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1.0 'NTRODUCTION

1. 1 GENERAL

This report presents the data collected and the conclusions

drawn during the geologic investigations at the site of

Niagara Mohawk's Nine Mile Point Nuclear Generating Station,
Unit 2, during a period from June 1979 through July 1980. The

main topic of the studies were "thrust" faults which have been

exposed at several locations at the site. These faults were

initially noted in the fall of 1976, in the general area of

the heater bay. The faults were described previously in two

reports submitted by Niagara Mohawk Power Corporation.

The collective data base and geologic evaluations presented in
this report are derived from four lines of investigation and a

review. Included are:

detailed geologic mapping of selected exposures;

exploration with borings;

study of secondary materials (lacustrine clays and

low temperature calcite mineralization) encountered

within the'ones of deformation;

in situ stress determinations; and

expert opinions by several prominent members of the

scientific community.

The information in this report is intended for use in conjunction

with the previously presented data in evaluating the significance
of the "thrust" fault .structures in relation to the nuclear



facilities at the site. This data has been utilized in

addressing some concerns expressed by the U.S. Nuclear Regulatory

Commission in their questions Q361.1 through Q361.35. These

questions were transmitted in two letters dated October 1,

1979 and July 9, 1980.

1.2 HISTORY OF '"THRUST"'AULT INVESTIGATIONS

The types of geologic structures, such as in the heater bay and

the radwaste building excavations, shall be referred to throughout

the remainder of this report as the "thrust" or Radwaste Fault

structures. These features were initially discovered in the

autumn of 1'976 in the following components of the power complex:

the north and south radwaste trenches;

the heater bay;

the normal switchgear building;
the circulating water intake building; and

the north notch of the reactor containment.

In early spring of 1977, "thrust" faults were discovered in the

cooling water intake shaft at a depth of approximately 120 feet.

Similar faults were also encountered in the lake water intake

tunnels upon their excavation in the spring of 1980. They are

present throughout nearly the entire 1500 foot length of the

east tunnel.

In late spring of 1979, excavations for the revised circulating

water piping trench were completed. In the eastern half of

this excavation, minor deformational features were encountered.



The style of deformation was very similar to that of the

previously mapped "thrust" faults. However, the magnitudes of

displacements were considerably smaller. Additional minor

"thrust" fault structures were encountered during the spring

of 1980, while completing excavations for the cooling

tower.

Plate 1-1 presents the locations of all known occurrences of

the "thrust" fault structures at the Nine Mile Point Site.

Investigation of these faults was undertaken in the autumn of

1976. Dames & Moore and Stone 6 Webster Engineering Corporation

were involved in the initial investigation. Three interpretations

were advanced concerning the origin, age, and significance of

the deformation. These are:

the structures were developed prior to lithification
of the sediments during early- to mid-Paleozoic

time;

the structures developed as a result of brittle
failure after lithification of the sediments during

late Paleozoic time;

the structures developed as a result of brittle
failure which occurred in relatively recent geological

time, under conditions of shallow burial, and was

considered to be a manifestation of high lateral
stresses.

A thorough examination of these structures by Professor P.A.

Donath 'of the University of Illinois at Urbana led to the

elimination of the first interpretation stated above.



The features were thoroughly examined and an extensive effort
was made to collect information to determine the age and cause

of the deformation. The data obtained up to that time did not

permit, an unequivocal interpretation, but it was recognized

that there were two possibilities. One was that the structures
had formed, in Paleozoic time, contemporaneously with the

development of regional conjugate shear fractures. The alternativ
interpretation suggested that the Heater Bay structure developed

after the youngest. structures associated with epigenetic

mineralization, probably of Late Paleozoic to Cretaceous age.

The principal basis for this interpretation was the apparent

absence of mineralization along the structure. This mineral-

ization typically occurs along the Paleozoic age shear fractures.

The early investigation (l976) revealed the occurrence of

laminated glaciolacustrine clay, subsequently determined to

be of Late Wisconsinan Age, along the Heater Bay discontinuity.
The clay laminae were seen to be contorted, and this was inter-
preted to indicate that the discontinuity might have experienced

movements in postglacial time.

The observations and interpretations of the Heater Bay structure

investigation were presented by Niagara Mohawk Power Corporation

in two reports. These reports are:

"Geqlogic Investigation of Nine Mile Unit 2; An

Interim Report", l977, Niagara Mohawk Power Corpora-

tion, Scriba, N.Y.; and



"Nine Mile Point Nuclear Station Unit 2: Geologic

Investigation Vols. I, II and III"; 197S, Niagara

Mohawk Power Corporation, Syracuse, N.Y.

During a telephone conversation on March 14, 1979, between

rep esentatives of Niagara Mohawk'ower Corporation, Dames

Moore, and the U.S. Nuclear Regulatory Commission, the Commission

expressed concern regarding the contortions in the clay infillings,
as well as the absence of a definite statement in the 1978 report

precluding movements along the discontinuity during the opera-

tional life of the facilities. This concern was formally expressed

by the U.S. Nuclear Regulatory Commission in both nreliminary
and finalized questions addressed to Niagara Mohawk Power

Corporation. The questions included requests for information

regarding the design of the Unit 2 power complex to account

for the potential movements along the geologic discontinuities.

In May, 1979, it was decided that the design for the radwaste

building should involve deepening of the radwaste trench to a

level at which the discontinuity would only intersect the

vertical walls of the excavation. It was also decided that a

gap be left between the walls of the radwaste building and the

rock face. The gap would be filled with a suitable material,
to prevent the transfer of strain from the bedrock to the

walls of the radwaste building. The planned excavation commenced

on August 14, 1979, and was conducted under the supervision of

Dames S Moore personnel. She structure was found to be more



extensive than expected. Further investigation of the structure

was initiated and additional data were obtained concerning the

age of the structure, its extent, and the age of last movement.

1.3 PURPOSE 'AND APPROACH

The purpose of the investigation reported herein was to collect
and analyze data to evaluate the significance of the "thrust"

fault structures with regard to the onsite facilities. Specifi-

cally, 'the study was directed toward acquiring information to

address the following two points:

to determine if future movements along the "thrust"

fault structures could be ruled out; and

if not, then to deduce the nature, distribution,
and likely magnitude of cumulative displacements

along the structures during the operational life .

of the facilities.

During the early stages of the investigation (September, October

1979') it was decided that the bases of the assessment of the

future behavior of the "thrust" faults would include:

the geometry and areal extent of the structures,
described in Sections 2.1 and 2.2 below;

the age of formation, genesis and age of

displacements along the faults, described in
Section 2.3 below; and

their boundary and equilibrium conditions;

and factors controlling the present equilibrium



conditions and future. changes affecting these factors,

described in Section 3.0 below.

As the investigation developed and the complexity and relative
uniqueness of the geologic structures were made evident, it was

decided that the interpretations would be greatly enhanced if
the consultation of the leading practitioners in the field were

obtained. Drs. F.A. Donath, D.R. Coates and S.S. Alexander

continued their review of the geologic activities at the Nine

Mile Point site as consultants to Niagara Mohawk Power Corporation.

These individuals have served as consultants since 1977 during

investigations of the Cooling Tower Fault. Their reviews of

proposed studies and suggestions regarding additional analytical
procedures proved helpful in completing this investigation.

Dr. N.J. Price initially was associated with the geologic inves-

tigations of the Cooling Tower Fault (1978). Dr. Price visited
the Nine Mile Point site in the fall of 1979 and again in the

spring- of 1980 to examine the "thrust" fault, as exposed in the

north radwaste trench. As a result of his initial visit, Dr.

Price provided Dames 6 Moore with his assessment of various

aspects of the structure. He concluded that. this fault is a

near-surface, aseismic structure and postulated several models

to be utilized in assessing the possible range of future movements.

Dr. Price discussed the role of the high-angle faults (Cooling

Tower and Drainage Ditch Faults) as boundaries to the "thrust"

sheet and recommended field investigations. In December of



1979, Dr. Price focused the action of the investigation on the
'

future stability of the structure and the importance of shear

strains.

In keeping with the decision to involve eminent practitioners,
in January of 1980, Dames 6 Moore established a panel of

consultants to review the investigations to date and provide an

independent assessment of the data. The panel was empowered to

recommend additional investigations and/or analyses. Drs. S.S.

Philbrick, R.H. Jahns, and Mr. W.W. Moore comprised this panel.

During the course .of their review, they utilized the specialized
)services of Drs. T.L. Pewe and C. Fairhurst.

In early February 1980, Dr. Jahns, Dr. Philbrick and Mr. Moore

visited the site and inspected the deformation exposed in the

north radwaste trench. A summary of the work performed at the

site was provided to the panel. Based on this visit, the panel

recommended that a series of borings be drilled to investigate

the down-dip extent of the structure (Section 2.2) and that

in situ strain relief measurements be performed (Section 3.0).

At that time it was recommended that, Dr. Fairhurst be retained

as a consultant to the review panel regarding the rock mechanics

aspects of the project. Additionally, the panel recommended ".

that Dr. Pewe visit the site to comment on (1) the possible

role of ice in the formation of the Radwaste Structure and

Cooling Tower Fault; and (2) the origin and age of the clay

deposited in the voids in the bedrock.



Dr. Fairhurst's involvement with the review panel commenced in

March 1980. His primary participation concerned the overcoring

program (Section 3.0). Dr. Fairhurst assisted in planning the

scope of this program, as well as analyzing the results with

respect to assessing the possibility of future movement along

the thrust structures. Dr. Fairhurst's report is included in

Appendix F.

Other consultants whose expertise in related aspects of the

study is widely recognized and who had previous experience

working on the project actively participated in the investigation

of the "thrust" structures, they are listed below with their
area of expertise. The results of the analyses by the various

consultants are provided in the referenced appendices.

Dr. H. Barnes — Pennsylvania State University
Paragenetic and geothermometric analysis
mineralization Appendix B.l
Dr. H. Krueger — Geochron Laboratories-
Xsotopic and Radiometric Analyses Appendix B.2

Dr. T.L. Ku — University of Southern
California — Th/U Dating Appendix B.3

Dr. L. Sirkin — Adelphi University-
Palynological Analyses Appendix C.l
Dr. J. Terasmae — Brock University-
Palynological Analyses Appendix C.2

Dr. A. Vassiliou — Rutgers University—
Newark — Mineralogical Analyses Appendix C.,3

Further specific details concerning the purpose, scope and

approach of individual facets of the investigation are presented

with the corresponding sections.



2.0 RESULTS OF GEOLOGIC INVESTIGATIONS

2.1 'A'PPING 'PROGRAM

2.1.1 INTRODUCTION

This section of the report presents results of the geologic

mapping program undertaken to investigate the "thrust" structures.

Early, it became apparent that these structures were similar to

each other in terms of structural style and age. The locations of the

"thrust" structures are presented on Plate l-l. This plate shows

that both the locations of the bedrock discontinuities and the

excavations for the facility coincide with a north trending

valley in the bedrock.

The structures can best be, described as small, gently dipping

to nearly horizontal shear planes across which the upper

strata have been transported to the west. In a geometric

sense they would be classified as thrust faults. These "thrusts"

appear to be confined to specific stratigraphic units. They

generally occur as planes of slip parallel to bedding with

short intervals where the discontinuity transects the layering

at a low angle and then merges with bedding at a higher stratig-
raphic level. Small brittle asymetric folds and monoclines,

reflecting the direction of bedrock transport, commonly occur

within the zones of deformation. The observed displacements

across the faults differ considerably, both along individual
structures, and from exposure to exposure, ranging from less

than an inch to several feet.
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2.1.2 PURPOSE

The purpose of the mapping program was dual:

to document the occurrence and location of "thrust"

structures exposed in bedrock excavations at the

site;
to identify and define pertinent, structural relation-
ships which could provide information concerning

the determination of the age of development, the age

of last movement, and, the mechanism of deformation.

2.1.3 SCOPE

Geologic mapping was conducted in four separate areas of the

site: the circulating water piping trench, the relocated

cooling tower excavation, the north radwaste trench, and the

east lake water tunnel (Plate 1-1).

In the circulating water piping trench a geologic plan view

was made, at. a scale of 1:36, of an area of approximately

10,000 square feet. Within this area detailed cross sections

were drawn, at a scale of 1:12, of the walls of the upper and

lower sump trenches.

A plan view of an area of approximately 7500 square feet was

made of the floor of the relocated cooling tower excavation.

Additionally, two cross sections were drawn, at scales of 1:30

and 1:12, of bedrock faces within this area.



Six cross sections and a plan view were prepared of the exposures

in the north radwaste trench. Cross sections of the exposure

were drawn, at scales of 1:60 and 1:12. Two cross sections

and a plan view were made, at. a scale of 1:12, of a small

auxiliary excavation in the southwest wall of the main exposure.

Seven cross sections were drawn, at a scale of 1:60, of the

exposures of "thrust" faults in the east lake water tunnel.

However, with the exception of the exposure nearest the tunnel

portal, exposures in the left rib of the tunnel were mapped.

The sampling of secondary materials (calcite and clay) associated

with the structures and the collection of structural measurements

for geometric analysis were included within the scope of this
program. Photographic documentation of the exposures and

sample locations was conducted in conjunction with all mapping.

2.1.4 APPROACH

All drawings represent. in detail, the configuration and geometric

relationships in the exposures. Stratigraphic correlations

were necessary to define the sense and amount, of displacement

across the faults. It was important to identify structural

relationships pertaining to the secondary materials occurring
I

within the structures. At each location a sufficient number

of structural measurements were collected to define accurately

the geometry of the structure and the direction of slip.
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2. 1. 5 STRATIGRAPHY

Plate 2.1-1 shows the stratigraphic units within which the

"thrust" structures occur at the site. An extensive description

of the stratigraphic sequence at the site is presented in the

April 1978 report.

The cooling tower and circulating water piping trench excavations

are situated within the lower portion of the Oswego Sandstone.

The deepest portions of these excavations extend into the

Transition Zone. The bedrock exposed at these locations

consists of gray, fine-to-medium grained, massive and commonly

cross bedded siliceous sandstone. It contains numerous well-

developed sedimentary channels commonly filled with argillaceous

and thinly bedded strata.

Approximately 25 feet of stratigraphic section is exposed in

the north radwaste trench. The excavation extends from the

lower Oswego Sandstone, through the Transition Zone, and a few

feet into the upper portion of Unit "A" of the Pulaski Formation.

The lithologic character of the Oswego Sandstone at this
location is essentially identical to that described above.

The Transition Zone consists of thin-to-medium bedded sandstone,

graywacke, and siltstone. Occasional black shale layers

generally less than one-half inch thick are also present.

Unit "A" consists of medium-to-thickly bedded sandstone and

graywacke.
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The east lake water tunnel exposes about 15 feet of the stratig-

raphic sequence which comprises the upper portion of Unit "C"

of the Pulaski Formation. This sequence consists of medium-

to-thick bedded and commonly fossiliferous sandstone strata

separated by medium bedded shaly siltstone beds.

2.1.6 STRUCTURE

Structural observations made at exposures of "thrust" faults

on the site are discussed in order of their occurrence, from

the circulating water piping trench in the south to the lake

water intake tunnels in the north (Plate 1-1).

2.1.6.1 Circulating Water Piping Trench

Plate 2.1-2 is a plan view of the area investigated in the

circulating water piping trench, illustrating various geologic

structures and sample locations. Plates 2.1-3 through 2.1-5

are geologic cross sections representing the bedrock discontin-

uities encountered at this location.

The "thrust" structures consist of tenuously interconnected

breccia zones parallel to bedding or sedimentary channel

surfaces. Small folds produced by rigid body rotation of

bedrock 'slabs are associated with the main discontinuities,

in the upper and lower sump trenches (Plate 2.1-2).

The structure in the upper trench consists of a breccia zone

up to 6 inches thick. As shown on Plates 2.1-3 and 2.1-4, the
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breccia zone is situated at the base of a northwest trending

sedimentary channel. The axes of small folds, developed in

response to slip across the zone, trend from S05E to S38E,

plunging from 5 to 16 degrees (Plate 2.1-26). The movement

of the strata above the zone was to the east or northeast as

reflected:by the geometry of the folds. The amount of transla-

tion across the structure could not be determined. However,

sedimentary relationships suggest. that a displacement of

approximately one foot is a reasonable estimate.

The principal discontinuity in the lower sump trench is a

westward dipping breccia zone depicted on Plate 2.1-5. Stratig-

raphic separation and the rotation sense of a small monoclinal

fold indicate that the hanging wall strata were translated to

the east relative to the footwall strata. The axis of the

monocline in the south end of this trench trends approximately

S03W and plunges 12 degrees. This fold consists of a series

of rotated bedrock slabs separated by voids. The displacement

across the breccia zone (Plate 2.1-5) could not be determined

with certainty; however, stratigraphic correlations indicate

the horizontal translation may be as much as 4 to 4.5 feet.

Bedrock dilations are common in the circulating water piping

trench, but secondary infillingmaterials were identified only

within the structure exposed in the upper sump trench. There,

unconsolidated sediments occur along the breccia zone for a

distance of several feet (Plate 2.1-3). Two types of material

15



were identified, a light gray plastic clay, and a tan to gray

laminated silty clay. The laminae of the latter were contorted

by diapiric structures. Plate,2.1-3 shows the locations of

samples representing both soils for palynological analysis

(Samples GA3-Sl and GA3-S2). In addition, slickensided and

brecciated calcite mineralization was identified on the sole

of the breccia zone. To obtain information concerning the age

of deformation, samples of this calcite were collected for
fluid inclusion analysis (Samples GA3-17, 18, and 19,; Plate

2.1-2). The results of the laboratory analysis of these secondary

materials are presented in Section 2.3.

Several observations and conclusions concerning the deformational

character of these "thrust" faults can be made:

the structures result from slip along bedding

planes;

the sedimentary configuration of the bedrock has

influenced the mode of deformation (that is,
brecciation or folding);
dilation occurred in association with the deformation;

and,

the slickensided and brecciated calcite indicates

that the faults might have undergone repeated movements.

2.1.6.2 Relocated Cooling Tower Excavation

Plate 2.1-6 is a plan view of the area investigated in the

cooling tower excavation. Plates 2.1-7 and 2.1-8 are cross
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sections representing bedrock discontinuities at this
location.

The "thrust" faults exposed in this excavation were similar to

the bedrock discontinuities in the circulating water piping

trench. Several small brittle folds have resulted from bedding

plane slip along these discontinuities. The zones contain

breccia, as well as unconsolidated sediments. The presence of

tillwithin the bedrock at this location distinguishes these

structures from the faults in the circulating water piping

trench.

The eastern "thrust," structure is presented in cross section

on Plate 2.1-7. From this plate and the geologic plan view,

(Plate 2.1-6), it is apparent that at least part of the bedrock

is surrounded by till. This suggests that the deformation

could be attributed to glacial processes.

The other structures mapped in the cooling tower excavation

are shown in cross section on Plate 2.1-8. The dislocations

in the bedrock have occurred along bedding planes, which are

now filled, in most cases, with till and breccia. A small

monocline, the axis of which trends approximately N77W, has

been developed in association with the slip. The sense of

rotation of this monocline indicates that the hanging wall

block moved to the southwest relative to the footwall block.

In addition to the till, calcite mineralization occurs at the



base of the breccia zones, and cements breccia clasts and

displays southwest trending slickensides.

2.1.6.3 North Radwaste Trench

The exposure in the north radwaste trench is the most prominent

of all the "thrust" faults at the site. Plates 2.1-11 and

2.1-12 are cross sections representing the structure in

this exposure.: An auxiliary excavation was made into the

.southwest wall of the trench to examine the structural relation-

ships of secondary materials found within the "thrust" structure.

Plate 2.1-13 is a plan view and Plates 2.1-14 and 2.1-15 are

cross sections representing this excavation.

As illustrated on the generalized cross sections (Plates 2.1-9

and 2.1-10) the "thrust" fault consists of a broad zone of

deformation. This zone is developed within the Transition

Zone and displays a dip of 20 to 30 degrees to the east. From

Plates 2.1-11 and 2.1-12, it is apparent. that the str'ucture is

composed of a stack of bedrock elements displaced to the west

along bedding planes. The most intense deformation is culminated

along the inclined portion of the discontinuity. There is no

continuous shear dislocation of the beds along the footwall of

this structure. The displacements observed are accomplished

in a variety of modes, including:

discontinuous shear dislocation of individual

beds or groups of beds;

rigid body rotation of beds to form small

folds.



broad arching of the hanging wall strata; and

'ilation of the bedrock along bedding planes

and variously oriented fractures.

The displacement is greatest, across the nearly horizontal zone

of biecciation which is effectively the upper limit of the

ramp portion of the structure (Plate 2.1-17). The apparent

separation across this zone was established to range from 5 to

7 feet (Plates 2.1-11 and 2.1-12). This is based on the

correlation of a fossiliferous sandstone bed. The magnitude

of overall shortening is not easily established. In the deepest

part of the excavation the apparent. dip separation across the

fault was determined to be 4.5 feet. This displacement was

established by correlating a fossiliferous horizon across the

structure.

Plate 2.1-16 is a structure contour map showing the configuration

of the top of the Transition Zone in the vicinity of the north

radwaste trench. It shows that the displacements across the

"thrust" have resulted in an arching of this horizon. This

broad warp displays a northward trend, and an amplitude of

about 2.5 feet.

The overall direction of structural transport of the hanging

wall of the radwaste structure is to the west. However, the

direction of slip of individual stratigraphic elements within
C

the "thrust" structure varies from S80W to NGOW. These slip
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directions were determined on the basis of fold axis orienta-

tions and the directions of slickensides (Plate 2.1-26).

Possibly the most significant characteristic of the structure

was the presence of numerous indicators of dilation within the

bedrock mass, such as voids, open fractures of various attitudes,
and zones of loose bedrock rubble. In addition, calcite
mineralization and unlithified sediments occur within the

structure.

Calcite, cementing breccia clasts, was found at a number of

locations and was commonly slickensided (for example, sample

locations GA4-1, -2, and -3; Plates 2.1-11 and 2.1-12). In

one case, this calcite occurred on a randomly oriented bedrock

fragment within the breccia zone (sample location GA4-8; Plate

2.1-11) indicating that the dislocation of the fragment followed

mineralization (Section 2.3.4). Calcite mineralization cemented

laminated clay within bedding planes at sample location GA4-7

(Plate 2.1-12).

Two types of unlithified sediments infilled openings within

the structure: a gray to tan laminated silty clay, and a gray

massive plastic clay. The latter .type was most commonly

present in zones of intensely shattered bedrock along the ramp

of the fault. At several locations laminated clay was mixed

with the breccia (sample locations GA4-S5, -S6 and S27; Plates

2.1-11, -12, and -13). Laminated clay was also found
along'0



bedding planes, where it appeared to be contorted (sample

location GA4-Sl, Plate 2.1-12). Examples of deformation of

the laminated clays occur in the exposures of a small monocline

at elevation 223 feet (Plates 2.1-12 and 2.1-14). At this
location clay layers 1/4 to 1 inch thick dip from 20 to 70

degrees, parallel to the limb of the monocline (Plate 2.1-

12, -13, and -14).

The configuration and general appearance of the radwaste

"thrust" fault lead to the following conclusions concerning

the mechanism of deformation:

the deformation resulted from the shear displacement

to the west of the strata along bedding planes in
the hanging wall;
the deformation occurred under conditions of low

vertical confinement as indicated by the dilation
of the strata in this exposure;

the cumulative displacement on this "thrust" has

been achieved by incremental displacements as

indicated by the structural relationships within
this exposure.

Further discussion concerning the age of the structure is
provided in Section 2.3.

2.1.6.4 East Lake Water Tunnel

The locations of exposures of "thrust" faults along the lake

water tunnels are shown on Plate 1-1. Cross sections representing
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these exposures are presented on Plates 2.1-18 through 2.1-24.

Plate 2.1-25 is a three-dimensional representation showing the

configuration of the structures relative to both tunnels.

As shown on Plate 2.1-25,'he five fault exposures in the east
tunnel probably do not represent separate discontinuities.
Rather, it appears that the shear planes at either extremity

of the zone of faulting represent the same structure. The

three intermediate faults are splays from this main structure.
This is consistent with the magnitudes of the displacements

at the individual exposures, which are greatest at the extremi-

ties.

The "thrust" faults in the east tunnel consist of a series of

discrete, intimately related, gently southeastward dipping to

nearly horizontal shear planes, ranging in strike from NlOE to

N35E. A similar shear plane occurs in the north tunnel (Plate

2.1-25). The cumulative displacements across the faults are

small, approximately one foot, and the hanging wall strata are

consistently displaced to the west. The slip direction along

individual shear planes was inferred from the rake of slicken-

sides and the axial trends of small folds (Plate 2.1-26). In

the tunnel exposures these directions range from N40W to

N85W, with the majority of slip trending N55W to N60W.

The individual shear planes are generally sinuous and contain

small amounts of breccia. The faults characteristically
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emerge from bedding planes and cross the strata at a gentle

angle, re-entering bedding planes at a higher stratigraphic

level (Plates 2.1-18, -19, -22, and -23).

Rotation of the layering occurs only in the vicinity of shear

-plane bifurcations (Plates 2.1-18 and 2.1-20). Dilation of

the stratigraphic section, expressed as voids and open fractures,

occurs in association with these faults (Plate 2.1-18, -19,

23 and -24); however, this dilation appeared to be developed

to a lesser degree than the dilation at "thrust" fault exposures

closer to the bedrock surface.

Secondary materials were also found within these "thrust"

structures. The most prevalent is calcite mineralization,

which occurs within dilated bedding-planes and along shear

surfaces. Calcite on fault planes commonly cements breccia

fragments, and displays dip slip slickensides. Samples of

calcite mineralization 'were collected from ten locations

(Plates 2.1-19, -20, -22, and -24) . A discussion of this
mineralization is presented in Section 2.3.4. In one location,

soft gray, massive, plastic clay was present within a zone of

dilation (Plate 2.1-22).

2.1.7 SUMMARY AND INTERPRETATION

The "thrust" structures mapped during this investigation appear

to be integrally related, because of their similarities in
structural style, mechanism of deformation, and apparent

relative age.
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Spatially, the structures appear to be confined to the area in

proximity to the bedrock valley and between the high angle

faults, namely the Cooling Tower and Drainage Ditch Faults

(Plate l-l). The "thrust" faults are distributed throughout

the strata exposed by excavation. However, the individual

structures are confined to particular stratigraphic intervals

in the vicinity of prominent lithologic interfaces (Plate 2.1-2).

The "thrust" faults are all similar in terms of their overall

appearance, and display the following common structural

characteristics:
intense brecciation;
small scale brittle folding and bending;

dilation;
indications of repeated movements; and,

generally. westward sense of structural transport.

Plate 2.1-26 summarizes structural information pertaining to

the slip directions along the "thrust" faults. The data from

the circulating water piping trench and cooling tower exposures

have been grouped together because of their proximity and their
occurrence within the same stratigraphic unit. At each location

where "thrust" structures were exposed a range for the slip
direction was developed. This range varies from west-south-

west to west-north-west progressively from the cooling tower

area to the tunnel exposures. It is apparent that the slip
direction varies, depending either on the location of a
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particular exposure and/or depth of development (effectively

stratigraphic position of the fault exposures).

Variation in the slip direction of the faults attests to the

heterogeneous nature of the strain along these structures. It
is possible that this has resulted from a progressive change

in the stress trajectories either laterally or with depth.

In terms of relative geologic age, the "thrust" faults display

marked similarities. At each location secondary materials

which are mesoscopically identical in appearance, occur within

the structures. These materials are low temperature calcites

and glaciolacustrine sediments containing pollen (Section

2.3.5). In addition, the presence of unfilled bedrock dilations
indicates that the "thrust" faults developed under conditions

of low vertical confinement.

In view of the overall similarities of the faults, it is apparent

that they have developed as a result of similar deformational

mechanisms operating at essentially the same time. The struc-

tural relationships suggest that the cumulative displacements

resulted from either repeated or continuous releases of strain

energy.

2.2 'EXPLORATION OF THE EXTENT OF THE RADWASTE FAULT

2.2.l INTRODUCTION AND PURPOSE

In addition,to the mapping of the Radwaste Fault, presented in
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the previous section, knowledge pertaining to the extent of

the fault was desired. Specifically, it was thought that the

style of deformation displayed by the fault is such that it
must eventually change from an east-dipping "thrust" to a

layer-parallel zone of slip.

Two methods of tracing the fault were pursued: exploration

boreholes and strain-relief measurements. Additionally, it was

thought that a review of all previous boring and excavation

records could contribute information about the extent of the

fault. The strain-relief measurement program was conducted as

part of the overall rock mechanics investigation of the Radwaste

Fault and is presented in Section 3.0 of this report.

2.2.2 SCOPE OF WORK

In 1972, the 400-series of boreholes was drilled as part of

onsite exploration for the Preliminary Safety Analysis Report

for Unit 2. Twelve boreholes from this series were selected

and re-examined. New lithologic logs were prepared, at a

scale of 1:60, utilizing the lithologic convention developed

during the investigation of the Cooling Tower Fault. Moreover,

occurrences of shear fractures, slickensides, breccia, bedding

dips, clay seams, and mineralization were recorded. Cross

sections were prepared to evaluate vertical stratigraphic

displacements.
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The excavations for the reactor containment had been photographed

and mapped by Stone and Webster Engineering Corporation as
i

part of the geological inspection program. These photographs

and maps were re-examined to recognize radwaste-type deformation

which had not previously been identified.

Nine vertical boreholes designated the 800-series were drilled
along a line trending eastward and roughly perpendicular to the

strike of the Radwaste Fault (Plate 2.2-1). The boreholes were

PQ-size (3.28 inch core diameter), and were continuously cored

to depths ranging from 90 feet, near the radwaste trench, to

300 feet, farther east. The samples from each borehole were

photographed and logged, at a scale of 1:60, for lithology,

fractures, mineralization, seams of unlithified sediment,

attitude of layering, etc. Furthermore, detailed reconstruc-

tions of the core were analyzed and drawn, at a scale of 1:6,

for portions of Borings 801, 802, 803, and 804.

Calcite mineralization and unlithified sediment (clay) were

found in the cores. Specimens were documented with photographs

and detailed drawings (scale 1:1) and then collected for

laboratory analysis. The calcite was analyzed by Dr. H.L. Barnes

of the Pennsylvania State University as part of the concurrent

program of mineral studies reported in Section 2.3. The samples

of clay were sent to Dr. L.A. Sirkin of Adelphi University for

palynologic (pollen) analysis, as part of a similar program

also presented in Section 2.3.
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Two types of downhole surveys were made of each boring.

Natural gamma-radiation logs were completed using a Mount

Sopris Model 1000-C portable borehole logging unit. Moreover,

downhole, wide-angle videotapes for each boring were recorded

by Deep Venture Surveys of Perryville, Florida using a

truck-mounted borehole television camera.

Appendix A contains the geologic and gamma radiation logs for

the 800-series borings.

2.2.3 INVESTIGATION RESULTS

2.2.3.1 400-Series Boreholes

The locations of selected 400-series boreholes are presented ton Plate 2.2-1. Upon re-examination of the cores from these

borings, evidence of bedding plane slip deformation was recognized

at two stratigraphic levels.- One level occurs within Unit A

of the Pulaski Formation; the other is near the interface of

Unit B and Unit C of the Pulaski Formation. A comparison of

these data with information obtained from the 800-series

boreholes (Section 2.2.3.3) reveals that the upper zone can be

related to the Radwaste "thrust" fault. The lower zone is
characterized by a similar style of deformation, namely bedding

plane breccias and gently dipping shear fractures. However,

this zone remains confined within or immediately beneath the

base of the Pulaski Formation Unit B.

The upper zone of Radwaste deformation is inferred to be

present on the basis of structures recognized in the cores
l
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from Borings 403, 404, 407, 408, and 411. However, similar
deformation in Unit A could not be identified with certainty
in the boreholes located south of Boring 411. In all but two

borings (408 and 412), there is evidence of bedding plane slip
deformation near the base of Unit B of the Pulaski Formation.

2.2.3.2 Photographs and Field Inspection Maps of the Reactor
Containment Excavation

To define further the overall configuration of the Radwaste

Fault, the photographs and field inspection maps of the walls
of the north auxiliary bay excavation were examined. Photographs

taken in 1976 were compared to the original field maps of the

excavations. In this manner, it was determined that zones of
bedding plane slip deformation at two stratigraphic levels
were also recognizable within these excavations (Plate 2.2-3).

The upper zone of deformation coincides with that inferred
from the 400-series borings. This zone (north wall) exhibited
beds which appear to have been rotated up to approximately 10

degrees. This rotation apparently resulted from westward slip
of the upper beds relative to the lower beds. On the west

wall, the zone can be traced parallel to bedding as far as the
north reactor notch (Plate 2.2-3).

The lower zone of deformation on Plate 2.2-3, occurs between

the thick sandstone beds of Unit B near the base of the excavation.
This may represent the same zone of deformation recognized at
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this stratigraphic level in the cores from the 400- and 800-

series boreholes (Plate 2.2-2).

2.2.3.3 800-Series Borings

Plate 2.2-2 presents a geologic cross section prepared from

the borehole logs (Appendix A), as well as the television
camera survey. Two principal zones of deformation have been

recognized, as described above. These are the Radwaste Fault

Zone and the Unit B slip zone. In addition, numerous thin
clay seams were detected through the stratigraphic section

penetrated by the borings.

C

The 'Radwaste'au'lt''one — The deformation within the Radwaste

Fault Zone is intense and is associated with a 16 inch vertical
stratigraphic displacement, identified between Borings 407 and

804. There are three members of the upper zone which are

depicted in the cross section shown on Plate 2.2-2. The upper

member represents a continuation of the fault in the north

radwaste trench (corresponding to Boring 407) where the

inclined "thrust" fault passed into a bedding plane at elevation

214. A few feet beneath it, the middle member which was

detected only in Borings 407, 801, 802, and 803 occurs. The

lower member (between elevations 190 to 210) exhibits the most

intense deformation. Detailed logs of this zone .in Borings

801, 802, and 803 are shown on Plates 2.2-4, -6, -7, and -8.

Gamma logs were used to identify lithologic contacts in areas

of low core recovery. Folding within this zone was evidenced
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by bedding which dips up to 50 degrees, as shown on Plates

2.2-4, -5, and -7B. It was not possible to determine the dip

direction from the cores; however, from the north'auxiliary

bay exposures it can be inferred that westward slip of the

upper layer relative to the lower layer caused the rotation of

the beds.

Several other aspects of the Radwaste Fault Zone bear mentioning.

First, at the base of the lower member, an olive-green illite
rich layer was identified (Plate 2.2-2). This layer was

recognized during mapping in the north auxiliary bay (Plate

2.2-3). The illite, in some locations, is concentrated and

the layer may be several inches thick. It is characteristically

unctuous. Nhere it is concentrated, slickensides are pronounced,

indicating slip along this layer. Secondly, calcite mineralization

similar to that observed in the radwaste trench occurs along

the members of this fault zone. Three samples were collected

for analysis from Boring 801, and the details are presented in

Section 2.3. Thirdly, measurements of the groundwater level

in the 800-series borings indicate that the third member of

the fault zone has a much greater permeability than the surrounding

bedrock, indicating dilation.

The Uni't B Sli ''Z'one — In eight of the nine boreholes, a zone

of brecciation accompanied with gently dipping slickensided

fractures is present, principally at the base of Unit B.

Other intensely deformed but less continuous zones were identified
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within Unit B (Plates 2.2-2, -7, and -9). The most continuous

zone occurs at the base of the reactor excavation (Plate 2.2-3).

Int'ersti'ti.'al'l'a — At various depths in six of the 800-series

borings, clay was noted to filldilated bedding planes. In

more than one instance, this clay exhibits laminations (Plates

2.2-10, -ll, and -12).

There are two significant, factors regarding this clay:

the laminated clay occurs at depths as great, as

270 feet (Plate 2.2-2);

pollen analysis of clay samples yielded minor amounts

of pollen and spores in each'pecimen (Section 2.3

and Appendix C.l).

2.2.4 CONCLUSIONS

On the basis of the foregoing discussion, several principal
conclusions can be drawn:

(1) The gently dipping "thrust" fault in the north

radwaste trench is the upper member of a stack of

several similar structural features. These features

dip eastward and pass into bedding planes. The

sense of displacement on these features is the

hanging wall to the west. Laterally, the zone has

been traced with borings a minimum distance of 500

feet.
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(2) Individual members of the stack of "thrusts" display

a common style of deformation including dilation,
brecciation, and local rotation of bedding. Low-

temperature groundwater calcite commonly occurs in
association with these structures.

(3) The lowermost continuous zone of deformation occurs

near the base of Unit B of the Pulaski Formation.

Below this zone there are occurrences of bedding

plane breccia and gently dipping shear fractures,
but they do not appear to be discrete, continuous

zones.

(4) Laminated clays indicate that dilation across bedding

planes occurred at depths as great as 270 feet.

2.3 ''AGE OF DEFORMATION

2.3.1 STATEMENT OF THE PROBLEM

The foregoing sections presented data pertaining to a series

of gently dipping "thrust" and bedding plane faults. Knowledge

of the age of deformation is important in judging the probability
of future deformation. Toward this end, there are three

questions which must be answered:

'hat is the geologic age of initial "thrust"

fault development;

has there been recurrent movement; and, if so

'hat is the age of latest displacement?
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A major purpose of the effort to evaluate the "thrust" fault
was to obtain data regarding the above three questions.

2.3.2 TECHNICAL APPROACH

The age of development of the "thrust" fault was sought considering

their relationship to:
other geologic structures whose ages are fairly
well known, namely the Cooling Tower and Drainage

Ditch Faults;

the bedrock topography on site, inasmuch as the

present bedrock surface. is the result of glacial
sculpturing of an older erosion surface;

sediment interned in dilated openings in the

bedrock; and

calcite mineralization.

Utilizing the existing site excavations, there was no direct way

to assess the relative age of the "thrust" faults with respect

to the steeply dipping faults, by examining their cross-cutting

relationships. Therefore, the relative ages of the structures

could only be assessed indirectly through structural and rock

mechanics analyses of the origin and mechanism of the "thrust"

faults.

To assess the relationship of the radwaste type faults to the

bedrock surface, a detailed contour map (Plate 1-1) was

prepared utilizing data regardinq the top of bedrock from site
r

borings, outcrops, and excavation maps. 0'4



Evaluations of the origin and age of the interstitial sediment

and the calcite mineralization, as well as their relationships

to the "thrust" faults, were used to deduce the age(s) of

deformation. This information, in conjunction with the

mapping, also served to define whether movement along the

"thrust" faults has been recurrent.

2.3.3 ONSITE BEDROCK TOPOGRAPHY

Plate l-l illustrates the site bedrock topography,.which shows

a buried valley incised in the rock. It is important to note

that the "thrust" faults, occur on both banks of the valley
and,that the hanging wall strata are generally displaced

toward the center of this feature. This suggests that the

presence of the valley has contributed to the development of

the "thr'ust" faults.

Data from foundation borings show that the valley contains

Late Wisconsinan till, overlain by younger sediment, related .,

to Lake Iroquois, and some peat (Plate 2.3-1). There is no

evidence of weathering beneath the till. From these data, one

can infer that the valley is of Wisconsinan age or older.

2.3.4 CALCITE MINERALIZATION

2.3.4.1 General

Napping of the bedding plane faults (Section 2.1) revealed an

association between fine-grained calcite mineralization and

the shear planes. The calcite was found to occur in a variety
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of forms such as "conglomerate", concretionary nodules, and

patches of drusy euhedral crystals.

A number of samples were collected for mineralogical studies.

The objective of these studies was to determine the origin of

these minerals, to define their relationships to the radwaste-

type of deformation and to the epigenetic calcite mineralization

reported in the 1978 study (Niagara Mohawk Power Corporation,

1978, Volume 1, Section 6.0). It was anticipated that the

studies would yield data useful in inferring the age(s) of

deformational episodes on the "thrust" faults. The above

objectives were accomplished employing three principal approaches:

paragenetic and geothermometric analyses of calcite
mineral's;

isotopic studies of calcite, utilizing C and 013 18

ratios; and

radiometric dating of calcite by the C and Th/ U
14 230 234

methods.

Dr. H.L. Barnes of the Pennsylvania State University directed

the laboratory analyses for the paragenetic studies. He also

provided assistance in evaluating the results of iostopic

and radiometric analyses. The determination of isotopic ratios
and the C dating of calcite were performed by Mr. H.W.14

Krueger of Krueger Enterprises, a division of Geochron Labora-

tories, Cambridge, Massachusetts. Dr. T.L. Ku, of the University

of Southern California, performed the Th/ U disequilibrium230 234
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dating of calcite. The results of the above analyses are

provided in Appendix B.

2.3.4.2 Results of Paragenetic Studies

Gen'er'al

Specimens of calcite mineralization were collected from four

areas onsite. Samples collected from the circulating water

piping trench are designated as the GA3 series (Table 2.3-1).

The specimen locations are shown on Plate 2.1-2. Those from

the north radwaste trench are designated the GA4 series, and

are presented in Table 2.3-2 with their locations shown on

Plates 2.1-9 through 14. Tables 2.3-3 and 2.3-4 present

information concerning the specimens collected from the east

lake water tunnel (GA5 series) and the 800-series boreholes,

respectively. Locations of specimens from the tunnel are

shown on Plates 2.1-19 through 2.1-24. Sample locations
O

pertaining to the borings are shown on Plates 2.2-4 and

2.2-10. The paragenetic relationships are derived from

analyses of each of the four sample series.

Paragenes'is''f Cal'ci'te Mine'ral'i'zation*

Plate 2.3-2 is a summary diagram illustrating the paragenetic

relationships derived from this study. They are distinctively
different from the paragenetic relationships defined in the

1978 Cooling Tower Fault report.

*The most recent data (Appendix B.l-7) obtained necessitate this
modification of the paragenetic sequence compared to that
presented in Q361.33 to the NRC submitted prior to this report.
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Type 1 calcite (Plate 2.3-2 and Appendix B.l-3) was the term

initially used to represent a very fine-grained (average of 15

pm) calcium carbonate which occurs as the matrix material

enclosing breccia fragments of the host rock. Fragments of

older milky calcite are also present in some samples. This

calcite exhibits deformational twinning, healed fractures, and

contains sulfide minerals as well as fluid inclusions. The

liquid-to-vapor rations of the fluid inclusions are similar to

the milky calcite of the JT series samples of the Cooling

Tower Fault study. Typically, the textures of Type 1 calcite

are cataclastic (Plates 2.3-3 and 2.3-4). No fluid inclusions

have been found in Type 1 calcite, possibly because cataclasis

liberated any which may have formed within it. Type 1 calcite
also exhibits post-deformational solutioning, which has created

cavities that are commonly lined with younger Type 3 calcite

(Appendix B.l-l).

Based on the use of ultraviolet fluorescence in the analysis of

the GA5 sample series (Appendix B.l-7), it has been
determined'hat

Type 1 calcite breccia contains Type 3 calcite (see

below) as a dominant cement around host rock clasts and fragments

of milky calcite. This suggests that Types 1 and 3 are paragen-

tical'ly equivalent, where at first they were suspected to be

distinct (Plate 2.3-2).

Type 2 patchy calcite was only recognized in samples from

the circulating water piping trench (GA3 series; Appendix
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B.l-l), where it occurred on open subvertical tension cracks

emanating upward from bedding plane breccia zones. Although

not as intensely deformed as Type l, open cleavages are present.

In .terms of paragenesis, Type 2 is equivalent to Type l (Plate

2.3-2).

A number of forms of very fine-grained travertine are present,

in the north radwaste trench and cooling tower area (Appendix

B.l). This mineral group is paragenetically related and

similar in occurrence to Type l calcite in that, although

never found directly associated with Type l, it always underlies
or is infilled by later forms of calcite. The travertine
deposits are typically deformed, but not as severely as Type l
(Appendix B.l-3, p. 45, shows a small fault in banded travertine).
Plates 2.3-5 and 2.3-6 show examples -of the travertine recognized

in the north radwaste trench.

Silty calcite was seen microscopically as thin laminae of very

fine-grained calcareous material .containing abundant siliceous
and sulfidic detritus. This mineral was deposited on travertine
and is placed later in the paragenetic scheme (Plate 2.2-3).
Dr. Barnes considers this to be a minor depositional stage,

which apparently occurred before and after the deposition of

Type 3 calcite, perhaps "as products of either in situ settling
soon after...deformation, or a transported material washed in
from other areas while the fractures were still relatively
open" (Appendix B.l-3).
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Type 3 calcite, or sparry calcite, occurs in a variety of

habits filling fractures and voids or other openings in Type 1

calcite and travertine. Examples of Type 3 calcite are shown

on Plate 2.3-6. The stubby, euhedral crystals are characteristic,
and differ in size from 50 pm in diameter to radiating crystals
more than 1 mm long. Deformation of Type 3 calcite is mild,
such as twinning, small fractures, or chipping into platelets.
The fractures in Type 3 commonly are healed by later calcite.
Primary and secondary fluid inclusions are commonly present in
Type 3 calcite. As described in Appendix B.l-l and B.1-3,

these inclusions have different aspects from those of the JT

series. Specifically:
Inclusions in Type 3 calcite either contain no

vapor phase or display high liquid-to-vapor ratios.
In Type 3 calcite, it was not possible to measure

homogenization temperatures employing the usual

techniques, because of the single-phase nature of

most of the inclusions. Two other methods were

used instead. Decrepitation temperatures of the

inclusions were determined. This is the temperature

at which the inclusion leaked or ruptured upon

heating. Theoretically, because the trapped fluid
is incompressible, the fluid transfers a critical
stress to the crystal which ruptures when heated

above its original entrapment temperature. Thus,

the lowest temperature recorded should represent

the maximum filling temperature for a given population
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of inclusions. This method yielded a maximum filling
'empera'Cure of 40'C for the sample from the radwaste

trench. A maximum filling temperature of 30'C was

also determined by cooling the inclusions until a

vapor phase formed, and reheating it until the

:liquid filled the inclusion. Dr. Barnes (oral

communication, 1980) indicated that the latter
method is preferable, but the agreement between the

methods in this instance is very satisfactory.
Freezing tests on inclusions in Type 3 calcite revealed

that the fluid in the inclusions is dilute with

concentrations equivalent to 5-6 weight percent of

NaCl.

The above characteristics indicate that the Type 3 calcite
formed very near the ground surface at temperatures similar to

present ambient temperatures. Dr. Barnes has further reasoned

(Appendices B.l-5 and B.l-7) that low salinities of fresh

waters are uncommon even at depths of 0.5 kilometers. Therefore,

the implicit depth of burial at the time of formation of Type

3 calcite was less than 0.5 km.

The latest calcite of the paragenetic sequence is brown calcite

which 'occurs overlying Type 3 calcite. This calcite is discon-

tinuous and of varied thickness. It was recognized only by

microscopic analysis, and was apparently not deformed.
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The sequence of crystallization of Types 1, 2, 3, travertine,

and silty calcite presented on Plate 2.3-2 is not unequivocal.

However, each type, except silty calcite, shows very similar
fluorescence (that is, trace element contents), associated

minerals, and fluid inclusion characteristics (Appendix B.l-7,

Table 1). This suggests that the four varieties may be different
facies of the same depositional stage.

D5 and D6 stages of deformation of the calcite minerals, are

defined in the paragenetic sequence (Plate 2.3-2). These

stages pertain to the deformation of two groups of minerals:

Type 1 calcite and travertine, and Type 3 calcite. Both stages

occur later than stage D4 determined in previous studies

(Niagara Mohawk Power Corporation, 1978, Vol. l).

Another variety of calcite, observed in specimen GA4-SS-A, was

analyzed,,but could not be correlated with the paragenetic

sequence. This calcite cements a laminated silty layer; an

occurrence observed in more than one location in the radwaste

trench. Part of this specimen (GA4-SS-B) was sent to Dr. L.A.

Sirkin for pollen analysis (Plate 2.3-12 and Table 2.3-9).

Fractures, healed by calcite, were found in the cemented silt
layer (Appendix B.l-3, p. 50). The healing calcite was

analyzed by Dr. Barnes who related it, to the Type 1 calcite

on the basis of its association with brecciation.

42



Specimen GA4-6 provides some insight into the relationship of

calcite mineralization to Radwaste Fault deformation. As

shown on Plates 2.1-11 and 2.3-8, the calcite occurred on the

overturned side of a bedrock. slab within the fault breccia.

Plate 2.3-8 shows the position of the rock fragment prior to

sampling.: Analysis of the minerals revealed that Type 1

calcite is present, and solution cavities in this, calcite are

filled with Type 3 calcite (Appendix B.l-3, p. 24). It is
apparent that at least two stages of fault slip were required

to position the sample as observed. The brecciated, cataclastic

nature of the Type 1 calcite indicates one stage. Later, Type

3 calcite crystallized in solution cavities within Type 1. A

second stage of slip then rotated the bedrock slab into its
present position (keeping in mind that Type 1 is always found

on the sole of the shear surface). Reconstruction of this
specimen to its pre-deformational state would suggest a

minimum transport distance of 3 inches to the west.

2.3.4.3 Isotopic and Radiometric Analyses
13 18

C and 0 ratios of samples of Type 1, Type 3, and travertine
were analyzed to determine if these minerals were derived from

a common source, and to help evaluate the meaning of the

radiometric analyses. Furthermore, radiocarbon ( C) dating14

was attempted using these minerals. The results are provided

in Tables 2.3-5 and 2.3-6.

It is apparent that Type 1 calcite formed below the groundwater

table. Its texture and grain size suggest a low-temperature
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origin. Radiocarbon and uranium-series dates suggest that the

age of Type 1 is younger than 300,000 years B.P. (Table 2.3-5).

Additionally, re-examination of specimens JT-13, 43, and 44

taken from the Cooling Tower Fault breccia in Pit 1 (Niagara

Mohawk Power Corporation, 1978, Vol. 1, Sections 4.0 and 6.0)

by Dr. Barnes (Appendix B.l-7) reveals that these specimens

are predominently Type 1 calcite for the following reasons:

They contain fluid inclusions, with either a single

phase or a high liquid/vapor ratio.
The sulfides (pyrite and marcasite) in JT-44 closely

correspond to sulfides seen in Type 1 calcite.
Uranium-series analyses of Type 1 by Dr. Ku in
samples TU-1 (analyzed recently) and SW-1 and SW-2

(analyzed in 1977) both yielded an excess of Th.230

Thus, the absolute ages for SW-1 and SW-2 (Table

2.3-5) are not at variance with the result from

sample TU-1. The true age of crystallization for
Type 1 is equivocal. C analysis for sample HK-113

which yielded a C age of greater than 36,000 years14

B.P. shows that the carbon is actually older marine

carbon (Plates 2.3-9 and 2.3-10) leached from the

Pulaski Formation. The 0 isotope ratio for HK-118

(Table 2.3-6 and Plate 2.3-11) indicates a fresh

water origin for the oxygen. This further indicates

that Type 1 calcite formed at low temperatures, near

the ground surface, by precipitation from fresh

water below the groundwater table. The time of
formation was either sometime during the Sangamonian
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interglacial stage, or during the Wisconsinan stage.

The travertine yielded a C age of 14,180+ 550 years B.P.14

(Table 2.3-5). The paragentic and isotopic studies indicate

that the travertine precipitated from fresh water in the

vadose zone (Plates 2.3-9, 10, and 11 and Table 2.3-6), as

implied by the C and 0 ratios. The C age is compatible13 18 . 14

with the age of mollusc shells (sample SL-10, Table 2.3-5 and

Plate 2.3-13). These shells occur in sediment deposited

during the late stages of glacial Lake iroquois. An insufficient
14quantity of Type 3 calcite was collected for a successful C

date, — but the C ratio implies that the carbon is also derived13 ~ ~ ~

from fresh water (Plate 2.3-9 and 2.3-10). Accordingly, it is

reasonable to interpret that Type 3 calcite is a low temperature

mineral crystallized at or near the present ground surface at

approximately the same time or later than the'ravertine.
I

Xn summary, the available evidence indicates that the six

calcite varieties studied as part of the Radwaste Fault

investigation are:

younger than the epigenetic mineralization of

probably Mesozoic age (Niagara Mohawk Power Corpor-

ation, 1978, Vol. 1); and

Quaternary in age, probably no older than Sangamonian

or Wisconsinan.
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2.3.5 RELATION OF INTERSTITIAL SEDIMENT TO THE RADWASTE FAULT

2.3.5.1 General

In Sections 2.1 and 2.2, it was reported that unlithified sediment

occurs along bedding planes and within brecciated zones. Similar
occurrences had been reported earlier (Niagara Mohawk Power

Corporation, 1978, Volume 1, Sections 3.0 and 4.0). It
seems obvious that dilation of the bedrock to form openings

within which the sediment could be deposited occurred in
proximity to the thrust faults, and at depths as great as 270

feet.

Two questions pertain to the unlithified sediments. The first
concerns the origin and age of the sediment. The second is
whether or not this sediment has been affected by slip along

the "thrust" faults.

2.3.5.2 Origin and Age of Interstitial Sediment

G'eneral

As described in Section 2.1, the mapping effort established

that there are three types of unlithified materials within the

zones of deformation:

gray to greenish-gray gouge (with breccia);
non-laminated, plastic-gray clay; and

laminated tan to brown silty clay.

Locally, these materials are mixed together within the breccia

zones (Plate 2.3-12). The investigation was undertaken to
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determine the origin of the interstitial sediment. Three

possibilities existed:

The sediment is all, or in part, of glaciolacustrine

origin;
the sediment is all, or in part, a form of gouge;

.'and

the sediment is a combination of gouge and weathered

shale.

Xt was suspected that the laminated, tan clay is glaciolacustrine
in origin because of its similar appearance to the Lake

Xroquois deposits. Also, in the heater bay and in the trenches

across the Cooling Tower Fault, similar laminated clay was

pollenated with species similar.to those found in the Pleistocene

overburden.

Specimens were collected for grain-size distribution analysis

to help distinguish depositional environments of the sediment.

Specimens were also collected for compositional and heavy mineral

analyses. Additional pollen analysis was performed to define

the depositional climates of the clays. The samples collected

consisted of the tan clay, the gray clay, the breccia and

gouge, as well as the bedrock in contact with the gouge.

Three "control" samples from the overburden for which the

pollen spectra and the geologic ages are known (Plate 2.3-13)

were analyzed. One specimen of lignitic peat was collected

and a radiocarbon date was obtained. Table 2.3-9 lists all
specimens of sediment which were analyzed.
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The grain-size analyses were performed in the Soil Mechanics

Laboratory of Dames 6 Moore in Cranford, New Jersey. The

compositional and heavy mineral analyses were performed by

Dr. A.H. Vassiliou of Rutgers, the State University, Newark,

New Jersey. The procedures employed are described in his

reports in Appendix C.3.

The pollen analyses were performed by Dr. L.A. Sirkin, Professor

of Palynology and Pleistocene Geology, Adelphi University, Long

Island, New York. The procedures used are described and

results provided in Appendix C.l. At the recommendation of the

consultants to Niagara Mohawk Power. Corporation, samples of
'the clays were sent to Dr. J. Terasmae, Professor of Palynology

and Pleistocene Geology at Brock University in St. Catherines's,
i

Ontario, Canada to provide an independent evaluation of

Dr. Sirkin's findings and interpretations. Dr. Terasmae's

report is provided in Appendix C.2.

Mr. H.N. Krueger, of Krueger Enterprises, performed the radio-

carbon analysis of the peat. His report is provided in

Appendix B.2.

Gra'in'-Si'ze'i'stributi'ons

Five samples of clay were collected for sieve/hydrometer

analysis. Two specimens were collected from the tan, laminated

silty clay in the north radwaste trench. Three control samples

from the circulating water piping trench (Plate 2.3-13) were
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also tested. Samples of the gray clay were not tested because

it was not possible to properly process a sufficient amount, of
representative material. The test results are presented on

Plates 2.3-14 through 2.3-18. From these diagrams, the relative
ratios of sand-silt-clay were computed and plotted on a

ternary di'agram (Plate 2.3-21) according to the classification
defined in Krumbein and Sloss (1963, p. 159). For comparison,

the ratios for two specimens collected from the bedrock in
Trench 4 and whose test results were reported in 1978 (Niagara

Mohawk Power Corporation, 1978, Vol. II, Section 1.0) are also

plotted on Plate 2.3-21. One of the specimens (AS-43) consisted

of tan laminated clayey silt, very similar to the type seen in
the bedrock of the north radwaste trench. The other (AS-44)

was sand infilling a vertical fracture which emanated upward

from the sediment filled layer where. sample AS-43 was c'ollected.

.Inspection of the ternary plot shows that the laminated sediment

from the radwaste trench (GA4-Sl and GA4-S4) is similar in
composition to the varved clay of glacial Lake Iroquois
(SL-CWPT-1; 12,500 years B.P.). The silts (SL-CWPT-2 and

SL-CWPT-3) were collected from the fossilferious marl of the

Sandy Creek stage of Lake Iroquois (12,000 to 10,000 years

B.P.). The mollusc shells from this unit yielded a date of
12,545' 330 C years B.P. (SL-10; Appendix B.2-5).14

The grain size distribution curves for the laminated clays
(GA4-S1, GA4-S4, and AS-43) are remarkably similar (Plates

49



2.3-14, -15, and -19). The curves for these specimens are

also very similar to the control sample SL-CWPT-1. The shapes

of the curves for the two control samples of Sandy Creek

sediment (Plates 2.3-17 and 2.3-18) are more similar to the

curve representing AS-44 (Plate 2.3-20), although the sand/

silt/clay ratios are very different.

The test results seemingly suggest a textural correspondence

between the laminated clay in the north radwaste trench and

the Lake Iroquois sediments.

Com 'o's'i'ti'onal and He'av Mineral Ana'1 ses

Sixteen specimens of various materials were analyzed for their
mineralogic compositions by Dr. A.H. Vassiliou (Appendix C.3-1).
These specimens include the three control specimens collected
from the overburden in the circulating water piping trench.

Additionally, Dr. Vassiliou tested three specimens of laminated

clay by performing heavy mineral separations as described in
Appendix C.3-2. Investigators'Connally, 1964; Gwyn and

Dreimanis, 1979) have used the heavy mineral assemblages of
tills to distinguish deposits of various Wisconsinan glacial
lobes. The possibility was considered that. the laminated clay
from the radwaste trench might bear recognizable heavy mineral

I

assemblages linking their origin to a particular Wisconsinan

glacial stage. The results, however, were inconclusive
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(Appendix C.3-2) because the assemblages were atypical of

those required for a correlation.

The data from mineralogic analysis by Dr. Vassiliou are summarized

in Table 2.3-7. Specimens of groups I through IV were all
collected from the north radwaste trench, whereas Group V

specimens were collected from the circulating water piping
trench. Each group contains specimens of similar texture and

apparent origin. Examination of these data allow five principal
observations to be made and several conclusions follow.

(1) The data suggest. that the material comprising some

samples is heterogenous. For example, the modes of

samples GA4-S7-A and GA4-S2-M of gray clay are

similar. Also, GA4-S7-A bears some resemblance to
GA4-S5-C (breccia) based upon the relative proportions

of the qtz/fsp, 8 kaol/Schl, and kaol + chl.
From this observation, it is concluded that mixing

of the materials has occurred within the breccia

zones (Plate 2.3-12).

(2) The compositions of the gray, plastic clay and the

tan, laminated clay are distinctly different from

the compositions of the breccia, gouge, and the

bedrock in contact with the breccia zones. This is
demonstrated by (a) the much greater qtz-fsp/carbonate

in breccia, (b) the higher ratio of calcite/dolomite
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in clay, (c) consistently higher gtz/fsp in breccia

and bedrock, and (d) the total percentage of kaol +

chl is more erratic in the breccias than in the

clays. These observations suggest that the clays

are not a product of cataclasis.

(3) The gray clay is not compositionally identical to
the tan.clay; however, the compositional differences
are not very pronounced. This statement is supported

by (a) the lower carbonate content of the gray clay
as expressed in the ratio, gtz + fsp/carbonate;

(b) gray clay seemingly has higher percentage of
.total clays, as well as higher kaol/chl ratio than

the tan clay. These observations suggest, although

tenuously, either different sources or different
depositional environments for each.

(4) There is an obvious compositional similarity between

the breccia and gouge and the bedrock in terms of
their mineral constituents.

(5) The gray and tan clay from the radwaste trench (in
contrast to the breccia and gouge) are compositionally
similar to samples SL-CWPT-1 and SL-CWPT-2. The

marl in the circulating water piping trench (SL-

CWPT-3) is more calcareous and does not resemble any

of the sediments in the radwaste trench. These
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relationships are illustrated by the relative ratios
of calcite/ dolomite and gtz + fsp/carbonate. The

observations lead to the conclusion that the clays

in the radwaste trench resemble Lake Iroquois sediment

more closely than they resemble the breccia or

'bedrock.

To further test conclusion (5) above, the mineral contents of .

the laminated clays from the north radwaste trench were compared

to that from earlier analyses of interstitial sediment from

Trench 4 (Niagara Mohawk Power Corporation, 1978, Vol. II,
Plate 1-4). This comparison is illustrated on Plate 2.3-22.

With the exception of the relative silica content, the carbonate,

clay and feldspar contents are similar. The studies in 1978

determined that AS-43 and AS-44 were- derived from the overburden.

On the basis of the results of the compositional analysis, one

may conclude that the tan and gray clays are neither products

of cataclasis nor weathering of the bedrock. Rather, these

clays are derived from a source similar to that of the over-

burden.

Poll'e'n 'Ana'1 s'is and'b's'olute Datin

Twenty-two samples were analyzed for their pollen spectra.

Two samples were taken from the circulating water piping trench,

fourteen from the north radwaste trench, and six from some of

the 800-series boreholes (Section 2.2; Table 2.2-9).
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Dr. Sirkin found various amounts of pollen in all specimens

analyzed (Appendix C.l-l and 6). Four samples yielded enough

pollen that their relative percentages could be plotted, thus

permitting a tenuous interpretation of which pollen zone they

might represent (Table 2.3-8).

The specimens of gray clay contained too little pollen to

..evaluate in terms of established pollen .stratigraphy. Neverthe-

less, the pollen forms present in the gray clay are Pleistocene

in age (Appendix C.l-4). Dr. Sirkin suggested that the pollen

identified could be representative of the Spruce Pollen Zone

(Table 2.3-8). They represent a vegetational setting of a

conifer parkland", with areas of wet ground marginal to a

proglacial lake', such as Lake Iroquois. The results are very

consistent with the pollen data obtained from the Lake Iroquois

varved clay of the overburden at the site (Niagara Mohawk

Power Corporation, l978, Vol. II).

The specimens of tan clay yielded a more diverse spectrum of

pollen than the gray clay. These spectra for samples from

the north radwaste and circulating water piping trenches are

shown on Plate 2.3-23. The assemblage of pollen and spores

for specimen GA4-SlA suggest an arboreal, spruce parkland or

shrub tundra vegetation with scattered trees which is charac-

teristic of the early Spruce Pollen Zone, namely subzone Al
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(Table 2.3-8). Specimen GA4-S4A yielded a pollen assemblage,

including hardwood, suggesting somewhat warmer climatic condi-
II

tions, such as those represented by later Spruce subzones,

namely subzone A4. The age of the A zone is 12,000 to 10,400

years B.P. (Niagara Mohawk Power Corporation, 1978, Vol. 2,

Section 1.0). Specimen GA4-S8B represents a cemented layer

of laminated silty clay (Plate 2.1-12 and Table 2.3-9). This

specimen yielded a few pollen grains interpreted to be characteristic

of subzone A4 of the Spruce Pollen Zone. This specimen was also

analyzed by Dr. Barnes (Section 2.3.4.2). Calcite within

fractures in fragments of this layer (Plate 2.1-11) is probably

similar to Type 1, Type 3, and travertine (Section 2.3.4.2) . The

pollen were cemented by this calcite, hence cementation and

brecciation seem to have occurred later than pollen emplace-

ment.

Within the auxiliary excavation into the south wall of the

north radwaste trench, a clay layer containing patches of

lignite-rich peat was discovered. Sample GA4-S31 from this

layer was radiocarbon dated, yielding an age of 11,060 + 360

14
C years B.P. (Appendix B.2-5) .

In summary, the conclusions which can be drawn from these

studies are:

(1) The origin of the gray clay is uncertain, but

it is probably derived from a source similar to
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overburden,'ased on its composition, pollen
content, which is similar to the overburden.

Possibly, it was deposited during Lake Iroquois.

(2) The tan, laminated clay is a glaciolacustrine
sediment deposited in Lake Iroquois, and likely,
during the. Sandy Creek Stage. This is demonstrated

by the pollen content, as well as the 11,060 + 360
14year B.P. C date.

(3) The laminated clay from the deeper levels penetrated

by the 800-series borings is likely of glaciolacustrine
origin. The age of this clay cannot be firmly
established with the evidence available because the

pollen therein are insufficient in number. However,

the species of pollen identified, and their state of

preservation, suggest a Late Quaternary age.

2.3.6 DEFORMATION OF CLAYS — A QUESTION OF ORIGIN

During the mapping of the radwaste trench, attention was paid

to the relation of the interstitial clays to the bedrock

deformation. If deformation of the clays could be attributed,
at. least in part, to slip along the fault, this would indicate
that the -age of latest fault displacement post-dates the time

of clay deposition. Consideration was also given to the possi-

bility that the configuration of these clays might demonstrate
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that the rock deformation pre-dates their deposition thereby

placing an upper bound to the time of the latest fault dis-

placement.

Initially, the deformed clay was discovered in the south wall

of the north radwaste trench (Plate 5.1-12). At approximately

elevation 221, a pronounced anticlinal fold in the bedrock is
exposed. This fold had a somewhat different appearance on the

south wall from that on the north wall. The fold on the south

side was expressed as bending with minor-scale kink-like
folds, whereas on the north side, a concentric anticline was

apparent. This anticline was truncated near its crest by a

nearly horizontal bedding plane breccia (Plate 2.1-11) which

exhibits nearly 7 feet of displacement (Plate 2.1-11). Clay

was preserved within the dilated kink fold on the south wall.
Plate 2.3-25 presents photographs of 'this exposure. The

pencil tip in these pictures point to the exposure of laminated,

tan-colored, clay between bedding slabs which dip 65 to 70

degrees to the west on the short limb of the fold. The base

of the fold is bounded by a bedding plane shear zone.

The meaning of the attitude of the clay was uncertain. One

could conceive of a situation where groundwater flow through

the dilated openings in the fold permited emplacement of clay

following the completion of folding.
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Excavation southward along the fold axis was extended to

obtain additional data. Plates 2.1-13 and 2.1-14 illustrate
the extent. of the excavation and the configuration of the

bedrock structure therein. Additional layers of laminated

clay were discovered (as well as the lignitic peat that yielded

the C date of 11,060' 360 years B.P.). It was also discovered14

that the clay exhibited abundant contortions, folds, small

internal shear displacements, and fluidization structures.

Plates 2.3-26 presents photographs of a layer of clay within
the kink fold, which exhibits folded laminae. Plate 2.3-27

depicts clay deformation on the upper side of the short limb

of the fold.

To aid in the interpretation of the deformational features in
r

the clay, and their relationship to the kink fold in the

bedrock, several consultants, examined the exposure. These

consultants were Dr. D.R. Coates of the State University of

New York at Binghamton; Dr. L.A. Sirkin of Adelphi University;

and, Dr. T.L. Pewe of Arizona State University. Drs. Sirkin
and Pewe provided written discussions based upon their
examinations of the exposure (Appendix D).

One can summarize the conclusions drawn from the examinations

of the exposure by the various professional geologists as

belonging to two categories in terms of the origin of the

deformational features in the clay.
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One explanation is that. some, or all, of the deformational

features were induced concomitant with the bedrock folding.
The other is that the deformational features are penecontem-

poraneous with deposition of the clay. This argument implies

that all bedrock deformation had occurred prior to the time of

clay'deposition. Consequently, the attitudes of the clay

layers would be, in essence, inherited from the highly irregular
surfaces that developed from the older bedrock deformation.

2.3.7 CONCLUSIONS

On the basis of the previous discussions, the following

conclusions can be drawn:

(1) The initial development of the Radwaste Fault is
known, on the basis of studies and radiometric dates

of calcite mineralization, to be less than 300,000

years B.P. and to have occurred at (a) shallow

levels in the 'crust, and (b) at ambient temperatures

less than 30'C. A Late Sangamonian or younger age

is conceivable.

(2) Movements along the Radwaste Fault have been

recurrent as evidenced by the different stages of

deformation recorded in the mineralization,(D5 and

D6, Plate 2.3-2).

(3) The age of latest displacement is equivocal. Never-

theless, evidence has been obtained documenting
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deformation of travertine minerals which formed

approximately l2,000 years ago, and Type 3 calcite
known to be the same age or younger than the travertine.
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TABLE 2.3-l
GA3 SERIES

SPECIBIENS OF CALCITE iXINERALIZATIONCOLLECTED FROM CIRCULATING WATER PIPING TRENCH EXCAVATIONS

Sam ie No. Location

Elevation
ap~prox mate

Plant
Coordinates Structural Settin

GA3-1

GA3-2

Floor oi excavation near south 237
end of zone of closely spaced S847, W313.5
conjugate fractures

Floor of excavation near south 237
end of zone of closely spaced S847.5, 'IV313.5
conjugate fractures

Calcite collected from surface oriented N45E, 25 S.

Calcite collected from surface oriented E-W, 09S not
parallel to bedding; calcite contains small sandstone clasts.

GA3-3 do. 236.5
SS45, W315

Calcite on bedding plane oriented N10lV, 09E,

GA3-4

GA3-5

0 A3-6

GA3-7

Floor of excavation within zone 238
of closely spaced conjugate S816, ~V516.5
fractures.

Floor of excavation within zone 238
of closely spaced conjugate S817, AI.6.5
fractures

Floor of excavation on east side 23V.S
of zone of closely spaced S 81~11 7
conjugate fractures

Floor of excavation at south end 236
of hot water trench S784, %236

Calcite or surface oriented N05W, 09 S; not parancl to
bedding, cements small sandstone clasts.

Calcite on surface oriented N75W, 04S; not parallel to
bedding.

Calcite on bedding plane oriented N30lV, 08N brecciation
along this plane at other locations.

Calcite on bedding plane oriented N60lV, 04N.

GA3-VA

GA3-8

GA3-9

G A3-10

GA3-10A

Co.

doa

Floor of excavation, hot water
trench

Floor of excavation, hot water
trench

do.

236
S784, W238

237
5774) W248

236.5876~4
do.

Calcite with small sandstone clasts on subhorlzontal
surface equivalent to base of bedding plane breccia zone.

do.

Calcite coating on fracture oriented N33W, 90 .

Calcite gd sulfide mineralization on fracture oriented
N4VW, 90 .

Calcite aad sulfide mineralization on fracture oriented
iV72E, 87 S.

GA3-11

GA3-12

Floor of excavation, hot water 235.5
trench; central part of northwest SVVo, W258
trending zone of fractures

Floor of excavation within zone 238
of closely spaced conjugate S814, W312
fractures

Calcite coating fracture oriented N50W, 40 N.

Calcite coating fracture oriented N46W, 88 S.

G A3-13

GA3-14

GA3-15

doe

do.

238
S817.5, lV317.5

238
S803, lV311

aa rx 8
S801, W31V

Calcite coating on fracture oriented iV70E, 85 S.

Calcite coating fracture oriented N53lV, 88 N.

Calcite coating on fracture oriented NZOE, BV N.



TABLE 2.3-1 (cont.)

Location

Elevation
Aoproximate

Plant
Coordinates Structural Set tin

Floor of excavation, upper
sump trench

do.

234
Samples

Collected
On A Line
Extending

From

S77?, W326

to
SZ70, iU324

Calcite containing sandstone clasts on surface oriented
N-S; 20 W - base of breccia zone.

Calcite on surface oriented NOSW, 13 W -base of
breccia zone.

Calcite on subhorizontal surface nearly parallel to bedding- contains sandstone clasts - located at base of breccia zone.

do. 233
S73~323

Calcite cgntaining sandstone clasts on surface oriented
NOSE, 20 iU -not parallel to bedding -base of breccia zone.



TABLE 2.3-2

GA4 SERIES
SPECIMENS OF CALCITE MINERAUZATIONCOI.LECTED FROM NORTH RADWASTE TRENCH

Sam le No. Location

Elevation
Ap~prox mate

Plant
Coordinates Structural Settin

GA4-1

GA4-S3

On floor, near west end of north 228
wafl (N60W) N267, W132.5

'orth wall of slot in N.RiU.T. 224
N254, W122

Very thin (less than or equal to 1 mm) coating of calcite
on Oswego Sandstone; surface strikes N07W to N19E,
dips 05 to 20 E. Dip-sUp slickensides present at base
of bedding plane breccia. 'IUest over east displacement sense.

N62E, approximately 90 mineralized joint fracture-
contains two patches of nodular calcareous mineral-
possibly limestone "concretion." Sample of
concretions only.

GA4-2

GA4-3

On floor of slot near base of
south wall of N.RiU.T.

On floor of slot of N.R'iV.T.
near south well

222
N242, W131.5

218.5
N236, W115.5

Two patches of calcite on siltstone or graywacke bed at
base of brecciated zone with fjint striae, 0-10 . Fold
axis above breccia is N35W, 04 N.

Base of breccia zone on sandstone bed. Locally on low
angle shear across bed. Local striae - dip slip. Calcite
with breccia clasts, lineated calcite.

GA4-4

GA4-5

On floor of slot in N.RW.T. at 217.5
base of north wall N242.~pvl 9.5

On north wall of slot of N,RIU.T. 220
N240p W108

Calcareous concretion on N10W, 35NE surface which is
striated near GA4-3.

Calcite on 2 nearly orthogonal fracture Both have
rough surfaces: N65W, 50SW; N10E, 90 .

GA4-6 North well of slot of N,RW.T. 217
N23$ , W101

Brecciated calcite with clasts of host rock occurs on
fragment of bedrock, randomly oriented and contained
within breccia/gouge at base of slot,

GA4-7 South wall of slot in N.RW.T. 220
N234.5, 'iV112.5

Sandstone bedding plane contains dark gray amorphous
calcareous patches resembling limestone. Bed is tilted
because of folding within deformed zone exposed
in trench.

GA4"8

GA4-9

On floor of slot at base of south 222.5 .
wall N259, W128

At bottom of south end of slot in 214
N.RW.T. N225, W97

Striated calcite on horizontal, siltstone layer which is
bounded above by breccia/gouge (with soIQ along bedding,
and be!ow by dilated bedding fracture filled with soiL

On sheared fossil layer dipping 25 to 30 toward east.
Both striated calcite (dip-slip) and brecciated calcite with
rock clasts occur on shear surface.

GA4-10 Top of south wall of N.RW.T. 228.75
. N23~pl 9

Zoned patches of calcite and/or concretions on irreg.
N70E vertical joint.

GA4-ll- Top of south wall of N.RW.T. 228.75
slot (2 to 3 ft south of GA4-10) N233, W110
on approx. iV45W, 90 fracture
in same sandstone bed containing
GA4-10

Similar to GA4-10. Also contains radial sprays of dark gray
euhedral crystals, probably calcite. Several generations
may be present.

GA4-58

GA4-BH

GA4-X

GA4-12

GA4-13

South wall of N.RW.T. slot

Top of north wall of N.RW.T.

North wall of N.RiV.T.

South wall of iV.RW.T. slot

2 feet south of GA4-11

218.5
N230.5, W109

238.9
N241, W97

219
N24~p100

223
iV240, lV122

228.75
N231p Will

Pocket of brecciated zone of gray massive plastic clay
and fragments of cemented tan, laminated silt containing
healed fractures. Sampled for analysis of healing
agent in fractures.

Grout from Boring 407 - control specimen for GA4-X.

Occurs in zone of folded and dilated rock within voids and
cementing rock fragments. Substance unknown.

Dripstone on NiV vertical joint.

Same sandstone layer as GA4-11.



TABLE 2.3-2 (cont.)

Sam le No.

GA4-14

GA4-15

GA4-16

GA4-17

Location

No specimen taken

South wall of N.RW.T. slot

Same as GA4-13

South wall of N.RW.T. slot

Elevation
Approximate

Plant
Coordinates

230
N235, W112

230
N231, Will

230
N227, W110

Structural Settin

Patches of gray euhedral calcite crystals on joint (iVSSE, 90)
in sandstone bcd. Fracture surface is irregular.

See GA4-13.

Patch of gray euhedral calcite crystals on fracture (NOSW, 90)
Fracture surface ls irregular.



TABLE 2.3-3

GAS SERIES
SPECIMENS OF CALClTE MINERALIZATIONCOLl ECTED PROM EAST LAKE WATER TUNNEL

Sam le No.

GA5-1A

GAS-1B

GA5-1C

GAS-1D

GAS-2A

GAS-2B

Location

North Wall (left rib)
Stations 0+47 to 0+50

doe

do.

North IUall (left rib)

do.

Elevation

13V

do.

doe

do.

134

do.

Structural Settin

Calcite on footwall of fault N45E, 55SE

N42E, 52SE, Slickensides rake 45 NE

N4ZE, 45SE, Slickensides rake 45 NE

N30E, 47SE, Siickensides rake 80 NE

Calcite on footwall plane of thrust: N40E, 32SE

Brecciated calcite (~e 1) on fo8twall of thrust
N45E, 38SE, Slickensides rake 40 NE

GAS 3i 3A 3E Shear surface - floor
6+32 to 6+44 footwall

138 Bulk Type I breccia and white (grayish) calcite
coatings, some displaying dip slip slicks

GAS-4

GAS"5

GAS-6

GAS-Z

GAS"8

Shear surface - floor, 6+44
footwall

Shear surface - 9+82.5
Left rib footwall

Shear surface, 9+59
Left rib footwall

Shear surface, 8+51

Shear surface, 6+46
Left rib footwall

138

152.5

143

145. 5

143

Type I breccia, minor secondary calcite coating

Type I breccia with stubby eunedral calcite crystals
and white patchy calcite coating

White (grayish) calcite coating

Type I breccia

Type I breccia, white calcite coating with
oblique slip slicks

GA5-9, 9A Shear surface at 2+62.5 and 2+69 139.5
Left rib (2+62.5 - footwall) 143

9 - Grayish white calcite coatings
9A - Fragments of white calcite and Type I breccia
on loose fragments oi'rock in open work breccia

GAS-10 Shear surface, 4+59
Left rib footwall

143.5 Minor grayish white calcite coatings
t

TABLE 2.3-4
800 SERIES

SPECIMENS OF CALCITE MINERALIZATIONCOLLECTED FROM CORES OP BORINGS 801 AND 806

Sam le No.

801-Ml

801-M2

801-M3

806-511

Location

Boring 801, N227.7, W75.3

do.

do.

Boring 806, N73.1, E468.4

Elevation

197.8

196.4

194.9

Structural Settin

Depth 43.6', calcite breccia on beds dipping 30 .

Depth 45.0'; patches of calcite on bedding planes with breccia.

Depth 46.5', calcite breccia a lowwngle fracture.

Depth 148.9'; slickensided calcite on 15 dipping shear fracture.
Beds 0 .



TABLE 2.3-5

RADIOhiETR.'C DATING OF LO'W TEMPERATURE CALCITE

Sam le No.

HK-1

HK-2

TU-1

SL-10'W-1

SW-2

S ecimen Material

Type 1 Calcite

Travertine

Type 1 Calcite

Mollusc shells

Drusy calcite

Drusy calcite

14C

( ears)

Greater than 36,000

14,180 + 550

12,545 + 330

4U
( ears)

Less than 300,000

170,000 + 2,000

81,000 + 1,000

TABLE 2.3-6
ISOTOPE ANALYSES OF LOW TEMPERATURE CALCITE

Sam le No.

HK-1

HK-2

HK-3

SL-10'

ecimen Material

Type 1 Calcite

Traver tine

Type 3 calcite

Mollusc shells

3C
(o/oo)

+3.1

-7.5

H.7

-6.9

18O

(o/oo)

+21.1 + 0.2

+22.6 + 0.2

'Sample from marl In circulating water piping trench, reported in NMPC, 1978, Geologic Investigation, Vol. 2, Section 1.0.

Sample from Pit 1 near old Cooling Tower excavation; equivalent to specimens JT-13, 43, and 44: NMPC, 1978, Geologic
Investigation: Vol. I, Section 4.0 and 6.0. See Plate 5.3-13 of this report.



XET Ct (ICAL ANALYSIS
HEIGHT PERCENT

TABLE 2.3-7
MINERALQGIC ANALYSES

XRD AND THIN SECTION ANALYSIS
VOLUPTE PERCD:T RATIOS, ETC.

SPECIMENS

Grou GA4 No. Descri tion
Carb.

f
Average Access

Ran e Carbonate Min.

Granular Minerals Cla MineralsT1ccchl I r*cc~F
tx Fs Cal Dol+Sid Acc,) Chl Zll Ksol Cls (\) Chl Fs Dol Cal+Dol+Sid

$1 B
I $ 4-B

$ 6-Dl
$ 5 Bs

Tsn,laminated
silty clay

c 150
24.8-25.1

)
24.9

2.0 5.0 ~ 3.5
12.0-26.1 r 19.1

32 11 11 3 I
30 9 11 5
18 4 29 - 1 2

34 13 24 6 1

9 27 6 42
11 31 3 45
12 33 3 48

7 15 22

35 0.59 2.9 3.7 3.1
30 0.25 3.3 2.2 2.4
32 0.23 4.5 - 0.16
32 - 26 40 16

$2-M 9.7 Pyrite,
hornblende

24 10 2 5 1,2.3 13 40 5 58 30 0.36 2.4 0.4 4.9

IZ $ 5 8+
S6-D2
$1 A

Gray, soft
clay
(non-laminated)

12.D26.1, 19.1
15 6-15 9 '5.7

14.2 Pyrite,
hornblende

34 13 24
37 38 20
22 7

6 1

7 1,2
7 1,2

'1 15 - 22
5 18 4 27
8 43 12 63

32 2.6 4.0 1.6
32 , 0.68 4.6 2.9 2.8
32 1.50 3.1 4.1

S5-C
III S6-A

$1-B

$5 D
ZV $6-C

S'7-C

Breccia snd
gouge

Bedrock in
contact uith
breccia xone
s eciren

12.2-22.3; 17 '
5.0 5.1 j 5.1
35'4-45.1 . 40.2

4.7
4.7

22. 0

Hornblende

Pyrite,
hornblende

Hornblende

29 9 - 3 14
65 12 10 1
26 5 17 I~ 2

37 1 - - 1,2
68 11 2 - 1 2
40 ll 16 l 2

10 39 9 58
4 1 l2

8 38 5 51

15 39 I 55
5 12 1 18

12 20 - 32

32 0.88 3.2 - 12.7
65 0.18 5.4 -'.7
25 0.67 5.2 - 1.8

29 0.07 5. 3
33 0.14 6.2 - 39.5
39 3.6 3.2

CIcTCT-I

V CAPT-2

CAPT 3

Lake 1roquo(s
and
Sandy Creek
overburden
sediment

14.1

13. 9

31. 6-31. 8 31.1

Magnetite,
rircon
ruti le
Magnetite,
rircon
rutile

42 18 11 10 1 6 11 18

25 4 41 5 1,5 8 15 24

37 16 8 10 1,2 10 18 - 28 39 2.3 0.8 2.9

37 2. 3 1.1 2.9

36 6.3 8.2 0.63

~ Ratio of t KAOL to % CHL vith respect to total clay content.
+sample is mixture of groups I s Iz.
~ 'For explanation of terminology, see Appendix B.

1 ~ Hematite
2. Hornblende
3. Pyrite
4. Pyroxene
5. Apatite



TABLE 2.3-8

CORRELATION OF POLLEN STRATIGRAPHY —EASTERN NEW YORK AND SOUTHERN CONNECTICUTQ

Pollen Zones Sta es
Northern

Hudson Valle
Southern

WallkillValle
Southern

New En land
Western

Lon Island

C3a
C3b

OAK C2

C1

POST-
E

Spruce Rise
Pine, Birch, Hemlock

Beach, Pine, Hemlock
Oak, Birch

Hemlock, Birch
Pine, Oak

Oak, Hemlock Spruce Rise
Oak, Hemlock

Oak, Hickory Oak, Hickory

Oak, Hemlock Oak, Hemlock

Oak, Chestnut,
Holly

Oak, Hickory

Oak, Hemlock

PINE
B2

B1

GLACIAL Pine, Oak

Pine, Birch

Pine, Oak

Pine

Pine, Oak

Pine

Pine, Oak

Pine

A4

SPRUCE
A3

A1,2 LATE—

Spruce Maximum
Alder, Pine
(A3-4)

Spruce, Pine, Grass
(Spruce Park)

Spruce Returns Spruce Returns

Birch, Spruce

Pine, Spruce, Oak Pine Spruce, Oak
(12,850 + 250)

Pine, Spruce

Spruce Returns

Pine, Spruce

Pine Spruce

HERB

T3 GLACIAL Pine, Birch, Spruce,
NAP, Park-Tundra
(12,400 + 200)

Pine, Spruce,
Birch

Birch Park-Tundra Pine, Spruce, NAP

T2

Tl Glaciated
Spruce, Pine, Fir Spruce Park-Tundra .

Pine; Birch .-. ',Tundra
Shrub-Tundra.

Spruce

Park-Tundra

Glaciated Glaciated Park-Tundra
Near Tundra



TABLE 2.3-9

SPECIhlENS OF INTERiVED SEDIMENT FROh'I iRENCHES AND BORINGS AS PART OF RADWASTE FAULTSTUDY

Specimen
iVumbcr

1. GA4-Sl

2. GA4-S2

3. GA4-S3

4. GA4-S4

5. GA4-SS

6. GA4-S6

7. GA4-S7

8. GA4-S8

9. GA4-S9

Location

North Rad Trench (N.R.T.)
So. Wall, el. 223.6

iV.R.T, No Wall, el. 219

See Table 5.3-2

N.R.T., West end of No. IUalli
el. 233

N.R.T., No. Wall, eL 226

N.R.T., So. Wall, el. 222.5

N.R.T., base of No. Wall,
east end, el. 215

N.R.T., So. Wall, el. 218.5 to 219.5
Near east end

N.R.T., So. IUaLi, el. 219.5
'iUest ot'A4-S8

Dcscri tion

Tan laminated silty clay on bedding plane.

Gray plastic, massive clay, within breccia
of fold. 'IUith embedded rock fragments.

NA

Tan, laminated silty clay along dilated bed.

Mined gray and tan clay and gouge in
brecciated zone. Also bedrock sample.

Mixed gray, tan clay, gouge, breccia.

Gray clay in breccia/gouge on 20 dipping
shear. Bedrock sample aLso.

1 mm of cemented, laminated silt in breccia
and with other nonwemented clay.

Cemented silt at top of non-cemented clay.

Testing
(H M,P R)

H, M, P

hi) P

H,MiP

M,P

M) P

M,P,F

10. GA4-S10 to S19 No Specimens Collected NA

11. GA4-S20

12. GA4-S21

13. GA4-S21A

14. GA4-S22

15. GA4-S23

16. GA4-S24

17. GA4-S25

18. GA4-S26

19. GA4-S27

20. GA4-S28

21. G A4-S29

22. G A4-S30

23. GA4-S30A

24. GA4 "S31

25. GA4-S31A2

N.R.T., So. Wall extension,
West end, el. 220-222

do.

do.

do.

doe

do.

do.

do.

do.

doe

doI

doI

N.R.T., So. Wall
extension, el. 221

do.

Tan to grayish laminated clay in kink fold;
on tilted bed.

Mottled, tan laminated clay within folded
and brecciated zone.

do.

doe

Laminated tan clay with contortions.

Laminated clay with contortions'on tilted
sandstone bed.

do.

Laminated clay with contortions.

Tan silt and clay, contorted with rock
fragments underlying breccia on tilted rock bed.

Tan laminated clayey silt adhered to vertical
joint at east end of extension excavation.

Tan, mottled laminated clay on 26 bed of
sandstone (GA4-S25).

1/2 to 3/4 inch thick t8n to gray laminated
clay or bed dipping 35 .

Same as S30, some small clay dikes.

Patchy thin layer of dark brown lignitic peat
in laminated silty clay

Same as GA4<31.
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TABLE 2.3-9 (cont.)

Specimen
Number

26. SL-CiUPT-1

27. SL-C'SUPT-2

28. SI -CWPT-3

29. 806-61

30. 806-52

31. 806-S3

32. 805-1

33. 810-1

34. 810-2

35. 810-3

36. 810-4

37. 810-5

Location

West Wall, Circul. Water Piping
Trench, 800'o. of Reacto!
Center, el. 224.5

do., el. 249

do., el. 250

N 73.1, E 468.4, Depth 151 ft.

do., Depth 149.8 ft.

do., Depth 144.Z ft.

N 55.7, E 318.7, Depth 121.6 ft.

S SZ.3, E Z07.7, Depth 207.3 ft.

do., Depth 213.3 ft.

do., Depth 251.4 ft.

do., Depth 252.3 ft.

do., Depth 124.3 ft.

Descri tfon

Varved clay from Lake Iroquois deposits
in overburden, 1.4 ft. above bedrock.

Upper part of laminated clayey silt of
Sandy Creek sands, 3.75 ft. above rock.

Yellow brown marl with mollusc shells
5.2 ft. above rock.

Grayish laminated, clay on parting parallel
to beds.

Same as 80662.

Breccia and laminated clay on parting
parallel to beds.

Tan to gray laminated clay on bedding phne.

Fat, mottled greenjh gray clay on bedding.
contact dipping 20 .

Laminated brownish gray clay on bedding

Clay with rock fragments. Gray to brown.
Parallel to bedding

Brownish-gray, hmfanted clay, contorted.
On bedding plane.

Brownish~ray laminated clay on bedding.

Test!ng
(HMPR)

H, M, P»

H, M, P»

H, M, P», R»

H
M
P
R
F

Grainwize
i>linerafogy
Pollen
Radiocarbon
Fluid Inclusion

'Testing performed and reported in 19ZS Cooung Tower Fault Study.



3.0 STRESS DETERMINATIONS BY OVERCORING

3.1 INTRODUCTION

Strain relief measurements were conducted in four vertical
boreholes (the RS series) from April through July 1980. These

measurements were required to assist in the evaluation of the

"thrust" fault structures exposed on the site. This report

presents the results of the overcoring program and an interpre-

tation of their significance.

3. 2 'URPOSE

Strain relief observations in the RS series of vertical
borings were conducted to explore the geometry of the Radwaste

the related stress distribution and the mechanism

of deformation.

3.3 ''SCOPE

Strain relief measurements were conducted by overcoring the

U.S. Bureau of Mines (USBM) deformation gauge in vertical
borings extending to 120 feet below the surface. The combination

of the method used and the orientation of the borings permitted
'I

determination of maximum and minimum normal stresses in the

plane of bedding. (The method does not allow determination of

whether or not these values represent the principal stresse's.)

All four borings were sited within the fault block bounded by

the Drainage Ditch Fault and the Cooling Tower Fault. Between

20 and 32 successful stress determinations were achieved in
each boring. Testing was commenced near the base of the
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Oswego Sandstone. Two borings were terminated in Unit B of
the Pulaski Formation and two borings in Unit C.

3. 4 PROCEDURE

Both field and analytical procedures were identical* to those
r

previously. employed at the site (Niagara Mohawk Power Corporation,
1978). The essence of the method adopted is as follows:

Drill an Ex boring (1.5 inches diameter) in the base

of the 6 inch boring.
2.

3.

Scribe inside of Ex boring with oriented scriber.
Orient and insert USBM deformation gauge in
Ex boring.

4. 'vercore the gauge with 6 inch O.D. bit and monitor
deformation of Ex boring while overcoring.

5. Retrieve oriented overcore, load in a biaxial
pressure cell, observe changes of diameter of

6.

Ex boring and compute elastic modulus.

Calculate stresses assuming plane stress theory
applicable to deformation of a circular hole in
an infinite plate.

The only exception to this statement concerns the range of
the unloading curve obtained during biaxial pressure testingof overcores, for which pressure/displacement relations were
used to calculate Young's modulus. For the RS series of
determinations a range corresponding in each case to the
observed deformation in the field in each individual test
was selected. During previous testing in the OC series of
borings (NMPC, 1978), an upper limit of 2000 psi was selected
as standard. For this reason, and because the results
obtained in Boring OC-4 are re-interpreted in the light of-
the Radwaste Structure, the results previously obtained inthis boring are presented again in this report incorporating
the recalculated values of stress.



Test, results were classified according to the character and

quality of the observed deformation curves obtained in situ
and the quality of the biaxial load/deformation curves.

3.5 RESULTS

Plate 3-1 shows the location of the RS borings. Borings RS-l,

RS-2, and RS-3 were located along a line subparallel to the

Cooling Tower Fault. These borings were located in the southern

section of the fault block, 500 to 700 feet north of the Cooling

Tower Fault. Boring RS-4 was located less than 300 feet east

of the reactor excavation. Apart from near-surface measurements

in Boring OC-9, strain relief within %he fault block was

previously measured in Boring OC-4. Plates 3-2 through 3-6

show the information. obtained from Borings RS-1 through RS-4,

and Boring OC-4, as follows:
1. Lithology
2. Stratigraphy
3. Bedding plane fractures
4. Maximum and minimum normal displacement observed

during overcoring (P and Q, microinches)

5. Orientation of the axis of maximum displacement (P)

6. Displacement difference (P-Q, microinches)

7. Modulus of elasticity determined by biaxial loading
of the overcore (psi)

8. Maximum and minimum stress (psi)
9. Stress difference



Results of stress determinations are tabulated in Tables 3-1

through 3-5. Biaxial tests for the RS-series of stress
determinations are summarized in Tables 3-6 through 3-9, and

in Table 3-10 for tests from Boring OC-4. Boring logs,
calibration records, and strain relief curves are presented
in Appendix E.

Results of stress determinations from Boring RS-1 are charac-
terized by:

a) stresses ranging between approximately zero and 1000

psii
b) a generally consistent E-W orientation of maximum

normal stress;
c) essentially constant stress difference of about

200-300 psi.

Results from Boring RS-2 are characterized by:

a) stresses ranging from about -100 psi to 1000 psi
(highly variable over a short vertical distance);

b) an approximately consistent N50E to N60E oriented

c)

maximum normal stress;
a zone of maximum normal stresses which are relatively
low (even zero) in the Oswego Sandstone;

d) an approximately consistent stress difference of 100

to 200 psi in the upper section, with a progressive
increase from the middle of Unit A of the Pulaski
Formation downwards to a magnitude of appproximately
500 psi.
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Results from Boring RS-3 are characterized by:

a) stresses varying generally from -200 psi to 800 psi,
the higher values occurring only below the Oswego

Sandstone;

b) fairly variable orientation of maximum normal stress,
but with a recurring orientation of about N60'E

throughout the boring;

c) stress difference of about 200 psi, increasing
steadily with depth below the Oswego Sandstone

Formation to about 600 psi (locally higher).

Results from Boring RS-4 are characterized by:

a) maximum normal stresses of about zero .or slightly
less to 400. psi in the Oswego Sandstone Formation

and the upper part of Unit A, being more variable
at greater depth where the results range from

approximately zero to greater than 1000 psi. Almost

one-third of the determinations of minimum normal

stress ranged from -150 psi to -300 psi;
b) apart from measurements above the Transition Zone,

the orientation of maximum normal stress is remarkably

constant, oriented N60'E-N70'E throughout the

penetrated section;
c) stress difference appears to increase with depth

throughout much of the borehole, ranging from about

50 psi near-surface to about 600 psi at, greater
depth.
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3.6 DXSCUSSZON

To interpret the results of stress determinations, it is
important to note the location of the RS-series boreholes

(Plates 3-1) considering:

location with respect to the sites of previous
stress determinations (the OC-series boreholes);
location with respect to geological structures;
location with respect to the bedrock valley.

Plates l-l and 3-1 show that the RS-series of stress determinations
were conducted in a bedrock block bounded by the Cooling Tower

Fault and Drainage Ditch Fault, situated east. of the north-
trending bedrock depression. Plate 3-1 also shows the location
of a northeast striking synclinal axis in the vicinity of Boring
RS-1 (New York State Electric and Gas, 1979). The syncline
has been proposed on the basis of subsurface data; however,

the precise location of the axis with respect to Boring RS-1

is uncertain.

As shown on Plate 3-1, only two of the OC-series borings (OC-4

and OC-9) were drilled within the block. Borings OC-5, -7

(horizontal), and -8 (vertical), were drilled from the base of
the cooling water intake shaft approximately 100 feet below

ground surface. All these measurements were made near the

bedrock valley, in the vicinity of the exposures of the "thrust"
fault structures (Plate l-l). Borings OC-1, -2 and -3 were

drilled at, locations outside the fault block.
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Based on the results of geological studies at the site, it is
clear that the fault block within which the RS-series. of
measurements were conducted, has experienced extensional relief
in two directions. These directions are parallel and perpendicular
to the strike of the bounding faults. The degree of extensional
relief resulting from displacement on these structures diminishes
to zero with depth in both directions. The relief is negligible
at a depth of approximately 200 feet for the Cooling Tower

Fault buckling, and at a depth of approximately 100 feet for
the "thrust" fault structures.

The degree of strain relief diminishes progressively with
- distance from the front of the structure; that is, parallel to

the slip vector or extension direction. This non-homogenous

deformation should express itself in terms of gradients of
remanant strain energy both perpendicular and parallel to the
faults. The identification of these gradients was the principal
objective of this program, in the context of defining the
extent. of the "thrust" fault structures.

Horizontal translation resulting from buckling on the Cooling
Tower Fault, as well as "thrust" fault related translations,
were heterogeneous in terms of magnitude and direction. This
non-homogenous translation can, as in the case of other
geological structures, result in changes of distortional
strain patterns in addition to extensional strains. The

differences in slip vectors will be reflected in different
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quantities of shear stresses acting in vertical planes oriented

parallel and normal to the boundary faults. In terms of

stress determination, these shear stresses would be manifested

as a systematic change in orientation of normal stresses

acting in a horizontal plane (Plate 3-9).

The deformation resulting from the heterogeneous relief,
therefore, can be expected to be expressed by changes in both

orientation and magnitude of stresses relative to the pre-

deformation state of stress. Accordingly, the first step in

the interpretation of results should be the definition of the

pre-deformation stress conditions. By defining the departures

from these conditions at each test location, estimates can be

made of the boundaries of the relieved block (the extent. of

the "thrust" fault structures), as well as the stress states

pertaining to these boundaries.

The magnitude and orientation of the pre-deformation stress

within the block can be obtained on the basis of information

from .Borings OC-8, -5, -7, and RS-4. The results from these

borings can be taken to represent, the state of stress throughout

the entire 200 feet penetrated. That is, throughout the zone

within which the degree of, extension diminishes progressively.

At a depth of about 200 feet the influences of the "thrust"

sheet and the buckling across the Cooling Tower Fault should

be minimal. It is apparent that these results show depth

dependent changes in the orientation and magnitude of normal



stresses in the horizontal plane. The magnitude of the maximum

normal stress increases from a very low value, near the bedrock

surface, to as much as 2500-3000 psi, at a depth of approximately

200 feet. The value of the maximum normal stress is approximately

1100 psi at 100 feet. It is interesting to note, that the

change in the stress magnitudes. is accompanied with a change

in the stress orientation, to a certain degree. In the upper

portion of the explored section the maximum normal stress is

oriented about northeast. At a depth of approximately 100

feet, where the stress magnitude attains a value of 1100

psi, the orientation of the maximum normal stress shifts to

east,-west, and remains relatively constant despite the increase

in magnitude below this depth. From these observations the

following values of the pre-deformational stress within the

block are evident:

the orientation of the maximum stress was east-west,

and,

the magnitude of the maximum stress was approximately

2500 to 3000 psi.
Furthermore, the data indicate the development of the "thrust"

structure exposed in the radwaste trench manifests itself as a

change in stress values in the hanging wall block, relative

to the footwall block. The orientation of the maximum stress

in the hanging wall block is northeast and the magnitude is

low, whereas in the footwall block the orientation is east-west,

and the magnitude is 1200 to 1300 psi. Therefore, the maximum
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stress reduction (stress drop) attributable to the development

of the "thrust" structure is 1200 to 1300 psi.

Comparison of the strain relief data from Borings RS-l, -2, -3,
and OC-4 (Plates 3-2 through 3-6) with the postulated pre-
deformational state of stress reveals notable differences.
Only at the bases of Borings OC-4 and RS-l, is the maximum

normal stress oriented east-west. — Elsewhere, departure from

this orientation is apparent and is accompanied with a reduction
in the stress magnitude. The changes in stress magnitude

indicate definite stress gradients parallel and normal to the

Cooling Tower Fault;'.=The;development of. th'ese'gradients, is
readily attributable to the lateral relief of the bedrock

along both directions.

Comparison of the stress states determined in the OC-series

borings and the RS-series borings can be used to evaluate the

southern and western boundaries of the relieved block ("thrust"
sheet). Comparison of stresses parallel to the Cooling Tower

Fault in Borings OC-2 and RS-1 clearly indicate;that this
fault represents the southern boundary of the block. Comparison

of stresses (differences of magnitude and orientation) in
Borings OC-3 and RS-3 indicates that the bedrock depression

through the site represents the western boundary of the block
(Plates l-l and 3-1) .

70



The results of strain relief measurements do not permit identifi-
cation of the northern boundary. This boundary can be expected

to offer. very low frictional resistance which could result
either from low normal stress or low overall shear strength.

This supposition is in agreement with the rotation of stresses

observed i.n Borings OC-4 and RS-4. There are two reasonable

possibilities satisfying these requirements, that is'he
Drainage Ditch Fault or the free boundary where the strata

outcrop in Lake Ontario.

Definition of the base, as well as the eastern boundary of the

relieved block, remains to complete the evaluation of the

boundary conditions. There are two interpreations.

Data obtained from the subsurface exploration of the extent of

the Radwaste Structure were used to prepare the geological

cross section shown on Plate 2.2-2. From this cross section-

it can be inferred that the down dip continuation of the

"thrust" fault in the radwaste trench occurs in the immediate

vicinity of the illite rich layer in Unit A of the Pulaski

Formation. This layer has been identified in Borings RS-4

and OC-4 at a depth of approximately 70 feet. In these borings

(Plates 3-5 and 3-6) the occurrence of the layer corresponds

to a significant change in the magnitude of the displacements

recorded during overcoring, being low in the upper section

relative to the lower section. However, the orientation of

the maximum horizontal stress is different in these two borings.
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In RS-4, this orientation is relatively constant throughout

the tested section, averaging approximately N70E. In Boring

OC-4 it changes from N60E-N70E to approximately east-west

across the illite layer. Although the slip surface developed

along this layer is present in both borings, the zone of

deeper thrust relief (for example, the deformation at the base

of Unit B shown on Plate 2.2-2) is present in Boring RS-4 but

not in Boring OC-4 and thus may account for the observed

differences. This suggests that the lower boundary of the

relieved block may dip to the west between Borings OC-4 and

RS-4. However, the base of the "thrust" structure exposed in

the radwaste trench is horizontal, at least in this section of

the fault block. Considering the differences in the magnitude

and orientation of the stresses above and below the illite
zone in Boring OC-4, it can be concluded that the eastern

boundary of the "thrust," sheet is located east of this boring.

Further information pertaining to both the depth of development

of the "thrust" sheet as well as the eastern boundary can be

obtained considering the strain relief measurements in Borings

RS-l, -2, and -3. Comparing the results from Borings OC-4 and

RS-l some similarities are evident. Apart from notable

differences in the magnitude of horizontal stress which

represents a stress gradient normal to the Cooling Tower Fault,

the similarities are:

comparable reduction in the magnitude of maximum

normal stress of the sections in the borehole

above and below the illite layer; and,
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recognizable changes in the orientation of the

maximum stress across the illite layer.

The sense of rotation of the maximum stress in Borehole RS-1

across the illite layer is counterclockwise. This is opposite

to the sense of rotation observed in Boring OC-4. This must.

indicate 'that the sense of shear stress acting in vertical

planes which are parallel to the Cooling Tower Fault (Plate 3-9)

and located above the illite layer is opposite in each of the

borings. An explanation of this is apparent considering the

location of Boring RS-1 with respect to the axis of the

syncline (Plate 3-1). In order for this explanation to be

plausible, the axis of the syncline (and accompanying reversal

of sense of shear stress in horizontal planes) must be located

west of Boring RS-1 and not to the east as shown on Plate 3-1

(plotted location from: New York State Electric and Gas, 1979).

If this is true these borings are located on opposing limbs

of the syncline. This situation would result in a tendency

toward a westward translation of the upper parts of the section

in Boring OC-4 and eastward translation of the corresponding

section in Boring RS-1. This would result in an opposite

sense of rotation of the maximum stress in the two boreholes

above the illite layer. This interpretation requires that the

magnitude of displacements related to the "thrust" sheets

diminish southward. Accordingly, the lower boundary of the

"thrust" sheet in Borings OC-4 and RS-1 correspond to the

slip surface localized along the illite-rich layer. Also, the

eastern boundary of the "thrust" sheet exposed in the excavations
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must be situated between Borings OC-4 and RS-l, most likely
along the axis of the syncline. Following this interpretation

further, it is necessary to place the base of the thrust

structure exposed in the radwaste trench along the illite
layer, in Borings RS-2 and RS-3. This layer was encountered

l

at depths of 76 and 64 feet, respectively.

Data from all three borings in the south of the fault block

show departures from the postulated pre-deformation east-west

orientation of the maximum stress. The departure is counter-

clockwise in Boring RS-2 and RS-3, but clockwise in Boring RS-l.

Furthermore, the maximum normal stresses below the illite
layer in Borings RS-1 and -2 increase from west to east, and

reflect a reversal in the stress gradient observed above the

layer and between Borings RS-4 and OC-4. This reversal may

reflect the 'effect of strain redistribution related to buckling

on the Cooling Tower Fault. In this case, Boring RS-1 would

be located east of the centerline of this buckling (line of

maximum fault-normal slip) whereas Borings RS-3 and -2 would

be 1'ocated west. of this line. This difference of location

with respect to the centerline of the buckle would result in

differences of sense of shear stress acting in vertical planes,

parallel and normal to the fault. Hence, this could account

for the different senses of rotation of the maximum horizontal

stress observed at various test locations. The larger magnitude

of the maximum stress in Boring RS-2 than in Boring RS-1 could

be accounted for assuming that Boring RS-2 is located near the

74



western termination of the Cooling Tower Fault buckle where

distortion is dominant.

In summary, the presented observations and analysis imply the

following:
'-the distribution of strain relief in plan was

characterized by translations parallel to the fault
and along bedding planes which occurred on either

side and away from a synclinal axis located between

Borings RS-1 and OC-4. The magnitudes of fault-
parallel dislocations are maximum near the Drainage

Ditch Fault and decrease in magnitude southward

within the fault block.- The magnitude of bedding

plane translations normal to the Cooling Tower Fault

and related to buckling diminishes away from the

centerline of buckling toward the extremities of the

fault.
The distribution of strain relief in a vertical
plane parallel to the bounding faults can be charac-

terized as a zone in which layer parallel differential
extensional relief occurred.'his zone is contained

between two planes; one is nearly vertical and is
located near the bedrock depression on the site; the

other plane can be envisaged as a curved surface

dipping westward. This latter surface intersects

the relatively shallow illite layer encountered in

Boring OC-4 and extends beneath the main site
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excavations. It is the base of the "thrust" sheet.

The degree of strain relief of individual strata or

groups of strata, comprising the "thrust" sheet

diminishes eastward and with depth.

A second alternative to the interpretation of the present

strain distribution that is consistent with the known facts

is possible. This alternative interpretation also concludes

that the illite layer represents the base of the Radwaste

Structure but only in the northern portions of the fault
block. The eastern boundary of the structure is situated east

of Boring OC-4 in this case as well. In contrast to the first
interpretation, this alternative explains the northeasterly

re-orientation of the maximum stress in the upper portions of

Boring OC-4 (above the illite layer) by a uniform layer-

parallel strain relief parallel to the boundary faults. This

relief has been superimposed upon the pre-deformational east—

west oriented maximum stress. The eastern boundary is assumed

to be:the synclinal axis positioned east of Boring RS-1 as

shown on Plate 3-1. The presence of a second "thrust" sheet

to the east of the synclinal axis, with accompanying easterly

translation, is not required.
/

The re-orientation of maximum stress observed in Borings RS-1,

RS-2, and RS-3 are attributed primarily to buckling on the

Cooling Tower Fault..'he centerline of buckling (line of

maximum southerly translation) is positioned just east of
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Boring RS-2. Rather than a uniform southerly translation of

beds in the central portions of the Cooling Tower Fault, with

distortional strain development restricted to sections near

the ends of the fault, a generally curved pattern defined by

these southerly displacements is envisaged. This would lead

to uniformly distributed distortional strains derived by

progressively changing magnitudes of southerly displacement

along the length of the buckle.

This alternative also incorporates an increase in the depth of

the base of the Radwaste Structure, from the north to the

south within the fault block, in response to the greater pre-

existing strain relief in proximity to the Cooling Tower Fault

Buckle. This buckle-related strain relief included modification

of shear stresses in the plane of bedding and re-orientation
of the maximum stress such that fault-parallel translation required

for Radwaste Structure formation was not a suitable mode of

subsequent deformation in the upper sections of Boreholes

RS-l, RS-2, and RS-3. According to this interpretation, none

of the three boreholes located in the south of the fault block

has penetrated to the base of the Radwaste Structure.

In the cross section presenting results from Boreholes RS-4

and OC-4 (Plate 3-7), the Radwaste Structure appears to be

composed of two layers: an upper layer largely confined to the

Oswego Sandstone which shows a clear gradient of layer-parallel
N70W oriented strain; and second, a deeper layer showing
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extraordinarily low N70W trending stresses (a very low gradient).

A similar double-layer distribution is apparent in the cross

section containing Borings RS-l, RS-2, and RS-3 (Plate 3-8),

but in this case the upper relatively high gradient layer

extends much deeper and is inclined toward the east. In

Boring RS-3 the base of this layer extends to elevation 200

feet. At Boring RS-1 this layer extends to elevation 160-170

feet, and coincides with the marked change in orientation of

maximum horizontal stress noted earlier in this discussion.

Below this level in the south of the fault block, a relative

increase of the degree of bedding plane fracturing can be

observed in Borings RS-1 and RS-2. This zone is interpreted

to represent a predominance of the radwaste mode of deformation.

The relatively minor change of orientation from,a pre-deforma-

tional east-west to N80E trend observed in Boring RS-l, is

attributed to the superimposition of fault-parallel normal

strain relief by Radwaste Structure development, upon the N80W

orientation developed predominantly by buckling. This interpre-

tation envisages a passive extension of overlying beds, strongly

influenced by*buckling on the Cooling Tower Fault, with an

underlyin'g zone having fault-parallel strain-relief components

less influenced by buckling at the greater depths where the

Radwaste Structure developed. This interpretation does not

require the development of large fault-parallel shear strains

on vertical planes as the hanging wall of the "thrust" structure

was uniformly displaced westwards. This displacement was
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relatively uniform in plan, but occurred at deeper levels in

proximity to the Cooling Tower Fault. In contrast to the

observations in Borings RS-2 and RS-l, no increase of the

frequency of bedding fracturing in the deep zone of Boring

RS-3 is observed. However, the strain relief measurements

reflect antiformal bending associated with a N70W strain

superimposed on a strain state in which the maximum stress is
oriented N60E. This is interpreted to represent a fault-
parallel translation and buckling of strata against asperities

on an inclined basal plane similar to that observed in the

radwaste trench. Thus, the base of the structure is interpreted

to lie very close to the base of Boring- RS-2, progressively

deepening at a gentle angle in an eastward direction.

In view of the changing sense of shear stress associated with

the axis of the syncline, it is assumed that the eastern

boundary of the Radwaste Structure coincides with the axis of

the syncline, positioned as shown on Plate 3-1.

In terms of the overall evaluation of the Radwaste Structure,

it is the common aspects of the preceding alternatives which

are most relevant. Both interpretations include the presence

of a synclinal axis, representing the eastern boundary of the

Radwaste Structure. This implies that stresses acting at the

eastern boundary of the structure do not include layer-parallel
shear stress because the axial plane of the syncline represents

a plane across which a reversal of the sense of bedding-parallel
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shear stress occurs. The magnitude of normal stress at the

eastern boundary. of the structure is inferred to range from

700 to 1100 psi.

3.7 CONCLUSIONS

The existence of stress gradients, normal and parallel to the

Cooling Tower Fault, demonstrates that deformation involving

internal extensional relief has occurred in both these directions

within the fault block. That is, deformation has not occurred

as rigid body translation. Abundant geological evidence has

revealed planes of slip parallel to the bedding, thus indicating

shear strain in the plane of bedding. In plan view, the

observed strain pattern must have resulted principally from

two factors: buckling in the vicinity of the Cooling Tower

Fault with predominantly fault-normal layer-parallel translation;

and predominantly fault-parallel translation associated with

"thrusting" to the west.

The Cooling Tower Fault represents the southern boundary of

the "thrust" sheet. The northern boundary is inferred to be

either the Drainage Ditch Fault or the outcrop of the strata

in the lake. In any case, the fault,-normal stresses are

relatively low, such that frictional restraint is very limited.

The western boundary of the "thrust" sheet coincides with the

bedrock depression where near-zero normal stresses pertain.

The base of the Radwaste "thrust" Structure lies approximately

coincident with the illite layer in Unit A of the Pulaski
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Formation at least in the northern portion of the fault block.

Two alternative interpretations have been advanced to account

for the depth of the base of the structure in the southern

portion of the fault block. One interpretation requires that

the base of the structure be confined to the illite layer.

The other interpretation is that base of the structure is

considerably deeper because of the influences of buckling on

the Cooling Tower Fault. Regardless of the interpretation, the

eastern boundary of the structure is assumed to be coincident

with the axial plane of a syncline, inferred to be positioned

in the vicinity of Boring RS-1. This boundary is free of

bedding parallel shear stress.
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TABLE 3- 1

SUMMARY OF OVERCORE TESTS
BORING RS-ll

TEST DEPTH
NO. (Ft) ROCK TYPE

MAXIMUM MINIMUM
DISPLACEMENT - DISPLACEMENT

(A In.) (~ In.)

ORIENTATION
MAXIMUM MINIMUM MAXIMUM

MOD%)LUS NORMAL NORMAL NORMAL
xl0 PSI STRESS (PSI) STRESS (PSI) STRESS

41'2 1/2" Siliceous Sandstone 384 — 17 2.8 265 77 N79W

43'10"

46'5"
Siliceous Sandstone

Siliceous Sandstone to Argillaceous
Sandstone

441

1385

144

1100

3.5

2. 6 ('?)

427

1135 (?)

253 N81E

1012 (?) NSSE

4 47'9" Siliceous Sandstone with Occasional
Shale Interbed

338 -152 5 3 (?) 381 (?) -52 (?) N84E

8 53s9n

9

55'iliceous Sandstone

Siliceous Sandstone with Ocassional
Shale Clasts

428

374

— 64

70

5.7

4 '

581

448

112

218

N84W

N75W

12

14

15(2)

16(3)

58'3"

61 >

6314"

64'8 1/2"

Siliceous Sandstone to Slightly
Argillaceous Sandstone
Graywacke
Siliceous Sandstone with Shale
Interbeds
Argillaceous Sandstone with Shale
Interlaminations

333

366

317 (?)

1266 (2)

-185

110

50 (?)

719 (?)

5.4 368

3.8 383

3-8 (.) 286 (?)

3 8 (?) 1430 (?)

-101

221

N73W

N72W

1083 (2) N82W (?)

52 (2) N82W (2)

17 66'1"

18 68'4"

Argillaceous Sandstone with
Siliceous Sandstone Interbeds
Interbedded Argillaceous Sandstone
and Siliceous Sandstone

326

597 (2) 194 (2)

8.0

5 '

683

876 (?)

308 NSIW

519 (?) N83W (?)

20

22
71'3'1

1/2"

Argillaceous Sandstone

Siliceous Sandstone Grading to
Argillaceous Sandstone

603

648

282

436

6.0

5.3

1046

1052

723

864

N67W

Njlw
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TABLE 3-1

SUMMARY OF OVERCORE TESTS
BORING RS-11

TEST DEPTH
NO. (Ft) ROCK TYPE

MAXIMUM
DISPLACEMENT

(A In.)
MINIMUM

DISPLACEMENT
(~ In.)

ORIENTATION
MAXIMUM MINIMUM MAX1 MUM

MOD%)LUS NORMAL NORMAL NORMAL
x10 PSI STRESS (PSI) STRESS (PSI) STRESS

24 74'9 1/2" Argillaceous Sandstone 318 - 13 6.0 471 139 Njow

25 76'1"

26 7814"

27 81'8's

28 83 I 10"

29 87'1/2"

30 88'2"

34 92'9

35 96'10"

Argillaceous Sandstone

Siliceous Sandstone

Argillaceous Sandstone

Argillaceous Sandstone

Interbedded Siliceous Sandstone
and Argillaceous Sandstone

Argillaceous Sandstone

Argillaceous Sandstone

Si.liceous Sandstone to Argillaceous
Sandstone

303

378

562

851 (?)

402

796

563

540 (2)

142

241

486 (?)

56

441

182

242 (?)

7. 2 (?)

3.5

3. 9 (?)

6. 2 (?)

4.3

4.9

630 (?)

454

563

987 (?)

653 (?)

1015

764

652 (?)

436 ('2)

151

374

N50E

N67W

N71W

294 (?) N86W

760

452

N56W

N82W

443 (?) N75W

749 (?) N70W (?)

36 98'2" Siliceous Sandstone Grading to
Argillaceous Sandstone

584 266 5.2 875 598 N89W

38 100'9"

40(7) 103'3"

44 120'6"

48 123'll"

Argillaceous Sandstone

Argillaceous Sandstone Grading to
Siliceous Sandstone

Siliceous Sandstone

Argillaceous Sandstone and Shale
Interbedded

537

511 (?)

553 (?)

391 (?)

162

137 (?)

-123 (2)

-155 (?)

4 '

4.9

666

682 (2)

7.1 911 (?)

3.8 (?) 323 (?)

383 NSSE

375 (?) NSOE (?)

107 (?) NSOE (?)

24 (?) NS1E (?)



Sheet 3 of 3

TABLE 3-1

SUMMRY OP OVERCORE TESTS
BORING RS-ll

TEST DEPTH
NO. (Ft) ROCK TYPE

MAXIMUM - MINIMUM
DISPLACEMENT DISPLACEMENT

(M In.) (~ In.)

ORIENTATION
MAXIMUM MINIMUM MAXIMUM

MODI)LUS NORMAL NORMAL NORMAL
xl0 PSI STRESS (PSI) STRESS (PSI) STRESS

NOTES: 1) Data calculated assuming plane-stress
2) Axis I uncertain, Axis II drift
3) Drift on Axis III
4) Axes I, II, and III slightly unstable
5) Axes I, ZI and ZII failed to stabilize
6) Axes I, II and IZI failed to stabilize
7) Axes II and III failed to stabilize at
8) Axis Z uncertain
9) Axes I, IZ and III uncertain

and isotropy in the plane of bedding.

at the end of overcoring test.
at the end of overcoring test
the end of overcoring test
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TABLE 3- 2

SUMMARY OP OVERCORE TESTS
BORING RS- 21

TEST DEPTH
NO. (Pt) ROCK TYPE

MAXIMUM
DISPLACEMENT

(M In.)
MlNIMUM

DISPLACEMENT
(m In.)

ORIENTATION
MAXIMUM MINIMUM MAXIMUM

MOD]LUS NORMAL NORMAL NORMAL
X10 PSI STRESS (PSI) STRESS (PSI) STRESS

2 22'8" Siliceous Sandstone 200

3 25'8 1/2" Siliceous Sandstone 20

4 29>7

5 30'10"

6 32'll"
7 35'2"

Siliceous Sandstone

Siliceous Sandstone

Siliceous Sandstone

Siliceous Sandstone

-14

327

70

197

8 38'8" Argillaceous Sandstone with Shale 629
Laminations Grading to Medium to
Light Gray Sandstone

16

- 99

- 76

-335

-163

-112

390

4.5 220

3.7

2.4

- 12

- 24

4.5 243

1.9

1.6 64

36 (?) 684 (?)

57 N05W

85 N45E

48

-256

— 67

N15E

N20E

N57E

19 N51E

540 (?) N49E

9(2)

10 43'8"
Sandstone with Shale Interbeds

Graywacke Grading to Siliceous
Sandstone

177 (?)

131

-219 (?)

-101

2. 6 (?)

7.3

68 (?)

179 -104 N42E

-104 ('?) N49E (?)

14 47'4" Siliceous Sandstone with Argillaceous 232
Sandstone Interbeds

-150 3.1 (?) 142 (?) 57 (?) N71E

15 49'1/2" Siliceous Sandstone 39

17 51'6" Silty Shale to Siltstone Grading to 323
Argillaceous Sandstone

- 72

- 54

7.9

3. 6 (?)

30

275 (?)

-117 N10Ã

48 (?) N56E

18
53'9

55'2"

Graywacke

Argillaceous Sandstone

565

163

475 2. 2 (?)

3. 8 (?)

398 (?)

152 (?)

365 (?) N82E

41 (?) N49E



Sheet 2 of 3

TABLE 3 —2

SUMMARY OP OVERCORE TESTS
BORING RS-21

TEST DEPTH
NO. (P t) ROCK TYPE

ORIENTATION
MAXIMUM MINIMUtl MAXIMUM MINIMUM MAXIMUM

DISPLACEMENT DISPLACEMENT MOD/LUS NOfQKL NORMAL NORMAL
(M In.) (~ In.) xlp PSI STRESS (PSI) STRESS (PSI) STRESS

20 56'9"

21
58'3

60'1 1/2"

Siliceous Sandstone with
Argillaceous Sandstone Interbeds
Siliceous Sandstone with Argillaceous
Sandstone Interbeds with Shale
Laminations
Siliceous Sandstone with Argillaceous
Sandstone Interbeds

70

542 (?)

-98

3 94 (?)

-142

2 ~ 9 (?) 488 (?) 416 (?) N29E (?)

4.3 -151 N46E

2.9 (?) 27 (?) — 54 (?) N36E

24 61'10"

25 63'2"

27 6517"

28 66'10"

30 69'5"

Argillaceous Sandstone

Argillaceous Sandstone

Argillaceous Sandstone Grading to
Siliceous Sandstone

Argillaceous Sandstone Grading to
Siliceous Sandstone

Siliceous Sandstone Grading to
Argillaceous Sandstone

302

552

703

180

477

206

442

603

76

257

4.2

3.7

3.6

4,0

4.8

389

647

814

205

676

322

574

754

136

499

NllH

N21E

N41E

NSOE

N66E

31 71'8"

32 73'1"

33 74'5"

Siliceous Sandstone

Argillaceous Sandstone

Siliceous Sandstone, Occasional
Shale Clasts

199

459

150

-128

319

- 91

4. 2 (?)

3.8

173

594 (?)

114

69 N59E

497 (?) NSOE

40 N68E

34«) 76 ~

36 (5) 79 ~ 6 II

Argillaceous Sandstone with
Occasional Siliceous Sandstone
Interbeds

Argillaceous Sandstone Grading to
Siliceous Sandstone with Shale
Laminations

413 (?)

687 (?)

16 (?)

319 (?)

3. 9 (?) 408 (?)

6. 2 (?) 1231 (?)

149 (?) E W (?)

850 (?) N37E (?)
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TABLE 3 - 2

SUMMARY OF OVERCORE TESTS
BORING RS-21

TEST DEPTH
NO. (Ft)

38 82'1"
ROCK TYPE

Siliceous Sandstone Grading to
Argillaceous Sandstone

368 -149 6.8 (?) 543 (?) — 46 (?) N55E

ORIENTATION
)1AXZMUH MINIMUM HAXIMUH MINIMUM MAXIMUM

DZSPLACEMENT DISPLACEMENT MODI)LUS NORMAL NORMAL NORMAL
(M In.) (~ In.) x10 PSI STRESS (PSI) STRESS (PSI) STRESS

40 84'7 1/2"

42( ) 87'5"

44 90'4"

45 91'8"

Argillaceous Sandstone

Siliceous Sandstone

Argillaceous Sandstone

Argillaceous Sandstone Grading to
Siliceous Sandstone

1025

750 (?)

964

538

487

-301 (?)

293

-130

3.4 1010

4.9 (?) 797 (?)

4 ~ 2 (?) 1117 (?)

5.3 (?) 658 (?)

704 N52E

- 65 (?) N51E (?)

645 (?) N41E

65 (?) N51E

NOTES: 1)
2)
3)
4)
5)
6)

Data
Axes
Axes
Axis
Core
Axis

calculated assuming isotropic plane stress analysis
I, II and III unstable
I, II and III uncertain because core fractured after 12.5 inches of overcoring
IZ uncertain
broke at 12.5 inches during overcore test
I failed to stabilize at end of overcore test



TABLE 3 - 3

SUMMARY OF OVERCORE TESTS
BORXNG RS-31

Sheet 1 of 2

TEST DEPTH
NO. (Ft) ROCK TYPE

MAXIMUM
DISPLACEMENT

(A In.)

ORIENTATION
MXNIMUM MAXIMUM MINIMUM MAXIMUM

DXSPLACEMENT MOD(LUS NORMAL NORMAL NORMAL
(~ Xn.) x10 PSI STRESS (PSI) STRESS (PSI) STRESS

1 6'8»

2 7sll»
Argillaceous Sandstone

Siliceous Sandstone Grading
Slightly Argillaceous

38

-135

-312

-325

4.8

2.6

-170

-158

-390

-240

N23E

N64E

4 13'2» Siliceous Sandstone 48

5 16'2» Siliceous Sandstone 392

7 18'4 1/2» Siliceous Sandstone with Occasional 292
Argillaceous Sandstone Interbeds

10 25'8 1/2» Argillaceous Sandstone with Occasional 986
Siltstone Interbeds

-170

-168

-116

424

3.4

2.6

2. 9 (?)

1. 9 (?)

219

184 (?)

536 (?)

-131 N45E

25 N74E

14 (?) N69E

357 (?) N53E

27> 9» Siliceous Sandstone with Interbeds " 89 (?)
of Argillaceous Sandstone and Shaley
Siltstone

-265 (?) 2. 9 ('?) -128 (?) -214 (? ) N40E (? )

14 32'10 1/2» Siliceous Sandstone Grading to
Argillaceous Sandstone

198 3.7 (?) 181 (?) 54 (?) N40N

16 35'll 1/2» Slightly Argillaceous Sandstone to 107
Argillaceous Sandstone

-166 2.9 38 95 N58E

19 39'7»

24 48'5"

28 54'4"

35 67'2"

Argillaceous Sandstone

Argillaceous Sandstone

335

957

Argillaceous Sandstone with Occasional 579
Siliceous Sandstone, Shale Interbeds

Argillaceous Sandstone with Siliceous 783
Sandstone Interbeds

121

535

76

-257

3. 3 (?)

2 ' (?)

3.4 (?)

3.6 (?)

310 (?)

824 (?)

515 (?)

628 (?)

192 (?) N40E

619 (?) N69W

228 (?) N60E

2 (? ) N20E



TABLE 3 -3

SUMMARY OF OVERCORE TESTS
BORING RS-31

Sheet 2 of 2

TEST DEPTH
NO. (Ft) ROCK TYPE

ORIENTATION
MAXIMUM MINIMUM MAXIMUH MINIMUM MAXIMUM

DISPLACEMENT DISPLACEMENT MOD(LUS NORMAL NORMAL NORMAL
(M In.) (W In.) x10 PSI STRESS (PSI) STRESS (PSI) STRESS

36 68'5 1/2"

37 69'7 3/4"

Argillaceous Sandstone 1073 (?)

Siliceous Sandstone with Occasional 793
Shale Interbed

-373 (?)

-438

3.4 (?) 809 (?)

796

14 (? ) N09E (? )

-214 N34E

38 70010"

39 72'1"

Interbedded Siliceous Sandstone
and Argillaceous Sandstone

Siliceous Sandstone Grading to
Argillaceous Sandstone with Shale
Laminations

659

804

-366

-435

5 3 (?) 713 ('?)

4. 0 (?) 661 (?)

-196 (?) N72E

-169 (?) N88E

41 74'6"

42 75'10 1/2"

Siliceous Sandstone with Occasional 415
Interbed of Argillaceous Sandstone

Siliceous Sandstone with Occasional 286
Argillaceous Sandstone Interbeds

-214

99

4.0

6.5

345

411

- 76 N63E

N60E

43 77'1 1/2" Argillaceous Sandstone with
Occasional Siliceous Sandstone
lnterbeds

735 -178 4.0 676 65 N65E

NOTES: 1) Data calculated assuming isotropic plane stress analysis
2) Axes I, II and III uncertain
3) Axis I failed to stabilize at end of overcore test



TABLE 3- 4

SUMMARY OP OVERCORE TESTS
BORING RS-4 1

Sheet 1 of 3

TEST DEPTH
NO. (Pt) ROCK TYPE

MAXIMUM
DISPLACEMENT

(M In.)

ORIENTATION
MINIMUM MAXIMUM MINIMUM MAXIMUM

DISPLACEMENT HOD(U.US NORMAL NORMAL NORMAL(~ In.) x10 SI STRESS (PSI) STRESS (PSI) STRESS

3 24'6" Argillaceous Sandstone Grading
to Siliceous Sandstone

292 70 2.5 (?) 197 (?) 104 (?) N07E

4 27'1 1/2"

5 28'6"

6 30'll 1/2"

7 36'1 1/2"

8 39'3"

ll 58'8"

12 60'7"

13

62'iliceous

Sandstone

Siliceous Sandstone

Siliceous Sandstone

Silty Shale to Graywacke to
Siliceous Sandstone

48 (?)

138

720 (?)

Argillaceous Sandstone

Graywacke

Argillaceous Sandstone with
Occasional Siliceous Sandstone
Interbeds

344 (?)

37

15

Siliceous Sandstone with Occasional 249 (?)
Shale Clasts

-327

-204 (?)

-210

300 (?)

108 (?)

23 (?)

-228

-280

2. 5 (?) — 6 7 (?)

2.3

4.1

- 67 (?)

70

2.7 554 (?)

4.1 -115

5.0 (?) -135 (-)

4. 1 (?) 293 (?)

4.1 (?) 346 (?)

= -205 (?)

127 (? )

-169

N85E

N68E (?)

N15W

364 (?) N64E (?)

195 (?) N70E

-247

-357 (?)

N51E

N64E

94 (?) N68E (?)

14 63'8" Argillaceous Sandstone with
Occasional Siliceous Sandstone
Interbeds and Shaley Laminations

710 132 4.2 793 382 N71E

15 65'9 1/2" Siliceous Sandstone with Shale
Clasts Grading to Argillaceous
Sandstone

896 (?) 18 (?) 4.2 (?) 948 (?) 331 (?) N68E (?)

17( ) 68'7" Argillaceous Sandstone with
Occa'sional Siliceous Sandstone
Interbeds, Grading to Siltstone

1151 (?) 382 (?) 4. 2 (?) 1343 (?) 794 (?) N68E (?)



TABLE 3- 4

SUMMARY OF OVERCORE TESTS
BORING RS- 41

Sheet 2 of 3

TEST DEPTM
NO. (Ft)

19 71'3"
ROCK TYPE

Interbedded Argillaceous Sandstone
and Siliceous Sandstone with
Occasional Shale Laminations

MAXIMUM
DXSPLACEMENT

(A Xn.)

839

MINIMUM
DISPLACEMENT

(~ In.)
734

OR I
E.':%'AXIMUM

MINIMUM Ml:/X.!':M
MOD(LUS NORMAL NORMAL O MAL
x10 PSI STRESS (PSI) STRESS (PSX) STRESS

4 2 (?) 1138 (?) 1064 (?) N87E

24( 80'10 1/2"

25 82'1 1/2"

Siliceous Sandstone

Argillaceous Sandstone with
Occasional Siliceous Sandstone
Interbeds and Shale Laminations

148 (?)

1220

3 (?)

429

3.8

3.3

142 (?)

1126 689 N87W

49 (?) N12E (?)

27 83'll" Argillaceous Sandstone with Shale
with Interbeds

987 88 3.9 991 405 N77E

28 85'3" Argillaceous Sandstone with
Siliceous Sandstone Interbeds

345 (?) -274 (?) '.6 229 ( ~ ) -144 (?) N87 W (?)

33 91'6"

49 115'9 3/4"

Siliceous Sandstone

Interbedded Argillaceous. Sandstone,
Siliceous Sandstone and Shale

676

610 (?)

-664

96 (?)

3.2

4.3 (?)

366

623 (?)

-353 N70E

114 (?) N66E (?)

50 116'10 1/2" 'Siliceous Sandstone 223 - 60 5.2 273 20 'N33E

51 119'9" Siliceous Sandstone Grading to
Argillaceous Sandstone

976 505 1317 954 N45E



Sheet 3 of 3

TABLE 3-4

SUMMARY OF OVERCORE TESTS
BORING RS-41

TEST DEPTH
NO. (Ft) ROCK TYPE

MAXIMUM
DISPLACEMENT

(A In.)
MINIMUH

DISPLACEMENT
(A In.)

ORIENTATION
MAXIMUM MINLMUH MAXIMUM

MOD)LUS NORMAL NORMAL NORMAL
xl0 PSI STRESS (PSI) STRESS (PSI) STRESS

NOTES: 1) Data calculated assuming isotropic plane stress analysis
2) Axes I, II and III uncertain
3) Axes I, II and III failed to stabilize at the end of overcore test
4) Axes I, II and III unstable
5) Axis II uncertain
6) Axis II uncertain, Axis III failed to stabilize at the end of

the overcore test
7) Axis III failed to stabilize at the end of the overcore test
8) Axis II failed to stabilize at the end of the overcore test
9) Axes I and II uncertain

10) Axis II uncertain



TABLE 3-5

SUMMARY OF OVERCORE TESTS
BORING OG-41i2

Sheet 1 of 2

TEST DEPTH
NO. (Ft) ROCK TYPE

ORIENTATION
MAXIMUM MINIMUM MAXIMUM MINIMUM MAXIMUM

DISPLACEMENT DXSPLACEMENT MOD/>LUS NORMAL NORMAL NORMAL(A In.) (m In.) xl0 PSI STRESS (PSI) STRESS (PSI) STRESS

2 16'3 1/2" Sandstone with Shale Interclasts
(different rock type than biaxial
test)

1138 467 3.9 1237 875 N68E

3 19'2"

4 22'2"

7 24'4 1/2"

8 2802 1/2"

Cross bedded Sandstone with Shale
Xnterclasts along Cross Bedding

Sandstone with Shale Intraclasts
at 22'6"

Sandstone with Shale Xnterclasts
at 24'2"

Graywacke/Sandstone/Shale
(different rock type than biaxial
test)

232 (?)

775

1006

1527 (?)

-184 (?)

-209

114

393 (?)

6.1 (?) 260 (?)

774

4.6 1114

4 0 (?) 1658 (?)

50 N74E

252 N78E

900 (?) N72E (?)

-164 (?) N70E (?)

33~2"

14 38'2"
Silty Sandstone

Sandstone with Shaley Intraclast
Layer at 38'5"

285

768

87

-382

4.6

4. 5 (?)

361

722 (?)

209 N90E

-143 (?) N73E

15 39'll" Sandstone with Thin Bed of Graywacke 1131
at 39'll" — Numerous Shale Clasts

324 4'. 5 (?) 1395 (+) 788 (?) N72E

16 42'0" Subgraywacke

18 45'2"

19( ) 50'4 1/2-

Graywacke/Sandstone/Graywacke
Interbeds

Sandstone/Graywacke-buttons at-
Contact

17 43'4 1/2" Fossiliferous Graywacke

489 (?)

318

527

528 (?)

202 (?)

86

27

-240 (?)

3.7

3 ~ 8 (?)

3 ~ 9 (?)

5.9

515 (?)

276 (?)

505 (?)

663 (?)

337 (?) N22E (?)

37 (?) N88E

143 (?) N67E

97 (?) N63E (?)



Sheet 2 of 2

TABLE 3-5

SUMMARY OF OVERCORg TESTS
BORING OC-4 lit

TEST DEPTH
NO. (Ft) ROCK TYPE

ORIENTATION
MAXIMUM MINIMUM MAXIMUM MINIMUM MAXZMUM

DISPLACEMENT DISPLACEMENT MOD)LUS NORMAL NORMAL NORMAL(A Zn.) (A In.) xlo PSI STRESS (PSI) STRESS (PSI) STRESS

20 56'3 1/2" Graywacke

21 59'3" Siltstone/Sandstone/Graywacke-
fracture at Shale/Sandstone
Contact (mechanical or natural?)

1162

991

342

-373

3.8

4.3 (?)

1212

922 (?)

691 N72E

48 (7) N52E

22 63'll" Graywacke/Sandstone (different
rock type than biaxial test)

889 -579 4. 7 (?) 821 (?) -334 (?) N67E

23 69'1 1/2" Znterbedded Graywacke and Sandstone 913
with Large Sandstone Clasts

60 4.6 1002 280 N78E

24 72'1" Graywacke/Sandstone/Graywacke-
contacts at 71'10" and 72'2"

353 -216 ( 8. 2 (?) 572 (?) -206 (?) N89W

28 86'0" Sandstone

31 106'7" Graywacke with Shale layer at
106 I 5

25 76'1/2" Graywacke

26 77'2 1/2" Sandstone

27 81'9" Sandstone/Graywacke/Sandstone

919

1031

973

1131

934

526

178

429

-179

- 494

4. 8 (?) 1314 (?)

4.5 1229

3.7

4.3

1032

1162

4.6 (?) 1266* (?)

586 N84E

696 N68W

214 N88W

926 (?) N78W

998 (?) N70W

NOTES: 1) Modified to incorporate revised modulus calculations (see Table H-10)
2) Data calculated employing an isotropic plane-stress analysis.
3) Data termed uncertain because of the possible overload to transducers of Axes I and II
4) Data termed uncertain because core fractured at 10 inches
5) Core fractures at 14 1/2 inches. This did not affect data results because the final point to

determine the deformation range was considered before the fracture occurred
6) Data termed uncertain because the core fractured at 12 1/2 inches
7) Gauge vibration noted at 7 1/2 inches along Axes I and II
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TABLE -3-6

SUMMARY OF BIAXIALTESTS
BORING RS-1

TEST
NO. ROCK TYPE

DEPTH
(ft)

El-
(xl0 si)6

E2

(xl0 si)6

E3

(xl0 si)6
AVG

(xl0 psi)6

1(3)

2(4)

3(5,6)

4(7i 8)

8

12

i4")
15 (10)

Siliceous Sandsto'ne

Siliceous Sandstone

Siliceous Sandstone to
Argillaceous Sandstone

Siliceous Sandstone with
occasional Shale interbed

Siliceous Sandstone

Siliceous Sandstone,
occasional Shale Clasts
Siliceous Sandstone to
Slightly ArgillaceousSandstone

Graywacke

Siliceous Sandstone with
Shale interbeds

41 2 1/2"

43 I 2 ll

46'5 1/2"

47 I 9ll

53 I 9ll

55'8

I 3"

61 I 2ll

63'4"

2.7

3. 6.

2,8

5.7

5.3

4.5

5.5

3.6

3.2

3.4

2:5

4.8

5.9

4.6

5.5

4.1

2.6

3.4

2.6

5.3

5.8

4.5

5.2

3.8

2.8

3.5

2. 6 (?)

5. 3 (?)

5.7

4.5

5.4

3.8

16 (11)

17

Argillaceous Sandstone with 64'8 1/2"
Shale Interlaminations

Argillaceous Sandstone with 66'1"
Siliceous Sandstone
interbeds

3.8

7.2

3.8

8.8

3.8

8.3 8.0

18 Interbedded Argillaceous
Sandstone and Siliceous
Sandstone

68'4" 5.0 5.5 5.4 5.3
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TABLE 3-6

SUMMARY OF BIAXIALTESTS
BORING RS-1

TEST
NO.

20

ROCK TYPE

Argillaceous Sandstone

DEPTH
(ft)

7ls

El

(xl0 si)6

6.3 6.05.36.4

E2 E3 EAVG

(xlO psi) (x10 si) (x10 si)6 6. 6

22

24

25 (12)

26

27

28

29 ( 1 4)

30

34

35

36

38

40

Siliceous Sandstone grading
to Argillaceous Sandstone

Argillaceous Sandstone

Argillaceous Sandstone

Siliceous Sandstone

Argillaceous Sandstone

Argillaceous Sandstone

Interbedded Siliceous
Sandstone and Argillaceous
Sandstone

Argillaceous Sandstone

Argillaceous Sandstone
Siliceous Sandstone Grading
to Argillaceous Sandstone
Siliceous Sandstone grading
to Argillaceous Sandstone

Argillaceous Sandstone

Argillaceous Sandstone
Grading to Siliceous
Sandstone

73'1 1/2"

74'9 1/2"

76'1"

78(4n

81'8"

83'10"

87'/2"

88'2"

92'9"
/
96'10"

98 I 2ll

100'-9"

103'3"

5;7

5.6

7,0

4.6

3.7

3.6

6.0

4.2

4.9

4 ~ 4

5.3

4.5

5.1,.

5.4

6.2

7.3

5.0

3.3

4.1

6.3

4 '

5.0

4.0

5.3

4.6

4.9

4.7

6.5

9.6

4 ~ 9

3.4

4.0

9.2

4 ~ 4

4.9

4.2

5.0

4.3

4.7

5.3

6.0

7. 2 (?)

4.8

3.5

3.9 (2)

6.2 (?)

4.3

4.9

4.2

5.2

4.5

4.9
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TABLE 3

6'UMMARY

OF BIAXIALTESTS
BORING RS-1

TEST
NO. ROCK TYPE

44 Siliceous Sandstone

48 Argillaceous Sandstone and(15)
Shale Interbedded

DEPTH
(ft)

120 t 6n

123'll"

El

(xl0 si)6

6.7

E2

(x10 psi)6

7.2

E3

(xl0 si)

7.5

AVG

(xl0 si)6

7.1

3.8

NOTES: 1)

2)

3)
4)
5)

6)
7)

8)
9)

10)ll)
12)
13)

14)
15)
16)

For analytical procedures see Volume III, Rock Stresses,
Dames & Moore, 1978.
All original plots and calculations are available for 'reference in
the Nine Mile II project file at Dames a Moore, Baldwinsville, N.Y.
Biaxial test at

41'iaxialtest at 43'2"
Core failed at 1000 pounds per square inch during first loading
cycle. Modulus based on seond unload cycle after core failed,
Biaxial test at 46'5 1/2"
Core failed at 1000 pounds per square inch during first load'ing
cyle. Modulus based on second unload cycle after- core failed
Biaxial test at 47'7"
Biaxial test at 61'2"
Assumed modulus (Test 16, RS-1)
Core failed after 800 pounds per square inch during first loading
cycle. Modulus based on second unload cycle after core failed

AVG based on El and E2 only
Core failed at 981 pounds per square inch during first loading cycle.
Modulus based on second unload cycle after core failed
E based on El and E3 only
Assumed Modulus (Test 16, RS-1)
Ule oriented NOSE.
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TABLE~ 3-7

SUMMARY OP BIAXIALTESTS
BORING RS-2

I

TEST DEPTH
NO. ROCK TYPE (ft)

El

(x10 si)6

E2

(xl0 si)6

E3

(x10 si)'*6
AVG

(x10 psi)6

Siliceous Sandstone

Siliceous Sandstone

22)8"

25'8 1/2"

4 ~ 4

3.7

4.7

3.8

4.3

3.6

4.5

3.7

Siliceous Sandstone

Siliceous Sandstone

32slln

35'2n

Argillaceous Sandstone with 38'8"
Shale laminations grading to
medium to light gray
sandstone

4 Siliceous Sandstone 29-'7"

(3)
5 Siliceous Sandstone 30'10"

2.4

4.3

1.8

1.5

3.6

2.5

4.4

1.9

3.7

2.4

4.8

1.9

1.6

3.5

2.4

4.5

1.9

1.6

3.6 (~)

9
(6g7)

10

14 (.8)

Sandstone with Shale
interbeds

Graywacke grading to
Siliceous Sandstone

Siliceous Sandstone with
Argillaceous Sandstone
interbeds

41'4"

43'8"

47'4"

2.3

8.2

2.7

6:8

2.7

6.9

3.1

2.6 (~)

7.3

3 1 (2)

15 Siliceous Sandstone

17 , Silty Shale to Siltstone(9)
grading to Argillaceous
Sandstone

49'/2"
51 I 6ll

8.9 7 ~ 3.'.— 7.5 7.9

3.6 (>)
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TABLE 3-7

SUMMARY OF BIAXIALTESTS
BORING RS-2

TEST DEPTH

NO. ROCK TYPE (ft)
El

(x10 si)6

E2

(x10 psi)6

E3 EAVG

(x10 si) (xl0 psi)6 6

18 (10)

19 (ll)

20 (12)

21(13)

23

Graywacke

Argillaceous Sandstone

Siliceous Sandstone with
Argillaceous Sandstone
interbeds

Siliceous Sandstone with
Argillaceous Sandstone
interbeds with Shale
laminations

Siliceous Sandstone with
Argillaceous Sandstone
interbeds

53

55 I 2ll

56'9"

58'0I

1 1/2"

2.1

3.8

3.2

4.2

2.1

4.1

2.4

4.1

2.5

3.6

3.0

4.6

2. 2 (?)

3.8 (~)

2.9 (V)

2.9 (>)

4.3

24

25

2 7

28

Argillaceous Sandstone

Argillaceous Sandstone

Argillaceous Sandstone
Grading to Siliceous

'andstone
Argillaceous Sandstone
Grading to Siliceous
Sandstone

61'10"

63'2"

65 I 7tl

66'10"

4.0

3.8

3.7

4.2

3.9

3.4

3.5

3.9

4.6

3.8

3.5

3.8

4.2

3.7

3.6

4.0

30 Siliceous Sandstone grading 69'5"
to Argillaceous Sandstone

5.4 4 ~ 4 4.7 4.8

31

32 (14)

Siliceous Sandstone

Argillaceous Sandstone

714 8n

73'1"

0
4.7 4.3

4.2

4C3

4.1

4 ~ 4



TABLE 3 -'7

SUMMARY OF BIAXIAL TESTS
BORING RS-2

Sheet 3 of

TEST
NO. ROCK TYPE

DEPTH
(ft) (xlp si)6

E2

(xlp si)6

E3

(xlP si)6
AVG

(xlP psi)6

33

34 )

74 I 5 IISiliceous Sandstone,
Occasional Shale Clasts
Argillaceous Sandstone with 76'2"
Occasional Siliceous Sand-
Stone Interbeds-

3.5

3.5

3.6

4.2

4.3

4.1

3.8

3. 9 (?)

36 (16) Argillaceous Sandstone
grading to Siliceous
Sandstone with Shale
laminations

79 I 6ll 6.2 6.0 6.3 (?)

38 (17) Siliceous Sandstone grading 82'1"
to Argillaceous Sandstone

6.7 6.8 7.6 6. 8 (?)

4p (18)

42 (19)

44 (20)

45 (21)

Argillaceous Sandstone.

Siliceous Sandstone

Argillaceous Sandstone

Argillaceous Sandstone
grading to Siliceous
Sandstone

87 I 5ll

9P I 4ll

91> 8n

4.9

5.2

84'7 1/2" . 3.4 3.2

4.9

5.2

3.6

5.9

5.6

3-4 (?)

4,9 (?)

4.2 (?)

5.3 (?)
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TABLE 3

SUMMARY OF BIAXIALTESTS
BORING RS-2

TES r
NO. ROCK TYPE

DEPTH
(ft)

El

(xl0 si)6

E2

(xl0 si)6

E3

(xl0 si)6
AVG

(xl0 si)6

NOTES:

2)

3)
4)

5)
6)

7)
8)
9)

10)

12)

13)
14)

15)

16)

17)
18)

19)
20)
21)

z)

For analytical procedures, see Volume III, Rock Stresses,
Dames & Moore, 1978
All original plots and calculations are available(for reference
in the Nine Mile II project file at Dames & Moore, Baldwinsville, N.Y.
Biaxial test at 30'8"
Core failed at 1080 pounds per square inch during second unload cycle.
Modulus based on second unload cycle a'fter core failed.
Biaxial test at 38'4"
Core broke at 1120 pounds per square inch during first load cycle.
Modulus based on first unload cycle after core. failed.
Biaxial test at 40'10"
Modulus based on E3 only
Assumed modulus (Test 8, RS-2)
Core failed at 1100 pounds per square inch during first load cycle.
Modulus based on second unload cycle after-core failed.
Core failed at 1620 pounds per square inch during second loading
cycle. Modulus based on second unloading cycle after core failed.
Core failed after 600 pounds per square inch during first loading
cycle. Modulus based on second unload cycle after core failed.
Assumed Modulus (Test 20, RS-2)
Core failed at 1200 pounds per square inch during first load cycle.
Modulus based on second unload cycle after core failed.
Core failed at 380 pounds per "square inch during first loading cycle.
Modulus based on second unload cycle after core failed.
Core failed at 320 pounds per square inch during first loading cycle.
Modulus based on second unload cycle after core failed.
Modulus based on El and E2 only.
Core failed at. 800 pounds per squre inch during first loading cycle.
Modulus based on second unload cycle after core failed.
Modulus based on El and E2 only.
Assumed Modulus (Test 24, RS-2)
Core failed at 1400 pounds per square inch during first loading cycle.
Modulus based on second unload cycle after core failed.
U18 oriented N57E.
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TABLE 3

SUMMARY OF BIAXIALTESTS
BORING RS-3

TEST
NO. ROCK TYPE

DEPTH
(ft)

El

(xlp si)6

E2 E3 EAVG

(xlp psi) (xlp si) (xlp si)6 . 6 6

2(3)

5

7(4)

1P (5/6)

11(7).

Argillaceous Sandstone

Siliceous Sandstone"grading
slightly Argillaceous

Siliceous Sandstone

Siliceous Sandstone

Siliceous Sandstone with
occasional Argillaceous
Sandstone interbeds

Argillaceous Sandstone,
occasional Siltstone
interbeds

Siliceous Sandstone with
interbeds of Argillaceous
Sandstone and Shaley
Siltstone interbeds

I 8II

7'll"

13>2"

16'2"

18'4 1/2"

25'8 1/2"

27'9"

5.4

2.6

3.3

2.8

2.9

1.9

4.2

2.6

3.5

2.4

4.1

2.4

4.7

2.7

3.5

2.7

2.8

1.9

4.8

2.6

3.4

2.6

2.9 (-)

1.9 (V)

2.9 (?)

Siliceous Sandstone grading 32>lpto Argillaceous Sandstone 3.4 4.1 4.0 3.7 (2)

16

24 (10)

28 (11)

Slightly Argillaceous Sand-
Stone to'Argillaceous Sand-
stone
Argillaceous Sandstone

~ Argillaceous Sandstone

Argillaceous Sandstone
with occasional Silceous
Sandstone, Shale inter-
bedded

35'll 1/2"

39 t 7II

48 I 5II

54'4"

2.8

2.1

2.7

3.4

3.3

3.1

2.9

3. 3 ('?)

2.9 (V)

3.4 (>)
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TABLE 3-8

SUMMARY OF BIAXIALTESTS
BORING RS-3

TF~T
NO. ROCK TYPE

DEPTH
(ft)

El

(xl0 si)6

E2

(x10 si)6

E3

(xl0 si)6
AVG

(xl0 psi)6

35 ( 1 2) Argillaceous Sandstone
with Sili.ceous Sandstone
interbeds

67'2" 3.5 3.7 3.5 3.6 (?)

36 'rgillaceous Sandstone(13 j14)
58 5 1/2"

37 Siliceous Sandstone. with 69'7 3/4"(15)
occasional Shale interbed

38 Interbedded Siliceous(16) 70'10"
Sandstone and Argillaceous
Sandstone

3.7

5.0

5.6

3.1

4.9

5.,0

3.3

4.9

6.6

3.4 (?)

4.9

5. 3 (?)

39 (17)

41

42

Siliceous Sandstone grad-
72'ngto Argillaceous Sand-

stone with Shale Laminations

Siliceous Sandstone, 74'6n
occasional interbed of .

Argillaceous Sandstone

Siliceous Sandstone, 75'10 1/2"
occasional Argillaceous Sand-
stone interbeds

3.9

6.3

3.9

6.4

4.1

6.7

4 ~ 0 (?)

4.0

6.5

43 ( 18) Argillaceous Sandstone,
occasional Siliceous Sand-
stone interbeds

77' 1/2n 4.0 4.1 3.8 4.0
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TABLE 3-8

SUMMARY OF BIAXIALTESTS
BORING RS-3

ROCK TYPE
DEPTH
(ft)

Elf

(xl0 si)6

E2

(x10 psi)6

E3

(xl0 si)6
AVG

(xl0 si)6

1)

2)

3)
4)

5)

6)
7)
8)

9)
10)

11)
12)

13)

14)
15)
16)
17)
18)
19)
20)

For Analytical Procedures see Volume III, Rock Stresses,
Dames 6 Moore, 1978
All original plots and calculations are available for reference
in the Nine Mile II project file at Dames & Moore, Baldwinsville, N.Y.
Biaxial test at 7'10"
Core failed at 1000 pounds per square inch during first loading cycle.
Modulus based on first unload cycle after core failed. EAVG based on El
and E3 only
Core failed at 1350 pounds per square inch during second loading cycle.
Modulus based on second unload cycle after core failed. EAVG based on El
and E2 only
Biaxial test at 25'6"
Assumed modulus (Test 7, RS-3)
Core failed at 1700 pounds per square inch during second loading cycle.
Modulus based on first unload cycle before core failed.
Assumed modulus (test 25, RS-24)
Core failed at 1000 pounds per square inch during first loading cycle.
Modulus based on second unload cycle after core failed.
Assumed Modulus (Test 36, RS-3)
Core failed at 600 pounds per square inch during first loading cycle.
Modulus based on second unload cycle after core failed
Core: failed at 1000 pounds per square inch during first loading cycle.
Modulus based on second unload after core failed.
Biaxial test at 68'4 1/2"
Biaxial test at 69'3"
E - based on -El and. Eq only
AS8med modulus (Test 41, RS-3)
Biaxial test at 77' 1/2"
Test 1 and 2, Ule oriented N25E.
Tests 3 through 43, Ule oriented N40E.
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TABLE 3-9

SUb91ARY OF BIAXXAL TESTS
BORlNG RS-4

TEST
HO. ROCK TYPE

3
(3) Argillaceous Sands@one

grading to Siliceous
Sandstone

DEPTH
(ft)

24 I 611

El-

(xl0 si)6.
Ez

(xlp si)6

E3 EAVG

(xlp si) (xlp si)6 6

z.s (?)

6 Siliceous Sandstone
7(6) Silty Shale to gray~wacke

to Siliceous Sandstone

4 'iliceous Sandstone(4;5)

5 Siliceous Sandstone

27'1 1/2"

28 I 6tl

30'll 1/2"

36'1 1/2"

2.3

'2.1

2.7

2.6

2.4

4.2

2.6

2.5

2.4

4.1

2.7

z.s (.)

2.3

4.1

2.7

8(7) Siliceous Sandstone,
occasional Shale clasts

39 I 311 4.1 (?)

(8)ll Argillaceous Sandstone

12 Graywacke=
(9)

13 Argillaceous Sandstone
with Occasional Siliceous
Sandstone interbeds

58 '.8"

60 I 71162'.9
5.0

4.2

5.0

4.2

6.6

4. 1 (?)

5. 0 (?)

14

(lp)

Argillaceous Sandstone
with occasional Siliceous
Sandstone interbeds and
Shaley laminations

Siliceous Sandstone with
Shale Clasts grading to
Argillaceous Sandstone

~ 63 1811

65'9 1/2"

4.9 3.8 3.8 4.2

4. 2 ('?)
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TABIE 3-9

SUMMARY OE BIAXIALTESTS
BORING RS-4

'1 EST
NO. ROCK TYPE

DEPTH
(ft)

El

(xl0 si)6

E2

(xl0 psi)6

E3 AUG

(xl0 si) (xl0 si)6 6

17 (10) Argillaceous Sandstone,
occasional Siliceous Sand-
stone interbeds, grading to

. Siltstone

6807" 4.2 (~)

19 Interbedded Argillaceous
Sandstone and Siliceous
Sandstone with occasional
Shale laminations

71'3"

24

25

27

28 (11)

33

49(12)

50

51 (13)

Siliceous Sandstone

Argillaceous Sandstone
with occasional Siliceous
Sandstone Inherbeds and
Shale Laminations
Argillaceous Sandstone
with Shale interbeds

Interbedded Siliceous
Sandstone and Argillaceous
Sandstone

Siliceous Sandstone

Interbedded Argillaceous
Sandstone, Siliceous Sand-
stone and Shale

Siliceous Sandstone

Siliceous Sandstone grad-
ing to Argillaceous
Sandstone

80'10 1/2"

82'1 1/2"

83'll"

85'3"

91'6"

115'9 3/4"

116'10 1/2"

119'9"

3.9

3.4

3.9

3.6

*3. 2

4.1

5.2

5.0

3.6

3.0

3.8

3.7

3.6

4.4

5.4

4 ~ 4

4 ~ 0

3.4

4.1

3.5

2.9

4.5

5.0

4.5

3.8

3.3

3.9

3.6

3.2

5.2

4.6
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TABLE 3-9

SUMMARY OF BIAXIALTESTS
BORING RS-4

rES r
NO ROCK TYPE

DEPTH
(ft)

El

(xl0 si)6

E2

(xl0 psi)6

E3

(xl0 si)6
AVG

(xl0 si)6

NOTES: 1) For analytical procedures see Volume III, Rock Stresses,
Dames & Moore, 1978

2) All original plots and calculations are available for reference
in the Nine Mile II project file at Dames 8 Moore, Baldwinsville, N.l.

3) Assumed Modulus (Test 4, RS-4)
4) Core failed at 1800 pounds per square inch during first loading cycle.

Modulus based on first loading cycle after core failed
.5) Biaxial test at 26'10 1/2"
6) Biaxial test at 35'10 1/2"
7) Assumed Modulus (Test 6, RS-3)
8) Assumed Modulus (Te'st 12, RS-3)
9) EAVG based on El and E2 only

10) Assumed modulus (Test 14, RS-4)ll) Biaxial test at 85'5 1/2"
12) Core failed at 1000 pounds per square inch during first loading cycle.Modulus based on first unload cycle after core failed.
13) Biaxial test at 119'4 1/2"
14) Tests 3 through 8 and 19'hrough 51, Ule oriented N28E.
15) Tests 4 through 17, Ule oriented N23E.
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TABLE 3-10

SUMMARY OF BIAXIALTESTS
BORING OC-4

TEST
NO. ROCK TYPE

DEPTH
(ft)

El

(xl0 si)6

E2 E3 EAVG

(x10 si) (xl0 si) (xl0 psi)6 '6 6

3
(2)

Massive Sandstone (different 17'1/2"
rock type than overcore test)
(plane of measurement of biaxial
test was 9 inches below plane of
measurement of overcore test)

Cross bedded Sandstone with 19'2"
Shale intraclasts along
cross bedding

3.8

6.0

4.2

6.6

3.8

5.9

3.9

6. 1 (?)

Sandstone with Shale intra- 22'2"
clasts at 22'6"

4 ~ 4 4.5 4.2 4 ~ 4

Sandstone with Shale intra- 23'8"
clasts (plane of measurement
of biaxial test was 8 1/2
inches above plane of mea-
surement-of overcore test)

4.,3 4.7 4.7 4.6

8(3)

12 (4)

27'10"Interbedded Graywacke and
Sandstone (different rock
type than overcore test)
(plane of measurement of
biaxial test was 4 1/2 inches
above plane of measurement of
overcore test)

Massive Silty Sandstone
(plane of measurement of
biaxial test was 2 inches
above plane of measurement
of overcore test)

33'0"

I

3.8

4.3

4.6

5.1

3.6

4.5

4. 0 (?)

4. 6 (?)
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TABLE 3-10

SUbPlARY OF BIAXIALTESTS
BORING

TEST
NO. ROCK TYPE

El
DEPTH

(ft) . (x10 si)
E2 E3 EAVG

(xl0 psi) (xl0 si) (xl0 si)6 6 6

15 (5) Sandstone with thin bed of 39'll"
Graywacke at 39'll"
numerous Shale Clasts

4.8 4.3 4.5 " 4.5 (?)

16

17(6,13)

Subgraywacke (plane of
measurement of biaxial
test was one inch below
plane of measurement of
overcore test)
Fossiliferous Graywacke
(plane of measurement of
biaxial test was 3 inches
above plane of measurement
of overcore test)

42'1"

43'1 1/2"

3.4

3.8

3.7

3'. 7

3.9

3.8

3.7

3. 8 (?)

18 'raywacke/Sandstone/(7,13)
Graywacke interbedded

45'2" 4.0 3.9 3.9 3. 9 (?)

19 (13) Sandstone/Graywacke-
buttons at contact

50'4 1/2" 5.8 5.9 5.9 5.9

20 Graywacke (plane of mea-
surement of biaxial test
was 3 inches above plane
of measurement of overcore
tests.

56'1/2" 3.9 3.8 3.6 3.8

21(8) Siltstone/Sandstone/Gray- 59'3"
wacke — fracture at Shale/
Sandstone contact (mechanical
or natural?)

4.3 (?)
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TABLE 3-10

SUMMARY OF BIAXIALTESTS
BORING

TEST
NO. ROCK TYPE

DEPTH
(ft)

El

(x10 si)6

E2 E3
. EAVG

(xl0 psi) (xl0 si) (xl0 si)6 6 6

23 ( 13)

24 (10)

25 (ll)

Massive Sandstone (different
rock type than overcore test
(plane of measurement of
biaxial test was one inch
below plane of measurement
of oveicore test)

Interbedded Graywacke and
Sandstone with large Silt-
Stone Clasts

Graywacke/Sandstone/Gray-
wacke — contacts at 71'10"
and 72'2"

Graywacke (plane of mea-
surement of biaxial test
was 1 1/2 inches below plane
of measurement of overcore
test)

64'0"

69'1 1/2",

72 I

ill'5'll"

4.2

4.6

7'. 9:

4,4

5.0

4.3

8.0

5.0

'.9
4.8

8.7

4.9

4. 7 (?)

4.6

8. 2 (?)

4. 8 (?)

26 Sandstone (plane of measure-
ment of biaxial test was 1/2
inch below plane of measure-
ment of overcore test)

77 l3II 4.5 5.0 4.1 4.5

Sandstone/Graywacke/Sand-
stone (plane of measurement
of biaxial test was one inch
hI.low plane of measurement
of overcore test)

81'10" 3.7 3.7 3.6 3.7
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TABLE 3-10

SUK1ARY OF BXAXIAL TESTS
BORING

TEST
NO. BOCK TYPE

DEPTH
(ft)

El E2 E3 AVG

(xl0 si) (xl0 si) (xl0 si) (xl0 psi)6 6 6 6

28 Sandstone 86'0"

31 Graywacke with Shale layer 106'9"(12)
at 106'5" (plane of measure-
ment of biaxial test was
2 inches below plane of measure-
ment of overcore test)

4.2

4.3

4 ~ 4

4.5

4,4

4.9

4.3

4-6 (2)

NOTES: 1) Revi.sed modulus calculations utilizing dP within a comparable rangeto 6 R of the overcore test
2) The core noticeably failed at 1800 psi of the second unloading cycle(at 18'll") . The first unloading cycle curve was used in the calculationof the modulus.
3) The core noticeably failed at greater than 900 psi of the first loadingcycle (at 27'8" and 28'0") . The second unloading cycle curve was used inthe calculation of the modulus
4) The core noticeably failed at greater than 1000 psi of the first loadingcycle (at 33'4") . The second unloading cycle curve was used in thecalculation of the modulus
5) The core noticeably failed at greater thah 1200 psi of the first loadingcylce (at40'0") . The second unloading cycle curve was used in theclaculation of the modulus.
6) The core noticeably failed at 2000 psi of the first loading cycle (at 43'1") .Testing was terminated at this point. This loading cycle curve was used in

the calculation of the modulus.
7) The core noticeably failed at greater than 1600 psi of the first loading

cycle (at 45'4") . The second unloading cycle curve was used in thecalculation of the modulus.



Sheet 5 of 5

TABLE 3-10

SUMMARY OF BIAXIALTESTS
BORING

ROCK TYPE
DEPTH

(ft)
El

(x10 si)6

E2

(xl0 psi)6

E3 AVG

(x10 si) (x10 psi)6 6

8) Assumed modulus
9) The core noticeably failed at greater than 1400 psi of the first. loading

cycle (at 63'8") . The second unloading cycle curve was used in thecalculation of the modulus
10) The core noticeably failed at greater than 1000 psi of the first loading

cycle (at 71'10") . Testing was terminated at this point. This loading
curve was used in the calculation of the modulus.ll) The core noticeably failed at greater than 1800 psi of the first loading
cycle (at 76'0" and 76'4") . The- second unloading cycle curve was used in
the calculation of the modulus.

12) The core noticeably failed at 1570 psi of the first loading cycle (at 107'0") .
The first unloading cycle curve was used in the calculation of the modulus

13) Core determined heterogeneous based on Schmidt Hammer test results.
14) U18 oriented NOSE.



4.0 SUMMARY AND CONCLUSIONS

4.1 OVERVIEW OF CONSULTANTS'ARTICIPATION

A preliminary assessment of the Radwaste Structure was completed

in mid-November, 1979. Tentative proposals for additional work

were developed. It was during this period that Dames & Moore

created a review panel consisting of Dr. Richard Jahns and

Dr. Shailer Philbrick under the chairmanship of William D.

Moore, Sr., founding partner of Dames 6 Moore. They were

charged with the responsibility of formulating the scope of

the investigative program, reviewing the analysis and interpre-

tation, and obtaining the services of other experts, if
required. Based on the analyses developed and their own

experience, they were to develop conclusions.

Dr. N.J. Price of the Imperial College, London, had acted as

consultant during previous investigations. Based on initial
results of the investigation, he tentatively concluded that',a

t

majority of the displacement along the "thrust" fault had

already occurred, but the possibility of new movements (up to

3 inches horizontally) could not be precluded.

In December of 1979, Dr. Price submitted a second analysis of

the structure, focusing upon its future stability and the

importance of shear strains and the possible influence of

vibratory ground motion on the equilibrium conditions of the

bedrock onsite. Dr. Price refined his previously postulated

model and theorized about the possible stress drop associated
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with the basal slip on the "thrust" sheet. The postulated

model proved useful in predicting the extent of the structure

as well as the stress distribution within it.

Based on the results of the overcoring program, Dr. Price

further r'efined and appraised his model parameters. Dr. Price

concluded that "the radwaste structure as a whole is unlikely

to move as a result of bedding parallel shear stress changes

which may take place in the next 40 years." However, Dr. Price

recommended monitoring to define the magnitude of movements

resulting from rock swell. Based on an independent review of

the stress determinations, Dr. Fairhurst also concluded that

most of the movement along the thrust structure should have

already occurred and any future movements .(within the life of

the facility) would be negligibly small (Appendix F) .

Dr. T.L. Pewe was asked by the review panel to intervene on two

occasions, the first to comment on the possible effect of ice

on the geologic structure, and the second to comment on the

clays encountered in the voids in the bedrock.

Dr. Pewe visited the Nine Mile Point site on February 28,

l980. He examined the Drainage Ditch Fault, the deformation

exposed in the north radwaste trench and the cooling tower

excavation and photographs and maps prepared during the

Cooling Tower Fault investigations. Based on his site visit
and subsequent review of the data provided him, Dr. Pewe
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concluded that ground ice.did not cause the asymmetric folds
in the bedrock at the site.

Dr. Pewe visited the site again on April 4, 1980. The purpose

of this visit. was to comment on the origin and age of the clay

deposited in the voids in the bedrock. Specifically, there

had been much debate regarding the relationship of the clay to

bedrock movements along the Radwaste Structure. Because

laminated clays had been noted in the dilated bedrock mass to

be inclined up to 70 degrees, there was some speculation that
the clays had been rotated by the bedrock movements. This

was particularly significant because clays had been determined

to be Late Wisconsinan in age (10,000 to 13,500 years B.P.).

Dr. Pewe concluded that the clays originated from glacial- Lake

Iroquois and were therefore Late Wisconsinan in age. Based on

examination of the clays, particularly two. occurrences of the

clay layers overlying deformed bedrock structures (without

disturbance), Dr. Pewe stated that he believes the clay post

dates the bedrock deformation. His reports, dated March 10,

1980 and April 10, 1980, are included in Appendix D.

4.2 CONCLUSIONS

The geologic investigations of the "thrust" structures at Nine

Mile Point have continued intermittently since the fall of 1976.

Deformation characteristic of these "thrust" structures was

encountered at several locations including the north radwaste
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trench, heater bay excavation, normal switchgear excavation,

circulating water piping trench, and lake water intake tunnels.

These exposures roughly define a north-northeast trend that

delineates the western edge of the "thrust" sheet. Investigatory

procedures utilized to evaluate the geometry, age, and signifi-
cance of the "thrust" structures consisted of detailed geologic

mapping and structural analysis, subsurface exploration, in

situ stress determinations, as well as analysis of calcite

mineralization and lacustrine sediments encountered within the

zones of deformation. The data collected, although extensive,

did not always allow for an unequivocal interpretation.

The experience of Drs. S.S. Philbrick and R.H. Jahns with

similar and comparable features proved to be particularly
important. The conclusions reached regarding the future

stability of the "thrust" structures are based on their

knowledge of the performance of analogous features in quarries

and along valley-bottoms.

The conclusions reached as part of this investigation can be

grouped into four categories: geometry and extent of the

structure, age of deformation, equilibrium conditions, and

future performance. The following summarizes the conclusions

derived from the investigations and consultations regarding

the "thrust" structures.
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Geometr and Extent 'of'hrust Structures

The Radwaste Structure is a member of a stack of

"thrust" sheets. Displacement and deformation are

more evident along the frontal edge of these sheets.

Toward the east the deformation tends to be confined

to bedding planes.

The'trend of the front of the "thrust" sheet is

roughly coincident with a north-northeast trending

bedrock valley. The sense of structural transport

is generally into the valley.
Dilation along bedding planes is evident to depths

as great as 270 feet.
'esults of in situ stress determinations indicate

that the Radwaste Structure extends'at least 1700

feet to the east of the north radwaste trench.

Radwaste-type deformation is not apparent outside of

the block defined by the west-northwest trending

Cooling Tower and Drainage Ditch Faults. These

faults are assumed to act as lateral boundaries to

the "thrust" sheets. Xn situ stress determinations

indicate that the normal stresses acting perpendicular

to the boundary faults are negligible.

2. 'A'e'o''eformati'on
'ovements along the Radwaste Structure have been

reourrent. This is evident from the different stages

of deformation recorded in the mineralization.

86



's pointed out by Drs. Jahns, and Philbrick in

their report (Appendix F), the initial development

of the structure is believed to be associated with

crustal loading and unloading during episodes of

glaciation. This suggests that the "thrust" was

initiated at sometime between 12,000 and 2,000,000

years ago. Based on experience with similar struc-

tures, Dr. Jahns and Philbrick believe that the age

of initial formation can be refined to range from

150,000 and 400,000 years before present.

The exact age of the latest deformation is equivocal.

Laminated clays encountered within the zone of defor.—

mation have been dated as being approximately 11,000

years old. Clearly, there had to be some dilation of

the bedrock prior to emplacement of the clays.

Dr. L. Sirkin (Appendix D.l), based on his observations

in the north radwaste trench, states that the lacustrine

sediments were deposited in the bedrock openings and

were subsequently deformed. On the other hand

Dr. T.L. Pewe (Appendix F), st'ates that the deformation

in the bedrock occurred prior to the deposition of

the clays on the basis of observations of the clay

overlying the hinge of a fold. Drs. Jahns and Philbrick

agree with Dr. Pewe's conclusions.
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From spatial associations it seems clear that the

deformation occurred as a result of the relief of

bedrock stress facilitated by the erosion of the

north-northeast trending bedrock valley, as well

as the reduction of vertical confining pressure.

Z uil'ibrium Cond';tions

The "thrust" faulting reflects the relief of stored

strain energy. This reli'ef is a result of the

reduction in vertical confining pressure possibly

caused by the removal of bedrock and/or overburden

by erosion. The faulting occurs on the flanks of the

small bedrock valley. Consequently, it is reasonable

to postulate that further disturbance of equilibrium

conditions occurred as a result of the removal of

bedrock, concommitant with the formation of the valley.

This bedrock had provided lateral restraint preventing

the expansion of the strata on either side of the

valley.
Furthermore, the development of buckling across the

lateral boundaries of the "thrust" sheet (Cooling

Tower and Drainage Ditch Faults) resulted in a

significant reduction of the normal stress acting

perpendicular to these boundaries. This reduction

of normal stress must have affected the resistance

to frictional sliding of the "thrust" sheet relative

to the bedrock outside the boundaries.
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"The faulting is not related to current tectonic

processes that could introduce additional amounts

of strain energy" (Philbrick/Jahns, Appendix F).

Thus, as stated in their report (Appendix F), "it
can be concluded that no increase in the amount of

.'stored strain energy will occur during the coming

centuries".

Dr. Price postulated that the stresses acting normal

to the boundary faults act as clamping stresses

restraining the movement of the "thrust" sheet.

Rebound or crustal tilting.could reduce these

stresses and allow the "thrust" sheet to move.

However, as a result of the in situ stress program,

it was demonstrated that the clamping stresses are

negligible and, therefore, not a significant, factor

in the overall equilibrium..

4. Fu'ture'ovement o'f 'the'adwaste Structure

It was not possible to demonstrate with certainty
that no Holocene movements have occurred. The rela-

tionship of the lacustrine clays which are approxi-

.mately 11,000 years old to the bedrock deformation

is debatable and does not provide unequivocal

resolution of the age of latest deformation.

The possible future displacements on the "thrust"

faults cannot be ruled out. Drs. Jahns and Philbrick

concluded that "future movements along the structure
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are not likely'to occur". However, should they

occur it is expected that further relief will involve

"dilation and small movements along fractures and

bedding surfaces". Because of the inability of the

structure to build up significant amounts of strain
energy, Drs. Philbrick and Jahns further concluded

that "the radwaste structure is so nearly dead at

present, levels of exposure that its participation in
such future movements would amount to no more than= a

small fraction of an inch".

Based 'on observations of analogous geologic structures,

by Dr. Jahns in Maine, Vermont, New Hampshire,

Massachusetts and New York and by Dr. Philbrick in
Pennsylvania, West Virginia and Tennessee, it has

been concluded that any future movments should not

exceed l/4 inch.

x
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SIMPLIFIED GEOLOGIC CROSS-SECTION
NORTH AND WEST WALLS OF NORTH AUXILIARYBAY

SHOWING OCCURRENCES OF BEDDING PLANE DEFORMATION ASSOCIATED
WITH THE RADWASTE SERIES OF FAULTS AS SHOWN ON PLATE 5.2-2

(DATA OBTAINED FROM FIELD INSPECTION DRAWINGS AND PHOTOGRAPHS)

0 6 10 15

SCALE IN FEET

INTERYAL OF 8EOS WHERE POLO IN NORTH NOTCH SHOWS SLIP
TOWARO THE EAST. (NIACRA HOHAWK POWER CORPORATION ~ 1478,
CKOLOCIC INYESTICATION: YOLIIIE I, SECTIOT 3.0, PLA'IE 3-51)

PLATE 2.2-3





DETAILED LOG OF PORTION OF BORING 800
BEDDING DIP (DEGREES)

50 40 0 20 10
I-
0-
Ch

(EL. 241.4')
FRAC-

LITHOLOGY TURES
~ ~

~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~

DESCRI PTI ON

~ ~

~ ~
~ ~

~ ~

~ ~

~ ~

SANDSTONE, I NTE RBE DDED
WITH GRAYWACKE (*SMALL
POCKETS OF YELLOW FINE
SAND ON FRACTURE ) + CALCITE/SULFIDE MINERALIZATION

41'
~

~ ~ ~ ~

(FROM GAMMA LOG, AND CORES)

E L.

200'RAYWACKE

WlTH BRECCIA,
STRATI GRAPHI C POS I TI ON

IS APPROXIMATE BETWEEN
41.2'ND

42.0'YMBOLS~ ~ y ~ ~

~ ~ ~
~ ~ SANDSTONE

GRAYWACKE

42'31

~ ~

~ ~

~ ~

~ ~

LEJ I

OO

(FROM GAMMA LOG)

SANDSTONE; I NTENSELY
FRACTURED; STRATI GRAPH I C

POS I T I ON APP ROX I MATE
BETWEEN 42.0'ND

43.0'FROM

GAMMA LOG)

BRECCIA WITH
GOUGE

STRIKE AND DIP DIRECTION
OF BE DS UNKNOWN

DASHED LINES REPRESENT
ESTIMATED CONTACT

~ ~ SHALE CLASTS

4 OCCURENCE OF
MINERALIZATION

F C C FOSSILS

~ ~

LOS~
EL.

198'ROSS-BEDS

441

451

~ ~ ~

~ ~ ~

~ ~ ~

~ ~ ~~ ~ ~
~ ~

~ ~
LOST

.'i+I

LOST

C: ="-.:=

LLI I
EE- CAOOO A

~ ~I
r

~ ~oMr~
~ ~ l ~

~ ~ ~ ~ ~

~ ~ ~

GRAYWACKE, SANDY

GRAYWACKE WITH
BRECCIATION BETWEEN

TILTED BEDS,
STRATIGRAPHIC POSITION
BETWEEN 43.0'ND

45.6'S

APPROXIMATE

TYPE 1 CALCITE MINERALIZATION
(DEFORMED) (SAMPL'E 801-'MI )

+ TRAVERTINE MINERALIZATION
BEDDING

TRAVERTINE MINERALIZATION
BEDDING (SAMPLE 801-M2)

46'

~

~ ~

~ ~,

-(FROM GAMMA LOG)

+ CALCITE MINERALIZATION
BRECCIA FRAGMENTS

~ 'I ~

472

~ ~

~ ~

LEE I-
O OO A

EL.

195'ANDSTONE,

DIRTY:
STRATIGRAPHIC POSITIONS
ARE APPROXIMATE BETWEEN
45.6'ND 47.1'

TYPE 1 CALCITE MINERALIZATION
(DEFORMED)
(SAMPLE 801-M3)

R
El
Q I

g

I

~ ~ ~
~ ~ ~

~ ~

(FROM GAMMA LOG AND ROCK CORES)r
G RAYWACKE





DETAILED LOG OF PORTION OF BORING 802
(EL ~ 248.2')

BEDDING DIP (DEGREES)

50 40 30 20 10 0 o
54>

FRAC-
L I THOLOGY TURES

~ ~ ~
~ ~

~ ~

~ ~
~ ~

DES CR I PT I ON

EL. 194

'5'

~

'tJ
\

~.'hJ .

~ ~ ~~ ~
~ ~ ~

~ ~~ ~

FRACTURE DIPS 10o

FRACTURE DIP 10o, MINOR CALCITE MINERAL PATCHES

FRACTURE DIPS 35, MINOR CALCITE MINERAL PATCHES

BEDDING PLANE FRACTURES WITH CALCITE

IRREGULAR 70 to 90 FRACTURE WITH FINE- GRAINED CALCITE
MI NERAL I ZATION

80 FRACTURE WITH POSSIBLE TRAVERTINE PATCHES

56<

~ ~ ~

AP pJ ~

"%at
LOST

ILLITE/CHI ORTE 80 FRACTURE'WITH POSSIBLE TRAVERTINE
IN ROCK PATCHES. TRUNCATED BY BRECCIA/GOUGE ON

HORIZONTAL FRACTURE IN ZONE OF CORE LOSS.

WITHIN ZONE OF CORE LOSS: GRAYWACKE IS CUT BY HORIZONTAL
FRACTURES AND BY 80 FRACTURE WITH BRECCIA/GOUGE.
BRECCIA/GOUGE ALONG BEDDING FRACTURE NEAR BASE.

57'
0

~ ~ ~ ~ ~ ~

LOST

60 DIP OF FRACTURE WITH CALCITE

90 FRACTURE WITH THIS CALCITE COATING

LOST

REMNANTS OF BRECCIA ON BEDDING PLANE AT

57.6'8'

~

~ ~

~ ~

~ ~

SYMBOLS

~ ~
~ ~

~ ~ ~
~ ~

~ ~
~ ~ SANDSTONE

GRAYWACKE

BRECCIA WITH
GOUGE

9
P r

y
g

m

STRIKE AND DIP DIRECTION OF BEDS UNKNOWN

DASHED LINES REPRESENT ESTIMATED CONTACT

SHALE CLASTS

OCCURENCE OF MINERALIZATION

C C 4 FOSSILS

CROSS-BEDS





DETAILED LOG OF PORTION OF BORNG 802
(EL. 248.8')

BEDDING DIP (DEGREES) I- FRAC-

50 40 30 20 10 0 IMD LITHOLOGY TURES66'ESCRIPTION
/

r
/

/
/

/ 67'

~ ~ ~ ~ ~
~ ~

~ ~ ~

~ ~ ~ ~

ZONE OF BRECCIA/GOUGE AND LOST CORE, OPEN
FRACTURE IN ROCK BENEATH BRECCIA ZONE

DIP OF BEDS APPEARS TO BE STRUCTURAL, CAUSED-'Y

DILATION OF ZONE BELOW FROM 68.7 TO 70 'FT.

68I

69'

~ ~ ~

~ ~ ~
~ ~

~ ~ ~

~ ~ ~ r
~ ~

~ ~

~ ~

~ ~ ~

e ~

rue WW lV'
~ ~

o ~ ' ~

r.
~ ~ " r

~ ~
~ ~ ~ ' ~

S I LT STONE LAYER

SPARSELY FOSSILIFEROUS
GRAYWACKES

EL.

180'YMBOLS

~ ~
~ ~

r ~

~ ~

SANDSTONE

GRAYWACKE

70 I

~ ~

o r S r
~ r

~ ~

~ ~r r r ~

LOST POOR RECOVERY AND
ZONE OF COMPLETE
LOSS OF DRILLING
WATER

PROBABLY DILATED OPENINGS
BE IWEEN BEDS

@jjy~; BRECCIA WITH
GOUGE

STRIKE AND DIP DI RECTION
OF BEDS UNKNOWN

DASHED LINES REPRESENT

ESTIMATED CONTACT

SHALE CLASTS

71'

~

~ ~
~ ~

~ ~

~ ~

~ ~ ~

LOST

SLIGHTLY TO MODERATELY FOSSILIFEROUS BRECCIA,
GOUGE ALONG 30 DI PP I NG SHEAR FRACTURE

0-5, IRREGULAR SHEAR FRACTURE WITH BRECCIA AND GOUGE

ZONE OF I RREGULARp CLOSELY EL 1 75 I
STLTY SAPPSTPPE '-Sppppp ppj~Zppzpp'Tp pro

BEDDI NG FRACTURES

OCCURENCE OF

MINERALIZATION

S c S FOSSILS

CROSS"BEDS 72' ~

~ ~

e

0 r
Q
y I

8
Q

73' ~ ~ ~

~ ~ ~ ~ ~ ~ ~

70 DIPPING NORMAL FAULT (0.2" DISPLACEMENT) TRAVERTINE-
'IKE CALCITE IN FRACTURE SURFACE POSSIBLE INCIPIENT

CONJUGATE SHEAR AT BASE

90 FRACTURE INTERSECTED BY FAULT ALSO CONTAINS CALCITE/
TRAVERTINE MINERAL PATCH





DETAILED LOG OF PORTION OF BORING 802 (CONT'D)

FRAC-
L I THOLOGY TURKS

90 1 ~o~~~ ~ ~

~ ~ ~ ~
~ ~

~ ~ ~

~ ~ ~ ~
~ ~

~ ~

rV ~ rjp
~ ~

BEDDING DIP (DEGREES)

50 '40 30 20 10 0 DESCRIPTION

SHALE LENS

50 FRACTURE AND HORIZONTAL BEDDING FRACTURE, ALL
EL'ITII

VERY FINE-GRAINED CALCITE MINERALIZATION

SANDSTONE BROKEN BY CLOSE-SPACED FRACTURES
DIPPING 70 TO 90

SMALL I RREGULAR BRECCI A/GOUGE ZONES, Dl PS 05+ TO 40

91'OST CORE LOSS IN BRECCIA ZONE

921

~ ~

~
e

o ~ ~

~ ~ ~ ~
~ ~ ~

~ ~
~ ~

~ ~

~ ~

~ ~ ~

~ ~

~ ~ ~

~ ~ ~
~ ~

OS

500 FRACTURE

20+ FRACTURE

SOUND ROCK QUALITY

~ ~
~ a

0

~ ~

~ ~

EL. 173

93'YMBOLS
~ ~

~ ~ ~ ~ ~ SANDSTONE

GRAYWACKE

Z

BRECCIA WITH GOUGE

941
STRIKE AND DIP DIRECTION OF BEDS UNKNOWN

DASHED L I NES
REPRESENT'ESTI'MATED'ONTACT'HALE

CLASTS

OCCURENCE OF MINERALIZATION

r c ~ FOSSILS

CROSS-BEDS





DETAILED LOG OF PORTION OF BORING 803
(EL. "249.0')

BEDDING DIP (DEGREES)

50. 40 30 20 10 0

FRAC-
LITHOLOGY TURESI- DESCRIPTION

76

~
'

40 IRREGULAR FRACTURE WITH SMALL MINM
PATCHES OF CALCITE MINERALIZATION

77'

IRREGULAR BEDDING PLANE FRACTURE AT
76.5'NCIPIENT

CONJUGATE SHEARS WITH NO DISCERNABLE DISPLACEMENTS.
ACUTE BI SECTRI X ANGLE I S 25, AND HORIZONTAL. INTERSECTION
LINE OF FRACTURES IS HORIZONTAL. FRACTURES OPENED UPON
EXTRACTION OF CORE.

BEDDING PLANES HELD TIGHT BY VERY FINE-GRAINED CALCITE.
BEDDING DIP OF 10 MAY BE SEDIMENTARY.

70 -80 I RRE GULAR FRACTURE

SILTSTONE, AND SILTY GRAYWACKE FINE-GRAINED CALCITE HEALING
I RREGULAR HORIZONTAL FRACTURE (77.2 FT.)

ZONE OF INCIPIENT WEAKLY CEMENTED FRACTURES

ORTHOGONAL PATTERN BELOW CONJUGATE SHEAR PATTERN

I RREGULAR 50 FRACTURE, WITH TOOTH-LIKE ASPERITIES

78'
~

~ ~

ZONE OF MANY WEAKLY CEMENTED FRACTURES SIMILAR TO THOSE ABOVE.
CALCITE ON I RREGULAR) CURVED HORIZONTAL FRACTURE AT

78.05'DDITIONAL

WEAKLY CEMENTED IRREGULAR FRACTURES 40 TO 90

1

I
0

79'

~
~ ~

~ ~

~ ~

~ r

~ ~

e

~ ~

VERY FISSILE SHALY SILTSTONE

FRACTURE FROM 0 TO 30 TO 90 , IRREGULAR

EL. 170

CALCITE ON 80"90 FRACTURE (TRAVERTINEZ)

ZONE OF INCIPIENT, IRREGULAR FRACTURES, WEAKLY CEMENTED BY
VERY SMALL, VERY FINE- GRAINED CALCITE

SYMBOLS

r ~ ~ ~ ~ ~~ ~ ~

~ r ~ ~

~ ~
SANDSTONE

GRAYWACKE

SILTSTONE

SHALE

DASHED LINES REPRESENT
ESTIMATED CONTACT

pgp>@e; BRECC I A W I TH0

GOUGE

STRIKE AND DIP DIRECTION
OF BEDS UNKNOWN

8oi

~ ~

~ ~ ~

~ ~

~ ~ ~
~ ~ ~

e

~ e ~ ~

r ~

~ r-a r

I NTENSE LY BROKEN SANDSTONE, RE COVE RE D AS

OPEN WORK BRECCIA. SOME CALCITE ON

FRACTURES IN RUBBLE FRAGMENTS

BRECCIA/GOUGE " UPPER ZONE IS GREEN-GRAY

(SIMILAR TO SANDSTONE)
LOWER ZONE IS DARK-GRAY

(SIMILAR TO GRAYWACKE/
SHALE)

~ SHALE CLASTS r ~

~ ~
e ~

OCCURENCE OF
MINERALIZATION

FOSSILS

CROSS-BEDS

81>

c d ~ ~ ~r ~ ~ ~ ~

VERY THIN BEDDING PLANE BRECCIA WITH MINOR
CLAY MATRIX (PROBABLY GOUGE)

4
4 I

4
m

0

I
4 oo

82

~ ~r ~ ~ ~ ~ ~

80 FRACTURES, CALCITE Ml NERALIZATION IN
SANDSTONE, NOT I N GRAYWACKE

SHALE CONTAINS MANY WEAKLY CEMENTED BEDDING. PLANES HEALED
BY'ERY

FINE, WAFER THIN SHEETS OF CALCITE





DETAILED LOG OF PORTION OF BORING 804
(E L. 251. 7 '

BEDDING DIP (DEGREES) ~

50 40 30 20 10 0
90 I

FRAC-
LITHOLOGY TURES

~ ~

DESCRIPTION

~ ~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~ ~

~ ~ ~
~ ~

91'
~ ~

~ ~
~ ~

~ ~ ~

~ ~ ~
~ ~

50, SLICKENSI DED SHEAR FRACTURE WITH POSSIBLE NORMAL-SLIP
DISPLACEMENT PASSES INTO,TENSILE HYDRAULIC FRACTURES AT EACH
END (90 ) ~ HYDRAULIC FRACTURES ARE PARTLY DILATED.

WEAKLY HEALED BY THIN CALCITE
30o, DIP SLIP SL I CKENS I DED, BRECCIA/GOUGE

92'

~ ~

~ ~ ~ ~

BEDDING PLANE FRACTURE, 25 - NO BRECCIA/SLICKENSIDES.
DIP OF BEDS MAY BE SEDIMENTARY

100 FRACTURE
15+ FRACTURE

10-15 FRACTURES

~ ~ ~

~ ~ ~

~ ~

~ ~
~ ~ ~ ~

M

10 BEDDING FRACTURE, WEAKLY HEALED

5-10 FRACTURE AT BASE, BRECC I A/GOUGE

40 FRACTURE, IRREGULAR SURFACE

93'

4
I

+ 05, NO SLICKENSIDES, CALCITE "WAFER THIN" PATCHES

15"20 FRACTURE Wl TH Dl P-SL I P SL I CKENS I DES

~ ~
~ ~ ~

~ ~ ~ ~ ~

0 , SLICKENSIDES ON SURFACE

95'YMBOLS
~ ~ ~ ~

~ ~ ~ 1 ~

~ ~ ~
~ 0

-SANDSTONE---- —.

G RAYWACKE

S I LTSTONE

SHALE

BRECCIA WITH GOUGE

STRIKE AND DIP DIRECTION OF BEDS UNKNOWN

DASHED LINES REPRESENT ESTIMATED CONTACT

~ ~ SHALE CLASTS

' OCCURENCE OF MINERALIZATION

4 C 4'OSSILS

CROSS-BE DS,
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DETAILED LOG OF PORTION OF BORiNG 806
(EL. 260.5')

LITHOLOGY DESCRIPTION
DEPTH

144.4o'1
0-5 DIP, SLICKENSIDES ON FRACTURE

SURFACE )

SHALY SILTSTONE 144.5o'44.6o'2

ZONE OF FISSILE FRAGMENTS OF SHALY
SILTSTONE CONTAINED WITHIN GRAY CLAY
ALONG PARTING PLANE PARALLEL To BEDDING
CLAY LAMINAE APPARENT, WITH SIMILAR
APPEARANCE To CLAY AT 151 FT.

E L. 116.0P

0
I I A

144.

70'44.75'AMPLE 806-S3 (CLAY)

r
~ r

148;6o'

'HALY SILTSTONE

148.7o'3

5 DI P, FRACTURE, SURFACE CONTAI NS

WAFER THIN CALCITE COATING, BOTH ARE

ST R I ATE0

FRACTURE DIPS 20, SLICKENSIDES NOT
PRESENT (SOME (ORE LOST)

FRACTURE DIPS 15 To 17, CALCITE IN FRACTURE

I S DE FORME D BY STRI AT I ONS

. ~ .

CO

r~
rv

148.8o'48.90'L. 111.60

'AMP

LE

806-M1 (CALC I TE')

" ". SANP)TONE.:..
'

~ ~ ~ ~
~ ~

t
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ '
~ J i l ~

r'
~

~ ~ ~ ~
~ S ~ ~ ~

~ rr
~ ~ ~

~ SrrA ~rmr rr ' ~ ~ ~ ~ ~ ~

~ ~ r ~ rr ~ ~

~ r ~ ~ ~ rrrr ~ r ~ ~ ~ ~ ~
~ rr ~ ~ Sr ~ ~ ~ r ~ ~ rr ~ ~~ ~ ~

Q1 GRAY CLAY, POSSI BLE LAMINAE, BENEATH

FLAT SHALE CHIP
'

Q2 MORE GRAY CLAY - LAMINATED

Q3 POSSIBLE VOID, CLAY MAY BE WASHED OUT

149. 80'

5AAPLE 806-S2 (LAHINATE0 CLAY)
1

g D

0I
Ell

I

CD
g

3

SHALY S'ILTSTDNE

rv

149.

90'50.00'L. 110.5 '
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DETAILED LOG OF PORTION OF BORING BQ6 (CONT'D)
(EL. 260.5')

LITHOLOGY
DEPTH

DESCRIPTION

71

150.

75'5o.8o'9

TRACE OF 80 To 90 FRACTURE WITH CALCITE
(No VISIBLE SULFIDE)

Q8 75 -80, No CALCITE, I RRE GULAR WITH
P LUMOS E FEATURES

150.90I C66D FRACTURE DIPS 75+, WAFER THIN CALCITE MINERALS

Q5 45, DIP SLIP FRACTURE, X-CUT BY DILATED

BEDDING PLANE 'FILLED WITH GRAY CLAY WITH
LAMINATIONS (NO SHEAR ALONG BEDDI'NG
DETE CTE D)

EL.
109.50'51

~

00'III

SAMPLE 806-.Sl (LAM)NATED CLAY)

S LTS ONE

151.10'51.20'

~ ~ ~ ~ ~ ~ ~ 0 ~

SHALY SIL'TSTONE

~ ~
~ ~ ~ ~ ~ ~ 0

~ y ~~ C, ~ eo„~,

nr-
~ ~

~ ~

151.
30'4

FRACTURE Dl PS 350, D. S. SL I CKENS I DES

Q3 FRACTURE DI PS 80<-55< DIP SL IP SL I CKS

40I 0.4", DISPLACEMENT

Q2 FRACTURE Dl PS 300, DIP SLIP SLI CKENS I DfS

~
w+

~ ~ '+ ~ ~ ~ ~ ~ ~

~ ~

~ ~

4 ~ ~,
~ AJ ~

~ ~
~ ~ ~

~ ~ ~ ~ ~
~ ~

'

DSTONESAN

~ ~

~ ~ ~ ~ "',
~ + ~ ~ ~

0 ~

~ + ~ ~

~ ' ~ ~

~ rV

~ ~ ~ ~

0 ~
~ ~

J ~

151.50'51.6o'51.

70 I

Q1 FRACTURE DIPS 45, DIP SLIP SLICKENSIDES
(FRACTURE OCCURS ALONG OLD PENECONTEM-
PORANEOUS FAULT)

STRIKEQ1 $'30-40 STRIKE Q2 Q4

EL. 109.00'

a

rn

g

l
9 cv

~ ~

~ ~ ~ 1 ~ I
~

~

151.8o'
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KEY s

GA4 — NORTH RADWASTE TRENCH
CWPT — CIRCULATING WATER

PIPING TRENCH
AS — TRENCH 4 ROCK SLOT

CLASSIFICATlON OF SOIL SPECIMENS

FROM GRAIN SIZE ANALYSES

NOTEs CLASSIFICATION AFTER KRUMBEIN 5 SLOSS (I963)
PLATE 2.3-21
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ABOREAL POI.LEN: TREES AND SHRUBS NON ABOREAL POLLEN SPORES
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KEY:
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AS 43 and AS 44
from Trench 4

Group I from N.R.T.
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PERCENT MINERAL CONTENT" OF SAMPLES
'FROhl TRENCH 4 AND NORTH RADWASTE TRENCH

Note:
Bar graph shows range.
Arrow shows arlthmetlc mean.

Reference: Plate 1-4 of Vol.ll,
Niagara Mohawk Power Corp., 1978
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PHOTOGRAPHS OF
LATE PLEISTOCENE CLAY

SHOWING CLAY LAMINAEWITH 70 DIP EQUAL TO THAT
OF SHORT LIMB OF KINK FOLD ALONG RADWASTE FAULT ZONE

PLATE 2.3-25
DAMES 8 MOORS

REFERENCE: 2. 1" 12

PLATE
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PHOTOGRAPHS OF DEFORMATION
IN LATE PLEISTOCENE CLAYS

SHOWING A) LOCATION OF FOLDS B) FOLD IN CLAYS

REFERENCES:
1. PLATES 2.1-13,14
2. PHOTOS COURTESY OF STONE 6 WEBSTER ENG. CORP.

PLATE 2.3"26
PAMSS B MOORS





A
LAMINATED CLAY IN CONTACT WITH SHORT LIMB OF KINK FOLD DIPPING 50o WEST

CONTORTIONS IN CLAY INDICATE DOWN-DIP TRANSLATION OF CLAYS

SCALE: TENTHS OF ONE INCH

SIMILAR IIIEW AS A

PLATE 2. 3-27
OAMSS 0 MOORS

PHOTOGRAPHS OF DEFORMATION FEATURES
IN LATE PLEISTOCENE CLAY

NORTH RADWASTE TRENCH
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EXPLANATION:

1. Fault — parallel, layer — parallel normal stress
2. Fault — normal, layer —parallel normal stress
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Discussion of Results

The textures of the calcites filling the fractures in these

samples indicate a clear cut sequence of events. This sequence

is best seen by classifying the calcites into three different

types. Type 1 is associated with the sub-horizintal breccias and

is intensely deformed often to become granulated. Type 2 is found

on sub-vertical fractures and is mildly deformed. Type 3 is
euhedral, small, undeformed crystals infillingopen fractures and

voids.

Temperatures

Fluid inclusions were not detected in either types 1 or 2

very„probably because of deformation. The occurrence of marcasite

associated with type 2 indicates temperatures below about 157'C.

Inclusions in type 3 calcite were present but difficult to

identify because bubbles were absent in their fluids. Conse-

quently, this calcite and its inclusions formed at very low tem-

peratures. These inclusions were heated to determine decrepitation

temperatures because they represent maximum filling temperatures

and to test by this distribution of temperature whether this type

included more than one population. Figure 1 shows the distribution
for primary and secondary inclusions and"Figure 2 by sample number.

Both indicate a single population and the lowest temperatures

of 40'C indicate that they were formed at or below this temperature.
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Two inclusions were also cooled to test for separation of a vapor

bubble to better define the filling temperatures. No bubbles formed

but the inclusions froze at -3 and -4'C which show the fluid to be

dilute with concentrations equivalent to 5-6 wt. % NaC1.

.'he cooling evidence and the low decrepitation temperatures

demonstrate that type 3 calcite formed at temperatures indistinguish-

able from present ambient temperatures. Implicitly, the requirements

of even shallow geothermal gradients prove that calcite precipitation

occurred at or near the present surface. The low salinity is com-

patible with this observation.

Paragenesis

The paragenetic sequence, as indicated by the textures and

temperature data from the samples is shown in Figure 3.

The textural relationship between marcasite, pyrite, and

sphalerite indicates that the pyrite and sphalerite were deformed by

D of our report of October, 1977. The upper stability limit of

157'C for marcasite, as well as its weaker deformation, indicates

that it was deposited after D , but probably before D , which was a

2'ervasivedeformation.

None of the three types of calcite observed in the GA3 series of
1

samples is similar in textures, color, and inclusions to the lowest

temperature calcites described in our earlier report. The lower

temperature limit of 85'C during D4 is higher than the temperatures

found for the calcites in the GA3 series. In the absence of
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of temperature data for Types 1 and 2 calcites, they may have been

deposited during or after D4. However, both are deformed, indicating

a fifth period of deformation, D>.

The opening of fractures during D allowed very low temperature

fluids to circulate, precipitating Type 3 calcite. This evidence

fits best with very low temperatures D . Temperatures for single-

phase primary and secondary fluid inclusions indicate that temper-

atures were well below 100'C by this time and probably were also

below 40'C. The undeformed crystals of Type 3 calcite prove that

deposition continued after D and may still be taking place.





Descriptions of Samples

Ten samples (GA3) of a fine-grained orthoquartzite containing

calcite coatings on fracture surfaces were examined for fluid

inclusions mineralogy, and textures. These properties are illus-
trated for hand samples in the next section by photographs numbered

consecutively 1 through 17 and for thin sections in the last

section by figures numbered between .1-1 and 2-10. After examination,
I

the calcites were divided into three types on the basis of texture
1

and mode of occurrence as described below.

T e 1 Calcite

Occurrence: Type 1 calcite occurs as the matrix material in

bedding-plane breccias and microbreccias in samples GA3-1, -4, -7A,

-16, -18, and possible -17. (Sample GA3-17 was examined in hand

specimen only). Examples are shown in Photos 3, 4, and 7 where the

bedding-plane breccia is well-developed (samples GA3-4 and -7A) .

Deformation and Texture:: Type 1 calcite is intensely deformed

as shown by the fine-grained cataclastic textures illustrated in

Photos 2-3, 2-9, and 2-20. The average grain size of the calcite

fragments is about 15@m. Photos 2-18 to 2-20 also show evidence

of post-deformational solution to Type 1 calcite forming voids

lined with Type 3 calcite.

Associations: Type 1 calcite is associated with angular

fragments of the quartzite host rock up to 1 cm in length (Photo 4)





and angular fragments of individual quartz grains up to 75<m in

length (Photos 2-3 and 2-20). In sample GA3-16, Type 3 calcite

(sparry calcite) occurs filling fractures or voids in the breccia

of which part is Type 1 calcite.

Inclusions: No fluid inclusions were found in any of the Type

1 calcite samples. The deformation has liberated the fluid

inclusions and the small grain size makes improbable the discovery

of any preserved inclusions.

Type 1 calcite

Type 3 calcite

Deformation

Time ~





T e 2 Calcite

Occurrence: Type 2 calcite occurs as thin, patchy coatings

on sub-vertical fracture surfaces on samples GA3-12 -13 and -14,

(Photos 8 through 12). The fracture surfaces are very irregular,

making sample preparation extremely difficult.

Deformation and Texture: Type 2 calcite is deformed but not as

intensely as Type 1. The deformation is expressed as abundant open

cleavages in the calcite but the individual cleavage fragments are

not always separated from one another. Pyrite, marcasite, and
i

sphalerite grains are also fractured (Photos 2-4, and 2-6). The

deformation does not extend into the host rock (i.e. there is no

observed brecciation on the vertical fractures.)

Associations: Marcasite, pyrite, and sphalerite are associated,

with the Type 2 calcite. All three sulfides were identified optically

and pyrite and marcasite were confirmed by X-ray diffraction. All

three are fractured, the pyrite and sphalerite moreso than the

marcasite (Photos 2-4, and 2-6) . Close examination of Photo 2-4

shows that the sulfide grain is actually a microbreccia of pyrite

and sphalerite clasts in a marcasite matrix. Photo 2-6 shows a

grain of fractured marcasite alone.

Low magnification examination of the surfaces revealed that most

of the sulfides were deposited on the walls of the fracture, rather

than on or in the calcite. A few undeformed hemispherical rosettes

of marcasite are preserved in depressions on the surfaces.
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Paragenesis

Time ~

Pyrite, sphalerite

Marcasite

Calcite

Deformation A

This paragenesis is consistent with that developed in our report of
I

October 20, 1977. The pyrite and sphalerite have undergone more

deformation than the marcasite as shown by the separation and

rotation of pyrite and sphalerite clasts (Photo 2-4) as opposed to

the minor fracturing of the marcasite (Photo 2-6) . Furthermore,

the calcite on the fracture surfaces appears to be younger than ".

the marcasite and is also deformed. Comparison of the above para-

genesis with the paragenesis from the October, 1977 report suggests

that DA might well be D2 of our earlier report and D> could be

either D3 or D4.





Type 3 Calcite

Occurrence: Type 3 calcite occurs as sugary white coatings

on subhorizontal surfaces and associated vertical fractures on

samples GA3-1, GA3-7 and possibly GA3-18. On sample GA3-16 it
occurs filling small solution fissures and holes within Type 1

calcite and along the boundaries separating Type 1 calcite from

quartzite fragments (Photo 2-18). Type 1 calcite from sample

GA3-7A has in places been truncated by fractures containing type 3

calcite (Sample PGA3-/AG.)

Deformation and Texture: Occurs as stubby euhedral crystals

up to 1 mm in diameter. In'A3 -18 this type of calcite coats and

cements several fragments of quartzite on the surface of a fracture

(Photo f/17). Type 3 calcite appears to be generally undeformed

exhibiting closely interlocking grain boundaries and no evidence

of frosting. Small fractures occur in some type 3 grains, occa-

sionally passing through the crystal but rarely showing much separa-

tion. Some twinning was observed in the calcite near the edges of

polished sections.

Associations: Usually very clean of other solids and not

associated with any other minerals.

Inclusions: Inclusions are fairly common in samples GA3-7AG

and GA3-7AJ but were difficult to detect owing to the absence of

bubbles. Primary and secondary inclusions were observed in these

samples.
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No inclusions were observed in samples GA3-16, GA3-18 or GA3-1.

Only decrepitation temperatures were measured in the 32 inclusions

found in samples GA3-7A(G) and -7A(J) (Figure 1).. These show a

considerable range and are not separable into on the basis of

decrepitation temperatures into populations of primary and secondary

inclusions (Figure 2). Two inclusions in sample GA3-7AJ froze at
~

'emperaturesof -3'C to -4'C, equivalent to a 5 to 6 wt % NaC1

solution filling the inclusions. When heated, this same inclusion

leaked about 17'C, probably due to rupturing of the walls of the

inclusion during freezing.

The inclusions occur isolated within crystals (Figure 2-12)

or, as secondary inclusions, when they are usually associated with

other inclusions oriented along surface fractures (Figure l-l)
or grain boundaries. In several instances, the inclusions were'nt

visible until their decrepitation temperature was reached and they

suddenly become opaque. Occasionally fluids could be seen leaking

from the inclusions when they would decrepitate. The inclusions

generally had very irregular outlines and, depending on their
orientations graded from transparent to nearly opaque.

Para enesis

Type 1 calcite

Type 3 calcite

Deformation
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Fluid Inclusion Analyses

for

Dames and Moore, Inc.

Samples from Nine Mile Point Nuclear Station,
Unit 2, North Radwaste Trench

Job No. 04707-022-19, W.I. 7070
Samples GA4-1A and lB

H. L. Barnes
Consulting Geochemist
October 29, 1979





Discussion of Results

These two samples were examined to determine the textures

and the inclusion filling temperatures of the calcite grains

coating surfaces within fractures'hese characteristics were

also compared with those of the GA-3 series of samples for pos-

sible identity with one of the types found in this series.

The calcites forming the matrix of the breccia patches of

sample GA4-18 are highly deformed and free of inclusions. Their

characteristics appear to be identical to those of Type 1 calcites

of the GA-3 series.

A slickensided white calcite was found on the surfaces of

portions of both samples GA4-1A and GA4-1B. This calcite occurs

on the topographic high areas along the fractures where contact

between the walls caused abrasion and cataclastic textures.

Because these calcites are closely related to the Type 1 calcites

found in the shadow zones between the areas of contact along the

fractures, this new type of calcite has been classified as Type 1 a.

Both types probably represent the same periods of fracturing,

crystal growth, and repeated fracturing.





Descriptions of Samples

Two samples, GA4-1A and B, of a fine-grained gray (Oswego)

sandstone with thin coatings of slickensided or brecciated calcite

were examined. Two textures of calcites were observed. One

occurs on GA4-1B only and forms the matrix within patches of

breccia. The second, which occurs on both samples, is a thin,

white, slickensided coating of calcite. They are described in

detail in this order below.

Matrix Calcites

Occurrence: These calcites occur as the matrix of the small

patches of breccia found in the topographic "shadows" on the upper

surface of GA4-1B. Examples are shown in Photos 3, 4, 5, and 6.

Deformation and Texture: Type 1 calcite is intensely deformed

as shown in the photographs. The average grain diameter of the

calcite clasts is about 15 pm whereas the sandstone clasts in the

breccia may range from 90 pm (single quartz grains) to several

millimeters. This breccia is poorly consolidated and friable.

Associations: The Type 1 calcite in GA4-1B is associated only

with the sandstone clasts.

Inclusions: No fluid inclusions were found in these calcites.

The deformation could have destroyed any inclusions that might have



1



been present initially and the small grain size precludes the

preservation of any intact inclusions.

In all major aspects, the calcites of the breccia on sample

GA4-1B are apparently identical to those of the GA3 series of

samples that have been classified as "Type 1".

Slickensided Calcites

Occurrence: These calcites occur as thin, white, slickensided

coatings on the surfaces of both GA4-1A and B as illustrated in

Photos 1, 2, 7, and 8.

Deformation and Texture: The calcite samples are macroscopically

slickensided and show a cataclastic texture in thin section (Photos

9, 10, 11, and 12). The average grain size is 5 to 10 pm, about half
that of the matrix calcites. Deformation has been intense, but has

'ot

separated these calcite grains from the surface of the host rock.

Associations: A few small (< 5 pm) crystals of pyrite occur in

this calcite (Photos 13 and 14). Some of the crystals are euhedral

(such as the octahedra in the photos) while others are spherical to

subspherical grains without any visible internal structure. The

latter appear to be rounded single crystals rather than framboids

and may have been dislodged and abraded grains from the host rock.

A few grains of quartz can also be found intermixed with the calcite.

Inclusions: No fluid inclusions were found in this calcite due

to its intense deformation.





These calcites are classified as Type lA because they occupy

the contacting surfaces of the same fractures within which Type E

calcites are found in the shadow zones.





Photographs and Diagrams of Hand Samples

The photographs are numbered consecutively
with the number of the film roll and the
picture number on that roll being shown in
parentheses. The* megascopic characteristics:
of the samples are shown by photos numbered
1 through 5 and the photomicrographs are
numbered 6 through 14. The locations of the
photomicrograph's are show'n on the following
two diagrams.
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Photo 1 (2-0): Sample GA4-1A. All of the light-
colored calcite on this sample is
Type 1A.

tV

E

0
g I

N8V-l8 .

Photo 2 (2-3): Sample GA4-1B. Both Types 1 and lA
calcite are visible.





Photo 3 (2-6): Sample GA4-1B. A close-up showing
breccia patches adhering to the
down-slip side of raised surface
features and slickensided. calcite
(Type 1A) on the. up-slip side of
the surface.

Photo 4 (2-10): Sample GA4-1B. A close-up of Type 1
calcite breccia patch from the center
of Photo 2-6.

Photo 5 (2-13): Sample GA4-1B. A close-up of Type 1
calcite breccia at right side of
Photo 2-6. The fine striations are
probably due to small-scale movements
of rock chips against the friable
breccia during movement along the
fracture surface.
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Photo 6 (1-20): Sample GA4-1B. A low magnification,
incident light photomicrograph of
Type 1 calcite from the breccia
patch shown in Photo 5. The dark
fragments are sandstone chips, the
gray matrix is Type 1 calcite, and
t'e white patches in the sandstone
are small polished surfaces. The
sample as a whole could not be
polished. The field of view is
1.56 mm x 1.05 m.





Photo 7 (2-8): Sample GA4-1B. Slickensided
Type 1A calcite. Note striations
running from upper left to lower
right.

Photo 8 (2-11):. Sample GA4-1B. A close-up of
Type 1A calcite from the lower
right center of Photo 3 (2-6).
1 division = 1 mm on scale.





Photo 9 (1-6): Sample GA4-1A. The typical texture of
Type lA calcite. Black objects to left
of center are pyrite crystals. Circles
in the lower left quarter are bubbles in
the immersion oil. Field of view:
270 pm x 180 pm; transmitted light, oil
immersion.

J

Photo 10 (1-16): Sample GA4-lA. The boundary between
sandstone and Type 1A calcite boundary.
Compare with Photo 12 (1-14) for the
same texture in sample GA4-1B. Field
of view: 270 pm x 180 pm; transmitted
light, oil immersion.

Photo 11 (1-12): Sample GA4-1B. The typical texture of
Type 1A calcite. Field of view:
270 pm x 180 pm; transmitted light, oil
immersion.
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Photo 12 (1-14): Sample GA4-1B. The boundary between
sandstone and Type 1A calcites. Compare
with Photo 10 (1-16) of the same texture
on sample GA4-1A. Field of view:
270 pm x 180 pm; transmitted light, oil
immersion.

Photo 13 (1-17): Sample GA4-1B. Subspherical and octahedral
pyrite crystals in Type lA calcite. Field
of view: 270 pm x 180 pm; reflected light,
oil immersion.

Photo 14 (1-18): Sample GA4-1B. The same view as
Photo 13 (1-17) but with transmitted
light.
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Fluid Inclusion and Compositional Analyses

for

Dames and Moore, Inc.

Samples from Nine Mile Point Nuclear Station,
North Radwaste Trench

Job No. 04707-022-19, W.I. 7070
Samples GA4-2 to GA4-9, GA4-11, GA4-BH,

GA4-SS-A, and GA4-X

H. L. Barnes
Consulting Geochemist
December 14, 1979





Discussion of Results

The carbonates deposited in the fractures represented by this series

of samples fall into three categories based on their sequence of

deposition. The first of these is the oldest and includes brecciated

and slickensided Type 1 calcite identical to that of the GA-3 series plus

various travertine nodules and dripstones. The second category contains

a variety of sparry calcites similar to Type 3 of the GA-3 series, and

the youngest, third category is represented one by a brown calcite.

The type 1 breccia and the travertine deposits are paragenetical3g

related by direct+ underlying the other calcites. This textural position

implies that these two calcites may well be contemporaneous although

they are apparently never contiguous. They are not found together because

their modes of occurrence are different. Type 1 calcite infills
fractures'n

the host rock and was deposited below the water table, whereas the

travertine, if typical in origin, was a superficial deposit from ground

waters on, or near, the surface. Both the Type 1 calcites and the

travertine are deformed but Type 1 is more severe~ crushed as expected

for the more susceptible vein fillings. The severe deformation of Type 1

has obliterated any additional textural evidence that might have served to

paragenetically link Type 1 with the travertine deposits.

The sparry, Type 3 calcite is found in a variety of habits ranging

from small, stubby crystals 50 pm in diameter to large, radiating crystals

more than 1 mm in length. Type 3 calcite occurs in fractures

and openings in the breccias and travertine, showing it





to be younger than the deformation of Type 1, D of the paragenesis.

Some of the Type 3 calcite has been mildly fractured in a younger

deformation, D , as shown by some healed fractures in the Type 3

calcite of sample GA4-2 and by broken chips of platy Type 3 calcite

in sample GA4-7.

The youngest mineral, the brown calcite lies on top of Type 3,

sparry calcite. It is only iriegularly present being both discon-

tinuous and of variable thickness. This brown"calcite is undeformed

and coats and cements broken chips of the platy Type 3 calcite. Con-

sequently, it has been placed after D in the paragenetic sequence.

The calcite veins of sample GA4-S8-A could not be reliably cor-

related with the paragenetic sequence of the other samples. This

sample was associated with breccias and its calcites were deformed;

therefore, they appear to be older than D5 in the paragenetic sequence.

Only indirect evidence of deposition temperatures was found in

these samples. Fluid inclusions were absent in both Type 1 calcite

and the travertine. Nevertheless, the fine grain size of the trav-

ertine implies a low temperature because calcite is easily recrystal-

lized even at temperatures below 100'C. Single-phase liquid inclusions,

both secondary and primary, are common in some specimens of the Type 3

sparry calcite. Again these inclusions indicate low depositional

temperatures, below about 30'C. No inclusions were observed in the

brown calcite.

In the paragenetic sequence of Figure 1,. shown are depositional

stages for minor silty calcite and pyrite as well as for the dominant

calcite types all with respect to the more severe stage of deformation,
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D, and the mild deformation, D . The two stages of silty, pyritic

calcite may be the products of either in situ settling soon after

each period of deformation or of transported material washed in from

~ other areas while the fractures were still relatively open. Both

stages of pyrite are very similar in that both contain fine-grained

euhedral and spherical crystals as shown in Photo 26 of sample GA4-7.

The parageneses of the vein filling for each sample are shown on the

detailed paragenetic diagram,'igure 2. This figure provides documenta-

tion of the summary digram, Figure l.
Three samples were examined by X-ray powder diffraction methods

-to determine their mineralogical compositions as shown in Table l.
Sample GA4-X is not a natural material, but is a man-made cement com-

posed of portlandite (Ca(OH2)), vaterite (CaC03), minor calcite (CaC03),

and very small amounts of quartz and feldspar (probably plagioclase).

Sample GA4-BH is known to be a grout and was used for comparison with

GA4-X. The quartz, feldspar, and pyroxene are present in GA4-BH as

sand-sized clasts bound by a portlandite, vaterite, and. calcite cement.

Sample GA4-SS-A is dominantly calcite with minor amounts of quartz and

clay.
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Table 1. X-Ray Analyses of Selected Samples

Condition Sample
1 2

Phases present

GA4-BH Quartz, calcite, pyroxene, (feldspar), (vaterite), (portlandite)

Untreated GA4-X Portlandite, vaterite, calcite, (quartz), (2feldspar)

GA4-S8-A Calcite, quartz, (clays)

Treated
with HCl

GA4-BH

GA4-X

GA4-S8-A

Quartz, pyroxene, feldspar

Quartz, (2 feldspar)

Quartz, (clays)

1Minor phases that are insoluble in dilute HC1 were concentrated for analysis by removing
soluble phases with lOX HC1.

2
Phases present are listed in decreasing order of abundance. Parentheses indicate very minor
amounts present and a question mark indicates the possibility, but not certainty of the presence
of that phase.





Characteiistics of Individual Samples

Detailed descriptions are given in the
following sections for each sample in

.numerical order from GA4-2 to GA4-9,
'A4-11, and GA4-SS-A. Photographs of

the entire rock samples and associated
fracture-filling minerals are found in
similar order .(except as noted in the
captions) in the last section.





GA4-2

Occurrence: Calcite mineralization occurs on a siltstone layer

at the base of a breccia zone sub-parallel to the bedding (Photo 1).

Deformation and Texture: GA4-2 calcite is dominantly a sparry

colorless, clear calcite with an equant texture (Photo 2). This

calcite shows evidence of minor deformation in healed fractures

(Photo 3) and deformation twinning (Photo 4). Twinning is uncommon,

though present in only about 2% of the grams. Grain size ranges

from 100 pm up to 1 mm. The colorless, coarse calcite at the edges

of the coating are radiating fan-shaped sheaves of calcite (Photo
5).'t

contains numerous air-filled secondary inclusion trains and shows

wavy extinction. Pyrite, is- associated with the outermost calcite,

whether sparry or radiating. Brown calcite occurs in contact with

the sparry and radiating calcite (Photo 6). In other prepared chips,

the outer portions of the sparry calcite is silty, contains streaks

of extremely fine grained material and, in some spots, quartz shards

and euhedral pyrite as well (Photo 7).

Associations: Anhedral pyrite with sparry calcite, radiating

calcite; euhedral pyrite, quartz shards and silt with sparry calcite;

others as described above.

Fluid Inclusions: Secondary inclusion trains are common, but

the inclusions are gas-filled, single phase inclusions, and are not

suitable for geothermometry. Primary inclusions are very common along

grain boundaries. All are very irregular in shape and contain only





liquid. A bubble occupying 1% of the volume of the inclusion if
present would easily be observed; one can show that a temperature

decrease of less than 10'C from 25'C would cause sufficient con-

traction of the liquid phase to produce such a bubble. The fact

that all of the inclusions contain only a single phase does not,
4

however, indicate that the inclusions formed between 15'nd 25'C

(although this is possible), only that the inclusions formed at a

temperature of less than 25'C.

Several other inclusions (Photo 8) were observed to contain

inordinantly large bubbles. The proximity of these inclusions to

fractures (or the polished surface) leads one to suspect that they

have leaked.

Para enesis

Sparry calcite (T < 25'C)

Radiating calcite

Pyrite „

Brown calcite

Deformation

GA4-3C . D

Occurrence: 'alcite patches on a sandstone layer at the base of

a bedding plane breccia zone. Patches exhibit slickensides, and are

elongated parallel to slip direction.. (Photo 9)





Photo 1: Sample GA4-2. Scale
is 10 mm long.

Photo 2: GA4-2. Polished section under
oblique transmitted illumination.
The coarse core is clear, sparry
calcite. The fine grained mate-
rial at the left end is brown
calcite. The chip is approximately
7 mm long

Photo 3: GA4-2. Secondary inclusion
train (healed fracture) in
sparry calcite. Field of
view (FOV) = 460 x 310 pm.

Photo 4: GA4-2. Twin lamallae in sparry
calcite. Reflected light. FOV =

580 x 390 pm.
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Photo 5: GA4-2. Fan-shaped calcite
with secondary inclusions.
FOV = 1.3 x 0.9 mm.

Photo 6: GA4-2. Sparry calcite/brown
calcite contact. FOV = 1 ~ 6 x
1.1 mm.

Photo 7: GA4-2. Quartz (high relief)
and pyrite (white) in sparry
calcite.

Photo 8: GA4-2. Inclusions in sparry
calcite. The secondary inclusion
trains occur at lower center and
lower right. An arrow indicates
an inclusion with a vapor bubble,
probably due to leakage.
FOV = 160 x 110 pm.
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Texture and Deformation: Identical to samples GA4-3D, GA4-6

and GA4-8: fine-grained cataclastic calcite matrix (Type 1) sur-

rounding angular grains of quartz and quartzite (Photo 10). Some

healed fractures are evident as irregular, patchy networks of

coarser-grained calcite (up to 150 pm) (Photo ll). The average

grain-size of the matrix is 10-30 pm. The average grain-size of

quartz and qu'artzite fragments is 30 pm and 250 pm, respectively.

Minor scattered sulfides (pyrite, sphalerite) are found throughout

the samples, and appear to be associated with quartz and quartzite

grains.

Fluid Inclusions: None observed.

Para enesis

Type 1 calcite

Deformation

Healed fracture calcite

Sulfides (in host)

GA4-3D

Occurrence: Microbreccia patches on sandstone. Basically, this

sample is similar to GA4-6 and GA4-8. A matrix of cataclastic Type 1

calcite surrounds angular scattered quartz grains and fragments of

quartzite bedrock. Minor sulfides are scattered throughout the

samples.





Photo 9: GA4-3D. Isolated patches of
Type 1 calcite (breccia and
slickensides).

Photo 10: GA4-3C. Slickensided Type 1
calcite (fine-grained matrix)
containing angular quartz shards
and sandstone fragments (high
relief). White grains are pyrite
(subhedral) and skeletal detrital
ilmenite. FOV = 1.6 x 1.1 mm in
reflected light.

Photo ll: GA4-3C. Healed fractures in breccia.
The calcite in the fractures is more
coarsely crystalline than Type 1 and
may be Type 3 calcite. FOV = 1.3 x
0.9 mm.
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GA4-4

Occurrence: Small calcareous "concretions" on 35 east-dipping

shear fracture at the base of a breccia zone.

Deformation and Texture: The deposits consist of very fine-

grained (5-10 pm) argillaceous calcite containing a few quartz shards

and abundant, extremely fine-grained pyrite (< 1 pm). The material

is banded, in various shades of tan and gray, but the texture is

fairly uniform across. the bands. Some bands contain vugs lined with

sparry calcite. Pyrite is concentrated along the bands.

The specimens are fractured by compression normal to the frac-

ture surface. The fractures show as topographic features on the

surface of the specimens (Photo 12) and as calcite filled cracks in

thin section (Photo 13).

Associations: See above.

Fluid Inclusions: None because the grain size is too small.

Para enesis

"Nodular" calcite

Pyrite

Sparry calcite in fractures

Deformation





Photo 12: GA4-4. "Nodules" of argillaceous
calcite. Note the surface expression
of fractures in individual pieces.

Photo 13: GA4-4. A polished thin section of a
"nodule," under oblique incident
illumination. Note the semi-circular,
sparry calcite-filled fracture and
distinct banding (nonconcentric). The
chip is about 15 mm long.
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GA4-5

Occurrence: Sparry and microcrystalline calcite patches on

fracture surfaces in the north wall of the slot, (Photo 14).

Deformation and Texture: This sample is a texturally complex

deposit of several types of calcite (Photo 15). The earliest calcite

is very fine-grained (< 10 pm), brownish in color, and banded. It
occurs as angular, well defined fragments (Photo 16) as well as

poorly-defined patches (Photo 17). A second type of calcite occurs

predominantly as a matrix to the earliest type. The grain size is

generally 20 to 40 pm and the texture and color (tan) are fairly
uniform. Contacts with the earlier calcite is gradational, possibly

due to recrystallization or crystal enlargement along the contacts.

The third type of calcite occurs as cross-cutting veins of clear,

colorless calcite crystals about 40-70 pm in diameter. All three

types of calcite can be seen in Photo 16. Euhedral to subhedral

pyrite is unevenly dispersed through the first two types of calcite,

but does not occur in the fracture fillings.

Associations: See above.

Fluid Inclusions: None observed because th'e grain size is too





Para enesis

Calcite in fragments

Calcite in matrix

Pyrite

Calcite in fractures

Deformation





Photo 14: GA4-5 Photo 15: GA4-5. Travertine. Note the
variety of textures. The black
specks are pyrite grains. The
chip is about 10 mm long and was
photographed under oblique inci-
dent lighting.

Photo 16: GA4-5. Fragments, matrix
(upper left and right),
and fracture filling
calcite. FOV = 1.6 x 1.1 mm.

Photo 17: GA4-5. Indistinct fragments and
matrix calcite. Black grains are
pyrite. FOV = 1.6 x 1.1 mm.
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GA4-6

Occurrence: Small patches of microbreccia are located on the

surfaces of a piece of bedrock (Photo 18). Several of the patches

show slickensides associated with finer-grained microbreccia.

Deformation and Texture: The sample consists of angular,

scattered quartz grains (up to 300 pm) and fragments of sandstone

bedrock surrounded by a matrix of mosaic, irregular, fine-grained

calcite up to 60 pm (Photo 19). This cataclastic calcite matrix is

identical to the Type 1 calcite described in earlier reports (Sept.

1979, p. 7). The Type 1 calcite occasionally grades into a coarser,

cleaner, non-deformed, idiomorphic calcite which coats solution

cavities in the Type 1 calcite (Photo 20). This later calcite is

identical to the Type 3 calcite described in earlier reports (Sept.

1979, p. 7 and p. 11, sample GA3-16), and is non-deformed and

generally free of quartz grains. Scattered sulfides are frequently

associated both with scattered quartz grains and with quartz grains

within bedrock fragments. The quartz is occasionally surrounded by

chalcopyrite, which is in turn surrounded by pyrite. Other instances

show scattered, isolated grains of chalcopyrite, sphalerite, and

pyrite; the latter infrequently surrounds detrital heavy minerals.,

None of the material observed microscopically could be correlated

with the slickensided calcite noted in hand sample.

Associations: As noted under Deformation and Texture.
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Inclusions: None were observed in Type 1 calcite because it is too

fine-grained. The type 3, sparry calcite lining vugs in sample GA4-6

'ontainsvery few optical3g recognizable fluid. inclusions. The inclusions

that, are present are very small (on the order of a few micrometers in di-

ameter) and generality single-phase. The relative3g rare, two-phase

inclusions contain orgy a sma11 vapor bubble in constant, random motion.

The inclusions are typica13g found in three-dimensional patches within

the crystals, suggesting that the inclusions are primary. A few inclusions

were observed along the interface between two crystals. Such inclusions

may not be primary.

The small size'f the inclusions in the Type 3 calcite precludes any
I

heating or freezing tests due to the limitations of magnification and

resolution of the lenses used with the heating/freezing stage. However,

the single-phase nature of the majority of the inclusions and the small

size of the vapor bubble in the two-phase inclusions are consistent with

a low temperature origin for this calcite. Based on the observed fluid

inclusions and textural relationships, the sparry calcite lining vugs in

sample GAL-6 clearly appears to be Type 3 calcite a's previous3y defined

and used here.

Para enesis

Identical to that noted in earlier reports (Sept. 1979, p. 7-8) ~





Photo 18: GA4-6. Breccia patches. Photo 19: GA4-6. Type 3 calcite (breccia)
containing quartz grains (gray,
high relief), pyrite and chal-
copyrite (white grain) and
sphalerite (light gray rectangular
grain). FOV = 580 x 390 pm.
Reflected light.

Photo 20: GA4-6. Type 3 calcite (bottom) and
quartz with Type 1 calcite around
vug (top). FOV = 1.3 x 0.9 mm in
reflected light.
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GA4-7

Occurrence: A calcareous, dripstone-like deposit on a sandstone

bed in a zone of broad folding of the hanging-wall block of the dis-

continuity. A breccia zone, sub-parallel to bedding, is located

approximately one foot below the specimen location. The sample con-

sists of several types of calcite (Photo 21). One type forms semi-

cylindrical rods of dripstone, some of which are still intact, but

more are collapsed, having been hollow tubes at one time. One piece

(Photo 22) is badly brecciated, while others (GA4-7)

are collapsed tubes filled with a slightly coarser calcite (Photo 23).

The dripstone tubes are deposited on a thin, laminated, platy sub-

strate (Photo 21). This platy calcite also occurs as broken chips

which have been cemented to each other and to the dripstone. The

cementing calcite is distinct from either the platy or dripstone

carbonate and occurs as a sparry coating on some of the dripstone,

and as a cement between broken dripstone fragments.

Deformation and Texture: The platy calcite is composed of at

least three distinct layers (Photo 24). From oldest to youngest,

these are as follows: the oldest layer is composed of clear, sparry

calcite in columns oriented perpendicular to the growth surface.

The lower two-thirds of the layer contains many smaller, anhedral

calcite grains showing high relief among the prismatic crystals,

whereas the upper third of the columnar layer shows fine growth-

layering made visible by a pale brownish coloration. The calcite

prisms are terminated by crystal faces. This columnar calcite layer
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is occasionally very thin or absent in which case, brown calcite

(below) may be deposited directly on the dripstone.

The columnar calcite layer is overlain by a thin layer of dark,

very fine-grained calcareous material. Pyrite is abundant in this

layer'nd displays octahedral, cubic, and spherical habits. Quartz

fragments are sometimes present, indicating that this material is,

in part, clastic and may represent fine detritus washed from breccia

patches (see the description of sample GA4-6). The pyrite, however,

does not appear to have been transported or deformed. The dark,

pyrite-rich layer is usually present, although in some chips it is

discontinuous or entirely absent. Positive identification of this

layer can be difficult because other pyrite-rich silty layers also

occur elsewhere in the paragenetic textures.

Above the fine grained, silty layer is a frosting of undeformed,

euhedral, brown calcite. The color and unusual habit are distinctive

and can be used to positively identify this material throughout the

sample. The crystals are elongated, with slightly rounded edges and

faces, and are terminated by rhombohedral faces. The cross section

is triangular and is preserved even when the crystals are closely

grown, leaving open spaces between the crystals (Photo 25). These

interstices are filled with fine-grained, pyrite-rich material from

the layer described above. The dripstone rods are dominantly com-

posed of laminated, very fine-grained calcite. These calcite grains

are equant and the average grain size is about 7 pm. Pyrite is

present as very irregular, anhedral grains widely scattered through
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the dripstone core (Photo 26). The core of the dripstone is often

fractured and, in one fragment, (Photo 22) partially brecciated. A

dark, fine-grained layer coats the fractured material, but the

fractures do not extend into the darker material.

Sparry, sometimes columnar, calcite is deposited on the outer

surface of the dripstone. The layer varies in thickness and may be

absent or represented by only a few, scattered, single crystals.

S'ilty streaks splay away from the dripstone into the sparry calcite

(Photo 27), but do not disrupt the growth of the crystals. On the

opposite edge of the section is a layer of brown sparry calcite con-

taining a large amount of fine-grained impurities. Similar relation-

ships in other chips indicate that the brown calcite is the same as

that observed in the platy calcite chips.

The fracturing of the dripstone indicates that a period of

deformation occurred after the deposition of the dripstone, but

before deposition of the dark gray layer. The platy calcite ha's

also been broken and recemented by brown calcite to the dripstone

rods (Photo 21). This evidence of a second deformation is visible

macroscopically.

Associations: As described in Deformation and Textures.

Inclusions: The dripstone calcite is too fine grained to

preserve useful inclusions. The coarser brown and colorless sparry

calcites are coarse enough to contain inclusions but none were

observed in either type.
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Drips tone

Silty calcite (clastic?)

Pyrite

Columnar calcite

Brown calcite

Deformation D (D)~

The fine-grained texture of the dripstone indicates that temperatures

have remained low enough to prevent recrystallization of the calcite.





Photo 21: GA4-7. "Dripstone" and platy
travertine. Note brecciated
piece at right and collapsed
tube at center.

Photo 22: GA4-7. Thin section of brecciated
piece in Photo 21. Only the dark
core is fractured. The chip is
about 2 cm long in oblique trans-
mitted light.

Photo 23: GA4-7. Cross sections of "dripstone."
The longitudinal section shows a
faulted core rimmed by sparry calcite
(top) and brown calcite (bottom). The
other two sections show fracture
fillings of sparry calcite. These two
sections are from collapsed tubes. The
large piece is about 15 mm long, in oblique
transmitted light.

Photo 24: GA4-7 ~ Cross section of platy
calcite. From left to right: silty
layer, columnar calcite, silty layer
(dark), brown calcite (gray and dark
layers at right). FOV = 1.3 x 0.9 mm.
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Photo 25: GA4-7. Brown calcite/pyritic silt
contact. Section is cut parallel
to contact surface.
FOV = 580 x 390 pm.

Photo 26: GA4-7. Pyrite in silty layer under
brown calcite. All are euhedral in
variety of habits. FOV = 160 x 110 pm.
Reflected light.

Photo- 27: GA4-7. Sparry calcite filling
fracture in "dripstone" core
and coating end of the chip.
Note argillaceous streak in
sparry calcite. FOV = 1.3 x 0.9 mm.
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GA4-8

Occurrence: Slickensided microbreccia patches located on

siltstone (Photo 28).

Deformation and Texture: Samples consist of a fine-grained

cataclastic calcite matrix (up to 60 pm grains surrounding scattered

angular quartz grains (up to 300 pm grains and angular to subrounded

fragments of quartzite. This calcite is identical to Type 1 calcite

described in earlier reports (Sept. 1979) and is identical to that

found in GA4-6. Scattere'd grains (up to 50 pm) of sulfides,

chalcopyrite, sphalerite, and pyrite, occur throughout the samples.

They are frequently, though not always, intergrown with quartz

grains. The cataclastic texture of the calcite matrix is the only

texture indicating deformation, and there are no solution cavities

lined with Type 3 calcite as these were in sample GA4-6.

Fluid Inclusions: None were observed due to the cataclastic

texture.

Para enesis

Type 1 calcite

Sulfides

Deformation
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Photo 28: GA4-8. Type 1 calcite with
slickensides.

Photo 29: GA4-9B. A patch of breccia on
a substrate of dark gray sand-
stone.
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GA4-9

Occurrence: Breccia patches occur on a 25'-dipping shear

surface at the south end of the slot. The host rock is a dark

gray fossiliferous graywacke (Pulaski Fm.).

Texture and Deformation: All of the calcite deposits on

these samples are patches of brecciated material containing Type l
calcite and sandstone fragments (Photo 29), as described for

samples GA4-3, -6, and -8.

Fluid Inclusions: None (not preserved).

Para enesis

Type l calcite

Deformation
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GA4-ll A and C

Occurrence: Several types of calcareous deposits occur on

vertical fracture surfaces of the samples of GA4-ll including light

gray "nodules" (see GA4-ll B), dark gray sparry calcite (brown

calcite in thin section), and coarse, radiating calcite crystals

(Photo 30).

Deformation and Texture: The colorless, radiating calcite

crystals range in size from 2.5 mm in length down to less than 100

pm. The basal portions of the crystals contain abundant argillaceous

patches that extend from a silty, calcareous substrate (Photo 31).

The crystals are clear and free of both inclusions and any evidence

of deformation.

The silty substrate has a calcite matrix (grain size of 5-10

pm), common very fine pyrite (1-10 pm) and uncommon quartz shards

(< 75 pm).

Associations: Fine grained calcite is found with pyrite and

quartz and clear, radiating calcite.

Fluid Inclusions: None found.

Para enesis

Fine ground silty calcite

Pyrite

Coarse, clear calcite

Deformation
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Photo 30: GA4-llA. Radiating crystals of
,sparry calcite on silty, banded
travertine. The label is approxi-
mately 3 cm long.

Photo 31: GA4-11C. A polished thin section of a
portion of the above sample. The chip
is about 1 cm in diameter, in oblique
incident illumination.
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GA4-11B

Occurrence: This chip was taken from an irregular, vertical

fracture sur'face (Photo 32). Several types of calcareous deposits

occur on the same surface of which one is described here and the

others are under other sections under GA4-ll. The deposits are 1-2

mm thick and include light gray "nodular" deposits and dripstone,

as well as dark gray, sparry calcite (brown calcite in thin section).

Deformation and Texture: The "nodular" vein filling is a

laminated, fine-grained travertine (5-10 pm) containing abundant

clay-sized grains, probably of quartz and pyrite. Pyrite is abun-

dant as anhedral to euhedral grains (< 1 pm to 20 pm) and is

concentrated parallel to the laminations.

The infilling is faulted (Photo 33), indicating deformation

after deposition.

Associations: See above.

Fluid Inclusions: None. The material is too fine-grained.

Para enesis

Fine grained calcite

Pyrite

Deformation
D5





Photo 32: GA4-llB. Several types of
calcareous crusts on a
fracture surface: light gray
"nodular" deposits at right,
"dripstone" (right center),
and brown calcite (dark gray
at extreme left).

Photo 33: GA4-11B. A polished thin section
of light gray deposits similar to
those in Photo 32. Note the fault
at the right. Dark areas ar'e pyritic.
This.,chip is about 1 cm across, in
oblique- incident illumination.

Photo 34: GA4-llE. Banded and mottled
travertine. Dark areas are
pyritic. This large chip is
about 12 mm long, in oblique
transmitted illumination.

Photo 35: GA4-llE. Pyrite (zoning present but
not visible in photo) and quartz
fragments in fine-grained calcite
of the travertine chip shown in
Photo 34. FOV = 460 x 310 pm, in
reflected light.
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GA4-llE

Occurrence: Several forms of calcareous deposits occur on a

near-vertical fracture surface, including a light and dark gray

dripstone or nodular encrustations, dark gray sparry calcite, and

colorless, clear, euhedral calcite crystals radiating from the

surface of the dark gray calcite; The deposits are 1-2 mm thick,

and vary in area from 2 mm diameter -to several centimeters across.

Deformation and Texture: The dark gray dripstone-like crust

is composed of very silty, horizontally laminated calcareous mate-

rial (Photo 34). Quartz is abundant as angular shards and, rarely,

as rounded grains.

These are cemented together in an impure, very fine-grained

calcite matrix (average grain size about 10 pm) (Photo 35). Pyrite

is very common and displays a wide range of grain sizes and shapes.

The pyrite also shows at least 2 zones —an inner, brighter zone and

an outer, darker zone not visible in Photograph 35.'he zoning

mimics the present habits, indicating that habit changes have not

occurred. En echelon wisps of extremely fine, dark minerals occur

in some of the layers.

There is no evidence of deformation in this sample, but the

material itself may have been deposited as a result of a period of

deformation. The broken, angular quartz shards and sedimentary

textures support the idea that silty material released or formed

during deformation was deposited and cemented, forming the patches

of calcareous crust.
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Associations: Quartz shards with calcite and zoned pyrite as

described above.

Fluid Inclusions: None; the material is too fine grained.

Para enesis

Calcite (f.g., silty)
Pyrite

Deformation
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GA4-S8-A

Occurrence: Cemented, laminated, silty "clay" is present on

bedding planes and in breccia of the south wall of the slot. The

samples examined are unattached plates with rounded edges and angular,

broken edges (Photo 36).

Deformation and Texture: The sample consists of very fine-

grained calcite (5-10 pm) with less than 5% quartz (10-25 pm) and a

trace of anhedral to subhedral pyrite (-4 pm). No clay minerals

were observed in thin sections or detected by X-ray diffraction.

The texture is uniform and quartz and pyrite are evenly dispersed

through the sample.

The surfaces of the samples are striated (Photo'7) and both

pieces show evidence of fracturing and 'compression. The broken

pieces have been recemented although the cementing calcite is not

distinctly different from that in the sample itself. Deformation is

not evident on a microscopic scale, presumeably due.to the homo-

geneity and fine grain size of the sample.

Associations: Sub-rounded quartz and small pyrite crystals

are associated with the calcite.

Inclusions: The very fine grain size of the calcite in this

sample precludes the preservation of fluid inclusions.

Calcite

Deformation
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Photo 36: GA4-S8-A. Very fine-grained, tan
calcite from a breccia zone. Note
healed fractures and rounded edges.

~ Photo 37: GA4-S8-A. Same 'as above. Note
the striated surface and compressed
areas along the upper edge.
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GA4-X

Occurrence: A very fine-grained grout-like substance occurring

within openings in the breccia (Photo 38). X-ray analysis indicates

portlandite and vaterite are ma)or components.

Deformation and Texture: An extremely fine-grained material,

containing scattered grains of fine-grained, nearly opaque solids.

The fine-grained matrix is green in color, but too fine-grained to

resolve mineralogically. The relatively high reflectivity (about

15%) of the granular, opaque matter suggests that it may be heavy

minerals or organic material. Fractures occur near the margins of

individual grains, but are apparently due to sample preparation

rather than. deformation. Several scattered, angular grains of

quartz and feldspar (up to 0.6 mm) occur in a few sample grains.

The X-ray data and unusual textures suggest that this sample

is artificial. The fine-grained matrix in this sample is similar

in color and appearance to the grout matrix in GA4-BH. However, the

latter lacks the granular opaque material.
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Photo 38: GA4-X. Chalky white, grout-like material.





Photographs of"Rock Samples.

Showing Locations and

Textures of Fracture-Filling
Minerals.





Photo 39: GA4-2. Photo 40: GA4-3C.

Photo 41: GA4-3D. Photo 42: GA4-3G.
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Photo 43: GA4-4. Photo 44: GA4-5.

Photo 45: GA4-8. Photo 46: GA4-9A.

Note: GA4-6 —See Photo 18.

GA4-7 —See Photo 21.
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Photo 47: GA4-9B. Photo 48: GA4-9C.

Photo 49: GA4-9G. Photo 50: GA4-9H.
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Photo 51: GA4-9J.

Photo 52: GA4-X.

Note: GA4-SS-A —See Photos
36 and 37.
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Consulting gcoefiemisf

213 EAST MITCHELLAVENUE

STATE COLLEGE. PENNSYLVANIA 16801

814.865-7573
814.238 2695

February 26, 1980

Mr. H. Scott Laird
Dames and Moore, Inc.
2996 Belgium Road
Baldwinsville, New York 13027

Dear Mr. Laird:

As we discussed by phone, five samples of individual generations af
calcite coatings from the Nine Mile Point site have been separated as
cleanly as possible for dating by 14C and for 180 measurements. Enclosed
are detailed descriptions of the samples and the original of the Dames
and Moore "Sample Shipment and Test Instruction Form" which was sent with
samples HK-1 and HK-2 to Krueger Enterprises on February 26, 1980. The
remaining three samples are now held in reserve.

The samples were prepared in the following manner. Generally the
calcite coatings were easily pried from the sandstone substrate with a
steel spatula. Sometimes it was necessary to use a hammer and sharp chisel
to loosen the calcite coating. The separated calcite chips were collected
on clean paper. Impurities were separated first by hand sorting and then
during examination under a stereo microscope where necessary. In each
sample, a virtually complete separation of an individual paragenetic stage
of calcite was found to be possible as noted in the enclosed descriptions.
Note that any spray paint, often used to label specimens, must be scrupu-
lously avoided when sampling for radiocarbon dating.

The quality of the isotopic samples could be further improved by two
easy procedures. Possible contamination by sweat during the collecting
and handling of the samples could be removed by a dilute acid wash prior
to digestion for C02 separation and isotopic measurements. Secondly, the
180 measurements should be made only on the C02 liberated after the sample
cleaning, and not the gases produced by digestion with Br'. The penta-
fluoride attacks the silicates from the host rock and from silts but only
the carbonate 180 is important in an attempt to identify the source of
the calcite-forming solutes.

Sincerely,

jjg~ t

H. L. Barnes

HLB'lic

Enclosures





Calcite Samples Separated For Isotopic Analysis

Sam le Descri tion

17.35 GA4-9 Type 1 calcite breccia free of travertine
or other calcites. Individual pieces con-
tain 15-50% sandstone and quartz fragments.

8.49 GA4-11E Travertine with less than 5% total of
quartz plus pyrite silt.

7.86 GA4-10 Travertine with less than 5% total of
quartz plus pyrite silt. There is also a
total of less than 1 vol. % of either
Type 3 or brown calcite stages (undeter-
mined) found on some chips.

1.56 GA4-llF Travertine with less than 5% total of
quartz plus pyrite silt.

0.89 GA4-11C,
,-llG, -11H

Type 3 sparry calcite with 5-10% impurities
of quartz silt, sandstone host, and a few
fragments of travertine. The small sample
size precludes the elimination of all frag-
ments also containing some of the (older)
travertine.
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213 EAST MITCHELLAVENUE

STATE COLLEGE. PENNSYLVANIA 16801

814.865.7573
814.238.2695

March 28, 1980

Mr. HE Scott Laird
Dames and Moore, Inc.
2996 Belgium Road
Baldwinsville, New York 13027

Dear Mr. Laird:

The isotopic analyses of the Type 1 calcite breccia (sample HK-1)
and of the travertine (sample HK-2) from the Nine Mile Point site provide
useful indications of both the conditions and times of deposition of these
carbonates in fractures. The reasoning by which these factors can be
evaluated is described below assuming, of course, that the enclosed table
of isotopic results are as accurate as one might expect.

The high C ratio of HK-1 is common for marine carbonates, or springs13

from such rocks, and is comparatively rare among fresh water carbonates,
as shown by figures 6-B-6 and 6-B-7. In contrast, the same figures show
that the low ratio of HK-2 is characteristic of both fresh waters (including
the Hudson River and some New England lakes) and fresh water carbonates.

The 0 ratios of both HK-1 and HK-2 are shown by figure 8-B-25 to be18

normal for fresh water carbonates if younger than Triassic. However, evenif as old as Triassic, a marine origin of the carbonate oxygen is also
unlikely because paleogeographic reconstruction shows that the rocks of
this region were emergent and eroding throughout the Mesozoic. Consequently,
a fresh water origin of the oxygen in both carbonate samples is probable.

Circulation through the stratigraphic section of this region by fresh
water (with isotopically heavy oxygen) could leach heavy marine carbon from
the organics or carbonates of these sediments. Where decreased carbon
dioxide pressures were encountered during solution flow into or along
fractures, a common phenomenon, this saturated solution must then precipitate
carbonates of the isotopic characteristics of HK-1. Deposition of HK-2
requires a superficial source of both carbon and oxygen in fresh waters of
relatively shallow circulation.

The probable origin of the oxygen from fresh water limits the feasible
depths of circulation of the waters through the stratigraphic section in
the following manner. The maximum salinity for such waters is roughly equiv-
alent to a brackish 5,000-10,000 p.p.m. of total dissolved solids. (T.D.S.
of 5,000 p.p.m. is barely tolerable to livestock and is described as





Mr. H. Scott Laird March 28, 1980

"moderately saline" by Hem.) Both the compilation of water analyses by
White, Hem, and Waring and the discussion of formation waters of sedi-
mentary basins by Hunt (illustrated by figure 6-3) show that such low
salinity waters are unexpected in sedimentary sections at depths even as
great as one-half kilometer. Hunt states that very many formation waters
increase in total dissolved solids by 15,000-100,000 p.p.m. per 1,000 ft
(0.30 Km) in depth. This proportion indicates that 0.5 Km is apparently
an unusual depth for the circulation of the relatively "fresh" waters of
the type responsible for the deposition of HK-1. Implicitly, the depth
of burial during deformation D4, about 3 Km based on geothermal gradients,
must have decreased significantly prior to the deposition of Type 1 calcite
at less than 0.5 Km.

In arguments concerning the thermal and chemical evolution of the
geosyncline found in the region of the site during the early to mid-Paleozoic,
comparisons have been made to the present Gulf Coast. Such a comparison is
valid only if the site were also located in a warm climate during the in-
filling of the geosyncline. Examination of the paleolatitudes for this
region in Silurian time, based on paleomagnetic reconstructions, was found
to be about 15'outh. Consequently, the two climates are sufficiently
similar to warrant comparison of the two geosynclines.

Sincerely,

~/g if('.e~.-~
H. L. Barnes

HLB:lic

Enclosures





~Isoto fc ~Anal ses

Number: HK-1 HK-2

Sample:

Source Rock:

~T e 1 Calcite Breccia

GA4-9

Travertine

GA4-11E

14
C Age (yrs.)

c (%,)
0 (%o)

> 36,000

+ 3.1

+ 21.1 + 0.2

14,180 + 550

7e 5

+ 22.6 + 0.2





Sources

Wedepohl, K. H., editor (1978) Handbook of Geochemistry.
Springer-Verlag, New York. Vol. II-1. Figures 6-B-6,
6-B-7, and 8-B-25.

Hunt, J. M. (1979) Petroleum Geochemistry and Geology. Freeman,
San Francisco. Figure 6-3.

White, D. E., Hem, J. D., and Waring, G. A. (1963) Chemical
composition of subsurface waters: U. S. Geol. Surv. Prof.
Paper 440-F, Table 1 to Table II.

Hem, J. D. (1970) Study and interpretation of the chemical
characteristics of natural water: Sec. Edit., U. S. Geol.
Surv. Water Supply Paper No. 1473.
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STATE COLLEGE, PENNSYLVANIA 16801

814 865.7573
814 238.2695

Mr. H. Scott Laird
Dames and Moore, Inc.
2996 Belgium Road
Baldwinsville, New York 13027

May 12, 1980

Dear Mr. Laird:

The methods used to separate samples HK-3 and TU-I from their host
rocks, and to prepare them for isotopic dating, were very similar to
those used for samples HK-1 and HK-2 as described in my letter of
February 26, 1980.

Sample HK-3 was separated from rock samples GA4-3A, E, F, and H,
GA4-9D, E, F, and K, and GA4-11A, B, C, D, and E. All of the relatively
sparse coating of type 3, sparry calcite was removed from the rock sur-
faces either by prying with a stainless steel spatula or by chipping
with a small chisel and hammer. Fragments of the host sandstone were
removed as completely as possible by hand picking under a low power
microscope. The product, 1.07 grams total, was estimated to be 90-95%
type 3 calcite with the remainder being quartz sand and silt grains.
This sample was sent by registered mail on April 24 to Krueger Enterprises
for 14C dating.

Sample TU-1 was separated from rock samples GA4-3B, C, D, E, F, G,
H, and J, GA4-6, GA4-8, and GA4-9A, C, D, E, F, H, and K. Again the
calcite coating was separated using a hammer and small chisel. The firmly
adhering coating of type 1, calcite breccia required more force for sepa-
ration from the sandstone host than was necessary for type 3 calcite. The
chips with larger proportions of sandstone were removed by hand picking
under a microscope. The remaining chips contained variable ratios of
calcite and quartz grains. In the total of 16.49 grams of product, the
estimated contents were 50-60% of calcite and 40-50% of quartz. The
sample is believed to be free of any calcite younger than type 1. This
sample was sent by registered mail on April 26 to Dr. T. L. Ku for dating
by the uranium-thorium decay series.

A report is enclosed summarizing the results of the examination of
samples from series GA5 and 801 carried out by J. B. Murowchick and R. J.
Bodnar under my direction.

HLB:lic
Enclosure

Sincerely,

H. L. Barnes
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Characteristics of Mineralization in Fractures of
Samples GA5-1A, B,"C, D, and 801-M2, -M3

Summary: The paragenetic sequence revealed by the textures of the calcite

fracture coatings and their inclusions are virtually identical to those of

types 1 and 3 calcites found in other samples from this area. The principal

difference is that some clasts in the type 1 breccia 'of this GA5 series

have been identified as fragments of the earlier milky calcite of the

previous paragenetic sequence.

The carbonate mineralization in samples GA5-1A, B, C, and D, GA5-2A

and B, and 801-M2 and -M3 is composed of the previously described type 1

and type 3 calcites. No new calcite types were found although the source

material for the type 1 calcite has now been identified based upon the

following evidence. Samples GA5-1A through D and GA5-2A and B each contain

type 1 calcite as a matrix enclosing breccia fragments of the sandstone

host rock and also of another calcite. This second calcite has deformation

twinning, healed fractures, contains sulfide minerals and fluid inclusions,

and is milky (photographs 1-6). Furthermore, the liquid-to-vapor ratio is

apparently the same as that observed in the milky calcites of the JT-23 to

JT-51 series of samples. Consequently, these calcite clasts are taken to

be fragments of the milky calcite from earlier in the paragenetic sequence.

These clasts have not been found in the GA3 and GA4 series. One large

clast in GA5-2B was about 5 mm across. The detailed characteristics of

samples GA5-2A 'and -2B are identical to those of the GA5-1 samples shown

in photographs 1-5.





Type 3 calcite is also present and exhibits textures similar to those

seen in GA3 series samples (photographs 7 and 8). Drusy type 3 calcite

coats the surfaces of the samples.

Samples 801-M2 and -M3 both show the same detailed paragenetic calcite

sequence beginning with type 1 calcite (without milky calcite clasts), an

overgrowth of columnar type 3 calcite, and finally a brown calcite. The

textures and sequence are identical to that observed in sample GA4-7.

Zoning in the later half of the columnar type 3 calcite, and a thin, pyritic

silty layer between the columnar type 3 and brown calcites are also present,

as in GA4-7.

The pyrite in 801-M2 and -M3 is'identical in shape and texture to that

observed in GA4-7, even containing the same single, thin darker zone in the

core that was observed previously (photograph 7) but marcasite is more

abundant in these two samples. Marcasite occurs as rosettes, sometimes with

a core of sphalerite, and as rims on the pyrite spherules (photograph 8).





Photo 1: GA5-1A. Clast of milky calcite in type 1,
calcite breccia. Note the numerous dark
inclusions, deformation twinning, and
healed fractures (lower left). Also note
the overgrowths of undeformed clear
calcite (probably type 3) at each end of
the clast. Field of view: 1.8 mm x
1.2 mm in transmitted light.

Photo 2: GA5-1A. Higher magnification view of
area at the right end of the clast in
Photo 1. Note twinning, inclusions,
and undeformed overgrowth of type 3
calcite (right). Field of view: 463
pm x 314 pm.

Photo 3: GA5-1A. Type 1 calcite with quartz
(breccia) and milky calcite clast
showing deformation twins and growth
twins in calcite overgrowth. The
boundary between the milky calcite
and the overgrowth is indicated by
the change in the direction of each
twin band. Field of view: 463 pm x
314 pm in reflected light.

Photo 4: GA5-1B. Brecciated chalcopyrite in
type 1 calcite breccia with quartz.
The chalcopyrite is part of the pyrite-
chalcopyrite-sphalerite-galena
assemblage that is contemporaneous
with the milky calcite. Field of view:
582 pm x 394 pm in reflected light.





t

, e, '3-

pL

%
F"+

L
I, U

C

7 L

I

pr„
/

/)
/

V

r

J I
)
i r)

/
)f

fl

I
I

//

I j
I +I'

/',
, "I

/
)

J

4

-'c J

yjO g
""

. a Q
, IF

g
' 44pg

Go

cg W

P

C

.g+jAg hj





Photo 5: GA5-lA. Primary fluid inclusions in
milky calcite. The bubbles are not
visible due to constant motion during
exposure. Field of view: 162 pm x
110 pm in transmitted light.

Photo 6: GA4-1D. Clusters of euhedral pyrite
in type 1 calcite. The clusters
apparently separated during brec-
ciation, so the. pyrite probably
formed fairly late in the type 1
paragenesis, possibly at the expense
of earlier sulfides. Field of view:
463 pm x 314 pm in reflected light.

Photo 7: 801-M2. Zoned pyrite rimmed by
marcasite in type 3 calcite. The
grain is 35 pm in diameter, in
reflected light.

Photo 8: 801-M3. Marcasite rosettes, one with
a sphalerite core. Type 1 calcite is
to the left, brown calcite is to the
right. Type 3 calcite is very thin
in this particular view, but is rep-
resented by the grains immediately to
the right of the marcasite with the
sphalerite core. Field of view:
463 pm x 314 pm in reflected light.
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213 EAST MITCHELLAVENUE

STATE COLLEGE. PENNSYLVANIA 16801

814 865 7573
814.238.2685

September 29, 1980

Mr. H. Scott Laird
'amesand Moore, Inc.

6 Commerce Drive
Cranford, New Jersey 07016

Dear Mr. Laird:

Six samples of the GA-5 series, from the East Lake Water Tunnel at
the Nine Mile II location, were examined for comparison of their fluid
inclusions and paragenetic characteristics with those found in previous
samples from the region. The treatment is that specified under purchase
order number SR-0402, dated July 31, 1980. Note that the use of ultra-
violet illumination with our new Nikon microscope has made possible
resolution of the ancestry of the younger calcites, thereby considerably
simplifying the later stages of the paragenetic sequence.

The compilation of characteristics of the younger calcites in this
report and their simpler paragenesis make useful a reappraisal of the clas-
sification of the calcites found in samples examined some time ago. As
a result, the calcites of samples JT-13, -43, and -44 can now be identi-
fied as very probably type 1 because of the following shared characteristics.
Each contain single-phase fluid inclusions. Marcasite occurs in JT-44
and pyrite in all three samples as in most other type 1 calcites. In
addition, JT-13 and JT-43 are described as breccias.

Two samples dated by Dr. T-L. Ku may also be type 1 calcites. Samples
SW-1 and SW-2 were both found to contain excess Th described by him as
of "extraneous origin." Sample TU-1 also has the same isotopic nature and
is known to be type 1 calcite where the anomalous isotopic content is
attributable to mixing from the old calcite breccia clasts with the young
cementing calcite. Consequently, the nominal ages of SW-1 and SW-2,
170,000 and 20,000 years B.F., are of doubtful validity because of the
probable contamination from older calcite clasts indicated, as in TU-l,
by the excess Th.

The preparation of samples and microscopic examinations were carried
out principally by J. B. Murowchick, R. J. Bodnar, and A. F. Gize under
my direction.

Sincerely,

H. L. Barnes

HLB'lic
Enclosure: report, 7 color slides





Characteristics of Mineralization in Fractures of
Samples GA5-3, -3A, -4, -5, -6, and -7.

Summary: These samples were separated into two groups,'ne to provide

material for possible isotopic dating and the second to be used for exami-

nation for paragene'tic characteristics.

Initially, calcite patches and vein fillings were examined from

samples GA5-4, -6, and -7 to determine the types of calcite present and

their relative paragenetic sequence. The types found appeared identical

with those previously described and showed no deviation from the earlier

reported paragenesis. The use of fluorescent illumination has both veri-

fied the sequence of later stages of the paragenesis and has provided clues

that type 1 calcite includes recognizable clasts of earlier calcites.

Type 1 calcite breccia, because it contains type 3 as a cement, is'para-

genetically equivalent to type 3 calcite. Because of several striking

similarities, types 1, 2, and 3 calcites and the travertine are very

probably of the same paragenetic stage best dated near 13,600 years ago.

All exposed type 3 calcite was separated. from samples GA5-3, -3A,

and -5 for dating. However, the amount available and collected, 0.15 g

total, is insufficient for this purpose. In addition, the complex origins

of the components of this type of calcite are not ideally suited to dating

by techniques based on radioactive isotopes. Alternative methods seem

necessary.

The nature of the microscopic data is discussed below and the compiled

data are given in Part 1, Descriptions of Samples and in Part II Fluorescence

of Calcites.





Discussion: The types of calcite found in samples GA5-4, -6, and -7 are

described in sequence as follows beginning with the paragenetically oldest

type.

A type of calcite, apparently equivalent to the clear calcite plus

geothite of the JT series of samples, was found to be common in the coarse

calcite clasts of GA5-4 and -7. Fluid inclusion temperatures (uncorrected

for pressure) for this calcite, about 152'C, are within the range previously

found for the clear calcite with goethite, about 150'o 175'C. A few

higher homogenization temperatures, e.g. 241'C, were also found, but are

suspect because these temperatures are from leaky inclusions. Consequently,

both textures and filling temperatures indicate that these clasts are

fragments of the paragenetically earlier goethite-containing calcite.

The type 1 calcite breccia in various locations is now known to con-

tain sandstone host rock fragments as well as clasts of milky calcite, clear

calcite, or clear calcite with goethite (also equivalent to clasts referred

to as calcite with elongate inclusions). The clastic material is cemented

by type 3 sparry calcite. Therefore, type 1 and 3 calcites are paragenet-

ically identical and differ only texturally. Type 1 is a calcite breccia

cemented by type 3 calcite; where free of clasts, it is simply identified

as type 3 calcite.

The type 3 calcite cement was deposited from low temperature phreatic

solutions and, based on the evidence in Table 1, apparently derives at

least part of its carbon, oxygen and trace element contents from the brec-

ciated calcites. Evidence for this inherit'ance is given by the dark red

UV fluorescence seen in both the type 3 calcite cement and the clear calcite





Table 1: Characteristics of the types of calcites deposited below 50'C.

ype of Calcite Texture Isotopic Data Other Features

Type 1
Intensely deformed
(breccia)
Cement is undeformed

U/Th age:
14C age:
C source:
0 source:

<300,000 yrs( )
>36,000 mrs(1)
marine(~)
fresh ~ater

Occurrence: Sub-horizontal fractures
Fluid inclusions: All single-phase
Assoc. minerals:( ) mc, mk, py, po
Fluorescence: pale blue becomes dark

red near clasts of older calcites
Contains clasts of three older types

of calcite (milky, clear, or clear
with goethite)

Type 2

Type 3

Travertine

Brown

Mildly deformed

Undeformed small
euhedral crystals in
druses or radiating
groups

Mildly deformed
very fine grained,
layered

Undeformed
euhedral drusy
crystals

no analyses

14
C age: not possible due
to high sulfide content

C source: fresh water
0 source: fresh water

14
C age: 13,600 yrs

C source: fresh ~ater
0 source: fresh water

no data

Occurrence: Sub-vertical fractures
Fluid inclusions: no data
Assoc. minerals: mc, py, sl
Fluorescence: no data

Occurrence: Open space filling in
fractures and in breccia

Fluid inclusions: All single-phase;
5-6 wt. % NaC1.

Assoc. minerals: mc, py, sl
Fluorescence: pale blue
Occurrence: in fractures probably

only above the water table
Fluid inclusions: none
Assoc. minerals: py
Fluorescence: weak pale blue
Occurrence: Incomplete, thin druses

on travertine and fracture surfaces
. Fluid inclusions: none
Assoc. minerals: none
Fluorescence: does not fluoresce

These "ages" are inaccurate because they depend on the isotopic proportions inherited from the mixture of(1)
old calcite clasts and young calcite cement.

( )Marine C is very probably derived from the calcite clasts in the breccia. The ultimate source is marine
carbonate rocks in the stratigraphic sections of the region.

( )mc = marcasite; mk = mackinawite (a metastable low temperature mineral); py = pyrite; po = pyrrhotite;
sl = sphalerite.





in contrast to the type 3 calcite free of the earlier calcites (such as

that coating the travertine deposits described in our December 14, 1979

report) which fluoresces a weak blue-white color rather than red (See

Part II of this report, photo A-13). Very fine-grained clastic calcite

is absent from the breccias, presumably because its high solubility would

favor its dissolution and incorporation into the type 3 calcite cement.

The identification of type 3 calcite as the dominant cement of the

clasts in the type 1 calcite breccia, found largely due to the use of
C

fluorescence, provides a key correlation to improve the detailed para-

genetic sequence of the low-temperature calcites. The five types of

"calcite in Table 1 were initially classified on the basis of texture and

occurrence. Except for the brown calcite, which was unequivocally deposited

last, the sequence for the other four calcites was not well defined. How-

ever, types 1, 2, and 3 calcites and the travertine show very similar

fluorescence (i.e., trace element contents), associated minerals, and

fluid inclusion characteristics (See Table 1). Consistent with these data

is the possibility that these four carbonates are different facies of the

same depositional stage in the paragenesis. Their differences in textures

are attributable to the sites of deposition: the travertine was deposited

above the water table, types 2 and 3 formed, respectively, near vertical

fractures or in open cavities below the water table, and type 1 filled
near horizontal fractures with breccia'lus calcite cement.

Isotopic evidence indicates that both the carbon and oxygen of type 3

calcite and the travertine have freshwater origins. The apparent marine

origin of the carbon in type 1 calcite could easily be inherited isotopically





from the compositions of the older calcite clasts in the breccia while the

oxygen is derived from circulating ground water and both are the isotopic

product of mixing of young "fresh water" calcite cement with older clastic

calcite. Fluid inclusion data, where available, indicate low temperatures

of deposition for these calcites. The associated sulfide mineral assem-
!

blages are similar among the four calcites, and are distinct from both

the brown calcite and the older calcites. If the effects of impurities

from the calcite clasts in type 1 is taken into account, type 1 cement,

type 3 calcite, and the travertine show identical light blue fluorescence

in contrast to the red, brown, yellow, or very dark blue of the older

calcites shown in the photographs of Part II of this report. Because of

these striking similarities, it is probable types 1, 2, and 3 calcites and

the travertine do not represent genetically or temporally distinct types

of calcite, but are instead different facies of the same depositional

event.

The isotopic data on ages of deposition can now be examined for these

four types of calcite. The C age of 13,600 years for the travertine,14

based on the above discussion, applies to the deposition of types 1, 2,

and 3 calcites as well and also to deformation, D , whereby the type 1

breccia was formed. Although this represents only a single paragenetic

stage, there is no direct evidence concerning its duration. Although there

is no apparent reason for doubting the reliability of this isotopic date,

the ages found for type 1 calcite are indeed open to question. Mixing of

the isotopic compositions of the older clasts and the younger cement pre-

eludes dating by U-Pb, Pb-Pb, C, U-Th decay series, and fission track14





methods. The excess Th found in sample TU-1, type 1 calcite, is com-230

patible with contamination from the older calcite clasts as are also the

compromised ages of less than 300,000 years by U/Th decay series and of

greater than 36,000 years by C measurements. A young age for these low14

temperature calcites is indicated by the shallow depth of burial, less than

about 0.5 km, implicit in deposition by fresh waters and is in conformity

with their preferred age of 13,600 years.





~Sam le GA5-4

A thick patch of breccia on the N35E-trending face of the sample

(photos 1 and 2) provided material for examination. The breccia contains

large clasts of coarse calcite (up to 2 cm across) as well as sandstone

fragments and quartz grains. Sparry type 3 calcite cements the breccia

and coats the N70E face of the sample as shown in photos 3 and 4.

Petrographic examination of a polished thin section of the breccia

shows that the large clasts are composed of clear calcite (photos 5 and 6)

(first described from samples JT-23 to JT-51 in our October, 1977 report)

and a calcite equivalent to the clear calcite with goethite described in

the same report (photos 7 and 8). Identification was confirmed by visual

appearance based primarily on textures, fluid inclusion temperatures, and

UV fluorescence. 'he calcite containing many elongated, tapering fluid
inclusions on growth surfaces is in the same stratigraphic position, and

has identical textures to those of previously described clear calcite with

goethite. It is, therefore, taken to be an equivalent calcite that was

deposited under conditions where goethite was unstable. The arrangement

of the fluid inclusions and goethite needles suggests that impurities were

deposited on the surfaces of the calcite during growth providing points of

nucleation for the goethite or inhibiting growth to form fluid inclusions.

The breccia fragments are cemented with type 3 calcite (photo 9).

This calcite fluoresces dark red, like the clasts of older calcite, instead

of its usual pale blue-white fluorescence (photo A-13). This is probably

due to the incorporation of trace elements from finely crushed clear calcite

during cementation.





Fluid inclusions are numerous in the calcite clasts but absent in the

sparry calcite cement. Several generations of inclusions are represented

in the clear calcite (photos 5-8). Inclusions l-ll (photos 10-19) are all
secondary inclusions giving low homogenization temperatures of about 40-50'C.

Inclusion 12 (photo 20) homogenized at 92.5'ut may also be secondary.

Inclusions 15 and 16 (photo 21) are primary, but inclusion 15, leaked.

Inclusion 16 homogenized at 152'C and many of the other small inclusions

in the field decrepitated at 150 to 200', indicating homogenization tem-

peratures toward the lower end,of that range. These temperatures are

consistent with those recorded for the clear calcite with goethite, but

due to the range of temperatures found for the clear calcite with goethite,

these temperatures do not, by themselves, confirm the identification of

this calcite.

Paragenesis:

Clear calcite

Clear calcite with elongate inclusions

Type 3 calcite

Deformation
D4 D5





Description of Samples





Photo l: GA5-4. Whole sample, N35E-
trending face with breccia
patches.

Photo 2: Close-up of breccia patch in photo l.
The large clasts are clear calcite.

Photo 3: GA5-4. Whole sample, N70E-
trending face with type 3
calcite coating;

Photo 4: Close-up of type 3 calcite at the
left end of the sample in photo 3.
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Photo 5: GA5-4. Clear calcite containing several
sets of low temperature fluid inclusions.
Field of view = 683 x 461 pm, in
transmitted light.

Photo 6: GA5-4. Typical clear calcite displaying
numerous sets of fluid inclusions along
healed fractures and cleavage planes.
Field of view = 1.37 mm x 0.93 mm, in
transmitted light.

Photo 7: GA5-4. Boundary between clear calcite
(bottom) and clear calcite with
elongate inclusions (top). The latter
is equivalent to the clear calcite with
goethite found in other areas.
Field of view = 1.37 mm x 0.93 mm, in
transmitted light.

Photo 8: GA5-4. Close-up of clear calcite with
elongate inclusions. The direction of
calcite growth is from the upper right
to lower left. Hany of the inclusions
in this calcite have a solid particle
at their oldest end (arrows) which
probably caused the formation of the
inclusions. Field of view = 683 x 461
pm, in transmitted light.
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Photo 9: GA5-4. Type 3 calcite filling open space
between sandstone breccia fragments. Field
of view = 1.37 mm x 0.93 mm, in transmitted
light.

Photo 10: GA5-4. Overview of fluid inclusions
in clear calcite. The numbered
inclusions, are shown in the following
photographs and were heated to obtain
filling temperatures. Field of view =

683 x 461 pm, in transmitted light.

Photo ll: GA5-4. Inclusion 1.. Field of view =
170 x 116 pm, in transmitted light.

Photo 12: GA5-4. Inclusion 2. Field of view =

170 x 116 pm, in transmitted light.
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iA1$ others around this inclusion leaked at %150-200'C. This temperature is probably too high.





Photo 13: GA5-4. Inclusion 3. Field of view =
170 x 116 pm, in transmitted light.

Photo 14: GA5-4. Inclusions 4 and 6. Field of
view = 170 x 116 pm, in transmitted
light.

Photo 15: GA5-4. Inclusion 5. Field of view =
170 x 116 pm, in transmitted light.

Photo 16: GA5-4. Inclusion 7. Field of view =

170 x 116 pm, in transmitted light.
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Photo 17: GA5-4. Inclusion 8. Field of view =
170 x 116 pm, in transmitted light.

Photo 18: GA5-4. Inclusions 9 and 10.
Field of view = 170 x 116 pm,
in transmitted light.

Photo 19: GA5-4. Inclusion ll. Field of
view = 170 x 116 pm, in trans-
mitted light.

Photo 20: GA5-4. Inclusion 12. Field of
view = 170 x 116 pm, in transmitted
light.
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Photo 21: GA5-4. Inclusions 15 and 16. Note
that many of these inclusions have a
foreign object at their broad end.
Field of view = 683 x 461 pm, in
transmitted light.
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~Sam le GA5-6

Calcite in sample GA5-6 occurs as irregular patches up to 1 x 2 cm on

the surface of the sandstone block (photo 22). These patches are composed

of nearly equant crystals less than one millimeter in diameter (visible at

the lower end of the patch in photo 23 and in photo 24). The calcite shows

twinning (D4) and open cleavage (D5) and the patches often are slickensided

(D5). The calcite contains various types of fluid inclusions typical of

the clear calcite. Temperatures were not obtained because most of the

inclusions were unsuitable for observation due to poor visibility, size,

or leakage. Under UV, the fluorescence is dark red typical of the clear

calcite. On the basis'f these cha'racteristics, we have identified this

calcite as clear calcite.

It may be useful to point out that the clear calcite has been iden-

tified in three modes: coarse, clean, unbrecciated vein fillings in their

original positions; clean, crushed calcite in place (such as on this

sample); and clasts of clear calcite incorporated into a breccia.

Paragenesis:

Clear calcite

Deformation
D4 D5





Photo 22: GA5-6. Whole sample with patches of
deformed, but in place clear calcite.

Photo 23: GA5«6. Close-up of deformed clear
calcite. Individual crystals can
be seen at the lower end of the
patch.

Photo 24: GA5-6. Twinned clear calcite from the
patch in photo 23. Field of view =

1.37 mm x 0.93 mm, in transmitted
light.
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~Sem le GA5-7

A thick patch of breccia on the N53E trending face of this sample

(photo 25) provided ample material for polished sections. This breccia is

typical of the breccias examined in other samples but it also contains

fragments of a dark gray siltstone (visible on the upper surface in photo

25) in addition to the sandstone and calcite clasts.

As in the other samples, the calcite clasts are composed of clear

calcite (photo 26) and clear calcite with elongate inclusions (photo 27).

Most of the inclusions are secondary single phase inclusions, but inclusions

13 and 14 (photos 28 and 29) appear to be parts of a large primary inclusion

that was cut by a fracture during one of the earlier periods of deformation

and was "reset" to the temperature at that time. Inclusion 13 homogenized

at 118'C but inclusion 14 homogenized at 252'C. Either inclusion 14 leaked

or it contained a bubble when the original inclusion= was fractured then

resealed, resulting in a high homogenization temperature. The 118'C for

inclusion 13 (the temperature at which it was fractured) is near the 105'C

temperature assigned to D4 (October, 1977 report on JT series of samples).

The breccia also contains several iron sulfide minerals. Euhedral

mackinawite (photos 30 and 31) and pyrrhotite (photo 32) appear to have

grown soon after brecciation but before type 3 calcite cementation. Both

the mackinawite and pyrrhotite can be found with rims of pyrite (photos 30

and 33, respectively), and in several instances, the pyrite is replacing

the mackinawite (photo 34). Mackinawite's upper thermal stability limit
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is not precisely known, but is in the range of 145-155'C (pressure cor-

rected), indicating that brecciation occurred at or below these tem-

peratures.

Paragenesis:

Clear'alcite

Clear cal. with elong. inclusions

Pyrrhotite

Mackinawite

Pyrite

Type 3 calcite

Deformation
D4 D5





Photo 25: GA5-7. Whole sample showing N53E
trending face with a breccia patch.
The top surface of the sample is a
dark gray siltstone while the rest
of the sample is a fine-grained
sandstone.

Photo 26: GA5-7. Breccia filling a fracture in
previously deformed clear calcite.
Inclusions 13 and 14 are from this
chip. Field of view = 2.74 x 1.88 mm,
in transmitted light.

Photo 27: GA5-7. Elongate inclusions
originating on the surface of a
clear calcite grain. Field of
view = 340 x 230 pm, in trans-
mitted light.

Photo 28: GA5-7. Inclusion 13. The short arrow
indicates a bubble. Long arrows indicate
a healed fracture that split the original
inclusion into two smaller inclusions.
Field of view = 340 x 230 pm, in trans-
mitted light.
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Photo 29: GA5-7. Inclusion 14. The short arrow
indicates a bubble. Long arrows
indicate a healed fracture. The out-
line of inclusion 13 is dotted. Field
of view = 340 x 230 pm, in transmitted
light.

Photo 30: GA5-7. Subhedral mackinawite (mk)
crystal with an overgrowth of
pyrite (py). The host material is
a breccia containing quartz frag-
ments (Q) in a type 3 calcite cement.
Field of view = 340 x 230 pm, in
reflected light.

Photo 31: GA5-7. Mackinawite crystals in a
breccia containing quartz frag-
ments (Q) in type 3 calcite (T3).
Field of view = 683 x 461 pm, in
reflected light.

Photo 32: GA5-7. An euhedral pyrrhotite crystal
(po) in type 3 calcite. Note the low
number of clastic fragments in the
field even though this is in the breccia.
Field of view = 340 x 230 pm, in reflected
light.
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33: GA5-7. Pyrrhotite (po) surrounded
by pyrite (py) in the breccia.
Field of view = 137 x 94 pm, in
reflected light.

Photo 34: GA5-7. Irregular pyrite coatings (py)
replacing mackinawite (mk) cores.
Quartz grains (Q) are also present.
Field of view = 1.37 x 0.93 mm, in
reflected light.





Part II

Fluorescence of Calcites

The following photographs illustrate the
responses to ultraviolet light-induced
fluorescence observed for six of the seven
types of calcite identified from all samples
examined from the Nine Mile Point region.
The eighth type, the brown calcite, does not,
fluoresce. The photographs'ere taken using
a Nikon epifluorescence unit with UV excit-
ation filter and Nikon photomicrographic
equipment. All exposure times were automatically
controlled and ranged up to 12 minutes in
length. Kodacolor II film (ASA 100) was used
but due to the long exposure times, exposure
corrections were made -in accordance, with the
instructions enclosed with the film in order
to approximate the observed, true colors.

The photographs are fairly, accurate in color
rendition but some color shifts have occurred .

due to the long exposure times and.due to color
biasing by the „automated color printer. The
shifts are not-"large, being most noticeable in
photo A-'2 which has an overall greenish cast
making the actual red look brownish. 'ome of
the fluorescence colors are very subtle and

'remore easily seen first-hand than recorded
„'n

film. The blues in'hoto A-8 and the red
of the type 3 calcite in photo A-13 illustrate
this observation.
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'Photo A-1: Milky calcite in transmitted light. The
field of view is 685 x 468 pm. (PSU
sample C-3C.)

Photo A-; 2: Milky calcite fluorescing. .This is the
same field of view as photo A-1. The
entire field is filled with milky calcite
which is fluorescing to various degrees
(note, calcite at the top and right sides).
The light blue patches are impurities that
were emplaced in cracks and holes 'during
sample preparation.
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Photo A-3: Clear calcite and clear calcite with
elongate inclusions in transmitted
light. The field of view is 685 x
468 pm. (Dames and Moore sample
GA5-4.)

Photo A-4: Clear calcite (red) and clear calcite
with elongate inclusions (blue)
fluorescing. The field of view is
the same as above in photo A-3. The
blue area at the center bottom of the
photograph is caused by flare from a
film of glue on the surface just below
the field of view.
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Photo A-5; Clear calcite with goethite in trans-
mitted light. The brownish areas
contain goethite needles. The field
of view is 2.74 mm x 1.88 mm. (PSU
sample C-3C.)

Photo A-6: Clear calcite with goethite-rich area
fluorescing. Goethite does not fluoresce
but the needles appear to be coated with
a yellow-fluorescing organic material.
The fluorescence of this material drowns
out the blue fluorescence of the calcite,
some of which is visible at the center
bottom. (The light blue at the top is
caused by glue on the surface.) The
large yellow-fluorescing object may be
a large piece of organic material.
Similar objects have been found that
appear to have a cellular structure.
In transmitted light, these objects
appear as thin brownish films and
internal structures are not visible.
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Photo A-7: Clear calcite with goethite in transmitted
light. Field of view is 685 x 468 pm.
(PSU sample C-3C.)

Photo A-8: Clear calcite with a goethite-rich area
fluorescing. The characteristic fluores-
cence of the calcite is blue (upper left)
but this is often invisible due to the
strong yellow fluorescence of organic
particles usually associated with the
goethite. Note here that most of the
goethite needles in this photograph are
not fluorescing. Often, however, they
are coated by a yellow-fluorescing sub-
stance. The field shown here is the
same as above in photo A-7.
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Photo A-9: Travertine with fracture-filling type 3
calcite in transmitted light. The field
of view is 2.74 x 1.88 mm. (Dames and
Moore sample GA4-4.)

Photo A-10: Travertine with type 3 calcite fluorescing.
This is the same field as above in photo
A-9. The travertine fluoresces a weak
pale blue or not at all. The pale blue
travertine fluorescence may be due to dis-
persion from the pale blue fluorescing
type' calcite, which is filling fractures
here.
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Photo A-11: Type 3 calcite in transmitted light.
This is type 3 calcite free of foreign
clasts. The field of view is 2.74 x
1.88 mm. (Dames and Moore sample
GA4-11C.)

Photo A-12: Type 3 calcite fluorescing. This is
the same field as photo A-ll. This
pale blue fluorescence is typical of
type 3 calcite that has not been con-
taminated with fragments of milky
calcites.
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Photo A-13: Type 3 calcite with a clast of clear
calcite. The type 3 calcite here has
infiltrated along opened cleavage
planes in the clear calcite clast and
has been only slightly contaminated
by the older material. The contami-
nated calcite has a slight reddish
cast, visible in the center of the
photograph. The field of view is
343 x 232 pm. (Dames and Moore sample
GA5-4.)
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KRUEGER ENTERPRISES, tNC.
GEOCHRON LABORATORIES DIVISION

Aa~%wawwt sw\Iaws wl%a~
24 BLACKSTONE STREET ~ CAMBRIDGE, MASSACHUSETTS 02139 ~ I617I 876 3691

6 June 1977

Martha W. Pendleton
Dames & Moore
2996 Belgium Road
Baldwinsville, New York 11027

Dear Martha:

I am enclosing the final written reports and the invoice
dealing with the two additional samples from the Niagara
Mohawk Nine Mile II site which you sent us about 10 days
ago, and the results of which I gave you on the phone
last Friday.

I gathered from our discussion that the results would
be of help in evaluating the chronology of the area. If
you have further questions, please give me a call at your
convenience. Meanwhile, I hope we can be of further service
when you require this type of data again.

Sincerely,

Harold W. Krueger

HWK:hrn
encl.

SPECIALISTS IN GEOCHRONOLOGY 8 ISOTOPE GEOLOGY





KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION
24 BLACKSTONE STREET ~ CAMBRIDGE, MA. 02139 ~ (617)-876-3691

I

. RADIOCARBON AGE DETERMINATION

Our Sample No. GX™4861

'.Your Reference: Tel ecom re Job I707-025

REPORT OF ANALYTICALWORK

Date ReceIved: 31 Nay 1977

Date Reported: 3 June 1977

Submitted by: Martha M. Pendleton
Dames 8 Moore
,2996 Belgium Road
Saldwfnsvf1 le, New Yor k 11027

SampleName: tffagara Mohawk IIIfne Nfle II site. Sample SL-10, mar1
from west wall of coolfng tower trench. Shells.

AGE = 12,545 + 330 C-14 years S.p. (C-13 corrected).

Description: large sample of fresh eater marl fifth dispersed small
shells {at least 2 varieties of gastropods and 1 or
more varfetfes of very small pelecypods).

Pretreatment:

Comment:

The marl twas disaggregated fn an ultrasonic cleaner and
the gastropod and pe1ecypod shells stere concentrated
by sfevfng and hand sortfng. The shells were then
thoroughly mashed in the u1trasonic cleaner to remove
any residual marl fragments 'from their surfaces. They
sf&re then hydrolyzed wfth dilute HC1, under vacuum, to
recover carbon dfoxfde for the ana1ysfs.

Uncorrected age was 12,260 C-14 years S.P.

The C-13 analysfs indfcates that the bog may have had
sfgnfffcant contributions of old carbonate dissolving from
local glacfal tflls. The age may thus be somewhat older

pDB -6.9 /oo. than the true age .of the marl s.

Notes: This date is based upon the Libby half life (5570 years) for C '4. The error stated is t1 I7

as judged by the analytical data alone. Our modern standard is 95% of the activity of
N.S.S. Oxalic Acid.
The age is referenced fo the year A.D. '1950.





KRUEGER ENTERPRISES, 1 NC.
GEOCHRON LABORATORIES DIVISION~r naeos ~avr raa~z~ a ~~W
24 BLACKSTONE STREET ~ CAMBRIDGE, MASSACHUSETTS 02139 ~ I617) 876l3691

14 March'980

Scott Taird "

Dames a Moore
2996 Belgium Road
Baldwinsville, NY

Dear Scott:

13027
Re: Job No. 04707-022(7070)

As I reported to your office by phone this afternoon, we
have finished the radiocarbon dates on the two carbonates
sent to us by Dr. Barnes. Our final reports are enclosed
along with the appropriate invoice. The 0-18 analyses
should be done in a few more days and will be sent then.

The Type I calcite has no C-14 of significance and gave an
age of 36,000 C-14 years or greater. Its C-13 suggests an
origin from hydrothermal sorces or from remobilized marine
carbonates.

The travertine gave an age of 14,180 +/- 550 C-14 years B.P.
and its C-13 suggests a source from descending meteoric
waters.

I'm sure you may have questions, and I'l gladly discuss the
matter in detail if you will give me a call at your
convenience.

Sincerely,

Harold W. 'Krueger

HWK:hrn
encl.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY





KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET ~ CAMBRIDGE, MA. 02139 ~ (617)-876-36III

PRIORITY BASIS
RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICALWORK

Our Sample No.

your Fieference: Telecom Per S. Laird
Date peceived: 27 February 1980

Date Reported: 14 March 1980

Submitted by. Scott Laird
Dames 6 Moore
2996 Belgium Road
Baldwinsville, NY 13027

Niagara Mohawk Power Co.
Nine Mile Point, N.Y.
Job No. 04707-022(7070)

Sample Name: Sample HK-1. Carbonate.

AGE = Greater than 36,000 C-14 years B.P.

Description: 17.35 grams of type I calcite breccia fragments.
Taken from field sample GA4-9.
Briefly rinsed in very dilute acetic acid prior to
analysis.

1

The entire sample was powdered to -100 mesh and a smallsplit was taken for 0-18 analysis. The remainder was
hydrolyzed, under vacuum, with HCl and the collected
carbon dioxide was used for the analysis.

Comment: No significant C-14 activity was detected in this
sample. The sample size allows a limit age of
36,000 C-14 years B.P. but the sample could be much older.

gC 13~Cpoe= +3.1 o/oo.

Notes: This date is based upon the Libby half life (5570 years) for C '4. The error stated is k1 a
as judged by the analytical data alone. Our modern standard is 95% of the activity of
N.B.S. Oxalic Acid.
The age is referenced to the year A.D. 1950.





KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION
24 BLACKSTONE STREET ~ CAMBRIDGE, MA. 02139 ~ (617)-876-3691

PRIORITY BASIS
RADIOCARBON AGE DETERMINATION

Our Sample No. GX-7220

Your Reference: Tele corn per S. La ird

REPORT OF ANALYTICALWORK

Date Received: 27 February 1980

Da««por«d: 14 March 1980

Submitted by: Scott Laird
Dames 6 Moore
2996 Belgium Road .

Baldwinsville, NY 13027
Niagara Mohawk Power Co.
Nine Mile Point, N.Y.
Job No. 04707-022(7070)

Sample Name: Sample HK-2'. Carbonate.

AGE = 14,180 +/- 550 C-14 years B.P. (C-13 corrected)

Description: 8.49 grams of travertine.
Taken from field sample GA4-11E.
Briefly rinsed in very dilute acetic acid prior toanalysis.

Pretreatment: The entire sample was powdered to -100 mesh and a smallsplit was taken for 0-18 analysis. The remainder was
hydrolyzed, under vacuum, with HCl and the collectedcarbon dioxide was used for the analysis.

Comment:- The sample was relatively small and was counted on each
of two days with good agreement, the average being
reported.

13
pDB -7 ~ 5 /oo.

Notes: This date is based upon the Libby half life (5570 years) for C'". The error stated is +1 o
as judged by the analytical data alone. Our modern standard is 95% of the activity of
N.B.S. Oxalic Acid.
The age is referenced to the year A.D. 1950.





KRUEGER ENTERPRISES, INC,
GEOCHRON LABORATORIES DIVISION

+ '4 BLACKSTONE STREET ~ CAMGRIDGE0 MASSACHUSETTS 02139 ~ 1617) 876 3691

19 March 1980

ScottLaird
Dames 6 Moore
2996 Belgium Road
Baldwinsville, NY 13027

Dear Scott:
Re: Job No. 04707-022(7070)

We have completed the 0 analyses on the two carbonate18

samples from Nine Mile Point. Our written report is
enclosed along with the invoice for these analyses.

Both samples give 0 values between +21 and +23 o/oo and18

I'm not sure what, if anything they'l tell us about the
carbonates, their origin, or their formation temperatures.
I will try to review the literature to see if I can make
anything out of the numbers. 5Ieanwhile, you might call Dr.
Barnes to see what he had in mind when he wanted to look at
the 0-18 values.

Sincerely,

Harold W. Krueger

HWK:hrn
encl.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY
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KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET ~ CAMBRIDGE, MA. 02139 ~ (617). 876-3691

STABLE ISOTOPE RATIO ANALYSES, REPORT OF ANALYTICALWORK

Submitted by: Scott Laird
'Dames i; Moore
2996 Belgium Road
Baldwinsville, NY 13027

Job No. 04707-022(7070)

Date Received: 27 pebruary 1980

Date Reported: 19 March 1980

Your Reference: TeleCOm Per S ~ Laird
Niagara Mohawk Power Co.
Nine Mile Point, N.Y.

Our Lab.
Number

Your Sample
Number Description Analysis

6018

OR-13424 HK-1 Type I calcite (GX-7219) +21.1

OR-13425 IIK-2 Travertine (GX-7220) +22.6

'Unless otherwise noted, all analyses are reported in %o notation and are computed as follows:

Rsampie

standard

Where:

0/H standard is SMQW

C /C standard is PDB

0 /0 standard is SMOW

S /S standardisCanonDiablotroilite

Double atom ratio

And:

Rstand rd '~''0.000316

Rstandard O.ot1237

Rstandard ~
0.0039948'stand

d 0 0150045





KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET ~ CAMBRIDGE, MASSACHUSETTS 02139 ~ 16171 876.3691

28 April 1980

H. Scott Laird
Dames t; Moore
2996 Belgium Road
Baldwinsville, NY 13027

Dear Scott:
Re: Job No. 04707-022(7070)

We have completed the PRIORITY BASIS radiocarbon dating of
your sample of lignitic material (GA4-S31). I have enclosed
out written report and also the invoice for you to approve
and forward for payment.

The sample proved adequate based upon the primary set of
subsamples and the alternates were not required. They have
been stored.

The age determined is 11,060'/- 360 C-14 years B.P. If I
recall our conversation correctly, you were anticipating a"last interglacial" (actually last interstadial) age and the
result seems to agree with that. If you have any questions,
please give me a call.
We have just now received the tiny carbonate sample from Dr.
Barnes and I'l get in touch with Murthy to see if he wants
to be around during the running of it. In any case, that
results should appear in about 10 days to 2 weeks.

Sincerely,

Harold W. Krueger

HWK:hrn
encl.

sPEcIALIsjs IN GEocHRQNoLQGY a IsoToPE GEQLoGY





KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET ~ CAMBRIDGE, MA. 02139 e (617) ~ 876.3691

PRIORITY BASIS
RADIOCARBON AGE DETERMINATION

Our Sample No. GX-7257

Your Reference: p.O. ySQ-0355 (Change el)
Submitted by: H. Scott Laird

Dames 6 Moore
2996 Belgium Road
Baldwinsville, NEW YORK 13027

REPORT OF ANALYTICALWORK

Date Received: ll April 1980

Date Reported: 28 April 1980

Job No. 04707-022 (7070)

Sample Name: Sample GA4-S31. Organic matter.

AGE = 11, 064—+f 380—C=l<-year s-.B-.'.'

~

~- Lignitic'r peaty 'material in gray clay.

Pretreatment:

Comment:

The entire sample was. dispersed in a large volume of
water and the clays and organic matter were eluted
away from any sand and silt by sedimentation, and
decantation. The clay/organic fraction was then
treated with hot dilute HCl to remove any carbonates.It was then filtered, washed, dried, and roasted in
oxygen to recover carbon dioxide from the organic
matter for the analysis.

6cpDB = oooo.

Notes: This date is based upon the Libby half life (5570 years) for C'4. The error stated is a1 e
as judged by the analytical data alone. Our modern standard is 95% of the activity of
N.B.S. Oxalic Acid.
The age is referenced to the year A.D. 1950.
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KRUEGER ENTERPRISES, 1NC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET ~ CAMBRIDGE. MASSACHUSETTS 02 I 39 ~ (617) 876.3691

13 May 1980

Scott Laird
Dames & Moore
14 Commerce Drive
Cranford, NJ 07016

Dear Scott:

I am enclosing the report on your sample HK-3 (Type 3
calcite) which we tried to analyze per your letter of
4/23/80 and Job No. 04707-022 (7070). I also .enclose the
invoice for the work completed although only the carbon
isotopic composition could be measured.

The sample proved to'e too small for any reliable C-14 age
determination which is primarily what you wanted. We were
able to obtain enough gas for a C-13/C-12 analysis as noted
on the bottom of the report.

I am sorry that the effort that went into hand picking this
material has not yielded all the data you desired, but there
simply was not enough carbon present.

Please give me a call if you have any questions about the
sample, or if we can be of further service.

Sincerely,

Harold W. Krueger

HWK:hrn
encl.

SPECIALISTS IN GEOCHRONOLOGY 6 ISOTOPE GEOLOGY
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KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTDHE STREET ~ CAMBRIDGE. MA. 02139 ~ (6171 ~ 876 ~ 3691

P R I 0 R I Y B A S I S
RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICALWORK

Our Sample No. GX- 7 27 2

Your Reference: letter of 4/23/80
from Dames a Moore

Submitted by: H. L. Barnes
213 F:ast Mitchell Avenue
State College, PA 16801

pate Received. 28 APril 1980

Date Reported: 12 May 1980

Job No. 04707-022 (7070)

Sample»me: HK-3. Type 3 calcite.

AGE = Too small for analysis. (C-13 corrected)

Description: Very small sample of calcite fragments.

The calcite was hydrolyzed, under vacuum, with HC1 and
the evolved C02 was used for the analysis.

Comment: Sample yielded less than 0.050 grams of carbon and was
too small for reliable radiocarbon dating.

6CPDB 4 7 /QQ
13

Notes: Thisdateisbasedupon the Libby half life (5570 years) for C'4. The error stated is +1 17

as judged by the analytical data alone. Our modern standard is 959o of the activity of
N.B.S. Oxalic Acid.
The age is referenced to the year A.D. 1950.
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230 234Th/ U Dating of TU-1

(Report 8DM-3, 5/12/80)

Teh-Lung Ku

The residue, consisting of 46.42>o of the

original weight, was totally dissolved with HF-HC10 . Radio-

gentle heating.

chemical analyses of uranium and thorium isotopes were per-

formed on both the leachate and residue fractions, using

isotope dilution (with U and Th "spikes") and alpha-232 228

spectrometric techniques.

The analytical results are listed below:

TU-1 is an impux e car bonate sample r eceived from Dr . H. L.

Barnes through transmittal sheet 04707B-DK-T0666 dated April
26, 1980. Xt weighs 16.49 grams, in the form of small chips.

About ten grams of handpicked, light-colored chips were pul-

verized in'a ball-mill mixer, and leached with 0.5N HC1 under

Fraction
238U 2,34

dpm/g

232Th .2,3,0 Th
..23,4 .23,0Th

238U 234U

0.57+.02 0.93+.03 0.28+.01 3.99+.09

2.20+.16 2.12+.15 1.68+.10 3.98+.21

1.33+.08 1.48+.07 0.93+.05 3.98+.11

1.61+.07

0.96+.07

4.32+.18

1.88+.17

1. 12.+. 05,2.,6.9+. 12

L: leachate; R: resedue; W: whole sample (calculated from:
W = .5358L + .4642R).

The quoted uncertainties are one standard deviations derived

from counting statistics.





As seen from the above data, the sample as a whole contains

excess Th unsupported. by its U parent, rendering the230 234

230 234Th/ U dating technique inapplicable. There are two

explanations for the excess Th: (1) Open system: post-230

depositional loss of uranium has occurred. (2) Closed system:

the excess Th was.initially present at the time of calcite230

precipitation. Explanation 81 would r equir e extensive alter a-

tion of the calcite, which seems to be not supported by the

stable isotopic data (as, indicated on the transmittal sheet).

Also, it would require an anomalously high uranium content of
>5 ppm and U/ U activity. ratio of'1.5 ( U is generally234 238 . . . . 234

more leachable than U) for the calcite. We thus favor238

explanation 82, which is further suggested by the sample's

containing a fair amount of Fe and possibly Mn as noted by us

during analysis. The mineral phases containing these elements

(e.g., hydroxides or'clays') could scavenge'' ,.Th.and form- a .

part of the sample.

Accepting explanation 82, and assuming that the dilute
acid leaching serves to separate U in the calcite from238

that in detrital minerals (in which secular equilibrium
among U, U and Th is assumed to exist), one cal-238 234 230

culates (see Ku and Joshi: Dating terrestrial carbonate

cementation with uranium-series isotopes. In: B.Patel, ed.,

Management of Envirenment, 551-557, Wiley Eastern Ltd.,1980)

that the calcite contains: Th = 5.60 dpm/g, U = 0.86230 234

dpm/g, and = 0.57 dpm/g, or activity ratios U/ U =238 234 238





1.50 and Th / U = 6.51. If the calcite were precipi-230 234

tated (together with, say,a Fe-Mn hydroxide phase) more

than 300,000 years ago, it would initially have ratios of
234 238U/ U >2 and Th/ U >90. This is highly unlikely.230 234

In summary, because of the excess Th present in TU-1,230

the sample cannot be dated by the uranium-series method.

However, from the available information and making appro-

priate geochemical assumptions, it is not unreasonable to
assign a maximum age of 300,000 years as the time of calcite
formation.





URANIUi';-SERIES AGE EATING Or CALCITE lRTZRlAL

'(J.O. No. 12177)

Teh-Lung Ku
USC Geochemical Report No. S'8-1

Dec» 17, 1976

Results of the testing on, the twq samples provided

by G ~ N ~ Page (letter dated November. 10, 1976) are herein

reported. The samples are designaged as.SY-l and SN-2.

SX-1 is calcitic material from a rock (502 lbs.) face

containing striations or slicken sides. SN-2 is "drusy"

calcite cdating on two smaller rock surfaces.

.The accompanying table lists the analytical results

and the estimated minimum ages for the specimens ~ The

indicated uncertainties are based on one-sigma counting

errors only. The testing procedures have been outlined

in my October 22nd letter to Mr..J.,H. i7iu3.lin.

Ex lanation of the results
For each sample, activities (expressed in disintegra-

tions per minute, or dpm) of U 3
~ U 3 , Th 3 and Th 32 8

were measured on two fractions. The leachate fraction is
that portion soluble in 1 N HCl.and comprises mostly Ca CO

The other is the 1 N HCl insoluble residue fraction which

consists mostly of alumino-silicate
A. distinct feature of the'- data

over U in the leachate fractions234

magnitudq of the excesses cannot be

detrital minerals.

is the excess Th-~ 2~0

of both sables. The

attrib'uted to preferential





p, 2

solution of Th from the detritals dtiring the leaching2/0

procedure, as the amounts of residues are insignificant
I

compared with those of acid-solubles. Therefore, the excess

Th must be present in the total;samples, which .can be''-taken

to indicate that either uranium has.been leached out or Th230

has been added to the samples. We accept the latter as a

b tter possibility based on the following considerationsi

firstly, in view of the observed excess U over U (i,e ~ ,230 238

U /U > l) in the leachate phase, it is unlikely that

0-leach was affected, as U is known to be more susceptible~ 234 .

to leaching than U due to the former's recoil-produced~ 238

origing secondly, the presence of Th. in the leachates232-

indicates that parts of tne Th in the same fractions could230

be of extrarieous origin (Tatsumoto and Goldberg, lg$9). This

is particularly plausible as we note a significant quantity
of 4'ron present in the carbonates during dissolution (whose

hydroxides may serve to scanvenge Th), and the fact that,
the case of sample SÃ-2, were all the Th associated with232

the residue phase, the latter would have contained 4$ ppm of
r

thorium. —an inordinately high value ~ silicate minerals.
A correction for this extraneous or common Th is in230

order. The correction should be R$ 7h exp (-) t), in which232

g is the Th /Th ratio entering the calcitic-material,230

X id the. decay constant of Th and t is the time elapsed2/0

'inceaddition of the common Th . We estimate the unknowns230

R and t as followsa





p- 3

(1) R may have a range of values as- reflected by the Th /.h230, 232

data on natural waters and soils (Szabo, 1969~ Cherdyntsev,

1971) commonly between 1 and 2 (Kaufman and Bro cker,
1965),'e

choose the Th /Th ratios found in the residues to230 232

be the values for R. 'hey are respectively 0.98 and 1.11

for SN-1 and SN-2.

(2) As the time of introduction of Th and Th is uncertain,230 232

we take t=0, meaning that the addition of the two isotopes
occurred very recently. Such an approach enables us to
derive'minimum'ages for the deposition of the calcites

'I

(as shown in the accompanying table), because in so doing
I

we are maximizing the common-Th corrections. It should230

be noted that a "true" age of >~300,000 years for the two

samples (approximate upper limit for the Th /U 'dating230

method) is allowable by the data and interpretations

presented above.
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Radiochemical and Age'Data of the Samples

Sample"
No,

g acid- U 3
.solubles (dpm/g)

U231s

(dpm/g)
Th 3

(dpm/g)
Th230.

(dpm/g)
Th 3.

carr.
(dpm/g)

Min Age
( 10~ yrs

~ (L)
SW-2

(R)

0,0942,003
98,7

1,7%.08

(L) 0.0892.005
.SN.-.l . 93 i9

(R) 1.38~.05

"'3.70k 2 0»)

1,302.05

Oel33ke004

l,lie,06

0.1221,004

li782.08 'e57ki08

1 ~ 09ko05

0,2071,006 0 '72k.,007 81210

.le75~e09

0 ~ 1542,007 ' 0891.004 0,2212,007 0 ~ 1332

008'L

and R refer to leachate fraction and residue fraction> respectively>
"«Assumipg recent addition of Th . and corrected according to equations230

Th = Th =« R ~ Th , where R ~ Th /Th in the residue fraction230 230 232 230 232

«««Calculated from equation>

Th /U — (U /U ) f l»exp(- A t)g
+ Ill-(U N )g) L~e(All"~y~lL>"e"P(~v

where A( and A~ are respectively decay constants of Th and U ~ subscript L denotes230 234
leachate fraction,





6/7/79

61 Kensington Rd
Garden City, NY 11530

Ronald Pe Taylor
Pro„'ect Geologist
Dames &: ashore
2996 Belgium Road
Baldwinsville, New York 13027

e

RE: 047079-DS-L0482

Dear Ih. Taylor:

I have completed the analysis of sample $ CWT-1 for pollen and spore
content Visual inspect ion of the bag samples indicated that they can be separ
ated into two groups based on color: bags A. B. and C range in color from
5Y 5/1 to 5Y 6/1, while E and G are 2 5Y 5/2, and, A,'s 2.5Y 7/2. Since the bags
are all from the same horizon (9C~lT-1) accordong to your determination, one bag
from each color group was processed and analyzed in order to provide adequatb
coverage of the overall sample and to determine if the color change is
significant. Consequently, approximately 25 gm of sediment were taken from
bags B and G for processing and analysis.

Bag B. The sample is composed of very fine to coarse clastic sediment. The
coarse fraction contains angular to subrounded fine sand to fine gravel, the
latter comprised of sandstone fragments. No organic debris or microfossils
were observed. The fine fraction yielded the following pollen and spores:
pine (3 specimens), birch (12), cedar (1), willow (1), grass (0), ragweed (1),
other composites (1), pondeeed (1), ~Sha nom (1)

Bag G. The coarse fraction revealed slightly more oxidation on the grains and
fragments of sediment"than that of bag B. Pollen and spores include pine (3),
spruce (2), birch (3), alder (1), hickory (1), oak (1), cedar (3), grass (1),,
ragweed (2), other composites (1), unknowns (1), fernspores (3), and stellate leaf-
hairs (1)

Discussion, Overall the microfloral populatiian is sparse, The dominant forms are
birch and pine with minor spruce and cedar and traces of other tree pollen.
Nonarboreal pollen representation is about one-third of the pollen sum, Futher-
more, several of the specimens appear worn In the absence of a statistically
significant pollen sum, determination of the age of the sample is somewhat
speculative. However, with larger amounts of pine, birch, and spruce, a scattering
of other tree pollen and the absence of hemlock in the AP, and lower NAP values,
the sample could represent the A4 subzone of the spruce pollen zone. In
comparison with the pollen diagram developed for the SL and AS samples from this
site, this correlation seems reasonable

If you have any questions concerning this report se contact me. Iwill send my statement and representative microscop s es to you

Yo s tr
s u'n





7l17l79
61 Kensington Rd
Garden City ttY 11530

, Ronald P. Taylor
Pro ject Geologist
Dames 5 Moore
2996 Belgium Road.
Baldwinsville, NY 13027

Re: P.O. SR0316
f 04707-022-19

Dear Nr. Taylor:

I have completed, the pollen analysis of samples GA3-Sl and. GA3-S2

after processing approximately 25 gm of each sample, Of the two samples

only GA3- Si contained any microfloral specimens. Sample GA3&2 was

barren of microfossils.

Sample GA3&i. This sample contains a sparse scattering of tree and herb

pollen, and spores of late Pleistocene to modern age, and a trace of Paleozoic

spores Tree pollen include spruce ( 1 specimen), small-size pine (l),
alder (2), ~Cor lus (1), birch (1) Nonarboreal forms include a small-size

grass (2), Artemisia (3), ragweed (5), and Urtica (2). The spores are

e ' '7). z'"' ('). *
This sparse assemblage prohibits a definitive age determination, but

compared with previous studies at this site, a'spruce zone'ge is possible

The late glacial or spruce zone age is suggested in the relatively high NAP

representation along with a few cold environment indicators like spruce,

There is also evidence to indicate an open vegetation, i e. few trees

and, more abundant NAP, particularly grass and ragweed, and wet ground, i e,

correlation with CHT-.i and the AS and SL samples might be extended to
include GA3- S1 ~

Yours truly,
Les Sirkin

encl:- statement





8/7/79
61 Kensington Rd
Garden City, NY 11530

Gordon Appel
Project Geologist
Dames Ec Yoore
2996'elgium, Road
Baldwinsville~ New York 13027

Re: 04707B-DS-L0482 and 04707-022-19

Dear Gordon;

According to your instructions in our recent conversation, I have
analyzed additional material from samples CNT-1 and GA3- Sl. In doing
so I have significantly increased 'the pollen sum for each sample and have
determined relative pollen percentages for the combined sums for each
sample (see accompanying pollen diagram) ~ The additional data have
provided more substantiation for the tentative conclusions stated in my
prior reports on these samples, particularly in terms of the age and
correlation of the sediments.

The percentages of the taxa show that birch, alder, and conifers,
including spruce, two sizes of pine pollen~ and cedar~are the most abundant
arboreal forms. Pollen of deciduous hardwoods are rare and include only
species characteristic. of cooler climate trees. Shrubs, represented by
Ericaceae, '.Rosaceae, including ~D ~as (V) in GA3-Sl~ and in part birch and alders
are common. The nonarboreal taxa are dominated by grass and composites,
particularly ragweed in GA3-Sl where the NAP account for 56$ of the pollen,
In both samples~ Polypodiaceae spores are abundant and ~S ha~urn is signifi-
cant. Lyyco odium is more abundant in GA3-S1.

As previously discussed,.both samples contain pollen assemblages that
indicate that deposition occurred during the Spruce Pollen Zone, with a
minimum age of 10,000 years B. P., the youngest age determined for the
A4 subzone of the Spruce Pollen gone as indicated in the report for job j
04707-02Sm 'Lhe additional pollen data further demonstrate that a correlation
in age can be made between the samples It is also possible that these samples
are somewhat older than the A4 subzone, The high shrub and NAP representation
indicates a vegetational setting more like a conifer parkland than a coniferous
forest~ that is~ a region with a more open aspect and more ground cover alongwith areas of wet ground or wetlands marginal to the postglacial lake.

If you have any questions concerning this report please contact me at
your convenience, For the next week or so, I will be in Rhode Island where
you may call me at 401 466 2174'est r r

L rin
Encl: Stateme re,
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11/12/79

61 Kensington Rd
Garden City, NY 11530

H. Scott Laird
Project Geologist
Daaes 8g Moore
2996 Belgiua Rd
Baldwinsville, NY 13027

Dear Mr. Laird:
k

I have, processed. and analyzed for pollen content the six samples in
the,GA4 series: Si-A, S2-AD S4-h, S5-h, S6-B, and S8-B. Based on prior
studies relatively large aaounts of each saaple (approximately 25 30 ga)

, were processed in order to increase the pollen yield,
Furtheraore, according to your instructions, sample S5-h was inspected

for possible splitting into two different sediment fractions. Because the
sample was small and the aixing of the sediments was complex, I did not feel
confident that splitting of the saaple into two distinct3g different sediment
types could be done without contamigatioa. If a larger saaple of each
sediment type could be obtained. and/or the two fractions could be split by
you, I could attempt to evaluate the pollen content of the two saaples.

The results of pollen analy'sis of the GA4 samples is as follows, with
the significant pollen data plotted. on a pollen diagram that can be comparedwith the results of previous reports.

Sam le GA4-Sih. This sample contains 47 specimens of pollen, plus several spores.
About of the aicroflora consists of tree and shrub pollen, predominantly
pine, represented by both the large and saall-sized foras, alder, birch, spruce,uillos, poplar (t), and ~She hardia. The nonarboreal pollen include the
composites, mainly ragweed, and grass. The overall pollen asseablage, although
low in diversity probably represents the spruce pollen zone of the late-
glacial following recession of the Moodfordian glacier. .The presence of
the saall-sized pine pollen, generally associated with P. bardcsiana, alongwith several possible shrub varieties, spruce, ann high&AP, suggests a boreal,

.spruce parkland or shrub tundra vegetation with scattered trees This associationis characteris tic of the early spruce pollen zone, as for example subzone hi.
The lack of tundra herbs restricts assigning an Herb Pollen zone age to the sample.

*. Ilittle data to evaluate.

S le GA4-S4A. This saaple is similar in many respects to Si-h in pollen yield
an qon en + ut with soae difference in diversity'. About 4'$ of the pollenof which the composites are the aost abundant.
The hP- consist of spruce (1), large-sized pine (5), hemlock (1), cedar (3),
poplar (2), willow (1), birch (ll), alder (2), oak (1), and Ericaceae (1) ~

Of 12 spores found, 9 are in the Polypodiaceae. The main differences in the
pollen asseablages are the higher NAP, lack of saall-sized pine and. spruce, and,
the appearance of cedar, healock, oak, and Ericaceae, all suggesting somewhat
warmer climatic conditions, As such, this assemblage coapares aore

favorably'ith

the later spruce subzones, i. e. subzone A4.
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p 2. Sirkin report

*
proved to be extremely low< pine (4 specimens, 2 small, 2 large), birch (2),
alder (1), grass (1), and spores (1), Nd.le the outcome may appear academic,
the absence of Paleozoic forms may be significant. In fact none of the samples
in this group contained Paleozoic forms. Mhile the sample yield is not
significant, the pine,.birch representation may suggest a relationship to the other
saaples and hence the spruce pollen zone, The lack of Paleozoic forms may suggest
that, mixing of in situ and transported sediments has not occurred here,

'am le Qk4-S6-B, This sample also has a very low yield with pine (1), birch (2) ~
'rass1 y composites (1),.and spores (3), represented ~ again, too few to

assign a definite age

S le OA4-S8-B. hgain the very few specimens retrieved from this sample can only
rovide a hint of the sample age! spruce (g), pine (g, i small, 2 large) ~
emlook (1), grass (1), ragweed (1) ~ Possible agei spruce zone, subzone 44,

In summary, it appears that these samples vere derived from sediments
that contain pollen assemblages that are most readily assigned to the spruce
pollen zone of the late-glacial.

If you have any questions oonoerning this information, please contact me

at your convenience,-

Sine o yours,

les Sirkim
Consultant

Encl.: Statement

Sent separately: one sUde for each sample.





3/10/80
61 Kensington Road
Garden City, N'X 11530

H. Scott Laird
Project Geologis t
Dames Ec IIoore
2996 Belgium Road
Baldwinsville, NY 13027

Re: P. 0. SR 0316, Change orders -f3, g4
04707B-DS-T0609

Dear Scott:

I have completed the palynologic analysis of samples GA4- 20~ .

21, 21A, 22, 24, 8c 26. Based on prior experience, relatively large
(ca 30 gm) samples were processed and the residues were rerun in
orddr to concentrate as many pollen and spores as possible. All
of the samples, however, had a low yield. The pollen were mainly
whole grains and well stained, although several fragments were also
counted.

GA4-S20. Abundant lignitic particles were concentrated in the organic
fraction, but only 8 pollen and 1 spore were retrieved. 'Ihe pollen
include pine, spruce, birch, alder, and holly and elm. The spore
is S~h~num.

GA4-S21. Only one pollen grain, an alder, was found.

GA4-S21A. This sample contains 12 pollen and 3 Polypodiaceae spores.
'the pollen include spruce, pine, birch, willow, cedar, oak, composite,
grass, and Rosaceee (DrZas?) ~

GA4-S22. Ten pollen and 2 spores were found in this sample. The
pollen include birch, Rosaceae, grass,and composites; the spores
are L~co odium end Polypodiaceae (ons each).

GA4-S24. This sample yielded seven pollen and 6 spores. The pollen
are of pine, Ericaceae, grass, composite, willow, and ?walnut; the
spores include ~S ha~num and Polypodiaceae. Three Paleozoic spores
were also counted.

GA4-S26. Eight pollen, mainly birch, willow~cedar, Rosaceae, composite,
and basswood, and 3 spores, one each of L co odium, ~S ha nunc, and
Polypodiaceae~ were counted,

Although sparse, the pollen are mainly those of the boreal
assemblage, that is, pine, spruce, birch, willow, and Rosaceae.
However, four of the samples contain at least one pollen grain of
a cool temperate species of hardwood tree, The NAP are consis tently
represented by grass and composites. ~S hagnum and Polypodiaceae





Sirkin, 3/10/80, p.2

spores confirm the origin of the sediments in a fresh water wetland,
while the lycopod spores indicate cool or boreal conditions.

Even though the pollen yield is low, the spectra generally
suggest an association with the late-glacial spruce pollen zone
(A4) and were probably derived from sediments deposited at that
time. The evidence favors an interpretation of cool or boreal
conditions.

I will look forward to hearing from you~ and please contact
me if you have any questions concerning this report.

Yours y~

Les Sirkin,
Consultant.

Encl: The statement attached includes the site visit, report, and
.expenses for that visit; and pollen analysis and report.

Representative slides for the GA4 samples have been shipped to you.

Encl! confidential reports, draft





4/28/80
61 Kensington Rd
Garden City, NY 11530

H. Scott Laird
Project Geologist
Dames Cc Moore
2996 Belgium Road
BaLdwinsville, NY 13027

Re: P. 0. SR 0316 Change order g5
('cct 4707-022-19 7070)

Dear Scott:

1 ka ve completed the palynological analysis of samples 806-Sl~
806-S3, 810-1, 810-3~ 810-4~ and 805-1. In each case, the entire
sample was extensiv"ly processed in order to extract as much of
the pollen as possible. However, only a few fossil pollen and
spores were found. These microfossils were weU. stained, although
several were broken and not readily identified. All of the
samples mntain considerable fine-grained, black opaque debris.

805-1, 121.55 ft. This sample yielded one ragweed pollen grain~
and one trilete spore (Folypodiaceae?).

806-Sl, 151 00 ft. One spore (polypodiaceae?) was found.

806-S3~ 144.70 ft. One composite-type pollen (ragweed?) frag-
ment snd one L~oo odium spore were oounted.

810-1, 207.3 ft. This sample contains one Chenopodiaceae
pollen grain, one Rosaceae (?) pollen, and one spore (Folypod-
iaceae?) ~

810-3, 251.4 ft. One tricolpate pollen grain (genus not determined).

810-4, 252.25 ft. Thoro Polypodiaceae-type spores were counted.

The microflora obtained from the samples provided for this
study is insufficient for determination of the age of the sediment,
The presence of rosaceous and chenopod pollen, and fern and
lycopod spores might be an indication of cool and wet conditions
at thz surface source ofthe polleniferous sediment and would tend
to confirm prior studies at the site. However, with such a
small sample population~ that point is only speculation.

If you have any questions concerning these results~ please
contact me.

Yours ly,

Les irkin, Consultant

Encl: Statemm t; representative slides - sent sePar«ely
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REPORT ON RESULTS

Both samples contained calcium carbonate (strong reaction with HCl). Pollen
concentration in both samples was very low (about 300 - 400 per gram of sediment).
All pollen was of Pleistocene age. No Paleozoic spores- were present in the slides
examined. Pollen preservation was poor and some pollen grains were broken. The

undissolved matrix of the sample residue was found to be inorganic, with only a

few plant tissue fragments.

In my view these samples indicate deposition in glacial environment, most

likely a glacial lake. The low pollen concentration and poor preservation indicate
to me the presence of glacial climate and absence of local vegetation. Atmospheric
transport from sources to the south can account for the few spruce and pine pollen
found in these samples. In contrast, postglacial sediments in the Great Lakes region
commonly have a pollen concentration of tens of thousands of pollen grains per one

gram of sediment, and over 100,000 per gram in some sediments (see for example,

McAndrews and Power, 1973).

Although Paleozoic spores are quite frequently found in glacial lake sedi-
ments of the southern Great Lakes region, they are not necessarily present in every
sample (as indicated by my personal experience over some 20 years).

In terms of age, these glacial lake sediments most likely belong in the Late-
Wisconsinan episode (dated about 13,000 to 15,000 years before present). The geo-

graphical relationship of your site to known ice marginal positions of Late-
Wisconsinan age may provide some helpful guidance. There is no absolutely sure

way that an older Pleistocene age can be definitely excluded (at least on the basis
of palynological data from only 2 samples). However, the presence of abundant car-
bonate (indicating no leaching) supports a Late-Wisconsinan age, rather than some

earlier Pleistocene time. In my opinion the geological field evidence should be

given priority in respect to the decision of whether or not the silty clay is most

likely of Late-Wisconsinan age or older.

McAndrews, J,H. and Power, D.M., 1973. Palynology of the Great Lakes: the surface
sediments of Lake Ontario. Canadian Journal of Earth Sciences, volume 10,
no. 5, pp.777-792.





ANALYTICAL PROCEDURES

The following sequence of analytical procedures was used for preparation of
the'B.ty clay samples.
Note: some abbreviations used below:

HC1 - hydrochloric acid (dilute, 10K)
HF - hydrofluoric acid (concentrated, 42K)
C — centrifuge
M — wash (distilled water)

1. Determine dry weight of sample:—
Weight of sample (oven dry) and container
Weight of container
Meight of sample used (in grams)

2. Add ca. 50 ml HC1 to sample in beaker; stir; leave to react overnight

2 tablets added to each sample

4, Transfer sample to 15 ml centrifuge tube; C & M & C (repeat)
5. Transfer sample to 100 ml netal crucible
6. Add 30 ml HF; warm up on hot plate; leave to react overnight
7. Decant most of HF; add 30 ml water (distilled)
8. Transfer to 15 ml centrifuge tube; C & W & C (repeat)
9, Add 7 ml HCl, warm to 80 C; C & W & C

10. Add 3 ml 'glacial acetic acid; C and decant acid
ll. Add 7 ml of acetolysis mix; heat to 100 C in water bathl C & M & C, decant water
12. Make slides of residue; corn syrup used as embedding medium

Notes the HC1, HF, and acetolysis steps are described in detail on attached
pages (circled in red).

The prepared slides were examined under microscope, using 400 x magnification





RAM DATA

Samples

Sample weight (in grams) e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

GA4-S23

16.5510

GA4-S25

13.2829

Pollen counted:
Total surface of 3 slides scanned

Picea (spruce)
Pinus (pine)
Betula (birch)

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ 6

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ 5

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1

Oueucus (cak)
Other pollen (unidentified because of

pre serv at ion)

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

poor ...... 5

Total 17

"Spike" (Lycopodium spores) counted ........,..... 69

13

83

Spike added Pollen countedPollen concentration ——-.————- ——xSpike counted Dry weight of sample

Pollen concentration is expressed as number of pollen grains in one gram of dry
sediment.

Sample ."A4-S23: —-' ——x —-- = 372 pollen per 1 g of sample-25,000 17
69 16. 55

Sample GA4-S25<
25,000

83 x
1 3 28

-" 295 pollen per 1 g of sample13
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MINERALOGXC ANALYSlS REPORT

TOc Mr. H. Scott Laird
Dames Ec Moore
2996 Belgium Road
Baldwlnsvllle, New York 13027

RE> Mlneraloglo analysis of soil and rock speolmens as per SR 0334

Job No. 00707-022-19

PROCEDURES

(s) Sample Preparation

Bedrock s eolmens~ representative portions ground and
smear on s ides for. XRD analysis as BULK specimens.
Thin seotlons prepared for point oounts.
X-ray charts and thin sections enolosed.

Soll s eolmens~ XRD samples were prepared, by sedlmentlng
olsy-size particles onto glass slides (beaker method)
All sedlmented. slides were olasslfled and ran as

ILZ (55'h 1.

~11 ( ( f ((
for "heavies" content.

Representative portions aoid treated. for oarbonate content,
through csloulatlon of weight loss (COq). Eight of the
samples were tested twdce for verification purposes ~

(b) Standards Used

Chem. Carbonate contents Step preoedures tested for quality
contro y using Pls er Scientific Reagent Grade CaC03.
Difference between aotusl and analyzed. values for the latter
(using step preoedures) determined. to be ln the 0.01 area.

X-ra diffraction> permaquartz standard. used ln ever
chart or a ignment control and verification. T is ls
shown on every X-ray ohart enolosed..

X-ray Analysis (mineral identification) wss. done using
three referenoe sources~ (1) A.P.I. olay referenoe
standards ran on our own machines for actual comparisons.
(2) ASTM file cards for verlfioatlon. (3) The reference





AHV-2

tables of Chen (1977).

Intenslt factorss For non-clay and clay minerals determined,
experimentally using 100$ content for each mineral present
ln samples tested) ~ Values (for scale of 500) compare well
with values of Schultz (1964) and Johns et al (1954).

Quartz (21o)s 8$ 0s Plag.(28o)s 2800> Calcite(29 ' )s2600
Dolomite(31o)s 3100'lays(chl., 111., kaol;)s 1500

Chlorltes 6.4 I~ Illltes 8.9 I times factor 2$
kaollnites 6.4 times 1.2 factor. from 12.4 I.

RESULTS

(a) All anal~le results are listed. ln Table 1 (attached)

(b) Comments on analytical results. (reference Table 1)

1. The range ln weight peroent content of carbonate
(wet chemical) indicates that Che samples are ~ .

homogeneous. Most of the clay/silt samples contain rook
ohlps and fragments that most probably conti'ibute to
Che lnhomogenelty of the materials.

2. The lnhomogenelty ls also evident through the other
analyltlcal data (non-clay and. clay mineral content)
since there is no clear separation of samples according
to origin groups (l.e. S5, S6, S7 groups).

3. The carbonate'content through XBD, separ4Aed into
calcite and. dolomite (with some eid.erlte), provides
the simplest and most practical compositlonsl distinctions
between groups and. individual samples, specifically
ln terms of the type of predominant carbonate present
or ln terms of the ratio between the two principal
carbonates lf both are present.

4. The accessory mineral content (heavies or accessories)
does not provide any practical composltlonal dlstlnctlon
between the samples.

5. The total clay content and. specific clay mineral content
are often important composltlonal dlfferentlates among
clay/slit specimens, cou'pled with data on grain size
distribution and. the ratio of quartz to feldspar. Here
these factors do not differentiate the samples into
relatively simple composltional groups due to the apparent
variation within sampling groups. However, lf one
disregards the classification according to sampling
(l.e. S5, S6 etc.) and. looks at'the individual clay
mineral content (ln terms of 100 percent total clay),
one can see certain composltlonal characters as evidenced
from the following listing>
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Percent of Cla Content

Chlorite Illite Kaolin ~Sam le

39
39
37
36
32

29
27
26
24
22

22
19
17
15
13

35

61
61
63
64
68

67
71
68
70
70

65
68
68
75
68

1,0

13
13
15
10
19

S6-A

S7-C
CWPT»2M
CWPT-1M
CMPT-3M
S5-B

s6-c
S5-D
S6-Di
S4-B
S2-M

S1-B
S6-D2
S5-C
'S7-B
S7-A

+ These figures can be obtaineL by
recalculating the clay mineral
content in total sample (see Table 1)
to percent clay proportions
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MINERALOGIC ANALYSIS REPORT

TO< Mr. Scott Laird.
Dames & Maore
2996 .Belgium Road,
Baldwinsville, New York 13027

REi.Heavy mineral seyaratlon and identlflcatlon on clay
samples GAO-S27, GAL-S28, and GAS-S29 as per SR 0334
Change Ord.er gi and Job No. 04707-022 (7070).

PROCEDURES AND METHODS

Heavies from each of the three samples vere separated and
their weight yercent calculated using twa somewhat different
procedures. The steps ln eaoh case together with pertinent
abservatlons are outlined, below. The final results represent
averages from the two praaedures.

(A Bromoform - Funnel Se ration
1 ~ Weigh sample before separating heavies (P 2.85 SG) ln

bromoform, using funnel with stopper and filter.
2 ~ Microscopic observation of separates showed the presence

af sulfide encrustations on clay surfaces.

g. After crushing of separates to free sulfides fram the
composite grains, heavies vere again immersed in
bromoform, and resulting separates were weighed to d.eter-
mine percent cantent of heavies.

4 ~ Heavy fraction was passed. through-a Frantz Isodynamic
Separator but no magnetia minerals were separated..

5 ~ Identification of heavy fraction using physical and.
optical characteristics as well as X-ray diffraction
analysis (representative X-ray chart enclosed.).

The X-ray ldentlflcation vas based on standards (perma-
quartz) and the JCPDS file.





em
RLITGERS
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g2 DEcM 3/17/80

B Bromoform - Centrif e Se ration

Same steps as 1n (A) above except that the cen+fuge was
used. in the separation process which produced slightly
more separates 1n a shorter t1me.

RESULTS

It contains 0.5 weight percent heav1es composed. of
marcasite and. pyrite.
Sam le GAL-S28It contains 0.4 percent marcasite and. pyr1te.

2It contains 0 ' percent marcasite ant pyrite.

NOTES
a) Zn eath of the trhee samples shove, the maroasfte

1s slightly more abundant than the pyrite. It also
appears that some of the marcaslte has altereIi to
the more stable structure of the pyrite.

(b) In spite of very careful microscop1c exam1nat1on
(using a 250 X theoretical magnification), no
garnet grains were observed..'nly one 1solated.
red. grain, that could. be garnet, was observed. in
sample GAL-S29. Besides the sulfid.es and. the clay
and, quartz grains that form encrustations no other
mineral grains were observed. (m1croscopically o
through XRD) 1n the heavey fract1ons,
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61 Kensington Rd
Garden City, NY 115/0

H, Scott Laird
Project Geologist
Dames &: Moore
2996 Belgium Road
Baldwinsville, New'ork 1/027

Dear Mr. Laird:

I am writing to you concerning my observations of the geology
of the North Radwaste Trench exposure at'he Nine Mile Point
Nuclear Station Unit 2 site. I visited th site with you and the
Dames & Ygoore geologists, accompanied by Dr. Coates on 2/15/80,
in order to exaraine the bedrock exposure and investigate the source
and setting pertaining to the origin of and the setting of the
clay and silt" samples that I have analyzed Sor pollen content.

The North Radwaste Trench exposure reveals a bedrock structure,
a fault zone, in which fine-grained sediraent has filled in openings
in the bedrock between the beds, in the fault breccia, and in joints
and other fractures. It is apparent that marry openings exist in the
bedrock and that the permeability created by these interconnected
openings could allow for the passage of groundwater and Sine sed-
iment vertically and horizontally through the section, Furthermore,
the clays and silts are deforraed which indicates post depositional
bedrock movements.

Samples of these sediments were obtained for palynological
study from members of the Dames 8g Moore geological staff. These
samples, which were taken prior to this visit and shipped to me,
were carefully taken from fresh exposures by these geologists who
packaged the samples directly at the exposure, according to my
instructions, in order to eliminate contamination by airborne pollen.
Pollen analysis indicates that contamination has not occurred.

Nuraerous saraples of clay and silt from a variety of deposits
in the bedrock openings consistently contain pollen. assemblages that
indicate a late-glacial age, based on coraparison with the established
pollen stratigraphy of New York Sor the late- and postglacial, that
is, after 15,000 years before the present for the central New York
region. The pollen assemblages from these samoles generally in-
clude pollen of spruce, 2 pine species, birch, alder, willow,
boreal shrubs, grass and composites, and spores og goharnum and
ferns. These assemblages, which contain very Sew pollen of decidu-
ous, hardwood trees, are best correlated with the spruce pollen
or A zone that occurred in this region around 12,000 years ago,
and indicate that spruce forests existed here at that time, The
lack of hardwoods testifies both to the lack of contaraination from
the modern hardwood forest and therefore, the spruce (A) zone age
for the sediments. ilternatively, in the surface exposure of pro-
glacial lake sediments in the Cooling Tower Trench a sequence of





p. 2 Sirkin

radiocarbon-dated pollen zones was encountered, the spruce zone
at the base, succeeded by the pine (B) zone, and the oak (C) zone.
In a qualitative sense, the pollen grains are all well stained
(a stain is added in the processing of samples) which indicates
a younger age for the, pollen grains and relative freshness of the
wall structure, Early Pleistocene. or Tertiary grains would onestain lightly, older grains would not accept the stain. The absence

"," of pre-Pleistocene palynomorphs, except for those of bedrock age,
rules out a pre-Pleistocene age for the infillings.

In comparison with the pollen stratigraphy of the overall
Nine Mile Point site, based on sections from other exposures

- which I have previously studied, and with the ages of the sedi-
ments supported by pollen data and radiocarbon ages, the clays
an4 silts in the bedrock openings are of late-glacial age. The
presence of sediments of this age in proglacial lake deposits
overlying the bedrock at this site provides a direct source of
pollen bearing sediment for fillingof the bedrock openings,
There is no other source of such sediment in this area. Xt is,
therefore, probable that the lacustrine sediments from the basal

'artof the lake section were remobilized and redeposited in the
bedrock openings by groundwater and were subsequently deformed.
Deformation, then, postdates the initial deposition of the clays,
silts, and pollen during the late-glacial.

In summary, my recent inspection of the site reveals that
deformeddqusits of clay and silt extensively, occur within
equally extensive openings in the bedrock structure in this
trench. Pollen analysis shows that spruce zone pollen

assem-'lagesare found in these sediments and also occur in nearby
late-glacial lake deposits. An alternative source for such
sediments and pollen has not been found.

I will look forward to hearing from you concerning these
observations and will be available to comment on them if you
have any questions,

Yours y

Les Sxrkin,
Consultant,





538 E. Fairmont Dr. ve
Tempe, AZ 85 28"

April 10, 1980

Hr. John J. Markham
Project Manager, Dames & Moore
2996 Belgium Road
Baldwinsville, NY 13207

Dear Mr. Markham:

The following is a letter report initiated at your request to consider
the origin and age of the clay deposited in voids in the bedrock in and near
the Radwaste Fault Zone in sedimentary bedrock at Nine Mile Point Nuclear
Station-Unit 2, Scriba, New York and the relationship of this clay to bedrock
movement along the fault. The report is based on discussions with geologists
working at the site, reading of prepared reports, and two site investigations.

Introduction

Geologists of Dames & Moore and Stone & Webster have been studying the
bedrock and overlying unconsolidated sediments at the Nine Mile Point site for
several years for three power, sites. My field inspection of the site was in
the morning of February 29, 1980 and in the afternoon of April 4, 1980. Nine
Mile Point Nuclear Station-Unit 2 is on the shore of Lake Ontario at Nine Mile
Point, Scriba Township, Os~ego County, New York.

Geology

General statement

Two thorough briefings were given by geologists of Dames & Moore and Stone
and Webster. The first site visit dealt mainly with investigations of buckles
in the sedimentary bedrock. Discussions with Stone & Webster geologists-took
place on the afternoon of February 28, 1980 in Boston, MA, and on the site in
the morning of February 29, 1980. Discussions in detail with geologists of
Dames & Moore occurred Friday afternoon at the site. In the morning of Friday,
February 29, there was a field site visit in which we examined the geology in
the Drainage Ditch, the Radwaste Trench, the Screen Well area, North Electric
Cable "tunnel" and the Cooling Tower Excavation. In addition', it'was possible
to examine black and white and color photographs as well as many field sketches,





preliminary diagrams of geological exposures, and'tudy eciogical r'orts.
Tne second site visit was on April 4, 1980. At this time there were data'led
discussions limited explicitly to the physical fea'tures or tne clay 'in the
Radwaste Trench. Discussions were with geologists of Dames & Moore and Stone &

Webster. In the afternoon or April 4 it was possible for me to make about a

2 hour examination of the clay deposits in the bedrock in the Radw'aste Trench
in a special exposure that was prepared. I was accompanied by Mr'; Scott Laird
of Dames & Moore and Mr. Nick Drakul'ich of Stone & Webster.

Unconsolida ted sediments

The area lies in the Erie-Ontario Lowland an'd has been overridden by
glacier ice several times. Unconsolidated sediments include till,of late Wis-
consinan age. Unpublished data provided by site geologists indicate two tills,
a dense basal till and the overlying upper till, interpreted to be an.'ablation
till. Overlying the tills are various glaciofluvial deposits characteristic
of stagnating glaciers and th'awing ground, 'inclUding melting glacial"ice blocks;
Also 'reported to be widespread in the site area are finely laminated clay-silts.,'--'„
of former Lake Iroquois. Lake Iroquois formed,with the withdrawl of'the

c'ontin-'ntal

glacier; the lake is- reported to have left the site about '13,500'-years;:-',
, 'go. It existed for hundreds if not thousands'f years. In the bottom of the

„lake was deposited typical laminated clays and silts and cl'aye)~-si'its, as well
as silty, clays. These 'deposits in some places. directly overlie bedrock. 'In-
the site area and adjoining areas the clays''and silts have been mappe'd and
examined by geologists and consultants of Dames & Moore. Detailed mechani'cal

'., analyses of the sediments, as well as mineralogical studies have been made.

Also, pollen analyses have been performed. The pollen is characteristic of
~ ~ late Wisconsinan time.

Bedrock

The consolida'ted rocks at the site are'of, the Oswego formation of upper
Ordovician age. The':rocks cons'ist of tabular, thin to medium beds of light
grey to greenish-gra'y, 'fine;grained sandstone interlayered with thin beds of
grey siltstone and dark grey shale. In the site area'he 'top bed is a rather
massive grey sandstone 3 to 5 feet thick. The beds dip very gently to the -south
or southwest less than one degree. Exposures in'he Radwaste Trench permitted
observation of bedrock faces totalling as much as 15 to 16 feet vertically and

40 feet horizontally.-

Small faults in the bedrock .of the Nine Mile. Point area have been studied: '
Barge. Slip Fault, Drainage Ditch Fault, (an extension of fault in the Fitzpatri'ck
excavation), cooling Tower, Fault,'nd the Radwaste Trench Fault. The later is 'of.

interest in this inves'tigation.

0

The Radwaste Trench Fault appears to be a bedding "plane slip wh'i:ch also
„.involves the rupturing of small, sharp, asymnetric anticlines that occur in the .

thin beds of the Oswego sandstone. 'ssociated with.the fracturing is a gr'eenish
grey to, grey gouge or breccia with a fine-grained matrix. 'he thin (~~-1 inch)
sandstone or siltstone la'yers have been deformed and, inasmuch as they, were brittle,'.





ha ".up"ured an some pieces of tne rock are rotated.
~ '„-th-...-::suit are said to be displaced 1 to 7 feet.

The oci:s a l.ong tne

The most important aspects of the structure is that the movement has
«;'created a dilation of the bedrock, especially nea" the fault zone, and there

are nu'merous openings along bedding planes, and especially with the fract'ured
,;and folded beds and rotated rock fragments. The voids observed are as much as
'2 inches in diameter. In the openings in the bedrock is deposited locally a
,calcarous -an to grey slightly plastic clayey silt which shows very delicately
„'p'reserveo minute wavey laminations, and deformations of many types including
""folds, drapes and rather irregular convolutions. Close examination reveals
, that there is a grey clay and a tan or brownish clay, the later of which seems
«'to'preserve more of'the laminations and deformation features. Clay deposits

are up to 2 inches thick but generally are much thinner and form a coating. on
",bedrock layers whether they are flat or tilted, even up to 30-40 degrees. It
is the age, origin, and relationship of.this clay,to the bedrock which is central

:,.to this report.
l

Clayey silt filling voids in bedrock

e

~ \
~ Origin

The unc'onsolidated.fine-'grained sediments filling bedrock'voids will be .

'referred to as clay, although it;has been shown to be a silty clay with some
,: thin laminations,* mostly silt, and in most places a clai'ey "silt: Experts under

contract with Dames & Hoore and Dames, & Yioore personnel have carefully studied
.the size grade distribution,'-'min'eral composition, c'alcium carbonate conc'entration,

.'nd pollen content of the clay and its ass'ociation with the gouge with fine
grained matrix. The calcarous clay is almost totally different from the'iliceous
gouge" matrix and therefore considered not to have been derived from the grinding

,of the bedrock during faulting or by weathering of the bedrock. The; clay is
remarkabl'ely similar in almost all details to,the pollen, mineral, and calcium
carbonate content and size grade distribution of the overlying clayey deposits
of extinct Lake Iroquois. I concur with these workers that the clayey silt
,from the overlying Lake Iroquois filtered down with groundwater, especially when
Rake Iroquois covered the region, and was carried by vertical and horizontal
currents to be deposited in the voids of the bedrock underlying the lake.

Age ~

No C-14 dates have been obtained on organic material in the clay in the
"..bedrock voids. However, pollen and analyses have been done on clay both in 1979
'.;and 1980. These studies indicate that'he silty clays were deposited during
, Pleistocene time in'an;,environment abundant with spruce, most, likely late glacial

(i.e. late Wisconsinan time). This is essentially the same .pollen spectra
'eported from the overlying lake sediment. Although it cannot be ruled out

that 'the clay wi'th pollen could be-of an earlier Pleistocene spruce time, it
would appear to me, based upon work of the pollen experts, that the age of the

';, clay. is indeed late Wisconsinan, 10,000-13,500 years BP.





,~Qr'cgn o st u tures in tnt c

Sc'entists and engineers studying the clay have noted tn" ceformation or
the laminated clay, and various sketches and photographs of tne ..zterial were

-'ayai)able from Dames & Moore and Stone & 5'.ebster for my inspection. In
; addition, a few exposures of the deformed clay were seen in the Radwaste Trench'n April 4, 1980.

The laminated clay is minutely derormed in places with folds and =-aves
'and distortions in the order of 1 millimeter up to folds and deformations up
to 2 inches. The terms undulating laminations, wavy laminations, involutions,

,convolutions, drapes, rolls, folds, minute breaks, intricate deformation, and
.'thers have been used i'n the literature to describe these structures. The
;structures in the Radwaste Trench are in layers of clay ~~ to 2 inches thick on
"„horizontal, and especially sloping, sandstone surfaces.

I have seen similar structures in Alaska and Europe in late Pleistocene
glaciolacustrine silty clays and clays and they are commonly described in the
-literature in such sediments from Paleozoic to Holocene age, especially the
later. Such structures are generally described as penecontemporaneous, meaning
that they formed during the deposition or near the end of deposition, and formed
by slumping,,partial plastic deformation and perhaps some liquefacation of the
water-saturated fine-grained material. Some deformation could be at the termin-

'ation of the clay accumulation.
k:

I believe that the silt and clay size particles were conducted d'ownward
;and laterally by currents through minute to large openings in the rock when
Lake Iroquois existed above providing a "high" water table (bedrock and lake
clays completely saturated). The sediment-bearing currents (microturbidity
currents) carried the fine grained particles through the openings where they
settled out on horizontal or sloping surfaces. The soft, water-saturated clay

" layer could also have been disturbed by the sediment-laden ~ater currents in
what could be described as a small, or minute cave environment. Most of the
deformation probably can be attributed to the effect of gravity on the sed ments
aided by water velocity and direction of currents. Any disturbance to the
environment due to local shocks during glacial withdrawl, lake withdrawl and

-land rebounding would have been favorable for microdisturbances that might have
caused or aided in the slumping or liquefaction of the sediments. Therefore,
in summary, I believe that the deformation observed in tne unconsolidated
slightly plastic clavey silt is due to penecontemporaneous, or what could be

:,.called syndepositional and maybe some postdepositional, distortion and are
not the result of the folding and faulting of the bedrock.

Relation of the clay to bedrock

It has been suggested that deformation of the clay took place during movement
of the bedrock along the fault and that this movement produced some or much of
the bedrock structure we see today. Two points should be mentioned here. First,
I believe clay structures are syndepositional (contemporaneous deformation) and/or
immediately post-depositional and do not require bedrock movement to form.
Second, during field examinations on April 4, 1980 in the Radwaste Trench I found
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in two places where tne clay w=.s cl'early post-depositional. ove s.,a" 1, snarp,
asymmetric broken bedrock anticlines iniolving sandstone layers -'-„ to ."': inch
th'ck. The clay cleariy overlay tne inclined sandstone layer and tn'e broken
edges of the sandstone slabs. In a repor't by geologists o" Stone & webster

state that on February 29 1980 examination in the Radwaste Trench indicated
that they clearly observed a clay layer deposited across the entire width of an
anticlinal hinge which would indicate that the 'clay post-dates'he bedrock defor-
mation.

Conclusion
"'he

grey and tan'lightly plastic clayey silt's fills voids in the
bedrock'ssociatedwith a low angle thrust fault exposed in R'adwasre Trench.

3.

4.

Tne clayey. silt originated, from the ovexlying glaciolacustr-'ne:deposi'ts of,.
Lake Iroquois that formerly overlay the site.

The clayey silt is therefoxe late Misconsinan in age, l0,000-13,500 yeais BP.

During deposition of the clay by small vertical and horizontal water currents
in the bedrock, as well as settling from.non-moving groundwater, the fine-
grained sediment layers were minutely deformed by slumping and plastic"
deformation of the water-saturated sediments and perhap's by some .lique-
faction. These structures are.syndepositional 'and post-depositional and
are similar to those reported in gla'ciolacustrine sediments in m'ny places
in the world.

5. Because the deformed structures in,the clay, are syndepositional and 'because
it can be shown that the clay layers in place"-. overlie without disturbance
the deformed broken bedrock structures .and'h'arp.broken„edges.of the sand- ~

stone layers, I believe the clay post dites th'e'bedrock defoimation.

Sincerely you

V

Troy . Pdwe, PhD.
Professor of Geology
Consulting Geologist

Registerec Geo1ogist
State of Arizona ~ 6445

Registered Geologist ~

State of California '4'834

Registered Engineering Geologist
State of California 0 832
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TABLE E-l
U.S. B.M. GAUGE CALIBRATION RECORDS

GAGE

W-33

W-33

T-32
W-54SS

T-39
W-33

T-32
W-54SS

W-54SS

T-39
W-33

T-39
T-32
T-39
W-54SS

T-32
W-33

W-54SS

T-39
T-32
T-39
W-54SS

T-32
T-39
W-54SS

T-32
T-39
W-53

T-38
W-54SS

W-54SS

W-53

T-38

DATE

4/03/80
4/07/80
4/07/80
4/08/80
4/09/80
4/11/80
4/11/80
4/11/80
4/15/80
4/16/80
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4/17/80
4/17/80
4/21/80
4/21/80
4/22/80
4/22/80
4/22/80
4/24/80
4/24/80
4/25/80
4/25/80
4/29/8 0

4/28/80
4/30/80
4/30/80
4/30/80
5/01/80
5/02/80
5/03/80
5/04/80
5-05-80
5-06-80

0.98
0.99
1.01
0.91
1.04
0.97
1.02
0.90
0.89
1.07
0.98
1.08
1.04
1.03
0.87
1.02
1.01
0.88
1.07
1.00
1'. 04

0.88
1.01
1.14
0.89
1.05
1.03
1.06
1.04
0.84
0.91
1.10
1.04

K2

(X10 In.)
1.01
1.01
1.00
0.89
1.08
1.01
0.99
0.90
0.91
1.09
1.00
1.08
1.00
1.08
0.89
1.00
0.97
0.92
1.09
0.98
1.08
0.92
0.96
1.20
0.92
0.98
1.10
1.09
1.05
0.92
0.90
1.10
1.06

K3

(X10 In.)
0.99
1.00
1.02
0.91
1.05
1.00
1.00
0.93
0.92
1.07
0.98
1.05
1.03
1.08
0.90
1.02
1.01
0.90
1.04
1.00
1.08
0.92
1.01
1.17
0.92
1.02
1.09
1.08
1.12
0.89
0.89
1.06
1.12
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GAGE

W-53

W-54SS

W-53

W-54SS

, T-38
W-54SS

W-33

W-54SS

T-39
W-54SS

W-33

W-33

W-54SS

W-53

T-39
W-54SS

,'-53
W-53

W-53

W-53

W-53

W-53

W-54SS

T-39

DATE

5/07/80
5/07/80
5/09/80
5/14/80
5/14/80
5/18/80
5/18/80
5/20/80
5/21/80
5/28/80
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6/10/80
6/11/80
6/11/80
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6/16/80
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6/20/80
6/24/80
6/24/80
6/25/80

TABLE E-1 CONTINUED

Kl
(X10 In.)

1.07
0.85
1.01
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1.03
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1.00
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1.05
0.95
1.00
1.03
0.95
1.01
1.05
0.95
1.03
1.02
1.02
1.01
1.04
1.02
1.03
1.06

1.10
0.87
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0.87
1.03
0.93
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0.91
1.08
1.00
1.00
1.02
0.94
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1.05
1.03
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0.97
0.97
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1.07

K3

(X10 In.)
1.03
0.87
1.01
0.89
1.09
0.95
0.96
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1.03
0.94
0.99
1.00
0.91
0.96
1.05
0.94
1.00
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1.01
1.01
1.01
1.05
1.09
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BOO PLANE OF t1EASUREMENT

200

100
E
V
D
g

0

100

10 16
INCHES OVERCOPED

KEYs

AXIS „I
AXIS II

~ AXIS III
~R1 = -22-(-6) = —16
hR2 = 302-( —10) = 312
ORB = 264-1 = 263

K1„
K2
KB

1 ~ 01 )1 IN o

0 ~ 96 )1 IN ~

1. 01 ll IN.

U1 = 1>01 X —16 = —16
U2 = 0.96 X 312 = 300
UB = 1.01 X 263 = 266

ROCK TYPE; LIGHT GRAY SILICEOUS SANDSTONE

STRA I N RELI EF tlEASUREflENTS

BORING NO, RS — 1

TEST NO. 1

DEPTH 41'2 1/2"

>A>lL > A Poss Ts VE sNCREA$ $ sH sND1CATOR L>Ns TS
SNDSCATSS $ >>PANSSOH DS TNC EX r>OLE
DVRSNC DVCRCORSNO

A>>HOPS SSI SNDSCATC TOTAL DCSORHATSOH
uSLD TO CALCuLATE STRC$ $

PLATE E-5
DAMWS 8 MOORS
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500

II 00 PLANE OF MEASUREMENT

n
I
~0

300

200
5

V

100

100

12 1II 16

INCHE5 OVERCORED

KEYs

AXIS I
AXIS II

~ AXIS I I I

AR1 = 154-( —13) = 167
ER2 = 278-( —16) = 294
BR3 = 411-.( —11) = 422

Kl
K2
K3 .=

1+ 01 LI IN.
0. 96 1J IN.
1'01 )1 IN ~

Ul = 1.01 X 167 = 169
U2 = 0.96 X 294 = 282
U3 = F 01 X 422 = 426

ROCK TYPEI LIGHT TO MEDIUM GRAY
SILICEOUS SANDSTONE

STRAIN RELIEF flEASUREi1ENTS

BORING NO, RS — j.
TEST NO,

2'EPTH43'10"

HDIE ~ A PDSI TIVE INCREASE IN INDICATOR UNIT5
INDICATES ERRAHSIOH OR THE EX HOLE
DUR INC OVERCOR INC

ARROVS IS ) INDICATE TOTAL DEFORHAT ION
uSED TO CALCVLATE STRESS

PLATE E-6
DAMEO ES MOOSEEI
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1300

1200

1100

1000

900

800

700

800

500

PLANE OF MEASUREMENT

KEY)

AXIS I
0 AXIS II
~ AXIS III

AR1 = 1097-0 = 1097
BR2 = 1315-( —17) = 1322
AR3 = 1322-( —15) = 1337

II 0 0

K1 = 1.01
K2 = 0.96
Kp = 1.01

PIN.
PIN.
)1 IN.

300

200

100

U1 = 1. 01 X 1097 = 1108
U2 = 0.96 X 1322 = 1269
Ug = 1.01 X 1337 = 1350

ROCK TYPE) LIGHT GRAY
SILICEOUS SANDSTONE
TO DARK, GRAY ARGILLACEOUS
SANDSTONE

100

10 12 1II 16 18
INCHES OVERCOQEO.

STRAIN RELIEF llEASLIRE"'1ENTS

BORING RS —. i

TEST NO,

DEPTH ~6'5"

NO)de A POS)T)VC )NCRSASd 'IN )NO)CA)OR UH)T5
IND)CATRS CXPANS)ON OP THC CX NOld
DVR)NC OVSRCOR)NC

SRROVS Ih) )NO)CATC TOTAl OSPORNAT)ON
USSD TO CALCN.ATd STRCSS

PLATE E-7
~SANIES dS MOORS)





400

300
PLANE OF MEASUREMENT

200

5

100
U
0
Z

0

100

10 12 14 16

INCHES OVERCOREO

200

KEYI

JL AXIS I
0 AXIS I I
~ AXIS I I I

~R1 = —112-9 = —121
BR2 = 96-(-8) = 104
BR3 = 294-(-5) = 299

K1
K2
K3

1.01 PIN ~ Ul
,096 )1IN. U2
1.01 PIN. U3

1. 01 X —121 = —122
0 ~ 96 X 104 = 100
1.01 X 299 = 302

ROCK TYPEs LIGHT GRAY SILICEOUS SANDSTONE
WITH SHALE INTERBED

STRAIN . RELIEF NEAStjRENENTS

BORING RS — 1

TEST NO,

DEPTH

47'9'OTE

I A ROSI TIVE INCREA5E IN INDICATOR UNITS
! NDICAT ES EXPANSION OE TNE EX HOLE
DUN INC OVERCORINS

ARROVS I is INDICATE TO'TAL DEPORNATION
USED TO CALCULATE STRE55

PLATE E-8
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300

vs 200
I

D

100
A
V
a
g

PLANE OF MEASUREMENT

12 1R 16 18
INCHES OVERCORE D

100

KEYs

AXIS I
0 AXIS II
o AXIS III

DR1 = -68-(-9) = —59
BR2 = 255-(-9) = 264
AR3 = 287-( —11) = 298

K1 = 1. 06 WIN.
K2 = 1 ~ 09 P IN ~

K3 = 1.08 WIN.

U1 = 1''.06 X -59 = -63
U2 = 1.09 X 264 = 288
U3 = 1.08 X 298 = 322

ROCK TYPEI LIGHT TO MEDIUM GRAY SANDSTONE

STRA. IN RELIEF f'1EASURENENTS

BORING RS — j.

TEST NO, 8

DEPTH 55'9"

HO'If I A FOSITIVE INCREASE IH INDICATOII VHI TS
INDICA'TC.S fX>ANSION OF TNC EX HOLE
DVR INC OVfRCDR INC

ARROWS II ) INDICATE TOTAL OEFORHAT ION
VSE 0 TO CALCVLATE STRE SS
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PLANE OF MEASUREMENT

200

Z

100
V
O
I

100

10 12 1h
ISSCSSES OVERCDRED

KEYs

AXIS I.
o AXIS II
o AXIS III

BR1 = 72-2 ~,'70
BR2 = 299-( —1) = 300
BR3 = 241-(-4) = 245

s

Kl
K2-=
K3

1':,06 )1IN. U1
1 ~ 09 )1 IN. U2
1 s 08 WIN. U3

1.06 X 70 = 74
1.09 X 300 = 327
ls08 X 245 = 265

ROCK TYPEI LIGHT GRAY SILICEOUS SANDSTONE,
OCCASIONAL SHALE CLASTS

- STRAIN RELIEF NEASUREf'1ENTS

BORI NG RS — j.
TEST NO, 9

DEPTH 55'0"

NOTEs * POSITIVE INCREASE IN INDICATOR UNITS
INDIC*TKS EXPANSION OP THE EX NOS K
DVRIHQ OVERCORINS

h'SNSOVSt,t I INDICATE TOTAL DKSORNAT ION
USED TO CALCULATE STRESS

PLATE E- 1 0
ESMIMIHCI ES SHKSKSSSN
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PLANE OF MEASUREMENT

200
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u'

I

o 0

X

100

10 12
INCHES OVERCOREO

200

KEY I

A'XI S I
o AXIS II
o A'XIS I I I

~R1 = —162-0 = —162
LR2 = 254-8 = 246
BR3 = 117-0 = 117

K), = 1. 06 WIN.
K2 = 1 ~ 09 jlIN.
K3 = 1. 08 PIN.

U1 = 1. 06 X —162 = —172
U2 = 1.09 X 246 = 268
U3 = 1.08 X 117 = 126

ROCK I TYPE I LIGHT TO MEDIUM GRAY SILICEOUS
.SANDSTONE TO SLIGHTLY ARGILLACEOUS.
SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — j.
TEST NO, 12

DEPTH 58'5"

NOTEs A POSITIVE INCAEASE IN IHDICATOR UNITS
INDICATES EXPAN5 I ON OF THE EX HOLE
OURING OVERCORINC

ARROWS lb) INOICATE TOTAI. OEFOANATION
VSEO TO CALEB.ATE STRESS

PLATE E- 1 1

DAMNEE B MOORS





II 00

PLANE OF MEASUREMENT

300

200

Rtl
o
4
O

2

100

16

INCNES OVERCOREO

100

KEY I

AXIS I
0 AXIS II "

a AXIS III
~R1 = 90-(-'21 ) = 111
BR2 = 305-(-2) = 307
BR3 = 236-(-7) = 243

Kl = 1 o 06 )1 INo
K2 = 1 o09 PIN.
K3 = 1. 08 )1 IN ~

U'1 — 1.06 X 111 = 118
U2 = 1.09 X 307 = 335
U3 = lo08 X 243 262

ROCK TYPEs MEDIUM GRAY GRAYWACKE

STRA IN RELIEF f1EASUREr<ENTS

BORING RS — 1

TEST NO, 10

DEPTH 61'0"

NOTE ~ A POSI T IVE INCREASE IN INOICATOR UNITS
INOI CATE S EXPANSION Of THE EX NOLE
OUR INC OVERCOR INC

SRROWS II) INOICATE TOTAL OESORRATIO'N
VSEO TO CALCVLATE STRESS

PLATE E-12
ESAMEIS ES MOORS





300 PLANE OF MEASUREMENT

v) 200
H

2

100
V
a
Z

100

10 16
INCHES CVERCORED

KEYs

AXIS I
o AXIS II
0 AXIS III

BR1 = —,43-(-2) = -45
BR2 = 208-(-6) = 214
BR3 = 208-( —4) = 204

K1
K2
K3

1.10 )1IN. U1
1. 10 )1 IN. U2
1. 06 QIN. U3

1.10 X -45 = -49+5
1.10 X 214 = 235
1.06 X 204 = 216

ROCK TYPE s LIGHT GRAY SILICEOUS SANDSTONE
WITH BLACK SHALE INTERBEDS

STRA IN RELIEF''1EASUREt'1ENTS

BORING RS - 1

TEST NO, 15
DEPTH 63'0"

NOTE ~ A POSIT IVE INCREA5E IN INDICATOR UNITS
IND)CATES EXPANSIDN Of THE EX HOLE
DURING OVERCDRING

Aaaor5 l5) INolcATE TDTAL DEFDRNATIDN
USED TO CALCULATE STRE55

PLATE E-1 3
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700 PLANE OF MEASUREMENT

600
I
~4

5

So
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10

10 12 )4 16
INi~tS OVERCORED

KEY I

AXIS I
0 AXIS II

AXIS III
Kl = 1 ~ 10 9 IN.
K2 = 1. 10 WIN.
K3 = 1. 06 PIN.

BR) = 659-5 = 654
BR2 = 1024-(-2) = 1026
BR3 = 1066-0 = '1066

U1 = 1<10 X 654 = 719
U2 = 1.10 X 1026 = 1129
U3 = 1.06 X 1066 = 1130

ROCK TYPEs MEDIUM DARK
GRAY ARGILLACEOUS
SANDSTONE WITH SHALEI NTERLAMI NATIONS

STRAIN RELIEF flEASUREMENTS

BORING RS — 1

TEST NO. 16
DEPTH 611'8 1/2"

NOTE ~ A POS)TIVE )NCREASE IN INDICATOR UNITS
INDICA'Tt5 EXPANSION OF THE EX HOLE
OUR)NO OVERCOR)NC,

ARROXS Il) INOICATt TOTAL OEFORNATION
USED TO CALCULATE STRESS

PLATE E- 14
OAt)VIS)8 B NOOa)t





200

PLANE OF MEASUREMENT

100

10 12 14
INCHES CiE~COREO

100

200

KEY I

AXIS I
0 AXIS II

AXIS III
~R1 = 21 —(-21) = 42
~R2 = 210- (-25 ) = 235
BR3 = 217- (-22 ) = 239

K1
K2
K3

1.10 PIN.
1.10 )1IN.
1.06 WIN.

U1 = 1.10 X 42 = 46
U2 = 1.10 X 235 = 259
U3 = 1.06 X 239 = 253

ROCK TYPE I MEDIUM GRAY ARGILLACEOUS SANDSTONE
INTERBEDDED WITH LIGHT GRAY
SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 1
TEST NO, 17
DEPTH 66'1"

NOTE s A ROSI TIVE INCREASE 'IN INOICATOR UNIT5
INOICATES EXFANSION OF THE EX HOLE
OUR INC OVERCORING

ARROVS I I ) I NO ICATE TOTAL OEI ORNA T ION
U5EO TO CALCULATE STRESS

PLATE E- 1 5
ESANSSS 0 SVSOOSSOI





500

PLANE OF MEASUREMENT

II 0 0

300
I

5 200

V

100

')0 )2 )II )6
INCHES OVE+CORSO

100

KEY I

AXIS I
0 AXIS II
0 AXIS III

6R) = 150-(-31) =,181
BR2 = 409-(-36) = 445
BR3 = 468-(-19) = 487

K)
K2
K)

1. 07- ))IN.
1.10 PIN.
1. 03 PIN.

U) = 1.07 X 181 = 194
U2 = 1+10 X 445 = 490
U3 = 1 '3 X 487 = 502

ROCK TYPE I LIGHT GRAY SILICEOUS SANDSTONE
TO MEDIUM ARGILLACEOUS" SANDSTONE

STRArN RE< rEF t>EASUREr<ENTS

BORING RS - 1

TEST NO, 18

DEPTH 68'4"

NOTE ~ * POSI TIVE INCREASE IH INDICATOR UHITS
INDICATES EXPANSIOH OF TNE EX HOLE
DURINO OVERCORIHC

ARROVS I I I INDICATE TOTAL DEFORNAT'ION
USED TO CALCULATE STRESS

PLATE E-16
ESJLMISSSS ES IVICICSSSSS





500
PLANE OF MEASUREMENT

II 00

300
I
P

a
g 200
U

100

10 12 1 II 1

INCHES OVERCORED

100

KEY I

AXIS I
0 AXIS II

AXIS III
BR1 = 216-(-68) = 284
hR2 = 489-(-40) = 529
AR3 = 340-(-88) = 428

K1 = 1. 07 )1IN.
K2 = 1. 10 jlIN.
K3 = 1,03 )1 IN.

U1 = i+07 X 284 = 304
U2 = 1.10 X 529 = 582
U3 = 1.03 X 428 = 441

ROCK TYPE: MEDIUM GRAY ARGILLACEOUS
SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 1

TEST NO, 20

DEPTH 71'0"

NDTE I A POSITIVE INCRKASK IN INDICATOR UNITS
INDICA'IES EXRANS ION OF THE EX HOCK
DURING OVKRCORING

ARROWS I l ) INDICATK TOTAI DEF ORNA T ION
USED TO CAI.CIR.ATE STRESS

PLATE E-17
~SAMKIS ES MOOSKS





700

600 PLANE OF MEASUREMENT

500

Il 0 0

300

5

U
2 0 0.

Z
~\

100

10 12 16
INCHES OVKNCORED

100

,200,

KEY I

AXIS I
0 AXIS I I
,0 AXIS III

ARi = 431 —(-9) = 440
BR2 = 620- ( —12 ) = 632
BR3 = 541-(-10) = 551

K1
K2
K3

l. 01 PIN.
0 '9 PIN ~

1.01 )1IN.

U1 = 1.01 X 440 = 444
U2 = 0.99 X 632 = 626
U3 = 1.01 X 551 = 557

ROCK TYPEI LIGHT GRAY SANDSTONE TO MEDIUM
GRA'Y ARG ILLACEOUS SANDSTONE

I

STRAIN 'RELIIEF f1EASUREPIENTS

BORING RS — 1

TEST NO, 22

DEPTH 75'1 1/2"

HOTKl A POSITIVE INCHEASE, IH INOICATO4 UNITS
INOICATKS KX>ANSION Ol'HK KX HOCK
OUHING OVK4CO4 INC

A44OVS II I INDICATE TO'TAL OKEOIIHATION
USKO TO CALCULATE'T4ESS

PLATE E-18
DAMIISKS MOORS





300

200

1002

0 10 1

INCHES QVERCOREO

100

200

KEYs

AXIS I
0 AXIS II
o AXIS III

BR1 = -4- (-6) = 2

5Rg = 276-(-14) = 290
BR3 = 162-(-4) = 166

K1 = 1. 01 PIN.
KR = 0 99 )I IN.
K3 = -1. 01 WIN ~

U1 = 1+01 X 2 = 2

U2 = 0.99 X 290 = 287
U3 = 1.01 X 166 = 168

ROCK TYPEI MEDIUM GRAY ARGILLACEOUS SANDSTONE

STRAIN RELIEF NEASUREHENTS

BORING RS — j.
TEST NO, 24
DEPTH 74'9 1/2"

HOTC I A POSITIVE INCREASE IN IHOICATOR VNITS
INOICATCS EXPANSION OP THC EX HOLE
OVRIHC OVERCOR INC

ARR01S 11 ) INOICATE TOTAL OEPORRATION
USEO TO CALCULATC STRESS

PLATE E-19
DAMES B NOORSI





300
PLANE OF MEASUREMENT

200
Z

C
O
I

100

10 12 14 1

INCHES OTERCORED

100

KEYI

AXIS I
0 AXIS,.II
0 AXIS III

QRi = 250-(;-4), = 254
QR2 = 170-0 = 170
BR3 = 316~(-6) = 322

K1 = Oo 91 WIN ~

K2 = 0. 87 PIN.
K3 = 0. 89 PIN.

U1 = 0.91 X 254 = 231
U2 = 0.87 X 170 = 148
U3 = 0.89 X 322 = 287

ROCK TYPEs MEDIUM GRAY ARGILLACEOUS SANDSTONE

STRA IN RELI EF I"'iEASUREfjE,"JTS

BOR I fJG RS — j.
TEST NO

2'EPTH76'j;-"

NOTE I A POSI TIVE 'INCREASE IN INDICATOR UNITS
INDICATES EXPANSION OF THE EX NOI E
DURINO OVERCORINC

ARROWS S 4 I 'INDICATE TOTAI DEFORNAT ION
USED TO CAI.CUI.ATE STRESS

PLATE E-20
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PLANE OF MEASUREMENT

II 00

300

I

200

O

100

10. 12, 1 II
INCHES OVERCDRED

KEY I

4 AXIS I
0 AXIS I I
EI AXIS III

BR1 = 22- (-4 ) = 26
BR2 = 398- (-6 ) = 404

', BR3 = 212- (-4 ) = 216

K1
K2
K3

0. 91 )1 IN.
0. 87 )J IN.
0. 89 LI IN.

U1 = 0.91 X 26 = 24
U2 = 0.87 X 404 = 351
U3 = 0.89 X 216 = 192

ROCK TYPEI LIGHT GRAY SILICEOUS SANDSTONE

STRAIN RELIEF t1EASURENEiVTS

BORING RS — j.
TEST NO. 26

DEPTH 78'4"

NOTE ~ A POSITIVE INCREASE 'IN INDICATOR UNITS
INDICATES EXPANSION OP TNE EX NOI.E
DURING OVERCORING

*RROVS <4 ) INDICATE TOT*U DEFORNAT ION
USED TO CAI.CURATE STRESS

PLATE E-21
DANEEES ES EVEOOREE





600
PLANE OF MEASUREMENT

500

)) 00

300

I

V
O
X

200

100

)NC~ES DVERCORED

100

KEY I

AXIS I
AXIS I I

0 AXIS III
BR1 = 282-4 = 278
AR2 = 602-(-6) = 608
AR3 = 472-(;2) = 474

K1
K2
K3

'0. 91 P IN.
0. 87 P IN.
0. 89 P IN.

U1 = 0+91 X 278 = 253
U2 = 0.87 X- 608 = 529
U3 = 0.89 X- 474 = 422

ROCK TYPE) LIGHT TO MEDIUM GRAY ARGILLACEOUS
SANDSTONE

STRAIru RELIEF NEASURECIENTS

BORING RS — j.
TEST NO, 27
DEPTH 81'8"

NOTE) A POSITIVE INCREASE )H INDICATOR UNITS
)NDICATES EXPANSION OF TNE EX kOLE
DURIHO OVERCORIHO

ARROWS II) IHD)CATE TOTAL DEFORHATION
U5ED TD CALCULATE STRESS

PLATE E-22
ESAMIS ES IVIOOSEEI
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PLANE OF MEASUREMENT

1000
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o soo
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10 12 14 16
INCHES OVCPC RED.

100

200

KEY I

AXIS I
cI AXIS II
0 AXIS III

K1 = 0. 91 WIN.
K2 = 0. 87 PIN.
Kg = 0. 89 PIN.

hR 1
= 560-8 = 552

QR2 = 930-(-8) = 938
BR' 774-2 = 772

U1 = 0 '1 X 552 = 502
U2 = 0.87 X 938 = 816
Up = 0.89 X 772 = 687

STRAIN RELIEF NEASUREHENTS

BORINu RS — 1

TEST No. 28
DEPTH 85'10"

ROCK TYPE I MEDIUM GRAY
ARGILLACEOUS SANDSTONE

NOTEs A POSITIVE INCREASE IN INDICATOR UNITS
INDICATES EXPANSION OP THE EX HOLE
DURINC OVERCOR INC

ARROVS II) INDICATE TOTAL DEPORNATION
USED TO CALCULATE STRESS

PLATE E-23
DASVIIES ES MOONIE





PLANE OF MEASUREMENT

II 0 0

300

200

5
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I

U

0

-i'Oo

10 12 1

INCHES OVERCOREO

200

KEY I

AXIS I
0 AXIS II

AXIS III
AR1 = 63-(-1 ) = 64
BR2 = 318-1 = 317
BR 3 = 347- (-6 ) = 353

K1
K2
Kj,

0. 90 )1 IN.
0. 93 )1 IN.
0. 95 )1 IN.

U1 = 0.90 X 64 = 58
U2 = 0.93 X 317 = 295
U3 = 0+95 X 353 = 335

ROCK TYPE I LIGHT GRAY SILICEOUS SANDSTONE
TO DARK GRAY ARGILLACEOUS SANDSTONE

STRAIN;REL'IEF fPEASUREf1ENTS

BORING RS — 1

TEST NO, 29
DEPTH 87'1/2"

NOTE ~ A POSITIVE INCREASE IN INOICATOR UNITS
INOICATES ERRANS ION OF THE EX HOLE
OURINS OVERCORINC

ARROVS I I I INDICATE TOTAL OEFORNATI ON
USEO TO CALCULA'TE,,STRESS

PLATE E-24
ESSEaeIEES ES aeOOSaa
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INCHES OVERCORED

200

KEY I

'4 AXIS I
0 AXIS II
0 AXIS III

K1 = 0, 90 PI'.
K2 = 0.93 )1IN.
Kg = 0.95 WIN.

BR1 = 574-10 = 564
QR2 = 842-('-12) = 854
BR' 579-(-4) = 583

U1 = 0.90 X 564 = 508
U2 = 0.93 X 854 = 794
U3 = 0.95 X 583 = 554

ROCK TYPEI DARK TO MEDIUM GRAY ARGILLACEOUS
SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 1

TEST'O, 30
DEPTH 88'2"

NOTEs A POSITIVE 'INCREASE IN INDICATOR VNITS
INDICATES EXPANSION OP THE EX HOLE
DURING OVERCORING

ARRDVS <I ) INDICATE TOTAL DEPORNAT I ON
V5ED TO CALCULATE STRES5

PLATE E-25
ESJKIAsIIRSS SS ONCSCSSEI
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INCHES OVERCORED

100

KEY I

AXIS I
cI AXIS I I
0 AXIS III

BR1 = 207-5 = 202
hR2 = 496-(-6) = 502
ORB = 494-1 = 493

K1 = 0.90 PIN.
K2 = 0. 93 t1 IN.
KB = 0 ~ 95 11INo

U1 = 0+90 X 202 = 182
U2 = 0 '3 X 502 = 467
UB = 0.95 X 493 = 468

ROCK TYPEs MEDIUM GRAY ARGILLACEOUS SANDSTONE

STRAIN RELIEF I"IEASURPlENTS

BORING RS — j.
TEST NO, 30

DEPTH 92'9"

NOTE I A POSITIVE INCREASE IN INDICATOR UNITS
INDICATES EXPANSION OP THE EX HOLE
OUR I NG OVER CDR I NG

ARROVS II) INDICATE TOTAL DEPORNATION
USED TO CAI CULATE STRESS

PLATE E-26
DAMEIS S IVIOOR55
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100

200

KEY I

AXIS I
o AXIS I I
0 AXIS III

BR1 = 170-( —104) = 224
BR2 = 498-(-34) = 532
BR3 = 403-(-51) = 454

K1 = 0. 90 WIN.
K2 = 0. 93 WIN.
K3 = 0. 95 WIN.

U1 = 0.90. X 274 = 247
U2 = '0.93 X 532 = 495
U3 = 0.95 X 454 = 431

ROCK TYPEs LIGHT GRAY SANDSTONE TO DARK
TO 'EDIUM GRAY 'ARGILLACEOUS

„

SANDSTONE

STRAIN RELIEF'lEASUREMENTS

BORING RS — 1

TEST NO.'5
DEPTH 96'10"

NOTE< A POSITIVE INCREASE IH INDICATOR UNITS
INDICATES EXPANSION OF THE EX HOLE
DURING OVERCDRING

ARROVS I t I INDICATE TOTAL DEFORNAT ION
USED TO CALCVLATE STRESS

PLATE E-27
ESAMIES D MOOSEEI
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AXIS I
0 AXIS II

AXIS III
QR1 = 280-(.-21) = 301
BR2 = 516-15 = 501
hR3 = 605-40 = 565

K1 =. 0. 90 WIN.
K2 = 0. 93 PIN.
K3 = 0. 95 PIN.

U1 = 0.90 X 301 = 271
U2 = 0.93 X 501 = 466
UO = 0 '5 X 565 = 537

ROCK TYPE) LIGHT GRAY SANDSTONE TO MEDIUM
"GRAY ARGILLACEOUS,SANDSTONE

1

STRAIN '.;RELIEF .,fREASURENENTS

BORING RS — 1

TEST NO, 36
DEPTH 98'2"

4

ROTC s A ROS) T IVC ) NCRCA5C IN ) ND) CATOI) VN)TS
)NDICATCS CXPAN5)ON OR, TNC'CX NOLC
DVRINO OVCRCOR)NC

ARROVS )5) INDICATC TOTAL DCRORRAT)ON
VSCD TO CALCVLATC STRC55

PLATE E-2S
CSaaa)CS a aaOOSaa
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AXIS I
AXIS II
AXIS III

hR1 = 200-5 = 195
BR2 = 422-3 = 419
5R 3 = 543- 17 = 526

K1
K2
K3

0. 89 P IN.
0. 91 1JIN.
0 ~ 94 P IN.

U1 — 0+89 X 195 = 174
U2 = 0.91 X 419 = 381
U3 = 0.94 X 526 = 494

ROCK TYPE I MEDIUM GRAY ARGILLACEOUS SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 1

TEST NO, 58

DEPTH 100'9"

NOTE ~ A POSIT)VE INCREASE IN INDICATOR UNITS
INDICATES EXPANSION OF THE EX HOLE
DURING OVERCORING

ARROWS Ii) INDICA'TE TOTAL OEFOIINATION
USED TO CALCULATE STRESS

PLATE E-29

DUMMIES

S MOOSEEI





600 PLANE OF MEASUREMENT

500

400

300
2

200
V
O
Z

100

100

12 14 16 18
INCHES DVEACORED

KEYI

AXIS I
0 AXIS II

AXIS III
~R1 = 203-10 = 193
QR2 = 326-( —10) = 336
~R3 = 517-(-9) = 526

K1 = 0.89 LIIN. U1 = 0 '9 X 193 = 172-
K2 = 0. 91 PIN. U2 = 0.91 X 336 = 306
K3 0 ~ 94 PIN ~ U3 0 ~ 94 X 526 494

QGCK TYPKI MEDIUM'GRAY'R'GILTLACEOUS'ANDSTONE GRADING
TO L I.GHT GRAY SILICEOUS SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 1

TEST NO, I40

DEPTH 103'3"

NOTE i A POSIT IVE INCREASE. IN INDICATOR VNITS
INDICATES EXPANSION OF THE EX HOLE
DVRING OVERCORING

ARRORS (i ) INDICATE TOTAL DEFORNATION
USED TO CALCVLATE STRESS

PLATE E-30
~SJLMEIS ES MOOIAtCl
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AXIS I
0 AXIS II
o AXIS III

5R g
= -50-10 = -60

QR2 = 180-3 = 177
QR3 = 565-7 = 558

Kg
K2
K3

0 95 1J IN
1. 00 PIN.
0. 94 WIN.

Ug = 0.95 X -60 = -57
U2 = 1.00 X 177 = 177
U3 = 0.94 X 558 = 525

ROCK TYPEI LIGHT GRAY SILICEOUS SANDSTONE

STRAIN RELIEF NEASUR EVENTS

BORING RS — 1

TEST NO. 44
DEPTH 120'6"

NOTE ~ A POSITIVE INCREASE IN INOICATOR UNITS
INO'ICATES EXPANSION OP THE EX HOLE
OURING OVERCORING

ARROVS,If) INDICATE TOTAL OEFORNATION
USEO TO CALCULATE 5TRESS

PLATE E 31
DASVIIES ES NOOSECS
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«200
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AXIS' I I

L1R1 = —100-11 = —111
BR2 =,100-4 = 96
BRB = 390-2 ='88

,K1 = 0. 95 WIN.
K2 = 1. 00 1l IN.
KB = 0. 94 PIN.

U1 =,0. 95 X -111 = -106
U2 = 1+00 X 96 = 96
UB = 0.94 X 388 = 365

ROCK TYPE I INTERBEDDED ARGILLACEOUS SANDSTONE
AND SHALE

STRAIN RELIEF '1EASURENENTS

BORING RS — 1

TEST NO, 08

DEPTH 123'l"

NOTE t A POSITIVE INCREA5E IN INDICATOR UNIT5
INDICATES EXPANSION OF THE EX HOLE
OURINC OVERCOR INC

ARROVS Ii I INDICATE TOTAL OEFORNAT ION
USED TO CALCULATE STRESS-

PLATE
E7ANEIS S NOOREE
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I;,'1

—,91 PIN.
Kg = . 89 '4 IN.
K3 = . 91 PIN.

BR1
BR3
ER3 =

U1
Ug
U3

33- (-2 ) = 35
222-(-3) = 225
45-(-4) = 49

.91 X 35 = 32

.89 X 225 = 200

.91 X 49 = 45

ROCK TYPE I LIGHT GRAY SILICEOUS
, SANDSTONE

STRAIN RELIEF NEASURPIENTS

BORING RS — 2

TEST NO, 2

DEPTH 22'8"

NDI5 ~ A POSITIVE INCREASE IN INDICATOR VNIT5
INDICATE5 EXPANSION OF TNE EX HOLE
DURING OVERCDRING

AHROV5 I I I INDICATE TOTAL DEPOIINAT ION
V5ED TO CALCULATE 5TRESS

PLATE E-33
DAIVICIS ES MOOSECI
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hR1 = 20-3 = 17
BR2 =-64-( —12) = -52
hR3 = -76-20 = =96

K1 = . 91 llIN.
K2 = . 89 t1 IN.
K3 = .91 PIN

U1 = .91 X
U2 = .89 X
U3 = .91 X

17 = 15
—52 = -46
-96 = -87

ROCK TYPE I LIGHT GRAY SILICEOUS
SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 2

TEST NO, 3

DEPTH 25'8'./2"

NUIE ~ A POSITIVE INCREASE IN INOICAIOR UNITS
INOICATES EXPANSION,OP THE EX HOLE
oval NS ovEacoR INC

*aaOvs (I ) INOICATE TOTAL OEPORNATION.
VSEO 'IO CALCULATE STRESS

PLATE E-34
ESSEMEIS B MOOSSOI





100
PLANE OF MEASUREMENT

100

16
INCHES OVERCOREO
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KEY I

AXIS I
o AXIS II

AXIS III
DRY = —55-( —8)
hR2 = -33-(-11
DR3 = -86 —(-8

—47
) = —22
) = -78

Ky
K2
K3

~ 90 )I IN ~

. 90 )I IN.

. 93 'lI IN ~

U1 = .90 X -47
Up = .90 X -22
U3 = .93 X -78

—42
-20
—73

ROCK TYPE: LIGHT GRAY SILICEOUS
SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 2

TEST NO, 4

DEPTH 29'7"

NOTE s A POSITIVE INCREASE IH'INOICATOR UNITS
INOICAIES EXPANSION OF TNE EX HOLE
OUR INC OVERCOR I HC

ARROVS It I INDICATE TOTAL OEFORHAT ION
VSEO TO CALCULATE STRESS

PLATE E-35
ESANEIS B NOOSEEI
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h AXIS I
o AXIS II
0 AXIS I I I

hRI = 76 (,14) = 90
hR2 = 221-(35) = 256
hR3 = -352-( —4) = —348

K1 = .90 ))IN.
K2 = .90 )) IN.
K3 = .93 PIN,

U1 = +90 X 90 = 81
U2 = .90 X '256 = 230
U3 = .93 X -348 = -324

ROCK TYPE I LIGHT GRAY SILICEOUS
SANDSTONE

STRA I tl RELIEF NEASURENENTS

BORING RS — 2

TEST NO. 5

DEPTH 30'10"

HOIEi A POSITIVE INCREASE IN )HOICATOR VHITS
IHOICATE5 EXPANSION OP THE EX'OLE
OORIHC OVERCORINC

ARROWS I I ) INDICATE TOTAL OEI ORNAT ION
USEO TQ CALCULATE STRESS

PLATE E-36
ESM))RE))S ES SVSE)CSEE)
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0 AXIS II
o AXIS I I I

BRi = 59-(-19) = 78
AR2 = —123- (-6 ) = —117
hR3 = -121 —(-8) = —113

K1
K2
K3

~ 90 )) IN ~

~ 90 1) IN ~

. 93 )) IN.

U1 = ~ 90 X 78 = 70
U2 = .90 X —117 = —105
U3 = .93 X -113 = —105

ROCK TYPE I LIGHT GRAY SILICEOUS
SANDSTONE

STRAIN RELIEF NEASURENENTS I

BORING RS — 2

TEST NO, 6

DEPTH 52'j.j."

NOTEs A POSIT)VE INCREASE. IN IND)CATOR UNITS
INDICATES EXPANSION OF THE EX HOLE
OUR)NO OVERCORINC

ARROWS <t ) INDICATE TOTAI DEPORNATION
USED IO CALCULATE STRESS

PLATE E-37
ESA)V)E)$ B )VEOORC)
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KEY I

AXIS I
AXIS II

O'' AXIS I I I

BRI
DRg
AR3

205-( —11) = 216
-20 —( —15) = -5
-76 —( —10) = -66

K1
Kp
K3

. 90 )I IN.
~ 90 )I I N ~

. 93 )I IN.

U1
U2
U3

.90 X 216 = 194

.90 X —5 = -5

.93 X -66 = -61

ROCK TYPE I LIGHT GRAY SILICEOUS
SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING . RS — 2

TEST NO. 7

DEPTH 35'2"

HOTS ~ A POSITIVE IHCIIE*SE IH INDICATOR UNITS
INDICATES ERPAHSI OH DP THE KX HOI.E
DVRING OVERCORING

ARROVS I I ) IHDICA'TK TOTAL DKPDRNATION
uSKD TO CAI.CVI.ATE 5TRESS

PLATE E-38
ESAMEIS ES MOOSEDI
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KEY I
I

AXIS I
o AXIS I I

AXIS III
R1 = 698-(-4) = 702
R2 = 522-(-4) = 526
RB = 457-(-5) = 462

K1
K2
KB

. 89 )I IN.
~ 91 )I IN ~

~ 92 jl IN ~

U1 = .89 X 702 = 625
U2 = .91 X 526 = 479
UB = .92 X 462 = 425

ROCK TYPEs DARK GRAY ARGILLACEOUS SANDSTONE
WITH SHALE ZNTERLAMINAE GRADING TO
MEDIUM TO LIGHT GRAY SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS - 2

TEST NO, 8

DEPTH 38'8"

NOTE> A POSI TIVE INCREASE'N INOICATOR VNIT5
INOICAIES EXPANSION Of THE EX HOLE
OUR I NOi ' V E R C OR I NOi

ANNOV5 I5 I INOICATE TOTAL OESORRATION
OSEO TO CALCuLATE STRE55

PLATE E-39
~SaaeS55S e IRSOOaaa
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IHcNes ovERcoREo
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-200

KEYs

AXIS I
c) AXIS II
0 AXIS III

DR1 = 1'62-(-28) = 190
DR2 = —1,08- (-36 ) = -72
hR3 = —195- ( —16) = —179

K1
K2
K3

~ 89 IJ I N.
~ 91 1) IN ~

o 92 )) IN.

U1 = .89 X 190„ = 169
U2 = ~ 91 X -7Z '= '-66
U3 = -92 X —179 = —1'65

ROCK TYPE I SANDSTONE TO SHALE
TO SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 2

TEST NO, 9

DEPTH 41'1"

NOTes A

POSIT�)VE

INCREASE IN INOICATOR uNITS
INOICATES EXPANSION OF THE EX HOLE
ouR INC OYERcoR INC

ARROVS II ) INDICATE TOTAL OEFORHAT ION
usEO TO cALcuLATE sTRESs

PLATE E-40
DAM%8 ES MOOSSSS
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-200

KEY I

AXIS I
0 AXIS =I I
~ AXIS III

hR1 = —129-0 = -129
BR' 19-0 = 19
hR3'= -94-0 = -94

K1
K2
K3

o 89 +IN.
. 91 p IN.
. 92 p IN.

U1 = . 89 X -129 = "115
~ 91 X 19 17

U3 = ~ 92 X -94 = -86

ROCK TYPE) DARK GRAY GRAYWACKE TO LIGHT
GRAY SILICEOUS SANDSTONE

STRAIN RELIEF MEASUREMENTS

BORING RS —. 2

TEST NO, 10
DEPTH 45'10"

NOTE s A SOS) TIVE INCREASE: IN IHOICA)OR UNI TS
)NOICATES EXPANS)ON OF THE EX HOLE
OUR) NG . OVERCOR I HG

ARROR5 'll ) INDICATE TOTAL OEI ORHAT)ON
U5EO TO CALCULATE STRESS

PLATE E-41
ESAMEIS ES MOORE
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-200

KEYI

AXIS I
< .AXIS I I
0 AXIS III

AR1 = 230-(-6) = 236
~R2 = -140- (-6 ) = -134
hR3 = 31- (-7 ) = 38

K1
K2
K3

. 87 )I IN.
~ 89 )l IN ~

90 )I IN ~

U1.= .87 X 236 = 205
U2 = '89 X -134 = —119
U3 = 90 X 38 = 34

ROCK TYPE I LIGHT GRAY SILICEOUS SANDSTONE WITH MEDIUM
'GRAY ARGILLACEOUS SANDSTONE INTERBEDS

STRAIN RELIEF tIEASUREMENTS

BORING RS — 2

TEST NO. 14

DEPTH 47'4"

NOTdI A POSIT IVd IHCRSASS IN INOICATOR VNITS
INOICATSS dXPAHSIOH OC THS dX HOLd
OVR INC OVSRCOR INC

ARROWS I4) IHOICATd TOTAL OEI'ORNATJON
VSCO TO CALCVI.ATd STRSSS

PLATE E-42
DAMSIS 55 MOORS
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-200

KEY I

AXIS I
o AXIS II

AXIS III
hR1 = -65- (-2) = -63
BR' 4?-0 = 42
DR3 = -34-0 = —,34

K1
K2
K3

. 87 WIN.
~ 89 1I IN ~

. 90 1I IN.

U)
Ug
U3

.87 X -63 = -55

.89 X 42 = 37

.90 X -34 = -31

ROCK TYPE I LIGHT GRAY SILICEOUS SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 2

TEST NO. 15
DEPTH 49'1/2"

NOIR ~ A ROE I T I VE IHCREASE IH I HO I CATOR VNITS
,INOICA'IES EXPANSION OF INE EX'OLE
OVRING OVERCORIHG

ARROWS'l I IHOICATE 'TOTAL OCHORHAT ION
VSEO TO CALCVLATE STRESS

PLATE E-43
DAM%0 ES EVEOOEESE
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-'100

KEY i

AXIS I
0 AXIS II
9 AXIS III

6R) ~ 384-21
ER2 = 72-32
BR3, = 99-48

363
40
51

'K~ = .87 11IN.
K~ = ~ 89 ll IN.
K3 = . 90 WIN.

Ug = .87 X 363
Ug = .89 X 40
U3 = .90 X 51

316
36
46

ROCK TYPES DARK GRAY.SILTSTONE A'ND SHALE GRADING TO
'ARGILLACEOUS SANDSTONE

STRAIN RELIEF MEASUREMENTS

BORING RS — 2
TEST NO, 17
DEPTH 51'6"

NOTto A POSIT IVt INCRSASS IH INDICATOR VHITS
INDICATSS tXPANSION OP THC CX HOLt-
DVRINC DVSRCOR INC

ARRDVS { I I INDICATt TO'IAL DSPORNAT I ON
VSSD TO CALCVL*Tt SIRSSS

PLATE E-44
PAMSIS B MOORS
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KEYs

AXIS I
o AXIS I I
0 AXIS I I I

K1 = . 88 )I IN.
K2 = .92 uIN.
K3 = . 90 )I IN ~

AR1 = 601-(-23) = 624
hR2 = 508-(-9) = 517

-hR3 = 605-( —11) = 594

.88 X 624 = 549
U2 = .92 X 517 = 476

.90 X 594

ROCK TYPE I MEDIUM GRAY GRAYWACKE

STRAIN RELIEF NEASURENENT'S

BORING RS - 2

TEST NO.. 18

DEPTH 53'0"

HUIS s" A POSIT IVE INCREASE IN INO ICATOR UNI TS
INDICATES EXPANSION OP'HE EX = HOLE
OURINS OVERCORINS

ARROWS li) INDICATE- TOTAL DESORHATION
USED IO CALCULATE STRESS

PLATE E-45
ESANEIS ES MOORS





300 PLANE OF MEASUREMENT
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KEYI

AXIS I
0 AXIS II
0 AXIS III

~RI = 183-0 = 182
hR2 = 57-(-3) = 60
hR3 = —1 —(-7) = 6

K1 = . 88 P IN.
K2 = .92 PIN.
K3 = +90 PIN.

ROCK TYPE I MEDIUM

UI = .88 X 182 = 160
Ug = .92 X 60 = 55
U3 = .90 X 6 = 5

GRAY ARGILLACEOUS SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 2

TEST NO. 19

DEPTH 55'2"

HOlt s A POSITIVE INCREASE IN INDICATOR UNITS
INDICATES EXPANSION OI THE EX HOLE
DVRIHC OVERCOR INC

ARROVS III INDICATE TOTAL OEPORHATIOH
VSED IO CALCVLATE STRESS

PLATE E-46
DANIES B MOOSEEI
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200

KEYs

AXIS I
o AXIS I I
0 AXIS I I I

R1 = 50-(-4) = 54
R2 = -4-( —8) = 4
R3 = —108- (4 ) = -104

K1
K2
K3

~ 88 1) I N,
~ 92 )I IN.
e 90 1) IN.

U1 = F 88 X 54 = 48
U2 = .92 X 4 = 4
U3 = .90 X —104 = -94

ROCK TYPE) LIGHT."GRAY SILICEOUS SANDSTONE INTERBEDDED
WITH ARGILLACEOUS SANDSTONE

STRAIN RELIEF NEASUREftENTS

BORING RS — 2

TEST NO. 20
DEPTH 56'9"

NOTE ~
' POS) TIVE )NCREASE )N IHP)CATOR UNITS

!HOICATES EXPANSION OF THE EX HOLE
OVR)HC OVERCOR)HC

ARROWS )i ) INDICATE TOTAL OEl'ORHAT ION
VSEO TO CALCULATE STRESS

PLATE E-47
DASV))E8 ES MOORS
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10 12 1 4 INCHES OVERCORED

KEYI

+, AXIS I
o AXIS II
4 AXIS III

K1 = . 88 )I IN
K2 = . 92 )I IN.
K3 = . 90 )I IN.

hR'1 =

BR3=

U1
U2
U3

574-(-4) = 578
524-(-20) = 544
434-(-4) = 438

.88 X 578 = 509

.92 X 544 = 500

.90 X 438 = 394

ROCK TYPEs LIGHT GRAY SILICEOUS SANDSTONE INTERBEDDED WITH
DARK GRAY ARGILLACEOUS SANDSTONE WITH SHALE
LANI NATIONS

STRAIN RELIEF f1EAS0REC'IENTS

BORING RS — 2

TEST NO, 21
DEPTk 58'0"

NOTE> A POSITIVE INCREASE IN INDICA'IDR UNITS
INDICATES EXPANSION OF THE EX HOLE
DURING OTERCOR ING

ARRDVS I i I INDICATE TOtAL DEFORNATION
USED TO CALCULATE STRESS

PLATE E-48
DANASIES ES SVSOOSEEI
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200

KEY I

AXIS I
o AXIS II
o AXIS III

AR1
hR2
AR3

16-14 = 2
-81-5 = -86
-134-6 = -140

K1
K2
Kg

0. 88 MIN.
0.92 PIN.
0. 90 PIN.

U1 = 0.88 X 2 = 2
U2 = 0.92 X -86 = -79
U3 = 0.90 X —140 = —126

ROCK TYPE I LIGHT GRAY SILICEOUS SANDSTONE INTERBEDDED WITH
MEDIUM TO DARK GRAY ARGILLACEOUS SANDSTONE

STRA IN RELIEF i"1EASUREflENTS

BORING RS - 2

TEST NO, 23
DEPTH 60'j. j./2"

NOTEs A- ROSIT IVE INCREASE IN INOICATOR UNITS
INDICAICS'XPANSION OF THE EX HOLE
OURINC OVERCORING

ARROVS I 1 I INOICATE TOTAL OEFORNATION
USEO TO CALCULATE STRESS

PLATE E-49
DANSSES ES NOORSS





Il 0 0

300
PLANE OF MEASUREMENT

200

$
100

O
I

V
~0
0

0

1 0 12 14 16

INcHes ovfRcoREo

18

100

200

KEY I

AXIS I
0 AXIS II
~ AXIS III

~R1 = 241- (-8 ) = 249
hR p = 322- (-4 ) = 326
hR 3 = 266-2 = 264

K1
K2
K3

ROCK

0 ~ 88 P IN.
0 ~ 92 )1 IN ~

0 ~ 92 P IN.

U1 = 0.88 X 249 = 219
'U2 = 0. 92 X 326 = 300
U3 = 0.92 X 264 = 243

TYPE I MEDIUM TO DARK GRAY ARGILLACEOUS
SANDSTONE

STRA IN,. REL I EF NEASU REl'1EN TS

BORING RS — 2

TEST NO. 20

DEPTH 61
'"

NOTEs A POSITIVE INCREASE IH INOICATOR VHITS
IHOICATE5 fXRAHSIOH OR INE EX NOLf
OVRIHC OVERCOR INC

SRROVS II ) INOICATE TOTAL Of AORNAI ION
VSE0 TO CAI.CVLATf SIHESS

PLATE E-50
ESAMIEO B NOOSE ES





600

5 0'0

II 0 0
PLANE OF MEASUREMENT

lO
I

Z 300
(C
0

V
n 200
Z

100

—100

10 12 16
INCHES OVERCQRCD

KEY I

AXIS I
0 AXIS II
0 AXIS III

~R1 = 580- (-4) = 584
BR2 = 590-10 = 580
BR' 488-6 = 482

K1
K2
K3

0. 88 PIN.
0. 92 WIN.
0. 92 WIN.

U1 = 0 F 88 X 584 = 514
U2 = 0.92 X 580 = 534
U3 = 0.92 X 482 = 443

ROCK TYPE: MEDIUM TO DARK GRAY ARGILLACEOUS
SANDSTONE

STRAIN . RELIEF MEASUREMENTS

BORING RS — 2

TEST NO, 25
DEPTH H'2"

NOTE> A POSITIVE IH'REASE IN INDICAIOR VNI 5
INDICATES EXI INSION OF THC CR HOLE
DURING OVERC('RING

ARROIIS ( I )'NDICATE TDTAL DEFORNATION
USED TO CALCULATE STRESS

PLATE E-51
DJLMEIS B WOOAEI
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800

700

600
PLANE,OF MEASUREMENT

500

400

300

200

100

100

12 16
INCHES OVERCORED

200

-300

KEY I

AXIS I
AXIS II

~ AXIS I I I

QR1 = 784-(-6) = 790
QR2 = 702-( —10) = 712
hR3 = 654-(-8) = 662

K1
K2
K3

0 ~ 88 )j IN.
0. 92 )) IN.
0. 92 )1 IN.

U 1
= 0 ~ 88 X 790 = 695

U2 = 0.92 X 712 = 655
U3 = 0-92 X 662 = 609

ROCK .TYPE I MEDIUM. GRAY .ARGILLACEOUS SANDSTONE GRADING
TO LIGHT GRAY SILICEOUS SANDSTONE

STRA IN RELIEF I'lEASURE"1ENTS

BORING RS — 2
. TEST -NO. — 27
"DEPTH 65'7"

NOTE ~ A POSITIVE INCREASE 'IN INDICATOR UNITS
INDICATES EXPANSION 0< THE EX HOLE
DURING OVERCORING

ARROWS I I ) INDICATE TOTAl DESORNAT ION
USED TO CALCULATE STRESS

PLATE E-52
PAMEIO ES MOORS





PLANE OF MEASUREMENT

300

200

O
1OO

0
g

100

10 12 1II 16 18
INCHES OVERCORED

KEYI

AXIS I
0 AXIS II
4 AXIS III

BR1 = 198-(-4) = 202
BR2 = 124-0 = 124
BR3 = 94-(-6) = 100

K1 = 0. 88 WIN.
K2 =. 0.92 )1IN.
K3 = 0. 92 PIN.

U1 = 0.88 X 202 = 178
U2 = 0.92 X 124 = 114
U3 .= 0.92 X 100 = 92

ROCK TYPEs LIGHT GRAY SILICEOUS SANDSTONE TO MEDIUM
GRAY SLIGHTLY ARGILLACEOUS SANDSTONE

STRAIN - RELIEF HEASUREf'1ENTS

'ORING RS — 2

TEST NO. 28
DEPTH 66'10"

NOTEI A POSITIVE INCREASK IN INDICA'TOR UNITS
INDICATES EXPANSION OF THE EX HOLE
DURINC OVKRCOR INC

ARROWS I 0 ) IHDICATE TOTAL DEFORHAT ION
USKD TO CALCULATK STRESS

PLATE E-53
DAMSS ES MOORS





600

500

400'LANE OF MEASUREMENT

v>

300
I R

O
I

V
200

2
~4

100

INCHES OVERCORED

10 12 16 18

100

KEYs

AXIS I
0 .AXIS II

AXIS I I I

AR1 = 542-6 = 536
QR2 = 310-0 = 310
BR3 = 380-6 = 374

K1 = 0. 88 PIN.
K2 = 0.92 11IN.
K3 = 0. 92 PIN.

U1 = 0.88 X 536 = 472
U2 = 0.92 X 310 = 285
U3 = 0.92 X 374 = 344

ROCK. TYPE I MEDIUM GRAY ARGILLACEOUS SANDSTONE GRADING
TO L I'GHT GRAY S'I L I CEOUS SANDSTONE

STRA IN:RELI EF blEASUREI'1ENTS

BORING RS —,2
TEST NO. 30
DEPTH IC9'5"

NOTE ~ A POSITIVE INCREASE IH INDICATOR VHITS
IHD)CATES'X>AHSIOH OF THE EX HOI.E
DURING OVERCORIHO

ARROWS ft ) INDICATE TOTAL DEFORHAT ION
VSED TO CALCULATE STRE55

PLATE E-54
DAMES B MOOSENI





300 PLANE OF MEASUREMENT

200
2

O
100

D

0
X IN ssES OYERCORE 0

10 12 14 16 18

100

KEY I

AXIS I
0 AXIS II
0 AXIS III

LR 1
= 226-0

BR2 = -62-0
BR3 = -38-0

226
-62
—38

K1 = 0. 88 WIN.
K2 = 0. 92 l1 IN.
K3 = 0.92 liINs

U1 = 0.88 X
U2 = 0.92 X
U3 = 0.92 X

226 = 199
-62 = —57
-38 = -35

ROCK TYPEI LIGHT GRAY SILICEOUS SANDSTONE

STRAIN "RELIEF f'1EASURE'1ENTS

BORING RS — 2

TEST NO. 51
DEPTH 71'8"

NOTEs A POSITIVE INCRKASE IH INDICATOR UNITS
INDICATES EXPANS'IOH OF THE EX HOLE
DVR 'I HG 0 VEa C OR I NG

ARROSSS I l I INDICATK TOTAL OEFORHATIOH
VSKD TO CALCULATE STRESS

PLATE E-55
DAMES ES hOOOSEIS





500

II 0 0

ol 300
Z

0
200

V
~4

PLANE OF MEASUREMENT

100

100

10 12 14 10
INCHES OVERCOXEO

KEY I

AXIS I
0 AXIS I I
~ AXIS III

AR1 = 488-(-4) = 492
BR2 = 340-( —10) = -350
~R3 = 442-(-2) = 444

K1 = 0. 89 )1 IN.
Kz = 0.92 llIN.
K3 = 0+92 tlIN.

U1 = 0.89 X 492 = 438
U2 = Oo92 X 350 = 322
U3 = 0.92 X 444 = 408

ROCK TYPEI MEDIUM GRAY ARGILLACEOUS SANDSTONE

STRAIN RELIEF HEASURENENTS

BORING RS — 2

TEST NO. 32

DEPTH 73'j."

NOTE >, A PO5I TIVE INCREA5E IN INOICATOR UNIT5
INDICATES EXPANSION OP THE EX HOLE
OURINC OVERCORINC

ARROVS Ii ) INOICATE TOTAL OEPORHAT ION
USEO TO CALCULATE 5TRES5

PLATE E-56
ESANSS ES NOOAEE





PLANE OF MEASUREMENT

200

100
~ '

4
%I
Pl
O
5

100

10 12 16 18
INCHES OVERCORED

200

KEY I

AXIS "I
o AXIS II
~ AXIS III

ARi = 154-(-4) = 158
BR2 = -72-0 = -72
L))R3 = 16-2 = 14

K1
K2
K3

0 ..89 1J IN.
0. 92 'WIN.
0. 92 WIN.

U1 = 0.89 X 158 = 141
U2 = 0.92 X -72 = -66
U3 = 0 '2 X 14 = 13

ROCK TYPE) LIGHT GRAY SLIGHTLY SILICEOUS SANDSTONET OCCASIONAL
DARK GRAY SHALE CLASTS

STRAIN RELIEF I"lEASURENENTS

BORING RS — 2

TEST NO. 33

DEPTH 74'5"

NOTEs A POSITIVE INCREASE IH INDICATOR VNIT5
)HO)GATES EXPANSION OF THE EX HOLE
DURING OVERCORING

ARROVS I I) INDICATE TOTAL OESORNAT ION
USED TO CALCULATE STRE55

PLATE E- 57
DAMEIS ES MOOREI
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II 00

PLANE OF MEASUREMENT

300

200
2

N
O

100
Q

10 12 16 18
INCHES DYERC DRED

100

200

KEYI

AXIS I
0 AXIS I I
o AXIS III

ARI = 322 ( 10) = 332
BR2 = 6-( —12) = 18
QR3 = 360-0 = 360

K1
K2
K3

0+89 WIN.
0. 92 1I IN.
0. 92 11 IN.

U1 = 0.89 X 332 = 295
U2 = 0.92 X 18 = 17
U3 = 0.92 X 360 = 331

ROCK: TIYPEI ARGILLACEOUS SRNDSTONE, OCCASIONAL LIGHT
GRAY SILICEOUS SANDSTONE INTERBEDS

STRAIN RELIEF MEA,"UREMENTS

BORING RS — 2

TEST NO. 54
DEPTH 76'2"

NOTE ~ A POSITIVE INCREASE 'IN INDICATOR VNITS
INDICATE5 EAPANSION OF THE EX HOLE
OVRINC OVERCORINC

ARROWS I II INDICA'IE TOTAL DEFORHAT ION
VSEO 'TO CALCVI.ATE STRE 55

PLATE E-58
ESAMIES B MOORE
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PLANE OF MEASUREMENT

800

700
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itl
I

II 0 0
D

5

300
0
2

200

100

100

10 12 1 II

INCHES OVERCOREO

KEYI

AXIS I
0 AXIS I I

AXIS I I I

~R1 = 708-( —16) = 724
BR2 = 580-( —2) = 582
BR3 = 626-( —22) = 648

K1
K2
K3

.ROCK

0. 89 P IN. U1 = 0.89 X 724 = 644
0. 92 11 IN. U2 = 0.92 X 582 = 535
0.92 )1IN. U3 = 0.92 X 360 = 331
TYPEs MEDIUM GRAY ARGILLACEOUS SANDSTONE TO

LIGHT GRAY SANDSTONE WITH SHALE 'LAMINATIONS

STRAIN .RELIEF'iEASURENENTS
BOR*IN6 'RS —. 2

TEST NO. 36
DEPTH 79'6"

NOTEs A POSITIVE INCREASE IH IHDICATOR UNITS
INDI CA IES EXPANSION OIc THE EX HOLE
DVRIHC OVERCORINC

ARROVS I NI INDICATE TOTAL DEFORHATIOH
USED 'TO CALCULATE STRESS

PLATE E-59
DAMSS ES MOORS





PLANE OF MEASUREMENT

500
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D
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I
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~4
0
Z

100

—I 0

0'0INCHES OVERCDRED

KEY I

AXIS I
0 AXIS II

AXIS III
dRy
hR2
QR3

428-( —10) = 438
—10-(-2) = -8
-36-0 = '-36

Kl
K2
K3

0 ~ 84 )l I N.
0 ~ 92 ll I N.
0. 89 PIN.

Ui = 0.84 X 43S = 36S
U2 = 0.92 X -8 = -7
U3 = 0.89 X -36 = -32

ROCK TYPE: LIGHT GRAY SILICEOUS SANDSTONE TO DARK
GRAY ARGILLACEOUS SANDSTONE.

STRAIN RELIEF I'1EASURENENTS

BORING RS
-'

TEST NO, 38

DEPTH 82'j."

NDTEI A POSITIVE INCREASE IH INDICATOR UNITS
INDICATES EXPANSION OF THE EX HOLE
DURIHC DVERCORIHC

ARRDVS I f l INDICATE TOTAL DEFORNAT ION
VSEO TO CALCVLATE STRESS

PLATE" E-60
PAMEIS ES MOOSEm





1200
PLANE OF MEASUREMENT
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700

o 600

8

V
500

II 0 0

300

200

100
ROCK TYPE I MEDIUM GRAY ARGILLACEOUS

SANDSTONE

100
INCHES OVERCOREO

KEY I

AXIS I
0 AXIS I I
~ AXIS III

QR1 = 1112-( —10) = 1122
BR2 = 736-2 = 734
BR9 = 654-( —4) = 658

K1
K2
Kp

0. 91 jJ IN.
0. 90 jJ IN.
0. 89 j1 IN.

U1 = 0.91 X 1122 = 1021
U2 = 0.90 X 734 = 661
U9 = 0.89 X 658 = 586

Sj;RA I tl REL I EF NEASUREHENTS

BORING RS — 2

TEST NO. ~0

DEPTH 39'7 j./2"
NOTE I A POSITIVE INCREASE IN INOIC*TOR ONI TS

INOICATEL EXPAN~ ION Ot TNE EX ROLE
OVRINC OVERCORING

ARROVS II ) INDICATE TOTAL OEAORNAT ION
VSEO TO CALCVLATE STRESS

PLATE E-61
DAM!6$ ES MOORS





PLANE OF MEASUREMENT

800

700

600
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2
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I

V
0

200

100

10 12 14 16

100
INCHES OVERCORED

200

KEY I

A AXIS I
o AXIS II
4 AXIS III

L1R1 = 810- ( 2) = 812
~R2 = 66-0 = 66
BR3 = —140-0 = —140

K1
K2
K3

0. 91 11IN.
0. 90 PIN.
0. 89 PIN.

U1 = 0.91 X 812 = 739
U2 = 0 '0 X 66 = 59
U3 = Oo89 X -140 = -125

ROCK TYPE I LIGHT'RAY„SILICEOUS SANDSTONE

STRA IN RELIEF f'iEASURENE NTS

BORING RS — 2

TEST NO. 42

DEPTH 87'5"

NOTE ~ A POSITIVE INCREASE IN INDICATOR UNITS
INDICATES fXRANSION OF THE EX HOLE
DVRING OVERCORINC

ARROW ~ l4 I INDICATE TOTAl. DER ORRAT ION
V ~ ED IO CACCVGATS STRESS

PLATE E-62
ESAMEES ES MOOREE





1100

PLANE OF MEASUREMENT

1000
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800

700

600

500

400
I

V
O
2

300

200

100

ROCK TYPE I MEDIUM TO DARK GRAY
ARGILLACEOUS SANDSTONE

10 12 14

-100 INCHES OVERCORED

"200

KEY I

AXIS I
0 AXIS I I
0 AXIS I I I

K1 = 0. 91 )1 IN.
K2 = 0. 90 9 IN.
K3 = 0. 89 PIN.

~R1 = 1000- (-4 ) = 1004
~R2 = 710-0 = 710
AR3 = 378-( —4) = 374

U1 = Oo 91 X 1004 = 914
U2 = 0.90 X 710 = 639
U3 = 0.89 X 374 = 333

STRAIN RELIEF NEASUREHENTS

BORING RS — 2

TEST NO, 44

DEPTH 90'4"
NOTKs A POSIT'IVK INCREASE IN INDICATOR VNITS

INDICATES EXPANS1ON Of TNK EX HOLE
DVRINC OVERCORINS

ARROVS I I I 1NOI CATE TOTAL DEP ORNAT I ON
V5ED TO CALCVLATE STRESS

PLATE E-63
KSAMIKS ES IASOORSS
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a 200
I
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~i
a

100

0

100

10 12

INCHES OVERCOREO

- 200

KEY I

AXIS I
o AXIS I I
4 AXIS I I I

BR) = 568-(-17) = 585
BR2 = 108-0 = 108
AR3 = -20-(-2) = —18

Kl = 0+91
K2 = 0 '0
K3 = 0.89
ROCK TYPE

WIN. Ul = 0. 91 X 585 = 532
WIN. U2 = 0. 90 X 108 = 97
WIN ~ U3 =, 0.89 X —18 = —16

DARK GRAY,ARGILLACEOUS SANDSTONE TO
LIGHT". GRAY AIL.IGEOUS SANDSTONE

STRA IN REL I EF C'1EASURB1ENTS

BORING RS — 2

TEST NO. 45

DEPTH 91'8"

NOTEs A POSITIVE INCREASE IH INOICATOR VHITS
INOICATES EXPANSION OF THE EX NOLE
OVRIHC OVERCOR INC

ARROVS Ib I INOICATE TOTAL OEFORHATIOH
V5EO TO CALCULATE STRESS

PLATE E-64
DBMSES ES MOOEEEE





PLANE OF MEASUREMENT

100

I

5
Ro 100
I

U
O

200

INCHES OVERCORED

300

KEY I

4 AXIS I
o AXIS II

AXIS III
R I = -54- ( —15) = -39
Rp = -251- ( —19 ) = -232
R3 = -266- ( —10 ) = -256

K1
K2
K3

0.98 )IIN.
1. 01 )I IN ~

0 ~ 99 )I IN+

U1 = 0.'98 X -39 = -38
Ug = 1. 01 X —., 232 = —234"
U3 = 0.99 X -256 = -253

ROCK TYPE I MEDIUM GRAY ARGILLACEOUS
SANDSTONE

STRAIN RELIEF f".EASUREf1ENTS

BORING RS — 3

TEST NO. j.
DEPTH 6'8"

NO'IE ~ A POSITIVE INCREASE IH INDICATOR UNITS
INDICATES EXPANSION Of 'INE EX HOLE
DURING OVERCDRIHG

ARROVS II I INDICATE TOTAL DEf ORHAT ION
USED TO CALCULATE STRESS

PLATE E-65
ESAMSIS ES MOORS





PLANE OF MEASUREMENT

100

-100

5
v~ -200

10 12 1 II 1

INCHES OVERCORED

-300

-400

KEY I

AXIS I
o AXIS I I
0 AXIS I'I I

AR1 = —229-
PR2 = -330-
~R3 = —176-

( —15) = ;214
(-13) = -317
( —14) = —162

K1
Kp
K3

0. 98 lI IN.
1 ~ Ol )IIN.
0- 99 )I IN.

U1 = 0.98 X

U2 = F 01 X

U3 = 0.99 X

-214 = -210
-317 = -320
—162 = -160

ROCK TYPE: LIGHT TO MEDIUM GRAY SILICEOUS SANDSTONE
GRADING TO MEDIUM GRAY ARGILLACEOUS SANDSTONE

STRAIN RELIEF t1EASURENENTS

BORING RS — 3

TEST NO. 2

DEPTH 7'l"

NOTEs A POSITIVE INCREASE IH INDICATOR UNITS
INDICATES EXPANSION OP THE EX HOLE
DURINC OVERCORINO

ARROVS I) ) INDICATE TOTAL DEPORHAIION
USED TO CALCULATE STRE55

PLATE E-66
D1ILIVIIES ES EVEOOSEEE





PLANE OF MEASUREMENT

100
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a
O
s

=100
O

10 12 14 16
INCHES OVERCORED

-200

KEYs

AXIS I
AXIS II
AXIS III

BR1 = 49-3 = 46
~R2 = —124-6 = —130
~R3 = —94-4 = —98

Kl = 0. 99 PIN.
K2 = 1. 01 )I IN.
K3 = 1. 00 'PIN,

Ul = 0.99 X- 46 = 46
U2 = 1 ~ Ol X (-130) = —131
U3 = 1.00 X (-98) = -98

ROCK TYPE I LIGHT GRAY SILICEOUS SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 3

TEST NO. 4

DEPTH 13'2"

NOTEs A POSIT IVE INCREASE IN INDICATOR VNITS
INDICATES EXPANSION OF TSSE EX SSOLE
DVRING OVERCORING

ARROWS Ii) INDICATE TOTAL DEFORNATIDN
VSED TD CALCVLATE S'TRESS

PLATE E-67
ESAMRS B MOOSSEI
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—100
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INCHES OVERCOREO

-200

KEY I

AXIS I-
0 AXIS II

AXIS III
~RI = 213-(-8) = 221
~Rp. = —173-(-9) = —164
~R3 = 274-(-8) = 282

K1 = O. 99 )I IN.
K2 = 1 ~ 01 )I IN ~

K3 = 1. 00 )I IN.

U1 = 0.99 X 221 = 219
„U2 = le 01 X (-164) = -166
U3 = 1+00 X 282 = 282

ROCK TYPE: LIGHT SILICEOUS SANDSTONE

STRAIN RELIEF MEASUREMENTS

BORING RS - 5

TEST NO, 5

DEPTH 16'2"

HOTELS

A PO5I I IVE INCREASE IN INDICATOR VNITS
INOICATES EXPANSION OP 'IHE EX HOLE
OVIIIHC OVERCOR INC

ARRO1$ I 5) IHOICA'TE TOTAL OESORHAT ION
HSEO TO CALCVLATE STRESS

PLATE E-68
ESAMEIS B MOORIW





200

PLANE OF MEASUREMENT

100

5
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V
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-100

10 12 1)) 1
INCHES OVERCORED

-200

KEYs

>'XIS I
0 AXIS I I
0 AXIS III

hR1 = 170-(-30) = 200
AR2 = —134-( —19) ='-115
BR3 = 162-(-20) = 182,

Kl
K2
K3

ROCK

0. 99 )) IN. U1 = 0.99 X 200 = 198
1. 01 )) IN. U2 = l. 01 X ( —115) = —116
1. 00 )) IN. U3 = 1.00 X 182 = 182

TYPE s LIGHT GRAY SILICEOUS SANDSTONE WITH OCCASIONAL
MEDIUM GRAY ARG'ILLACEOUS SANDSTONE INTERBEDS

STRAIN RELIEF NEASURNENTS

BORING RS — 5

TEST NO. 7

DEPTH 18'4 1/2"

NOTE ~ A POSITIVE INCREASE )H INO!CATOR UNITS
'INOICATES EXPANSION OP THE EX HOLE
OURINC OVERCORIHC

ARROVS I)) )HO)CATE TOTAL OERORNAT)OH
USEO TO CALCULATE STRESS

PLATE E-69
DAME)ES B MOORS
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PLANE OF MEASUREMENT
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a I)00

V
v

300

200

100

100

10 12 16
INCHES OVKRCORED

200

KEYs

ROCK TYPE) MEDIUM TO DARK GRAY
ARGILLACEOUS SANDSTONE
TO 5 ILTSTONE

L AXIS I
0 AXIS I I
~ AXIS III

hRI = 958 ( —28 ) = 986
hR2 = 459- (-6 ) = 465
DR3 = 651-(-37) = 688

K1 = 0.97 PIN.
K2 = 1.01 PIN.
K3 = 1. 00 )) IN.

U1 = 0.97 X 986 = 939
U2 = 1.01 X 465 = 470
U3 = 1.00 X 688 = 688

DEPTH
HOIE) A POSI T IVE INCRKA5K IH INDICATOR VNITS

)HDICAIE5 EXPANSION OF TNK tt HOLE
DVR)NC OVtRCOR)NC

ARROWS If) )HDICATE TOTAL OEFORHAT)OH
VSED TO CALCULATE STRESS

STRAIN RELIEF I'1EASURENENTS

BORING RS - 3

TEST NO, 10
25'8 1/2"

PLATE E-70
KSAMKIS 55 MOORED





PLANE OF MEASUREMENT
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INCHES OVERCORED

200

300

KEY I

AXIS I
0 AXIS II
~ AXIS I I I

DRI
DR2
hR3

-218-28 = =246
-81 —10 = —91
-209-(-9) = -200

Kl = 0.97 6IN.
K2 = 1.01 PIN.
K3 = 1.00 PIN.

Ul = 0. 97 X -246 = -239
U2 = 1.01 X -91 = -92
U3 = 1. 00 X -200 = -200

ROCK-TYPE) MEDIUM GRAY SANDSTONE WITH INTERBEDS OF
ARGILLACEOUS SANDSTONE AND SHALEY SILTSTONE

STRAIN RELIEF NEASUREP1ENTS

BORING RS — 3

TEST NO, 11
DEPTM 27'9"

NOTE ~ A POS) T) VE INCREASE )N IND)CATOR VNITS
)NDICATES EXPAHS'ION OP THE EX HOLE
DVR)NG OVERCORINC

ARROWS lf) INDICATE TOTAL DEPORNAT)ON
USED 'TO CALCULATE STRESS

PLATE E-71
ESANEIES B MOOSEII





PLANE OF MEASUREMENT

800

700

600

500

II00

C
0

300

O
Z

200

100

1 II 1

INCHCS OVCRCORCD

100

KEYI

AXIS I
AXIS I I

0 AXIS III

ROCK TYPEI LIGHT GRAY SILICEOUS SANDSTONE,
OCCASIONAL SHALE CLASTS AND SHAl E
I NTERLAMI NAE

STRA IN RELIEF NEASUREf1ENTS

BORING RS — 3

TEST. NO. 13

DEPTH 31'8 1/2"

HOTC i A PD ~ ITIVC INCRCASC IH INDICATOR UNITS
INDICATCS CSPAHS ION OP THC CX HOLE
DURING OVCRCORING

TCST RCSULTS HOT INCLUDCO "IN THC OVERALL
INTCRPRCTATIOK OUC TO THC IRRCGULARITY
OP THC RCSULTS

PLATE E-72
CSAMCIS B MOORCI





PLANE OF MEASUREMENT

200

100
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Z

-100
10 12 16

INCHES OVERCOREO

KEY I

AXIS I
AXIS II
AXIS I I I

~RI = —12- ( —11) = —1

5R2 = 15I'I-( —19) = 173
DR3 = 83-(-29) = 112

K1
K2
K3

0. 97 il IN. U1
F 01 iIIN~ U2
1 ~ 00 )I IN+ U3

0 ~ 97 X —1 = -1
1. 01 X 173 = 175
1.00 X 112 = 112

ROCK TYPE) LIGHT GRAY SILICEOUS SANDSTONE
TO MEDIUM, GRAY ARGILLACEOUS SANDSTONE

STRAIN RELIEF I'1EASURENENTS

BORING RS — 3
= TEST NO. 14

DEPTH 32'10 1/2"

HOTEL A ROSI TIVE INCREASE IN IHOICATOR UNITS
IHOICATES EXPANSION OE THE EX HOLE
OVRINC OVERCORIHC

ARROVS I'i) INOICATE TOTAL OEFORNATION
OSEO TO CALCULATE STRESS

PLA TE E- '73
SSANSIS ES SVSOORSI





PLANE OF MEASUREMENT

100
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O

0
s

-100
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16
INCHES OVERCOREO

-200

KEY I

A AXIS I
0 AXIS II
~ AXIS III

~RI = 68-( —15) = 83
~R2 = —161- (-7) = -154
DR3 = -23- (-8 ) = -15

K1
K2
K3

0 ~ 98 )I IN.
1 . 00 )I IN.
0. 98 )I IN.

U1 = 0 ~ 98 X 83 = 81
U2 = 1 ~ 00 X -154 = -154
U3 = 0. 98 X —15 = —15

ROCK TYPEI LIGHT TO MEDIUM GRAY SANDSTONE TO
MEDIUM GRAY ARGILLACEOUS SANDSTONE,
OCCASIONAL FOSSIL HASH,

STRA IN RELIEF HEASUREf1ENTS

BORING RS — 3

TEST NO, 16
DEPTH 35'l 1/2"

NOTEs A POSITIVE INCREASE IN INOICATOR VNITS
INOICATES EXPANSION OF THE EX HOLE
OURINC OVCRCORINC

ARROWS 111 INOICATC TOTAL OEFORNAT ION
VSCO TO CALCMLATC STRCSS

PLATE E-74
CSAOAIIES B aeooeaa





PLANE OF MEASUREMENT
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10 12 1 II 16
INCHES OVERCORED

KEYs

AXIS I
AXIS II

e AXIS III
e

ROCK 'YPE I MEDIUM'O DARK GRAY ARGILLACEOUS
SANDSTONE

STRA IN RELIEF NEASUREI'lENTS

BORING RS — 3

TEST NO, 17
DEPTH 37'1 1/2"

NOTte A I OSIllvf INCREASE Iee INDICATOR UNITS
INDICATES EXeeANS I ON OF THE fX HOLE
DeeRINC OVERCORINC

TEST RESULTS NOT INCLUDED IN THE OVERALL
INTERIeRETATION DUE TO THE IRREGULARITY
OF THE RESULTS

PLATE E-75
DAMIES B MOORS





300

PLANE OF

g MEASUREMENT

200
I

5

I- 100
V

-100

10 12
INCHES OVERCOREO

KEY I

AXIS I
o AXIS II
a AXIS III

ROCK TYPE I MEDIUM GRAY ARGILLACEOUS
SANDSTONE TO GRAYWACKE

STRAIN RELIEF NEASUREI"IENTS

BORING RS — 3

TEST NO, 18

DEPTH 38'5"

NOTE ~ A POS I 1 I VE INC Rf ASE IN I NO) CATOR VHI TS
!HOICATE S fAPANSI OH OP THf fX HOLf
OVR INC OVE RCOR INC

TEST RESULTS NO'I INCLVOEO IN THE OVERALL
INTERPRETATION OUE TO THE IRRECULARITY
OP THE RESVLTS

PLATE E-76
ESASVIRS B MOORS





PLANE OF MEASUREMENT
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300
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10 12 1II 16
iNCHES OVE RCORE D

100

200

KEY I

A AXIS I
0 AXIS II
~ AXIS III

~R1 = 340- (-2 ) = 342
BR2 = 172-0 = 172
BR3 = 181-0 = 181

K1 = 0. 98 P IN.
K2 = 1 'O,WIN.
K3 = 0. 98 WIN.

U1 = 0.98 X 342 = 335
U2 = 1.00 X 172 = 172
U3 = 0.98 X 181 = 177

ROCK TYPE: MEDIUM TO DARK GRAY ARGILLACEOUS SANDSTONE

STRAIN RELIEF NEASUREHENTS

'ORING NO. RS — 5

TEST NO. 19
DEPTH 59'7"

NOlf s A POSI T I Vf 'INCRfASf IN INDICATOR UNITS
INDICAILS fXPANSION DA THE EX NOLE
DVRINC OVENCOR INC

AWRDvs I k) INDICATf TOTAL DfPORNATION
VSXD TO CALCVLATf STRESS

PLATE E-77
OAMSIS ES MOORS
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PLANE OF MEASUREMENT
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1 II 16
INCHES OVERCDREO

100

KEYs

AXIS I
cs AXIS II
~ AXIS III

~Ry = 556-( —15) = 571
BR 2 = 715- (-29 ) = 744
BR3 = 908-(-23) = 931

Ky
K2
K3

1 01 WIN. Uy = 1.01 X 571 = 577
0.97 )1IN. Up = 0.97 X 744 = 722
1-. Ol WIN. U3 = 1. 01 X 931 = 940

ROCK TYPEs MEDIUM GRAY ARGILLACEOUS SANDSTONE

STRA IN R EL IEF f'lEASUREf1ENTS

BOR INu NO, RS — 5

TEST NO. 2~

DEPTH 98'5"

~iDIS e A POSITIVE INCREASE IN INDICATOR UNITS
INDICATES EXPANSION OF THE EX HOLE
DURING OVERCOR ING

ARNOV5 I f) INDICATE TOTAL DEFORNAT ION
USED TO CALCULATE STRESS

PLATE E-78
ESANEIS ES NOORES
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100

100

10 12 16
INCHES OVERCORED

KEYI

AXIS I
AXIS II
AXIS III

STRAIN RELIEF f1EASUREI'"ENTS

BORING RS — 5

TEST NO, 27
DEPTH 55'j./2"

NOTEs A POSITIVE INCREASE IN INDICATOR UNITS
INDICATES EXPANSION OF THE EX HOLE
DURING OVFRCORING

TEST RESULTS NOT INCLUDED IN THE OVERALL
INTERPRETATION DUE TO THE IRREGULARITY
OF THE RESULTS

PLATE E-79
ESAMEIS 8 MOORSS
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10 „12 16
'INCHES OVERCOREO

100

200

KEYs

AXIS I
AXIS II

~ AXIS III
BR1 = 517-0 = 517
BR2 = 102-7 = 95
6Rg = 381-16 = 365

K1
K2
Kg

1. 01 11 IN.
0. 97 1J IN.
1. 01 1J IN.

U1 = 1.01 X 517 = 522
U2 = 0.97 X 95 = 92
U8 = 1.01 X 365 = 369

ROCK TYPEI MEDIUM GRAY ARGILLACEOUS SANDSTONE
WITH OCCASIONAL . SIL ICEOUS SANDSTONE AND
SHALE INTERBEDS

STRAIN RELIEF NEASURENENTS

BORING RS — 3

TEST NO, 28
DEPTH 54'4"

NOTE ~ A POSITIVE INCREASE IH IHOICATOR UNITS
IHOICATES EXPANSION OF THE EX HOLE
OURIHS OVERCORIHC

AHHOVS I4) IHOICATE TOTAL OEFORHATION
VSLO TO CALCULATE STRESS

PLATE E-'80
OAMSES ES MOORS
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—200

-300

KEYI
AXIS I
AXIS II
AXIS III

602 ( 18) = 620
AR2 317 (-12) = 329
l(R3 = —230- ( —19 ) = -211

K1 = 1.06 P
K2 = 1,09
K3 = 1.08

IN.
IN.
IN.

U1 = 1.06X620
U2 1.09X329
U3 = 1.08X-21

657
359

1 = -228

ROCK TYPEt MEDIUM GRAY ARGILLACEOUS SANDSTONE
WITH SILICEOUS SANDSTONE INTERBEDS

STRAIN RELIEF l'1EASUREilENTS

BORINb RS
-'

TEST NO, 35

DEPTH 67'2"

NOTE s A FOE I T IVE INCREASE IH IHOICATOR VHI TS
INDICA'tES EXRANStOH OR THE EX HOLE
DVRING OVEACORINC

ARROWS I i) INOICATE TOTAL OEFORHATIOH
VSEO TO CALCVLATE STRESS

PLATE E-8 1

OAMES Et MOORE
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100

INCHES'VERCORE D

200

300

400

KEYs

AXIS I
AXIS II

~ AXIS III
BR1 = 629-( —19) = 648 .,

BR2 =.663-(-12) = 675
BR3 = -356-( —12) = -344

K1
K2
K3

ROCK

1.06 )JIN. U1 = 1 '6 X 648 = 687
1. 09 )1 IN. U2 = 1>09 X 675 = 736
1.08 WIN. U3 = 1.08 X -344 = -372
TYPEs MEDIUM GRAY ARGILLACEOUS SANDSTONE

STRA IN RELIEF flEASUREf1ENTS

BORING RS —
3'EST

NO, 36
DEPTH 68'5 j./2"

N>>IE > A l>OS I T I VE INCREASE IN INDICATOR VNI T ~
INDICATES liXPAHSION OP TNE EX HOLE
DVRINC OVERCORINC

A><ROWS I S I INDICATE TOTAL Ot»ORNATI OH
VSLD 'IO CALCULATE STRESS

PLATE E-82
DAMES B MOORS
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PLANE OF MEASUREMENT

II 00

300

200 ROCK TYPEI LIGHT GRAY SILICEOUS
SANDSTONE WITH BLACK SHALE I NTERBED

ioo
~4
n
2

100

10 12 16 18
INCHES OVERCORED

200

300

II 00

KEYs

AXIS I
0 AXIS I I
~ AXIS III

~R1 = 755-( —17) = 738
BR2 = -206-(.-188) = —19
QR3 = -317-( —107) = -210

K1
K2
K3

1. 06 fJ IN.
1 ~ 09 9 IN o

1 ~ 08 llI N.

U1 = 1.06 X 738 = 782
U2 = 1 '9 X -19 = -21
U3 = F 08 X —210 = -227

STRAIN RELIEF NEASUREf'lENTS

BORING NO. RS — 3

TEST NO, 37
DEPTH 69'7 3/4"

HOTS I A POSITIVE INCREASE IH INDICATOR VN'IT5
INDICATE5 EXPANSION OP 'THE EX HOLE
DVRIHG OVERCOR ING

AIIROXS II) INDICATE TOTAL DEFORHATIOH
VSED TO CALCVLATE STRE55

PLATE E-83
ESAMESES ES MOOSER





PLANE OF MEASUREMENT
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-200

-300

-II00

-500

KEY I

AXIS I
0 AXIS II
~ AXIS I I I

BR1 = 430- (-9) = 439
BR2 = -414-6 = -420
QR3 = 483-( —12) = 495

K1
K2
K3

0. 85 )1 IN.
0. 87 )1 IN.
0 o 87 )1 IN.

U1 = 0.85 X 439 = 373
U2 = 0.87 X -420 = -365
U3 = 0.87 X 495 = 431

ROCK TYPE I LIGHT GRAY SILICEOUS SANDSTONE TO MEDIUM
GRAY ARGILLACEOUS SANDSTONE

STRAIN RELIEF I'lEASUREI'lENTS

BORING RS — 3

TEST iVO. 38
DEPTH 70'10"

t«lit s A ROSI T IVE INCREASE IN INOICATOR VHITS
I ~ OICAIES EXRAHSIOH OF THE EX HOLE
OVRIHS OVERCOA INC

ARROVS II) INOICATE TOTAL OEFORNATIOH
OSEO IO CALCULATE STRESS

PLATE E-84
DAM4$ ES MOOSE4
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INCHES OVERCORED

200

300

ROCK TYPEs LIGHT TO MEDIUM GRAY
SILICEOUS SANDSTONE WITH SHALE
CLASTS GRADING TO MEDIUM GR'AY
ARGILLACEOUS SANDSTONE WITH SHALE
INTERLAMINAE

-400

-500

KEYI

AXIS I
o AXIS II
~ AXIS I I I

K1 = 0. 85 )1 IN.
K2 = 0. 87 9 IN.
K3 = 0. 87 )1 IN.

BR1 = 274-(-9) = 283
AR2 = -438-(-3) = -435
BR3 = 777-( —17) = 794

U1 = 0.85 X 283 = 241
U2 = 0.87 X -435 = -378
U3 = 0.87 X 794 = 691

STRAIN RELIEF HEASURENENTS

BORING NO, RS — S

TEST NO, 39
DEPTH 72'0"

NUIE s A POSIT IVE INCREASC IN INDICATOR UNITS
INDICATES EXPANSION OF THE CX HOLE

- DURING OVE RCOR ING

Al ROVE I I I INDICATE TOTAL DCFORNAT I ON
UIED 10 CALCULATE STRESS

PLATE E-85
CSMINEE ES SVSCSCSS\CI
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-200

KEY I

AXIS I
0 AXIS I I
~ AXIS III

BR I = 478-100 = 378
AR2 = —130-105 = -235
hR3 = 243-30 = 213

K1 = 0 ~ 85 PIN ~

K2 = 0.87 PIN.
Kg = 0. 87 )JIM.

U1 = 0.85 X 378 = 321
U2 = 0.87 X -235 = -204
U3 = 0.87 X 213 = 185

ROCK TYPE) LIGHT TO MEDIUM GRAY SILICEOUS SANDSTONE WITH MEDIUM
GRAY ARGILLACEOUS SANDSTONE INTERBED

STRAIN RELIEF "lEASURE;"1ENTS

BORING NO. RS — 5

TEST NO. 41
DEPTH 74'6"

ND IT ~ A POSI TIVE INCIIEA54 IN INDICATOR VNIT5
INDICATES EXPAN5ION Of THE 4X HOLE
DVR ING OVERCOIIING

'NROVS I f ) INDICATS TOTAI DEf ORHATION
VSED TO CALCVLATE STRESS

PLATE E-86
DAM%8 8 MOORS
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100

10'2 16
IHCHES OVERCOREO

KEY I

AXIS I
o AXIS II
~ AXIS I I I

~R1 = .338.-55 = 283
~R2 = -54-46 =-100
AR3 = 202-57 = 145

K.1

K2
K3

0. 85 WIN. U1 = 0. 85 X 283 = 241
0 ~ 87 PIN. U2 = 0. 87 X -100 = -87
0. 87 WIN. U3 = 0. 87 X 145 = 126

ROCK TYPE I. MEDIUM TO LIGHT" GRAY SILI'CEOUS 'SANDSTONE,
SLI GHTL'Y ARGILLACEOUS SANDSTONE INTERBEDS

. STRAIN RELIEF NEASURENENTS

BORING RS — 5

TEST NO, 42

DEPTH 75'10 1/2"

HOIE ~ A PO5I T IVE INCREASE IN IHO'ICATOR UNITS
IHOICATE5 EXPAN5IOH OP THE EX HOLE
OVR I HG OVERCOR INC

AHNQSS I f I IHOICATS TOTAL OEPORNAT ION
VSLO IO CALCuLAlt STR555

PLATE E-87
ESJ%TVSEIS ES SVTOOSSR
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100

INCHES OVERCOREO

200
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KEY I

AXIS I
o AXIS II
~ AXIS III

AR1 = 688-17 = 671
AR2 = —207-(-9) = -198
BR3 = 505-3 = 502

K1
K2
K3

0. 85 PIN.
0. 87 WIN.
0.87 WIN.

U1 = 0.85 X 671 = 570
U2 = 0.87 X —198 = —172
U3 = 0.87 X 502 = 437

ROCK TYPE I MEDIUM GRAY'RGILLACEOUS SANDSTONE I 'OCCASIONAL
LIGHT. GRAY SILICEOUS SANDSTONE I NTERBEDS

STRAIN RELIEF l'1EASUREl"lEHTS

BORING NO. RS — 3

TEST NO, i>3

DEPTH 77'1 1/2"

NOTEs A PO5I TIVE INCREASE IN INOIC*TOR SINI TS
INDICATES EXPANSION OF THE EX HOLE
OVRING OVERCORING

ARROYS < i) INOICATE TOTAL OEFORNATION
MSEO 'IO CALCULATE STRE$ 5

PLATE E-88
OAMEIS 0 MOOREI





PLANE OF MEASUREMENT

200
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X 10 III

INCHES OVERCORED

-100

KEY I

L AXIS I
o AXIS II
e AXIS III

ROCK TYPE: LIGHT GRAY SILICEOUS
SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 4

TEST NO, j.
DEPTH 22'2"

NOTE ~ A POSIT I VE INCREASE IN IHDICATDR UNITS
INDICATES EXPANSION OF THE EK HDLE
DURING OVERCOR IHG

TEST RKSULTS NOT INCLUDED IN THE OVERALL
INTERPRETATION DUE TO THE IRREGULAR!TV
OF THC RESULTS

PLATE E-89
KSAMRS KS MOOROI





PLANE OF MEASUREMENT

300

200
Z
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U
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2

0
0INCHES OVERCORED

—100

KEYS

AXIS I
0 AXIS II

AXIS III ROCK TYPE: LIGHT GRAY SILICEOUS
SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 4

TEST NO. 2

DEPTH 23'4"

NOTE ~ A POSITIVE INCREASE IH INDICATOR UNITS
INDICATES EXPANSION OF THE ER HOLE
OUR IHS OVERCOR INC

TEST RESUI TS HOT INCLUDED IN THE OVERALL
INTERPRETATION DUE TO THE IRREGULARITY
OF THE RESULTS

PLATE E-90
ESAMEIS 8 MOORS





PLANE OF MEASUREMENT

400

300

s

2002

a0
s

v 100
0
Z

iNCHES OVERCORED

—100

KEY;

A 'AXIS I
0 AXIS II
~ AXIS III

GR1 = 228-(-30)
hR, = 175-(-32)
BR3 = 52-( —23)

258
207

75

K1
Kg
K3

1. 02 )1 IN.
~ 99 ll IN ~

1. 00 llIN.

U1 = 1.02 X 258 = 263
Ug = .99 X 207 = 205
U3 = 1.00 X 75 = 75

ROCK TYPE I MEDIUM 'GRAY. A'RG ILLACEOUS
SANDSTONE TO LIGHT GRAY
SILICEOUS SANDSTONE

STRAIN RELIEF NEASUREMENTS

BORING RS — 4

TEST NO, 5

DEPTH 24'6"

NOTEs A POSITIVE ISSCREASE IN INDICATOR UNITS
INDICATES EXPANSION OF TSSE EX HOLE
DVRINC OVERCOR INC

ARROVS I I I INDICATE TOTAL DEFORNAT ION
USED TO CALCULATE STRESS

PLATE E-91
~SANIES ES MOOSEg
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PLANE OF MEASUREMENT
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INCHES OVERCORED

-300

KEYs

AXIS I
o- AXIS I I

AXIS III
hR1 = -230-'(-7) ='223
hR2 = -272-'(-8 ) = -264
hR3 = —1'0- ( —10 )' 0

K == 1.02 )I IN
1

K = 0,99 4 IN.
2

K3 = 1. 03 )I IN.

U = 1. 02 X -223 = -228
1

U2 = 0 ~ 99 X —264' -261
U3 = 1.03 X 0 = 0

ROCK TYPE I LIGHT GRAY SILICEOUS SANDSTONE

STRAIN RELIEF NEASURENENTS

BORING RS — 4

TEST NO, 4

DEPTH 27'j. j/2"

NOTE ~ A ROSI Tl Vf INCREA5E IN INDIC*10R VNITS
INDICATES EXPANSION OF THE fr VOCE
DVRING OVENCORING

ARRORS I I I INDICATE TOTAI. DEFDRNAT ION
V5EO TO CACCVI.ATE STRE 55

PLATE E-92
~INES 55 MOOR%
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300

KEY. I

AXIS I
0 .AXIS I I
~ AXIS I I I

R1 — 109 ( 2 ) 107
2 = -226- ( -26 ) = -200

R3 — 65 0 = -65

1 ~ 04 WIN.
K2-—— 1 .00 ~IN.
K3 = 1. 03 pIN. ~

Ul = 1 ~ 04 X
~ U2 = 1.00 X
U3 —

1 03 X

—107
-200

—65

—111
-200

—67

ROCK TYPE I LIGHT GRAY SILICEOUS SANDSTONE

STRAIN RELIEF NEASUREfkENTS

BORING RS — 4

TEST NO, S

DEPTH 28'6"

NOTEs A POSITIVE INCREASE IN IHDICATOR UNITS
INDICATES ESSPANSION OF THE EX SIDLE
OVRIHG OVERCORIHG

ARROWS I I I INDICATE TOTAL DEFORHAT'ION
ISSED TO CALCOS.ATE STRE5S

PLATE E-93
DBMSES 0 MOORS





PLANE OF MEASUREMENT
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IHCSSES OV&RCOREO

-200

KEYs

AXIS I
o AXIS II
~ AXIS III

Kl = 1.04 PIN.
K2 = 1. 00 P IN.
K3 = 1. 03 lI IN.

DR) = -28-(-6) = -22
DR2 = 84-(-24) = 108
hR3 = —187-(-5) = -182

Ul = 1.04 X -22 = -23
U2 = 1.00 X 108 = 108
U3 = 1.03 X

' 182 = -188

ROCK TYPEI LIGHT GRAY SILICEOUS SANDSTONE

STRAIN RELIEF NEASUREI'1ENTS

BORING RS — 0

TEST No. 6

DEPTH 30'll l/2"

HOlEs A POSI 7 I V& IHCRtASE IH INDICATOR UNITS
INOlCATES EXPANSION OP THE EX SSOLE
OURIHG OVERCORING

ARROWS l$ ) INOICATE TOTAL OEPORNATIOH
USEO TO CALCULATE STRtSS

PLATE E-94
DAIA&RS &S MOOR&&
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IHCHKS OVfRCORED"

200

KEY I

AXIS I
o AXIS II
~ AXIS III

~R1 = 543- (-8 ) = 551
~R2 = 291-( —14) = 305
~R3 = 616-(-17) = 633

K1
K2
K3

1.04 )1IN. U1 = 1.04 X 551 = 573
1.00 llIN. U2 = 1.00 X 305 = 305
1.03 11IN. U3 = 1.03 X 633 = 652

ROCK TYPEI BLACK SHALE TO GRAYWACKE TO
SILICEOUS SANDSTONE

STRAIN RELI EF f'lEASUREf1ENTS

BORING NO, RS-0

TEST NO, 7

DEPTH 56'j. j./2"

HDIS s A POSIT I VS IHCRSASS IH IHDICATOR UNIT~
IHOICATS 5 KXPAHSIOH OS THE SX HOLK
OUR IHG OVSRCOR INC

AHROPS I i I IHDICATC TOTAL DSSORHATI OH
USSD TO CALCULATE STRESS

PLATE E-95
DAMES SS MOORE
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100
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INCNSS OVSRCORCD

'KEY I

AXIS I
o.- AXIS I I

AXIS III
R1 = 181-0 = 181
R2 = 114-0 = 114
R3 = 231-0 = 231

K1
K2
K3

1. 02 P IN ~

1 . 00 1J IN.
1. 02 P IN.

U1 = 1.02 X 181 = 185
U2 = 1.00 X 114 '= 114
U3 = 1.02 X 231 = 236

ROCK TYPEs LIGHT GRAY SILICEOUS SANDSTONET
OCCASIONAL SHALE CLASTS

STRAIN RElIEF NEASURENENTS

BORING RS - 4

TEST NO, 8

DEPTH 39'3"

NO'St I A POSIT IVt INCRCASC IN INDICATOR VNITS
SNOICATSS SXPANS ION Df TNS tX NOLt
OVRINC OVSRCOR INC

ARROVS .I I I INDICATt TOTAI. OSSORNAT ION
VSCO TO CALCVLATt STRtSS

PLATE E-96
tSAMSSS 0 MOORS
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100

KEY I

,AXIS I
0 AXIS II
~ AXIS III

ROCK TYPEI DARK TO MEDIUM GRAY ARGILLACEOUS
SANDSTONE GRADING TO LIGHT GRAY
SILICEOUS SANDSTONE

STRAIN RELIEF f'lEASUREf1ENTS

BORING RS — 4

TEST NO. 9

DEPTH 54'6"

NOTK f A POSITIVE INCRfASE IN INOICATOR VNITS
INOICAlrs rRf ANSI ON Of'HE KR HOLE
OUR ING OVKffCOftING
TEST RESULTS NOT IHCLuOEO IN THK OVERAt.L
INTERPRETATION OVE TO THK IRRKGtfLARITY
Off THE RESVLTS

PLATE E-97
KSAMQS B MOORS
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100

—200

KEY-

AXIS I
AXIS II

~ AXIS I I I

QR1 = 206-18 = 188
6R = -6-( —8) = 22
BR3 = 412-44 = 368

K1
K2
K3

0 ~ 85 P IN,
0 ~ 87 )1 I N.
0 87 PIN.

U1 = 0.85(188) = 160
U2 = 0.87(2) = 2

U3 = 0.87(368) = 320

ROCK TYPE I MEDIUM GRAY ARGILLACEOUS
SANDSTONE (GRAYWACKE)

STRAIN RELIEF NEASUREi'"ENTS

BORING RS — 0

TEST NO, 11
DEPTH 58'8"

NOTE t A PO5I TIVE INCREASE IH INOICATOR UHIT5
INOICATE5 EXPAN5 I OH OF THE EX HOLE
OUR IHG OVERCOtt INC
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ASSESSMENT OF THE
RADWASTE STRUCTURE

AT
NINE MILE POINT
NUCLEAR STATION

BY
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INTRODUCTION

In this assessment of the Radwaste STructure I have tried
to keep to the spirit of the letter addressed to Mr. Markham

by Mr. Klein. It has not proved possible to answer each of

the points as expressed in this letter because the topic is

complex and the questions are interrelated. The only point

to which I do not apply myself is Item g). "Can further

movement along the fault be impeded or prevent". My reasons

for not doing so will become apparent.





AGE OF RADWASTE STRUCTURE

In a preliminary meeting the external consultants suggested

the possibility, even probability, that the structure in

question developed during the:Palaeozoic. This is a viewpoint

completely contrary to that expressed by the staff of Dames

Moore who hold that the structure occurred, in a near surface

environment, in relatively recent times and that a significant
proportion of the movement, has taken place within the last
10,000 years.

On this issue I concur absolutely with the viewpoint held by

the staff of Dames & Moore;—'-"

The Radwaste Structure has a general geometry which is similar
to structures, found elsewhere, that have developed in sedi-

ments (directly comparable with those exposed at NMP) but which

undoubted formed at depths- of. several klometers. Hence; there

is a superficial case for considering the Radwaste Structure to
have formed at, considerable depths.

Let us play Devils Advocate and make the assumption that the

Radwaste Structure was formed at, depth. In order that. the

brittle deformation and void spaces (which are such conspicuous

features of the Radwaste Structure) could .have developed, it
would be necessary to postulate that the effective vertical
confiming pxessure was close to zero. That, is, the fluid
pressure (P) would have been almost equal to the total vertical





pressure (S ) (here we introduce the symbol X[= P/S>]=l.0)

Such conditions are known to develop in the crust. However,

not only must the fluid pressure be high but there must also

be sufficient quantities of fluid available, in order to fill
and support the void spaces. When such conditions actually
exist in structures elsewhere in the world, and when the P.T.

and chemistry of the fluids is suitable, hydrothermal minerals

develop in the voids to form veins and vugs. Vein material

(e.g. calacite) [which yields high temperatures data from

homogenisation temp tests on bubble inclusions] has not de-

yeloped in the void spaces. Yet it is known that conditions

in these sediments were conducive to.the deposition of hydro-

thermal calcite in fractures etc. during Palaeozoic times.

Thus, the absence of calcite veins etc. which yield high

homogenisation temperatures mitigates against the concept that

the Radwaste Structure formed at depth during the Palaeozoic

times.

Let us now consider the physical properties of the brecciated

materials in the Radwaste Structure. This material is a

dense, silty clay. One can extract it from the fault zone

and deform it between ones fingers. It is ductile and rela-
tively, uncompacted. Such material would certainly be produced

in a deep structrue which formed when X=1.0. However, high

fluid pressures are transient. It has been ar'gued'; [N.M.P.

Report, Appendix III-L] that when the normal faults (on site)
were initiated the fluid pressure was about 6000 lb in at a2





time when the vertical pressure S> was 12,500 bm'. i.e. X=0.48.2 ...
Thus, if the Radwaste breccia formed at depth, when X=1.0, it
would subsequently have experienced very considerable compaction

and would have been transformed into moderately competent

material: which could not be deformed by digital pressure.

When one turns to the alternative proposal [i.e. that the Rad-

waste Structure is one which developed under near-surface

condition and that significant movement has occurred during

.the last 10,000 years] the available evidence slots nicely

into place.

1) The confining pressure under near surface conditions

is low — so that void spaces present no problem.

2) The rocks are "cold" . — so brittle behaviour is to

be expected.
l

3) What calcite is formed in association with the Radwaste.

Structure is the result of "low temperature" mineralization.

4) Post-glacial lacustrine deposits are included into and

deformed by the structure. [1'n this context one may note„

:that the..generation of void spaces in the structures

will result in the induction (sucking-in) of,clay laden

water. One would not. merely need to rely on the "washing

in" of material by migrating ground water]

and finally
5) The breccia has been subjected to little vertical load

and therefore has had no opportunity to compact.





The Dames 6 Moore conclusions are beyond reasonable doubt

and must be accepted. One must assume that the structure

formed in the recent past and that the whole 7 foot of dis-
placement developed in a near surface environment.

Ne are here concerned with safety problems of monumental

proportions. The onus of proof rests with anyone who

advocates that the Radwaste Structure is of Palaeozoic age.

I suggest that, this is' task or a challenge which no competent

geologist would be prepared to accept.

Geometr and'xtent of Radwaste Structure

In Figure 1 A-C, I have attempted to indicate the geometries

in plan and .'.section. It is emphasised that the geometries

are presented in an extremely simplistic manner. For example,

in Figure 1C the "Ramp" in the profile through the structure

is represented as a simple linear feature; whereas, we know

that in the Radwaste Trench the ramp geometry is complex.

Never-the-less, these figures enable one to indicate the magni-

tude of the problems of interpretation which face us. The facts
available to us regarding the geometry available to us are:

1) the displacement D (or D'n Figure lA) 2) the uplift
U (or U') 3) the general direction of transport, and 4) an

)
average value for 6R. Otherwise our ignorance of the structures
geometry is complete.

In plan, the structure could have the outline indicated in Figure

lA. If so, where does the section through the Radwaste Trench
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occur on this plan? It would indeed be surprising if the section

coincided with the maximum dimension of L (along AA'). The

Radwaste section could be along BB' or anywhere else in
the structure. A second possibility is that the Radwaste

structure is confined between the Cooling Tower and Tepee

faults as indicated in Figure 2B. For this situation the

fault boundaries may have behaved as non-slip planes, or planes

along which the Radwaste Structure detached itself and exhibited

some degree of slip (see Figure 1B'). The fault boundary con-

ditions influence the mode of dissipation of the energy that

gave rise to the Radwaste Structure. If lateral slip took

place energy would be absorbed by frictional sliding.'- Alter-
nately if horizontal slip did not take place on these fault
boundaries energy would be absorbed in developing a shear

strain (g) [One may infer that shear strain energy would also

be stored in the rocks if the plan of the Radwaste Structure

is as represented in Figure lA]., This non-slip situation has ~

the greater danger potential, as far as the engineering struc-
tures are concerned. In assessing the Radwaste structure it
is obviously important to establish the dip and extent of the

ramp (Figure 1C) and to determine whether the ramp turns into
bedding plane slip (and if so at what depth 2 this occurs).
If 2 and GR are known it is possible to estimate the stresses

needed to overcome friction and move the rock mass (M) on the

ramp [Energy is also absorbed in initiating fractures, buckling,

overcoming the resistance of the steps on the ramp and in the

hysteresis of flexuring of the beds as they transfer, near

line X in Figure 1C from bedding slip to ramp-slip. The

energy consumed by these elements in these brackets, 're not





easily assessed and will be ignored].

Thus, we can set up an approximate stress equation of

SI — Sg + SSlip E —
R

where SI = The initial stress state that resulted

in the development of 'the Radwaste Structure.

SQ = The stresses used to indu'ce the shear strains f
SSlip = The stresses needed !to overcome s lip and

cause mass transfer

SE = The stress available to cause elastic recovery

and give rise to displacements D and U

SR = The residual ground stresses still obtaining.

Some constraints can be placed on the probable maximum value

of SI. Reasonable estimates can be put, forward for the

residual stresses SR. If a specific model is chosen and

values of Z, W etc. are assumed, then it is possible to estimate

the stresses SS~i and SQ needed to induce slip and shear strain
in any model per unit lengths Lu. Thus, SE can be estimated

for some length L which is compatible with the other stresses

and dimensions. When this exercise is completed we are in a

position to estimate future monuments etc. which could be or

may be induced by the residual stresses (SR) — FOR ONE SPECIFIC

MODEL.

The first question then, is which model to choose?

Choice of Model

If one assumed the Radwaste Structure had a plan comparable





with that in Figure 1A — it immediately becomes apparent

that, because one has no knowledge of the position of the

Radwaste section in this plan, one cannot put any constraints

on the size of the structure. This would lead to open ended

estimates and exploration. Fortunately, there are reasons,

other than convenience, which leads one to consider the second

model, represented in Figure lB, in which the Radwaste Structure

is co'ntained in two faults.

I argued in NMP.Report, Appendix III that the cross-flexures
associated with the development of normal faulting could give
rise to high stress values approximat'ely parallel to the trend

of the normal faults. These stresses it was suggested could

have given rise to the structures observed in the Heater Bay

excavations.

The magnitude of structure which could be inferred from the

analysis, presented in Appendix III, was samll i.e. displacements

of inches and fracture extent. measured in a few tens of feet.
At the time I conducted this analysis the existence of the

Demster complex was unknown. Hence, the conclusions reached

in the earlier analysis needs to be revised.

Prom the distribution of stratum contours presented by the

N.Y. State E&G Corporation [Figure s.5-16] it is obvious

that, during its development, the Demster Structure caused

flexuring of the Oswego Sandstone and adjacent units. As one





would expect, this effect decreases with distance from the

Demster Structure. At a distance of 5 miles its influence

is likely to be limited to bringing about an increase in the

NN-SE stresses and causing a relatively small degree of

augumentation of existing minor structural flexures. It is

suggested, therefore, thaL'the predicted gentle flexure or

roll in the vicinity of the Heater Bay increased in amplitude

and wavelength because of the influence of the Demster Structure.

In so doing, the extent of the zone'f high stresses, also

predicted in the previous analysis, became sufficiently ex-

tensive that, .when the strata was uplifted to near surface

environments, they eventually gave rise to the Radwaste

Structure.

The original deflexions caused by movement on the normal fault
changed at the fault plane. It is likely that when these

I

original deflexions were augment,,the fault planes continued

to represent boundaries to the lateral development of the

flexure. Hence, the plan represented in Figure 1B is the model

which most, probably represents the extent of the Radwaste

Structure.

It has been noted that the boundary conditions which are likely
to cause greatest danger to Engineering structures is that, in
which strike-slip movement along the inclined fault planes is
completely inhibited — with the consequence that horizontal
shear strains of considerable magnitudes may develop in the
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rocks in the hanging wall of the Radwaste Structure. Because

we are concerned with safety we ar'e obliged to consider the

worst possible condition. At first sight this would appear

to exist when both boundaries are fixed along the fault planes.

As we shall see, if slip occurs on one plane and not, on the

other this could possibly represent a situation of even

greater potential danger.

Initial Stress S

One could write at length on the pros and cons of any suggested

magnitude of stress SI. Hence, I will follow the conclusion

presented in the p'revious analysis (Appendix III) and take the

differential stress at failure to be 23,000 lb in2. It has

been argued, hence and elsewhere, that the Radwaste Structure

developed under near surface conditions. That is the confining

pressure was very samll: so one can take the magnitude of

stress SI (acting N60 E) to be 23,000 lb in-.0 2

Residual Stresses (S )

The stresses (in the N60 E direction) which currently exist0
1

in the near surface rocks and which probably exist at modest

depths can be taken to have an average value of 2000 lb in>.

Stresses Re uired to Induce Slidin (S . ) and Shear Strain (S )

As noted earlier, to estimate these quantities (i.e. SSlip and

SQ) it is necessary to attribute specific values to W, Z, Oramp

(OB we can put at zero) and L. In our model the slip is contained

between the faults so W=2,600 ft. Let us assume Z=100 ft and that





9 = 20 . The value of L must be chosen to be compatible
ramp

with all other parameters. This value can be obtained

analytically or by trial and error. In the time available I
chose the latter cause of action and arrived at a value

L=2100

(Slip)

By taking values of M=0.4 for sliding friction on bedding and

using p=l.0 as a fudge factor for sliding on the ramp — thereby

accommodating some of the effects of ramp roughness — one obtains

a value that S( l. , = 850 lb inslip)

Stress (S ) Re uired to Induce Shear Stress

'Po calcuate this quantity I have assumed point loading which

gives rise to a chevron: like distribution of shear stress

(see Figure 2). More correctly one should use the correct

deflexion model (also indicated on Figure 2). However, lack

of time and reference facilities prevented me from doing so.

Using this point loaded, chevron shear strain model and taking

the average shear strain to be 0.0027 (i.e. 3.5 ft/1300 ft)
and the shear modulus 6=1.75 x 10 lbs in ; then SQ"9400 lb in6 . 2 2

This value would be smaller using the correct strain model, but

it will surfice for our purposes.

Stress (P ) Available to Cause Elastic Recover and Dis lacement (D)

All the quantities, except one, for the stress equation

SI [ Slp+Ss 1ip+SE ] SR

have been. found. Consequen tly, SE =





SI-Sg-Sslip-SR 23,000-9400-850-2000=11,750 lb in2

If we take L=2100 ft, SE=11,750 lb in2 and E=3.5 x 10 in6 . 2

then the predicted displacement (Dpr) = 7.05 ft. Thus, the

predicted displacement is well within the likely error band

for the displacement D estimated from the field data.-

Usin the Model to Predict Future Movements on Radwaste Structure

One may infer from the above argument that high stresses continue

to obtain in the site rocks. This we already knew, of course.

The total magnitude of the stresses contain two components

(this is a point I deliberately skated over when considering

the value of the residual stresses). They are 1) the "residual

stresses" which are still available to cause movement on the

Radwaste Structure and 2) the stresses associated with the

shear strains induced by previous movements on. the Radwaste

Structure (these will not contribute to further movement on

the geological structure — but, of course, would have considerable

effect upon Engineering Structures — a point to which I will
return).

What movements could be induced by the residual stresses in
the future? If we take SR=1000 lb. in and note that, the2

stress (Sslip) needed to induce further movement is 850 lb in2

then only 150 lb in remains available to induce further shear2

strain and by further elastic recovery to give rise to a further
increment of displacement. For the values of L, E, etc. pre-

viously used we are dealing with further increments of displace-
ment of less than 1.0 inch.
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This displacement refers ~onl to this model and ~onl for
the values of stresses used. A whole s ectrum of values

could and should be used in calcuations to delineate the

ossible ran e of movements which could be ex ected on the

Radwaste Structure. Moreover this exercise should be re eated

for other models with other boundar conditions. Onl then

could one redict robable tolerances of movement on the

Radwaste Structure.

The corallary to this is that a limited programme of ground

exploration should be carried out so that geological constraints

may be placed on which model is applicable: and greater precision
of prediction attained.

Modification of the Model

The stresses induced by shear strain invoked in the model

are large. These were based on assumed average shear strains.
The probable distribution of shear strain is curved, as indicated

in Figure 3. (Unit 2 straddles the central line where the shear

strains are at their sma(lest — but the engineering structure
could experience shear strain recovery in a clockwise direction
to the south and counter-clockwise to the north: which could

cause compression on the E walls and tension on the W walls).

The shear strain and hence the shear stresses on the boundary

faults (for this model) are therefore very high. They are

probably sufficient to cause strike-slip on the boundary faults-
or perhaps only on the Cooling Tower Fault. The argument pre-
sented for the simple model with rigid boundaries should therefore
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be extended to include an element of slip on one or both fault
boundaries. If slip has occurred on both boundaries the shear

strain component can be reduced (but cannot. possibly go to

zero). If slip has occurred on only the Cooling Tower Faultthe

shear- strain distribution will be skew (see Figure 4) and almost

certainly will vary with depth. This relationship of skew shear

may already have made itself manifest in the trend of fold

axes in the Radwaste Trench.

Once again one should emphasise that these shear strains induced

by the Radwaste Structure are stable — until you dig a
holy.'hen

your trouble. begins. Stress measurements and displacement

patterns around holes at selected points on site will help

determine the magnitdue of the engineering problems to be

faced — as well as being crucial in indicating the model

which best fits the Radwaste Structure — and this in turn

will lead to more confident predictions regarding future movements

on the Radwaste Structure.

Rates of Movement

Here, I assume, we are concerned with the rates of movement

associated with any possible further displacements of the Rad-

waste Structure. In particular, will such displacements give

rise to vibratory ground motion?

The formation of brittle fracture must be accompanied by some

microseismic activity. Hence the fracturing of individual beds,

as seen in the Radwaste Trench, must have caused microshocks.

However, the energy involved would be extremely small and would

have no significant effect.
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The main structure - I believe — is now, and for most of its
life,has been, aseismic. My reason for believing so is as

follows. The basal movement plane, as exposed in the Radwaste

Trench contains about 5 inches of relatively soft breccia.

If this breccia extends under most of the Radwaste Structure

(and it probably does) then it will exert the influence of

a "shock-obsorber".

The mechanism has been predicted on theoietical grounds

and has been seen to operate in physical models.

The physical and theoretical. models comprise a thick

elastic cover on a thin viscous substratum as indicated in

Figure 5. It can be shown that if a pressure is suddenly

applied at one end of the model the time (T) in seconds taken

for the stress wave to traverse distance L is given by:
X

r

Where E is Youngs Modulus in dynes ~ cm and 7 is in poise:2

The other dimensions are as indicated in Figure 5 and must be

expressed in cms. One has to guess the viscosity of the
12breccia. It is weak but probably has a value 7 =10 poise.

Youngs Modulus E=2.4 x 10 dynes cm . The thickness of elasticII

block Z=hl = 30 metres or 3000 cm. Let us assume that average

thickness of breccia (h2) is 10 cms and L, of course, is
approximately 700 metres -Then

T = 10 [jx10 ]
2 4xlolt X lox3000

80 days

20
14 = 7x10 Sec49x10

7.2x10





If g is significantly higher than 10 poise the de-stressing12

period could last for years.

This concept helps one understand the slow closure of pits

and cuts already made on site. The closures are a delayed

~ elastic .reponse.

Conclusions

1) The Radwaste Structure is a high level but

aseismic structure.

2) Analysis of models will permit the possible range of

movement on the structure to be forecast.

3) Limited field investigations recommended with the objectives

a) finding '2' depth to bedding slip
b) establishing nature of intercept of Radwaste

Structure and Cooling Tower Fault and

c) survey of shear strain distribution in the site area.

~Oini on

We lack basic knowledge regarding the geometry and other

parameters relating to the Radwaste Structure. Consequently,

the possibility of new movements cannot. be ruled . out. However,

even if it moves, it is my opinion (I cannot go futher than this

without further calculations) that the displacements will be

small (say less than 3 inches in the horizontal direction-
and possibly 1-1.5" in the vertical direction). The damage has

already been done. Previous movements on the Radwaste Structure

has changed the site area with compressional and shear strains.





Prior to the on-set of construction, these strains were in
meta-stable equilibrium. Excavations for the erection of
engineering structures have disrupted this equilibrium situation.
The shear strains are potentially the most destructive. To

assess the engineering problems it is necessary that better
documentation be obtained relating to the magnitude and dis-
tribution of these strains in the site area.
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The stability of the Nine Rile Point Area resolves itself into a

number of distinct but interrelated. problems. These can be categorised. ass-

1) The future stability of the region regarding movements in a general

northerly direction.

The stability of the Rad.-waste Structure regarding movements in a direct-

ion N70 V.

The magnitude of the metastable shear-strains in the Site area and. move-

ments associated, with their release as a result of engineering construction,

The possible influence of vibratory ground. motion on the stability of the

Me shall d.iscuss the rpoblems ind,icated, in these categories in the

following sections.

Re ional N-S Stabilit

The site is bounded. to the north by LaRe Ontario, the floor of which

is inclined to the north at an average dip of 0.3 (figure obtained from the

Times Atlas). Consequently, a considerable thickness of the sediments of the

r'egion which, in the Site area dip to the south at about 0.7 , crop out in the

lake floor. The lake floor, therefore, constitutes a free surface.

The poet-glacial rebound. continues~ and it can be shown that this

will induce shear strains which will, in the next 00 years, reduce the resistance

to sl&ing on bedding in a general northerly direction by approximately 6 lb.in .

This process of tilt and. induced shearing has been going on for several thousand,

years. Consequently, it is extremely likely that this process has producecL a

condition of metastability in the area. As a result, slip along bedding planes

has almost certainly occurred in the recent past. I consider that slip would. have





occurred. on a number of select bedd,ing planes (where the inherent slip resistance

was minimal) as soon as the shear stresses on these planes reached. the critical
value, Such slip planes are probably several, or tens of, feet apart in the

Transition md Pulaski, beds~ but are rare and. impersistent in the Oswego. Move-

ment on these select becMing'planes would probably produce thin layers of 'gouge

material with a lower resistance to shear failure. In the arguments which follow,

a coefficient of friction of PL, 0.3 (g 16.7 ) is assigned. to these layers.

(I have no evidence to justify this figure).

Thus, starting with the assumption that the sediments in the Site area

are metastable and. that they contain several planes of easy slip~ what effects can

be expeoted, in the Site area if the resistanoe to sliding (in a northerly direction)

is everywhere reduced. by about 6 lb.in in the next 40 years?2

The effects are threefold.. a) Slip on deep planes of easy slip can

result in the bulk transport of the Site in a general northerly direction. b) The

stress drop attendant 'upon this slip results in extension of the beds, i.e. north-

south tensile strains willdevelop in the Site rocks, and. c) Lateral regional

variations in the amount of slip can result in lateral shear strains being induced.

in the Site rocks.

I will now consider these three aspects and. attempt to quantU'y the

amount of slip and. extension which are likely to be induced. in the next 40 years

ant the amount of shear strain which may have already been induoed..

Norther~1 Slip

The'odel used. in the following arguments is the triangular wedge

represented in Figure la. It has a length L and. a vertical thickness at the rear

boundary of Z. Shear resistanoe along the base is everywhere controlled. by the

shear resistance to sliding (Amonton's Law)c so that

c .AA.

n'hat

is, the shear resistance decreases from sero at the apex of the wedge to a
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maximum at the rear boundary. In calculating the stability, I find. the horisontal

force (aHZ) which is gust capable of overcoming the shear force SR where

SH t.L
and. ~ Pe~Z.

2

where p effective density of rock.

Taking the water table as being immediately beneath the quaternary clays,
1

p.g. 1.6 grams/cc.

'l'he shear force on the base of the wedge results in a clock-wise

turning moment. It is usual to counter this moment by consMering a shear stxess

acting on the vertical boundary plane (Figure lb)'. One could change the basal slip

plane from Z to Z'"'nd. the model would be basically unchanged. It can be

inferred that the vertical shear force on this vertical boundary is ~.
Tim Harper has suggested that bedding-parallel shear stresses may

exceed the limiting value set at the base f'r slMing. If such a possibility is

conceded, and the distribution of shear stress with depth is as indicated in

Figure lc, then one may infer that, if the shaded areas are equal, the vertical

shear force is the same as that in Figure lb and, that the original model has not

been seriously modifiied. If, however, one assumes that the distribution of

shear stress with depth is as indicated in ld, then the vertical shear force is

greater than for lb. Consequently, the stability of the original model has been

upset and a much more sophisticated analysis is required to determine the boundary

condtiOns.. I will, therefore, only consMer the simple basal slip model represent-

ed in Figur la (and lb).
Consider slip on one specific layer which is situated. at a depth of

170 feet beneath the southern limit of the Cooling Tower (2,500 feet from the lake

shore). The horisontal stresses for stability at boundaries A and B (where B is

1 mile south of A) axe cH and. g respectively. As can be seen from Figure 2,

these average stresses are 968 and, 1,519 lb.in respectively.2





It is emphasised that these stresses aze averages. That is, they are

stresses which one would expect to find at depths 2/2 (at 85'nd. 140') ~ In upper

levels, the stresses. are likely to be smaller and at deeper levels they will prob-

ably be larger. Also, they are magnitudes of stress which reflect, and. aze a

compromise between, the'high'tresses in sandstones and the 'low'tresses in shales.

The manner in which stzess intensity varies with depth is not known

with any precision'. However, from OCA data, there -is a trend. for the horisontal

stresses to inczease by about 300-500 lb.in per hundred feet increase in depth,2

Hence, the average stresses gl and. g2 would. probably vary with depth, as indicated

in Figuzes 3a and b.

In the Oswego sandstone (where the proportion of shale is small) the

average figure probably represents the real rock stress required for stability.

In the Transition beds and pulaski series, the average stresses must be ad)usted

for rock type. This mlgustment must take into account the proportion of different

rock types and their zespective elastic moduli. This is a point to which we shall

return. We do not have sufficient data, I suspeot, to determine whether such a

deep plane is, in fact, metastable. However, I doubt whether the rock stresses are

sufficiently high to cause slip.

Now consider sliding on a bedding plane which is at a depth of only

55 feet at the southern edge of the Cooling Tower. This situation is modelled

somewhat more carefully in Figure 0. It will be seen, that the average horisontal

stress for N-S metastability is 444 lb.in .2

One may infer from the data for the Oswego taken from OC-4 that the
2

average stress some 1,000 feet to the south could easily attain a value of 444 lb.in

and result in a metastable condition.

One can conclude, therefore, that the rocks beneath the Site pass from

the metastable situation to a stable situation. This transition could occur at

some depth between 55 feet and 170 feet. Also, at some distance to the south, the

metastable wedge must eventually encounter stress conditions where they become staMe,





Stress~Dro

Let us now oonsider what stress drop wouM accompany a change in

shear resistance of 6 lb.in, by taking the model indicated in Figure 4. If the2

shear resistance on the basal slip plane is reduced. from 8 lb.in to 2 lb.in,2 2

then the new metastable horizontal pressure is illlb.in . Hence, the stress drop2

would be d" ) 333 lb.in .

The release of 333lb.in of compressive stress wouM result in a north-2

erly extension of the rocks and, thereby cause a displacement on the basal slip plane

of the model. This displacement, on a relatively deep slip plane, could. result in

a northerly translation of the Site by 8 or 9 inches. This, however, would not

be signifioant. Mhat wouM be important is the accompanying extension of the

actual Site rocks. The extension 'd.'f the Site would be given bys-

ri "L" x o~d1'0

E

For a Site length "L" 2,000 feet and, E 3.5 x 10 lb.in (the value used.6 2

previously),

d, 2000 x 12 x
x 10

2.3 inohes

A 500'ong hd.Ming would extend. by 0.6 inches. The value of E is critioal.

Given an average stress drop d~ in sediments of high and low modulus El aud E2,drop

the average mod,ulus will bet-

E aE1 + bE2

a +'b
r

where a and b are the proportion of materials with moduli El and, E2 Thus, if
El 3.5 x 10 and E2 2 x 10 and a b, then E 2.75 x 10 lb.in , and. the6 6 6 . 2

quoted strains would be correspondingly larger.

Lateral Regional Variations in Slip

If the metastable wedge reaches a distance of 7,500 feet south of the

shore line, then the wedge would. extend by about 8 to 9 inches in the next 'Y3





~+
years. The process of glacial rebound has been going on for thousands of years.

One cannot state for what length of time the Site azea has been undergoing N-S

slip. However, during the Mahralty stage of lake drainage f coN3itions espBciBll y

favourable to 5-S slip existed. ~ Slip which almost certainly occuerecL at this time

prolably.. contributed to the development of the Tepee aaL Cooling Tower buckles.

Hence, one may infer that a,general slip of several feet N-S has already occurred,.

in the Site rocks.

One may infer from the slip-staMlity analysis presented, here that the

dip of the bedding planes is oritical. The Demster structure has in uced very

considerable variation in the orientation of bedding in the area to the east of the

Site. Consequently, the ease or difficultyof N-S slip will vary as this structure

is approached. Indeed, at the structure itself (and here I am relying on memory),

e the orientation of the Oswego would completely inhibit northerly slip. Thus,

relative to the Demster, the metastable Site rocks have moved, N by several feet

a@i so will have induced lateral, clockwise, shear strains which, on average, will
be about 0.2 x 10 3 radians ( 1/100 ).

Any calculation regmiing N-S movement of Site rocks in the next

40 years that neglects the component of stress release (which increases suoh.

lateral shear strains) will result in a small over-estimate of the N-S displacements

and, extensions whioh will develop by movement of the metastable rocks.

2. Stabilit of the Radmmte S

In the initial report on the EMmste structure, I considered the

question of its stability by evaluating the various stress levels involved in the

structure's "Energy Budget" ~ which I presented. in the formc-

1 J lip E R

O where S the initial stress state that resulted in the development of the1

Rad.waste structure

Sy the stresses used to induce the shear strains





AM

S li the stresses needed to overcome slip and cause mass transferslip
S the stresses available to cause elastic recovery and give rise to

E

displacement (9) of the Radwaste structure

and SR the residual (or remnant) ground stresses still obtaining.

I evaluated the stresses for a model in which the Radwaste structure was contained

between the Cooling Tower and Tepee Faults.

On reflection, I consider that this is still the best analytical

approach to the stability problems but now think that the various values of stress

assigned to the symbols should be reappraised and. that the model requires mod.iiia--

tion. Let us first consider the model.
W

Ncdel Nodifications

In the previous report, the Radwaste structure was represented as a

ramp thrust Joining at depth (2) a single plane of bedding-slip. This structure

was contained, between the Cooling Tower and Tepee Faults and that strike-slip

motion along these (60-75 dipping) fault boundaries to the Radwaste structure

was inhibited. Indeed, in the calculations presented in the previous report it was

assumed that slip was completely inhibited.. However, when presenting a qualitative

argument, it was indicated, that strike-slip along these faults could have occurred.

I now wish to amend the model presented in the previous report in

two respects. a) The Radwaste structure should be considered as a "Ramp" which

joins not one, but two or more planes of bedding slip (see Figure 5a)~ and. b)

Strike-slip movement on the bounding Cooling Tower and Tepee Faults did occur.

The details of these modifications affect the values of stress (Sl etc.). I shall

therefore consider these details and present arguments for reassessing the various

stress values.





Values of Stress

Initial Stress (Sl)

In the previous report, I followed an even earlier assessment

(Appendix III of the N.N.P. Report) and. took the stress required to initiate
failure as 23,000 lb.in . This value of stress is probably required to initiate
the shear failures which define the Ramp part of the structure. Such high stresses

would not, however, be required. to give rise to sliding on bedding planes.

Consequently, I now think that it is unrealistic and unnecessary to assume such

a high value of Sl. I now consider that the average stresses associated with the

initiation and development of the whole structure (including the slip on bedding
2planes) was much smaller than 23,000 lb.in - probably IC4f~half this amount (see

Figure 5). Given time, and by making assumptions regarding the probable value of

the regional stress SR and, the values of positive and negative radii of curvat-Reg

ure etc., one could derive the distribution of values of'tress in a vertical plane

which trends N60 W.

However, from Figure 5b, one can see that initiation of the Radwaste

Ramp probably occ~ at some modest depth (100 » 200 feet) and that movement

on bedding planes enabled the relief of the horinontal stress to occur. It may

be inferred, that the lower planes of bedding slip as they propagated, to the SE

would first encounter low lateral stresses (the result of -R associated with down-

throw on the normal fault. See Appendix IIIof original N.H.P. Report). Hence,

the planes of bedding slip neazer the surface would have the greatest lateral

extent.

Thus, we tentatively conclude that the average lateral stresses at

level Z in Figure 5 would be %066ii~ fl5$ KQO ll,500 lb.in . But at a higher

level Z„the average value of latera1 stresses will be lower and closer to the

magnitude of the regional stress SR . These considerations are, to some extent,Reg'
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academic. They have their value in estimating the lateral extent of the bedding

slip planes. However, from elsticity theory and a knowledge of D, it is known

that the planes are of considerable extent. Consequently, the stability of these

planes is the question which really concerns us.

From the trench exposures, one may infer that bedding plane slip
occurs in the Transition beds and that movement on this plane (or planes) may

have attaindd, a total slip of 30 inches. It is reasonable to expect that this slip
plane extends in a SE direction beyond OC-4. Consequently, it is significant to

consider the stability of the structure on this 40 feet deep, slip plane in the

light of the magnitude of stresses determined in OC-4, a distance of about l,400

feet from the 'outcrop'f the Radwaste structure.

The model used to estimate resistance to sliding on the 40 feet deep

bedding plane is represented in Figure 6. One may note that the assumed 10'f
quaternary will contribute to the normal stress on the glide plane, but the horizon-

tal stress will be significant only in the Oswego and Transition beds. From Figure

6, it can be seen that the resistance to sliding on a 40 feet deep, bedding plane

plus the 'buttress'ffect of the Ramp totals 467 lb.in . Let us now consider the

resistance to sliding on the bounding normal faults.

Sliding on Normal Faults

It will be assumed that the shear resistance to movement is limited to

the solid rock and that any resistance to shear offerred by the Quaternary sediments

will constitute a small safety factor. Because of the coefficient of friction of

sandstone on sandstone, coupled with the roughness of the fault plane, it follows

that we should not use PL 0.3 for these calculations. I shall choose + 0.5

(g 26.5 )! and this is probably a conservative figure.

To estimate the frictional shear resistance, we now require the

average normal stress acting on the two faults, The average normal stresses can

be estimated from the average horizontal stress acting perpendicular to the faults,





e These horizontal stresses will be close in value to the stresses necessary for
metastability. So, clearly, we can make two general statements.

1) The shear resistance will be far greater on the Cooling Tower fault than

on the Tepee fault.

2) The shear resistance decreases on both these faults as one transverses from

east to west.

These variations in shear resistance will have an obvious influence

on the development of shear strains. However, first consider the average shear

resistance of the two faults. This can be done by taking the mid-line (between

OC-4 and the Radwaste "outcrop") which is perpend.icular to the trend. of the faults
and calculating the horisontal stresses required. for metastability. This line
meets the trace of the Tepee structuze where it intercepts the shore-line and. the

Cooling Tower fault at the western margin of the Cooling Tower itself. The normal

stresses on the faults at these points are about 330 lb.in and, 200 lb.in for the2 . 2

Cooling Tower and. Tepee structures respectively, Hence, the shear fozces along

these two faults, resisting movement on the Radwaste structure, are 20 xlO and
86 x 10 Us. respectively. (The differences in magnitude of the forces reflect

'I

not only the diffezences in the normal stresses'ut also the fact that the area

of the Cooling Tower fault involved in the slipping is almost twice as large as

that for the Tepee structure.)

To overcome .these forces a component of stress of 180 lb.in must act2

perpendicular to the Rad.waste structure.

Thus, the horizontal stresses perpendicular to the Radwaste required

to overcome slipping on the normal faults and the 40'edd,ing plane and. also to
overcome the Ramp effect need. to be 647 lb.in . To this figure a component of2

stress (Sg ) must be add.ed, which causes horisontal shear strains (f) in the

Raclwaste structure. Assume, for the moment, that Sf 100 lb.in . Then, the2

stability stress on the Radwaste structure at a distance of 1,400 feet (i,e. near

OC-4)is about 750 lb.in .





Now compare this figure with the stress data available for OC-4

The resolved components of stress for measuring stations 1-4 (for solid triangles

only; i.e reliable data) are indicated in Table 1. The smooth change in trend of

cl between stations 1 and.-4 and. the abeupt change between stations 4 and. 5 and. 6,

lead one to suggest that the slip plane lies between stations 4 and 5.

Table 1, Stresses ~~endiculaz to Radwast~efrom OC-4

Station Depth
(approx)

14'4'8'5'

Rw

1025 lb.in

525 N tl

870 II H

375 It tl

225 lb.in

360 lt tl

375 N

75 II I~

Mean values 698.75 258.75

rC 700 lb.in ~ 260 lb.in .
2 2

These stations are all in the Oswego~ and, if the measurement points

were not located too close to shale partings, the stresses are presumably represent-

ative, If the average horisontal stress is taken to be 700 lb.in , then one may infer2

that the portion of the Radwaste structuze to the east of OC-4 is currently stable~

with a safety factor of about 50 lb.in before the metastable condition is reached.
2

The question now arises - will the structure remain stable throughout

the next 40 years'P The stability can be influenced by two main factors.

1) The shear resistance to sliding on the 40'edding plane could. b reduced. by

a highering of the water table. (This factor can be countered.. Indeed,- if the

water table were lowered by 40', by pumping, this would greatly increase the

stability of the Site azea)

2) Glacial rebound is inducing shear strains in a general N-S plane and these, as

has been noted . can reduce the resistance to bedding slip in the N-S direction by

about 6 lb.in . 'L'his factor can have two effects on the Radwaste structure.2
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a) There will be a component of reduction in shear resistance in a direction

perpendicular to the Radwaate structure induced, by the N-S rotation. This effect

can result in a reduction of the shear resistance perpendicular to the Radwaste

structure by 2 lb.in . This could result in a component of potential stress2

drop perpend.icular to the Radwaste structure of 85 lb.in .
2

b) The average, potential N-S stress drop in the vicinity of the Radwaste structure

"which is likely to take place in the next 40 years is of the order of 250 lb.in .
2

This stress drop will greatly reduce the shear resistance on the Cooling Tower and.

Tepee faults, ao that these will contribute a further component of potential stress

drop perpendicular to the Radwaste structure of approximately 140 lb.in .
2

The total stress drop is, therefore, likely to bes-

a~ 85 + 140 .- 50 lb.in 175 lb.in ,drop

(where, it will be remembered. that the 50 lb.in is the current safety factor).2

e (If the water table were lowered., by pumping, by 30 feet, this would increase

bedding stability by 3.9 lb.in (shear resistance) and prevent 80 lb.in stress2 2

drop. )

A stress drop of 175 lb.in would give rise to a displacement on the2

Radwaste for L 1,400 feet ofs-

d. ~ 1 x 1400 x 12 0.84
inches'.5

x 10

If, as the result of pumping, the stress drop ia kept to 95 lb.in ,
2

a 0.46 inch~s. j
These diaplacements would, be approximately doubled. if the Radwaate structure

extended a further 1,400 feet to the east of OC-4.

The extent of the Radwaste structure will be related to the stress

drop associated with its initiation; and this is speculative. However, the

initiation of the shears in the Ramp which cut across beds must have given rise to

a significant stress drop. Also, the decrease in stress, acting normal to the

Cooling Tower and. Tepee faults, which took place when the buckles and. pop-upa





developed,, must have been of the order of 2,500 lb.in . Such a reduction in normal2

stress would have permitted. a stress drop perpendicular to the Radwaste structure

of about l,@0 lb.in . Consequently, one can infer that the stress drop associated2

with the Radwaste structure (Ramp and. bedding slip) could. easily have exceeded.

3,000 lb.in ,
2

If the average stress drop was, in fact, 3.000 lb.in , the extent of2

the structure (L) would. be 2,900 feet. Thus, one can conclude that the displacement

in the next 40 years, on the 40'lip plane,& likely to be about 1.7 inches (or

about 0.9 inches if the water table is lowered).

If movements occur on several planes of slip~ the higher percentage

of shale in the lower horizons would mean that the average E is lower than

3.5 x 10 lb.in . Consequently, the total slip on the Radwaste may get as high as
6 2

3.0 inches.

Let us now turn to shear strains in the Site azea.

3. Shear Strains

It has been noted., that a clock-wise shear strain has probably been

induced by differential, northward. slip of the Site azea. However, iri the upper

layers of the Radwaste structure, it may be inferred that this sense of shear strain

~ has been reversed. Because the normal stresses on the Tepee fault aze lo~er than

those on the Cooling Tow'er fault, the northern pazt of the Radwaste structure was

able to move differentially, relative to the southern part of the structure. The

average shear stress acting perpendicular to the trend of the Radwaste Ramp in

OC-0 is about 260 lb.in (see Table 1). These stresses could. be associated. with2

shear strains ( lP ) ofs-

260 .0.00015 radians
~150000

0.004

The resistance to slip on the Tepee structure decreases to the west. Hence, the

shear strains would increase as Unit 2 is approached.. Even if there were a tenfold





increase in the shear strains, the value of at Unit 2 would be only 0.01 . The

e relief of such a shear strain, as the result of engineering construction/ would

give rise to a shear displacement, of about 1 inch in a 500'ong engineering

structure.

This shear strain angle would decrease with depth and. even reverse its
sense of shear. What precise difficulties this would present to engineering struc-

tures are not'easy to envisage.

Seismic Risk

The important question regaxding seismic risk to the Site constructions

relates to the magnitude of a stress wave at the Site which has been generated. by a

distant seismic event.

If one considers that a -volume of rock, radius 1.25 miles (2 km)

exhibits a near-instantaneous stress drop of 1,000 lb.in (70 bars). Then, using2

. value,
a reasonable~for the elastic modulus, the energy of the event will give rise to an

earthquake of magnitude 6.0.

At a distance of 125 miles from the epicentre, the magnitude of the

P-wave will be less than 1 lb.in . (This conclusion is reached by taking the stress

attenuation following a curve derived by Ahrens and O'Keefe in "Impact and Explosion

Cratering", ed. Roddy et al., Pergamon)

A horizontal stress of 1 lb.in is unlikely to be significant. If,2

as the result of refraction, the P-wave travels. at 05 to the horizontal in the

Site area, then the vertical component would be 0.7 lb.in and this could reduce the

shear resistanceby 0.2 lb.in . This lowering of shear resistance could possibly2

trigger a small stress drop. But the effect is not likely to be significant nor

(for reasons discussed in my previous report) rapid.

I have to pass the question back to you. Is there likely to be an

earthquake of greater than magnitude 6.0 within 125 miles of the Site7

To assess the risk one needs to know the magnitude of 'shock' the

stress drop and. the 'sphere'f activity. Are such data available for the regionV
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THIRD THOUGHTS ON THE STABILITY OF 'QiE RAG-WASTE STRUCSJRE

by

No J +Price D Sc ~ y HlsD ~

Introduction

Hy two previous reports on the stability of the Rad-waste Structure
have been concerned with conceptua1 models. The conclusions reached, using this
approach are only valid provided tha model parameters and. the assumptions made

are also valid. I will now review some of the stated and tacit assumptions and.

values used. in the previous calculations and reappraise my earlier conolusions

in the light of this review and the new data obtained from RS 2 and 3.
The question of whether or not there will be future movement on the

Rad-waste Structure will be considered. in two main parts. Firstly, I will
consider the question of the general and intrinsic stability of the Structure
as a whole. secondly, I will estimate what movements may be induced locally,
perhaps on some element of the Rad,-waste Structure, as the result of excavation
and. construction of engineering structures. When dealing with this second aspect

it is necessary to consider what movement may be expected, from a) the release
of elastically stored horizontal shear stresses, b) the release of elastically
stored horisontal notmal stresses and c) from the swelling of shales.

The last of these three aspects, relating to the swelling of shales
has been studied by Drs. T.Harper and. J.Ssynnanski. I feel that I cannot improve

on their expertise and therefore will not comment on this aspect, further'ut
will deal with the remaining aspects in the order set out,

above.'ntrinsic

stability of the Rad-waste Structure

One of the most important items presented in my previous reports,
relating to the future stability of the Radwaste Structure, was that bedding

parallel shear stresses are developing in the site rocks as a result of 'rebound.'.

I previously estimated that in the next 40 years these shear stresses would

increase by about 6 lb. in . This figure was based on the average rate of2

rebound. As may be inferred from Figure 2 of your draft report arri as quoted
on page 2 of that report, the contemporary rate of shear string is approximately
0.5k/1 mile/1 year (This would be better expressed. as 0.025mm/1 km./per year, or
2.5 x 10 rads./per year). This rate is significantly slower than the average

rate and would give rise, in the next 40 years, to a change in beddin parallel





shear stress of no more than 2lb. in (using, as previously, the value of2

shear modulus 'G' 1.75 x 10 lb. in .). Thus, the shear stress effect
expressed in my previous report is over-emphasised by a factor of 3.0.

If the other parameters used. in my previous analysis are, for the

moment, assumed to be unchanged~ then the reduction in the N-S normal stress which

may take place in the next 40 years would. be only a little more than 100 lb..in .

(rather than the 330 lb. in , previously reported). Hence, the change in Site
og

of length 2000 feet would be approximatelyg while a 500 foot long building
would. extend. by only 0.2 in.

It will be recalled that the secondary, but important effect of this
N-S stress reduction related to the 'clamping stresses', exhibited by the

Tepee and Cooling Tower faults on the Rad-waste Structure must also be accounted

for. Because the N-S normal stresses are likely to decrease by only 100 lb. in .,2

the concomitant stress drop normal to the Rad-waste Ramp, as the result of this
effect, is rather less than 50 lb. in . The small contribution of the component2

of change in the bedding parallel shear stress (related to rebound.) would permit

the release of an additional component of horizontal stress (normal to the Ramp)

of about $0 lb. in . Thus, the combined effects of changes in bedding parallel2

shear stresses could, in the next 00 years, give rise to a stress drop, perpen-

dicular to the Rad»waste Ramp of about 75-80 lb. in .2

Xn my previous report I suggested that the Rad-waste block was not
metastable for sliding in the N70 M direction and. that consequently, the potential
stress drop may be significantly less than 80 lb. in ... probably about 30 lb. in .2 2

If this stress drop occurred over a length of 3000 feet, movement on the Rad-waste

would not exceed. one inch. Even this movement could be obviated, by lowering
the water-table. (This is also true regarding the potential changes of water

table level which may result from tilting)
Let me now consider another point. A tacit assumption I used in my

previous report, when assessing the N-S stability of the Site during the next

40 years, was that there was a progressive increase in the N-S normal stress as

one traverses south from the Lake. On reflection, there is reason to doubt the

validity of this assumption based on a priori arguments. However, more to the

point, the new stress data from RS2 and. 3 demonstrate conclusively that this
tacit assumption is not valid.

The new data show that the N-S normal stresses in RS 2 and 3 are

lower than in OC 4 and, also that the normal stress acting parallel to the
two normal boundary faults are also lower in the RS 2 and 3 holes than in OC 4.

Two significant points result from these new data. Firstly, the
"clamping stresses" on the norma1 faults are of small, or even negli~ble
importance, so that changes in the bedding parallel shear stresses, in the

next 40 years would also have a negligible influence on the over-a11 future





stability of the Rad-waste Structure. Secors3ly, the average horisontal stress

acting N70 M is smaller than that assumed in my previous report, where, it will
be recalled., the component of horiuontal stress necessary to overcome the

clamping stress was estimated. to be about 180 lb. in . Hence, if the average2

value of stress in the N70 M direction is 180 lb. in lower than the value,0 2

which waa baaed. on the data from OC-4, the Radwaste Structure is almost certainly
stable.

The difference between the new data from RS 2 and 3 are so different
from that from OC-4~ a detailed analysis involving orientations ease not necessary.

One need only look at the mean values of normal stress and. mean horinontal
differential stress, as given in Table l.

TABLE 1 BOREHOLE

RS-2

OC-4

MEAN HOR. STR.

95 lb. in
100 lb. in .

2

625 lb. in .
2

$ ~ MEAN DIFF. STR. = >~q

90 lb. in
85 lb. in .

2

600 lb. in .

From the new stress data one may infer that the normal stress acting
perpend.icular to the Rad.waste Ramp is'many hundreds of'ounds per square inch

lower than the value used. in my previous report.
Moreover, even if one assumes, as I did previously, that, a wedge, with

ita back wa11 at OC-4 were metastable, one can conclud.e that similar N-S oriented

wedges with back walls set at RS-2 and. RS-3 respectively are certainly not
metaatable. Even if changes in bedding parallel stresses induced. during the

next 40 years could produce N-S movement of the OC»4 wedge, the RS-2 and 3 wedges

would remain stable to such movement. Because the component of bedding parallel
shear stress, which may be induced by rebound. in the next 40 years, in the N70 M

direction is likely to be much smaller than that which would develop in the N-S

direction: I conclude from the available data that the Radwaste Structure as a

whole is unlikely to move as the result of bedding parallel shear stress changes

which nay take place in the next 40 years

Movements on elements of Radwaste Structure induced. Q Engineering Construction
WW&WSW&W WWW

Although the Radwaate Structure is intrinsically stable, the excavations

associated. with engineering construction will release a portion of the stored

elastic energy in the site rocks, with the result that some movement on elements

of the Radwaste Struoture will almost certainly take place. As indicated earlier,
movement can be considereduoier three headings! the effects of normal stress
release, shear stress release and. swelling.





Hovements resulting from the zelease of stored. normal stresses

The average normal stresauin RS-2 and. 3 aze about 100 lb. in .
2

Providing that these magnitudes of stress are representative of the stresses

obtaining throughout the site rocks in the vicinity of the construction, then

one can infer that the average movements which will result from the release

of all or part of these normal stresses will not be large. Thus, if a 500ft
diameter excavation reduced the average normal stzess by 594 over a distance

equal to the diameter of the excavation (i.e. 500 ft), then assuming the

average value of E (including both sandstone,siltstone and. shale) is 2 x 10 lb. in.6 . 2

4teu movements of the walls of the excavation are not on average likely to
exceed. 0.15 inches. However, it should be noted. that this is an average.

Some of the stresses determined in the RS boreholes are tensile. One would.

expect the excavation to open in response to the release of these stresses.

At levels wheze the stored stresses aze compressive, the excavation will tend

to close. At some horizons (e.g. at about 40 ft in RS-2) the compressive

stresses aze as high as 600 lb. in . If all these stresses were reloeved-2

over a distance of 500 feet (a most unlikely event) the movement at this
level would, be approximately Oe9 ins (using the specific horizon modulus of
4 x 10 lb.in ). Hence, from the data available to me, it ie unlikely that
movements resulting from the release of normal stresses will reach 1.0 inch.

Novementese result~ from the release of stored. horizontal shear stresses

The emplacement of the Radwaste structure may have locally induced

relatively high shear strains in the Site Rocks, particularly adjacent to and~t
in the Ramp . However, ~~5 of such shear strains are permanent and. aze

of no importance as far as movement in the vicinity of excavations is concerned.

Here we need. only deal with the stored. elastic horizontal shear strains, or
stresses. One may see from Table 1 that in RS-2 and 3, the average horizontal
shear stresses (i.e. half the differential stress in the horizontal plane)
is le&s than 100 lb. in , If all these shear stresses were released by the2

excavation and. taking the shear mod.ulus as le75 x 10 lb. in . the resulting angle-6 2

shear displacement would. be about 6 x 10 radians. For an excavation of 500 ft.
this would. result in an insignificant differential movement of the excavation

wall. Hence, provided, the stresses as determined. in RS-2 and. 3 are

representative of the site rocks in the vicinity of the excavations, shear

stresses in these rocks will not give rise to severe engineering problems,





Movements ~esulti~ fzom rock swell

As stated earlier, the two people who are best qualified to comment

on this topic are Drs Harper and. Szyzmunski. It is my opinion however that this
is the aspect of rock behaviour which i4,ikely to represent an engineering

problem. I can envisage no conditions which would. enable me, or probably
anyone else, to guarantee that movement zeulting from rock swell will be less
than one inch.

CONCLUSIONS

The data obtained. from the RS holes are extzemely valuable and,

permit conclusions to be reached regarding the stability of the
Radwaste Structure. Mere these d,ata not available, opinions regazcling

the structures stability would. of necessity remain conjectural.

2) PzovMed. the magnitudes of stresses measured. in RS-2 and. 3 are

representative of stresses in rocks adjacent to constructions areas

(I have no information relating to RSW); then the Radwaste Structure
as a geological entity is stable and, will not move in the next 40 years.

3) Small movements are likely to take place on elements of the Radwaste

Structure as the result of excavations which locally release stored
stresses. However, subject to the proviso macle in conclusion 2),
neither the stored. normal nor the stored. shear stresses should, on

release, give rise to rock movements which constitute a hasaxd. to
engineering structures.

Rock swell probably constitutes a significant engineering problem.

However, movements resulting from this mechanism will be slow.
Monitoring would obviously be essential.





538 E. Fairmont Drive
Tempe, AZ 85282

March 10, 1980

Mr. John J. Markham
Geologist, Dames & Moore
2996 Belgium Road
Baldwinsville, NY 13207

Dear Mr. Markham:

The following is a letter report initiated at the request of Mr. Willi'am
Swiger of Stone & Webster and later by Mr. James T. Dette of Dames & Moore
that I consider the effect of permafrost with subsequent growth of ground ice
in the formation of small asymmetric folds (buckles, teepees) associated.
with small faults in sedimentary bedrock at Nine Mile Point Nuclear Station-
Unit 2, Scriba, New York. The report is based on discussions with geologist
working on the site and a brief site investigation.

Introduction

Geologists of Dames & Moore and Stone & Webster have been studying the
bedrock and overlying unconsolidated sediments at the Nine Mile Point site
for several years for three power sites. My field inspection of the site was
about 2 hours in the morning of February 29, 1980. The Nine Mile Point Nuclear
Station - Unit 2 is on the shore of Lake Ontario at Nine Mile Point, Scriba
township, Oswego County, New York.

Geology

General statement

My understanding of the geology is dependent upon thorough briefings
given by geologists of Dames & Moore and Stone & Webster and a brief field
site investigation. Discussions with Stone & Webster geologists took place
on the afternoon of February 28, 1980 in Boston, MA and on the site on the
morning of February 29, 1980. Discussions in detail with geologists of Dames &
Moore occurred Friday afternoon at the site. In the morning of Friday, 29th,
there was a field site visit in which we examined the geology in the Drainage
Ditch, the North Radwaste Trench, the Screen Well Area, North Electric Cable
"Tunnel" and the Cooling Tower Excavation. In addition, it was possible to
examine black and white and color photographs as well as many field sketches
and preliminary diagrams of geologic exposures.
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Unconsolidated sediments

The area lies in the Erie-Ontario Lowland and has been overridden by
glacier ice several times. Unconsolidated sediments included tillof late
Wisconsinan age. Unpublished data provided by site geologists indicate per-
haps two tills, a dense basal till and the overlying upper till, interrpreted
to be an ablation till. Overlying the tills are various glaciofluvial deposits
characteristic of stagnating glaciers, and thawing ground, including glacial
ice blocks. Also present are laminated clay-silts thought to be lake clays of
former Lake Iroquois. Field inspection and the numerous diagrams indicate that
the unconsolidated sediments (soils) overlying the bedrock are characteristically
minutely deformed with slumps, drapes, faults, minor folds. Such are character-
istic of glacial sediments throughout the world. These minor structures are
ubiquitous in the unconsolidated sediments.

Bedrock

The consolidated rocks at the site are of the Oswego Formation of upper
Ordovician age. The rocks consist of tabular, thin to medium beds of light
gray to greenish-gray, fine-grain sandstone interlaid with thin beds of gray
siltstone and dark gray shale. In the site area .the top bed is a rather massive
gray sandstone 3 to 5 feet thick. The beds dip very gently to the south or
southwest less than 1 degree. Existing exposures permitted observation of
bedrock faces as much as 30 to more than 50 feet high.

Small faults in the bedrock of the Nine Mile Point area have been studied:
Barge Slip Fault, Radwaste Fault, Drainage Ditch Fault (an extension of fault
in the Fitzpatrick excavation) and the Cooling Tower Fault. The later two
are of interest in this investigation. The Drainage Ditch Fault and Cooling
Tower Fault are approximately parallel to each other and strike about north
77 degrees west and dip around 75 degrees north. They are reverse or thrust
faults with the hanging wall moving up relative to the footwall. Stratigraphic
displacement ranges from a few inches to a few feet. The gouge zone is less
than an inch to severl inches thick and filled with sandy or clay gouge depending
upon the particular bed involved in the displacement.

The beds adjacent to the fault on both sides are displaced upward, upturned
along the fault. The deformation of the edges of the rock strata range from
a few degrees to locally almost vertical. Generally it is a gentle arch that
may have an actual displacement of a few inches to a few feet. The arching is
reflected away from the fault from a distance of 1 to as much as 10 feet.
These folds have been referred to as buckles or teepees and are asymmetric.
For the most part it appears that the steeper limb is on the footwall side
of the fault. It is reported that the buckling extends to a depth of 80 to
as much as 200 feet where it dies out. The upwarping follows the fault and
therefore is a linear feature that extends at least 1500 feet. The buckling
is definitely associated with the thrust faults.

The origin and age of the buckles, teepees or the broken fol4 is of interest
to this report. The buckling could be directly associated with the fault in
origin and time or, the buckling could have occurred along the fault at some
time after the initial faulting. Suggestions made for post-faultbuckling range
from the initiation by tectonic movement to disturbance by glacier ice and origin
by growth of ground ice in permafrost.





Frozen ground and growth of i.ce in
relation to the bedrock folds

General statement

According to a telephone conversation with Mr. William Swiger on February
19, 1980, I was asked to determine whether ice wedging (growth of ground ice)
could have formed the folds (buckles, teepees) present along the Drainage
Ditch Fault and the Cooling Tower Fault. This is an innovative idea, and in-
deed, the growth of ground ice has caused great disturbance to the sediments
adjacent to massive bodies of ice in the Quaternary sediments in Alaska,
Northern Canada, and Siberia. (Upon re'turning from the discussions and site
inve'igations I received a letter from Mr. James T. Dette explaining that I
was being requested to evaluate the possibility of ice wedging being the cause
of recent movement on the Drainage Ditch Fault and the Cooling Tower Fault).

Permafrost

In considering the growth of ground ice as the cause of buckling, one must
establish the presence of permafrost because the features in bedrock are too
deep to have formed by ice growth in seasonally frozen ground, even though
seasonally frozen ground forms annually at the site today'lthough no perma-
frost is present today at the site, permafrost was present widespread in the
northern part of the United States during Pleistocene time. The presence of
ice-wedge casts and pingo scars support the idea that permafrost was present,
most firmly in the late (and early) Wisconsinan time in northeastern United
States. Permafrost was present near the edge of the late (and early) Wiscon-
sinan ice fronts at the maximum stand, and it also formed in front of the ice
sheet as it withdrew. Permafrost was not thought to exist widespread underneath
the ice sheet in the temperate latitudes. At the site, Lake Iroquois formed
with the withdrawl of the glacier, and no permafrost formed until the lake was
less than 4 feet deep or absent. The lake is reported to have left 13,500
years ago; therefore, permafrost formed in the area after that date. Around
10,000 years ago, with the amelioration of the climate, permafrost disappeared.

Permafrost at the site may ei.ther be post-Wisconsinan in age or it may have
formed before the advance of the early Wisconsinan ice or after the withdrawal
of the early Wisconsinan ice sheet. In other words, there are many times when
permafrost and subsequent ice growth at the Nuclear Power Plant Site could have
formed within the last 2 million years, the latest being from 13,500 to 10,000
years.

Types of ice in the ground

Permafrost is a natural-occurring material that has a temperature colder
than 0 C continuously for two or more years. This layer of frozen ground is
designated exclusively on the basis of temperature. Parts or all of its
moisture may be unfrozen, depending upon the chemi.cal composition of the water
or the depression of the freezing point by capillary forces. Most permafrost
is consolidated by ice; permafrost wi.th no water, and thus no ice is termed
dry permafrost. The ice content of permafrost is probably the most important
feature of permafrost affecting land-use. Ice in perennially frozen ground
exists in various sizes and shapes and has definite distribution characteristics.





A simple classification of the forms of ground ice groups the ice into five
main types: pore ice, foliated or ice wedge ice, pingo ice, segregated or
Taber ice, and buried ice.

Pore ice is defined as ice which fills or partially fills the pore spaces
in the ground. It forms by freezing pore water in place with no addition of
water. This ice exists both in seasonally frozen ground and perennially frozen
ground. The ground contains no more water in the solid state than the ground
can hold if the water were in the liquid state. There is no ice heaving with
this ice and therefore it cannot be considered in the formation of the bedrock
buckle.

Foliated round ice or wed e ice is the term given to large masses of ice
which grow in thermal contraction cracks in permafrost. It is the most con-
spicuous and controversial type of ground ice in permafrost and the large ice
wedges or masses are characterized by a parallel or sub-parallel foliated
structures. Foliated ice masses occur as wedge-shaped, vertical or inclined
sheets or dykes one quarter of an inch to 10 feet wide and 10-30 feet high as
seen in transverse cross-section. Some masses, when seen on the face of
frozen cliffs, may appear as horizontal bodies. Ice wedges grow in thermal
contraction cracks about >> inch wide and 6 to 10 feet deep which form in the
frozen ground during a cold winter. In early spring, water from the melting
snow runs down these tension cracks and freezes, producing a vertical vein of
ice that penetrates permafrost. When the permafrost warms and re-expands during
the following summer, horizontal compression results in the upturning of frozen
sediments along the wedge by plastic defromation. During the next winter,
renewed thermal tension re-opens the vertical cemented crack, which may be a
zone of weakness. Over the years, a vertical wedge-shaped mass of ice is pro-
duced and the adjacent sediments are severely buckled and even turned to a
vertical position adjacent to the massive ice wedge. For the ground to crack
in permafrost in the cold winter, the mean annual air temperature of the region
should be about -6 C to -8 C and'he temperature at the top of the permafrost
should be around -15 C. The ground that cracks is generally ice rich.

Although the deformation of formerly horizontal frozen sediments adjacent
to ice wedges is about the same magnitude in horizontal distance as the buckles
in the bedrock at the site, the bedrock buckles were not formed by the growth
of ice wedges. To form bedrock buckles as seen at the site would require
enormous ice wedges as much as 5 feet across and upon disappearance of these
ice wedges, there would be formed large ice wedge casts. There are no such
ice wedge casts present at the site.

Also, ice wedges generally form symmetrical buckles or symmetrical folding
on each side of the wedge, and the bedrock buckle at the site are asymmetrical.
In addition, the buckles extend far too deeply for the growth of an ice wedge.
The large ice wedges that have been reported from Alaska and Siberia are as
much as 30 feet deep and may have formed as the sediment accumulated. Another
point is that even though the bedrock was saturated with ~ater, it would not
contain nearly the amount of water as ice content that the frozen unconsolidated
sediments have to permit an expansion and contraction of the ground (in this case
the bedrock) between summer and winter to allow wide c'ontraction cracks to form.
A final point is that ice wedges have been very rarely reported from bedrock.
Those that are known to exist in bedrock formed in a rather crushed bedrock with
many silt and clay size particles with high ice content.
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~Pin o ice is a second type of massive ground ice in permafrost that causes
severe disturbance to the surrounding sediments, even bedrock. Pingos are
isolated steep-sided hills;that are unique to permafrost areas. They are
generally circular to oval in ground plan and range from 10 to more than 100
feet in height and from 50 to 1000 feet in diameter. They are composed of a
core of massive ice which is overlain by a few feet of silt, sand or peat, or
even bedrock. These mounds commonly have craters on their tops which are occupied
by ponds.

Pingos form when large, massive layers of ice grow near the surface of
permafrost. There are two distinct types of pingos', the closed system and the
open system. The closed system type forms in nearly early level areas when
unfrozen groundwater migrates under pressure to a site where the permafrost is
heaved up to form a mound. These are the larger of two types of pingos and
occur in areas of continuous permafrost, the tundra areas. The tundra areas
are one of most rigorous climate and the mean annual air temperature is generally
colder than -6 C. The open system type is generally smaller and forms on sloping
ground where water beneath, or within, the permafrost penetrates the permafrost
under high hydraulic pressure and, along with the crystallization pressure, heaves
the overlying material to form a mound. The later type of pingos are far the
most common in the subarctic.

When pingos grow they arch the sediments or bedrock on the sides of the
ice core from a few degrees to as much*as 45 degrees. When the ice core melts,
the summit sediments or rocks collapse into the pit along with fine-grained
material and a circular or oval pit surrounded by a low ridge remains as a
pingo scar. Such pingo scars are common in temperate latitudes today, such as
Illinois, Belgium, Ireland, where permafrost no longer exists. They are also
present in the subarctic and arctic indicating the former presence of pingos.

Although some pingos have turned up bedrock strata similar to the buckles
and teepees reported at the Nuclear Power Site, the pingo feature is generally
one of much larger magnitude. Because of this and other points it is felt that
the bedrock folds at the Nuclear Power Site are not related to the growth of
pingo ice. If they were pingos, the scar would be generally oval or circular,
not linear, and there definitely would be a scar depression or filling of some
sort, which is not present at the site. Also, the short period that permafrost
existed in late Wisconsinan time at the site probably was during an interval
of not the most rigorous climate, therefore, not favorable for the growth of
closed system pingos. It was definitely not favorable for the growth of open
system pingos because for the lack of hilly terrain. Finally, pingos in bedrock
are extremely rare, although they have been reported from northern Greenland.
Therefore, all evidence points the fact that pingo ice growth is not responsible
for the small asymmetric arches in bedrock seen on a linear trend at the Nuclear
Power Plant Site.

Se re ated or Taber ice is the most common type of ground ice. It is
described as ice films, seams, lenses, pods or layers generally a fraction of
an inch to an inch or two thick that grow in the ground by drawing in of water
as the ground freezes. These small ice segregations are not spectacular, and yet
they are one of the most extensive types of ground ice. Ground does expand
upon freezing because of the growth of ice. Great ground distortion happens
as freezing occurs in fine-grained material (silt or clay). Water is drawn to
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'the freezing ice crystal, and ice lenses or other types of ice segregations of
clear ice form. Geologists and engineers have proven that the expansion in
volume of the soil upon freezing cannot be due alone to the expansion of water
originally contained in the soil voids because as much as 60-140% expansion in
ground volume is recorded due to freezing. This means that extra water has to
be drawn in.

The present concept of frost heaving perhaps owes its origin to a North
American geologist named Taber; therefore, the term Taber ice is sometimes used
for this type of ice segregation. Maximum force that can be developed during
growth of ice crystals in a confined space is 29,100 lbs per square inch. During
the process of freezing soil moisture, additional water is drawn to the points
of freezing from the adjacent unfrozen ground. The basic physical phenomenon
permitting expansion in ground volume upon freezing is due to the fact that some
water in the ground remains liquid, although subjected to temperatures below 0 C.
There are several hygothesis as to why the liquid water remains liquid even
though colder than 0 C and why it migrates to the growing ice crystals. It is
not necessary to review these concepts here. It is only necessary to note that
the amount of ice finally concentrated in the ground and the size, shape and
position of the ice segregation depend upon many physical factors. The most
important are air temperature and texture and moisture content of the ground.

Texture of the ground means the size of the soil particles and their
distribution. It is the size of the particle of grain, and the size distribu-
tion of the grains that control the pore size. In small pores or voids, such
as those in silt or clay, some water remains liquid at temperatures considerably0below 0 C. In sand:and gravel, and openings in bedrock, the voids are so0large that most of the water freezes nearorat 0 C,.and no channels are left open
to supply a growing ice segregation. Lean clay (low plasticity) and silt contain
pore sizes that are ideal for the passage of liquid water while they are freezing;fat or heavy clay (high plasticity) have all or most of the water so tightly held
in the absorbed layer that no free water can be added. In summary, silt orsilty clay soil in its natural state is the most favorable medium for growth
of ice segregations upon freezing. This concept is born out by extensive field
and laboratory investigations.

The amount of ice which forms in the ground upon freezing depends upon
the moisture originally in the ground and the amount of water that can be drawn
to the freezing centers from the unfrozen ground. Poorly drained areas under-
lain with fine-grain sediment are therefore ideally suited for the growth of
ice segregation and subsequent frost heaving.

In summary, probably the most favorable condition for the growth of ice
segregation and the resultant frost heaving is the slow freezing of moist
nonhomogeneous organic silt or silty clay.

When we compare the conditions for the growth of ice segregations in the
bedrock at the site we see that it is not altogether favorable. Although the
water table today is high, and could have been high in Pleistocene time, and
there does exist some shale and clay seams, the conditions are relatively un-
favorable for ice segregations. There are no layers of silt, and the clay
seams and shales are not Real for capillary transmission of water and the
growth of ground ice. Ice indeed would form in the bedding planes and in the
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many joints, but conditions are unfavorable for continually drawing in of
water.

It is necessary to have a reason for the localization of growth ice to
form buckles. The only possible reason is to use the fault with its gouge
as a conduit for the water. The gouge is not necessarily silty but sandy,
and in many places, clayey. Ice would undoubtedly grow in the gouge, but it
would have no reason to grow in the joints of bedding adjacent to the gouge
except for ice fillwithout ability to continue to bring more water to a
particular area. Great amounts of segregated ice which are known throughout
the world occur in perennially frozen (formerly unconsolidated) sediments and
not in bedrock. It would be well to consider exposures of perennially frozen
bedrock.

Exposures of perennially frozen ground, both natural and artifical,
throughout the world are almost entirely in unconsolidated sediments (soil)
ranging from very course to very fine. Exposures of perennially frozen bedrock
(permafrost) are rare. They are known in mines and some exposures made in the
construction of dams in the far north. Most mining exposures are in crystalline
rock and descriptions of such exposures reveal no large masses of ice nor
buckling of the bedrock by ice.. Last summer I was fortunate to examine perma-
frost in Svalbard (Spitsbergen) in coal mines in horizontal sandstones and
shales. The ground ice was very rare, and what did exist was in small seams
filling joints and bedding planes and not typical ice segregations. Even
though the bedrock was cut by faults, there were no distortion or buckling of
the rock, either away from or near the faults, by ice in these bedrock exposures.
The frozen bedrock with a small amount of ice in seams and joints was exposed
from the surface to depths of 1000 feet.

In summary, it appears that the growth of ice segregations (Taber ice)
causing frost heaving (ice wedging) would be unlikely to produce any of the
bedrock buckles present at the Nuclear Power Site.

The fifth type of ice, buried ice, is related to various types of glacial
ice or lake ice that may have become buried by sediments and continually existed
in permafrost for a long time. It is a miscellaneous category and does not apply
to our particular problem.

It is interesting to note that although the bedrock may not have been
disturbed by perennially frozen ground, the overlying 10 feet of unconsolidated
sediment (soils), in addition to being highly disturbed by slumping, settling,
and otherwise being moved about either during deposition or after deposition
by the melting of glacial ice, was also undoubtedly alternately frozen and
thawed many many times during the last 10,000 years. Seasonally freezing and
thawing plus, natural slumping, folding, draping in glacial sediments does
produce an enumerable minor structures that are common in such sediments
throughout the world and seem to be well represented in the various exposures
made at the site. I think it would be most difficult to demonstrate that these
structures were related to underground movements of the bedrock.

Conclusion

It is my opinion after having seen the site, discussing the geology with
geologists, reading reports, and examining photographs of exposures that the

/
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perennially frozen ground with simultaneous growth or subsequent growth of ground
ice did not cause the asymmetric folds (buckles, teepees) that are exposed in
the bedrock in'a linear trend along faults and reported to extend to a depth
of 200 feet. After studying ground ice for many years in various parts of the
arctic and subarctic in North America, Europe, Asia and in Antarctica, I believe
that none of the five main types of ice in permafrost created the bedrock buckles.
Pore ice does not distort the ground. Foliated ice and pingo ice would leave
well developed ice wedge casts, pingo scars, and other features. Such are not

'present. Foliated ice and pingo ice do not distort rock to depths of 200 feet.
Ice segregations would not grow as required to distort the rock because lack of
unconsolidated silt and silty, clay layers. Buried ice was not present. The
growth of ground ice is extremely important in land-use planning and engineering
geology, but it generally reflects disturbances in the unconsolidated sediments
and not in the bedrock.

Thank you very much for allowing me to consider the possible effect of
growth of ground ice in the bedrock in relation to foundation problems in the
area, and I would be most pleased to add additional information if necessary.

Sincerely yours,

Tro . Pdwd
Pr essor of Geology

Registered Geologist,
State of Arizona No. 6445

Registered Geologist,
State of California No. 2834

Registered Engineering Geologist,
State of California No. 832

TLP:phh

cc: J. T. Det te
W. Swiger
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PÃBITIAL FOR 97fFERKNTLAL NVKNKNALONG NNASTE STRUCK(
NfNE HULK p07fF, NBS VQRK

9%R YHK BERT 50 YEAl5

Charles Fafrhurst
Consul tant

Nay 23, 7989

Introductfon

The Rahsaste Structure fs a )owang7e {to the hei fzontal) thrust fau)C

feature exposed fn a shallow excavatfon on the proposed site for Untt 2 of

the Nuclear Power P)ant at Nfne Hfle point, )n Upper Neet York State on the

southern shore ef Lese Ontarfo. The exposure reveals that hor fzenta)

translational mvesent approaching 7 A. has occurred along the structure.

Sfnce th structure fs,f8 choose proxf@fty Co the emergency cooifng l4ikter
'!

tunnel far the e fe a plant, and fnte~ects the actor eaeavatfon, fe fa,

obvfously feportant to assess the potIntfal'or dfsplac~nt to occur @Tong

the structure durfng the eperatAng 3 ffe of the nuclear plant; approxfeatHy

50 years.

Acting as a ~~m'f an advisory panel convened by Games and %ore.

geotechnfca1 consultants to the p)ant owner, Niagara mohawk power ~ssfon,
l have carefully studfed the reports prepared by Games and ffoore, and papers

and ceamwts by Stone and Mebster, the plant desfgners. I have also vfsfted

tha sfte. fnspected the Radmste exposure, and dfscussed geotechnfcal questions

concernfng iC with Games end Rebore personnel. As a result of these delfbera-

tfons l have forled the opfnfons presented below concerning the general prob)em

posed by the RaAeste structure.

The program of 9eotechnica'l investigation end analysis conducted by Demos

and Nore fs vel'y thorough and ccNgRtent. Et provides a very good, 'logical





bas)s on eh)ch to examine the stab))fty of the Ra&aste structure. The

most recent report. a 21 page document* with 23 plates and an Appendix~

is a succinct statement of Dames and Nore's current views on th genesis

of the Raheste structure and displacements along it, and serves as a very

useful basis on shich to present ay om vfews on the structure, Rathev

than repeat the points aade 4n the Oases and moore report (0 5 I report) >

l sha11 refer to the specific sections as appropriate in the cemsents belt+.

l. mechanics of Formation of the RaAeste Structure

Recent exploratory dri11$ ng (P)ate 15, 0 5 8 report) indicates that the

Radwste structure is probably the upparaest of tm or more similar structures,

each increasing 4n'scale with depth. The structures seem to bc clear)y the

result of high normal stresses act)ng essentially parallel to the surface.

The faultin9, bedNag p1ane slip, etc., seen in the Ra&oste trench suggest

that the nearby erosional valley $ n the Qseecp sandstone could have provided

the 'local stress concentration that. producers the structure ().e. ~ as described

in page l0, 0 5 N report}. A 1ess p1aus)hie, but possible. interpretation is

that the shear-slip occurred through the Owego sandstone directly to the

surface and that the valley formed subsequently as an easity eradable path

for glacial action. Yhi apparent lack of shearing 4n the )ower portion of

the Oswego, above the structure tends to ~hen this explanation.

The existence of a deeper structure suggests a deeper erosional valley

further weherd, $ .e. ~ tn the floor of La%i Ontario. Lt ts also passeth>e

that the )acr structures asere a consequence of the Raheste structure, in

that slip along the latter reduced the norse) stresses above $ t and caused

stress concentration bÃoe )t, thks leading to bedding-p)me slip belm. This

e s I ven for the report.~ Oisplacemants of the Mall of A Cut tn HoHaontally Sedded Rock due to Joint
Shear and Sl)Nng under Relief of H)gh Ilorfzonta) 6round Stress (by J. A.
Frank)in) ~ 1) p.





process will continue pragressfvely untH the principal stress orfentat$ on

fs sufAstently fnclfned (f.e., norea1 stress high enough) to the bedNn9

planes to prevent further s1ip.

The lower structure is also of interest in that it is to be expected

that the (essentially hor frontal) nomaI stress below the lower planes of
'eddingplane slip should. be signfffcantly higher than above those planes.

and would tend Co tndfcate the eagnitude of the orfgfna) near-surface no~3

tress P in I fL Nl mport, e.g., Plates RO, RS). Since the loter structure
n

3fes entfrely belle the plant site dfsplaceaents along it, if they occur,

are unlikely to cause df fferontfal dfsplaceeent of one part af the plant

foundatfon with respect to another.

The change in observed lateral translat)on along the Radwste structure

f0 3 N report, p. 31) can ptebably be'ascrfbed to a coahlnatfon of unaccounted

for'ntrastrata) bedding slip and relative translatfon due to swe11ing.

The dipping nature ot the overall dfsplacelent zone suggests that further

dfsplaceaent fs less >fkely than suggested ter S. Price's assumed sfngle

horizontal plane of sliding.'"

. The fnclfaed shear Rane and associated. apparently contemporaneous,

dflatfon strongly suggests that Mm itmcture developed under 3ow norma)
'"

pressure. $ .e.. near surface conditions. tf it is argued Chat 8ilatfon

deve1oped later than the fnftfol shear zone then it must be accepted that

the dilatation (which requires les nona@1 stress, $ .e., near surface coefftfons)

dt t t(l,pNLII Ill \ I III \ \ ~ht
to ear1 ier fomatfon.





2. A of Raheste Structure

I feeT unqua1$ fied to fudge the validity of the ~ v)~, that the

structure is scient (ii)))ons of yews o>d) or 'Noaern'12,000 years

'young'. However, it eppeajrs difficult to reconcile the near-surface

environsent considered necessary for foreatfon of the structure, with She

3 ba depth of teria) that existed $ n Palaeoxoic end early Nasozoic times

(see Plate $ . 6 8 N r'eport). It sees,flea Plate l. that the depth of

burial aery have been einiael for the past 1 million or so years.

3. ~5lhAlt fld t R t
It is quite certain that the Radrraste structure developed due to high

lateral (i.e., essential)y paralTH to the bedding planesj str esses (i.e.,
the strain energy stored 4n the rock, referred Co fn, 0 8 8 report: see

e.g.. p. 16). The boundary conditions suggested in the 9 5 N report,

pp. 15-17. seoul appropriate -recent stress determ)nat$ oas suggest that the

normal stresses (c„p) ilong the boundaries 0f end P (~ling Veen'ault

and Qainage Ntch Fnu)t) pro almost negligigi.', so that the shear resistance

along thee, dS> and dS> fD 5 8 report, p. 17) Mi)l be also small.

Nsplecemnt slony the itpucture All reduce the eppliel stress (e„j

unt$ ) the driving force (F„) and resisting force (F ) fshmr resistance

alon9 bedding planes and against 'steps'n the inclined shear path) )ust

balance.end disp3aceeenL ceases-simply in accordance with Nmton's 188 Df

motfon:
(F -F)=mer

where m is the mass of the sliding structure (rock above the slfdfng surface) ~

'a's the, acceleration (d u/dt ~re u di placement, t = time) of that

mass. Obviously if the displacement (uj stops, then a = 0, and F = F .
n
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Ef F increases andfor f'ecreases. then ahhtfcnaI displacement vill
occur TlnIs. the questfon of the stability of the Ra~te stature may

he simply Nvided into two parts:

i) vill F„ fncrease

ff ) nil F decrease

X.f &ther 4qpens then movement All ocmr.

'Cn Orle Ferne F
. c 'b

~ A

The fore@ (F„) or stress (e„) cawing msMard aeveamnt (of th upper

Raheste mass) could arise-frey severaI sources:

L) remanent 3atera3 cesyression due to o~gnatfc processes. Th)s

could be, in essence. an overall pa~co3apression upon Mich

processes sek Is $ f) see)4 be superfeyoset.
,, 'Lp

f$ ) CiffermHal, uplffC'due Ce e aehfnatfon of leis-tera tectem)c

uylfft. and 9)acfal rebound'see 9 5,H, Plate 2C).

The force (or stews) could ee4arso rldvetfon, or em reversal due to

'daweerpfnl'uring perfect of g7ac$ al ehrnnce {e.g.. as $ n Nate 20).

Depending an the rate of dwHopepnt and chratfon of daeeerpfng (and Oe

viscous characterfst$ cs'f the bcANng planes) this could rewIt fn tensile

stresses- being generated in the teak agaeent to the beMing planes.

Seae estimate of the magnitude and rate of'evelopment of (ii) aug be

obtained from records of'ertical crustal eovenents in the region {D 5 H

report. Plate 2), &$ch indicates a differential up'lfft rate of the order

of -(-2 + 1) ~25 adler (contour interval) per year, or 0.04 aefiliiefyr.
This corresponds -approxfestely to:

.'0.94
apfamfyr ~ Z.S x IO radslyr
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Ifae assam an overs)l shear modulus of the rock fornations of l x $ 0 p.s.i.6

then the shear stress produced by dffferentfal uplfft fs of the order of

2.5 x l0 ~ 0.02 p.s.i./yr
or l .s.f. in 50 ars.

Thus, -it weld appear Rat uplift should have no effect on displacement

of the Raheste str'uetura over the lffetfme of the plant.

5. Chan in Resfstfn Force (F<)

The resfstfng Vorce is pnMmAnant7y the shear resistance of the beddfag
~ 7

planes fnvoled fn the.'s)4y'bake'f the Rndllasto stature. Apart frees

long-tens crmp causing a progressive sin displaceeent, the other main

possibility of rieduct)on fn the effectfvo. strength of Qe beddfny planes

and slip surfaces is due to e rfse in the eater tab)e. Accordfnl to

Plate 6 (0 5 5 deport). the Rse fa tha )eval of tahe Ontarfo has been very

gradual, correspmdfny to approxfaetely 50 ft. in 8,300 years or 4 fnches

4n 50 yean. (see a7se p.. 3 of D 5 H rampart j. 4 inches head of eater corw-

spondk to an up)fft pressure of..0.)S p.s.f. Agafn. ft ~ould.seem that this
is a negligible anent.

Thus, it noule appear that ~shan s in the stresses over the next M
years. other than those msultfng'fne the fnteractfon be~n the app'1fed

tectonic stresses. (t) above. and the shear strength af the beck. should be

negligible. Me eil), then. tu~ attention to the existing situation.

6. Stress OetereRnations

Overcorfns mnsuramants (soma still undemay) in the vfcfnftg of the

Radwste structure inNcate ttet the stresses are lm close to the surface

at the 'front'f the structure, fncmasfng 'la&ed'' helee the 's1fp-plane





reoion' and again increasing with distance from the 'front'f the structure.

It appears further that the stresses normal to the Cooling Tceer and Drainage

0)tch (baunding) Faults are quite low such that these fault surfaces probably

do not severely inhibit slip of the Radvaste structure.

The above orgusents suggest that it is reasonable to consider beddino-

ylane displaaeant alon9 the Rnheste structure to be the result of a constant

tectonic stress a„and I t$m-dependent (decreasing) shear resistance alon9

the beddiny plane-slip surface.

In such a case the d5splaeement {d) my be expected to increase expo-

nentially until a fixed ea1ue is reached. At this point the (decreasing)

applied force F„Hl7 balance the resisting force F .. Little ts kncee about

the very long-tens shear strength of rocks or rock. surfaces but it seens

reasonable to assuae that the )ong-tenn value of F„, say (F ) is greater

than 0. f"?f not," it has been argued, "hm could we have mounta)nsT"

(assuaring, af course. that aeontain uplift is not compensating for the long-

term creep towards a plane3.

The exponential gnash of the displacetnent raay be expressed as:

where 4 is the final Nsp1acesent f~ (F„)t ~ (F„} ]
4t $ s the dfsplaceeent at tice t
a is the decay constant

t $ s the togae fme start of disp)acelnent.

Ifm assume, far example, that ha)f of the total (final) displacement

occurs in time t ~ l, ttNfl e ~ 0.7 or
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Thus after tice >Ot

or. 99.9% of rill the aeveeant that oil} ultimately develop s))l have occurred

in 10 tiaes the period required for the first 5'f the aeveeant.

lf this madel $ s valid for the Raheste structure, thfs auld'suggest~

for. example. that if 95 ef the revenant occurred $ n the first 4060 years

(T have no basis for this ne4er except that, in creep tests on rocks lost

of the aeveuant occurs relatively verI quickly) then, after 10,000 years.

99.9Ã of all the movement auld have taken place. Thus, if 100 inches

disp)accent has occurred in 10.0004 years. then a)T but. 3I)o inch of possible

neveeet has been dissipated free that driv3n force.

7. General Cement

The above considerations tend to suggest that eovenent on the Ra4este

structure s)ll he ne93$ 9ib)y smnll over the next SQ years. It should be terne

in mind, heever, that numerous assunytions have been made in order to proceed

Hth tie computat)ons. and that other factors have been neglected. For

exenple. stress deteriainations'o she> sfzeab)e (1,000 - 2.000 p.s.$ .} normal

stresses in the near surface rocks, ace fred the front ($ .e., Radwaste trench)

of the structure.. Also. the noreal pressure across the bedding planes {$.e.,
preventing s)iding) is equa) only to the eoghtlunit area of the overlying

colure of reck (l.e., at 40 ft ~ 40 p.s.i.). The cohesive strength of bedding

p>anei a!ong Aich sliding has occurred $ s essentially nil. Thus, ifeater

under pressure'approaching that sufficient to "float" the overlying rock

(i.e., 40 p.s.i. at 40 ft depthj mre introduced into the bedding plane.

release of the norma) stress in the rock auld occur and promote displacenent

along the bedding plane.





St has been noted (y 0 g repo<. p- V} chat ths lahorato y tsho<-~~)

ueasured shear strengths of bedding planes $ n the Rakmste region we ver

close to the shear stresses observed to be actIng along those planes In the

field. Yhis )s cons)stent Rth the vior that the system is just in equi1i-

brim (F . F g 0),"netastable equi'librim". A more sensitive c epaÃsonn'

of the potential far further slipping along a bedding place etould be to

detamdne the slip as a function of Quid pressure appl)ed along the bedding

p1ane. Such a test. camfu11y performed Ath control "outlet" boreholes

aroUnd a centra) Input pressurized borehole, wou1d be a direct test ttmt

circvmvents a number of arguable hypotheses.

Still another approach to assess the tendency for eyveeant ahold be to

overcom drtll holes that have been granted, in order to determine ethether

there tins been any offset in the grouted colme. I understand that there am

some holes that hive been @routed for almost 1D years. This is a long enough

period to cake 'seam osQmates of the probable behav)our over 5D years.

One obvious method of assessing whether eoveeant has tahm place

mcently is to exinine structures (e.g., $ n Vn)C 1) buI)t on the sasme roch

formetions —to deck for any signs of Swage (e.g., cracking) due to qround

movelent. 1 understand that this has ben dec both by Stone and Mcbster,

and by Oaves and Ncere personne1. E do not, have exact details of &at has

been obser ved.

8. Need for Noeerioel ~Node'll le

The above discussion has been. directed towards a preliminary asses Int
of the potential for further eovanent along the RadNaste strocture. A1though

there are severa1 unknowns (e.g., age of Ra&aste structure), it does appear

thit there should ba a neglfgible amount of movement, (i.e., less than the





r

1 inch/SO years 'Heft consMared desfrab)e). $ f the asset)ons are correct..

~ver, consider+1e effort has been made to map the Rahgste feature fn

detail. and to eeke stress and encl)noeater measurenants. Oeaes and Moore

have made qualitative end spec quantitative intemretations of the data

obtained $ n these fnvest)gations. As yet, hteevet. the data hive not been

incorporated.)nto a comprehensive numarical model. so that rationally

derived cgtfuhtes cen be theft of the ptoh48Ae Nhkiem@ values gf fgtMtO

dfsplaamnt. E feel chat the sxnh) ef11 conf$ m ay fntuftfon. based on

arguments out)fned above, that, there All be no movement of consequence.
I \-

%eever, l weld be >such mom confident if an analys)s fncorporatlng all

(or most) of the actually observed data vere coetucted.

As mentfoned in ay ear7ier 1etter, I recammended that this eodgl>ing

effort 4e eCartahet hg Sr. Pater A.",Ctedal l. l do;ihfs because Qr. CMndall

has developed the '«Nscmte elezet analysis'rocedure incorporatfng
cevutee'nter-active

grayMcs. Thfs'rocehrre fs far rom appropriate {and eclat)vely

econosical} than eO'ther of ekfch I am @sana for'the particular type of
J

problem represented by the Qa&aste structure.

I have taken the )'iberty of asHng Or. Cundall to g$ ve ee his opinion

of the prob1em and ~heter $ t could be adequately aedelled. H)s prel fefnary

camnents are attached.

C. Fafrhurst
Nay 19SO





NSEU.lHG OF BAOQ5TF. STRUCTURE

by

Peter A. Cundal)

The mein features of the North Radwaste Fault and its associated

str ceures have been described $ n detail in the docuaent entitled,

"Geologic Evaluation, North Redwaste Fault. N)ne Nle Pofnt Nuclear

Station - @sit 2 names 5 Reeve. gob 04?02~-lS. dated november ls, i%79.

I shall not repeat thee inforir6tion. but w$ 77 concentrate on the possibilities

for numarical Nodelling. v ~

Et s~ to ae that the geolog)eel azchanisms put forward 3n the report

're plausible. In, particu)ar, the evidence so far to hand does not preclude

the possibility of'utum reverent on the fault. lt should be a cause for
concern that seven Aet of Qevesent has occurred 5n,the recent geological

1

past, and that the system may'be in limiting equi)ibriva.

? propose that a series of nwerical exper fonts be performed in order

to explore the conditions under which the noted geological nechanism can

occur. Only the limited data shme in Table l(a) are available; any numeri-

cal eedel must. at the very least, eeteh or use these data. However thew

are a nuaber of unknowns )see Table l(b)$ , for which, values est be assured.

It is hoped that the observed behaviour will he found to occur only far n

limited range of the unknown painters. ff th)s is the case. the simulation

of the system may be extended into future t,)me, to predict likely Noveeants

dur ing the life of the power plant- Tte prediction still probably consist of
a range of values for dfsp1aceaent, depending on the input assumptions.

Et emu)d.be interesting 4f the nueerical arodelling deremstrated that

bedding-plane kinking. of the kind observed. always unloads the strata past





% P%

the po)nt of liarfting ~ui3)br)um, so that shear stresses on bedding planes

drop mls helter stmor strengths. Such un1oading will'occur a3most certainly

it the kinking takes place rapidly, but it is not e1ear whether viscosity in

the rock ss)ll inhibit the un1oad)ng by slowing d~ movement. The nuserica)

model should answer the question. if un1oading does occur under all condi-

t)ons. I goad case could he made for expecting )httle future covenant.

Kven,though soak data are unknown, a computer model can provide new

information, as the preceding exemple has shown. The model can also suggest

critica1 field tests that auld enable a choke@ to he made bebeen two cel-

Dieting hypotheses. A further. uM for. the. mode1 is to evaluate any teAedial

measures that are proposed.

m@.E 1(a)

lNFORNTI08 THAT IS AVAILANS, OR PART?ALLY AVAILABLE,
NS %ST BK. NTC%O Ie Ne men.

e observed vertical and horizontal displacenents across fault,
and observed f)na). Q00Mtry

o maxieasn time for disp1aceaant to occur
t )

o present eeasurid stresses

o swelling properties of intact rock

o short-ten elastic rock module, densities and joint properties

o knee changes in water table

e knn regional shear straining

o knarn or)entation of bedding-planes





mia >(bj

ups (mm ~m~vam)

e 5n50al stress-dtep

o distance norma> to sMke at Aich stress app15w

a v5scos5ty of hedNng planes and rock

o otter yrepert5er )aehv5ny t5m: C.y..'o5nt fiict5oo

o >~Vpacer ~as (Ss m envssani camenae ae~ Z ram>ass)

o . )ong-term elast5e/plaetfc pmpa&5es of rock

e effective bedding-p1ane spacing
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'OTES ON THE RADWASTE FAULT STRUCTURE, NINE MILE POINT
NO. 2 GENERATING STATION, NIAGARA MOHAWK POWER CORP.

Richard H. Jahns and Shailer S. Philbrick

These notes derive from (a) detailed reviews of notes, reports,
and documentation prepared or provided by Dames & Moore and
Stone & Webster geologists and by Troy L. Pewe of Arizona
State University, (b) personal inspections of the Radwaste
Trench and the bedrock exposures it provides, (c) several
conferences with Dames & Moore and Stone & Webster personnel,
and (d) personal knowledge of other occurrences in the eastern
and southwestern United States where bedrock structures com-
parable to the Radwaste Fault are present. It should be added
that some of the currently available reports and findings
represent investigations post-dating our own visits to the
Nine Mile Point Site.
As exposed in the excavation from which it is names, the
Radwaste Fault is a well-defined zone of rupture, dislocation,
and displacement in stratified rocks of Paleozoic age. It
strikes approximately north-south and dips eastward at low
angles; average dip in the trench exposures is near 15 degrees.
The sens of slip is essentially east-west, with relatively
westward movement on the hanging wall. Dip slip of 4.0 ft
and 6.8 ft has been determined at two places, and it is evident
that some associated slip has been accommodated along bedding
surfaces adjacent to the fault.
Exploration in the area centering about the Radwaste Trench
indicates that the 'fault is part of a family of subparallel
breaks, each of which evidently flattens eastward into one
or more zones of bedding-surface slip. As indicated by Dames
& Moore geologists, expressions of the fault strucutre

diminish'astwardfrom the trench, and eastward from the easterly margin
of a small buried bedrock valley with which the breaks are
spatially associated. All the breaks evidently are confined
to the shallow subsurface.

The radwaste Fault Structure has been carefully explored and
analyzed, in greatest overall detail by Dames & Moore geologists.
Their principal conclusions, which we regard as demonstrable
and defensible, can be summarized as follows:

The faulting reflects relief of strain energy
that has been stored in the bedrock. In the
total context of regional geologic history, it can
be concluded that no increase in the amount of
stored strain energy will occur during the coming
centuries.





2. The faulting reflects lengthening of a local
crustal block in the near-surface environment, andit probably was at. least in part localized by the
presence of a small valley cut into the bedrock.

3. Loading and unloading of the subject ground, as
associated with episodes of Pleistocene glaciation
and deglaciation, could well have been significant
factors in prompting movements along one or more
of the fault breaks.

4. The faulting is late Cenozoic in age.

5. The faulting is not related to current tectonic
processes that .could introduce additional amounts
of strain energy into the affected ground.

The Radwaste Structure, with characteristic low dip, downdip
flattening and diminishing of displacement, occurrence in
a near-surface environment, and daylighting in a domain of
largely de-stressed rocks, represents a large and widespread
family of structural features ordinarily referred to as
"exfoliation products". Such surfaces of rupture and displace-
ment reflect the expansion and movement of rock masses toward
the nearest free surfaces, most commonly the ground surface.
The stress field is highly anisotropic, and rock failure occurs
along gently-dipping surfaces wherever pre-existing breaks
are not available in the proper orientations for relief of
the strain that. is present. The strain energy in rocks that,
once were deeply buried typically derives in part from earlier
tectonic input and in part from erosional unloading of the rocks
(the "residual" component).

Breaks of the Radwaste Structure, along with associated zones
of bedding-surface movement, are dilatational features that
have accompanied extension of the overlying rock masses. These
masses, in their present condition, have been progressively
destressed both upward toward the ground surface and up-dip
along the Radwaste Structure. Recent in situ stress determinations
in the area bespeak this progressive relationship, and they are
compatible with development of the Radwaste faulting by down-
dip propagation from original daylight lines.
Toward assessing the possibility of future movements along
the Radwaste Structure in the power plant area, it is necessary
to consider the age of the movements that have occurred in the
past. On this score, Dames 6 Moore geologists suggest that
"a majority of the displacements" probably occurred during
Holocene time. This view is based mainly upon:

1. Deformation of clayey silts that occur within
the zone of rupturing. These silts probably were





associated with glacial Lake Iroquois, and
they have been dated as approximately 11,000
years of age.

2. Presence of calcite mineralization within the
fault zone. The calcite has been deformed, and
some of it has been dated as about 14,000
years old.

3. Presence of significant levels of strain energy
in the rocks at the present time.

In contrast, the clayey silts noted above are regarded by
Stone 6 Webster geologists as younger than the deformation
expressed in the bedrock of the fault zone. This view is
shared by Pewe, who ascribes deformation of the silts to
syndepositional processes such as slumping, differential
settling, and liquefaction. We also are inclined to the
view that the silts post-date essentially all of the bedrock
deformation, although we have not had opportunity to view
all of the evidence on the ground. The relationships that
we have seen, however, can be readily explained as syndeposi-
tional. It can be added that we do not regard the occurrence of
layered silts with steep dips as necessarily an indication oftilting or other deformation, as such silts commonly are plated,
layer by layer, on steeply inclined and even vertical surfaces.
Late-glacial lacustrine silts have been observed, for example,
as steeply inclined coatings on the sides of ice-rafted
boulders, without associated faulting or other deformation,
at many localities in the northeastern United States (e.g.,
Connecticut Valley, Champlain Valley).
The evidence provided by some dated calcite mineralization
strongly suggests that some movement has occurred along the
Radwaste Structure, or parts of it, during Holocene and/or
latest Pleistocene time. This movement. need not have been
more than a small fraction of the total displacement, but.
we have not seen enough of the pertinent evidence to hold a firm
opinion concerning the nature and timing of the inferred move-
ment.

That the bedrock along and near the Radwaste Structure still
contains strain energy is well documented, and indeed is to
be expected in the light of known geologic history of the
region. The energy levels unquestionably are low as compared
with what they once were, thanks in part to relief through
movements along the Radwaste Structure.

Our conclusions concerning age and activity of the Radwaste
Structure in the power plant area are as follows:

l. The structure was initially developed in pre-
Holocene time, and probably in pre-Pleistocene
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time. That at least most of its movement occurred
in pre-Holocene time is indicated by the partialinfillingof structurally-formed openings by silts
that are about 11,000 years old.

2. Initial formation of the structure probably
was abrupt, with displacements at a given place
relatively large at first and attenuating with time.

3.. Movements along the structure probably occurred
during Pleistocene time, as prompted by episodes
of glacial loading and unloading.

4 Post-Pleistocene (Holocene) movements have been
small if they have occurred at all. It cannot be
demonstrated that no Holocene movements have occurred,
as no reference features (e.g., dated infilling
sediments) extend entirely across the zones of
disturbance.

5. Future movements along the structure are not likely
to occur. Further relief of the limited amounts of
strain now in the rocks will be distributed in the
affected ground as dilation and small movements along
fractures and bedding surfaces. The Radwaste Struc-
ture is so nearly dead at present levels of exposure
that its participation in such future movements would
amount to no more than a small fraction of an inch.

6. The Radwaste Structure is not, seismotectonic
in the defined sense of that form.

Toward generating further perspective on ages of deformation,
the role of the Radwaste Structure, and the possibility of
further movement along this structure, we offer the following
comments concerning similar and comparable features that have
been studied in New England and adjacent parts of the north-
eastern United States.

Exposed at several localities in Maine, Vermont, New Hampshire,
Massachusetts, and New York are low-angle thrust-like faults
that are similar in all important respects to the Radwaste
Structure. They occur in many kinds of competent, rocks,
generally within 300 ft of the present ground surface, and
the ones that have been studied in detail are well exposed in
granite quarries. Their relationships can be summarized as
follows:

They range from knife-'edge breaks to zones of
closely-spaced anastomosing breaks as much as a
few inches across. The brittle rocks are
typically ruptured and slickensided in detail.





2. The zones die out. into massive rock as traced
down their undulatory dip, generally in distances
of tens to a few hundreds of feet.

3. They represent thrust-like translation, with net
slip (where determinable) rarely greater than
about 5 ft.

4. The rock in many of the zones is weathered, in all
cases to an extent far greater than the effects of
Holocene weathering.

5. All the zones definitely antedate the development
of sheet structure in the host rocks. They also
antedate development of most of the microfractures
that represent rift in these rocks.

The thrust-like breaks and zones of breaks are best interpreted
as relief features with respect to strain energy in the host
rocks, and on this score they evidently represent a combination
of ancient tectonic input and differential stresses attendant
upon erosional unloading. They can be regarded as late Tertiary
or early to middle Quaternary in age.

The sheet structure in these rocks can be dated relative to
episodes of glaciation, as its orientation reflects local
topography. Gross modifications of this topography typically
lead to reorientation of sheets as they continue to develop.

Post-Wisconsinan sheets are thin and few; not more than three
of these exfoliation features are present in most places, and
at some localities there are none. Most of the sheet structure
seen in natural and quarry exposrues is plainly pre-Wisconsinan,
and much of it may date back to early glacial times and possiblyinto pre-glacial times. It is significant that all this
sheet structure post-dates development and essentially all
movment on the thrust.-like features noted above.

Like the Radwaste Structure, the thrust-like features were
formed long ago, and certainly in pre-Wisconsinan times. Once
formed, they seem quickly to have run most of their respective
courses. Indeed, subsequent relief of strain energy in the
rocks evidently was accommodated by more intimately distributed
movements in the affected rocks, chiefly along sheet and other
fractures (or small cross-fractures and bedding surfaces in
the Radwaste situation).
Because there is a similarity in form and genesis between
the faults in the bottoms of some of the valleys in the upper
Ohio River basin and the Radwaste structure, we shall consider
the Ohio River basin valley faults.





In 1959, H.F. Ferguson and Philbrick reported to the Engineering
Geology Division of the Geological Society of America that in
the bedrock foundations of 18 flood control and navigation
dams in the upper Ohio River basin constructed since 1934
they had encountered faults in 11 of those foundations. A
generalized description follows. "Most occur as low angle
thrust faults with a displacement of 2 feet or less. Soft
gouge or breccia zones are found up to 18 inches thick but
are seldom recovered by coring (diamond drill) if more than
1 inch thick. There is no general orientation (compass) of
the strike of the faults and no apparent relationship to
regional structures."

Ferguson (1967) continued the examination of these phenomena
during other construction operations in valley bottoms in the
same district. He states, "The valley bottoms have been subject
to compression forces produced by that zone of the valley walls
that has fractured and expanded horizontally. This horizontal
movement together with the load of this mass, produces forces
(similar to sl above) that cause a wedge failure of the valley
walls and bottom in the form of arching, thrust faulting, or
shear breaks in the rocks. These areas of release of stress
have been in the center of the valley with valleys of uniform
topography. (But some have been nearer the base of the valley
walls) The depth of the compressional breaks in the valley
vary with the competency of the rock with the more massive
rocks such as limestone or sandstone having deeper areas of
disturbance than the weaker non-competent rocks such as clay
shales or indurated clays." But basically these faults are
shallow.

Philbrick reviewed these phenomena by telephone on 22 March
1980 when Ferguson expressed his belief that these phenomena
were even more widely distributed than he had believed in 1967.
An on 29 March Philbrick discussed this by telephone with
Robert H. Nesbitt, formerly chief geologist of the Corps of
Engineers, who reported his familiarity with these phenomena
in Alabama, as well.
In summary the valley bottom faults develop as a result of
the vertical load of valley walls, thrusting outward, as sl,
with a shallow thickness of rock in the valley bottom, s3,
resulting from eorision of the valley being insufficient to
resist the thrust of sl and failure occurring as a low angle
thrust fault, a compressional failure. The Radwaste fault is
similar in appearance and form to the valley bottom faults.
The mechanics of the two fault systems is similar, but, the
genesis is different, although the reduction of s3 to the point
of failure is caused in both cases by erosion and removal of
rock, in the valleys mainly by stream erosion and at Nine Mile
Point by glacial erosion.
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Several of the dams included in the ll beneath which faults
were found, as stated in the 1959 paper (Ferguson and Philbrick,
1959), were equipped with crest gates supported on piers on
adjacent monoliths, which monoliths were free to move being
tied to each other across the monolith joints with nothing
stronger than sheet copper waterstops. The .fault gouge- had
been removed beneath monoliths where the faults were shallow
and the concrete founded on the footwall. As the faults dipped
cross stream beneath the valley, depth to the footwall was too
great to permit all the monoliths to be founded in the footwall.
Thus, the last monolith on the foot wall was contiguous to thefirst monolith founded on the hanging wall... The difference
in elevation between the adjacent foundations was several
feet with the monolith in the hanging wall having as much as
a foot of gouge in its foundation rock.

The lack of differential settlement or motion of the hanging
wall with respect to the footwall is demonstrated by the fact
that there is reported to have been no necessity for adjustment
of the gates or gate machinery supported on piers founded on
separate monoliths over a period of nearly 40 years.

On May 20,. 1980, Philbrick reexamined the Radwaste fault in
the trench where it has been exposed all winter and again
noted it similarity to the valley bottom faults. The similarity
of the gouge and broken rock in a nearly horizontal fault in
the Cooling Tower excavation to the in the foundation of the
locks at New Cumberland Locks on the Ohio River is convincing
of the parallelism of the structural development of the two
foundations, each in nearly horizontally bedded, sandy and
shaly sedimentary rocks. New Cumberland Locks have been in
operation for over 20 years with apparently no distress in
the gates.

It is apparent that motion on the valley bottom thrust faults
has ceased, even though some of them are post-Wisconsinan.

It would seem reasonable to believe that the motion on the
Radwaste structure has ceased since its origin and development
closely parallels the cause and development of the valley
bottom faults.
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