretation of these photos will not ex­
tend beyond wetland identification, they remain a 
valuable and up-to-date source of information for 
future studies. 
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2. Manual Application of the Maps 

a. Approach to Site Selection 

i. Normal Development Sites. It was necessary to establish 
what, from a Legal-Economic-Environmental-Societal view­
point, constitutes a site favorable for development of 
an underground mine. The following preliminary criteria 
are suggested: 

Potential sites should be reasonably equant 
in shape with a simple, regular outline. 

Given typical coal reserves, the minimum ac­
ceptable size for a potential site should be 
in the range of four to five square miles. 
Allowing for exceptional reserves, a question­
able lower limit of three square miles can be 
applied. 

Potential sites should be located so as to 
interfere minimally with existing land use 
and resources. 

This final point requires some expansion. The informa­
tion on the LEES maps may be translated into the follow­
ing obstacles to mine development: 

Small lot sizes and consequent large number 
of land owners. 

Substantial investment in property and land 
development necessitating either purchase or 
the assumption of large liabilities by mining 
interests. 

The possible need to displace people from their 
houses or relocate nonresidential facilities. 

The potentially negative response of area resi­
dents to alteration of their immediate environ­
ment. 

The environmental and legal ramifications of 
either intentional or potential alteration 
of wetlands or ground water recharge areas. 

Potential depression of the water table in 
areas relying on public and private wells. 

The engineering problems associated with min­
ing under areas with wetlands, open water, 
or high rates of surface infiltration by 
meteoric water. 
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Given the criteria of site size and shape, the LEES 
maps readily demonstrate that no potential sites 
completely free of these problems exist in the study 
area. 

From the preceding considerations, the following ap­
proach to site selection was evolved and applied: 

Detailed visual inspection of the maps was 
carried out to locate areas of the appropriate 
size with the least amount of implied 
problems; 

The suggested sites were graphically delineated; 

The site area and LEES map information were 
carefully quantified and tabulated; and 

On the basis of this data a rating scheme in­
dicating relative site favorability was de­
veloped and applied. 

These sites are referred to as "Normal Development 
Sites." The LEES maps contain no geologic information 
other than the delineation of the Basin border. Site 
selection is made without regard for geologic favor­
ability. In this fashion an information base is 
established which remains readily applicable as geologic 
interpretation changes in response to new data and ideas. 

Note that for purposes of synthesis of information, both 
geologic and LEES data are combined. It is only for 
isolated analyses that the geological data are put aside 
for this section of the report. 

Once a site is identified and analyzed, the final ques­
tion to be addressed is: "How feasible is the develop­
ment of a coal mine on this site?" The question may be 
answered by combining the quantified LEES data with 
several additional types of information. For example, 
the geologic situation of the coal enables estimation 
of the expectable character and severity of subsidence. 
This combined with the LEES data enables cost estima­
tion of probable property damage and subsidence con­
trol measures, as well as adverse environmental ef­
fects. The data may also be used to develop a rough 
estimate of expenses for compensation and relocation 
of area residents where necessary. This can be com­
bined with economic information on extractable re­
serves, cost of extraction, and current prices to de­
termine the economic viability of a mine development. 
Finally, in soliciting local societal response to the 
prospect of mining, the data enables the interviewer 
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to make specific, quantitative statements about the 
disruption which must be tolerated before mining can 
proceed. 

ii, Wetland Development Sites. The ubiquitous occurrence 
of wetlands in the Basin requires that they be given 
some special consideration. In a number of areas the 
existence of wetlands has virtually precluded land de­
velopment and will continue to do so over extensive 
areas, some as large as ten square miles. Expectably, 
the number of individual property owners in a wetland 
area would be small. If any one of the following 
three conditions can be met, mining under wetland 
areas should be possible: (1) Existence of an appropri­
ately strong and impervious rock layer between the wet­
land and the coal reserve; (2) existence of thick de­
posit of impervious clays underlying the wetland; or 
(3) the wetland can be drained during mining and ap-
propriately restored at the close of operations. 

At the present time information is inadequate to assess 
the technical feasibility of this mining concept. In 
order to quantify the potentials inherent in the wet­
land approach, a secondary set of "Wetland Development 
Sites" were identified based on the concept of wetland 
favorability. The criteria used in choosing these 
secondary sites were those discussed earlier, with 
these exceptions: (1) Wetlands were regarded qS de­
sirable; and (2) the tolerance levels for developed 
lands were approximately halved. 

A small degree of overlap between normal and wetland 
development sites occurred. As the desire was to 
analyze the potentials of each mining concept separately, 
this was not regarded as a problem. 

iii. Auxiliary Sites. When a site was identified, adjacent 
areas, of clearly inferior desirability and often too 
small to be acceptable as independent sites, were 
noted in some instances. These were identified as 
"Auxiliary Sites," the concept being that should de­
velopment of the primary site occur, then extension 
into the adjacent less desirable area might be 
feasible, but not otherwise. 

b. Methodology 

Just as in Section l(c), Mapping Procedure and Accuracy, the pur­
pose of this section is to facilitate ready application of the 
methodology elsewhere and permit frank estimation of accuracy. 

i. Site Search. A simple but effective graphical solu­
tion to this problem was obtained. Three circles 
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having areas respectively of three, four and five 
square miles were cut through separate sheets of dark 
cardboard. These ''windows" were used to scan repeatedly 
the entire study region in a search for areas presenting 
the least degree of ''obstacles'' as defined pn,viously in 
Section 2(a), Approach to Site Selection. 

ii. Site Identification. As favorable areas were recognized, 
a transparent mylar was overlain and affixed. An ap­
propriate perimeter was drawn. Irregular and indented 
outlines were deemed unacceptable both because they would 
yield unrealistically favorable data and were not ac-· 
countable to the reasonable requirements of mine engineer­
ing. Tic marks were placed on the overlay at the inter­
section of all LEES grid lines within the site, One grid 
cell on each LEES map covering a part of the site was 
identified by the in-house letter-number code. Refer to 
Section l(d), LEES Reference Grid, for a description of 
the grid numbering code. Each site was named for the 
USGS quadrangle in which the greatest part of its area 
fell, followed by a number to permit discrimination of 
sites within a single quadrangle, as, for example, 
Norton 1, Norton 2, etc, All sites were numbered, even 
if only one was present. Auxiliary sites took their 
name from the adjacent primary site with the suffix 
"aux" added. Where two or more auxiliary sites occurred 
adjacent to a single primary site, they were discriminated 
by the addition of a lower case letter, as, fqr example, 
Attleboro 1 aux a, Attleboro 1 aux b, etc. Wetland de­
velopment sites were identified in the same fashion, ex­
cepting only that drafting paper patterned in green 
with a 45-degree line was used for visual distinctness, 
and the site number was preceded by the prefix WL, as, 
for example, Taunton WL 1, Taunton WL 1 aux, etc. 

iii. Quantification and Tabulation of Site Data. The follow­
ing items were measured and recorded for each site: 
(1) Total area; (2) total area classified as "Highly 
Developed" (HD); (3) total area cl,assified as "Moderately 
Settled" (MS); (4) total area classified as "Lightly 
Settled" (LS); (5) total area classified as Wetlands 
(active cranberry bogs and open water were included in 
the measurement of Wetlands); (6) total area designated 
as,well protection area or identified as a signifi-
cant recharge area. 

Measurements were made using a simple dot grid, and the 
majority were recorded in both square miles and acres. 
Refer to Appendix E for explanation of the dot grid 
and its use. Public-Industrial supply wells, both 
within and immediately adjacent to sites, were noted 
along with output data. Any unusual characteristics 
were commented upon. 
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The data collected was assimilated in tables which are 
reproduced in Section 2(c), Results - Potential 
Development Sites. All LEES information measured was 
expressed as a percentage of total area. Additionally, 
the three "Developed Lands 1' categories were summed 
and likewise expressed as a percentage of total area, 

iv. Site Rating. A simple relative scheme for site rat­
ing was developed. It should be stressed that it is 
based·almost entirely upon quantified LEES data. It 
does not reflect visual assessment of sites, loca­
tion, societal favorability, geological favorability, 
or field inspection. Different schemes were used for 
normal and wetland development sites. 

The following procedure was applied to normal develop­
ment sites: 

The percentage of the site area occupied 
by "Developed Lands" (HD, MS, and LS) was 
multi plied by 3. 

The result was added to the percentage 
of the site area occupied by "Wetlands" 
(WL). 

A preliminary rating was given according 
to the scheme below: 

Rating %(HD+ MS + LS) X 3 + %(WL) 

A Less than 16 
B Less than 20 
C Less than 30 
D Greater than or 

equal to 30 

Sites falling close to the arbitrary 
boundaries defined above were moved up or 
down one letter on the basis· of ground water 
problems, special features, or sub-standard 
size. 

The rating categories are strictly arbitrary, de­
signed only to organize the sites into convenient 
groups for comparison. 

Wetland development sites were rated strictly on 
the basis of percentage of site area occupied by 
"Developed Lands." The ratings carry the follow­
ing significance: 
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Rating 

A 

B 

C 

%(HD+ MS+ LS) 

0.0 to 1.6 
1.6 to 3.4 
Greater than 3.4 

Again adjustment was made to reflect special site 
features and problems. 

The data accumulated for each rating category in 
both normal and wetland sites was summated and 
average character was calculated. The normal and 
wetland rating categories were themselves summated 
and averaged to yield total area and average char­
acter for normal sites, and separately, .the same 
information for wetland sites. 

c. Results - Potential Development Sites 

i. Normal Development Sites. A total of twenty normal 
development sites and five normal auxiliary sites 
were identified, having a total area of 112.5 
square miles. Tables 5-1 and 5-3 present site 
analysis in tabular form. Table 5-4 defines the 
favorability rating scheme which was applied. If 
developed land in the range of 3 to 5 percent of 
total site area and wetlands on the order of 10 
percent of total s:i.te area prove to be surmount­
able obstacles, then extensive lands suitable for 
mining development exist within the Narragansett 
Basin. 

Figure 5-10 shows the locations of the identified 
potential development sites. 

ii. Wetland Development Sites. A total of eleven wet­
land development sites was identified, having a 
total area of 59.1 square miles. Of this, 4.56 
square miles are coterminous wit~ normal develop­
ment sites. Tables 5-2 and 5-3 present site 
analysis in tabular form. Table 5-4 defines the 
site rating scheme which was applied. If mining 
under wetlands is feasible, then the total area 
with a potential for mine development within the 
Narragansett Basin is increased by 50 percent. 
In comparison to normal sites, wetland sites 
generally exhibit larger sizes and lower degrees 
of development. 

In terms of geographical distribution, wetland 
sites occupy the interior of the Basin and the 
southeastern corner in Massachusetts. Very im­
portantly, wetland sites occupy portions of the 
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SUMMARY OF POTENTIAL DEVELOPMENT SITES ANALYSIS 

NORMAL DEVELOPMENT SITES 

Rating Area % Developed Land % Wetlands 
(No. of Sites) Sq. Mi. RANGE AVERAGE RANGE AVERAGE 

A (6) 25.30 0.4- 2.9 1.69 2.9-13.3 6.6 

B (6) 32.55 1.8- 4.8 3.16 2.1-14.3 9.3 

C (8) 36.78 3.6- 8.8 5.17 0.8-10.8 7.9 

D(5) 17.88 5.5-11.0 7.23 Q.0-13.9 9.8 

(25) 112.51 0.4-11.0 4.13 0.0-14.3 8.3 

WETLAND DEVELOPMENT SITES 

Rating Area % Developed Land % Wetlands 
,{No. of Sites) Sq. Mi. RANGE AVERAGE RANGE AVERAGE 

A(4) 29.10 o.o- 1.6 1.21 25.5-63.0 48.9 

B(5) 21.06 0.5- 3.4 2.42 ' 25.9-59.3 47.5 

C (2) i 9.00 3.9- 4.8 4.45 37.1-70.5 57.6 
! 
I 

(11) 59.16 o.o- 4.8 2.19 I 25.5-70.5 49.7 

Table 5-3: Tabular summary of LEES site analysis showing the results obtained 
using both the "normal" and "wetland" concepts of favorability. 
There is an overlap of 4.6 square miles between the "normal" and 
"wetland" type sites. 
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Letter 

NOR.MAL DEVELOPMENT SITES 

Numerical Rating=% of total site area classified as 
"Developed Lands" (HD - MS - LS) 

Rating A 

B 

C 

D 

X multiplied times 3 

to which is added the% of total site 
+ area classified as "Wetlands" 

-
= 

-
-

Resulting number used as basis for 
letter rating. 

Numerical Rating <. 16 

16 5.. Numerical Rating < 20 

20 < Numerical Rating < 30 

30 < Numerical Rating 

Adjustments of letter grades falling near the defined b~undaries were 
made to reflect site size, occurrence of water resources, location of 
municipal-industrial supply wells, and the character of land develop­
ment. 

WETLAND DEVELOPMENT SITES 

Letter Rating Only A _ "Developed Lands" ·~ 1. 6% Area 

B - 1. 6% Area < "Developed Lands" < 3. 4% Area 

C 3. 4% Area <: "Developed Lands" 

Adjustments were made to reflect site size and special problems such 
as large bodies of open water, 

TABLE 5-4: Explanation of Site-Rating Schemes 
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Basin where normal sites do not occur. Figure 5-11 
shows the locations of the identified wetland devel­
opment sites. 

d. Selection of Exploratory Drilling Sites 

On the basis of the LEES analysis and the above observations, 
the following represent the goals of exploratory drilling from 
a strictly LEES point of view: 

i. Determine if coal reserves exist at sites with de­
velopment favorability. 

ii. Determine if a geological dichotomy exists between 
the interior as opposed to the more external por­
tions of the Basin. 

iii. Examine the surficial and bedrock geology in wetland 
areas to determine the technical feasibility of sub­
surface mining. 

Preliminary selection of drilling sites was accomplished in 
the following manner: 

i. A single reference map showing the locations of both 
normal and wetland type sites was prepared. 

ii. An overlay showing the locations of areas favorable 
for subsurface exploration from a geologic point of 
view was prepared. 

iii. The two were combined, and all areas of overlap were 
identified. These areas were given first priority 
for on-site inspection, mapping, and drill site loca­
tion. 

Figure 5-12 is a composite map with the areas of overlap 
identified. 
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3. Computer Application of the Maps 

The foregoing material represents efforts in accordance with the 
contract work statement to synthesize manually at quadrangle map 
scale relevant nongeological data for interpretation of the de­
sirability of exploring particular areas within the Narragansett 
Basin. 

As this project proceeded, it became evident that for purposes of 
consistency and completeness, an ideal methodology for synthesis 
of all data would be the utilization of a computer program which 
evaluated both LEES and geological criteria, thus resulting in 
a map which could show on a square mile by square mile basis the 
desirability of exploring based upon both kinds of criteria. 

A computer program (Appendix H) was prepared for this purpose. 
It was first made operational by the author on a personal micro­
computer and then was adapted to the Boston College PDP-11. The 
original microcomputer model was presented in June 1978 at Weston 
Observatory. This program depicts the Narragansett. Basin using 
alphanumeric characters to represent. every square mile within 
the Basin. Each character represents an evaluation of land 
usage and/or geological parameters for every square mile. The 
program can use the result of the several years of ongoing re­
search and analysis within the area, and provides the user the 
opportunity to place varying levels of significance, or weights, 
on each of eighteen different. criteria. 

This program actually resembles a cost/benefit analysis in that 
there are known negative and positive factors which the user can 
emphasize individually or de-emphasize to present new opportunity 
maps. The negative factors are referred to as LEES (Legal, 
Economic, Environmental, and Societal) barriers. By definition, 
any significant impact by a LEES factor operates appropriately 
on the analysis, thereby changing the relative attractiveness 
for development purposes of any squ2Ye mile accordingly. 

These LEES factors include: 

Inland Wetlands: The calculated surface area of wetlands 
described and defined by either state or local govern­
ments, which impose certain development restrictions; 

Coastal Wetlands: The same as above, except that they 
refer to certain coastal areas; 

High Density Development: The calculated surface area 
of commercial, industrial and municipal development. Also 
includes residential development on lots of one-half acre 
or less; 
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Medium Density Development; The calculated surface area 
of residential development only, on lots of one-half to 
one acre; 

Low Density Development: The calculated surface area of 
residential development only, on lots of one to three 
acres; 

Fresh Water: The calculated surface area of bodjes of 
water that are totally or predominantly fresh water; 

Ocean Water: As above, except that the bodies of water 
are totally or predominantly salt water; 

Surface Mining: The calculated surface area.of previ­
ous mining activities conducted mainly at surface level, 
such as gravel pits, quarries, etc. (This in reality 
is a positive factor, since the existence of present 
surface mining suggests the acceptability of coal min-
ing.) · 

Town Wells: The calculated surface area of town wells, 
although no approximation of subsurface area is made; 

Groundwater Reserve: The calculated subsurface area 
which provides a source of water to communities, This 
is the only LEES criterion that is not mutually ex­
clusive, and commonly does occur as a subsurface condi­
tion underneath another, identified and calculated 
surface usage. 

These criteria, as noted above, indicate the surface area of land 
used in a developmental sense. In other words, the absence of 
entries within these LEES criteria does not mean the absence of 
land, but rather the presence of undeveloped, unfettered land. 
As seen in this analysis, any square mile of undeveloped land is 
seen as neutral, and each entry under a LEES criterion, repre­
senting a physical or societal barrier to development making 
that square mile more negative, respective+Y· 

With the exception of Groundwater Reserve, the LEES criteria can 
combine to equal, but never exceed, the total surface area of the 
square itself. The Groundwater Reserve subsurface usage, when added 
to the analysis, can result, theoretically, in a square which is as 
much as 200 percent negative. 

The positive factors are the Geological ones, and these include: 

Previous Coal Mining Activity: Has coal ever been mined 
in the area? 

Recent Drilling Activity: Has drilling been done recently, 
and are the results negative or positive? 
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Recent Field Research: Has field research been done, 
and are the results negative or positive? 

Non-Pennsylvanian Formations: Is there evidence of 
other non-Pennsylvanian rocks or Granite Basement? 

Evidence of Metamorphic Grade Rock: Is there evidence 
of metamorphic grade rock, and if so,. is it biotite, 
chloritoid or subchloritoid? 

Structural Complexity: What is known of the structural 
complexity of the area? 

Depth of Coal: What is the depth or average depth at 
which coal is found? 

Dip of Rock: What is the general dip of the rock of 
the area? 

Understanding these criteria, the map user is now ready to choose 
the appropriate weights for each criterion and input them in the 
following format, which automatically appears as the program is 
operated: 

LEES WEIGHTS 

Inland and coastal Wetlands ? 
High, Medium, and Low Density 

Development ? 
Fresh and Ocean Water Body ? 

Groundwater Reserve and Town Well? 
Surface Mining and Previous Coal 

Mining 

GEOLOGICAL WEIGHTS 

Previous Coal Mining 
Drilling Activity and Field 

Research 
Non-Pennsylvanian Formation, 

Metamorphic Analysis and 
Structural Complexity 

Depth and Dip 

? 

? 

? 

? 

? 

These criteria are grouped according to similarities, the first 
ten being the LEES and the last eight being Geological entries. 

There is no single ''correct" weight to assign to any criterion. 
There is, however, a desirable range which should be kept in mind 
prior to running the program. The LEES and Geological sides are 
balanced, so that variation of any weights will be reflected on 
a new map. In order to achieve a full range of map values, the 
weight of ten (10) may be given to each factor selected to be 
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represented. In other w9rds, if the map user wants the most 
sensitive, responsive analysis of a criterion, covering the full 
range possible, then the weight of ten (10) should be assigned. 
A weight much greater than ten shows the range to the extreme 
end, either positive or negative. A weight much less than ten 
reduces the impact of the factor, and tends to reduce contrast. 

The map generator, therefore, can choose any weight for each 
criterion to reflect interest in any area. The participant may 
assign a weight of any size, positive or negative. The program 
is set up so that it automatically assigns a negative value to 
the LEES factors and weights, with the exception of surface min­
ing, and a positive value to the Geological factors and weights. 
Therefore, if the user feels that a LEES criterion is not really 
negative but actually a positive factor, then the impact can be 
reversed under LEES by assigning a negative value to that in­
dividual criterion. For example, if surface mining for some 
reason is considered to be a negative aspect, then it can be re­
moved from the negative LEES side by assigning it a negative 
weight. Normally, it will be positive. To eliminate a criterion 
from evaluation, merely assign a weight of zero. Figure 5-13 il­
lustrates the balancing concept of this technique, yielding coded 
weights used for map content. 

Each map run will cover the area depicted in Map 1, Figure 5-14A, 
which indicates which USGS quadrangles are involved, the bold out­
line being the perimeter of both the Basin and the map. Superim­
posed on the maps will be a grid system utilized for easy identifica­
tion of individual squares and easy update of the data files. 

Map 2 (Figure 5-14B) represents a full-range composite map, demon­
strating total interaction of all the test criteria. In this case, 
geological factors have been set to average 0.1 artificially, in 
order to show the nature of balance achievable when better geologi­
cal data are available. At the bottom of each map is a key which 
is self-explanatory. When running a map of LEES considerations 
only, the negative symbols reflect the negative impact of non­
geological considerations in increasing increments, a minus sign 
(-) being a minor impact and a darkened square ( [;] ) being a 
major impact. When running a map considering geology only, the 
positive symbols reflect probability of coal, with an asterisk be­
ing an absolute coal siting, or previous mining activity. A fur­
ther explanation of entries and scales is in Table 5-5. 

Appendix I indicates the computer files in which the data for each 
square may be found, for verification or update purposes. 
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TABLE 5-5 

Factors and Scales 

Cl Inland Wetlands C6 Fresh Water Body 
(O - 400) (O - 400) 

C2 Coastal Wetlands C7 Surface Mining 
(O - 400) (O ·- 400) 

C3 High Density Development C8 Grouqdwater Reserve 
(0 - 400) (O ··· 400) 

C4 Medium Density Development C9 Town Wells 
(0 - 400) co·- 400) 

cs Low Density Development ClO Ocean Water 
(0 - 400) (O - 400) 

Gl Previous Coal Mining Activity GS Metamorphic Analysis 

0 = No 0 = No 
1 = Yes -.1 = Subchloritoid 

~.5 - Chloritoid 
-.9 = Bfotite 

G2 Drilling Activity G6 Structural Complexity 

0 = No 0 = Don't Know 
1 = Yes + Coal Found ..,,5 = Complex 

-.2 = Yes No Coal .s = Simple 

G3 Field Research G7 Depth 

0 = No 0 = Unknown 
1 = Yes .1 = 0 - 200' 

-.2, -.s = Negative Signs .2 = 200 - 400' 
. 2' .5 = Positive Signs .s = 400 - 800 1 

-,2 = 800+' 

G4 Non-Pennsylvanian G8 Dip 

0 = No 0 = Unknown 
-1 = Yes .1 = 20 - 50° 

.2 = 0 - 20° 
-,2 = 50 - 90° 
-r. 3 = Variable 
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Follow-Up Investigations in Drillsite Areas 

In order to begin to evaluate site specific potential nongeological barriers 
to mining, visits were made to the offices of the four towns in which drilling 
has taken place under this contract: Plainville, Massachusetts, Seekonk, 
Massachusetts, Norton, Massachusetts, and Portsmouth, Rhode Island. Table 5-6 
relates the geographical location to the computer file data currently used, and 
may be compared to Table 5-7, showing earlier map-developed criteria, particu­
larly relative to high, low and medium development. 

In the case of each visit appropriate town maps were identified and are refer­
enced herein so that subsequent research can be initiated from the point where 
the current efforts terminate. 

1, Plainville, Massachusetts 

In the case of Plainville the maps contained in the town records 
were synthesized into a single map for analytical purposes. This 
area contained 2.4 square miles and contains 383 lots in the area 
surrounding the drill hole, located in the Masslite Quarry. 

Table 5-7 illustrates the summary figures for Plainville, indicat­
ing that in the area of 2.4 square miles, or 1,540 acres, there is 
an average of 160 lots per square mile. The implication of this 
number is that for a potential mine of one square mile area located 
in the site of the Plainville drill hole area, negotiations would 
have to be conducted with the owners of that many lots. It ap­
pears clear that not all of the lots are necessarily owned by dif­
ferent people or corporations; however, the negotiations which 
would have to be conducted for a mine of one square mile in sur­
face area would approximate that number. 

2. Seekonk, Massachusetts 

In Seekonk town maps numbered 27, 28 and 35 were examined, the drill 
hole being located within the confines of Map No. 28. Analysis of 
these maps shows that a total of 2,646 acres, or 4.1 square miles, 
are contained in the area around the drill hole. In the same area 
contained within the three maps, a total of 280 numbered lots have 
been identified. Therefore, an average of 68 lots per square mile 
have been identified for Seekonk. In a manner similar to that dis­
cussed above, this number is an indication of the number of negotia­
tions which may be required in order to mine in this area on the 
basis of a potential mining area of one square mile. 

Further, in Seekonk on town Map 35 a parcel of slightly over 61 
acres is identified to be owned by the Caratunk Wildlife Refuge 
Trust, Trustees. This parcel may be unique in presenting an addi­
tional barrier to potential mining beneath. In 1'1ap No. 28 
Lot 29 is also owned by the same trust and totals slightly over 
37 acres. 
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1LEES 
1--

Criteria 

~~o~:;~1 w~:ti~~d 
f _ _I:!igh __ Dev'. 
· Medium Dev. 
L_],?~ Dev. 

Fresh Water 
i----- .. ' 

: Ocean_Water 
i Gr9und _W~ter __ .. _ 
; Town Wells --~------... -···---•--~- -···---- ·•· ~-·-·-·-

Stri,E Mining Now 

;GEOLOGICAL 

1lf l6 7 ----- -r-·-- "#168 __ , __ 
Plainville Norton 

I 

X = 12 X = 23 
Y = 18 Y = 23 
File #1 File #5 

Area= 266 ! Are~= 400 - . ·--·--·------·---------i--,---·· ·-•-'"----------· - .. 

8 
0 
0 

is 
3 

4 
20 
25 
'0. 

61 
0 

17 
0 
0 
0 
0 

160 ··---- -----·-·i···-·- ··----- •-· -··:---·-
· ,s- ----

TABLE 5-6 

---· #176----·--r-· ---#1.81 ----·----- I 

Seekonk : Portsmouth 
X = 14 X = 16 
Y = 29 

Fqe #4 
A:i;-ea = 400 

+04 
0 

39 
15 

0 
0 

Y = 55 
File #9 

Area= 400 

16 
0 

42 
5 
8 

76 

DRILL HOLE LOCATIONS AND FILE DATA 
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Sq. 
Town Lots Acres Mile 

Plainville 1 383 1,540 2.4 
Seekonk 27 174 

28 79 2,646 4.1 
35 27 

Norton 18 144 
19 196 
24 58 2,668 4.2 
25 80 

'...,.._~,- ~-·~··· -- . ' 
. 55)55A Portsmouth 130 

56 46 1,836 2.9 

' 60 26 i-·-···-·- ... ---"· -··--

I SUMMARY 1,343 8,690 13.6 
------- ···--- ... --+·-·-···--· -, . -·•. ·------ ..... '-· ··--- .. --.--~-- ... ~-.. -- .. 

TABLE 5-7 

SUMMARY SHOWING ACRES, SQUARE MILES, 
AND LOTS/SQUARE MILE IN DRILLSITE AREAS 
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3. Norton, Massachusetts 

In Norton a total of four town maps in the area of the drill hole were 
examined. These maps indicate a total of 2,668 acres, or 4,2 square 
miles, and show a total of 4 78 numbered l.ots, 'rhe average lot density 
is therefore 114 lots per square mile. 

Within the area examined in Norton is Winnecunnet Pond, which covers 
an area of 143 acres. There are other large parcels, including 
one shown on Map No. 25 totalling 302 acres which belongs to the 
Commonweal th of Massachusetts and is Dever ~cho0l p:roperty. Off­
setting these and other large parcels are numerous small residential 
parcels. 

4. Portsmouth, Rhode Island 

In Portsmouth a total of three major maps were examined, including 
Map SSA, which details part of Map 55. 1he area contained within 
these maps totals 1,836 acres, or 2.9 square miles. Within this 
area are contained 202 lots, accounting for an average of 70 lots 
per square mile. 

Significant on these maps is the fact that a majority of the lots 
identified on Map 55 are owned by both the u. ~. Government and the 
Roman Catholic Archdiocese of Providence. 

The final line of Table 5-7 indicates a summary which shows that of the 
towns and maps examined a total of 1,343 lots were identified in an area 
of 8,690 acres, all surrounding the drill holes which w~re prqduced for 
this contract. A total of 1,343 lots in 13.Q square miles averages 99 
lots per square mile for the areas examined. 

As subsequent research in the Narragansett Basin in the area of non­
geological mining considerations, a similar approach will be certain to 
identify lot per square mile densities different from those identified 
above. It appears likely, however, that as additional research is con­
ducted in less populated areas, the number will drop significantly. De­
pending on the potential resources identified, moreover, it may be that 
areas of higher density can hold considerable attraction. 
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Chapter 6 

THE EXPLORATION PROGRAM 

by 

James W. Skehan, S.J., Daniel P. Murray, Jonathan D. Raben, 
James W. Ring, S.J., Robert Bouchard, Peter A. Rushworth and 
George Cutter 

Introduction 

The program during the initial NSF phase of the Narragansett Basin Project 
consisted of a broadly based reconnaissance geological study, and core drilling 
of 24 holes for a total of 17,900 ft., downhole geophysical logging (by the U.S. 
Geological Survey), analysis of coals (by the U.S. Bureau of Mines and the 
U.S.G.S.), and the identification of LEES factors of potential importance to 
considerations of mining. 

The program proposed by Weston Observatory for the BOM Phase of the Project 
was a drilling effort of about 40 holes and related geophysics exploration and 
a supporting LEES component. In negotiations with BOM officials, this proposed 
plan was modified to consist of Phase 1 and Phase 2. Phase 1 was to consist 
of continuing geological activities, an analysis of the Basin and its component 
parts from the LEES point of view, and a drilling effort consisting of four core 
holes. Phase 2, contingent on the results of Phase 1, is planned to consist of 
the drilling of some 20 drillholes and related geophysics with continuing but 
supporting LEES analysis from March, 1979 to March 1980. 

Geological Studies 

During Phase 1 - BOM certain transition activities from the NSF phase were 
carried out. During the NSF phase, the core had been logged in a preliminary 
way. In the course of this phase, however, it became clear that an improved 
core logging scheme was necessary if we were to properly evaluate the relevant 
data on sedimentation, stratigraphy, structure, and metamorphism of coal and 
rock. This core logging scheme, developed during the NSF phase, was applied to 
the BOM Phase 1. The method and preliminary results of logging in the early 
part of the BOM Phase 1 were presented in Skehan and Murray, eds. (1978). 

Geological data has been collected in a systematic way in the Narragansett 
Basin since Jackson (1840) and Hitchcock (1841), who did reconnaissance studies 
of the geology of Rhode Island and Massachusetts respectively. Geological 
observations on a wide range of bedrock data have been recorded by a number of 
geologists over the years and we have undertaken a systematic mapping and 
recording program as a fundamental part of our geological studies. Geological 
science has undergone a rapid evolution on many fronts over the past several 
decades. This evolution of its theoretical principles as well as practical 
applications mean that observations recorded by earlier geologists or even by 
peers must be reexamined and may be subject to reinterpretation depending on 
the area or areas of expertise represented by the observer. 
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Thus, for each 7.5' quadrangle, a compilation of all available field data 
has been prepared that includes: 

1. Outcrop location 

2. Type of data (e.g., lithology, strike and dip, structural, 
mineralogical, paleontological, etc.) 

3. Source of data 

A grid system was also developed to expedite retrieval of outcrop data and 
to provide data in a coordinate system compatible with that being used in the 
LEES investigation, both of which are computer compatible. A description of 
the Coordinate System and an example of the data acquired for one quadrangle 
(Norton 7.5' quadrangle) are presented in Appendices A and B. 

The data compiled for each quadrangle and the results of regional studies 
were used to define general areas which on the basis of present understanding 
of the Basin are considered likely to contain coal. Maps showing these areas 
have been continually updated with the results of field work of our own staff 
and of other individuals. 

These geological maps, which we have prepared, show that there are large 
tracts for which there is no geological information as well as large areas for 
which there is only limited data. The planar and linear nature of some geolo­
gical data (such as that on faults and fold axes respectively) allows the 
geologist to extrapolate data from the place of observation to nearby places 
where there is limited data or no outcrop. Where the geology is simple, this 
may be done over larger distances, possibly miles. In the case of the complex 
Narragansett Basin, however, the distances over which extrapolations may rea­
sonably be made is very limited and depends on the specific geological feature 
in question. 

Results of several aspects of geological studies have been summarized in 
Chapter 2, Structural Geology; Chapter 3, Metamorphism; and Chapter 4, Coal 
Petrography, Chemistry, Rank and Stratigraphy. 

Drilling Program 

Geologic considerations for the selection of drillsites included: 

1. The reported or observed presence of coal in that part of the 
stratigraphy being considered. 

2. Stratigraphic, sedimentologic and structural characteristics 

3. Metamorphic grade; because of the limited extent of proposed 
drilling, sites of low metamorphic grade were given priority. 
Questions concerning metamorphism at Cranston during Phase 1, 
for instance, precluded drilling. Recent information (Gray and 
Raben, 1979c) would make Cranston a priority drillsite in 
BOM Phase 2. 
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4. One drillsite was chosen to investigate the stratigraphy under 
a major swampy lowland (based on discussion with U.S. Bureau of 
Mines officials - line item 1.2.1.1.E). 

Figure 5-12a shows a location map of the areas most favorable for coal ex­
ploration from a geologic standpoint. This map was superimposed upon a com­
panion map prepared using LEES criteria (see Chapter 5), portraying areas 
having factors indicating favorability for mining from a LEES standpoint. 
Coinciding favorable areas from the two maps constituted a list of areas de­
serving futher evaluation for their potential as drilling areas. 

Because the computerized information relates to 1-sq mile gridded areas, 
the site specific selection of drillholes was done on the following basis: 

1. Geologic mapping and other relevant information in the vicinity 
of favorable areas. 

2. Accessibility of water for drilling. 

3. Permission to drill on the property of interest. 

Of the several areas of interest in early stages of selection, four drill-
sites (Figure 6-1) were chosen for the BOM Phase 1 drilling. They include: 

1. Plainville, MA, Wrentham, MA Quadrangle (#167) NBP Drillhole 

2. Seekonk, MA, Attleboro, MA Quadrangle (#176) NBP Drillhole 

3. Norton, MA, Norton, MA Quadrangle (#168) NBP Drillhole 

4. Portsmouth, R.I., Prudence Island, R.I. Quadrangle (#181) 
NBP Drillhole 

Drilling Procedures 

The four sites mentioned above were drilled by the Sprague and Henwood Co. 
during the Summer and Fall of 1978. The drilling was monitored and logged on 
site, in a preliminary way, by a member of the Weston Observatory Staff. The 
drilling schedule is presented in Table 6-1. All ~ore was subsequently brought 
to the Observatory where it was logged for graphic representation at the scale 
of one inch to two feet. Logs are presented as Plate 1 in this report (pocket). 
The logging scheme used for this work is given in Appendix B. All core is 
currently indexed, and is in the Core Storage Library at Weston Observatory. 
Plate 1 present the dip-corrected stratigraphic logs for the four BOM Phase 1 
drillholes. Structural information on these holes is in the detailed logs at 
Weston Observatory. 

Drilling Activity and Results 

Masslite Quarry, Plainville, Mass. 

The Masslite Quarry is the only active coal mining site in the Basin. It 
is also an outstanding locality for the study of structure, stratigraphy, and 
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Site No. 

Location 

Longitude 
Latitude 

Elevation 

Overburden 

De£th of Hole 

CapEed 

Casing Length 

Rock Ty:ees 

Conglomerate 

Sandstone 

Siltstone 

Shale 

Lost 

Begun 

Ended 

Logger 

Table 6-1 

167 

Plainville, Mass. 
Masslite Quarry 
Wrentham Quad. 

71 o 21' 30" 
42° 00' 51" 

335 ft 

27.1 ft 

882.5 ft 

Yes 

116 ft 

28% 

57% 

10% 

5% 

0% 

6/26/78 

8/ 4/78 

J. Jones 

Drill Site Data 

176 168 181 

Seekonk, Mass. Norton, Mass. Portsmouth, R.I. 
Pine Street Washington Street Union Street-W.Maine St. 
Attleboro Quad. Norton Quad. Prudence Is. Quad. 

71° 19' 13.5" 71° 08' 03" 71° 17' 15" 
41° 53' 02" 41° 57' 46.5" 41° 33' 34.5" 

80 ft 80 ft 140 ft 

47.6 ft 29 ft 0 ft 

830.5 ft 580 ft 1000 ft 

Yes Yes Yes 

49 ft 40 ft 10 ft 

19.5% 4% 1.0% 

63% 77% 37% 

15.5% 19% 51% 

1.0% 0% 11% 

1.0% 0% 

8/10/78 9/18/78 10/3/78 

9/11/78 9/28/78 10/31/78 

H. Tiberio G. Cutter G. Cutter 
J. Jones 
G. Cutter 
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paleobotany of the Rhode Island Formation. Six coal beds or horizons are known 
from the general Plainville area (Lyons and Chase, 1976, p.415). The Masslite 
Quarry (Figure 6-2) produces a light-weight aggregate used in road construction. 
The aggregate is manufactured by the heating of shale and siltstone from the 
quarry. Coal mined in the quarry, is used as fuel for the production of the 
aggregate and thus provides a substantial savings (Bruce MacDonald, Plant Super­
visor, personal comm.). If indigenous coal was not available, anthracite from 
Pennsylvania would have to be used exclusively. At present, 3 parts Narragan­
sett Basin anthracite is mixed with 1 part Pennsylvania anthracite. A discus­
sion of the geologic setting and mining activity was given in Skehan and Murray, 
eds. (p. 92-94, 1978). 

The exact location of the site was to a certain extent determined by current 
mining (and blasting) activity, and proximity to water. The quarry operators 
were kind enough to bulldoze a good access road to the site. A summary of the 
drilling activity is given in Table 6-1. 

The beds in the quarry consist mainly of southerly dipping layers. A 
stratigraphic section approximately 450 ft thick includes: a coal seam 25 ft 
thick (Figure 6-3). The location of Hole #167 is shown on Figures 6-1 and 
6-2. The stratigraphic log is given in Plate 1, and a summary of a percentage 
of lithologies is included in Table 6-1. The core is characterized by coarse 
sandstones and conglomerates and simple structure, the dip of the beds varying 
from 10° to 30°. 

The coal exposed in the quarry wall is part of a sequence that fines up 
from below the coal and coarsens above it (Figure 6-4). Such a sequence is 
typical of those found throughout much of the northern half of the Basin. 

Hole #167 correlates quite well with the quarry section, as can be seen 
in Figure 6-5, although the variations are noteworthy. Two small seams of 
coal were found in the drillhole below the level of the quarry floor. The 
hole was terminated about 10 feet into the basement, the contact between the 
basement and the coal-bearing rocks being an unfaulted unconformity. The 
coal exposed in the quarry is, therefore, one of the oldest coals in the Basin, 
Alleghenian (Westphalian) Lyons and Chase (1976), as determined by fossil dates 
and by stratigraphic position. This coal is believed to be proper stratigraphic 
position, although its upper surface is faulted (Figure 6-3). 

Recommendation 

The Narragansett Basin Project Hole #167 tested the stratigraphy below the 
exposed coal. It would be appropriate to test the stratigraphy above the coal, 
especially in close·proximity to the seam. This would allow one to determine 
whether the exposed coal is a pod, or is a laterally continuous bed of rela­
tively uniform thickness. Illite crystallinity data (Figure 3-3) suggests the 
possibility that the lowest rank coals may occur in this part of the Basin. 
The potential for the presence of relatively low rank, thick coal seams in 
the Hoppin Hill and in the northern two-thirds of the Taunton Domains (Chapter 
2, this volume), indicates that further exploration is warranted. 

-145-



18 

1000 0 1000 2000 3000 

.5 0 

INVIL 
and VICINITY 

4000 

EXPLANATION 
~ 
0 

5000 

Quarry 
Bureau of Mines 

Dri II hole 

6000 7000 FEET 

I KILOMETER 

Mapped, edited, and published by the Geological Survey 

FIGURE 6-2 MAP OF PLAINVILLE Arm VIC I rl I TY 
-1 L,J,_ 



' I-' 
~ 
--.J 
I 

1N 
MASSL/TE QUARRY 

..._,, 

~c;ill;'f?'Yii: .;!; .... ~ = e::: .325 

.300 

~-::·~ -FY ~ ~ ~- ·r:->.:::::-:-...::~·:: .. ·>>~tI~ 'i 275 

- COAL 
I ELEVATJON ~,..,.,.... _________________ ..._ _________ -lBr-350 FEET E=~=:;:_i SHALE 

- SILTSTONE 

!{.}. j SANDSTONE 

~ C:JVEREO INTERVAL -----=---&~··· . .'fi 275 l;a.~ CONGLOMERATE 
0 25 50 lQQ FEET 
C··················I F··.•··· · ············1 

FIGURE 6-3 

CROSS SECTION THROUGH THE MASSLITE QUARRY: GEOLOGY 



FIGURE 6-4 

IDEALIZ D 
COAL 
SEQUENCE 
Modeled after the Masslite 
Quarry, Plainville, Massachusetts 

COAL 

I~ J'I SEAT EARTH 

Ll SHALE 

D SILT 

SAND 

COf\JGLOMERATE 

IDEALIZED COAL SEQUENCE BASED ON OUTCROP AT MASSLITE QUARRY, PLAINVILLE, MASS, 

-148-



MASSLITE QUARRY 
Correlation of Ori 11 core and Outcrop Below Coo I 

NBP DRILLHOLE N0.167 

z 
w 
a 
0:: 
::> 
(D 

0:: 
w 
> 
0 MASSLITE QUARRY SECTION 

(compiled by Joy Jones) 

- - - - - - -- -. - - - -o-,---,, 

SCALE IS IN FEET 

FIGURE 6-5 

CORRELATION OF DRILLCORE AND OUTCROP Pl T1lf MASSLITE QUARRY: GEOLOGY 

-149-



Seekonk, Mass. 

General Statement 

The Weston Observatory Hole #176 (in Seekonk) (Figure 6-6) was drilled in 
order to determine whether the lithologic sequence at this site could be cor­
related with the coal-bearing sequence of rocks described from the area in 
1885 by Seekonk Coal Co. (Shaler and others, 1899). On strike with the Seekonk 
Coal Co. section is a measured section (Lyons and Chase, 1976) of outcrop at 
Perrins Crossing. Both of these and the drillhole are located in Figure 6-6. 
Additionally this hole is within a few hundred feet of the contact of the Dighton 
Conglomerate of the Great Meadow syncline. 

Table 6-1 covers the record of drilling of Hole #176 at the Seekonk site. 
Our first choice for drilling in this area became unobtainable at the last 
minute when permission was revoked. That site would have overlapped with the 
stratigraphy of the Seekonk Coal Co. and the section exposed at Perrins 
Crossing. 

Plate 1 shows the graphic log of Hole #176 in Seekonk, Mass. and Figure 
6-7 shows the logs of Perrins Crossing outcrop and the 1885 Seekonk Coal drill­
hole. Figure 6-6 showing the position of Hole #176, the Perrins Crossing 
measured section, and the 1885 Seekonk Co. drillhole reported on by Shaler 
(1899). 

The measured section at Perrins Crossing (Lyons and Chase, 1976), Shaler's 
interpretation of an 1885 driller's log (Shaler and others, 1899) of a hole 
located to the northwest of Perrins Crossing and the NBP drillhole #176, 
(reported on in this volume), are in general of similar lithologies if a few 
assumptions are made. In drillcore it is our experience that grainsize tends 
to appear coarser on the average than in sections measured in outcrop very close 
to the drillhole. Shales and siltstones in the outcrop descriptions may well 
be logged in drillcore as siltstones and fine sandstones. Grainsize is better 
determined from a polished fresh surface of a drillcore, than from a weathered 
or broken outcrop sample. The rocks of the Basin are usually quite poorly 
sorted and compositionally variable and one's first approximation of grainsize 
on field sampling may reflect these complexities. Petrographic investigations 
are necessary to accurately determine rock texture. Since the 1885 drillcore 
was logged by a driller and then reinterpreted by Shaler (1899), we presume the 
accuracy of this procedure possibly falls short of outcrop descriptions. 

Attitudes of beds in the Perrins Crossing (PC) outcrop, in the 1885 hole 
and in the NBP Hole #176, all indicate that the PC section should intersect the 
1885 Seekonk Coal Co. section close to the bottom of the 1885 hole and that 
both of these sections should lie below the NBP section, based on the simplest 
structural interpretation (Figure 6-8). 

Recommendations 

All three sections (PC, Shaler's Hole and NBP Hole #176) are coarser grained 
than most of the sections that have been found to be coal bearing. However, 
Shaler (1899) reports that many of his shales were carbonaceous· ("coal shales") 
and that thin beds of coal were present. 
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Future drilling should test the ground between the NBP Hole #176 and the 
other two localities mentioned above. 

The log of the Seekonk Coal Co. Hole suggests that there is a greater 
abundance of carbonaceous shale and coal than in Hole #176. Thus drilling in 
BOM Phase 2 should be undertaken further to the north. 

Norton, Mass. 

General Statement 

The main reason for drilling here (Figure 6-9) was to test the stratigraphy 
in a relatively unexposed part of the Basin associated with a major swamp. Our 
first two choices for a site in this area were in the middle of the Hockamock 
Swamp. However, permission to drill at these locations could not be procured. 
The site actually drilled was chosen for the following reasons: 

1. It lies near the western margin of the Hockamock Swamp, the 
largest swamp in the Basin. This part of the Basin is very 
poorly exposed, and the nearest outcrop is approximately a 
mile away. 

2. The site lies within one of the largest undeveloped tracts 
of land in the Basin. The U.S. Army had a large camp here 
that was abandoned after World War II. Now only the Dever 
State School, a small Industrial Park (under construction), 
and a sewage treatment plant (under construction) exist on 
the several square mile area. 

Drilling Activity and Results 

Table 6-1 covers the record of drilling of Hole #168 at the Norton site. 
The stratigraphy (Plate 1) and structure of the Norton hole were 
comparable to that of the Plainville site in that both were dominated by sand­
stone and simple structure. The Norton hole shows an overall trend from 
relatively coarse to fine-grained lithologies with increasing depth. The dip 
varied from 20° to 50°. No coal was encountered. 

Conclusions 

Because of the paucity of outcrops in this part of the Basin, the cross­
section, Figure 6-10,is hypothetical and schematic. It is based on information 
from some distance from the site of NBP Hole #168. The fact that no coal was 
encountered suggests that at least in this area the swampy ground may not be 
underlain directly by easily eroded fine-grained rocks but that the presence of 
such lowlands may be structurally control.led. More drilling in similar 
settings should take place in order to determine the relationship between the 
presence of large swamps and the nature of the bedrock. 

-154-



1000 0 1000 2000 3000 

NORTON 
and VICINITY 

4000 

EXPLANATION 
~ 
0 

5000 

Quarry 
Bureau of Mines 

Drill hole 

6000 

~ 
" 

<)" 

' I 

-~ ~. ~S\ ~ 
::,/, '>::' ~ 

'··~~~ ~ .. 

Lake 

Sa.bbatia 
62 

7000 FEET 

5 0 I KILOMETER 
E3=:E3::::E3. =::E=:C::E=r=E==:==:===:====:==:=::===3 

Mapped, edited, and published by the Geological Survey 

FIGURE 6-9 MAP OF NORTON AND VICINITY 
-155-



N 

U.S.G.S. 

1111,,---------~lmile --------.11111> 
no vertical exaggeration 

-ff0JSiltstone Sandstone Conglomerate 

FIGURE f;-10 

HYPOTHETICAL AND SCHEMATIC CROSS-SECTION: NORTHEASTERN NORTON 
U.S.G,.S, 7 1/2' QUADRANGLE 

-156-



Portsmouth, R.I. 

General Statement 

The first reported coal discovery in the Narragansett Basin was in the 
northern part of Portsmouth in the mid-1700's. This led to the formation 
of plans to form a mining company in 1760. An extensive mining development 
took place at Portsmouth Station in the 19th century (Chase 1978, pg. 24 in 
Skehan and Murray, Volume 1). The mining activity, carried out more or less 
continuously by various companies until 1914 resulted in a substantial amount 
of coal being extracted from the Portsmouth Mines, possibly in 
the range of 1 to 2 million tons. Earlier drilling by the Narragansett Basin 
Project explored, in a preliminary way, the limits of the coal near the 
Portsmouth Mines (Skehan and Murray, eds., 1978 pg. 8?ff). 

Drilling Activity 

The record of the Narragansett Basin Project drilling at Portsmouth in B0M 
Phase 1 is presented in Table 6-1. The site at Hole #181, (Figure 6-11) the 
deepest hole in B0M Phase 1, is located on a large vacant lot from which over­
burden had been stripped away to expose a nearly flat lying, dominantly dark 
gray siltstone and black phyllite sequence. Much of the residual soil 
·consisted of fragmented rock which we thought might represent grout from a 
former mining activity dumped at the site. No written or verbal record of 
mining activity at this site, however, is known to Police Chief Pierce (pers. 
comm. 1978), a student of coal mining history in Portsmouth. 

The property owner made the site available for drilling and the lack of 
overburden eliminated the need for more than a minimum of casing. 

Drilling Results 

The stratigraphic log of Hole #181, presented in Plate 1, indicates that 
with the relatively large percentage of siltstone and shale (Table 6-1), this 
drillcore is finer-grained than the other three drillcores obtained during 
BOM Phase 1. The Portsmouth drillcore is also structurally more complex than 
the others and contains at least two cleavages. Finally, it is the only core 
that contains ubiquitous metamorphic porphyroblasts (ilmenite and carbonate). 
Although carbonaceous shales, similar to the sequence at the Portsmouth Mines, 
were relatively abundant, no coal was encountered. 

Aquidneck Island, long called the Island of Rhode Island, has been inter­
preted by geologists as a generally symmetrical, upright synclinal fold 
(Jackson, 1840). Mosher and Wood (1976 and written comm., 1977); and Skehan 
and others, 1976; Skehan and Murray (1978) and Skehan and Murray (this 
volume) have shown that the geological structure of Aquidneck Island, has 
evolved through a series of complex steps that have important implications 
for drilling and other exploration. 

Basically the northern part of Aquidneck Island appears to be synclinal 
but, having been subjected to several deformational episodes (Skehan and 
Murray this volume, Figure 2-2), is exceedingly complex in the detail that 
is required for prediction in a drilling program. 
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Hole #181 is on the western side of the higher hills that form the central 
ridge of the Island, which is mainly held up by sandstones and conglomerates. 
The drilling done by Toenges and others (1948) and by the Narragansett Basin 
Project (Skehan and Murray, 1978) suggests the possibility that faults may be 
located along certain linear lowlands or streams. Northern Aquidneck Island is 
divided into several areas separated by prominent WNW linear valleys tentatively 
identified by us as fault valleys. Thus the site of Hole #181 would be located 
on the second block south of that on which the Portsmouth Mines are located 
(Figure 6-1). 

The site of Hole #181 was a second choice in our present priority listing 
of sites in Portsmouth and Middletown, R.I. but was drilled because the first 
choice, near the quarry on Cory's Lane, at the last minute permission was 
revoked. Nevertheless, Hole #181 is located on the western flank of the struc­
ture but in a somewhat higher topographic and possibly higher stratigraphic 
position than the Cory's Lane site. 

The beds at the Portsmouth Mines are Conemaughian (Stephanian A) in age, 
some of the youngest coals in the Basin (Lyons, 1978). The next block south 
from the Mines has exposed rocks, including conglomerates and sandstones, that 
appear to be stratigraphically younger than the rocks at the Mines. These 
blocks are separated by the NW-striking Portsmouth Mines fault, discovered by 
William Barton (pers. comm., 1975). 

The stratigraphic relationship of the blocks on which Hole #181 is located 
with respect to the one immediately north is uncertain. Folds of both first 
and second generation plunge 10° to 20° SW toward Block 3, the two blocks 
probably being separated by a fault or faults near the Middletown Reservoir. 
The stratigraphic throw on this fault is probably small as the rocks on either 
side are similar. 

Hole #181, therefore, has provided us with stratigraphic information on a 
part of the youngest stratigraphic section in the Basin, which, in the Port­
smouth Mines, records the most continuous and the most productive coal seams 
worked in the past170 years. 
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CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

1. Those parts of the 960 sq. mile Narragansett Basin, which we consider 
to be favorable as potential producers of anthracite, lie in the 660 
sq. mile area underlain by rocks in the chlorite and subchlorite zone 
of metamorphism. 

2. In widely spaced localities of this part of the Basin, Weston Obser­
vatory has drilled 28 holes (Figure 6-1) and has recovered 20,000 ft. 
of core. The results in terms of thickness of seams and quality of 
coal have been most encouraging as the anthracite seams in such widely 
spaced localities as the following ranged upward in thickness as 
indicated: 

Bristol, R.I. 
Plainville, MA. 
Mansfield, MA. 
Portsmouth, R.I. 

30 ft. 
25-30 ft. 
13 ft. 

7 ft. 

3. The coal, moreover, has been shown by BOM and U.S.G.S. analyses to be 
a very low sulfur, high ash anthracite. In a significant number of 
samples analyzed, the ash appears to be secondary. According to wash­
ability studies (BOM), the coals were found to be "suitable for phy­
sical preparation to a product that generally contains less than 10% 
ash". None of the coal samples analyzed during either phase of the 
Narragansett Basin Exploration Project (NSF phase or the BOM phase) 
were found to be meta-anthracite by ASTMD-338 classification. Petro­
graphic investigations of the coalR indicate that its moisture-holding 
capacity is most likely due to the moisture being held in voids and 
capillaries associated with brecciation and secondary carbon deposi­
tion. Coal rank does not correlate well with depth. Coal rank is 
variable within a seam and may bP higher near its roof and floor. 

4. Although we have not as yet drilled in Cranston, R.I., recent pre­
liminary analyses (Gray, Personal comm., 1979) of coal from the 
extensively exploited Budlong Mine indicate that it is properly 
classified as a very low sulfur (.002 percent), high ash (20 percent) 
anthracite and not a meta-anthracite as it was earlier referred to 
(Toenges and others, 1948). 

5. The Basin is complex and variable. This complexity is due in part to 
its having undergone a complex history of sedimentation in a fluvial 
environment. Its structural evolution during the Late Pennsylvanian­
Permian Alleghanian Orogeny consisted of ,three episodes of folding 
recorded in the rocks and in the coal accompanied by at least two and 
possible three episodes of thrust faulting, and followed by two stages 
of normal and high angle reverse faulting. 
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6. The result o;f; th~ e.arly folding and thrusting, as we now understand 
the model, was to mobilize the coal so that it was concentrated in 
the. crests and troughs of folds and ;faulted ~olds. This seems to 
have occurred not only on the scale of the largest folds, but also on 
the scale of smaller folds as well. While this mobilization process 
thickens the coals greatly in the crests and troughs, they may be 
thinned or disappear in the down dip direction, However, the thick­
ening in the axial region of folds suggests that the widespread pre­
sence of horizontal to subhorizontal fold axes means that these con­
centrations of thickened coals can be traced for considerable dis­
tances along the direction of plunge of the fold axes. 

Thus, the geological exploration program required for this structur­
ally unconventional coal is itself different from standard exploration 
programs. Later cross faults cutting these folds may offset these 
thickened pods of anthracite, but the offset niay be determined by 
modern structural analysis based on data from geological observations. 

7. The complexity of structural deformation and metamorphism appears to 
be greater in the southern part of the Basin than in the north. The 
early episode of folding may not have pervasively affected the rocks 
of the Hoppin Hill and Taunton Domains. The powerful analytical tools 
of illite crystallinity studies suggest that if coals of semi-anthra­
cite rank are to be found here, it will be in the unmetamorphosed to 
highly metamorphosed rocks of the diagenetic zone, which appears to 
constitute the northwestern two-thirds of the Basin and a large part 
of Aquidneck Island, R.I. Results from illite studies suggest that 
temperatures to which the Basin rocks were subjected were greater in 
the south than in the north. 

The other equally powerful analytical tools, coal chemistry, petro­
graphy and reflectance measurements and studies suggest that pressures 
due to deformation may have been greater in certain districts in the 
northern Taunton and Hoppin Hill Domains than farther south. Earlier 
conclusions from the illite studies, which appeared in part to be 
contradictory to those from chemistry, petrography and reflectance 
studies, are now believed to be complementary, providing different 
kinds of information on temperature and pressure. Such insights are 
very important to the understanding of the large scale as well as 
specific site structure and metamorphism of the Basin. 

8. The 4 holes of the present BOM Phase 1 study have provided significant 
data on several parts of the Basin stratigraphy. More specifically, 
the drillhole and quarry studies in Plainville, MA. provide informa­
tion on the strata underlying the late_Pottsvillian age coal and 
carbonaceous shales in the lowest part of the Pennsylvanian succession. 

The Seekonk, Mass. hole provided data on that part of the strati­
graphic succession immediately below the Dighton Conglomerate of the 
Great Meadow Syncline and provides data bearing on the stratigraphy 
just above the fossiliferous Pottsvillian age rocks of Perrins 
Crossing and the sequence in the Seekonk Coal Co. hole in Seekonk 
described by Shaler and others (1899). 
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The hole in Norton, M;A.., on the margin of the extensive Hockomock 
Swamp, consists doJ!li.nantly of sandstone. This suggests that the vast 
tracts of lowl~nds in the northern part of the Basin may be structur­
ally rather than lithologically controlled. Rowever, f~rther testing 
in other lowland areas is required to be definitive. 

The drillhole at Portsmouth, R.I. (#181) is dominated by very fine­
grained carbonaceous shales which, with rooted zones and abundant 
fossils, are suggestive of a coal-forming environment. These rocks 
are similar to those of the Portsmouth Mines, some of the youngest in 
the Basin, from which 1-2 million tons of anthracite were extracted 
in the last century for, among other purposes, to fuel a mine-mouth 
copper smelter. 

9. LEES Conclusions 

With respect to the non-geological portion of this effort, three 
conclusions may be made: 

1. A substantial number of areas have been identified in 
the Narragansett Basin in which mining could be carried 
out without undue difficulty from a land use point of view. 

2. Substantially more than two hundred instances of past or 
current mining activities have been identified in the 
Basin. Many of these are in areas defined as geologically 
interesting, and may be advantageous from the point of view 
of future exploration. 

3. The map synthesis technique developed for this contract 
is successful and may easily be adapted to future 
exploration in its current form and also in its 
expandable form dealing with unit measurements of 
one-tenth mile. 

RECOMMENDATIONS 

1. Additional exploration is necessary to permit appraisal of the 
Narragansett Basin coals as a resource, 

2, Analytical Studies 

a. Analytical work should be conducted to determine the nature 
of the volatile matter in the Narragansett Basin coals. 

b. Studies should be conducted to determine the nature of 
coal ash, since the type of ash (e.g., primary vs. 
secondary) may have significant effects on the washing 
characteristics of the coal. 
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c. Tests should be conducted to determine the burning character­
istics of the toals from different areas of the Basin. 

d. Detailed petrographic analyses should be conducted to determine 
the microstructure of the coal. The coal is distinctive in 
that it contains features which are not completely understood. 
Very little work has been done on high rank, high ash coals. 

e. An examination of the coal should be undertaken to determine 
the causes of its hydroscopic nature. 

f. In considering coal rank, both vitrinite reflectance and 
chemical parameters should be used and compared. 

g, Combined geologic and petrographic studies should be conducted 
to determine the geometry of coal seams. 

3. The New England Energy Congress, established in May, 1978 by the New 
England Congressional Caucus, under the Chairmanship of Honorable 
Edward Boland and Silvio Conte, has made important recommendations 
concerning exploration and evaluation of this potentially indigenous 
energy source for this energy-poor region of the United States. The 
first of such recommendations on indigenous energy sources is: 

"Incorporate in the D.O,E. budget a program to evaluate the 
Narragansett Coal Basin. A 7-year program at an approximate 
cost of $10 million is proposed for 650 drillholes to an 
average depth of 1,000 feet, supplemented by related downhole 
and surface geophysical studies. This program would establish 
whether commercial development of this potential resource is 
feasible". 

4. A multi-phase exploration program is required that will mainly consist 
of drilling and geophysics and related field and laboratory investi­
gations, For example, we recommend that BOM Phase 2, during the 
coming year, initiate a systematic program of drilling deep holes on 
a grid, with associated downhole geophysics. At the same time, a few 
selected, special purpose holes at specific locations should be 
drilled, near the Budlong Mine, Cranston. Recent preliminary data by 
Gray has revived interest in several aspects of such thick coals of 
high quality. Additionally during BOM Phase 2, some drillholes 
should test the new structural model (Figure 2-2) to determine its 
applicability to finding concentrations of coal in the axial regions 
of folds. The place where it should be tested is near the Case Mine 
in Portsmouth, R.I., provided permissions can be obtained. 

5. Once a series of holes on a large scale grid has been drilled and 
analyzed, a second program of drilling on a smaller scale grid should 
probably be developed for the most promising sectors of the Basin as 
determined from earlier drilling. This activity would have as its 
goal to establish the nature of the anthracite resource for at least 
a limited part of the Basin. 

-163-



6. A further recommendation is the need to bring on line a fully 
computerized geological data storage and retrieval capability for 
the large and growing base of highly varied information on a wide 
variety of geological factors. Existing programs at the University 
of Massachusetts at Amherst, MA., the U.S. Geological Survey, and 
the University of South Carolina, are already available and would 
allow swift analysis capability, the printout of maps and other 
illustrations showing a variety of geological data and interpretations. 
This kind of computer capability is over and above that developed 
in connection with the LEES aspects of BOM Phase 1 and the further 
refinement recommended below. 

7. LEES Recommendations 

For the coming year we recommend that the map·synthesis program be 
made operational on a one-tenth mile basis, and that the data files 
be updated to include all of the work done during 1978 which could 
not be included in addition to the work to be done during 1979, 
so that at the end of the Bureau of Mines Phase 2, the data files 
will be current. 

8. Congressional Charge to BOM for Phase 2 of Narragansett Basin Project 

The New England Delegation has felt a deep concern about the New 
England region's overwhelming dependence on imported foreign oil. 
For this reason steps were taken to provide funding for a substantial 
preliminary exploration program of the Narragansett Basin. This 
resulted in the following language being incorporated into the 
House of Representatives Report #95-1251 of the 95th Congress, 2nd 
Session, Union Calendar No. 681, to accompany the U.S. Bureau of 
Mines budget during fiscal 1978 and 1979: 

"The Committee expects the Bureau to continue studies involved 
in ascertaining the extent and quality of low sulfur coal 
reserves in the Nar.ragansett Basin in New England including 
necessary drilling and geophysical studies. The knowledge of 
the extent of such deposits is of great importance to this 
'energy poor' area". 
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APPENDIX E 

THE DOT GRID: DESCRIPTION AND EXAMPLE OF USE 

The dot grid is a simple, cost-free graphic device for accurate 

approximation of irregular planar areas. Properly used, it should be accurate 

to within two or three percent. Basically, an area is measured by counting 

the number of squares of known area falling within it. Partial squares are 

counted by use of appropriately placed dots. The dot grids used in the LEES 

study used squares with four dots, placed as shown in Figure Al. 
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In using the dots to count partial squares, one must apply three 

rules: 

1) Dots falling within the area are counted; 

2) Dots falling outside the area are not counted; and 

3) When dots fall on the perimeter of the area, only every other 

one is counted. 

For best results the rules should be followed mechanically and 

rigidly, as shown in FigureA2. 

.. .. .. " 0 .. .. .. ., • • • , • • • 
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The LEES study made use of two dot grids, one having a 40-acre grid 

square, and the second a 10-acre grid square. Note in Figures A3 and A4 how 

this makes for easy division of a square mile. 

Once the squares are counted, reference is made to a simple table 

which yields the area equivalent to any number of squares in the desired units. 

If, for example, each grid square equals 10 acres and each dot therefore 

equals 2.5 acres, a count of 22 squares plus 3 dots equals 227.5 acres. 

Conversion tables for the LEES grids are shown in Figures AS and A6. As the 

process of counting, combining, recording, and translating is easily confusing, 

the best procedure is to use a standard work sheet to prevent error. Examples 

of typical work sheets are shown in Figures A7, AS, and A9. 

A hypothetical site is fully measured using the dot grids in 

Figures AlO to AlS. 
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APPENDIX F 

LEGAL, ECONOMIC, ENVIRONMENTAL AND SOCIAL STUDY MAPS 

MAP LEGEND 
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APPENDIX F 

LEGAL, ECONOMIC, ENVIRONMENTAL AND SOCIAL STUDY MAPS 

BASIN BORDER 

POLITICAL BOUNDARIES 

-··------~ 

DEVELOPED LANDS 

MAP LEGEND 

Basin Edge - precise or inferred contact is on 
the BASINWARD side of the line. 

Basin Edge? - subaqueous extension of contact wall. 

Township Boundary 

Rhode Island/Massachusetts State Line 

Highly Developed (HD) - industrial facilities; 
airports; port facilities; railyards; truck 
terminals; storage facilities; public installa­
tions such as waterworks, sewage treatment 
plans, disposal sites, etc.; limited access 
highways; downtown commercial areas; shopping 
centers; commercial strips along highways; 
public institutional land supporting major 
facilities such as hospitals, churches, colleges, 
prisons, etc.; recreational facilities involv­
ing large capital investment such as racetracks, 
outdoor theaters, stadiums, fairgrounds, etc.; 
cemeteries; nurseries with greenhouses; apart­
ment buildings; and all residential land with 
lot sizes less than 1/2 acre. 

Note: The horizontal pattern is used in prefer­
ence to solid color for ease in mapping 
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SURFACE MINING 

extensive urban areas; the two symbols are 
equivalent in meaning. 
(Pencil Color: Eagle 945) 

Moderately Settled (MS) - residential areas with 
lot sizes in the range of 1/2 to 1 acre; includes 
clusters of 3 to 10 houses in rural areas. 
(Pencil Color: Eagle 921) 

Lightly Settled (LS) - residential areas with lot 
sizes in the range of 1 to 3 acres. 
(Pencil Color: Eagle 942) 

Proposed Limited Access Highway 

Proposed Secondary Road 

Quarry - primarily sand and gravel extraction, 
also includes extraction of clay, slate, and 
fill 

Quarry - Abandoned Workings? - no recent 
extraction, typically overgrown with grass 
and shrubs 
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WETLANDS 

Inland Wetland 

Coastal Wetland 

ADDITIONAL SYMBOLS PERTAINING TO RHODE ISLAND WETLANDS 

Sl 
174 

SMA 

Sl 

S2 

M 

B 

F 

Wetland type and town number -
Upper symbol refers to wetlands type (see 
below); lower number is township identification 
- each township begins numbering at one. 

Indicates a coastal wetland identified only in 
the Atlas of Rhode Island Salt Marshes - not 
shown on township wetlands maps. 

Organic Swamps 

Mineral Swamps 

Marsh 

Bog 

Fis used as a prefix on wetlands in floodplain 
areas. 
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e 
Tl 

T2 

Bog of less than one acre 

Coastal Tidal Marshes 

Estuarine Marshes 

Salt Marsh of less than one acre 

GROUND WATER RESOURCES AND WELL PROTECTION AREAS 

Areas of significant to essential ground water 
resources with high susceptibility to con­
tamination from surface seepage. Wells located 
immediately within the perimeter will generally 
yield less than 300 gpm whereas wells more 
centrally located will yield 300 gpm or more. 
Potential well output in Rhode Island is not 
included. 

As above, except that wells near the perimeter 
will generally yield less than 200 gpm. 
Centrally located wells will yield 300 gpm or 
more. 

As above, except that all wells within the 
area will generally yield 100 gpm or more. 
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0.5 

■ 

Indicates the limit of Rhode Island Water 
Resources Board Study Area 

Used in Massachusetts only to indicate data derived 
from Rhode Island Water Resources Board ground 
water study. 

Municipal - Industrial Supply Well with output 
in millions of gallons per day listed if avail­
abl~; output for closely spaced wells listed as 
a total. 

Proposed Municipal Supply Well - used only in 
Old Colony Planning Council area. 

Well Protection Areas with active wells (WP) or 
proposed wells (HT) - used only in Old 
Colony Planning Council area; WP= well 
protection area; HT= area of high trans­
missivity to be protected for future use; 
single, unbroken line indicates boundary 
between WP and HT areas. 
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NORTON 

ATTLEBORO 

03 
TAUNTON 

8 
A 

+ 
TN 06 

SITE OVERLAYS - LEGEND 

Site Name - normal development site 

Site Name - auxiliary development site 

Site Name - wetland development site 

Site Rating 

Site Boundary 

Boundary between normal and auxiliary site 

Intersection of Grid Lines 

Grid Cell Identifier 

Normal Development Site 

Wetland Development Site (Eagle 910) 
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APl?ENDJX G 

7 1/2 MINUTE QUADRANGLE MAPS 
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APPENDIX H 

COMPUTER PROGRAMS 

NBPROG TO CREATE MAPS 

FYPRT TO PRINT OUT FILES 
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1...I:::,T 
FYF·1:;:.:.r 04: 2'? PM ~.io .... ,.Jal"l""i'9 
'.'5DIMhit, < 12) 
10Bt~"NB.BAS"\(i$(I)=MID(NUM$(I),2Y1-<I>9))+BSFORI=1 TO l? 
2 0 FD F< Z :::: :I. TD :1. ? 
2'.::;r:•i::: I NT\F•f~ I NT\PF~ I NT 
27PRINT" NARRAGANNSETT BASIN FILE"Z 
28PRINT\PRlNT\PR1NT 
300PEN ASCZ>AS FII...E Z 
40INPUT t2,Y,X,A2,C<l>,CC2>,CC3),C(4),CC5)yC(6),C(7),C(8),C(9),C<10) 
45IFY=999THENPRINTY 
46 IF Y ~ 999 THEN 100 
.,·H:ir-,i:n NT" cuCJF:x:i :i: NA n::i:u x "''" Y; • Y ,;:, "x; ,, 01u ri Al~r~A: • ; A2 ;- t./N r rs u 
50PRINT"I...EES: "O 
5:I.FORI~1TD10\PRINTTABC5*I+lO>JC(I);\NEXTI 
56PRINT\PRINT 1 GEOl... □ GICAL.: 11

; 

5'?INP~T tZ,0(1),GC2),G(3),G(4),G(5),G(6),G(7),G(8) 
!5 D i::· C) F~ I :::: :I. T Cl O \ PF~ I N T T t) 0 ( ::l * I + :I. 0 ) Y G < I ) ; \NF X T J 
(;, 0 P F: J N T \ P i::: I NT 
6 2 P "" r· I· :I. \ I F ( P / :I. :-3 ) .... ( I NT ( P / :t 3 ) ) :::: 0 TI· IE N PF~ I NT F Cl 1:~ J: =~= :l T Cl :I. 4 
'?ODDTCl40 

. :L 00 t-![XTZ 
:I. :I. O[ND 
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APPENDIX I 

Fl;LE LOCATOR MAP 
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***NM.:r.:AGAlrnrrr fl,'\!)IN [IRILL SITE SELECTION CRITERIA NAP*** 

ORTllIIU'\ff[I F □ r, fHE BIJR[ AU or Hrnr:;, CONT, tJOJ □0022, 1978, f!Y T, H, RI[IER, BOSTON COLLEGE, MANAGING DIRECTOR, NECEPJ 
l'\[!1',F·Trr1 10 f•[lf'--11 ~ f:l1fT1 [I nr r_, WH'ti DAVIS, HOSTON COLU.::G1:; sr·[CIAL CDNF·UTEF.' ASSISTANCE FROH j, ANDREW SHITH, 

-:-HJ:, r·ROGh'AM WILL [1[PJCT TII[ IU\RRAGAN:3ETl I1ASIN USWG ALPHANUMERIC CHARACTERS TO REPRESENT EVERY 
filHJM-i::- HILi :.Jl 1111N IH[ fiM>Hl, CACH CHARACTC.R REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

r·(IJ,•t,,'11 I!:,:,, ntn: f ,'\Cl1 WTLl \,lt'\f\Y ACCORDING TO THE EMPHASIS PLACED ON THE FOLLOIJING FACTORS, 

ltll MIii /'inn Lu,"\:Jl(il WFll MHI'.} !Hf','\Cl 
'''C,H, Mrr11lJN ,~I/fl LOW Dr,>-.;'.,fl'l' 1·or·utAfl □ N 

1-hC:SH (\;-Hi OCfM/ W,\Tf I\ [((WY lHr·l'\CT 
:lf-OUNf1 fJ(\Tf.f,: f,:f-'.li:fNl t'iiHI TOWN WLLL IHf'ACT 
~;urffM:r- r1rn1rw r111·Art 

tH :1l t:(;I('til Wl IOHTS! 

I [\I 1.'1'.H):O C(ML HJNl~W Al'TIVJTY 
r1rn1,LING M'TJl..'lfY ANfl FICLli R[SEAr..:cH 

rnrur Af'F'ROf'RIATE WEIGHTS: 

? o,o 
? 0,0,0 
? 0,0 
? o,o 
? 0 

? 0 
? o,o 

NON f·ctJNSYLVti/!J/'\t/ r-m,HATlON, HFTAH□r,rHIC ANALYSFS AN(l STRUCTURAL COMPLEXITY 
J1rr·rn i"\ND [!If• IHr·ACT 

? o,o,o 
? o,o 

tATA F ILl= L-.OC..An>~ 

OQQ_ _ ___ 1so _________ 1i10 _________ 300 _________ 360 _________ 42o _________ seo 

: I / : 

100 

200 

' 300 .,;. ________ _ 

I 

100 

200 

400 !-"'-~ .... ~i-'"-"-' ....... .iilj ................... "'lr.,_ _________ '----------- '-----------' ___________ 1 400 

500 

600 

700 L-·---------1 
000 060 

l l I I I 

,' : . l j l 
: [ : 
I 

I 
I 

500 

i!'-............. ..,., .................. -... _______ 1_ __________ 1_ __________ '-----------' -----------' 600 

--- I----------- 1 ___________ I-,.---------- I----------- I----------- I----------- I 700 
120 180 240 300 360 ' 420 480 

EXPLANATION OF SYHBOLS 

I H G F E D C B A 1 2 3 4 5 6 7 8 9 * 
\ _ - - .. - - - - - . ·- - _I\_ . -- - - - --- - - _ / \_ - -- - - - - - --- - /\_ - - - ____ /\ ___ /\ _ -- - ____ /\ _____________ /\ _____________ /\ _____________ / 

SLIGHTLY ? SLIGHTLY 
WORST CASE VERY BAD BAIi BAD GOOD GOOD VERY GOOD BEST CASE 



APPENDIX J 

INPUT DATA 

BY SQUARE MILE 

COORDINATE 
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I 

NARRAGANNSETT BASIN FILE 1 

CCJ ··ir·n T t-JAT1::·<:' • ... t. ' . . . ... ~> • X .. .. ;34 y . ... 9 GRID AREA: :1.29 UNITS 
I ... EF~:; ! , \'.)6 0 :36 0 . 0. 0 5 0 0 () 

dLCJI...DGICAL..: 0 0 0 0 0 o· O· 0 
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L.E::Cl:i + :1.:1.D () . 63 0 0 0 3 0 0 0 ❖ 
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·::;;::iur::ri::: Nt1T1:::1:;: X "" 4:1. y .. ,. 6 GF~ID ,~1:~r:A: :I. :I. :I. l.JNI'fr; 
! ... EE:!:;; 31:l B 3 60 :l.;-S 1::· ,., 0 () () 0 
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i ••• 1.:.1:,.\;) ·.- ,., ',.J 

UECL. (J ::.:IC!'~ 1... ❖ 0 0 0 :I. () () () . 0 . ,. 

CUC!h:r, J Nt1 TE::::; t X , ... 40 y . .. '? or~ :i:x:i AF;:E::A t 34l> UNITG 
i .. [[i;; (, 4'.:'i 0 4 b:I. 4 :I.() () () () 0 
,31::: Di... Ci'.:! I Ctil... ! () 0 () :I. 0 0 () () 
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·=· 

ClE::01...Dn I C{1I. .. t () () () () 0 () () () 

::::nu;::::o I N()T[!:; t V I•, .... 36 y .. .. D GF~I 0 M~E:At '')(') ~· .. ;, UNITS 
l ... l:~EE ' ~) () () 3 () () () () () 0 ❖ 

::;i:::o: ... DC-} I C(il... ' 0 0 () :I. 0 () () () ' 

C Ci D F: fl I t,! r:) Ti::: S : X 3<;> y B GFHD AF~E::t,: 1'"1''' UNITS .... .. .. \:) ,:) 
LEE:::; ' () () () :I. <y :I.() () () () () () . 
DEC!L.CC I Cr:)I... • () 0 0 :I. () () () 0 ' 

CD Cl i::: D I NATE G : X .... 40 y .... B G F~ I f.l AFi:E1~: 400 UNIT!:> 
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GF~ ID AF~!:::,~ t 400 UNITD 
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l·. !", !''.' ·"· ❖ 
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GF~ ID AF~E1~ t 400 UNIT::; 
() •") 

,,:.. ?:I. D9 0 0 
() 0 () () 
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0 () :I.{) () () 

0 () 0 () 
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() () () () 
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. 1 ••• ") .. X .... :I. :l y , ... 2D rn:;::i:b AF~C,~ t 40 ''.NIT::; 

LEl:::S: 0 () 36~~ 0 0 ':)"l ~3 ~·:~ ::.~ () () ,,.. .... 
nEDLDG I CAI ... t :1. () :I. 0 () () • :I. 0 

CDOr~DIN(.:·,Tl:::i:>: X :::i ip y 2<;> (:JI:~ ID ,~f~E,~: ••v ( 
\:)t) UNIT!:; 

I..EE:S t , .. , 
() 34 0 () () () ~:~ (.) 0 0 .•,. 
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L .. i:::::::G ! :1.3 () :·:) :·r, ::.~ ~) -~ 0 0 3'.?f) 0 '\ !,/ 
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C D C r:: x:: ::: N (-\ TE r; ,'. :I. :I, y "" ;~ 9 nr:::i:r:i AF~E:A t 400 l.JNITD 
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:::: Cl O :::: r:1 I N r-\ T [ !:l t X .... 4':> ... y .. .. 6 Gl\'IX:1 Ar~EA! :·rn1:1 UNIT!:l 
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L .. EE:G: () () () () () 0 () () ;_:,!!:_:; 
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C D CJ i::: It l N r~ T [ i:; t \/ 4::.~ y .... '"I oi::::i:x:i ,~ F( Ei: (1 : 400 U!'✓ ITi:> ,.··, ... , 
·' 
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ClECll .. C)G I C,~I.,.: 
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,;::::lOF'.D IN,~, TE::;; 
!...FE:F t 
(31:::Cll...DD I CtiL.: 

c:oor:: D :i: Ni~ T i:::s : 
I... E:1;: t:) t 
GEDI...CG I Gtil ... t 
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() 
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DEDI ... OG I CAI... t () () () () () () () () 

coor;:r:, I NAT EB: X .... t.7 y .. .. ;,!() GF(ID (.:iF;:EA t 4()0 UNIT\:; 
1...1:::1:::G! 40 () ,4':> ... 27 0 <y '7 :I.AO () 0 
Cl E () 1...fl G I C ,~ 1... : () () () () 0 () () 0 

CDCJr::x:, I NAT El:>·! X .... :1.2 y .. .. ::.! :I. GF( ID AF(l:::A: 400 UNITG 
I...EE'.13 t :l.'7 () () :I.() :3 () () q () () 

CJF.::01...DG I C,~I...: 0 () () () () () () ..... :~ 

CDClF(I:lIN,~TEB: X ..... :I.;·~ y .. .. ~-~ :I./ GF~ J: D ,~F(i:::A t 40() UNIT!:l 
1...EEDt 3::5 0 [!40 :1.6 () () 0 :l.l, () () 

C)ECll...ClG I CAI...: 0 0 () () 0 () () '"' . ::.~ 

CDDF(D I NATE!:>: X .... :l4 y .... 2:1. Gl:~ID ,%:EA! 4()() UNITf; 
I..El~:B t 

,., 
.,. ... 0 ::.i::_:;1:3 f., () () 0 :I. ;?.o :~.~ () 

GEDI...CJGICAI...! () () () () 0 ()' () • :1. 

CDC) r~ n I N A TE B t X '"' :l.::.'i y :::: ::?. :l. GF(Ifl Al:~c,~ t 400 UNIT!:, 
I. .. EEG t :I.~_:; () :;,11y 26 0 7 () :30 () () 

GE:01...DG I CAL.! () 0 () () 0 0 () .... ♦ ::.~ 

COON:O I NATE!:;: X .... :L 6 y :::~ 2:1. Gl:~J::O Al:::EA: 400 UNITf:; 
I .. E:E:!3 t BO () 6:1. :1.4 ti () :·5'7 :320 ::?. () 

GEDI...DGICAI...: 0 () 0 () () () 0 () 

COCll:~r:, I NATEf:l t X .... j,'7 y :::: :.1 :I. GIUD Al:;:E:At 400 UNITS 
I..EEG t :I. 1:·5 () Q :l.'7 0 0 0 :LO () () 

Gl:::DI...OGICAL.: () () 0 () 0 () () 0 

CClCJF~I:IINATEf:; t X :::: 1 '') ,I., y .... ·22 c,1:~ ID Al:::r:::A: 400 UNIT!:; 
LEE!:, t ~5 () () 4 :Lf:l () 0 () () 0 
GEDL.ClG I C,~L. t 0 0 0 0 0 () () 0 
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CClCll::.:DINATE!:l: X .... :t3 y , ... :~ ::.~ c-;r-:.::i:n Ar:.:EA: 400 l.JNITf; 
I...EEB! 1:1. 0 :t4() ::S:3 :to. 2:1. 0 :1.00 () () 
GEDI...DDICAI...! () () 0 :L 0 0 () () 

CDDF:.:DINATEG t X .... :L 4 y .. .. ~.~ ::.~ 01::.::i:r.i AF-:[A t 400 UNIT\:; 
1. .. 1:::E:G t :1.9 () ::.~() 4 :I. !7j 4'') () :I. 30 

,., 
() ... ~: .. .,:: . 

G CO L. D G I CA I... t. () () () () () () () () 

coor:.:x:i :i: t'-lATE::i:;: X .... :t !':i y . ... ':)':> 
,A., ,A-, G1::.::i:x:i AF:.:EA: 400 UNIT!:; 

I. .. FE:n t ~:.~ ~:.~ () ::.i'? :I. :1.2 4 :·5 () :I.BO () 0 
UFDI...DD I C1f.il... t () () () 0 () 0 () 0 

cooi::::o I N{\Tl:::G: X :::: :1.6 y .... ':>':> "" ..... 01::.::i:x:i 1f.\1:::[1f.i i 400 UNITG 
LCEG ! :1.7!:l () ::_:;9 :·~ 0 ::.~ () () 3:'.'iO () () 

GEUI...DD I CAI... t () () () () 0 () () .... <- ::.~ 

CDDF:DIN1A.iT[r;: X , .. , :I.'? y .... '')'') 
A~, ,\~, GF:.: I fl 1f.\F(E10 /: 400 UNITf; 

LEEE;t :3~::i () :I. :I. ~-~ () (.) 0 () 0 () 0 
GECJI...DD I Cr0I... t 0 0 '() 0 () () o· .... {- :::.~ 

coor::DINATl:::G: X .... :I.? y . ... 23 or:.::i:n t1F:.:E::1f.i t -400 Ui"·-JIT:;;; 
LEE::/:; t · () () :;14 29 () ,0 <y () 0 ) 

GEDI...DG I C1f.il... ! () () () () () () () () 

C Cl CJ F:.: D I N (,'.\ l E:: G : y 
" 

:::: :1.3 y .... ;:.~ ~~ GF:.:JO 1f.iF:.:Ci:1 t 400 UN Ilfi 
I ... EE::El t :I.fl 9 t::'("> 

,.! )' ~:_:; ~::; () ::.~ () () () , .. ,\., 
G!:::CJI...DG I CAI...: () () , .... + ~:_:; :I. () 0 () I'" (- ::~; 

coor::n]: N1A.iTFS t X .... :1.4 y .... ~.!3 Gl::::i:x:i r0F:.:Eh t 400 UNIT'.:; 
1...1:::E!:;: :3El () 4 '? s> !::; '')' 

t,' •• (~) () !::i () i) 

GEOI...DG I C1f.il... t () . () () 0 0 () () ... , (-:3 

CDOF:.:DINATED: X .... :I.!'.) y .... 2~·~ GF~ID 1~F:.:EA: 400 UNITS 
!...EEG t . 2~:.~ 0 2!:'iEl El · O 4 ~:5 6::.i () 0 
GEOLOGICAi...: 0 () () 0 () () () '"'. ;3 

CDDF~IIINATEG: X .... :1.6 y .... 2~3 GR:CD AF:.:EA t 400 UNIT!3 
LEEGt :I. :'.)0 () :1.76 0 () () () :3:1. t'.'i ~:~ 0 
GCCll...ClGICAl...t 0 () 0 () () () () ()' 

CClDl:~DINATES: X '"' :L 7 y "" 23 C:H·HD Al:;:EA t 400 UNITS 
LEED: 9:1. 0 <y~~ :1.21:l () () () () () 0 
GEDI...OGICAl...t () 0 0 ·o 0 () () () 

CCJDF:.:D I NATE!:>: X .... :1.2 y .... ';?.4 GF~ID Al:~EA: 400 UN I Ti:;· 
LEES: 65. () 8. 49 0 2 () :I. f.) 0 0 

. GECJLOG I.CAI...: 0 () ·-. ~:; 0 0 0 0 "". ;3 

CClDF~D I NATE!:>: )< :::: :1.:3 y ::::' 24 G1=~:rn AF~l::A: 400 UNITE> 
I .. EES: ~:=; 0 90 45 :3 :I.J ~5 BO 0 () 

GEOLOGICAL..: 0 ;◊ ' '"" • ~j () () () () "" ♦ :3 



comm r NA TES: X ""' 14 y '::;: 24 ' 
.:_ GR:tn AREA: 400 UNIT!:> 

1...EEf:l t 7 0 19 39 10 :1.30 0 24 :~ () 
GEDL.OGICALt ' 0 0 ..... !5 0 () 0 0 ...• 3 

' 

CDDf(D I NATEB: ·X - 1 ~) y .•. ~~4 GI:( :r D AF:EA t 40() UNIT!:; 
I...EEf:1 t 44 () 172 ~32 0 ;,i :I. () 36:1. 1::· 

,.J 0 
GEOLOGICAL: 0 0 () 0 () () 0 0 

CDDl:~x:, I NATE::f:l: X .... :l6 y :::: 24 Gf< ID M~EA! 400 UNIT!:; 
I..EEBt ~~ () ~·,r79 0 0 0 () 3<J4 9 0 
UEOI ... CJG I CAI...: () 0 () 0 0 () () () 

CODF~D I NATE!:;: X "" :1.7 y 1::: ;.14 Gf< ID Af<EA: 400 UNIT!:; 
I...[[!:>: :I.()() () :I. :I. ~:i 4 6 (} 0 I'" ,'.'J () 0 
GEDI...DG I CAL: () () () 0 () () 0 0 

CCJClF~D I NATE!:>! X, :::: :I. ::.i y .... '')1::· ,,:.,,.J (:)RID M~l:::A: 400 UNIT!:l 
l...[[!3: 2() () 44 46 0 0 4 :l.'.:'i:::i () 0 ' 
Cl 1:::DI...CJG I CAI ... : :I. 0 :I. 0 0 () • :I. .. ... 3 

CDDF<DIN,~TE!:> t X .... ;1;3· y . ... :.:.~~; GF~ID Al:~!:::(-~: 400 UNIT!:; 
1...CC!:l ! :1.!:I 0. 6<i> 7 1 :I.'? 2:1. :1.60 t. 

\,/ 0 
ClEOI...OGICAI...! () () ""' .. ~:5 0 0 0 () ..... 3 

CDDF~DINATE!:> ! X .... :t 4 y .. .. '')t::· ,\•,.,.J Gl:(ID Af(i:::1f.i ! 400 UNIT!:l 
!...EEG: c> () :I. ~56 32 4 :l."l :I.'? :1.-4~:i D ) 

GEDI...CJG :C C1f.il...: 0 () ..•• ·+ ::?. () 0 () () ..... ;3 

CCJClF~DINATE!:l: X .... :l ::'i y .. .. '')I!!' 
~.d G1:~ :r r:, (>1f(EA ! 400 l.JNIT!:l 

! ... EEG! ~::.i 0 ~-~4~:.:; ~~:; 0 ~:'j '? ::.i~io () 0 
GEOI...OG :r CAI... t () 0 :I. 0 0 () () ..... 3 

coor~DINATE!:>: X .... :1.6 y ... ,·)r.:' .,., . .,\,,, Gf(ID AF~EA: 400 UNIT/:; 
1...EE::Bt 72 0 2:1.5 () 4 :1.2 ~::; 400 ·4 0 
GED 1... D G I CA 1... : () () :I. 0 0 0 () 0 

coo r:: x:, :i: N ,~Tr::: n t X .... :I.? y . ... '')l!:' 
11.',.\.,J GF~I D ,~,:~EA t 400 UNIT!:; 

1..1:::E!:l ! 2:l () () 60 "l () ~::; () :1.3[:'i () () 

GECJL.OG I CAI... t () ' () 0 0 0 () () () 

comm I NATEfl t X .... :L2 y .. .. 26 GRID Ar<EA: 4 ()() UNIT!:; 
LEI::!:> t j, () 0 u.o ;31:1 16 0 0 :l.i:l!:l 0 () 

GEDl...fJG I CAL. t · () 0 0 0 () () () .:t 

coo1:~r:, I NATE!:l: 'x .... 1 ~3 y .... 26 GFnrr Al:::EA t 400 UNIT!:l 
I .• EEB ! 44 0 46 40 ' 

<y 0 () !:l 0 () 

GEOI...OG:C CA Lt () () -·. 2 () 0 () () .... ♦ 3 

COCJFUl:CNATEB t X -:::: 1.4 y .... 26 GIUD AREAt 400 UNITG 
LEE!:,: 2;3 0 65 1B 0 5 :1.0 ,, :I. 40 () () 

GEDLOG:CCALt 0 () - ._~:!. ·o 0 () 0 ..... ~3 
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C Cl Cl i::: D I N A Tr::: G : X .... :L !'.'i y .. .. 26 GF~ ID AF~EA t 400 UNIT\:; 
L[LGt ~.'i9 () !:l8 '')'') 0 :1.9 !~j !::; 33(~ 0 0 ,:..,:.. 

GE:Cll..DCJ I CAI...: () () 0 ·o () 0 0 ..... 3 

CCJDF~ D t N() TE!:>: X .... :1.6 y .. .. 26) Gr-::ID ,f.iREAt 400 UNITU 
l ... [E:1:;;: :I. 0 :I. () 36 :1.3 ::.~:3 () () :~ () ::~ 1~) () 

GECll...DU I C(.1I ... t 0 () () () 0 :o 0 () 

C O CJ F~ X:, I N t-, T I::: !:; : X "" :l.'7 y .... 26) GF~ID M~EAt 4 ()() UNITn 
/...[[!;; t 9'.'5 () :I. 3!'5 0 0 4 () :I. 9'.'.'i 0 0 
GEOI ... DG I CAL. t () () 0 () () () () () 

C O C) F~ :U I N tr TC: '.:; t 'y 
-" .... :1.2 y ..., 2'7 G F~ ID AF~Er:':i t 400 UNIT!:; 

I. .. EC'.::: t '.'.'i() () 336 () () 0 0 360 () 0 
ClCOI...DD I C()I... t 0 () () () () () 0 () 

C U C) F~ D I N (; T [ !:; : X .... :t:-3 y .. .. 2'7 C·JF~ID (iF~E::() t -400 UNITb 
1. .. 1:::ci:;t. 36 () !:l!'.'i :1.9 

, ... 
,".'! :I. () 3DO () () 

CJ[OL.CJC) I Ci/)1... ! () () 0 () () 0 () .... (• :·5 

CD U 1:~ D I N () T [ G t )( "" :1.4 y .... '")"'I .,., . ., .I GF:ID (.iF~[h t 400 UN:/:TG 
I...E:FG t :?i6 () :1.:1.3 :I.<;> () '6 () 

I 2'76 () 0 
r::-JE:DI...DGI CAL. t 0 () () () () () () () 

CD OF~ D I N ,:~ TE !:; t X .... :l.!:'i y .... 2'7 GF~ ID (.iF~F,':':i t 400 UNIT!:; 
i...E:Efl t 49 () !'.'i6 ::~9 () "") 

/ D ~.!20 () 0 
G[OL.DG I C,~I...: () , 0 () 0 0 () 0 () 

CDCJF~D INr-~TE!:l ! X .... :l.t, y .... 2'7 GF~Ir:t r:':JF~EA: 400 UN I T:3 
1 ... 1:::1:::G t :l.!'.'i!:'i () l')J::• 

..:.,\,) () () () () 3B!'5 0 0 
UFOL.DG I Cr:':il... i () () 0 0 () 0 () () 

CClCJF::O I~-~ r-~ TE!:> ! )' . \ .... :l.'7 y .... 2'7 01:~In M~E::At 400 UNIT\:; 
L[E:!:>t :l.~.!0 0 46 46 6, () 3<!) 32!'.'i 0 0 
GE:01...CJG I C,~I...: () 0 () () () () 0 0 

CCJCJF~D IN A Tl:::!:;: I X .... :1.2 y .. .. 2B c,1:~ID ,f.\RE::At 400 UNIT:::; 
L .. E::FD: :1.4 () :36>B 0 0 () () 400 () 0 
GE::01...Cl(;) I C,f.il... ! 0 0 <> 0 () () () () 

coor~x:i I NATE.!:>: X .... :t :3 y .... ;!.t:l GF~ :t D M~EA! 400 UNIT::; 
L(l:::E; t ::.~ ~3 '() :H8 () 0 0 (.) 400 0 0 
GE::01...DD IJ;,~1...: 0 0 () () () 0 0 () 

CDCJF~D I N,':':i TEG ! X .... :1.4 y "" 28 (31:~ID M~EA: 400 UNIT!:; 
LEEGt :~~ :~ 0 18() 3? ... f.) ~) () 400 ()- () 

GE:Dl..DC-) I CAI...: 0 () 0 0 0 0 0 ..... ;·3 

coo1:~r:, I NATE\:;: X "" :t ~) y .... 28 C-J,RJ.D Ar.;:EA ! 400 UNIT::; 
!....EEG! :1.20 0 3 40 20 () 0 :;ioo 0 () 

GECJl..ClGICAI...! () () 0 0 () 0 () • :I. 
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CODF(DJNATEf:l: X .... :1.6 y ·-· ~(!:) GF(ID Al:::EA: 400 l.JNIT!:l 
1...E::CGt 9:1. () 1.31 1::•1•) 0 ::.~ o. 19~.:i () () .. .J ... • .. 

CJEDI...ClGICAI...: () () 0 () 0 () () () 

• 
CDC!F(DJNATE!:l: X .... :l.'7 y .... 2B GF~ID Al:::E,➔ t 4 ()() l.JNITG 
I ... E::EG t l ~:.~ ~7; 0 () ~3 ::.~ 9 () ?'7 ~3 !:5 f.) () 0 
G E:: DI ... Cl G I CA 1... t 0 () 0 () () () () () 

cooi:;:r:iJNATEfl t X :::: :I.;,( y ... , 29 Gl:~:i;r, Al:~i:::A: 400 UNIT!:; 
I ... EEG t () () 400 () () () () 400 () 0 
GCDI...DG I C,t1I... t () () () () () () () () 

COO F( D I NATE G : X "" :1.3 y .... '")(') 
1,'., ) (:mID AF:EA t 400 UNIT!:; 

1...EEGt ?O () ;·~o'? (). 0 () 0 400 () () 

UEDI...OD I Cr➔ I... t () () 0 () () () () (). 

C Cl D F;: D I N ,:~ TE G : X .... :1.4 y "" ~.(9 
' 

GI:~ ID ,~F(E::,~ t 400 UNITG 
i...ECD t :1.04 () 39 :1.::'i 0 () <? ::,~?:~:: () 0 
Cll:::DI...DGIC1:~f...: 0 0 () () () () () ·o 

C: 0 CJ F( X: 1 I N (.~ T E D t X .... :I. :'.'i y .... ~.!9 c-;1:;: :i:.o ,➔ l:(l:::1~ t 400 UNITi:; 
I..CC!3 t :1.00 () () 4:'.'i 0 () () :I.B () () 

G [DI ... D G I C (.:, 1. .. t 0 () () () () () () () 

COC!F~UINt,TEG ! X .... :I. 6 y "" 2<? GF~ Ir:, Af:;:E,~ t. 400 UNITG I [" , ... ,., ,, 
... ·:. ::,.;:)-> :1.3:'.'i () () :-30 0 () 0 40 () (.) 

CJEOI...OD I C,~I...: () () () () () 0 0 () 

cooi:::r:i J NATEfft X "" . :I. '7 y "" :!9 (•m:i:x:r (i,r;.:i:::t1 t -400 UNIT!:, 
1..E:EG t 94 0 () ~.! fl 0 () () :·~ ~? !:.:; 0 () 

UC:DI ... CJG I C,~I... t () () () () () () . () () 

CDDF~D I N(:i TEt:;: X .... ·:1. fl y .... 40 GF~ ID AF~EA: 400 UNIT\:; 
l...EEGt :'.'iO () :3 ::.~ ;3 () 0 () :1.B:'.'i () () 

GE:DI...DG I CAI... t 0 () 0 () 0 () () () 

CCJClF(ff INATEf:;: X .... :l 9 y .... 40 c-;1:~ID AF~EA t 400 UNITn 
1...ECGt :1.0 9 :l.~.!4 6 () () 40 :1.4,4 0 ~:.~ 
GEDI...OG J Cf.,I ... t () () .... ♦ ::.~ 0 0 0 () "" . ;·~ 

cnor:::o I NA 'f EG: X .... ::.!() y .... 40 GF( Ir, A1:~E1~ t 400 UNITG 
1...EE::G: 0 '7 :1.3B :I. :I. 0 :1.0 :I.~.! :I. 40 () ~:.~ ::.~ 
c-lECll...CJG I C10il... ! () () .... + ::.~ () 0 () () ..... 3 

COCJF~D J NATF.::G t X .... 2:1. y :::-i 40 (Jf( ID AF~EA: 400 UNITE; 
I..EEB t :I.~~ () :I.~)~:) B 0 () () () () '") 

I 

GEDI...ClG I C1~I...: () () () () () () () () 

C Cl Cl F~ D I NA TE i:, : -X .... :~~ ::~ y ... ~ 40 GF~ID Ai:~EA t 400 UNITt:; 
LEES: () () 260 () 0 () () () () 0 
GEDl...0(:) I C,~I...: () :I. () 0 () () .... ♦ ::.~ • :L 
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coo1::.:n I NATEG: X ... , 2~3 y .... 40 (:JF;: I 11 ,~r~E:A: 400 UNITf; 
1...f:::EB! () () :I. 3::j B 0 () 0 () () ::.:::?? 
GEDLOD I C,~I...: () 0 0 :I. 0 () () () 

C Cl Cl F:.: D I NA T En : X "" :l.f:l y '"' 4:1. G1::.::i:r:i AF:.:E::A! 400 UNIT!:; 
LEE!:;! 9'7 () :1.3 9 (.) () () () () 0 
G[Cll...CJD I C,~I... t () () () () 0 0 () ..... 3 

CClClF~D IN,:) TE!:; t X .... :I. <i> y . ... 4:1. GF~ID AF:.:E:A: 400 UNIT!:; 
I..E:I:::!~ t n () :1.9:'.'i :I. :'5 () () () :I. 40 () :I. :1.:'.'.i 
GEDI...DDICAI ... t () () ,"" + ·::.~ () () () 0 .... ♦ :~ 

CCJDF:I:i I Nr; Tl:::!:> t X .... ::.!() y .. .. 4:1. - GF:ID Ar::i:::t, t ,400 UNITn 
1..1:::LD t () () :::.i4:'.'i :I.D· () () () 6~::i () {):I. 
Cl[DI. .. OD I Cit.ii... t () () () () () 0 () 0 

CCJCJl?O I NATE!:;: X .... ::J. :I. y .. .. 4:1. or:.: :i:r:r (~F:1::: r::, t 400 UNI Ti:: 
l. .. [[!3 t :~:.~ ~:=.i () :l.'70 () 0 0 () () 0 ·7 .. 
GEDI...OD I CAI.../: () () () () 0 () 0 () 

CClCJF:.:DINATLE; t X .... :\:,~ ::.~ y . ... 4:1. GF:IO 1~r:.:E::() t 400 UNIT!:; 
1..EE:G t 0 () ::.~ l, :I. () () 0 () () () <_;:it, 
GECll...OGICi-)1 ... : 0 () () () () () () () 

COClF:.:D I Nr; TEG t ',( 

" 
.... 23 y .. .. 4:1. n1::.:1x:i 1~F:.:E::A t 260 Ui\!IT/:; 

1...E:E:f; t () () 3:1.'7 0 0 () () () 0 ·70 
(3 E DI... 0 D I C r,~ I... ! () () () :I. () () () () 

coor:.:ri :i: N,,~ Tcr;; )( ... , Hl y .... 4':) . .. Gl:~JD f.:1 F~E 1'1 t 400 UNITG 
1...E::EG t :3 4 9 ") 

,\•,. :~~ () 0 () 0 .:?~] 
GED!...DD I C1~I...: () () () 0 () () () 0 

CDDl:~DINATEG t X .... :1.9 y .... )"' "' ,.·: . GF:.:ID Al:~E::A t 400 l.JNITG 
I...EESl; () () 90 '? C.) () () . 4~:!, 0 :?{:>''.? 
GEDL..OD I Cf.~I...,! () () () () () () () () 

CDDF~D I Nr~ TE!:>: X .... 20· y .. .. 4':> . .. GF~ID 1'1F~E,~ t 400 UNIT::; 
I ... EEE;; 4 :1.4 ;,!:I.? B 4 () () 9 () DJ 
GE DI... Cl G I C 1!~ I . .'. t () :I. () () () () '') 

t, ...... • :I. 

CDCJF~D I Nr-) TED: X .... 2:L y .... 4':> . .. GF~ I :0 AF~l:::A: 400 UNIT!:; 
1...EEGt 3 ::.i :L :I. \:'iO () 0 () () () () :I.'? 
GEDL..OG I c,~1...: () () () () () . () 0 () 

CDDF~DINATl::'.G: X .... :~~ ::.~ y .... 4':> . .. r;F~ ID AF~EA: :3<:>:':i UN IT!:> 
LEE!:;! () () ~~60 0 () () () () () :1.3:'.'.i 
DEDI...D'c-l:l:CAL..: () () () :L 0 () () () 

C:ClCHWINATE:G: X .... 2~5 .y .... 42 m.::rn Al:.:E:A: 400 UNIT!:; 
LEEG: •")I::• 

, .... \J 0 0 2!5 0 0 () 0 () () 

GEDL..OG :r CAL.: () () () 1 0 () 0 0 



CODF~DINATEB: X "" Hl y :::: 43 muri AREA: 4()0 UNITE> 
!..EEG: 0 19 61 .J.6 0 0 0 0 0 :/,.(:)() 
GEOI...DGICAI...: 0 () () 0 0 0 0 0 

CCJOF~D I NATE!,! X .... :l.9 y .. .. 43 
' c,1::::cri Af~EA ! 400 UNIT!:; 

LEE fl! 0 0 1 ;?.◄ B· :1.4 0 0 0 0 344 
GEOLOGICAi ... : 0 () () 0 0 0 () () 

CDCJF~D I NATI:::!:>: _X .... ~!0 y :m 43 Gl::::i:r., AF~EA: 400 UNITG 
!...EEG! () 0 62, :1.9 B () 0 () 0 :·J::.io 
GCOI...CJG I CAL.: () 0 :L 0 0 () '') + :,.~. • :I. 

COClF(I:ilN(.)TE!:l: X '"' 2:1. y .... 43 GF~ Ir., Al,E(.1 t 400 UNITi:> 
1...EE::!:l: () 7 · :·54 () (). () 0 0 () 344 
GE::01 ... DG I CAI ... ! () 0 () 0 () 0 0 () 

C DDl:~r:, I ~ATE !:l ! X .... 22, y '"' 4;·5 C·)F( IX:, '(.)l,EA: :f. O!:) UNIT!:; 
1...E:Ei:lt () ' () :I.Ol5 () 0 () () () 0 DO 
GEOI ... OG I CAL.! 0 :I. () :I. () () () 0 

C D CJ F( D I NA TE !:l ! X .... :lf:I y .... 44 GF~ Ir:, {,)F([:(,i: ·400 UNIT/:; 
1...1:::EG t () () 46 0. 20 () 6 () () 30:·1 
CJEDI ... DGICAL: () () () () 0 () 0 0 

. C CJ D F~ D I N (:i T f::: !:l : X .... :1.9 y .... 44 GF(:1:X:, AF(l:::A: 400 UNITfl 
1...1:::E!:l: 0 () 0 0 0 () () () () 4()() 
DEOl ... 0(:l I Cr::il... ! 0 () () 0 0 () () () 

CODF(D I NAT EB: X .... 20 y :::: 44 (m:rr:, AF(l:::A ! 400 UN:l'.Tfl 
I ... EE:!:;: 0 () () () 0 0 () () () 400 
GEDI...CJD I CAI ... ! () () () 0 0 () () () 

CCJCJFWINATEB t X .... 2:1. y .... 44 cm:cx:, Al:~r:::A: J60 UNIT!:> 
LEEG: () () ~t7f.l () 0 () () () 0 · :1.:1.D 
Cl[DI ... OG.ICAI... t () () 0 :1. 0 () () () 

COOF~O I NAT EE;': X .... :I.B y .... 4::5 m~:rn M~EAt ::!. () '.'.'i UNIT!:l 
!...EEG: () () 0 () 0 0 () () 0 :I. ~:5? 
GEOLOGICAL t () () () :I. 0 0 () () 

CDCJF~DINATE!:l: X :I.<;> ' ' y "" :::: 45 (3RJ.l) AREAt 400 UNIT\:l 
1...EE!:l: () () 0 0 0 0 0 ·o () 400 
GEOI...OG I CAL.: 0 () () 0 0 0 0 () 

CCJOF~r:1 I NAT EB: X .... :.;io y .... 4::5 15F~ ID Al:~EA: 4()() UNITU 
LEEG! () () :I. :I.() 0 0 () () () () 290 
GEDL.DG I CAL.: () () 0 () 0 () () () 

CCJCJl:~r:, I NATE!:>: X "" ~!:I. y '"' 4::5 'Gl,J:Il Af~EA: :I. :I.() UNIT!:l 
LEE!:l: () () :l 10 0 q () () () () () 

GECJI ... DG:CC:AL.: 0 0 () 1 0 0 () 0 ,,. 
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COCJF:Dlt~ATE/:;: X .... :LC y . ... 46 GF~ltt 1'~1:~EA: :1.4:::i UNIT'.:; 
I ... EEh t () () () () 0 0 0 0 () :!.4:1. 
GEDI...CJD J CAI...: 0 () () :I. 0 () () () 

coor;::o :i: Nr~ TEi:;: X .... :I.<? y .... 46 GF~I D (.1F([(.1 t 4 00 Ui-1 I T'.3 
I...EEr; t () () 0 () () () 0 0 0 400 
GECll...ClD I CAI...: () 0, 0 () () () 0 () 

CDUF(I:IJNATE::l:>: X .... ::.~ () y "" 46 GF~ID 1f.!l:~1:::t-1 t :::.~ ::,:1 ~:_:_; UUITG 
I...EE!:;t, () () ~:,:; ~:_:j () 0 () 0 () 0 :I.DO 
UEDI...OG I C1f.)I... ! () () () :I. 0 () () () 

cour~n I Nr~ TE!:;: X .... :I.D y .... 4"l l Gl:<JD 1f.)F<FA t :·:~::.~o U/··./ITU 
l...[[Gt () () () () 0 () 0 () () 32() 

GEDI...DU J C1f.!I...: 0 0 () () 0 () 0 () 

CDC!F~O I NAT[G t X .... :1.9 y •''" 4'? GF<ID (1F(/:::A t :::.~ (? ~:_:_; UNITh 
I .• EC'.:; t () () () () () 0 () () 0 ::.-.:: r:_;-i ~:_:,; 

GEDI...ClGIC1f.!I... t 0 0 0 () 0 0 0 () 

CDCll?DINr~TEn t X .. ,, 20 y .... 4'? c-;r;::i:x:i t1F(Er~ t '"I"') 
/ / Ui\!JT:::, 

I ... EEG t () () :1.2 () () () () () 0 "_:--,:::, 
' •• •1.,} 

UECJI...OD J Cr~1I... t () 0 () :I. () () () () 

\ 
CODF:DJNt~TEf:; t X .... :l.f:l y .. .. 4!:l GF:ID f1F([(.) ! 400 UNIT!:; 
!...EE!:;:; 0 () ~:.~ () 6 () (' () ~:5·,7 0 •••! "Y "'I 

,} ,:~• ;:~, / 

GEDI...DD I C1f.\l...: 0 () () ... ) ~-- 0 0 0 () 

cooi:;:D I Nh TE!:l: \i .,, .... :I.<? y .. .. 40 C·)F:Ir:i 1~F~Er~ t ::.!40 UNITG 
1..J;::[(;;; 0 <) ?:I. 

,., 
() () 0 !::; ~:5 () :i.'.'50 .,.-,: 

CiEDl...DDIC1f.\l... ! () 0 () () () () () 0 

CDDF~DINr:'~TEt:; ! X , ... ::.!() y . ... 4B 01:~ID ti1:;:1:::1f.) t :I.<:) UNIT!:; 
1...1:::l;::!:l: () () :1.3 3 () 0 () () 0 0 
GEDI...DDICAI...! 0 () () :I. 0 () () () 

CClOF:U I NATE!:>: X .... :I.B y .. .. 49 GF~ID l1l:;:l:::1f.) t 400 UNIT::; 
I ... CEG: () 47 <?:3 () 0 () 0 260 () ()~:) 

CEOL.OD I CAI...! () () () () () () 0 () 

CDDF~DINATEf;: X .... :1.9 y . ... 49 !31:~:i:x:, M(EAi :::.! :'.'i() UNIT!:> 
1...1:::Ef:; t 0 0 <;>() 0 0 () () () () :I. '.':.;o 
GEDI ... OD J CAL..: () () () () () () () () 

'?9<) 

r~<-,iad\,1 
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NARRA'OANNSETT BASIN FILE 5 
, 

I ,,;. 
' I coorrn :r NAT ES: X :m 1'8, ,, y :m:20 ·GRID Ar~E'At 4()() UNIT!:l 

1..EEB: ' - '10:L 0 20 J5 0 '0. 5 13t:i 0 0 
GEOLOGICAL: 0 0 0 0 . ''o 0 0 0 

CClOF~DINATE!:l: 'x i 
:l 9 y 20 GRID M~EA: 400 UNIT!:l :::: 

1...EE!:l: 'l.i? () 7 1 '') ,4 0 9 () () 0 () 
GEOLOGICAi ... : () 0 0 0 0 0 0 0 

CCJClf~I:IINATEB: X ·'"' ~!O y :::: 20 GIUD Al:;:EA: 400 UNJTS 
LEES: ::rn 0 :1. 9[':i I') 

,/,, b 1:l.i3 0 () 0 () 

GEDL.OG:CCAL.: 0 0 0 0 0 () () () 

COCJF~D I NATE!:>: X r::: 2:1. y :m 20. c,1:~ :i: r:, Al~l:::A: 40() UNITG 
1..f:::[D t 90 0 70 HI 2 () ::.~ ~:.~ :I. l:'iO ::.~ 0 
G[Cll..OGICAL: 0 () 0 0 0 () 0 0 

C ()CJF~D I NATE::!:, : X !:i-! ~~ :~ y .... 20 Gf~Jr:,. Ar~FA: 40() UNJTf; 
LE:ES: ?~:; 0 ~~ :~~ 0 4 () l'.'i '7 :1.00 .~:.~ () 
GEOL.CJGICAL.t () 0 () 0 0 ◊ () 0 

. ' 
CCJCJRDJNATEB! X ~::: ~~:~ y .... 20 Gf~ ID AF~EA ! 400 UNITfl 
I...EE!:,: :3:::i () 24 0 0 4 () :·5::5 0 () 
Cif:::DI...DG I C,~I... t 0 0 0 0 0 0 () 0 

C CJCJF~D I NAT Efl ! X .... :I.D y '"' .2 :I. (;)F~ Ir:, Ar~EA! 400 UNIT\:; 
1. .. 1:::1:::B ! 1:;•m1 () '7 ;3::,:; 0 '') 7 90 () () ,.J,,J •.. , 
OECll...ClG I CAL.: 0 () () 0 () () () .... + ::.~ 

C DCJF~ DIN ATEf.l t X :::: :I. CJ y :::: 2:1. (;)f~ :i: :0 Al~CA ! 4 ()() UNIT!:, 
LCE:B! :1.0:·5 () ".)i::· [:) () ,:[ () () () () ,...,, ~> , 

GEClL.ClG I CAI ... : () 0 () 0 0 () ,() 0 

C Cl Cl 1:~ X:, I NA TE B : X :r:: 20 y .. ,. 2:1. (:ilUD M~EAt 400 UNIT'.:> 
LE:l;:G ! 3 () 60 2~:-; 0 :!10 0 0 () () 

GEClL.ClG I CrqL t () () () () 0 0 0 .... + :~?. 

coor-~r:i :i: N(.~ T1:::n: X "" ~!:l. y .. .. ~.11 mnri AF~EA: 4()() UNIT\:; 
LEES: 43 () '7 (:'i() 0 3 ~~ 40 () () 

GEClUJ(:J I CAL! 0 () 0 . () 0 0 0 "" • :·5 
" 

COClFWJNATEB: X "" 22 y .. , 21 GRID AREA: 400 UNIT!:; 
l...[E:!:): :t :L 0 0 4(:j 16 :J.4 () 20 ;33 () () 

GECJL..ClG :t CAL: () 0 0 0 0 ,. () () 0 

I coonx:i:rNATr::st X m.: 23 y t:! 2:1. cmrr, AREA: 400 UN:f.T!:; 
1..E:Ef;: (1:l () 30 :1·0. :n 0 () 7:::i () 0 
GEDL.Cl!:-J I CAL: 0 0 () 0 0 0 () () 

comrn :r. NATEf:,: X :::: HI .y ,:::: ~2 I Gf~ID M'i:EA: 400 UNITD 
LEED! Elf5 0 40 17 9 0 0 () () () 

GEOLOGICAL.: () 0 () 0 0 () 0 () 
-



cocmn:cNATES: X .... 19 y ·- 22 GI::: :r.r1 Af~EA: 400 UNIT!:; 
LEE:Sl: t?O 0 0 ? :t:L 0 f.1 0 0 () 
(3[0L.OG :t CAL! 0 () 0 0 0 0 0 .... + :~ 

COOF~DIN,~TE!:l: X :::;, 20 y .... :2~2 GF~ ID Al:~i:::r~ Z 400 UNIT'.:; 
1...EE:G t <y'7 () (:)5 20 () I').,') 

1t,'" 11:., 0 () () 0 
UE::01...00 I CAI...: 0 0 0 () .0 () () .... ♦ ;~ 

CClDF~HINATEf:l: X .... 2:1. y .. .. 2::.~ -Gl:~If.l Al;;;E::A: 40() UNITG 
I ... LEG: 4:'.'i () ?:'.'i- :32 0 () () 0 I..) 0 
Cll::01...ClG :t C,~L.: () () () 0 0 0 0 • :I. 

CCJDF:DINATEB t X .... ~~~-~ y :::i ~.~ ~~ Gl:~ID AF~EA ! 400 UHITf; 
LEE:St '70 () :rn 4!:) '') 

"'· 0 () 0 () 0 
Gl:::01...DD I C,~I...: () 0 () () 0 () () 0 

CODF:D I Nti TE!:l: X .... :1.:~ y :::: ~~~-~ DF~ IO Ar~EAt 40(1 UNIT!:; 
1. .. 1:::L!:l t '?0 () 60 :1.5 ' 4 :1.00 0 :·:~00 "X 

•.,J 0 
GECJI. .. DD I C,~l...: () () 0 () () () () () 

CDDF~D:CNt1TES: X .... :I.€! y :::: ~~:3 GF~Ir1 AF~Er'.:i: 400 UNITG 
1...EEU! '70 () 4l~i l')I:!' ~· .. ,,) . :I. l'.'i () () 1')1::· 

~: .. ,.J () 0 
Gl:::DI...DGICAL.: 0 () 0 () () () () () 

C CJD F~D I Nt, T E!:l t X .... :1.9 y . ... ~~:·3 GF:ID AF~E,-:':i i 400 UNITb 
LE::r:::G t "/() () 6!'.'i l> () {.; 

, .. , 
... ·:. n:':i () ('· . .} 

GCDI...OGIC,~I. .. : () () () 0 0 () () .... + ::.:.~ 

CDCJF~O I Nt1 T 1:::1:; ! X ... , 20 y :::: ::.~ ~3 GF~ ID AF~E::A; 40() UNITn 
LEEU t ·71::· 

I ,.J () ~3 ::.~ D 30 () 0 40 () () 

GECJL..CJG I CAL t 0 0 0 () () 0 0 () 

CDDF<DINATES: X .... 2:l y .. .. ;.;!;3 GF~J:D AF~Et:1: 40() UNIT!:; 
1...c1.:::s: :30 0 ? 1 :I. :I. :I. 0 6 18 () 0 
GECJI...OGIC1~1L: () 0 0 0 0 0 () () 

CDOF~DINATE!:;: X .... 2~! y . ... 23 c,1:~:rr.i Al:~EA: 400 UNI Tr; 
LFESt 6:L () :I. :L 7 0 !::i El :I.~.~() 4 0 
CJEDU)G :C CAL.: () () () () 0 0 () () 

CDOF~D I_NATEG t X ... 2:3 y . .. 23 GF~ ID Al:::EAt 400 UNIT!:l 
1...EE!:l t 6:1. () :l.'7 0 0 0 0 -:I. 60 ::.~ 0 
GCDI...ClG I CAL.: () () 0 0 0 () 0 0 

.(:;ocmrnN,~r1::.s: X .... :I.H y . .. 24 crnrr, AF~EA: 40() lJl'jTT(:' • I •• ,.> 
LEE:Sf :L !'.'i7 0 3() ? 0 45 0 () () () 

flEDLCl(3 I CAL.: 0 0 0 ' 0 () 'O 0 ()· 

CDDIU1lNAITEG:. X :::: 19 y .... 24 GIUD Al:::E:A: 400 UNI Ti:; 
LEE:B: BO 0 66 19 5 4 2 !:j 0 0 () 

GEOLDGJCAL.: () () 0 0 0 0 0 0 

j 
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CODFUIINATES: X .... ~?◊ y :::: 24 GRID AREA! 400 UNITS 
LEES: 38 0 40 25· 13 9 4 15 () 0 
GEOLOGICAL: 0 ·o 0 0 O· 0 0 ' 0 

COCIFWINATES: X .... .21 y :::: 24 GRI!I' A'REA: 400 UN In; 
LEES: 70 0 15 17 0 0 7 1B () () 
GEDLDG I CAL. t . () 0 0 0 0 () 0 0 

CDCHWINATES: X :::: ... ) ,.) 
4..:,, y .... 24 GRID AF~l:::1~: 40()· UNIT::l 

LEI::!:>! 16() 0 0 r)r) 
.t:.,A\. :L 1 0 0 =~:w 0 () 

GEDI...OGICf.~L: 0 I 0 0 0 0 0 0 0 

CCJOf~D I NATES: X --: .:n '( .... 24 GRID Al~EA: 400 UNIT!:; 
LEES t 6~! () 75 3 0 0 () 3!5 0 0 
GECJL.OG I C,~L. ! 0 0 0 0 0 0 . 

.• 
.() 0 

'. 

CDCJrrn IN1'!':tTEB: X .... Hl y .... 25 GHID ARE,~ t 400 UNIT/:; 
I r"I"'"' • / ... i.::. ;:, ,J + 200 () !'50 :3!:) 0 1. j_() 0 0 () 

CJEOI...OGICAL..t 0 () o· 0 0 0 0 0 

CCJCJf~DI Nr~TE/3: X ·- :L 9 y .... ::.~!5 . GIHD Af~E1~ t 400 UNIT::; 
1...E:ES: 70 () 0 21. 0 O· :30 9 0 () 

OEOL.OG I CAL.: 0 () () 0 0 0 () ..... 3 

coorrn I W\ TES: X .... 20 y :::: 2~5 mnn Al:::E,~: 400 UNIT\:; 
L.EEB t :1.30 () 9 22 0 0. {:l 0 () .. O 
GECJLOCJC,~I...: 0 0 0 () () () 0 0 

coor-::r:r :r Nr-~ T E:B: X .... 2:1. y .... ~~5 cm:n:, Ari:EAt 400 UNIT!:; 
LEE:!:;! 1.~50 () :1. ~:-; 7 .() B 0 () 0 
CCDL.OG I C,~L ! 0 0 0 () () 0 () () 

I 

::.~:~ TH;:ID ,~HEA t 40() UNITD CDOF:D I NATES: X .... y .... 25 
! ... r::r::s: :10 () :L 0 20 4 () () (') "" } ,.! 0 () 

GE:CJL.DG I CAL t () 0 ' () 0 0 0 () () 

CCJCJF~D I Nr~ TES: X .... 23 y .. .. r)I::" 
11.• •• ,.,.J GRID M~Er:'.l: 400 UNIT!:; 

.I...EE!:> t 70 0 40 10 0 0 D () 0 .,, 
\1 

UCClL.DG I Ct-,L.: 0 0 0 0 () 0 0 () 

-cocmx:ir NATES: X .... HJ y .... 26 GRID Mi:EAt 4()0 UNIT::; 
! ... EEG t :i ;.~(5 ' 0 32 :L5 () 0 --:>--:> A,, A,, () () 0 
GE:DU)G I CAI...: () 0 1 () 0 0 b • :I. 

CCJDF~DINATf:~!:l ! X ~·- 19 y ... 26 GRID AREA: 400 UNITS 
L[EGt 240 0 31 () 0 0 . () 125 0 0 
f.:lE:DL.CJG I CAL: \ () 0 0 0 0 o· 0 0 

l 

CCJOF<DINATE!:l: X .... 20 ·Y .... 26 'GRID ,~,:~EA:. 40() UNIT!:> 
I .• EEE: j r.1m· . } ,J 0 0. '')r.r 

.:,,."'J O· 0 () () 0 () 

CiEClL.ClG I CAL-! () () 0 0 0 0 0 0 
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C.C)Cll:;:n I NATES: X ... 21_ y Ir. 26 GRID AREA:' 400 UN:~T:;; 
I 

f,.EE:J: 95 ·O 7 . ·24 0 0 10 0 0 0 
(3ECJUJG I CAL: 0 ,0 0 0 0 0 0. () 

COOFWINATES t X ... "''') .:..~ .. y •.. 26 'GR:CD Ar~E,~: 400 UNIT'.:; 
LEES: 105 0 2 :L 35 0 0 :l5 0 () () 
GEOLqGICALt 0 0 0 0 0 0 () 0 

COCJr::n IN,~ TEB: X .... 23 y .•. 26 Gl,:IJ) AREA:. 400 UNIT!:; 
!. .. EEG: :L5 0 40 22 28 40 0 0 0 () 

UEDI...DG I CAL.: 0 () 0 0 0 () 0 0 

CODF:[IINATEG t X .... :1.8 y . .. 27 GF::CD AF~EA: 400 UNIT!:; 
U:Ef:;: f.> !':i 0 7 8. 0 () :LO 2:L!:) () 0 
(3[Cll..CJG I C,~I...: () 0 0 0 0 0 0 .o 

CDDF~D I NATE!:l: X ... , :L 9 y .... 2~1, 'GF~ ID At:::EA: 400 UNIT!:; 
1. .. EEG: :l () !'5 0 12 21 ? 0 ~:~ :1.00 () l\) 

GE::() L. C) (3 :r. C I~ L. : () 0 0 0 0 0 0 () 

coor::r:: I Nt, TE!:l: \I .,, .•. 2·0 y ..... 27 mnr:i Al:::EA: 400 UNIT::; 
I..EEE t ('.)I::• 

I d 0 3 4~:5 4 () 6 7!'.'i 0 () 

GEOI ... OG I CAL.: () 0 0 0 0 0 0 0 

(:;ClQFW I NATE!:; t )( .... 2:1. y . ... 27 01::::i:ri tiF~Et, t 400 Ui'JI'T'D 
1..EEB t 20:l () 0 :1.2 :I. !~i () 0 () <) 

,••, 
• ... 1 

GEDLDG I CAL.: 0 () :L () () 0 () 0 

coor::n :r NATEG: X ... '")'°) y .... ~.,:.. ';/'7 (:lF~ID AF~E:/1: 400 UNIT/:; 
!...EE!]! 200 () 0 :3 ~:5 0 0 () () 0 .) 

GEOLOGICAL..: () ·o 0 0 () . 0 0 () 

COCJF~DINATEG t ,x .... ·~~ ~3 y .... 27· GFnD AREA: 40() UNIT!:; 
I .. EEG: 9;-j 0 

, 
9~'i :1.0 :LO () 0 () () () 

. GE()l.OG I CtiL t 0 0 0 () 0 0 0 0 

CClOFWI NATES: X .... :L8 y ... 28 GRID At:::1:.A: 400 l.JNITG 
l .• n:r:;: 1 ~.=;~5 () 0 3 1 () 0 22!5 () () 

GEDL.OG I Clil..: () () 0 0 O· 0 0 () 

coom:i :t NAT ES: X .... :L 9 y . .. 28 GRID AREA: 40() UNIT!:, 
LEES: 140 0 ~s 20 17 0 0 0 () () 

GECll.OG I Ct,il.: 0 0 0 0 0 0 0 0 

corn:mINATES: X .. ,20 y - 28 GRID ARf.:A: 400 UNITS 
LEES: 40 0 7 3 10 5, 18. ·115 0 0 
CiEClL.OGICALt 0 ( 0 1 0 0 0 0 .:l 

COORDINATES: X ::: 21 y -=- 28 GRID AREA: 40() UNIT!:> 
LE Et>: 85 0 21 5 ~!2 8 

,, 
0 0 0 () . 

GEOLOGICAL: 0 0 0 0 0 0 0 ♦ :L 

/ 

.. 



CO OF~ II :r NATEr1: X :::: 22 y '"' 28 GRID ARE:At 40() UN:f.Tf:l 
LEE:f:l: 70 0 1 0 0 \. 0 0 ' 0 () () ' ' 

GECJLCJGI°CAL.: 0 0 -1 0 0 Q 0 • :L 

COOFWINATE:S: X ::: '~~3 y '"' 2B GRI-D Al~EA: 400 UNJTB 
I...EE£1: . '10-1 0 :L~~ 10 0 0 0 0 0 () 
GEOL.CJG I CAL.: 0 0 0 0 0 () () "". ;·5 

CCJOF~D :t: NATEG: X "" :(8 y .... 29 GRID AREA: 4 ()() UNJTfl 
1..EE:G t 76 ·() 0 Hl 1.6 0 0 4:: O· 0 
GEOI...DG I CAL: 0 () 0 0 0 0 0 () 

C D D F~ fl I NA TE!:, t X W! 19 y .... 29 (:m:r.n Al~EA t 400 l,JNJTD 
1...[E:(:) t 1. ~i\':i 0 :W El :l. 0 0 ;300 () 0 
GECJL.ClGICAL.: 0 0 () () () () 0 () 

I 

CClOFDINATEG! X .... 20 y .... 29 GF~ ID M~EAt 400 UNJTG 
l .. El::B t 3r:) () :I. ~1 0 :I. i~ 0 () 4'"> ,,.., () 0 
UFCJL..Clc-J I CAI.;'.: 0 0 0 0 0 () () () 

CDCJl:~r:rINATEG: X :::: 2:1. y .... 29 GF~U:i M~l:::At 400 l.JNJTfl 
I. .• EE:G t 4:l () 9 :l.l:'i () 7 :L2 0 () () 

GE:Cll...DG I CAL. t () () () () 0 0 0 • :l 

CDCJF~DINATE!:l t X :::: '1 '') ..... y .... :;19 GF~:Cfl AF~EA: 400 UNJT!:l 
1..EE!:l: 70 0 '')I!:' 11,•.,,.J ~10 0 () () () () 0 
GECH .. OG :C CAI... t () 0 () () () () 0 • :I. 

CCJDF~r:, I NATFG: X .... ~:,~3 y :::: ;.19 GF~ID Al:~EA: 400 UNIT!:; 
I ... FE:!:, t ;·5::_:; () l:'iO 9 0 :1.2 () () () () 

01:::DL.CJG I c;AL.: () () () () () () 0 () -

CClDF~DINATEG: X .... ' 9 y :::: ;3() GIUtt Al:;:EA! :;120 UNJT!:l 
1...EE:G! 6 () 20:3 0 0 0 () :1.4;·5 () 0 
OECJI...CJGICAI...: ' () () () .. () () () 0 

._ 
0 

CClDF~D I NATE!:>! X :::: :l O· y .... ;3() m~:rn A1:;:1:::A t 4 00 UNIH> 
I .. EED t 2 () 36B () () 0 () :57c;> () () 

GECll ... CJGIC:AI... ! () 0 () () () ·o 0 0 

CCJCJFrnr NAT EB: X :::: :I. :L y .... ;30 GRID AF~EA; 400 UNJT!:> 
I ... f::E B ! () 0 37<!'1 () '· 0 0 0. ::?.92 () ~-~4 
GEDL.OGICAL! 0 0 1 0 0 0 • :t 0 

cooi:rn:,: NAT EB: X :::: El .. y ;:-.: 31 GH:rti AREA! 49 UNIT::> 
LEE::G ! 0 0 49 0 0 0 0 ::.~ ~·3 () () 

GEOLClt) I CAL! () 0 0 :I. 0 0 0 () 

COCJF~DINATE!:l ! X :::: 9 y .... 31 GR:Cti Af:;:EA! :~ 6 f.1 UNITG 
LEE!~! 0 ()' 340 0 0 10 0 2'.':i6 0 () 

GEOLOGICAL! () ' 0 0 0 0 0 ' () () 
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coord'.IINATES: X :::: 10 y ~ 31 GRID AREA: 400 UNIT!:; 
LEES: 0 0 3,97 0 0 0 0 288 () () 
GEOLOGICAL! 0 0 0 0 0 0 0 0 

COCHWINATE!:>: X ... 11 y ., .. 31 GRID AREA! 400 UNIT!:> 
LEES: () 0 3U. 0 0 0 0 219 () D9 
GEOL.0(3ICAL: 0 0 () 0 0 0 0 () 

' COORDINATESt X ·- 8 y .... :3:~~ r:mrn ARE0: :~~26 UNIT!:> 
LEE SJ () 0 226 0 0 0 0 41 () () 

GEOLOGICAL.: 0 () .0 0 0 () 0 0 

CD ORD I N1~ TEf:>: X .... 9 y .. .. 32 mun AREA: 400 UNITG 
! .. E:: 1::: !:; : () () 400 0 0 0 0 ~-~6 ~:_:; () () 

GE:Ol...DGIC1~l... ! 0 () 0 0 () () () () 

COClRD I NATE!:>: X .... 1.0 y -· 32 Gl!i:ID Al!i:EA: 40() UNIT!:; 
LEES: () () 400 0 0 () 0 203 () () 

GEDI...OG I C,~I...: () () 0 0 0 0 () 0 

CClOf~D :r. Nf~ TE~;: X "" :l 1 y .... ~32 m~:rn Al~EA: 4()0 UNIT!:; 
I .. E:Ef; ! 0 5 ::~:I. 7 0 0 () () 1::'i7 () ?i:~ 
GEOLOGICAi... ! () () 0 0 0 0 0 0 

C Cl Cl F~ D I NA TE !:l : X .... 8 y =:: :n crn:r.ri Am::,!-i: ::~ :l '? UNITE 
1...EE!:l: () () '3:1.7 () () () () 1. ::-i<? () 0 
GEOI .• D(JI CAC. t () 0 () 0 0 () () () 

coor~DINAT1:::n: X .... <,il y ·- .:.1:3 Gr~:,:r, AREA! 40() UNIT!:l 
LEEG: 0 () 392 0 0 8 0 ::W9 () () .,,, 
GEDI...DG I CAI...: () () () () , 

0 0 () () 

comrnrNATE:.B: X '"' 10 y .... ;33 crn:rn Al!i:EA! 400 UNIT::; 
LEE~l ! 0 0 400 () 0 0 () 148 0 () 

GEOI .• CJG I CAI...! :I. 0 0 0 0 () 0 () 

CDDFUIINATE!3: X .... :I. :I. y . .. :n GRID AREA! 400 UNIT'.:; 
1...EEG! 0 0 :32f.l 0 0 0 0 :i.40 0 '.? ~:.~ 
GEOI...DG :r. C,~I... ! 0 0 0 0 0 0 0 0 

CDCJFW I NA TES f X ... 7 y '"' 34 Ci_R-:rn AREA! 10 UNIT!:l 
I...EEf:1: I 0 0 :L 0 0 0 0 _o. 10 0 0 
OEDI...OGICAL: 0 0 :L 1 0 0 ♦ 1 0 

CrJOHDINATEf:l ! X e· y ..... 34 GIUD AREAt ,3'7H LJNIT!:l 
1..EEB ! () b 37;3 0 0 5 0 364 0 0 
GECJI...OG I CAL.: · 0 0 0 0 0 0 0 0 -

COOF~D I NATEf:l: X :::: 9 y :::; 34 
I 

GRID AREA! 400 UNIT:3 
1..EEB ! 0 'O 400 0 0 0 0 400 0 0 
GEDL..OGICAl...t () 0 1 0 0 0 • 1 0 
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' 

comrn I NATEB: X :::: ·:1,0 y :;: ,34 emu, Al:.:E:A: ,4()() UNIT\:; 
LEl:::G: 0 0 :34<!'> 0 0 () 0 3~):I. () !:'i4 
Gl:~OL.OC.H CAL: 0 0 1 ,0 ◊ () • 1. 0 

/ 

coo1;;:n:rNATE!:l: X :::: :f..1 y '"' ~~4 cmrr, Af.:EA t 400 l.JNIT!:; 
LCC!:l: 0 0 ;31.:5 0 () () () :;!04 0 i:I!'.) 
CEOI...OG I CAI...: () () :L 

•\ 
() 0 0 +1. 0 

C Cl Cl i::: r:, I NA TE !:l : · X ... :7 y :::: ~~r.5 ,GF~ I f.l (,~1:~1:;:A: :I.?() UNIT!:; )"t .\ 

LEE!:;: 0 () 104 0 0 :I. t., ' 0 :1.20 0 0 
ClEDl...0(:JICAI...: 0, ' () 1 1 ·: !"' + !:) () • :I. () 

CODF~D I Nf~ TF!:l ! X 1::: i:l y .... ;3r,5 GF~ It, AF~EA: 400 Ul'IITf; 
1..[[G t 0 0 400 () 0 () 0 :I. 20 0 () 

:::;::::Dl ... DG I CAI...: :I. 0 1 0 ...... r:-) 0 .:t 0 

CCJDF:D I NATE!:l: X .... 9 y :::: ;3::5 f:JIHD Am::A: 400 UNIT(:; 
t..J~ ::::r,: () () 400 o· Q () 

. 
() 4()0 () 0 

ClEDI ... DD :r. CAI... t 0 () 0 o· 0 () () 0 

C Cl O 1:~ D I N ,~ T F.:: f:> t X :::: :1.0 y .... 3:fi GFO:rt M~EAt 400 UNITfl 
1...EE::G: () () :3:30 () () () () :3;32 ~:.~ 6(:1 
ClE:01...0G :r. C,~L.: () () 0 0 () 0 () () 

;::;oor:::o I NATE!:>: X :::: _1 :t y :::; :rn GF~ :Cr:, Al:~l:::A: 400 UNIT!:; 
1...EEGt 0 ~5 2j,(J () 0 () () ::.~ ;:.~ ::.~ 0 :I.D:1. 
(3E0l... DG I CAL! () () () () () () () 0 

coor:n :i: Nr'.:i T CB:· X .... 7 y ·:i:: ;56 GIUti Al:~i:::t.·, t ::.~ ~) ~.~ l.JNITi:l 
1...E:f:::G: 39 () 1:w 0 0 36 () ~:.~ ~::; ~:.~ 0 0 
;".) r:· I'\ I . Dc-J J C,0il..: 0 () :I. :I. "" + ~::; () • :I. 0 

COCJF~D I NATl:::G; y :::: fl y ·- :·51., c-mI ri r-~F~Et, t -40() UNIT!:; 
1...1:::1:::i:;: () () :13!:'; 0 () ::10 () ::~26 () <> 
C)r::'.01...DG I CAL: () () () 0 ..... 5, () () •') 

cocmn:r:NATEG: X .... <;> y '"' . :~6 GFnD AF~EA: 4()() UNIT•."' 
1...F'F'f" ~ 

l 

0 () ;·542 0 0 4'7' 0 4()() () 0 \ 
GEOL.CJG I CAI ... : () () () 0 .,~ + 5 0 0 0 

COOFrn I NATf::!3: X ·- 10 y ., .. ::~/, GR:CD M~EA! 4()0 UNIT!:; 
1...EEf:i: 0 0 400 () 0 () () 400 () () 

GEOLOGICAL.: 0' 
' 

0 0 () .... + t3 () 0 () 

CCJCHWT.NATES: X :;:: 11 y .... ;·51., GIUf.l AF~E'.A :- 4()0 UNITG 
LEE:S: 0 () 2:H () () () 0 ~~:·3::5 4 :1.6!:'i ,. 

0 CH:.01 ... (Jf:l I CAL! 0 0 0 0 0 0 () 

CCJCJF~ X:, I Nf., ·t E !:i : X '"' 7 y t::: :~'7 GF~J r, ARE:A: ::~ :·5 :~~ u~1 ·•· -re: 
1 .. c,::·i:; t 7 0 30t:1; 0 0 5 0 ~?9 f\ 0 0 
GECJL~DGJ:CAL.: 0 0 0 l ... , .• 5 0 () 0 

' 



CClOl:;:DI NATES: X :=: 8 y .... 37 e,:;_;JD AF~EA: 400 UNI Ti:; 
L.ECf; t 17 0 :3~i() 0 Q ~::; 0 ' 400 0 () 
GEOI...ClG I Ctil ... : 0 0 () 0 '"' ♦ 5 0 0 0 

CCJCJi:W I NA TES: X '"' 9 y '"' :37 c-;1:,::i:rr 'Al:;:E:A: 40() UNITS 
l..EEE: 0 () 400 0 0 () 0 400 () 0 
GED L. fJ C I C /\ ' ... ! () () () () '"' ♦ !7j 0 0 0 

Cn,··,r·•nJ Ni'\TES ! X '"' :LO y .... ~p Gl:;:In ARE:~l: 400 UdITf; 
LEE!:>: () () :34':3 () 0 57 0 400 () () 

GEOL.OG I Cr:)L. t () 0 0 0 ..... !:'j 0 0 0 

CDCJF~DINATES ! X .... :I. l y . ... :3? GF~ID AF~EA! 40() UNIT/:; 
LEE!:; t () () :1.30 () 0 0 0 :1.:30 0 ::.~:10 
ClEOLCJG I C:,~L.: 0 () () 0 .... + !::i () 0 () 

CD'.:JRD I NATE::f; t V .... 6 y .... :31:l GF~Iri Ali:EA: 37 UNITD .... 
! ... i:::ci:; :: :1.4 () :1.6 () 

I 
0 () 0 3'? () 0 

:? 1::··· .. ,;. (:~CI C(·:L. t () () () () () () () 0 

CClDF~D I Nr:\TE::; ! X .... 7 y . ... :3B r:m:rn Al:~EA: 400 UNITE 
LECG-t 4 () 33:1. () 0 :I.:~; () :l.!::;;3 () () 

GEDI ... DDICAI...: :I. () :I. :I. .... ♦ ~:5 0 • :I. 0 

CDDF~D IN,~ Tr:::::;! X .... B y . .. 3B GRID AF~CA: 40() UNIT::; 
L.!:::r:::G: 30 0 ::) ;:.~ f.) 0 0 9 () ~~:.;!6 () 0 
CJEDI...OD I C,~I ... ! 0 0 0 () .... + !:5 0 () () 

C Cl Cl F~ D I N ;~ ·r- EB t X .... 9 .Y .... 3B C·Jli: :t D Af:;:EA: 400 UNITf; 
LEE::/:; t 0 () 3761 () 0 :I. 0 0 :376 0 0 
GEDI ... OD I C,~I ... : 0 () () () .... t ~:'j () () 0 

COCJF~D IN(.~ TEB: X .... :I.() y .... 38 Df~ ID Al:~EA: 400 UNIT::i 
LEED: :L ~5 () ~~() () 0 () B 0 400 () 0 
Gl::'.DLCJGICALt () () 0 () .... ♦ ~) 0 0 () 

CCJCJF~DIN,~TE!:l: X .... 11 y .... :38 Gf=~ID Al:.:l:'.A: 400 UNIT!3 
I. .. EEB ! 0 4 -:1.:3;3 0 () 0 0 146 () ::.~ ~::; 4 
GECJ,1...CJGJCt,L: () 0 0 0 .... + 5 0 0 0 

cotJr::x:i :r NA TES: X 6 y ;39 GIUD AREA: ' :1.6;.i UNIT!:; "" .... 
l..li::EB: ;·5 o· 1 :3 ~) 0 0 0 ~) \ 16:;i b. () 

i ' C·iEOL.ClG I C,~L: () 0 () .' 0 0 0 0 0 

CCJClf~D I N1~ T EB! X .... 7 y ..... :39 GI\ :t x:, AREA: 40() UNITS 
LEES: 14 0 -, 327 () 0 . 0 0 82 0 () . 
GEDLCTG I CAL: 0 0 

( 

1 O' ..... 5 0 - • 1 o_ 

COClHDIN,~TEf:;: X ·- 8 y :a: 39 GRID AREA: 400 UNIT!:; 
LEE:G: ;33 0 :318 () 0 0 0 400 0 () 

GEDI...DG I CAL: 0 0 0 1 .. ~. 5 o- 0 0 



C ooi:::n :i: NAT EB: 
I...CEG t 
GE CJ I ... Cl C·) I C A I... t 

CC)CJF(DINATE!:lt 
I. .. CEE t 
CE::01...CJG ICAI...: 

C Cl Cl F~ D I NA TI::: G t 

U E:: D : ... Cl D :r. C ti I ... : 

X 
~~7 
() 

X 
9 
0 

X 
() 
() . 

' 
.•. <;> 

0 
0 

t::: :1.0 
() 

() 

.... :I. :I. 
() 
() 

' ,,~ 

y .:~:. :3~ 
313 0 0 
0,. ·O "". !5 

y "" ~~<y 
~3'70 0 () 

() () "" • ~5 

y :;:: ;3<;> 
:L 91.) () 0 
0 () "". 5 

-2s0- -

GIU(r Al.:EA: 400 UNITi:l 
0 0 400 0 0 
0 () () 

f:JI:~ Ir, Al:~EA: 4 ()() UNIT!:, 
() i () 400 () 0 
() () () 

Df~ ID .Af~l:::A: 400 UNIT!:, 
() () :1.96 () 20.4 
() 0 () 

. I 



NARRAGANNSETT BASIN FILE 6 

CDClf<D J N,:~ TEG: X ... :·~o y .... ?iO GF<JD M~EAt 400 UNIT fl 
1 .• EE!:>: 44 () () ;3 :LO r.>4 () :303 () () 
GEDI...DG I CAI ... : 0 () () () 0 () () () 

CDOF<D I NATI:::!:>: X .... 3:1. y .... 30 e,1:;::i:n Af<l:::At 400 UNIT!:; 
l ... f:::E::E; ! 66 0 4 ::.~ () 3 B 13::.1 () 0 
G[DI...DCJ I CAI...: () () .. 0 0 0 0 (,) 0 

CClDF<DJNATE::f.; t x· .... ~·3 ::.~ y .... :·50 Gl:<ID ,~l:<E,~: 3D:~.1 UNJTG 
LE!::.!5 t :':i9 () :3H 30 () ::.~4 () :l.f.>4 () 0 
U I::. CJ I... D G I C "~ I... t () () 0 () () () () () 

CD DF~D I NATE!:l ! ' X 1::: ;·53 y .... 30 GF~ID AF;:Er~ t 400 UNIT::l 
LEE!:;: 6 () '?:I. 60 () () () 3? () () 
GE::OL..CJD I Cr,'~1...: () () () 0 () () () () 

CDDF<DINr:)TE::!:;: X .... 34 y .... ;·50 GF<ID ,~!?EA ! 4()0 UNIT/:; 
L.f:::J:::n t :1.90 () ~::;4 {) <y "'} 

/ () '') (:) /,.'. 
., ... \.,1\,.1 

.. , 
',I 0 

CED! ... DD I Cf,,I... t -- () () 0 () () () () () 

::::uor:::o I Nt, TE::l ! X .... :3:'.'j y .... :rn UF~ ID AF<Er~ ~ :~:.~ ~~=.i -=? UNITE: 
, ;::·;::·c• ❖ :I. :I. () ::.~;:.~ :1.4 () () '"} ~-:~ ~:.~ 0 0 , ... 1 • .,t.,.\,) <· / 

GEDI...DD :;: Ct,I...: 0 () () :I. 0 () () () 

CDDF:I:i I N1~ TE::!:l ! )( .... ;:~o y ... , :3:1. GF-:ID ,~!:<EA t :3?? UNITf; 
I ... EEB ! <? () :I.() .4~:.:; () ::~ () :1.:1.n 0 () 

GE::Cll...DD :i: C;-0I... t 0 () () 0 () () () () 

CCJOF:DINtiTE:fl ! X .... :3:1. 'Y .. .. ;·3 :I. Gl:::ID ,~im::At ?,S UNITE; 
!..EEG! . :l.'7 0 () o'')I::· 

J,,".,\,J () () :1.4 B3 0 0 
GECJI...OG :r CAI... t () () () () 0 () 0 () . 

cooi:~n I NATEG: X .... :·5 ::.~ y .... 3:1. Gl:~:r.D AF~EA! :1.60 UNITG 
LEES!! s> () 6 '') "7 

,11,',, I () () () l. ('\ 
,.) l () () 

GE() I .. ClG J C,~L. :. 0 0 0 () 0 () () 0 

cooi:~n I NATI:::!:;: X .... ;33 y . ... :u c-;1:~ :r. [I AF~[:A ! 4()() UNITG 
I..EE:St '76 0 :I. :I. ~? 0 4(:l 0 ~) () 0 
GE::Cll..DG I CAI...! () 0 () 0 0 0 () () 

cnor~n :i: N,q TE!:l: X .... ;34 y .... ~H Gl:;:ID AF~EA t 400 UNITB 
1...FE!:l t '7<J () 4 0 () 32 :·5 2Hl () () 

GECJL.ClGICAL! 0 0 () () 0 () () () 

coorrnIN,~TE!:,: X .... 3t"i y '"' ~~:I. GF(If.l AF(EA ! ;242 UNIT::; 
1..E:EB ! i::•")' ,.,." 0 0 9' 0 :I. () () () 0 
GEOLOGICAL.: 0 0 ' 0 1 0 () () 0 

comrnINATE!5: X - 30 y -· 32 GRID Al:~EA: H:3 UNIT!:> 
LEE:!:>! ~1 0 12 0 0 0 ::.~ () () () 

(3EOL..OG I C:AL ! 0 0 0 0 0 0 0 0 
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CCJDF~D I NATESf X .... :32 y ,~: ~3 ~:.~ GF~J.D AIZEA: :I. 60 UNITS I 

I ... EE:f:;: 44 () '7 0 0 90 0 0 () () 

{)C:01...0GICAL..: () 0 0 0 0 () 0 0 
I 

CCJOF~D I NATE!:;! X :'5~3 y :::: 3•:> ' ... GF~I D M~EA: 400 UNITi:l 
1 ... 1:::EG t 44 () (3 () 0 ;·34:L () () () () 

CiFOI. .. ClG I CAL..: () () 0 0 ' () () 0 () 

:::ooi:::r:i J NATEB ! X .... :'54 y .. .. :'52 GF~ID M~l:::A! 400 UNI Ti:; 
1 ... 1:::1:::G t 2!:l () () 0 () ::.!Bfl () () () () 

Df:::DI ... CJGICAI... t () () () () () 0 () 0 

coor:.:D :[ Nt-1 TED! X ... , ~:~ !::; y :::: :3::! GF:ID AF~EA ! ::.~ () '?' UNJTi:; 
1...1:::1:::n: f.13 () () :~~ ,· 0 '.'.'i4 () () () 0 
UE:01 ... 0GICAI... ! () 0 () () 0 () () 0 

C Cl D 1:( Ii I N AT [ i:l : X ::i: ::~::.! y .... :'5:'5 01:~:i:n M~l:::At :I.!:,:;!:.:; UNIT/:; 
LEl:~G t {.) :1. 0 

, ... ,·:, ::.~ () 6B () () () () 

CiEClL.OGIC(.:11 ... : () () () :I. 0 () () () 

C CJ D F( [: I NAT E B : X :::: ;3::1 y !i!? ;3;3 (:)F~ ID AF~EA ! 4()0 UNITG, 
I. .. [[!;; t ::.~ :L () 0 3:1. () 30'7 () () 0 0 
Cl:::DI...U DI Cr~I... t () 0 () () () () () () 

· ,::'.UClFi:D I ~/(:1 TE!:; t X ::i: ;34 y :::: ;·33 01:(:i:r:i Al:(/:::A t. 400 UNIT::; 
! ... EE E; t ? () () () ·,. () ~!B<? () :I. :I. :I. () 0 
GE::DI...CJG I CAI ... t () () :1. 0 0 () () () 

C Cl D i::: D I N (.~ TE !:; ! X '"' ;·5f,'i y ';:;: :·~;·5 DI:~ I fl ,~1:(i:::1~ t :1.0'7 UNITn 
I ... EE::G /: :1.4 0 0 () ~~ <?~!. () :I. 0 0 
C)[Cll ... DD I Cf.)I...: 0 () () () 0 0 () () 

C CJ Cl i::: D I N ,~ TE G : X .... ~3 ::.~ y .. .. ~~4. (:mir.r AHl:::f.) t :1.40 UNITB 
!. .. EEG; () () 2~~ () 0 i:l9 '() 0 () 0 
OEOI...DGIC,~I...: () () 0 0 () () q () 

CDCJF:DINATEt:; t X "" ;~3 y .... :·~4 Gl:~:i:D M~E:At 4 ()() l.JNJTU 
l ... 1:::1:::E; Z :3:1. () () 40 4 <y 4:1. :I. 4 ;:.! () () 

UEDI ... CJC·) I CAI ... : () () 0 0 0 () () () 

CODF~D I NATEf; t X .... ;34 y .. .. 34 (:HHD AF~EA: 400 UNITG 
1...Efi:E> t BB () () ? 0 79 :·:~!::.i 3~:,! :I. () () 

(3ECJI ... OG I C1~L.: () q () () 0 () () () 

coor::t:iINATE!:l: X .... ~·5 ::.5 y .... ;:~4 GF~ IX:, AF~EAt :I.?:~~ UNITf; 
LEE\:; t <y () () '') ,. ... , () :1.0() () () () () 

CJEOI...C.D I (:;(.)I... t () () () 0 () () 0 () 

C ('.J Cl F( D I NA TED : X .... :·5 ::.~ y ... , :3:';i c-;1::::r:x:i Al:::E:A: :I. ::.i 0 UNIT\:; 
1..EE::t:; ! () () :L 2 6 :~ 6£➔ 0 () () 0 
'T'C)I CW I "''Al • (;i ::, .... ' :i . l., .. : .. ,. () () 0 

I 

0 0 0 () () 
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I 

conr~DINATES: X .... ,:3:~ y .. .. 35 Gl:.:II:t Afi:EA: :~2'7 UNIT!:; 
I..EEf;: :~2 0 0 21 0 ::.~ 0 '74 0 0 
GECJUH:J I CAL.: 0 0 0 

' 
0 0 0 0 () 

ccimrn I NATE!:): X .... 34 y .. .. :3:5 01:.:ID AF~l:::A: :I.B:-5 UNIT!:\ 
LEE::;: :I.() () 0 9 0 4<;> '') ... :L:-54 () 0 
GEDLCJGICAI...: () () 0 0 0 () 0 0 

coor;:o :i: N,~ TEi;: X .... :·5:'.:i . y .. .. ~3 ~::j GFi:ID ARl:::A: ~::; !:_:; UNIT::; 
I ... E:E!:; t 0 0 0 0 () 40 () 0 () () 
ClE::Cll...DD I C,~I... ! () () () 0 0 () 0 0 

coor;:x:i :i: Nti TEn: X .... ~3 ::.~ y . ... ;3t.i (:n:i:ID AF.:EA t -'')1::· 
,\· .. ,.} UNIT::; 

LEE!:;.: 0 () () :-3 () :1.6 0 0 () () 

Gl:::CJL.OD I C,\".\I... ! () () ,., 
.... + ll.: 0 0 () 0 0 

·CClDF,:ti I Nti TE::G t x- .... ~5;3 y . ... :3li GFi: ID AFi:Et,t :3 UflJTE 
!..EEE t () 0 () () ~~~ () () () () 0 
GEDL.DG I C,~f....: () 0 () :I. 0 () 0 0 

C Cl D F~ D T NA TE !:l ! X .... 24 y .... 20 GF,: I :0 AF,:EA: 400 UNITb 
LEE::::; t f:l:3 () () 2::.~ 0 () () 0 0 (i 

GEDI...DG I CAI... t () () () 0 () () () .... (, :~.~ 

C CJ(') r;: :0 IN(.), T 1:::1:; ! X .... :~~ !:.:_i y .... ~?.O. or;:Ix:, AREt, t 400 UNIT::; 
L..LE::G ! ::.~ f.) !:5 () () "'} :I.~:.~ 0 () () 0 () I 

CFOI...CJD I Ct,L.! 0 () () () 0 () () .:I. 

conr;:r:i :i: N,'.:i TE::r;: X .... '') < .... (.) y .. .. ;,!O Gf,::f.D M.:EA: 400 UNIT'.:; 
I ... EEE; ! 306 0 () 4 0 0 () () 0 0 
ClECJI...OG I Cr~;!...: () () () 0 () () 0 () 

CCJCJl:<r., IN,\".\ TE::>: X .... :;i7 y .... 20 Gl:~:,:r:i AF,:EA: 400 UNITb 
I...FE::>: :·570 () 0 0 0 () () () () () 

GEDI...DG I C,\".\I...: () () () 0 () () 0 () 

coor::r:r I NATE::;: X .... :;!l;l y .... 20 c-;1:;::i:n Al:<EA t 400 UNI-Ti:; 
1...El:::G: :1.30 () ~~-? 0 !:.) 0 () () () () 

GEO I ... D GI CA I ... : () 1. :I. () 0 0 ''l . .,· .. • :I. 

COOF<DINATEf:; ! X 29 y 20 ~ Gf~ I :0 AF.:EA: 400 UNIT/:; .... .... 
LEEG! '') i 1::· 

J,,'.,\.).\.J () 0 :39 0 0 () () () () 

GEOI...DG:tCAI...: () () 0 () () 0 0 () 

CCJDl:~r:r I Nt1 TE::;! X .... 24 y r::: 2j, G1:;;:i:r.r Ar~EA t 400 l.JNIT::l 
LEl::S: :L2:3 ,0 0 8 !:i 0 0 () 0 () 

GEDI...DG I CAI...! 0 () 0 0 0 0 0 \ 0 

coomn NAT Es: X, .... ·25 y ... 21 GRID AREA: 400 UN:t:Tfl 
LECS: :340 () 0 0 0 () () () () () 

GEGUJG I CAI...: 0 0 0 0 0 0 () 0 
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C Cl Dr:: r:i :r NATF!:l: X :::: 26 y :::: 21 GFn'.D AREA: 40() UNITS 
!...EEG: 1:30 0 -62 13 0 

' 
0 0 () () () 

·GECll...DGJCAI.. t () () 0 0 0 () () +2 

CO DF~O J NA 'T\E!:l: X .... ::.17 y m: ~'.1 GF~ JD AF~EA: 40() UNJTn 
I .• EEG t ;~()() () () lO 0 43 () 7!'.~ () () 
GEDI...DG I C,~I... t () () () 0 0 () 0 () 

CDDF<DJ:NATEB: X .... ::.! i:l y ·'"' :~~ :I. GF<J 0 AF~EA: 4()() UNITE; 
I .. EE:B t 27() () 20 ;·~ :3 :l.!'.'i 0 () () 0 
Gl:::DI...D(:)JCf.1I...: () () () () 0 () () () 

C CJ Cl r:: x:i I N A T [ r:: : X .... '')('\ 
,\'., 1 y .. .. 21 GF:JD AF<l:::t-, ! 400· u;./JT\:; 

f ... EF~:~ ~: 27() () 3 () 0 () 0 <) 0 0 
u::::o:...c:n I cr.11 ... t () () () 0 0 () () () 

CDClr::DIN,~Tl:::G: X .... ~;14 y "" ~~ ;:.~ GF< ID ,~F<EA t 400 UNIT!:; 
: ... EEG: ':>':)1::• ,\,.,,,,,., () 7 0 0 () () () () () 

Cil::.01...CJG I C(~I... l: () 0 () () 0 () () () 

CO oi:::x:, J N f., TE!:; t ,,. '')1::• y 2~:.~ G F< J r:i AF<E,~ t 400 UNIT!:; l', "" A.,,,} .... 
!..EEG: 29() () () 4 () () () 0 0 0 
GEDI...OG :r. CAI...: () () () () () 0 () () 

CDClF<DINATCt:;: X .... •") t 
11,'., \,) y .. .. ~:.~ ::.~ GF<I D ,~F~EA t 400 CNJT!:; 

i ... EEB i ;~o () ~3 ::.~ ;·~<? () () 0 () () 0 
CEC:i. .. DD I CAI...: () () () () () () () () 

CODF<:0 J Nt1 TEG t ·x :::: J')"'I 
•· .. I y .... f'\I'\ ,.·:,/':,· . Gl:<ID ,;r::C,~! 4 00 UNIT'.:; 

1...i:::cn: :I. :I.O () 30 ~·5 ~:.~ ·o BO () :1.6:1. 4 0 
CJEOI ... DD I CAI...: () () 0 () 0 () 0 () 

C Cl OF~ D I NA TC S ! X .... ::.~G y . ... ::.~ ~.~ GF~ ID l:, 1::: E::J~ : 400 UN I TE; 
1...EE::Gt <y() () !:5 !:.) ::.~ !:.:; () <y() 0 

,., ..... 
() 0 , .. :.1 

C[DI...DD I CAI... t 0 () :I. () () () 0 0 

CD or~ X:, J N,01 Tr:: S ! X , ... ::.~<_;> y ., .. ~:!~ ::.~ GF~J:D AF<Ei:':\ ! 400 Ut'1:::T::; 
l. .. [[~3: :':i 0 0 20 6\'.'i 0 O· () () () 0 
GE::01 ... CJC I C()il... t 0 () () () 0 () () () .. 

C CJ Cl F~ 0 I N t~ T E:: i:; : >< "" ::.~4 y .... 2:~ CF~ ID M<EAt 400 UNIT/:; 
!...El:::~:>! !::;? () 41::· . ,.J 0 4!'.'.: J(;l 0 :1.:1.D , ... 

\'.'} 0 
GEDI...OD I C,~I...: () 

,, 
\.I () 0 0 0 0 () 

C Cl DI? X:, I N (1 T i::: ::; : y ,, .... ")I::• 
Jo,',.,,) y .. .. I~~·~•:~ GF<J:D AF<Ef., ! 40() UNIT/:; 

1 ... r::1:::n t :r. :~~ :3 () 39 7 :l.l> () () () 0 " \.J 

'.:-1r:c: ... cc I C1~1...: () () () () 0 0 0 () 

C Cl CJ;:~ D I N t, TC'.:; t X .... '') l ,.,.,(.) y ..,. ::.~ ~·:~ GF~JD t-,r~ i:::,~, : 4 ()() UNIT!:; 
1 ... 1:::1:::St. ::~ () () :I. :I.() 30 () () () () () () 

GEO!...OCJ I c,;1... t () () 0 0 0 () 0 () 
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coorrn:rNAn~i:;: X r.:: ::.~'? y .... :~ ~;~ m;::,:r, AREA: 400 UNIT::; 
1...EE:G:, :l :) :~i () 4::~ :r. ~-~ 6 <_i) 0 :rn 0 0 
GEOI...CJGI~;r,L, t 0 () () 0 0 () () 0 

CCDF:D INt1TEG: X .... 2f:l y .... 2~:~ Gr;::i:n M;:EAt 4 ()() UNIT!:i 
L .. ~;: [ ~;): :L 4:'.-i 0 B:I. ';)1::· 0 3 () :-5:::io () () ,,.. .... , 
Cf:::DI...CJGIC1~L. ! 0 0 0 0 () () () 0 

I I 
CDDl:;:r:r I N(~TEG: X '"' 

'') <:) 
"''•• '1 

y .... ~~~5 Gr.::i:n Mi:l~:A: 400 UNIT::; 
I...E::CB: ~.'i () () 33 H 1:1. 0 f' :) :I.~~ ~:5 :~~ 0 
CJFDL..DD:CC1~L ! 0 0 .o () 0 () 0 ♦ :1 .. 

t::ocr::r:i I NATE!:;: X .... ;,!4 y .... 24 GHID M;:E(~: 400 UUIT:3 
1...FE::f'. t :I.A 0 :1.4? ~~ B 130 () 9'.~i () <) 
GECJI...DC-)IC1~I... ! 0 () () () 0 () () 0 

C Cl Cl r;: D I N r-'~ T E:: G : X '"' 
l')I::• 
,: .. ,.) y .... 24 GF~ID {i;'::i:::/:1 ! , -~o.::; '•l·i·•·"r\ 

l.,.I I•.; .I. l ~;) 

! ... EEG! '7:1. () l:j 0 '7 4 ::.~ ;:,~ ... ,., :I. J~:_:_; :I. ... -:..1. 
Gl:::01...DG I Cr:':\1... ! O· () 0 0 0 0 ('· ,.I () 

coor::r:i I Nt, TEG: X .... '1 l ,:,.(,) 
,, 
i ... ;!,4 GFi:ID 1~1:;:1:::h ! 4(;~;. UNIT!:: 

!...[[!:;: :3:;~ () :1.20 I\ 0 6 4 2:LO ') , •. 
\f' \, \.i 

C)[ClL..DG :r CtiL.: () () () 0 () () () () 

CClCi?D :C ~-li':i TED! ;< ;~ 
1•~ .. :, 
,\",, I y .... ::.::4 Gr~ J x:: t,r::r::,; t 400 , I\ I.,. ·y· ,..,. 

t..• 1 ·( .I. I .;:) 

! ... E:EE) t :I. ;:.!o 0 "Yr. 
,.;) ~.J :? i:~ ~) 0 () :Jl) " tJ 0 

:3EDL.DG I CAI...! () 0 () " () C, () () \, 

:·:: D ;:; :::; :0 I N1':i TE:: E; ! X .... ':><=' Au\,) \' .... ;~ 4 Gf<ID A1:;:1:::1~: 400 UNIT!:; 
: .. 1::: :::: r; t 9::.'i " El!':i 0 {) :1.4 1:!' ... :LOO 0 

,, 
,1 ,.,J<:> •~) 

:::·~r:nr. .. D(3 I Cti: ... t. 0 0 :L 0 () 0 .:I. 0 

C CJ CJ f~ X:'. J N t; TE !:1 : )( .... 29 y .... 24 Gl:::J:r, 1~F<EA: 400 UNIT::; 
: .• EE::S: 0 () 30 0 ~~3 0 :I.!:) 42 0 0 
GEDL.DG :t Ci::il... ! ,() () ·o 0 () 0 0 () 

CClClF~ DI N,ti TE:: r:; : X .... 24 y ,..),::• 
,.." ,J GIUD ,;F~EA: 400 UNIT::; 

LEEG! ~:i6 () ~i◊ ;34 () 24 3 () () 0 
OEDI...ClG I Cr.11... ! 0 0 0 () 0 0 0 () 

CDCJF~D J.N,~ TE:f:;: X .... 25 y .... I')!:!' ,,..,,,.,) GF~:tD AREA: 400 UNIT::; 
l...EE!:l t 7tl () j, :'.'i() :I. 0 0 ;!4 :L 3 0 () 0 
OEOI...OGICAI...: () () () 0 0 0 0 () 

CDCJ/'.;:r:i I ~~ATES: X .... :?.6 y· ... 25 mur, AREAt 400 UNIT'.:; 
1...Ef:::St 2!:10 0 2;3 4 0 0 :Lf.i :1.2!'.) ::.t () 

GE() L Cl-G J. c; AL : 0 () 0 
.. 

0 0 0 0 0 

' CCJCJRD I NATE[;: X .... 2'7 y :::: 25 GF< J. D ·AREA: 400 UNITG 
L.Ef::Bt 9, 0 65 4l 7 20 4:'.'i t"i.0 '') 

(',· .. () 

GEOl...(JG I CAI...: 0 0 0 0 0 0 0 0 
• 
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coor;:r:i:i:Nr-1Tcn: X .... :?!:l y . ... '")r::· 
,,:.,,,J c:;1:~ I ri AF~EA: 40() UNIT!:;· 

1..1:::E!:l t ::.~ () :I. :3~:i 18 0 :I. 0. 0 .o 0 
CiEClL.DG I CAL..: () 0 () 0 0 () () 0 

C Cl OF~ D I N 10 T I::: G : X .... '?9 y .. .. '')t::· (mID ,r.il:;:EA: 400 UNITG ,A',, ,.J 

1..EE:G t 
I 

:·3 :I. () 23 :3 :3 () () () () () 

GE:ClLDG I C,'.':il...: () 0 () 0 0 0 0 0 

C DCJl:~r;i IN i:) T CG t X "" ~.!4 y .... '') t 
~ .. (,) <:m:i:r:, AF~Ef1: 400 UNITG 

1...C:E:Gt ,.., :1.0!'5 () :1.30 () ~.: :·5 :I. :I. () 0 0 
GE:ClLDD I Cr-,1... t :I. :I. :I. 0 0 () () '') 

,c. .,· .. 

CDDF~DIN10TE::f:;: .X .... ~:.~ ~:5- y "" :?6 GF;:ID ,{)F::EA t 400 UNIT/:; 
1...El::Gt :1.4 0 2'?() () 0 () () :1.00 0 0 
GCOL.DG J C,{)L.: () () 0 0 () () () • :I. 

C D Cl F;: D I N r:) TE i:; : X .... ~:.! (.) y ..., '') t .... (,) ·GF:::i:r:i M~E,f.) t 4QO UNIT'.:; 
1 ... cc::; i ',::· 

\,),.,1 0 4'? 4 0 () 3 3 0 ') 
DEDL.DGIC(.11... t () () (' ,,J 0 0 () () () 

' 
CDCJF:DINt)Tl:::D: y 

,\ .... •")"'• 
,\~. ,' y ..., ~~~/) GF~ I .0 1:\F~El1: -400 UNI Tr; 

L..EEG t :I. 0 ::10 0!'5 0 :~~ 0 0 () 0 
Ui:::CL.DD I CAI...: () 0 () 0 0 () () 0 

C: DOF~ X:1 I Nti TC:!:> t X 2(:l ' y ::.i (.) C·JF~ IX:, 1f.)f::1:::,{:i t, 400 UNIT\:; .... . ... 
!...[[!:> t n 0 ~!. :I. :I. :I. ' () ~:.~ () () 0 () 

UEDLCJC) I CAL.: 0 () () () () () () () 

C O CJ n D I N () T 1::: i:; t X .... I')(') 
A',. )' y . ... 2{> GF~ ID f1F~I:::(.~: 4()0 UNI Tf; 

l...EEG ~: :I.() () () :I.() () () () () 0 0 
::;r::n: ... DD J Ci:)L, t 0 () () () () () () ,, :I. 

C C D F~ D I N (.1 TE:: i:; t X "" :?4 y .... ;!.'7 01:~ IX) ,;i:::ct,: 400 U1·!ITt:; 
1..EEG t ;,:,!(.) () 2!:S() () :~~~ () 0 () () 0 
Gl:::t:ll...ClD I Ctd ... t () () '') 

♦ ,,: .. () 0 () () • :I. 

coc;i:::r:, I N(1 TE::G: X .... '')I::• ,, .... ,.) y .... ::.~·7 Df~ ID 1f.)1:::[,{:i t 40() UNITb 
!...EE::!:lt () () ~.!<?O () () ;:.~ () !'5() () () 

CJCDL.CJGIC(iL. t () () '') 
♦ ,:., 0 0 0 () () 

CDCJF::D I Nt, TEG: X .... ~16 y .. .. ,.)"'/ 
,:., / c-m:i:r.i Al:::EA t 400 UNIT13 

!. .. ::::E~G: (.) () :I.()() ::.~ (.) 0 1. 0 0 () () () 

CEDLDG I C,~L.: () () '') 
.;. ,;,. () 0 () () 0 

coom:n:N,f.)Ti:::i:; t X .... ~! '? y "" 
I')'") 
A',./ (mID 1f.)f:;:EA t 400 UNIT\:> 

!..EEG t :1.9 () :I. 0 !'3 :1.4 0 6 () 0 () () 

GECJLDH I C,{)L. ! () () () () () 0 () () .,,, 

ccioi:::DINAT[!;l: X .... 2D y .. , 2'? GF~ID Al:::EA: 400 UNJTU 
LEE!:;: () 0 f.) !~i 1. :I. 0 () () 0 () 0 
GE::01...DG I CAL.: 0 0 () () 0 0 0 () 
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conm:i:rNATES: X. :::: 29 y i::: 27 GRlti·ARE:A: 400 UN ITf:, 
I .• EE!:;: ·-,J!t• 

~;;i 0 18 24 0 2 -0 0 0 0 
GEOI...OG I CAI ... : 0 0 0 0 0 0 0 ·-.3 

CClOl:~r, I NAT ES: X ... 24 y ""' 28 GRID ARl::At 400 UNITS 
I .• EES: '")' 

"-· 0 :340 0 0 () 0 65 () 0 
GEOI ... ClG I CAL: 0 0 .0 () 0 () o· I ,o 
COO i:~ [I :r NAT ES: X .... 25 y . ... 28 GRID Al~E:A: 40() UNJTf; 
LE.ES: 0 -

" () ;375 0 0 0 0 10() ~:) () 
GEOLOGICAL: 0 () .2. () 0 0 0 0 

commINATE:3:' X ·- :.;!6 y .... 28 GRID Af-i:EA: 400 UNIT/:; 
LEES: 0 0 8!:S 24. 6 I 

,,,::· 
4,J 0 10 () 0 

GEOI...OG I CAL. t () '. () '1 
• 11,• •• 0 0 0 0 ..... :..~ 

CCJCHWINATES: X ::;: :;\'7 y :::: 2B GRID AREA: 400 UNIT::; 
1..EES: :LQ 0 

I 

:LB 45 0 ;3 0 4:'5 :~~ () 

GEDI...OG I CAI...: 0 
. () () 0 0 () () 0 

coorw I NATEn: X .... 2(:3 y· .... 28- (:m:rri Al~EA: 400 UN I Tf:; 
LEEl:;: :L'7 () 61 () 0 0 0 0 0 () 

ClEOI...DG I CAL. t () 0 ... () () () () 0 0 

CCJCJnDINATES:. X ... ; . ;,! <-; y ., .. 
, 

:;\B GRID AREA: 400 UNITG 
LEEB: ;3'7 0 :L:3 :I. ;·5 ;3 

' 8 0 0 () () 

·GEDLDGIC1~L: 0, 0 0 0 0 0 0. .2 

coor~DINATES: X . ,,. 24 y .... 2<-; GPHtt AREA: 40() UNITB 
I ... EESt ;30 0 145 () 0 0 - ~:=; ···r.:· 0 () ;:,,., 
Gf:~01... CJG I CAL.: () () 0 0 0 () 0 0 

CClClF?DINATEl:>: X ,~: 25 y .... .29 mun Al~E:A: 400 UNIT!3 
LEE::B: • 0 0 34B () 0 1.3 8 5!'5 '7 () 

GEOL.OG I CAI...: () 0 0 0 0 0 () 0 

coo1:~1:1 I NATE!:;: X. ,~, 26 y ... 29 GRID AREA: 400 UNI n; 
1:.EEf:l ! 25 0 145 10 0 5 0 0 () 0 
GEDL.OG I CAL..:. 0 0 0 0 0 0 () .... ♦ :;! 

CODFWINATESl X - 27 y ~ 2.9 GRU:t AREA: 400 UNITB 
LEE'.S: 0 0 13t1 2 0 '7 34 5<-; () 0 
GEDLOGIC:AL.t ·◊ 0 0 0 0 .0 0 0 

,coor~rt:tNAT~~s: X ;m 2..8 y ;;:: 29 GRID . Al~EA: 400 UNITS 
LEES! 25 

' 
0 '. 413 ·2 2 7 0 0 () () 

GE::OLOG :r CAL: 0 ' 0 0 0 0 0 0 0 

C(JOr~n I.NAT ts: X ·- 29. y ::::·29 GRID AREAt 400 l.JNITG 
LE-ESt 60 0 74 0 0 5 0 0 0 0 I .. 
GEOLOGICAL! 0 0 0. 0 0 0 <> 0 

I 
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I 
NARRAGANNSETT BASIN FILE 7 

-;" 

c:oom:i :r NA TES: X - 30 y ... 20 GRID AREA! 400 UNIT fl 
LEES: 40 () . 158 5 0 0 0 0 () () 
GEOLOGICAi...! 0 () 0 . 0. 0 () 0 0 

I 

CODF~I:l I NATEG ! X .. ,. :H y :::: 20 GF~ ID M~EA! 400 UNITn 
LEE!:,! 41::· ,./ () 1.75 4 0 0 9 0 () () 
GEDLDGICAI...! () 

I 
() (), () 0 0 () 0 

C: CJ CJ 1:~ r:, I NA T I::: f.> : X ., .. ~3 ~:.~ y '"' 20 mn:n M~EA! 400 UNIT!:> 
I...EE:.G: ~~!5 () j, 7 7~1 8 ~2!5 () !:-i() () () 
OEDL .. DD I CAL! 0 0 0 0 0 () 0 0 

CODF:D I NATE!:;: X .... ;·n y .. .. 20 c-m:rr:i AF~l:::A ! 40() UNIT!:; 
LEE!:>! :n '() :3 66 0 :1.0 3f:l .4~1 2 0 
GEClL.DD I CAI...: () () 0 . () 0 () 0 () 

coorrn I NATE!:;: X ., .. 34 y '"' 20 (JF~:r.r:i AF~EA ! 4()() UNIT!:; 
I .. EEG: 44 0 0 !::; ~~~~ 20 70 !'.)() () 0 
GEDL.DGICAL! () () () 0 0 . 0 () () 

CClCJFWINATES; t X .... ~5 :'ii y . •. ~?.0 (:H~H) M~FA'! 400 UNIT!:l 
LEE!:,: 4:7i () 0 50 0 '')1::· ,,: .. ,., ~!() ;.if.,!:-i () () 
GEDLClG I CAI...! () 0 0 0 I 0 () 0 0 

C Cl Cl F~ I) I NA TE!:> ! X· '"' :·30 y .... 2:1. / mnri AF~EA: 4 0() UNIT!:l 
I..EE!:l: 7 () :l ~.~t:; :30 0 () 3 :LO () () 
GEDLDG I CAL..: 0 0 0 0 () () 0 () 

CCJCJf~D I NATE!:>:. X .... 3:1. y "" 2:1. (:il~ID . M~E.A: 40() UNIT!:> 
LEE El: ~io 0 :I. 4~'i :I.~~ 0 :1.2 :·5 :L 7~'i '') 

o\"., 
. () 

GEDLOG I CAI...: () () () () 0 () () 0 

CClClF~DINATE!:l: X :;:: ~3 ::.~ y ... ::1 :I. GF~J.[1 M~EA: 400 UNITS 
I...EED! 67 () 0 1::•1•) 

\,}Ji.' .. 0 4 0 () 0 () 
GEDI ... OG I CAL t () () 0 0 0 0 () 0 

COCJF:r:i IN,~ TE::!:>! X .... 33 y .... 2:L GRID At=~E::A: 400 UNITG 
I...EE:n: :1.3 () 7 25 ;3 6 4 0 () () 

GEDUJG I CAL t () 0 ·() 0 0 0 () 0 

coor:~r:i I NAT[S: X ... ;34 y ... , :u GRID Al~EA: 400 UNIT!:, 
LEES: 70 () '7 0 ~~ .6 0 ' ;3:~i 0 () 

GEOLOGICAi...: 0 () 0 0 () () () 0 

CDDt=~DINATE!3 ! X .... :·5 ~:,:; y .... 21 C-ln Ir1 , AF~l:::A t 400 l.JNITB 
I..E:E:S: 9:3 () 0 0 ·c,i 0 4 :L 8~.'i 0 0 
Gl:::CJL.DG I CAI .• : () 

"0 
() 0 0 0 0 0 

coo,=~r.i I NATf:::f:>: X .... 30 y ... ':)':) GF~ID AREA: 400 UNIT!:> .....""", 
LEES: 613 () 31 16> 0 0 0 ' 40 0 () 

GEOLOGICAL.: 0 0 () () 0 0 0 0 
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comrn:r.NATES: X .... 31 y . .. 22 GR!It. AREA: 400 l.JNJTG 
LET~>! ;30 0 2·3 47 0 ·o 0 f5S 4 () 

GCOU1G:C CAL.:·, 0 0 () 0 0 0 0 o· 

coo1:~nINATE!:> ! X .... 3'"> ,:.. y ·- 22 GIUD AREA: 400 UN IT!:> 
L.EES: 1 :5 () 45 3t~ :L 3 () 4 0 0 () 

Clf:::ClL.DG:tCAL.! () () 0 0 0 () 0 0 

CCJOl:~DINATES ! X -- ;33 y .... 2:~~ GRID AREA: 400 LJNITf; 
LEE!:>! 76 () 7 ~5 7 2 0 0 0 0 
GFCll...OG :C C(:iL.: 0 0 () () 0 0 .0 0 

) 

cooi:::l)JNATES: X .. ,. ;34 y :::: 
, 

2~:! GRID AREAf 40() UNITS ·~ 
I .. EEfl ! no () () () 0 1 7 46. () () 

GE:OL.DG:CCAL ! () () 0 0 0 0 () 0 

CCJOF~D I NATE!:>: X .... ;3!:.'i y .... 22 GFU 1) AREA: 400 UNITE 
1. .. E:E!3 ! :L()3 () ;·5 ~7; () 5 0 80 () 0 
GEDI...OD:CCALt () () () 0 () () () 0 

CClDF~DIN,~TEn ! X .... :30 y . ... ;,~ ~3 GF~:CD AF~EA ! 400 UNITG 
1..1:::E!:;: ~:;;3 () t) :·rn 6 :I. () 1 ~) () () 

GEOLCJD:CCAL! () ·o () () () 0 0 0 

CCJDF~DIN,~Tl:::!:l ! V 
I\ .... ;·5;1. y .... :~;·~ c-;1:.::rn M~lt::A: 400 UNIT!:; 

L.E::EG t nu () :I. ~.'i c> () () 0 0 () () 

Gl:::CJL.Cl(;) I CAL.! () () () () 0 0 0 0 

C Cl Cl 1:~ D I NATE B ! X .... ;32 y .... 2:3 (:HUD Al:.:EAl 400 UN:t:T!:l 
LFE!:l: f.1 0 8 () 0 4 0 0 0 0 
OEDLOG:CCAL! () () 0 0 0 () 0 0 

<:: CJCJF~D IN ATE!:> ! X .... ;33 y "" :~:·5 !:-rn :t: :o AREA! 400 UNIT!:> 
L.EE::!3: 46 () • 0 6 0 0 0 0 () () 

GE().LDGICAL.t () o· 0 0 0 0 0 0 

CDDF:DINATl:::D: x· .... ;34 y :;:: 2~5 GRID Al~EA t 400 UNIT!:> 
LCEGi () 0 23 0 0 0 8 0 0 () 

OECJL.DC-) I CAL:. () 0 0 0 0 0 0 0 

CCJOl:~DINATE::B ! X ... ;35 y ... 2.3 GRID AREA: 400 UNIT!:; 
1 .• EEH: 205 0 :3 0 ,0 0 0 0 0 0 
GECll...DGICAL.: () () \ o· 0 0 0 0 0 

C ClClF~l:I I NA TES : X '"' 30. y :::: 24 GRIIt AREA: 400 UNIT\:; 
LEES: t. 1::-

),,/ 0 ~i5 20 4 0 8 7 0 () 

GEOLOGICAL.: 0 0 0 0 0/ 0 0 0 

comrn:rNATES;: X :i; 3:L y ::: 24 GRIIf, AREA: 400 UNITE; 
LEES: 83 0 ;·5 ;3 0 9 () 0 0 () 

GEOLOGICAi ... ! 0 0 • 0 0 0 0 0 0. 
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" ' coor~r:i I NATEf:l: X .... :32 y . .. ~~4 . crnrr, AF~EA: 40~) UNITB 
I .. EE::G: :I. 7, 0 9:;:; ~j 0 :I. ' :~i 0 () 0 
GEDL..DG :r CAL.: '() 0 () 0 0 0 0 0 

cocmt:rINA'fEG: X .... :B y :::: 24 Gf~ICI Al:::EA: 400 UNITS 
! .• EEG! ' 40 0 4 ,0 0 0 () () 0 () 
CJEDI...DDICAL! () () 0 ' 0 0 0 0 () 

CDDF~D I NAT l:::B ! X .... ;34 y .. .. ~?.4 Gr-~ ID Al:::EA: 4()() UNIT!:; 
I .. EI:~ f:; : 0 () 0 () 0 0 () () 0 () 
GEOI...CJG I CAI...! () () () () 0 () () () 

CDCJF~DINATEG t X .... ::~!'5 y .. .. 24 GI:~ Ir:, Ar~E::A! 4 ()() UNIT!:l 
I ... E:l:::G t ;:?,:I.fl 0 () () 0 0 0 () () 0 
UEDI...CJ(;) I CAI...: () () () () () 0 () () 

C Cl Cl F~ D I NA T 1::: f:; : X .... :·~o y .. .. ,·)1::· 
Ji!,,.J GF~ ID M~EAt 400 UNIT!:; 

I...EE!:l t 46 () :I. :3 A:3 :3 3 () () 0 0 
CJED: ... CJDICAI...: () () () () () () () "" . :·~ 

coor~n I NATEl:l: X .... 3:1. y . ... '')I::• ,. .. , ,., GF~ ! D AF~l:::A: 400 UNIT::; 
I...E[G! :3!:.:; () ;33 6 :I. fl :~~ () () () () 

GE::Cll...ClGICAL..: () () () 0 .0 () () 
"". :3 

C Cl Cl F~ [I I N r::i T 1::: G ! X .... ;3;:,1 y .. .. f')I!!' ,,: .. ,., Gl:~:rD AF~EA ! 4 ()() UNI n:; 
I...EE!=l! '7!'.'i () '7 :3!:'i 0 n B ;1.4!'.'i 0 () 

CJEOI...CJD I CAI...: () () () () () () () () 

' CDCJ!:<DINATEG: X .... ::~3 y "" 
'')I!:' ,: .. ,., Gl:~ID AF~l:::A t 400 UNIT!:; 

· 1...EEG: 4'7 () :1.6 24 '7 :1.6 () :·:~ !:'i 0 0 
GECll...ClG I CAI...: () () () () () () () () 

coor::x:i I NATEG: X .... ;34 y .... '')I::• ~.,,, GF~I D AF~[i; ! 4 00 UNIT!:; 
I .. EE::::;! :I.::.~!:) () () () () () () () () 0 
GECll...ClD I CAI...: () () () :I. () () () () 

CCJCJF~DINf~TEG: X , .. , ·:rr::· ,.,,.J y .... l')I::' 
'-'." ,.J 01:~:i:r, AF~EA! 400 UNITG 

1...1:::E:G t :1.3!'.'i () 0 - :·3 :1.6 () () () () 0 
GECJI...DG I C(.)i ... t () () () () () () () () 

C Cl Cl:::: D I NATE t; : X .... :·rn y .. , ~!6 GR:CD AF~EA: 4 ()() UNIT!:l 
1...El:::Gt 44 0 ;33. :1.9 ;·5 () ~.~ ::!f.) () () 

GEOI...DG :C C1{)I .• : () () () () () () . () 0 

(:; our~ [I I N1{) 'f' EG: X .... :3:1. y :1:: 26 (:ln:CX:1 Al:::EAt 400 UNITl:l 
!...EEG: '71:l () 9 :3:?. :I. () () () () () 

CJEDLCJG I CAL.: () 0 () () 0 () () () 

CDDF~D I NATEG: X ... :3::.~ . y .. , 26 Gf~ID Ar~EA: 4()() UNJTG 
LEE!:;: 9!'.'i () 0 ~~j 0 () () <J () () 

GEOL..DG I C1{)I... t () () () () 0 () () () 
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' 
✓ 

" 
'" ,,•..., 

I . 
GRi~•·· AREAtr{rt.400 COORDINATESt X = 33 y :::: 26 UNITS 

LEES! 88 0 12 ·29 .. 12' 'jJ; . 0 ,•'L,·2<)·()- 0 0 
GEOLOGICAL.: 0 0 0 'O 6 0 ., .() ··.o. ·, ' 
COOF~D I NAT E::"s'i: X :u: 34 y ::: 26 ·G~ID ·AREA: 225, UN1Hl 
I .. EES: 11 0 0 Q /.20 ' () 0 ,, 0 ·o 0 
GECJL.OGICAL.! 0 0 I o' 1 Q ; 6 () C • '..;..2· 

cncnrn INATES: X ;::: 35 y :::: 26 GRID AREAt .· 235 UNITf~ 
LEES! 54 () o· 8 18 3 () ' ·'., •":)ll:'. ,t;.,J 0 0 
GECJLOGICAL.! 0 0 0 0 0 0 0 () 

·, 
4()0 CCJOl:-.:DINATEG: X = 30 y .... ~~7 GR:CD ARE:A: UNIT!:l 

LEf:~B ! 90 0 6' 4 0 0 15 37 () {!) 

GEOL..DG I CAL! 0 0 0 0 0 0. 0 0 

coor:~r:i I NATEf~: X ·- 31 y "" 

/ 
27 GFnn AREA: 4()() UNITl:l 

LEEG! 17 () 67 24 0 0 0 15 .0 0 
GFDL..D(:) I CAL·: 0 0 0 0 6 () . 0 0 

CCJCJf~DlNATES: X :::: ;32 y :::: 27 GRID AREA! 400 UNITS 
1..EEG! :L-2~:i 0 1 :J.3 7 

. 
5 0 :l.50 0 () I 

GF.:.01..CJG I CAL: () 0 0 .o· 0 0 0 0 

CDOl:~x:, I NATE!:>: X :::: ;3;3 y -· 27 GRID AREA! 400 UNITS 
LEEB! ;37 () 43 33 0 :1.0 28 ~mo 0 () 

GEOLOPICAL! () 0 ' 0. 0 0 0 0 0 

CCJCJRDINATE~l:. X .•. ;34 · y.· ::: 27 GRID AREA! 20() UNITS 
LEE!H 2'7 () 51 5 7 ;3 ' 0 3 0 () 

GEOLOG I C1:':'il...: () 0 0 0 0 0 0 0. 

CODFWINATE!:l: X .... 3!:'i y :::: 27 GRIIt ARE:A! · 92 LJNITf:l 
1...EES ! 2 0 8. 6 14 0 0 :36 0 () 

GEDl .• (JG I CAL.: 0 0 0 0 0 0 0 0 

(:oor:-.:riJNATES: X ·- ;30 y :::: 28 GRID 'AREA: 400 UN:CTf:l 
1..EEf:l! 54 () 0 7 41 .1 0 0 0 () 

GEOUJG I C:AL. ! 0 0 0 0 0 0 0 • :l 

CDCJF~ti:tNATES ! X 31 y -~ 28 GRID AREA! 400 UN:l:T!:l 
1..EEf:l: 3 :L 0 20· 32 1. ; 18 0 0 0 0 
GEOLOGICAL.! 0 0 0 0 

" 
.0 0 0 0 

,.,..' 

comrnINATES: X :::: 32 y :::: 28 GR!tt ''AREA: 400 UNITS 
LEES! I '76 0 83 15 6 4 7' 385 0 () 

GEOLOGICAL! ) 0 0 Q 0 0 o. ',- , :'·O 0 

COOFUHNATES ! ).( :::: 33 Y-=·28 ,GRID AREAt -, 400 UNITS 
LEEf:l ! 42 0 223 () \ 5· 10-· 6 180 0 0 
GEOLOGICAL: 0. 0 0 () I'• '. '0 o,, .. ,; o· "'.'."·+2 \ 
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C OCJF~ r:, IN~ TES: X :::: ;34 y :::: 28 Gf~ :r D Af:;:E:A: :'54('5 UNITn 
LEE!:; t 0 () 260 :I. ::'i 0 (5 0 4!5 0 0 
GECJI...ClG I CAL.: 0 () 0 0 0 .. 0 0 () 

' 

CClClF<DINATE!3: X .... :·5!'.'i y .... 2B Gr~ :r r:i M<EA: I') I!~ , .... ,,} UNITG 
1...1:::r:::r:;: () ' () () : 0 0 () 0 0 () () 

CiEDI...DG I CAI...: 0 0, () () .o () () () 

CCJClF~DINATED: X :::: :rn y .... 29 GF<ID M~EAt 4()() UNITn 
1...1:::EB :- ~·~ ~~~ () () :I.fl ~~ q () () () () 
CJEOI...DG I CAI...: () () () () () 0 0 () 

C Cl Cl F~ D I NA T E B : X .... 3:1. Y: .. .. :;!<;> GF~ ID i<:if<EA: 4 ()() UNITi:; 
l...E:T:G t 21:l () () ;·:~ :I. () 3 :l.'.:'i '')I::' 

.......... J () 0 
GEOL.DG I CAI...: () () () () () () () 0 

C Cl Cl i::: D I N f~ TE G : X .... ~3 ::.~ y , ... ::.!<;> GF~ ID AF~E::A t 400 l.JNITU 
LEED: 62 () () :I.() l4 :I. '.'.'i l:l ;·~'7'.:~ 0 () 
GEDLDG I CAI...: () () () () () () 0 \ () 

C DD 1:~ r:, J N 10t T E G t X .... ~~:5 y . ... 29 GF~ID AF~EA t 4 ()() UNJTG 
1...L:E!:l t I').( 

,.· .. ,:> () l:l:'.'i ('54 () ,., 
..:.·. :-v 290 0 () 

GEDI...OG I C,~I...: () () () () () () () () 

C CJ OF~ II I NA 't' E G : X "" :·34 y ... :;!<;> GF< ID Al:<EA t 400 UNITG 
1...1:::ED: 4:1. () :I.;:.~!::; ;-3() 4 4 '7 ::.~4!:_:; •' ~:.~ 0 
ClECll...OD I Ctil...: () () () () () () () () 

C CJ D i::: D I NA T E:: i:; : X .... 3'.:'i y .. .. ;,\<;> c-min M~E.A g :1.3'.'5 UNI Ti:> 
I ... EED t 3 () :l7 ;·53 ()- '') 

,: .. 0 :I. :I.() () () 

GEDI ... DG I Ct)I... t () () 0 () () () () () 

cno1:<r:,:1: N,~ TEG: X :::: 24 y .... 30 Gl:<ID Al:;:EA t 400 UNIT!:; 
LEE!:>: 3:1. () :1.:36 10 () 4 0 () () () 

GEDI...OG I CAI...: () () .... ♦ =-! () () () 0 • :I. 

CDOF<D I NATE!3 t X .... 1 11::· 
,:,.,,.) y :::: 30 GF~ ID Al:;:l:~A t 400 UNIT\:; 

Ll::.EG: 7~.'i () 4 :l 27 0 l:l () () () 0 
GECll..OG I CAI...: () () 0 ()' () () () () 

coor~r:i J NATE!:;: X .... 26 y .. .. :·10 Gl:~JX:, AF~E:A: 400 UNIT!:> 
I ... EED t u.:3 () 17 24 0 () :I.;.~ r.:· 

,./ () () 

GEOI ... DG I C,,~I...: () () 0 () 0 () () () , 

CD CJ 1:< r:i I NATE G t X .... 2·7 y :::: 30 GR:rn AF<EA: 400 l.JNITB 
I .•. EE:G t <;> () 9:1. :l 6 0 3 0 3'.'.'i 0 () 

GEDI...OG I CAL: () () () 0 0 () () () 

CDCJF<DINATE!:>: X .... 21:l y .. .. :-w (-lF<:tr:, Ali:E:A: 40Q l.JNITf; 
LEE!} t 3:1. () ;30 t ~) ;3 t 0 0 () () 

CJE:DI...CJG I CAL: () 0 0 0 0 () () () 
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CODF~D :C NATE~l: X. ::u 29 y ·- ;·50 GIUD ARl:::A: 400 UNIT::> 
1..1:::CG: €11 () 6~~ 4 5 :1.3 .◊ 174 0 () 
GEDI...DG I CAL.: () () 0 0 0 0 0 () 

COOF:DINATE!:; t X .... 24 y . .. 3:1. GI,: HI AF~E:A: 400 UNIJ::> 
LEE::!:>: 6~.1 0 :LU. () 0 24 0 O· ") 

1,.',. 0 
CJl::.DL.D(:)IC1~L. r () 0 "" ♦ 2 0 0 () () • j_ 

. CDDl:~r:, I NATE!:>: X .... ")J::' 
,:., (,/ y .. .. ;31. GRID AREA: 400 UNIT\:; 

1...El:::G: ::m () 3 ~~6 0 :l :t 8 :L84 () () 

GEOI...OGl CAI...: 0 () () () 0 () 0 0 

CDOF~D J N,:'.i TEE>: X ... , 26 y "" :~ :I., GF~If.l Al.:E:A: 400 UNITi:l 
!..[[(:; t. :1.:1.2 0 ;3 6f.'i. () () ,:5 f.>4 (~ (' .J 

GECJI... DG I C1~L. t () () () () 0 () () () 

CCJDF~D I NATE:!:>! X .... ::.17 y .. .. ;3:1. GF~l:D Af~l::A: 40() UNIT::; 
1...1:::i:::s.: 9:1. () :1.9 :1.4 () () 0 () () () 

Gl:::01...ClG l C,:~1... t () () () () 0 0 () () 

CDDr:::o I NATE~> t X .. ,. 2B y ... ~5:1. Gf~ I ti AF<EA ! 400 UNITG 
1..1:::1:::n: :l. :1. 0 ;34 3() () ::.~ 0 0 () () 

GEDL.ClG I C1~l...: () () 0 () 0 0 0 0 

. CCJOF~D I NATEf:l: X "" ;?9 y ... ~~:,. GI.: ID Af~E:At 400 UNIT!:> 
LEEGt 7:1. () ::.~ :·rn () 9 2 ;:?,:-37 () () 

GE::01...ClGICr,~I... ! () () 0 0 0 () () 0 

CDClF~D I NATEG t X .... :.;14 y 
' 

~ ... ;32 GFnD f.'.ff~EA t . 400 UNITf; 
I ... EES ! 47 () :I.H ... ,,::· 

{'o· .. ,J () :1.9 0 109 I') 
A"., 0 

CJE:DI... OG T CAI ... : 0 () () 0 0 () 0 () 

CODF!:OINATE!:l: X ... ,,1::• 
,,:.,,.J y .... ~3~:.~ GRID Al.:EA ! 400 UN Irr; 

LEE:!~: 9;3 0 !:) 20 ;3 0 0 ;32<,;> () 0 
DEDI...DG I C1~l... t 0 0 0 () () 0 () () 

I 

CDClF~D I NATE!:>.! X :::: 26 y .... 3':> . .. mun AREA: 400 UNIT/:; 
I...EE:Gt J. :I. 3 () '')f!:" ~.,.J 9 j_f.i 0 () 4 :L () 0 
01:::CJI... ClG J: (::AL: 0 () 0 0 0 0 0 () 

comrnINATEB: X .. , 27 y .•. 32 cm:rn AREA: 400 UNIT!:; 
I...F.::E:f:i t j, 02 () 4 :L 7 6 :1.2 :t :~ 0 () () 

GEDI...CJG I CAI..: 0 0 0 () () () 0 0 

CD Cl F~ r:, I NAT I::: B : X :::: 213 y ... 32 Gl:UD Ai=~EA t 400 UNIT!:l 
LC!:::!:;/: 60 0 6 4:~ '"' ,./ () 1 18 () () 

CJE:Di...CJG :C CAI...: () () 0 0 0 () 0 0 

CCJCJF~DINATEfl ! X ·- 2tj) . y :::: ;32 GR:tD AREA: :3B<;> UNIT!~ 
LEEf:lt 7:;1 ·o ,,67 l7 4 :l 29 -173 () () 

GE: Cl 1... Cl D :r C?l L : () 0 0 0 0 0 0 0 
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comm :r NAT EB: X - 24 y ... ;3;3 c-;1:~1n Al.:EAt 40() UNITS 
L.EEB! 6~) () -~5j, ;39 6 :3:1. () rm ':> () ... 
GEDL.CJG:CCAL.: () 0 • ?. 0 0 () 0 ... 
coci1:~r:iINATE!:; ! X .... .t•,r.:· y . .. ;3;3 GF~I I:r Ar(l:::A! 4 ()() UNITG "· ,J 
I...EE!:;: :I. :I. -o (.) :1.6 4 () :I. :':i6 '') () ...... 
GEDI ... DG I CAI ... : () () 0 0 0 () () () 

conr::r:, I NATE!:>: X .... '') l y .. .. ~-B GF~ ID AF~EA: 4()() UNJT::; A .. (,) 

1...1:::cr;: 1.)9 () 2:1. 7 6 () () () () 0 
GFOLDG:CCAI...! 0 () () () () 0 o· () 

CCJDF:OINATF:!:l: X .... 27 y "" 33 c.;r~:i:.r, AF~EA t 400 UNIT!:; 
I. .. FFE t. 44 () 0 () :1.3 () ~:.~ () () 0 
GE:Cll...ODIC,'.':\I... t () () () () () . () () () 

c:001:~r:, I NAT En: X .... '.~.!D y .. .. :33 (:)F~ ID AF~l:::r.) t 400 UNIT\:; 
!..EEG! 02 () :1.4 ::rn () () 9 () () 0 
C-)ECll...DG I CAI... t 0 () 0 () () () 0 () 

CCJCJl:~r:, I N,{)TEf:; ! X .... ;:?,9 y .. .. ~n Gl:~ID AF~l:::At :~~ ::~ 7 UNITD 
LEED! :1.7 () 0 7 () 0 () () () () 
ClEDI...DG :_[CAI ... ! () () '? 

♦ A',, :I. 0 () () 0 

CCJClr<D I NATEtl t X :::: ::?,4 y .... ;34 GF~ID Ar~l:::At 400 UNIT!:; 
1..1:~EG t '? (.) () 4 m· ,,J '')"" ~.,.J 

I'" ,·:, .9:'.'i () 4 () () 

OEDI...DD I CAI... t 0 () .... + ::.~ 0 0 () 0 ..... 3 

C:CJDF(l:t I NATE::!:> t X "" 
l')J::• 
..:..,.J y '"' ;·~4 Gl:~:i: !t ti r~I:::,{) t 400 UNITG 

I .• ECE ! 39 () :I. :I. , ... 
:I. 

.., 
0 4':) 0 () ,'.) ,:) ... 

(:lEDL..DD :t CAI... t () () ..... 2 () () () () • :I. 

CCJDF~DINATEG: X :::: 26 y .... ;34 (:m:r.r, t11:~EA t 400 UNITG 
u:cn: :'.'i:·5 () 1 i::· • ,.J . :1.::'i 1. () () 0 () () () 

GEOI...DG I CAI...: () () 0 0 0 () () () 

C Cl Cl F~ D I N 1:) TE G : X .... 27 y .. .. ;·54 Gl:~ID Af~EAt ;·599 UNITU 
LEl:::G: 9c;, () 0 2fl (.) () D () () () 

GEOL.CJG I CAL.: 0 0 () :I. () () () () 

CClOF~D :r. Nt, TE!:l: X .... 2B y .... ~~4 GF~ID Al:O.:EA: :·5:1.B UNIT!:l 
l ... EE.B: <y<y 9 0 :L 6 () () .1) () () 0 
GEOL.OG I CAI ... : () () ·o 0 () 0 0 () 

' 

cooi:::nIN,t.iTE!:l: X :::: 29 y' .... :34 GF~ID Ar~EA: <;>!:) UNIT\:l 
1...1:~ES: 6:3 () 0 () 0 0 0 () () () 

GE:DL.ODICAI ... : () o· () 1 () () () () 

(:.:nor~DINATE::!:1: X .... :;!4 y .. .. •;3;:j crnn, Al~EA: 400 UNITE> 
!..FEB: :I.B' 0 :L6 4:5 0 8!:l 0 () '') 

.\" .. () 

Gl:~01...CJ(;) I CAL: 0 0 ...... ::! 0 0 0 0 ..... ;·5 

-

' 
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--, 

... 

' \ --
cnor~r:i:r.NATES: X :::: 25 y ::i: 35 GRI[t AREA: 400 UNIT!:; 
I .. EEi:l: l.04 0 0 0 6 90 0 () _() 0 
GEOLOGICAL..: 0 0 0 0 0 0 0 0 

C:001:~r:i :r NATE!:>! X ... 26 y . ... :3~.'i GfnD AREA: 40() UNI Ti:; 
1...EE!:;: 62 () 29 '')'') 

,,:,.,.• .. f., ~~ 0 0 () () 

GEOI...OG ! CAL.: () 0 0 :I. 0 0 0 () 

CClCll:~DINATE!:;: X .... 27 y .. .. 3f'5 mun ARE:A: :L f.1:·5 UNIT!:; 
1...r::r::r:;: :~9 () 0 4fil B :l~! 0 

I ' 
0 () () 

GECll .• ClG I CAI...: () () 0 0 0 0 () 0 

cooi:::n :r. NATE!:l: X .... ~!B y ..,. :3!~i GF~ID Ar.;:EA1 29 UNIT!:> 
1..EE::!:l t :1.2 () () 0 0 0 0 0 () 0 
GE:Cll...DG :t CAI... i_ 0 () 0 1. 0 () 0 () 

C Cl ClF<DI N r:':i TE!:l ! X :::: 29 y .... :m c-;1:~ :r r, M~E:.A: 7 l.JNITi:; 
I...EE:l:> ! 7 0 0 () 0 () 0 0 () 0 
UFDI...DG I CAI...: 0 () 0 :I. 0 0 0 0 

coor~nINATEB: X ... , 24 y .... :36 Gr~:cr, Al:;:tA: 4()() UNIT!:; 
I...EE/:; t ")r.:· ;i:..,.J 0 :L <;.> 2l 6 :1.2!5 0 0 () () 

GECJI...ClG:CC1'11...! 0 () 0 0 0 (j 0 0 

CCJCJl:~x:i I Nf.~ TE!:;: X .... +'')t:' ,. ... ,., y . ... :36 GRID M~EA: 4()() UNIT!:; 
I ... E::r:::B t :3~.5 () B:I. ;·~ :1.:1. 122 :L4 / () ', 4 () 

GEClL..CJG :r CAI...: 0 () 
,, 

+ ~.-.. 0 () 0 0 0 

CDClf~DINATES: X .•. ~.!6 y . .. :36 GIUD AF~E(,I_! :L 9:1. UNIT!:; 
I .• El::.B ! . ;3 0 :1.:3 29 :1.:1. 77 f.l 0 0 () 

GECll...OG I CAI... t () 0 0 :I. () (j 0 0 

cnnr~DINATE!:i: X ... 24 y .... ;37 GF<JD Al~EA: 4()() UNITfa 
1 ... 1:::1:::!:): 9 () 6!::i '() :1.6 21.7 0 0 0 0 
01:::CJL.DG I CAL. t 0 0 0 0 0 () 0 0 

coor~r:i:r.NATEG: X .... 2~5 y ... :17 GIUD Al:;:EA: :L90 UNIT/:; 
I...EEB! !:'j 0 ✓ 27 0 7 0 0 0 0 () 

C:lEOL..ClC·l I CAI ... : 0 () 0 :L 0 0 0 0 

COCHWINATE~l: X :::: 24 y ·- 30 GRID AREA: :l,9f:l UNIT!:> 
U::E!:l: 0 0 :LO 0 6 1.53 0 0 0 0 
GEOI...DG I CAL.: 0 () 0 :l. 0 0 0 0 

coo1:~l:IINAT[!:l: X ... 24 y ... 39 GRID AREA: 8() UNIT!:> 
1..1::'.EB: 0 () () ;3 0 2 0 0 0 () 

GE:01...0GJ.CAI...: 0 0 0 :I. 0 0 0 0 

<;>99 
\ 

i:::f.,'i:ld\:I 
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NARRAGANNSETT BASIN FILE 8 

CClDF~DINATES: X .... 30 y .... 20 GF~:CD ARl~A: 400 UNJT!:l 
1...1:::E:G! 1 :1. (5 - () m·,·> ,.,~. 15 0 () 0 :307 () 0 
(3 E: Cl 1... Cl G I C A 1... : 0 o·· 0 0 o· () () () 

C ooi:~x:i J NAT r::: ~J: X '"' ~·o y .... 20 G1:;::r D M~EAt 400 UNIT::; 
LEl::t;: 62 () '""'? 

"•JI :1.6 :l 3 ~.14 0 :1.41:l () () 

GEDL.DG I CAL.: 0 () () () 0 () () () 

C Cl CJ r~ D I NA TE B : X ... , ;·51:1 y .... ;w GF~I It ,~i1:~i::;,~ ! 3::.10 UNJT'.:l 
' I..[[!;;: f:19 () () () 29 9 () :u:i 0 () () 

C-)E:01 ... DGIC,~I... t () () () :I. 0 () () ,0 

CClDF<:0 I Nti TE::; t X .... 36 y .... 2:1. (;m:i;x:, ,~F~E::A: 40() UNITG 
I...EE!:; t 41.I. () () :3:1. _ 0 () () :I. 6~;_; 0 0 
CJECI...CJGIC()I ... : () () () () () ()' () () 

CDDF:D IN,{) TE fl! X .... 37 y "" ;:.1 :I. 01:~:i;x:, AF<EA t . 40() UNITn 
I...EE:!:;: ?O () () 7 () 4 () () () () 

UE::D! ... ClD J CAL.: () () () 0 0 () () () 

CDDF:0:l;N,'iTEfl t X :::: :·rn y .... 21 GF~ IX) AF~EAt 39~:i UNITD 
1...1:::E!:; t ::.~ 4 !~j () () :1.9 () () () () () () 

UEOI...CJD I CAI... t· 0 0 () :I. () () () () 

·coor~x:, I NATEfl: X .... 39 y .... ~.! :I. GF<ID AF<Et1 t 70 UNIT::l 
I ... E::E::!:; t !:.:;!::; () () () () () () () () () 

GE::DL..DD I CAL.: () () () () () () () () 

C Cl Cl f< D I N A T E !:> t X .... :·Jc) y .... ::.~ ::.~ Gl:~ID Al:~i::;,::i t 400 UNITE; 
1...1::'.EG: (')'') 

') .,: .. . 0 0 :I. :I. 0 () () () 0 () 

GEDL..CJG I CAL. t :I. () () () 0 () () .... ~ ~-~ 

c; CJ D F~ D I NA TE n : X .... ~17 y .... •")") 
,:..,:., GF~ JD AF<EA t 400 UNIT!:; 

1..EE!:; r. J30 () 6 6 () 0 0 () () 0 
ClE:Cll ... DD I CAI ... t 0 () () () () () () 0 

C: CJ C) r:: r:r I NA Tr::: n : X .... ;rn y .... ':>':) 
"'" "" Gl:<ID Al:;;EA: 4 ()() UNJT!:l 

LEED! :1.60 () 4 3D 6 4 () () () () 

CJEDLDD I C,~L. ! 0 () () 0 0 () () () 

' 
CDD1:::r;i I NATE!:> t X .... ;39 y .... :~~2 GF~ :r D AREA: ::!. fl UNIT!:; 
LEE::Gt :1.::_:; 0 () 6 0 () () () () () 

DEDLDG I CAL. l () () () j_ () 0 () 0 

coo1:~rrINATE:!:l: X .... :'56 y .... ~~:3 Gl~ID AF~EA t 4 ()() UNIT!:l 
LEE!:;: :t r-s :t () 0 () 0 :I. () () 0 () 

GEDL.OG I CAI ... : 0 0 () 0 0 0 0 () 

CDDF~V I NAT ED t X .... ~5'7 y "" '~:.~ ~3 GIUD AF~l:::A: 4 ()() UNIT!:1 
L .. E:EG: :I.;:~ :t 0 ~!. B () 0 0 () () 0 

' CEDL.ClD I c,::it..: () () 0 0 0 () () () 
'}• 

0 
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coor~r:, ;c NAT ES: X =~= :·rn y ... 23 GRID AREA: :·mo UNIT::; 
I..EEB: 78 0 :I. 9 45 0 0 

' 
O• 0 0 () 

GEDI...OG I CAL..: () 0 0 1 0 0 () 0 

CClClf~X:, IN,~ TES: X .... 36 y .. .. 24 GF~:r.n AF~E:A: 400 UNJTf; 
I...EES! ~!90 0 () 0 1:· 

,.) 0 () 30 () 0 
GEDI ... DGICAI... ! () 0 () 0 0 0 0 0 

c:001:~DINATES t X ·- :·~7 y .... 24 GIUD M~E:A: 400 UNIT/:; 
J..EE!:> t 90 () () 0 0 0 , 0 :l 4!'5 () 0 
GF:01...DG I CAL.: 0 0 () () () () 0 () 

COCJl:~r:i I NAT EB! X :::: :·rn y :::: 24 c,1:~:i:r.i AF,EA: ~-3 ~-3 ~:_:,; UNTTt; 
LEE!:; t ::,~ ::.~ () () 37. () () () 0. () (i 

GEDI...DD I C,~L t () () () :I. 0 () 0 () 

cno1:;:DIN,i)TED: X .... :·11.1 y .. .. ::.~ !:) GF,:tl:I AF.:Ef-i: 4(h) UNIT:::; ,,. 
LEE!:> t :I. 31.1 () () () () 0 () () 0 (i 

GECJI...DGJ.C:1'.)I...; () () 0 0 () () () () 

,,.. 

GRID CDOF:DIN{)1TC!;; ! X .... ~5'7 y .. .. '')t::· ARl:::A: 400 Ur-lJT'.:; ,,:.,\,, 

L.EEB t B!'5 . () 0 0 ''I () 0 :I. !'.'i() () l'•1 1: .. ,, 
GEDL.CI(;) I Ct,I ... : () () () () () () () () 

CCJOr~D I Nt, TE!:> t ,x .... ;·5[:l y .... '')I::• 
..: .. ,.J GF~ :t: f.l Al:~r:r.1: 200 UNIT::; 

L.E:Eflt -4!:.:; () () ~:,:; () 4 !'.) :1.40 () 0 
OE Cl I... Cl(~ I Cr:)I...:. () () () :I. () , () 0 () 

CDOF:DINr,)TEG ! X .... :Jt.i y .. .. 21.i Gt,::r.D Al,:t:::A: 40() UNITG 
1...EEG! ;·~ :I. () ~~ () :I. 7 7 0 200 () () 

m::CH .. DG :C Ctil...: () 0 0 () () 0 0 () 

C OCll:~x:i I Nt-1 TEG ! X .... ~~7 y . .... 21.i (m:tx:i Al,:EA! 400 UNIT!:; 
LEE!:>: U3 0 44 ::m :1.2 :I. :L 0 <y() () () 

( Gl:::Cll...DG:CCAL.: () () 0 () () 0 0 () 

coo1:~r:i I NAT EB: X ·-· ;31:1 y "" ;,ici 
/ 

01:;:rr.i Al;:EA: :{.4() UNITG 
LEE!:>! :L 7 () 29 0 () ( 0 0 :L20 () 0 
CJECJI...OGICAL: () 0 0 :l () 0 0 () 

CCJDF~DJ:Nr~TEB: X .... :31.i y :::: 27 GR:t:D AF~E:A: 400 UNIT!:; 
l ... [f:::!:> ! '')r:~ ,:..,.., () 20 4:1. :I. ;3 0 () 80 () () 

GEOLCJG :t CAL: () () 0 0 0 0 0 0 

coo1:~1:1 :r NATf::.l:l: X ·- ;37 Y-:::: ~1'7 GRID AREA: 400 UNJT/:; 
LEES! 65 0 0 :1.4 B .4 0 40 () () 

GE::Dl .. OG lCAl..: ,0 () 0 0 () 0 0 0 

coo1:~r.r:i: NAT ES: X .... 3El y ·-· ·27 GF(£It AREA: trao UNITG 
t .• EE:B: ;30 0 0 0 () 0 0 60 0 () 

GEDLOG:CC:AL..: 0 () 0 :I. I() 0 0 0 
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COOFW I NATE!:>: X ... 36 Yo r::: 28 GRID AREAt 375 UNITG 
L.CE!5: e; - 0 0 11 0 0 0 0 0 0 
GEDLD(H CAL: 0 0 0 0 0 0 0 0 

' 

CODFWINATFf:l t X :::: 37 y .... ' 28 GRID A~EAt 400 UNITS 
LEE!3: :l. :~2 0 20 0 0 30 0 12!5 ◊ .0 
GEOL.OG :C CAL..: 0 0 0 1. 0 0 () 0 

C (JOH D J. NATE f:l : X .... ;3!:) y .. .. 2!:l GFi:ID AF<:E:A! :I. :I. !~i UNJ:TD 
i..EE!:l: 4 0 0 0 0 f:J () 40 0 (). 
GECJL.DG I CAI...! () 0 0 :I. () () () 0 

CDCJF~D INt1TEG t X .... :36 y . ... 29 (;r~ ID ,~,:~EA! ::! ~5!::; UNIT::; 
I..EEG: 2:1. () 0 :1. f:.i 0 () () ;36 () () 

GCDL.DGICf.,I...: 0 () 0 :I. () () () 0 

;3'7 29 
I 

cooi:;:r:i I NATE!:l: X .... y .... (:Jl~ID Af~EA! 400 UNJ:T!:l 
LEE:13: 9~:; 0 ~:) 9 0 4 () :I. ,1> !::; 0 ' () 
Gf:::01...0GI CAI... t () () 0 :I. . 0 () () () 

CD Cl r;: D I NA T E i:; t X .... 31:l y .... 29 Gf~ID AF;:EA: !:.:;o UNIT!:; 
LEEG! ,?.O () () 0 0 () () 4'7 () () 
GEOI ... DG I CAL! () 0 0 0 0 () () () 

cooi:;:x:, J NATl:::!:l: X .... :36 y -· 30 GIUD Ar;:i:::A t D UNITB 
l ... El:::G: 4 () () 0 0 () () () () () 

Gt::01...DD I Cf.ii ... t () () () :l 0 () () () 

cnor;:x:i INATEG: X .... :36 y ... , 3:1. GRID 1~F~EA: ;3n l.JNJTfl 
I..EEG ! 6 () 0 0 0 0 () 0 () () 

GE:01...DGICAI...!. 0 () 0 1. 0 () 0 () 

COCJr;:x:i I NATEf:l: X .... :l2 y :::: 30 GRID Al~l:.A ! 400 UNIT\:; 
LEE:B t 0 0 400 0 () (). () 40() 0 () 

GEDl ... DGICAl...t 0 () 0 0 0 () () 6 
~-

C OClf~D :t N() T Efl ! X .... :l.3 y ..... 30 GRID Af'<EA ! • 400 l)NIT!:; 
I..El::S ! 2 :~~ () ~rn5 0 () 3 1 40() () () 

CJEDl. .. CJG I CAL! () () () () () 0 () 0 

cooi:~r:i :r NAT ES: X ... :14 y ~· 30 GR:Crt AREA! 400 UNITS 
I..El:.S ! 5;2 0 38 10 10 14 8 2'77 2 0 
GEDL.CJG :C CAL t () () .... ♦ ~~ () 0 0 0 .2 

C Cl CJ r~ n :t NA TE s : X ... 15 y ... 30 GR:Crt ARE:A! 400 UNITS 
LEES! f.>7 () 0 13 13 0 0 () () () 

GEDI... (}G :r CAI...! 0 0 ;.., ♦ 2 () 0 0 0 +2 

comrn :r NA TES: X ... 1.6 y ::::·_30 GRID Af'<EA ! 4 00 UNIH; 
l .• El::S ! 1. 1 [5 () 0 0 0 0 0 B () () 

GEDLDGICAL.! () () ' .... ♦ 2 ' 0 0 0 0 • :l 



CCJCHWINATES: X .,.. 17 y ... 30 GHID AREA: 400 UIIITE 
LEES! 36 0 0 12 0 7 0 37? () () 

GEOLOGICAL! 0 () 0 0 0 0 0 0 

COOFWINATES: X .... 12 y ·- 31 GIUD it!RE'.A: 400 UNIT'.:; 
t: LEES:· 0 () 3~:;::.~ () 0 0 13 :36::'i () :·::) ~:.:_; 

GEOUJG I CAL! . 0 0 0 () 0 0 0 0 

COOFWINATES: X .... 1 ;3 y . ... ~H GRID AREA! 400 UN Ir::; 
I .• EES ! 12 () 2!:5!:5 0 () 62 3 330 4 · .. / 

GEOLOGICAL! 0 0 :l 0 0 0 0 0 

COORIHNATES: X .... :1.4 y :::: :u GRID AF-:EA ! 400 UNIT'.:; 
I..Er:'.S: 42 () 3::5 ~:; ~::;. 0 '') 

,:., 14 ::.~ 4 ~:~; 0 
GEOLOGICAL.! 0 0 .... + ~-~ () 0 0 0 • :I. 

CClOl:~x:,:r.NATE:.~1 ! X .... 1"'" ,.J y , ... 3:1. (mu, Al:::l::'.0): 400 UNIT:: .. 
LEES: :1.05 0 () ~~ () 0 () () () 

GEOLOGICAi...! 0 () ..... ~~ () () () () • :I. 

COORDINATES! X .... it, y .... :3:1. GFaD AF-:E,~: 400 l./i"-.! TI"'.::; 
I .• EES ! 3~:; 0 0 t;!' 

,,.J 0 0 0 :l 3 () () 

GEOLOGICAi...! () 0 ..... ~~ () () 0 () • :I. 

COOFHl:CNATES ! X ... :l 7 y .... :3:1. GF-:JD M~EA! 400 U(i ,:T'.:; 
LEES! 23 0 () ~:5 ~~; :1.3 2 0 ~·:) :I. !:.:; () 

GEOLOGICAL! 0 0 .... . ::.~ () () 0 0 • :I . 

COORDINATE~1 ! X ... 12 y .... ~3 ::.~ GRID Al,:EA! 400 Ui'--/IT3 
LEES! 0 0 3 j_ l:'i () () 0 0 3:1.::'i 0 U':.'i 
GEOLOGICAL! 0 0 0 () () 0 0 () 

coorrn:r NA TES: X .... 1 :~ y ... ~~2 GRID AF~EA t 400 UNIT\:; 
LEES! 0 0 3:1.8 () 0 75 0 ~-~ ::.~ ~:5 () 0 
GEOLOGICAL: 0 0 0 () 0 0 0 () 

COORDINATES! X ... 14 y ... 32 GRID Ar-:EA t 400 UNIT!:> 
1,.EES ! u.o ,.0 55 15 0 0 () :380 () () 

GEOLOGICAL..: 0 ·o ..... ♦ 2 0 0 0 0 +2 

CDDFW I NA TES: X :::: 15 y ... ~~~~ GRID AREA! 400 UNIT'.:; 
LEE~'i ! • 105 0 

,, 
"" 2::.~ 0 0 0 0 () () 

GECll..OGICAL.: 0 ,o ....• ~-~ 0 0 ·o 0 + :l 

. CClfmf.lINATES t X :::: 16 y ... ~~::?. GRID AREAt 400 UNJTi:; 
LEES! ~)◊ 0 16 ~~::! 3 0 0 14~i· () 0 
GEOLOGICAL: 0 0 ·o () 

. 
() 0 0 0 

COOFUIINATES: X le 17 y :,r. ·32 Gl'UD MtEA: 400 UNIT'.:; 
LEES: 83 0 32 33 1 0 .. 400 () 

.. , 
1,.J 

' GEOLOGICAL: 0 0 ·o 0 0 0 0 0 
---.... 

. ./ 



COCJF:D I NATE::G: X .... :l ~.? y .. .. .;33 GI::: J [I Ar~l:::At 400 UNITS 
1...1:::FG ! ()' () ~~60 0 0 0 0 360 () 40 
GEDLOG I Cr~I ... ! 0 () 0 0 0 0 0 0 

CD D F( D I NATE G : X "" :1.3 y .... , ;·5;3 GI::: ID Af~EA: 400 l.JNITG 
: ... [[!:> ! 39 () 1')1 .. ,, .. ; 

A'•• ,:'J ,:'J 0 0 4 :L 0 3!~j<;> () () 
CJl:::01...CJD I C,11 ... t 0 () 0 0 () () 0 ♦ :1. 

C: Cl Cl r:: I) I N () T 1::: n : X .... :1.4 y .. .. ;33 Gr(J:[I Af(EA! 40() UNIT::; 
I..EEG: t:" , ... ,·:, ,','} - 0 ::.~ ~·~ :I. 30 · ;3 () 0 ;,!70 () () 
OE::Cll...DGICP;I... t () () '') . ,: .. () 0 () 0 ♦ :l 

C: Cl D F( fl I NA T I::: (:; t X .... :l.!'.'i y .. .. 33 GF( I :0 ,~F(l:::A t 400 UNJTG 
!...EEG t 41::· ,,/ () :-5!.> 1::•1 1

) 

,.J.,.• .. 0 () () ::.~ ::.~ () () 

GEDI...DD I C,11... t () 0 () () 0 0 () () 

CDClF~DIN()T[!:l: X .... :l.t.> y "" 3;·~ GF(:1:D AF(EA t 400 UNIT::; 
LEE::G! 64 0 :I.B :3:1. 0 6 1. 0 3:1. ::) () () 

CED!... DD I CAI ... t 0 () () () () () () () 

CDDnDIN(.~TE::l:l: X '"' :1.7 y "" :·:~3 Gr:: IX:i r~F~E,~ ! 400 l.JNITG 
:. .. EJ:~B: <;>!'.'i () :I.? :1.4 20 () fl 400 () () 
Gl:::DI...DD J C(1I...: 0 0 () () () () () () 

CD ClF(fl IN() TE!:; t X .... :I. ::.i y "" ;34 GF: I :0 Af(l:::11: 400 UNIT::; 
I...EEG ! 0 () 400 () () 0 () 400 () () 

CJE:DI...OD I C11!... ! () () () () 0 () 0 0 

C Cl Cl F: D I N t1 T E \:l t >( .... :1.3 y . ... ;·34 GF( ID (.~ F( I::: P.1 t 400 UNIT::; 
1...1:::E!:l t 30 () :l.!'.'il:'i () 0 "? 

I '?::.::· 40() () () 

01:::DI...ClG I CAI .... : () 0 0 0 0 () 0 () 

C Cl CJ F~ D I N ti TI::: !:l t X .... :1.4 y "" 34 GF~ ID 11F~EA ! 400 UNIT::; 
I .. EE!:; ! :I. ~!7 () 3() I') 1~• ,. ... ,., :I. () () ::.!(:l() 0 () 

nr:~DI.. DD I CAI... t 0 () () 0 () () () () 

C D Cl F~ :0 I N P1 TE f:; t X .... :l.\'.'i y . ... 34 GF~ID Al;(EA ! 400 UNITt; 
LEE::G ! ::.in () ~::; 40 4 () () ~?. !:l () 0 () 

GECll...OG I CAI... t 0 0 () I () () () () () 

CCJC)F~DINATEG: X ::::' :1.6 y .... ;34 GfU[I AF~EA: 400 l.JNITf; 
LEEGt D:I. 0 () 20 :3 ~:5 () 400 () () 

01:::Cll...OGICAI...: () 0 0 () 0 () () () 

CDDF~DINATE!:> ! X .... :1.7 ,y .... ~~4 GIUD AF~l::A: 400 UNITD 
L.E:Ef:; t • :1.:30 () () :l :;i 0 0 0 400 0 () 

GEDI...CJD I CAI...: () 0 () 0 0 0 0 0 

C Cl Dr::: D I NATE n t X .... :l? y :::; ·:3!'.'i Gf(:l:D AF~EA: 400 UNIT/:; 
1...1:::E!:l! :l () ;394 0 0 0 () .:1.9:'.'i () 0 
GECJI...ClG :r. C,~I... ! () () _ .. ♦ 2 () 0 0 () () 
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; 

CCJDi:~D J: NATES: X .... 13 y ... :3f.'i f:ll:UII AREA! 400 UNITH 
LEE~; t 313 0 2:·30 7 0 () 0 :·3 t., !'.'i () () 
GEDI...O(HCAL t () () :L 0 q 0 0 () 

coor;:nIN,;Tr:::~;: X .... 14 y .. .. 3!:'i GFUD M;:E:A! 40() UNI Tr; 
I .. EE!:; ! :l9 () :l :I. !'.'.i !'.'i◊ 0 , ... 

,) 
#4) t:!" ,4•,.,..J :·37!:) 0 () 

GECJI...ClG I CAI... t 0 () () () 0 0 0 0 

COOf-~D J Ni~ TEfJ : X .... 1~'i ' y .. .. 3!:'i m~:rn M~l::At 40() UNITS 
LEES! !'59 0 :1.6 :l.B ;3 0 9 ;~7() () 0 
GECll..ClG I C1~I ... t 0 0 0 0 0 0 0 () 

CDDF~D IN ;l) T ['.B : X .... :1.6) y . ... ~~!:'i Gls:ID AF~EA! 400 UNIT!::; 
!..EEG t 3:1. () 0 :l.f.1 B ;~5 :L:L 400 () 

,, , .. / 
Gl::'.Ol..DG I c;,,~L.. ! () () () () 0 () 0 () 

coo1:~r:i I N1~TE!:> ! X .... :1.7 y .. .. ~3!:.) GR :rr, AF~l::'.At 400 UHJTb 
!..EEG! :L :l.'7 () ~~ :1.4 0 ;·3 D '400 () {\ 

·•./ 

CEDI ... DG I CAI...! 0 () () () 0 () '() () 

CDDF:D I Nr~ TE!:l ! )( .... :1.2 y .... :·~6 c,1:;::rr:i Al:~l::'.A ! 40() Ui-iIT'.:; 
i ... E'.E::G t :1.7 0 340 () 0 () () :I.!:.:;:? () •I":.· 

.1.,.:, 

GECJLDG I C1"1L ! 0 () () () 0 0 () () 

'CDDF:DINt1TEB t X .... :L ~3 y .... :36 Gl:(:i:f.l AF~EA: 400 11·•1•1· "/',"', 
.. JI\ ,J. I ,.:, 

! .. EE!:; t f:l!:-i () :1.90 () () :I. 1.2 400 () () 

Gl::'.CJL..CJG I C1"1I... ! () () () () () () () 0 

CCJDF~D:CNf.)TEB: X .... :1.4 y .... :·36 Gl:;::CD 1~r~1:::,~: 400 Ul\1 I T~3 
LEEGt. 2l> () .19~) I"' \·:, 0 0 <;> 400 () 0 
GECJI ... OG I Ct'1I... t () () (). () 0 () () () 

CDOF:DI NATEf:l t X .. ,. :I. ~.'i y .... :3,!) cm:rn AF~EA t 400 UNIT:::; 
i..EEG t !'.'iD () 40 :1.7 6 :I. !:,:; 40() () 0 
CFOI...OG I C1-!:il...: () () 0 () () 0 () () 

CClOF~DINt',TE!:; t X .... :L6 y .... 36 (m:rn ARE1~: 400 Ui'iIT'.:; 
1..1:EG: 6i:l 0 () 4 0 0 14 400 () 0 
GEOI...OG I C,~I...: () () 0 () 0 0 0 () 

COCIF~I'.IINATl:::n: X .... :L 7 y .... :36 GR:CD M~EA: 400 UNIT'.:; 
1..1::.EB: ~!j!) 0 25 0 0 0 () 4()() () () 

GEDI...OG I C1~I... ! () () () 0 () () () () 

CDCJ F~D J Nf., TEE:: .x .... g~ y .... ::)'7 cm:rn Am:A: 400 UNJT!3 
l..[I::~: ::rn () 284 0 () 4 0 38;.i () :1.00 
GEOI...OC I C,"11...: () 0 '') 

♦ 4•,. 0 () 0 0 0 

COCJi:::r::INt',TE!3 t X .... 13 y ::.:: '~'.3'7 GRID AREA! 400 UNIT::; 
LEE!3t '70 () 11 !:'i 7 0 ;3. 5 400 () () 

GEDI...OG I C1~L.: 0 0 0 0 0 0 0 0 

"."271-



CODfWINATE~;: X .... :l 4 y ... ;37 01:;::rr:, Af~EA: 400 UNIT!:; 
l...EES! 70 213 i:l!I 0 0 () 0 400 0 4 
GEOLO(U CAI...: ' () 0 0 0 0 () 0 0 i 

C Cl Cl F~ D I N A TE!:; ! X :::: :1.:::i y .... ;37 Gl:~:,:r:i Af~EA ! 400 l.JNJTi;; 
1..El:::G: 63 () '?:I. 4. ;3 () :I. 4()() () 0 
131:::01..DG I CAI...: () () () () () () () () 

-. 
coor~DIN,~TEG: X .... :1.6 y .. .. ;37 Gr~:r:r.r M~EA ! 400 UNIT!:; 
LEE!:> t )~_:; () !:.:; ~,:; :I.? () :1.0 () 400 () () 

UEDI ... CJG J C,~1 ... t () () () 0 () () () 0 

coor~D I Ni~) TEG ! X .... :I.? y .. .. :37 GF~ I I) M~EAt 40() UNIT/:; 
!...CE!:>: '70 () :1.9 :I.() 0 :I. () 400 () () 

GE::DI...DG J C,~1 ... ! 0 () () 0 () - () () 0 

coor~r:r IN(.~ TE!:;: X .... :1.2 y . ... 31:l GF~I D AF~EA ! 400 l.JNIT!:l 
1...E:EE>! () 0 ::.~4!::; () 0 () () ~,:.~ 4 ~:.:; () :I. ~::; ~:.:_; 
GEDI...DGIC,~.I... ! () () () () .... + ~:.:j () () () 

cooi:::r:i I NATE!:): >( "" :I. ;·5 y .... :rn GF~I D ,~r~EA t 4 ()() UNITG 
LE:EGt ~ , ... 

(.),'.) 
••v 
,;) :~~ 9 ~::; 6 () () 0 ;3;·5:':i () () 

C)l:01...CJG:CC()I... t () () () 0 0 () () () 

c; Cl CJ F: :c, I N ,~ TE G t X .... :1.4 y .. .. 31:3 c-;1:~:i:n ,~r~EA t 400 :.JNIT!:l 
LEEG! 20 66) GD :1.4 0 () () 3;:~o 0 '/0 
CJC:Dl...CJG I Ct,I... t () () () () () () () () 

C Cl Cl F( D I N A TE G ! X .... :l.l'.'i y . ... ::rn GF~I D ,~F~EA t 400 UNIT!:; 
! ... l:::[f; t 4i::· ,.) '70 ~1~·3 44 () () () 36) :I. 0 39 
CE::DI...DDICf.~I...: () () () () () () () 0 

coo::~DIN{;T[(:l t X .... :1.6 y .. .. 31:l GF~ IO M~EA: 400 UNIT!:; 
!,_[[Gt :I. :I. 0 ~::j 2<,;> D 6> ' 4 0 ;·~t'.'i :I. 0 4[::i 
Cil:~Cll...CJG I CAI... t () () () () 0 () () () . 

CCJOF: :0 IN A TED t X .... :I.? y . ... ::rn GF~ID AF~EA: 400 UNIT!:; 
LEF!3: 9 () :I. :I.(.) 4:1. 6 () () 4()() () 0 
GEDI...DG I CAI... t () () '') + ,: •• 0 0 0 () 0 

C Cl Cl F~ D I NA TE!:> : X .... :1.2 y . ... ;39 cm:cx:i ,~rH::A t 400 UNITS 
1...EES! () 0 11 (:j 0 0 () 0 :I. :I. ('.'i () I')(:,,::• 

... · .. ,.>,.) 

GEDI...DG :C C,~I...: () () () 0 ..... ~:j 0 0 () 

CCJmrnINATE!:1: X .... 1:3 y .. .. :·59 Gl:~:rr, Al:~EA t 400 UNITf; 
1...EEB: 14 0 ~1(:-i() () 0 0 ' () ;·54J_ () :1.9 
GE:DI...ODI CAL.: 0 () 0 () .... ♦ ~:_:; () () () 

CDCJF:D IN,~ TE:!:;: X .... :1.4 y ·-· 39 GF~ ID M~E::At 400 UNIT(:; 
1...EEB t ~1 :3i:l :I. S,'[5 ~) 0 0 () 260 () :I. :l.t:'i 
Cl r::: OLCJG IC Al... ! () 0 () () 0 () () 0 

( 
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• 
COOF~DI NATES: X :m 1 l'.) y ... ;39 crn:o:, AI\EA: 40() UNIT'.:; 
I .. EEB: 6 :3. 234 1. '7 0 0 0 ~~::m () l ,::· 

\,)\,J 

(3E(JLOG I Ci":11...: 0 0 0 0 0 () 0 0 

comrn:rNATEG: X .... le, y , ... :·:~9 GI\ :t n ARE,:!\: 400 UN J Tf:; 
1...E:EG: 4 B:;i 1:1. :I. 0 () 0 0 240 () :I. :::.~ ~:_:; 
GEDI...DG:tCAl...t () () 0 () 0 0 0 O· 

CDClF~f.l :1; NAT ES.! X :m :t 7 y ... ;39 GRif.l AREA! 400 UNIT(:; 
I .• EEG ! 40 () :H5 7 0 () ~5 :36? I"' ,·:, () 
GEOI...OG :c CAI...! 0 0 0 () 0 () o· 0 

9<J<,;> 

1:;: €·~ (i~ ,j ,:; 
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C Cl C) Fi: [I :r. NI~ TI::: (;; : X .... 
1..E::E::13 t 0 
G I::: CJ't.. CJ G :r CA 1... : () 

:::DCJFi:D I Nt1 TEG t X .... 
1 ... 1:::1:::n t () 
U I::: DI ... Cl(:)::: t::i:) I ... ! 0 

co::)F:li J Nt1TEG t X "" 

1...[E:G t ::.! :·~ 
C I::: D !. .. DD I C (1 1... t 0 

cnor::r:i:::Nt1Ti:::r;: X "" 

I ... EC!:l ! '') 
h .• 

UE::DI...DD I Ct~I ... t () 

C C Ci Fi: D I NA TE::; t 'X .... 

i...EEf;;. () 

C)E::Dl..ClGIC(:11... t 0 

CDClFi:OIN,i)TEG t X .... 
1...EEf:l t () 

UE:01...DG I C01I...: :I. 

C CJ Cl r:: D I N ti TE fl t :x .... 
! ... FEB t () 

CCDI... DD I Ctil... ;: () 

CDDFi:DJN{:iTE::f; ! \/. 
/\ .... 

1. .. E::E::G t ;·3 
GEOLOGICAi ... t () 

CDDF(DINP.1TEG t X .... 
I...E::E::G;: D<? 
CJE::CJI ... DG I CAI ... :. 0 

C Cl D F( Ii I N 1:':i T I::: G ! \I 
/\ .... 

1. .. E::EG t :1.4 
GEDI ... DDIC1~l... ! () 

CDUF:I:IINtiTEG ! ,x .... 
1...EEB! () 

CJECll..CJG I CAL.! 0 

. CCJDF(DINATEG ! X .... 
1..El:::El ! 1 ':> . "" 
OEDLCJGICAI... ! :I. 

CDClHDINATED! X .... 
l...[[J;: () 

C-JECJLCJG J CAI ... t I () 

NARRAGANNSETT BASIN FILE 9 

12 y ... 
0 0 
0 0 

:I.::~ y .. .. 
() 0 
() 0 

:1.4 y ., .. 
fl 0 
() () 

:l.!:'i y .... 
() 1::•1•) 

,.>.,.: .. 

() () 

:1.6) y . ... 
() :I.'? 
() () 

:l."l y .. .. 
0 :1.:·~4 
:I. :1. 

:I. ~:.~ y .. .. 
0 4 
0 () 

:1.3 y .. .. 
0 () 

() () 

:1.4 y .. .. 
() .:1.:1. 
() () 

j i::· 
,\.} y .. .. 
0 ;34 
() 0 

:1.6 y .. .. 
() '')r.:· ,,,:.,,.J 

1 :I. 

:L 7 y .... 
() 127 
:I. 1 

:l ;?, y . .... 
() 0 
() ' 0 

~iO 
0 
0 

!':i() 
0 
() 

!~i () 
() 

() 

~:; () 
() 

() 

!'.'i() 
()· 

() 

!'.'i () 
3:1. 
() 

!'.'i :I. 
() 

() 

!:'i:I. 
() 

() 

!'.) :I. 
() 

() 

E'i :I. 
() 

() 

!:j :I. 
() 

0 

!'.) :I. 
() 

() 

1::•1') 
,.J11: .. 

() 

0 

I 
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GFHD Af.:EA: 
0 () 0 

..... 9 Q () 

o1=~:i:r:i AHEAt 
() 0 () 

..... (J () () 

GFi: I fl Mi:Er-':i ! 
() () () 

..... 9 () (.) 

GFi:I fl 01Fi:EA t 
() () () 

.... ♦ 9 () () 

oF:::i:r:i AFi:EA ! 
0 () :l.!'.'.i 
0 () () 

(:JF< ID AFi:E(l t. 
() 6 () 

() () • :I. 

GF:ID AFi:EA t. 
() () 0 

..... 9 () 0 

GFi:JX:, ,~i=i:EA t 
3 () () 

..... (j) () () 

GF(JI:i 1°:':)F(EA t 
? 0 0 

..... 9 () 0 

GFi: ID AFi:EA ! 
() () () 

..... <;> () () 

GFi: JD AF<EA: 
6 0 () 

() () • :t. 

GF( ID ,::':)F(E:A t 
() ::.~ () 

() () ; :I. 

GFi:JD M(l:::A! 
() () 0 

..... 9 () ()' 

400 UNITD 
0 0 400 
0 

400 UNITG 
() 0 400 
() 

400 UNITn 
() () :1.:1.4 
() 

4()() UNIT/:; 
() () :~:.~/>4 
() 

4 ()() UNIT/:; 
() () 340 
0 

400 UNIT::; 
() 0 

... , 

.,·:. 
..... 

\• ,\·: . 

400 UNIT/:; 
0 () 364 
0 

400 UNIT::, 
() 0 :Jfl(? 
0 

400 UNIT:3 
0 0 :::.~6 
() 

400 UNIT!:; 
() 0 2~:,:,i:3 
() 

.. 
400 UNITG 

0 () :~~:.~?: 
•") 

♦ t'.~ • 

400 UNIT!:l 
0 () () 

'J ....... 

400 UNIT::; 
() () 3G9 
()' 



C:OU::.'.D I i'-!i'\T/:'.::J t 
1. .. CL !:; t 
t:; [ U L. Cl Ci I Ct: I .. t 

I ;::• ;::' \";,:. 
, .. , I, .. I,., ~.J \• 

·1,''', 'l' i'" ,·' 
~ ... , \ ••• j • 

1. .. [[b t 
:::-} :::: D i... U Ci I C (:i I... t 

:1.3 
() 

() 

0 

0 0 
0 

0 

0 

() 

0 

>( .... :'.. :? 
0 0 
Cr () 

G 
0 

Y •·•· 14 

0 

0 

)( .... :I.'? 
0 

0 () 

:1.9 0 
0 () 

>< ... l :::) 
() () 
0 0 

y . , .. 1::'I'} 
,,J.,: .. 

() () 0 
() 9 .... ❖ 9 

:i. :f. 
() 

:1.:1. G 
0 ... ,. <p 

y .... "'.i? 
? (l 

0 

:I. 0 

')I ;;:; ~::;2 
(~·;. (f) :·:~ .s 
0 () 

y· .... ~:.:; ~-~) 

(i 

....• ? 

0 

UrIX:, hr::Et-1: 
() () 
0 () 

GF:ID 1"0F~Ci:1 ;: 
() 0 
() 0 

0 . • :i 

G F: l D t-, i?:::: (; : 
() 0 
0 C 

0 
() 

AOO UNIT:::; 
() :3 :::.~ t;, 

A O O l i N I T :.: 
<) :_":':: ,:., :'.'.i 

A () C· U ; 1l J ''t" :::; 
0 () 

GRID AREA: 400 UN:r·rs 
0 0 0 0 0 0 0 400 
0 0 -,9 0 0 0 

y 

0 
() 

Y '" !:'.i3 
0 0 
0 () 

y .... !'.'iJ 
:I. :I.? 0 
() () 

y :::: !'.'.i:3 

(; 

0 

() 

() 

() 

:I. () ~:.:; 2 ~;.:,, 
() 0 0 

\~ .... !:.:;4 
:I."'/ :1.4 41:l 
0 0 ..... <;> 

y , ... :-.'i4 
() 0 () 

0 0 •••• ❖ '? 
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DF: 1 D /:1F:Lr, i 
0 0 
0 0 

(,1 

GI? I D (~ F~ E:: (~ t 

:) 

0 

0 0 0 
0 0 () 

01::.::i:n ,;1:::E::() t 
4 0 0 
() 0 0 

Gl:(ID tir::i:::,,~ t. 
() 0 0 
0 () 0 

CJF: I :0 ,; F~ I::: r:1 ; 
() 0 0 
0 0 0 

c-;r:: ID (~F~ E (~ : 
() 0 0 
0 0 () 

0 ·•;,• ,-~ .· 
~:.1 ,;::, \.,• 

400 UNITU 

400 Ui-!ITr; 
0 

400 UNIT:3 
0 0 

400 l..11'1 I Tf\ 
() :::.!::?? 

-400 U!"-lITb 
0 400 



CODf~D:CNATES: X ·- 14 y .... ~"i4 GIUD AREA: 4()0 UNIT!:; 
1..J:'.EB t () 0 0 0 0 () 0 0 () 400 
GE::CJLOGJCAL..: () 0 () 0 .... ♦ -r; 0 () () 

COClF(D I NATEG: X -:::: :L ~s y .... !:'i4 
/ 

C-Hi: Ir., AFi:EAt 4()() UNIT!~ 
LCE::!:l: 4 0 :l 0 0 () () () () :3:1. 9 
GECJI...CJG J CAI...! () () () 0 .... ♦ 9 () () () 

CCJDl:(I:IINATE!:l ! X .... :1.6 y .. .. t:i4 (:)F(ID Al:i:l::1:':i t 400 l.JNIT!:l 
LEE!:l: 4 0 7;3 ' () ;3 !:) :I. 0 () () () 
GE:: 0 I ... OG I C,'11... ! () () 0 () 0 () () () 

CODF(IIIN,~TFG ! X , ... :l'? y .... !:'i4 GF( ID AFi:EA: 40() l.JNITU 
I ... E[D t ::.~ :·1 0 ?fl :I: 0 0 () () () () 0 
Cl C CJ I... Cl D I C (.) I ... t () 0 () 0 () 0 .. () () 

CDDF(X:1 I Nr-~T F !:)·t y 
-" .... :1.2 y . ... ~:;!::; GFi: I :0 r:':il:i:E,~ t 4 ()() UNIT'.:i 

I...CEG! ~?~:.:; () . :I. ~.'i ~; 9 0 6 () 0 :1.24 
Cl!::: CJ I ... Cl(:) J C,'11... t 0 0 () () .... ♦ 9 () () () 

CClCJFi:D I NATE::G: X .... :1.3 y .... !:,:; f.~ nr:::i:x:i Mi:EA! ,·mo UNITf; 
1... 1:::E~G t () () () () () () () () () 400 
CE:DI...DGICAI ... : () () 0 () ..... 9 () () 0 

CCJDF~O IN,~ TES! \/ 
/\ .... :1.4 y .... !:~ !::; (:)Fi: Ir, AF~E::(1 t 4,00 UNJTG 

1...E:EG t () () () 0 () () () () () 40() 
G[Cll ... DG I Ct,I... t () () 0 0 ..... 9, () ,• () () 

CDDF:D IN/) TEG: .X .... :I. ~'i y .... !:.:;::.:; Gf< ID A1:::1::;A t 400 UNIT!:; 
I. .. C:L:3 t :1.3 () '.:)6 0 () () () () () 2f.>0 
G C Cl L. Cl G I CA I ... t . () 0 () 0 () () 0 () 

C () Cl F( D I NA TE n t X .... :1.6 y .... ~:_:; !:5 Gl:~:,:r:i AFi:EA: 400 UNJTi:l 
I...FEG t :1.6 0 4;.;! IC' 

,.J i:l 7 (.) () () () () 

CJEDI... OG J Ct,1 ... ! () () :I. () () () () 0 

C Cl CJ Fi: D I N ti T L B t V .... :1.7 y .... ::.:jf':j Gn:tD t--,n1:::r:":i t 400 UNIT!:; /\ 

I...CEG: 9 () 40 :I. 0 39 0 0 0 () 

ClEOI...OG I CAI...; () 0 0 () . () 0 () 0 

CCJOF:DINATE/:;: X .... :1.2 y w.: !:) 6 GF(:l:D M~l:::At 4 00 UNIT!:; 
1..cr::n t :I. f.) () :1.0 :L fl () 0 () () () :I.:?;.~ 
GCCJI ... DG:l:C(.)I...: () () 0 0 .... ♦ 9 0 0 () 

CCJCJF(DJNATEB: X .... 1,;3 y .... f.'il> Gr~ ID AFi:EA: 4()0 UNITG 
1..E::EG: () 0 5 0 0 0 () . () () J9::'i 
Gl:::DI...DDICAL: () 0 0 0 ..... <;> 0 0 () 

CODF~D I NATEtl: X ... :1.4 y "" 56 GFi:ID AFU:.A: 400 UNIT!:l 
I ... EE!] t () () q 0 0 0 0 () () 4()() 
CiEDI...DG :r. CAI...: 0 0 0 0 .... ♦ <-; () 0 () 
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coom:i :i: NAH::G: X 1!!.'i y :.,:, S6 I GF~ID Al:;:EA: 400 UNIT::; "'" 

! .. Er::E; t 8 () 122 11 24 0 0 0 () !!.) ~::; 

GECJI...DG I CAI...: () 0 0 0 0 0 0 () 

CDDF~OINATEG: X .... 16 y ... ~56 GI:~ :r D M~E:At 400 UNITi:l 
I...EE::G: :1.::5 () :1.9 23 0 ,14 () 0 () () 

GE::DI...DG I Cr'.)!...: ·o () j_ 0 0 0 () () 

coor::n :r NATEi:;: X .... :I.? y .... f:56 Gl=i:ID M;;EAt 400 UNIT'.:; 
I..CE:B: 3? () ?2 ~~ 0 0 () () () 0 \ 
GFDI...CJG I CAI... t () () 0 () 0 0 () 0 

CCJCJ!::: DI NAT 1:::i:; t X :::: :l{? y .... !:-i? GI:~ IX:, M~Et1 t 4 ()() UNI Ti::; 
I...FFGt 29 0 :::. () :1.6' 6 :1.6 () () () :!. 6'.'.'.i 
CEDI...OD I C{)I...: 0 0 () 0 ..... 9 0 , () '() 

CDDF~X)IN(1TE!:l t X .... :L:3 y ., .. !5'7 Gl:::In AF~EA: 400 UNIT::; 
!...CEfl t () () ::~ :·5 () () () 0 () 0 :·~6'? 
Cll:::01...DGIC,~L.f () () () 0 .... ♦ <;> 0 () 0 

ccnr:::cr:i:Nt,Tr:::s t X , ... :1.4 y :m ::5'7 Gl:~If.l AF~E(.~ ! 400 UNIT::; 
l ... Ei::::3 ! () () 2? () () () () () () 3·7:3 
GEDI...CJ(}.I C,!':\I... t 0 () () 0 0 () () () 

CCDF~D I Nt-1 TE::G t X :::; :1,::_:; y :::: ~:i? GF~ID Al;:EA: 400 UNITG 
1..EE!:; t :I. () 263 () 0 () () () () :I. 
GE CJ I... Cl G·I CA I... t () () () 0 0 0 () 0 

C Cl CJF~D I NATEfl: X :;:: :Lt.). y .... E'i? t:,1:~ :r f.l M~EA! 400 UNIT::; 
1...ECG! :I.!:! () :1.;.((:l :1.2 () () !::; () () 0 
c-J!:::CJL.CD I Cr~,I... t () () () () () () 0 () 

CD Cl F< D I Ni:~ TE n : X .... :!.7 y .... ~:i7 GF~ID M~E:A: 400 UNIT!:; 
1..Er:::::; ! ;·56 () :1.;3 :J.'7 0 0 () () 0 0 
GE::DI...ClG I CAI...: () () 0 () 0 0 () () 

CClClf~D I Ni:':\ TE::n: X !1!! :l ;,i y .... :'.'il:l m~u:, Al:~1:::A: :I. ;:.~ ~:_:j UNIT!:l 
!..EEG! !:_:; () ~:.~ ? ~~ () () () () ?3 
GE::DL.OG I Ci'~,I...: 0 () () 0 .... ♦ 9 () 0 () 

CClCJND I Nt1 TE!:> t )( .... :!.~~ y .... ::'ii:l emu:,· A1;:1:::A: 40() UNIT!:; 
!...EEG t () () 0 () 0 0 () () () 400 
Cll:::01 ... DGICi:')I...: () () () 0 .... 9 0 0 () 

CCJDr~D INt, TE!:;: X :L4 y ~:if:l I Gl:~:i:D M<E:A! 400 UNIT'.3 .... , ... 
LEE!:;: 0 () HlO () 0 0 0 () () :~~ :I. ~:_:; 
GEDI...CJGICAI ... t 0 () () 0 0 () 0 () 

CDCJF~D IN,~ TE£>: X :::: :l ~'i y ... l~ii3 GRID Al~EA t 400 UNITG 
LEE!:;! () '•() ;·5;36 0 0 () 0 () () :I. 
GEDLDG I CAI...: () () 0 0 0 0 0 () 
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C CJ CJF~ DI N,1~ TE!:l : X .... 1.t.) y . ... 5B c-;1;;::r.r, AF~EA: 400 UNI'n3 
1...E::E!:;: 0 () :I.~~::-; ~lj() () () () () () () 
nr:~CJI...OG :r CAI ... : () () 0 0 0 () 0 () 

CDDF:D :i: Ni'.~ TEG t X .... :I.? y .. .. ~'ii:l CH~ Ir, AF~EAt 400 UNITn 
LFE::Gt i:l 0 2B !'.)4 0 () () () 0 () 
UE::DI...DD I CAI...: () () () 0 0 () () () 

' 

CCJDF~D I NATF!:l: X .... :1.3 y .. .. :'.'j(,i> Gl:~ID AF~EA! ::? () () UNJTfl 
1...1:::r:::G: () () () () () () () 0 () 200 
(:,)[CJI...DG I CAI...: 0 () () () .... <y () () () 

CODF~D I Nr~ TED! X ., .. :1.4 y . ... !'.'i<? GF~:I: r:i AF~E,f.i t 400 UNIT!:; 
!. .. f::'. E ~:; : () () ::.i<;>B 0 :I,() () () () () f)•"l 

) ... ·:. 
GFCJI...OD I Ct,L.: () 0 () () () () () 0 

CCJDF:DINATE::G t X :::: :l.t'.'i y ., .. l'.'i9 GF~II'.I Al:~l:::A t 400 UNIT!:l 
! ... EEDt. () () ' 3::.10 :l.!:'i :1. :! () () () () () 

OEDI... DG I C,f.il ... : () () () 0 () () () () 

CDCJF:DIN01TED: X .... :I. f.i y '"' \'.'j<y GF~ :r It AF~E,f.i: 400 UNJTf:l 
I I'" I'" I'' • ... 1::. ::.,:) (, () () 1 :I. O !'.'i 2() () :l.f:l () () () () 

(:,) C en .. CJ G I C ,~ I... : () () () () () () () 0 

CDDl?D I NATE::!:l t X .... :I.? y .. .. ~::i<;> OF~ J It AF~!:::(.)! 400 UNJTG 
1...[E:Gt :1. ~'i () ,::• l 

,,}(,) c.'>i:I () () ,::• ... , () () () 

CJ E: Cl 1... DD I CA 1... ! () () () () () () () () 

CDDf::D I NtiTEG t X .... :tn y "" ;·rn 01:.::r.r:, AF~l:::At 400 UNIT/:; 
1...EE::G t ~:.!n () () ' ::.~;·~ :~~ 4 () () :r. '?!::; 0 () 

GCDI...OG I CAI... t () 0 0 () () 0 () ... () 

C Cl D F~ D J Ni'~ TE !:l : X ::1: :1.9 y .... :30 c~,:~ :i: r:i Al:~EA t 400 UNJTfl 
1...E::i:::::; t ?O () 4 40 () () () 240 0 () 

GEDI...OG I Ci'~I...: 0 ()' .... t ::.~ () () () () ♦ ~:.~ 

C () () r~ n J NA TEE t X .... ,20 y . ... ;30 Gf~ ID AF<l:::At 400 UNITS 
1...EE::G: 40 () 0 ~3 ::.~ 3;3 () 0 :1.6 () 0 
GEDL.ClG :C CAI... t () 0 .... ♦ ::.~ 0 () () 0 '"' ♦ ~-~· 

CO ORD I NATE!:l: X .... 2:1. y .. .. :30 G 1:~ Jr:, -Af~EA: 400 UNIT!:l 
I ... E:Etl t ?() 0 () \'.'iq () ::~ 9 () () () 
01:::CH .. OD I (1Af... t () 0 .... ♦ ::.~ 0 () () 0 • :I. 

CCJOl:::D I NATE:l:l: X :::: ~1 ::.~' y .... ~10 Gf~ ID M~EAt 400 .UNJT!3 
1...EEEl t '7'7 0 :3:'.5 :l,'7 () 0 () () () () 

(:,JEDI...DG I CAI ... : () () () 0 0 () 0 0 

CCJOF:D:l'.NATE!:l: X .... 2:3 y :::: ~rn Gf~ID Al:::EA t 400 UNITi:l 
LEED t 2:1. () 135 :l.'7 0 9 4 ~1::'i () () 

GECJL.OG I CAI ... : 0 0 ·o 0 0 0 0 • 1. 
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CCJOF~I:t I NATE:G: X ... 18 y ::.:: 3:L GR:CD AREA: 400 UNJT/3 
I...Er.E!:i: 40 0 25 ., 20 27, 0 0 37 0 () 
GECJLDG I CAI...: 0 () ·-. 2 0 0 0 0 ...• ;3 

COOl~D:tN,~TEG: X ... 19 y .... :3:1. G1:;::cr1 Al~EA: 400 UNIT!;; 
LEE!:;: Hl5 0 0 4 0 0 0 :L 90 0 () 
GEOLClD I CAL.: () 0 0 0 0 0 () 0 

CDDF~D I NATEB: X .... 20 y .... 3j, t:m:rrr M~EA: 400 UNITG 
I...EE!:i ! B:'5 () 0 :36 7 0 0 8:L 0 () 

GE:Cll...CJD I CAL: () 0 () 0 0 () 0 0 

COCJF.:D I Nr-'\ TES: X .... ;.;1:1. y .... ~5 :I. GFdD M~EAt 400 UNITt; 
1. .. E:E/3 t. 44 () () 1: ()' 0 () () () () 0 
"'!'"DI "'C'TC';I • '.:i ::: .... u 1 · .,f ...... 0 0 

,., 
.. .. + ... •:, () () () •' () ..... ;3; 

CCJCJF~I:IINr;TE::/:;: X .... ':)') 
A,,"" y ... ~5 :I. m~:r.r:r M~EA: 400 UNIT::; 

L..CE::E; ! ~:.:; ~] () 3 ~.10 0 0 () 0 () 0 
GE:DI ... ClG I C(;L. ! 0 () '') + ...... 0 0 () () ... : • ;3 

CCJDF:D J N,,) Tl:::G t X .... ~~~ :·5 y .... :3:1. c-;1:~:i:r.r ,~F~EA ·: -400 U/,/ITi:; 
1..1:::EG: 6() () :~<;> :L:-5 6 0 ,"J 0 0 () 

GE:01...CJG I CAI ... t 0 () () () () () () 0 

C CJD 1:~ D I N ,~ T E:: i:; t X .. ,. :I.B y .... :~ ::.~ Gl:;:J:l) Al:~r:::A t 400 UNIT/:; 
1...EE::;: J, ,., 

\.),.•,'. 0 9 ::) :I. :I. :~ :I. () 400 0 
.. , 
,,.J 

DE::01...DC:::ct,I... t () () () 0 0 0 () 0 

' CD::Jl?DIN,~lEf:; t. X ... , :1.9 y .... :3::.~ GIUD Al:~E,~: 400 UNITt:; 
1...E:EGi :I. 3~:.1 () 0 24 () () () 240 () 0 
CiEDI. .. DG I Cr~I... t () () () 0 0 0 () 0 

C D D i::: fl I N ,i\ T E:: i:; : X .... :w y. .... ~3:~ GFUD Al1!EA: 4()() l.JNITi:; 
i.-FEG t. ~=:; !~j 0 0 4;3 '7 0 ~:.:; 40 0 () 

GEDI...CW I C('ll ... : () () () () 0 () 0 0 

CUCJF~DIN,~TEG: X .... ~!:I. y .. .. ~3::.~ Dl,:CD Al~EA t 4()() UNIT::'> 
I..EEG t '?'7 () 0 :1.7 0 0 16. 6 () () 

GECll...CJGIC,~I...: () 0 () () 0 0 0 () 

CDCJF:DJNATE:G: X .... ~~~~ y ·-· ~3:~ Gl,HI' Al1!E:A! 400 UNIT!:l 
LEE:;:;: "/El () :1.0 ;,~ !~) 0 0 0 0 () () 

GE:01 ... ClG I CAI...: () () () 0 0 0 0 0 

C:OCJF~ DI NATE!:>: X .... :~~ ~-5 y .... 3'') .... GRID Al:;:l:::A t 400 UNIT/:; 
1..EEf~:. 7:1. () ~~!S ~10 0 () 0 () · O. () 

GEDI ... ClD I CAI...: 0 p () 0 q 0 0 0 

9~;>9 

f~t'i adi,i 
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NARRAGANNSETT BASXN FILE 10 

C D CJ F~ D I NA TE!:> : X :::: ' t.1 y ::t: 50 GRID AREA: 2~:54 UNJTf; 
L..E::CD: 46 () 77 () 0 0 ~~ f.1 ::.~ ~:) 4 0 0 
GE::Cll...OG I CAI.:: 0 () 0 0 ·- ♦ 9 0 () 0 

CCJDFrn I NAT ES: X .... 7 y "" ~rn rn:;::i:n AF~EA: 40() UNJTt:; 
LEE!:;: ;39 . - () :L8:3 () :3 6 9 ;3<?!'5 () 0 
GEDI ... C)CJ I CAL: () () 0 () '"'. 9 () 0 0 

CDDl?D I NATEG: X· .... B y . ... ~'j() GF~ I r:i Al:~[:A: 400 UNIT!:> 
I..EEG ! 97 () :1.27 26 7 () () 337 0 () 

GECJI...ODJCAl...t () () 0 () .'"'. 9 0 () () 

C D Cl F~ D I N ,() TE!:; : X "" 9 y .... !'.'i() (:)F~ :i: :0 AF~E::A ! 4()() UNITD 
I...EE::E; ! 39 4 :I. 7:1. 0 :I.() 0 :1.7 () () ..r.i 

G ED 1... D G I c; A I... t () () () 0 "". 9 ·. () () () 

CDDF~DINATE!:;: X .... 1.0 y .... !:-i<> GF~I:O ,~F~EA t 400 UNIT!:; 
LEES! () 0 :1.4:1. () 0 0 () () () 1 ')1:!'('i 

.,, ... \,J 'l 

GEDI...DGICAI ... ! () () 0 () "" • 9 () () () 

con1:~r:i I NATE!:;: X :::; :I. :I. y !'.'iO c-;1:~:i:n AF~EA! 400 UNIT/:; 
I..FEG: () 0 0 0 0 () () () () 400 
GEDI...OG I CAI...: o. () 0 () '"'. 9 () 0 () 

CDDF~D I NATE!:> t X :!:: 6' y .... !'.'i :I. Gl;~ID Al:~E,~ ! :3 !'.'i f.1 UNIT!:l 
I...E::E!:>! 9() () !:-i7 () ·i:J () :1.7 3!:-i6 () 0 
ClEDL.DCJICr~I ... : () () () () '"'. 9 () () 0 

cnnm:i :r NtiTEE: X .... 7 y ... !'.'il GRID t,F~EA t 400 UNITG 
1...1::.EG•: :3:1. 0 :I. 7El 0 :·5 () 9 ;,!90 () () 

CJEOLOG I CAI...: () () 0 () ..... <;> () () () 

cnmrnINATES: )\ .... ri y ~::: t:-i:I. Gl:~:i:r.i AF~E(~ ! 400 UNIT fl 
LEEB: 42 0 ;!.:f7 () () () :I. :I. :1.4 () () 

GECll..CJG I C,~I... ! () () 0 () ..... 9 () () () 

CCJDt:DIN(~TE!:l: X .... 9 y .... ~:i :I. GF~ID AF::EA: 400 UNIT!:1 
Lf:::CU! () ' 0 327 () 0 :I. 6 () () () '') 

,\" .. 
CJEOL..DG I C,()I...: () () () 0 '"'. 9 () 0 () 

CCJOf=~DINATEB: X .... :I. 0 y .. .. l::i:I. GIUD ARE(.)! ,4()() UNITD 
LEl::;B: () 0 7El () () () () () () ~'3? ::.~ 
GECll..OGICAI...: 0 0 () 0 ..... 9 () () () 

/ 

cno1:~r:i:CNATE!:): X '"' u. y .... ~) :l GF~:CD AF~EA: 40() UNITG 
l...[Efl ! . (). () () 0 () () () 0 () 400 
GEDI...OG I CAI ... : 0 () () () ., ... <;> () () () 

CC) 0 F~ D I NA TE ~; : X .... ~7j y ... I:!' .... ) . ,.J,,: .. GF~ID AF~l~:A t t's:·3 UNIT/:; 
1...1:::r:::n: :I .. I () () :L ~'i () 0 4 !'.'i:3 () () 

GEOLOGICAL.: 0 r () 0 0 _ ..... <y () () () 
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COClf(DINATE::!:l: X . , .. f.i y ... In"''.) ,., ,,:., Gl:(J:D Al~EA t 400 UNITi:l 
1...1:::E::B: -109 () :3:1. 2:1. 0 0 0 400 0 () 

!::; E U I... Cl D I C A I... ! 0 0 () 0 .... ; 9 () 0 () 

CCJClF(DINi~TE!:;: X ·- "? 
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I'\ :::: :I.~~ y ::;: ' 47 (;) F~ Ir:, Af~EA! 400 UNIT::; 

1...Ef:~!:; t () B () () :I.;?; () () () .. , 
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: ... Ll:::f~ t () () () () 0 () () () 0 ..!.}00 
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! ... EEG: I () :I.~} :1.40 () 0 () 0 :l.i:ll'.'i () ~:.~ :L !) 

ClEDL.ObICAI ... : 0 () 0 0 ..... :::i () 0 0 

COOf~X:, I NATE!:, t X .... 6 y .... 4·:> . .. mnn M~EA! :I. 40 UN IT!:; 
. LEI:!:,: () '() :L 2!::; () 0 0 () :1.4() 0 0 
GEOL..DG I CAI ... t 0 () () 0 ..... 9 0 () () 
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CClDFi:D I NA TEP: X .... '? y ... , 4~~ GFi: :r D AREA! 400 UNITG 
I...ECGt j,() () :~4~; 3 0 B :1.3 400 () () 
Gl:::OL.OG :C CAL: () 0 () 0 .... + 9 () 0 () 

CClCHW :r NATU:1: X !!!( B y .... 4':> . .. rn::: :r :o ,~r::f:::A: 40() UNIT!:, 
Ll:::E:3: :J.f:l 0 :I. 03 0 () () ::m 400 0 " ',) 
OEDI...CH:) I CAL t () () () () ...... <r () () () 

C Cl()F~D IN f~ TEf:l ! X .... 9 y .... 4':) . .. (:lFi:ID AFi:El~ t 400 UNITn 
1..EEf:;: :3::~ 0 :L 4::.) () () () :·1~?. 400 () 0 
GEClL.OG:tCAL.: 0 () 0 0 "" + <;> () () () 

CD CJFi:D J. NAT El:>: X :::1 -:1.0 y .... 4':> (:ll:i:ID ,~Fi:Et, t 400 UNITf; . .. 
1...1:::EGt 40 () 20::'i () () 4:::i "'J .,. 400 () 0 
GFOL.ClGICAI...: () () () () .... ♦ ~:) () 0 . 0 

cocnrn I NATI:::!:,: X .... :I. :I. y .... 4':> . .. 01:(:i:r:, ,~r::i:::,~: 400 UNITl:1 
I...CCG: 9 () ::.i 9() 0 0 20 0 3(:)0 0 0 
GEDI ... Clc-J IC (1 L. t () () () () .... + ::.:; () 0 () 

CDDFrn I NATEG: X .... '7 y .... 43 c-;1::::i:x:i ,~Fi:EA: :l.6l) UNITD 
1. .. E:E::!::: :l :=5 () ?B . () 0 '')"'J () :l,66 () 0 ,: .. l 

'/ 

GE:Dl..DGICAL.! () () 0 () 
"". <_;> 

() 0 () 

coor::n IN.-:) TEG: X .... !:I y ... , 4 .. ,. 
I',\,) rm:i:r:i ,~F:EA: 400 Ut·-lITG 

I ... EE:G: '7 0 3{>0 0 () :1.3 () 30'? () 0 
GE::Cll...ClG I CAI... t 0 () () () ..... ? () () () 

CClDF<DINATEl:>: X .. ,. ('\ .r y , ... 4::~ Gl:i:ID Ar::E:1°~ t 400 UNIT::; 
!...EEG! '') 3 :340 () () :I.() 0 4 ()() •'\ 0 .,..,. \,I 

GEDL..OG I CAI ... t () () 0 () .... ♦ 9 () 0 0 

CCJCJF~DINAT[D: X .... :I. () y .... 43 !:mID t,l:~i:::r~ ! 400 UNITD 
LEEnt () () ::.~ f.) ~:; :I. ~'i () :1.4 2!:l 400 0 0 
ClEDI...DGICAI...! 0 () 0 () ..... !:=j () 0 () 

coor::r:r I NATl:::G: X .... :I. :I. y .... 4::~ Gl:i:ID (.)F~l:::A: 400 UNITfa 
LEEG ! :1.2 :I. ;·5 :.;\4l:l () 0 () () 400 0 () 

GEDI...DG I CAI...: () 0 0 () .... ♦ ~j () () 0 
I 

CCJOF~DJNATE!:>: X .... 7 y .... 44 01:;::rr, M~l:::At :I.()() UNIT!:> 
!...EEG! :1.0 () 76 () 0 () () (;!() () () 

GEDI...DG I Cfll...: () () () () .... + <;> 0 0 () 

cooi:~r:, :t NATE!::: X .... f.l y .... 44 GI:( :rri AF:EA ! 400 UNIT!:l 
LEEB:. () :I. 0 :~ !:)~5 :1.2 fl () () 3:1.l> 0 '70 
GE:01...DG I C,:-)1...: () 0 0 () ..... <;> 0 0 () 

cooi:~x:, I NAT EB: X ... , 9 y ., .. 44 G1:;::rr1 Al:::EA: 40() UNJTD 
LEEGt :3 :.M 24f.l 4 0 () 0 4()() () :I. 
GEDI ... OG J CAL t () () 0 () .... + 9 () () 0 
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C Cl Cl r~ D :,: NA TE!:> : X ,,,. :I.() y . ... 44 mun Al:i:EA: 4 ()() UNJTG 
i..1:::1:::n: () () 2U3 ~~~ 0 0 0 :34B 0 f!!'I') 

\.) .-. ... 
GECJI...DG I CAI...: 0 0 () 0 -·. 9 0 0 () 

coor~ :o :i: ~i 1~ TE!:; : X ,, .. .:l J. y .. .. 44 Gf~ID AF~EA t 4()0 UNITG 
1:.Er::: !~ t :·:~ :3 ::.~ f.) ~:5 0 0 0 ·o :1.33 ' 0 1:;•11

) 

\.J .. : .. 

DEDLOGICAL.t () () () () ..... <y 0 () 
' 

() 

coni:::nINATEG: X .... !3 y .. .. 4"'' ,,! C·m ID 1~F~EA t ;,!90 UNIT!:; 
LEE:G ! () 4 !::;o ;3 () 0 0 ~:,:; () 3:1.!'.'i 
GEDL.O(;•l I Cr0L.: () () () () 

"". 9 0 0 () 

C Cl Cl r:: D I NA T i::: n t X .... 9 y .. .. 41::· • ,,J GF~ ID 1~1:~EA :- 400 UNJTG 
1...FE:Dt :I. 4 36 () () () 0 e.iO () ::=; .4 () 
CJEDL.DGICAl...t () . () 0 () 

"". 9 
() .. () () 

C Cl Cl r~ X:! I N 1f.i TE!~ : X .... :1.0 y . ... 4!':i (:)F~ Ir:, AF~EA t -400 UH I T\3 
1...EE:Gt 0 () (.) () 9 0 () () 66 0 '','•'l":f'.:' 

,,),\,;,\,) 

GEDL.OD I C,~I... t 0 0 () () 
"". 9 

() 0 () 

CClClf~D I N1~ TE::G t X .... :L :I. y . ... 4!:,) G 1:~ :r r., M~EAt 400 UNJT!:l 
1..,EEG t () () (.)() 7'7 4 0 () :1.2 3 '?(;) 

CJFOI...DC) I CAL.: 0 () () () "" + <? () 0 () 

C Cl CJ r~ D I NA TI::: i:; t \I 
I\. .... D y .. .. 4l> ornrr Al:~i::;t, t ~.! !'.'i () UNITn 

LEEG! 0 () 6!'.:i l')I::• 
11' .. ,,) () () () 40 ",'( ,., :I.:::.~·? 

GEDL.DG :t CAL: () () () () .... 9 () () () 

C DOF~ [I:,: NA Tl::: G: y 
t, , ... 9 y . ... 46 DF~ID 1~n1~:A t 400 UNITD 

I. .. CE:l:1 t () () 4!'.'i () . () () () () () :;:,14::1 
U[Cll...ClD I CAL t () () () () 

"". 9 
() 0. 0 

C CJ Cl F~ D I NA TC S t X "" :I. 0 y .. ,, 46 !:H~ID M~EAt 400 UN:::n:; 
1...FE:Gt () () :1.3 () 0 () () () () 3G'? 

J3ECll ... DDICr0I...: () () () () "" ♦ <? () () () 

C Ci CJ F~ D I NA T i::: G ! X .... :L:L y .... 46 GF~J:D ,'.':il:;:E:A t 400 UN:l:TVi 
1...ETS: () 0 :I. :I. :1.4 ,1>0 () () () 0 ::.~ ::1 •;.:-1 

CJE:DLCJ(:) I C,~L: () () () () 
"". 9 

() () () 

C CJ CJ r~ D I NA TE G : X "" !3 y .... 47 GRID M~l:::At ?DO UNIT/:; 
LEE:~;: () () 1:!'1') 

,.J,,: .. 0, .,::· 
,.J () () '') l ,::· 

,.•.,\,),.J :~ i:1 !'.) 
GECJLDG J CAL; () 0 () () '"'. 9 0 0 () 

coo1:~nINATE!:, t ✓ x "" 9 y .... 47 cmn, M~EAt 400 UNIT!:; 
I .• EE:S: 0 4 4!'.) 4 l')f!!° 

1,,'., ,., () 0 G ~:,:; 6!:) 
GEOLOGICAL: 0 0 () () "" ♦ <? 0 () () 

cocnrn:rNATEB: X :::: :LO y .... 47 Gf<·:r D Al~EA ! 400 UNITB 
1...r::cr;: 0 ~·-rn 2.:~ () :~ () 0 () () ;·5 :I.::~ 
m::purn :r c,~1 ... :. () 0 0 () ·-. 9 0 0 () 
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CDClF(DIN1:'!iTE!:l: X .... :l :I. '( .. .. 47 c-;1:~:i:r, (.:,F~EA t 400 UNIT::; 
! ... EE:!:;! () 0 0 () 0 () () () <) 400 
c-;E:OI...DGICr'.:il...: () () () () ..... 9 () () () 

CDOF(DINAT[!:;: )" . \ .... "7 y '"' 4B. GF~ID ,~,:~EA t :l.·)!'5 l.JN:;:TE; 
!...[[!:; ! l'\I'\· ,\·:.,,::. () 2C () "7 () () :I. 0 ~::j ::=.~ 0 
C :::: Cl 1... Cl D I C t, 1... ! () () 0 () ....• <y () () () 

C Cl Ci F~ D I N ti TE n t \/ .... ('\ y .. .. 4!:l GF~ ID M(EA! 400 UNIT'.:; /\ ~:) 

1...::::i:::n t :I.() () I!:'('' ,J ,) :l.!:'i 40 :I.~.! () J ~:.~ ~::; () :l,.<'.f 
DLDL..ClG I CAI...: () () () ,., 

\} ..... 9 0 () 0 

CCJCJPDIN1~TEG t X .... <;> y . ... 4!:l GF( I :0 t,F~[(:) t 400 l..l(!I"f/3 
: ... i:::i:::::; ! :I.() () () !'.'i4. 20· 3 0 ::.~ ;,:.~ 0 1::· 

,.! 

CJEDI ... ClCl :t Ct:1I... t 0 () () () "" • <j.,' . () () () 

CDCJF:DIN1'.:\TE::n: X .... :1.0 y .. .. 4(:) DF(ID r.1::(Et, t 400 UNITb 
! ... [[!;; t 0 :1.3 :I. () :1.2 3 B () :) :~?-tJ() 
UEDI...DDIChl... ! 0 () () () ..... 9 0 (> 0 

CUDl?DIN1:'!iTE!:;: )( .... :I. :I. y .. .. 4<:' \,) GF(ID 1:':1F:Et1 ,: 400 UNIT:::; 
LEE!:; t () () () () () 0 () () () -400 
CJ[Cll ... DG I Ct1I...: () 0 0 () ..... 9 0 0 () 

C CJ Cl F( D I N ,:~ T E:: i:; f 'y' 
'\ 

.... 6 y . ... 4<? Gl:~I:O Am::1'.:it :3~:_:j UNITr:; 
I ... E:[!:; t () 0 A 

'~) 0 () 0 ('\ ,. ::1~:_; 0 () 

GECll ... ClG I C,~I... t () 0 () () .... (> \j) () o . 0 

coor~r:i INATrr;: \/ 
I\ .... '"I 

l y "" 4<y GF(:1:X:, M(Et-1 t ~:~-42 UNIT::; 
I...EE:B t :I. ~.'i 0 :I.;,! :I. ;·3/ () () :1.4 34? '') ...... () 

GE::Cll...DD I Ct1I...: () 0 0 () ..... 9 0 () () 

C CJ Cl :::: D I N (1 TE G t )< ., .. D y .. .. 49 GF~IXJ 1~F~I:::(~: 400 UNITG 
:._E[E; :I 43 0 l:I. 'JO :I.? ? () ~:.~ ~=.:;B 0 () 

GECJI...CJDIC:1~1... t 0 () () () ..... <;> 0 () () 

CClDF~D I Ni~ TE::G: )< .... 9 '( . ... 49 DF(ID l~lF(l:::1'.':i t 400 UNITb 
LEE!:; t 6:1. () 6 :I.'? 42 () 0 () () 0 
GECJI... CJD I C1:':\I...: () 0 0 () ..... <;> () () () 

coor::x:, :i: Nti Tei:; t X .... :I.() y .. .. 49 GF~ID AF~EA: 400 UNITG 
l...EEB! <? () :I. ?:7i () 0 0 () 0 () ::.:!OO 
GEDI...DDICAI...: () () () () ..... 9 () () () 

coor;:r:iINr-~TEG: X .... :I. :I. y .. .. 49 GF~ I :0 A[(EA: 400 UNIT!:; 
LE[f; ! . ' () () () () () () 0 0 0 400 
GECJI...CJC) I C:1~1... ! 0 () () () ..... 9 0 0 () 

<;><;><? 

i::;(-'.·) mc1~:~ 
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***NARRAGANSETT BASIN DRILL SITE SELECTION CRITERIA HAPU* 

CIIE~TED F"OR THE BUREAU OF HINES, CONT, tJ01SB022, 19711• BY T, H, RIDER, NANAOIHG DIRECTOR, NECEPI 
DEVELO~ED I EDITED BY E, WINN DAVIS, NECEPI SF·ECIAL COMPUTER ASSISTANCE FRON J, '°'NDREW SNITH, 

THIS PROORAN WILL PEPICT THE NARRAGANSETT IASIH UBIHO ALPHANUIIERIC 'CHARACTERS TO REPRESENT EVERY 
IIQIJA!lli: HILE WITHIN THE BASIN, EACH C½lAMCTER REPRESENTS AH ii:VALUATIOH OF LANg USE AND GEOLOGICAL 

PARAH!!TERS, AND EACH WILL VARY ACCORDING TO THE EHPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

INPUT L,E,E,S, AND Gl!OLOGICAL WEIGHTSI 

INLAND ANP,COASTAL WETLANDS WEIGHTS 
MIGH, HEDIUH, AND LOW DENSITY DEVELOPMENT WEIGHTS 
FRESH AND OCEAN WATER BODY WEIGHTS 
GROUND WATER RESERVE AND TOWN WELL WEIGHTS 
SURFACE NINING AND PREVIOUS COAL NIHING ACTIVITY WEIGHTS 
DRILLING ACTIVITY AND FIELD RESEARCH WEIGHTS 
NON-PENNSYLVANIAN FORMATION, NETAHORPHlC ANALYSIS, AND STRUCTURAL· COMPLEXITY WEIGflTS 
DEPTH AND DIP WEIGHTS 

1 
1 
1 
1 
1 
1 
? 
? 

1Q,10 
10,10,10 
10,10 
10, 10 
10,10 
10, 10 
10,10,10 
10, 10 

■ llH I ■ 
■■ p:c ■■ 

I ii ■■ BIDE ■■ 
100 L __________ ' ----------- '----------- ' ___________ i_ __________ ' --------□-Dl■-----■-■-Ala-B-E-~----1 100 

I l I ■■ Ill IDAI--CD l 
l I D BlH B C E DI 

■ Ill ICEllHEEE 
I I llG I H I D Bl5 C D D A 

I B G HIC - D D - -IF E D D I 
II I I C D F FlH B B B C CIE G I C E 

11 I I *l* I I I BID CC AB EID BC - I DIE I I I 
I II 9 I IF :Ill 1 EH CIB 4 D - B EID GD EI Blf GIG 

I I Ii* G * G ■ *IA * 7 H D BlC C H I C DIC D A I C E(H H H H 
200 L __________ L _______ ._11•-•-B-E-D-lli-=-1-5-■-Dla_G_E-Lc_c1c_D_E-L■-E1~-B-■-1----1-----------l 200 

I All 1 E F FIFA H HE AIDE I H * OID ED I) D 111 GI I 
I llC I HD ■ BIF B HF E Elb GB I G FlC H B - B FIE A I G 
■ CI - ■ I ■ ■ Cl C F G B C I l E F A I 3 Bl C E B A B DI* C .D I 
■ llA IE I I GlC GD AD ElG DC EI Dill B - - DIC C ■ 
I Ell I I I ■ EIE E C B 11 Cll G H D 2 BIC A B - DIG E I 
I Fil I ■ D G ■ IF E C C C BlC F ■ E C AlE D F C I ClB E I 
I *lG HI I I 116 IDB C Cl* H BB - 1lB BB HI DIED I 
I HI ■ I I H I IIG E E 4 E DIC F A C A DIC B G I D FlC B I 
I Bil I I H H 111 D 6 A 9 Ell I C B A =IA B I I H =l= I I I 

300 L __________ 1 ______ ._1_111_1_1_c_o_1lc-■-B-=-a-B1E-■-E-E-E-B1=-B-■-•-■-■1■-•-•------l-----------1 JOO 
I ■ Ell I I A C ■ IE H F C B DIE C C C A Gil D G C I Ill I 

I I I Ill FICA ■ lH HD EB BIE GE BA HID IF CO 111 
I I I Ill I ICE 111 IC BB BID ID CB HlA MIG El 
I I 1 Ill I H C ■ Ill I B E A CIF A B - C HI I H El 

H I H G Cll I I H ■ 111 I A G A Ell C A I C 11 G F I El 
H l I I Ill E I H ■ llG I B I A AIH D I D I Ii F C I Hi 
F I I I Ill I I I I ■ IE H D B - GID D I I I 
I I ■ I Ill I I I I 110 I I D B E;G I 

11 l I I I 111 I I I I 111 F I B I GIi 
400 L----------1■-=-■-■-■-■ l■-■-■-■-■-l.l ■-~-■-B-D-~l■-------,--l-----------1-----------l-----------l 400 

I IIBll ■ ll ■ IIIIIIFIID71l I l I 
ii I I I I Ill I I I I IIE ■ I D H 11 I 
11 I I I I Ill I I I ■ HI- I 9 DI Ii 

I I I I Ill ■ I I I FIE H 3 I 5 
I I I I Ill I I I F IIH I I I 

I I I IIH I I F l Ill I I I 
I I I 111 I I D * I I I I 
■ I I ■ IF F ■ G I I ■ I I 

■ lll ■ IIDIIGIIIII I I 
500 l-----------1■-■-1-■-■-11■-E-G-■- ■-Gll-1--------1-----------1-----------1-----------l-----------l 500 

lllll ■ IIIIIIH*l ■ I ■ I 
ii I I I I ■ Ill ■ I I $ al ■ I I 

Ill I I I I Ill I I I * BIi I I 
■ II I I I ■ Ill I I I E BIi I I 
Ill ■ I I I ■ II ■ I ■ B BIG I I 
111 I I I I Ill I I G 6 All ■ I 
111 I I I I Ill I ID 8 BIi I I 

II I I I I 111 I I F C All I I 
I lllll■■ IGCAIIII 

600 L __________ L ___ 1_1_1_1L_1_1_u_c_c11_1 ________ 1_ __________ 1 ___________ ' ___________ L __________ J. 600 

I 11111 IIGDII 
I ■ I I l I I I HIC 

I I I I I ■ 5 I llH 
ii I I I 1 I 
ii I I 

I· 
I 

I I I 700 J. ___________ 1 ___________ 1_ __________ 1 ___________ 1 ___________ 1-__________ 1-__________ 1 ___________ .J. 700 

000 060 120 180 240 300 360 420 480 

~XPLANATION OF SYHBOLS 
--'-.=================-==-:c-====•=••z=-=-===========::r:=======================•=========""===============i::;:.======ir===-•-=--------=---·--------= 

■ H G F E D C B A 1 2, 3 4 5 6 7 8 9 * , _____________ /\ ____________ _/\ _____________ /\ ________ /\ ___ /\ ________ /\ _____________ /\ ____________ _/\ _____________ / 
SLIGHTLY 1 SLIGHTLY 

WORST CASE VERY BAD BAD BAD GOOD GOOD VERY GOOD BEST CASE 



***NARRAGANSETT BASIN DRILL SITE SELECTION CRITERIA NAP*** 

CREATED FOR THE BUREAU OF HINES, CONT, tJ0!88022, 1978, BY T, H, RIDER, HANAOINO DIRECTOR, Ni;CEPI 
DEVELOPED & EDITED FY E, WINN DAVIS, NfCEF'I SPECIAL COHPUTER ASSISTANCE FRON J, ANDREW SNITH, 

THIS PROGRAH WILL DEPICT THE NARRAGANSETT BASIN USINO ALPHANUHERIC CHARACTERS TO REPRESENT EVERY 
SQUARE HILE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAHETERS, AND EACH WILL VARY ACCORDING TO THE EHPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

INPUT L,E,E,S, AND GEOLOGICAL WEIOHTSI 

INLAND AND COABTAL WETLANDS WEIGHTS 
HIGH, HED!UH, AND LOW DENSITY DEVELOPHENT WEIGHTS 
FRESH AND OCEAN WATER BODY WEIGHTS 
GROUND WATER RESERVE AND TOWN WELL WEIGHTS 
SURFACE NINING AND PREVIOUS COAL HINING ACfIVITY WEIGHTS 
pRILLING ACTIVITY AND FIELD RESEARCH WEIGHTS 
NON-PENNSYLVANIAN FORHATION, NETAHORPHIC ANALYSIS, AND STRUCTURAL COHPLEXITY WEIGHTS 
DEPTH AND DIP WEIGHTS 

1 o,o. 
1 o,o,o 
1, o,o 
1 0,0 
1 0,0 
1 10,0 
? 0,0,0 
1 o,o 

000 _________ 0&0 _________ 120 _________ 1ao _________ 240 _________ 300 _________ 3&0 _________ 42o _________ ~ao 

I I I I I 
I 
I 
I 

=I= 
= =I= 

I= =I= 
100 , ___________ 1 ___________ , ___ .-------l-----------1-------,---'-~------=-='=-----=-=-~l=-=-=-=-~--l 100 

I I I I I I =I= =I= I 
I =l= =I 

=I 

=I= 
=I= 
=I= 
=:= 
=I= 

=I =I* =I= =I= =I= 
I I =I$ $1= $ -,- =l= =I= I 

200 1 ___ ... _______ 1 _______ ,....=-=l=-=-=--=-=-=~s-=-=-=-=-= 1 =-=-:c-=-=-=l=-=-=-=-=-cJ = .=-=-=----1--------. ... ,...-l 2QO 

=I= 
=I= 

=I= * =I= 
=I= 

= =I= 

=I= 
=I= 
=I= 
=I= 

I =I= -,- -,- =I= I I 
300 l-----------1------=-=-=l =; =-=-=-=-=l= ... =---=--_.,,l=-=-=-=-=. s L= ... =-=-=-s ... =l= ... =_:c ______ l ______ ..., ____ 1 300 

I I =I= =I= =I= =I= =I= I I 
=I= = ,= =I= =I= =I= =I= 
=\= =I= =I= =I= =I 
=I= =I= =I= =I =I 
=I= =I= =I= = =I =I 
=I• =I= =I= =I = =I 
=I= =I= =I= I 
=I= =I• =I== 

I= =I= =I= =I= 
4 00 l ... .... ..r ________ ' = ... = -= _ =-= _ = l =-=-=-= ... = ... .sl = -= ... = _ = _ = .... sl =---_______ 1 _____ ____ _,_ l ___ ________ l ____ ____ ___ l 400 

I= =I= =I= $ =I I I I I 
I= =I= =I= =I I I I 
I= =I= =I= =· $ = I I I 
I =I= =I= = $ I I 
I =I= =l= I 

=I== $=I== I 
=I= $ I= I 
=I= I= 

I I =I= =I= 
500 1-----------1=-=-=. tt -=-=J = ·=-=-=-=-=.t=-•--------1-----------1------------1-------.----1-..... --------1 500 

I= =I= •:= I I I I I 
I= =I= $ $1= I I I I 

=I= =I= =I= I I I 
=\: =I= =I= I I 
=I= =I= =I= I I 
=I= =I= =I= I I 
=I= =I= ==I= I I 

I= =I= =I= I 
I =I= =I= I I I 

600 l ___________ '----=. - =-=L-=-=-=---=l=- - --------l---- · ______ l_ __________ l ___________ l ___________ l 600 
=I =I= I I I ' I I 

=I= I I 
=I= I I 

I= I I 
I= I 

I 
I 

I I I I I 700 l_ __________ ' ___________ 1 ___________ 1 ___________ 1 ___________ 1 ___________ 1_ __________ 1 ___________ 1 700 

000 060 120 180 2◄0 JOO 360 ◄ 20 ◄80 

EXPLANATION OF SYHBOLS 

11 H O F E D C B A - = 1 2' J ◄ 5 6 7 8 9 * , _____________ /\ _____________ /\ ____________ . /\ ________ /\ ___ /\ _______ _;, _____________ /\ ______ ,.- ___ /\ _____________ / 
SLIGHTLY 1 SLIGHTLY 

WORST CASE VERY BAD BAD BAD OOOD GOOD VERY GOOD BEST CASt 



CREATED FOR THE BUR[AIJ or HINES, CONT, tJ0188022, 1978, BY T, H, RIDER, HANAGING DIRECTOR, NECEPI 
DEVE;LOPED l EDITEti BY E, WINN DAVIS, NECCPI SPECIAL COHPUTER ASSISTAN:E FROM J, ANDREW SHITH, 

· THIS PROGRAM WILL DEPICT THE NART<AGANSETT BASIN USING ALPHANUHERIC CHARACTERS TO Rf.PRESENT EVERY 
SQUARE HILE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN EVALUATION or LAND USE AND GEOLOGICAL 

PARAHETERS, AND EACH WILL VARY ACCORDING TO THE EMPHASIS YOU PLACE ON THE FOLLOWlNG FACTORS, 

INPUT L,E,E,S, AND GEOLOGICAL WEIGHTS: 

INLANI• AND COASTAL WETLANDS WEIGHTS 
HIGH, MEDIUM, AND LOW [1ENSITY DEVELOPMENT WEIGHTS 
FRESfl AND OCF,AN WATER DODY WEIGHTS 
GROUND WATER RESERVE AND TOWN WELL WEIGHTS 

!a!£tiHa:1emi!~Q ~si2!iks If ~!~2g&~!Mi23~!!~ :::s:6

:::r:IRUGII JRAL 
pi;ern ANQ DIP WPAHI5 

COtJPLEXIIY LJEIGUil 

1 0,0 
? 0,0,0 
7 o,o 
1 o,o 
1 0,10 
7 10, 10 
? 10,10,10 
7 10,10 

I I If= 
: I I a I= 
l II I I=:= 

100 l_ __________ 1 ___________ 1_ __________ 1 ___________ L----------L-------=-=11-----■-■-=l=-=-=-=----' 100 
I l l : l ■ I 111 I =:= I 

I I 11= 1 =I 
I llG I =ll D 

I =11iA =l* 
■ 52=1=1 =l= I 

ID ■ 11 =l= =I= 
11 l ■ *i*HIA =1=4 =I= =f= 

I 11 * H H = * I* * 2 A Ai= 9 . =I= =I= = 
I 1111*1*=2*1=** =I= =1=1= 2 15=1= 

200 '-----------' --------■-■' *-*-=-=-=-B1*-S_5_!!_=-=l2-B-=-=-=-=l=-=-=-=. = .S' =-=-■-=----1-----------l 200 
1=12*7B =l=== =lA1==*=1= =f= I 
1=-IBAlA =-IA=-AB =-:= 2===:= =-l= I 
l=l=I AAl=AA1 =l= *=l= =f* I 
l=l=IBB =l=A= =l= 11= =i= I 
l=lGGG =l= =I= *=I= =l= I 
l=l*GD7*-,-B= =I= =:BB 1=1= I 
■ *l1DDB =I* =1*1 11= 1-,- I 
l=l=B -,- * =1322 Bl= =i= I 

I ■ *I= B -,-=t1*Bl=2 211 A -,-11 
3 00 l------- ___ _ l _____ -■-■-= l= _ = _ ::::_ = _ = _ =l = _ p_ = _1_1_ =l =-=-li-=-=-=l ==-=-= _ = _::: _ ;:::,l ■-■-=------1---------- _.l 300 

400 

500 

600 

* 
* 
* I 

I= * 

I 

* =I= 
t * *I= 

t =IA t 
DD II =l= 
D D D Dl2 
D D D DlD 

3 

=i==C- 11-
-lD==D-=l-

=12 
=lD 
-ID I 
Cl= 2 I 

- -l= I 
21==D-D-I. 

I 
GI 
11 

I 11 

I 

A I 

* 

Iii 
1:1 

=: 
=I 

1 ___________ 1=-•-■-n_n_o' o_n_=-=-=-=l=-=-C_ - _ - -=l■---------- , ___________ 1 ___________ 1 ___________ , 
I : ■ •t•DDDIIID Bl=DD *ll 

lll ■ D[1Dl=D =IBD= ll 
lll ■ IDDl=D =l==t 111 
1,IIIDDl= BBBl==t * 
I I I I I llB ■ I=== I 

11111= tBll==I 
I I I II= t 11 = I 
11111= l==I 

IJIIIII= ■ l==I I 
l-----------l■-■-■-■-■-ll=-=-=-=-=-=l=-=--------1-----------L-------- . _1 ___________ L __________ 1 

111111111111 ,: ■■■ I 
11 I I I I Ill I I It *ii I I 

Ill I I I I Iii I I I* =ii I I 
1111111111111 =llll 
Iii I I I I Iii I I I =lB I I 
llll ■ lllflll *=lBI ■ 
llll ■■■■: ■■ I *=Ill ■ 
1111111111 =!Ill 

1111111 =1111 
l-----------L---■-■-■-■L-■-=-=-=-=l■-■--------L------ --- '-----------L----------' -----------' 

I I I ■ I =ii l 
I I I I I =I= 
I I I I I* =i= 

11 I I I * 
11 I I 
I 

400~ 

500 

600 

700 l-----------' ___________ i_ __________ ' ___________ '-----------1----------- '-----------1-----------' 700 
000 060 120 180 240 300 360 -420 480 

EXPLANATION OF SYHBOLS 

■ H G F E D C B A 1 2 ,3 4 5 6 8 9 * , ____________ _;, ____________ _/\ _____________ /\ _______ _/\ __ _/\ ________ /\ _____________ /\ ____________ _/\ _____________ / 
SLIGHTLY ? SLIGHTLY 

WORST CASE VERY BAD HAD {IAD GOOD GG()(1 VERY GOOD BE'.ST CAGE 
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***NARRAGAN91;:TT BABIN [IRILL SITE SELECHON CRITERIA HAP*** 

CREATED FOR THE BUREAU or HINES, CONT, tJOl88022, 1978, BY T, H, RIDER, HANAOINO DIRECTOR, NECEP; 
DEVELOPED l EDITED DY E, WHjN DAVIS, NECEPI SPECIAL COHPUTER ASSISTANCE FROH J, ANDREW SHITH, 

THip PROGRAH WILL DEPICT THE NARRAGANSETT BASIN USING ALPHANUMERIC CHARACTl:RS TO REPRESENT EVERY 
SQl,IARE HILE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAMETERS, AND EACH WI.LL VARY ACCORDING TO THE EHPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

. INPUT L,E,E,S, AND GEOLOGICAL WEIGHTS! 

INLAND AND COASTAL WETLANDS WEIGHTS 
HIGH, w..lJ&• AND LOW [IENSITY DEVELOPHENT WEIGHTS 
FRESH AND OCEAN WATER BODY WEIGHTS 
CJROUND WI\TER RESERVE AND TOWN WELL WEIGHTS 
SURFACE HININO AND PREVIOUS COAL MINING ACTIVITY WEIGHTS 
DRILLING ACTIVITY AND FIELD RESEARCH WEIGHTS 

1 0,0 
7 0,10,0 
? 0,0 
1 0,0 
? 0,0 
1 o,o 

NON··PENNSYLVANIAN FORHATION, METAMORPHIC ANALYSIS, AND STRUCTURAL COHPLEXITY WEIGHTS 
DEPTH AND DIP WEIGHTS 

1 o,o,o 
? O,O 

000 _________ 060 _________ 120 _________ 1ao _________ 2Ao _________ 300 _________ 360 _________ 420 _________ 4ao 

I I 
I I I 
I I I 
I I I 
I I I I 
I I I 
I I I - DI-
I I I D A -1-

1 I I I I I- B - -la : 
1QO l-----------i-----------'-------~---l----------~l-~---------l--------=-=t------=-=-=l~-9-=-=----l 100 

I I I I \ I = Al= A -/- I 
I A = I= -I 
I =\= =l= 
I =I= A Al= 
l =I=- =l=A 

/:::: cJ= -f---
=f -I= =1-B =l=-A --:-
=I A-Al= -IAA- =I- --=I= 
=I- Al=- --IA---:- =I= I 

200 1 ___________ J, ________ =_= '= . --=-7----l=---=----=--1-_ .... _=_-_-_Ql:::_ ----G:ll-- ... =l=-=-=-=----1------,---..--l 2QO 
I I =I= -1- =I-= -I= AA -I= I I 

- Ai= =I- =I= •I- =1- I 
- =I= - Al= - =I= - A 

-1- - Bl- =I= - =l- 9 =I= 
=1- -==I= r =I== =/= ~ = =I= 
:=I-=- ::::;=I-- =I- = =1- =I= 
=: =\= -1= A =I= 

-I= - =I= 
-I= =I= =I= I 

300 ' ___________ ' ------=-=-=l=-=-=------l=-=-=-=-=-=l=-=, =-=-=-=l=_ --=----_Al--=-=------1-----------l 300 
I I =I= =I- =I=- =I= -I I I 
I =I= -I= =I= A --I-DA =I= I 

=I= - -1- - - - =I- =I= =I 
=I= B--=I= --1- -=I =I 
=I= =I= - =I- =I =I 
=I= =I- =I- B =I =I 
=i= =I== -1- A 

400 1 __ _ 400 

i= =I= =I= =I I 
I= =i= =I= I 

=I= -I= I 
=I= =I= I 
Al= =I= I 

I= I= I 
=I= I= I 

I - = =I= =I= A I I I I I 
~00 L----------1=---A---=-=l=-=-=---= -l=-=--------l ___________ i_ _______ , __ L __________ l_ __________ l 500 

I I= =I== -I= I I I 
I= =I= =l=-A I 

DI- =I= -1- I I 
-1= =I= -1- I I 
=I= =f·= =I= I I 
=I= =I= =I= I I 
=I= =-I= -=I= I 

I= DI= =I= I 
I Al- - -1- I I I I I 

600 l-----------l----=-=-=-=.1.--=-=-=-= .... tlil=i .... =--------l--------..---1-... --------, l.-'---... ------1-----------1 600 
I = I =I= I I I I I 

I I =I= I I I I' 
I I =I= I I I 
I= = A I I I I 
I= I I I I 
I I I I I 
I I I I I 
I. I I I ·I 

I I I I '1 I I 700 ' ___________ 1 ___________ 1 ___________ l_ __________ l_ __________ 1 ___________ 1 ___________ 1 ___________ 1 700 

000 060 120 180 240 300 360 420 480 

EXPLANATION OF SYHBOLS 
-- -- - -- - -- - - - --= - ----- - -= _____ ,._ == -------=--=-------=---""- ... _:;,_ -==-==="=••=--====i::11•=-=--=---===== ==-- - ------=--=i=--==--=9=====---= --===--

1 fl Q FED CB A 123 ◄ 5~789* , _____________ /\ ____________ _/\ _____________ /\ ________ ;, ___ ;, ________ /\_' __________ _;, _____________ ;, _____________ / 
SLIGHTLY ? SLIGHTLY 

WORST CASE VERY BAD BAD BAD GOOD GOOD VERY GOOD DEST CASE 
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CREATE[I FOR THE BUREAU or HINES, CONT, tJ0188022, 1978, BY T • H, RIDER, HANAGING DIRECTOR, NECEPI 
I1EVEL□rrn & [[IITED DY [, WINN DAVIS, NECEPI SPECIAL COHPUTER ASSISTANCE FROH J, ANDREW SHITfl, 

THIS PROGRAM WILL DEPICT THE NARRAGANSETT BASIN USING ALPHANUHERIC CHARACTERS TO REPRESENT EVERY 
SOUARE HllE UITIIIN THE MSIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAHETERS, AND EACH WILL VARY ACCORDING TO THE EMPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

INPUT L,E,E,S, AND GEOLOGICAL WEIGHTS: 

INLMll• !IND COASTAL WETLANDS WEIGHTS 
HIGH, HEDIUH, AND LOW I•ENSITY DEVELOPMENT WEIGHTS 
FRESH AND OCEAN WATER BODY WEIGHTS 
GROUND WATCR RES!;:RVE AND TOWN WELL WEIGHTS 
QUGrQCE MINING AND PREVIOUS COAL MINING ACTIVITY WEIGHTS 
DRILLING ACTIVITY AND FIEl-D RESEARCH WEIGHTS 
NON-PENNSYLVANIAN FORHATION, HETAHORPHIC ANALYSIS, AND STRUCTURAL COMPLEXITY WEIGHTS 
DEPTH AND UIP WEIGHTS 

1 
7 
1 
7 
7 
1 
1 
7 

l= 

o,o 
o,o,o 
0,0 
o,o 
10,0 
0,0 
o,o,o 
0,0 

=l= 
=I= 100 l ___________ 1 ___________ 1 ___________ , ___________ 1 ___________ , ________ =-=l=-----=-=-=l= = =-=----• 100 

=I= =I= 

-I= 
=l= 
=I= 
=l= 

=I F - -,- =I= =I= =I= I 
-, -,- =I= =I= =I= I 

I =I- =I= =I= =I= =I= I 
200 1 ___________ 1 ________ =_= 1 =-=-=-----=' =-=-=-=-=-= 1 =-=-=-=-=-=l=-=-=-=-=. a L=-=-=-=----1-----------' 200 

300 

=I= =i===--=I= =I= -A=I= 

=!:= 
=I= 
=t= 
==I"' 
=I= A 
=l= 
=l= 

=I= 
=-:= 
=l= = = 

=I= 
=I= 

=/= 

=I= 
=l= 
=l= 
=I= 
=l= 
=I= 

=I= 
=:= 
=l= 
=:= 
=I= 
=I= 

=l= 
=I= 
=l 
=: 
=l 
=I 

300 

400 l-----------•=-=-=-=-~-='=-=-=-=-=-=l=-=-=-=-=-=l= __________ 1 ___________ 1 ___________ 1 ___________ 1 460 
I :- = =/= =/= =/ l ! : 

=:= = = 

=I= = 
=/= = 
=:= = 

l:::: = 

=I 
=: 

I= = I 
=I= =I== : : 

500 1 -----------' B-=-=-=-=-= '=-=-=-=-=-=l=-= ________ J.. ___________ 1 ___________ 1 ___________ '-----------1 500 
I- =I= =i=== I 
I= =I= =i=== I 

-/= =I= =l= = = 

=l= 
=I= 

=l= = 
=:=·= 
=t= = 
=: = = 
=:= = 

600 I ___________ j_ ____ =-=-=-=1--=-=-=•-=-= I =-=-_______ J. _______ ... ___ 1 ___________ 1 ___________ 1 ___ ..,. _______ 1 600 

=l 

700 l------,----'-----------l-----------l-----------l-__________ l ___________ 1 ___________ 1 ___________ , 700 
000 060 120 180 240 300 360 420 480 

EXPLANATION OF SYMBOLS 

I H G F E D C B A 1 2 •3 4 5 6 7 8 9 * , _____________ /\ _____________ /\ ____________ _/\· _______ /\ __ _/\ _______ _/\ _____________ /\ _____________ /\ _____________ / 
SL! GHTL Y 7 SL IOHTL Y 

WORST CASE VERY BAD BAD BAD _
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_ GOOD GOOD VERY GOOD BEST C/\SE 



Cf,iEATED FOR Tl![ BUREAU or M rr~ES, COJIT, t JO UJB\r:!.2, 1 (/ ;·t;, ~:'( f, II, rn flEf,; • NANAO ING D IREC mt~·, NEC[:f'; 
[!EIJELOPED 6 EDITED BY E. WINN [J(IVIS, Nt:ccr·; :w,crt,L COliPlt r:~r.: 1~1s:;Jf, I 1"tr/CE :-hl,M j. ANh\E.W SM! :H. 

rf!IG PROGRAM WILL (IEF'ICf THE NAr:RAOf'lNOETT BADIN Uf>1.\/G HLF•lfnNUMEfiIC Cll1Wticrnw fl) RCF'RESf:NT EVERY 
SOUARC HILE WlTHIN TM£ I1ASIN, EACH CI-/ARACTER REPRESENTS AN EVALUl'ITION or LANO US[ AND GEOLOGICAL 

PARAMETERS, AN[I EACH WILL VARY I\CCOk[l!NO TO THC EHPIM8!S YOU PLACE ON THE FDLLOWING rAcrnt,s, 

INPUT L,E,C,S, AND OEOLOQICAL WE!GflT91 

{NLt1tm AN(! CO(lb rtit WETLANflS WEIGHTS 
I If Gib MED fllM, AND LOW fil:'NS I TY flCVLLOF'MENT WE !GI-ITS 
rnr:sll ,1m, ccr1111 W◊IEB rinr1Y WEIGHTS 
(Jh'fJlJ'\11'! ,,,,~ f[I\ f,,'f.G[h'.1/E AN[l TOWN wn L WC fGHTS 
')Uf;U\CF M[NitW tlNfl ,·r,EVIOIIS CtML MINING AC.:fIVITY WCIGHrs 
NdllfNG ACTIVITY MW rIEL[I RESEAr..:c/-1 WE.{Gf-lTS 
.!nN r·[MNSYl\lflt/IMI rorm,~TfON, MET,"lMOrWHIC ANf\LYSfS, ANI.I STRUCTURAL CotlF'L[XITY WEIGIJTS 
(•I r·rH MH1 f:"!T WE:HH!TG 

(HlO . l 0. .100 .••. .30,L. 

? 0,() 
? 0,0,0 
? O,JQ 
? 0,0 
? 0 0,0 
? 0,0 
? 0,0,0 

O,() 

_JUO 

= ,, : . F 8 
A 1· 

_.;: 1-- '-' t1 I 
JOO . , .. - .... ...... =. • l •c_ .. _ .= _ •-=' =-=-=-L-- .. ' JOO 

200 

300 

500 

,soo 

' ' -· -,._ - -- - -- - _.,. -- - -L - - - - -- - - -- - ·-

Al· 
At A' 
Ai· 
Al= 

A Dl= 

.-:/=, 
=:.::: F 

=i= = = C 

' ' ·-- ~---- --- _______ .,1, ___________ ;_ 

l A : 
E A 

-=lDlllll'C Hl- A =I 
=/EIIIIIH -lC GIi / 

A lE ■ ■ fl • [I 

■ G G AIH I IE B F 
[IEIEi ■ li ■ F 
BAG RIE EI D 

= E ■ I ■ CB 
'------- .. -·-' •-•-=-=-D-■ l ■ E C .l_ .. ____ .. ____ [. __________ L ___ , __ ·--.. -i 
I l= C Iii~ F : : : 
I r G a HI • G ..=.: C II 

=I= £1110 C=lf'II 
=I= Dr ■■ IIIME A"-'lDH"' 
=I~ DI ■ GIE 8 a .;::/CH 

~ r ■ DIDI I .::::CF 
~:=·= ED CIC ■■ - =lD H 

IBlCHII ..=.:All 
I AIC ID ~, ID 

1 _______ _ __ L ___ {,1._....;_LL lll __ ._Q_::_ _2,_=:lC_II __________ 1 ___ -·--------- i ____________ ,. 
AUii [lA,1-"'/0 

■ CB G HID 
[I 11 CI ■ :H 

A [I 

I=" ft G 
[I 

300 

10() 

soo 

/()0 
400 

[Xf'LANATION OF S'01HIIL~1 

II H G F E (1 [I A 2 ~1 (., I 
\ _____________ I\ _______________ /\ ___________ -~/', ________ /\ ___ /\ _________ ,_/\, -• __ /\ -- _/ \ __ --·----- ____ / 

GLIGIITLY ? Gl,.IGHTLY 
WORST CASE VERY BA(I [f(l[f flAfl GOOD Go:.n VET, I (,lltJ(l VEST CAGE 
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***NARRAGANBETT BASIN OR ILL SI n: ~·JEtJ:CTlCN CRl TEr\lA MAP*** 

CREATED FOR THE BUREAU OF HINES, CONT, tJ0180022, 1978, 8Y T, H, RIDER, MANAGING DIRECTOR, NECEPI 
DEVELOPED & EDITED BYE, WINN DAVIS, NECEPI SPECIAL COHPUTER ASSISTANCE FROH J, ANDREW SHJTH, 

THIS PROGRAH WILL DEPICT THE NARRAGANSETT BASIN USING ALPHANUMERIC CHARACTERS TO REPRESENT [VERY 
SQUARE HILE WITHIN THE BASIN, . EACH CHARACTER REPRESENTS AN EVALUATlllN OF LANO USE AND GEOLOGICAL 

PARAHETERS, AND EACH WILL VARY ACCOfWING TO THE EMPHASIS YOU PLACE IJN THE FOLLOWING FACTORS, 

INf·UT L,E,E,S, AND GEOLOGICAL W~IGHTS: 

INLAND AND COASTAL WETLANDS WEIGHTS 
HIGH, HEDIUM, AND LOW DENSITY [IEVELOPHENT WF.IOHTS 
FRESH AND OCEAN WATER BODY WEIGHTS 
!lROUN[I WATER RESERV!c AND TOWN !JELL WEIGHTS 
BURFAC!c HINING AND PREVIOUS COAL HINING ACTIVITY WEIGHTS 
DRILLING ACTIVITY AND FIELD RESEARCH WEIGHTS 
NON~PENNSYLVANIAN FORHATION, HETAHORPHIC ANALYSIS, AN(• STRUCTURAL COMPLEXITY WEIGHTS 
DEPTH AND DIP WEIGHTS 

o,o 
010,0 
0,0 
0,0 
0,0, 
o,o 
0,10,0 
o,o 

I= 
=:= 
=l= 

100 
I I f I I I --1- ___ , ____ < ~-----------~-------~~--~-----------•-----------•-----------~~----------~------= .---~---.=------· 
: : l : I =I= =/= 

=I= 
=I= 

D II =I= =t= =l= =I 
DDD{1:,:;;/= =:= =I= 
DDDDDl= =I= =I= 

l=.DI1DDDlD -,- -,- : : 

=I 

100 

400 l-------,---l=-D-D_n_n_o•n_o_=_=_=_= 1 =-=-=-=-=-~l=----------l-----------l-----------l-__________ 1 400 
I IHDDDDDIDD =I= =I 

:H H HD D DI= D =I 
l H H H .H D DI:=;- D =: = = l 

HHHDDI= =I=. 
HHHHHI= -,-

HHHH:= --,-
HHHHI= I= 
HHHHI= /= 

HHHIIHI= =I= 
soo l ___________ iu_H_i:!_H_u.,.H..t=_= -=-=-=-= • =-=--------1-----------, ___________ • ___________ ..:. ___________ ..:. 500 

IHHHHHH:HHHH =IHHH 
IHHHHHH:HHHH =IHHH 

HIH H H H H HIH H H H -=/H H H 
HIH H H H H H:H H H H ·=IH H H 
HIHHHHHHIHHHH ,=l=HH 
HIHHHHHH/HHH =l=HH 
HIHHHHHHIHHH =IHHH 
tHHIIHHH/HH =/HHH 

HHI-IHIHH =IIIHH 
600 600 

H II II HI =IH 
H H II /j =:.:: 
H II H H =I= 

IH H H H 
IH II II 

700 1 ___________ .t_ ___________ L __________ l_ __________ 1_ __________ 1_ __________ l_ __________ L __________ 1 700 

000 060 120 180 240 300 360 420 480 

EXPLAilATION OF SYMBOLS 

I II G r E D C I< A 1 4 5 6 7 S 9 * 
\ . ------ - - ___ _; , __ ---- - - - - -- _ / \_ ---------___ / \ __ · ---- _ /\ ___ /\ _________ /\ ____ ---- -·- - _ _J\ _________ ---- __ /\ __ ------ - - - - _ / 

SL!GllTL Y ? SLIGHTLY 
WORST CASE VERY BA(! ItA[I BAD GOOD GOOD VERY GOOD BEST CASE 
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n•1;1\RIMGANGETT MSIN [IRILL SITt SZLCCTION CRITERIA HAP*U 

CRSATED roR TIIE BUREAU OF NINES, CONT, tJ0119022, 1''8, IIY T, H, RIDER, MANAGING DIRECTOR, NECEPI 
I•EVELO?E(I & EDITED BY E, WINN DAVIS, NEC[PI SPECIAL COMPUTER ASSISTANCE FROH J, ANDREW SHITH, 

THIS f'ROGr.AH WILL DEPICT THE NARRAGANSETT BASIN USINO ALf'HAHIJM:RIC CHARACTERS TO REPRESENT EVERY 
SQUARE HILE WITHIN THE BASIN, EACH CHARACTER REPREIENTS AN EVALUATION or LAND USE AND GEOLOGICAL 

PARAHETERS, AND EACH WILL VARY ACCORDING TO THE EMPHASIS YOU PLACE ON THE FGLLOWINO FACTORS, 

INPUT L,E,E,S, AND GEOLOGICAL WEIOHTSI 

lNLANV AND ~OASTAL WETLANDS WEIGHTS 
IHGff. HEDIUH, AND LOW DENSITY '!IEVELOPHENT WEIGHTS 
FRESH AND OCEAN WATER BODY IIEIGHTS 
GROUND WATER RESERVE AND TOWN I/ELL WEIGHTS 
GUP.rACE MINING AND PREVIOUS COAL HINING ACTIVITY ~EIGHTS 
DRILLHl□ ACTIVITY AND FIELD RESEARCH WEIGHTS 
NON··PSNNSYLVANIAN FORMATION, HCTAHORPHIC ANALYSIS, AND STRUCTURAL COMPLEXITY WEIGHTS 
~ /\ND r,.rr WEIGHTS 

? 0,0 
'!' 0,0,0 
1 0,0 
1 0,0 
? 0,0 
1 0,0 
1 0,0,0 
? 10,0 

I= 

=I =/• •/= =, =/= 
I =11 1 2 I•~ •I• •/. =I= 

=I= 

200 1 ___________ '--------"'·-= '=-1-=-=-=-=' 1-=-=-1-=-=.l=--=-=-=-=-=1=-=-=-""-=---=: '=-=-=-=----1-----------' 200 
-,- •/= • =/= 2 •I= =/= • 

- •. : 1 
1 I= 

300 1 ___________ ' ______ =_::-. __ _.,' c:::_=· =_.;:;_=._:::. '=-=-=-=-=-:=l=---=-s- --aal=~ s .=-=-=-= 's-=-=------1-----------l 300 
: I 1l =I= =I= =-1= ;:;,\= l 
I =I• •I= •/= =/= =I= 

=I= :.:I= =I"-' =l= =I 
=/ 
=I 

=l 
=\ 

=/=: =l= i..:f= :::if =I 
=l= =I•= I 
=:= =f# I 

I I= 1 =I• =\= =I= I I I 
4 00 L-________ _ 1,,_ 1_,,_,,_,,_ sl S-•-~-•-•_"la_•-•-•-~- ii la------ - ---l-- __ -------l----------_ L __ ________ l 400 

I . /= 1 =I= =I= A =I I I l I 
I I= =I= =I= ==/ I 
I I= =I= =1==2••=1 I 
I =I= =I• 2 • = I I 

=\= =/=• I I 
=I= =/= I I 

· I =I= I= I 
=I= /= I 

I -,- =/= I I 
500 1 __ ... ________ lz:_=-=-•-=- '= 1 =-=-----iii--1=-=--------l-----------.l-__________ J. ___________ J. ___________ 1 500 

I= =I= =11== I 
I= •I= II= I 

=I•= =I= =/= I 
=-I= =I= = • = •I= 
~l= • #I=• ~=I=•• 
•I=~ =~I=• •I• 
=I-- • •I= Ill =:= 

I= =I• = •I• 
I •I• = •I= I I 

600 l-----------l----•-•-• -&l--•-• -■-&-&J. ■-■---_.,. ___ J.,.. __________ i; ___________ J. ___ .., ____ .,. __ ' ___________ l 600 
I .., •I .. t• f r I I 
I I • ~I• I I I I 
l I • I • •j• I I I 
I• • • • I f f I I 
I• I I I I I 
I I I I I 
I I I I I 
I I I I I 

I I I I I I . I I I 
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***HARRAGANSCTT BASIN IIRil L er f E GELEC'J ION cr..:1 TERI A Mt\P*** 

CRr:ATED FOR THE DUREAU OF HINES, CONT• JJOl8BOi2, 1978, BY T, H, RI[IER, HANAGING DIRECTOR, NECEPI 
f•E~'ELOPED & EI•ITED BY E, WINN DAVIS, NECEPI SPECIAL COHPUTER ASSISTANCE FROH J, ANDREW SHITH, 
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THIS PROGRAM WILL DEPICT THE NARRAGANSETT BASIN USING ALf'HANUHEf<IC CHARACTERS TO REPRESENT EVERY 
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CRCATE[I FOR THE BUREAU o;:- 11Ji'L[;; CC1-.:-;. ~,;_,(f.:30~:1, 1978, BY T, H, RHtEf;:, ,'1ANAGING nrnr::cn)h'., N[Ci.:::r,; 
[l[VELOF'E[I & EDITED BY [, w:;:;m DAVIS, NE.Cf:P; Sf-'lCIAL COMPU~!.r, ,i:1;::;r,-~:ANCE" FROM J, ANDREW SMITII. 

THIS PROGRAM WH .. L DEF·ICT THE NhhRt1GAN:"3LTT BASIN USING ALPHANUMERIC CHAr-.:ACTERS TO REF'RE.SEtn [VCl~Y 
SQUARE MILE WITHIN THE BASIN, EACH CHARACTER REPl<CS[NTS ,1N lV,,LUATION OF LAIW USE AND GEOLOGICAL 

PARAMETERS, AND EACH WILL VARY ACCORDING TO THE EMFl!ASIS YOU l'LACE ON THE FOLLOWING FACTORS, 
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***NARRAGANSETT BASIN Df<ILL SITE SELECTION CRITERIA HAP*** 

CREATED FOR THE BUREAU OF HINES, CONT, IJ0188022, 1978, BY T. fl, RIDER, MANAGING DIRECTOR, NECEP; 
DEVELOPE[t & EDITED BY E, WINN MVIS, NECEPI SPECIAL COMPUTER .~SSISTANCE FROII J, ANDREW SMITH, 

THIS PR08RAH WILL DEPICT THE NARRAGANSETT BASIN USING ALPHANUHCRIC CHARACTERS TO REPRESENT EVERY 
SOUARE HILE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAMETERS, AND EACH WILL VARY ACCORDING TO THE rnPHASIS YOU PLACE ON THE FOLLOWING FACTOf<S, 

INPUT L,E,E,S, AND GEOLOGICAL WEIGHTS! 
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NON-PENNSYLVANIAN FORMATION, METAMORPHIC ANALYSIS, AND STRUCTURAL COMPLEXITY WEIGHTS 
!lEPTH AND [t!P WEIGHTS 

o,o 
o,o,o 
0,0 
0,0 
0,0 
o,o 
10,0,0 
o,o 

000 _________ 000 _________ 120 _________ 1ao __________ 2.40 _________ 300 _________ 3&0 _________ ~20 __________ .4iao 

I ■ I= 
I I = I= 

I II M ■ =I= 
100 ' ___________ l_ __________ l_ __________ ' ----------- ' ___________ ' --------=-=' ■-----■-■-= • =-=-=-=----' lOO 

\ __ 

II ■■ : ■ 11 =:= 
■ =I= - • 

1111111 I =Ill 
=!= II 

!II II I l = 
■: II II ll II I= =:::: =l= =/= 

Ill/ 11111==1= =l= :.:c/c::: =:""' 
: : II Ill Iii 1111 -, - ""I ·-, - : 

200 1 ___________ 1 ________ ._1112_=_=_ - _:::_=l=-=-=-=-=-= 1 =-=-=-=-=-=1=-=-=- '=-=-= 1 =-=-•- =---- '-----------' ::?00 

300 

400 

I= 

500 

■ I= 
I =I= 
■ - ' - I 
Ill = l = II 

I 
I 

' ' -·-----·- .... ---------- - ... ---- -

700 __________ 1 ___________ 1 __ _ 
' ' -- •·--"·-·------- _ _. -----

000 060 120 (80 

EXPLANATION or tiYMB!lLS 

g ll E f!CBA 3 4 
_____ _/\ -- -------- __ _/\ ________ .-/\ _· _./\ - -·· . \ -- --- ---- ··-

SL IGI/TLY P.LT'.H:Tf Y 
t/EF:Y [lf',(l BAD flt\fl 1mun GOOD 

-318-

300 

400 

500 

600 

700 

BEST CASE 



:u:*NAl\f.:1~UANf:fffT liAGIN Dr\ILL SITE SELECTION CRITERIA MAP*** 

CREf\TE(I FOH THE [ilJREAU OF MlNES, CONT. tJ0188022, 1978, BY T. H. Rl[IER, MANAGING DIRECTOR, NECEF·; 
[IEVELOPED & EDITED BY E, WINN DAVIS, NECEP, SPECIAL COMPUTER ASSISTANCE rROM ,J, ANDREW SMITH, 

THIS PROGRAM WILL DEPICT THE NARRAGANSEH BASIN USING ALPHANUMERIC CHARACTERS TO REPRESENT EVERY 
SQUARE HILE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAHCTERS, AND EACH WILL VARY ACCORDING TO THE EHPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

INF·UT L,E,E,S, AND GEOLOGICAL WEIGHTS: 
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I I I Ill FICA IIH HD EB BIE GE BA HID IF CO Ill 
I I I Ill ■ I C E ■ II I C B B BID I D C B HIA H ■ G El 
I ■ 1 Ill I H C I 111 I B E A CIF A B - C HI ■ H El 

HI HG CII ■ I H ■ 111 I AG A Ell CA IC 11 G FI El 
II * ■ I Ill E I H I IIG I B I A AIH D I D I II F C I Hi 
F ■ I I Ill I I ■ ■ IIE H D B - 01D D I ■ I 
I I I ■ Ill I I ■ I 110 I I D B EIG I 

ll* ■ llll ■ ll ■■ ll ■ F ■ BIGI ■ I I 
400 l-----------l■-=-1-■-■-■l■-1-■-■-■-■,■-~-■-B-D-~l■----------l-----------1-----------1-----------l 400 

I IIBlll ■ lllll ■ IIFIID711 I I I I 
llllll ■lllll ■ IIEIIDHII I 
I ■ I I I I Ill I ■ ■ ■ HI- I 9 D I 11 

I I I I ■ II I ■ I I FIE H 3 I S I 
I I I I ■ II I I I F IIH I ■ ■ 

I I I IIH I I F * Ill I I I 
I I I Ill I I D * II I ■ 
I I I IIF F I G ■ II I I 

I I I I Ill D I ■ G Ill I I 
500 l-----------l■-■-■-■-■-■l■-E-G-■-■-Gl■-■--------l-----------1-----------l-----------l-----------l. 500 

llllllllll ■■ H*IIII I 
II I ■ I I ■:• I I I * *II I I 

Ill I II I ■ Ill I I I * BIi I I 
Ill I I I I 11 ■ I ■ ■ E BIi I I 
Ill I I I I Ill ■ I ■ B BIG I I 
Ill I I I I Ill I I G 6 All I I 
Ill I I I I Ill I IDB BIi I ■ 

II I I I I Ill I ■ F C All I ■ 
I IIIIIIIIGCAIIII 

600 l----------- '----■-■-■-■L-■_l_ij_C_Cl■-■--------L----------1----------- ' ___________ 1 ___________ 1 600 
I 11111 ■■ GDII I 

I I I I I I ■ ■ HIC 
I I I I I I I S I 1/H 
II I I I 1 I 
II I I 
I 

I· 
I 

I I I 700 1 ___________ 1 ___________ 1 ___________ 1 ___________ 1 ___________ , ___________ 1 ___________ 1 ___________ 1 700 

000 060 120 180 2◄0 300 360 ◄20 480 

EXPLANATION OF SYHBOLS 
--i:.==================:11:ic:=====•:••a:=-=================================z:===•==========.===================•=::J====•====-==---=---·~---=----

I H G F E D C B A 1 2, 3 4 5 6 7 8 9 * , _____________ ;, _____________ /\ ____________ _;, _______ _/\ ___ /\ _______ _;, _____________ ;, _____________ _/\ ____________ _/ 

SLIGHTLY 1 SLIGHTLY 
WORST CASE VERY BAD BAD BAD GOOD GOOD VERY GOOD BEST CASE 
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***NARRAGANSETT BASIN DRILL SITE SELECTION CRITERIA HAF'*** 

CREATED FOR THE BUREAU OF HINES, CONT, tJ0188022, 1978, BY T, H, RIDER, HANAGING DIRECTOR, N~CEPI 
DEVELOPED & EDITE!I BY E, WINN DAVIS, NECEF'I SPECIAL COHPUTER ASSISTANCE FROH J, ANDREW SHITH, 

THIS PROGRAM WILL DEPICT THE NARRAGAN!1ETT BASIN USING ALPHANUHERIC CHARACTERS TO REPRESENT EVERY 
SQUARE HJLE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN EVALUAHON OF LAND USE AND GEOLOGICAL 

PARAHETERS, AND EACH WILL VARY ACCORDING TO THE EMPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

INPUT L,E,E,S, AND GEOLOGICAL WEIOHTSI 

INLAND AN!• COASTAL WETLANDS WEIOHTS ? o,o 
HIOII, HEDIUH, AND LOW DENSITY DEVELOPHENT WEIOHTS 
FRESH AND OCEAN WATER BODY WEIGHTS 

1 o,o,o 
1, o,o 

GROUND WATER RESERVE ANO TOWN WELL WEIGHTS 1 o,o 
SURFACE HINING AND PREVIOUS COAL MINING ACfIVITY WEIGHTS 
~RILLING ACTIVITY AND FIELD RESEARCH WEIGHTS 

ON-PENNSYLVANIAN FORMATION, HETAHORPHIC ANALYSIS, AND STRUCTURAL COMPLEXITY WEIGHTS 
DEPTH AND DIP WEIGHTS 

1 o,o 
1 10,0 
1 o,o,o 
1 o,o 

=I= 
=I= 

I I I I I= =I= I 
100 L __________ L __________ l_ __________ i_ __________ i_ ______ . ___ ' --------=-- '=-----=-=-=l--=-=-=----l 100 

I I I I I I =I= = I= I 
I = I= = =I 

I 
= I =I= 

= I= 
=I= 

=I= 
=I= 

=I= 
=I =I$ =I= =I= -,-
=I* $I=$ -,- =I= =I= , 

~00 l--------- __ 1 ____ -- -,-= _ = l = _:::;:_ = _ =-=-= ,+ =-=-= -= -= _ = ' =-= -=-= _ = -= l. =-= -= _ = _ = ... i:=l = _ = _ =-= ----l-------- .. ,...-l 200 
=I= 
=I= 
=I= 

=J=-: 
=l= 

I= 
=I= 

=I= 

=I= 
=I= 
=I= 
=I= 

* =I= 
=I= 
=I= Fl= = 

=l= 
=/= 
=I= 

=I =I= =I* =I= 
=I" =i= =I= =I= 

I I -,- =I= =I= -,- =I= I 
300 1-----------1------=-=-= '=-=-=-=-= _=1=-=_s_a_ - -=l=-=-=-=,..s-=1=-=-=-=-a-=.i=-=-iS------1-------.----1 JOO 

I I =I= =I= =I= =I= =I= I I 
=I= =,= =I= =I= =I= =I= 
=I= =I= =I= =I= =I 
=l= 
=I= 
=I= 
=I= 
=I= 

=l= 
=I= 

=I= 
=I== 
=I= 

=I 
=I 
=I 

I 

=I 
=I 

,- -,- =I= =I= I 
400 l __ J ________ '=-=-=-=-=-=l=-=-=-=-=-- 1=-=-=-=-=-sl= __________ J.. _________ _,_1 ______ .., ____ 1 ___________ 1 400 

I• =I= =I= $=I I 
I= =I= ==I=• =I I 
I= =I= =I= $ =I I 

=I= =I== * I I 
=I• =I• I I 
=I= •=I= I I 
= I= $ I= I 
=I= I= I 
=I= =I= I I I I I 

500 1-----------l=-=-=-= ;; =l=---•-•-=-=1=-•--------L----------1-----------L __________ L __________ ' 500 
I= =I= $1= I I I I 
I= =I= 8 $I• I I I I I 

=I= •I= =I= I I I I 
=I= =I= =l= I I I I 
=I= •=I= =I= I I I 
=I= =I= =I= I I I 
=I= =I== =I• I I 

I= =I= =I= I I 
I =I= =I= I I I 

600 l-----------'----=-=-=-=l--=-=-=-•-='=-•--------l----·------l-----------l-----------1-----------1 600 
I I •I =I= I I I ' I I 
I =I= I I 
I =I= I 

I= I 
I= 

I 
I 
I 

I I I I I 
700 1 ___________ , ___________ 1 ___________ 1 ___________ 1 ______ ----1-----------1-----------1-----------1 700 

000 060 120 1 BO 240 JOO 360 420 480 

EXPLANATION OF SYHBOLB 
~=-•==•=••-=-•=••·••===•••=========•==•=••····••2======•=•==••······~---------=••••==•=~=-••••=•==================================== 

I H G F E D C B A - = 1 2' 3 4 5 6 7 8 9 * , _____________ /\ _____________ /\ ____________ . /\ _______ _1, __ _1, __ • _____ /\ _____________ 1, ______ r- ---✓'-------------✓ 

SLIGHTLY ? SLIGHTLY 
WORST CASE VERY BAD BAD BAD GOOD GOOD VERY GOOD BEST CASE 



CREATED FOR THE BUll[AU or MINES, CONT, tJ0188022, ; 978, BY T, H, RIDER, HANAGING DIRECTOR, NECEPI 
DEVELOPED l EDITEli BY E, WINN DAVIS, NECCPI SPECIAL COMPUTER ASSISfANCE FRON J, ANDREW SMITH, 

· THIS PROGRAM WILL DEPICT THE NARRAGANSETT BASIN USING ALPHANUMERIC CHARACTERS TO REPRCSENT EVERY 
SQUARE HILE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN £VALUATION OF LAND USE AND GEOLOGICAL 

PARAMETERS, AND EACH WILL VARY ACCORDING TO THE EMPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

INPUT L,E,E,S, AND GEOLOGICAL WEIGHTS: 

INLAND AND COASTAL WETLANDS WEIGHTS ? o,o 
HIGlh MEDIUM, AND LOW DENSITY DEVELOPMENT WEIGHTS 
FRESH AND OCEAN WATER BODY WEIGHTS 

1 0,0,0 
? o,o 

£JRQUND WATER RESERVE AND TOWN WELL WEIGHTS ? 0,0 
? o, 10 
1 10,10 

PE PIH ANQ PIP WEIGHTS 
COHELEXITY WEIGHT? ? 10,10,10 

? 10, 10 

100 

200 

300 

400 

500 

600 

I Ii= 
I I =l= 

l l l ii ■ I =l= 
I ___________ .1. ___________ 1 ___________ I ___________ J_ ___________ I --------=-=l■-----■-■-=l=-=-=-=----' 

I ■ I Ill I =l= 
I 11= 1 =l 

I llG I =ii D 
I =lllA =I* 

l 152=1=1 =l= I 
:nm ■ 1 -,- =:= 

Ii ■■ *l*HIA =1=4 -,- =l= 
Ill *HH=*l**2A Al=9 =i= =I= 

l l 1111*1*=2*1=** =l= =l=l= 2 5=1= 
'-----------' --------■-■L*-*-=-=-=-B.l.L5-5-i-=-=l2-B-=-=-=-=' =-=-=-=-=-51=-=-■-=----1-----------' 

l=l2*7B =l= =lAl *=l= =I= I 
l;::;lBA1A ;;:..JA AB =-l= 2 =::::- =-1= I 
l=l=I AAl=AAl =l= $=I= =i* I 
l=l=IBB =l=A= =I= 11= =l= I 
l=IGGG =l= =l= *=l= =l= I 
I:::-:* GD 7 * ,- B = :::-f= :::-IB B I=!= I 
■ *ll[1DB =l* =1*1 Ii= l=l= I 
I =l= B =l= * =13 2 2 Bl= =i= ■ 
l*l= Bl =l==*1*Bl=2 211 A =l=II 

L __________ ' ------■-1-= • =-=-=-=-=-=l=-=-=-LL= '=-=-i>-=-=-=l=-=-=-=-=-=' ■-■-=------l-----------' 
*l= =l= = C - Ii- =i= Ill 

I :c::I= * - -ID D - =l- =I= Ill 
=t= 

*=l= 3 =12 
* ***l= =ID 
** =IA* =l= -ID I 
*DDD=l= ==l= Cl=21 
IDDDDl2 =I= --1=1 

GI 
■: 

I ■: 

I 

=l 
A I 

/=*DD[tDID 2l==D-D-I. I I 
l ___________ .l,. = -*- ■-D-D_ Dl D_ D- =- =- =- = l =-=-C- - _ - _ =l■--------_ -l-----------l-__________ 1 ________ ---l 
I ll$DDDDIDD Bl=DD 

ll ■■ DDD:=D =lBD 
:■ I I D DI= D =I= * 
I , I I D Di= B B Bl= * 

I ■ I IIB II= 
I I Bl= * 111 
B I 11= * l I = I 
I Ill= l==I 

IJI Ill= Ii== ■ 

I 
I 

* ■: 
■: 

I Ii 
* I 

I 

1 ___________ 11_1_1_ -■-■ '=-=-=-= ;;;_=.J.=_= ________ 1_ __________ 1_ __________ .J._ __________ l_ __________ .J. 

llll 1111111 *llll I 
:111 11:1 ■■ •**: ■ 11 

11111 11:1111•=:111 
11111 11:111 ■ =1111 
Ill I I I Ill I I I =IB I I 
Ill I I I Bil I I * =IB I I 
1:11 ■ 11:111 *=1111 
1,11 1 ■ 111 =lllll 
I I ■ Ill ■ =1111 : : f 

1----------- '----■-■-■- ■ '--■-=-=-=-=ll_l ________ l _______ .---1-----------' -----------l _________ ...,_.i 
11111 =ll I 

I I I I I =l= 
1111 ■ * =l= 

ii I I I * 
ii I I 

100 

200 

300 

400~ 

500 

600 

700 L __________ • ----------- • _____ · _____ ' ___________ '-----------1----------- • ___________ l_ __________ .J. 700 
000 060 120 180 240 300 360 ~20 480 

EXPLANATION OF SYMBOLS 

I H G F E [I C B A I 2 ,3 4 6 7 8 9 * , ____________ _;, _____________ _/\ _____________ /\ _______ _/\ __ _;, ________ /\ _____________ /\ ____________ _/\ _____________ / 
SL!GHTL Y 7 SLIGHTLY 

WORST CASE VERY I1A(1 BAft IIA[l GOOD GOOD VERY GOOD [IEST CASE 
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***NARRAGANSETT MSIN DRILL SITE SELECTION CRITERIA HAP*** 

CREATED F"OR THE BUREAU OF HINES, CONT, tJ0188022, 1978, BY T, H, RII!ER, MANAGING DIRECTQR, NECEP; 
DEVELOPED & EDITED DY E, WINN DAVIS, NECEPI SPECIAL COMPUTER ASSISTANCE FROH J, ANDREW SHITI!, 

THI~ PROGRAM WILL DEPICT THE NARRAGANSETT BASIN USING ALPHANUMERIC CHARACTERS TO REPRESENT EVERY 
SQl,JARE HILE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAMETERS, AND EACH IJl!-L VARY ACCORDING TO THE EMPHASIS .YOU PLACE ON THE FOLLOWING FACTORS, 

. INPUT L,E,E,S, AND GEOLOGICAL WEIGHTS I 

INLAND AND COASTAL WETLANDS WEIGHTS ? o,o 
HIGH, ~ AND LOW DENO!TY DEVELOPMENT WEIGHTS 
FRESH AND OCEAN WATER BODY WEIGHTS 

1 O, 10,0 
1 0,0 

GROUN[1 WATER RESERVE AND TOWN WELL WEIGHTS 7 o,o 
SURFACE MINING AND PREVIOUS COAL MINING ACTIVITY WEIGHTS 
DRILqNG ACTIVITY AND FIELD RESEARCH WEIGHTS 

? 0,0 
1 o,o 

NON-PENNSYLVANrnN FORMATION, METAMORPHIC ANALYSIS, AND STRUCTURAL COMPLEXITY WE!OHTS 
DEPTH AND DIP WEIGHTS 

1 o,o,o 
1 O,O 

1qo 

200 

300 

000 _________ 0&0 _________ 120 _________ 1ao _________ 240 _________ 3oo _________ J&o _________ 420 _________ 4ao 

I I I 
I I 

I 
I 

I - DI-
I DA -I-

I 
I 
I 
I 

I I l I 1- B - -J.Q : 
1 ___________ 4 ___________ 1 -------,,.---1---------,-,...1--,---------1--------=-=J. - -----= -=- s 1 ... -=ii-==-=----l 
I I I I I I = = Al= A -1- I 
I i A==I= -I 
l =I= =I= 
I I =I= AAl=-
1 I =I=- =l=A 

I= I =I= -1-
=l -1= =I- B =IF - A -:-

A - Al= -IA A - =I- =I= - -
= I - Al= - - -IA - -:- - - =i= 

1 -·----------.1.--------=-=' =---=-=----1-_ --=---=--l----=-----81::i_ ----A---=l=-=-=-=--...... 1------.---.--l 
=I=· -1- =I- -I= A A -I= I I 
Al= =I= =I- =I- I 

--1=- -=I= -=I= Al= =I= -A I 
-1- Bl- =I= - =I- = =I I 
=I- =I= =I= = " 

-:= 
-1-

=1-
=l=- = -
=I= = 

=I= A 
= :-
-\-
= :-
=l- = - B 
I- A 

,- =I= -I== =1--

-1- B A 
=I= 
=I 
=l 
= I 

I 
I 

2QO 

300 

400 l ___ --------l=-=-=-=-=-= 1 =-=-=-=-=-=l=-=-----=-=' s __________ l, ___________ 1 ___________ 1 ___________ 1 400 
I= =I= -I= =I I 
I== =I= =I= =I 
I== =:= =\= -I 

.:=: I= -I= 
= I= =I= 
Al= = I= 
=I= I= 

I =I= I= 
I I =I= =I= A 

!$00 '-----------l=--,_Q_ --=-=l= ... =-=-=-=--l=-=--------1-------....... _1 _______ ..,, --1-----------l ___________ l 500 
I I= =I= -I= I I I 
I I= =I= =I= - A I I I 

Bl- =I -1- I I 
-I= =I= -1- I I 
=I= = =I·= =I= I I 
=I= =I= =I= I I 
=I= -I= =I= 

I= = DI= =I= 
I I Al- = - -1- I I I I I 

600 1-----------1----=-=-s-sl--=-=-=-=-lllla,...=--------l--, ----..----1-... ----------l.-'---... ------l-----------l 600 
I =I = I= I I I I I 
I I - =I= I I I 1 · 
I =I= I I I I 
I= = A I I I I I 
I= I I I I I 
I I I I I I 
I I I I I I 
I, I I I I ·I 

I I I I I I ·1 I I 700 l ___________ 1 ___________ 1 ___________ 1_ __________ 1_ __________ 1 ___________ 1 ___________ 1_ __________ 1 700 

000 060 120 180 240 300 360 420 480 

EXPLANATION OF SYMBOLS 
·-=---------=========c=================c============-""===============-=1111=======1:11•===============;===========c===========;t================ 

IHGFEDCBA 123456789* , _____________ /\ _____________ /\ ____ ~ ________ /\ ________ ;, ___ ;, ______ --✓\-. ___________ /\ ____________ _;, ____________ _; 

SLIGHTLY 1 SLIGHTLY 
WORST CASE VERY DAD BAD BAD GOOD GOOD VERY GOOD DEST CASE 
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CREATED FOR THE BUREAU or HINES, CONT, tJ0188022, 1978, BY T, H, RIDER, HAHAGIHG DIRECTOR, NECEPI 
DEVELOrED & rnnrn BY E, WINN DAVIS, NECEPI SPECIAL COHPUTER ASSISTANCE FROH J, ANDREW SHITU, 

THIS PROGRAM WILL PEPICT THE NARRAGANSETT BASIN USING ALPHANUMERIC CHARACTERS TO REPRESENT EVERY 
SQUARE HILE WITHIN THE MSIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAHETERf., AND EACH WILL VARY ACCORDING TO THE EMPHASIS YOU PLACE OH THE FOLLOWING FACTORS, 

INPUT L,E,E,S, AND GEOLOGICAL WEIGHTGl 

INLMl!r AtlD COASTAL WETLANDS WEIGHTS 
HIGH, MEDIUM, /IND LOW DENSITY DEVELOPMENT WEIGHTS 
FRESH AND OCEAN WATER BODY WEIGHTS 
GROUND WATER RES!;:RVE AND TOWN WELL WEIGHTS 

g~~~ti~G H~~n81*~[1A~~E~i~~~ ~~~~A~~~I~~I~~i~VITY WEIGHTS 
NON-PENNSYLVANIAN FORMATION, METAMORPHIC ANALYSIS, AND STRUCTURAL COMPLEXITY WEIGHTS 
DEPTH AND [1IP WEIGHTS 

1 
1 
1 
1 
7 
1 
1 
1 

l= 

o,o 
o,o,o 
o,o 
o,o 
10,0 
o,o 
o,o,o 
o,o 

=:= 
=I= 
=I= 

100 L----------L----------L----------L----------L----------L-------=-=l=-----=-=-=l=-=-=-=----l 100 

=l F - =l= =I= 

=I= 
=I= 
-I= 
=I= 
=:= 
=l= 

- =l= 
=l =:= -,- =I= 

: =:- =:= =/= =I= 

=f= 
=I 

200 J. ___________ .1 ________ =._=l:::._=_=_ - _ - -=l=-=-=-=-=-=l=-=-=. = .=-=l=-=-=-=-=-=l=-=-=-=----1-----------l 200 
=l= 
=I::: = 
= := = 
=:= = 

I= 

- A =I= 
=I= 
=/= 
=!= 
=I= 
=I= 
=I= 
=/= 
=l= 

300 L _____ _____ l ______ "-=-= l=-= _ = _ = -= _ = l = _ = -=-= -= _ = l= -= _ = _ - -= _ = l =-=-= _ - -= -= l=-=-= ______ l ___________ l 300 
=l= 
=I= 
=I= 
=l:c: 
=l= A 
=I= 
=I= 
=I= 
=I= 

=!= 
=I= 

=l= 

=l= 
=l= 
=I= 
=I= 
-:= 
=I= 

=I= 

=I= 
=I= 
=I 
=I 
=I 
=I 

400 l----------- '=-=-=-=-=-=l=-=-=-=-=-=l=-=-=-=-=-=' =----------1----------- ' ___________ L __________ l 400 
I I-= =I= =I= =I ' I I 

:~= =l= =I= -, I 
I= =I= = = 

=l= 
=l= 

=I= 
500 1 

-----------' B-=-=-=...,=-=l=-=-=-=-=-=1=-=-------- '-----------1-----------1--------··--l-----------l 500 
:- =I= =I= I 
l:::: 

-:= 
=l= 

=l= 
=l= 
=I= 

=I= 
=I= 
=/= 

=I- =I; =:= 
=I- =I= =I=· I 
=l= =1= =I= I 

I= =I= =I= I 
l =I= =I= I I 

600 '-----------L---=-=-=-= '--=-=-=·-=-= '=-=--------1-------~---L----------L __________ L __________ l 600 
=I =I= I 

=I= 
=I= 

: l : : l 
700 l------,----•-__________ 1 ___________ J. ___________ , ___________ 1 ___________ 1 ___________ 1 ___________ 1 700 

000 060 120 180 240 300 360 420 480 

EXPLANATION OF SYMBOLS 
==================================================================================================== .=============================== 

■ H G F E D C B A 1 2 •3 4 5 6 7 8 9 * , _____________ /\ ____________ _;, ____________ _/\' ______ _;, ___ ;, ________ ;, ____________ _;, ____________ _;\ ____________ _; 

SLIGHTLY 1 SLIOHTL Y 
WORST CASE VERY BAD BAD BAD _

303
_ GOOD GOOD VERY GOOD BEST CASE 



;UttA,<RIH1AN3CTT BASIN (;RILL SIT~ SCLEC rION CRITERIA MAP*** 

CREATE[! FOR THE r,ur,EAU OF MINES, CONT, tJ0180022, 1978, BY T, H, R!DoR, MANAGING DIRECTOR, NECEPI 
[1EVELOPE[1 & E[lfT[D l<Y E, WINN [1AVIS, NECEl'I SF'EC;IAL COMPUTER ASSISTANCE FROM J, ANDREW SMITH, 

THIS Pr<OGRAH WILL DEi' re r THE NARRAfiANSF-TT BASIN USING ALPHANUHERtC CHARACTERS TO REPRESENT EVERY 
SQUARE MILE WITHIN me BASIN, EACH CIIARACTER REPRESENTS AN EVALUATION Of LAND USE AND GEOLQGICAL 

PARAMETERS, AND EACH W!Ll. VARY ACCORDING TO THE EMPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

INPUT L ,E ,E, S, AND GEOLOGICAL WEIGHTS: 

INLMlfl liNft COASTf'IL WCTLAHDS WEIOHlS 
IIIGII, 11[[•!UM, AND LOW DENSITY IJEVELOPMENT WEIGHTS 
,PESII AND OCEflN WATER BODY Wr.IOIHH 
GROUND W1HEF: nE!:ERVE ONO TOWN wn b WE f OHTS 
'3IJ'<F:\CE MINING AN[' PREV!OUH COAi HfNING ACTIVrTY WEIGHTS 
DHILLH!C tiCTIVJTY AN[: rrr:L[i RLS[t\l..:t~H WETGIITS 
NON-·PENNSYL ~1ANT AN FORM1iT TON, HC r AtlORPltIC ANALYSIS, AND STRUCTURAL COMPLEXITY WEIGHTS 
DEPTH /\NO rtif·· WFifHITS 

o,o 
o,o,o 
o,o 
0,10 
o,o 
o,o 
0,0,0 
o,o 

ooo_ o.so __ ---·--·--120._. ____ ___ __ 100 _ ___ -·----2'4O __________ Joo _________ 360 _________ .420 _______ --~so 
I 

JOO JOO 

200 

300 ..._ ________ ·--' ------ -=- __ c=l=--=-=-=-=-'= l-"-=-=-=-= .... =l=-=-=-=-=-= 1 =_::.=_=..,=-=-=1=-=- - ------ 1 
-----------

1 300 
=I= =I= =I= =I= I 

= I 

400 400 

500 soo 

600 600 

LXPLAHATION OF SYMBOLS 

111orc c:riA 3 .s709 * ·- ____ /\ ______ --··- -- /\ _______________ /\ -----·---·-' ''-·-- .,, ________ >,. -- -·- -________ /\_____ ... __ /\ ____ --- _/ 
SLIGHTLY fll.IGllTi._Y 

wrmGT C~S[ V[F:Y tcA[: [1A[I l1Afl GOO[I 'j(":\1[1 lJ[R'( COOl-1 B[ ~T C;~SC 
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***NflRRt.fhiN:JCTT BASIN Dr~IL.L SITE SELECTION Cf:!TERlt1 HM'*** 

CREATE!! r□R TIIE [:URCAU or MINES, CONT, 4J0180022, 1970, BY T, 11, RIDER, HANAGING DWECTOR, NECEPI 
[•EVELOF'C[t & rnnrn BY E, WINN DAVIS, NECEP; BPECU.L COMPUTER ASSISTANCE .ROH J, ANDREW GHITH, 

THIS PR()GRt.H WILL DEPICT THE NARRAGANSETT BASIN USING ALPHANIJHERIC CHARACTCRS TO REPRESENT EVERY 
SOUARE HILE WITHIN Tile BASIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAMETERS, AND EACH WILL VARY ACCORDING TO THE EMPHASIS YOU PLACE ON TIIE FOLLOWING FACTORS, 

INPUT L.E,E,S, AND GEOLOGICAL WEIGHTS! 

INLt.1H: AND COASTAL WETU\NUS WEIGHTS o,o 
o,o,o 
10,0 
0,0 
o,o 
O,O 
o,o,o 
0,0 

IIIGH, MED!UHr liNf1 t DW [1[NGITY [1EVELOPMENT WEIGHTS 
~ AND OCEM/ w,nrn BODY WEIGHTS 
GROUND WATER m:µn~VE AN[I TOWN WELL WCIGHTS 
GURFASE '111NING t.N[1 rnEVIOIJS COAL MINING ACTIVITY WEIGHTG 
Df<JLLING ACTIVITY MID r!CLD RESEARCH WEIGHTS 
NON·P[NNSYLVANIAN FORMTJON, METAMORPHIC ANALYSIS, AND STRUCTURAL COMPLEXITY WEIGHTS 
DCf'TH /"IND [llf' WEIGHTS 

100 

200 

300 

600 

ooo _____ . ____ 060 _________ 120_, ________ :1ao _________ 2~0---------30o _________ 360 _________ ~2o _________ ~so 

' --·-·-..&.-----··--··-··· 
fl 

r, 
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.~ 
A A 

·=- :-= 

: 

=I-

: 
' ' ' ________ _.... ___________ _.. ____________ .... __ , 

.... __ -c:_ - -"·-=--·"" t .:: .. "'-~·-·- - --- '-------· ---l-------- --- '-----------l--.-----·----l 
At"" l : I 

100 

200 

300 

400 

600 

000 0/,( 
.... _, 700 

4\h', 

• 
/\ 

:;!. r:i1r, L" 
J~,"l ~I 

S!..JGHTL Y 
GOOTt 
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CPEATEU FOR Tllf [ilJf.:EAU OF MINES, CO/lT, IJ0.i.8BO!::, gi;•t;,. r:·t r' II, f..:IflER, MANA(HNG DIRECfOF, NECf:f'f 
[!EIJELOf'ED X, EDITE[I BY c. WINN DAVIS, Nr:cr:r·; ~1Pt:CU,L CfJlif•t:r::,~: i"1s:;;r,1t1NCE ["hCM ,J, f\Nh\EW S/HUI. 

nns rR□GF:AM WILL (1£PICf THC NAr;RAGtiNUETT BASIN USPW HLF'lff'lNutlCfifC CllfWriCTEIW ru R[PfiESENT l;V[Ji:Y 
SOUARC HYLE WITHIN THE [11'1S!N, EACH CHARACTER f<EPRtSEtHS AN EVALUttTlON or LAtHt use AND GE'Ol,OOICAL 

f'ARAMETrns' AND EACH WILL VARY ACCORfllNO TO THE EHPIIASIS YOU PLACE ON HIE FOLLOWING rAcror,s. 

INPUT L,E.c.s. AN[I GEOLOQICAL WEIGIHS: 

INLl'1ND AN ft COf1f, fl'll WETLl'tN[lS WfIGHTS 
/IIlHI, HEflfllM, liN[t LOW flf:NGITY fl[VCl.OF"Mf:NT WEIGHTS 
Fr-r~s11 MH: cr:rr'it! WQIER r,oDY WEI rn1 rs 
Ofs'Olh!Jt l,!1\ !Th fiU~Lr,vr AN(: TOWN tJ[L L WCIGHTS 
-~ur:rflCE MINING AN[! f'RE 1iJOI/S C01il. MfNIUG liC.:fIVITY W[fGHfS 
PF:lllINO lif'.TIVITY tiNn rrEL(I RESEARCH WEIG/ITS 
.!ni'I r·n/NSYl ~1MII1lN rorm11rrnN, METi'lMOr-iFHIC ANfiLYSfS, ANH STRUCTURAL COMPLEXITY WEIGi iTS 
(•r r·rt1 MW f:Tr' WEHlllTG 

000 300_ 

0,0 
0,0,0 
OdO 
o,o 
0 0,0 
0,0 
0,0,0 
o,o 

~: - F a 
A F 

A ■ 
_ •----- _______ "'-~ _ ----~-"-~' "-~-=_E _____ , JOO 

200 

300 

400 

l=::..: 
'--------.,--- 1 ________ ::c_.c;:c'.;:; -=-= - =-"-' -==; ~ .. __ , __ ===_=_ ...,_=1--:::"_ = .:::-=_~=---" i.c;;;_.::; -·" 
\ : ..,,:= 

:::... =J.:::::::... 

A DI= 
c:;;: 

,--,- Fifi 
El C A 

A 

:;;: \= 
= =l = 

=: 
=I= 

E [I 

~=ID ■ IC DI- F 
=IEl ■ H=-ICH II 

=A~ -lE ■ fllH =/GI 
I G G AlH ■ Ill E B ·c:/F I 
DE ■ El ■ H 8 D G : ■ I 
B A G llllE E II F I /II II D 

"E BIB CI ■ E I\G E 

"i= =f•,~=C 

-· - - ' _:;;;._:;;;..._ .-; --- - -· ___ . __ .._ _________ _ 

- - ' -
=/-;;: 
-=/:::: 

200 

.,1 300 

•--• L.-- - -- -------I----------- j 40() 
I 

: 
500 • ---------- - ·- =-=-=-= -D-ll ■ _[_ [ _y_s_o: l)_l_,_ -- ----•---- _ ;._. _____ . _____ J. __________ - L---,- - _____ J. 500 

r:: 11: 11 ,r ri r u c;' 1 c r c I : I 

600 

T G ■ l I! Ill [ G :: l [ ti A 
=I= EIIBG IIC=:rll 
=I"--' rir ■■ IIIIIEHA:::..:ltlH= 

f!IIIIG1E ■■ G -=lCH 
cc r ■ fl/[; II II E = .c:(C F 

EIWC\CIII =\Bil 
II BlC II ll IA II 
I Al[ ID ~=:-ID 

l -·----- _______ L ____ o ___ LJ . ■l--■-LL.::; --=-='LC- ■ .------·--.._ ___ -.-----
f't fl Ill D A ,1 -= lG 
- 11 C [I G Ill [I 

[II c ■ a:H 

A fl 
l c: fl G 

700 '----·-------' ______ . _____ 1, ____________ ' ----· ______ .. ----
000 060 120 180 .:>10 30C .V,O 

EXPLANATION OF S'OWDL·3 

II H G F E fl [I A 2 3 , ______________ ; ,, _____________ /\ __________ --~/ ' ______ . __ /\ ___ /\ _________ / \,.--

SL IOI/TL Y SL!GfiTL Y 
WORST CASE VERY BAO {IA[! nAn GOOD oo:,n 
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***NARRAGANSETT BASIN ORILL SI n: :a:.LECTlCN CRl TEh:IA HAP*** 

CREATED FOR THE BUREAU OF HINES, CONT, tJ0188022, 1978, BY T, H, RHIER, MANAGING DIRECTOR, NECEP; 
DEVELOPED I EDITED 8Y f:, WINN DAVIS, NECEPI SPECIAL COMPUTER ASSISTANCE FRON J, ANDREW SNITH, 

THIS PROGRAM WILL DEPICT THE NARRAGANSETT BASIN USING ALPHANUMERIC CHARACTERS TO REPRESENT CVERY 
SQUARE HILE WITHIN THE BASIN, . EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAHETERS, AND EACH WILL VARY ACCORDING TO THE EMPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

INF'UT L.E,E.S, AND GEOLOGICAL WJ:IGHTS: 

INLAND AND COASTAL WETLANDS WEIGHTS 
HIGH, HEDIUH, AND LOW DENSITY DEVELOPMENT WEIGHTS 
FRESH AND OCEAN WATER BODY WEIGHTS 
llROUND WATER RESERVE AND TOWN !,/ELL WEIGHTS 
GURFACE HINING AND PREVIOUS COAL MINING ACTIVITY WEIGHTS 
DRILLING ACTIVITY AND FIELD RESEARCH WEIGHTS 
NON"PENNSYLVANIAN FORHATION, HETAHORfHIC ANALYSIS, AND STRUCTURAL COMPLEXITY WEIGHTS 
DEPTH AND DIP WEIGHTS 

O,O 
0,0,0 
0,0 
0,0 
0,0. 
0,0 
o, 10,0 
0,0 

:= 
=l= 
=I= 

100 I ___________ 1 ________ .,... __ .:. __ ..,. ________ l,. ___________ 1 ___________ 1--------.=-= 1 ;;:::;-----=-=-= I =-=-=-=----l 10Q 

300 

: : ;:;I= =I= 

D D 

=l 
=l 

=I= 

I 
I= 

=l= 

D [ID (1 -,- =I= -,-
D DD DD:= I= =I= 

l=DIIDDDJD -,- =:= 

=I= 
-,-
=: 
=I 
-, 
=f 

=I 

200 

300 

400 L------. ___ ' =-D-D-D-D-DlD-D-=-=-=-=' =-=-=-=-=-=l=- _________ ' ___________ L __________ L __________ l 400 
I IHDDDDDIDD =I= =I I 

IHHHDDDl=D =I= =I 
I H H H ,H D [1 l = D = l = = l 

H H HD DI• •I~ 
HHHHHI= 

H H H HI= 
HHHHI= I= 
H H H HI= 
fl Ill= 

500 500 
IH H H HIH H H 
IH H H HIH H H H H 

HIH H H H HIH H H H H H 
HIH H H H HIH H H II H H 
HIH H H H HIH H H H -,- H H 
HIH H H H HIH H H =:= H H 
HIH H H H HIH H H =IH H H 

IH II H H HIH H =IH H H 
H H H HIH H ... =Ill H H 

600 ' ___________ 1 ____ l:J_LJ_l::J_H' __ l:.J_=_::." -"" __ 'LJ_l::J ________ ' __ ----------1----------- ' ___________ 1 ___________ ' 600 

H II II HI =Ill 
H II II H =I= 
1--11/HH =l= 

IH H H H 
: H I! H 
I 

700 '------------' _______ . ____ l_ __________ l_ __________ l_ __________ l_ __________ l_ __________ l_ __________ ' 700 

000 060 120 180 240 300 360 420 480 

EXPLAIIATION OF SYH[<OLS 

I II G r E [I C n f\ 1 2 4 7 8 9 * 
', . -------- - __ _/\ ____ --------_ /\ __ -----------/\ __ · ----_ / \ ___ /\ _____ ---- , \_ ------ - -·- -_ _/\_ ·-·---------__ /\ _________ - --_ / 

SLIGHTLY SLIGHTLY 
WORST CASE VERY B/\D UAD BAD GOOD GOOD VERY GOOD BEST CAHE 
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***Nllr,f</,MNSETT BASIN DRILL SITE SELECTION CRITERIA HAP$$$ 

r::fir1nrr1 r·or:: rl!;~ flUREtill or MINES, CONT, tJ0188022, 1978, BY T, H, RIDER, MANAOINO DIRECTOR, NECEF': 
[IEVELOrrn ' [f<!T[[< r,y [, WINN [IAVIS, NECEPI SPECIAL COHPUTER ASSISTANCE FROM J, ANDREW SHITII, 

fllf'J r·RO□ r.:M1 WILi DEPICT THE NAfmAGr-\NSETT BASIN l!SING ALPHANUMERIC CHfiRACTERG TO REPH[SCl:r L')Ef.:Y 
SOUflRE Hf! E WITI/Tt/ rin-: nrir;tN. FACH CHARACTER r-:EF'RLSENTS AN EVl'lLUATION or LANn use AN[I GEOLOGTC,\L 

F'(lf(f\M[TD<S1 AN[, L'iC!l WI~! 1H,RY ACCORDING TO f!-IE EHr·!1t'1STS YOU r·LACE ON fll[ fOLLOWING FACTOr<n. 

[NI ,itJ[I ,')t/rl COflSTliL WEfLAN[IS wr~rrnr:s 0,0 
Jiff!!: MfflTIIM, flNft I ow flFNSfT'( [1C')r:Lnr·11nn WfIGHT:J 
,-r,rslf flN[I ocr- (1U W1'i ft'ri IHWY W[ l fJ: 1 f '.": 

? 0,0,0 
'i' 0 ,0 

JiR □ llNli WA [C.R [iCG[GVE MH1 rnwN wu I wr- rr;irr ., 7 10,0 
7 0, 0 i:w,rACL: HfNiflG AN[! r·r,EVIOU~~ CfJAL 11JtJINri 1',C:TI\JIT'/ WCIGIIT'."J 

urnt LYNG Ar.TIVITY AND rr[Lf! R[G[(',f.:r.11 WEIGHE~ 7 0,0 
f!flN f'CNNSYLVANIAN F'ORHATlflNi HETAMOFWttIC ANALYSIS, ANfl STraJCTURAL COHF'LEXITY WEIGIITS 
llrr·rH ANfl [rIF' WEIGHTS 

7 o,o,o 
? OF',\,F'0\0,0 

JOO 

200 

300 

400 

500 

600 

.060_ 

,- H =l-= B=l=BD-
-A-,- DD =:=A -:-~ G CDG 
[1B-,-A[1[1 := A:-A G-,-CHB 

(1 A [1 ll -- l = [1 F E A -- / = B H - , - F F ('I l = Ei C 
____ --"= _ ==' ;:.·_{'i _:=- _A_ :: .. B' - _ - _{}_ ---1._B' :=_=_=_ --=-=' =.-·=_D_{:LD-E 'C_ - _g_g ____ l ___________ ' 

--:~cA-ABIB =CA-:-= -,- F/flCE 
DHJ.;;. [1 G [(', t,:-... A:::; C DlC 
--,-Af!CH ,- F:= C -, C- Al-

Et AG A [lC/B HD!= --,--
C/ A Hlil [1 IABD A :;s =:-c 
A\CCCDl!IBl= A=I= B-cc:=t= C- -,-CD 

ACi[I [lGG[IJ.;;.[i =l=A -=:- [I -/[IAD 
III-/H.HF[11!1G!(lAA =l= CF C:A B 
IIIGlllllll!IDDH/E [! =:AA::r- -, IIC -,--BB 

___________ • _______ fil_til_E' 111_1_£_:c.._ - _o • - _E _-_:::c_=_-= • - __ -=---=-=' =- - _l:f_E_t_G' a_c_1:1 ______ ' ___________ • 
EHF:mmF HlCE -:= c:GBC F 

[1FF[1/HGE G/-[1A =l=DA El[tHC fl I= 
Af[IC/GGH Clllltl!IE =:HG Cl= 
D II C fl l fl H t G Ill\ Iii H - \ C - - , 

Ill Bl Ill I! [I! Ill Ill F F- ffll II: I II [I A:= - - I 

ll1FlllllGE:DHHFlllillEHAF =:c:. 
a Ga. c:c I Im I IID EB 
H 11!1 II Iii 01111 I Ill Ill II lllF GE A 

:111CGHIIC/EGDHHIIG[1H =i= 

[I =\ 
C G = l 
A F =/ 

-----------' llf_{l_lll_llll_lil_D' fi __ l:f_E_G_ E_H 'III_D_E_=_-=_=' =- _________ ' ___________ ' ___________ ' ___________ ' 
lll lilBIIFt-GHFDGJ[1Cfl -, 
:FOllllill[tl CIIIGOF/=BA =: 
: Ill Ill III Iii Ill ll: [I -:c li E -t = - , 

Iii II Iii Ill Ill IA [1 - ,-

G G Ill It [it= -,-

Iii/II 

A 
H 

I G 

fJIH Cc: 
Al- B 
~:r !IE 

lG GE 

A =l= =l= 

=: = 
=I= 

J. ___________ 1 _ ---= -=- '-_ = l--=-=-"'" -= _-=- l=_:::; ________ _l ___________ J. ___________ J. ___________ .l ___________ J. 
r, 
C 
[I 

F 
. - p • 

JOO 

200 

300 

400 

500 

600 

700 '----------- ' --- --------' ___________ .:. ___________ j_ ___________ ' ----------- '----------- '-----------' 700 
000 060 120 180 240 300 360 420 480 

EXPLANATION OF SYMBOLS 

fl II G C BA 12 3 4 56 7 8 9 * 
\ _____________ ; \ __ _ --- -- --- ___ _/\ _______ _/\ __ _/\ _______ _/\ _________ , ____ _/\ ____________ _/\ ____________ _; 

SLIGHTLY ? SLIGHTLY 
V[RY Il/'l[l fen[, BAD GOOD GOOD VERY GOOD BEST CASE 
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***NARRAGANSETT BASIN DRILL SITC SELECTION CRITERIA HAP*** 

CREATED FOR THE BUREAU OF HINES, CONT, tJ0188022, 1978, BY T, H, RIDER, MANAGING DIRECTOR, NECEPI 
DEVELOPED g EDITED BYE, WINN DAVIS, NECEPI SPECIAL COMPUTER ASSISTANCE FROM J, ANDREW SMITH, 

THIS PROGRAM WILL DEPICT THE NARRAGANSETT BASIN USING ALPHANUMERIC CHARACTERS TO REPRESENT EVERY 
SQUARE HILE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAMETERS, AND EACH WILL VARY ACCORDING TO THE EMPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

INPUT L,E,E,S, AND GEOLOGICAL WEIGHTS! 

INLAND AND COASTAL WETLANDS WEIGHTS 
HIGH, MEDIUM, AND LOW DENSITY DEVELOPMENT WEIGHTS 
f'RESH AND OCEAN WATER DODY WEIGHTS 
GROUND WATER RESERVE AND TOWN WELL WEIGHTS 
$URFACE HINING AND PBEVIOlJ§ COAL HINTNG ACTIVITY WEIGHTS 
DRILLJNG ACTIVITY AND FIELD RESEARCH WEIGHTS 
NON-PENNSYLVANIAN FORMATION, METAMORPHIC ANALYSIS, AND STRUCTURAL COMPLEXITY WEIGHTS 
DEF'TH AND !•IP WEIGHTS 

0,0 
o,o,o 
o,o 
o,o 
0, 10 
0,0 
o,o,o 
0,0 

opo _________ o1,0 _________ 120 _________ 1so _________ 2~0---------300 _________ 31,a __ ~------~20---------~ao 
I l : I : I l I : 

I 

l= 
100 1 ___________ , ___________ 1 ___________ 1 ___________ 1 ___________ •--------=-='= ----=-=-=1=-=-=-=----' 100 

l I =l= =I= I 

=I= 
=:= 
=l= 
=l= 

=l= 
=I= 
=:= 
=l= 
=l= 
=l= 
=/= 

I =!*=* *I=**= =I= =I= =I= 
200 1 ____________ ' ----,-,----=-= '*-*-=-==-=-=l•-=-=-=-=-=l=.,.=-=-=-=-=' F ·=-=-=-=-=l=-=-=-=----1-----------' 200 

=I= =I= =I= =I= =I= I I 

=I= 
=I= 

=I= 

=I= 
=l= 

=I= 
::;I= 
=I= 
=I= 

=I= 
=l= 

=I* =/= =/= 
*I= =/= =I• =/= =I= 
=l= =!= =I= =l= =I= 

I *I= =/= =I= =I= =/= 
300 ' ___________ '------=-=-=l=-=-=-=-~-=l=-=-=-=-=-=l=-=-=-=-=-=' =-=-=-=-=--l=-=-=------' -----------' 300 

I : =I= =I= =:= =:= =I= I : 
I =I= =l= =I:::: =I= 
I =I= =I= =I= =I 

* 
* 

=l 
=I 
=I 

/=* =I= =I= =I= I I I 
400 1-----------1=-=-=-=-=-= ! = - -=-=-=-=l=-=-=-=-=-=l= __________ L __________ ' ___________ l_ __________ ' 400 

I=* =I= =I= =I I I 
I= 
l= r 
: 

=l= 
=I= 
=I= 

=I= * I= 
=I= 

=I 
=I 

I =/= =I= I I 
500 l-----------l=-=-=-=-=-=l=-=-=-=-=-='=-= ________ 1 ___________ 1 ___________ 1 ___________ 1 ___________ 1 500 

I= =I= ,:= I I 
I= =I= *I= 

=I= 
=I= 
=:= 
=I= 
=I= 

=l= 
=l= 

* =I= 
=I= 
=/= 
=:= 
=I= 

I= =l= =I= 
: : =/= =I= I 

600 • -----------1----=-=-=-= '--=-=-=-=-=' =-=--------' ___________ l_ __________ '----------- '-----------' 600 

l= 
I= 

:- =l =!= l 
=:= 
=I= 

l I 
700 1 ___________ , ___________ • ___________ 1 ___________ 1 ___________ , ___________ 1 ___________ , ___________ , 700 

000 060 120 180 240 300 360 420 480 

EXPLANATION OF SYMBOLS 

I HG FED C BA 1 2 3 4 5 6 7 8 9 * \ ____________ _/\ ____________ _/\ _____________ /\ _______ _/\ __ _;, _______ _;, ____________ _/\ _____________ /\ ____________ _; 

SLIGHTLY ? SLIGHTLY 
WORST CASE VERY BAD BAD BAD GOOD GOOD VERY GOOD BEST CASE 
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***NARRAGANStTr BASIN DRILL SITE SELECTION ~;rnn::r.:1,-; Mr'1f'*** 

CREATED FOR nu::: [IUREAU or MINES, CONT. t.10188022, 1978, [lY T, II, RIDD~, MRNAG[NG [IIRECTOR, NECEP~ 
fJCVEUWED & EDITE[I BYE, WINN DAVIS, NEccr,; SPECIAL COMPUTER ASSISTANCE Ff.:OM J, ANDREW SMITH, 

THIS Pr.:orm:iM WILL DEPICT THE NARRAGANSETT BASIN USING ALPHANUMERIC CHtil::ACTERS TO REf'RESCNT EVERY 
SOll/'tRE HILE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AN(1 OEOLOGICAL 

F'ARAHE(ERS, AND EACII WILL VARY ACCORDING TO HIE CHPHIISIS YOU PLACE ON THE FOLLOWING FACTOr~s. 

INF'UT L,l:,E,S, AND GEOLOGICAL WEIGHTS: 

J /!I ,'1NI1 (lNf! CfMSTAI. W[Tlf'tNns WEIBlllS 
t!lCfl, tilfllUM, {\N[l lOW PPiBifY DEVELOl'MENf W[[Gl/fS 
1·r::n111 liN[t lJLr-l'lN Will[.',; BO[l'f WE!UI-IHl 
Cf,:iit!t!\! l-ll'lffTs R[G[RV[ MHI TOWN WfLL LJEIGIITS 
:3lf/ff1'.t:r Mr~!fND AND /T\C\.IIUUS COAL MiNING tiCTI\/IfY WCIGHfS 
,·rrdLL!t!D l'tf~fIVITY MW rn:::t [I RFr:r(')l{CI! wrtCHTG 
;,t(JN r-nnJS)'LV(J/II('iN rnr-:Ml'ITION, MEr/'\/IOf~r·111c f1NALYGIS1 MUI SH:IJCrt!RAL COHPLEXIfY WCIGHrs 
,,rr·rll Mlfl [IJf· ~J[IGHTS 

100 ' . ,. ____ --·------ 1 -----· 

200 

"'" =: == 
--=: = 

-=- -'l= 
;cc:;;;;: 

=I= 

0,0 
0,0, 10 
0,0 
0,0 
o,o 
0,0 
0,0,0 
o,o 

I= A -1-

..::; / = 
::::,:::.; 

- -: = 
~ I 

: :c::c\c:.. -,- =\= =:- =!= 

100 

200 

300 '------------' ______ =_:c::;_..:::' ..:::_;..·_--=_..,_-_·- '..,_;o; -·-=-=_.:..._=l=_.:_=_·=-'=-=' =_=_.=_;;;_=_=l=-=_:c. ______ ' ___________ 1 300 

400 

500 
: = 
/ = ;;. 

=: 
-=\= 
=I= 
=/= 
=: 

A 

I I - , - = 1- I 

F 

400 

500 

600 I----------- 1 ----=-=_:::_=:I __ :::_:::_::_:::_:: I Q_= ________ 1 ___________ I -----------1----------• 1 -----------1 600 
-I= I I 

B =/= 

l : 
700 I----------- I ___________ 1 ___________ 1 ___________ 1 ___________ 1 ___________ 1 ___________ 1 ___________ 1 700 

000 060 120 180 240 300 360 420 480 

EXPLANATION OF SYHBOLS 
- - - - = - - - = - - - - - - - - - -- --= = = = -- r::= = = = - - -= - - = - - - == = ===== = ===== ========= == = == === ====7======= --== ==- - --= ==--======= ====--------= ---=---- - - --

1 HG FE DCDA 123456789* , __ -----------/ '------------_ / '-------_____ _; \ ___ ---__ /, _ -_ /\ ________ 1, __ ---_______ _/ \_ ----------_ _/\ ___ ---------_ / 
SLIGHTLY ? SLIOflTL Y 

WORST CAGE VERY [<AD BAD BAD GOOD DODD VERY GOOD BEST CASE 
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~**Nt~RRAGANSElT f-tASIN tlRILL SllE: SELECTION CRITERIA MAP*** 

CREATE:n FOR THE [1Ur,:£~U or MINES, CONT. t-J0188022t 1978, £1'( T, 11, RIDER, MANAGING lllr.:ECTQR, NECEr; 
[IEVELOJ"'ED & [[l!TED r<Y E, WINN DAVIS, N[CCP; SPECIAL COMPUTER ASGISlANCE FROM J, ANDREW SMITH, 

THIS PP.ODRAM WILL !l[f'lCT TIIE NARRAGANGElT BASIN lJSil~G (1U·'HANUMERIC Cll(lRACTLRS TO REPRESENT EVERY 
SQUARE MILE WITHIN nu; (<ASIN, EACH Cl!AllACTER r-EPRE'1rnTS AN EUfiLUATJON or LAND USE AND GEOLOIJJCAL 

F'ARAHETERS, Aij[I EACH WILL VARY (ICCOl<!<HIG TO THE EIWIIASIS YOU Pl ACE IJN lHE rllLLOWING FAClORS, 

INPUT L,E,E,S, AN!I GEOLOGICt'iL WEIGIITS! 

TNLAN!< AND COASTAL WHLANUS WEIGIITS ? QyQ 

~, H[[IJUM, f'\N[I LmJ I1DrnlTY IIEVELOF'ti[NT WEIGi-iTS 
fT..!fSH AN[t OCEAN WA.Ttr,; DDPY W[IGIHt3 

? 10,0,0 
? 0,0 

(m□uNn WATfR f~ESERVE ANIJ lOWN WELL VJEIGHH/ ? 0,0 
nur.:rACf: MINI HO Atm :-·r\EVIOUfJ cpfil HltHNG ACl 1 VITY WEIGHlS 
DRILLING ACT;VITY AND flfLD r,ESE6RCII WCIGHTS 

1 010 
'i' o,o 

NClN-f'E~-lNSYLVANI(\N FORHOTION, MET liHORr'flIC tiNAL YSIS, AN[I s11,UCTURAL COMF'LEXITY WEIGHTS 
D[f'Tl1 MW !• !F' WE I GHTS 

o,o,o 
? 0,0 

100 

300 

400 

500 

600 

[I 

A 
= :-- A C 

-IG A Cl 

• D • G G I 
: [I "" B C D 

A 
- A A 

G:G 
llG 
[J:A 
EIG 
CIA 
AIA 

C 
B F I A 
- B -

A 

=IBA - B 
=IA -
-IC - C -
=IA - A 

I B B A 
•IA 

r A ,- -,-
G ti A-:- A =1-= 
F Al - A 11 n C A n ,- =l= 
H DtD ti r,1: -:BF -, ·-,-
E FlG AB AlEFABA A -B-1= 
F It: H G C - I - = l G H A Ii = l = A [ G - I -

' . .... __ ---------··•·- . .l::Ll:L ■..: 1_G_;:..;_,=,_s_"'l=-'=..:.= -=- - _ - 'c_H_c_B_n_A .:..=-=-=_o_n_ - ' -=-=-=------ ' ___________ .:., 
HHH!IG B:11 A Al= A ,-

■ H I G: II E = :-• 
I ■ I G:G G 
I I I G:H E 

I I ■ H 011 C 
HIIGD: ■ EH 
DGH ■ C/G[lfl 

-t-

II 11 I H {1 l F B A A - =: = - A: A 
l C G G H F [1 : E F f'l B: ·- C D : -

A =1 

1---.-------- !.Q_G_G_G_l:l_[ll0 l:L [l_(::: __ i=c_;c;,li'¼_I:l_..::_.=_C .Ol;:;. __________ 1 ___________ ' __ , ____ ._ ____ l ___________ ' 

lEFFGIDl-L[!Efl -[~BC[Hl : 
:r1 F E G F n::c: - r~ F F c:o.. [I r C r 11: 
IHEBCFFIA Ec1,0 ABCI 

EHGFEIC BAIA=A-E 
GEEDFIA -FAI· G 

A B-·,-·-B ■ 

[1 - ""t:::.. • - " 
A A 

1------·--·--- '= _c_=-=-C-=' =-"'-'"'- ·.:_:_- --· '(i_(; ___ ·-·---1---------·-- '-----·------ '------·-----' -----------' 
:[1DBCC-,-·- BlC- : : 
:AGEfiA-,- [dB 

C ll C A:· . 
.. /AAAA -,- nn: 
= l A (1 D A A I·-

[{ C A 
riA := n A:=- A 
n A r- n 

0 ,- CG B _o_._ •. __ ._c_o_n_-••-· . . . ·------..L----- _____ _, .... ___________ .... _ 
D A F G C 
r, E [I =:--

f1 (l J'J I 

100 

200 

300 

400 

500 

600 

700 
000 

l 700 
JCO 180 300 420 

[XF'LAN(l 1 ION OF S'tMBOLS r-

■ II C fl ~~ 1 2 3 4 5 6 7 0 9 * 
_/\ ·--- , ____ ./\ -.-_/\ ________ /\ __ . ___________ /\ _________ ·----- /\ _______________ / 

St.I GHTL Y SL IGIITL Y 
f/Afl GOOD GOOD VERY GOOD BEGT CASE 
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nt1:1\R1M0ANGETT MSIN DRILL SIT[ SC:Lr.CTI0N CRITERIA HAPO1< 

CREATED roR THE BUREAU OF HINES, CONT, tJCll9022, 1'71, IIY T, H, RIDER, HANA0IN0 DIRECTOR, NECEPI 
l•EVCL0?E(1 & EDITED DY E, WINN DAVIS, NEC[PI Sf'CCIAL C0lll'UTEA ASSISTANCE FRON J, ANDREW SHITH, 

THIS PROGRAH WILL DEPICT THE NARRAGANSETT BASIN USING l!Lf'HANUM:RIC CHARACTERS TO REPRESENT EVERY 
SQUARE HILE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND 0E0LO0!CAL 

PARAMETERS, AND EACH WILL V/IRY ACCORD I NO TO THE EHP'HASIS YOU PLACE ON THE F'0LLOIIIN0 FACTORS, 

INPUT L,E,E,S, AND 0EOL00ICAL IIEI0HTSI 

lNLANV AND S0ASTAL WETLANDS WEIGHTS 
1":IGlf, HED!UH, AND LOW DENSITY bEVEL0PHENT WEIGHTS 
FRf:SH ANP 0CtMI WATER BODY WEIGHTS 
GROUND WATER RESEnVE AND TOWN I/ELL WEIGHTS 
GunrACE HINING AND PREVIOUS COAL HINING ACTIVITY WEIGHTS 
DRILLINO ACTIVITY AND FIELD RESEARCH WEIGHTS 
N0N•"PSNNSYLVANIAN FORHATION, HCTAHORPHIC ANALYSIS, AND STRUCTURAL COMPLEXITY WEIGHTS 
l.lil:lli ~ND I! r r WE !GllTS 

? o,o 
? 0,0,0 
7 0,0 
? 0,0 
7 0,0 
? 0,0 
7 o,o,o 
7 10,0 

ooo _________ ow _________ 120 _________ 1ao _________ 24o _________ Joo _________ Joo _________ j2Q _________ ~ao 

I 
I 
I 
I 
I 

I I= =I= 
I 00 • ___________ l __________ -l-- _____ - ___ l ___________ l_ __________ l ________ = __ • = _____ =-= -=. --= _ =-= __ __ l 1 00 

=l= 

I= 
1 ii 
=I= 

I =11 I 2=1=5 =I= =I• ==I= 
:?00 1-----------' --------°'--""' c:_i _=-=-=-=' 1_=_::::_1_ - -=l=-=-=-='-=-=' ""-=_e:::_:::::i_=_ = '=-=-=-=----1-----------' 200 

=I= =I= 2 =I= -,-
=I-= ..::/..: -=/= ...:l= -=:""' 
=I= =l= ..::\= =I= =I= 

11= 
300 ..:.. ___________ ..:.. ______ =_=·- -~l =-=· =-=-=-:::.l=-=-=--:;; _ =-= l=-2::_=_:i_s_'=l<=-=-=-=_;;_=J.3_=_=: ______ J. ___________ l JOO 

=I 

=I= =I• 
:~ -,- =I= =I= I 

400 J._ ----------l=-1-=-=-:i-=l=-=-ri-=- - _s:1=-=-•-• .... ·--iiilil----------J. ___________ J. _________ ,.._,.l ___________ l 400 
I "I= 1 =I= =I= = A =I I I I I 

I= =I= =I= ==I I I 
I= ""I= =I= 2•::f=I I I 

=I= =I= 2 • I I I 
=I= =I=• I I 
=I= =I= I I 
=I= I= I I 
=I= I= I I 
=I= • =I= I I I 

'500 .1, __ .._ ________ l:c_s_=-•-=- -=J s . .:_s_E-=t-=l=-=--------l----------.... 1-----------.1-----------l-----------l 500 

=I= 
=f= 

•I• • • •I• • • =I= 
=I=~~~~ ~1• ••=••I• 
=l~ ••I=•••• :I£• 2 

I• =I• = =I• 
I •I•= =•I= 

600 1-----------l----■-■-•-aJ. __ - -il-11-ii-ii.L ■-■--------.L ... ---------... J: ___________ ,L ________ .., __ .t ___________ l 600 
I •I •I• I I I I I 
I I ,. .. ,. I f I I 
l I • I • •I• I I I 
I• • • • I t I I I 
I• I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 

: I I I I I . I I 
700 l----- ______ 1 _________ --l-__________ 1 ___________ l- ____ ------1--. --------l------ _ ----l -----------1 700 

000 -060 120 110 240 HI :s,o 420 480 

IXPL .. JHII ,,, ........... 

··••=•<s=i1::1=••"'•11t:•-=••······ .. ••••••••• .. ·-············-···· --····-········· .. ••••• ... ·••==2============== 

11011ST CAIi[ 111411 114EIIY Ille■ HST Cl!SE 



***IMRRAGANSETT BASIN DR iLL 911 fE SEL£Cl ION CRl TERI A th\f'*** 

CRJ:ATE[1 FOR THE BUREAU OF IHNES, CONT, tJ01880~2, 1978, BY T, H, RIDER, MANAGING DIRECTOR, NECEP, 
UEVELOPED & EDITED BY E• WfNN DAVIS, NECEPI SPECIAL COMPUTER ASSISTANCE FROM J, ANDREW SMITH, 

nns PROGRAM WILL DEPICT rnE NARRAGANSETT BASIN USING ALPHANUMERIC CHARACTERS TO REPRESENT EVERY 
SGUARE Hill; WHHIN THE llASIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAMHERS, AND EACH WILL VARY ACCORD!llr, TO THE EHPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

INPUT L,E,E,S, AND GEOLOGICAL WE!GHTSI 

INLAND AND COASTAL WETLANDS WEIGHTS 
HIGH, MEDIUM, AIID LOW DENSITY DEVELOPMENT WEIGHTS 
FRESH AND OCEAN WATER BODY WEIGHTS 
GROUND W/\ TER RESERVE AND TOWN WELL WEIGHTS 
!,URFACE HIN ING AND .PREVIOUS COAL MINING ACTIVITY WEIGHTS 
DRILi.ING ACTIVITY AND FIELD 6E§EARCH Wj;:IGHTS 
NON-PJ;NNSYLVANIAN FORHATION, METAMORPHIC ANALYSIS, AND STRUCTURAL CONPLEXITY WEIGHTS 
DEPTH AND [1 IP WEIGHTS 

1 0,0 
? 0,0,0 
? O,O 
1 O,O 
1 0,0 
1 O, 10 
? O,O,O 
? 0,0 

=Ii::: 
=l= 

: ::::: ::::l= 
100 f ; ; . f f f = : :i: ; : : ; = = = = ; 

I =:;:::: =l 

5 2 =I= 
15 =I= =l= 

Al *IS -,- 2 = =I= =l= 
A Al * = *I* * = =l= * = =I= =I= 

AAAl*=* *I==== =l= =l= 5=1= 

100 

200 l, ___ .,._.,.. ___ ,_~.l .......... ---.--ll.,..tll:; ... i ... ;;_,::-...,E ... *.1.*-5-5 ... i_;;a_El2-=-=-=-=-=.l= ... =-=-=-=-5ls ... E: ... :.: ... a ............ l ...... ---------l 200 
I =l=** =l= =l= *=l= =f= : l 

=I= 
::::/= =I= 

=I= D =l= =I= =l= =\= 
=ID DD =I= =I= * =l= 
l*DA**=I= =l= =l= 

*I= A A =l* =l* =l= 
=\=, =I= * =12 2 2 =l= =I= 

I : *l""= =!==* *=l=22 =:= =l= l 
30() l ___________ l, ______ =-= ... :=l= ... =-= ... :: ... = ... =l=-=-=-=-=-=l= ... =-=-=-=-=l= ... =-=-=-=-=l= ... =-=------l-----------l 300 

*l==AAA=l=AAA==IA== =I= =l= 
=l=*AAAMA A2=1A =l= =I= 
=l= A A =l= =I= =I= =l 
=l= 2 =I= =12 21 * =I 

* * * *I= =I= 2 = =IA A =I =l 
** =IA* =l= AIA =l =I 
t =I= =I= A!=2 A 

=12 =l= A Al= 
I=* -,- 21==AAAAI= I 

400 '-----------1=-*-=-=-=--, '=-=-=-=-=-=lll-=-L{l_ll_=l= __________ 1_ __________ 1 ___________ 1 ___________ l 400 
\ \= =I= =I= A A =l l I l I 

I= =I= =l=A =l l 
:= =I= 

=l= t 

:=:= =\= 

=I 
I 

509 ,.1. ____ ..,. ______ 1 =-=-=-=-=-=l=-=-=-=-=..,.=l=-=--------1-----------1----------- 1 ___________ 1 ___________ .1 500 
I= =/;::: = *I= l I I l 
I= =I= * *l= 

=I~ =I= * =l= 

=l 

* 
* 

=:= 
* =I= 
* =l= 

l= 

600 

100 ! ___________ : _________ ... _l ___________ .1. ___________ 1 ______ .,. ____ 1, ___________ 1 ___________ 1 ___________ 1 100 

000' 060 120 H)O 240 300 360 420 480 

EXPLANATION OF SYHBOLS 
=;:=========::-::=:;,========::-::======= ,=c=====;;::=====::======================i::::=============================:==-=====---====----------... - ...... ---=---

I Jj G FED CB A 123456789* , ___ ----- ___ /\ _____________ /\ _____________ ;, ________ /\ ___ /\ ________ /\ _____________ /\ _____________ /\ _____________ / 
SLlGHTL Y 1 !JLfGHTL Y 

BAD 
3 

GOOD 
-31 -

WORST CASE VERY BAD BAD GOOD VERY GOOD BEST CASE 



***NARRAGANSETT BASIN DRILL SITE SELECTION CRITERIA HAP*** 

CREATED FOR THE BUREAU OF HINES, CONT, tJ01BB022, 1978, BY T, H, RIDER, HANAGING DIRECTOR, NECEPI 
DEVELOPED l EDITED BYE, WINN DAVIS, NECEPI SPECIAL COHPUTER ASSISTANCE FROH J, ANDREW SHITH, 

THIS PROGRAH WILL DEPICT THE NARRAGANSETT BASIN USING ALPHANUHERIC CHARACTERS TO REPRESENT EVERY 
SQUARE HILE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAMETERS, AND EACH WILL VARY ACCORDING TO THE EMPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

INPUT L,E,E,S, AND GEOLOGICAL WEIGHTS! 

l!il.£IWI AND COASTAL WETLANDS WEIGHTS ? 10,0 
1 o,o,o 
1 0,0 

HIGH, HEDIUH, AND LOW DENSITY DEVELOPMENT WEIGHTS 
FRESH AND OCEAN WATER BODY WEIGHTS 
GROUND WATER RESERVE AND TOWN WELL WEIGHTS 
SURFACE MINING AND PREVIOUS COAL MINING ACTIVITY WEIGHTS 
DRILLING ACTIVITY AND FIELD RESEARCH WEIGHTS 
NON-PENNSYLVANIAN FORMATION, METAMORPHIC ANALYSIS, AND STRUCTURAL COMPLEXITY WEIGHTS 
DEPTH AND DIP WEIGHTS 

1 O,O 
? o,o 
? O,O 
1 o,o,o 
? o,o 

OQQ _________ Q6Q _________ 120 _________ 1aa _________ 2Ao _________ 300 _________ 36Q _________ A2o _________ ABO 

100 

I I I 

I= B A 

I 
B Bl= 
- Bl= 

E 
- - C 

=I 
I 

=l -:=-A= BIA- BIA -A 
Cl BA =I= -1-A -1--ABAAID 
Al= -A Al=- =IABAA--:AAA-AAIGA 

100 

200 ' ___________ 1 ________ - _-.1=-=-=---=-- • ,L--=-=-B-=l-_B_C_B_-_{ll--~----_-_a10_=_0_a ____ 1 ___________ 1 200 
I -1- -1£1A-AA-lAFIHBFI- ---!BAB 

=:= A Bl B - B AIB OB FF Fl= A A Al- A E G 
=I -C-IACA-AAIEF BA-IA- AABIA.BCD 
-I= --CAIAAA-AAI-B-BC-1-A DICBA 
=IA AICA-ACAl=A-BA=IAA DIFA-

--1= ADIDABC-AI-AF -1--A-BBIBAA 
=I ---BAIBEDAB=IB A =I-AAA AI-

A=I- CBIABADDAI- -IA B--=1-AA 
I -,---BABICB AADI= -1--A- =l=B 

300 1_ __________ 1_ _____ -_=_=' =-=-B-B-B-ele_c_-_-_/L-' --=---=----1----"-----=l -_e_c ______ ' ___________ 1 300 
I =I= - - AB -I A - A A AB - Al- A A D =ID I I 

=I= -B--1-DA---·IA-BA Al=A-AAAIA 
=I= BB A:AB-AAAl-ABB-AI= B--BI 
=I=- AAIBA-B -:A A A C 
=I= B ABlAA-BA-IA--ABEI -A 
=:= B:=FAD =l=BAACIII =l 

A =l=A A-l=AAA rll-­
=1- A A A A Al- A A A - =I= 

:c =l:::A -B=IA --1= 
400 l ___________ l=-=-----=-= 1 - -=-=-=-=--' --=-=-=-=-=' = __________ 1 ___________ ' ___________ 1 ___________ 1 400 

I -,- -1-= =I I 
J:::. 
:= 
I 

=IA 

I= 
-I= 

- ' -
=l = 

I I A =I= =I= 

=l 

500 l ___________ l=-=---~-=-=l--==-=-=-=-=.' =-=-------- • ___________ 1 ___________ 1 ___________ 1 _____ ~------ • 500 
IA-A =I= =I= I 
:[1 

=ID B 
-IB B 

= I= A 
= I= - D 
=/= 

AIA =I= -I= 
-IA A Al- =l-
=1- A A -I= -1-

IA AD - =I- -I= 

A 

I A -I= =I= A I 
600 L __________ ' --------=-=L-=-=-=-·=-=' =-=-_______ 1_ __________ ' -----------L-----~---L __________ ' 600 

I = I I 
I 

=I= 

I= 

I 
I I I I 

700 1 ___________ 1 ___________ 1 ___ , _______ 1 ___________ 1 ___________ 1 ___________ 1 ___________ 1 __________ .l 700 
000 060 120 180 240 300 360 420 480 

EXPLANATION OF SYMBOLS 

■ HOFE CBA 2345678 * , ____________ _/ , _____________ / , ____________ _;, ________ /\ __ _/\ __ - - - _ /\ ____________ _/\ ____________ _/\ ____________ _/ 

SLIGHTLY 1 SLIGHTLY 
WORST CASE VERY BAD BAD BAD GOOD GOOD VERY Gt BEST CASE 
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***NARRAGANSETT BAG!N Dr<!LL Sl rE. ,: 

CREATl;D FOR THE BUREAU or HINES, CONT, tJ0188022, 1?78, DY T, 11. ~•ER, MANAGING DIRECTOR, NECEPl 
DEVELOPED • ~DITED BY E, WINN PAVIS, NECEPl SPECIAL COMPUTER ASSISTANCE Ff<OM ,1. "llF.W SHITH, 

THIS PROGRAM WILL DEPICT TH~ "' -,~AGANSETT BASIN USING ALf'HANUHErHC CHARACTERS TD REPRESENT EVCRf 
SQUARE HILE WITHIN THE MSIN, EACH CHARACTER f<L RESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAMETERS, AND EACH WILL VARY ACCORDING TO THE EMPHASIS YOIJ ·t.ACE ON THE FOLLOWING FACTORS, 

INPUT L,E,E,S, AND GEOLOGICAL WEIGHTS: 

INLt'ltHt Mm CDASIOI WEILotms WEIGHTfi 
HIGII, MEDIUM, ~ND I-OW pENSlTY DEVELOPMENT WEIGHTS 
FRESli /\ND OCCMl WATER DODY WEIGHTS 
GROUND WATEc RtSERVE AND TOWN WELL WEIGHTS 
!IURPACE HI~ING AND PREVIOUG COAL MINING ACTIVITY WEIGIITS 
DRILLING ACTIVITY AND F1CLD RESEARCH ~EIGHTS 
NONaF'ENN!,YLVAtllAN FORMATION, HETAHORPIIIC ANALYSIS, !\ND STRUCTURAL COMPLEXITY WEIGIITS 
pEPTH AND DlP WElGHTS 

'f 0,10 
? 0,0,0 
1 o,o 
? 0,0 
1 O,•: 
·1 0,0 
? O,O,O 
? o,o 

I 
-IF A = 
=I- F -

I I= =l=BB 

100 +-----------l-----------l-----------l-----------1-----------l--------=-=•=-----=-=-=l=-=--------' 100 
I I I I I l =I= =I= = - A I 

I' 
: 

=l= 
=I= 
=I= 
=:::. 
=l= 
=I= 
=l= 
=l= 

=I= = = 
=:= = = 

=I= 

=I= 
=l= 
=l= 

=l= 

=f= 

=l= 
=l:= 
=I= 
=l 

=I 

=:= 
=l= 
=l= 
-,-
=:= 
=:= 
=l= 

- ,-
= I= 
=l= 
=l= 

=l= 
=l= 
=l 

=I 
=l 

,- -,- A A =I= -,- I I I 

200 

400 l----....... -----1=-= s = .=, = • =-=---=-la-=l=-=-=- - -=-=' =----------' ___________ 1 ___________ 1 ___________ 1 400 
I I= =I= =I= =I : I I I 

I= =I= -=I= =I I I 
I= =I= -I= =I I 

=I= =I= I 
=I= 
=l= 

=I= 
=I= 

I =I= I= 
I -=I=- I= 
I I =I=- =I= 

500 L_ ---------1~-=-=-=-=-= • =_-_Q_= = =l--= ________ l_ __________ 1 ___________ ' ___________ l_ __________ l 500 

I I= =I= =l= I I I I : 
I= 

=I= 
=I= 
=l= 
=l= 
=l= 

l= 
I 

=I= 

=l= 
=l= 
=l= 

=I= 

=I= = = 

400 1-----------'----=-=-=-s! ....... = ... =-=-=-=l=-=--------•-----------1-----------1-----------'-----------1 600 
I =I = I= I I I I 
I l =l= I I 
I =l= 

A 
I= B A 

I 
I I I 700 1 ___________ ' ___________ 1 ___________ l_ __________ l_ __________ l_ __________ l_ __________ 1 ___________ ' 700 

000 060 120 180 240 300 360 420 480 

EXPLANATION OF SYMBOLS 

I H G r E C [< A 1 2 3 4 5 6 7 8 9 * , _____________ ;, ____________ _/\ _____________ /\ ________ /\ ___ 1, _______ _1, ____________ _/\ _____________ /\ ____________ _/ 

SLlGHTL Y ? SLIGHTLY 
WORST CASE VERY BAD BAD BAD GOOD GOOD VERY GOOD BEST CASE 
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:f.**IMRRAGA1'3ETT BASIU [IRILL :JITE !3Ei_ECTIGU CRITERIA HAP*** 

CHEATED FOR THE BUREAU OF HINES, CONT, tJ0180022, 1978, BY T, H, RIDER, MANAGING DIRECTOR, NECEPI 
DCVELOPED & EDITED BY E, WINN llAVIS, NECEPI SPECIAL COMPUTER ASSISTANCE FROM J, ANDREW SMITH, 

THIS PROGRAM WILL DEPICT THE NARRAGANSETT BASIN USING ALPHANUMERIC CIIARACTERS TO REPRESENT EVERY 
SQUARE HILE WITHIN THE BASIN, EACH CHARACTER REPRESENTS AN EVALUATION OF LAND USE AND GEOLOGICAL 

PARAMETERS, AND EACH WILL VARY ACCORD!Nll TO THE EHPHASIS YOU PLACE ON THE FOLLOWING FACTORS, 

INPUT L,E,E,S, AND GEOLOGICAL WEIGHTSI 

INLAND AND COAS · 10,10 
10,10,10 
10,10 
10,10 

HIGH, M 

c;UR[f\CE ACTIVITY WEIGHTS 10, 10\01 \0 
o,o 'of<ILLING ACTIVITY AND FIELD RESEARCH WEIGHTS 

tWN ·f•ENNSYLVANIAN FORMATION, HETAHORPHIC ANALYSIS, AND STRUCTURAL COMPLEXITY WEIGHTS 
ftEF'TH f1N[1 [!Jf' WEIGHTS 

o,o,o 
0,0 

100 

200 

100 

500 

600 

___ 120 _________ 1ao _________ 2tao _________ Joo _________ 360 _________ .420 _________ 4ao 

F ■ lH I I 
r,co:c ■■ 

!fl PBBIDEII 
1 ___________ 1 ___________ 1 ___________ 1 ___________ 1 __________ , ________ G_D'E _____ B_C_OlA_B_E_U ____ l 100 

' . ._ ___________ ...._ __ 

ECD:E F[1Al C[I 
CDClH BllED: 

■ H:G [ICE:CCEEE 
DI IIH CF II D Bl[t C D [I ..-~ 

GGBH/CADfl -:f E[tDE 
:HD 1i1[1[1Ff-lHDE1HCC!EG ■ CE 

A I ll [I A:~; C G G [1 l D G C A £,; Fl [I D C - ■ [I: E I ■ I 
[1: ACIIF[t:A ■ Gr A:BDD-[lElDG[IEIBlFGl(j 
[l/B H CG ■ r:f~ II OH D [C:C CH II JI n:c DC I /-I ElH H ll H 

__ a_,1u.E.n_c_o_o1n £_c_c_~_o11_o_c_c_c_c1c_o_c_c_1_a1u_o_a_1 ____ 1 ___________ ; 200 
t A!- ~Ir D F FIFA H Ii E A:B F ■ H C OlD E OD n ■:■ G ■ l : 
I 11: fl ■ [I I r,:u J;i F C E Et[l u [I II G r:c H r, H FlE Ar G 
CC! G ■■ I AIC [IE Cr ■ :t FA ■ F o:c EB AB DlB C .[IF 
F III l ft C [I H II O: C r [I A lt E: 0 D C E II E: r, ti D l C C C 
G [: C E E I ■ El [ L , B II C: I G II [I H [1: C A fC D: a· E A 
G r:F F H II II lllF l CC n:c F II EC A:fl AFC B c:D E F 
II 11111 CF II II lllD ■ II BC C:E II B [i c...:[( [l fl fl DIE [1 F 
II II: !I II I ll II I l O E E L E D l F ll C C A Al C B G >I Li r: C B [1 

I ■ ll WIN II II ■:■ [I li [1 A Elli II C f:I A A:U BI I H =I= G [I I 
.- l------L■ .1111 B .. I.C.D. ■lC.I.B.,LB.D.IE.I_D_E.E.Blc.B.■-■-■- ■lD.L■------L __________ l 300 

■ Ill ■ IBA B IIE ~I B DB ElD CCC A Gl ■ D G C ■ B:D 
II I. ■ :a II. B - ■ :c HD A [tlll GE BA H:D II F CG DU\ 
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