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2.5  GEOLOGY, SEISMOLOGY, AND GEOTECHNICAL ENGINEERING 
 
 
2.5.1  BASIC GEOLOGIC AND SEISMIC INFORMATION 
 
 
2.5.1.1  Regional Geology 
 
 
2.5.1.1.1  Physiography and Geomorphology 
 
The site is located (Figure 2.5-1) in the Valley and Ridge Physiographic Province which is 
bordered on the southeast by the Reading Prong and on the northwest by the Appalachian 
Plateau Physiographic Province (Figure 2.5-2). 
 
The Valley and Ridge Province is characterized by folded Paleozoic sedimentary rocks of 
varying erosional resistance.  These strata form a series of level ridges and intervening valleys 
which trend generally northeast to southwest.  Higher ridges are formed on the more resistant, 
inclined sandstone whereas lower ridges are underlain by other competent formations.  The 
valleys occur in less resistant limestone and shale. 
 
The Valley and Ridge Province attains a maximum width of about 80 miles along a line drawn 
northwest through Harrisburg, Pennsylvania.  In Pennsylvania, folds generally plunge away from 
this line to the northeast and to the southwest. Because of the folding, resistant strata form 
broad, zig-zag outcrop patterns across the province.  These strata form steep slopes, that flank 
anticlinal valleys, and canoe-shaped synclinal valleys.  Lithology and structure control the 
drainage pattern, the principal direction of which is to the southeast. Major drainage generally 
follows the strike of less competent strata and crosses the strike at water gaps where transverse 
structures, such as a high concentration of fractures, exist.  Minor drainage trends normal to the 
regional strike or along major fracture sets, and usually intersects major streams at right angles 
to form a trellis pattern. 
 
The Great Valley Section, in the southeastern third of the province, consists of broad, rolling 
valleys of low relief formed in Paleozoic soft limestones and calcareous shales.  To the 
southeast, the Reading Prong exposes the oldest rocks (Precambrian) within 50 miles of the 
site (Figures 2.5-2 and 2.5-3).  In general, the Reading Prong consists of high grade 
metasedimentary and metavolcanic rocks along with dominantly acidic plutonic rocks.  These 
rocks experienced deformation commencing with the Grevillian orogeny about 1 billion years 
ago which imparted the dominant structural fabric, i.e., foliations, lineations and polyphase folds, 
present today.  Succeeding tectonism during the Paleozoic and Mesozoic eras, and possibly 
even more recently, have also affected these rocks.  According to Drake (Ref. 2.5-1) the rocks 
of the Reading Prong are allochthonous.  The Triassic Lowlands of the Piedmont Province lie to 
the east and southeast of the Reading Prong, and contain the youngest rocks in eastern 
Pennsylvania (Figures 2.5-2 and 2.5-3).  The rocks in the lowlands are dominantly red clastic 
sediments with associated basic intrusives and flows.  Diabase dikes near Pottstown, 
Pennsylvania yielded K/Ar whole rock ages of 151 to 198 million years (Ref. 2.5-2, p. 3-25).  
 
Northeast of the site, folds are broader and more open and give way to the gentle synclinal 
Pocono Plateau Section which is underlain by Devonian sandstone and shale.  To the 
northwest, the Valley and Ridge Province terminates abruptly at the Allegheny Structural Front.  
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Beyond the front lies the Appalachian Plateaus (Figure 2.5-2), a gently rolling highland formed 
on broad folds of low structural relief that plunge gently to the southwest.  The strata consist 
predominantly of an upper Paleozoic cyclic sequence of sandstone, shale, limestone and coal. 
 
The Susquehanna River, which flows past the site, has two important features associated with 
it.  First the river makes several sharp bends along its length with the closest being adjacent to 
the site.  East of the site the river maintains a west-southwest course which parallels the 
regional tectonic fabric.  However at Shickshinny, Pennsylvania, about 5 miles north of the site, 
it makes a sharp right-angle bend and flows in a south-southeast direction for about 5 miles. 
Just below the site it again swings sharply and resumes its west-southwest flow direction.  This 
phenomenon has been cogently explained by Itter (Ref. 2.5-). He noted that this area was 
submerged during the Cretaceous and coastal plain sedimentation ensued.  Sedimentation 
completely covered the pre-existing drainage pattern.  Following coastal plain sedimentation, 
the area underwent broad uplift while the North Branch of the Susquehanna River apparently 
flowed southeastward, across the Pocono Plateau to Trenton, New Jersey (Ref. 2.5-3, 
p. 12-13).  Tributaries must also have developed on this coastal plain.  Following downcutting of 
the coastal plain sediments the streams encountered bedrock.  Of these downcutting streams 
the present-day Susquehanna River, south of the confluence of the North and West Branches, 
apparently was able to incise more rapidly than other major streams.  This resulted in stream 
capture and the pronounced bends seen along the river today. 
 
The second feature of import is the buried valley of the Susquehanna.  This buried valley occurs 
in bedrock overlain by a broad, flat plain across which the present-day Susquehanna flows (Ref. 
2.5-3, p. 26).  It extends upstream as a series of elongate basins, for about 15 miles, from near 
Nanticoke, Pennsylvania (approximately 10 miles northeast of the site) to just above West 
Pittston (Ref. 2.5-4, p. 8).  This valley is filled with alternating layers of water laid gravel, sand 
and clay.  The development of this valley is attributed to the erosive action of the Wisconsinan 
ice sheet which must have flowed diagonally across the valley (Ref. 2.5-3, p. 27 and 2.5-4, p. 7).  
Subsequently, this valley was filled with sediment deposited by streams which emanated from 
this melting ice. 
 
Most of the region, north and east of the site, has been scoured by at least three periods of 
glaciation in the last 150,000 years (Ref. 2.5-5, p. 15 and 2.5-6).  The three major directions of 
ice advance were postulated as follows:  1) south and southeast from central Ontario, 2) south 
and southwest from approximately the Adirondack region, and 3) south and southwest from the 
Hudson Valley by way of the Catskills (Ref. 2.5-5, p. 18).  Effects of glacial scouring are most 
notable on the Pocono Plateau.  
 
At the present time, there is no positive evidence that any pre-Illinoisan glaciation occurred in 
northeastern Pennsylvania although elsewhere in the eastern United States, such evidence 
does exist for pre-Illinoisan glaciation.  It is thus suggested that it should also have occurred 
here (Ref. 2.5-6).  The recorded glacial events include the Illinoisan and two stages of the 
Wisconsinan, the Altonian which spans the interval from about 70,000 years to about 28,000 
years B.P., and the Woodfordian which lasted from about 21,000 years to approximately 13,000 
years B.P. 
 
In earlier literature (Ref. 2.5-5) the terms Altonian and Woodfordian were not utilized.  Instead 
the Wisconsinan was divided into the Binghamton, Olean, Valley Heads and Mankato 
substages.  However, it is not precisely known how the Altonian and Woodfordian subdivisions 
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relate to the older terms except that the Mankato is somewhat younger than the Woodfordian 
(Ref. 2.5-6). 
 
In the site region a lobe of Illinoisan ice extended down the valley of the Susquehanna River 
from just above Berwick to the West Branch of the Susquehanna at Northumberland, 
Pennsylvania.  The exposed length of deposits left by this lobe is about 40 miles whereas the 
maximum width does not exceed 8 miles.  Illinoisan drift is present on the slopes to within 60 
feet of the present river level suggesting that only moderate deepening of the Susquehanna 
Valley has occurred since deposition of the Illinoisan drift (Ref. 2.5-7, p. 24-25). 
 
Valley trains of Wisconsinan gravel were examined along the Susquehanna River and its 
tributaries by Leverett (Ref.2.5-7).  He noted that from just east of Berwick downstream 
(westward) to the West Branch at Northumberland, the surface of a Wisconsinan gravel train is 
well defined and generally occurs at about 40 to 60 feet above the river. 
 
Moderately eroded terraces underlain by freshly appearing gravels mark the upper level 
attained by waters derived from the Wisconsinan ice sheet along the Susquehanna River and its 
tributaries.  These terraces occur at lower elevations than those exposing Illinoisan gravel and 
have also been much less extensively eroded than Illinoisan gravel (Ref. 2.5-7, p. 16). In 
general the relative heights of the terrace levels representing each of the four Wisconsinan sub-
stages are fairly constant.  For example, in the site vicinity relative heights for the Mankato, 
Valley Heads, Binghamton and Olean are 9, 15, 30 and 45 feet respectively (Ref. 2.5-5, p. 77).  
The surfaces of most of the terraces have been eroded subjecting the observed height of any 
terrace to an error of as much as 30 percent.  However, no evidence is presented indicating 
differential vertical offset of these terraces. 
 
At Berwick several well developed kame terraces and terrace remnants of frontal kames which 
formed at the end of marginal kames occur (Ref. 2.5-, p. 91).  The four lowest marginal kames 
were identified by Peltier as the First Olean, Second Olean, Third Olean, and Fourth Olean 
kame terraces which are respectively 86, 98, 110, and 158 feet above the river. 
 
 
2.5.1.1.2  Stratigraphy and Lithology 
 
2.5.1.1.2.1  The Appalachian Basin 
 
The Valley and Ridge Province, in which the site is located, is part of a structural entity known 
as the Appalachian Basin.  As defined by Colton (Ref. 2.5-8, p. 6-7), the Appalachian Basin is 
not a physiographic province. Rather, it is an elongate feature extending from the Canadian 
Shield in southern Quebec and Ontario, southwestward to central Alabama (Figure 2.5-4).  It is 
bounded on the west by the Findlay Arch and on the south by the boundary between Paleozoic 
and Cretaceous strata. The eastern edge is marked by the surface contact between slightly-to-
unmetamorphosed Paleozoic rocks on the west and more intensely metamorphosed Paleozoic 
and Precambrian rock on the east.  In Pennsylvania this boundary coincides with the boundary 
between the Valley and Ridge and Piedmont Physiographic Provinces. 
 
Isopach maps and stratigraphic columns show the respective thicknesses and relationships of 
the Cambrian through Pennsylvanian sequences in the Appalachian Basin (Figures 2.5-5 and 
2.5-6). 
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In the Appalachian Basin, as outlined by Colton (Ref. 2.5-8), the Lower Cambrian clastic 
sequence is a wedge-shaped mass which is thickest along the eastern margin of the basin and 
thinnest along the northern and western margins.  The rocks along the eastern margin are 
dominantly Early Cambrian whereas the rocks along the northern and western margins are 
mainly Late Cambrian.  The Lower Cambrian sequence is conformably overlain in most of the 
Appalachian Basin by a suite of dominantly carbonate rocks with lesser amounts of quartz 
sandstone. This overlying suite consists mainly of rocks ranging in age from Middle and Late 
Cambrian to Early and Middle Ordovician and was designated by Colton (Ref. 2.5-8, p. 19) as 
the Cambrian-Ordovician carbonate sequence.  This sequence ranges in thickness from about 
600 ft. in northern New York State to a little more than 10,000 ft. in southeastern Tennessee.  A 
belt of maximum thickness extends along, and approximately parallel to, the eastern edge of the 
Appalachian Basin from southeastern New York State to northern Alabama (Ref. 2.5-8, p. 23). 
 
This carbonate sequence is conformably overlain in most of the basin by dominantly non-
calcareous clastic rocks, the majority of which are Late Ordovician in age.  These Upper 
Ordovician clastic rocks are thickest along the northeastern margin of the basin in Pennsylvania 
and show a generally uniform thinning to the north, west and southwest.  An exception to this 
generally uniform pattern of thinning occurs in Pennsylvania and adjacent New York State 
where the sequence thins more abruptly against the southwestern extension of the Adirondack 
axis (Ref. 2.5-8, p. 23). 
 
Although the boundary between these rocks and the older Cambrian-Ordovician sequence is 
conformable, the boundary with the overlying Silurian clastics is marked by an unconformity in 
the northeast and southwest portions of the Appalachian Basin.  "Volumetrically the 
unconformity is greatest in eastern Pennsylvania and contiguous parts of New Jersey" (Ref. 2.5-
8, p. 23).  This unconformity was considered by Colton as evidence of Late Ordovician or Early 
Silurian diastrophism. 
 
The Early Silurian rocks are mainly clastic and extend across most of the Appalachian Basin.  
These rocks are thickest (2,600 ft.) and coarsest in the northeastern part of the basin where 
they are composed mainly of sandstone and conglomerate. 
 
Carbonate rocks, classified by Colton (Ref. 2.5-8, p. 31) as the Silurian-Devonian carbonate 
sequence, range in age from Middle Silurian to early Middle Devonian and occur throughout 
much of the basin.  They, like the older sequences, are thickest in the east and thinnest in the 
west.  The thickest section is found in northeastern Pennsylvania where it is about 3300 ft. thick.  
In northeastern Pennsylvania the lower half of this sequence actually consists of a thick wedge 
of red clastic rocks comprising, among others, the Bloomsburg Red Beds.  West, northwest and 
southwest of this area the red beds grade into an alternating suite of variegated shale and 
siltstone, carbonates and evaporites.  The margins of this suite are predominantly dolomite and 
limestone.  
 
Rocks of Middle and Late Devonian age consist of a moderately thick sequence of shale, 
mudrock, siltstone and sandstone and extend throughout most of the basin.  In most areas 
these Middle to Upper Devonian clastic rocks rest conformably on the strata of the Silurian-
Devonian carbonate sequence.  Like the underlying rocks this Devonian suite is wedge-shaped 
with the thickest part near the eastern margin of the basin and the thinnest part near the 
western periphery.  The northeastern part of the basin, which includes east-central 
Pennsylvania, contains the thickest accumulation (more than 10,000 ft.) dominated by coarse-
grained sedimentary rocks (including red beds).  As the thickness decreases the average grain 
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size of the rocks shows a corresponding diminution, being medium-grained where the rocks are 
of intermediate thickness and fine-grained where the section is thinnest (Ref. 2.5-8, p. 34). 
 
The Middle to Upper Devonian clastic suite is conformably overlain by Mississippian rocks in 
most of the basin, but the contact is slightly disconformable along much of the eastern margin.  
However, in parts of northeastern Pennsylvania the entire Mississippian is missing.  This 
anomalous unconformity is probably due to erosion prior to Pennsylvanian sedimentation (Ref. 
2.5-9, p. 35). Generally the Mississippian sequence defines a crudely wedge-shaped mass.  
The greatest accumulation occurs in southeastern Virginia (6800 ft.), but Wood (Ref. 2.5-10, p. 
C39) reported a thickness exceeding 6,000 ft. in eastern Pennsylvania. 
 
Pennsylvanian rocks overlie those of Mississippian age with the basal boundary, in much of the 
basin, marked by a sudden change from older, thinly-bedded, relatively fine-grained rocks to 
younger, massively-bedded, conglomeratic quartz sandstone.  The Pennsylvanian sequence is 
commonly thickest and coarsest-grained along the eastern periphery.  In eastern Pennsylvania, 
where only the lower half of the Pennsylvanian is preserved, a thickness of 4600 ft. of principally 
sandstone, conglomeratic sandstone and conglomerate was recorded (Ref. 2.5-10). 
 
2.5.1.1.2.2  The Valley and Ridge Province 
 
The Valley and Ridge is a physiographic province which is situated within the Appalachian 
Basin and consists of a nearly continuous sequence of rocks extending from the Cambrian to 
the Pennsylvanian.  Within this sequence are two major clastic intervals, the Cambrian-Silurian 
Taconic cycle and the Devonian-Pennsylvanian Appalachian cycle (Ref. 2.5-11, pg. 231).  Each 
cycle consists of pre-orogenic carbonates and orthoquartzites overlain by turbidite flysch 
deposits which are, in turn, succeeded by molasse.  The first phase of the older cycle is 
represented by Cambrian to Middle Ordovician carbonates (Ref. 2.5-12, p. 4).  The flysch phase 
is represented by siltstone, silty-shale and gray sandstone of the Upper Ordovician Reedsville.  
The molasse phase comprises the Upper Ordovician Bald Eagle and Juniata Formations and 
the Lower Silurian Tuscarora Formation.  The transition from the molasse phase to the renewal 
of marine conditions is delineated by the successively younger Rose Hill, Keefer, Mifflintown 
and Bloomsburg Formations of Middle Silurian age.  Upper Silurian to Lower Devonian 
carbonates (Wills Creek to Onondaga) identify the first phase of the Appalachian cycle (Ref. 
2.5-12, p. 4).  Within this younger cycle direct passage from the carbonate phase to the turbidite 
phase was interrupted by deposition of a local sub-aqueous delta identified in central 
Pennsylvania as the Mahantango Formation. Following sedimentation of the Mahantango, the 
turbidite beds of the Upper Devonian Trimmers Rock Formation, constituting the second phase 
of the Appalachian cycle, were laid down.  The molasse phase was initiated by the Upper 
Devonian Catskill Formation which, at an outcrop along the Lehigh River (Figure 2.5-7), is in 
gradational contact with the underlying Trimmers Rock (Ref. 2.5-13, p. 8).  The molasse phase 
culminated twice, first in the Misissippian Pocono Formation and later in Pennsylvanian rocks 
(Ref. 2.5-12, p. 4). 
 
2.5.1.1.2.3  Stratigraphic Units Within the Site Vicinity 
 
Stratigraphic nomenclature used throughout this FSAR follows the recent usage of the 
Pennsylvania Geologic Survey who have not recently used the terms Susquehanna Group, 
Hamilton Group or Fort Littleton Formation in the site vicinity (See for example Ref. 2.5-12 and 
2.5-17). 
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Middle Silurian to Pennsylvanian rocks within 10 miles of the site have been folded on the 
Berwick Anticlinorium.  The units exposed across the fold are: 
 

- The Middle Silurian Bloomsburg 
- Upper Silurian Wills Creek 
- Upper Silurian Tonoloway 
- Middle Devonian Marcellus 
- Middle Devonian Mahantango 
- Upper Devonian Trimmers Rock 
- Upper Devonian Catskill 
- Upper Devonian-Lower Mississippian Pocono 
- Middle Mississippian-Pennsylvanian Mauch Chunk 
- Pennsylvanian Pottsville and "Post-Pottsville" (Llewellyn) Formations 

 
In central Pennsylvania the Bloomsburg Formation was deposited in a brackish, shallow water, 
marine environment which is transitional between fluvial, continental sediment to the east and 
marine carbonates, shale and marl of the interfingering Wills Creek Formation to the west (Ref. 
2.5-14, p. 119).  It is a thick-to massive-bedded, dominantly grayish-red silty claystone with two 
sandstone intervals which occur both at the base and near the top (Ref. 2.5-14, p. 119).  The 
sandstone intervals are medium-to-thin-bedded, poorly sorted hematitic sub-graywacke.  The 
Bloomsburg is highly calcareous in the vicinity of Lewisburg, Pennsylvania, approximately 40 
miles southwest of the site. 
 
In central Pennsylvania the Bloomsburg is separated from the Marcellus Formation by about 
1770 ft. of dominantly limestone and calcareous shale.  These lithologies belong, in 
stratigraphically higher order, to the Wills Creek (Upper Silurian), Tonoloway (Upper Silurian), 
Keyser (Upper Silurian to Lower Devonian), Old Port (Lower Devonian) and Onondaga (Lower 
to Middle Devonian) formations (Ref. 2.5-12, Table 1). 
 
The Wills Creek Formation gradationally overlies the Bloomsburg and consists of interlayered 
dark gray to greenish shale, red siltstone, light gray-green to olive siltstone and silty shale (all 
calcareous) and light gray dolomite to argillaceous dolomite.  Medium gray limestone may be 
present. 
 
The Tonoloway Formation gradationally overlies the Wills Creek and is composed of medium to 
dark gray, thinly laminated to thinly bedded limestone with some thin beds of medium gray 
calcareous shale.  The Tonoloway is dolomitic at several locations. 
 
The Upper Silurian to Middle Devonian Keyser, Old Port and Onondaga Formations were not 
mapped north of, nor east of Bloomsburg, Pennsylvania.  The Keyser, therefore, does not 
appear to occur within ten miles of the site but was mapped further southwest (Subsection 
2.5.1.1.3.3). 
 
The lower Keyser is dominantly medium gray, fossiliferous, "pseudo-nodular" limestone which is 
cobbly when weathered.  The upper Keyser contains laminated to thin bedded limestone similar 
to the underlying Tonoloway. 
 
The Old Port and Onondaga Formations do not occur in the site vicinity but do crop out north of 
Bloomsburg (Subsection 2.5.1.1.3.3).  The Old Port consists of dark gray, whitish weathering 
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chert, underlain by calcareous shale and thin gray limestone.  The chert is locally overlain by 
gray to buff, medium to coarse grained fossiliferous sandstone. 
 
The lower Onondaga is medium gray, highly fissile shale which is calcareous toward the top.  
The upper Onondaga is medium to dark gray, dense, fossiliferous argillaceous, locally 
carbonaceous, microcrystalline limestone.  
 
The Marcellus, in central New York State, where it was defined, is about 350 ft. thick and 
consists predominantly of black shale with lesser amounts of black limestone (Ref. 2.5-15, p. 
103).  In east-central Pennsylvania, between Harrisburg and Williamsport, the Marcellus is a 
uniformly massive black, carbonaceous shale with several thin to thick bedded fine grained 
sandstone units (Ref. 2.5-16, p. 156). According to Faill (Ref. 2.5-17) the Marcellus refers 
exclusively to black shale overlying the Onondaga Formation. 
 
The Mahantango Formation, which underlies most of the site, consists primarily of silty 
mudrock, shale, siltstone and sandstone with local occurrences of conglomerate, limestone and 
ironstone (Ref. 2.5-18, p. 13-14).  In eastern Pennsylvania the Mahantango overlies the 
Marcellus shale and is, in turn, overlain by the Harrell Shale (Ref. 2.5-19, p. 18), a feature 
corroborated by Kaiser (Ref. 2.5-18, p. 6) who indicated that the Mahantango is defined by 
black shale, both at its base and its top.  
 
Kaiser (Ref. 2.5-18, p. 18) informally divided the Mahantango into lower, middle and upper 
members.  The basal member consists of an olive-gray shale with a basal sandstone and the 
middle member contains siltstone and shale, but where it is sandy it is identified as the 
Montebello.  The upper member comprises an olive-colored shale, siltstone and sandstone with 
the sandstone locally highly ferruginous, finer grained, darker colored and more argillaceous 
than the underlying Montebello.  Faill (Ref. 2.5-17, p. 23-24) divided the Mahantango into five 
members which are, in stratigraphically higher order, the Turkey Ridge, Dalmatia, Fisher Ridge, 
Montebello and Sherman Creek.  According to Wells and Faill (Ref. 2.5-12, Table 1) the Turkey 
Ridge is a light to olive-gray, fine to coarse-grained sandstone and the Fisher Ridge is 
predominantly a laminated olive gray to medium-gray silty shale.  The Montebello is an olive-
gray, medium-light gray to dusky yellow, fine to medium-grained, locally conglomeratic, 
fossiliferous sandstone with interbedded siliceous siltstone and silty claystone which display 
cycles of reverse graded bedding.  The Sherman Creek (Ref. 2.5-17) or Sherman Ridge 
(Ref. 2.5-12) comprises olive-gray, fossiliferous, silty claystone with two interbedded siltstone 
and fine sandstone units which coarsen upward.  
 
Faill (Ref. 2.5-17, p. 23-24) noted that the Middle Devonian rocks are cyclic with each cycle 
marked by black to dark gray, silty claystone at the base and displaying an upward increase in 
grain size to conglomeratic sandstone. Immediately overlying the coarsest rock units there is a 
marked decrease in grain size with claystone or siltstone marking the base of the overlying 
cycle. 
 
The cyclic nature of the Middle Devonian strata is reflected within the Mahantango.  These 
internal cycles are asymmetric and are smaller scale reflections of the cyclicity recorded 
throughout the entire Middle Devonian.  That is, they commence with black to dark or olive-gray 
silty claystone which grades upward into argillaceous siltstone, silty sandstone and fine to 
medium-grained, locally conglomeratic, silty sandstone.  The cycles within the Mahantango are 
repetitive and range, in thickness, from approximately 7 to 250 ft.  The thicker cycles can usually 
be traced over distances of from 5 to 35 miles.  (Ref. 2.5-20, p. 113).  
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The average thickness of the Mahantango is about 1650 ft. with respective maximum and 
minimum thicknesses of about 2900 ft. at McCullochs Mills, Pennsylvania and 840 ft. at 
Riverside which is northeast of McCullochs Mills and about 20-22 miles west of the site (Figure 
2.5-7).  Overall the Mahantango shows a general thinning to the north, a feature reflected in the 
Montebello sandstone member which is thickest just west-northwest of Harrisburg and thins to 
the west, north and east.  North of the 41st parallel, which lies just south of the site, the 
Montebello has totally disappeared (Ref. 2.5-18, p. 13-14). 
 
In the Anthracite region of Pennsylvania the Mahantango and the Marcellus were combined to 
form a lithotectonic unit.  As defined by Wood and Bergin (Ref. 2.5-21, p. 151) this lithotectonic 
unit actually includes the Marcellus, Harrell and Brallier Shales and the Tully Limestone.  
However, the Brallier overlies the Mahantango at about the Tully horizon (Ref. 2.5-19, p. 18).  
The Tully, in this area, has been incorporated into the Mahantango.  Thus, in this report, the 
lithotectonic unit of Wood and Bergin is considered as containing the Marcellus, 
Mahantango,Tully and Harrell.  In the southwestern and western parts of the Anthracite region 
this unit is 1100  ft. thick whereas in the central and eastern parts it is about 3000  ft. thick; 
the average thickness is 2000  ft. (Ref. 2.5-21, p. 148).  However, a greatly thickened section 
of this unit occurs in the P. Good No. 1 Well (Figure 2.5-7) on the crest of the Berwick 
Anticlinorium, east of the site.  This excess thickness is believed to be due to faulting and 
disharmonic folding (Ref. 2.5-21, p. 148). 
 
At the site the Mahantango consists of a lower, gray, calcareous siltstone (120-150 ft. thick) 
overlain by a dark gray, locally fossiliferous siltstone which is intermittently calcareous.  These 
two members are lithologically similar to and occur within the same stratigraphic interval as the 
Harrell Shale and the underlying Tully Limestone; thus, the latter two units were incorporated 
into the Mahantango. 
 
In the site vicinity, the Mahantango is represented only by the uppermost member, the Sherman 
Creek which is dominantly a dark gray to blue gray, olive gray to brown weathering mudrock.  
Siltstone and fine grained sandstone units crop out locally.  Both calcareous and 
non-calcareous strata occur at several localities. 
 
In the site vicinity an interval of light, medium-gray argillaceous limestone, near or at the top of 
the Mahantango, was recognized as a Tully Limestone equivalent and was included within the 
Mahantango.  Calcarous silty mudrocks which may be Tully equivalents also occur (Subsection 
2.5.1.2.2).  Faill (Ref. 2.5-17, p. 24) also included the Tully as part of the Mahantango because 
of its lithologic similarity to the Sherman Creek Member.  The overlying Harrell Formation, a 
poorly exposed, dark silty shale which appears to be in gradational contact with the Mahantango 
was incorporated into this map unit (Subsection 2.5.1.2.2). 
 
Fossils are relatively abundant within the Sherman Creek member of the Mahantango 
Formation and include various genera of brachiopods, bryozoa, pelecypods, coral, trilobites and 
crinoid fragments.  Fossil casts are abundant with occasional molds and rare preservation of 
internal structure and original shell material. 
 
Concretions (commonly rusty weathering), spheroidal weathering and prominent closely spaced 
steeply dipping cleavage, which may quite easily be mistaken for primary bedding fissility, are 
other features characteristic of the Mahantango. Due to its predominantly argillaceous nature 
and cleavage, the Mahantango is fairly easily eroded and is thus topographically expressed as a 
relatively low area. 
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In the general area marked by the confluence of the Susquehanna and Juniata Rivers, the 
Trimmers Rock Formation comprises an interlayered assemblage (about 2000 ft. thick) of thin to 
medium-bedded, medium gray siltstone and medium gray, slightly silty and somewhat fissile 
shale.  Thin layers of fine-grained sandstone occur in the upper part (Ref. 2.5-12, Table 1).  
Graded bedding, along with groove and flute casts, occur in some of the siltstone beds 
indicating deposition by turbidity currents.  Load casts or ball and pillow structures are also 
present in some siltstone layers.  These lithologies and sedimentary structures are also present 
in the Trimmers Rock at an outcrop along the Lehigh River about 16 miles southeast of the site 
(Ref. 2.5-13, p. 8) (Figure 2.5-7).  At this exposure both bedding thickness and grain size 
increase upward in this formation which is about 1165 ft. thick. 
 
In the site area the Mahantango and Harrell grade upward into the Trimmers Rock (Subsection 
2.5.1.2.2).  The Trimmers Rock is dominantly interbedded, medium to olive gray, thinly 
laminated siltstone, silty shale and fine grained, laminated to massive sandstone.  These rocks 
weather to brownish gray color.  Sedimentary structures include fining-upward sequences, 
groove casts, current lineations, load casts, ball and pillow and flow roll structures.  Ripple 
marks were also locally identified.  These structures indicate deposition by turbidity currents in a 
marine environment.  Fossils are often restricted to relatively thin layers of brachiopods.  Other 
fossils include pelecypods and crinoid fragments. 
 
The upper Trimmers Rock Formation consists of light to medium grayish green silty shale and 
micaceous, dark greenish gray siltstone (both of which weather to a dark reddish brown color), a 
reddish brown silty fine to medium grained sandstone to siltstone and an olive green vitreous, 
fine grained sandstone to siltstone.  The uppermost units of the Trimmers Rock Formation 
grade upward into the basal Catskill Formation.  This gradation between the Trimmers Rock and 
the Catskill has apparently caused problems concerning the placement of the contact between 
them.  However, Faill and Wells (Ref. 2.5-22) have placed this contact at the base of a thick 
sandstone unit which is the lowest occurrence of upward fining cycles, a feature characteristic of 
the Catskill.  This unit was selected by Faill and Wells because it is easily mappable.  Glaeser 
(Ref. 2.5-13, p. 4) evidently concurred with Faill and Wells for he considered the base of the 
Catskill to lie at the first occurrence of distinctive sandstone units which are found above or near 
the top of the turbidite suite which constitutes the bulk of the Trimmers Rock Formation.  
 
The Catskill Formation at the Lehigh River outcrop is about 7675 ft. thick and consists mainly of 
siltstone and sandstone with some conglomerate and shale. Upward fining cycles were 
recognized at various intervals throughout the entire formation both at Lehigh River (Ref. 2.5-13, 
Figure 2) and near Halifax, Pennsylvania (Figure 2.5-7), (Ref. 2.5-22, p. 107). 
 
Complete or nearly complete sections of Upper Devonian rocks are preserved, both in outcrop 
and in the subsurface, at the Lehigh River outcrop, the Richards Well and the Hudson Realty 
Well (Figure 2.5-7).  Based on these occurrences Glaeser (Ref. 2.5-13, p. 35) estimated the 
original thickness of the Upper Devonian section at various locations in northeastern 
Pennsylvania.  He then compared these estimates to the amount of section preserved today 
and ultimately estimated the amount of section lost.  The amount of missing section ranges from 
0 ft. to about 6125 ft. (Ref. 2.5-13, p. 38) a variation due mainly to the location of the sections 
with respect to structure.  For example, in the P. Good Well, which occurs on the nose of the 
Berwick Anticlinorium, about 8 miles east of the site (Figure 2.5-7), about 5203 ft. are missing.  
Glaeser (Ref. 2.5-13, p. 36) assumed that these sections were lost due to erosion. 
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In the site area, the contact between the Catskill and the underlying Trimmers Rock was drawn 
at the base of the first relatively thick reddish brown to maroon sandstone or brownish red 
siltstone and more massive reddish brown (maroon) micaceous fine grained sandstone.  This 
mappable contact appears to occur at or near the lowest fining upward sequences.  The lower 
Catskill Formation contains sedimentary structures such as intraformational clasts of green 
shale within light gray fine sandstone, oscillation ripple marks and roots which are indicative of 
the marine to non-marine transition zone.  
 
The Pocono Formation which overlies the Catskill, consists typically of medium and coarse 
grained light gray to white, rusty weathering quartz sandstone with thin layers of quartz pebble 
conglomerate.  Olive gray, fine grained sandstone, reddish gray medium to fine grained 
sandstone and siltstone and greenish gray medium grained, cross bedded sandstone also occur 
within this formation.  Cross bedding is common. 
 
Grayish red sandstone layers occur near the base of the Pocono.  These were recognized along 
the east side of the Susquehanna River South of Mocanaqua and along the road between 
Aldean and Folstown.  North of the site, the Pocono consists of an interlayered sequence of 
predominantly medium gray, thick, well laminated, gray weathering quartz sandstone and 
subordinate, red, flaggy quartz sandstone.  Near Folstown, well laminated red sandstone is 
interlayered with, but decidedly subordinate to, well laminated, rusty weathering, light gray, 
coarse grained sandstone and fine grained gray sandstone.  Coarse to medium grained, mainly 
grayish to greenish gray sandstone featuring rather subtle cross bedding dominate the upper 
portion of the exposure.  These strata, along with an underlying thin zone of light greenish gray 
sandstone, in turn, underlain by green shale and mudrock, has been selected as marking the 
basal Pocono. Beneath all of these units, is a red, well laminated, argillaceous siltstone which is 
interpreted as marking the top of the Catskill.  Red shale, which marks the base of the outcrop 
underlies cross bedded medium, light gray, olive gray weathering quartz sandstone.  The lower 
(topographically and stratigraphically) portion of the outcrop is dominated by red lithologies in 
contrast to the upper part in which no red lithologies were exposed.  Besides the obvious color 
change the sandstone above the inferred contact is coarser grained and more subtly cross 
bedded than sandstone which occurs between the red units near and at the base of the outcrop.  
Thus, contrary to other interpretations the Catskill-Pocono contact appears to be gradational in 
the site area rather than unconformable. 
 
The upper Pocono Formation in the vicinity of Shickshinny consists of medium to light gray 
conglomeratic sandstone with rounded to sub-rounded quartz pebbles and shale fragments and 
rusty weathering, fine to medium grayish green, micaceous siliceous sandstone and finely 
laminated greenish gray, rusty weathering, siliceous quartz sandstone.  Rusty weathering, 
medium light gray, medium to coarse grained quartz sandstone is interbedded with thin layers of 
dark gray silt.  Shale and medium gray quartz lithic sandstone fills channels. 
 
The overlying Mauch Chunk Formation is generally bright red in color and consists of mudrock, 
silty shale, siltstone and fine to medium grained cross bedded, well laminated sandstone.  In the 
southern part of the Anthracite region, this sequence of red beds is 2,400  feet thick and is 
overlain by a sequence of alternating red sandstone and shale beds and gray conglomerate and 
sandstone beds 300 to 600 feet thick.  This upper sequence represents a transition zone in 
which red beds typical of the underlying Mauch Chunk are interbedded with gray beds typical of 
the overlying Pottsville Formation (Ref. 2.5-10). Detailed stratigraphic studies indicate that the 
beds of the transition zone (upper Mauch Chunk) intertongue with and laterally replace the 
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lower beds of the Pottsville Formation from south to north.  The upper Mauch Chunk is, 
therefore, late Mississippian and Early Pennsylvanian in age (Ref. 2.5-10). 
 
Both lower and upper members of the Mauch Chunk Formation are exposed in the site area.  
The lower member is exposed immediately above the conformable contact with the underlying 
Pocono Formation at several locations.  The upper part of the formation along the south limb of 
the Lackawanna Synclinorium is marked by interlayered red and olive gray sandstone, siltstone, 
and silty shale. Locally the siltstone contains layers of rounded, circular to elliptical calcite filled 
voids.  Elsewhere the Mauch Chunk contains greenish gray to grayish green medium to coarse 
grained, locally micaceous sandstone, thinly laminated gray, fine grained sandstone and 
siltstone and massive medium grained sandstone. 
 
The Pottsville and Llewellyn formations represent the coal bearing zones of the Anthracite 
Region and have, for the purpose of this report, been combined and treated as a single 
formation.  The Pottsville is composed of coarse pebble conglomerate, quartzose sandstone, 
subgraywacke, siltstone, shale and anthracite. This formation ranges in thickness from about 
1,400 feet in the southern Anthracite field to about 600 feet in the Western Middle Anthracite 
field (Ref. 2.5-10).  
 
Strata overlying the Early to Middle Pennsylvanian Pottsville have been informally termed 
"Post-Pottsville" rocks (Ref. 2.5-24).  "Post-Pottsville rocks" in the Southern and Western Middle 
Anthracite fields were named the Llewellyn Formation by Wood (Ref. 2.5-10).  This name is 
informally used for the grayish and brownish conglomeratic sandstones, quartz sandstones, 
subgraywackes, and siltstones overlying, but not subdivided from, the Pottsville Formation in the 
site area.  Usage of the name Llewellyn for "Post-Pottsville" rocks in the Northern Anthracite 
field is consistent with Bergin (Ref. 2.5-23). 
 
Within five miles of the site, the Pottsville and Llewellyn, collectively consist of quartz pebble 
conglomerate in a quartz sandstone matrix, quartz pebble conglomerate in a carbonaceous 
quartz sandstone matrix, coarse grained dark to medium gray, massive and flaggy, 
carbonaceous sandstone and shale, dark gray to black siltstone and coal.  The 
non-carbonaceous quartz pebble conglomerate displays cross beds. 
 
 
2.5.1.1.3  Regional Tectonics  
 
2.5.1.1.3.1  Tectonic Provinces 
 
The Appalachian orogen in the northeastern United States was divided into two parts, the 
mobile belt and the craton (Ref. 2.5-25 and Subsection 2.5.2.2). The mobile belt in this area lies 
along the east coast with its western edge parallel to, and west of, the eastern limit of North 
America (Figures 2.5-8A and 2.5-8B).  In general the mobile belt is underlain partly by 
Precambrian crustal rocks and partly by presumably mafic crust.  However, in the Maritime 
Provinces of Canada as well as in southeastern Massachusetts it is underlain by a 
volcanic-sedimentary sequence which formed less than 600 million years ago.  These three 
grossly-grouped lithologies, i.e. Precambrian crustal rocks, mafic crust and 
volcanic-sedimentary rocks of the Avalon Platform provided the basis for dividing the mobile belt 
into the 1) eastern cratonic margin, 2) the Central New England tectonic province and 3) the 
Avalon Platform tectonic province respectively (Ref. 2.5-25).  In the eastern cratonic margin the 
Precambrian basement is overlain by 1) Late Precambrian clastic rocks and associated mafic 
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dikes and volcanics, 2) a miogeosynclinal assemblage and 3) a eugeosynclinal assemblage 
(Ref. 2.5-25).  The eastern cratonic margin is marked by a zone of faulting, contrasting 
structural styles and contrasting metamorphic facies.  The Central New England province is 
bounded on the east by the Avalon platform and on the west by the Inner Piedmont.  It features 
a thick, dense, presumably mafic crust overlain by eugeosynclinal sediments.  It is also marked 
by intense deformation and Lower Paleozoic metamorphism.  The Avalon Platform province is 
characterized by crystalline, continental crust (Late Precambrian) intruded by Ordovician to 
Devonian age plutons. In juxtaposition with, and to the west of the mobile belt, lies the craton 
which is underlain by Precambrian crystalline rocks that were deformed during the Grenvillian 
orogeny, about 1 billion years ago.  Based on gross geologic structure the craton was divided 
into an eastern belt and a western basin.  The eastern belt is coincidental with the Highlands 
Tectonic Province (Figures 2.5-8A and 2.5-8B) which is characterized by Grenvillian 
(Precambrian) rocks deformed during Paleozoic crustal convergence.  The western portion, 
which is subdivided into the Fold and Thrust Belt and the stable interior is characterized by the 
absence of basement involvement during Paleozoic crustal convergence (Ref. 2.5-25). The Fold 
and Thrust Belt, in which the site is located, is in contact with the Highlands Province of the 
eastern craton and exposes tightly folded and faulted Paleozoic sedimentary rocks.  To the west 
of, and in sharp contact with, the Fold and Thrust Belt lies the Stable Interior which is underlain 
by very gently folded, shelf delta type deposits.  The Fold and Thrust Belt and the Stable Interior 
coincide approximately with the Valley and Ridge (including the Great Valley) and Appalachian 
plateaus Physiographic provinces respectively.  
 
2.5.1.1.3.2  Structural Elements within the Craton 
 
The site is situated upon the Scranton gravity high (Figure 2.5-9) which extends southwestward 
from Albany, New York to Harrisburg, Pennsylvania where it abruptly terminates (Ref. 2.5-26, p. 
198; Ref. 2.5-27, p. 711).  To the west of this termination, regional gravity patterns suggest a 
northwest trending Precambrian fault with left lateral displacement of several tens of miles (Ref. 
2.5-27, p. 711). 
 
The high, itself, is located in both the Fold and Thrust Belt and the Stable Interior.  The 
maximum Bouguer anomaly values associated with this feature occur in northeastern 
Pennsylvania and adjacent New York State where the overlying sedimentary section is at least 
39,370 ft. thick (Ref. 2.5-28, p. 52 and 2.5-26, p. 201).  Of all the models (which include 
tensionally induced rifting) proposed to explain this feature (see Ref. 2.5-26, p. 203-209) the 
favored one involves warping of the mantle with the anomaly due to an extensively broad mass 
occurring deep within or at the base of the crust.  This structure is apparently related to the 
tectonic evolution of the Appalachian system (Ref. 2.5-26, p. 213 and 218-219). 
 
Principally the Fold and Thrust Belt contains deformational features indicative of regional crustal 
compression (Figure 2.5-8A and 2.5-8B).  In the area northeast of Roanoke, Virginia the 
structural style, at the surface, is dominated by folding with faulting subordinate, whereas 
southwest of Roanoke reverse faults predominate over folding at the surface (Ref. 2.5-29, p. 
125).  Another feature present in this belt, and indeed in the entire Appalachian Orogen, is an 
arcuate configuration which is especially well expressed in central Pennsylvania. 
 
The largest folds in the Fold and Thrust Belt exceed 125 miles in length but folds of microscopic 
to hand specimen scale have also been recognized.  The largest folds, with wave lengths 
ranging from 6 to 11 miles, were classified by Nickelsen (Ref. 2.5-30, p. 16) as first order folds, 
whereas the hand specimen and microscopic size folds were classified as fifth order folds. 
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Second through fourth order folds are intermediate in size.  The largest folds are not restricted 
to the Fold and Thrust Belt for they also occur in the adjacent Stable Interior (Ref. 2.5-30). 
 
Generally these folds do not display an ideally parallel form, rather their hinges are usually 
narrow relative to their wave lengths.  They are somewhat akin to similar folds yet they lack the 
characteristic features of similar folds which include attenuated limbs, with correspondingly 
thickened axial regions, and a sinusoidal form (Ref. 2.5-31, p. 10).  Thus, according to Faill, the 
fold geometry is neither parallel, similar nor intermediate for it shows features that are not 
associated with either geometric type, i.e., the bedding in the limbs is planar and the hinges are 
narrow (Ref. 2.5-30, p. 19). 
 
Although the folds lack the characteristic geometry of parallel folds, they are flexural slip in 
nature for they display wedge faults, uniform bed normal thickness across the fold and 
slickensides on bedding surfaces (Ref. 2.5-32, p. 1289 and 2.5-31, p. 11).  In addition to these 
flexural slip folds, kink bands, a few inches to hundreds of feet wide, are visible in outcrop.  
Kinematically and geometrically the kink bands and the flexural slip folds are congruent and, 
therefore, related (Ref. 2.5-32, p. 1289). 
 
Kink bands are usually considered to be small scale structures, however they occur on a much 
larger scale in the Fold and Thrust Belt with smaller kink bands and folds present in the limbs of 
the larger-scale structures.  Faill attributed the existence of large scale kink bands to the wide 
spacing between bedding surfaces. 
 
From southeast to northwest across the Fold and Thrust Belt, and westward into the Stable 
Interior, the folds become progressively less tightly appressed. This gradual change from tight to 
more open folds is illustrated by changes in the inter-limb angle which is about 50-70 on the 
east side of the Great Valley and approximately 80 on the west side.  In the central Valley and 
Ridge (Fold and Thrust Belt) the limbs subtend an angle of about 100 and in the Appalachian 
Plateaus (Stable Interior) this angle is nearly 180 (Ref. 2.5-32, p. 348).  This change is also 
expressed by differences in structural relief which diminishes from possibly 35,000 ft. on the 
South Mountain Anticlinorium on the southeast (Ref. 2.5-33, p. 348) to 7,000-9,000 ft. in the 
central Valley and Ridge to about 4,500 ft. in the western Valley and Ridge.  In the eastern 
Plateaus area 2,500 to 3,000 feet of structural relief occur.  Across the Plateaus area this relief 
continues its progressive decrease with the most westerly folds showing less than 300 ft. (Ref. 
2.5-33, p. 349).  In fact in the Plateaus region the folds are so broad and gentle that structural 
contour maps are required in order to analyze them.  Between the Valley and Ridge (Fold and 
Thrust Belt) and the Appalachian Plateaus (Stable Interior) there is an abrupt decrease in 
structural relief. This area has been termed the Appalachian Structural Front (Ref. 2.5-34). 
 
LANDSAT images of an area along the west branch of the Susquehanna River at Lewisburg, 
Pennsylvania suggested the presence of a nearly northwest trending cross or tear fault.  This 
structure shows about one mile of left lateral separation of a prominent ridge underlain by the 
Tuscarora Formation.  However, geological reconnaissance mapping confirms that this left 
lateral topographic offset is caused by a kink fold as shown on the Geologic Map of 
Pennsylvania (Ref. 2.5-24).  
 
Faults, like the folds, occur on all scales within the Fold and Thrust Belt and show 
displacements ranging from inches to hundreds of feet. The largest faults range in length from 
about 7 miles to 200 miles (Ref. 2.5-33, p. 349). 
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According to Faill and Nickelsen (Ref. 2.5-31, 20) most faults seen at the surface can be 
classified as wedge faults or cross faults.  Root (Ref. 2.5-33, p. 349) stated that all major faults 
in the Fold and Thrust Belt and the Stable Interior are moderate to steep thrusts with dips 
ranging from 40-70 to the southeast. However, in the southern Great Valley (affecting part of 
the Fold and Thrust Belt), he also identified steeply dipping, west facing thrust faults and tear or 
cross faults (Ref. 2.5-34). Wood and Bergin (Ref. 2.5-21) noted that in the southeastern part of 
the Anthracite region (of the Valley and Ridge Province) there are hundreds of reverse, tear and 
bedding faults, whereas in the northern part faults are far more scarce with only reverse faults, 
showing minor displacements, having been recognized.  Glass (Ref. 2.5-36, p. 9) identified at 
least eighty major, essentially vertical faults in the Appalachian Plateaus Province.  Generally 
these faults are normal to the regional tectonic grain although variations between NO5W and 
N89W were observed. Wedge, splay and reverse (thrust) faults are categorized together 
because they all result in crustal shortening and duplication of strata.  Faill (Ref. 2.5-32, p. 1298) 
indicated that splays off decollements and wedge faults are identical.  However, Root (Ref. 
2.5-35) distinguished between thrusts dipping steeply to the west and those dipping steeply to 
the east with the former equated to wedge faults and the latter to splay faults off decollements. 
The Hunting Valley-Cream Valley Faults and the Sweet Arrow Thrust (Figure 2.5-7) appear to fit 
into this category. 
 
Wedge faults intersect bedding at a low angle (10-30) and terminate in bedding planes 
(Ref 2.5-32, p. 1295), although a number of them terminate in folds (Ref. 2.5-32, p. 1298).  
Commonly they occur as isolated structures on the limbs of folds but they have also been 
observed in fold hinges.  In outcrop wedge faults generally occur in interlayered sequences 
displaying contrasting mechanical properties and only cut across beds of sandstone or siltstone 
that are surrounded by shale (Ref. 2.5-32, p. 1297 and 2.5-31, p. 23). This same relationship 
also holds on a much larger scale, since most of the large, mappable faults occur in interlayered 
sequences of contrasting lithologies. 
 
Root (Ref. 2.5-35, p. 105-106) identified faults in the southern Great Valley which presently dip 
steeply to both the east and west.  The steeply inclined, east dipping reverse faults generally 
parallel the trace of anticlinal hinges and cut the vertical to overturned, west facing anticlinal 
limbs.  These faults developed as steeply dipping schuppen structures which splayed off 
subhorizontal reverse faults (decollements) (Ref. 2.5-37, Figure 5, 2.5-33, P. 350 and 2.5-35, 
Figure 5).  Reverse faults, which dip steeply to the west, are also present in the west-facing 
subvertical to overturned limbs and parallel the structural fabric.  However, some have been 
rotated during folding and now display the geometry of east-dipping normal faults. 
 
In the Anthracite region, faults (akin to the steeply east-dipping splays described by Root) are 
inferred to occur in the cores of anticlines (Ref. 2.5-21). Wood and Bergin interpreted that many 
of these faults were folded along with the rock units, however folded splay faults have not been 
depicted in other publications (e.g. Ref. 2.5-37 and 2.5-33). 
 
Cross (transverse) faults are commonly vertical to nearly vertical structures which are 
approximately perpendicular to the regional tectonic grain.  They are less common than wedge 
faults although they have been mapped in the southeastern part of the Anthracite region, in the 
Great Valley and in the Appalachian Plateaus region (Ref. 2.5-21, p. 149, 2.5-35 and 2.5-36).  
They are also evident in the Cambro-Ordovician rocks of the Conestoga Valley near York and 
Lancaster, Pennsylvania (Ref. 2.5-24).  Commonly cross faults display strike-separation and, in 
fact, have been described in the Appalachian Plateaus Province as wrench faults (Ref. 2.5-36).  
According to the verbal description provided by Glass (Ref. 2.5-36, p. 6) at least some of these 
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faults could be identified as paired conjugate wrench faults, for those that strike nearly north 
show left lateral separation whereas those which strike in a more westerly direction display right 
lateral separation.  Despite his verbal description the map pattern shows a general pattern of 
anastomosing fault traces which are more or less subparallel to each other and normal to the 
trend of the Allegheny Structural Front (Ref. 2.5-36, p. 8).  It is conceivable that both wrench 
faults and cross faults occur in the Appalachian Plateau but attempting to distinguish them is of 
little import for both are predictable cogenetic products of regional horizontal compression.  Two 
cross faults in the southern Great Valley have lateral movements associated with them 
(Ref 2.5-35, p. 104), and the map pattern in the Conestoga Valley shows lateral separations of 
lithologic units along the cross faults there (Ref. 2.5-24).  Another feature common to most cross 
faults is that reverse or wedge faults frequently terminate against them.  According to Root (Ref. 
2.5-35, p. 103), however, their most distinctive feature is that the rocks on either side of these 
faults have experienced different amounts of horizontal shortening. 
 
 
2.5.1.1.3.3  Structural Elements in the Site Vicinity 
 
The site rests on the easterly plunging nose of the Berwick Anticlinoirum. Across this folded 
structure, at depths of 17,500-25,000 ft  3,500 ft, the strata (based on seismic reflections) are 
nearly horizontal to slightly north dipping (Ref. 2.5-38, p. 134). According to Wood and Bergin 
(Ref. 2.5-21) either a major decollement or a series of decollements probably exists within the 
Marcellus Shale throughout most of the Anthracite region.  Although not seen at the surface the 
presence of decollements is inferred based upon the existence of disturbed outcrops "differing 
styles, wavelengths and amplitudes of folds above and below the Marcellus, and by wells that 
penetrated either duplicated sections or greatly thickened sections" (Ref. 2.5-21, p. 151). 
 
It is worthy to note, however, that neither this fault nor any other fault appears as a surface 
feature associated with the Berwick Anticlinorium in either Wood and Bergin's paper (Ref. 
2.5-21, Figure 2) or Gwinn's paper (Ref. 2.5-38, Figure 1). The 1960 edition of the Pennsylvania 
Geologic Map (Ref. 2.5-24) does indicate a fault along part of the north limb of the Berwick 
Anticlinorium just north of Bloomsburg.  This fault approximately 8 miles long, separates the 
undifferentiated Wills Creek, Tonoloway and Keyser Formations from undifferentiated 
Onondaga, Marcellus and Mahantango Formations (Ref. 2.5-24, map unit Skw from map unit 
Dho, respectively).  According to the state map, the missing interval between these two sets of 
units includes the Mandata and Oriskany Formations.  Recent mapping indicates that the 
Tonoloway Formation is juxtaposed to the Marcellus Formation (Figure 2.5-10, Stations DJ-4B, 
-33 and -34).  The fault on the geologic map of Pennsylvania was probably postulated to explain 
the missing stratigraphic interval on the north limb of the Berwick anticlinorium, which includes 
dominantly carbonate rocks of the Keyser, Old Port and Onondaga Formations; these units are 
present west of the indicated fault.  The south limb of the Berwick anticlinorium shows the same 
relationships occur on the north limb; that is, that the Keyser, Old Port, and Onondaga 
Formations are missing along the more western portion. However, no fault has been indicated 
to account for the missing section along the south limb (Ref. 2.5-24). 
 
Mapping on a scale of 1:24,000 (Figure 2.5-10) indicates that west of the confluence of Fishing 
Creek and Little Fishing Creek (and also west of the interpreted fault), the Tonoloway, Old Port, 
Onondaga and Marcellus Formations were recognized but no limestone of the Keyser 
Formation was identified.  Thus, one of the units (the Keyser Formation) which is interpreted as 
missing due to faulting is absent from the stratigraphic section about 4,000 feet west of the 
postulated fault, despite the fact that the Old Port and Onondaga are present there. 
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Field investigations at two locations along the trace of the proposed fault (Stations DJ-4A, 
DJ-4B, DJ-32, DJ-33, and DJ-34; Figure 2.5-10) failed to reveal any evidence of cataclasis 
except for dip slip slickensides associated with a small flexural slip fold in the Marcellus 
Formation at DJ-4B.  In both cases the Tonoloway limestone and Marcellus shale were exposed 
within 100 feet of the hypothesized fault.  In the former case, however, at DJ-4A and DJ-4B the 
Tonoloway and Marcellus are separated by less than 20 feet.  Consideration was given to the 
difficulty of detecting faulting within argillaceous units; however, where faulting was recognized 
within the study area, all lithologies (i.e., limestone, shale, mudrock, siltstone, and sandstone) 
showed some evidence of cataclasis.  While continuous exposure across the postulated trace 
was not available, no positive evidence for faulting was observed and thus, at best, the fault can 
only be inferred. The only location along or near the trace of the postulated fault where 
significant cataclasis occurs is at Station DJ-31 (Figure 2.5-10) about 1,500 feet north of the 
"fault trace" where shale of the Mahantango Formation is exposed.  Here the strata show 
noticeable variations in both strike and dip directions.  For example, at the west end of the 
exposure strata swing from an attitude of N45E: 35SE to N40W: 15SW.  In the center the 
attitude changes from N20E: 30SE to N10W: 35E back to N15E: 45SE, and at the eastern 
end, strata are oriented about N60E: 40NW and N35E: 45SE.  At the western end of the 
outcrop the change in orientation represents a fairly smooth continuum whereas at the eastern 
end both continuous and discontinuous changes in orientation occur.  The discontinuous 
changes are marked by oblique slip faults with slickensides displaying rakes of about 60 to 70.  
Three such faults trend N55E: 35NW, N80E: 35NW, and N88E: 29NW.  No unequivocal 
movement plan was identified, but structures recognized elsewhere in the Valley and Ridge 
Province, as well as the area within five miles of the site, show that reverse faults form in 
response to the release of stored strain energy in tightly appressed kink bands; thus, these 
faults are interpreted as relatively small scale accommodating reverse faults.  This exposure 
(DJ-31) occurs within an area in which there is map scale folding producing deflections in the 
lithologies which is not unlike patterns seen elsewhere in the Valley and Ridge Province. 
 
In the P. Good Well, located on the Berwick Anticlinorium east of the site (Figure 2.5-7), faulting 
has been interpreted at an approximate depth of 5,800 feet which is well above the depth range 
(17,000 to 25,000 ft) at which a major decollement is implied (Ref. 2.5-38). Thus, the 
decollement alluded to by Wood and Bergin (Ref. 2.5-21) as well as the fault seen on the 
Geologic Map of Pennsylvania (Ref. 2.5-24) 12 miles west of the site may actually be a splay 
fault(s) off a more deeply buried decollement.  This suggested splay fault may also be, in part, 
responsible for the excess thickness seen in the P. Good Well of lithotectonic Unit 2, as defined 
by Wood and Bergin (Ref. 2.5-21). 
 
In summary, no direct unequivocal evidence exists to either postulate or refute the existence of 
the fault which has been mapped on the north limb of the Berwick Anticlinorium west of the site 
(Ref. 2.5-24).  However (1) the absence of the Keyser Formation on the north limb, west of the 
western limit of the inferred fault, and (2) the map pattern in which the units missing from the 
north limb of the anticlinorium are also absent from the south limb, yet the fault restricted to the 
north limb suggests that the missing section of the north limb is perhaps better explained by an 
unconformity than by faulting.  Regardless of whether or not a fault is interpreted, data from the 
P. Good Well show that the limestone sequence missing from both the north and south limbs of 
the Berwick Anticlinorium is absent from the nose of the fold as well.  Thus, if a fault is 
postulated, it pre-dates the formation of the Berwick Anticlinorium and does not pose a 
safety-related problem to the site. 
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Flanking the Berwick Anticlinorium on the north and south respectively, are the Lackawanna 
and Eastern Middle synclinoria.  The Lackawanna Synclinorium, the axis of which passes about 
3-1/2 miles north of the site, is about 120 miles long and displays a wavelength of 8 to 9 miles 
and an average amplitude of 4,000-5,000 ft (Ref. 2.5-21, Table 2).  Near the axis of this fold the 
Mocanaqua decollement is exposed.  The axis of the Eastern Middle Synclinorium is 
approximately 3-4 miles south of the site.  This fold is about the same size as the Lackawanna 
Synclinorium (Ref. 2.5-21, Table 2). 
 
The Nittany Anticlinorium is a large structure which is located just to the west of the Berwick 
Anticlinorium about 50 miles west of the site.  Based on seismic records garnered from 
longitudinal and traverse profiles, there exists a series of well defined, subhorizontal velocity 
interfaces which are correlative with similar velocity contrasts in the Cambrian sequence and at 
the top of the Precambrian basement (Ref. 2.5-38, p. 134).  The deepest interface was 
estimated to occur at a depth of about 25,000  3,000 ft. 
 
The Birmingham Fault is located in the core of the Nittany Anticlinorium and is the only fault in 
Pennsylvania associated with a major, well-exposed decollement known as the Sinking Valley 
Fault (Ref. 2.5-33, p. 350).  This fault is a steeply, east dipping splay (thrust) which is about 33 
miles long. 
 
 
2.5.1.1.3.4  Relationship Among Structural Elements 
 
In the opinion of all previous workers all of the structural elements encountered in the Valley and 
Ridge Province are genetically related, a feature which is clearly demonstrated in several 
instances.  First, cross faults and reverse faults are generally spatially related with the reverse 
(or wedge) faults commonly terminating against the cross faults. In fact, there are instances 
where one passes into the other.  A prime example of this is in the Carbaugh-Marsh Creek Fault 
in the southern Great Valley. This fault is composed of two segments, an east dipping reverse 
fault which parallels the regional grain and passes continuously into a nearly east trending, 
subvertical cross fault across which right lateral separation has occurred (Ref. 2.5-37, p. 8, 9 
and 822 and 2.5-35, p. 102-103).  Rock units across this cross, or transverse, fault segment 
have shortened independently of one another.  Because of this independent behavior of rock 
units across the transverse portion of this fault, Root (Ref. 2.5-35, p. 103) concluded that this 
segment existed prior to most of the regional deformation. 
 
Faill and Nickelsen (Ref. 2.5-31) and Faill (Ref. 2.5-32) pointed out that slickenside orientations 
on:  1) bedding surfaces associated with flexural slip folding, 2) wedge faults, and 3) cross faults 
are similar) indicating kinematic compatibility among these three structural elements.  
Furthermore, the lines of intersection of the wedge faults and bedding are subparallel to the fold 
axes.  Splay faults with large displacements occur in the hinges of anticlines which posses a 
kink band geometry suggesting that these folds were produced by the splays which originate at 
depth along unexposed decollements (Ref. 2.5-38, 2.5-37 and 2.5-33, p. 349).  Faill (Ref. 
2.5-32, p. 1298) also conceded that possibly all major anticlinoria are underlain by splay faults.  
Prior to Gwinn's work, the existence of major decollements and thin skinned tectonics in the 
Appalachian orogen was somewhat debatable but the results of his latest study (Ref. 2.5-38) 
indicate clearly that these subsurface structures exist. 
 
In the southern Great Valley, Root (Ref. 2.5-35) deduced the sequential development of folding 
and faulting.  He suggested that the cross faults existed prior to, or at the initiation of, most of 
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the regional deformation, although he indicated that their origin is not understood.  Nonetheless, 
he concluded (Ref. 2.5-35, p. 109) that the cross faults which are subvertical and normal to the 
regional grain were, during folding, equivalent to ac fractures.  This is logical since the 
orientation of cross faults with respect to the other structural elements is not consonant with 
having originated as shear fractures; rather it is likely that they formed early in the tectonic 
history of this area as extension (ac) fractures which were subsequently utilized as strain 
discontinuities (tear faults) during the same protracted period of stress application.  This 
interpretation is supported by Nickelsen and Hough (Ref. 2.5-39) who stated that systematic 
extension fractures in shales are grossly transverse to northeast-trending fold axes, and formed 
early and independently of folding and faulting.  Root continued (Ref. 2.5-35, p. 111) by 
indicating that the earliest folds were broad and open and as horizontal shortening continued 
and the folds became more appressed; west dipping steep thrusts (wedges) formed in the upper 
strata.  Continued shortening resulted in the development of subsidiary folds, east dipping 
thrusts (splay faults) and the rotation of the earlier formed, west dipping thrust to a steeper 
inclination.  In the case of the Carbaugh-Marsh Creek Fault the east dipping splay fault linked 
up with a portion of the cross faults to form the Carbaugh-Marsh Creek Fault system. 
 
Faill and Nickelsen (Ref. 2.5-31, p. 37) noted that deformation was initiated by vertical 
compaction during sedimentation.  Regional horizontal compression followed, while the strata 
were still horizontal, with the earliest stage marked by microfolding in shales and limestones.  
Major decollements probably also occurred during this early stage and were followed by 
buckling and kink band folding.  As the folds tightened, faults in the hinge along with some 
wedge and cross faults, developed.  These faults were accompanied by tightly spaced fractures 
(fracture cleavage) which formed parallel to the axial planes of the folds.  Faill and Nickelsen 
further concluded that with time the deformed materials passed progressively from a ductile 
stage to a more brittle stage. 
 
 
2.5.1.1.3.5  Age of Deformation 
 
Root (Ref. 2.5-35) concluded that all the structural elements in the craton developed during a 
single orogenic event (Alleghenian) about 230 million years ago.  This age is based on an 
inferred episodic lead loss about 230 million years ago recorded by Rankin (Ref. 2.5-40) in 
zircons from the Catoctin Formation.  However, Faill and Nickelsen (Ref. 2.5-36, p. 19) implied 
that the deformation occupied a greater time span, possibly commencing prior to complete 
lithification of Silurian age sediment (e.g., the Lower Silurian Tuscarora Formation).  Despite this 
apparent difference concerning the age of the onset of deformation, there is general agreement 
that the major structural elements in the Fold and Thrust Belt and the Stable Interior are no 
younger than Late Permian to Middle Triassic in age (Ref. 2.5-37, 2.5-33, 2.5-35, 2.5-32, 2.5-31, 
2.5-38, 2.5-41, 2.5-34, and 2.5-21). 
 
There is considerable disagreement as to the age, nature and method of formation of the 
curvature that is so prominent along the entire Appalachian Chain.  Drake and Woodward (Ref. 
2.5-42, p. 49) concluded that this arcuation in central Pennsylvania is truly a rounded structure 
which formed in response to right lateral slip along the east trending Cornwall-Kelvin Fault, 
perhaps around Late Devonian time (Ref. 2.5-42, p. 29).  Faill (Ref. 2.5-32, p. 1305-1306) noted 
that it is not smooth and continuous, as it appears, but instead is composed of straight 
segments, the joining of which marks the boundary between the northern and southern 
Appalachians.  Furthermore, he concluded that this "curvature" and the major folds were 
contemporaneous.  Root (Ref. 2.5-37, p. 825) noted the same observations as Faill and 
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indicated that these rectilinear elements oriented N17E south of the Carbaugh-Marsh Creek 
Fault and about N40-50E north of the fault, assume their present position by rotation across 
the fault.  He also added that all structural elements seen in the Piedmont to the southeast 
would be more compatible if the Piedmont were arcuate by the Early Paleozoic.  This appears 
to be a contradiction since on the one hand, Root suggested that rotation across the 
Carbaugh-Marsh Creek Fault (presumably during the Late Paleozoic Alleghenian event) was 
responsible for this curvature, whereas on the other hand, he suggested that the curvature 
already existed by Early Paleozoic time.  Fleming and Sumner (Ref. 2.5-42, p. 58) suggested 
that an embayment associated with the Late Precambrian-Early Paleozoic proto-Atlantic was 
responsible for this arcuation in central Pennsylvania.  Rankin (Ref. 2.4-40) and Rodgers (Ref. 
2.5-44) stated that Appalachian salients and recesses formed during the initial breakup of a 
continental mass which commenced about 820 million years ago.  Thus, at present, although 
there is no unique hypothesis concerning the age and origin of this curvature there is general 
agreement that it is pre-Mesozoic in age. 
 
Evidence of younger tectonics is confined to the mobile belt.  The southern border of the 
Newark-Gettysburg basin is obscured in New Jersey by the overlap of Coastal Plain sediments; 
however, in Pennsylvania and Maryland, the Triassic sedimentary rocks lie unconformably upon 
lower Paleozoic quartzites and carbonates and, in a few areas, upon Precambrian gneisses, 
granites and metabasalts. Residual gravity anomalies indicate that southern "border faults" are 
covered by the younger Triassic sediments (Ref. 2.5-45). 
 
The northern edge of the basin, in the area east of the Schuylkill River, borders on the 
granitic-gneissic complex of the New Jersey Highlands and its southwest extension, the 
Reading Prong.  West of the Schuylkill River, rocks north of the border are Cambrian and 
Ordovician carbonates.  Triassic rocks unconformably overlie adjacent older rocks along much 
of the northern border suggesting that this margin is not continuously faulted (Ref. 2.5-2).  In 
Pennsylvania, only 35 percent of the margin is known to be faulted (Ref. 2.5-46).  The northern 
border faults are characterized as an echelon fault zones that gives a crenelated appearance to 
the northern margin.  Where overlap has occurred the contact dips approximately 20% to the 
south (Ref. 2.5-46). 
 
The Ramapo Fault System, a continuation of the northeast trending system of border faults, 
crosses the New York-New Jersey State boundary north of New York City. No evidence of 
surface rupture, warping or offset of geomorphic features has been observed along its member 
fault zones (Ref. 2.5-47). 
 
Several faults of apparently large displacement occur within the center of the 
Newark-Gettysburg basin (Figure 2.5-11).  These are the Chalfont and Furlong Faults in 
Pennsylvania and the Flemington and Hopewell Faults in New Jersey. Orientation and direction 
of movement of these faults are not known.  Although generally considered to be steeply south 
dipping normal faults (Ref. 2.5-48 and 2.5-49), Sanders (Ref. 2.5-50) has suggested 
predominant strike slip movement and Faill (Ref. 2.5-46) indicates they may be high angle 
reverse faults resulting from intersection of two different axes of monoclinal folding within the 
basin. 
 
Smaller Triassic faults cross cut the basin margins and extend well into the surrounding rocks, 
but usually show less than 3,000 feet of displacement. Associated with these faults are local 
concentrations of small faults of constant attitude and sense of displacement (Ref. 2.5-2). 
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The Triassic basins and associated faulting are located in the mobile belt, whereas the site is 
situated on the craton which includes the Fold and Thrust Belt. No tectonic structures of 
Mesozoic or younger age have been recognized in the Fold and Thrust Belt. 
 
Analysis of lineaments observable on LANDSAT imagery yielded data consistent with these 
observations.  The greatest number of linears plotted in the Valley and Ridge Province within 
the Appalachian salient strike N10-25W (Figure 2.5-11).  This is roughly normal to fold axes in 
the area and thus the cluster of lineaments parallels the direction of extension fractures and 
cross faults. The fold axes and bedding are well expressed as a cluster of east-northeast 
trending lineaments.  
 
Secondary trends oriented north-northeast and northeast may indicate jointing of Mesozoic age.  
These are the dominant lineament trends expressed in the Newark-Gettysburg Basin. 
 
 
2.5.1.1.3.5.1  Relationship of Lineaments to Regional Geology 
 
The remote sensing work for the Susquehanna SES FSAR utilized landsat satellite imagery.  
The imagery was obtained from the EROS Data Center, Sioux Falls, South Dakota.  Analysis of 
the five frames was performed on 20" x 20" black-and-white prints at a scale of 1/500,000 
(Imagery Access Nos. 1495-15222, 1079-15124, 1440-15172, 1403-15123, and 5359-14433). 
 
Images from the Landsat satellite comprise individual frames recorded in different bands of the 
electromagnetic spectrum.  For this analysis, two bands (5 and 7) for each frame were 
analyzed.  These bands were utilized because band 7 (0.8 to 1.1 micrometer) shows drainage 
much better than the other bands while band 5 (0.6 to 0.7 micrometer) emphasizes cultural 
features.  Each frame covers an area of approximately 13,225 square miles.  This investigation 
encompassed the area within a 100 mile radius about the Susquehanna SES. 
 
In the analysis of satellite imagery an acetate overlay was initially prepared showing all of the 
lineaments observed on band 7 of each frame.  These overlays were then registered to band 5 
of their corresponding frames, and any additional lineaments observed on these frames were 
then added to the overlays.  It was possible to observe much of the study area (approximately 
25 to 30 percent) in stereo due to the overlap of the adjacent frames.  Using a mirror 
stereoscope corresponding bands of the adjacent frames with their previously analyzed 
overlays were studied.  This added three dimensional view of the lineaments provided a means 
by which spurious, apparently culturally controlled lineaments (e.g. roads and transmission 
lines) could be eliminated. 
 
A base map was prepared from the 1/250,000 topographic map series (Army Map Service), that 
covered the study area.  This map was reduced to 1/500,000 scale to match the imagery scale 
and to facilitate transfer of data from the analyzed satellite imagery.  A separate overlay was 
prepared from the geologic maps of New York, New Jersey and Pennsylvania, delineating the 
fold axes, intrusives, faults and physiographic provinces of the region.  This overlay was brought 
to the common scale of the imagery and topographic base maps.  Having all data at the same 
scale facilitated comparison and interpretation and also permitted elimination of other cultural 
lineaments. 
 
Comparison of FSAR Figures 2.5-7 and 2.5-11 reveals that within the Valley and Ridge 
Province lineament trends strongly reflect the structural grain of the Appalachian Salient.  
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The greatest number of lineaments are roughly normal 75 - 105 (to the fold axes and 
consistent with the directions along which cross faults and extension fractures occur (FSAR 
Subsection 2.5.1.1.3.2).  The next greatest number of lineaments trend parallel to the fold axes 
indicating their control by bedding, foliation, thrust faults, and wedge faults.  Secondary trends, 
particularly evident within the Appalachian Salient, are N10-15E, N20-25E and N25-35E.  
These are the dominant trends observed in the Newark-Gettysburg Basin and probably reflect 
jointing developed under the early Mesozoic stress regime.  Conversely the dominant N40E 
trend observed in the Precambrian rock of the New England Uplands is virtually non-existent in 
the Valley and Ridge Province (except where fold axes trend near N40E). 
 
Within the Appalachian Plateau Province the dominant trends are also parallel or near normal to 
the fold axes.  Secondary trends oriented north-northeast and northeast which may indicate 
jointing Mesozoic age are also evident in the Plateaus Province, particularly in the eastern 
portion of the study area which is nearest to the Newark-Gettysburg Basin. 
 
Thus, the linear features observed during this investigation which may be of structural origin can 
be ascribed either to Paleozoic tectonics or the early Mesozoic stress regime.  No evidence of 
younger (Cenozoic-Recent) structural elements was observable. 
 
The relationships between the results of this analysis and the work of Saunders and Hick, 1976 
are not geometrically direct.  The problem is one of both scale and concept.  Saunders and Hick 
worked with features traceable for hundreds of miles which they feel are reflective of 
fundamental crustal tectonics.  The analysis for Susquehanna SES was, relatively speaking, 
local in both scope and approach.  The greatest part of this study area encompasses 
allochthonous rocks which contain structural elements derived from "thin-skinned" tectonics as 
opposed to fundamental basement tectonics.  Saunders and Hick have related the major 
geomorhphic lineaments of the United States to the currently accepted theories of plate 
tectonics and hypothesized that these lineaments have been of primary importance in 
controlling crustal tectonics.  It may be stated that their work dealt with the cause while the 
Susquehanna SES analysis, due to the allochthonous nature of the terrain, dealt with the effect 
of plate tectonics.  Whether or not their postulated mechanisms for the cause are accurate, it is 
generally accepted that the Atlantic Ocean has opened and closed at least twice in the geologic 
past.  The analysis summarized in the FSAR Subsection 2.5.1.1.3.5 and Figures 2.5-7 and 
2.5-11) revealed that the significant lineaments of the Valley and Ridge and Appalachian 
Plateaus provinces in the region of the Susquehanna SES are the effect of the Paleozoic 
closing of Iapetus (proto-Atlantic Ocean).  Secondary lineaments of these provinces can be 
related to the initial opening of the Atlantic in early Mesozoic time. 
 
2.5.1.1.4  Regional Uplift and Subsidence 
 
Several investigators have presented evidence for present day crustal movement in the Atlantic 
Coastal Plain, the Fold and Thrust Belt and exposed shield areas (Ref. 2.5-51, 2.5-52, 2.5-53 
and 2.5-54).  Based on the accumulation of an eastward facing clastic wedge of sediments 
along the coastal plain, Owens (Ref. 2.5-52) concluded that post-Triassic diastrophism has 
affected the entire central and southern Appalachians with the latest recorded upwarping having 
occurred in the Pliocene to Quaternary.  Brown and Oliver (Ref. 2.5-54) concluded that the 
"Appalachian Highlands are presently rising relative to the Atlantic Coast at rates of up to 6 
mm/yr" with the elongate zones of relative movement paralleling either the major Appalachian 
Structural trend or the Appalachian drainage divide.  Superimposed on this broader uplift are 
local zones marked by a slightly greater rate of vertical crustal movement.  One of these, known 
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as the Harrisburg feature, occurs near the eastern limit of the Valley and Ridge Province along a 
line which extends northward from the eastern edge of the Blue Ridge Province (Ref. 2.5-54, p. 
26).  They further suggested that the entire thickness of the lithosphere is involved in these 
movements. 
 
No instances of faulting due to tectonism have been associated with this regional scale activity. 
The only known instance of surficial displacements in the Fold and Thrust Belt occurs in New 
York (about 120 miles east of the site) and New England where small scale (less than one inch 
of vertical separation), high angle reverse faults that parallel the regional tectonic fabric offset 
glacial striations. Oliver and others (Ref. 2.5-51) have considered glacial rebound and surficial 
effects such as thermal changes, hydration or a chemical process in the shales as well as 
tectonic stresses as possible causes of these faults.  While admitting the available data are 
inconclusive, they appear to favor the hypothesis that the faults are the result of expansion due 
to hydration or the release of continuing pressure by melting of overlying ice or other causes.  
They further suggest that if the faults are of tectonic origin, an apparently poor correlation 
between fault locations and modern seismicity indicates that episode of deformation is already 
completed (Ref. 2.5-51, p. 587).  No structures of this nature have been found in Pennsylvania. 
 
As discussed further in Subsection 2.5.1.2.3, the available data do not indicate that regional 
uplift is of significance to the Susquehanna SES. 
 
 
2.5.1.1.5  Natural Hazards 
 
A natural hazard has been defined by Burton and Kates as "those elements of the physical 
environment that are potentially harmful to man and his works".  Thus, geological natural 
hazards would be potentially harmful geological elements of the physical environment.  The 
geologic hazards to be considered are:  subsidence due to coal mine collapse, subsidence due 
to karst collapse, and landslides. 
 
The coal (anthracite) of northeastern Pennsylvania is located in the Northern, Middle, and 
Southern Anthracite fields.  The southwest end of the Northern Field is the closest to the site 
being about 4 miles to the northeast (Figure 2.5-7). Within this Northern Field there are many 
well documented incidences of subsidence, particularly in the cities of Scranton, Wilkes-Barre, 
Nanticoke, and Pittstown (Ref. 2.5-55).  There have also been incidences of subsidence in the 
Middle and Southern Fields, which at their closest points, are about 10 miles southeast of the 
site (Fig. 2.5-7).  Thus, the site will not be affected directly by subsidence due to coal mine 
collapse. 
 
The nearest major carbonate units are the Silurian Keyser and Tonoloway Formations which are 
composed of gray to dark gray, thick to thin bedded, crystalline to argillaceous limestones 
(Ref 2.5-24).  These formations are not major cavern producers (Ref. 2.5-56) especially in this 
portion of Pennsylvania, and thus do not pose a hazard of collapse.  As mapped, these two 
formations occur as relatively thin beds on both limbs of the Berwick Anticlinorium which come 
together in the town of Berwick, Pennsylvania.  This location is about 5 miles west of the site; 
thus, these units would pose no subsidence problems at the site. Miller (Ref. 2.5-57) stated that 
Onondaga limestone crops out along road and railroad cuts near Beach Haven, Pennsylvania.  
Examination of these outcrops indicates that the rock is dark gray, brownish weathering 
calcareous silty mudrock interbedded with thin layers of silt to clay shale or with siltstone.  
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Lithology and fossil fauna indicates that these rocks belong to the Mahantango Formation 
(Subsection 2.5.1.2.2) which does not pose a subsidence problem at the site. 
 
Radbruch-Hall (Ref. 2.5-58) placed the site in a region of moderate landslide incidence with a 
high susceptibility to landsliding.  Moderate incidence means that generally less than 15 
percent, but more than 1.5 percent, of the underlying rock or earth material is estimated to be 
involved in landsliding.  A high susceptibility means that natural or artificial cutting, loading of 
slopes or anomalously high precipitation may cause landsliding involving more than 15 percent 
of the rock or soil.  On this regional basis no specific statement can be made on local 
susceptibility to landsliding.  However, some general statements can be made. Although 
moderate to steep, natural slopes of the local formations (Marcellus, Manhatango, which is 
stratigraphically equivalent to the Hamilton, and Trimmers Rock) are stable, cut slopes generally 
have only poor to fair stability due to rapid disintegration of the shales upon exposure to 
weathering.  Much of the surface area in the vicinity of the site is covered with glacial till and 
outwash.  The stability of this material in cut slopes needs to be carefully analyzed.  Slope 
stability and landslide potential at the site are discussed in greater detail in Subsection 2.5.1.2.5. 
 
 
2.5.1.2  Site Geology 
 
2.5.1.2.1  Site Physiography 
 
The Susquehanna Steam Electric Station is located in the Valley and Ridge Physiographic 
Province which is described in Subsection 2.5.1.1.1. The site is situated within a broad 
undulating valley developed in mudrock, shale and siltstone of the Devonian Mahantango 
Formation along the axis of the Berwick Anticlinorium (Figure 2.5-12). 
 
Lee Mountain (about 2-1/2 miles north) and Nescopeck Mountain (about 4-1/2 miles south of 
the site, are held up by the more resistant sandstone and conglomerate of the Mississippian 
Pocono Group.  Lesser ridges formed by sandstone of the Trimmers Rock Formation occur at 
the north end of the site and along the south bank of the Susquehanna River (about 2 miles 
south of the site). 
 
Topography and drainage of the area is controlled to a large degree by the lithologic and 
structural characteristics of the bedrock.  Ridges and valleys generally trend east-northeast 
parallel to the strike of the Paleozoic strata.  The site fronts on the south flowing Susquehanna 
River which here flows perpendicular to the east-northeast trending axis of the fold, resuming its 
west-southwest flow about 1-1/2 miles south of the site, to follow the strike of the shale valley. 
The north-northwest segment of the Susquehanna River which flows normal to the strike 
appears to have been inherited from the course of the Ancient Little Schuylkill River (Ref. 2.5-3) 
(Refer to Subsection 2.5.1.2.4). 
 
Topographic elevations in the site vicinity range from 500 to 1,100 feet above sea level.  Higher 
elevations occur in the more rugged terrain further north and west of the site.  The site itself 
contains generally gentle to moderately sloping hills and well developed drainage patterns.  
Existing surface elevations vary from about +750 feet in the western portion to about +500 feet 
in the east. Portions of the area were formerly cultivated.  In those areas not cultivated, heavy to 
moderate woodlands and scrub brush are found.  A steep sandstone ridge borders the north 
side of the site.  A narrow east-west trending interior bedrock ridge, rising some 60 feet above 
the surrounding ground surface, is located just north of the center of the site.  A rounded 
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bedrock knoll about 80 feet high occurs at the western edge of the site in the southwest 
quadrant.  
 
The site is well-drained by eastward trending depressions near the north and south edges of the 
site.  Plant grade at 650 feet above sea level (about 150 feet above the flood plain of the 
Susquehanna River) is at about the level of the Fourth Olean Kame Terrace (Ref. 2.5-5) which 
is well preserved southward between the site and the Susquehanna River. 
 
The irregular bedrock surface underlying the site is the result of a combination of preglacial 
weathering and stream erosion, glacial scour, later erosion by glacial melt waters, and the 
varying resistance of the lithologic units to erosion.  The maximum thickness of the overburden 
is on the order of 40 feet in the southern half of the site, with bedrock occasionally cropping out 
at the surface.  North of the east-northeast bedrock ridge that is located near the center of the 
site just north of the reactor and turbine buildings, glacial deposits fill a bedrock valley to a depth 
exceeding 100 feet. 
 
During excavation at the site, abundant evidence of glacial and glacio-fluvial scour of the 
bedrock surface was found in the form of channels, potholes, grooves, striations and fluted rock.  
A large, buried pothole over 30 feet wide and more than 30 feet deep was exposed in the Unit 1 
turbine building excavation (Figure 2.5-13).  Similar large buried potholes have been 
documented farther north along the Susquehanna River Valley (Ref. 2.5-3, p. 23-27 and 2.5-59, 
p. 195).  At the site, numerous other smaller potholes and rounded pits and channels in 
unweathered bedrock were observed in the excavations.  Smooth, east-northeast trending 
linear channels about 6 to 8 feet deep eroded in unweathered bedrock were observed north of 
the radwaste building.  Similarly, somewhat larger features were excavated in the northeast and 
west rims of the Unit l cooling tower.  This fluting of the rock surface observed in a number of 
places at the site was either gouged by ice, eroded by water or both, and apparently served as 
flumes for torrential glacial meltwater runoff which evidently at one time cascaded across much 
of the site area.  Undoubtedly many steep or even undercut surfaces of the bedrock at the site 
are attributable to ice scour and intense fluvial erosion that was associated with the Olean and 
earlier glaciations.  These features are discussed in Subsection 2.5.l.2.3.3. 
 
As indicated in Subsection 2.5.1.2.5, landslide potential, surface or subsurface subsidence, 
uplift or collapse are not of concern at the site. 
 
 
2.5.1.2.2  Site Lithology and Stratigraphy 
 
2.5.1.2.2.1  Lithology and Stratigraphy in the Site Vicinity 
 
Figure 2.5-12 illustrates the distribution of the geologic units within at least 5 miles of the site. 
The stratigraphic relationships of the various formations are shown on the site geologic column 
(Figure 2.5-14).  Silurian and Devonian formations occur throughout the Valley and Ridge 
Province.  Silurian and lower and middle Devonian strata consist of marine shale, mudrock, 
siltstone, sandstone and limestone.  The upper Devonian strata are generally non-marine 
sandstone and shale. 
 
A northeast trending fold, referred to as the Berwick Anticlinorium, completely encompasses the 
site area.  This feature has been breached by erosion, exposing rocks of Silurian and Devonian 
age along the core and at the flanks of the anticlinorium.  As it plunges to the east, progressively 
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younger formations are exposed.  Silurian formations present west of the site include, from 
oldest to youngest: the Tuscarora sandstone, the Clinton ferruginous sandstone, the McKenzie 
greenish shale with limestone, the Bloomsburg red shale, the Wills Creek shale and the 
Tonoloway limestone. The Tuscarora sandstone caps Montour Ridge along the axis of the 
Berwick Anticlinorium in the vicinity of the West Branch of the Susquehanna River. Here as 
elsewhere in the Valley and Ridge Province, the Tuscarora is a prominent ridge former.  The 
Clinton Formation contains a fossil iron ore which was formerly mined along Montour Ridge.  
The Bloomsburg Formation supports the eastern extension of Montour Ridge.  The Wills Creek 
and Tonoloway Formations occur in the flanks of the Anticlinorium west of Berwick (Figure 
2.5-10). 
 
The basal Devonian formations are the Keyser limestone and Old Port sandstone.  These 
formations crop out along the flanks of the Berwick anticlinorium.  East of Bloomsburg they are 
no longer exposed having presumably been removed from the section by erosion or faulting 
(Subsections 2.5.1.1.3 and 1.5.1.2.3). 
 
Stratigraphic units exposed in the map area are from oldest to youngest: the Devonian 
Mahantango (which includes the Marcellus Shale, Trimmers Rock and Catskill Formations), the 
Mississippian Pocono Formation, the Mississippian to Pennsylvania Mauch Chunk Formation, 
and the Pennsylvania Pottsville and post-Pottsville Formations. 
 
Above the Marcellus, the Mahantango Formation is represented only by the uppermost 
member, the Sherman Creek which is dominantly a dark gray to blue gray, olive gray to brown 
weathering mudrock.  Siltstone and fine grained sandstone units crop out locally, including at 
the site and at certain outcrop locations both calcareous and noncalcareous strata coexist 
(Figure 2.5-12, Stations DF-2, DF-3, and DF-6). 
 
An interval of light, medium gray argillaceous limestone near the top of the Mahantango, was 
recognized as correlative with the Tully Limestone and was mapped as part of the Mahantango 
(Figure 2.5-12, Stations DF-53 and DF-45).  The overlying Harrel Shale, a poorly exposed, dark 
silty shale which appears to gradationally overlie the Mahantango (Figure 2.5-12, Stations 
DF-30, DF-31, DF-43, and DF-44b) was also mapped as part of the Mahantango Shale. 
 
Fossils are relatively abundant within the Sherman Creek member of the Mahantango 
Formation and include various genera of brachiopods, bryozoa, pelecypods, coral, trilobites, 
and crinoid fragments.  Fossil casts are abundant with occasional molds and rare preservation 
of internal structure and original shell material. 
 
Concretions (commonly rusty weathering), spheroidal weathering, and prominent, closely 
spaced steeply dipping cleavage, which may quite easily be mistaken for primary bedding 
fissility, are other features characteristic of the Mahantango. 
 
The Mahantango grades upward into the Trimmers Rock (Figure 2.5-12, Stations DF-30 and 
DF-33).  The Trimmers Rock Formation is dominantly interbeded, medium to olive gray, thinly 
laminated siltstone, silty shale and fine grained, laminated to massive sandstone.  These rocks 
weather to a brownish gray color. Sedimentary structures include fining-upward sequences 
(Figure 2.5-12, DF-7, DF-8, and JW-10); groove casts, current lineations, load casts, ball and 
pillow structure, and flow rolls (Figure 2.5-12, JW-7B, JW-10, and JW-11).  Ripple marks were 
also locally identified.  These structures indicate deposition by turbidity currents in a marine 
environment.  Fossils are often restricted to relatively thin layers of brachiopods (spirifers DF-9).  



SSES-FSAR 
Text Rev. 53 
 
 

FSAR Rev. 66 2.5-26 

Other fossils include pelecypods and crinoid fragments (DF-17b).  Channels were observed at 
DF-25. 
 
The upper Trimmers Rock Formation consists of light to medium grayish green silty shale and 
micaceous, dark greenish gray silstone, both of which weather to a dark reddish brown color, a 
reddish brown silty fine to medium grained sandstone to siltstone, and olive green vitreous fine 
grained sandstone to siltstone (DF-26, DF-27, DF-28, DF-32, DF-36, DF-37 and DF-68). 
 
The Catskill Formation rests conformably upon lithologically similar interlayered rocks of the 
upper Trimmers Rock but is predominantly red colored. It is this dominantly red color as well as 
sedimentary structures (roots, oscillation ripple marks; Station DF-68) which distinguishes the 
Catskill from the Trimmers Rock. The contact between the Catskill and the underlying Trimmers 
Rock was mapped therefore, at the base of the first relatively thick reddish brown to maroon 
sandstone (Figure 2.5-12, Station DF-68) or brownish red silstone and more massive reddish 
brown (maroon) micaceous, fine grained sandstone (Figure 2.5-12, Station DF-37c).  At Station 
JW-65 (Figure 2.5-12), the upper Trimmers Rock consists of fine grained, medium gray 
sandstone overlain by a thin band of green mudrock which is, in turn, overlain by a fine grained, 
green, well laminated sandstone. The green sandstone grades upward into a fine grained, red, 
well laminated sandstone which marks the basal unit of the Catskill. 
 
The basal red unit at Station DF-37c (Figure 2.5-12) is overlain by greenish gray, fine grained 
sandstone and olive green shale and at DF-68 it is overlain by thinly laminated, light green, silty 
shale and siltstone.  These units are succeeded, upward, by interbedded maroon and light olive 
gray to greenish gray sandstone, siltstone, and shale (Figure 2.5-12, Stations DF-37c and 
DF-68). Stratigraphically younger units within the Catskill include:  (a) reddish brown mudrock 
and silty mudrock, (b) brownish red medium grained sandstone, (c) reddish brown to maroon 
micaceous, fine grained sandstone, and (d) greenish gray micaceous, fine to medium grained 
sandstone.  Sedimentary structures include intraformational clasts of green shale, oscillation 
ripple marks, roots, and prominent cross bedding. The Pocono Formation, which overlies the 
Catskill, consists typically of medium and coarse grained light gray to white, rusty weathering 
quartz sandstone with thin layers of quartz pebble conglomerate.  Olive gray, fine grained 
sandstone, reddish gray medium to fine grained sandstone and siltstone (Figure 2.5-12, Station 
DF-14) and greenish gray medium grained, cross bedded sandstone (Figure 2.5-12, Station 
DF-67) also occur within this formation.  Cross bedding is common. 
 
Near the base of the Pocono, grayish red sandstone layers occur.  These were recognized 
along the east side of the Susquehanna River south of Mocanaqua (Stations JW-1 and JW-64) 
and along the road between Alden and Folstown (Stations JW-28 and JW-29).  At JW-1 and 
JW-64, the Pocono consists of an interlayered sequence of predominantly medium gray, thick, 
well laminated, gray weathering quartz sandstone and subordinate, red, flaggy quartz 
sandstone.  At JW-28 well laminated red sandstone is interlayered with, but decidedly 
subordinate to, well laminated, rusty weathering, light gray, coarse grained sandstone and finer 
grained gray sandstone.  Coarse to medium grained, mainly grayish to greenish gray sandstone 
featuring rather subtle cross bedding dominate the upper portion of the exposure at JW-29.  
This, along with an underlying thin zone of light greenish gray sandstone, in turn, underlain by 
green shale and mudrock, has been selected as marking the basal Pocono.  Beneath all of 
these units at JW-29, is a red, well laminated, argillaceous siltstone which we have interpreted 
as marking the top of the Catskill. This red siltstone rests upon a green shale which overlies a 
cross bedded, medium light gray, olive gray weathering quartz sandstone.  Red shale, which 
marks the base of the outcrop, underlies the quartz sandstone.  The lower (topographically and 
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stratigraphically) portion of the outcrop is dominated by red lithologies in contrast to the upper 
part in which no red lithologies were exposed. Besides the obvious color change the sandstone, 
above the inferred contact, is coarser grained and more subtly cross bedded than the sandstone 
which occurs between the red units near and at the base of the outcrop.  Thus, contrary to other 
interpretations (e.g. Ref. 2.5-16) we suggest that the Pocono-Catskill contact is gradational in 
this area, rather than unconformable. 
 
The upper Pocono Formation in the vicinity of Shickshinny consists of medium to light gray 
conglomeratic sandstone with rounded to sub-rounded quartz pebbles and shale fragments, and 
rusty weathering, fine to medium grayish green micaceous siliceous sandstone (DF-56) and 
finely laminated greenish gray, rusty weathering, siliceous quartz sandstone (DF-57, DF-58).  
Rusty weathering, medium light gray, medium to coarse grained quartz sandstone is 
interbedded with thin layers of dark gray silty shale and medium gray quartz-lithic sandstone fills 
channels at DF-59. 
 
The Mauch Chunk Formation is generally bright red in color and consists of mudrock, silty 
shale, siltstone and fine to medium grained, cross bedded, well laminated sandstone.  The 
upper part of the formation along the south limb of the Lackawanna Synclinorium (Figure 2.5-12, 
Stations JW-22 to JW-24) is marked by interlayered red and olive gray sandstone, siltstone, and 
silty shale.  Locally the siltstone contains layers of rounded, circular to elliptical calcite filled 
voids. Elsewhere the Mauch Chunk consists of greenish gray to grayish green medium to 
coarse grained, locally micaceous sandstone, thinly laminated gray, fine grained sandstone and 
siltstone (Figure 2.5-12, Station DF-54) and massive medium grained sandstone (Station 
DF-55). 
 
The Pottsville and Llewellyn Formations represent the coal bearing zones of the Anthracite 
Region and have, for the purpose of this report, been combined and treated as a single 
formation.  Collectively, the Pottsville and Llewellyn (formerly post-Pottsville) consist of quartz 
pebble conglomerate in a quartz sandstone matrix, quartz pebble conglomerate in a 
carbonaceous quartz sandstone matrix, coarse grained dark to medium gray, massive and 
flaggy, carbonaceous sandstone and shale, dark gray to black siltstone and coal.  The 
non-carbonaceous quartz pebble conglomerate displays cross beds. 
 
Pleistocene unconsolidated deposits of glacial drift blanket most of the region north of the site.  
They extend approximately 10 miles to the south and 50 miles to the west of the site.  Deposits 
of various glacial advances are recognized in the region.  The drift materials include glacial till 
and stratified waterlain deposits consisting of poorly sorted mixtures of clay, silt, sand, gravel 
and boulders.  The youngest and best preserved deposits are those of the Wisconsinan glacial 
stage. 
 
The site lies just behind the Pleistocene terminal moraine of Olean drift, deposited between 
55,000 and 60,000 years ago (Ref. 2.5-60, Figure 4; 2.5-61, plate 3; and 2.5-5, p. 25).  The 
Olean drift represents an early glacial substage of late Pleistocene, or Wisconsinan time and 
has been correlated with the Altonian substage by Sevon (Ref. 2.5-62) to distinguish it from the 
later Wisconsinan, or Woodfordian, drift farther north.  The Olean drift is an assemblage of 
contemporaneous drifts deposited by several ice lobes that occurred from New Jersey westward 
to Indiana, believed to represent a regional glacial advance in early Wisconsinan time.  A 
correlation chart of deposits of early and middle Wisconsinan age by Dreimanis and Goldthwait 
(Ref. 2.5-60, Figure 4) utilizing available geomorphic, lithologic, paleontologic and radiocarbon 
data, shows the Olean drift to be between about 55,000 and 60,000 years old; conservatively, 



SSES-FSAR 
Text Rev. 53 
 
 

FSAR Rev. 66 2.5-28 

the Olean drift may therefore be considered to be in excess of 50,000 years old according to 
this correlation.  Drifts recording later ice advances in Wisconsinan time are not present in 
northeastern Pennsylvania (Ref. 2.5-61, plate 4), so in this area evidence of the earlier 
Wisconsinan drift is preserved (Ref. 2.5-62 and 2.5-63). 
 
The leading edge of the Olean terminal moraine is depicted by Denny and Lyford (Ref. 2.5-61, 
plate 4) as occurring in the Susquehanna Valley about three miles southwest of the site, just 
west of the village of Beach Haven.  Ahead of (downstream from) this moraine are deposits left 
by an earlier Illinoisan glaciation (Ref. 2.5-7, p. 24); however, no Illinoisan deposits have been 
recognized north of the Wisconsinan terminal moraine in Pennsylvania (Ref. 2.5-5, p. 26), 
indicating that Olean ice overrode and reworked apparently all of the pre-existing Illinoisan drift.  
Nevertheless, it is possible that some buried drift at the site and elsewhere, particularly that 
located in bedrock depressions, may represent unrecognized remnants of overridden Illinoisan 
or earlier deposits. 
 
The glacial deposits near the Susquehanna site have been studied in some detail by Peltier 
(Ref. 2.5-5).  He describes (Ref. 2.5-5, p. 25) the various features and processes associated 
with the terminal moraine near Beach Haven.  He characterizes the morainic material as "a 
gravel moraine... composed largely of poorly sorted, coarse kame gravel, medium-grained 
valley train gravel, and sand...  During the early stages of kame terrace development, the 
marginal channels flowed at a level which was high above the valley...  Continued ablation of 
the ice in the valley probably caused the marginal streams to flow at successively lower levels.  
These streams, where they flowed along the ice, both eroded the earlier deposits and filled in 
their channels...  In this manner any till deposited at the ice front became buried or eroded."  
This description of erosion and deposition near the site by ice-margin streams at elevations 
above the valley floor is consistent with the development of large potholes and steep or even 
undercut erosional contacts at the site.  Evidently waterfalls and large-volume torrential streams 
occurred at the site during retreat of the early Wisconsinan ice. (Additional discussion of the 
origin and features of glacial deposits at the site is presented in Subsection 2.5.1.2.3.3). 
 
Peltier (Ref. 2.5-5, Figure 33) profiles discontinuous kame terraces along a 25-mile stretch of 
the Susquehanna River including the site.  The highest such terrace formed by a stream 
marginal to Olean ice is indicated to occur at about 650 ft. msl at the site (about mile 165), or 
about 160 ft. above the river.  Glacial deposits at elevations higher than this, which would 
include the glacial deposits in most of the site area, would be part of either the Olean terminal 
moraine or the ground moraine behind it. 
 
The moraine in the Berwick-Beach Haven area is noncalcareous (Ref. 2.5-5, p. 24). 
Sedimentary rocks, mostly gray and red sandstone and siltstone, constitute over four-fifths of 
the material in the moraine (Ref. 2.5-5, Table 3).  Peltier (Ref. 2.5-5, p. 24) considers that the 
remaining igneous and metamorphic types in the moraine indicate it was derived from the 
Mohawk tongue of an Olean ice lobe originating from the Adirondack area or east of it (Ref. 
2.5-60, p. 83). 
 
Unconsolidated sediments mantle most of the Susquehanna River Valley within 5 miles of the 
site.  The valley deposits consist of glacio-fluvial deposits (outwash alluvial terraces, kame 
terraces), alluvium and colluvium. Unconsolidated deposits were examined at Stations DF-4, 
DF-15, DF-16, DF-37, DF-42, DF-44a, DF-44b, DF-52, DF-64, and DF-66 at all DJU stations.  
Thin deposits were noted at various other localities (Figure 2.5-12). 
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Station DJU-1 is located at a currently (Spring, 1977) operating gravel quarry exhibiting 
excellent exposures.  This quarry contains well layered, brownish gray, very coarse sand to 
medium gravel interlayered with gray, medium, well sorted gravel with medium to coarse gravel 
and cobble layers.  This is overlain by pebble to cobble gravel with coal and rare boulders 
interlayered with coarse sand to medium gravel with little coal.  The dip of bedding tends to 
decrease or flatten toward the south.  The middle level contains medium to coarse, well 
rounded, gravel with coarse sand containing lenses of cobbles and gravel below fine to medium 
gravel and coarse sand with some coal rich laminae.  The overlying unit is generally finer 
grained and dominantly fine to medium sand, some silt with fine laminae of coal.  This unit 
contains layers of cobbly gravel, silt plus fine sand, and coarse to medium finely laminated 
gravel and coarse sand. Local coarse sand to medium gravel plus cobble layers have steeper 
dipping beds which appear to flatten southward.  On the uppermost level, tan cobbly gravel with 
rare boulders under tan fine grained sand with coal exhibiting possible load casts is exposed 
above slumped material.  This is overlain by medium yellow brown silt with little fine sand.  This 
silt contains rare sub-angular cobbles.  Feint layering is visible in the thickly bedded silt. 
 
The deposit described above is the largest good exposure of unconsolidated sediments 
observed during this mapping program.  Based on sedimentology (well sorted, rounded gravels 
in contact with well sorted sands or well sorted silts which appear to indicate rapidly changing 
hydraulic regimes; gravels with intersticial silt) sedimentary structure (steeply dipping bedding 
whose dip flattens southward or downstream) and geographical location (against the valley 
wall); these sediments are interpreted as a kame terrace deposit.  No faults were observed 
cutting this layered sequence. 
 
Kame terrace deposits were observed at the other DJU stations.  Ice contact deformation was 
observed at several locations (refer to Subsection 2.5.1.2.3). 
 
A yellow-brown silt with some fine sand, occasional to rare pebbles or cobbles was observed at 
several locations (DJU-1 at Elevation 665 feet; DJU-2 at Elevation 600 feet; DJU-3 at Elevation 
580 feet; DJU-4 at Elevation 595 feet; possibly at DJU-7 at Elevation 640 feet overlain by cobbly 
gravel; and DF-15 at Elevation 1040 feet).  These deposits have been interpreted as loess (Ref. 
2.5-5) but may represent relatively quiet fluvial conditions.  Well rounded cobbly gravels 
observed at DF-52 and DJU-5 may represent either valley train or kame terrace deposits. 
 
 
2.5.1.2.2.2  Lithology and Stratigraphy at the Site 
 
At the site, the thickness of the surficial materials occurring south of coordinate line N342,000, 
which includes all of the principal plant structures except the spray pond facilities, ranges from 
zero to about 40 feet.  These materials consist of till and kame outwash, typically grading 
upward from a basal gravelly boulder zone to a surface layer of silty fine sand and sandy silt.  
The surface layer may represent reworked loess.  Rock fragments in the gravelly outwash are 
well rounded and are composed mainly of hard, well-cemented, white to brown or red 
sandstones of various textures.  No calcareous fragments were noted.  In places, the sands and 
gravels contain minor amounts of anthracite grains and rounded anthracite pebbles up to a foot 
in diameter. These anthracite fragments cannot have been transported less than 3-1/2 miles 
from Shickshinny, the nearest occurrence of coal beds. 
 
In the spray pond area in the northern part of the site, permeable, gravelly outwash and alluvial 
material fill an east-west bedrock valley to depths in excess of 100 feet.  Cobble and boulder 
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pockets were encountered at various depths in most of the boreholes drilled in this locality.  The 
deposit is glacial in origin, possible in part pre-glacial and overridden by ice, and reworked by 
water derived from ablation of the ice mass in the manner described by Peltier. It consists of 
sequences of sand, gravel and boulders, overlain by sand and gravel, overlain in turn by sand 
and silty sand.  A geologic map of the surficial materials excavated in the spray pond area is 
presented on Figure 2.5-15. 
 
Bedrock at the site is in the upper part of the Middle Devonian Mahantango Formation, except 
for a strip along the northern margin of the site.  The uppermost member of the formation, which 
forms the top of rock in the east-west bedrock valley north of about N342,000, is a dark gray, 
noncalcareous siltstone in which bedding is generally delineated by thin, inconsistent, light-gray, 
fine-grained sandstone stringers.  Upward and with increasing sand content the Mahantango 
Formation grades into the Trimmers Rock Formation, which occurs north of about N342,500 at 
the northern edge of the site.  The Trimmers Rock, a gray fine-grained sandstone which caps 
the high, northeast-trending ridge north of the site, is massive to flaggy and exhibits 
well-developed joint systems. 
 
Beneath its uppermost member, the Mahantango is comprised of 120 to 150 feet of hard, dark 
gray calcareous siltstone.  It is harder and more resistant to erosion than the uppermost 
member, forming the east-west trending bedrock ridge just north of the reactor location and 
underlying the site to past the southern limit of the site area.  The principal plant structures are 
founded on it. 
 
These two upper members of the Mahantango Formation are similar in lithology and occur at 
the same stratigraphic position as the Harrell shale and underlying Tully limestone.  However, 
the characteristic fossils of the Tully are not present in the site area which require these 
members to be assigned to the Mahantango Formation. 
 
As exposed in the foundations, the unweathered bedrock is a dark gray, massive to thick 
bedded slaty siltstone, homogeneous in appearance and lacking the bedding plane fissility that 
is normally associated with less well indurated shaly rocks.  The rock also exhibits a variably 
developed slaty cleavage or fracture cleavage, further indication of its indurated nature.  
Typically the rock is slightly calcareous and has intermittent fossiliferous zones which display 
impressions of brachipods, crinoids, corals, bryozoa and trilobites.  Scattered veinlets and joint 
fillings consist of white, crystalline calcite or a mixture of calcite and quartz. 
 
The rock weathers to a brown color, with iron oxide stains on joint and cleavage surfaces.  
Weathering progresses initially by dissolution of calcite from joint and fracture fillings, followed 
by more pervasive weathering of the rock mass and refilling of joints and veinlets with clay and 
other weathered material. Advanced weathering on exposed, natural surfaces evidently 
proceeded mainly along cleavage planes, so that on well weathered outcrops the platy cleavage 
fabric dominates greatly over jointing or bedding.  Lack of significant weathering of the rock 
surface is often associated with areas where there is evidence of considerable glacial scour or 
fluvial erosion of the rock.  Additional information on the engineering characteristics of the 
bedrock at the site is given in Subsection 2.5.1.2.5. 
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2.5.1.2.3  Structural Geology 
 
2.5.1.2.3.1  Major Geologic Structures in Site Vicinity 
 
The major structural features in the vicinity of the site are the Berwick Anticlinorium and the 
Lackawanna and Eastern Middle synclinoria which are discussed in Subsection 2.5.1.1.3. 
Structurally the site is situated slightly north of the axis of the Berwick Anticlinorium.  The term 
"anticlinorium" as used herein is defined as a series of minor, intermittent anticlinal structures so 
arranged that they form a general arch or anticline. 
 
Virtually all structural elements in the site area are related to Paleozoic crustal compression.  
These elements include kink bands which occur on all scales (Ref. 2.5-31 and 2.5-32) and most 
likely account for the Berwick and Lackawanna folds, contraction (reverse and bedding-plane) 
faults, and small scale flexural slip folds.  These structures occur on all scales (e.g., Ref. 2.5-30 
and 2.5-31).  Where exposed it can generally be inferred that the small scale kink bands, 
contraction faults, and flexural slip folds are cogenetic, developed early in the tectonic history 
and were rotated by later, larger scale, genetically related folds.  For example, at Station JW-3 
(Figure 2.5-12) bedding strikes N70-751E and dips 70-75NW.  A reverse fault strikes N80E, 
dips 70NNW, and displays slickensides which rake 85 in the direction S80W.  The axis of the 
associated drag fold plunges 15 in the direction N85E.  The enveloping bedding on a small 
kink fold at this same exposure is oriented N70E:  70NW and the kink band is oriented N68E:  
60SE. Similarly, at Stations DF-34 and DF-55 the geometric relations among cleavage, faulting 
and folding strongly suggest these structures are all coeval. 
 
Like the folds, contraction faults also occur at different scales.  At least some of the larger faults 
appear to have developed in response to a space problem created by the development of tightly 
appressed folds.  An example of this is noted at Station JW-30, where the strain energy 
associated with a tight kink fold was released along one fairly large reverse fault (which parallels 
bedding on the hanging wall and cross cuts bedding on the foot wall) and several smaller faults 
which strike parallel to the larger one yet dip in the opposite direction. At JW-30 bedding, the 
kink fold and the associated faults all show nearly parallel trends; slickensides on the faults and 
bedding surfaces deformed by the kink band rake approximately 90.  Similar observations have 
been made elsewhere in the Fold and Thrust Belt (Valley and Ridge Province) and, as 
described by Faill and Nickelsen (Ref. 2.5-31), all of these structures are kinematically 
congruent, i.e., cogenetic. 
 
Besides the aforementioned structures, local evidence of lateral movement was recognized 
along the north-south segment of the Susquehanna River at Stations JW-3 and JW-60.  At 
JW-3, slickensides rake 20 in the direction S05E on a surface striking N05W and dipping 
70W.  At JW-60, slickensides rake 20 in the direction S10W on a surface striking N10E and 
dipping 50E. 
 
This movement appears to be related to cross faulting in which case it, too, would be cogenetic 
with the other structures (Subsection 2.5.1.1.3).  In any case lateral movement along this 
segment of the river was too small to produce any perceptible displacement on the map scale of 
1:24,000. 
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As indicated in Subsection 2.5.1.1.3, all of these structural elements developed during the Late 
Paleozoic. No evidence was observed in outcrops within five miles of the site which would 
suggest that they have been active since that time. 
 
Minor structural features were observed in Pleistocene sediment at a few locations in the site 
vicinity.  Two small faults (exhibiting 18 inches and 2.5 inches of vertical separation) were 
observed at the margin of an apparent ice melt collapse feature in kame or kame terrace 
deposits at station DF-47. Asymmetric, reclined folds in unconsolidated sand and silt were 
observed at stations DJU-3, DJU-7, DF-7 and DF-47 (Figure 2.5-12).  A small scale fault 
oriented N30-35E:  73-75SE with approximately 2 mm of dip slip separation occurs at DJU-9. 
This apparent reverse fault dies out upward.  A coal bearing sand which lies about 6 cm above 
the observed displacement is not disturbed. Similar features at the site have been related to 
syndepostional slump, differential compaction and ice contact phenomena (Subsection 
2.5.1.2.3.3). 
 
 
2.5.1.2.3.2  Geologic Structures at the Site 
 
During preconstruction exploration at the site, geologic structures in the bedrock at the site were 
defined and evaluated. Since bedrock exposures at the site were scarce (see Figure 2.5-17), 
most of this information was obtained from borehole cores, supplemented by geophysical 
logging of boreholes, seismic refraction surveys, cross-hole and down-hole measurements, test 
pits and trenches, and geologic mapping of the surface.  Presented herein is a summary 
discussion of the geologic structures at the site as defined from the preconstruction exploration, 
followed by a description and discussion of the geologic structures that were observed in the 
excavations for the principal plant facilities. 
 
The principal structural features in bedrock beneath the site are shown on Figure 2.5-18.  The 
axis of a minor anticline crosses the site generally along the east-west base line (approximately 
N341,700).  To the north of this base line, the strata dip to the north at between 20 degrees and 
35 degrees.  South of the base line, dips are to the south at between 5 degrees and 15 degrees. 
The predominant strike of the strata is N75E. 
 
The prominent joint directions are parallel and perpendicular to the strike of the strata.  The 
major joints strike parallel to bedding.  This joint set is nearly perpendicular and dips opposite in 
direction to the dip of the bedding. A more open but less frequent series of vertical joints strikes 
parallel to the direction of dip of the strata.  High angle joints healed by secondary calcite and 
quartz mineralization are present in the vicinity of minor shear zones. 
 
The most prevalent type of rock displacements occurring in the region generally are low angle 
thrust faults.  It has been indicated (Ref. 2.5-21) that many low angle thrusts shear upward 
through competent rocks utilizing incompetent strata as glide zones.  Small shear planes that 
step stratigraphically from one shale-siltstone layer to another by shearing across intervening 
sandstone or conglomerate strata have been reported exposed in numerous road cuts and strip 
pits (Ref. 2.5-21). 
 
Based on interpretation of initial data obtained for the PSAR from 100 and 200 series borings, 
particularly those located near coordinate line E2,442,400 (location of Section A-B, Figure 
2.5-22), two areas of minor shearing were recognized at the site; namely, one in the vicinity of 
N341,200, slightly east of the reactor facilities and the other in the vicinity of N342,700.  The 
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evidence of shearing is manifested by the presence of slickensides, calcite-healed gash 
fractures, and breccia zones. 
 
The shears are of the low-angle type generally parallel to the bedding and are mechanically 
associated with the forces that acted to produce the folding of the strata. 
 
The shear zone which occurs to the north of N342,600 is characterized by a series of bedding 
plane slips associated with breccia, slickensides, thin clay seams, and numerous fractures.  The 
shear zone is contained within the less competent upper member of the Mahantango Formation 
and the lower portion of the Trimmers Rock Formation.  The shear zone probably terminates at 
depth in the more competent calcareous member of the Mahantango. 
 
No evidence of displacement was encountered in the main body of the more competent strata of 
the calcareous member of the Mahantango Formation between N341,950 and N342,600.  The 
stresses that acted on these strata were taken up by the development of joints and fracture 
cleavage.  Detailed inspection of the rock cores extracted from this area reveals microshear 
offsets along the cleavage planes.  The net effect of this mechanism is to thicken the strata as 
revealed by the stacking and shortening of sandy stringers.  The cleavage planes are generally 
healed by secondary lithification of the rock matrix. 
 
The contact between the top of the Mahantango Formation and the base of the Trimmers Rock 
Formation was encountered in borings 117, 108, 122 and 126, all located north of N342,550.  
Detailed examination of bedding planes observed in the rock cores from these borings indicated 
that the dip of the strata increases with increasing depth.  This is confirmed by borehole 
geophysical data.  The numerous breccia, slickensides, thin clay seams and fractures 
encountered in borings 122 and 126, and to a lesser extent in boring 108, represent a zone of 
en echelon shear planes, both parallel and subparallel to the bedding.  These shears are related 
to the original tectonic stresses which produced the regional folding. 
 
A petrographic examination of the clay and rock encountered in some of these borings in the 
northern part of the site was conducted by Dr. Charles Thornton of Pennsylvania State 
University.  The examination indicated that the rock and clay in the broken zones were 
mineralogically similar to the intact rock obtained from the core above and below the broken 
zones.  Since no secondary mineralization was encountered in association with the clay and 
broken rock, it appears that this condition was mechanically induced and is not a result of 
chemical alteration and/or weathering. 
 
In the second area of minor shearing identified above, evidence of structural adjustment which 
may be called a shear zone is present as slickensides and healed breccia at various depths in 
borings 125, 127, 132 and 103 as indicated on the subsurface section (Figures 2.5-21A and 
2.5-21B), and in borings 100, 217 and to a minor extent in 105 perpendicular to the section.  
These borings are in the area adjacent to and immediately east of the reactor facilities. Based 
on this evidence, this zone of structural adjustment strikes east-northeast and dips southerly at 
approximately 10 degrees.  If this zone of structural adjustment extended northward beyond 
boring 102, it has been subsequently removed by erosion. 
 
Detailed inspection of the microstructure in the rock core extracted from the borings at the site 
reveal shear-fold structural relationships similar to those encountered on a larger scale across 
the site.  The displacements observed in the rock core are completely healed by secondary 
calcite and quartz mineralization. 
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It is probable that the bedrock at the site served as an intervening buffer or adjustment zone 
during the regional folding of the strata. 
 
Stresses that formed the Berwick Anticlinorium and synclinal structures appear to have been 
absorbed within the rocks of Mahantango and underlying Marcellus formations, as flexural slip, 
disharmonic folding and glide thrusting.  The stresses that were necessary to produce these 
structural features were compressional from the southeast.  These structural features were 
formed no later than the close of the Paleozoic Era, approximately 200 million years ago. 
Based on thorough consideration of all the information provided by the pre-construction 
foundation exploration, it was concluded that the minor structural conditions observed at the site 
are not of significance with respect to siting or design for the use of the site for its intended 
purpose.  An evaluation of subsequent data assembled from additional boring exploration and 
from geologic mapping of the foundations, confirms the initial conclusion. 
 
During excavation and clean-up of the rock at Unit 1 reactor and turbine foundations, at the 
circulating water pumphouse, and along the trench for the hot water intake pipeline to Unit 1 
cooling tower, a bedding plane shear showing strong slickensides was uncovered.  This 
bedding plane shear is the same shear plane that was identified in the early phases of the site 
exploration and is herein referred to as "bedding plane shear A" (refer to Figures 2.5-18 and 
2.5-19). 
 
In the northeast corner of the Unit 1 reactor foundation, bedding plane shear "A" strikes N85E 
and dips 7SE.  The surfaces of the bedding plane contain 1/4-inch to 3/4-inch thick laminae of 
calcite, siltstone and some quartz.  The calcite laminae are approximately 1/16-inch thick, 
alternating with thinner siltstone laminae.  The entire exposed area of this bedding plane 
contains prominent slickensides trending N30 to 40W, with a 6 to 7SE plunge.  Up-dip and 
closer to top of rock, the bedding plane contains a 1/2 to 1-inch wide, iron-stained zone, and it 
also shows extensive leaching of the minerals filling the shear. 
 
In places, the adjacent rock is weathered to a granular sandy soil.  The calcite which fills the 
bedding plane shows no sign of crushing.  The weathering and staining on the bedding plane 
shear occurs only near top of rock where surface water and groundwater could penetrate along 
the plane; at foundation grade which is well below the weathered zone, the unweathered 
laminae have the properties of firm rock. In places the bedding plane shear is apparently not a 
prominent feature in the unweathered rock.  For example, it was identified only as a slickenside 
surface with associated jointing in boring 105 and as horizontal jointing planes in boring 351 
(geologic section E-E', on Figure 2.5-19). 
 
A second essentially parallel bedding plane shear striking N75E and dipping 7SE was 
exposed in the trench for the circulation pipe, at the intersection of column lines 19 and G.  
Slickensides trending N30W with a 7SE plunge are also exposed on this plane.  The surface 
is coated with a 1/8 to 1/4-inch-thick layer of unweathered calcite.  This shear plane is 
designated "bedding plane shear B" on Figure 2.5-18.  Although similar in appearance to 
bedding plane shear A at this location, apparently this shear is more restricted in a real extent, 
because it was not recorded on the logs of nearby bore holes nor was it mapped in the 
radwaste foundation area where it should have been exposed if it had continued that far north. 
 
It proved possible to collect intact samples from the sheared portion of bedding plane shear "A" 
for more detailed analysis, including petrographic thin sectioning.  The mineralization along the 
bedding plane consists of thin, parallel bands of intergrown calcite and quartz.  The bands, 0.5 
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to 5.0 mm wide, are separated by thin films of dark shaly material on which slickensided 
striations caused by shearing have formed.  Within the bands, the majority of quartz grains 
shows recrystallization into interlocking, strain-free grains up to 5 mm long, but becoming 
cryptocrystalline in the thinner bands.  These relationships suggest that the quartz-calcite 
mineralization was not a late, post-tectonic occurrence, but rather was probably introduced in 
association with shearing, which is known to have taken place at the end of the Paleozoic (refer 
to discussion at the end of this Subsection 2.5.1.2.3.2).  Undeformed microscopic veinlets of 
calcite can be observed to cut across the bands at nearly right angles.  These veinlets are not 
themselves offset, and therefore constitute mineralization that has not been crushed or 
deformed since its deposition.  Similar instances of undeformed calcite veinlets crossing 
slickensided bedding planes are observed on a megascopic scale in the site excavation.  
Figures 2.5-20a through 2.5-20g illustrate such occurrences. 
 
Bedding plane shear "A" was mapped in the excavations westward from the northeast corner of 
the Unit 1 reactor foundation to the west slope of the circulating water pumphouse excavation 
(Figure 2.5-18).  It was also exposed in the trench for the Unit 1 cooling tower hot water intake 
piping and in two pedestal (No. 6 and No. 7) excavations for the tower itself.  Although it 
displays minor undulations, the average strike of the bedding plane shear is close to N85E 
eastward from the turbine and reactor foundations, approximately parallel to the axis of the 
minor anticline at the site and to the regional structural trend.  Near the Unit 1 cooling tower, the 
bedding plane shear strikes about N70E, consistent with measured bedding attitudes in that 
area. Representative dip measurements on the shear plane in the foundations were between 5 
and 8S, which is parallel to the dip of bedding. The trend of the slickenside lineation on this 
bedding plane shear across the foundation area ranges between S10E and S40E, most 
between S20E and S30E, a direction consistent with regional north-northwest compression 
during folding. 
 
Drill hole data were utilized to project bedding plane shear "A" down-dip. Geologic sections E-E' 
and F-F' on Figure 2.5-19 show profiles of the shear through the reactor and turbine 
foundations.  The source of data for these profiles is from foundation geologic mapping and 
elevation surveys, supplemented by subsurface data from the boring logs.  It is evident that the 
foundation mapping and boring log data are in very good agreement, and that the minor shear 
zone originally identified in this area from exploratory borings is identical to the bedding plane 
shear "A" identified during construction (see Figures 2.5-21A and 2.5-21B, which was prepared 
before excavation for the plant structures began).  Although this figure suggests that bedding 
plane shear "A" may not be completely parallel to bedding, no evidence was found during later 
exploration and excavation to indicate that the shear plane transects bedding. 
 
Bedding plane shear "A" can be traced updip along the Unit 1 hot water intake pipeline trench to 
the excavation for Unit 1 cooling tower pedestals 6 and 7, where the shear plane crosses the 
axis of the minor anticline that trends through the site.  At pedestal 6 which was excavated to 
Elevation 667 feet, the weathered bedding plane shear was exposed and dips gently south, 
conformable to bedding (Figure 2.5-18).  At the adjacent pedestal 7 which was excavated to 
elevation 668 feet, the same weathered bedding plane shear was again exposed, but here it 
dips gently north, again conformable to bedding.  At these locations the weathered shear is two 
to three inches thick.  Where unweathered, the shear is tightly healed with calcite and quartz 
mineralization; where weathered, these minerals have been partially removed and replaced with 
claylike material.  A roller-bit probe made during the Unit 1 cooling tower foundation exploration 
recorded a thin seam of soft rock in the vicinity of pedestals 8 and 9 at about elevation 662 feet, 
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which was probably a penetration of bedding plane shear "A", and, together with measured 
bedding attitudes, reveals a continuation of the northward dip of the shear plane.  West and 
south of the circulating water pumphouse, undulations in the bedding are evidenced by local 
northward dips of 5 to 10 degrees.  Elevations at which shears were intersected by boreholes 
318, 321 and B-5 suggest that bedding plane shear "A" closely parallels the undulations of the 
strata in this area.  These structural relationships are shown in profile in geologic section G-G' 
on Figure 2.5-19.  The fact that the shear plane is folded in conformance to local structure 
demonstrates that the shear plane originated before or during the time of folding and effectively 
dates its formation at 200 million years ago or earlier, which is the minimum age of Appalachian 
deformation in the region (Refer to Subsection 2.5.1.1.3 and the discussion at the end of this 
Subsection 2.5.1.2.3.2). 
 
Other slickensides were recorded on many joint planes at the site, particularly on low-angle joint 
planes.  Most of these slickensides plunge southeast.  The geologic map (Figure 2.5-18) shows 
these measurements.  Numerous slickensided joint planes had been recorded in bedrock cores 
in the early stages of the site exploration see boring logs, holes 100-132 and 210-219, Figures 
2.5-23a through 2.5-23t); they were also observed in rock removed during foundation 
excavation.  Many of these low-angle slickensided joint planes are calcite-coated, and some are 
undulatory in form rather than planar.  They were noted in some instances to splay out from the 
more prominent bedding-plane shears described above.  Evidently, differential movement which 
occurred principally along bedding planes was transmitted laterally to the encompassing 
bedrock mass along these bifurcating slickensided joints or shear planes.  Such slickensides 
and shears should be expected in view of the tectonic history and the nature of deformation 
which the region has undergone. 
 
Significantly, regardless of the orientation of the planes on which slickensides occur (whether 
they dip north or south), the trend of the slickenside lineation is almost invariably in the 
northwest-southeast quadrant, clustering N20-35W (or S20-35E).  This direction is completely 
consistent with the northwesterly-directed tectonic compressive stress that produced the 
regional folding and thrust faulting during the Appalachian orogeny, and is further evidence that 
the slickensides that occur at the site are geologically old; that is, they originated over 200 
million years ago.  Their consistent orientation suggests deformation during a single tectonic 
episode, rather than recurrent deformation at different times in geologic history. 
 
Bedding plane shear "A" intersects the top of bedrock surface in the diesel generator and Unit 1 
turbine and reactor area.  During excavation, two exposures of this intersection were examined 
to determine the nature of this contact (exposures at intersections of grid line N341,400 with 
column line G and with column line N (Figure 2.5-18), and photographs (Figures 2.5-20b 
through 2.5-20e) were taken.  Glacial deposits overlay the rock at these points.  In each case 
the eroded rock surface was continuous across the trace of the bedding plane without 
displacement or offset.  If displacement had occurred subsequent to erosion of the rock surface, 
this would be apparent as an angular, sharp projection of rock into the overlying glacial 
deposits; instead, the rock surface across the trace of the bedding plane is smoothed by 
erosion.  Figures 2.5-20b through 2.5-20d show this relationship.  In the area north of this 
intersection, the bedding plane shear had been eroded away, thus confirming the original 
evaluation based on exploratory borings (compare geologic section E-E', Figure 2.5-19 with 
geologic section B-C, Figures 2.5-21A and 2.5-21B).  The erosion of the rock surface would 
necessarily have occurred prior to the deposition of the overlying glacial deposits, which have 
been established as being more than 50,000 years old (refer to Subsection 2.5.1.2.2.1).  
Consequently, this relationship shows that any displacement along bedding plane shear "A" 
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occurred more than 50,000 years ago.  Actually, regional relationships plus the fact the plane is 
folded indicate that any displacements are a result of the tectonic forces which occurred prior to 
the late Triassic, over 200 million years ago. 
 
Thus, the original preconstruction appraisal of shears which occur at the site as reported in the 
PSAR remains the same.  These minor shears and structural conditions are consistent with the 
mode of deformation which occurred during the Appalachian orogeny, over 200 million years 
ago.  They are not significant to the plant site or to the operation of the plant. 
 
Cleavage.  Secondary cleavage is variably as developed in the rock exposed at the site; in 
some places, such in the slopes of the ESSW pipe trench north of the circulation water 
pumphouse and in parts of the cooling tower areas, it forms the dominant structural feature of 
the rock, both on fresh and on weathered exposures.  The strike of the cleavage is oriented 
east-northeast, approximately parallel to the trend of the major fold axes, and dips with variable 
steepness to the south, but generally in the range of 40-80.  Where the dip of the cleavage 
locally becomes fairly shallow, such as along the eastern perimeter of the south cooling tower, it 
is sometimes difficult to distinguish cleavage planes from bedding planes.  The fact that the 
cleavage is oblique to bedding demonstrates its secondary origin, apparently during the episode 
of regional tectonic deformation, 200 million or more years ago. 
 
Joints and Fractures.  Jointing in the rock excavated for foundations is fairly well developed.  
Figure 2.5-18 maps the principal joints encountered at foundation grade, which is at a sufficient 
depth below top of rock to be in essentially unweathered material.  Here joints are tight and 
either uncoated or coated with calcite or a mixture of quartz and calcite.  Relatively few joints at 
foundation level contained significant iron staining; some iron-stained joints are mapped in the 
radwaste foundation area.  Toward the surface these joints generally become more heavily 
iron-stained with greater degree of weathering, and calcite coatings tend to be leached out, 
resulting in open joints, in joints partly coated with quartz or in clay-filled joints in the zone of 
weathering.  
 
The most abundant joint set in the principal foundations area (Figure 2.5-18) strikes 
east-northeast (N60-85E), roughly parallel to the major regional fold axes and to the 
secondary fold axis at the site.  North of the anticlinal axis at N341,300, these joints strike 
N70-85E and dip, with some scatter about the vertical, 75S-75N, most 85S- 85N.  South of 
N341,100 similar but more numerous joints, shown diagrammatically on Figure 2.5-18, strike 
N50-60E, dip uniformly 50-60SE, and appear to comprise a distinguishable set.  Less 
numerous but quite prominent joints with a similar east to east-northeast trend dip gently 
northward at 10-18 and are best represented along the vicinity of coordinate line N341,200. 
 
Other dominant joint sets are steeply dipping to vertical north-northwest to northwest joints, and 
north-south joints.  Dips in both sets are usually greater than 70 with both east and west dips 
represented although the majority of those measured dip toward the west. 
 
Many joints are filled with white calcite or a mixture of calcite and quartz, but there appears to 
be no preferential orientation for these filled joints. The low-angle joints are commonly 
slickensided (discussed above).  In the turbine building excavation, two vertical, calcite-filled 
joints cut across bedding plane "B".  The calcite in these vertical joints is continuous across the 
bedding plane with no offset, showing that the joints were formed and the calcite was deposited 



SSES-FSAR 
Text Rev. 53 
 
 

FSAR Rev. 66 2.5-38 

in the joints subsequent to the development of the slickensides on the bedding plane.  
Photographs were taken of this exposure (Figures 2.5-20e through 2.5-20f). 
 
In addition to these principal joints, high-angle, discontinuous, white calcite and quartz-calcite 
veinlets are typically exposed locally throughout principal plant foundations.  These veinlets 
probably represent fractures that originated during Late Paleozoic tectonic deformation.  They 
tend to occur most abundantly in the vicinity of bedding plane shears (discussed below) and as 
such may have arisen as gash fractures, as for example the veinlets mapped in the vicinity of 
N341,350-E2, 441,550 (Figure 2.5-18).  At this same location is a singular occurrence of 
numerous west-dipping open vugs and seams up to several inches wide containing 
undeformed, euhedral quartz crystals up to 2 inches long.  These seams were here exposed 
several feet above a bedding plane shear (see description above).  Chunks of loose, coarsely 
crystalline white calcite also occur in the vugs.  It is evident that these vugs had originally been 
relatively wide (up to 5 inches) gash fractures containing a coarsely crystalline quartz-calcite 
mineral filling; later the rock weathered and the calcite was selectively dissolved by circulating 
ground water (Refer to Subsection 2.5.1.2.5.1). 
 
Bedrock Configuration at the Site.  Figure 2.5-17, a map showing top of rock contours at the 
site, illustrates the general original configuration of the bedrock surface.  It is evident that the 
major erosional feature of this surface is a buried, east-west bedrock valley in the northern part 
of the site, including the spray pond location.  Here glacial or pre-glacial erosion has incised the 
bedrock surface approximately 100 feet below the general top of rock elevations to the south.  
In detail, the bedrock surface is very irregular due to the action of glacial plucking and 
subsequent glacio-fluvial erosion.  The large pothole over 30 feet deep and 30 feet wide was 
found in the Unit 1 turbine building excavation; other smaller ones also occur at the site.  
Additional discussion of erosional features in bedrock at the site is presented in Subsections 
2.5.1.2.1 and 2.5.1.2.3.3. 
 
Relation of Site Geologic Structure to Regional Structure.  Geologic mapping at the foundation 
excavations for the plant structures, together with subsurface borehole data, shows that bedding 
plane shear "A", the only shear plane traceable across a significant part of the foundations area 
is, within the accuracy of the data, parallel to bedding and follows the folds which the bedding 
defines, indicating that the bedding plane shear was either formed prior to folding, or, more 
likely, developed in conjunction with folding (refer to geologic section G-G' on Figure 2.5-19).  
Therefore, knowledge of the age of folding would provide a minimum date of origin of the 
bedding plane shears exposed at the site.  With that objective in mind, the literature was 
examined first to determine whether or not the structures of the site are consistent with the 
regional structure, and second to date as accurately as possible the age of deformation. 
 
The attitude of the sheared bedding planes and the trend of the slickensides on the planes may 
be compared to the nearest major tectonic structure (The Berwick Anticlinorium) to the site that 
is an obvious and consistent member of the pattern of regional deformation in the Valley and 
Ridge province.  The strike of the sheared bedding planes (N75-85E) are essentially parallel 
to the axis of the Berwick Anticlinorium (N75-80E) immediately south with compressive forces 
from the southeast which caused the folding in the region, and of the Berwick Anticlinorium in 
particular.  The Berwick Anticlinorium is one of a series of folds in the Pennsylvania Valley and 
Ridge Province. It is located in the northwestern part of the province near the Allegheny plateau.  
Rocks involved in this deformation within the Valley and Ridge province range as recent as 
Permian in age, and the intensity of deformation increases toward the southeast -- from broad, 
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gentle open folding at the Allegheny front to overturned, recumbent folds and nappes 
complicated by thrust faulting at the Blue Ridge. 
 
Arndt and Wood (Ref. 2.5-64) have classified this progressive deformation resulting from 
compressive stresses originating to the southeast into a number of stages, each stage being 
categorized by effects of successively more intense deformation.  Thus, the effects of 
deformation were transmitted with time northwestward over an increasingly greater distance, 
and deformation acted at any one locality with increasingly greater intensity with time.  It follows 
that "the areas of most complex structures to the southeast underwent each of the first four 
stages of deformation, whereas the least intensively deformed area to the northwest was 
subjected only to the last orogenic force and contains features characteristic of only the first 
stage of deformation" (Ref. 2.5-64). 
 
The first stage of deformation is characterized by horizontal strata cast into broad, open folds 
without significant thrust faulting.  The second stage, which characterizes the area in which the 
Berwick Anticlinorium is located, exhibits low-angle thrusting and imbricate faulting followed by 
formation of subsidiary folds on the larger folds to develop anticlinoria and synclinoria. 
Structures in the vicinity of the site are consistent with this categorization.  Subsidiary flexures at 
the site are broad, open features (refer to geologic section G-G', Figure 2.5-19), and low-angle 
thrust faulting is represented by the decollement in the site vicinity as discussed in Subsection 
2.5.1.1.3. Subsequent stages, in which the folds are overturned and then additionally folded and 
faulted, are absent from the Berwick anticline area.  Arndt and Wood (Ref. 2.5-64, p. B134) 
state, "the process of structural evolution appears to have been continuous and the result of a 
single orogeny that was not necessarily punctuated by pulsations.... The orogeny began after 
rocks of Pennsylvanian age were consolidated and prior to deposition of rocks of Late Triassic 
age."  It is obvious from this model of deformation that thrust faulting was a logical and integral 
accompaniment to folding, rather than being part of some separate tectonic episode subsequent 
to folding. 
 
In this process of deformation, "rocks of the more competent units characteristically folded into 
generally concentric, symmetric to asymmetric anticlines and synclines broken variably by 
faults.  The rocks of the less competent units developed disharmonic folds broken by 
decollements, low angle thrust and bedding faults, and commonly separate discordant folds in 
the more competent rocks" (Ref. 2.5-21, p. 160).  As a result, it is expected that rocks least able 
to withstand great shear pressures, such as shales, would display evidence not only of large 
magnitude differential movement as is found near the major thrust zones, but also of lesser but 
more prevalent minor structural adjustments, such as shears, incipient bedding plane faults, 
zones of closely spaced joints or fractures, slickensides, slaty cleavage, and so on.  Thus, it 
would be surprising if the Mahantango Formation which occurs at the site did not show at least 
some of these features produced during Appalachian deformation. 
 
"Northwestward-directed stresses of the late Paleozoic Appalachian orogeny were largely 
responsible for the development of the tectonic framework of the Anthracite region and the 
remainder of the Valley and Ridge province in Pennsylvania" (Ref. 2.5-21).  There is general 
agreement that the time of the Valley and Ridge deformation, which is equated with the 
"Appalachian Revolution" (Ref. 2.5-28, p. 645), also termed the "Alleghany" or "Allegheny 
orogeny" (Ref. 2.5-65), ended before late Triassic time over 200 million years ago, but there is 
surprisingly little evidence to indicate a more exact dating of the events. As Rodgers (Ref. 2.5-
34, p. 34) states, "traditionally...the deformation has been dated at the end of the Paleozoic, and 
in fact for generations American students were taught that it was the event that marked the end 
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of the era."  The youngest known deformed strata are lower Permian in age (in the Georges 
Creek syncline just west of the province boundary in Maryland) (Ref. 2.5-34, p. 64).  Therefore, 
typical Valley and Ridge folding and faulting occurred in the Permian and perhaps continued 
into the early Triassic; apparently it formed most if not all the major structural features of the 
province (Ref. 2.5-34, p. 64). 
 
According to Woodward (Ref. 2.5-65, p. 2320), "there is no tangible evidence regarding the time 
of this deformation save that part of it must have occurred after the Pennsylvanian (or after the 
early Permian) and all of it before the late Triassic...Nothing fixes its appearance specifically at 
the end of the Permian; even its latest movements could have ceased by Middle Permian.  They 
could also have continued through the Middle Triassic for any evidence to the contrary."  The 
Upper Triassic shale and red bed deposits in their tilted and downfaulted basins provide an 
upper age limit for the Allegheny orogeny (Ref. 2.5-34, p. 115) because it is thought that the 
pervasive northwest-southeast compressive force field required for the northwest-directed thrust 
faulting and folding during the Allegheny orogeny could not have been present during the 
formation of the Upper Triassic basins, which required essentially extensional or tensional 
stress acting in the east-west or northwest-southeast direction. 
 
In several places undeformed Triassic features are directly superimposed on Valley and Ridge 
structures, establishing an upper limit for Valley and Ridge deformation, of which the Berwick 
anticline is a part.  Between the Schuylkill and Susquehanna Rivers, Triassic basin sediments 
rest directly on and truncate the recumbent folds and nappes (Ref. 2.5-66) developed in the 
southeast part of the Valley and Ridge province.  These upper Triassic sediments were 
deposited on a peneplained surface; thus, the Valley and Ridge structures had become inactive 
and were exposed and eroded to near base level before upper Triassic time over 200 million 
years ago.  Late Triassic diabase dikes are shown on the Tectonic Map of the United States 
(Ref. 2.5-67) crossing Appalachian fold structures about 20 miles northwest of Harrisburg near 
the mouth of the Juniata River.  Since these dikes are neither deformed nor offset by Valley and 
Ridge faults, they also establish a pre-late Triassic age for Valley and Ridge tectonism. 
 
According to Dr. Gordon H. Wood of the U. S. Geological Survey (verbal communication, 1974) 
there are no local specific field relationships in the Anthracite basin which could be used to 
supply a definite date for faulting and folding in the Anthracite basin.  The only known date for 
Appalachian structures is supplied by regional relationships such as the Triassic events.  
However, Dr. Wood stated that all faulting related to Appalachian structures, except possibly for 
some very minor Triassic faulting, is Paleozoic in age. 
 
On the basis of the foregoing discussion, it is concluded that thrust faulting, shearing, bedding 
plane faults and other similar features in the area near the site, and the slickensides and 
striations in the foundation rock underlying the site, were formed during the "Allegheny orogeny" 
or "Appalachian Revolution" which produced the folds and thrusts of the Valley and Ridge 
province, of which the Berwick Anticline is a part; thus, these events became tectonically 
inactive before upper Triassic time or over 200 million years ago.  The slickensides and 
shearing which are evident on various bedding planes and joint planes in the foundation rock at 
the Susquehanna Site are therefore of no significance to the plant structures. 
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2.5.1.2.3.3  Geologic Features in Surficial Materials at the Site 
 
Surficial material in the site vicinity consists of glacial drift deposited near the Olean terminal 
moraine (refer to Subsection 2.5.1.2.2.1).  The glacial deposits near the Susquehanna site have 
been studied in some detail by Peltier (Ref. 2.5-5, p. 25).  He describes the various features and 
processes associated with the terminal moraine near Beach Haven (3 miles southwest of the 
site) as follows: 
 

(The Moraine) is a gravel moraine and is composed largely of poorly sorted, coarse 
kame gravel, medium-grained valley train gravel, and sand.  These gravels were 
deposited in marginal channels between a stagnant tongue of ice, which lay in the center 
of the valley, and the valley walls...  During the early stages of kame terrace 
development, the marginal channels flowed at a level which was high above the valley, 
and, at the front of the ice, fell sharply to the valley floor.  At the ice front a steep alluvial 
deposit, composed largely of coarse gravel, was formed.  Continued ablation of the ice 
in the valley probably caused the marginal streams to flow at successively lower leves.  
These streams, where they flowed along the ice, both eroded the earlier deposits and 
filled in their channels; where they crossed the "terminal moraine" they cut channels in 
the previously deposited alluvium and laid down sand and gravel on more gently sloping 
gradients toward the river valley beyond it.  In this manner any till deposited at the ice 
front became buried or eroded. 

 
At the site, little till was exposed in the excavations for the principal plant structures, in 
conformance with Peltier's nearby observations.  Essentially all of the glacial material excavated 
consist of stratified drift in the form of kame delta and terrace deposits, alluvial outwash and 
stream gravels, much of it probably reworked in the manner described by Peltier.  Indeed, the 
scoured and fluted bedrock surface, large potholes, and steep and even undercut contacts 
between bedrock and glacial drift attest to the torrential flow of water which at one time evidently 
cascaded across the site; and the coarse boulder gravels and erosion channels within the 
outwash indicate energetic reworking of the materials.  In keeping with this glacio-fluvial mode 
of deposition, contemporaneous sedimentary features, such as those resulting from slumps at 
undercut or eversteepened stream banks, from differential compaction of materials deposited on 
irregular surfaces, and from other adjustments during deposition, may be expected (see for 
example (Ref. 2.5-68, p. 184-185).  A few minor features such as sedimentary creep or small 
slumps were observed in the stratified drift, as for example north of the radwaste building, where 
they are associated with an undulating, fluted rock surface.  Apparently these features, which 
terminate above the rock surface, arose through differential compaction across the irregular 
bedrock surface. 
 
None of the sedimentary features exposed in the glacial materials were observed to extend 
downward to intersect the bedrock surface.  It is concluded that all such features observed in 
the surficial materials at the site are consistent with their known mode of origin by glacio-fluvial 
process that occurred near the terminal moraine of the Olean glaciation. 
 
2.5.1.2.3.4    Hazards from Storage in Local Geologic Structures 
 
The unconsolidated Quaternary deposits in the vicinity of the Susquehanna SES are unsuitable 
for storage or disposal.  While storage in unconsolidated strata is feasible, the thickness and 
extent of the Quaternary strata in the site area is insufficient.  For example, with regard to 
aquifer storage of natural gas, the minimum depth of overburden necessary to maintain 
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adequate deliverability at the well head is about 500 ft., while depths in excess of 1500 ft. are 
desirable for an efficient operation. 
 
As discussed in Subsection 2.4.13, none of the bedrock formations in the site vicinity have a 
high primary transmissivity.  Both the primary porosity and permeability of these well 
consolidated rocks are generally low.  Ground water utilization is dependent upon secondary 
permeability developed through tectonic fracturing and jointing or solution processes.  Thus, 
while the anticlinal structure in the site vicinity may provide geometry suitable for aquiter storage 
or disposal, no suitable reservoir strata are known to be present. 
 
Deep well injection into fracture porosity zones in impermeable rock might be considered as a 
potentially feasible method of waste disposal in the site vicinity.  However, based on existing 
literature and considering current technology, this method of disposal is the least desirable.  
Reservoir strata with some degree of primary permeability are preferred (Ref. 2.5-116). 
 
It is believed that the Precambrian basement, at depths in excess of 30,000 feet in the vicinity of 
the Susquehanna SES, does not contain the Fold and Thrust Belt Fracture System (Subsection 
2.5.1.1.3).  The nature and extent of any fracturing in these rocks is unknown.  Recent 
advances in drilling technology suggest that the technical capability to construct a disposal well 
at depths in excess of 30,000 feet may be available in the near future.  In the U.S. there has 
been at least one instance of disposal of chemical waste into Precambrian age crystalline rock 
(Ref. 2.5-117).  However, rocks of this type with transmissibilities dependent solely on fracture 
porosity are not generally considered to be suitable storage or disposal reservoirs (Refs. 
2.5-118, 2.5-119 and 2.5-120). 
 
A discussion of the potential hazard resulting from a subsurface storage facility would be 
dependent upon the type of facility and the type of material being stored.  In view of the low 
potential for the development of such a facility in the near vicinity of the Susquehanna SES, a 
discussion of potential hazard is unwarranted. 
 
 
2.5.l.2.4  Site Geologic History 
 
The geologic history of this region can be traced from Precambrian times.  Rocks beneath the 
Paleozoic strata at the site form the Grenvillian cratonic basement, approximately 1 billion years 
old. The sediments that were deposited to form the Precambrian rocks in the region were 
subjected to magmatic intrusion, metamorphism and erosion before the onset of Cambrian time. 
 
Paleozoic sedimentary strata in the site vicinity are estimated to be on the order of 30,000 feet 
thick (Ref. 2.5-28 and 2.5-38). The deposition and deformation of these strata is related to the 
opening and closing of the Proto-Atlantic Ocean (Ref. 2.5-69). 
 
Although deformation in the Appalachian Orogen culminated three times in the Paleozoic -- the 
Taconic, the Acadian, and the Alleghenian (Appalachian) orogenies -- the effects of the first two 
orogenies in the folded Appalachians in which the site occurs were mainly sedimentologic rather 
than structural, being evidenced as unconformities and as changes in provenance, lithology and 
in sedimentation characteristics, in contrast to the intense folding, faulting, volcanism and 
metamorphism which occurred at these times on the Mobile Belt during the Taconic and 
Acadian events.  The Alleghenian orogeny, on the other hand, resulted in the structural 
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configuration at the site today.  The structural evolution of the Fold and Thrust belt is described 
in Subsection 2.5.1.1.3. 
 
Crustal divergence in Late Precambrian, Cambrian and Early Ordovician time allowed the 
accumulation of a thick sequence of miogeosynclinal sediment in the Appalachian Basin 
(Subsection 2.5.1.1.2). The Taconic Orogeny beginning in Middle Ordovician time signifies 
convergence and uplift in the Mobile Belt. 
 
The highly deformed early Paleozoic strata are unconformably overlain by less deformed, 
coarser grained clastic sediment which is in turn overlain by the Siluro-Devonian carbonate 
sequence.  This sequence is thickest in the east and thins westward. 
 
Northeastward from the site the carbonate strata interfinger with clastic detritus. Late Paleozoic 
strata are clastic through most of the Appalachian Basin (Subsection 2.5.1.1.2). 
 
These strata reflect the closing of the Proto-Atlantic Ocean.  At the peak of the Taconic Orogeny 
along the cratonic margin to the east, ophiolitic rocks (presumably oceanic crust) were obducted 
from the eugeosyncline, and the miogeosynclinal strata (carbonate and detrital alike) were 
thrust onto the craton.  The geologic setting at the site is the result of this activity.  Folding and 
thrust faulting occurred through mechanical detachment from rigid basement rocks along 
decollements in shaly strata near the base of the Paleozoic section (Ref. 2.5-38).  The site rests 
on the northern limb of one such fold, the Berwick Anticlinorium.  The deformation progressively 
increased in intensity toward the southeast, from broad, gentle open folding northwest of the 
Allegheny front to overturned, recumbent folds and nappes complicated by thrust faulting at the 
Blue Ridge.  The effects of final convergence and translation during the Late Paleozoic appear 
to be limited to the Mobile Belt (Subsection 2.5.1.1.3 and 2.5.2.2). 
 
The Appalachians appear to have undergone erosion through most of the Mesozoic Era.  
Tectonic activity related to the opening of the Atlantic Ocean appears to have had no significant 
structural effect in the Fold and Thrust Belt and Stable Interior (Subsections 2.5.1.1.3 and 
2.5.2.2) until the Cretaceous Period.  At that time, subsidence of the Atlantic continental margin 
allowed transgression of the sea well inland of the site vicinity. 
 
During Cenozoic uplift, major drainage in the area followed relatively straight southeastward 
courses through the Cretaceous sedimentary strata to the Atlantic.  The Ancient Little Schuylkill 
River flowed past the site toward the present day Delaware Bay.  The ancient north branch of 
the Susquehanna River flowed through Wilkes-Barre, Pennsylvania toward Trenton, New 
Jersey.  As the Appalachians were exhumed, the east-northeast structural fabric began to 
exhibit control of the drainage pattern.  The present course of the north branch of the 
Susquehanna River resulted from stream capture of the Ancient Little Schuylkill and ancient 
north branch through their east-northeast tributaries by the main branch of the Susquehanna 
River (Ref. 2.5-3). 
 
Northeastern Pennsylvania has undergone at least three glaciations during the last 150,000 
years and possibly one or more prior to that date.  Till at the site was deposited during the 
Olean substage about 55,000 to 60,000 years ago (Ref. 2.5-5 and 2.5-6).  Older Illinoisan drift 
occurs in the valley of the Susquehanna River between the Olean terminal moraine at Beach 
Haven (about 3 miles southwest of the site) and the confluence of the north and west branches 
of the Susquehanna River.  Post-Olean advances did not reach the site vicinity (Ref. 2.5-5 
and 2.5-6). 
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Peltier (Ref. 2.5-5) mapped discontinuous kame terraces along the Susquehanna River in the 
site vicinity.  The highest such terrace formed by ice marginal streams occurs at about 650 feet 
above sea level at the site.  Refer to Subsections 2.5.1.2.2 and 2.5.1.2.3.3 for further discussion 
of Pleistocene erosion and deposition at the site. 
 
Since the retreat of the Wisconsinan ice sheets from the region, broad regional uplift appears to 
have occurred, probably at least in part as a result of crustal rebound subsequent to the removal 
of ice load.  Erosion has continued and soil profiles have formed. 
 
 
2.5.l.2.5  Engineering Geology Evaluation 
 
Site subsurface exploration is described and discussed in Subsection 2.5.4.3. 
 
Laboratory tests of foundation materials, and in situ geophysical tests of the foundation 
materials are discussed in Subsections 2.5.4.2 and 2.5.5. 
 
Geologic mapping of the final foundations is described in Subsections 2.5.1.2.2,2.5.1. and 
2.5.4.1.3.  It was concluded from these studies and evaluations that the site geologic and 
foundation conditions are entirely suitable for the construction and operation of the plant. 
 
 
2.5.1.2.5.1  Geologic Conditions Under Category 1 Structures 
 
All Seismic Category 1 plant facilities, except the spray pond, Engineered Safeguard Service 
Water (ESSW) pumphouse and pipeline, and the diesel generator 'E' fuel tank are founded on 
bedrock.  The ESSW pipeline trench is excavated partly in soil and partly in rock.  The location 
of these facilities is shown on Figure 2.5-24. 
 
The foundation rock is a hard, indurated siltstone, a member of the Devonian Mahantango 
Formation.  In the foundations area it is quite massive and lithologically homogeneous, with 
bedding generally not well defined, and lacking the bedding plane fissility usually associated 
with less well indurated shaly siltstones and silty shales.  In places the rock exhibits a slaty 
cleavage, further evidence of its indurated nature.  All Category 1 rock foundations were 
excavated to unweathered bedrock.  Geologic maps and sections of the Category 1 excavations 
in rock are shown in Figures 2.5-18 and 2.5-19.  More detailed discussion of the foundation 
geologic conditions is contained in Subsections 2.5.1.2.2 and 2.5.1.2.3.  Engineering properties 
of the foundation rock are described in Subsection 2.5.4. 
 
The spray pond is situated over a glacial or preglacial, east-west trending bedrock valley as 
outlined by contours on top of bedrock (Figure 2.5-17).  The valley is filled with dense gravelly 
and sandy glacial outwash and till deposits which attain a maximum thickness of about 110 feet 
adjacent to the spray pond area.  They were deposited no later than the Olean substage (early 
Wisconsinan) of the Wisconsinan glaciation which occurred over 50,000 years ago.  In general, 
the deposits are permeable and consist of a sequence of sand, gravel, and boulders overlain by 
sand and gravel, overlain in turn by silty sand.  The entire sequence is highly variable in grain 
size distribution and sorting, and contains discontinuous pockets of similar materials.  As a rule, 
grain size decreases and sorting increases toward the top of the sequence. 
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The southwestern tip of the spray pond is cut into bedrock while the remainder was excavated 
in these permeable glacial materials.  The thickness of the glacial deposits beneath the bottom 
of the spray pond ranges from zero at the rock contact to 93 feet at the eastern end of the pond.  
The spray pond is lined to minimize seepage losses to the underlying permeable glacial 
deposits.  The foundation of the pumphouse structure located at the southeastern corner of the 
pond is underlain by 35 to 60 feet of glacial material.  The ESSW circulation pipelines between 
the pumphouse and the plant intersect bedrock at an elevation of 668 feet, approximately 260 
feet southeast of the pumphouse (refer to Figure 2.5-17A).  A geologic map of the spray pond 
area is presented on Figure 2.5-15.  Further discussion of conditions at the ESSW pumphouse 
and spray pond are contained in Subsections 2.5.1.2.2, 2.5.3 and 2.5.5. 
 
The area underlying the diesel generator 'E' fuel tank consists of a dense to very dense glacial 
outwash and till deposit.  The deposit consists of a sequence of sand, gravel, cobbles, and 
boulders overlain by sand and gravel, overlain in turn by crushed stone. 
 
 
2.5.1.2.5.2  Landslide Potential 
 
Natural slopes adjacent or close to the principal plant structures are relatively flat.  Most of these 
slopes are composed of soil; few rock slopes occur (Figure 2.5-17 shows areas of rock 
outcrops). 
 
North of the spray pond the Trimmers Rock Formation forms a relatively steep ridge rising 
approximately 380 ft. above the pond.  The south-facing slope of this ridge is essentially a rock 
slope underlain by flaggy, resistant sandstone thinly mantled with soil and rock fragments.  The 
closest approach of this slope to the spray pond is along the northern perimeter of the pond; the 
toe of the slope, at elevation 710-720 feet, is 250 feet or more from the edge of the pond (at 
elevation 679 feet).  The maximum slope along the ridge is about 2 horizontal to 1 vertical, with 
an overall slope of 3-1/2 horizontal to 1 vertical, a relatively flat slope for competent rock.  Figure 
2.5-56 shows a typical profile along the steepest portion of this slope north of the spray pond 
area.  Bedding in the rock dips approximately 30 to the north into the slope; thus, it is favorably 
oriented for slope stability.  Data of McGlade, et al. (Ref. 2.5-56, p. 147) indicate that natural 
slopes eroded on Trimmers Rock strata are "steep and stable." 
 
No old landslides, rock slips, or landslide scars have been noted near the plant structures.  It is 
concluded that the natural slopes present no significant hazards to plant structures. 
 
Stability of excavated and fill slopes is discussed in Subsection 2.5.5. 
 
 
2.5.1.2.5.3  Areas of Potential Subsidence, Uplift, or Collapse 
 
Potential sources of subsidence or collapse in the Pennsylvania Valley and Ridgeregion include 
coal mines and karst terrain; however, neither of these conditions are known to occur within 
several miles of the site and therefore they are not significant to the site. 
 
No coal beds are present beneath the site; the nearest coal measures are about 3-1/2 miles 
north of the site near Shickshinny, which is at the extreme western end of the anthracite 
producing belt in the Lackawanna syncline (Figures 2.5-25 and 2.5-26).  The nearest 
underground coal workings are about 2 miles east of Shickshinny (Ref. 2.5-70); the nearest that 
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have been associated with surface settlement are near Nanticoke, Pennsylvania, approximately 
10 miles northeast of the site.  Rocks in the site area have no known potential for oil or gas 
production.  The nearest oil or gas field is located 25 miles northeast of the site. 
 
The shallowest carbonate rock that may be present beneath the site occurs below the 
Marcellus-Manhantango sequence as limy beds within the Upper Silurian, Tonoloway and Wills 
Creek Formations and the Lower Devonian, Keyser, Old Port, and Onondaga Formations (refer 
to Subsection 2.5.1.1.2.3 and Figure 2.5-14).  Some of these units crop out on the flank of the 
Berwick anticlinorium north of Bloomsburg about 10 miles west-southwest of the site, but most 
are absent nearer than this to the site having been removed by erosion or faulting (Subsection 
2.5.1.1.2.3).  None have been mapped within five miles of the site (Figure 2.5-12).  The 
Onondaga may occur in the subsurface near Berwick, five miles west-southwest of the site, 
inasmuch as mud-filled caves have been encountered during well drilling operations at Berwick; 
however, since the secondary porosity along joints and bedding planes in the Onondaga has 
been characterized as of only "medium" magnitude (Ref. 2.5-56), such cavities would be 
expected to be neither large in size nor extensively developed.  If the Onondaga does extend 
eastward beneath the site, it would be at a depth probably exceeding 1,000 feet and beneath 
the Marcellus-Mahantango shale and siltstone sequence (Figure 2.5-14). At this depth of burial 
beneath the site, carbonate beds possibly present would have no significant potential for 
subsidence or collapse at ground surface. 
 
The site is not known to be in an area experiencing localized doming or subsidence.  Relative 
rates of regional uplift or subsidence are not well defined for this area, but some recent studies 
have been presented in the literature.  Brown and Oliver (Ref. 2.5-54, Figures 5 and 7) show a 
releveling profile across the Appalachians at the latitude of Harrisburg about 60 miles south of 
the site.  This profile suggests that the Valley and Ridge province at the latitude of Harrisburg is 
rising uniformly at the rate of about 5 mm per year.  They find in general that "the Appalachian 
Highlands are being uplifted with respect to the Atlantic Coast at rates up to 6 mm per year" 
(Ref. 2.5-54, p. 31).  Because the measurements are referenced to a given station, it is not 
possible to determine absolute vertical crustal velocities.  Since Brown and Oliver (Ref. 2.5-54. 
p. 31) also state the "Atlantic Coastal Plain... is tilting away from the continental interior" the 
data may indicate simply that the Appalachian Highlands are nearly stationary, or that they are 
subsiding more slowly than the coastal region.  Inasmuch as differential rates of this magnitude 
are greater than the geologic record suggests could be sustained over geologic time, the 
authors presume an oscillatory mode of continental interior uplift or coastal depression with time 
on the order of 106 years per oscillation. 
 
Superimposed on these broad, regional differentials are smaller, secondary variations in the 
rate of vertical movement within the Appalachian Highland on the order of 1 to 3 mm per year 
total amplitude (Ref. 2.5-54, Figures 7 and 8).  The location of some of these secondary maxima 
or minima appear to correlate spatially with seismicity; others do not.  The wave length between 
such secondary maxima is on the order of 300 km, a distance suggestive of origin in "large 
scale movements of the earth's crust" (Ref. 2.5-54, p. 27).  Although the authors speculate there 
may be, in some areas, a possible association of these secondary peaks in the vertical velocity 
profiles with seismicity, they acknowledge (Ref. 2.5-54, p. 30) that "without further data it is 
impossible to demonstrate that the relationship is more than coincidental."  In any event, flexure 
of a very few millimeters over hundreds of kilometers is very broad indeed and is not significant 
to structures. 
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In eastern New York, post-glacial offsets in shales and slates are documented by Oliver, et al. 
(Ref. 2.5-51).  The nearest locality listed by Oliver, et al. (Ref. 2.5-51) is near Hyde Park, New 
York, about 120 miles east of the site.  The authors wonder whether the cause of these offsets 
"might stem from crustal rebound following removal of the ice load or from still more broadly 
based tectonic or orogenic forces" (Ref. 2.5-51, p. 586).  However, it is significant that these 
high-angle reverse offsets of the glacial striations in bedrock are on the order of only one inch or 
less of displacement.  The authors also mention other possible mechanisms such as "...thermal 
changes, hydration, or a chemical process in the shales," and conclude the data "do not seem 
adequate to resolve this point" (Ref. 2.5-51, p. 569). Another assessment of the same data 
concluded the offsets arise from either frost heave or glacial rebound.  If related in some way to 
frost action or the severity of frost, then one might expect the effects of heave, such as on 
precise leveling monuments, to be more pronounced with altitude. Precisely such a correlation 
of secondary velocity maxima with elevation was noted and discussed by Brown and Oliver 
(Ref. 2.5-54, p. 27). 
 
Additional independent evidence on the magnitude of general Appalachian uplift, or lack thereof, 
in the Pliocene and Quaternary is provided by Owens (Ref. 2.5-52), who based his assessment 
on the assumption that uplift in the source area is accompanied by erosional transport of clastic 
material to adjacent basins.  He found that Pliocene and Quaternary sediments of the Atlantic 
coastal plain from New Jersey southward are only 50 feet or less in thickness, indicating no 
great intensity of uplift through this period; and moreover that there are no marked 
accumulations of sediment in centers of deposition, suggesting a general, uniform uplift, or even 
static conditions, of the entire Appalachians.  
 
Therefore, the total geologic record strongly suggests that unusual regional crustal instability 
has not recently occurred in the Appalachians.  Brown and Oliver (Ref. 2.5-54, p. 31) conclude, 
"Although the rates of relative vertical movements determined from leveling seem large by 
comparison with rates deduced from some forms of geological evidence...these velocities do not 
seem unreasonable in terms of other types of geological information." Further, "the rates of 
vertical crustal movement presented . . . compare very favorably with those found in other 
portions of the world."  Relative rates of vertical uplift observed for the site region therefore 
appear to be quite typical compared to observations elsewhere, and accordingly do not seem to 
be reflective of abnormal conditions. 
 
The balance of evidence favors Appalachian crustal activity restricted to generally uniform uplift, 
probably differing slightly in local areas, and perhaps having an oscillatory character with time.  
Little if any evidence has been presented to demonstrate that these may be significant to 
engineering planning or seismic risk evaluation. No faulting has been shown to be involved in 
this recent activity, and correlation with seismicity is likewise not established.  In areas adjacent 
to the Appalachians, small-scale post-glacial offsets have not been correlated with seismicity 
and tectonic origin of the offsets has not been established. 
 
It is concluded that the available data do not indicate that existing or future uplift or subsidence, 
as from man's activities or from geologic conditions such as regional warping, will be significant 
to the site. 
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2.5.1.2.5.4  Behavior of Site During Prior Earthquakes 
 
There is no evidence at the site of any effects, such as landslides, fissuring or subsidence, 
which could be attributed to the occurrence of prior earthquakes. 
 
No Pennsylvania earthquakes have been reported as felt in the site vicinity. Within historical 
times, approximately fourteen earthquakes originating outside Pennsylvania could have been 
felt at the site, with the probable maximum intensity of IV on the Modified Mercalli Scale.  The 
nearest of these earthquakes occurred 90 to 100 miles from the site (Wilmington, Delaware, 
1871, epicentral Intensity VII).  Ground motion at this intensity (IV) would have had no effect on 
the site. 
 
 
2.5.1.2.5.5  Zones of Deformation or Structural Weakness 
 
As reported in the PSAR, the preconstruction investigation defined a number of structural 
features at the site such as folds, joints, fractures, cleavage, slickensided joint planes, and 
bedding plane shears.  The PSAR stated (p. 2.5-16),  
 

The prominent joint directions are parallel and perpendicular to the strike of the strata.  
The major joints...(strike) parallel to bedding.  This joint set dips nearly perpendicular 
and opposite in direction to the dip of the bedding.  A more open but less frequent series 
of vertical joints strikes parallel to the dip of the strata. High angle joints healed by 
secondary calcite and quartz mineralization are present in the vicinity of minor shear 
zones.  The observed fractures, while relatively numerous in the upper 20 feet of rock, 
decrease with depth.  At a depth of about 20 feet into rock, the fractures are tight 
(generally healed with calcite filling) and would not adversely affect foundation 
performance. 

 
Minor bedding plane slips at depth have been observed in the site area, both north and 
south of the interior ridge. Those slips have not experienced movements in more than 
200 million years.  A minor slip of this nature could be exposed in any large excavation 
anywhere in the area; however, it would not affect the structural design of the facilities. 

 
Excavation during construction confirmed the PSAR evaluation and supplied additional data.  
During excavation, numerous slickensided joint planes were exposed and mapped (Figure 
2.5-18).  Thin, slickensided bedding plane shears, well healed with laminar quartz and calcite 
mineralization, were also exposed in the foundations.  The field data indicate these shear 
planes are folded in the same manner as the bedding (Figure 2.5-19).  They are, moreover, cut 
by vertical, calcite-filled joints which are continuous across the shears with no offset.  In 
addition, where the shears can be traced to an intersection with a smooth, glacially eroded 
surface forming the top of rock, the eroded surface displays no displacement or offset across 
the shear plane.  Since the erosion of the rock surface would necessarily have occurred prior to 
the deposition of the overlying glacial deposits, which have been established as being more 
than 50,000 years old (refer to Subsection 2.5.1.2.2.1), this relationship shows that any 
displacement along the shearing occurred more than 50,000 years ago.  In reality, the most 
probable age of the shearing is pre-Triassic, or over 200 million years ago.  This is indicated by 
regional relationships plus the fact that the shear plane is folded (A detailed presentation and 
analysis of the relationship between site and regional structure is presented at the end of 
Subsection 2.5.1.2.3.2). 
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All features arising from tectonic deformation at the site are geologically old.  In the foundation 
rock, all shears and joints are tight or are fully healed with calcite and quartz mineralization; 
accordingly, they do not adversely affect the strength, bearing capacity or compressibility of the 
foundation rock.  They are therefore not significant to the plant structures.  The conclusion 
stated in the PSAR (P. 2.5-18) that "the minor structural conditions observed at the site are not 
of significance with respect to siting or design for the use of the site for its intended purpose," 
has been confirmed. 
 
 
2.5.1.2.5.6  Zones of Alteration or Irregular Weathering 
 
Bedrock beneath the seismic Category I structures is a dark gray, indurated, massive siltstone.  
It is not susceptible to rapid weathering; no appreciable slaking of fresh rock exposures was 
observed in the foundations.  Depth of weathering below original top of rock varies from zero to 
about 20 feet.  The rocks occupying depressions in the bedrock surface are generally 
unweathered.  However, open fractures were encountered to a depth of about 20 feet.  Below 
that depth, fractures are not common but where they do occur, they are generally "healed" with 
calcite filling. 
 
Weathering appears to have progressed initially downward by dissolution of calcite from 
calcite-coated joints, seams and shear planes, and refilling by clay or other weathered material.  
In one exceptional case, weathering along joints and fractures, as distinguished from 
weathering of the rock itself, was observed nearly 70 ft. below original top of rock.  In this 
instance, which was between the circulating water pumphouse and the Unit 1 cooling tower, the 
bedrock originally formed a knoll and contained numerous low angle, slickensided, calcite and 
quartz-filled joint planes and abundant vertical, calcite-filled fractures, forming an intersecting, 
permeable network of channels through which water readily percolated downward, dissolving 
the soluble carbonate joint and fracture fillings.  Notwithstanding the depth of weathering here, 
the design elevation of the bottom of the circulating water pumphouse is below the depth to 
which this zone is weathered, and this structure was founded on sound unweathered bedrock. 
 
 
2.5.1.2.5.7  Potential for Unstable or Hazardous Rock or Soil Conditions 
 
Foundation rock at the site is hard, indurated, unweathered siltstone, a member of the Middle 
Devonian Mahantango Formation.  Similar materials underlie the site to a depth of over 1,000 
feet.  This rock does not contain unstable minerals; it provides highly stable foundation 
conditions and does not constitute a source of potential hazard to the plant. 
 
Soils at the site are, except for the uppermost few feet, glacial in origin and consist of resistant 
fragments of rock that were transported from the region north of the site.  Most were deposited 
by flowing melt water from the glaciers under torrential flow conditions, and some of the soils 
probably have been overridden by ice sheets.  These glacial soils are noncalcareous and over 
four-fifths of the rock in them consists of sandstone (Ref. 2.5-5). 
 
The origin and mineralogy of the soils is such that they present no hazardous conditions.  
Detailed engineering characteristics of soils in regard to slope stability, bearing capacity, 
stability under dynamic loads and consolidation characteristics under structural loads are 
discussed in Subsections 2.5.4 and 2.5.5. 
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All foundations for the Category 1 plant structures that are founded on rock are excavated to or 
into essentially unweathered material.  No significant irregular alteration or weathering, or zones 
of structural weakness due to weathering, shearing or fracturing were encountered at the 
bearing elevation for those structures designed to rest on unweathered rock. 
 
 
2.5.l.2.5.8  Unrelieved Residual Stress on Bedrock 
 
No indications were found during excavation and construction at the site of the presence of 
significant stress in bedrock.  No popping or spalling rock was observed.  There were no 
indications of heave at the base of rock slopes or in the bottom of excavations.  Some vertical 
joints close to and subparallel to vertical excavated slopes opened very slightly, but this was 
attributed to gravity forces, not in situ stresses.  If significant in situ stresses did in fact exist in 
the rock, evidence of this should have been noted in the excavation; no such indications were 
noted.  For example, a thin mudmat was routinely placed on the rock after evacuation to 
foundation grade.  If significant heave had occurred, it would have been readily detected by 
cracking of the mudmat.  No such cracking was observed. 
 
 
2.5.l.2.5.9  Conclusions and Summary 
 
Consideration of all engineering geologic factors at the Susquehanna site leads to the 
conclusion that the site is well suited for the construction and operation of the plant.  There is no 
geologic feature or condition at the site or in the surrounding area which precludes the use of 
the site for a nuclear generating facility.  The bedrock in the construction area is competent and 
provides satisfactory foundation support for all major structures. 
 
 
2.5.1.2.6  Site Groundwater Conditions 
 
The groundwater table beneath the site generally occurs within 35 feet of the ground surface.  
The notable exception is in the deep, easterly sloping, buried bedrock valley present about 1000 
feet north of the center of the plant, where a water table depth of as much as 79 feet was 
recorded.  Generally, the lower part of the overburden deposits is saturated, although over 
portions of the upland area on the site, the groundwater level is found only in the underlying 
bedrock.  Depth to bedrock is variable and ranges from zero to over 100 feet.  The groundwater 
level contours shown in Figure 2.4-31 appear to be controlled to a large extent by the top of 
bedrock contours (Figure 2.5-17). 
 
Groundwater movement on the site is generally in an easterly direction.  With the exception of a 
few springs on site.  Most of the groundwater is believed to discharge ultimately to the 
Susquehanna River.  The average groundwater velocity is estimated to be between 1.5 and 2.0 
feet per day along flow paths from the station to the Susquehanna River. 
 
The site is not located in a recharge zone for any aquifer.  However, groundwater recharge to 
the unconsolidated sand and gravel does occur over the site area.  The predominantly siltstone 
strata of the Mahantango Formation beneath the site constitutes a source of limited domestic 
water supply.  Because of its relatively low transmissibility characteristics, the Mahantango 
cannot be considered to be an aquifer. 
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From a hydrologic standpoint, there are two general types of aquifers in the region.  The first 
type consists of sandstone and occasional limestone strata which occur within the 
predominantly shale sections of the Paleozoic age bedrock.  The second type is unconsolidated 
Quaternary deposits which consist for the most part of Pleistocene stratified drift, till, or kames 
which are often overlain by a thin recent soil cover.  From a survey of domestic water supplies 
within two miles of the station, it was found that nearly all of the wells are completed in shale 
bedrock. 
 
Detailed information on groundwater conditions and movement on the site and in the region is 
given in Subsection 2.4.13. 
 
 
2.5.2  VIBRATORY GROUND MOTION 
 
A discussion and evaluation of the seismotectonic characteristics of the Susquehanna SES site 
and the surrounding region is presented in this section.  The purpose of this investigation is to 
present the seismic design criteria for major structures at the station in conformance with 
guidelines as outlined in Standard Format and Content of the Safety Analysis Reports for 
Nuclear Power Plants, and Appendix A of 10 CFR, Part 100. 
 
A description and results of the field investigation and laboratory testing program, which 
provided background information for this investigation, is presented in detail in Subsection 2.5.1. 
 
 
2.5.2.1  Seismicity 
 
The station is situated in a region which has experienced only a minor amount of moderate 
earthquake activity in historic time.  The record of earthquake occurrences in the region dates 
back to the middle 16th century.  Many earthquakes have been reported since that time and 
minor structural damage has been associated with several of the events; however, none of 
these earthquakes were considered to be of major or catastrophic proportion.  Because this 
region has been fairly heavily populated since the early 18th century, it is quite certain that any 
significant earthquake activity (MM Intensity VII or greater as defined by the Modified Mercalli 
Intensity Scale, 1931, see Table 2.5-1) would have been reported in local newspapers, private 
journals or diaries.  The lack of any such documentation is indicative of the absence of 
significant major earthquake activity in the region during this period. 
 
Structural damage is the primary rating criterion for larger shocks.  The effects of earthquakes 
on the rather large variety of construction materials used in older structures such as chimneys, 
rock walls, etc., are highly variable, making intensity evaluations based on such reports 
imprecise.  The rather long period of record, however, and the evenly distributed population 
provide a reasonable basis for estimates of future activity. 
 
Table 2.5-2 lists all events within 200 miles of the station with magnitudes (Richter) greater than 
3.0 or MM intensities greater than III, and all seismic events within 50 miles of the station.  
Figures 2.5-8A and 2.5-8B displays these events on the regional structure of the area around 
the station, along with the significant earthquakes (MM Intensity V and greater) which have 
occurred outside the 200-mile radius. 
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The largest events to have occurred in the immediate station vicinity were the Wilkes-Barre 
disturbances of February 21 and 23, 1954 (local dates), with assigned intensities of VII and VI, 
respectively.  These intensities were based on the damage inflicted upon a very small area, 
about 0.15 square miles of the city.  These disturbances occurred only 16 miles from the station; 
however, they are considered to have resulted from mine collapse as discussed in detail in 
Appendices 2.5A and 2.5B. Thus, these shocks need not be considered in the analysis of 
earthquake risk as regards the station. 
 
The largest event to have occurred within 200 miles of the station was the Intensity VII-VIII 
shock at Attica, New York, on August 12, 1929, some 150 miles northwest of the station.  This 
earthquake imposed some moderate damage at Attica and villages in the immediate vicinity of 
the epicenter, but was not reported as felt in the Berwick area (Ref. 2.5-71).  
 
Four Intensity VII earthquakes have occurred at a distance of about 100 miles from the station:  
two (1737 and 1884) were near New York City, one (1927) near Asbury Park, New Jersey and 
one (1871) near Wilmington, Delaware. 
 
The closest of these Intensity VII events was the shock which occurred in the vicinity of 
Wilmington, Delaware on October 9, 1871, approximately 100 miles to the south of the station.  
Based on damage reports and intensities felt, the epicenter has been located near Wilmington, 
whereas the shock was felt from near Chester, Pennsylvania on the north to Middletown, 
Delaware, on the south and from Salem, New Jersey on the east to Oxford, Pennsylvania on 
the west.  The initial shock was followed by a much smaller shock just after midnight on October 
10.  A contemporary newspaper account indicates that the initial shock was felt at Wilmington 
"with greater distinctness." Buildings were shaken severely and a number of chimneys were 
damaged in the surrounding towns of Oxford, Pennsylvania, and New Castle and Newport, 
Delaware.  An interesting aspect of this earthquake is the fact that it was accompanied by a very 
loud sound, as of an explosion.  This loud noise, in fact, led to the belief that the shock was 
caused by an explosion, probably at the powder mill of the E.I. DuPont deNemours Company, 
near Wilmington.  This possibility was carefully investigated at the time and it was concluded 
that the shock was a legitimate earthquake.  Existing reports, however, do not report the shock 
being felt in the Berwick area. 
 
The two events near New York City, about 118 miles from Berwick, may have been felt at the 
station, but with an intensity certainly no greater than III.  The 1884 shock affected an area 
extending from Portsmouth, N.H., to Burlington, Vt., southwest to Binghamton, N.Y., 
Williamsport, Pa., southeast to Baltimore, Md., and Atlantic City, N.J.  At Bradford, 
Pennsylvania, reports were made of panes of glass broken in a large hotel, and other moderate 
damage was sustained.  All hotels in Brooklyn, New York were shaken violently. In 1927, a 
similar shock listed as Intensity VII was centered near Asbury Park, New Jersey.  Several 
successive waves, described as seeming to travel from west to east, caused homes near 
Asbury Park to shake and oscillate perceptibly. 
 
Several Intensity VI earthquakes have occurred less than 100 miles from the station. On May 
31, 1908, 48 miles from the site, Allentown, Pennsylvania was shaken by what was believed to 
be a mild earthquake.  The shock lasted about a second and was described as a rumbling 
sound followed quickly by a report which "sounded like the falling of chimneys of a building" 
(The Lehigh Register June 3, 1908).  The Philadelphia Inquirer adds, "The only other place 
where the shock was felt was Catasauqua, three miles away. At first it was thought that a 
battery of boilers in some local industry might have exploded, but no such accident was 
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reported.  The quake was accompanied by a low rumbling noise and lasted about two seconds 
but was only felt over an area of some 50 square miles.  On January 7, 1954, an Intensity VI 
shock occurred approximately 54 miles from the station.  This was the first of a series of minor 
shocks in Berks County.  The Reading Times reported on January 8, 1954, that a "minor" 
earthquake shook Berks County communities, and succeeding tremors of lesser intensity were 
experienced mainly by residents in West Reading, Wyomissing, West Louwe, West 
Wyomissing, Wyomissing Hills and Sinking Spring.  Continued mild aftershocks shook the 
downtown area of Sinking Spring which appeared to be the epicentral area for these 
disturbances.  The damage was described (Ref. 2.5-72) as minor:  broken chimneys, breaks in 
brick and plaster walls, and broken dishware.  Similar damage, including broken windows, was 
reported in other communities west of the Schuylkill River. The main shock was recorded by 
seismograph stations at Fordham, Palisades (Columbia University) and the U.S. Coast & 
Geodetic Survey at Washington, D.C. Dr. Jack Oliver of Columbia University described the 
initial tremor as "a typical east coast earthquake." 
 
According to the Philadelphia Inquirer, as of January 8, 1954, the earth tremors which had been 
recorded in Berks County since 1900 were: 
 

- August 30, 1902 
- June 6, 1915 
- February 28, 1925 
- November 1, 1935 
- June 8, 1937 
- February 18, 1938 
- September 4, 1944 

 
The events of 1902, 1915 and 1938 are not reported in the standard catalogues and are, 
therefore, considered as very small, localized disturbances for which there is only local record.  
The shocks of 1925 and 1944 were large events in the St. Lawrence River near Quebec, 
Canada and Massena, New York which were felt with intensities of less than III at the station. 
 
Shocks on January 24, 1954 and on August 11, 1954 affected Sinking Hole, Pennsylvania, 
according to the Reading Times (August 11, 1954).  These shocks were attributed by the 
U.S.G.S. to the caving of solution cavities.  Similar conclusions about the "sinking of the earth in 
general" were reached by Penn State University scientists after the event on September 24, 
1954 which was assigned an Intensity II at Sinking Spring Borough,5 miles west of Reading, 
Pennsylvania. 
 
Another shock of Intensity VI occurred 63 miles southeast of the station, near Cornwall, 
Pennsylvania, on May 12, 1964.  Coffman and Von Hake (Ref. 2.5-72) report a cracked wall, 
fallen plaster, and small landslides.  The Lebanon Daily News reported: "...the tremor was so 
mild that many persons slept right through it."  However, Dr. B.F. Howell, Jr., Chairman of the 
Geophysics Department at Penn State University, reported that the quake was the most 
intensive to hit the state in l0 years. 
 
On September l, 1895, an event of Intensity VI near Philadelphia, 76 miles from the station, was 
felt from Sandy Hook, New Jersey to Brooklyn, New York to Darby, Pennsylvania, and 
Wilmington, Delaware.  Another shock of Intensity VI occurred on March 23, 1957 in the same 
general vicinity, 79 miles southeast of the station.  These shocks were not reported felt in the 
Berwick area. 
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Five shocks (Intensity VI, III, V, III, and IV) occurred in central and southern New Jersey on 
August 23, 1938, 116 to 128 miles from the station. The largest shock was felt from northern 
New Jersey to Wilmington, Delaware. 
 
Although it is indicated that several of the large, distant shocks listed above were probably felt at 
the station, no damaging effects were experienced.  No Pennsylvania earthquakes have been 
reported as felt in the area of the Susquehanna SES. 
 
In summary, there are no reports from the Berwick area of Pennsylvania which would indicate 
that ground motions from any historical earthquake in the east have exceeded (or even 
equalled) an intensity as great as IV on the competent rock on which the station is located. 
 
 
2.5.2.2  Geologic Structures and Tectonic Activity 
 
2.5.2.2.1  Tectonic Provinces 
 
The area within a 200 mile radius of the Susquehanna SES includes parts of six tectonic 
provinces (Figures 2.5-8A and 2.5-8B).  The provinces are, from west to east, Stable Interior, 
Fold and Thrust Belt, Blue Ridge-Highlands, Conestoga Valley, Inner Piedmont, and Coastal 
Plain. 
 
The tectonic province concept used to define these provinces is based on an evolutionary 
model of the Appalachian orogen (Ref. 2.5-73) and derived from early studies in the region 
(Ref 2.5-74).  This concept was used in this study to provide the province boundaries of 
significance to the station. 
 
 
2.5.2.2.2  Tectonic Differentiation of the Appalachian Orogen 
 
The outline and discussion presented below summarizes the relationships and derivations of 
tectonic provinces of the Appalachian orogen, as displayed in Figures 2.5-8A and 2.5-8B any 
parts of which occur within 200 miles of the station.  
 
1. Craton 
 

a. Eastern Belt 
(1) Blue Ridge-Highlands 

 
b. Western Basin 

(1) Stable Interior 
(2) Fold and Thrust Belt 

 
2. Mobile Belt 
 

a. Eastern Cratonic Margin 
(1) Conestoga Valley 
(2) Inner Piedmont 
(3) Coastal Plain 
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Considering the tectonic evolution of the Appalachian orogen, it is subdivided as above into two 
fundamental areas;  the part affected only by convergent diastrophism (craton), and the part 
affected by initial divergent, convergent, translational, and final divergent diastrophisms (mobile 
belt).  The mobile belt, as defined in this report, is situated east of the great anticlinoria cored by 
Grenvillian rocks; i.e., east of the Long Range (Nova Scotia), the Green Mountains, the 
Berkshire Highlands, the Hudson-New Jersey Highlands-Reading Prong, and the Blue Ridge 
Mountains.  The mobile belt thus corresponds to the Appalachian eugeosyncline and includes 
the quasi-cratonic margins.  The western edge of the mobile belt parallels and lies to the west of 
what was originally the eastern edge of the North American continent during Cambro-Ordovician 
time as defined by Rodgers (Ref. 2.5-74). 
 
 
2.5.2.2.3  Tectonic Differentiation of the Craton 
 
The cratonic portion of the Appalachian Highlands is underlain by continental crust composed of 
1000 million-year-old crystalline rocks which were deformed during the Grenvillian orogenic 
cycle.  On the eastern edge of the craton, these rocks crop out at the surface as great 
anticlinoria.  West of these elevated anticlinoria lies an elongated, downwarped segment of the 
continental crust forming the asymmetric Appalachian basin. The floor of this basin is formed of 
Grenvillian rocks greatly depressed in the east (up to 40,000 feet below sea level) and gradually 
rising toward the west.  The basin is filled with largely unmetamorphosed sedimentary rocks 
(both clastic and carbonate) ranging in age from Early Cambrian to Carboniferous.  These rocks 
form a sedimentary wedge, thickening to the southeast, reflecting the asymmetry of the basin 
floor. 
 
Blue Ridge - Highlands Tectonic Province 
 
The eastern portion, termed here the Blue Ridge - Highlands, constitutes a tectonic province 
and is characterized by Grenvillian rocks deformed during the Paleozoic convergent stage. 
 
Characteristically, the terrain is mountainous and exhibits exposure of some of the oldest rocks 
in the eastern U.S. (1000-1100 million years).  Earthquakes no greater than Intensity VI are 
characteristic of this tectonic regime, and none have been related to specific structures. 
 
Stable Interior Tectonic Province 
 
The Stable Interior Tectonic Province of the western basin is characterized by the absence of 
intense deformation and the presence of shelf-delta type Paleozoic sediments.  
 
The rocks display gentle folding as opposed to the intensely folded and faulted rocks of the Fold 
and Thrust Belt immediately to the southeast.  The largest significant earthquake to have 
occurred in this province (within the regional scope of this study) was the 1929 Attica, New 
York, event (initially cataloged as Intensity VII-VIII) approximately 168 miles from the station. 
This shock and an accompanying concentration of lesser events has been spatially related to 
the Clarendon-Linden Fault, an anomalous structure in the essentially untectonized rocks 
making up this portion of the Stable Interior.  A small concentration of activity, apparently related 
to doming of the Adirondak massif, occurs 150 to 200 miles northeast of the station.  With the 
exception of these moderately active areas, the province is virtually aseismic. 
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Fold and Thrust Belt Tectonic Province 
 
The Fold and Thrust Belt tectonic province is characterized by tightly folded and thrust-faulted 
Paleozoic sedimentary strata deposited as flysch or molasse.  The northwestern boundary of 
this province generally marks a transition between gently folded strata on the northwest (Stable 
Interior) and intensely folded and faulted strata on the southeast, thus marking the western limit 
of Paleozoic thrusting (Ref. 2.5-75). 
 
The largest earthquake which has been recorded in the Fold and Thrust Belt tectonic provinces 
was the Giles County, Virginia, Intensity VIII shock of 1897, over 350 miles from the station, and 
in the southerly division of the Fold and Thrust Belt. Other earthquakes in this province are 
widely scattered with only two events as large as Intensity VI occurring within 200 miles of the 
station. 
 
 
2.5.2.2.4  Tectonic Differentiation of the Mobile Belt 
 
The mobile portion of the northern Appalachian orogen within the region of interest for this study 
includes the eastern cratonic margin, which is underlain by continental crust of predominantly 
Grenvillian age (Inner Piedmont and Conestoga Valley tectonic provinces). 
 
The eastern cratonic margin is bounded on its western side by the Blue Ridge - Highlands 
tectonic province and on its eastern side by the eastern most extent of Grenvillian basement. 
 
This eastern boundary is interpreted principally from a line of gneiss domes of one billion 
year-old continental crust including the Pine Mountain belt, the Sauratown Mountains 
anticlinorium, the Baltimore Gneiss domes, and, possibly, the Chester dome of Vermont.  This 
boundary corresponds to the eastern limit of the ancient continental margin of North America 
(Ref. 2.5-76 and 2.5-77).  It also coincides with several significant geological and geophysical 
changes (Ref. 2.5-76).  First, it parallels the main gravity high of the Appalachians (Ref. 2.5-78).  
Second, it is marked by contrasting seismic refraction profiles that reflect deep crustal contrast.  
Finally, it is a zone of faulting, contrasting structural style and contrasting metamorphic facies. 
 
This cratonic margin is divided into two tectonic provinces north of Virginia, the Conestoga 
Valley province and the Inner Piedmont province.  The boundary between these provinces 
corresponds to the Martic Line in Pennsylvania (Ref. 2.5-79) and the southward extension of 
Cameron's Line in western Connecticut. 
 
Conestoga Valley Tectonic Province 
 
The Conestoga Valley tectonic province is characterized by a miogeosynclinal assemblage 
overlapping an older clastic assemblage.  Triassic Basins of the Newark Group are 
characteristic of the Conestoga Valley province (and, to a lesser extent, the Inner Piedmont and 
Coastal Plain) and are found in the area between Massachusetts and North Carolina.  Triassic 
rocks have been encountered in borings at Bowling Green and Edgehill, Virginia and near 
Brandywine, Maryland. 
 
These basins were formed during Triassic time as downfaulted and folded elongategraben 
structures.  Non-marine arkosic sediments and intercalated lava flows filled these basins as they 
were down-faulted and tilted.  At the close of the period, the processes of erosion continued to 



SSES-FSAR 
Text Rev. 53 
 
 

FSAR Rev. 66 2.5-57 

modify the topography of the eastern section to form the base forde position of Coastal Plain 
sediments. In the Triassic Basins and associated down-faulting, intrusions of Trio-Jurassic age 
are cut and displaced, indicating a post-Trio-Jurassic age for some of the faulting.  
 
Similar intrusions in the Inner Piedmont are not disrupted or offset in this manner. Earthquakes 
no larger than Intensity VI have been noted in the Conestoga Valley province, although some 
small events, up to Intensity VI, are reported and have been tentatively associated with Triassic 
basin border faults. 
 
Inner Piedmont Tectonic Province 
 
The Inner Piedmont Tectonic Province is characterized by a eugeosynclinal assemblage over 
an older clastic assemblage, which is characterized in this region by a northeast-southwest 
trending belt of Precambrian to early Paleozoic schists, gneisses, slate, metaconglomerates and 
some igneous intrusions.  These rocks are interrelated in a complex manner by faulting and 
folding. 
 
Earthquakes ascribed to the Inner Piedmont should include the boundary (Inner 
Piedmont-Coastal Plain) Intensity VII events at Wilmington, Delaware (1871) and Asbury Park, 
New Jersey (1927) as well as several Connecticut valley events of Intensity VII which occurred 
over 200 miles from the station, albeit, in the Inner Piedmont Province (Ref. 2.5-73).  No larger 
events have been recorded in this province and none of the historical shocks can be 
satisfactorily related to specific structures. The Inner Piedmont is, in general, apparently the 
most seismically active portion of the area within 200 miles of the station.  Concentrations of 
moderate events are apparent in the New York City area in and the Central Virginia seismic 
zone near Charlottesville as described by Bollinger (Ref. 2.5-80).  Both of these zones are 
characterized by low to moderate seismic activity.  Seismicity elsewhere in the province is 
relatively rare and apparently random. 
 
Coastal Plain Tectonic Province 
 
The Coastal Plain tectonic province is characterized by the development of a miogeosynclinal 
wedge during the advanced phases of the final crustal divergence.  In the region south and east 
of the station, this province is characterized by a stratigraphic sequence of interbedded sands, 
gravels, clays and silty sands of both marine and continental origin.  These materials were 
deposited on the downwarped basement complex from Early Cretaceous to Quaternary time.  
The strata wedge out at the Fall Zone to form a wedge-shaped mass that thickens to the 
southeast.  The average dip of these strata varies from 75 feet per mile within the Cretaceous 
sediments to approximately 10 feet per mile in the upper Tertiary formations. 
 
Few geologic structures are known in the Coastal Plain Province.  The Salisbury Embayment is 
a structural low in the basement rocks between Newport News, Virginia and Atlantic City, New 
Jersey.  The Embayment is marked by a deep accumulation of Mesozoic and Cenozoic 
sediments, which approach a thickness of 3,500 to 7,500 feet at the Maryland coastline.  The 
feature is fairly prominent in the basement rocks but loess form in the younger sedimentary 
sequences, suggesting that it is predominately a pre-Tertiary feature.  The Coastal Plain 
underwent regional epeirogenic movements from Pliocene to Quaternary time, which lifted a 
portion of the continental terrace above sea level.  The significant seismic activity in the Coastal 
Plain includes the Intensity X event at Charleston, South Carolina, and, for the sake of 
conservatism, the Wilmington, Delaware event of Intensity VII. 
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2.5.2.3  Correlation of Earthquake Activity with Geologic Structures or Tectonic Provinces 
 
Only a few of the historical earthquakes in the northeastern United States can be satisfactorily 
related to specific structures at this time.  Therefore, a consideration of the significant events 
which could influence the seismic design for the Susquehanna SES will rely, for the most part, 
on an approach based on the tectonic settings discussed above.  To augment the tectonic 
province approach, the concept of the seismic zones within the provinces as discussed by 
Bollinger (Ref. 2.5-80) and Hadley and Devine (Ref. 2.5-81) will be addressed. 
 
Those events which constitute the largest earthquakes of record in the Eastern United States 
and which embrace all significant considerations for the Safe Shutdown Earthquake for the 
station, are listed below: 
 

1) The large events (maximum Intensity IX) such as those in the St. Lawrence 
Valley and Ottawa-Bonnechere Graben area 

 
2) The large events such as those (maximum MM Intensity VIII) which occurred in 

the Cape Ann Massachusetts area 
 

3) The (originally categorized as Intensity VII-VIII) Attica shock (1929) in western 
New York State 

 
4) The Intensity (IX to X) Charleston, South Carolina earthquake in the Coastal 

Plain 
 

5) The Intensity VIII Giles Co., Virginia earthquake of 1897 
 

6) The Intensity VII events such as those shocks which have been recorded in and 
around New York City, Wilmington, Delaware, Asbury Park, New Jersey, and 
Lake George, New York, and 

 
7) The Intensity VI events which occur only infrequently in the general region 

 
St. Lawrence Valley 
 
The St. Lawrence Valley and the Ottawa-Bonnechere Graben area are contained in the Ottawa 
Basin tectonic province (Ref. 2.5-73).  Earthquakes as large as Intensity IX are reported in this 
region.  The structural interpretation shows that this area is the extension of a transverse trough 
and mobile zone into the stable interior (Ref. 2.5-73). 
 
Because of the obvious historical confinement of seismic activity to this region marked by an 
intraplate weakness, recurrence of such large shocks are expected to remain in the area and 
are thus not translatable to the station. 
 
Boston-Cape Ann 
 
The large (Maximum Intensity VIII) events in the Boston-Cape Ann area were formerly 
historically associated with the Boston-Ottawa trend of earthquake activity (Ref. 2.5-82) which 
included the Ottawa-Bonnechere Graben area.  However, a recent re-evaluation (Ref. 2.5-73) 
has resulted in the identification of tectonic regimes which separate the former "Boston-Ottawa 
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trend" into specific tectonic provinces.  On the basis of this, the Cape Ann Intensity VIII event, 
being the largest event to have occurred in the Avalon Platform province (Ref. 2.5-73) would be 
restricted to a distance from the site of no less than 250 miles.  Moreover, according to Ballard 
and Uchupi (Ref. 2.5-83), it is possible that the significant Boston-Cape Ann seismic activity is 
associated with the faulted northwestern boundary of the Avalon Platform. 
 
For these reasons it is not deemed necessary to translate this activity (Maximum VIII) out of the 
Avalon Platform. 
 
Western New York 
 
The shock of 1929 near Attica, New York is anomalous with respect to the exceedingly sparse 
seismicity of this portion of the Stable Interior.  It does mark, however, a noted concentration of 
earthquakes which are spatially related to the well-recognized feature of the immediate area, 
the Clarendon-Linden Structure (Ref. 2.5-114). It is generally accepted that any recurrence of a 
similar event would be confined to the Attica area.  Therefore, the postulation of a recurrence of 
this shock at the closest approach of Stable interior to the station is not warranted.  A 
recurrence of the largest event at any location along the Clarendon-Linden Structure could 
result in only minimal ground motion at the station (less than Intensity IV).  
 
Charleston, South Carolina 
 
The largest events to occur in the eastern United States were the events of approximately 
Intensity X at Charleston, South Carolina in 1886. 
 
The concentration of seismic activity (over 400 events) in the immediate vicinity of Charleston is 
unique to the Atlantic Coastal Plain; moreover, such a confined density of epicenters is 
unmatched anywhere in the central and eastern United States, with the possible exception of 
the New Madrid, Missouri region.  On the strength of this areal distribution alone, it would be 
concluded that a specific tectonic anomaly is responsible for this localized activity. Independent 
lines of investigation have recently suggested a structural regime which may be responsible for 
the observed seismicity.  On the basis of seismic reflection profiles parallel to the coast of South 
Carolina, Dillon (Ref.  2.5-84) has reported evidence of northwest-trending faults in the 
continental shelf along the South Carolina coast, and states that this would seem to be the only 
zone of active faulting in the United States south of Cape Hatteras and east of the 
Appalachians.  Possible evidence of faulting is noted in the basement rocks offshore and in the 
Tertiary rocks of the continental margin. This possible faulting aligns with the northwest-trending 
seismic zone (Ref. 2.5-80) and has been postulated to be the extension of an active oceanic 
fracture zone into the continental block (Ref. 2.5-84, and 2.5-82). 
 
More locally, a mild, breached fold in the shallow sediments several miles west-southwest of 
Charleston has been identified by Colquhoun and Comer (Ref. 2.5-85) as the Stono Arch.  The 
axis of this arch trends west-northwest and has possible associated faulting. The trend of this 
structure is aligned with, and grossly parallel to, the seismic zone and the offshore structure 
discussed above, and represents the only known deformation in the immediate vicinity of 
Charleston.  Thus, it may be a near-surface expression of the more regional (and deeper) 
anomaly suggested by offshore reflection surveys and magnetic anomaly trends (Ref. 2.5-86). 
 
Transverse to the strike of these structural features are the northeast-trending axes of two 
structural highs which are identified along the coast, from Savannah, Georgia to just south of 
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Charleston, as the Beaufort-Burton High and the Yamacraw Ridge (Ref. 2.5-84).  According to 
Dillon et al. (2.5-84), the Beaufort-Burton High may be a shallow expression of the deeper lying 
Yamacraw Ridge.  The intersection of these structures with the suggested northwest trends in 
the vicinity of Charleston may, at least, be an expression of deeper basement complexity in the 
area, and lends support to a definition of structure responsible for the well-defined cluster of 
seismic activity in the Charleston area.  No other structural anomalies of significance are known 
in this area of the Coastal Plain. Therefore, the unique density of earthquake activity in the 
Charleston area is considered to be associated with localized structure, the character and 
extent of which are only grossly suggested at the present time.  In this respect, an earthquake 
similar to the largest Charleston shock would be expected to recur in the same locale, and 
would not be subject to translation throughout the Atlantic Coastal Plain tectonic province. 
 
Giles County, Virginia 
 
The Giles County, Virginia earthquake of 1897 is the largest shock to have occurred in the 
southern Appalachian region.  It is listed (Ref. 2.5-72) as Intensity VIII, and occurred in the 
Southern Appalachian Seismic Zone near its intersection with the Central Virginia Seismic Zone 
(Ref. 2.5-80), more than 350 miles from the station.  This intersection is marked by a definite 
break in the continuity of the activity of the northeast-trending Southern Appalachian Seismic 
Zone and lies well to the south of an area of apparent differentiation of the system of tectonic 
stresses along the Appalachians called the Central Appalachian Salient in southern 
Pennsylvania. 
 
This salient was probably initiated during early crustal divergence in late Precambrian time (Ref. 
2.5-73 and 2.5-87) resulting in a profound difference between the northern and southern 
portions of the Appalachian orogen as evidenced by three stages of the orogen's development: 
 

1. In late Precambrian the initial rifting stage developed with a bend, offsetting the 
northern and southern portions of the continental margin. 

 
2. During the end of the convergent stage (middle to late Paleozoic), the 

Alleghenian orogeny was pronounced only in the south and translation was 
restricted to the northern Appalachians. 

 
3. In the Jurassic during the final rifting stage, different stress regimes prevailed in 

the northern and southern portions (Ref. 2.5-88). 
 
The Central Appalachian Salient occurs where the NNE to NE trends, common to the 
Appalachians, change to EW in the vicinity of 40N latitude.  The EW trend has been interpreted 
to be a major crustal structure by several authors (Ref. 2.5-89 and 2.5-90) based largely on 
circumstantial evidence of interpreted offsets of geophysical anomalies, isopach contours, and 
geologic map patterns. Drake and Woodward (Ref. 2.5-90) have suggested that 80-90 miles of 
dextral offset has occurred on this feature and that no evidence of post-Cretaceous movement 
has been found.  Figures 2.5-8A and 2.5-8B shows the approximate location of this structure as 
defined by Woodward (Ref. 2.5-89).   
 
Even though its surficial expression cannot be well-defined, the Central Appalachian Salient 
clearly divides the northern and southern portions of the orogen.  This is borne out by inspection 
of the historical seismicity shown on Figures 2.5-8A and 2.5-8B, wherein consistent changes in 
the seismicity within the described provinces are noted from north to south.  The virtually 
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aseismic character of that portion of the Fold and Thrust province containing the station has 
been noted by the Nuclear Regulatory Commission (Ref. 2.5-91). 
 
Thus, in consideration of the tectonic development, the inferred geological and geophysical 
evidence, and seismicity, the existence of a fundamental boundary between the northern and 
southern orogen is herein considered and illustrated as a zone on Figures 2.5-8A and 2.5-8B. 
 
This change of seismotectonic style is further corroborated by Hadley and Devine (Ref. 2.5-81, 
Sheet 3) who have shown a seismotectonic province generally recognizing the earthquake 
activity of Bollinger's (Ref. 2.5-80) Southern Appalachian Seismic Zone within the Fold and 
Thrust Belt.  At its northern extent, their boundary stops at the southern Pennsylvania border 
about 125 miles from the station.  They describe the zone as an area where epicentral 
distribution or relation to known structure indicated a limiting structural factor, and where at least 
one earthquake of Intensity VII or VIII (Giles County event, 1897) has been recorded. 
 
Because of (1) the notable change in tectonic style in the Fold and Thrust Belt in Province South 
of the Pennsylvania border, (2) the reduction in seismicity north of the Central Appalachian 
Seismic Zone, (3) the assignment of a different seismotectonic character to the Fold and Thrust 
Belt south of Pennsylvania, and (4) the historical record which shows a sparsity of earthquakes 
in Pennsylvania, we consider that a translation of an Intensity VIII event (Giles County 
recurrence) closer than 100 miles to the Susquehanna SES is not warranted. 
 
Intensity VII Events 
 
Consideration must be given to the likelihood of Intensity VII events which are known to occur 
occasionally in this region of the northeast.  Within 200 miles of the station, nine shocks of 
Intensity VII have been documented.  Five of these are early reports (1568, 1574, 1584, 1592, 
and 1791 - See Table 2.5-2) of concentrated activity in the Connecticut Basin about 200 miles 
from the site.  This area lies within the Inner Piedmont Tectonic Province.  The other four 
occurred within the Piedmont province, or at its (eastern) boundary with the Coastal Plain near 
New York City and northern Delaware.  The closest approach to the station of the tectonic 
province containing these events would be 50 miles.  Such an event would attenuate to about 
Intensity V even on unconsolidated materials at the station, according to conservative central 
U.S. attenuation characteristics (Ref. 2.5-92), and would be less on competent rock. 
 
The Intensity VII event at Lake George in northern New York, although over 200 miles from the 
station, is spatially associated with a general concentration of smaller earthquakes.  Hadley and 
Devine (Ref. 2.5-81, Plate C) confine this Lake George event to (1) a tectonic province whose 
nearest approach to the Susquehanna SES is greater than 150 miles, and (2) a bounded area 
of seismic activity "in which known faults are associated with epicentral alignments or 
distribution in such a way as to indicate that movements on the known faults or closely related 
faults have been the source of recorded earthquakes."  This seismic area boundary approaches 
no closer than 150 miles to the station. 
 
It is seen, then, that Intensity VII events can be confined to approaches of tectonic provinces, 
seismic zones, and/or structure which are no closer than 50 miles to the Susquehanna SES. 
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Intensity VI Events 
 
Within 200 miles of the station, a few scattered Intensity VI events are noted (Figures 2.5-8A 
and 2.5-8B).  The two closest events occur about 48-60 miles due south at the closest approach 
of their tectonic province and are, at least spatially, related to Triassic border faults (Ref. 
2.5-81).  Several others are concentrated in the immediate vicinity of the Clarendon-Linden 
structure in northwestern New York State.  It should be noted that in the station province (Fold 
and Thrust Belt) no Intensity VI events occur north of the Central Appalachian Salient in 
southern Pennsylvania, a distance of over 100 miles from the station.  In the Stable Interior, an 
Intensity VI event in northern New York, 180 miles north of the station, is not related to known 
structure, and could conservatively be translated to the closest approach of its province to the 
station, a distance of about 40 miles. 
 
 
2.5.2.4  Maximum Earthquake Potential 
 
The previous section defined the maximum potential earthquake in terms of the closest 
postulated approach of maximum historical events to the Susquehanna SES.  Consideration 
was given in each case to a conservative utilization of tectonic province models, recognized 
seismic zones, and/or any associated tectonic structure.  The resulting candidates for the Safe 
Shutdown Earthquake (SSE) are:  
 
Intensity (MM) Closest Approach to Site Maximum Site Intensity 

 
X 450 miles V 
IX 300 miles V 
VIII 100 miles V-VI 
VII 50 miles V-VI 
VI 40 miles IV-V 

 
In deriving the maximum Intensity to be felt at the station from the above candidates, the 
attenuation curves developed for the central United States (Ref. 2.5-92) were used.  These 
curves are the most conservative available for the United States in that both western (California) 
and eastern (Canada, New York, Charleston, S.C.) data show a greater attenuation of Intensity 
with distance than does the central United States experience.  It should be noted, also, that 
such attenuation relations are based on isoseismal maps which tend to record the maximum 
Intensity felt in a given locale, usually on poor soil conditions. It is likely, then, that the Intensities 
(damage potential) actually experienced on solid foundation material of the Susquehanna SES 
would be somewhat less than those levels specified in the foregoing table which are used in the 
Safe Shutdown Earthquake derivation in Subsection 2.5.2.6 below. 
 
From inspection of the above candidates, a station intensity of less than VI is the maximum 
consistent with the tectonic model seismic zones, and/or associated structure. This is entirely in 
keeping with the historical earthquake record which shows that the area of the station is virtually 
aseismic.  Moreover, there are no known faults which appear capable of generating other than 
minor disturbances well below damaging levels of ground motion. 
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2.5.2.5  Seismic Wave Transmission Characteristics 
 
The static and dynamic properties of the subsurface materials at the station are presented in 
Subsection 2.5.4.2.  The analyses presented in this referenced section are based on 
characteristic ground motion and significant frequencies generated by the maximum potential 
earthquake described above and quantified below. 
 
2.5.2.6  Safe Shutdown Earthquake (SSE) 
 
As a result of the derivations discussed above, an SSE of less than Intensity VI is the maximum 
earthquake consistent with tectonic models and historical evidence presented for the site.  
However, an SSE generating a horizontal ground acceleration of l0 percent of gravity (g) has 
been selected in compliance with the minimum design requirement of the regulatory agencies. 
 
To justify the conservative nature of this design level as an anchor for design response spectra, 
the acceleration/intensity correlations which have been developed for an Intensity of VI are 
discussed, although this Intensity is not expected to be felt at the station on the basis of the 
discussions above. 
 
Recent correlations between Intensity and peak horizontal ground acceleration have made use 
of currently available data for the western United States (Ref. 2.5-113) and worldwide (Ref. 
2.5-93).  The results of these current studies do not differ greatly from prior parallel studies, but 
are generally more conservative.  Therefore, these investigations can be used as a general 
guide for an expected value of acceleration (from an Intensity VI event) on which to anchor 
design response spectra.  These studies show an expected acceleration level of about 6 to 7 
percent of gravity as a result of a Intensity VI event.  On the basis of these relationships, the 
design acceleration for the Susquehanna SES for structures founded on rock is conservatively 
selected as the required minimum of 10 percent q in accordance with 10CFR100, Appendix A.  
This level is used to anchor the design response spectra shown on Figure 2.5-27.  For 
structures founded on soil, the NRC required that the SSE be increased 50 percent or to 0.15 g 
in order to accommodate any amplification of ground motion in the soil overlying the bedrock.  It 
should be noted, however, that the maximum earthquake for the station is less than Intensity VI, 
which correlates with an acceleration of no more than 0.06 g.  If this value were increased by 
50% to accommodate amplification due to soils, the resulting SSE for structures founded on soil 
would not be more than 0.10 g.  Thus, the selected value of 0.15 g provides a large margin of 
safety.  The 0.15g value is applied at foundation level. 
 
The duration of strong motion from the SSE is not expected to exceed 5 seconds (Ref. 2.5-95 
and 2.5-96) and in all probability, would be considerably less at frequencies critical to design.  
Duration of motion from a larger, more distant event such as the Charleston, South Carolina 
event (X) would be relatively longer than that from the design event, but the low accelerations 
which are characteristics of long period motion from distant large events will be adequately 
enveloped by response spectra anchored at the minimum level of l0 percent g. 
 
 
2.5.2.7  Operating Basis Earthquake (OBE) 
 
On the basis of the historical seismicity described above wherein a maximum Intensity felt at the 
station from historical earthquakes was no larger than IV, an Operating Basis Earthquake (OBE) 
which would, during the life of the facility, generate a ground acceleration at the station no 
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higher than 5 percent g (l/2 SSE) has been selected.  This level of acceleration will not be 
exceeded by the occurrence of even an Intensity V shock adjacent to the station or a recurrence 
of large, regional events at a distance.  According to Trifunac and Brady (1975), a felt Intensity 
of V will result in acceleration levels below 4 percent g.  Return periods for such ground motion 
at the station are of an extremely low order of probability, as evidenced by the fact that no local 
(Pennsylvania) shocks have been reported as felt at the station.  Figure 2.5-28 is the design 
spectra anchored at the OBE level of 5 percent g.  For structures founded on soil, an OBE of 
0.08 g was used for design. 
 
 
2.5.3  SURFACE FAULTING 
 
Based on the data contained in Subsections 2.5.1 and 2.5.2 and the interpretations and 
conclusions therein, there is no capable fault (Appendix A, 10 CFR, Part 100) within at least five 
miles of the Susquehanna Steam Electric Station. 
 
A detailed description of the lithologic, stratigraphic and structural conditions at the site and the 
surrounding region is contained in Subsection 2.5.1.  All historical reported earthquakes within 
50 miles of the site, and all earthquakes within 200 miles of the site with magnitudes (Richter) 
greater than 3.0 or MM intensities greater than III are detailed in Subsection 2.5.2. 
 
The above referenced information clearly indicates that surface faulting is not of significance to 
the Susquehanna Steam Electric Station. 
 
 
2.5.4  STABILITY OF SUBSURFACE MATERIALS AND FOUNDATIONS 
 
2.5.4.1  Geologic Features 
 
General. The upper bedrock at the site area includes the Middle Devonian Mahantango 
Formation. The upper part of the Mahantango is a dark gray siltstone, with bedding generally 
delineated by thin, consistent, light gray, fine-grained sandstone stringers. Beneath the upper 
member, the Mahantango is comprised of 120 to 150 ft of dark gray, hard calcareous siltstone, 
typically having bedding obscure to absent and displaying cleavage. This member which 
supports the power block structures is harder, more massive, and more resistant to erosion than 
the upper member. 
 
The irregular bedrock surface underlying the site is the result of a combination of preglacial 
weathering and stream erosion, glacial scour, later erosion by glacial melt waters, and the 
varying resistance of the rock units to erosion. The bedrock is blanketed by till and glacial 
outwash which grades upward from a gravelly boulder zone to a surface layer of silty fine sands 
and sandy silt. The surface layer is believed to be reworked loess. The maximum thickness of 
overburden is around 40 ft in the southern half of the site, with bedrock occasionally cropping 
out at the surface. North of the east-west bedrock ridge situated just north of the reactors, the 
glacial deposits fill a valley eroded into bedrock to a depth exceeding 100 ft. 
 
Structurally, the site is situated on the north limb of the Berwick Anticlinorium; its axis passes 
just south of the site. The anticlinorium trends east-northeast and plunges gently to the 
northeast. As with the regional picture, folding is the most characteristic feature of the site area. 
Minor faulting in the form of small bedding-plane slips and intraformational shear zones occur, 
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but they are of no significance to the site. They apparently developed during the Paleozoic 
(more than 200 million years ago) during the Appalachian orogeny. The zones are typically 
healed with calcite and quartz (Additional description of site geologic conditions is presented in 
Subsection 2.5.1.2). 
 
All Seismic Category I plant structures except the spray pond, the Engineered Safeguard 
Service Water (ESSW) pumphouse and pipeline are founded on bedrock. The ESSW pipeline 
trench is excavated partly in soil and partly in rock. Most of the other major plant structures, 
including the cooling towers, are also founded on bedrock. 
 
Site geologic and foundation conditions are entirely suitable for the construction and operation 
of the Susquehanna SES. 
 
 
2.5.4.1.1  Areas of Potential Subsidence, Uplift, or Collapse 
 
The potential for significant uplift or subsidence at the site, due to man's activities or geologic 
conditions such as regional warping, is negligible. 
 
The shallowest carbonate rock that may be present beneath the site is the Onondaga 
Formation, above which occurs more than 2,000 ft of Middle Devonian shales and siltstones 
(Figure 2.5-14). At that depth the Onondaga Formation, if present, would not be expected to 
have a significant potential for subsidence or collapse even if it contained solution cavities. No 
coal beds are present beneath the site; the nearest coal measures are about 3-1/2 miles north 
of the site near Shickshinny. Rocks in the site area have no known potential for oil or gas 
production. The nearest oil or gas field is located 25 miles northeast of the site. Precise leveling 
surveys and other data in the literature provide no indication that the Site is in an area 
experiencing any abnormal regional warping, uplift, or subsidence. More detailed discussion of 
the potential for uplift or subsidence at the site is presented in Subsection 2.5.1.2.5.3. 
 
 
2.5.4.1.2  Previous Loading History of the Foundation Materials 
 
Bedrock at the site had been buried and deformed during the Appalachian orogeny (over 200 
million years ago) with sufficient intensity to impose secondary cleavage in places and to 
mobilize calcite and to some extent quartz, resulting in a hard, indurated rock lacking the 
bedding-plane fissility normally associated with less well indurated silty shales and shaly 
siltstones. During Quaternary time, at least two ice lobes advanced over the site; the only direct 
effect this additional load might have on the bedrock at the site would be a tendency to scour 
loose or weathered rock from the rock-soil interface. Any pre-existing surficial deposits not 
removed by the glaciers would have been preconsolidated and thereby strengthened by ice 
loading. 
 
Surficial material at the site consists of glacial drift largely, if not wholly, deposited by the Olean 
advance of the Wisconsin ice sheet.  These deposits, which are described in Subsection 
2.5.4.1, would be expected to have varying consolidation or preloading characteristics 
depending on local depositional history.  Soils in the spray pond excavation (including the 
ESSW pumphouse excavation) and in the pipeline excavations leading to the spray pond are of 
particular interest because they support Seismic Category I facilities in these areas. Here 
geologic mapping shows that these soils consist of well stratified outwash sands and gravels, 
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together with poorly stratified to unstratified kame-like gravels (refer to geologic maps, Figures 
2.5-15 and 2.5-18).  They evidently were deposited during or subsequent stagnation of the final 
ice advance in the site area, since they are not overlain by a till blanket, nor do the strata show 
structural evidence of having been overridden by ice.  Geologic evidence, therefore, indicates 
that the stratified surficial materials exposed in the excavations for the soil-supported Seismic 
Category I facilities are likely to be normally consolidated and not preloaded by ice during or 
subsequent to deposition. 
 
As the overburden soils in the area were not preloaded, no correction is necessary for the 
influence of preloading on the SPT or on the relative density shown in Figure 2.5-32, and the 
cyclic shear stress ratio at failure as shown on Table 2.5-14.  The lateral earth pressures shown 
on Figure 2.5-39 refer to pressures due to compacted backfill and are not influenced by the 
previous loading history of the site soils.  
 
 
2.5.4.1.3  Structures and Zones of Weathering, Disturbance, or Weakness in Foundation 
 Materials           
 
Foundation materials consist of two basic types; namely, glacial till and outwash in the spray 
pond area, and siltstone or indurated slaty shale in the remainder of the principal plant 
foundations. 
 
A geologic map of the foundation rock for the principal plant structures is presented on Figure 
2.5-18.  It shows joints, shears, attitudes of bedding and other features.  All foundations shown 
were excavated so that structures are founded on firm bedrock, the Devonian Mahantango 
Formation.  Geologic sections through the foundations are shown on Figure 2.5-19.  A geologic 
map for the spray pond is presented on Figure 2.5-15. 
 
The southwestern tip of the spray pond is cut into bedrock while the remainder is excavated in 
glacial materials. The thickness of the glacial deposits beneath the bottom of the spray pond 
ranges from zero at the rock contact to 93 ft at the eastern end of the pond. The foundation for 
the pumphouse structure, located at the southeastern corner of the pond, is underlain by 35 to 
60 ft of glacial material. The water circulation pipelines, between the pumphouse and the plant, 
intersect bedrock at an elevation of 668 ft, approximately 260 ft southeast of the pumphouse. 
 
The vicinity of the spray pond is situated over a glacial or preglacial, east-west trending bedrock 
valley as outlined by contours on top of bedrock (Figure 2.5-17).  Total relief of the bedrock 
surface is about 130 ft.  The valley is filled with dense, permeable gravelly and sandy glacial 
outwash and till deposits that attain a maximum thickness of about 110 ft in the spray pond 
area.  They were deposited during the Olean substage (early Wisconsinan) of the Wisconsin 
glaciation which occurred at least 50,000 years ago, and there is a possibility that at least some 
of the bedrock erosion and overlying glacial deposits are the result of an earlier Illinoisan 
glaciation (refer to Subsection 2.5.1.2). In general, the deposits consist of a sequence of sand, 
gravel, and boulders overlain by sand and gravel, overlain in turn by silty sand.  The entire 
sequence is highly variable in grain size distribution and sorting, and contains discontinuous 
pockets of similar materials.  As a rule, grain size decreases and sorting increases toward the 
top of the sequence.  The glacial materials in the deposit are noncalcareous; most of the rock 
particles consist of indurated sandstones.  The origin and composition of the deposit are such 
that it is not susceptible to significant weathering or alteration. 
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In the power block and cooling tower foundations, the principal structural feature is a minor 
anticline, the axis of which trends about N85 E and was exposed in the radwaste and Unit 1 
cooling tower foundations (Figure 2.5-18).  South of this feature, bedding generally dips gently 
south with minor undulations; to the north, beds dip more steeply north.  Bedding, which 
generally strikes N70 to 85E, is obscure in the foundations; the foundation rock is quite 
massive and is not characterized by weak zones developed along bedding or cleavage planes.  
Where observed, the bedding planes as a rule are smooth and uncontorted with only minor 
undulations.  In the turbine and reactor building foundations, the bedding dips 5 to 10 degrees to 
the south, while north of the circulating water pumphouse the dips are in places up to 5 to 8 
degrees north to northeast, reflecting this minor undulatory variability of bedding.  Small-scale 
folds a few feet in dimension occur but are not prevalent in the site area; one such small 
anticlinal fold was recognized at the north edge of the circulating water pumphouse excavation.  
Cleavage is variably developed, strikes generally parallel to the strike of bedding, and dips 
steeply south.  Jointing in the rock excavated for foundations is fairly well developed. 
Figure 2.5-18 shows the principal joints encountered at foundation grade, which is at sufficient 
depth below the top of the rock to be in essentially unweathered material. Here joints are tight 
and either uncoated, or coated with calcite or a mixture of quartz and calcite.  Few joints at 
foundation level contained significant iron staining; some iron-stained joints are mapped in the 
radwaste foundation area.  Toward the surface these joints generally become more heavily 
iron-stained with greater degree of weathering, and calcite coatings tend to be leached out, 
resulting in open joints, in joints partly coated with quartz, or in clay-filled joints in the zone of 
weathering.  The major joint set strikes east-northeast (N60-85E), and dips vertically (within 15 
of vertical). Other steeply dipping to vertical joint sets strike northwest to north-northwest, and 
north-south.  Less steeply dipping joints generally have an east-northeast strike; one group dips 
gently northward at 10-18, and another, in the southern part of the excavation, dips 50-60SE.  
Some of the joint surfaces, particularly the low-angle joints, are slickensided.  In addition to 
these principal joints, high-angle, discontinuous, white calcite and quartz-calcite veinlets are 
typically exposed locally throughout principal plant foundations. 
 
A few minor shear planes, originally recognized in the cores obtained during the early phase of 
site exploration, were exposed during foundation excavation and are mapped on Figure 2.5-18.  
One shear plane, traced from the northeast corner of the Unit 1 reactor foundation northward to 
the Unit 1 cooling tower, was found to be oriented parallel to bedding and is denoted "bedding 
plane shear A" on Figure 2.5-18.  The surfaces of the bedding plane shear are healed with 1/4 
to 3/4 in. thick laminae of calcite, siltstone and some quartz.  The calcite laminae are 
approximately 1/16 in. thick, alternating with thinner siltstone laminae.  The entire exposed area 
of this bedding plane contains prominent slickensides trending N30 to 40W, with a 6 to 7SE 
plunge.  Updip and closer to the top of the rock, the bedding plane contains a 1/2 to 1 in. wide, 
iron-stained zone, and it also shows extensive leaching of the minerals filling the shear. In 
places the adjacent rock is weathered to a granular sandy soil.  The calcite which fills the 
bedding plane shows no sign of crushing.  It should be emphasized that the weathering and 
staining on the bedding plane shear occurs only near the top of the rock where surface water 
and groundwater could penetrate along the plane; at foundation grade which is well below the 
weathered zone, the unweathered laminae have the properties of firm rock.  In places the 
bedding plane shear is apparently not a prominent feature in the unweathered rock.  For 
example, it was identified only as a slickensided surface with associated jointing in boring 105 
and as horizontal jointing planes in boring 351 (shown in profile on Figure 2.5-19). 
 
Foundation mapping reveals that the bedding plane shear is warped in conformance to the 
folding of bedding.  The shear can be traced northward to the excavation for the Unit 1 cooling 
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tower (Figure 2.5-18).  Measured attitudes of bedding show that the axis of the minor anticline 
described above occurs near the foundations for pedestals 6 and 7 of the cooling tower.  South 
of pedestal 7, the bedding plane shear dips gently south; north of pedestal 6, the bedding plane 
shear dips gently north.  Additional subsurface data from bore holes farther south and north 
strongly suggest that the configuration of the bedding plane closely follows the undulations in 
bedding (Figure 2.5-19).  No evidence was found at the site to indicate that the shear plane 
substantially deviates from bedding planes. 
 
During excavation, this bedding plane shear was traced updip to its intersection with the top of 
rock at a steep, glacially eroded contact.  The eroded rock surface was continuous across the 
trace of the bedding plane, without displacement or offset (Figures 2.5-20a through 2.5-20g).  
Since the erosion of the rock surface would necessarily have occurred prior to the deposition of 
the overlying glacial deposits, which have been established as being more than 50,000 years 
old (refer to Subsection 2.5.1.2.2.1), this relationship shows that any displacement along 
bedding plane shear A occurred more than 50,000 years ago.  In reality, the most probable age 
of the shearing is pre-Triassic or over 200 million years ago.  This is indicated by regional 
relationships plus the fact that the shear plane is folded (A detailed presentation and analysis of 
the relationship between site and regional structure is presented at the end of Subsection 
2.5.1.2.3.2). 
 
A second bedding plane shear (Shear B), a few feet below and parallel to the first bedding plane 
shear, was exposed near the northwest corner of the Unit 1 turbine building foundation.  It is 
similar in appearance but apparently more restricted in a real extent than the first.  Two vertical, 
calcite-filled joints cut across this second bedding plane (Figures 2.5-20a through 2.5-20g).  The 
calcite in these vertical joints is continuous across the bedding plane with no offset, showing 
that the joints were formed and the calcite was deposited in the joints, subsequent to 
development of the slickensides on the bedding plane. 
 
The conclusion stated in the PSAR (p. 2.7-2) regarding the significance of these shear planes is 
still appropriate and deserves restatement: "Minor bedding plane slips at depth have been 
observed in the site area, both north and south of the interior ridge.  Those slips have not 
experienced movements in more than 200 million years.  A minor slip of this nature could be 
exposed in any large excavation anywhere in the area; however, it would not affect the 
structural design of the facilities." 
 
All deformational features observed in rock at the site are geologically old and are not significant 
to plant structures.  In unweathered rock, minor shears that do occur are tightly healed with 
calcite and quartz mineralization, and joints are likewise tight and unweathered.  All foundations 
for plant structures designed to rest on sound rock were excavated to, or into, unweathered 
bedrock.  No structurally weak zones were encountered in these foundations (Refer to 
Subsection 2.5.1.2.5.5). 
 
Further description of depth of weathering and geologic structures at the site and in the 
foundations is presented in Subsections 2.5.1.2.3.2 and 2.5.1.2.5.6. 
 
 
2.5.4.1.4  Unrelieved Residual Stresses in Bedrock 
 
No indications were found during excavation and construction at the site of the presence of any 
significant stress in bedrock (refer to Subsection 2.5.1.2.5.8 for additional discussion). 
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2.5.4.1.5  Potential for Unstable or Hazardous Rock or Soil Conditions 
 
Foundation rock at the site is a hard, indurated, unweathered siltstone, a member of the Middle 
Devonian Mahantango Formation.  Similar materials underlie the site to a depth of at least 1,000 
ft.  This rock contains no unstable minerals and provides highly stable foundation conditions.  
 
Soils at the site are glacial in origin, deposited mostly by flowing glacial meltwater, much under 
torrential conditions.  The soil is noncalcareous.  Most of the rock fragments consist of indurated 
sandstones.  The origin and mineralogy of these soils is such that they present no hazardous 
conditions (refer to Subsection 2.5.1.2.5.7). 
 
 
2.5.4.2  Properties of Subsurface Materials 
 
A few of the safety-related principal plant structures are founded on soil.  These structures 
consist of the Engineered Safeguard Service Water (ESSW) pumphouse, the spray pond, and 
portions of the Seismic Category I pipeline linking the reactor building to the spray pond and the 
diesel generator 'E' fuel tank.  Most other plant structures are founded on rock.  The location of 
these structures is shown on Figure 2.5-24; soil and rock foundations are identified on Figure 
2.5-17A. 
 
The static and dynamic engineering properties of the site bedrock and overburden soils were 
determined by field investigation and laboratory testing.  The results of laboratory testing of the 
materials sampled from the project site are covered in two reports (Ref. 2.5-97 and 2.5-98). 
 
A detailed study of the soil properties at the site of the spray pond and ESSW pumphouse is 
given in Subsection 2.5.5. 
 
 
2.5.4.2.1  Properties of Foundation Rock 
 
The Category I reactor buildings and diesel generator buildings, as well as the non-Category I 
turbine and radwaste buildings (see Figure 2.5-24) are founded on unweathered siltstone 
bedrock.  The siltstone, a member of the Mahantango Formation of Devonian age, is hard and 
indurated, and in the foundations area is lithologically homogeneous with bedding generally not 
well defined, and lacking the bedding plane fissility usually associated with less well indurated 
shaly siltstones and silty shales.  In places the rock exhibits cleavage, further evidence of its 
indurated nature. 
 
In the area of the principal plant structures, bedrock bedding where observed generally dips 
gently (less than 10) south; locally, such as north of the circulating water pumphouse, beds dip 
slightly north.  At the north end of the radwaste building and the north side of the Unit 1 cooling 
tower, bedding dips more steeply north.  The cleavage is steeply inclined to the south.  Minor 
slickensided bedding plane shears and joint planes occur in the foundations as described in 
Subsections 2.5.4.1 and 2.5.1.2.3.  All such shears beneath the principal plant foundations are 
fully healed with unweathered calcite and quartz mineralization and do not adversely affect the 
strength and competence of the foundation rock.  Further evidence of the healed nature of these 
shears is furnished by the RQD values and core recovery rates in borings that penetrated 
bedding plane shear A (refer to Figure 2.5-18 and discussion in Subsection 2.5.4.1) at 
elevations below the bottom of the foundation of the principal plant structures, such as in 
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borings 302, 309, and 314.  In all cases RQD values are above 35 percent through the shear 
plane; in most cases, RQD values exceed 80 or 90 percent and core recovery was close to 100 
percent (Further information on foundation geologic conditions is presented in Subsection 
2.5.4.1). 
 
Typical values of unconfined compressive strength of unweathered siltstone underlying the 
principal plant foundations range from 3,650 to 16,000 psi (see Table 2.5-3).  The modulus of 
deformation determined from these laboratory tests on core samples ranges from 3.1x106 to 
9.4x106 psi.  These values indicate strong, competent rock. 
 
P-wave measurements were made by Dames and Moore in the laboratory on individual core 
specimens.  The cores were from borings 303, 314, and 315 which are located, respectively, 
near the Unit 1 turbine building condensate pump pit at the center of the Unit 1 reactor, and at 
the center of the Unit 2 reactor.  The average seismic P-wave velocity determined for 10 
samples at or below foundation grade beneath power block structures is 13,236 fps.  For three 
samples from boring 303 in the Unit 1 turbine building, the average Vp value is 14,272 fps, or 
approximately 14,000 fps.  These determinations are listed in Tables 2.5-4 and 2.5-5. 
 
Rock quality designation (RQD) measurements made by Dames and Moore on rock cores from 
below the foundation elevations in the reactor, turbine, radwaste, diesel generators, and 
circulating water pumphouse foundations exceed 80 percent (refer to boring logs, Ref. 2.5-97 
and 2.5-121). 
 
In the reactor area, cross-hole and down-hole measurements of in situ seismic velocities show 
high values.  The measurements were made by Weston Geophysical Engineers, Inc., June 8 - 
August 6, 1971 using boreholes 105, 303, 307, 314, 315, and 316 (refer to Figure 2.5-29).  
Values obtained from the cross-hole array for the elevation interval 550-640 ft MSL are 16,000 
fps for the P-wave velocity and 7500 fps for the S-wave velocity in the reactor area (design 
elevation of bottom of reactor foundations, 639 ft MSL).  The results of the down-hole 
measurements yield values that are slightly lower, by a factor of about 15 percent; that is, a Vp 
value of about 14,000 fps and Vs of about 6,200 fps.  These in site results are in good 
agreement with the laboratory determinations.  Additional cross-hole and up-hole in situ seismic 
velocity measurements were made in the spray pond area (Ref. 2.5-99). Results of the 
cross-hole explorations at the site are further discussed in Subsections 2.5.4.2.2 and 2.5.4.4. 
 
Plate load tests were carried out on sound rock near the center of the Units 1 and 2 reactor 
building excavation in the vicinity of boring 105 (refer to Figure 2.5-18).  Plates 24, 13.5, and 8 
in. in diameter were subjected to successively increasing total loadings of 7, 22, and 60 tons per 
square foot (tsf), respectively.  A total deflection of .062 in. occurred when the 24 in. plate was 
loaded to a maximum of 7 tsf.  An additional deflection of 0.036 in. was recorded on subsequent 
loading to 22 tsf, and another 0.036 in. of deflection on application of the 60 sf maximum load, 
producing a total settlement of 0.134 in. for the three-stage loading to 60 tsf.  Recovery of the 
rock by elastic rebound upon release of these loads was substantial: 68, 75, and 80 percent 
repeatable elastic recovery of the total deflections were recorded after release of the 7, 22, and 
60 tsf loadings, respectively.  Additional deflections due to cyclic loading were small. Application 
of 14 cycles of load at 7, 15, and 30 tsf resulted in additional settlements of only 0.012, 0.003, 
and 0.002 in., respectively, over the corresponding single loadings. These results are consistent 
with the high modulus values and seismic velocities of the foundation rock, and indicate 
structurally strong, competent material for foundations in unweathered rock. 
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It is concluded from the engineering properties of the unweathered bedrock of the Mahantango 
Formation that the rock provides adequate support for the major plant structures under both 
static and dynamic conditions.  Settlement of structures under static loading is insignificant.  It 
consists of pseudo-elastic compression of the underlying rocks and occurs essentially upon load 
application.  Moreover, the bedrock will undergo no loss of strength and will experience 
negligible additional settlement under earthquake loading. 
 
A summary of the properties of the foundation rock is compiled in Table 2.5-5. 
 
 
2.5.4.2.2  Properties of Foundation Soils 
 
The results of detailed exploration of the soils in the spray pond area are given in Subsection 
2.5.5.  Only information on the properties of the pumphouse and diesel generator 'E' fuel tank 
foundation soils is given in this subsection. 
 
The natural soils at the pumphouse and diesel generator 'E' fuel tank sites are normally 
consolidated and consist predominantly of sand, gravel, cobbles, and boulders.  The soils are 
poorly stratified, starting as sand or sandy gravel at the surface and grading to mostly cobbles 
and boulders near bedrock.  The depth of the soil deposit below foundation grade ranges from 
about 35 ft at the south end of the pumphouse to about 60 ft at the north end.  About eight (8) 
feet and twenty (20) feet of sand, gravel and boulders are below the foundation grade of diesel 
generator 'E' fuel tank at north end and south end respectively.  A subsurface cross-section 
through the pumphouse site is shown on Figure 2.5-30, cross-section D-D.  The soils below the 
foundation level are predominantly sandy gravels with large amounts of cobbles and boulders.  
The properties of these sandy and gravelly soils are as follows: 
 

a) Grain Size Distribution 
 

Grain size distribution tests were made on most of the split spoon samples for 
classification purposes.  Sieve and hydrometer analyses were performed 
according to ASTM Procedure D-422.  The range of grain size curves is shown 
on Figure 2.5-31.  The mean grain size (D50) of the gravelly soils, which are the 
predominant material below the pumphouse and diesel generator 'E' fuel tank 
was found to be in the range of 4.5 to 25.0 mm. Wherever the sand is present 
below the pumphouse, the D50 size is in the range of 0.14 to 3.0 mm. 

 
 

b) Relative Density 
 

Relative density data were derived from standard penetration test results using 
the Gibbs and Holtz procedure (Ref. 2.5-100).  This procedure is valid for 
normally consolidated sands. 

 
Values of relative density obtained in this way are summarized on Figure 2.5-32.  
A direct comparison of relative density from 'N' values given in Figure 2.5-32 and 
from undisturbed samples and/or in site density tests cannot be made because 
no relative density tests were made.  The soil deposits are glacial in nature.  The 
deposits are quite variable in particle size and sorting and contain discontinuous 
sand pockets and gravel pockets. Grain size in general increases with depth.  At 
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the foundation level of the pumphouse and diesel generator 'E' fuel tank, the 
maximum sizes of the particles are in the range of 3 to 12 inches.  Undisturbed 
tube samples could not be obtained in the gravelly soils.  The gravel also will 
influence the results of in site density tests so that they may not represent the in 
site condition as a whole.  The Standard Penetration resistance versus elevation 
is given on Figure 2.5-33.  The 'N' values will be influenced by gravel.  Because 
of this the higher blowcounts were not considered representative of site 
conditions.  A value of N = 40 was selected for design.  Of the 49 standard 
penetration tests made beneath the foundation level at the ESSW Pumphouse 
and 2 standard penetration tests beneath the diesel generator 'E' fuel tank, 45 
exceeded 40 blows per foot.  Of the 6 values that were less than 40 blows per 
foot only one was less than 30 blows per foot. 

 
c) Static and Dynamic Shear Strength 

 
Undisturbed sampling of gravelly soils was not possible.  Therefore, shear 
strength testing was conducted only on the sands.  The shear strength of the 
gravelly soils was then conservatively assumed to be equal to that of the sands. 

 
The details of the testing procedures and selection of design strengths are given 
in Subsection 2.5.5.  The effective angle of internal friction was selected from the 
test data to be 35 (Figure 2.5-34).  The cyclic shear stress ratios at the two 
effective consolidation pressures 1.0 ksf and 6.0 ksf were determined to be 0.320 
and 0.260, respectively, for 5 loading cycles (Figure 2.5-35, Subsection 2.5.5).  A 
linear relationship was assumed in computing cyclic shear stress ratios at other 
effective consolidation pressures. 

 
d) Shear Wave Velocity and Shear Moduli 

 
Cross-hole shear wave velocity measurements were performed by Weston 
Geophysical Engineers, Inc. (Ref. 2.5-99).  Compressional and shear wave 
velocities obtained from the measurements are given on Figure 2.5-36. 

 
Shear moduli were computed from the values of shear wave velocity: 

 
2
sVg

G 
  

Where: 
 

G = shear modulus, psf 
 

 = unit weight, pcf 
 

g = gravitational acceleration, ft/sec2 
 

V = shear wave velocity, fps 
 

A discussion on how the shear modulus is influenced by the confining pressure, 
the strain amplitude, and the relative density is given in Subsection 2.5.5.2. 
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2.5.4.3  Exploration 
 
The location of all field explorations is shown on the plot plan, Figure 2.5-22. 
 
A total of approximately 250 exploratory borings was made in soil and rock at the site. Borings 
were logged in detail; boring logs are contained in Ref.s. 2.5-97, 2.5-98 and 2.5-99 and 
Appendix 2.5C.  The soils were classified in accordance with the Unified Soil Classification 
System. Rock logs include RQD (rock quality designation) values.  Coring in rock was 
performed using NX double-tubed coring equipment. 
 
Drilling was conducted in late 1970 (100 and 200 series borings) to establish general geologic 
relationships over the site area and to determine general soil and rock conditions at the site.  A 
more intensive program (300 series borings) was conducted in the Spring of 1971 to define 
foundation conditions in the principal plant structures area. Four 45-degree angle holes were 
drilled in the reactor area.  Additional exploration drilling was necessary to locate the site for the 
Susquehanna River intake and discharge structures (700-800 series borings), to define soil and 
rock conditions at the spray pond and ESSW pumphouse site (1100 series and some 400 series 
borings), and to investigate foundation conditions for the cooling towers (borings B1 to B10) and 
the railroad spur and bridge over State Highway 11 (borings 417 to 455 and 929 to 940).  An 
investigation program (borings 1 through 7) was conducted in 1983 to determine soil and rock 
conditions in the area of the deisel generator 'E' building.  Boring logs are contained in Appendix 
2.5C.  Because of the safety-related (Category I) function of the spray pond and ESSW 
pumphouse, the exploration program for these facilities was comprehensive and included split 
spoon and undisturbed samples, laboratory testing, hydrologic surveys, permeability tests, and 
seismic cross-hole and up-hole surveys.  Split spoon sample laboratory testing, hydrologic 
surveys, and permeability tests were also performed in the area of the diesel generator 'E' fuel 
tank.  After completion of geologic borings, static water levels were measured in some of the 
borings drilled on the site.  Perforated plastic pipes were installed in a number of the borings to 
allow collection of future water level data.  These borings are denoted on the plot plan, 
Figure 2.5-22. 
 
Forty-seven test pits were excavated by backhoe at selected locations to observe soil and rock 
conditions.  Two north-south trenches totalling over 700 ft in length were excavated to obtain 
information on physical properties, structure, and variability of the near-surface materials at the 
site.  Logs of the test pits and trenches are compiled in Appendix 2.5C. 
 
A geologic map of the Category I and other principal plant foundations is presented on Figure 
2.5-18.  A geologic map of the excavation for the spray pond is shown on Figure 2.5-15.  
Geologic profiles are identified on Figures 2.5-18, 2.5-22, 2.5-30 and shown on Figures 2.5-19, 
2.5-21A, 2.5-21B, 2.5-30, 2.5-40 and 2.5-56.  
 
Photographs depicting significant features in the principal plant foundation excavations are 
shown on Figures 2.5-20a through 2.5-20g. 
 
 
2.5.4.4  Geophysical Surveys 
 
Seismic refraction profiles and cross-hole, up-hole and down-hole measurements were 
conducted at the site during the Fall of 1970, Summer of 1971, and Summer of 1974. The 
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seismic refraction lines totalled over 40,000 1f of coverage.  They are identified on Figure 
2.5-29.  The refraction profiles collected in Appendix 2.5C. 
 
As interpreted from refraction measurements, overburden at the site consists of a surficial layer 
of unconsolidated, unsaturated material up to 15 ft thick, constituting at least in part the soil 
horizon, underlain by more consolidated, partly or fully saturated till and compact outwash, 
which extend to the bedrock surface.  Compressional (P-wave) velocity of the surficial material 
is typically about 1500 fps.  Velocities in the lower till and outwash material generally range 
between 3,000 and 4,500 fps, although in some places velocities attain 6,000 fps (north-south 
baseline at boring 107). 
 
The refraction survey obtained a persistent P-wave value of 12,000 to 14,000 fps for 
unweathered bedrock, which in many places is coincident with the top of rock. Frequently, 
however, lower velocities were recorded in a zone 0 to 20 ft thick near the top of rock.  These 
lower compressional velocities are in the range of 6,000 to 9,000 fps, and are indicative of the 
zone of surficial weathering near the top of rock.  At the site, material having a P-wave velocity 
of 4,000 to 6,000 fps may represent either dense soil or more thoroughly weathered or fractured 
bedrock; construction experience at the site indicates that here such material is generally 
correlative with dense soil. 
 
Seismic cross-hole velocity measurements were performed in the reactor and spray pond areas, 
the principal sites of the Category I structures.  Two arrays were employed in the spray pond 
area; namely, a north-south array across the location of the ESSW pumphouse, and an 
east-west array over the approximate location of lowest top of rock elevations in the spray pond.  
Both latter arrays provided data from which were calculated values for the dynamic moduli of 
the soil materials.  In addition, down-hole measurements were made in the reactor area and 
up-hole measurements in the spray pond area.  Figure 2.5-29 shows the borings that were used 
for the cross-hole arrays. 
 
In the spray pond area, the seismic characteristics of the subsurface materials as measured in 
each array are similar.  The material overlying bedrock has a P-wave velocity ranging from 
4,200 to 4,800 fps and an S-wave velocity ranging from 1,600 to 1,900 fps.  It is overlain by 
lower velocity material at about elevation 658 at the ESSW pumphouse location and at about 
elevation 643 farther west in the spray pond.  At the ESSW pumphouse, this upper material has 
P-wave and S-wave velocity ranges of 2,300 to 2,400 fps and 1,300 to 1,350 fps, respectively, 
while farther west beneath the pond the materials between approximate elevations 643 and 673 
have P-wave and S-wave velocity ranges of 3,000 to 3,300 fps and 1,450 to 1,500 fps, 
respectively. Table 2.5-6 summarizes the results of the seismic velocity measurements in the 
spray pond area and lists dynamic moduli computed from these data. 
 
In the reactor area, cross-hole measurements were made on material above and below 
foundation grade.  Above foundation grade the bedrock was weathered to a depth of about 10 ft 
below original top of rock.  P-wave velocity of this weathered material was 7,600 fps and 
S-wave velocity, 3,600 fps.  A P-wave velocity of 14,800 fps for the interval 640 to 660 ft MSL 
indicates the top of unweathered rock is at about 660 ft.  At and below foundation grade in the 
reactor area high seismic velocities were recorded (Vp = 16,000 fps, Vs = 7,500 fps) indicating 
the presence of strong, competent foundation rock.  Table 2.5-7 lists the results of the in situ 
cross-hole velocity measurements made in the reactor area; Table 2.5-5 lists the moduli values.  
Further discussion of the properties of the underlying soils and bedrock are given in 
Subsections 2.5.4.2 and 2.5.5. 
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2.5.4.5  Excavations and Backfill 
 
2.5.4.5.1  Extent of Seismic Category I Excavations, Fills, and Slopes  
 
Figure 2.5-37 shows the location and limits of excavations, fills, and backfills associated with 
Seismic Category I structures at the site.  Typical foundation sections for seismic Category I 
structures are shown. 
 
 
2.5.4.5.2  Excavation Methods and Dewatering 
 
2.5.4.5.2.1  Excavations in Rock 
 
All Seismic Category I rock foundations were carried to or well below unweathered bedrock. 
Rock foundations for the turbine and radwaste buildings, although they are not Seismic 
Category I structures, were prepared according to the same general procedures and criteria 
used in preparing the Seismic Category I rock foundations. 
 
Excavation of rock proceeded by initial ripping of any weathered surficial rock material followed 
where necessary by line blasting and presplitting in holes drilled to provide slopes of 1 
horizontal to 4 vertical.  Essentially vertical slopes in unweathered rock proved stable 
throughout the duration of construction and no special protective measures were required. 
Weathered rock was cut on slopes of 1 horizontal to 2 vertical.  In a few places, wire mesh was 
used for protection of higher weathered rock slopes that were exposed for extended periods. 
 
The surface of the excavated foundation rock was scaled to remove loose debris and jetted with 
water or air to remove loose fragments and to prepare the surface for concrete.  Before 
placement of structural concrete or concrete backfill to design elevation, all Seismic Category I 
foundations were inspected by an engineering geologist to verify the suitability of the rock and 
its proper surface preparation to receive concrete.  All foundation rock bearing a Seismic 
Category I structure was geologically mapped (see Figure 2.5-18) or geologically cross 
sectioned (see Figures 2.5-19 and 2.5-30A). 
 
Foundations for each of the cooling towers (nonseismic-Category I structures) consist of 40 
individual pedestals supporting the columns and extended to bedrock.  Excavation proceeded 
by cutting a ring trench and preparing for each pedestal a suitable surface in unweathered or 
partly weathered bedrock by ripping or blasting as necessary, followed by scaling and jetting. 
 
During construction of principal plant structures founded on rock, excavations extended below 
the water table and some dewatering was required.  Due to the low permeability of the rock, 
groundwater inflow was small.  Dewatering was accomplished by surface drains and sumps. 
 
 
2.5.4.5.2.2  Excavations in Soil 
 
The excavation for the spray pond, ESSW Pumphouse and diesel generator 'E' fuel tank was 
predominantly in soils. Excavation proceeded initially by using large earth moving equipment, 
then finished by using more refined procedures.  On completion of excavation, the surface layer 
of the natural soil formation was recompacted as follows: 
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a) For soils having not more than 12 percent passing the No. 200 sieve size, 80 
percent relative density as determined by ASTM D2049 

 
b) For all other soils, 95 percent of maximum dry density as determined by ASTM 

D1557 
 
Test Results are included in Appendix 2.5C.  The location of test specimens with respect to the 
spray pond is shown on Figure 2.5-59.  A statistical analysis of the test results was made and is 
summarized on Figure 2.5-60.  The required compaction was met or exceeded. 
 
A protective concrete mat was immediately placed over the compacted soil under the ESSW 
Pumphouse and a minimum of 5 in. thick reinforced concrete liner placed over the entire spray 
pond area. 
 
All temporary slopes in soil were formed at a maximum slope of 1 1/2 horizontal to 1 vertical.  
The temporary slopes in the vicinity of the ESSW Pumphouse were protected with a 3 in. layer 
of concrete to maintain the natural soil formation intact.  All permanent slopes in soil were 
formed at a slope of 3 horizontal to 1 vertical. 
 
The excavation for the Seismic Category 1 pipelines in soil was carried out similarly.  All slopes 
were cut at a maximum of 1 1/2 horizontal to 1 vertical.  The minimum clearances were 1 ft 
beneath the pipe and 2 ft to the sides. 
 
The excavation for diesel generator 'E' building was carried to unweathered bedrock by using 
soldier beams and laggings.  All timber laggings were treated with preservative by pressure 
process.  The soldier beams and laggings were left in place.  The disturbed soils adjacent to the 
soldier beams and laggings were densified by compaction grouting.  The results of compaction 
grouting were verified by standard penetration tests.  The results of standard penetration tests 
indicate that the blow count numbers are equal to or exceed those of original soils. 
 
The excavation for diesel generator 'E' fuel tank was carried out to open cut.  All slopes were cut 
at a maximum of 1 1/2 horizontal to 1 vertical. 
 
 
2.5.4.5.3  Backfill and Compaction 
 
Generally, the excavated area, for a minimum distance of 10-ft surrounding the major 
structures, was backfilled with a non-corrosive lean mix concrete known as sand-cement-flyash 
backfill.  A minimal amount of backfilling has taken place using granular backfill, with the 
exception of the spray pond and vicinity addressed later in this section. 
 
The excavated area for the diesel generator 'E' fuel tank was backfilled with sand-cement-flyash 
to two (2) feet below finished grade. 
 
The Seismic Category I pipelines were generally backfilled with the sand-cement-flyash; 
otherwise granular material was used. 
 
All category I structures and a portion of the ESSW pumphouse (below approximately elevation 
676 feet) was backfilled with sand-cement-flyash.  The backfill was placed a minimum of 10 feet 
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in width all around the building structures.  There is no concern with differential settlement at the 
interface between structure-supported and ground-supported parts of pipelines and conduits. 
 
Buried Seismic Category I electrical ductbanks are composed of reinforced concrete 
encasements around plastic or metal ducting; the concrete encasement being cast directly 
against the excavated grade.  Granular or sand-cement-flyash backfill was used the same as for 
buried pipes.  The properties of these respective backfills were as follows: 
 

a) Sand-Cement-Flyash 
 

Weight - 110 lb/cu ft minimum 
Slump  - 3 in. minimum 
Slump  - 6 in. maximum 
Strength - 40 psi minimum at 28 days 

 
Sand-cement-flyash used on the Susquehanna SES project has been obtained from two 
sources, namely as follows: 
 

a) Metropolitan Edison, Portland Plant, Reading, Pennsylvania 
b) Michigan Ash Sales, Essexville, Michigan. 

 
The sand-cement-flyash backfill that was mixed on-site used flyash furnished by Michigan Ash 
Sales.  The sand-cement-flyash backfill that was furnished by an off-site supplier (Galli Ready 
Mixed Concrete) used flyash from Metropolitan Edison. 
 
During January 1979, the pH value of each source of flyash and the pH value of the fresh 
sand-cement-flyash mix was investigated.  The results are as follows: 
 

a) Metropolitan Edison Flyash 
 

pH flyash = 4.36 to 4.42 
pH sand-cement-flyash mixture = 11.7 to 12.8 

 
b) Michigan Ash Sales Flyash 

 
pH flyash = 4.2 to 8.2 
pH sand-cement-flyash mixture = 12.2 

 
The above tests adequately demonstrated that the sand-cement-flyash backfill used on the 
Susquehanna SES project is not corrosive. 
 

b) Granular 
 

Granular backfill was well-graded, sound, dense, and durable material.  It 
consisted of sand, gravel or crushed rock and did not contain any topsoil, humus, 
brush, roots, peat, sod, cinders, shale, rubbish or other perishable materials, or 
portions of clay, waste concrete, trash, or frozen material.  No more than five 
percent by weight passed the No. 200 sieve.  The maximum size of the material 
was 4 in. in confined areas where hand tamping was required and 6 in. in other 
areas. 
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The placement specification of these respective backfills was as follows: 
 

a) Sand-Cement-Flyash 
 

Sand-cement-flyash backfill was either mixed at the batch plant or obtained from 
an offsite source, conveyed to the point of placement by truck, and placed in lifts 
not exceeding 30 in. in height.  The maximum rate of pour did not exceed 4 ft/hr.  
It was vibrated in place with approved equipment.  It was protected from freezing 
temperatures for a minimum of 3 days. 

 
b) Granular 

 
Granular backfill was placed in maximum 8 in. loose horizontal layers, moisture 
conditioned, and compacted to at least 80 percent relative density as determined 
by ASTM D2049. 

 
Backfill material within 2 ft of structures and in areas where large construction 
equipment could not be used or where there was a danger of damage to 
structures was compacted to the specified density by hand operated equipment. 

 
Small areas resulting from dental excavation beneath the spray pond concrete 
liner received a shallow leveling course.  The material and placement 
specification for this type of fill (arbitrarily designated Fill Type A) was as follows: 

 
Fill Type A, Material 

 
The maximum size of this material was 4 inches and no more than 5 percent by 
dry weight passed the No. 200 sieve.  

 
 

Fill Type A, Placement 
 

Fill Type A was placed in maximum 6 inch uncompacted layers, moisture 
conditioned, and compacted to at least 80 percent relative density as determined 
by ASTM D2049. 

 
The area to the south and south-east of the spray pond was filled in a controlled manner.  The 
material and placement specification for this type of fill (arbitrarily designated Fill Type 'B') was 
as follows: 
 

Fill Type B, Material 
 

The maximum size of this material was 12 inches and no more than 35 percent 
by dry weight passed the No. 200 sieve. 

 
Fill Type B, Placement 

 
Fill Type B was placed in a 15 inch maximum uncompacted layer thickness, 
moisture conditioned, and compacted to satisfy both of the following 
requirements: 
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a) At least 80% relative density as determined by ASTM D2049 for material 
having not more than 12% passing the No. 200 sieve or 90% of maximum 
dry density as determined by ASTM D1557 for all other material. 

 
b) Irrespective of the compacting effort required to satisfy part a) above, the 

fill was compacted in one of the following manners as a minimum effort: 
 

i) Using a crawler tractor having a weight at least equal to that of a 
D8 Caterpillar tractor with bulldozer blade.  Each track overlapped 
the preceding track by not less than four inches.  When the tractor 
has made one entire coverage of an area in this manner, it was 
considered to have made one pass.  Each fill lift was compacted 
with four passes. 

 
ii) Using a vibratory roller of minimum weight 20,000 pounds having 

a rolled width of approximately 60 minches.  The roller had a 
vibrator frequency range of between 1100 and 1600 vibrations per 
minute and had a minimum vibratory dynamic force of 40,000 
pounds.  The roller speed did not exceed 3 mph and each track 
overlapped the preceding one by a least 4 inches.  When the roller 
had made one entire coverage of an area in this manner, it was 
considered to have made one pass.  Each fill lift was compacted 
with four complete passes. 

 
iii) Using a hand controlled vibratory compactor in locations 

inaccessible by tractor or vibratory compactors was on the basis 
of the demonstrated ability of the compactor to compact the 
material to the same density as the continuous backfill. 

 
Test results are included in Appendix 2.5C.  The location of test specimens with respect to the 
spray pond is shown on Figure 2.5-59.  A statistical analysis of the test results was made and is 
summarized on Figure 2.5-60.  The required compaction was met or exceeded. 
 
To compute the lateral pressures acting on subterranean walls, all backfill was conservatively 
assumed to be granular.  The static and dynamic engineering properties of this granular backfill 
was assumed as follows: 
 

Bulk unit weight,     = 135 pcf 
Saturated unit weight,    = 140 pcf 
Coefficient active earth pressure, KA  =  0.30 
Coefficient earth pressure "at-rest", Ko  =  0.70 

 
The computation of static and dynamic lateral soil pressures acting on subterranean walls is 
addressed in Subsection 2.5.4.10.2. 
 
A statistical analysis for the sand-cement-flyash backfill is shown in Fig. 2.5-61. 
 
Figure 2.5-61 shows the distribution for the majority of test reports falls within the specification 
requirement of 40 PSI minimum at 28 days and 100 psi maximum at 90 days.  There are 
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however a sufficient quantity of tests that fall outside these limits and therefore justification is 
required.  The reasons for acceptability are as follows: 
 

1) Slump - The slump requirements of 3 inch minimum and 6 inch maximum were 
for reasons of workability during field pouring operations and as one of the 
measurements to ensure that a sufficient compressive strength would be 
obtained.  Therefore a deviation from the specification requirement does not 
constitute unacceptability, since the only basis would be an altered compressive 
strength and these items have their own acceptability limits. 

 
2) 90 day compressive strength - The requirement for the 100 psi (150 psi 

maximum strength for the diesel generator 'E' facility) maximum strength was a 
convenience item only.  The purpose for this upper limit was to facilitate ease of 
excavation in an area previously backfilled with sand-cement-flyash material.  A 
deviation from the specification requirement in this area in no way limits the 
intended use of the material. 

 
3) 28 day compressive strength - the requirement for minimum compressive 

strength was chosen such that the compressive strength would be in the same 
range as the bearing value of compacted granular backfill.  The 40 psi strength 
converts to 5,760 lb./ft2 whereas compacted granular backfill has bearing values 
on the order of 3,000 to 6,000 lb./ft2.  However, on SSES the sand-cement-flyash 
material has not been used for fill beneath any structure.  Therefore, the higher 
bearing value is not required.  The sand-cement-flyash backfill has been used 
only as general backfill for pipes, conduits, and along the sides of buildings.  It 
has therefore been determined that the 20 psi (2,880 lb/ft2) minimum value that 
may be found in some areas is completely adequate to satisfy the conditions for 
which the fill is being used. 

 
Strength and Slump tests were conducted every 100 cu. yds, placed or every 
placement, whichever occurred first. 

 
Slump and Compressive strength samples of sand-cement flyash were taken at 
the Batch Plant, or in the case of samples taken from an offsite source, from the 
concrete mixer agitator truck. 

 
 
2.5.4.5.4   Bedding Material for Seismic Category I Pipes and Electrical Duct Banks 
 
The bedding material was sand-cement-flyash as defined in Section 2.5.4.5.3 of the FSAR. 
 
The excavation was made to original ground or in sand-cement-flyash backfill to required 
bedding subgrade.  The bedding subgrade was inspected and verified to be sound and dense 
meeting visual requirements for backfill adequate for support of bedding material, thus meeting 
specification intent.  The subgrade was also inspected for unsuitable material such as water, 
frozen, organic or deleterious material.  Such material, when found, was removed. 
 
The sand-cement-flyash bedding material was either mixed at the batch plant or obtained from 
an approved offsite source.  The sand-cement-flyash was then placed in lifts not exceeding 30 
inches in height nor 4 feet per hour.  For pipes the pour was brought to the pipe spring line and 
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was allowed to set.  For duct banks the bedding was not placed until the duct bank concrete 
reached the required strength.  Sand-cement-flyash was then poured to the top of the duct bank 
and allowed to set. 
 
Analysis of the relevant field tests for bedding material is included in the summary given in 
Figure 2.5-61. 
 
 
2.5.4.6  Groundwater Conditions 
 
Special measures for control of groundwater levels beneath Seismic Category I plant structures 
founded on rock are not required.  However, control of groundwater levels and seepage is 
needed at the spray pond; discussion of design criteria for stability of the spray pond is 
presented in Subsection 2.5.5. 
 
Periodic water level readings were obtained in the vicinity of the principal plant (power block) 
structures between December 1970 and August 1972.  Groundwater fluctuations ranged from 
1.5 ft in drill holes 209, 311, to 6.2 ft in drill hole 213. 
 
The maximum groundwater level measured in the plant structures area during this 
preconstruction period ranged from approximately 690 ft at the west edge of the site of the 
turbine building, to about 655 ft at the east edge of the site of the reactor buildings (refer to 
Figure 2.5-55).  These levels were obviously influenced by the topographic high of 749 ft just 
west of the site of the power block structures.  However, subsequent excavation and grading in 
these areas preclude water levels from rising to this height in the future. 
 
During construction, the area just west of the power block structures was graded to elevation 
710 ft or less.  Excavations for the foundations of the principal plant structures extended below 
the water table and some minor dewatering was required.  Due to the low permeability of the 
rock, groundwater inflow was small and was confined to seepage from fractures.  Dewatering 
was accomplished by pumping from low areas and sumps.  Where seeps were noted issuing 
from fractures in the rock, holes were drilled into the fractures and pipes caulked in the holes to 
control water while the mudmat was placed.  In the foundation for the reactor building (elevation 
639 ft) and in the turbine condensate pump pit (at elevation 635 ft), hydrostatic pressure caused 
lifting of small areas of the 3 inch thick concrete mudmat that had been placed over the 
impervious membrane.  Approximately 20 relief wells drilled through the mudmat released the 
pressure and allowed the mat to settle back to its original position.  The weight of the structural 
concrete slab subsequently placed on this mudmat was more than sufficient to resist any uplift 
pressures. 
 
The highest seeps noted in the foundation rock during construction were at elevation 642 ft in 
the radwaste building excavation and at about the same elevation in the pipe trench in the 
southern part of the Unit 2 turbine building.  Some seeps were also noted in the foundation rock 
for the reactor buildings at elevation 639 ft and in sumps below this.  To the west of the turbine 
building in the circulating water pumphouse excavation, water was noted to enter the excavation 
to an elevation of approximately 660 ft. Hydrostatic lifting (described above) of the impervious 
membrane did not occur at foundation elevations above 640 ft. 
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Excavation for diesel generator 'E' building extended below the water table and some minor 
dewatering was required.  The groundwater which seeped into the excavation area was diverted 
to a sump at a low point and was removed by pumping. 
 
Additional information with regard to groundwater monitoring and water table fluctuations in the 
principal plant structures area is provided in Subsection 2.4.13 and Tables 2.4-31 and 2.4-32. 
 
At the spray pond, water level information taken between July 29, 1974 and August 4, 1975, 
and from January through March 1977, indicate a minimum water level fluctuation of 4.0 ft 
recorded at observation wells 1111 and 1113, and a maximum fluctuation of 7.0 ft in 1115.  
Additional discussion of groundwater fluctuations in the spray pond area can be found in 
Subsection 2.5.5.  Because groundwater levels at the pond will be higher than the maximum 
projected flood elevation (refer to Figure 2.5-38 and Subsection 2.4.3, respectively), flooding 
conditions will not significantly affect the groundwater levels.  
 
Local wells within two miles of the plant site were inventoried and the information is given in 
Table 2.4-22. 
 
Groundwater flows away from the principal plant structures area to the north, east, and south.  
However, the predominant direction of flow is to the east and southeast at gradients of 0.05 and 
0.06, respectively.  The flow rate in bedrock is estimated to be less than 1 ft per day as 
discussed in Subsection 2.4.13.  Groundwater contours at the site are shown on Figure 2.5-38. 
 
Permeability of the intact bedrock at the site is less than 1 ft/year.  The average permeability of 
the glacial materials at the spray pond is 2,000 ft/year; however, this value has been 
considerably exceeded in some tests. For a complete description of permeability at the spray 
pond and plant structures areas, consult Subsections 2.5.5 and 2.4.13, respectively.  Measured 
permeability values may be found in Tables 2.4-33 and 2.4-34. 
 
 
2.5.4.7  Response of Soil and Rock to Dynamic Loading 
 
2.5.4.7.1  Response of Rock to Dynamic Loading 
 
Rock at the site would be unaffected by dynamic loading from earthquakes. During historical 
time, no Pennsylvania earthquakes have been felt at the site.  Approximately 14 earthquakes 
originating outside Pennsylvania could have been felt at the site, but with a probable maximum 
intensity of only IV on the Modified Mercalli Scale.  Ground motion at this intensity would have 
had no effect on the site. 
 
The compressional and shear wave velocities of sound, unweathered foundation rock in the 
reactor area (Vp = 14,000 to 16,000 fps; V = 6,200 to 7,500 fps) indicate that the rock possesses 
a high rigidity and provides effective resistance against dynamic loads for all structures founded 
upon it (refer to Table 2.5-5).  Such rock will not be subject to any loss of strength under 
earthquake loadings. 
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2.5.4.7.2  Response of Soil to Dynamic Loading 
 
The analysis of earthquake-induced soil strain and settlement of the spray pond and ESSW 
pumphouse are given in Subsection 2.5.5.  Evaluation of potential soil settlement under the 
diesel generator 'E' fuel oil storage tank is provided in Reference 2.5-121.  If the sands at the 
site behave like dry sand during an earthquake, the settlement will be less than 0.05 in.  If the 
sand deposits are saturated and excess pore pressures develop, they will reconsolidate 
following the earthquake and settlements up to 1.2 in. at the east end of the pond and up to 1.0 
in. at the ESSW pumphouse may be expected.  Settlement under the diesel generator 'E' fuel 
tank will be minor and will take place as soon as the loads are applied.  There will be no long 
term settlement. 
 
The bearing capacity of the pumphouse mat footing was evaluated by the following equation 
(Ref. 2.5-115): 

 12/1'  qfd NDNBq   
 
where: 
 

'
dq  = ultimate bearing capacity 

 
B = width of the footing 

 
 = unit weight of the soil 

 
Df = depth of surcharge 

 
N, Nq = bearing capacity factors  

 
This equation was derived for the static condition; however, a conservative evaluation of the 
bearing capacity for the dynamic condition can be made by assuming that, during dynamic 
loading, the footing has an effective width equal to 1/3 of the actual footing (Ref. 2.5-115).  
Substituting all values given in Subsection 2.5.4.10.2 into the equation but using B=21.3 ft 
instead of 64 ft, the ultimate bearing capacity was calculated to be 52 kips/sq ft.  The 
corresponding factor of safety against bearing failure is 17. 
 
 
2.5.4.7.3  Soil Structure Interaction 
 
Soil structure interaction has been addressed in Subsection 3.7.2.4.  The analysis and design of 
buried pipelines has been addressed in Subsection 3.7.3.12. 
 
 
2.5.4.8  Liquefaction Potential 
 
For the soil supported spray pond, ESSW pumphouse, diesel generator 'E' fuel oil storage tank 
and Seismic Category I pipelines, the liquefaction potential was evaluated. The soil underneath 
these structures is predominantly sand, gravel, cobbles, and boulders. 
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The liquefaction potential of the soils beneath the spray pond and the ESSW pumphouse is 
discussed in detail in Subsection 2.5.5.  The minimum factor of safety against liquefaction for 
these structures was found to be 1.26, which is larger than the minimum acceptable factor of 
safety of 1.20. 
 
The soil supported diesel generator 'E' fuel oil storage tank and Seismic Category I pipelines are 
underlain by the same glacial deposits as the spray pond area and the maximum predicted 
water level below the pipelines is lower than that under the pond.  Hence, liquefaction potential 
of the soils beneath the diesel generator 'E' fuel oil storage tank and seismic Category I 
pipelines is no greater than that of soils beneath the spray pond. 
 
 
2.5.4.9  Earthquake Design Bases 
 
The design bases for the SSE and OBE are addressed in Subsections 2.5.2.6 and 2.5.2.7. 
 
 
2.5.4.10  Static Stability 
 
2.5.4.10.1  Static Stability of Safety-Related Structures Supported on Rock 
 
The reactor buildings, control structure, and the diesel generator buildings, all of which are 
Seismic Category I structures, are founded on sound, unweathered siltstone bedrock.  The 
Seismic Category I pipelines linking the reactor buildings with the spray pond are trenched 
partly in soil and partly in bedrock. 
 
The strength of the unweathered bedrock amply accommodates the loads of the plant providing 
highly stable foundation conditions.  As measured in the Seismic Category I reactor area, 
compressional velocities are in the range of 14,000 to 16,000 fps; shear wave velocity ranges 
between 6,200 and 7,500 fps. Static deformational moduli as measured on rock cores vary 
between 3.1 to 9.4x106 psi (refer to Table 2.5-3). Measurements of unconfined compressive 
strength of unweathered foundation rock from the vicinity of the principal plant structures were 
between 3,650 and 16,000 psi (Table 2.5-3).  Static properties of the foundation rock are 
summarized in Table 2.5-5. Loads induced by the plant structures are less than the allowable 
bearing pressure of the rock and far below the ultimate bearing capacity.  The structural loads 
will produce no significant total or differential settlement of the foundations. 
 
Safety-related structures founded on rock were designed for a hydrostatic groundwater loading 
caused by a maximum groundwater level of 665 ft.  This is higher than the expected maximum 
water level, as discussed in Subsection 2.4.13. 
 
 
2.5.4.10.2   Static Stability of Safety-Related Structures Supported on Soil 
 
The mat footing of the ESSW pumphouse is 112 ft long, 64 ft wide, and 3 ft thick.  The total 
dead and live loads are 20,000 kips and 2,100 kips, respectively.  The corresponding unit 
pressures are 2.80 ksf and 0.30 ksf, respectively.  The bottom of the mat is at elevation 657 ft. 
 
The ultimate bearing capacity of the mat foundation was found to be 158 kips/sq ft.  The factor 
of safety was computed to be 51, which indicates no danger in overstressing the supporting 
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granular soil.  Therefore, the allowable bearing pressure and settlement of the mat footing were 
evaluated by the method of limiting settlements suggested by Peck, Hanson, and Thornburn 
(Ref. 2.5-116).  The allowable bearing pressure for a maximum settlement not to exceed 2 in. 
was computed by the formula: 
 
 qa  = 0.22 Cn Cw N 
 
Where: 
 

qa  = allowable bearing pressures, tsf 
 
N = number of blows per foot in the standard penetration test 
 
Cn ,Cw = correction factors for "N", for the effects of overburden pressure and 

location of groundwater surface 
 
A conservative N value of 40 was selected to represent the soils below the mat foundation 
(Elevation 657 ft, Figure 2.5-38).  The Standard Penetration Tests below the foundation level 
were made at an average overburden pressure of about 6,000 psf (Figure 2.5-39); the 
corresponding correction factor C was obtained from Figure 19.6 of Ref. 2.5-115 to be 0.63.  
Assuming that the groundwater surface is at 7 ft below the mat and no surcharge, the correction 
factor Cw was computed to be 0.55 by equation 19.4 of Ref. 2.5-115. 
 
The allowable bearing pressure was computed to be 6.0 kips/sq ft based on the values of N, Cn, 
and Cw given above.  At this bearing pressure, the settlement of the mat foundation should be 
less than 2 in. and the differential settlement should be less than 3/4 in.  Therefore, by 
proportion, for a design total pressure of 3.1 kips/sq ft, the corresponding maximum and 
differential settlements would be less than 1 in. and ½ in., respectively.  Settlement in sand and 
gravel deposits occurs almost simultaneously with the application of load.  Since more than 80 
percent of the total load is dead load, then less than 0.2 in. of settlement is expected after the 
completion of the construction. 
 
The same equations and procedures can be applied to compute the ultimate bearing capacity of 
the foundation soils and the allowable bearing pressure for a maximum settlement not to exceed 
2 inches. 
 
The foundation mat for the diesel generator 'E' fuel tank is 17 feet wide, 57 feet long and 5 feet 
thick.  The total dead and live loads are 111.4 kips and 684.8 kips respectively.  The 
corresponding unit pressures are 0.12 ksf and 0.71 ksf respectively.  The bottom of the 
foundation mat is at elevation 645.0 feet. 
 
The ultimate bearing capacity of the foundation soils was found to be 42.0 ksf.  The factor of 
safety against shear failure was computed to be 50 which indicates that there is no danger of 
shear failure. 
 
The allowable bearing pressure was found to be 12.0 ksf for a maximum settlement not to 
exceed 2 inches.  By proportion, the maximum and differential settlement corresponding to a 
design total pressure of 0.83 ksf would be less than 1/8 in. and 1/16 in. respectively. 
 
The structural stability of the ESSW pumphouse is discussed in Subsection 3.8.4 and 3.8.5. 
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The sustained load from the spray pond is less than the weight of overburden removed; 
therefore, there is an adequate factor of safety against overstressing the underlying soil.  Soil 
rebound during excavation in granular soils of the type found at the spray pond is insignificant. 
 
The maximum predicted elevation of the water table is below the base of the spray pond and 
ESSW pumphouse; therefore, hydrostatic water loadings were not considered in the design of 
these structures.  A full discussion of the water table in this vicinity is in Subsection 2.5.5. 
 
The lateral earth pressure acting on subterranean walls of Seismic Category I structures was 
computed assuming granular backfill having the properties stated in Subsection 2.5.4.5.3.  The 
coefficient of earth pressure "at-rest" was used. Additionally, the walls were designed for 
surcharge loadings and dynamic soil pressures as appropriate.  The typical pressure diagrams 
and combinations are shown on Figure 2.5-39. 
 
Water levels in the spray pond area are discussed in Subsection 2.5.5.1.2.  Contours of the 
groundwater table in the spray pond area are shown on Figure 2.5-38.  Profiles of measured 
and projected profiles of the groundwater table beneath the spray pond are shown on Figure 
2.5-40. 
 
 
2.5.4.11  Design Criteria 
 
2.5.4.11.1  Design Criteria of Safety-Related Structures on Rock 
 
The plant structures founded on rock are designed for a maximum acceleration of 0.10g from an 
occurrence of the SSE event.  From consideration of its engineering properties, it is evident that 
the foundation rock will not be measurably affected by seismic loadings, and negligible 
additional foundation settlement will accompany these maximum potential dynamic loads.  The 
maximum contemplated total static and dynamic loads of 40 tsf are only a fraction of the bearing 
capacity of the rock, thus ensuring an ample margin of safety. 
 
 
2.5.4.11.2  Design Criteria of Safety-Related Structures on Soil 
 
The spray pond slopes are designed for a maximum acceleration of 0.15g from an occurrence 
of the SSE event at the site.  The spray pond riser pipe columns, the Seismic Category 1 buried 
pipes, and the ESSW pumphouse are designed for a maximum acceleration of 0.15g from an 
occurrence of the SSE event at the site. 
 
The allowable bearing pressure under both static and dynamic conditions satisfies these 
conditions: 
 

a) Sustained dead load plus live load with a minimum factor of safety of 3 
b) Sustained dead load plus maximum live load with a minimum factor of safety of 2 
c) Sustained dead load plus live load keeping settlement within tolerable limits. 

 
At the spray pond, a liner has been designed to restrict the seepage rate from the pond in order 
to limit buildup of a groundwater mound in the glacial materials underlying the pond.  The pond 
has been designed for a maximum groundwater elevation of 665 ft. Detailed description of 
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design criteria for control of groundwater levels and seepage at the spray pond and the stability 
of the pond are in Subsection 2.5.5. 
 
 
2.5.4.12  Techniques to Improve Subsurface Conditions 
 
2.5.4.12.1  Foundations in Rock 
 
No special treatment was required to improve foundation conditions beneath the Seismic 
Category I structures bearing on rock.  During construction, high loads were carried by the 
gantry crane rails, one of which was adjacent to the top of the temporary vertical slope on the 
east side of the reactor building excavation.  As a precautionary measure to ensure stability of 
this slope during construction, tensioned rock bolts were installed in the slope.  One large 
pothole was encountered in the Unit 1 turbine building area, necessitating over excavation of 
some 23 ft below design base elevation.  The resulting hole, which was in fresh, unweathered 
rock, was backfilled with 574 cubic yards of concrete (f1c = 2,000 psi) to foundation grade. 
 
 
2.5.4.12.2  Foundations in Soil 
 
No improvement of the natural soil formation at this site was required. 
 
 
2.5.4.13  Subsurface Instrumentation 
 
2.5.4.13.1  Instrumentation for Rock Foundations 
 
Since settlements are negligible for the safety-related facilities founded on rock (refer to 
Subsections 2.5.4.7 and 2.5.4.10), no instrumentation to monitor such settlements is necessary. 
 
 
2.5.4.13.2  Instrumentation for Soil Foundations 
 
The foundation design for the ESSW pumphouse was based on measured soil parameters 
obtained by field and laboratory testing.  The actual settlement should not exceed tolerable 
limits for the structure and its piping connections.  A systematic monitoring program was 
therefore instituted to study the settlement performance of the structure.  The following 
instrumentation program was carried out: 
 

a) Permanent Bench Marks:  Two permanent bench marks were installed as 
reference points for measurements. 

 
b) Settlement Pins:  A total of six settlement pins were cast into the structural mat 

and 5 settlement pins were installed in the pumphouse floor at Elev. 685'-6".  
Details are shown on Figure 2.5-41 and Figure 2.5-62. A survey reading was 
taken on each pin at approximately monthly intervals. The total settlement and 
differential settlement of the mat foundation was therefore deduced. 

 
Survey readings will be taken on the five pins located at ESSW pumphouse floor 
elevation 685'-6".  These readings will be recorded until 1983.  This will give 
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recordings of at least 4 years from the pumphouse completion.  In addition to the 
a survey of these pins shall be conducted after any of the following events: 

 
1) Earthquake 
2) 100 year storm 
3) Major leakage or break in a water pipe in the pumphouse fill area. 

 
Initial results are shown on Table 2.5-8.  Subsequent results are retained in the 
appropriate SSES records file.  All results are within the projections described in 
FSAR Section 2.5.4.10.2.   

 
 
2.5.4.14  Construction Notes 
 
During the construction phase excavated material was temporarily stored at the spray pond 
area which was used for approximately two years as a laydown area for construction materials.  
This material was then excavated under specification C36 and since the material was unable to 
meet the requirements of fill type "A" or "B" as outlined in Specification C36 it was removed from 
the spray pond area.  Such removal was ensured as the excavation line for the pond was below 
the original ground contour.  
 
During construction of the spray pond liner, cracking was observed in several areas, the most 
extensive being the area along the southwest edge of the spray pond.  The remainder of the 
cracking was distributed between areas just north and south of the spillway and two small areas 
located along the north and south central portions.  The cracks along the southwest and 
spillway area were approximately 50 feet in length while the cracks along the central area 
averaged 7 to 10 feet in length.  The cracks in all areas ranged from 1/2" to 1 1/2" in depth.  The 
cracks located above elevation 676'-6" and the cracks wider than 1/16" below elevation 676'-6' 
were "V" grooved to a depth of 1/2" and sealed with Horn Flex L sealant A manufactured by W. 
R. Grace Co.  Cracks below elevation 676'-6" and having widths smaller than 1/16" were left as 
is. 
 
The hairline cracking which is predominant in the southwest section of the pond is coincident 
with the concrete liner being placed directly on bedrock.  Since the liner in contact with the 
bedrock is more restrained during the initial concrete curing and shrinkage period it has been 
determined that these shrinkage forces were the major cause for cracks in this area.  In addition 
two slabs in this area were displaced by hydrostatic uplifting forces causing some additional 
cracking.  This uplift occurred during the construction phase when the pond was empty of water.  
The hydrostatic uplift pressure was relieved by means of 2-inch diameter core drills through the 
liner.  These relief holes were then filled with grout just prior to filling the pond with water. 
 
A slab located south of the spray pond spillway was displaced by means of frost heave and 
resulted in cracking.  This action also took place during the construction phase when the pond 
was empty of water.  The displaced section was removed and repaired in accordance with 
section 7.14 of specification C36.  The cracks were repaired as described above. 
 
Uplift due to hydrostatic pressure up to design elevation and frost heave are of no design 
concern when the pond is filled with water as required during plant operation. 
 



SSES-FSAR 
Text Rev. 53 
 
 

FSAR Rev. 66 2.5-89 

In areas where the liner was placed on soil very little hairline cracking has occurred.  As a result 
there has been no indication of cracks being caused by soil settlement. 
2.5.5  STABILITY OF SLOPES 
 
Natural slopes at the site are depicted in the site topographic map, Figure 2.4-1.  Final plant 
grades are shown on Figure 2.5-24. 
 
Few rock slopes are present at the site that need to be considered with respect to possible 
adverse effects on the safety-related operation of the plant.  Within the area impounded by the 
spray pond, bedrock forms a portion of the southwest slope, cut on a gradient of 3 horizontal to 
1 vertical.  North of the spray pond, a natural slope formed on Trimmers Rock sandstone rises 
at a maximum gradient of 2 horizontal to 1 vertical to a height of approximately 380 ft above the 
bottom of the pond (refer to Figure 2.5-56).  As discussed in Subsection 2.5.5.2.3.1, such rock 
slopes would present no significant hazard to safety related plant structures. 
 
The soil slopes to be considered are those forming and surrounding the spray pond. 
 
 
2.5.5.1  Slope Characteristics 
 
The slopes analyzed include the cut slopes of the spray pond and the slopes of the railroad 
embankment adjacent to the spray pond.  The failure of either slope could affect the normal 
operation of the spray pond.  The stability of these slopes is also dependent upon the stability of 
the spray pond itself.  Therefore, the safety analyses of the slopes and the stability of the spray 
pond are investigated and discussed together in this section. 
 
The cut slopes of the spray pond consist of two portions separated by a 20 ft service road; both 
were made at 3 horizontal to 1 vertical (Figures 2.5-42 and Dwg. C-63, Sh. 1).  The lower 
portion is a 17.5 ft slope between the service road (Elevation 685.5) and the pond bottom 
(Elevation 668).  The upper portion extended from the service road to daylight, the height of the 
slopes varies from 0 ft at the east end to about 40 ft at the west end of the pond.  Except for a 
few cut slopes that are made in bedrock, the majority of the slopes are made of granular 
material. 
 
The slopes of the railroad embankment adjacent to the spray pond were made of shot-rock.  
The slopes are at 3 horizontal to 1 vertical with a maximum height of 30 ft. 
 
 
2.5.5.1.1  Geologic Conditions 
 
The vicinity of the spray pond is situated over a glacial, or preglacial, east-west trending bedrock 
valley as outlined by contours on top of bedrock (Figure 2.5-17).  These contours indicate that 
the bedrock surface of the valley was eroded about 100 ft below the average elevation of 
bedrock to the south and considerably more than that below bedrock elevations to the north.  
Total relief of the bedrock surface is about 130 ft.  The valley is filled with dense gravelly and 
sandy glacial outwash and till deposits which attain a maximum thickness of about 110 ft in the 
spray pond area.  They were deposited during the Olean substage (early Wisconsinan) of the 
Wisconsin glaciation, which occurred approximately 50,000 years ago, and there is a possibility 
that some of the bedrock erosion and overlying glacial deposits are the result of an earlier 
Illinoisan glaciation known to have occurred here (refer to Subsection 2.5.1.2).  In general, the 

11 
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deposits are normally consolidated and consist of a sequence of sand, gravel, and boulders 
overlain by sand and gravel, overlain in turn by silty sand.  The entire sequence is highly 
variable in grain size distribution and sorting, and contains discontinuous pockets of similar 
materials.  As a rule, grain size decreases and sorting increases toward the top of the 
sequence.  Topsoil of variable thickness, consisting of brown sandy silt and organic matter, 
overlies the glacial drift. 
 
Bedrock beneath the spray pond is correlated with the uppermost strata of the Middle Devonian 
Mahantango Formation.  Strata of the overlying Trimmers Rock Formation crop out along the 
ridge north of the spray pond; the contact between these two formations is buried by glacial 
material, but has been inferred from drill hole data to occur immediately north of the spray pond 
along the buried south-facing bedrock slope (refer to Subsection 2.5.1.2.2.2 and Figures 2.5-40 
and 2.5-56).  The strata, which consist of dark gray, noncalcareous siltstone with fine sandstone 
stringers in the upper Mahantango grading to more sandy material in the Trimmers Rock 
Formation, strike N75E and dip 15 to 40 north. 
 
The southwestern tip of the spray pond is cut into bedrock while the remainder is excavated in 
glacial materials.  The thickness of the glacial deposits beneath the bottom of the spray pond 
range from zero at the rock contact to 93 ft at the eastern end of the pond.  The ESSW 
pumphouse structure located at the southeastern corner of the pond is underlain by 40 to 80 ft 
of glacial material.  The water circulation pipelines between the pumphouse and the plant 
overlie glacial material having a maximum depth of 65 ft. They intersect bedrock at an elevation 
of 668 ft, approximately 260 ft southeast of the pumphouse (refer to Figure 2.5-17A). 
 
North of the spray pond, the Trimmers Rock Formation forms a steep ridge rising approximately 
380 ft above the spray pond.  The south-facing slope of this ridge is essentially a rock slope 
underlain by resistant sandstone thinly mantled with soil and rock fragments.  The sandstone is 
massive to flaggy and exposures exhibit well developed joint systems.  The lower portions of the 
Trimmers Rock are less sandy and occur beneath the surface from the base of this high ridge 
southward to the northern part of the spray pond area (Figure 2.5-56). 
 
Geologic conditions elsewhere at the site are reviewed in Subsection 2.5.4.1. 
 
 
2.5.5.1.2  Groundwater Conditions 
 
The groundwater table elevations and contours shown on Figure 2.5-38 are based on water 
level measurements made June 30, 1971 in the vicinity of the major plant structures, and on 
measurements made August 6, 1974 in the spray pond area. Water level measurements in the 
plant structures area were discontinued before the observation wells in the spray pond area 
were installed, and the wells were destroyed during construction of the plant.  The water level 
data show that the groundwater table is in bedrock beneath the major plant structures, whereas 
beneath most of the spray pond it is in the glacial drift. Modification (lowering) of the water table 
by excavation in the major plant structures area is described in Subsection 2.4.13.5.  However, 
some movement of groundwater from the plant structures area toward the spray pond to the 
north can still be expected, even though the major direction of movement is toward the 
Susquehanna River to the east.  The direction of groundwater movement from the spray pond is 
also easterly toward the Susquehanna River.  The undisturbed groundwater table elevation 
beneath the southwest end of the spray pond is about 670 ft where it is in bedrock.  At the east 
end of the pond, it is in soil at an elevation of 615 ft. 
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The observation wells installed in the spray pond area have not been monitored long enough to 
allow a close determination of a maximum high water level. Monitoring of the observation points 
was discontinued in August 1975 and was resumed in January 1977. The recorded 
measurements suggest that, in some cases, up to 11 ft of fluctuation has occurred.  However, 
the measurements taken during October 1974 are considered to be incorrect; therefore, they 
are not included in the evaluation.  Eliminating those measurements, the maximum fluctuation is 
7 ft (Table 2.5-9).  Intermittent measurements of water levels at observation wells in the area of 
the principal plant structures were taken by Dames & Moore over a period of 11 months (1970 
through 1971).  These data indicate fluctuation of less than 10 ft.  Using these limited data, it is 
estimated that the maximum rise of groundwater levels beneath the spray pond will not be 
greater than 10 ft above those on August 6, 1974. 
 
 
2.5.5.1.3  Field Sampling and Testing 
 
The field exploration for the spray pond was carried out from June 27, 1974 through August 15, 
1974.  The drilling subcontractor was American Drilling and Boring Company of Providence, 
Rhode Island.  The boring locations are shown on Figure 2.5-44. 
 
At the time of the investigation, the spray pond area had been used as a spoil area for 
excavation from the plant site.  As much as 33 ft of soil and rock was dumped above natural 
ground.  The majority of this was in the east half of the spray pond area. At the west end of the 
spray pond, a railroad fill consisting in large part of shot rock skirted the spray pond.  The 
railroad fill was 30 ft deep at Boring 1120.  The area between Borings 1110 and 1107 was the 
only area without any spoil. 
 
Underlying the spoil material is glacial drift which in turn overlies siltstone bedrock.  The depth of 
glacial material varies from 0 ft at Borings 1118 and 1121 to 108 ft at Boring 1104.  The bedrock 
surface generally slopes to the east. At the southwest end of the site, bedrock is exposed at 
ground surface.  The natural soils consist predominantly of sand, gravel, cobbles, and boulders.  
The soils are poorly stratified, starting as sand or sandy gravel at the surface and grading to 
mostly cobbles and boulders near bedrock.  However, cobbles and boulders were encountered 
at various depths in most of the borings.  Some of the sands and gravels were silty.  
Generalized sections through the pond area are given on Figure 2.5-30. 
 
Twenty-five test borings were drilled.  Ten holes were completed for the geophysical survey, ten 
for permeability and five as groundwater observation wells. Also shown on Figure 2.5-44 are 
borings in the 300 and 400 series made in 1971 and 1972 (Ref. 2.5-97 and 2.5-98).  Information 
provided by these early borings was used for preparing the generalized sections given on 
Figure 2.5-30.  The details of the drilling and sampling program are included in Subsection 
2.5.5.3 along with logs of borings. 
 
Permeability tests, using either packers or driven casing to isolate zones to be tested, were 
conducted in nine holes in the spray pond site.  The method of analysis used is described in US 
Bureau of Reclamation Earth Manual, Designation E-18.  One hole (1124) was constructed for 
permeability testing using the field permeameter method, as described in the US Bureau of 
Reclamation Earth Manual, Designation E-19.  Locations of these test holes are shown on 
Figure 2.5-44, and results of the tests are listed in Table 2.5-10. 
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The tests were conducted primarily to determine permeability characteristics of the glacial drift 
and the contact zone between the glacial drift and the bedrock (siltstone of the Mahantango 
formation).  Permeability testing of the Mahantango Formation was performed during 
investigation of the railroad bridge (Table 2.5-11).  The siltstone beneath the spray pond is 
similar to that tested at the railroad bridge, and these data are taken as representative of the 
intact bedrock beneath the spray pond. 
 
One of the test sections in the spray pond was isolated in the weathered and fractured siltstone 
(Boring 1117) immediately below the contact with the glacial drift.  The calculated average 
permeability of that test (Table 2.5-10) is markedly higher than any of the tests performed in the 
intact bedrock, as would be expected.  The exploratory holes in the spray pond area penetrated 
no more than 10 ft of the more permeable weathered bedrock.  Three of the tests (Borings 
1112, 1113, and 1114) measured permeability of the contact zone (including from 5 to 10 ft of 
the weathered bedrock with overlying glacial drift in the test section), and the balance of tests in 
the spray pond measured permeability of different materials in the glacial drift. 
 
The boring logs indicate that the glacial drift is primarily outwash deposits consisting of 
permeable sands and gravels, with some discontinuous lenses of less permeable silty sands.  
The materials tend to be coarser and, presumably, more permeable toward the base of the 
deposits filling the small valley.  The tests summarized in Table 2.5-10 indicate that the 
permeability of these materials varies considerably.  Permeability of the predominant sand and 
gravel deposits is greater than 2,000 ft/yr (Borings 1111 and 1115).  The silty sand lenses are 
much lower in permeability (Boring 1122 through 1125). 
 
These data indicate that the average permeability of the glacial drift is considerably higher than 
that of the intact bedrock.  The range of permeability in the glacial drift is greater, with 
permeability of some silty sands as low as some of the bedrock. 
 
The maximum measured permeability of intact bedrock is 277 ft/yr, and the median value of the 
41 tested intervals (Table 2.5-11) is 81 ft/yr.  Assigning an average permeability of 200 ft/yr to 
the bedrock appears conservative.  For purposes of seepage analysis, it can be assumed that 
bedrock is impermeable and groundwater movement occurs in the glacial drift. 
 
The high permeability of the glacial outwash deposits is indicated by the two tests in which the 
capacity of the measuring equipment was exceeded.  Also, during drilling of eight of the 
exploratory holes, there was considerable difficulty because of loss of drilling fluid (see Table 
2.5-12).  Commonly, it was necessary to drive casing to seal off highly permeable zones.  The 
coarse nature of these lost-circulation zones precluded attempts to perform meaningful 
permeability tests.  Further, the permeable nature of the glacial drift is demonstrated by the 
performance of the two plant site water wells for construction use (Figure 2.5-38).  Each of 
these wells has a capacity of 150 gpm, and at least one is operating continuously.  These wells 
draw from a maximum of 60 ft of saturated glacial drift.  From the relationship of specific 
capacity of a water well to the thickness of the aquifer, the permeability of the aquifer can be 
estimated (Ref. 2.5-101). This method indicated 4,000 ft/yr as the apparent minimum average 
permeability at these wells. 
 
An average permeability of 2,000 ft/yr for the glacial drift was used in the seepage analysis.  
Considering the evidence that highly permeable materials are present, the results of the 
permeability tests, and the yield from the wells, assumption of an average permeability of 2,000 
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ft/yr is conservative in relating seepage losses to groundwater levels and safety against 
liquefaction. 
 
In the seepage analyses, the possible differences of vertical and horizontal permeabilities must 
be considered.  The vertical permeability of glacial outwash deposits can be as small as 
one-fifth the horizontal permeability.  Because groundwater in the saturated zone moves in a 
predominantly horizontal direction, the effective permeability is the horizontal permeability.  In 
analyzing seepage through the unsaturated zone, however, movement of groundwater may be 
predominantly vertical; thus, the possibly lower vertical permeabilities were considered.  
Beneath the spray pond lenses of materials with low permeability are thin and discontinuous 
and therefore do not appear to cause a significantly lower permeability in the vertical direction.  
This is confirmed by the fact that no perched water has been detected in the area. 
 
 
2.5.5.1.4  Laboratory Testing 
 
2.5.5.1.4.1  General 
 
In general, the granular deposits underlying the spray pond consist of silty sand at shallow 
depth, underlain by sandy gravel with boulders and cobbles.  The test program was conducted 
only on the sands because of difficulties in collecting undisturbed gravel samples.  The 
undisturbed samples were obtained in sand zones which had lower standard penetration blow 
counts than in the coarser material.  The relative locations of soil samples for which the tests 
were made are shown on the generalized cross sections E and F, on Figure 2.5-45. 
 
The laboratory test results are summarized in Table 2.5-13.  For detailed information on test 
procedures and results, see Ref. 2.5-102. 
 
 
2.5.5.1.4.2  Grain Size Distribution 
 
Grain size determinations were made on most of the split spoon samples and on Shelby tube 
samples for classification purposes and to determine the D50 size that can be used as an index 
for evaluating the potential susceptibility of granular soils to liquefaction. 
 
Sieve and hydrometer analyses were performed according to ASTM Procedure D 422-63, 1972.  
The range of grain size curves for the granular deposits is shown on Figure 2.5-31.  The mean 
grain sizes (D50) of the samples of sand and gravel were found to be in the range of 0.14 to 3.0 
mm and 4.5 to 25.0 mm, respectively. 
 
 
2.5.5.1.4.3  Unit Weight 
 
Unit weights were obtained for all undisturbed Shelby tube samples on which strength tests 
were performed.  The undisturbed samples were obtained by cutting the Shelby tubes into 
approximately 7 in. lengths by a tube cutter.  The length and weight of each sample section was 
determined while in the tube for unit weight computations.  The unit weight is required to 
determine the relative density of the site soils. 
 



SSES-FSAR 
Text Rev. 53 
 
 

FSAR Rev. 66 2.5-94 

2.5.5.1.4.4  Maximum-Minimum Densities 
 
Maximum dry density values were obtained using two procedures; namely, impact compaction 
and vibratory compaction.  Both tests were performed on samples obtained by mixing bulk 
samples from Test Pit No. 1. 
 
The impact compaction tests were performed using ASTM Procedure D 1557-70, method D, 
modified so that each of the five layers was compacted with 20 blows of a 10 lb hammer 
dropping 18 in., i.e., a total compaction energy equal to 20,000 ft.lb/ft3 of soil.  The vibratory 
compaction test was performed according to ASTM Procedure D 2049-69 using a 0.1 cu ft mold 
and the wet method. 
 
The maximum dry density obtained from these two tests were 106.1 pcf and 108.2 pcf, 
respectively. 
 
The minimum dry density was also performed on bulk samples obtained from Test Pit No. 1 
according to ASTM Procedure D 2049-69.  The minimum dry density obtained was 91.5 pcf. 
 
The relative density of the in site soils was determined using the maximum and minimum 
densities. 
 
 
2.5.5.1.4.5  Relative Density 
 
Relative density data were obtained from two sources: densities of the undisturbed Shelby tube 
samples were correlated to the maximum-minimum dry densities, and correlations were made 
with standard penetration test results obtained during the drilling operations using the Gibbs and 
Holtz procedure (Ref. 2.5-100).  
 
The relative densities based on maximum-minimum dry densities were determined using the 
relationship: 
 

 
 minmax

minmax 100








xDd  

 
as given in ASTM Procedure D 2049-69, where 
 

Dd = relative density, percentage 
 
max = maximum dry density, pcf 
 
min = minimum dry density, pcf 
 
 = dry density of undisturbed samples, pcf 

 
There was insufficient data to directly determine the relative density of each of the samples of in 
site soils.  Therefore, the relative density of undisturbed samples was not used in the analyses.  
The design engineering properties of the site soils were based on tests on undisturbed samples. 
During drilling operation, a Standard Penetration Test was performed every 3 ft in each of the 
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drill holes.  From these data and the values of effective overburden pressure at the location of 
each Standard Penetration Test, the relative densities were determined from the correlation 
between standard penetration resistance, effective overburden pressure, and relative density of 
granular soils given by Gibbs and Holtz (Ref. 02.5-100).  The Gibbs and Holtz procedure is valid 
for normally consolidated sands.  Values of relative density obtained in this way are summarized 
on Figure 2.5-46. 
 
Relative density determinations of well stratified outwash sands and gravels, together with 
poorly stratified to unstratified kame-like gravels by currently available test procedures is not 
meaningful as the maximum and minimum density values will not be representative of the 
maximum and minimum density values of individual strata or lenses.  Therefore no attempt was 
made to measure relative density directly.  Furthermore, for the same reasons it is not possible 
in deposits such as those at the spray pond site, to select "the most appropriate maximum and 
minimum density values." 
 
In deposits like these an indication of the relative density can be obtained from a conservative 
evaluation of the Standard Penetration test data.  This was done by estimating the relative 
density from the lower bound values of the blowcounts by using the Gibbs and Holtz procedure 
(Ref. 2.5-100).  Since the deposit is normally consolidated the Gibbs and Holtz procedure can 
be used to estimate relative density. 
 
A direct comparison between measured relative density and Standard penetration test results 
cannot be presented as relative density was not measured directly. 
 
 
2.5.5.1.4.6  Static Triaxial Shear Test 
 
Eight static consolidated-drained triaxial tests were performed on undisturbed samples. The 
purpose of the test was to obtain the strength data required to evaluate the static stability of the 
cut slopes. 
 
The tests were carried out in triaxial cells and the test specimens were saturated by the back 
pressure method.  The saturation was checked by determining the value of Skempton's B 
coefficient (Ref. 2.5-103).  Specimens were considered to be saturated when the B coefficient 
was 0.95 or higher.  The specimens were obtained by cutting the 3 in. Shelby tubes into 7 in. 
lengths.  They were then extruded and trimmed.  The specimens were consolidated isotropically 
under effective consolidation pressures ranging from 0.50 to 6.0 ksf.  These confining pressures 
represent the range of effective overburden pressures at the site.  The results of these tests are 
presented on Figure 2.5-34 which also shows the selected design parameters. 
 
 
2.5.5.1.4.7  Cyclic Triaxial Shear Tests 
 
Twenty-five cyclic loading triaxial shear tests (CR) were performed to determine the cyclic shear 
strength of the soils. Sixteen tests were performed on undisturbed samples. Nine tests were 
performed on remolded samples.  Undisturbed specimens were prepared in the same manner 
as for static triaxial tests.  After completion of the tests on selected undisturbed specimens, they 
were oven dried, broken down, and compacted by vibration to the same dry density as the 
original undisturbed specimen.  Test specimens were saturated as in the case of the static 
triaxial tests and consolidated under an isotropic pressure equal to either 1.0 ksp or 6.0 ksf.  
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During the cyclic shear tests, a symmetrical cyclic deviator stress was applied at a constant 
frequency ranging between 1 cycle per 2 to 3 seconds while measuring axial deformation, axial 
load, and pore pressure continuously by means of electric transducers and a chart recorder.  
The results of all CR tests including the number of cycles to reach a total strain of 5 percent are 
given in Table 2.5-14.  The undisturbed specimens were generally found to be more resistant to 
cyclic loading than the corresponding remolded specimens prepared at the same dry density.  
The loss of shear resistance may be due to changes in the original soil structure and destruction 
of slight cementation which exists in the soil in the undisturbed state.  The test results on 
undisturbed samples are shown on Figure 2.5-35. 
 
Also shown on Figure 2.5-35 are the results of four cyclic triaxial tests reported by Dames & 
Moore (Ref. 2.5-98).  In general, the Dames & Moore samples yielded higher cyclic strength.  
The reason for the difference may be due to the difference in the method of sampling.  The 
undisturbed samples tested by GEI (Ref. 2.5-102) were sampled with a thin-walled Shelby tube 
sampler which was pushed by hydraulic pressure in accordance with ASTM D1587-67.  
However, the undisturbed samples tested by Dames & Moore were obtained with the "Dames & 
Moore" sampler.  The area ratio of the "Dames & Moore" sampler is large compared to the 
thin-walled Shelby tube sampler, and the greater area ratio may result in greater disturbance to 
the sample. Since the amount of disturbance could not be evaluated and since the GEI samples 
yielded lower cyclic strength, the Dames & Moore results were not used in the liquefaction 
analysis for conservatism. 
 
 
2.5.5.2  Design Criteria and Analyses 
 
2.5.5.2.1  Design Criteria for Spray Pond 
 
The design criteria adopted for the analysis of the spray pond and the slopes surrounding the 
spray pond include criteria for ground surface acceleration, liquefaction, and slope stability. 
 
 
2.5.5.2.1.1  Ground Surface Acceleration 
 
The horizontal ground accelerations used for design of the spray pond are 0.15g for the Safe 
Shutdown Earthquake (SSE) and 0.08g for the Operating Basis Earthquake (OBE). 
 
 
2.5.5.2.1.2  Liquefaction 
 
For the most adverse water level conditions at the spray pond site, the factor of safety provided 
against liquefaction should not be less than 1.2 for the SSE condition. 
 
 
2.5.5.2.1.3  Slope Stability 
 
The slopes in the area of the spray pond must be designed to provide a minimum factor of 
safety of 1.5 for the static condition and 1.1 when subjected to an SSE event.  
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2.5.5.2.2  Design Analyses for Spray Pond 
 
The design analyses, including the seepage analysis, liquefaction potential of the spray pond, 
stability of slopes, and the earthquake induced settlement, are given in the following four 
Subsections. 
 
 
2.5.5.2.2.1  Spray Pond Seepage Analysis 
 
The total inventory that determines the spray pond capacity includes sufficient water to 
compensate for losses that could occur over the 30 day shutdown period.  Additionally, seepage 
losses must be controlled during normal operation so that the groundwater table is not artificially 
elevated to a level that would aggravate the safety margin against liquefaction.  Seepage 
analyses were made to determine what design parameters are required for the spray pond to 
meet these restrictions.  It was first determined that seepage from an unlined pond does not 
meet these restrictions, and that a lining of the pond is required.  The second case determines 
the design parameters for a lining that will sufficiently control the quantity of seepage to satisfy 
liquefaction requirements. 
 
To maintain the groundwater level below the levels necessary to ensure an adequate factor of 
safety against liquefaction, an unsaturated zone must be maintained beneath the spray pond.  A 
liner must be designed that will sufficiently restrict seepage and prevent groundwater levels from 
rising above the design levels.  Seepage from the pond will increase the total groundwater 
underflow beneath the pond and develop a groundwater mound.  That is: Total Underflow = 
Pond Seepage and Base Flow (the present underflow). 
The groundwater flow path from the pond is eastward along the trough in bedrock which is filled 
with glacial deposits.  The downstream discharge point of the groundwater mound is assumed 
to be at the surface at elevation 600 near a present spring.  The quantity of underflow, Q, 
beneath the pond may be calculated using Darcy's law: 
 
 Q = KIA 
 

Where: 
 

Q = quantity of underflow (ft3/yr) 
 

K = permeability (ft/yr) 
 

I = average hydraulic gradient (ratio) 
 

A = cross sectional area of flow path (sq ft)  
 
The controlling permeability for this case is the average permeability of the glacial drift, 2,000 
ft/yr.  The average hydraulic gradient may be taken as the difference in elevation between the 
elevation of the assumed discharge point, 600 ft, and the elevation of the water table beneath 
the center of the pond over the distance between the two points, 1,850 ft.  Gradients were 
determined for several assumed elevations beneath the pond.  The average cross-sectional 
area of saturated glacial draft along the flow path was determined for each assumed elevation 
of the groundwater mound beneath the pond. 
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An average base underflow of 4.3 X 105 ft3/yr was calculated for the undisturbed groundwater 
conditions, represented by water levels shown on Figure 2.5-38. The amount of total underflow 
was then calculated for several assumed groundwater elevations beneath the center of the 
pond.  The seepage which is producing the groundwater mound can be determined by 
subtracting the base flow of 4.3 X 105 ft3/yr from the total underflow.  Then, by using a form of 
Darcy's Law (Ref. 2.5-105): 
 

qaQand
d
dpkq 




;
 

 
Where: 
 

q = quantity of seepage through one square foot of liner assumed to be 
saturated 

 
K = effective liner permeability (ft/yr) 

 
p = head of water in pond (ft) 

 
d = liner thickness (ft) 

 
Q = effective seepage losses through the liner (ft3/yr) 

 
A = area of the spray pond (sq ft) 

 
The seepage loss as related to maximum groundwater level beneath the pond can be 
calculated.  Then, the liner thickness and permeability that would restrict the amount of seepage 
sufficiently to maintain the selected groundwater elevation can be calculated. This provides a 
relationship between liner parameters and the elevation of the groundwater mound.  The 
groundwater elevations beneath the pond that would be maintained by specific liner parameters 
are listed in Table 2.5-15 and shown on Figures 2.5-38 and 2.5-40.  The relationship between 
seepage losses and the groundwater elevation beneath the pond is shown on Figure 2.5-47.  To 
maintain the groundwater level below the maximum allowable level determined by the 
liquefaction analysis, 665 ft, a reinforced concrete liner has been constructed.  The concrete 
liner has expansion, contraction and construction joints at appropriate spacing to control 
cracking.  Both expansion and construction joints have impermeable rubber waterstops 
incorporated. 
 
The relationship between the thickness of the liner, permeability of the liner and seepage loss is 
shown on Figure 2.5-57.  The permeability of reinforced concrete is conservatively 1 X 10-2 feet 
per year.  The minimum thickness of liner provided over the entire pond is 5 inches.  Therefore, 
during normal operation, the seepage loss from the spray pond is estimated to be 5.9 X 104 
gallons per 30 days.  More than 5 times this amount is required to raise the groundwater level to 
the design value of 665 feet which was used for the liquefaction analysis. 
 
Accident conditions and their possible effect on the integrity of the liner and on seepage losses 
have also been examined. 
 

----
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Should a tornado-generated missile having a frontal area of 20 square feet puncture the liner, 
the additional leakage would be  
 
1.6 X 104 gallons per 30 days.  This volume of water would not be sufficient to elevate the water 
table to an unacceptable level. 
 
In the event of an SSE, the soils analysis covering slope stability, discussed in Subsection 
2.5.5.2.2.3.2, shows that the cut slopes will remain stable.  No credit is taken in the analysis for 
the presence of the concrete liner. Subsection 2.5.5.2.2.4 discusses the settlement which might 
result from an earthquake induced motion.  The relative settlement across the pond would be 
very small, less than 1 inch in 500 ft.  It is therefore anticipated that the liner will not undergo 
any significant displacement as a result of an SSE.  Some additional cracking could occur.  
However, since a very conservative approach has been taken in providing a liner with a 
permeability well below that required to establish liquefication potential, the additional cracking 
can be tolerated. 
 
 
2.5.5.2.2.1.1  Spray Pond Seepage Monitoring 
 
A total of six (6) permanent observation wells in soil along the perimeter of the spray pond are 
used to monitor seepage from the spray pond.  These piezometer installations consist of two 
inch (2") minimum diameter well point casings with base elevations of 645' along the west 
section of the spray pond to a low elevation of 625' east of the pond.  Every six months readings 
of these wells will be taken to monitor the elevation of the ground water table beneath the 
concrete liner.  A seventh well (piezometer number 2) is located in bedrock and therefore 
cannot be used to assess the possibility of liquefaction of the soil. 
 
Seepage from the spray pond was documented by measuring pond levels, precipitation and 
evaporation.  Meteorology and evaporation data was collected.  Data collected included the 
following:  Pan evaporation, air temperature relative humidity, wind speed, precipitation, solar 
radiation and cloud cover.  Measurements were taken on a daily basis for a period of 33 days 
from 4/25/81 to 5/27/81 to perform the seepage study of the spray pond liner.  Data collected as 
a result of this study is included in the quality assurance files. 
 
Groundwater levels will be monitored every six months using the six (6) permanent piezometer 
wells (located in soil) discussed above.  When it has been determined that the actual 
groundwater level has reached EL 663 feet at any one (1) of the six (6) piezometer locations, 
the following actions will be taken: 
 

(1) NRC will be notified of the high (EL 663') groundwater condition; 
 

(2) Steps will be taken to identify the cause of the rise in the water level; 
 

(3) An assessment of the safety impact of the occurrence will be performed; 
 

(4) Appropriate action(s) will be taken based on the findings of the safety impact 
analysis. 

 
 
 



SSES-FSAR 
Text Rev. 53 
 
 

FSAR Rev. 66 2.5-100 

2.5.5.2.2.2  Liquefaction Potential 
 
2.5.5.2.2.2.1  Method of Analysis 
 
The evaluation of the liquefaction potential of the soils at the site was made by comparing the 
shear strength of the soils under cyclic loading conditions to the dynamic shear stress induced 
in the soils by the vibratory motion associated with the SSE.  The ratio of shear strength to 
induced shear stress is termed the factor of safety against liquefaction.  Since both the shear 
strength of the soils and the induced shear stresses are dependent on depth below ground 
surface, determinations of the factor of safety against liquefaction were made at various depths. 
 
Soil profiles and the corresponding groundwater levels representative of the site conditions were 
chosen for the study.  The SSE was applied at the ground surface and deconvolved downward 
to bedrock using the SHAKE 3 Computer Program (Ref. 2.5-106).  
 
The soil profiles used in the analyses were conservatively assumed to consist only of sand even 
though they included gravel, boulders, and cobbles in places as discussed in Subsection 
2.5.5.1.  Based on limited information available (Ref. 2.5-107), the resistance to liquefaction of 
gravel, boulders, and cobbles is equal or better than that of sand.  For instance Kishida (Ref. 
2.5-112) has indicated that soils with D 60 less than 2 mm and with uniformity coefficients less 
than 10 are most susceptible to liquefaction (Ref. 2.5-98).  The saturated unit weight of the sand 
was taken to be 130 pcf and the buoyant unit weight to be 67.5 pcf.  The spray pond was 
simulated as a material with a low shear modulus value of 1.0 ksf.  Because water does not 
transmit shear waves, the simulation was necessary so that the computer program SHAKE 3 
could be used to compute the shear stresses induced by the earthquake.  Use of this small 
modulus has an insignificant influence on the induced shear stresses. 
 
 
2.5.5.2.2.2.2  Soil Profiles and Positions of Groundwater Table 
 
As disclosed by the field investigation, the thickness of overburden varies at the site of the spray 
pond.  The bedrock contours are shown on Figure 2.5-17.  At the southwest end, bedrock was 
exposed at the ground surface and over 90 ft of granular deposits were encountered at the 
northeast end.  Therefore, to evaluate the liquefaction potential, three soil profiles were chosen 
to represent three thicknesses of overburden. The depths from the bottom of the pond 
(Elevation 668 ft) to the bedrock for the three soil profiles were 93 ft (Profile 1 - east end of 
spray pond), 57 ft (Profile 2 - central section, and pumphouse), and 20 ft (Profile 3 - west end of 
spray pond).  The predicted maximum groundwater levels that will occur beneath a lined pond 
as discussed in Subsection 2.5.5.2.2.1 were used at each profile. 
 
To evaluate the liquefaction potential at other locations in the spray pond, the same soil profiles 
were used and the groundwater table was varied in accordance with the predicted maximum 
water table elevations given on Figure 2.5-40. 
 
Figure 2.5-48 shows the soil profiles and the maximum groundwater levels used at Profiles 1, 2, 
and 3 in the analyses. 
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2.5.5.2.2.2.3  Shear Moduli 
 
Cross-hole shear wave velocity measurements were performed during August and September 
1974 (Ref. 2.5-99).  Compressional and shear wave velocities were measured in situ to depths 
of about 100 ft by the cross-hole procedure.  The average shear wave velocities obtained from 
the measurement are presented on Figure 2.5-36. As shown on the figure, the shear wave 
velocity increases linearly with depth.  The average shear wave velocities used for soil and rock 
in the liquefaction analyses are also shown. 
 
The shear moduli of sand were computed from the values of shear wave velocity as follows: 
 

2
sVg

G 
  

Where: 
 

G = shear modulus, psf 
 

 = unit weight, pcf 
 

g = gravitational acceleration, ft/sec² 
 

Vs = shear wave velocity, fps 
 
The shear modulus is influenced by the confining pressure, the strain amplitude, and the relative 
density and, in general, these can be related by the equation: 
 

  108)-2.5 (Ref.2/11000 msKG   
 
Where: 
 

G = shear modulus, psf 
 

k = a variable parameter, dependent on relative density, shear wave 
velocity, and strain amplitude 

 
m  = mean principal effective stress, psf 

 
In the liquefaction analysis, the shear modulus values at the corresponding effective confining 
pressures obtained from the above equation, were used as initial values at very small strains.  
The strain-compatible shear moduli were then determined from the curve of shear 
modulus-shear strain relationship as given by Seed and Idriss (Ref. 2.5-108). 
 
 
2.5.5.2.2.2.4  Cyclic Shear Strength 
 
The results of cyclic triaxial shear tests are given in Table 2.5-14 and on Figure 2.5-35. The 
results are given in terms of the cyclic shear stress ratio (1 - 3) cy/2 c  and the number of 
loading cycles required for the test specimen to reach a total axial strain of 5 percent, where: 
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(1 - 3) cy = cyclic deviator stress 
 

c   = effective consolidation pressure 
 
The selected design cyclic shear strength is given on Figure 2.5-35.  Based on results of the site 
seismicity study and on the SSE having a magnitude less than 6, the cyclic shear strength at 5 
equivalent uniform load cycles was considered appropriate and this was used in evaluating the 
liquefaction potential at the pond (Ref. 2.5-96).  The cyclic tests were performed at two effective 
consolidation pressures, 1.0 and 6.0 ksf.  These pressures were selected to envelope the actual 
field conditions.  However, the 1.0 ksf was selected as a lower limit for the testing pressure.  
Testing of sand samples at very low pressure may not be relative.  From the test results, the 
cyclic shear stress ratios at these two effective consolidation pressures were determined to be 
0.320 and 0.260, respectively, for 5 loading cycles.  A linear relationship was assumed in 
computing cyclic shear stress ratios at other effective consolidation pressures.  The cyclic 
triaxial testing conditions differ from field conditions and to account for these differences, and 
also to permit the use of effective vertical pressures instead of effective consolidation pressures, 
a correction factor, C, must be applied to the test results before using them in liquefaction 
analyses.  The correction factor is a function of relative density and values have been published 
by Seed and Idriss (Ref. 2.5-108).  A value of 0.57 was used in the analyses.  This corresponds 
to an average field relative density of 50 percent for normally consolidated sands at the site.  
Using the above data, the following relationship was established between field cyclic shear 
strength, and the effective vertical pressure: 
 
 Cyclic Shear Strength,  N 012.032.057.0   
 
     or 
 

     
 
 ksfinand

 0068.0189.0 
 

 
The above expression permits the calculation of the cyclic shear strength at any depth down to 
bedrock. 
 
 
2.5.5.2.2.2.5  Determination of Dynamic Shear Stresses 
 
The vibratory motion of the SSE was applied at the ground surface and deconvolved downward 
to the bedrock; thus, inducing shear stresses into the soil.  The synthetic time history of ground 
surface acceleration during the SSE was used with a maximum acceleration of 0.15g as 
discussed in Subsection 2.5.2.6. 
 
The maximum shear stresses developed at various depths within the soil during the SSE were 
calculated using the computer program SHAKE 3 developed by Schnabel, Lysmer, and Seed 
(Ref. 2.5-106).  In addition to the SSE time history and maximum ground acceleration, the 
computer program uses the following parameters: 
 

a) Unit weights of the subsurface strata and depth to the groundwater table 
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b) Damping ratios of the subsurface strata and the variation of these damping ratios 
with shear strain 

c) Shear moduli of the subsurface strata and the variation of these moduli with 
shear strain 

 
The output of the SHAKE 3 computer program provides values of the peak shear stresses 
induced in the various strata during an SSE event.  However, for the liquefaction potential 
analysis, the equivalent uniform average shear stress is required. The average shear stress 
during the SSE has been taken to be equal to 0.65 times the peak shear stress (Ref.  2.5-107). 
 
The results of the average shear stress determinations for the various cases analyzed are 
compared with the cyclic shear strength. 
 
 
2.5.5.2.2.2.6  Design Earthquake 
 
The synthetic acceleration time history as discussed in Subsection 3.7b.1.2 was used in the 
evaluation of liquefaction potential. 
 
Based on the site seismicity studies discussed in Subsection 2.5.5.1.2, the ground acceleration 
of 0.15g was adopted for the SSE for structures founded on soil. 
 
 
2.5.5.2.2.2.7  Results of Liquefaction Analyses 
 
2.5.5.2.2.2.7.1  Liquefaction Potential Under the Design SSE 
 
The average shear stresses induced by the SSE of 0.15g and the corresponding shear 
strengths and factors of safety, for three different profiles and various groundwater levels, are 
given in Table 2.5-16. The factors of safety are also shown on Figure 2.5-49. 
 
Based on these values, it was possible to obtain and to interpolate the factor of safety at any 
particular location in the pond for the predicted maximum groundwater elevation as shown on 
Figure 2.5-38.  On Figure 2.5-50 the factors of safety at seven selected locations are shown 
along with the information on the elevation of maximum predicted water table and bedrock.  
The minimum factor of safety was found to be 1.26, which is larger than the minimum 
acceptable factor of safety of 1.20, as given in Subsection 2.5.5.2.1. 
 
As indicated by the results shown on Figure 2.5-50, the factor of safety decreases as the 
groundwater table rises, and at the same water level the factor of safety decreases as the depth 
to bedrock increases. 
 
 
2.5.5.2.2.2.7.2  Variations of Shear Moduli and Damping Ratios for Evaluation of 
 Liquefaction Potential        
 
As mentioned in Subsection 2.5.5.2.2.2.5, the "standard" relationship between the effective 
strain and the dynamic properties (shear moduli and damping ratios) given by Seed and Idriss 
(Ref. 2.5-108) was used in the liquefaction analysis for estimating induced cyclic stresses.  To 
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evaluate the effects of possible variations of these relationships, liquefaction studies were made 
initially in which the values of shear moduli and damping ratios were varied by 30 percent. 
 
A plot of damping ratio versus shear strain, used in the liquefaction analysis for the sandy 
deposits, is shown on figure 2.5-58.  The plot is similar to the average curve of damping ratio 
versus strain presented by Seed and Idriss (Reference 2.5-108).  In the liquefaction analysis, 
the curve was digitized and represented by a set of points connected by straight lines.  No 
damping tests were made on samples from the site.  However, the Seed and Idriss curves 
represent a summary of laboratory damping values determined for a wide range of granular 
materials and the data are given in Reference 2.5-108. 
 
In the liquefaction analyses variation of damping does not have a very significant effect on the 
magnitude of induced stresses.  For example, reducing the damping ratio by 30%, changes the 
average shear stress from 553 psf to 556 psf which is less than 1% (Table 2.5-17).  The effect 
on Factor of Safety (F.S.) of change in the damping ratio is shown on Figure 2.5-50A.  The trend 
established indicates that if the damping ratio was varied beyond 30%, the Factor of Safety 
would still be larger than the acceptable value of 1.2.  Also shown on Figure 2.5-50A is a line 
representing the F.S. vs. change of damping ratio if the shear modulus was varied by 50%.  
This line was projected based on data in Table 2.5-17.  As shown by this line, the minimum 
acceptable F.S. of 1.2 will still be satisfied by the combined variation of 50% shear modulus 
and -50% damping ratio. 
 
The most critical soil profile (Profile 2) with the maximum predicted water table at 665 ft was 
used in the study. 
 
The study included the following cases: 
 

a) Varying shear moduli 30 percent, damping ratios remain unchanged 
b) Varying damping ratios by 30 percent, shear moduli remain unchanged 
c) Change both shear moduli and damping ratios by 30 percent 

 
The average induced cyclic shear stresses, shear strengths, and factors of safety, along with 
the results using the standard relationship, are summarized in Table 2.5-17.  The maximum 
change of shear stress is found to be about 3 percent.  This reduces the minimum factor of 
safety to 1.23, but it is still larger than the acceptable value of 1.2 (Subsection 2.5.5.2.1).  The 
results of this study indicate that the effects of variations of moduli and damping are small and 
do not change the conclusion that there is an adequate factor of safety against liquefaction. 
 
A subsequent review of the results in Table 2.5-17 were made to determine the effect of varying 
the damping ratio by 50% and the shear modules by 50%.  The review was made by 
projecting the results.  A plot showing the effect on the factor of safety is given on Figure 
2.5-50A. 
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2.5.5.2.2.2.7.3  Results of Liquefaction Analyses Using Real Earthquake Records 
 
All the results of the liquefaction study, presented in the previous sections, were based on the 
design SSE of 0.15g at the ground surface.  Some real earthquake records obtained at sites 
with comparable geologic conditions and in the same range of magnitude were available and 
were used to check the liquefaction potential.  Three rock records: Golden Gate (M = 5.3, 1957), 
Helena (M = 6.0, 1935), and Parkfield (temblor Station, M = 5.6, 1966) were used for this 
purpose. 
 
Liquefaction studies were made using these records applied at rock outcropping for obtaining 
cycle shear stresses in the soil.  
 
The resulting factors of safety along with the factor of safety for the design SSE (Bechtel 
synthetic) are summarized on Table 2.5-18 and Figure 2.5-51.  The minimum factors of safety 
obtained from the real records were larger than the ones obtained from the synthetic 
earthquake.  The stresses induced by both the design SSE and the real earthquakes are also 
shown on Figure 2.5-52. 
 
 
2.5.5.2.2.3  Slope Stability Analyses 
 
2.5.5.2.2.3.1  Stability of Rock Slopes 
 
The southwestern tip of the spray pond is cut into bedrock.  However, since the cut slope is 3 
horizontal to 1 vertical, the slope will obviously be stable, considering the engineering properties 
of the bedrock as discussed in Subsection 2.5.4.  A detailed analysis of the stability of such a 
slope in rock is therefore not required. 
 
North of the spray pond, the Trimmers Rock Formation forms a steep ridge rising approximately 
380 ft above the bottom of the spray pond.  The south-facing slope of this ridge is essentially a 
rock slope underlain by flaggy, resistant sandstone thinly mantled with soil and rock fragments.  
The closest approach of this slope to the spray pond is along the northern perimeter of the 
pond; the toe of slope at elevation 710-720 ft is at least 150 ft from the top of the north slope of 
the pond at elevation 700-727 ft (Refer to Figure 2.5-24 for final site grades in this area).  The 
maximum slope along the ridge is about 2 horizontal to 1 vertical, and an overall slope of 3-1/2 
horizontal to 1 vertical, a relatively flat slope for rock.  Bedding in the rock dips approximately 
30 to the north into the slope; thus, it is favorably oriented for slope stability.  Data of McGlade 
(Ref. 2.5-56, p. 108) indicate that natural slopes eroded on Trimmers Rock strata are "steep and 
stable".  In consideration of the competency of the rock forming the slope and the favorable 
orientation of rock structure, together with the fact that such gentle rock slopes are normally 
stable in this region, it is concluded that there is an ample margin of safety against failure of the 
slope north of the spray pond. 
 



SSES-FSAR 
Text Rev. 53 
 
 

FSAR Rev. 66 2.5-106 

2.5.5.2.2.3.2  Stability of Slopes in Soil 
 
Stability analyses were performed for the spray pond cut slopes and the fill slopes of the railroad 
embankment that are immediately adjacent to the pond.  Both cut and fill slopes are constructed 
at 3 horizontal to 1 vertical.  Except a small portion of cut slopes that are made in bedrock, the 
majority of cut slopes and all the fill slopes are made of granular materials.  The granular 
materials range from sand and sandy gravel for the cut slope to the shot rocks for the 
embankment slopes.  The shot rocks were obtained from the main plant excavation. 
 
To evaluate the stability of the slopes, the effective angle of internal friction of the sand deposits 
was found to be 35 from the test data shown on Figure 2.5-34.  For the sandy gravel and the 
shot rock, the effective angle of internal friction was conservatively assumed to be the same as 
that of the sand. 
 
The pond is lined and the maximum predicted groundwater level is below the bottom of the 
slopes.  Therefore, the infinite slope analysis and the yield acceleration analysis by Seed and 
Goodman (Ref. 2.5-109) are considered appropriate for evaluating the stability of the slopes. 
 
For static conditions, the infinite slope analysis was used to determine the factor of safety of soil 
slopes: 
 

i tan
tan

FS  

 
 
Where: 

 
  = friction angle of sand 
 
i = inclination of slope 

 
Therefore, for   = 35 and i = tan-1 (1/3), the factor of safety under static condition is found to 
be 2.10. 
 
For the dynamic condition the yield acceleration analysis was used.  The yield acceleration is 
defined as the acceleration at which sliding will begin to occur.  The yield acceleration 
coefficient (ky) is defined as: 
 
 kyg = tan (  - i)g 
 
where   and i were defined in the previous paragraph.  For   = 35 and i = tan-1 (1/3), ky is 
found to be 0.297.  Compared to the SSE of 0.15g, the factor of safety for the dynamic condition 
would be: 
 

98.1
150.0
297.0

FS  
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Consequently, the railroad embankment slopes and the cut slopes will be stable under both the 
static and dynamic conditions. 
 
 
2.5.5.2.2.4  Earthquake-Induced Soil Strain and Settlement 
 
Two methods were used for estimating the earthquake induced settlement.  Seed and Silver 
have proposed a method for determining settlement of sands that are sufficiently free draining in 
the field such that excess pore pressure cannot develop during an earthquake (Ref. 2.5-110).  
Lee and Albaisa have proposed a method that accounts for the reconsolidation settlement that 
results from dissipation of excess pore pressure following the earthquake (Ref. 2.5-111). 
 
Following the procedure suggested by Seed and Silver (Ref. 2.5-110), the distributions of 
average induced shear strain as a function of depth for the soil profiles shown on Figure 2.5-48 
were plotted and are shown on Figure 2.5-53. 
 
It was conservatively assumed that the relationship between vertical strain and cyclic shear 
strain for sand at 60 percent relative density, as shown on Figure 8b of Ref. 2.5-110, was 
applicable for the sand deposits at the site.  The corresponding values of vertical strain were 
then interpolated based on the values of shear strain as shown on Figure 2.5-53.  The 
settlement of each layer was obtained by multiplying the layer thickness and the vertical strain.  
The total settlement was then obtained by summing up the settlements of all layers.  By this 
approach, the vertical settlements at three Profiles 1, 2, and 3 shown on Figure 2.5-48 were 
found to be 0.05, 0.03, and 0.01 in., respectively.  The results of these computations are 
summarized in the first half of Table 2.5-19. 
 
To estimate the vertical settlement resulting from dissipation of excess pore pressure following 
the earthquake, the procedure proposed by Lee and Albaisa (Ref. 2.5-111) was followed.  The 
results of cyclic triaxial shear tests carried out by GEI (Ref. 2.5-99) and an analysis using the 
SHAKE 3 computer program were used in addition to the experimental data shown on Figures 6 
and 7 of Ref. 2.5-111. 
 
The stress ratio causing liquefaction is related to field conditions by the equation (Ref. 2.5-104): 

 
 
 orCa

dc
'

1
2 





  

in which 
 

2
dc

 = stress ratio 

 
and Cr = correction factor 
 
  = shear stress induced 
 
 'o = effective overburden pressure 
 
The stress ratios developed at various depths can be computed when the shear stress induced 
during an earthquake and the effective overburden pressure are known.  The stress ratios 
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developed at various depths were computed based on the values of induced shear stress given 
in Table 2.5-16, the computed effective overburden pressure, and a correction factor C = 0.57.  
Entering these stress ratios on Figure 2.5-35, the corresponding number of cycles (N1) to reach 
a total axial strain of 5 percent are obtained. A nondimensional cycle ratio (N/N1) is computed 
for each depth with N equal to 5. 
 
Figure 2.5-54 was prepared to show the relationship between the peak excess pore pressure 
and cycle ratio.  The correlation was based on the data obtained from the cyclic triaxial shear 
tests on undisturbed samples (Ref. 2.5-99).  This figure is similar to Figure 9 of Ref. 2.5-111.  
The peak excess pore pressure ratio (µ/3c) that will occur during an earthquake can be 
estimated from Figure 2.5-54 using the cycle ratio (N/N1) obtained previously. 
 
The volumetric strains were estimated from Figures 6 and 7 of Ref. 2.5-110 using the peak 
excess pore pressure data in Figure 2.5-54. Figure 6 of Ref. 2.5-110 was used first to obtain the 
volumetric strains for sand at 50 percent relative density.  These strains were then corrected to 
correspond to strains in sand at 60 percent relative density by multiplying by a factor of 0.8 
obtained from the curve shown on Figure 7 of Ref. 2.5-110. 
 
Lee and Albaisa assumed in their paper (Ref. 2.5-110) that vertical strain is equal to the 
measured volumetric strain in triaxial tests.  However, when lateral movement is restricted as is 
the case of the soil deposit at the Susquehanna site, the vertical strain is one-half of such 
volumetric strain.  Therefore, the volumetric strains obtained by the procedure of Lee and 
Albaisa were divided by two to obtain the appropriate vertical strains for the site conditions.  The 
vertical settlement of each layer was then determined by multiplying the thickness of each layer 
by the vertical strain in the layer. The total settlement was obtained by summing up the 
settlements of each layer.  The results of these computations are summarized in the second 
part of Table 2.5-19. 
 
The values of total vertical settlement are also summarized below: 
 
  

Resulting from Compaction of 
Dry Soils (Inches) 
 

Resulting from 
Reconsolidation of Saturated 
Soils (Inches) 

PROFILE 1 
(East End of Pond) 
 

0.05 0.1-1.2 

PROFILE 2 
(Central Section, 
Pumphouse, etc.) 
 

0.03 01.-1.0 

PROFILE 3 
(West End of Pond) 

0.01 0.01-0.2 

 
Based on the results given above, it is apparent that if the sands at the site behave like dry sand 
during an earthquake, then the settlement will be less than 0.05 in.  However, if the sand 
deposits are saturated and excess pore pressures develop, they will reconsolidate following the 
earthquake and settlements up to 1.2 in. at the east end of the pond and up to 1.0 in. at the 
ESSW pumphouse may be expected. 
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The settlements given above were based on soil profiles consisting of sand deposits (Figure 
2.5-48); the imposed dead and live loads on the mat footing of the pumphouse were not 
considered.  The imposed weight will increase the confining pressure of the soil, resulting in a 
higher reconsolidation volumetric strain.  However, according to Lee and Albaisa (Ref. 2.5-111), 
the influence of confining pressure is not strong and is only significant for developed excess 
pore pressure ratios greater than about 0.6.  As shown on Table 2.5-19, the only soil that may 
develop a pore pressure ratio greater than 0.6 is at a depth below 43 ft near the bedrock of 
Profile 2.  The soil at that depth, however, has a higher relative density than the 60 percent used 
for estimating the settlement. Since the volumetric strain decreases rapidly as the relative 
density increases (Ref. 2.5-111), the net combined effects of a larger pore pressure ratio 
developed and a higher relative density would result in a smaller volumetric strain.  Therefore, 
the results given above are still valid for the additional imposed weight at the surface. 
 
 
2.5.5.3  Logs of Borings 
 
Logs of 25 test borings and two test pits are presented in Appendix 2.5C.  
 
Standard Penetration Tests were made in 16 of these holes at 3 ft intervals. Undisturbed 
samples were taken in five of the split spoon holes where soil conditions permitted.  Ten holes 
were completed for the geophysical survey, 10 for permeability and five as groundwater 
observation wells.  The locations of borings and test pits are shown on Figure 2.5-44. Holes 
1118, 1119, and 1121 were planned but not drilled. 
 
Based on the results of the Standard Penetration Test borings, six borings (1106A, 1107A, 
1110A, 1112A, 1113A, and 1115A) were drilled immediately adjacent to six of the Standard 
Penetration Test borings for undisturbed sampling of strata in which, based on classification of 
the split spoon samples, it was believed undisturbed samples could be obtained.  Two test pits 
were dug with a Case backhoe to a depth of 12 ft to obtain bulk samples. 
 
Due to the large amounts of oversize material encountered, drilling operations were slow and 
difficult.  Frequent mud losses hampered drilling operations in spite of using additives in the 
drilling fluid.  The additives included walnut shells, sawdust, cotton waste and Quick-gel.  In 
some holes, it was necessary to case the hole in order to continue drilling. 
 
Soil sampling consisted of both split spoon (Standard Penetration Test) and undisturbed 
sampling.  The split spoon sampling was carried out in accordance with ASTM D1586-67.  The 
undisturbed sampling was conducted in accordance with ASTM D1587-67.  The undisturbed 
sampling was carried out using both Shelby tube and pitcher barrel sampler methods.  In both 
cases, the sample tubes were 3 in. outside diameter, 3 ft long and the tubes were of 16 gage 
steel. 
 
Undisturbed samples were difficult to obtain due to the large amount of gravel, cobbles, and 
boulders in the glacial drift.  The majority of undisturbed samples were obtained from Borings 
1106, 1106A, 1107A, 1113A, and 1122.  Where possible, every attempt was made to obtain 
samples below the proposed bottom elevation of the spray pond (Elevation 668 ft). 
 
All undisturbed samples were handled in the same manner.  The top end of the tube was 
cleaned out; a piece of plastic followed by damp paper towels was inserted and a plug was then 
formed with microcrystalline wax.  The bottom end of the tube was trimmed and an expandable 
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packer was installed.  The packers were perforated with a 1/16 in. diameter hole for drainage of 
free water from the sample.  Both ends of the tube were capped and dipped in wax.  The 
samples were stored vertically with the expandable packer on the bottom in the subcontractor's 
equipment trailer in special boxes supplied for this purpose.  The temperatures were well above 
freezing during the time they were stored so no provisions for heating were necessary. 
 
Soil samples selected for the laboratory testing are indicated on the boring logs.  The following 
symbols were used on the boring logs to indicate the type of laboratory test conducted. 
 
 CR - Cyclic Consolidated - Undrained Triaxial Test 
 
 S - Consolidated - Drained Triaxial Test 
 
 Gs - Specific Gravity Determination 
 
 Grain Size - Grain Size Determination 
 
 
2.5.5.4  Compacted Backfill 
 
Compacted fill is placed at the southeast corner of the spray pond to satisfy freeboard 
requirements.  This fill has been placed with a maximum slope of 3 horizontal to 1 vertical.  The 
material, placement, and testing specifications were as follows: 
 

a) Material 
 

Well graded, sound, dense, durable material.  It does not contain any topsoil, 
roots, brush, logs, trash or waste material, ice, or snow.  The maximum size of 
the material is 12 in. and no more than 35 percent by weight passed the No. 200 
sieve. 

 
b) Placement 

 
The material was placed in uniform horizontal layers so that when compacted it 
was free from lenses, pockets, and layers of material differing substantially in 
grading from surrounding material.  It was not placed on frozen ground.  
Placement for which moisture conditioning was required was suspended 
whenever the ambient temperature reached 34F and falling. 

 
The compaction requirements were specified as follows: 

 
Fill shall be placed in a 15 in. maximum uncompacted layer thickness, moisture 
conditioned to obtain the required compaction, and compacted to satisfy both of 
the following requirements: 

 
a) At least 80 percent relative density as determined by ASTM D2049 for 

material having not more than 12 percent passing the No. 200 sieve or 90 
percent of maximum dry density as determined by ASTM D1157 for all 
other material. 
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b) Irrespective of the compacting effort to satisfy part a) above the fill shall 
be compacted in one of the following manners as a minimum effort: 

 
i) Using a crawler tractor having a weight at least equal to that of a 

D8 Caterpillar tractor with bulldozer blade.  Each track shall 
overlap the preceding track by not less than 4 in. When the tractor 
has made one entire coverage of an area in this manner, it will be 
considered to have made one pass.  Each fill lift shall be 
compacted with four passes. 

 
ii) Using a vibratory roller of minimum weight 20,000 lb having a 

roller width of approximately 78 in. and a diameter of 
approximately 60 in.  The roller shall have a vibrator frequency 
range of between 1,100 and 1,600 vibrations per minute and have 
a minimum vibratory dynamic force of 40,000 lb. The roller speed 
shall not exceed 3 mph and each track shall overlap the preceding 
one by at least 4 in.  When the roller has made one entire 
coverage of an area in this manner, it shall be considered to have 
made one pass.  Each fill lift shall be compacted with four 
complete passes. 

 
iii) Using a hand controlled vibratory compactor in locations 

inaccessible by tractor or vibratory roller.  Approval to use hand 
controlled vibratory compactors will be on the basis of the 
demonstrated ability of the compactor to compact the material to 
the same density as the contiguous backfill. 

 
c) Testing 

 
The testing requirements were specified as follows: 

 
The in site density of the fill shall be determined in accordance with ASTM 
D1556 and performed at a frequency of at least one test per lift and every 
10,000 sq ft on plan. 

 
Tests in accordance with ASTM D2049 or ASTM D1557, as appropriate, 
shall be carried out on the same material extracted for the ASTM D1556 
test.  The frequency of this testing shall be once in every 10 ASTM D1556 
tests. 

 
Gradation tests in accordance with ASTM D422 shall be carried out at 
least twice in each 8 hours during placing operations. 

 
The railroad embankment to the north of the spray pond was constructed out of rock, obtained 
from the main plant area excavation. 
 
The material and placement specifications were as follows: 
 

a) Material 
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Fill shall consist of rock derived from Class B and C excavation having a 
maximum size of 20 in.  Class B and C excavations are defined as follows: 

 
1) Class B Excavation 

 
Rock that cannot be excavated except by systematic ripping. 

 
Ripping shall not be judged necessary when the material can be cut by a 
bulldozer in the following manner:  A fifty-three and one-half (53 1/2) inch 
high bulldozer blade with standard rock or corner bits mounted on a 
caterpillar D-8 or equal tractor having 270 net flywheel horsepower 
moved through forty (40) feet of travel shall fill even with the top with a 
minimum angle of repose of forty-five (45) degrees, or a volume of ten 
(10) cubic feet per one linear foot of width of the blade. 

 
2) Class C Excavation 

 
Rock that cannot be excavated except by systematic drilling and blasting. 

 
Blasting shall not be judged necessary if the rock can be ripped by a 
tractor rated at not less than 385 net flywheel horsepower, equipped with 
a single shank beam, parallelogram type (72" for deep arrangement), and 
weighing not less than 40 tons fully equipped; i.e., with dozer blade, 
ripper and other accessories. Drawbar pull will not be less than the 
following ratios: 

 
1st gear - 95,000 lbs at 1 mph 
2nd gear - 48,000 lbs at 2 mph 
3rd gear - 30,000 lbs at 3 mph.  

 
Fill shall be placed in lifts not exceeding 24 in. in uncompacted thickness 
and in such a manner so as to produce a well graded matrix. 

 
b) Placement 

 
Fill shall be compacted in one of the following manners: 

 
1) Using a crawler tractor having a weight at least equal to that of a D8 

Caterpillar tractor with bulldozer blade.  Each track shall overlap the 
preceding track by not less than 4 in.  When the tractor has made an 
entire coverage of an area in this manner, it will be considered to have 
made one pass.  Each fill lift shall be compacted with four passes. 

 
2) Using a vibratory roller of minimum weight 20,000 lb having a roller width 

of approximately 78 in. and a diameter of approximately 60 in. The roller 
shall have a vibrator frequency range of between 1,100 and 1,600 
vibrations per minute and have a minimum vibratory dynamic force of 
40,000 lb.  The roller speed shall not exceed 3 mph and each track shall 
overlap the preceding one by at least 4 in. When the roller has made one 
entire coverage of an area in this manner, it shall be considered to have 
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made one pass.  Each fill lift shall be compacted with four complete 
passes. 

 
3) Using a hand controlled vibratory compactor in locations inaccessible by 

tractor or vibratory roller.  Approval to use hand controlled vibratory 
compactors will be on the basis of the demonstrated ability of the 
compactor to compact the material to the same density as the contiguous 
backfill. 
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~QPlf!iD_ffJB~~~t!_!llEB~!tl_J~!~!ill-~&~I -
(Abridqed, 

!. Not fel~ ~zcept by a very fev under especially favorable 
ci re u ■stanc~s. (I Rossi-Forel Scale.) 

It. Felt only bY a fev persons at rest, especially on upper 
floors of buildinqs. Delicately suspended objects ■ay 
s111i nq. (! to II Rossi-rorel scale.) 

II!~ Pelt quite noticeably indoors. especially on upper floors 
of buildinqs. but ■anv people do not recognize it as an 
earthquake. Standinq aotorcars aay rock slightly. 
Vibration lite passinq of truck. Duration esti ■ ated. 
(III Rossi-Porel Scale.) 

rv. Durinq the dav felt indoors by ■ any. oatdoors by fev. At 
niqht soa~ awakened. Dishes. windows, doors disturbe~; 
walls ■atP. creakinq sound. Sensation lite beaTy truck 
strikinq buildinq. standinq aotorcars roctea noticeably. 
(IV to v Rossi-Porel Scale.) 

v. Felt by nearly evervone, ■any awakened. so■e dishes, 
vindovs, etc •• broken: a fev instances of cracked plaster: 
unstable ob1ects overturned. Disturbances of trees, 
poles. and other tall ob1ects so■eti ■es noticed. Penaulu• 
clocks ■ay stop. (V to VI Rossi-Porel Scale.) 

vt. Pelt by all, ■ any friqhtened and run outdoors. So ■e hea•y 
furniture aoved; a fev instances of fallen plaster or 
da ■aqed cbianevs. Da■ aqe sliqht. (YI to VII Rossi-Forel 
Sea 1 ~. l 

VII. Everybody runs outddors. Daaaqe neqligible in buildings 
of qooa desiqn and construction; sliqht to ■ oderete in 
v~ll-built ordinary structures: considerable ift poorly 
built or badly desiqned structures; so■e cbi ■neys broken. 
Noticed bv persons dri•inq aotorc~rs. (VIII Rossi-Porel 
Scale.) · 

VIII. Damaq~ sliqht in specially desiqned structures; 
considerable in ordinary substantial builaings with 
partial collapse; great in poorly built structures. Panel 
valls thrown out of fraae structures. Pall of chi ■ne1s~ 
factory stacks, colu■ ns, ■onu■ents, walls. Hea•J 
furniture overturned. sand ana aua ejected in s•all 
aaounts. Chanqes in well vater. Person dri•inq aotorcars 
disturbed. (VIII+ to II Rossi-Porel Sea le., 
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IX. Damaqe considerable in speciallT desiqned structures: 
v~ll-desiqned fra ■e structures thrown out of ploab: qreat 
in substantial buildinqs, vith partial collapse. 
Buildinqs shifted off foundations. Ground cracked 
conspicuously. Underqround pipes broken. ('II• Rossi
PorP, 1 scale.) 

x. Some well-built wooden structures aestroye4; ■ost' ■asonry 
and fra■ e structures destroyed with foundations; grouna 
b~dlv cracked. Rails bP.nt. Landslides considerable fro• 
riv~r banks and steep slopes. Shifted sand and aud. 
v~ter splashed (slopped) over banks. (l Rossi-Porel 
Sea le.) 

XI. Pev, if any, (aasonrn structures re ■ain standinq. 
Bridq~s destroyed. Broad fissures in ground. Underground 
pipelines co■ pletely out of service. !arth slumps an~ 
land slips in soft qround. Rails bent qreatlJ. 

III. Damaqe total. Vaves seen on qround surface. Lines of 
siqht and level distorted. Objects throvn apvara into the 
air. 
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TABLE 2. 5 -2 

EARTHQUAKE LIST .,;,__ --

DATE H M s LAT LONG INTEN* MAGNITUDE* REF* DISTANCE 
(GMT) (NORTH) (WEST) (MM) (MILES) 

1568 41. 5 72.S VII ANY 193 
1574 41.5 72.5 VII ANY 193 
1584 41. 5 72.5 VII ANY 193 
1592 41.S 72.5 VII ANY 193 
1698 41.4 73.5 IV ANY 140 

1702 41.4 73.5 IV ANY 140 
1711 41.4 73.5 IV ANY 140 

6 AUG 1729 41.4 73.5 IV ANY 140 
19 DEC 1737 4 0 o.o 40.8 74.0 VII EQH 115 
25 APR 1758 2 30 o.o 38.9 76.S EQH 151 

30 NOV 1783 2 0 -o.o 41.0 74.S PAG 87 
30 NOV 1783 3 so -o.o 41.0 74.S VI PAG 87 
30 NOV 1783 7 0 -0.0 41. 0 74.S PAG 87 
16 MAY 1791 3 0 o.o 41. 5 72.5 VII WGP 193 
29 AUG 1792 3 0 o.o 41. 5 72.S IV ANY 193 

24 OCT 1792 6 0 o.o 41.5 72.S IV ANY 193 
11 JAN 1793 13 0 0.0 41.S 72.5 IV ANY 193 

6 JUL 1793 11 0 o.o 41.5 72.S IV ANY 193 
6 MAR 1794 19 0 0.0 41.5 72.S EQH 193 
9 MAR 1794 19 0 0.0 41.5 72.5 IV EPA 193 

9 MAY 1794 19 0 0.0 41.5 72.5 IV ANY 193 
12 AUG 1805 41.5 72.4 IV ANY 198 
30 DEC 1805 11 0 o.o 41.5 72. 4· IV ANY 198 
28 DEC 1813 21 0 o.o 41. 5 72.4 IV ANY 198 
12 APR 1837 41.7 72.7 V EPB 185 

9 AUG 1840 20 30 0.0 41. 5 72.9 V EQH 172 
26 OCT 1845 41.0 73.8 V WGP 123 

9 SEP 1848 4' 0 o.o 40.8 74.0 V NYS 115 
12 MAR 1853 7 3 0.0 43.7 75.S VI EQH 183 

7 FEB 1855 4 30 0.0 42.0 74.0 V WGP 129 

13 MAR 1856 3 0 0.0 41.4 72.6 IV WGP 187 
23 OCT 1857 20 15 0.0 43.2 78.6 VI EOH 192 

1 JUL 1853 3 45 0.0 41.3 73.0 V WGP 165 
3 FEB 1862 l 0 o.o 41.5 72.S IV ANY 193 
9 OCT 1871 14 40 o.o 39.7 75.5 VII EOH 101 

11 JUL 1872 10 25 o.o 40.9 73.8 V EQH 124 
11 DEC 1874 3 25 o.o 40.9 73.8 V WGP 124 
28 JUL 1875 9 10 o.o 41.8 73.2 V EQH 161 
10 SEP 1877 14 59 o.o 40.3 74.9 V EQH 85 

5 FEB 1878 16 20 0.0 40.7 73.7 V WGP 131 

*See Notes and Reference Key at end of Table. 
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TAELE 2. 5 - 2 {CONT,} 

EARTHQUAKE LIST . 

DATE H M s LAT LONG INTEN MAGNITUDE REF DISTANCE 
(GMT) {NORTH) (WEST) (MM) (HILES) 

4 OCT 1878 7 30 o.o 41.5 74.0 V EQH 116 
25 MAR 1879 24 30 o.o 39.2 75.5 V EOH 134 

9 AUG 1880 20 30 o.o 41.5 72.9 V ANY 172 
11 MAR 1883 23 57 0.0 39.S 76.4 V EQH 109 
12 MAR 1883 6 0 o.o 39.5 76.4 V EQH 109 

31 MAY 1884 40.6 75.5 V ANY 48 
10 AUG 1884 19 7 o.o 40.6 74.0 VII EQH 118 

3 JAN 1885 2 16 0.0 39.2 77.5 V EQH 147 
5 SEP 1886 41.5 72.5 IV ANY 193 
8 MAR 1889 23 40 o.o 40.0 76.0 V EQH 75 

9 MAR 1893 5 30 o.o 40.6 74.0 V EQH 118 
10 APR 1894 41.6 72.S IV ANY 194 

1 SEP 1895 11 9 0.0 40.7 74.8 VI EQH 76 
S SEP 1897 41.5 72.5 IV ANY 193 

17 MAY 1899 1 15 o.o 41. 5 72.S V ANY 193 

8 MAY 1906 17 41 o.o 38.7 75.7 V EQH 166 
8 MAY 1906 13 30 o.o 41.S 72.5 IV ANY 193 

10 JAN 1907 9 45 o.o 41. 3 77.0 IV ANY 45 
24 JAN 1907 11 30 o.o 42.8 74.0 V EOH 162 

5 FEB 1908 8 20 o.o 41.4 73.2 IV ANY 156 

31 MAY 1908 17 42 o.o 40.6 75.5 VI EQH 48 
2 APR 1909 7 25 o.o 39.4 78.0 VI EQH 151 

23 APR 1910 41.0 73.0 IV NJS 165 
2 FEB 1916 16 26 o.o 42.9 74.0 V EPB 167 
8 JUN 1916 21 15 o.o 41.0 73.8 V EQH 123 

2 NOV 1916 2 32 o.o 43.3 73.7 V EQH 198 
16 FEB 1917 9 0 o.o 41.5 72.5 IV ANY 193 

6 SEP 1919 2 46 0.0 38.8 78.2 VI EQH 191 
19 JAN 1921 10 0 o.o 43.3 73.7 IV NYS 198 
26 JAN 1921 23 40 o.o 40.0 75.0 V EQH 96 

27 JAN 1921 43.3 73.7 IV NYS 198 
29 OCT 1925 41.5 72.5 IV ANY 193 
14 NOV 1925 13 4 o.o 41. S 72.5 V WGP 193 
16 NOV 1925 6 20 o.o 41.8 72.7 IV ANY 186 
26 JAN 1926 23 40 0.0 40.0 75.0 V ANY 96 

12 MAY 1926 , 3 30 o.o 40.9 73.9 V EQH 119 
30 MAR 1927 41. 7 72.8 IV ANY 180 

1 JUN 1927 12 20 o.o 40.3 74.0 VII EQH 126 
12 AUG 1929 11 24 48.0 42.9 78.3 VIII EPB 168 

2 DEC 1929 22 14 o.o 42.8 78.3 IV EPB 161 
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~ TABLE 2. 5-2 (CONT. } 

EARTHQUAKE LIST 

DATE H M s LAT LONG INTEN MAGNITUDE REF DISTANCE 
(GMT) (NORTH) (WEST) (MM) (MILES) 

3 DEC 1929 12 50 o.o 42.8 78.3 IV NYS 161 
l NOV 1930 6 34 o.o 39.2 76.5 USE 131 

22 APR 1931 42.9 78.9 IV 3.6 EPB 188 
1 JUL 1931 2 45 0.0 41.6 73.4 IV 3. 6. EPB 148 

25 JAN 1933 2 0 o.o 40.2 74.7 V 4.3 EPB 98 

29 OCT 1933 43.0 74.7 IV NYS 1S2 
30 JAN 1934 10 30 0.0 41.8 72.6 IV 3.6 EPB 191 
19 JUL 1937 3 51 o.o 40.7 73.7 IV USE 131 
15 JUL 1938 22 45 o.o 40.4 78.2 V USE 119 

2 AUG 1938 10 2 o.o 41.1 73.7 IV USE 128 

23 AUG 1938 3 36 34.0 40.2 74.2 V 4.6 EPB 116 
23 AUG 1938 5 4 55.0 40.2 74.2 VI 4.8 EPB 116 
23 AUG 1938 7 3 29.0 40.2 74.2 V 4.6 EPB 116 
23 AUG 1938 11 11 6.0 40.2 74.2 IV 3.7 EPB 120 
15 NOV 1939 2 53 48.0 39.6 75.2 V CGS 114 

18 NOV 1939 2 33 o.o 39.5 76.5 USE 110 
24 OCT 1942 17 27 3.6 41.0 75.2 IV 3.4 EPB 48 

1943 t 41.1 74.2 V NJS 102 
5 FEB 1944 16 22 • 5 40.8 76.2 IV 3.7 EPB 19 

14 DEC 1944 3 15 o.o 41.6 72.8 IV 3.6 EPB 178 

28 OCT 1946 20 36 6.0 41.5 76.6 IV 3.6 EPB 36 
10 NOV 1946 11 41 23.1 42.9 77.4 III 3.1 EPB 139 

4 JAN 1947 18 51 4.0 41.0 73.6 V 4.3 EPB 135 
20 MAR 1950 22 55 11.S 41.5 75.8 III 3.3 EPB 34 
29 MAR 1950 14 43 2.0 41. 0 73.6 IV 3.6 EPB 134 

26 JAN 1951 3 27 0.0 41.5 72.5 III 3.3 EPB 193 
3 SEP 1951 21 26 24.S 41.2 74.2 V 4.4 EPB 100 

23 NOV 1951 6 45 36.0 40.6 75.5 IV 3.6 EPB 48 
25 AUG 1952 0 7 0.0 43.0 74.5 V 4.3 EPB 157 

8 OCT 1952 21 40 o.o 41.7 74.0 V 4.3 EPB 120 

27 MAR 1953 8 so 0.0 41.1 73.5 V 4.3 EPB 139 
17 AUG 1953 4 22 so.o 41.0 74.0 IV 3.7 EPB 113 

7 JAN 1954 7 25 o.o 40.3 76.0 VI s.o EPB 54 
1 FEB 1954 0 37 so.o 43.0 76.7 IV 3.3 NYS 135 

21 FEB 1954* 20 0 o.o 41.2 75.9 VII 5.7 EPB 15 

24 FEB 1954* 3 55 o.o 41.2 75.9 VI s.o EPB 16 
31 MAR 1954 21 25 o.o 40.2 74.0 IV 3.6 EPB 127 
11 AUG 1954 3 40 0.0 40.3 76.0 IV 3.6 EPB 55 
20 JAN 1955 3 0 o.o 40.3 76.0 IV 3.6 EPB 54 
21 JAN 1955 8 40 o.o 43.0 73.8 V 4.3 EPB 179 

• See text (mine collapse). 
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TABLE 2. 5-2 (CONT. ) 

EARTHQUAKE LIST 

DATE H M s LAT LONG INTEN MAGNITUDE REF DISTANCE 
t,_:M'l') ( NOH'J'Jl) ( Wt•:LJ'l') (MM) (M.TLEO) 

16 AUG 1955 7 35 o.o 42.9 78.3 V 4.3 EPB 165 
23 MAR 1957 19 2 0.0 40.6 74.8 VI 4.8 ANY 79 

6 MAY 1958 19 0 0.0 42.7 73.8 IV 3.6 EPB 162 
22 AUG 1958 14 25 5.0 43.0 79.0 IV 3.6 EPB 196 
13 APR 1959 21 20 19.0 41.9 73.3 IV 3.4 EPB 161 

22 JAN 1960 20 53- 22.0 41.5 75.5 ·IV 3.,4 EPB 45 
15 SEP 1961 2 16 56.0 40.6 75.4 '. : V ANY 52 
27 DEC 1961 17 6 0.0 40.l 74.8 :V ANY 98 

6 MAR 1962 41.1 74.6 
I 

NJS 81 
11 AUG 1962 41.l 74.6 NJS 81 

7 SEP 1962 14 0 45.9 39.7 78.2 CGS 143 
3 MAR 1963 1 24 32.0 41.S 75.8 IV* 3.4 ANY 34 

19 MAY 1963 19 14 18.0 43.5 75.2 IV 3.5 EPB 173 
20 MAY 1963 0 14 18.0 43.S 75.2 IV* 3.5 NYS 174 
24 JUN 1963 41.1 74.6 NJS 81 

1 JUL 1963 19 59 12.0 42.4 73.8 III 3.3 EPB 153 
10 OCT 1963 14 59 52.5 39.8 78.2 IV 3.6 EPB 139 
12 MAY 1964 6 45 14.l 40.2 76.5 VI 4.5 CGS 63 
17 NOV 1964 17 8 o.o 41. 2 73.7 V 4.3 EPB 128 
16 JUL 1965 11 6 55.0 43.2 78.5 IV 3.5 EPB 189 

28 AUG 1965 1 57 o.o 42.9 78.2 IV NYS 163 
29 SEP 1965 20 57 39.5 41.4 74.4 IV NYS 94 

1 JAN 1966 13 23 38.0 42.9 78.2 VI 4.7 CGS 163 
1 JAN 1966 13 23 38.0 42.9 78.2 VI 4.7 EPB 163 

21 MAY 1966 7 30 55.0 41.2 74.0 1.3 NYS 113 

13 JUN 1967 19 8 54.4 42.9 78.2 VI 3.9 USE 163 
22 NOV 1967 22 10 o.o 41.2 73.8 V NYS 123 

3 NOV 1968 8 33 52.5 41.4 72.5 V - ANY 192 
10 DEC 1968 9 12 44.9 39.7 74.6 V 2.6PAL USE 126 
13 AUG 1969 2 42 o.o 42.9 78.2 IV NYS 163 

6 OCT 1969 41.0 74.6 IV NJS 82 
8 DEC 1972 3 0 32.6 40.1 76.2 IV ERL 64 

28 FEB -1973 8 21 32.3 39.7 75.4 VI 3.8SLM ERL 101 
27 APR 1974 14 45 39.1 41. 0 76.0 III* 3.0GS GS 12 

7 JUN 1974 19 45 36.8 41.6 73.9 III* 3.3PAL PAL 120 

11 MAR 1976 21 7 20.2 41.0 74.4 IV 2.SPAL 0-M 94 
13 APR 1976 15 39 13.0 40.8 74.1 V 3.0PAL PAL 112 
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TABLE 2. 5-2 (CONT. ) 

NOTES: 

1. The magnitude listed on the printout is 
chosen in the following order: Local ML, CGS MS, Other 
MS, black if no magnitude information. 

2. When maximum intensity is not given, an estimated intensity 
is calculated by using the relation: M = 1 + 2/3 I. 

3. 

The calculated intensity is indicated by an asterisk. 
However, a large percentage of our data cards were 
obtained from - Earth Physics Branch, Dept. of Energy, 
Mines and Resources, Canada (EPB), which converted the 
original intensity values, for earthquakes occurring 
before 1899, into Local Magnitude (ML), by using the 
above relation. Many magnitudes for earthquakes after 
1899 were also converted from intensity values. However, 
because on the cards received from EPB, no distinction 
is made between Local Magnitude, ML, determined instru
mentally and those estimated from intensity, the calculated 
intensities in this situation are not indicated by the 
asterisk. 

The 

ANY 

CGS 
D-M 
EEC 
EPB 

EQH 

ERL 
G-R 
GS 
NJS 
NOS 
NUT 
NYS 

PAG 
PAL 
USE 
WGP 

following abbreviations are used in Table c-1: 

Earthquakes adjacent to New York State (N.Y. State 
Geological Survey) 
Coast and Geodetic Survey· 
Dames & Moore (1969), proposed North Anna Power Statioi 
Earthquakes in Eastern Canada, Smith (1962) 
Earth Physics Branch, Dept. of Ener. Mines and Res., 
Canada 
Earthquake History of the United States, Coffman 
and Von Hake (1973) 
Environmental Research Laboratories (NOAA} 
Guttenberg and Richter (1953) 
U.S. Geological Survey 
New Jersey State Geological Survey, Dombroski (1973) 
National Ocean Survey (NOAA) 
NUTTLI (1974) 
Earthquakes within New York State (N.Y. State 
Geological Survey) 
Page et al. (1968) 
Lamont Doherty Geological Observatory, Palisades 
u.s. Earthquakes, Yearly Publication (NOAA) 
Weston Geophysical 
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TABLE 2.5-3 

UNCONFINED COMPRESSIVE STRENGTHS OF FOUNDATION ROCK (MAHANTANGO FORMATION) 

SAMPLE DEPTH BELOW COMPRESSIVE 
PLANT ELEVATION DEPTH TOP OF ROCK STRENGTH YOUNG'S MODULUS 

BORING STRUCTURE (FT) (FT) (FI) (LBS/SQ. IN.) (LBS/SQ. IN.) 

101 (a) 620 49 23 12,500 

105 Reactor 11 618 63 61 14,400 

110 (a) 494 183 73 3,650 

114 (a) 608 31 19 11,600 

204 (a) 612 35 29 910(b) 

210 (a) 652 37 14 12,QOO 9.4 X 10 6 

303 Turbine 11 657 38 28 16,000 4.45 X 10 

307 Reactor fl 632 42 29 14,150 4.12 X 10 

311 Reactor #2 629 46 41 14,300 3.1 X 106 

320 Clg. Twr. #1 680 28 20 8,240 6.8 X 10 6 

321 Clg. Twr. 12 643 36 14 6,940 5.2 X 10 6 

323 Clg. Twr. 12 648 28 6 8.150 5.4 X 10 6 

Notes: 

(a) Boring location not contained within principal plant structure foundation. See Plot Plan 
Figure for location. 

(b) Fractured on receaented joint. 

Rev. 35, 07/84 
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'IABLE 2.5-4 

LABORATORY MEASUREMENTS OF P-WAVE SEISMIC VELOCITIES ON ROCK CORES 
TAKEN FROM REACTOR AND TURBINE BUILDING AREAS 

Boring No. Depth Elevation P-Wave Velocity, V 
(feet) (feet above MSL) (feet per second) 

303 45 650 14,130 
303 65 630 13,773 
303 95 600 14,912 
314 44 638 11,737 
314 61 621 12,061 
314 90 592 14,754 
315 40 640 15,432 
315 61 619 12,785 
315 68 612 11,111 
315 90 590 11,666 

Rev. 35, 07/84 
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TABLE 2.5-5 

REPRESENTATIVE ENGINEERING. PROPERTIES OF UmJEATHERED FOUNDATION ROCK FOR PRINCIPAL PLANT STRUCTURES 

PROPERTY 

Density 

Unconfined compressive strength 

Static modulus of deformation 

Compressional wave velocity 
(on core} (1) 

Compressional wave velocity 
(in situ) (2) 

Shear wave velocity (in situ)(2) 

Notes: 

RANGE 

3,650 - 16,000 lb/sq. in. 

3.1 x 106 - 9.4 x 106 lb/sq. in. 

11,111 - 15,432 ft/sec. 

14,000 - 16.000 ft/sec. 

6,200 - 7,500 ft/sec. 

(1) From laboratory "Shockscope" measurements on core samples (refer to Table 2.5-4). 

AVERAGE VALUE 

170 lb/cu. ft~ 

11,080 lb/sq. in. 

5.5 x 106 lb/sq. in. 

13,236 ft/sec. 

14,670 ft/sec. 

6,730 ft/sec. 

\ 

(2) From cross-hole and down-hole measurements in reactor area (below elevation 670 ft. MSL) • 

. Rev. 35, 07 /84 



ELEVATION 
(FT ABOVE MSL2 

683 to 658 

658 to 606 

606 to 603 

678 to 673t 

673:t to 643:!: 

643! to 606 

606 to 588 

Notes: 

TABLE 2.5-6 

P-WAVE ANDS-WAVE VELOCITIES AND COMPUTED DYNAMIC MODULI, (l) SPRAY POND AREA 

AVERAGE AVERAGE 
"P" WAVE "S" WAVE YOUNG'S SHEAR 
VELOCITY VELOCITY POISSON'S MODULUS MODULUS 
~FT/SEC} ~FT/SEC) RATIO (PSI! iPSq 

ESSW PUMPHOUSE ARRAY{ 2) 

2,350 1,320 .270 1.24 X 10 s 4.9 X 10 4 

4,340 1,710 .408 2.31 X 10 5 8. 2 X 10 4 

13,300 6,400 .349 4.06 X 10 6 1.50 X 105 

SPRAY POND ARRAY(3) 

2,600 1,300 .333 1.26 X 10 5 4.7 X 10 4 

3,200 1,480 .364 1.68 X 10 5 6.1 X 10 
4 

4,775 1,800 .417 2.58 X 10 5 9.1 X 10 4 

12,400 S,850 .357 3.41 X 10 6 1.26 X 10 
6 

BULK 
MODULUS 

~PSI2 

4 9.0 X 10 

4.19 X 10 

4.49 X 10 

1.26 X 10 

2.05 X 10 

5.19 X 10 

J.97 X 10 

(1) Computations are based on unit weights of 130 lbs/cu. ft. for soil and 170 lbs/cu. ft. for rock. 
(2) ESSW array is a north-south alignment utilizing boreholes 1101 co 1105. 
(3) Spray pond array is an east-vest alignment utilizing boreholes 1106 to 1110. 

Rev. . 35, 07/84 
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TABLE 2.5-7 

CROSS-HOLE SEISMIC VELOCITIES, REACTOR AREA(l) 

ELEVATION 
(FT. ABOVE MSL) COMPRESSIONAL WAVE 
FROM TO {FT/SEC) 

680 670 1,500 

670 660 7,600 

660 640 14,000 

640 550 16,000 

(l) Utilizing boreholes 105, 303, 307, 314, 315 and 316 for the 
seismic array. 

Rev. JS, 07/84 

SHEAR WAVE 
(Fr/SEC) 

700 

3,600 

6,500 

7,500 



Date 

8-30-77 

9-30-77 

10-28-77 

12-2-77 

12-30-77 

2-2-78 

3-7-78 

4-3-78 

4-28-78 

5-30-78 

7-5-78 

8-3-78 

9-5-78 

10-3-78 

11-1-78 

12-1-78 

1-4-79 

3-2-79 

SSES-FSAR 

TABLE 2.5-8 

RESULTS OF SETTLEMENT MEASUREMENTS 
TAKEN ON ESSW PUMPHOUSE BASEMAT 

Pin 
fl 

659.839 

659.84 

659.84 

659.84 

659.84 

659.83 

659.82 

659.84 

659.84 

659.84 

Backfilled 

Backfilled 

Backfilled 

Backfilled 

Backfilled 

Backfilled 

Backfilled 

Backfilled 

Backfilled 

Elevation (Ft. MSL) 

Pin Pin Pin Pin Pin 
f2 t3 f4 #5 16 

659.833 659.812 659.832 659.848 659.845 

659.83 659.81 659.83 659.85 659.85 

659.83 659.81 659.83 659.85 659.85 

659.83 659.81 659.83 659.85 659.85 

659.83 659.81 659.83 659.85 659.85 

659.83 659.80 659.82 659.84 659.84 

659.82 659.79 659.81 659.83 659.83 

659.83 659.81 659.83 659.85 659.84 

659.83 659.81 659.83 659.85 659.84 

659.83 659.81 659.83 659.85 659.84 

659.83 659.81 659.83 659.85 Backfilled 

659.83 659.81 659.83 659.85 Backfilled 

659.83 659.81 659.83 659.85 Backfilled 

659.83 659.80 659.82 659.85 Backfilled 

659.83 659.80 659.82 659.85 Backfilled 

659.83 659.80 659.82 659.85 Backfilled 

Inaccessable Due to Ice & High water Backfilled 

Inaccessable Due to Ice & High water Backfilled 

Inaccessable Due to Ice & High Water Backfilled 

NOTE: Pin Locations are given on Figure 2.5-41 
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Date 

6-5-78 

l-5-78 

B-3-78 

9-5•78 

10-3-78 

11-1-78 

12-1-79 

1-4-79 

2-6-79 

3-2-79 

S-3-7_9 

6-Q-79 

1-2-79 

8-1-19 

9-4-79 

11-9-79 

12-4-79 

1-8-80 

Rev. 35, 07/84 

SSES-PSAR 

TAB LE 2. 5-8 (Paqe 2) 

RESULTS OP s ETTL!BENT ftEAS0RERE,ns 
--I~IJJ_Qf_J~~!_fP~iB22~L!J~lJA7 __ _ 

Pin 
17 

685.53 

685.53 

685.53 

685.52 

685.52 

685.52 

6 85. 5 2 

68S.52 

f;85.51 

6 85. 51 

685.51 

685.51 

685.50 

685.50 

685.50 

6 85. 51 

685.51 

685.51 

1;85.50 

685.51 

Elevation (Pt. !SL) 

Pin Pin 
18 19 

685.54 685.51 

685.54 6.85.51 

685.54 685.51 

685.53 685.51 

685.53 685.51 

685. 53 68S. 51 

685.53 685.50 

685.53 685.SO 

685.53 685.50 

685.53. 685.50 

Teap. 

Pin 
110 

685.49 

6 es. ,9 

685.lt9 

685.IJ9 

6 85 .119 

6 85. 49 

685.fl9 

6 es. c,9 

685.118 

68S.118 

685.53 

685.53 

685.52 

685.52 

685.S2 

685.53 

685.53 

685.53 

fi85.52 

685.53 

Inaccess. 685.qe 

" 

" 

" 
" 

fl 

" 

" 

685.118 

68S.fl7 

685.47 

68S.q7 

6 8.5 .118 

685 ... 8 

685.-8 

685.48 

685.llB 

Pin 
Ill 

685.49 

685.49 

685.49 

685.48 

685.48 

685.48 

685.118 

685.118 

685.118 

685.48 

685. en 

685.116 

685 .. 47 

685.117 

685.118 

685.ta7 

685.QB 

'685. ,, 

685.117 



• 

Date 

• Q-J-80 

6-30-80 

10-2-80 

SSES-PSAR 

TABLE 2.5-8 (Paqe 3) 

RESOLTS OF SETTLEMENT ft!ASUREftENTS 
__ t~ir.i_QH_J~~!_fY~RHgY~1-JJll~!7 __ _ 

Pin 
17 

685.Sl 

685.SO 

685.51 

Pin 
18 

685.53 

685.52 

685.52 

Elevation (Pt. "SL) 

Pin 
19 

685.50 

685.50 

Pin 
tlO 

685.48 

685.•B 

Pin 
tll 

685.(18 

685. 117 

685.118 

• Ti•~ in~erval for survey ■easureaents revised to 3 ■ onths. 
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TABLE 2.5-9 

SPRAY POND 
WATER LEVEL ELEVATIONS 

OBSERVATION WELL NO. 1111 1112 1113 1114 lill 
GROUND SURFACE 
ELEVATION 687.4 708.2 702.l 711. 7 708.0 

7-29-74 613.0 626,0 632.S 647. 0 640.5 
7-30-74 613.0 625.5 633.0 647.0 639.5 
7-31-74 611.0 625.0 '632.0 648.0 640.5 
8-2-74 612.5 626.0 633.0 648.0 640.5 
8-5-74 611.5 626.0 632.5 6,48.0 640.5 
8-6-74 612.0 626.0 632.0 649.0 641.5 
8-7-74 612.0 626.0 631.0 649.0 640.5 
8-9-74 611.5 625.8(1) 632.0 648.0 640.2(1) 
8-12-74 611.5 626.0 632.2(1) 645.5 640.5 
8-14-74 612.0 626.0 633.0 644.0 640.5 
8-16-74 612.0 626.0 633.0 645.0 640.0 
8-19-74 612.0 626.0 632. 2 ( 1) 645.0 638. 7 (1) 
8-21-74 611.5 626.0 632.5 645.0 640.5 
8-22-74 612.0 626.0 633.0 645.0 640.5 
8-27-74 611.0 625.0 631.5 644.0 638.5 
9-3-74 610.5 625 .o 632.0 644.5 638.5 
9-4-74 611.0 625.5 632.5 644.5 638.5 
9-8-74 611.2(1) 626.0 633.0 645.0 639.0 
9-10-74 611.5 626.0 633.0 645.0 639.0 
9-12-74 611.0 626.0 632.~ 645.0 638.5 
9-17-74 611.5 625.5 632.5 645.5 638.5 
9-18-74 611.0 630.0 635.0 647.0 637.5 
9-23-77 611.0 626.0 632.5 645.0 638.5 
9-30-74 (2) 647.0 637.5 

. 10-23-74 6.02 .0(3) 628.1(3) 646.0(3) ·630. 5 (3) 
10-25-74 602.0(3) 628.1(3) 646~.0(3) 630.5(3) 
10-30-74 602.0(3) 629.1(3) 646.0(3) 630. 5 (3) 
·11-6-74 610.0 648.0 634. S 
ll-"7-74 609.0 648.0 634.5 
11-8-74 611.0 629.0 648.0 638.5 
11-12-74 609.0 633.0 648.0 636.5 
11-14-74 609.0 631.0 647.0 637.5 
11-18-74 610.0 632.0 647.0 637 .5 
11-22-74 610.0 632.0 648.0 638.5 
11-26-74 610.0 632.0 648.0 638.5 
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TABLE 2.5-9 (CONTINUED) 

OBSERVATION WELL NO. 1111 1112 1113 1114 1115 

GROUND SURFACE 
ELEVATION 687.4 708.2 702.1 711.7 708.0 

11-29-74 610.0 632.0 648.0 638.5 
12-2-74 608.0 632.0 648.0 638.5 
12-6-74 610.2(1) 633.0 648.0 638.5 
12-10-74 610.0 633.0 648.0 638.5 
12-12-74 610.0 633.0 648.0 637.S 
12-18-74 610.0 633.0 648.0 637. 5 
12-24-74 609.0 633.0 648.0 637.5 
12-31-74 610.0 633.0 648.0 637.S 
1-10-75 610.0 633.0 648.0 637. 5 
1-17-75 610.0 632.0 646.S 637.5 

. 1-22-75 610.0 632,0 647.0 637.5 
1-30-75 610.0 632.0 647.0 638.5 
27-75 612.0 632.0 648.0 637.5 
2-13-75 612.0 632.0 648.0 637.5 
2-21-75 612.0 632.0 648.0 637.5 
2-26-75 612.0 632.0 648.0 637 .5 
3-5-75 612.0 632 .. 0 648.0 637.5 
3-13-75 612.0 632.0 648.0 638.5 
3-18-75 613.0 632.0 648.0 639.5 
3-24-75 613.0 632.0 648.0 640.5 
4-2-75 613.0 632.0 648.0 640. S 
4-11-75 613.0 632.0 648.0 639.5 
4-17-75 613.0 632.0 647.0 639.5 
4-28-75 613.0 632.0 648.0 639.5 
5-15-75 614.0 632.0 648.0 638.5 
529-75 614.0 632.0 647.0 638.5 
6-4-75 614.0 631.5 647.0 638.5 
6-12-75 613.5 631.5 647.0 638.5 
6-18-75 613.5 631.5 647.0 638.5 
6-30-75 614.0 631.5 647.0 638.5 
7-1-75 613.5 631.5 646.2(1) 637.5 
7-9-75 613.0 631.0 647.0 638.0 
7-28-75 612.3(1) 632.5 647.6(1) 638.5 
8-4-75 611.9(1) 632.S 648.0 638. l (l) 
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TABLE 2.5-9 (CONTINUED) 

Notes: Water level measurements made to the nearest half a foot except 
where noted. 

(1) Water level measurements made to the nearest .1 foot, 

(2) Well No. 1112 destroyed after 9-23-74. 

(3), Readings believed to be anomalous due to use of incorrect reference 
point by new monitor. 

Rev. 35, 07/84 

Sheet 3 of 3 



Sheet 1 of 1 

SSEE - FSAR 
- -

TABLE 2.5-10 

PERMEABILITIES 
MEASURED IN SPRAY POND1 

Average 

,: Per,neabil ity 
I Ground Depth of 

Surface Interval Tested Interval 
Hole Elevation ~ft~ Tested ~ft) Material ~ft/:tr} 

1111 687.4 89-99 (35-97) glacial drift >2900
2 

(97-99) siltstone 

1112 708.2 7 3-111 (est.) (96.-100.5) glacial drift 560 
(100.5-106.) siltstone 

1113 702.l 77-87 (77-83) glacial drift 1400 
(83-87) siltstone 

1114 711.2 47-74 (47-63) glacial drift 350 
(63-74) siltstone 

1115 708.0 65-75 glacial drift >4300
2 

1117 706.8 21-31 siltstone 900 

1122 685.0 33-35 glacial drift 30 

1123 707.4 53-55 glacial drift 8 

1125 705.3 53.5-55 glacial drift 16 

1124
1 705(est.) 36-40 glacial drift 50 

l. Constant-head tests in bore holes were performed in accordance with 
Designation E-18 of the U.S.B.R. Earth Manual for all tested intervals. 
except for boring 1124. Testing of 1124 was performed in accordance 
with Designation E-19. 

2. These are minimum values. These holes accepted water in quantities 
greater than could be pumped with available equipment (30 gpm). The 
minimum value was calculated by assuming the gravity head (H) is equal 
to three-fourths of the depth to the water table, and using the maximum 
pump-in rate (Q). Hole 1111 took over 30 gpm and hole 1115 took oveT 
50 gpm. 
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TABLE 2. 5-11 

PERMEABILITIES 

MEASURED NEAR THE RAILROAD BRIDGE 

GROUND 
SURFACE INTERVAL 

HOLE ELEVATION (FT) TESTED (FI) MATERIAL P ERMEAB IL ITY (FT/YR) 

929 530.1 48 - 53 Rock 
38 - 53 Rock 5.7 
33 - 53 Rock 4.6 
28 - 53 Rock 29.2 
23 - 53 Rock 20.6 
18 - 53 Rock 104.6 

930 531.2 35 - 40 Rock 127.5 
30 - 40 Rock 81.8 
25 - 40 Rock 67.2 
20 - 40 Rock 52.0 
15 - 40 Rock 175.8 

931 521. 7 40 - 47 Rock 36.3 
40 - 47 Rock 55.9 
36 - 47 lock 100.3 
36 - 47 Rock 107.5 
30 - 47 Rock 95.4 
30 - 47 Rock 81.4 

932 516.8 38 - 43 Rock 129.0 
32 - 43 Rock 40.4 
27 - 43 Rock 36.2 
22 - 43 Rock 257.0 

933 519.9 36 - 41 Rock 48.7 
31 - 41 Rock 253.7 
27 - 41 Rock 276.6 

934 519.4 32 - 38 Rock 43.7 
28 - 38 Rock 46.6 
22 - 38 Rock 60.6 

935 526.l 36 - 41 Rock 187.9 
31 - 41 Rock 134.1 
26 - 41 Rock 123.4 
21 - 41 Rock 110.8 

937 540.4 39 - 44 Rock 
30 - 44 Rock 25.7 
25 - 44 Rock 24.2 - 20 - 44 Rock 31.2 

Rev. 35, 07/84 



HOLE 

938 

939 

940 

NOTE: 

,. 

SSES-FSAR 

TABLE 2, 5-11 

GROUND 
SURFACE INTERVAL 

ELEVATION (FT) TESTED (FT) MATERIAL PERMEABILITY 

538. 3 41 - 46 Rock 
36 - 46 Rock 33,4 
31 - 46 Rock 96.1 

26 - 46 Rock 140.5 

514+ 35 - 38 Rock 23,7 
30 - 38 llock 201.9 
25 - 38 Rock 158.5 

514+ 38 - 43 Rock 
33 - 43 Rock 109,2 
28 - 43 Rock 194.4 

These permeability values were obtained assuming the water table 
is 38 feet below the ground surface in this area and that the 
gauge was 2.0 feet above the ground surface, unless otherwise 
specified. 
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Hole No, 

1102 

1105 

1110 

1111 

1114 

1116 

1123 

1127 
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Depth (ft) 
Below Surface 

88 

62 

73 

88 

60 
66 

43 
84 

22 

46 
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TABLE 2.5-12 

CIRCULATION LOSSES IN 
DRILL HOLES IN SPRAY POND 

Elevation (ft) 

613 

639 

616 

599 

651 
645 

658 
617 

685 

659 

Sheet 1 of I 

Geologic Material 

sand and gravel 

coarse sand and gravel 

coarse-fine sand, coarse
fine gravel, cobbles & 
bouldeu 

sand & gravel - boulders 

fine-coarse silty s~nd, 
little gravel, cobbles 

sand & gravel, boulders 
sand & gravel, boulders 

silty gravely sand 

sand & gravel, cobbies 
and boulders 
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TABLE 2.~ - 13 

TEST RESULTS SUMMARY (co,,ttnued) 

....... .--WV 8856 PRO.t[CT ~Hll!ffllDDI Unl ~ I ill £ F'fATUR~ :>era1: rona 

HOLE, ls•M,Lt D[P'TN l.AIO!t4TOU 
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TRENCH CATIO'il 
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NO ,.o ... TO .. 
""" 

.... I.I. Pl, ,., a ... ,.c, Per .... ,. C"' : .... .. , .. • •• 
SP 

4 91 5 
10.2 113.6 CJ: 1106A U0-8A 22.0 23.5 l 94 5 103, 1 10,2 101.8 

U0-88 22.0 23.5 SP 1 92 7 23.9 124.0 100. l CR 23.9 
100.4 
1n1 .6 

1107 SS-18 52 - SW 10 79 n 
I ss-20 S8 I sv l ~ '9 

I i 
1107A UD-7A 18.S 21.0 I SP 0 96 4 CR ! 0 95 5 2.70 17.5 117.9 100.4 17.5 100.7 

U0-79 
; 

18.5 21,0 SP 0 94 6 17.l 116.8 99.8 ci 17. 1 96.2 
I 

0 94 6 cl U0-8A 21.S 23.8 SP 0 95 5 13.9 112.8 99.0 13.9 99.0 

: U0-88 21.S 23.8 SP 0 95 5 23.5 125.9 102.0 cl 23.5 100.9 
l00.2 

( 

I U0-10 Sl SM I 8 I I 
76 j 16 

I 
U0-11 55.5 GP 8 I 

I 

I 
63 I I UD-12 6V 

I 

I 
1110 SS-16 47 GP-SM 54 I 

SS•l8 53 GW 59 31 10 

SS-21 62 a, .. sw 55 32 1~ 

SS-22 65 GW 66 
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~Ttin!111111Tn•~"''""""•L .... T, WAT[;ll 'OIITQ(tn1r,rf 11:U -.ATiit-oitt-oiiiii"i' C; • 'c pc::1.t~T•I!:-:.'! 
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I . 
I ' 

1l04 U0-2 41 Qf.SW S5 38 7 

sv I I 

U0-4 56.5 ~.z 38 53 9 8.it 142.8 131.9 ! c:-1- . 

U0.5 69 GIi 56 i i 
G~ain stze curve 
..... _ at- .,n ci•u• 

I 

k.o 
I 

1106 W-A 1S.5 17.2 s, 0 95 s 1L4 113.5 101.6 cl 11.7 99.0 4 .28E; 

U0-8A 19.S 21.1 SP ~ 3 93 4 2.71 9.2 108.3 99.2 ci . 9.2 98.3 I e.o z .lr j 

-·- -- .. UG-8A 19.5 IZl .1 s,· ·- · 0 99 1 2.71 9,2 108.3 cl 
'JI. 'l I 45 • 2? ·: I 

99.2 12.9 ~ 1.0 ,-g- :-T[! . 2nd Sll!ple reaolcld 
·--~ hi • ,,•,r 

.U0-81 19.5 21. 1 SP 1 95 ' 12.9 113.7 100 •. 7 
t ,,• - · ·-- ' ·- --

- '.. 
~9A 21., 2_3.1 SP 6 1.8 110.8 102.8 

·- . -
.. ·-. . • 0 94 I 

ILQR '"21.S ,n.1 95 5 10.7 112.7 101.8 cf{ 10.7 ~ 1.0 108 . llE j 
2nd s..,le NJM)ldf!~ - .... C:.D 0 r.-a ~ :n"= 

- I I 6.o . ,se .i . un. ,oa n.s z,., .... 15 76 9 2.70 12.S 123.4 109.7 cl 12.5 107.7 23 

!uo-1oa 23.5 25.1 sw· !i 79 16 14.1 127.7 111.9 Cl 14.1 109.5 1.0 40 .2!l. : 
. ,.. 

U0-11A 26.5 29.0 5" 5 ?8 17 ~8.1 lt7.9 108.3 c'R 18.1 105.3 6.0 20 .1H I 
-,0-nA 2&.5 29.0 SW 3 90 7 18.1 127.9 

I 

108.l I 

'UD-11B 26.5 29.0 SP 0 89 11 ~2.1 129.7 106.Z Cl 22, 1 ~ w # . .26:' ! 
~ I 

Rtaolded iuple for 
r'IJ T-•• 

! I 
I 

HOM llD-28 9.S 11.4 SP 2 80 18 lt.9 109.6 97.1 CD 12.9 97.S 0 43 I 

~58 15.0 16.6 SP 0 86 14 11.9 112.0 100.1 co 11.9 99.2 0 43 ,-

U0-68 17.0 18.5 SP 0 95 s 10.9 113.:J 102.2 cl 10.9 102.8 •.o 55 • 117 
. 

U0-7A 18.S 21.0 s, 0 92 8 2.70 12.5 109.5 97.3 
0 77 2J 

19.2 118.S 99.4 Cl K:2 6 .Zl!C 
~71 18.5 21.0 SN 0 95 s 19.2 l ,O 1Tb ~ 2ftd ,...,,. rN01dec 

• VISUM- I~~!; ~~f!I Cf)IIIPgr1~ TfllA'.IUA~ ~Q!!!PRU$10~ T~ST! ~ 
a..•ssi,ac.t.TION c., ...... • •• ,.,. ... , ..... -.,. ........ __. ..... ce co11~••""• ••,...• D; • ,o • .,, ••• ••1111. "'" ,., .... _ .... u-•••• ••' -- .. ,.MUa .. ,.. .... ....... ca Cff~IC C1919aM.IMTU V118a.MNt 

ll>aeUN "-1.AICW.". ~••ta• ....... ..... N•H-- M.&e--••Tlt 
c• .... "" .... -- ff c.---. ... n• .... -. 

«•ta•nac• tNII Ta•1'J 
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SOIL 
........... .., 8856 ~OJ!CT -

NO\,(, SAUit\.( OlftTN lAIOftATOfll 
llt'CkANICAl. 

1 ATU:fllE1'G S'E:Clf'IC 
TtJT "T,OR NO. 

ANAUSlS LIMITS GflAV11'T 
Tlt£NCN 

n. CI.ASSf"t - Motll!W\. SA .. D l'INIS 

NO .... TO CATION .... .... 
""" 

.... ... •• • 
1111 SS-13 39 SW 4S 

ss.14 42 sv 6S 26 9 

ss-22 66 SW 37 

SS-23 69 SW•GW 42 46 12 

1112 SS-14 57 GV 10 22 8 

5S-1S 6'J SW 20 

SS-2S 9l SW 15 66 19 

ss ... 26 93 SM 11 

1112A U0-5 26..0 28.-5 $11-GW 44 so ' I . .... 
.- •. 

\· 

1l13 ss.·13 4l -- SV•GII 47 47 6 

ss .. 1~ 59-· Slf 35 57 8 

1ll3A U0-38 zs.o 27.S sv 10 80 10 

uo..u 28.0 30.5 SIii 13 82 5 

UD-41! 28.0 30,S sv 13 79 8 

U0-6" 33.S 3S.4 SP 7 87 6 

lllS SS-12 45 GW.SV 61 3t 7 

SS-1-5 55 GM-SW 50 ]7 13 

.. VISUAL SrE'1fKi Si!!~!IX COW!s;TIQllt 

Q..t.SStf:'1CATION <•• ·--· ... u, ••• ,.. .... 
Ut> •"-"' -·· CU•••"• OlN? . <•>•~ ,..,_LM,c-.f'T , ....... ..._. ___ ......... INC T•■tt 

8SZ8 • PSM 
'r'ABLE :2.' - 13 

TEST RESULTS SUMMARY ceonttnuecr> , ... i. 'I .. ? P'i::ATU,.l:~11 l:!Zml • OAT!: al.la 111. 15!Z::I 
Jil•TU!ltAl COlil,..ACflON SHEA.II DATA C011$0f..• 

Wllttll TOT ill. 11•~ O"IIIUM ... ., .. ., .. l'-ITIIIU,. o-;- ls'"l!lf!:S 
10&f10N 

COIITCIIT -ITWII-T v .. n_......, w.1u:11 Dll1' OC IISIT 'I' TCST C • HIIAltlCS 
WATUt DIIT Olflt,IT'I' 

CYCt.t 111.a.~,o 
'Ill, •c• •CI' ..,. PC I' -.. •er .. , OCI ►"Sf' UST 

~~~!~ !!Z!1 ~U~!-
I 

Grain stze curve I L...~--- •• _.,n _,._ 

Grain size curve _._ .... -· .,n ... ,_u_ 

' Grafn s~ ie cuNe 
st.oos at 110 s1ewe 

17.6 

3.9 ll0.8 105.7 CD 3.9 110.0 0 36 

10.6 117.7 106.4 s-1e d1stlff'Md 

9. 1 121. 1 111.0 ~MIIDle dt5turbed 

9.8 125.6 114.4 CD 9.8 117.3 Q 46 ' 

I l I 

TIIU,XIA~ ~OMF'RES~QN TESTS ~ I 
; 

« llllfC•v••• ~••- c• CO•'°'-•••ff• eo..-e ~ • co•,.t••& "'••••. ic1• I 
o,IV .,..COIIHL ... , •• -•,.•••CoJ c• CYCLIC ~ ..... uTIII -··--··· I 

cw c .. ao.. .. •••• ............ ,-. ,. ....... -··---·' I) I 
l';J &-.... ••tr• --••-•c ll'OII ••t:e""41 •r•:1~af11C• ... 1 
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SSl8 - 1'8U 
TABLE 2~ 5. - 13 

SOIL TEST RESULTS SUMMARY ceont1nuect> 
.,c,e NO. 8856 P'IIOJ£CT. S,t,isquehanna Uni t 1 I 2 ,rATURE Spray POftd 

MOL.£, • ISAM"L.[ D(,TM LAIOAATOft'I' 
MCCHAHICAL I ATT[ABE.'ttG SPECIFIC NATURAL. C.:)MPACTIOH $M£.&lt 

TEST PIT,0111 NO, 
AHAI.YStS LIMITS GAAYIT'I' 1c:~~ :, tOf.&r., I Dllf , :l"IMV■ 0::~~~~~"'1 ,,n 

1"-tTIAI. ,T. CL.Ass,,, - ~"' ""a,, ... , TM-.CM I U'IIT Wl~TIUlllf ., ... ,n: WATClt w•TUI Olt, 011:NS.lf9 C 

NO. , .. °"' TO CATION .._ ~ "" ~ I. . .. _, 
G ' l'CI' l'C f , "'' 'II, , c, -·· 

11 lSA U0•2 35 GW-SW 52 38 10 

1116 SS-16 57 SW 23 59 18 

5S-l9 66 SW 29 58 13 

1120 U0-4A 52.0 53.5 SM 0 90 10 13,1 114.2 101.1 co 13.1 102.4 0 

U0-48 52 53.S SM 0 87 13 15.6 116.9 101.2 
I 

SS-10 69 GW-SW 47 42 11 I 

SS-14 83 GW 53 36 11 

1122 UD-2A 8.0 9.8 SP 0 92 8 10.1 112.8 102.5 CD 10. 1 105.4 0 

,uo-21 8.0 9.8 SP 0 t96 4 11.4 117.6 105.6 

iU0-48' 16.ol 11.s SM 2 68 JO 8.7 108.7 100.0 co 8.7 99.4 0 
I 

1 
1128 I UD-48 26.0 28.0 SW 8 84 8 14.1 139.4 122.2 co 14.1 119.9 0 

SS-12 50 SW 35 53 12 

SS 6 14 60 QI-SW 48 42 10 

T"t Pit 
TP•l SP 0 90 10 

I 

• VlSU,\I. SeJ:gF!S; ft'!A3.:•!I ~M;;TIQN TNAiltA5. ~OMP-.U~N T[Sti 
Q.ASSll'ICATOil tel••--• ... Cll•ASY■ .... .c ................... Ce C .. M4'.l.6ft■ ---• 

1111•~ .. --· .. ....... ...... INII .c .... l. ....... "_ ...... c'5 Cft~IC -..u.aTD .,. ....... 
C It-..,._. • ._ ~ ,c-.•T. c• cana, .. &1'•· ....... ~ Ma: ■■- MA._._.,,. 
, ........... _ lV ...__,..,.., ... ......... 
..... 1' ... ....... .,, ·-· ••11:~ --~----

• v ...... Ju. 10.ec uu 
DATA CO-SOI.· 

• j"c~ !l~.a:SSi IOATION R€1U'ltCS 

H& ·«Sf't IU •,o TEST 

I 
I 

36 

I I 

' 

43 

~o 

so 

I 

~ 
-:i; • COtl,,_.. ••~II . •II' 
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TABLE 2.5-14 

SPRAY POND 

SUMMARY OF CYCLIC 

CONSOLIDATED-UNDRAINED TRIAXIAL (CR) TESTS 

Relative** Consolidation Number of Stress Ratio 
Test+ Sample* Dry Unit Density,% Pressure, C1 Cycles To co1-o3> 120 

Number Condition Weight, pcJ (ASTM D-2049_) ksf c 5% Strain 
cy C 

CR-1 U.D. 100.4 57.4 1.0 6 0.338 

CR-2 U.D. 101.8 65.6 6.0 2 0.456 

CR-3 U.D. 97.9 42.4 1.0 45 0.210 

CR-4 U.D. 100.2 56.3 1.0 108 0.136 

CR-5 U.D. 98.3 44.8 6.0 2 0.327 

CR-6 U.D. 109.5 100.0 1.0 · 40 0.214 

CR-7 U.D. 107.7 97.5 6.0 23 0.156 

CR-8 R. . 105. 7 87.0 1.0 48 0.267 

CR-9 U.D. 106.3 90.2 6.0 20 0.175 

CR-10 U.D. 97.0 36.7 . 1.0 6 . 0. 280 ,-

CR-11 U.D. 96.6 34.2 1.0 14 0.240 

CR-12 U.D. 100.7 59.2 6.0 11 0.242 

CR-13 U.D. 100. 9 · 59.1 1.0 184 0.219 

CR-14 U.D. 99.0 49.1 6.0 48 0.145 

Rev. 35. 07, o4 



Test-t Sample* Dry Unit 
Number Condition Weight, pcf --
CR-15 R. 99.6 

CR-16 u.n. 106.0 

CR-17 R. 97.0 

CR-18 R. 99.9 

CR-19 R. 101.2 

c'i-20 R. 98.l 

CR-21 U.D. 102.8 

CR-22 R. !08.6 

CR-23 U.D. 99.0 

CR-24 R. 96.2 

CR-25 R. 101.6 

*Note: u·.o·. • Undisturbed Sample 
R. • Remolded Sample 

TABLE 2.5-14 (Continued) 

Relative** Consolidation Number of 
Density,% Pressure,. o Cycles 'Io 

_(ASTM D-2Q_49) ksf c S?o Strain 

52.7 1.0 10 

88 .. 2 1.0 12 

36.7 · 1.0 2 

54.5 1.0 39 

62.1 1.0 34 

43.6 1.0 11 

71.2 6.0 55 

100_.o l.O 10 

49.1 6.0 4 

31..7 1.0 25 

64-4 1.0 10 

**Relative Density Determined by 

Dd• y max (y - y min) x lOO, 
( y max - y min) 

~ The boring numbers and sample depth for each CR 
test is given in Table V of Reference 2-.5-102 

Rev. 35, 07/84 
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Stress Ratio 
(occ,3) /2a cy C 

0.215 

0.231 

0.229 

0.125 

0.186 

0.183 

0.167 

0.198 

0.288 

0.236 

0.302 

y max• 108.2 pcf 
y min• 91.5 pcf 



Liner 

SSES-FSAR 

TABLE 2.5-15 

DESIGN PARAMETERS FOR SPRAY POND LINE~ 

Total Seepage Loss* 
Thickness (ft) Permeability (ft/yr) (ft3/yr) Gal/lODays 

1.0 

LO 

1.0 

0.20 

0.12 

0.04 

8.4 X 105 

4.8 X 105 

1.9 X 105 

5.2 X 105 

J,0 X 105 

1.2 X 105 

. Sheet l of l 

Elevation of Ground 
Water Mound Beneath 

Center of Pond 

670 

660 

650 

*Liquefaction design requirements require a seepage loss rate of less than 6.7 x 105 
cubic feet per year (4.1 ~ 105 gal/30 days). The liner is designed for a seepage 
loss of no more than 3.0 x 105 gal/30 days. 

Rev. 35, 07/84 
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TABLE 2;5-16 

SPRAY POND 
SUMMARY OF. LIQUEFACTION ANALYSES 

Profile 1 (West End.of Pond) 

Avg. Induced Cyclic Factor 
Cyclic Stress Shear Strength of 

psf pef Safety 
Depth GWT CWT GWT GWT GWT CWT 

Ft. 650' 640' 650' 640' 650' 640' 

1 12 12 ·149 149 l.2.4 12.4 
3.5 43 43 206 206 4.8 4.8 
6.5 80 80 273 273 3.4 3 .. 4 ' 10.5 128 128 359 359 2.80 2.80 

15.5 186 186 460 460 2.47 2.47 
23 267 267 558 601 2.09 2.25 
33 370 371 651 732 1.76 1.97 44 478 480 746 820 1.56 1.71 
56 590 594 840 908 1.42 1.53 
69.5 705 710 938 997 1.33 1.40 
85 806 816 1034 1085 1.28 1.33 

,. 

Rev. 35, 07/84 
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TABLE 2.5-16 ·(Continued) 

Profile 2 (Central Section, Pumphouse, etc.) 

Avg. Induced Cyclic Factor 
Cyclic Stress Shear Strength of 

;esf . 2s£ SafetI 
Depth G'WT GWT GWT GWT GWT GWT GWT GWI' GWT 
Ft. 665' 660' 650' 665' 660' 650' 665' 660' 650 1 

l 18- 12 12 162 149 149 9.0 12.4. 12 .. 4 
3.5 49 43 43 207 206 206 4.2 4.8 4.8 
6.5 80 80 80 239 273 273 3.0 3.4 3.4 

10.5 128 128 128 282 334 359 2.20 2.61 2.80 
15.5 185 185 186 337 388 460 1.82 2.10 2.47 
23 265 266 267 418 465 558 1.58 1.75 2.09 
33 367 368 370 519 565 651 1.41 1.54 1.76 
43 464 466 470 615 657. 738 1.33 1.41 1.57 
52.5 553 555 560 700 739 815 1.26 1.33 1.46 

I" 

Rev. 35, 07/84 
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TABLE 2 •. 5-16 (Continued) 

Prof_ile 3 (East End of Pond) 

Avg. Induced Cyclic Factor 
Cyclic Stress Shear Strength of 

psf psf Safety 
Depth. GWT · GWT G'WT 
Ft. 665' 665' · 665' 

LS 18 162 9.0 
4 49 207 4.2 
6.5 80 239 3.0 

10.5 128 282 2.20 
15.S 185 337 1.82 \ 

19 223 375 1.68 

• Note: 

1. Avg; Induced Cyclic Stresses• 0.65 Maximum Induced Cyclic Stresses (Ref. Seed and·Idriss. 1971) 

2. GWT • Ground Water Table. MSL. ,. 

3. Factor of Safety• Cyclic Shear Streng~h/Avg. Induced Cyclic Stress. 

Rev. 35, 07/84 
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TABLE 2.5-17 

EFFECT OF VARYING STANDARD RELATIONSHIP* OF EFFECTIVE 
STRAIN WITH DAMPING AND MODULI FOR PROFILE 2, GWf-665'. 

30% Increase in Modulus No Change in Modulus 30% Decrease in Modulus 
30% No 30% 30% 30% 30% No 30% 

Std. Decrease Change Increase Decrease Increase Decrease Change Increase 
Rela- In In In In In In In In 
t:ion Dam;eing Dam2ing Dam:eing Dam:eing Damping Dam:eing Dam:eing Damping 

Depth 
Ft. Average Induced Ciclic Shear Stress! 2sf. 

1.5 18 18 18 18 18 18 18 18 18 -
4 49 50 50 49 50 49 49 49 49 
6.5 80 80 80 80 80 80 80 80 79 

10.5 128 129 129 128 128 127 127 126 125 
15.5 185 188 187 186 185 184 182 181 179, 
23 265 271 270 268 266 263 259 258 258 
33 367 376 374 372 368 368 357 355 355 
43 464 476 474 475 466 461 448 445 441 
52.5 553 570 567 564 556 549 522 519 516 

Depth Shear 
Ft. Strength 

psf Factor of Safety Against Liquefaction 

1.5 162 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 
4 207 4.2 4.1 4.1 4.2 4.1 4.2 4.2 4.2 4.2 
6.5 239 3.0 3.0 3.0 3.0 3.0 .3.0 3.0 3.0 3.0 

10.5 282 2.20 2.19 2.19 2.20 2.20 2.22 2.22 2.24 ! 2.26 
15.5 337 1.82 1.79 1.80 1.81 1.82 1.83 1.85 1.86 . 1.88 
23 418 1.58 1.54 1.55 1.56 1.57 1.59 1.61 1.62 1.62 
33 519 1.41 1.38 1.39 1.40 1.41 1.41 1.45 1.46 1.46 
43 615 1.33 1.29 1.30 1.29 1.32 1.33 1.37 1.38 1.39 
52.5 700 1.26 1.23 1.23 1.24 1.26 1.28 1.34 1.35 1.36 

Rev. 35, 07/84 
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*Seed, H.B. and Idriss. I. M., "Soil Moduli and Damping Factors for Dynamic Response Analysis." EERC Report No. 70-10, 
U. C. Berkeley, 1970. 

CWT• G~ound Water Table. MSL. 

Factor of Safety• Shear Strength/Average Induced Cyclic Stress. 

Rev. 35, 07/84 



Depth Below 
Pond Bottom 

Ft. 

1 
3.5 
6.5 

10 • .5 
15.5 
23 
33 
44 
56 
69.5 
85 

Rev. 35, 07/84 

TABLE 2.5-18 

SPRAY POND 

FACTOR OP SAFETY AS OBTAINED USING DIFFERENT EARTHQUAKES 
(ALL 3 PROFIL~S _ ANP _ A:T __ D IFF_ERENT GROUND W~'t~l!__~~~~~ 

Profile 1 (West End of Pond, 93' Overburden Below Bottom of Pond)* 

., 
Factor of Safety at Corresponding_Depth 

EARTHQUAKE 

Bechtel Golden 
Synthetic Gate Helena Parkfield 

Ground Water Elevation, Ft. (MSL) 

650** 640 650** 640 650** 640 650** 640 

12.4 12.4 11.5 11.5 12.4 12.4 11.4 11.4 
4.8 4.8 4.5 4.5 4.9 4.9 4.6 4.6 
3.4 3.4 3.3 3.3 3.5 3.5 3.2 3.2 
2.80 2.80 2.74 2.69 3.0 3.0 2.65 2.63 
2.47 2.47 2.44 2.39 2.95 2.95 2.30 2.30 
2.09 2.25 2.08 2.15 2.89 3.0 1.90 2.04 
1.76 1.97 1.79 1.90 2.37 2.79 1.58 1.78 
1.56 1.71 1.67 1.71 2.17 2.41 1.43 1.58 
1.42 1.53 1.63 1.64 2.19 2.36 1.39 1.50 
1.33 1.40 1.68 1.64 1.98 2.22 1.42 1.50 
1.28 1.33 1.79 1.72 1.91 2.05 1.48 1.52 

Sh'- .• 1 of 3 
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Depth Below 
Pond Bottom Bechtel 

Ft. Sznthetic 

665** 660 650 

1 9.0 12.0 12.4 
3.5 4.2 4.8 4.8 
6.5 3.0 3.4 3.4 

10.5 2.20 2.61 2.80 
15.S 1.82 2.10 2.47 
23 1.58 1.75 2.09 
33 1.41 1.54 1.76 
43 1.33 1.41 1.57 
52.5 1.26 1.33 1.46 

Rev. 35. 07/84 

TABLE 2.5-18 (Continued) 

Profile 2 (Central Section, Pumphouse, etc., 
57' Overburden below tottom of Pond)* 

Factor of Safety at Corresponding Depth 

EARTHQUAKE 

Golden 
Gate Helena 

Ground Water Elevation, Ft. (MSL) 

665** 660 650 665** 660 650 

8.1 12.4 11.5 8.1 12.4 11.5 
4.0 4.5 4.5 4.1 4.7 4.8 
2.85 3.4 3.4 2.95 3.4 3.5 
2.16 2.57 2.78 2.27 2.63 2.80 
1.79 2.09 2.46 1.96 2.19 2.54 
1.59 1.79 2.12 1.84 1.96 2.26 
1.51 1.64 1.87 1.80 l.96 2.04 
1.52 1.62 1.79 1.81 1.96 2.03 
1.59 1.67 1.79 1.91 2.01 2.05 

Sh, ·2 of 3 

Parkfield 

665** 660 650 

' 
8.1 11.5 11.5 
4.0 4.6 4.6 
2.92 3.3 3.3 
2.13 2.53 2 .. 72 
1.75 2.04 2.39 
1.48 1.69 2.02 
1.35 1.49 1.74 
1.33 1.47 1.61 
1.37 1.44 1.55 



_, 

TABLE 2.5-18 (Continued) 

Profile 3 (East End of Pond. 20' Overburden below Bottom of Pond)* 

Depth Below 
Pond Bottom 

Ft. 
Bechtel 

Sxnthetic 

Factor of Safety at Corresponding Depth 

EARTHgUAKE 

Golden 
Gate Helena 

Ground Water Elevation• 665 Ft. (MSL)** 

1.5 9.0 
4 4.2 
6.5 3.0 

10.5 2.20 
15.5 1.82 
19 1.68 

*See Figure 2.5-48 for Soil Profile 
**Maximum Water Table 
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FIGURE 2.5-15

GEOLOGIC MAP
OF

SPRAY POND AREA
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FIGURE 2.5-17A

EXTENT OF ROCK AND SOIL
FOUNDATIONS

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2
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FIGURE 2.5-18

GEOLOGIC MAP
OF

FOUNDATION EXCAVATION

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2
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Mahantango slaty siltstone exposed in west slope of Untt 2 
cold water pipe trench adjacent to circulation water pumphouse, 
at approximate N340,995,[2,441,510. The exposure which ts 
viewed northwest, displays prominent fracture cleavage here 
dipping 30 degrees southeast. Bedding planes, obser~able to 
both-above and below the pick head, dip very gently south. 
The vertical, east-west oriented joint face 1s a natural surface 
forming top of rock, eroded by stream and ice scour. 
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Weathered shear plane (bedding plane shear A) exposed in rock 
slope at N341,360,E2,441,935. View 1s to the west. The shear 
plane parallels bedding, which here dips seven degrees south. 
Weathering has accentuated visibility of the shear, which 1s 
here 1/2 to l inch wide, containing leached quartz and brown
weathered siltstone fragments. There 1s no sign of brecciation 
along the shear plane. Photo taken April 22, 1974. 
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Looking west at an excavated slope which shows the intersection 
of the weathered shear plane, bedding plane A, with the eroded rock 
surface. The intersection of these two surfaces is slightly above 
and to the left of the top of the hammer, as indicated in the 
photograph on the right. Scale 1s 8 inches long. 
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Looking east at an excavated slope which shows the intersection 
of bedding plane A with the erosional rock surface, as outlined 
1n the lower photograph. The erosional rock surface 1s essentially 
vertical. Mahantango siltstone at right, bouldery glacial drift 
on left. Location 1s about 30 feet from preceding photograph (at 
the approximate intersection of column 11ne N and N341,375). 
Photo taken May 15. 1974. 
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View south of a calcite veinlet crossing a slickensided 
bedding-plane shear (flat surface near observer) in Unit l 
turbine excavation (intersection of column lines 6 and 19. 
Note the calcite veinlet ts not displayed above the shear 
plane. Photo taken May 22; 1974. 
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A closer view of the same exposure described 1n the preceding 
photograph. Compass 1s oriented para11e1 to slickens ide 
11 neat ion which trends s3•[. If movement represented by the 
s11ckens ide had occurred subsequent to formation of the 
calcite veinlet, the vein would have been offset. 
Photo taken May 22, 1974. 
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Detail of excavation in condensate pump pit, Unit 2 turbine area. 
This photograph shows typical foundation excavation in the hard, 
unweathered Mahantango siltstone at the site. Here the slopes 
were presplit along closely spaced, line-drilled blast holes. 
View it to south9 Photo taken July 3, 1974. 
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FIGURE 2.5-22A
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FIGURE 2.5-42
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FIGURE 2.5-44
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APPENDI~ 2. SA 

U.S. DEPARTMENT OF THE INTERIOR REPORT ON 
INVESTIGATION OF AN EARTH DISTURBANCE 

AT.WILKES-BARRE 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF MINES 
REGION VIII 

REPORT ON INVESTIGATION OF AN 
EARTH DISTURBANCE AT WILKES-BARRE, LUZERNE COUNTY, 

PENNSYLVANIA 

February 21, 1954 

By 

rrank Retsel, Federal Coal-Mine Inspector, Wilkes-Barre, Pa. 
W. T. Torrance, Federal Coal-Mine Inspector, Wilkes-Barre, Pa. 
H. F. Weaver, Chief, Coal-Mine Inspection Branch, Washington, D.C. 

Originating Office - Bureau of Mines 
Room 223, Federal Building, Wilkes-Barre, Pa. 

E~ H. McCleary, Chief, Wilkes-Barre (Pa.) Office 
Accident Prevention and Health Division 

Background 

About 3 p.m. on February 21, 1954, an earth disturbance started 
at Wilkes-Barre, Pennsylvania, and caused the upward buckling 
of sidewalks and roadways, the breaking of gas and water mains, 
and some _damage to buildings in a ~esidential portion of the 
city that eventually encompassed an area roughly two thousand 
feet square. 

Inasmuch as the area involved was directly over mine workings 
of tpe Woodward colliery, Glen Alden Coal Company, personnel of 
the Accident Prevention and Health Division, Bureau of Mines, 
took a prompt and active part in the investigation of 
conditions therein--principally from the standpoint of safety. 

The Investigation 

Coal veins that had been first mined beneath the disturbed area 
were, starting at the top, the Abbott, Kidney, Hillman, Five 
Foot, and Lance, and they were overlaid with an alluvial 
deposit--known to many as the buried valley of the Susquehanna-
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that ranged up to 165 feet in thickness. However, in the 
affected area, mining operations had ceased in the Abbott vein 
on January 14, 1954; mining in the Kidney vein consisted of 
driving chambers in the remining small portion of solid coal; 
mining in the Hillman vein was restricted to the recovery of 
top coal in 4 chambers and the driving of cha~ers in 2 blocks 
of coal; and first mining had long since been completed in the 
Five Foot and Lance veins. No second mining (pillar recovery) 
was done in any veins in the area involved. 

Thorough inspection of the workings in the Abbott, Kidney, and 
Hillman veins in the affected area was delayed pending the 
removal of methane that had accumulated therein as a result of 
disrupted ventilating facilities. Reestablishment of 
ventilation permitted inspection of workings in the Kidney vein 
on February 27 and in the Abbott vein on March 13. Dangerous 
roof conditions in the Hillman vein have prevented persons from 
advancing far enough into the workings in the affected area to 
repair the ventilating facilities; consequently a thorough 
inspection of the Hillman workings was not possible at the time 
this report was prepared. Inspection of the Five Foot and 
Lance veins showed conditions therein to be normal. 

~nspection of the Kidney vein workings on February 27 revealed 
the following significant information: 

1. 

2 . 

The vein in the· affected area (known as the 38 slope 
section) was in the form of a trough, the main axis of 
which pointed east and west. The basin of the trough 
was beneath Lafayette Street, the crest of the trough on 
the south side was under and roughly paralleled Charles 
Street, and the crest of the trough on the north side 
was under and roughly paralleled Old River Road. 

Recent spalling of coal off the pillar ribs was most 
pronounced near the crests of the trough on both the 
north and south sides. · 

3. Evidence of lateral movement of the strata was noted in 
the basin; 2" X 4 11 stringers installed to suspend 
trolley wire along gangways driven in the basin were 
generally bowed--some as much as 12 inches. 

4. Generally, props and timber sets showed no evidence of 
weight, except that chambers No. 100 to No. 107, driven 
on the north side of the trough and the gangway 
(No. 573) between them, could not be inspected because 
of fresh, heavy roof falls and bad roof--evidence of a 
recent disturbance. 
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5. Accumulations of methane were found by means of a flame 
safety lamp. at the faces of chambers No. 110 to No. 121 
off gangway 573. 

6. Mining was conducted properly, and due precautions were 
taken to assure adequate surface support. 

Inspection of the Abbott vein workings on March 13 revealed the 
following significant information: 

l. The Abbott vein in the affected area was in the shape of 
a trough, similar in shape and position to that in the 
Kidney vein described previously. 

2. 

3. 

4. 

The faces of the- chambers driven up the pitch on the 
south side of the basin of the trough had encountered 
solid rock, indicating a faulted area. Inspection of the 
maps of the mine workings showed evidence of a 
displacement fault in all the strata in the area--the 
main axis of which pointed approximately east and west-
and extended through the Woodward and Lance colliery 
workings. 

Only slight fresh spalling of coal off the pillars was 
observed in the Abbott vein, and generally the props and 
timbers showed no signs of weight. However, 
almost continuous fresh falls of roof and brows were 
observed along gangway No. 511, but, as stated before, 
little or no spalling of coal was seen. 

Careful examination of the faces of the chambers that 
had encountered the rock wall at the crest of the trough 
on the south side showed evidence of downward slipping 
of the strata along the line of fault. 

5. Careful examination of concrete stoppings in the 
affected area revealed that: 

{a) A very definite lateral movement of the strata 
from south to north along the south side of the 
trough and an upward thrust of the strata along 
the north side of the trough had occurred. The 
roof had moved recently as much as one inch away 
from the tops of some concrete stoppings ( set 
parallel to the axis of the trough) , and door 
frames set perpendicular to the axis of the trough 
showed evidence of lateral pressure. Concrete 
stoppings installed along the north side of the 
trough showed no indication of lateral movement of 
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the strata, but they all looked as though they had 
been struck from the bottom with a strong, sudden 
blow that caused the bottom portions thereof to be 
splintered. 

6. Methane was not found by means of a flame safety lamp 
during this inspection of the Abbott vein. 

7. Mining was conducted properly, and due precautions were 
taken to assure adequate surface support. 

Cause of the Earth Disturbance 

According to official reports made by certified fire bosses 
employed by the Glen Alden Coal Company, following their 
regular, routine examination of workings in the subsequently 
affected area, conditions were normal during such inspections 
on the morning of February 21, 1954. 

The charts on the continuous pressure-recording gages at main 
fans at the following locations showed that an. unusual and 
sudden movement of the recording needle had occurred around 
11:30 a.m. on February ~1, 1954: 

Colliery 

Woodward 
Woodward 

Lance 
Lance 

Nottingham 
Nottingham 

Avondale 

South Wilkes-Barre 

Inman 

Loomis 
Loomis 
Loomis 

Hollenback 

Huber 
Huber 
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#1 
#2 

Baltimore 
Red Ash 

#5 
#6 

#5 

#21 

#2 
#4 
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#5 
#8 

2.SA-4 

Degree of needle movement 
Strong Medium Weak 

X 
X 

X 
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X 
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x. 
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Sugar Notch #5 X 

Truesdale #26 X 
Truesdale #1 X 
Truesdale #1 &#2 X 
Truesdale Askam ~ 

Bliss #1 X 

Auchincloss #3 X 

. The chart ·of the cycle stormograph located at South Wilkes
Barre colliery showed an unusual and sudden movement of the 
recording needle at 11:30 a.m. on February 21, 1954. 

This ·evidence, together with the upward buckling of surface 
sidewalks and roadways and the appearance of cracks in the 
ground in the disturbed area, seemed to point to the occurrence 
of an earth tremor. Upon further investigation of such a 
possibility, it was found that officials of the Seismology 
Branch, Geophysics Division, Coast and Geodetic Survey, 
Department of Commerce, Washington, D. C., had reported the 
occurrence of an earthquake at 11:20 a.m. on February 21, 1954. 
This 11 quake 11 was recorded · on the seismographs at Fordham 
University and at Columbia University in New York City--but it 
was also recorded by many other seismographs located throughout 
the world, and, according to the official Federal report, the 
earthquake that was recorded on the seismographs at 11:20 a.m. 
on February 21, 1954, occurred definitely in the Aleutian 
Islands. No other evidence of earth tremors was recorded by 
official seismographs for the remainder of February 21, 1954. 

Insofar as the seismograph records for February 21, 1954, are 
concerned, they did not indicate an earth tremor in the 
vicinity of Wilkes-Barre on that date. However, according to 
officials of the Seismology Branch, Department of Commerce, 
Washington, D. C., it is possible for an earth movement to 
occur at Wilkes-Barre and be too weak to be recorded on 
seismographs in New York City. Therefore, evidence of a 
localized earth movement was sought, and, we feel, was found. 

Careful study of all the evidence gathered during the 
investigation of this earth disturbance caused the undersigned 
Federal investigators to deduce as follows: 

1. Around 11:30 a.m. on February 21, 1954, a slight-but 
sudden downward movement of the strata occurred along 
the displacement fault that exists in the strata beneath 
the south side of the affected area. We believe it was 
this sudden jolt that caused the aforementioned needles 
of the various gages to be moved out of normal position. 
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2. The powerful forces of the downward movement of the 
strata along the fault plane were pent up in the 
adjacent strata until they were suddenly released in an 
adjusting upward thrust of strata at the weakest point, 
which seemed to be along the crest of the trough on the 
north side directly beneath the area where the first 
buckling and cracking of the surface was observed . . 

3 . Subsequent continued movement of the surface over a 
gradually extended area was caused by adjustment of.the 
heavy alluvial deposits, which very likely were water 
logged and in a semi-fluid condition. 

4. Whether downward movement of the strata along _the fault 
plane caused failure of the coal pillars and strata 
under the affected area or whether failure of the coal 
pillars and strata under the affected area caused 
downward movement of the strata along the fault plane 
could not be definitely and positively determined .. 

Recommendation 

Under the circumstances, we- cannot offer any recommendation 
that may prevent recurrence of a similar earth movement. 

S/ Frank Retzel 
Federal Coal-Mine Inspector 

S/ W. T. Torrance 
Federal Coal-Mine Inspector 

S/ H.F. Weaver 
Chief, Coal-Mine Inspection Branch 
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APPENDIX 2.SB 

CITY OF WILKES-BARRE 
REPORT ON AN EARTH DISTURBANCE 

This appendix consists of the conclusions anq a discussion of 
the disturbances in the mined area by John C. Maccartney and 
F. Edgar Kudlich, Consulting Engineers, who were commissioned 
by the City of Wilkes-Barre, Pennsylvania to investigate the 
earth disturbances which occurred in the southerly section of 
that city on February 21 and 23, 1954. 

CONCLUSIONS OF MACCARTNEY AND KUDLICH 

11 Many theories have been propounded . as to the cause of the 
surface disturbances, which exclude mining as the possible 
cause. These have been investigated and considered by Dr. 
Warren J. Mead, Consul ting Geologist, and us and have been 
discarded as unacceptable. 

Our conclusions with respect to the disturbances, supported by 
discussions with Dr. Mead, are as follows: 

1. 

2. 

That downward movements occurred at certain points in 
the southerly section of Wilkes-Barre City on and after 
February 21, 1954. Reactions from the downward 
movements resulted in some upward movements, giving to 
the whole the appearance of an undulation. This 
combination of movements caused damage to improvements 
on and under the surface. The magnitude of these 
movements is not accurately measurable due to the normal 
lack of references prior to the date of the 
disturbances. 

That the disturbances of the surface were caused by a 
vertical movement in the consolidated strata underlying 
the area. This movement was transmitted upward through 
the wash, but not necessarily vertically. 

3. That the movement which had its inception in and 
directly above the Hillman vein would not have occurred 
had there been no mining. 

4. That the Glen Alden Coal Company, in the extraction of 
coal from the Hillman vein, adopted accepted practices 
of mining with the intention of supporting the overlying 
strata, if for no other reason than to protect its mine 
from the hazard of inundation, but the execution of the 
accepted practices extended to the removal of top coal 
and, affected by the presence of faults and a basin, set 
up stresses which resulted in failure and subsequent 
movement." 

Rev. 46, 06/93 2.SB-1 



SSES-FSAR 

{Signed) John c. Maccartney 
Consulting Engineer 

Wilkes-Barre, Pennsylvania 

April 30, 1954. 

(SEAL) 
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Respectfully submitted, 

(Signed) F. Edgar Kudlich 
Consulting Engineer 
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. DISCUSSION OF DISTURBANCES IN MINED AREAS 

"Our examinations of the mine workings indi_cated clearly that 
conditions in the uppermost five veins of coal that had been_ 
mined were abnormal, as evidenced by caving of the · top rock and 
spalling of the pillars. The disturbed condition in the Five 
Foot and the Lance veins were resultants of movements in the 
upper veins rather than contributory causes to the disturbances 
of the surface. 

Our references in this report to spalling of ribs and falls of 
top coal and rock are confined to recent occurrences except 
where specifically noted to the contrary. Naturally, we had no 
occasion to examine these mines prior to the February 21, 1954, 
disturbances. We judged the .recency of the spalling and falls 
of top by the freshness of the exposed surf aces, _which opinion 
was confirmed in many instances by reference to the inspection 
reports of those company employees whose duty it is to make 
daily or periodical examinations of active and abandoned 
workings as required by law. Furthermore, we were accompanied 
on our tours by individuals who had made inspections of many of 
the areas between February 21, 1954, and the times of our 
examinations and who pointed out locations where disturbances 
had taken place during the intervening period. 

In order to portray graphically the conditions encountered in 
the various veins, transparent overlays were made for each, 
showing the areas examined and the conditions found. When 
superimposed in the geologic order of the occurrence of the 
veins, the overlays revealed a series of unusual coincidences 
in respect to the disturbances observed in the mines. 

For example, the heavy cave previously referred to in the 
Hillman vein at the foot of No. 34 Slope was four:id to be 
directly beneath the heavy falls of top rock beyond which we 
could not penetrate in Roads 573 North and 573 South in the 
Kidney vein which lies 80 feet above the Hillman. 
Approximately at the same point and about 180 feet above the 
Hillman was the heaviest fall of top rock encountered and 
crossed in the Abbott vein in Road 511 South. This was also 
the point where the two ventilation walls were cracked in the 
Abbott. 

Conversely, where the pillars in the Hillman Slope were spalled 
but the top coal and top rock remained intact there was 
spalling in the underlying Five Foot Vein. 

Again, we were unable to penetrate the area in the Hillman vein 
lying between the Lance-Woodward barrier pillar and No. 34 
Slope because of heavy falls. Although we also were unable to 
examine the overlying Kidney vein where worked in this 
vicinity, it was reported to us by both Federal and State Mine 
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Inspectors that there were breaks in the bottom rock of the 
Kidney vein and that one portion of the Kidney near the Hillman 
No. 34 Slope was completely caved. Our own inspection of the 
Abbott vein in this ~ame area revealed heavy spalling and some 
caving of top ro"ck and a crack in·the roof which.was admitting 
water at the time of our visit. 

We were stopped in the Hillman vein at the perimeter of the 
easterly surface disturbance by heavy falls of top coal and 
rock. In the Kidney vein above, just west of our point of 
penetration in the Hillman, we found spalling of the ribs and 
top falls. In the Abbott vein above and in the general line of 
the disturbances in the Hillman, there were spalling of the 
ribs and falls of top. 

We noted also that near the center of the eastern disturbances, 
about at Academy Street, there were heavy spalling of the ribs 
and falls of top in the Kidney vein and lesser spalling and 
falls of top in the Abbott. The Hillman in this area was 
impenetrable. 

In the Kidney vein, under the Lafayette Gardens area, there 
were spalled ribs and one top fall and a reputedly caved area 
which we could not examine, and spalling and heavy top falls in 
the overlying Abbott. The Hillman vein workings here also were 
impenetrable. 

From the foregoing discussion it is evident that we were unable 
to examine the greater portion of the Hillman vein under the 
disturbed area. However, in several instances where we found 
·caving and spalling in the Hillman vein we·were able to observe 
similar conditions in the overlying veins. In other instances, 
where we were able to observe the overlying veins, we were 
unable to examine the Hillman vein. A comparison of the 
conditions at the latter points in the overlying veins with 
those where we were able to examine all three leads to a proper 
assumption that the conditions in the Hillman where not 
penetrated were just as bad as those observed where penetrated. 

By measuring the mine workings as portrayed by the maps, we 
have found the normal extraction of coal in the Abbott vein had 
allowed 46.65% of the original vein area to remain as pillars, 
even after reserve pillars had been chambered; 49.49% remained 
in the Kidney vein and 51.35% in the Hillman vein. 

No more than a cursory investigation was made of the size and 
strength .of the pillars system in the ·Abbott and Kidney veins 
as the height of either vein, as well as the burden upon the 
vein, was less than the height of and burden upon the Hillman 
vein. 
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A computational investigation of the strength of the pillar 
system in the Hillman disclosed that the weight on the pillars, 
before the taking of the top coal, was slightly below the 
minimum calculated strength of the pillar under normal 
conditions. 

By reference to the stratigraphic plates, it will be noted that 
the Hillman vein carries a bench of top coal which in ordinary 
practice is not mined .during the first extractive operation 
unless it is structurally so weak that it fails during the 
first mining. It has been found that the top bench of coal is 
more stable than the immediate roof of the vein and therefore 
reduces the cost of maintaining the mine openings. 

In the greater part of this area the operator has removed the 
top coal prior to the abandonment of the area, and accepted 
practice in the region, thereby increasing the height of the 
original pillars. 

The ability of a coal pillar to support overlying strata is 
affected by the height of the vein. As a pillar increases in 
height its ability to support decreases. Consequently, the 
removal of the top coal of. the Hillman vein tends to weaken the 
pillar system. 

In this instance, the increased height of the pillars and the 
consequent weakening of the pillar system creates a condition 
which is further compounded by the presence of a series of 
faults. The geological definition of a fault is · 11 a break in 
the continuity of a body of rock. 11 Here, however, we use the 
word in the generally accepted application in the Anthracite 
district, e.g. , an abrupt change in the plane of either the top 
or. bottom rock, or of both, accompanied by a change in the 
thickness of the vein. The word also is commonly applied to 
structural irregularities in the rock above or below the vein. 
Where these faults occur the rock and vein strata are weaker 
-than normal. 

In addition to the removal of the top coal and the presence of 
faults in this area, there is a third condition which tends to 
rob the pillars of their normal efficiency and that is the 
occurrence of a syncline or basin centered beneath the 
disturbed area. The decrease in pillar efficiency is brought 
about by the fact that the force of gravity is not 
perpendicular to the plane of the vein. 

In spite of the presence of faults and a basin, the strata were 
in equilibrium before mining. Had it not been for mining, the 
strata would have remained in equilibrium. It is a fact that 
the creation of voids, regardless of extent, sets up stresses 
in the surrounding strata. When the stresses created exceed 
the strength of the strata, failure must occur and it follows 
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that the equilibrium is disturbed. Movement and redistribution 
of the stresses follow until _equilibrium is re-established. 

Many theories ·have been advanced as to the causes of the 
surface disturbances. No matter how vague or tenuous these 
theories may have been, we have investigated them and brought 
them to the attention of Dr. Warren J. Mead and discussed them 
with him. 

Dr. Mead, former head of the Department of Ge·ology, 
Massachusetts Institute of Technology, and now Professor 
Emeritus of the same department, is an internationally known 
geologist and a consultant in economic engineering and geology. 
Dr. Mead made a personal inspection of surface of the disturbed 
area, has reviewed carefully the reports of our findings. in the 
mines, has examined the mine maps and cross sections of the 
Glen Alden Coal Company and has studied the overlays and other 
exhibits prepared by us." 
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APPENDIX 2.SC 

BORING LOGS 

2.SC.l Summary of Field Density Test Results 

This summary is divided into four parts as follows: 

1) Introduction 
2) Specification Requirement 
3) Explanation of Results 
4) Conclusion 

1) INTRODUCTION 

2) 

The terminology used by U.S. Testing to identify the 
soils does not agree exactly with specification wording 
and the wording used in Subsection 2.5.4. Further, 
there are some inconsistencies on the "U.S. Testing 
Co. 11 reports regarding elevations and/or coordinates. 
This condition is clarified later in this summary. 

As explained in Subsection 2.5.4 the basic intent of 
the soil testing was to check the recompaction of the 
natural soil beneath the concrete liner and check the 
compaction of all soil fill used. 

SPECIFICATION REQUIREMENT 

The specification governing the work in the spray pond 
and vicinity addressed two types of soil fill (as well 
as recompaction of the existing soil under the concrete 
liner addressed in Section 2.5.4.5.2.2), classified as 
follows: 

a) USAGE: 

Fill Type A 

This will be used for backfill behind concrete 
retaining walls, concrete cut-off walls and back
fill where any make-up is required in soil 
beneath the concrete liner, spillway or service 
road. 

Fill Type B 

This will be used for embankment fill in the 
immediate vicinity of the spray-pond and ESSW 
Pumphouse. 
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b) MATERIAL: 

c) 

General 

All fill shall be well graded, sound, dense, 
durable material. It shall not contain any top 
soil, roots, brush, logs, trash or waste 
material, ice or snow. 

Fill Type A 

The maximum size of this material shall be 4 
inches and no more than 5 percent by dry weight 
shall pass the No. 200 sieve. 

Fill Type B 

The maximum size of this material shall be 12 
inches and no more than 35 percent by dry weight 

· shall pass·the No. 200 sieve. 

PLACEMENT: 

Material shall be placed in uniform horizontal 
layers so that when compacted it is free from 
lenses, pockets and layers of material differing 
substantially in grading from surrounding 
material. Fi~l shall not be placed on frozen 
ground. Placing of fill for which moisture 
conditioning is required shall · be suspended 
whenever the ambient temperature reaches 34 
degrees Fahrenheit and is falling. 

The finished grade of all fills shall be within+ 
2 inches of elevation specified or shown. 

Fill Type A 

Fill Type A shall be placed in a 6 inch maximum 
uncompacted layer thickness, moisture conditioned 
to obtain the required compaction, and compacted 
to at least 80 percent relative density as 
determined by ASTM D2049. 

Fill material placed within 2 feet of structures 
and in areas where large construction equipment 
cannot be used shall be compacted to the 
specified density by hand operated equipment. 
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Fill Type B 

Fill Type B shall be placed in a 15 inch maximum 
uncompacted layer thickness, moisture conditioned 
to obtain the required compaction, and compacted 
to satisfy both of the following requirements: 

a) At least 80% relative density as determined 
by ASTM D2049 for material having not more 
than 12% passing the No. 200 sieve or 90% of 
maximum dry density as determined by ASTM 
Dl557 for all other material. 

b) Irrespective of the compacting effort to 
satisfy part a) above, the fill shall be 
compacted in one of the following manners as 
a minimum effort: 

Rev. 46, 0·6/93 

i) Using a crawler tractor having a weight 
at least equal to that of a D8 
Caterpillar tractor ·with bulldozer 
blade. Each track shall overlap the 
preceding track by not less than four 
inches. When the tractor has made one 
entire coverage of an are~ in this 
manner, it will be considered to have 
made one pass. Each fill lift shall be 
comp~cted with four passes. 

· ii) Using a vibratory roller of minimum 
weight 20,000 pounds having a roller 
width of approximately 78 inches and a 
diameter of approximately 60 inches. 
The roller shall have · a vibrator 
frequency range of between 1100 and 
1600 vibrations per minute and have a 
minimum vibratory dynamic force of 
40,000 pounds. The roller speed shall 
not exceed 3 mph and each track shall 
overlap the preceding one by at least 4 
inches. When the roller has made one 
entire coverage of an area in this 
manner, it shall be considered to have 
made one pass. Each fill lift shall be 
compacted with four complete passes. 

iii) Using a hand controlled vibratory 
compactor in locations inaccessible by 
tractor or vibratory compactors will be 
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on the basis of the demonstrated 
ability of the compactor to compact the 
material to the same density as the 
contiguous backfill. 

TESTING 

The Subcontractor shall engage the services 
of an independent soils laboratory to carry 
out the testing specified herein. Reports 
of results shall be made available to the 
Contractor immediately they are available, 
but not more than 7 working days following 
completion of the test. Whenever doubt 
exists as to whether the specified degree of 
compaction has been attained, density and 
compaction tests shall be promptly arranged 
by the Contractor to verify conformance with 
this specification. The Subcontractor will 
be responsible for the cost of this testing. 

The Subcontractor shall be held responsible 
to remove. and recompact, at his own expense, 
any fill that fails to meet the specified 
degree of compaction. 

The in-situ density of Fill Types A and B 

shall be determined in accordance with ASTM 
D1556 and performed at a frequency of at 
least one test per lift and every 1000 
square feet on plan for Fill Type A and 
every 10,000 square feet on plan for Fill 
Type B. 

Tests in accordance with ASTM D2049 or ASTM 
D1557, as appropriate, shall be carried out 
on the same material extracted for the ASTM 
D1556 test. The · frequency of this testing 
shall be carried out at least twice in each 
8 hours during placing operations. 

Gradation tests in accordance with ASTM D422 

shall be carried out at least twice in each 
8 hours during placing operations. 

EXPLANATION OF RESULTS 

Generally, limits of excavation, fill and 
backfill for Seismic Category I structures are 
shown on Figure 2.5-37. However, the test data 
reports furnished by the "U.S. Testing Company" 
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and included in the appendix are applicable to 
the spray pond area only (sand-cement-flyash 
mixture was used elsewhere). In order to clarify 
the locations of the samples identified in the 
11 U. S. Testing Company" Reports, a new 
Figure 2.5-59 has been prepared showing wherever 
possible the distribution within the spray pond. 
Some traceability has been lost and not every 
test is plotted on this figure. It should be 
noted that the south west section of the pond was 
excavated in rock; soil sampling was therefore 
not applicable. Fill Type B was placed 
predominantly in the area to the south and south
east of the ESSW Pumphouse. However, there is a 
good distribution of tests overall for the soil 
areas; the results are discussed more closely 
under a following section dealing with 
statistical analysis. The correlation testing 
was carried out at a lesser frequency than 
specified. The good consistency of the material 
used, as indicated by the results of the 
compaction tests, permitted this to be 
acceptable. 

In some · cases, the test reports show that 
"failures" occurred. Whenever this was the case, • 
the soil was recompacted until satisfactory 
compaction was achieved. Accordingly, amended 
test reports #'s 7, 12, 17, 18, 20, 23, 32 and 33 
are submitted. A copy of the SDDR (Supplier #46, 
Bechtel #52) is also submitted. A summary of the 
amendments is as follows: 

a) 

b) 

Rev. 46, 06/93 

U.S. Testing Company Report No. 7 dated 
September 27, 1977 shows Test No. 1 failed 
with a relative density of 63.3% on August 
29, 1977. After recompaction, Test Nos. 2, 
3 and 4 were retested on August 30, 1979, 
for this same area, as per the field notes 
dated August 29, 1977, and August 30, 1977. 

U.S. Testing Company Report No. 12 dated 
October 4, 1978 shows Test No. 1 STA. O +90 
failed with a relative density of 74. 0%. 

Test No. 2 STA. 0 + 110 and No. 3 STA. 1 + 
130 were retaken for this location with 
relative density results of 94.4% and 105.4% 
respectively, as per the field notes dated 
August 19, 1977, to August 24, 1977. 
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c) U.S. Testing Company Report No. 17 dated 
October 5, 1978 shows Test No. 3 was retaken 
(Relative Density 82.4%) because of failure 
of Test No. 2 (Relative Density 13.1%). See 
field notes dated September 12, 1977. 

d) U.S. Testing Company Report No. 18 dated 
October 5, 1977 shows Test No. 1 (Relative 
Density 65. 7%) and Test No. 2 (Relative 
Density 39.8%) taken on September 15, 1977, 
and Test No. 3 (Relative Density 74.0%) 
taken September 19, 1977, failed. Retest on 
September 30, 1977, shows ·satisfactory 
results, as per field notes dated 
September 15, 1977, September 19, 1977, and 
September 30, 1977. 

e} 

f) 

U.S. Testing Company Report No. 20 dated 
October 6, 1977 shows Test No. 2 (Relative 
Density 13.6%) was an error in calculation. 
Should be 82.6%. 

Test No. 4 (Relative Density 32.1%) was 
retaken after a recompaction and shown in 
Test No. 5 (Relative Density 83.4%). See 
field notes dated September 21, 1977. 

U. s. Testing Company Report No. 22 dated 
October 7, 1977 shows rete·st done August 25, 
1978, and reported on Test Report No. 43 
dated September 7, 1978. See field notes 
dated September 15, 1977, and August 23, 
1978. 

g) U.S. Testing Company Report No. 23 dated 
October· 7, 1977 shows retest taken 
September 21, 1977. 

Rev. 46, 06/93 

Note: Identification sheet attached to 
original report incorrectly shows S.16. 
Actual tests were done on S.14. 

See field notes dated September 19, 1977, 
attached to Report No. 18 and dated 
September 21, 1977. 
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h) U.S. Testing Company Report No. 3 2 dated 
December 7, 1977 shows retest taken 
September 15, 1977, and reported on U.S. 
Testing Company Report No. 3 3 . See field 
notes dated November 14, 1977, and 
November 15, 1977. 

· Statistical Distribution of Field Density Test Results 

The field -density test results given in the . test reports 
were grouped for statistical study according to the test 
location and the compaction category (subgrade preparation 
or fill/backfill). The subgrade preparation for the spray 
pond liner was further divided into two groups - - pond 
bottom and pond slope. 

The mean and standard deviation were computed for each group 
of data. Where additional compaction and density tests were 
made at the location where an initial test indicated too low 
a density, then only the final density result is included in 
the statistical study. 

The results of the statistical distribution of percent 
compaction and rela.tive density for all groups of data are 
summarized in Figure 2.5-60. For each group of data, the 
frequency histogram, number of tests, . mean, standard 
deviation, and compaction criterion are shown. However, for 
small groups when the number of tests is only 2 or 3, only 
the mean is given. 

Summary of Statistical Results 

The statistical evaluation indicated the following: 

a) The distribution of relative compaction and 
relative density shown in the frequency 
histograms are generally skewed distributions 
with a concentration of test results close to the 
minimum compaction required by the specification. 

b) The exceptions to the above are exhibited in two 
groups of data: 

i) Subgrade Preparation for spray pond liner at 
the pond bottom, when 80 percent relative 
density was required. 

ii) Fill to the south and southeast of the ESSW 
Pump house. 
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Both sets of data show a mean much higher than 
the required compaction. The mean of the first 
group is 90 . 3 with minimum requirement of 8 O. O 
(rela~ive density) . The mean of the second group 
is 97.0 with minimum requirement of 90.0 (percent 
of maximum dry density). 

c) Although standard deviation was computed as a 
matter of interest, it is not significant in this 
case because the specification minimum 
requirements were met. 

CONCLUSION 

The test results and statistical analysis demonstrate 
that the specification compaction requirement was met. 
The spray pond was constructed upon a sound foundation 
and will adequately serve its intended function. 

An amendment · is made to Subsections 2. 5. 4. 5. 2. 2 and 
2. 5. 4. 5. 3 to address the 11 filled 11 area to the south and 
south-east of the ESSW pumphouse, since some of the 
"U.S. Testing Co. 11 reports cover the compaction of this 
area. Amended test reports are also included in this 
appendix. 
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2.SC.2 Listings of Boring Logs 

Item Sheets 

Key to Soil Boring Log Test Abbreviations 
For Borings 1101 through 1128 1 

General Notes for Borings Bl through B-11 1 

Boring Log 1101 1 

Boring Log 1102 1 

Boring Log 1103 1 

Boring Log 1104 2 

Boring Log 1105 1 

Boring Log 1106 2 ,'~ 

Boring Log 1106-A 1 
,,.,., ., 
~ u 

Boring Log 1107 2 
1.;.~11t-

0 
Boring Log 1107-A 1 

Boring Log 1108 1 
~~ - -\ 

Boring Log 1109 1 ~:0 .. 

Boring Log 1110 2 '..!1 

Boring Log 1110-A 1 :"-J 

Boring Log 1111 2 
~~7., 

Boring Log 1112 2 
e:,;. 

Boring Log 1112-A 1 

Boring Log 1113 2 

Boring Log 1113-A 1 

Boring Log 1114 2 

Boring Log 1115 2 

Boring Log 1115-A 1 
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Item Sheets 

Boring Log 1116 2 

Boring Log 1117 1 

Boring _Log 1120 2 

i 
I Boring Log 1122 1 

~ Boring Log 1123 1 
l 

Boring Log 1124 1 

Boring Log 1125 1 

Boring Log 1126 2 
. ~~1 

Boring Log 1127 2 -~·. ,. ---~ 

Boring Log 1128 2 '•:.;·\:" ·-

Boring Log Bl 1 CJ 

Boring Log B2 2 

Boring Log B3 1 ~*• , .. 

Boring Log B4 1 
::~♦ 

. ,., 

.:.,' 

Boring Log BS 2 
.'::-.J 

Boring log B6 1 :>) 

Boring Log B7 1 
[;' 

Boring Log B8 2 

Boring Log B9 1 

Boring Log BlO 1 

Boring Log B11 1 

Boring Log 1 2 

Boring Log 2 2 

Boring Log 3 2 
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Boring Log 4 

Boring Log 5 

Boring Log 6 

Boring Log 7 
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Seismic Velocity and Elastic Modul 
Measurements, Spray Pond, by Weston 
Geophysical Engineers, Inc. 

Sheets 

2 

2 

2 

2 

11 

NOTE: Holes 1118, 1119, and 1121 were planned but not drilled 
due to the bedrock out-cropping at borings 1118 and 1121, 
and heavy rock fill at boring 1119. 
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KEY TO SOIL BORING LOG TEST ABBREVIATIONS 

FOR BORINGS 1101 THROUGH 1128 

CR - Cyclic Consolidated - Undrained Triaxial Test 

S - Consolidated - Drained Triaxial Test 

Gs - Specific Gravity Determination · 

Grain Size - Grain Size Determination 
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GENERAL NOTES FOR BORINGS Bl THROUGH Bll 

1950 Chicago Building Code Soil Classifications are 
Used Except Where Noted 

DRILLING & SAMPLING SYMBOLS 

SS Split-Spoon - 1-3/8" I.D., 2" O.D. except where noted 
ST Shelby Tube - 2 11 O.D. except where noted 
PA Power Auger Sample· 
DB Diamond Bit - NX: BX: AX: 
CB Carboloy Bit-NX: BX: AX: 
OS Osterberg Sampler - 3" Shelby Tube 
HS Housel Sampler 
ws wash Sample 
FT Fish Tail 
RB Rock Bit 
WO Wash Out 

Standard "N" Penetration: Blows per foot of a 140 pound hammer 
falling 30 inches on a 2 inch OD split spoon, except where 
noted. 

WATER LEVEL MEASUREMENT SYMBOLS 

WL 
WCI 
DCI 
WS 
WD 
BCR 
ACR 
AB 

Water Level 
Wet Cave In 
Dry Cave In 
While Sampling 
While Drilling 
Before Casing Removal 
After Casing Removal 
After Boring 

Water levels indicated on the boring logs are the levels 
measured in the boring at the times indicated. In previous 
soils, the indicated elevations are considered reliable ground 
water levels. In impervious soils, the accurate determination 
of ground water elevations is not possible in even several days 
observation, and additional evidence on ground water elevations 
must be sought. 
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CLASSIFICATION 

COHESIVE sorts 

If clay content is sufficient so that clay dominates soil 
properties, then clay becomes the principles noun with the 
other major soil constituent as modifier; i.e., silty clay. 
Other minor soil constituents may be added according to 
classification breakdown for cohesionless soils; i.e., silty 
clay, trace to some sand, trace gravel. 

Soft 
Stiff 
Tough 
Very tough 
Hard 

COHESIONLESS SOILS-

11 Trace 11 

"Trace to some" 
11 Some 
11 And 11 

Loose 
Medium Den$e 
Dense 
Very Dense 

Rev. 46, 06/93 

o.oo 0.59 tons/ft2 

0.60 - 0.99 tons/ft2 

1.00 - 1.99 tons/ft2 

2.00 - 3.99.tons/ft2 

4. 00 · tons/ft2 

1% to 10% 
10% to 20% 
20% to 35% 
35% to 50% 

0 to 9 Blows 
10 to 29 Blows 
30 to 59 Blows 

60 Blows 
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