
SEABROOK UPDATED FSAR 

APPENDIX 2C 

GEOLOGIC INVESTIGATIONS OF THE SCOTLAND ROAD FAULT 
(CLINTON - NEWBURY FAULT). NEWBWRY. MASSACHUSETTS. AND 

PORTSMOUTH FAULT INVESTIGATIONS 

The information contained in this appendix was not revised, but has been 
extracted from the original FSAR and is provided for historical information. 



SCOTLAND ROAD FAULT INVESTIGATIONS 
.a 

CONTENTS 

I.  LOCATION OF FAULT INVESTIGATIONS 

11. INVESTIGATION PROCEDURES 

A .  Preliminary - General Area 

B. Final - Property of Marion H. Marshall Estate 

111. TECHNICAL INVESTIGATIONS 

A.  Seismic REfraction Survey 

B . Borings Investigations 

1 .  Soils 

2 .  Bedrock 

C . Trenching Investigations 

1 .  Trench I 

2.  Trench 2 

3 .  Trench 3 

4 .  Trench 4 

D. Age of Pleistocene Deposits 

E . Petrographic Examinations 

F .  Radiometric Age Dating 

IV . CONCLUSIONS 

References 



Figure 1, Location Map - Regional Fault Investigations 

Figure 2 Location Map - Scotland Road Fault Investigations 

Plate I Site Plan - Sub-surface Investigation 

Plate 2 Geologic Map - Scotland Road Fault 

Plate 3 Geologic Proflle - Scotland Road Fault 

Plate 4 Surficial Deposits and Trenches 

Attachment 1 Seismic Refraction Survey 

Attachment 2 Geologic and Soils Logs 

Attachment 3 Petrologic Examinations 

Attachment 4 Radiometric Age Determinations 



PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE ... 

SEABROOK STATION 

SCOTLAND ROAD FAULT INVESTIGATIONS 

Investigations have been conducted over a portion of the Scotland 

Road fault in Newbury, Massachusetts, to determine the presence, lo- 

cation. orientation and physical characteristics of the fault, and to examine 

the nature and structure of the unconsolidated Pleistocene deposits which 

overlie the fault trace. The investigations have indicated that the fault 

structure is of Permian age, and that Pleistocene deposits overlying the 

fault zone show no evidence of movement on the fault subsequent to their 

deposition. 

I. LOCATION OF FAULT INVESTIGATIONS 

The Scotland Road fault was inferred by A .  F .  Shride of the U .  S .  

Geological Survey (Shride; 1971) to trend easterly through the towns of 

West Newbury. Newbury and Newburyport, Massachusetts, about 7 miles 

to the south of the proposed Seabrook Station (see Figure 1). Shride has 

interpreted the Scotland Road fault to represent the eastern portion of the 

Clinton-Newbury fault, which i s  inferred to trend northeasterly for about 

60 miles from the area of Worcester, Massachusetts, to project offshore at 

Plum Island. Newbury. 



Detailed investigbtions to locate and examine the fault and its- over- 

lying Pleistocene deposits have been carried out just to the north of 

Scotland Road near the north corner of Newbury, Massachusetts, in an  

open field owned by the Marion H .  Marshall Estate (see Figure 2) . In 
this area, the fault forms the boundary between Newburyport granodiorfte 

of presumed Devonian age on the north, and an  unnamed complex of diorite 

and schist of unknown geologic age on the south. Diabase dikes of prob- 

able Triassic age intrude both the Newburyport and the unnamed diorite/ 

schist on both sides of the fault. 

IT. INVESTIGATION PROCEDURES 

A. Preliminary - General Area 

As preliminary investigation of the Scotland Road fault zone, 

J .  R .  Rand walked portions of the fault trace, and inquired of A .  F. Shride 

by telephone as to his studies of the fault zone in the area. R. J .  Holt of 

Weston Geophysical Research, Inc . , and 7 .  R .  Rand together viewed the 

inferred trace of the fault zone between Plum Island and Groveland, 

Massachusetts, by helicopter flying at various altitudes. Diorite ridges 

aligned parallel tat and about 1000 feet to the south of the trace of the 

Scotland Road fault in West Newbury are readily seen from the air, but no 

anomalous physiographic features were noted along the trace of the fault 

its&. Backhoe trenching investigations over the inferred 'trace of the fault 

were attempted on the farm of Miss Alice Elwell,  adjacent to Holman Lane, 



West Newbury. This exploration, ultimately involving a 232-foot trench 

excavation in  boulder till, sand-cobble till and clay till, was ' terminated 

because these glacial materials did not appear suitable for demonstrating 

the presence or absence of tectonic fault deformation. 

B .  Final - Property of Marion. H.  Marshall Estate 

As geographic control for all investigations at the final study area 

on property owned by the Marion H. Marshall Estate in Newbury, a stadia 

survey of the area and a base map showing all pertinent features were 

provided by McKenna Associates, Engineers, Portsmouth, New Hampshire 

(see Plate 1) . Technical investigations in the study area have included a 

seismic refraction survey; the excavation of four backhoe trenches; and 

the drilling of nine core borings. Laboratory investigations conducted on 

drill core samples from the study area have included petrographic examina- 

?ions and radiometric age dating. 

III . TECHNICAL INVESTIGATIONS 
A. Seismic Refraction Survey 

A seismic refraction survey was conducted across the study area 

during the period November 5-19, 1973, by Weston Geophysical Engineers, Inc. , 

Weston, Massachusetts, to determine thicknesses of unconsolidated overburden 

and weathered rock materials, as well as velocities of the various geologic 

materials in the study area. Technical details of this survey are presented 

in a report by Weston Geophysical Engineers, Inc., attached herewith. 



This seismic survey report concludes: ... . 

"The bedrock surface, as interpreted from seismic data, does not 

have any sharp breaks indicating faulting. The seismic velocities of the 

bedrock do not change sufficiently along the 1000-foot line of investiga- 

don to indicate the presence of any significant bedrock anomaly. The 

fault zone does not exhibit significant velocity differences from adjacent 

bedrock. l1 

B . Borinqs Investiqations 

During the period December 4,  1973, to February 13, 1974, nine 

borings were put down along the centerline of the seismic refraction survey 

(Seismic Line "A") to locate, define and sample the Scotland Road fault 

zone (see Plates 2 and 3 ) .  These borings, designated SRF-1 through 

SRF-9, were drilled by American Drilling and Boring Co. ,  Inc. , East 

providence, Rhode Island, under the supervision of Geotechnical 

Engineers, Inc . , Winchester, Massachusetts. Geotechnicdl Engineers1 

personnel logged the unconsolidated soils materials in these borings, and 

J. R .  Rand logged the bedrock cores. Detailed logs of these borings are 

attached herewith. 

The unconsolidated soils materials encountered in 7 of the study 

area borings include a blanket of silty clay ranging to 40 feet in thickness, 



overlying sandy-deposits of varying grain sizes which range to 55 feet 

in thickness. Locally, a basal section of boulders of a few feet in 

thickness underlies the spnd deposits immediately upon the bedrock sur- 

face. Soils materials were not sampled in the two angle borings, SRF-5 

and SRF-7. 

Plates 3 and 4 describe J .  R. Rand's interpretation of the strati- 

graphy of the soils materials along the line of borings . The geologic 

interpretation is that of a blanket of glacial-marine clay of late Pleistocene 

age overlying glacial outwash and marine sands, all underlain by a 

smooth bedrock surface on which were deposited discontinuous thin sheets 

of glacial till or ground moraine. The sands in borings SRF-1 and 'SRF-4, 

on the southeastern end of the line of borings, are largely yellow-brown, 

medium- to coarse-grained , and resemble glacial outwash. The sands 

in SRF-6, SRF-9, SRF-2, SRF-8 and SRF-3 are cornmanly finer-grained 

and gray in color, and contain occasional thin interbeds of gray clay. 

These sands underlying the northern part of the line of borings are in- 

terpreted as having been derived from erosion of the outwash, with rede- 

position in the near-shore marine environment prior to, but historically 

essentially contemporaneously with deposition of the rnaririe clays. The 

boundary between the two types of sandy deposits is in the area of SRF-6, 

where the elevation of the top  of the sandy material i s  low, and the over- 

lying clay blanket is thick. 



2.  Bedrock .- .. . 

The bedrock in the study area has been defined by outcrops 

of Newburyport granodiorite at the north end of Seismic Line "St ' ,  and 

by the nine borings which extend intermittently from the outcrop area 

on the north to Scotland Road on the south. The Newburyport outcrops 

at the north end of the line consist of missive, mottled pink and green, 

medium-grained granodiorite which exhibits saussurite alteration of feld- 

spars and chloritization of biotite. The rock does not show evidence of 

shearing on the outcrop surfaces. 

Proceeding southeasterly along the line of borings, the bedrock is  

seen in cores from SRF-5, SRF-7 and SRF-3 to become progressively more 

altered chemically and more deformed mechanically, becoming light tannish- 

green in color, and medium-fine grained and foliated in texture and fabric. 

With continued distance to the southeast, the bedrock in the hangingwall 

of the fault is seen in SRF-7, -8, -2, -9 and -6 to be an intensely de- 

formed, light yellow-green welded breccia or cataclastic rock. All of the 

rack in the fault zone is compact and well consolidated, and no zones of clay 

gouge or other unconsolidated crushed or sheared materials were encountered 

in borings in the study area. 

Borings SRF-7, SRF-8 and SRF-9 all progressed through the intensely 

deformed portion of the Scotland Road fault zone into unaltered, dark gray 

diorite and schist of the unnamed complex which lies to the south of the fault. 



In each of these borings, a thin (1'' to 2") , tan aphanitic rock layer 

was cored about 5 feet stratigraphically above the horizon where altera- 

tion and cataclastic deformation ceased, and this thin marker has been 

termed "mylonite" on Plates 3 and 4.  Borings SRF-4 and SRF-2 drilled 

only unaltered bedrock of the diorite/schist complex. 

Core in borings SRF-2, -3,  -7 ,  -8 and -9 was taken with an 

orienting barrel. Orientation measurements made by Geotechnical Engineers 

consistently show schistosity or foliation fabric of cores of the fault zone 

in these borings to dip in the range 35' to 60° toward the north or ~ 1 0 % .  

On Plate 2 ,  the subcrop of the footwall of the fault is interpreted to strike 

~ 8 0 * E  and to dip to the north at an average of about 4 4 O .  The trace of 

the footwall lies withln only about 150 feet of the location inferred by 

A .  F .  Shride from his regional mapping studies. The true thickness of 

the rock section subject to mechanical deformation in the fault zone ap- 

proaches 300 feet, indicating that the Scotland Road faul t i s  a regional 

tectonic feature of major geologic significance, 

C . Trenchincr Investisations 

At various times during the period November 20, 1973, to March 4,  

1974, four backhoe trenches were excavated in the study area to expose and 

examine the glacial-marine clay which overlies the Scotland Road fault zone 

(see Plate 2) . In all trenches, the organic topsoil zone was about 6 inches 

to 8 inches thick overlying weathered clay, and was continuous and lay 

parallel with the nearly planar surface of the study area field. 



1. Trench1 a 

Trench 1 ,  near the north edge of the fault zone, was excavated on 

November 20, 1973, in massive olive-gray clay to a depth of about 12 feet 

at the north end of the trench, and was carried for about 150 feet toward 

the southeast with a depth of 4 feet to 5 feet. A 2-inch to 3-inch layer of 

fine laminated silty sand occurred in the clay at a depth of 3 feet to 33; feet 

. below ground surface, sloping gradually to the south. This laminated 

sand-silt layer was continuous and not disrupted in the southern 100 feet 

of the trench. At the northern end of the trench, the sand-silt layer merged 

upward into the weathered portion of the soil zone and became untdenfiifiable. 

2 .  Trench 2 

Trench 2,  to the south of the fault trace, was excavated on Decem- 

ber 12, 1973, to a depth of 7 feet to 8 feet in clay, and was carried north- 

westerly for about 50 feet until collapse of the trench walls terminated the 

work. This trench exposed a thin, flat-lying laminated sand-silt layer in 

the clay at a depth of about 6 feet. This sand-silt layer generally resembled 

that found in Trench 1, although the layer was saturated in Trench 2, and 

small springs issued from it locally when cut by the backhoe bucket. 

3. Trench 3 

Trench 3 was excavated across the fault zone from south to north on . 

February 26-27, 1974, for a total length of 435 feet and to an average depth 

of about 7 feet. The trench was cut in olive-gray clay which was internally 



massive, but which had a thick-bedded characteristic which permitted 

measuring the gentle undulating layering structure in the clay. Strike- 

and-dip plots of these layering features are  shown in  plan on Plate 2 ,  

and the projected layering of the clay is shown schematically in profile 

on Plate 4. 

In addition to gross layering structure seen in the clay throughout 

the length of the trench, a 2-inch to 4-inch laminated fine sand and silt 

layer was identified within the clay overlying the footwall trace of the 

underlying fault zone. This sand-silt marker layer dipped northerly out of 

the weathered soil zone at about 100'feet north of the south end of the 

trench, and sloped northerly into a synclinal sag at 135 feet north of the 

south end of the trench, to rise back into the weathered soil zone and be 

lost about 170 feet north of the south end of the trench. 

The structure of layering in the clay throughout Trench 2 forms 

gently undulating, open folds which appear generally to parallel the .upper 

surface of the underlying outwash and marine sand deposits. No tight o r  

abrupt folds were seen to disrupt the continuity of layering in the clay, 

and close examination throughout the length of the trench failed to detect 

any drag folding within the clay beds. The clay is jointed throughout the 

trench area, with joints tending to change orientations to conform to changing 

attitudes of the broad undulations in clay layering. No slickensides or o ther  

evidence of displacement were detected on any joints in the trench. No 



sand dikes cutting across clay layering or filling joints were found, 

No offsets were found in the thin, sagged sand-silt marker horizon which 

was interbedded in the clay between Stations 100 and 170 in Trench 3. 

Between 55 feet to 65 feet north of the south end of Trench 3,  the 

backhoe excavated a pocket into the floor of the trench. to a depth of 

about 14 feet, to determine whether there were any stratigraphic changes 

to that depth which might be useful to examine while proceeding northerly 

with the excavation across the fault zone. To the 14-foot depth tested, 

no sand layers were seen in the clay, and the pocket was backfilled to 

restore the trench floor to the normal 7-foot depth. Within a few moments 

of completing and tamping the backfill, several springs erupted from the 

trench floor within the backfill area, with artesian flows rising 1 inch to 

2 inches above the floor of the trench. Fine gray sand suspended in the 

flowing' waters of the several springs rapidly built sand cones several 

inches thick around the springs. A dam was built across the trench to the 

north of the springs, to protect the proposed excavation to the north from 

flooding, and thereafter the southern 80 feet of the trench filled to within 

2 feet of ground surface, with the highly mobile fine gray sand continuing to 

be deposited from the springs onto the floor of the flooding trench. 

4. Trench 4 

Trench 4 was excavated on March 4, 1974, in  an attempt to locate the 

westerly projection of the laminated sand-silt marker horizon found between 



Stations 100 an& 170 in Trench 3 .  A similar layer was found in Trench 4, 

taking the form of an open synclinal sag which plunged gently to the north- 

east toward Trench 3. Spoon sampling of the soils in Boring SRF-6, be- 

tween the two trenches, also had detected a sand-silt layer in the clay at 

an elevation corresponding with that which projected between the two 

trenches. 

Various points on the sand-silt horizon in each of the two trenches 

were then surveyed in by McKenna Associates in order to provide lo- 

cations and elevations with which to define the structure of the horizon as 

it passed over the footwall and portions of the intensely deformed base of 

the Scotland Road fault. These surveyed points are designated points ' fA" 

through "T" on Plate 2 .  The structure of the horizon is defined in plan in 

an insert on Plate 2, and in profiles showing. the east wall of Trench 3 and 

the east and west walls of Trench 4 on Plate 4. 

As shown on Plate 2, the structure of the sand-silt marker horizon 

takes the form of an open, doubly-plunging syncline which strikes southL 

westerly across the footwall of the fault. N o  offsets of the sand-silt layer 

were detected in either trench, and no abrupt folding or drag folds were 

detected in this layer or in the clay beds in either trench. The sand-silt 

layer in both trenches does not apparently thicken or show increased grain 

sizes toward the trough of the syncline. No sand dikes were found fn 

Trench 4, nor were joints slickensided. 



No evidence was-found to suggest that the synclinal structure of 

the sand-silt layer crossing the fault in the area of Trenches 3 and 4 was 

formed by other than passive deformation due to differential settlement 

of the underlying clay. The relatively non-compressible outwas h and 

marine sands underlying the clay in the study area are at a low elevation 

beneath the area of this synclinal sag, and the relatively compressible clay 

section is thick. Conversely, the sand elevation is high and the clay is 

thin as seen in borings put down to the north and south of the sag. With 

the gradual post-depositional compaction of the clay materials through time, 

the thicker clay sections settled more deeply than the thin clay sections, 

passively producing sags in the originally horizontal layering of the fine- 

grained clay deposits. 

There is no detectable sag in the topsoil zone which overlies the 

synclinal sag in the sand-silt marker horizon in Trenches 3 and 4,  and 

there is no noticeable variation in thickness of the topsoil zone in these 

trenches. Since the sand-silt layer does not thicken or'show coarser grain 

sizes toward the trough of the synclinal sag, the sand-silt layer appears to 

have been deposited on an originally horizontal surface which lay strati- 

graphically above the present ground surface. Differential settlement and 
.. 

sagging of the sand-silt horizon must have been completed prior to the last 

erosional beveling of the present ground surface, presumably upon retreat 

of the last post-glacidl marine transgression, since the topsoil zone built 



upon this beveled horlzon shows no evidence of having sagged over the 

sand-silt sag or over any other of the gently undulations seen in the clay 

layering throughout the length of Trench 3. There is no evidence of dis- 

ruption of any of the sedimentary layers overlying the fault zone in  any 

of the trenches, to suggest movement on the Scotland Road fault subsequent 

to deposition of the overlying Pleistocene deposits. 

D. Age of Pleistocene Deposits ' 

No shells or other organic materials were found in the clay in the 

study area with which to establish an age of deposition of the clay. The 

clay deposit is, however, considered correlative with similar glacial-marine 

clays which blanket portions of the seaboard lowland throughout eastern 

New England. 

Borns (1973) reports that "a major amelioration of climate began prior 

to 14,200 years ago which resulted in a rapid dissipatfon of the ice sheet 

in New England at least by 12,500 years ago*. The recession of the ice 

sheet was accompanied by a marine invasion of the seaboard lowland, with 

deposition of glacial-marine clay sediments. Borns brackets the t ime of 

deposition of the glacial-marine clay in the region between 13,500 and 

12,500 years ago. 

Schafer and Hartshorn (1965) report that radiocarbon dates of shells 

from glacial-marine sediments on the seaboard lowland in Maine range from 

11,800 to 12,800 years old. Kaye and Barghoorn (1964) have constructed 



a curve of sea-level fluctuations for the Boston, Massachusetts, area 

which describes the last marine submergence as having ended abo,ut 

12,500 years ago in that area. 

It appears, therefore, that the glacial-marine clays of the Newbury 

study area are at least older than 11,800 years, and are probably in the 

range of 12,500 to 13,500 years old. 

E . Petrographic ~xaminations 

The petrography of eight samples of drill core from borings in and 

adjacent to the Scotland Road fault has been described by Professor Gene 

Simmons and Dorothy Richter of Massachusetts Institute of Technology. 

Sample Boring Depth (feet) Description 

SRF- 1 
SRF-2 
SRF-2 
SRF-3 
SRF-4 
SRF-5 
SRF-5 
SRF-7 

Amp hibolite breccia 
Mylonized quartz-muscovite schist 
B recciated quartz-muscovite schist 
Muscovite rnylonite 
Chlorite augen gneiss 
Sheared granodiortie 
Altered olivine basalt 
Ultramylonite 

Simmons and Richter conclude from their studies that "the samples 

(with the exception of sample SRF-5B) all show evidence of dynamic defor- 

mation; that i s ,  cataclasis, brecciation and intense crushing--all probably 

due to motion along the fault. The deformation clearly took place after the 

regional metamorphism. of the rocks (which was probably associated with the 

Devonian Acadian orogeny) . The microcracks produced in the deformational 



events appear i? thin section to have either annealed, or have ... . been filled 

by secondary minerals. There is no firm petrographic evidence of recent 

deformation of these samples". The complete text of the Simmons and 

Richter report is attached herewith. 

A further indication of the old age of deformation of the fault zone 

is evidenced by sample SRF-SB, from a diabase dike which. is enclosed 

within deformed rocks of the fault zone. Petrographically the dike is seen 

to be completely undeformed. The dike has been dated radiometrically 

(K-Ar) at 199~9 million years. 

F . Radiometric Age Dating 

K-Ar age determination have been obtained on six samples of drill 

core from bonings in and adjacent to the Scotland Road fault by Geochron 

Laboratories, Division of Krueger Enterprises, Inc . , Cambridge, Massachusetts. 

Sample Boring Depth (feet) Material Age 

SRF-5A SRF-5 42.1 to 42.6 whole rock 272 10 M.Y. 
. SRF-3A SRF-3 67.0 to 67.5 whole rock 269 10 M . Y .  
SRF-2A SRF-2 60.0 to 60.4 whole rock 256 10 M.Y. 
SRF-8A SRF-8 155.6 to 156.0 sericite/ 248 9 M.Y. 

feldspar 
SRF- I A  SRF-1 74.0  to 74.4  amphibole 324 14 M .Y. 
SRF-5B SRF-5 175.1 to 175.6 whole rock 199 9 M . Y .  

Samples SRF-SA, -3A, -2A, and -8A are from within the fault zone; 

SRF-1A is from the diorite/schist complex which lies to the south of the 

fault zone; SRF-SB is from an undeformed diabase dike which is enclosed 

within deformed rocks of the fault zone (see Plate 3) . Of apparent geologic 



interest is the fact that radiometric ages increase progressively with 

distance from the footwall of the fault zone. SRF-8A is from about 5 feet 

above the mylonite band near the footwall of the fault, whole SRF-5A is 

in relatively undeformed granodiorite about 250 feet s t  ratigraphically above 

the footwall, Radiometric dating of rocks within the Scotland Road fault 

zone fndicates that the fault is of Permian age, and suggests that deforma- 

tion in the zone may have been active through a period of as much as 

20 million years. The dike (SRF-SB) whfch intruded the fault zone is com- 

pletely undeforrned, indicating that movement on the fault had ceased by 

Triassic time. 

nr . coNcr.usrom 

The Scotland Road fault has been located within 150 feet of the lo- 

cation inferred by A .  F. Shride on the basis of his regional field studies. 

Nine core borings have defined the fault zone as being about 300 feet thick 

and dipping at about 4 4 O  to the north adjacent to Scotland Road in Newbury, 

Massachusetts. Chemical alteration and mechanical deformation in the fault 

zone increases progressively from north to south across the fault zone, and 

alteration effects of faulting terminate abruptly at the footwall of the fault 

zone, about 5 feet stratigraphically below a thin mylonite band. The fault 

is a feature of major geological significance in  the region. 

The fault is geologically very old, of early to middle Permian age, and 

me altered and deformed bedrock materials in the fault zone are annealed and 

compact. No unconsolidated gouge, shear zones or  polished joint surfaces 



were detected i n  cores from borings drilled across the width of the 

fault zone. The bedrock surface overlying the fault zone slopes gradually 

up to undeforrned bedrock outcrops at the north edge of the fault zone, and 

appears from refraction seismic surveys and borings data to be smooth and 

sub-planar, with no detectable topographic anomalies . 

Surficial materials overlying the fault zone include glacial till, 

glacial outwash and marine sands, and glacial-marine clays, all of Pleistocene 

age. The youngest of these Pleistocene deposits are the glacial-marine 

clays, estimated from regional studies to be older than 11,800 years. A 

thin, essentially horizontal layer of post-Pleistocene topsoil covers the 

glacial-marine clay in the area. 

Examination of the glacial-rnarine clay in four trenches excavated over 

the area of the fault zone failed to detect any evidence of tectonic fault 

displacement in the clay and Its interbedded sand-silt layers. Bedding in 

the clay displayed no abrupt rnonoclinal or drag folds. Joints were not 

slickensided . The thin laminated sand-silt horizons interbedded in the clay 

were not offset. No sand dikes were found in the clay, which directly 

overlies deposits of highly mobile fine sand. 

Al l  evidence observed in the current investigations indicate that 

Pleistocene deposits overlying the Scotland Road fault have not been sub- 

jected to disruption by tectonic faulting. 

John R.  Rand 
Consulting Geologist 
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SCOTLAND ROAD FAULT ZONE 

NEWBURY, MASSACHUSETTS 

INTRODUCTION 

A seismic refraction survey was conducted across the mapped lo- 

cation of the Scotland Road fault, as originally mapped by A .  F . Shride 

(1972) and shown on Figure 1 and Plate 2 of. the report. Seismic field 

work took place during the period of November 5 through 19, 1973. The 

location of this survey is shown on figure 1 of this attachment. 

The general purpose of this work was to determine thicknesses of 

overburden and weathered rock materials as well as the velocities of the 

verious geologic materials existing at this location . 
RESULTS 

The results of this refraction survey are shown on a profile of the 

bedrock surface (Figure 2 ) .  Also shown on this profile are overburden 

and bedrock seismic velocities, boring locations, and bedrock depths as 

found from borings as well as the fault zone, as indicated by J .  R. Rand. 



The bedrock &face, as interpreted from seismic data, ddes not 

have any sharp breaks indicating faulting. The seismic velocities of 

the bedrock do not change sufficiently along the 1,000-foot .line of 

investigation to indicate the presence of any significant bedrock anomaly. 

The fault zone does not exhibit significant velocity differences from the 

adjacent bedrock. 



SEISMIC LINE LOCATIONS 

SCOTLAND ROAD FAULT 

PUBLIC SERVICE CO. of NEW HAMPSF~IRE 

SEABROOK NUCLEAR STATION 



ATTACHMENT No. 2 

GEOLOGIC AND SOILS LOGS OF BORINGS 
SRF-1 THROUGH SRF-9 



r 

&mu10 LOCAT- dn -lad Rd. aLe plan DICLIWATW Vedlcal EmRmG DATE stART/fDlm Dec. 4 .  1913 / be. 

CA9WOIb 3 la. CORE 1IZE 1-T/Q (a. TOTAL D D P l l l  6s. 0 I t  DRILLED B? Ametlem Drl l t in~  k Betlng Co. i W. Mmco 

Crry l r  emd clay nnd clayey flm eund Sllty c l u  h soft. m d h m  to high plra0- 
CIS; m ~ b t l y  at&i vevy .OR whem r m o l b k  i.y*m vary 0.4-10 nm,aunon - O. m 

Gray allty C l n r  rmd. Untfnnn: flwm are naplutlc: wry fni  firactton to mhrktng teat. 

hyer of my clayey KIIY~I)V 8 1 d  w i t h  mbrmnd.d t n v a l  up to 20 mm Ln rlrt. 

Bmwn vew 8 l l ~ H l y  a l w  uniform flne to medbm m m d .  

nor) - Sear 8trmN momm 
vlth Tonue .  

-8phtrpmmr.aplr 
u -udlrluritdur*p~~r 

VAN- ATOMIC ELlClCRk COYPurY 

I-hwbb.  I -Dnbm 
r-rludpm P-P- 
0-Ol-rb.~ G-Gn 

k - ~ K l c l J  of 



B O R M  W T m  tloa l)oo(hd Rd. rltc plam DICLWATIOW Velllcrl BURWG DATE START/FNBH Dee. 1. 1973 / Drc. lo. In73 

CAIWG ID 3 in. CORE SIZE 3-1/6 la 1-5/6 ' TOTAL D E W  7 5 h DRILLED BY Drllt. & - & q  

a n y  clay p k e t r  up la 8 rnrn In r l u .  

9bnIl.r to hmpb 510. 

Gw-bmrs ftnc to mtdlum *and. UnUonn; aubmundcd gmlnm; clera. 

Ught Cny flw smd. Unlform: clean: cbd.11~ m e  B mm rlze mubraudcd piece m v c  

Slmllar lo  Sarnpk 913. 

Not natnhly wx. A l k t c d  Catrelulle me4. 
by mcumntphfe pmcuaw yellnwlmh ~ [ r e e ~ ~ .  
to llght yellbu g l ~ c n  malrUc. Fallated 
colnr. Nnt nllekeru l&d. ghblc-ltke breech. 

feIdnpmthlc md chloritlc 
atlonl. Thin kldmpathlc 
e n  and frrrmhr vrtnkt 

red two b m l b a  from 41.6 it to SEABROOK STATION . 
PUBLIC ~LRVICE C~MPANY OF NEW qAwesmt 

u - Uadrurbd r-plu 2 )  ruer) - w a r  m t w @  moanured YANKEE A'IDYK ELECfRlC COMPANY 
wl(b Tawme 

s-sb.a*.wba w - D l -  4 8 l A  - 146.2. SIB -51.7 r-rkdwCa P-PILoh.? 
He?!?!!!* - -  

0- O.l.rbrg G - O R  4) Aate of d v w c  net e r ~ f b b k  lor 

k - C a l l  k M  or 
NX-I tb- 1. 

. - 



mum I & C A T ~ ~ R  ~ d .  .fie du ~ ~ C L ~ A ? ~ O N  vertk*! BEARING D A T C S T A R T / ~ B H  ba. 11. 1873 / ~ e c .  IS. 19.1~ 

CASWGID 3 lo. CORE St= t - l / d  to 1-7/8 lm TOTAL DLPTA PS.0 h DRILLED BY Amerkm Drltllng k Barlru Co.: M l a c a  I 

ALtcrsd dlor!te fi ?). Flac- 
grained. li&t m y -  
matrlx with medium- 

T." f thprr  pheooc y r t s  
roo jomt gmn color. Joints rha dtrb8re or rim bltstloa thnqbart 

r l l b !  m t y  wx ell&. 

Flcnh. bl altered hydm 
Wrmrlly lo 1 1 ~ k i  m- 
Inh ~ c p l r ~ c j  tny- Jo 
nhd par(lnm nra nnt 
rlIekonrMd. nnt poll 

be moderately folhtad Ntv- 
burypar( mom. 

,,Itor) -Stmar .tmM rneuulrd 
wlth Torvane. PDBLE lPIVPCE COMPANY OF NEW RAM-IILL 

YANKEE 4YUMlC ELECTRK! COYPAMT 

31 M e  d adrum oot .vattable lor 
~ g - 8  t h r m  W-11. 



9 
m~n*: m Ldtad Rd. *Ite Plra P t C L I N A W  Vcr(terl B E A I I G  DATE ST A R T I m p H  Dcc. 20. I973 / Jmn. 3. IS74 

CASWC b 3 h. CORE SIZE 2-1 f l  ta 1-T/B in. TOTAL DEPTH 96.0 b DRILLED BY Amcrlcnn D r w  Go. : W. 

GROUWD EL ~HSL) 1 7 . 6  f l  DEPTH TO WATER IDATE I t  ! Jon. 2. 1974 LOGGED BY Sail - n. o . - 
SAI,,PLE  RAT^ Czfi:$ O ~ R Q D  PRESSURE TEST STRIKE* 

SOIL AND ROCK DESCRIPTIONS 
0 F w, barn. r n l a e r n l ~ .  

color, hnlndnnn. etc.1 

tort: oorrlalna n Imw clny Irvcm up trr f rnm thlck. 

Slmflnr l o  Sample Sb, h t  contminn alry lmyrrl up tn 5 mm thlck. 

: Rmwn rndium to comwc. rind. Unl lom; rubrnundcd gnlnr; c M r l n r  r few alke-brn 

Rmwn p ~ v e l l y  r l l ty  r n d .  Widcly gmdcd: rrubmm&d ~ t w ;  Hncr am nmplrmtlc; con 
tnina n fcr gmvcl pkccs up tn 20 mm in r im.  

Similar In  Slmplc 813, but mlro eonlths rubangular ~r lnr .  

Simllmr tn  Mmplc S13, but cbsn. 

B r w n  mullurn mad. Unifonm: ~ubrnurvlrd gntru; elan. 

Schlmt. Fnldrpathlc. tine- 

. 
lrnlncd medium dark Fray M i -  

Appjmd nnrrnr fnutt ;Dare ar 

Fault-nr m u  Pmrh. C)ORC 11. l~rnkcn 
rhcnm a1 77'. RZ.5-85' and M.5 

hi*-angle inlntr or m Ilnve fclhpnr r t r l q e n .  md 

pnHlna m hiph-nwte mlc.caara "gnulce". 
follntim. Fmah. n d  m. ' 

&par veining 8en.e of d w - f o w  
rmnt tatt~ted lt = '8 up 

1) B - Shear rlwngth mnrumd 
u ~ n h  Tnrvanr 

2) Rrtc of &am? nnt wmllnbts let 
NQ-T t o  O. 

- E d  .loo lh hammer I - F k ~ d  p(.m P - PLlchrt 
0-Olrstbrrl G - G E I  x - Orlcded core Dalr: Jsnuaty In.  1974 RaJet 72L# 

D - Drlllbs bmnh k - canrlcnt of 
I 

r x  - Weathared. rull.riw p r m a b l l w  PAGE 1 d 1 L b G O r m R m G 4 ~ 4  



BORING WCATICW -d Rnn rft-rq INCLINATION IS - 4b' R R h I I I C .  R90): Dh r E  b t ~ W t / F l N ~ 1 1  1)c.ovmlrr 26, In73 / Jamun y R. 197.1 

CASWCID 3in- CORESIZE: 1-7fqln. TOTAL DRPTTI 1!17.7 " h DRILLED BY Am#.r(cnn l)rlllinz 1 Rnrln~ Cn.. T. Cnnnlnt. 

GROUND EL rHSL) 17. G R DEW?? TO WATEn/DA'TE 0.0 I t  / 1k.e. ?G- a mGED UY Snil - K. l'ollr; R w k  - .I. It, Ran#! 

' EL MMPIL: RATE C..tFEa or RQD PRC:ISURE TEST . F fdrrtlm u 3 Sl>fl. AND ROCK DmCRIPTIONS 
m W b d  J-Jew a (We.thurln:. drlcctr. eke. ) (bps, wxluro. m l m r ~ l b ~ . ,  

k C - Cnntuct cnlnr, hawlnrrm. etc. ) 
T nl 1 t>an,aec f*~..  'g 

Jntnt rurfncaa nr@ m l  
rltk@n*i&d. 

rpntling. C f r r n l l  
lmal ly  ahnwn lnl in 
Cut hy furml le l4~p 
rl rin;~rn. B innt*  
Wcnmcn mcrllurn -rim 

Dinrlte. Mmltum-fim 
grzlwd. Mrtliurn ~;rrenlsh 
pny. lncnfly Inlirtd.  

mechanically rlrlnrma~l. 1p- 
pmaehlng huh-em*-natc 

KnlruvI. Incal?v r h m r  lcn- 
drncv tn brlintlm. Mnlbm 
grrcaUh Rnv. 

f;nmrilnrilr. L)crllam- 
gnlrrr(, nmlhlm prccnlmh 

notd wrc mc.uurad "1lq lhe 
', nM v c ~ i c n l l v  F'UBLlC SERVICE COMPAIW OF NEW HAMPStllE 

s -Sp l~ t rpemrunpk  
U - Umdmmrbsd rlmpln 21 U'n*h l  Ihmugh dnv In 34.0' - no 

YlsWKEE ATOLIK: ELECTRIC COMPANY 

ramplrn lmknn 
S - Shelby t u b  N - Danimm 
F - Flxed pimtm P - Pltchmr - Rdlcr  h l l t d  to a(;. R. 

0-  Chrcr lar~ C - GE1 



I gORmG mCATlON SCC Scdlar*l InaA ritr ldnn INCLINATION 46 - qf!' nEARMCi DA rE !CTART/rffISH b c c ~ m l r r  26. 1973 / - J n n ~ ~ t n .  I .  1!174 

CASING ID 3 tn. CORE SlZE 1-7/u 3n. - 



TOTAL DEPTH 

: aomtrh.( b la lg .  

army silty olny. SoR: mrdium plullefty; m1kM)J slldty. nuttar) - 0. P6 UI 

Rlnllar to RImplt Sl. M mare Mlcky. mynoti * 0.14 tmI 

S+mllar to S ~ m p k  98. b l t  mom bf Icky. muftor) - 0. ZO u f  

Slmilar to Sample $3. ruRar) - 6.25-0.36 tm? 

Nde: CaaisE b t  BI : 14 R whlr drlvlnu Nac: Rock La medlnm-fbe paw. 
and hok c r u d  nnl acccpt P- ~ m u n d m u n  cmtrinr mub- 
barrel for 5 R mlv. Cnrld ro( rnrnded ~ r r ~ m n t m  and mlc 
rink m second mn due tn caving Irulte4 piece. A l l  h a d .  
potentla1 st  hame el  camint. Jolnle a h a  minor mrtjr surf8 

w e l fear .  W d  ~ I l t k e ~ l d m d .  

i (p ,-z--'c 

n - ~ r d  -mum m w ,  blmrh - mom- e m ,  z 
n q ~  - me d .aud om 4 (r. d 1-me e d ,  5 ; S p G d = *  - U d U r n r M  ararplr 

S-&nJ,hb .  N - D . . u . m  
P - T ~ p l r t a  P-PIteb? 
0-O.brbw 0 - G t 1  

D - W W b r * &  k - C a i l k l m t  d 
vr - W n h r m U ,  -rim# pimabll ig 

NOfEJ 

I 1  SUCm r mnr -flh mgaeumd 
wl# Tanmn 

" SEABROOK BTATI.0 N 
PVOLtC SmYICt  COMPANY OF NCW HAM- 

TAN- A I D W E  ELECTRIC COMPANY 

@!?!!!!IE!E!!?~--- 
ram! ~ a f e l i  B,IVW pro).a ~ B I  

I I 

PAGE 1 d 1 UlGOrmRmG SRf 6 



f 
W R W G  1aCATlON .% kn(lnnd Ravtl mllr. jttnn WC1.IWATK)N 4 . r  I!EARWG SI.1 E nrl.l# T 0.4 PT START/PMISH Jan. 1, 1!t7.1 1 Jan. In, 1974 

CASWG I'D 3 In. CclRE SIZE 1-7/R 4n. T(ITA1. l IRl~'r l1 ZJ5.0  f l  nRII.I.ED RI' Amr*ricm Ihrilling C MI-inr: 7. Cmninc. 

51 911. .4wr) unch: n+scR ip r lous  
(Q'n. Pcxlurc. rnincrmlr*v. 

crlnr. hadn~~nr .  clc. I 

nlickcnsHcd. - - a  - .- 
- 8  A Apbnltic- 

Drillcr brrha y yellou-prcsn 
at cl* lnt@*nI~ ~ n t  WX. (:nrc. hrnknn-2 T ~atncinsftc. Fntrly tine- 

ihmuphm.11 Inctb 1' !a ,-- = grained. llphl emn lah  ((ray. 
4 '  picccn by pmr - - , Foliated. Apparent tta rli 

fnlintcd dhrltc In 103'. Fine- 
pmind. lolirtcd with nrnall 
c(uarLk cycr bcim. Rccamcn 
very I lm-~n lncd .  

grru-nhh gmv. 1 h . n  
nd rr.n.ml~k. ~llntmrv. 

x i  irkm~hlcd. 

a 

b 

unr ES 

1 b Anplc hale 

ZI Washed lhrauph ro l l  from 0-65.5' - 
nn u m p l r  tnkon. 

31 Rallcr hltIcd l a  ri. O ' 
I r  Nn nlavs pr r - r r l :  hi.mInre. nn mnter 

r-~alr.ntc uaq n. ~k* t . rn~ rmd. 

f.1 l l ~ i n  IS nnlv n p ~ f l l a l  list ad dip wngl 
st rihr data. 

)C - s-&td ~ ~ ~ V D L L W  m m ~ r h s c .  blowm/h 
RW - I M ~  r a c o v c d l k a @ h  cored. ': 
RQD - bn@ af r o d  eore 4 In. .ad 1aycrlknrU1 cored. 7 
s -spl i t  .porn sunpk % c r a a d w m ~ r  
U - U d b t l l r k d  r.mph8 

S-shcllsy(ub. W -  bent- 
F- rlxcd pwton P - Plwher 
0-  Oourberg C - GEI 

D - Drlllk[ bttmk k - C ~ f f k i c n l  nf 
vx . waaLhcrcd, wemtherln# $mn~eahlllly 

SEABROOK STATION 
PUBLE SERVICE COMPANY OF NEW HAMPQIBE. 

YANKEE ATOMIC ELECTRlC COMPANY 

~ ! ! ! ? ? + ~ s - a  . 

D n k  F'vl#mat-v 13, !!IT4 Prof.& 72B@ 

PACE 1 at 2 t lX iOt8ORWO S H Y ?  



*. 
2 

B O R ~ G  IDCAT stc S c a ( l d  b a d  rltc plan M C L M A T ~ ~ N  45" REARPIC - D A ' ~ E  START/FMISH Jan. n, 181.1 / ~ m .  111, 1974 

CASWG10 sin. CORE 3lZE 1-i/n In. TntAI. YlKPtH 25ri.n It DRII.I.EI) RY Amcrlcn~ n r l l t lm  t Wring: T. Cmnln~.  - 

~ m n l m h  ~ny.  Epldatlad. 

Cnlnclnrlic. F'lnc--gmlned 
tranmiaC p m m  #m.nl ty 
h~lintrrl. lrrrcclnlrd. Xol 
rat hv ern%*-Cutt~np win- 

C;rlacln*tlc. I.'lnr7rrninrr( 
mntr~b, c11idMt l~lwling. 
E.stc.n~tvc k n r d  hmccir 

and fnlinlinn t o  nl ru t  21R'. 
hlcdium ~raincd. medium 
E n v .  Vclncrl bclom 2ln'. 

Ilanritc. h l ~ l l u m  g r n h ~ t ,  
mcdiun~ dark to dark grnr. 

F;nl nllckannldr*l. C d , Irrrgulnrly cnlcifc-\r?lned 

.L rl ihrwl;hl*lt. fuad.  
k w <  
a a : . *  

nkriir. Mlwd mrcliunl- 
' prnincrl bmrk ~ r a v  rllnrilc 

mclrm ing fine-gm lnrd. 
dart Crmv dlnrltr tnclurlm 
):.ff.%.ll.$\'~))r I e l b l k l t l y  

I F 
- - 

- - 3 
1 - - 

w - S m r d  pmelmtirm ?eEt.lanC@. hlowr SOTF.3 
Rte - m @ h  r s c m c m d / k n ~  cnmd. ': 

x - i ktmtcd cnrt SEABROOK STAT10 N 
RQD - b n f i  a l  rmnd c o n  4 in. md Imierilcn*(h carrd. 2 FWBLlC SlBVICE COMPANY Of NEW HAUPWIRE 

n S - Spllt mpom runple 8 Grrundwater Y ANREE ATOMIC ELECTRIC COMPANY ' 
% u - L'ducurbd 6.mplcm 
3 r S - Shclb Rlbc N - DmnImcm a!!!!!!!-3?!!!!*-- 

F - ~ h c d  prnm P - Fttcner 
0 - Ckrrrbcrf G - C t l  1taIr: A p r i l  l w ,  397.1 Repa ?¶M 

D - Drllllng break k - C a l l r o n t  n l  
WX - wumamd. wmahsrmc pnnarhll l ty A z d 2 UXi OF IbORINC SHY 1 

d 



~ W G  ~ A T W  bs lltdlmd Rd. altc p l u  WCL~ATION Vcdienl B E A ~ ~ G  mrtc s~~nr / tMmu JM. 25. 1974 / reb. 19. lS?4 

ChSPlG ID 3 La. CORE SIZE 1-7/1 h. _ TOTAL DEPTH 172.0 ft DRILLED BY Amcrkm Drtlllnr L Bod=: T. Cannh~  

SOIL AND ROCK VEPClllPTIONS 
Wmakherh~. defmcu. ate.\ hp.. to-n, mkmtalog. 

calar. IYIQHn. etc.; 

.' Slmtlmr to ample ST. ht v c y  *on rlul atlcky 1 . a ~  dlalurbcrll. 

N36W. ZSNE J 

Catrcladlc. P h -  

W a  w. Mcdlum-#my 352 ' 

Ereen bleachlmg due la ,&. . j 

RQD - d m a d  c o n  4 la. mnd l-r/ lrp cad, t 
2) a ear) - 9u.r 8 t n q U  moarrrd 

PUBLIC 1GRVICE COYPAm OF NEW 11AYPIWW 

g 1 - Elpllt mpmm u a p k  8 Gratsdr.ut 11 rtlh Towanc 
t: - u*rm- Bmplw 

YAnKEt A7UWIC ELECTRIC COYPAm 

51 Ihlr I m  mly r m*(rI llrt ddtp a d  p m B d - . . - -  y S-SWBJWL ?I--- drYu data. .-I-- - h o d  p i a m  P - PltoLr 
O - O . u r b r g  G-GEf mu: umrth v . 1 ~ 1  

D - DrlllwW k - cimnkbtnt d koj~~ nc@ 
wa - WmUh~md. ~nrmbfl!t). a - othnkd cam PACE 1 d t L d Q o T b o n ~ C  _ W F ~  



# I R ~ G  LOCAIZOIO 8m Bcathnd Rd. riie phD . WCLWATIOW Verrte.1 BEARWG DATE START/FLUBH aan. 25. lW4 / ~ e b .  I 9. 1374 

C M G O  3 bl. CORE 8lZE I-?/@ In- TOTAL DEPTH 172. U h DRILLED BY Amcrlcam Drllllnz k brinr:T. C m l w  

CROVHD EL IWL) 17.6 11 DEPTH TO WATER/DATE TMnl i t  / - -ED BY -%It - K, L. Polk: RI%% - J. R. Rud 

EL MMPLC R A ~  CIil& or W D  P R E S S ~ E  TEST 8TRIKE. DIP 
or F - rollatlm 

SOIL AND ROCK D r J t l l r P r t O N S  
IX..Lrw, .*.I (Vp.. t.IIPm. rnlwr~lecv. 

color. h-r. a=.) 

( 
l l l l l l l l j b o  

5 - SllcksorWc FROM P R E V W A G E  

N& pollnhd. 
.a - 

9-29 100 1-1 ST A -a - L ...: Intcnmbty d c l m t d .  n- 
A A ,  

-4- 
6 A 

wnhg rs(nletc. Na 

xNQ-241D0 1.2 71 N B 6 1 ,  ROSE F - -. 
-I - dmerrrble calcfie. 

NRZE, ZRNW J - -. - 
Not W l .  hydmtherm- T; ;: 
ally altered to Ira. 6'. A a Cataelastlc. FLn~rcLned - ' xP#Q-2St00 1.2 77 10 bmccla h'r'w 
Pn,h, errmtln,b un- K+.,z. 160.2* 

- 
splddc. ~edLrn  ~ m n b h :  

rltcrcd below part* - 16" fny-tau nr 15s-lga.6 n - 
rNQ-26 DO 1,s 47 gencrrlb pat.llel 

C-2 M'im*e 

te~~rtaar. A feu rtrl- Fm't zone-t-'tloul-na 8'lck. 

stad murfaccs. n d  :-:;' e -  B 1.5 ST - 
HZ,& , o w  F 1 S m d h  )I P " ' ~ ~ .  I . B, Medbum-lac pa-, 

N89E.  46NW F : - . m I V  rncdhrm grmy. 
L 

BQTlVM OFBORlNG 

- - 
- 

I 

- 

- 
C 
t 

. .  

r 

E 

* .. 

y 

n - 8m11&d porautlm mnhbace. W a l f t  
ROU - la* nearrdhm#th 0-d. B 
R Q D - L a g t h a C r m d e ~ 4 %  modimprflalllmmil.~ - spltr .pea rrmpk & C-r : - Wimm- nunplea 

s-eummb. N - D r l r a a  
f - F W  W m  P - Plt~lwr 
0 - b t m r b r g  G - G I 1  

D -orlUh~k& k - Coolllcklr d 
wx - f i d r d ,  n-4 .~pnnm~blllg 

NOTLY 
8EABROOK STATION 

PUBLlC LIIERVEE COMPANY OF NEW RAYPSaDt 
* f ANWE ATOMIC &LECIRlC COMPANY 

D8Y: Mnmzh 1. 1974 Propot ' R B #  

PACE e d e ~ O F B O R ~ G  r n ~  I 



~ R W G  u x ~ ~ r a u  Scdland Rd. anc p l ia  WCLWAT16N Vertlcal B E A R ~ G  DATLSTART/FIN16H Dcc. PO. 1973 / Jan. 3. 1974 

CMUG P) 3 In. CORE SIZE 1 -7/R la. TOTAL DEPTH 1 1 17.3 h DRlLLED RY American Drllllng O Bormg: T . C 8 n ~ l n ~ . r .  TJaqu*tte 

CROWD EL ~MSLI 17.6 rt DEPTH TO W A T E R ~ A T E  0.2 h / f i e .  20. l n n  U O G E D  89 .%il - K. I.. Pok: Rock J. R. Rand 

g$rEh O ~ R Q D ~  PRESSURE TEST STRrm* nlP 
F Fnllatlm SOIL AND ROCK DESCRIPTIONS 

Computed J -joint f ~ o m t h e r i n ~ .  &f.cll. wlc.1 
m k C -ConL.c1 

(m. r n h s r r l ~ .  

~ n f i l c  prt I O - ~ ~ ~ / ~ ~  B m ~ e d d h  Q E color. lumhema. e k .  1 

17.8 o r l -  i d b  
I Il;;R~,"II'pYyb;;~;c;I(t~~t;.*"mr rtn? r o l n .  om.n:c IA M ~ I C ~  my bra- 

1.n- yln;::crty. n' b o r l s  ~.%:iSsz:slmllar & smkple sf*.- 

$ + ~ r ~ ~ ~ ~ % ~ ~ ~ i ? & f l Z  ' * ~22w~i$/~i~~ci!!?. 'so r+ !:o~zf '=- 
Nor) - a,. a , ,~0r1> C ~ m f .  ss-6\all*r to ~a 1e 5Y tmt m IW *pat. 

S6-Ol tve -h .m to 0 1 i . e - p  e l &  clmi. M~&I.& p l p i k ~ :  
n b a t k k y ;  oontnlne few wilt Iaverac 0.6 mm thtc . r ltor) - 0.36-0.42 bf. 
57-Rmdar to Sample 96, hut n l l ~ t ! y  rtlcky. mullor) . Ij.32 tmt. 

Gray f h  mad. Umlbnni cknn; v e y  faat motion t o  .hoking teal. 

Sirnllar ta Sample S13. tnH nlro conlainn a t y e r  of coat re  a d .  

LlgM gmy flm toconrrc snnti. Widcty mhd; v e y  all(ChCly silty; r u b a n y l r r  Rrminr: 
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