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ncern about the condition of the rock anchors for the containment at Ginna. He
vurther stated that his understanding of the FSAR description of the rock anchor
design led him to conclude that the design was deficient. As a result of that meet-
ing, RG&E/GAI agreed to provide additional information to support their position
that the rock anchor design is acceptable and does not constitute a safety hazard.

}Wg the meeting of October 21, 1980 (RG&E/GAI and USNRC), Dr. John Chen expressed

A review of the design, the FSAR, and current literature indicates thatithe.design
assumptions used were acceptable for rock anchor design at that time, and that these
aqggmptions -are_ still considered:tosbevacceptable.’ The effects of overlapping ‘of
the "reaction cones'" of the anchors were accounted -for in the original design calcu-
lations (see Tab 2) and in the recent calculations (see Tab 3). A scale prototype
test was conducted during the original design and four anchors were checked for
stress losses during construction. The loads applied to the anchors during installa-
tion (i.e., 0.8 GUTS) exceed current anchor loads as well as any load they will see
in the future.

 The assumed condition of the anchors for the controlling load combination (i.e.,
. 1.5 x accident pressure) neglects the overburden, the_weight_of containment internal
{ structures and equipment.as.well_as_the tensile_capacity of the rock. The safety

margins are adequate even without the use of these additional factors, all of which
would increase the margin.

Rock creep data was not obtained during the original design work. However, at' a

later date, additional rock cores and tests were made in an adjacent area on the

site. The results of these tests are provided ,in Tab 1 (Lucius Pitkin Report dated
@eptem’ber 6, 1973) as well as an estimate of the creep over 40 years which was

$21 x 107 inches per inch at a compressive stress of 10000 psi. The maximum stress -~

in the rock was estimated at approximately6600 psi. Thé relaxation of the tendon

wires themselves is estimated at 690 x 10 ° inches per inch. These calculations in-

dicate that the rock creep is insignificant relative to other potential sources of

force loss.

Except during containment pressurization, the resultant uplift force on the rock

. wedge surrounding the rock anchors is zero. As Figures 1 and 2 illustrate, the up-

( ward force which the rock anchor tendons exert on the rock (at the grout-rock inter-
face) is always in equilibrium with a downward reaction force on the rock at the
footing-rock interface. This equilibrium condition existed at the various stages of
rock anchor stressing and wall tendon stressing, and it is not changed by the lift
off tests of the past surveillances, nor by the recently completed retensioning
program. .

The tension force in the rock anchor, and hence the shear forces at the tendon-grout
interface and at the grout~rock interface, increases when there is lift off of the
upper rock anchor head from its shims during the application of a force to the wall
tendon. The amount of force increase in the rock anchor is the difference in the
final force applied to the wall tendon and the force required to 1lift off the rock
anchor head. If a conservatively low anchor head lift off value of 0.5 GUIS is
assumed, then the recently completed retensioning operations would have increased
the force in the rock anchors by approximately 0.24 GUTS (0.735 GUTS minus 0.5 GUTS),

. assuming zero friction loss in the wall. Since the rock anchors were originally

§ tressed to 0.8 GUTS and locked off at 0.7 GUTS, the retensioning program increased
-he rock anchor force at most by 30% of the largest force which has been successfully
applied to the rock anchors, 0.8 GUTS. Considering these conditions, there is no




basis for postulating an "anchor failure", particularly in light of the close agree-~

/ment between predicted and measured tendon elongations for all 133 tendons.

TN

In addition, the phenomena which RG&E has been concerned with at the site, that is,
greater than predicted tendon force losses with time, would not be explained by a
"failure" of the rock anchors. Anchorage "failure' is a phenomena which would have
occurred very rapidly and while the highest loads were being applied, i.e., 0.8 GUIS.
In all cases, even the 6% overload applied during each retemnsion, the load we are
applying to the anchor is below the initial installation and test load of 0.8 GUIS.

Tabs 1 through 8 of the Attachment provide additional informatipn relative to the
rock anchor design and construction.

A second concern expressed during the meeting was related to the connecting sleeve
between the upper and lower tendons. Tab 9 of the Attachment includes three docu-
ments: (1) a telex relating the results of lab tests on the connector; (2) a telex
relating the assembly procedure for the coupling (note item (5)); and (3) the design
criteria for the coupling. Although there is no specific record that the anchors'
treads were fully engaged, it would seem that since the procedure required full
engagement, lack of this would have been reported.

To summarize, the review has not uncovered either faulty assumptions or calculation
errors of an extent that would be of concern.
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ATTACHMENT

TABLE OF CONTENTS

DESCRIPTION

Description of rock and local geology from FSAR, Dames and Moore
Supplementary Report, Lucius Pitkin Report dated 9/6/73, and
calculation of estimated rock creep.

Rock anchor criteria as contained in the FSAR, the original
calculations which support the design.

Calculations made to independently verify the design and to more
clearly illustrate the design assumptions. Although the calculated
values are not identical to the FSAR values, the summary on page 8
illustrates that they are within engineering adequacy and demon-
strate an acceptable margin of safety.

Description of rock anchor tests for insitu anchors. It includes
a test report, the record of the original tensioning of the anchor,
a calculation for the tested anchor (#46), and three others to _
evaluate the effective length and the results of a field survey of
the top of the rock anchors 16 points before and after tensioning
and lift off readings for four anchors 7 to 20 days after initial
tensioning.

A description of small scale anchor tests used to substantiate the
design (from the FSAR).

The installation specification for the rock anchors.

Field data from the anchor installation including, (1) record of
anchor hole depth, (2) depth to top of first stage grout, (3) data
on first stage grout tests, (4) anchor installation data, and (5)
field summary of rock anchor installation.

State-of-the-art design criteria for anchors including a Paper
presented at the Seventh FIP Congress, New York, 26 May-l1 June,
1974, and a model specification for rock anchors from the PTI. The
items indicate that design criteria has not changed since original
design. )

Data relative to the tendon and anchor coupling including, (1)
telex describing coupling fabrication problems and tests, (2) telex
describing installation procedure; item 5 states fully engaged head,
(3) design criteria for coupler, and (4) PTL test report on coupler,
heads, and tendon. |
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2.8 GEOLOGY
2.8.1 SUMMARY

A geological program involving a regional geological surVey,"borings, and
other tests at the site was conducted to provide information needed to assess
foundation conditions, seismic activity and ground water conditions. The
details of these investigations which were peréormed by Dames & Moore are
reported in detail in Volume 1, Appendix D of the PSAR and in Appendix 2 B

of this report. -
These results and subsequent information discussed below indicate that the
rock and compact granular soil on the site provide¢ a suitable fouqdation for
plant structures with allowable bearing pre;sures in the range of 3 to 6 tons
per square foot for spread or mat foundations on the compact granular soils

and of 30 to 40 tons per square foot on bedrock.
2,8.2 + REGIONAL GEOLOGY

The site lies within the Erie-Ontario lowlands physiographic province which
is characterized by an erosional topography of low relief modified by glacial
features. The land rises gradually to the south where it meets the Appalachian

Uplands at the Portage Escarpment.

Geologic formations in the region include Lower and Middle Paleozoic sédiments
overlying the pre-Cambrian basement rocks. The pre-Cambrian surface dips to

the south at approximately 60 feet per mile with local variations.

The youngest formation occurring at the site is the Queenston formation of
Upper Ordovician Age. The Queenston is roughly 1,000 feet thick in this avea
and overlies approximately 80 feet of Oswego sandstone, approximately 600 feet
of Lorraine shales and probably less than 30 feet of Potsdam sandstone.. The

pre~Cambrian surface is roughly 2,600 to 2,700 fect decp at the site.

2.8-1




ﬂ[’s. 3 LUCAL GEOLOGY

»

Tﬂe major nuclear station structures are supported in the Gueenston Formation
or atop a thin layer of natural or compacted granularisoils immcdiately above
the bedrock. The Queenston Formation, which is generélly found at depths of
30 to 40 feet, is composed of alternating strata of thinly to thickly bedded,
dense, fine grained sandstone, silty sandstone, and sandvy siltstone, with occasional
thin beds of fissile shale. Bedding is essentially horizontal with occasional
cross-bedding and shaly partings. * The color is predominatély red, but random
green blotches and layers occur throughout the depths explored. Occasional
continuous vertical joints were noted in the boringé and during our site
1'nsl;pect:ions. .
Subseqhenc to the initial environmental studies, seven additional borings
were drilled to depths between 35 and 90 feet in the reactor area for a
supplementary f;undation study. The location of these borings are shown

n Figure 2.8-1. The soil and rock encountered in the seven borings were
@milar in all respects to the on-site materials described in the PSAR.

Nine borings were drilled for the proposed intake and discharge tunnels.
As shown on Figure 2.8-1, these borings extended from the shore to a distance

of about 3,000 feet into Lake Cntario.

(ﬁ rior to Construction of the plant foundations, the soil overburden (30 to
40 feet of glanial drift) was removed. The exposed rock §ufface was observed
to be similar to that examined in nearby outcrops.‘ Bedding was horizontal
and occasional crossbedding and shaly partings Qere.evident. A pattern
of vertical joints of limited vertical extent was evident in the out-croping
rock, particularly along the lake shore side of the excavation. The observed
joihts c?ntinued to depths of from 20 to 30 feet from the top of the rock,
but no evidence of movement along the joints was found. The major joint
systems were found to be in accordance with those trends reported in the PSAR.

" Some minor exfoliation noted in the bottom of the excavation is believed to

ﬁave been caused primarily by the heavy equipment traffic on the excavation

loor and the drying effects of exposure to air.



The cores extracted in the nine borings drilled for the intake structure . .
investigation were compared with the cores of the previous borinés drilled
at the .site. As expected, the rock encountered below the lake was.consistent

with the rock encountered in on-shore borings.

-
-

The on-shore shaft and the tunnels were inspected during construction as

well as after completioh of the tunneling. Examination of the exposed rock
revealed conditions consistent with those encountered during the previous

studies. No zones of defecgive rock were found and no weathered rock was

evident in the tunnels. The rock in both tunnels is sound. Water flow was
practically nonlexistent, being essentially limited to scattered areas of

minor moisture infiltration. The actual conditions found in the tunnel excavations
are in agreement with those encountered in all previous borings drilled during

the initial subsurface investigation and the other supplemcntary investigations.

.

. ¢ . v
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June 2, 1966

Gilbert Associates, Incorporated
Engineers and -Consultants
‘ 525 Lancaster Avenue
. Reading, Pennsylvania 19603

Attention: Mr. Hans Lorenz
Gentlemen:

We submit herewith ten copies of our "Report, Supplementary

o Foundation Studies, Proposed Brookwood Nuclear Power Plant, Ontario,
New York, Rochester Gas and Electric Corporation.” .
{

The scope of our studies was planned in cooperation with
Mr. D. K. Croneberger of Gilbert Associates, Incorporated. Our
preliminary conclusions were transmitted verbally to Messrs. Croneberger
and H. Lorenz during the course of our studies.

. Yours very truly, '
DAMES & MOORE
et

RMP:ts Robert M. Perry, P.E.
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"REPORT
ﬂ[’ SUPELEMENTARY FOUNDATION STUDIES
PROPOSED BROOKWOOD NUCLEAR POWER PLANT
ONTARIO, NEW YORK

ROCHESTER GAS AND ELECTRIC CORPORATION

INTRODUCTTION

GENERAL
’ : \
This report presents the results of our supplementary foundation

studies for the.propoéed Brookwood Nuclear Power Plant presently under
construction near Ontario, New York, for the Rochester Gas and Electric
» Corporation, Detailed information relative to environmental conditions,

@it:e and subsurface features, and general foundation recommendations are

presented in our report* dated June 14, 1965.

PUKPOSE
- The purpose of our supplementary studies was to:

1) recommernd specific bearing pressures for use
in the design of foundations supported by the
natural compact granular soils, compacted
granular fill and sound bedrock;

2) present more detailed information on the depths
at which the compact natural granular soils and
the bedrock are encountered;

3) .further explore the condition of the bedrock
in the reactor area; and .

4) evaluate the effects of the dynamic load
imposed by the turbine-generator on the soil-
foundation system.

*

* “"Report, Site Evaluation Study, Proposed Nuclear Power Plant, Ontario,
New York, Rochester Gas and Electric Corporation" )

2B-2




SCOPE _OF WORK

The field phase of our supplementary studies consisted of drilling
ceven test borings. Two of the borings were dril}ed in the reactor area and
extended 50 feet into.the bedrock. The remaining five borings were terminated
;hen bedrock was encountered. Undisturbed soil samples, suitable for labora-
tory testing, were extracted from each test boring. Rock cores were recovered
fgom the two borings in the reactor area.

The locations of the borings drilled for these studies are showm in
relation to the proposed construction and previously drilled borings on the
Plot Plan, Plate 1. The field explorations were performed under the technical
direction of a Dames & Moore Engineering Geologist.

The results of the field explorations and laboratory tests, which
proYide the basis for our engineering analyses and recomméndations, are

presented in the Appendix to this report.

SITE CONDITIONS

The plant will be located in a relatively level meadow area with
surface elevations® on the order of +275 feet. Grading operations were
underway during our field explorations.

The subsurface conditions encountered in the borings drilled during
this investigation are similar to those previously encountered in the plant
area. 1In general, the plant area is underlain by four basically different.
types of material. These are, in order of increasing depth:

1) firm brown surficial silty and clayey soils;

2) soft gray silty clay;

3) compact sandy and gravelly .soils; and

4) bedrock.

* All elevations presented in this report refer to United States Coast and

Geodetic Survey Datum.
2B-3
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w Detailed descriptions of the materials encountered in the plant
area are shown on the boring logs presented in the Appendix. In general,
the compact granular soils were enco;ntered at depths ranging from about
five feet to 35 feet below the original ground surface. Bedrock generally
was observed at depths ranging from about 34 feet to 40 feet below the
surface. The southwest corner of the proposed plant revealed bedrock at
somewhat shallower depths.

Contours of the surface of the compact granular soils and the
( underlying bedrock are presented on the Ploq Plan. This contour map was
prepéred by interpolation between borings. Consequently; local variations

may occur between the boring locations which are not indicated by the contours.

@ DISCUSSION AND RECOMMENDATIONS
{

GENERAL

It is understood that foundations for the major plant facilities
will be installed at depths of 25 or more feet\belowmthe original ground
surface. In our prior report, we r?commenaed that spread or mat foundations
be installed on the natural compact granular soil, compacted granular backfill .
or sound bedrock.

Spread and mat foundation installation and design criteria are
presented in subsequent séﬁtions of this report. The results of our analyses
evaluating the,effects of the turbine-generator on the soil-foundation system

are presented in the final section of this report.

2B=4
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FOUNDATION INSTALLATION PROCEDURES

Natural Soils: Spread or mat foundations can be installed directly

on the compact granular soils at elevations below those indicated by the
contourf on the Plot Plan., We recommendsthat the sand and gravel at foun-
dation depth be proof rolled with heavy pneumatic-tired gquipment. Thie proof
rolling will récompact soils which are disturbed during excavation operations.
Any local pockets of loose or soft material requiring additional e#cavation
also will be revealed by the proof rolling operatiohs. Soils removed below

proposed foundation grade should be replaced with compadted structural fill

or lean concrete.

Compacted Backfill: Foundations which are to be installed above

the elevation of the surface of the natural granular soils should be
supported by compacted granular backfill placed after the clayey soils are
removed. Prior to placing the backfill,'the exposed underlying natural
granular soil should be proof rolled. The structural fill then should be
placed in layers approximately ékght inches in thickness. Each layer should
be compacted to a density of at least 95 percent of the maximum density
obtainable by the Modified AASHO* Method of Compaction, Test Designation
T180-57. We suggest that large vibratory or heav; pneumatic-tired equipment
be used to compact the granular backfill soils.

We believe that most of the natural granular soils excavated in the

plant area below the elevations indicated on Plate 1 can be reused as back-

£i1l. The upper silty and clayey soils should not be used as structural fill.

% American Association of State Highway Officials

2B-5



-5 -

@ . It will be necessary to dewater all deep’excavat:‘.ons. Information
regarding ground water levels and soil permeability was presented in our
previous report. ﬁe recommend that adequate dewatering measures be taken
prior to final excavation and that the dewatering be continuously maintained
duriﬁg:

1) final excavation;

2) proof rolling operati&ns;

3) placement of structural backfill;
4) foundation installation; ‘and

' 5) &general backfilling operations.

We recommend that an experienced Soils Engineer be present during.
site preparation in order to inspect the excavation and pFoof rolling

ﬁerations and to technically supervise the placement of structural backfill.

¥
A}

FOUNDATION DESIGN CRITERIA

Soil: Based upon the results of our field explorations and labora-
tory tests, we recommend that spread and mat foundatioms be designed utilizing
the net bearing pressures presented on Plate 2, Foundation Design Data. The
bearing pressures presented on Plate 2 are applicable for the compact natural
granular soil and structural granular fill'compacted in accordance with our
aforementioned recommendations. The recommended bearing pressures apply to
the total of all design loads, dead and live. The term ''net bearing pressures"
refers to the foundation pressure that can be imposed in excess of the lowest
adqacent overburden pressure. The recommended bearing pressures apply'to

foundations at least ten feet in width.

2B-6
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We recommend that the-maximum net bearing pressures imposed on the
natural compact soils and the compacted structural f£ill should be limited to
10,000 and 8,000 pounés per Squarerfoot,’reSpectively. Although, from a
stability standpoint, greater bearing pressures could be used iq the design
of large spread and mat foundations, we recommend that these limiting values
be maintained in order to restrict foundation movements to small elastic
deformations.

Rock: We recommend that foundations installed on the underlying
sound rock be designed utilizing a bearing,pressure not in excess of 35 tons

per square foot. This pressure appiies to the total of all design loads,

-dead and live. It is possible that weathered rock may be encountered at the

soil-rock interface. Our field explorations indicate that the weathered

' zone is relatively thin, generally less than one to two feet in thickness.

We understand that the bedrock in the reactor area will be required

to provide resistance to lateral forces. We believe that a lateral
resistance of 25,000 pounds per square foot of vertical contact area can be
relied upon in the sound rock. This lateral resistance applies oply“to
foundations poured in "neat" excavations directly against the exposed rock
faces. The 25,000 pounds per square foot value does not take into account
the additional resistance which would be provided by any adjacent overburden
above the surface of the bedrock. '

The exposed bedrock should be inspected by a qualified Engineering

Geologist in order to examine the condition of the foundation material and

to check for any unusual or unanticipated joint patterns.



TURBINE-GENERATOR FOUNDATION

The turbine-generator will be supported on a mat foundation
approximately 40 feet by 150 feeg in plan dimensions. The base of the
Tat wiil be installed at approximately Elevation +243 feet, some four
td seven feet above the rock surface. The center-line of the turbine-
generator will be approximately 50 feet above the base of the mat foun:
dation. The deaé weight of the equipment and the foundation will impose )
a pressure of about 4,000 pounds per square foot on the foundation soils.

We understand that the turbine-generator will operate at
approximately 1,800 revolutions per minute. During st;rc-up and operation,
an unbalanced moment on the order of 2,000,000 foot-pounds will be trans-

mitted to the soils at the base of the mat. This moment is a steady-state

condition and does not vary with the operating speed. Unbalanced dynamic

PR

forces will be negligible. A torque approximately ten times the operating
torque will result from a short-circuit load. This short-circuit torque will
be balanced wich&n the equipment foundation and will not be transmitted to
the foundation soil.

Our analyses indicate¢that the deflection resulting from the
unbalanced moment will be on the order of 0.004 inches at the edge of the

unit. We believe that there will be no influence from any small unbalance

*in the equipment since the operating frequency is well above the resonant

frequency of the soil-foundation system.

=000~
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| ﬂb The follo:\'ing Plates and Appendix are attached and complete this
report: N
élate 1 - Plot Plan
) *  Plate 2 - Foundation Design Data
) Appendix - Field Exploratiomns aﬁd Laboratory Tests

Respectfully submitted,
DAMES & MOORE

- (e fguaq

( ] Robert M. Perry
) State of New York
P.E. Registration No. 35284

RMP-AR: ts Arthur Rothman

2p-9
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APPENDIX

FIELD EXPLORATIONS AND LABORATORY TESTS

FIELD EXPLORATIONS

The subsurface conditions in the plant area were explored during
this investigation by drilling 7 supplementary test borings to depths
ranging from 35 feet to 90 feet below the ground surface. The locations of
the borings are shown on the Plot Plan. The field exploration program was

conducted under the technical direction of a Dames & Moore Engineering

*Geologist. The borings were drilled approximately four inches in diameter

utilizing truck-mounted rotary drilling equipment. Driller's mud was used
where necessary to prevent the walls of the borings from caving.

Continuous observations of the materials encountered in the borings
were recorded in the field during drilling operations. Undisturbed soil
samples, suitable for:laboratory testing, were extracted from the borings
utilizing the Dames & Moore sampler illustrated on Page A-2 of this Appendix.
Thé sampler is three and one-quarter inches in outside diametér and approxi-
materly two and one-half inches in inside diameter. Rock cores were obtained
from the two tést borings in the reactor area to a depth of 50 feet below
the rock surface utilizing a Series NX core barrel. The cores recovered are
two and one-eight inches in diameter. The soil samples and rock cores were
shipped to our New York office and laboratory where they were further examined

and subjected to appropriate laboratory tests.

Detailed descriptions of the soils and rock encountered in the
borings arc presented on Plates A-14 and A-1B, Log of Borings. The soils
were classified in accordance with the Unified Soil Classification System

described on Plate A-2.

2B-10 -







WATER OUTLETS

NEOPRENE CASKET

HEAD

NOTE:
*HEAD EXTENSION® CAN
S INTROOUCED BETWEER

SREAD® AND “SPLIT SARREL® |

SPLIT BARREL
{TO PACILITATE REMOVAL
OF CORE SAMPLE)

8IT

\\
N
f
i SOIL SAMPLER TYPE U
FOR SOILS DIFFICULT TO RETAIN IN SAMPLER
/ U. S. PATENT NO. 2,318,062

= > CHECK VALYES

A
| __—— vALvecace

[T space vo recaIVE
DISTURBED SOIL

ALTERNATE ATTACHMENTS

LTI

W

5‘

N
S s

CORE.RETAINER
| RINGS

(2-1/2° 0.0. 8Y 1" LONC)

e SIRANNANY.
el T

L I A K
3 .,

SPLIT BARREL__|

s el i)

—_— 4. CORE.RETAINING
LocKING / DEVICE

sPLIT

FERRULE .

CORE-RETAINING

RETAINER RING
RETAINER PLATES
(INTERCHANGEABLE WITH
OTHER TYPES) THIN.WALLED
SAMPLING TUBE
(INTERCHANCEASLE

LERGTHS)

2B-11




'@

A-3 -

The number of blows required to drive the sampler a distance of
one foot into the soil utilizing a 500-pound drive deight falling a distance
of 18 inches is presented in the column at the left of the log of each boring.
The percent of core recovery obtained during coring operations is also presented
in this colump.

The elevations which appear at the top of each boring log refer to
United States Coast and Geodetic Survey Datum and were determined by

representatives of Rochester Gas and Electric Company.

. -

LABORATORY TESTS

Soil: A number of undisturbed samples of the natural compact granular
soils were tested to evéluate their strength characteristics. Triaxial
compression‘tests were performed on the soil samples in the manner described
on Page A-4, In addition to the tesks on samplé; of the natrural undisturbed
soils, triaxial compression tests were performed on samples of remolded and
recompacted granular material. These tests were used in our compacted fill
studies to evaluate the variation in strength characteriscics with changes
in density.

A ioad-deflection curve was plotted for each strength test and cthe
shearing strength of the soil was determined from this curve., Determinations
of the moisture content and dry density of the soii; were maée in conjunctioé
with ;ach strength test.

The results of the strength tests and the corresponding moisture and

density determinations are tabulated on Page A-5, Summary of Soil Strength

Test Data.
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@ METHODS OF P ERFORMING UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION TESTS

THE SHEARING STRENGTHS OF SOILS ARE DETERMINED
FROM THE RESULTS OF UNCONFINED COMPRESSION AND
TRIAXIAL COMPRESSION TESTS. IN TRIAXIAL COMPRES-
SION TESTS THE TEST METHOD AND THE MAGNITUDE OF
THE CONFINING PRESSURE ARE CHOSEN TO SIMULATE
ANTICIPATED FIELD CONDITIONS.

UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION
TESTS ARE PERFORMED ON UNDISTURBED OR REMOLDED
SAMPLES OF SOIL APPROXIMATELY SIX INCHES IN LENGTH
AND TWO AND ONE-HALF' INCHES IN DIAMETER. THE TESTS
ARE RUN EITHER STRAIN-CONTROLLED OR STRESS-
CONTROLLED, IN A STRAIN-CONTROLLED TEST THE
SAMPLE IS SUBJECTED TO A CONSTANT RATE OF DEFLEC-
TION AND THE RESULTING STRESSES ARE RECORDED: IN
A STRESS-CONTROLLED TEST THE SAMPLE IS SUBJECTED
TO EQUAL INCREMENTS OF LOAD WITH EACH INCREMENT
BEING MAINTAINED UNTIL AN EQUILIBRIUM CONDITION
*WITH RESPECT TO STRAIN IS ACHIEVED,

YIELD, PEAK, OR ULTIMATE STRESSES ARE DETERMINED  TRIAXIAL COMPRESSION TEST URIT

FROM THE STRESS-STRAIN PLOT FOR EACH SAMPLE AND
THE PRINCIPAL STRESSES ARE EVALUATED. THE PRINCIPAL STRESSES ARE PLOTTED ON A MOHR’S
CIRCLE DIAGRAM TO DETERMINE THE SHEARING STRENGTH OF THE SOIL TYPE BEING TESTED.

UNCONFINED COMPRESSION TESTS CAN BE PERFORMED ONLY ON SAMPLES WITH SUFFICIENT COHE-
SION SO THAT THE SOIL WILL STAND AS AN UNSUPPORTED CYLINDER. THESE TESTS MAY BE RUN AT
NATURAL MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED SOILS.

IN A TRIAXIAL COMPRESSION TEST THE SAMPLE 1S ENCASED IN A RUBBER MEMBRANE, PLACED IN A
TEST CHAMBER, AND SUBJECTED TO A CONFINING PRESSURE THROUGHOUT THE DURATION OF THE
TEST. NORMALLY, THIS CONFINING PRESSURE IS MAINTAINED AT A CONSTANT LEVEL, ALTHOUGH FOR
SPECIAL TESTS IT MAY BE VARIED IN RELATION TO THE MEASURED STRESSES. TRIAXIAL COMPRES-
SION TESTS MAY BE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED .
SAMPLES. THE TESTS ARE PERFORMED IN ONE OF THE FOLLOWING WAYS:

UNCONSOLIDATED-UNDRAINED: THE CONFINING PRESSURE IS IMPOSED ON THE SAMPLE
AT THE START OF THE TEST., NO DRAINAGE IS PERMITTED AND THE STRESSES WHICH
ARE MEASURED REPRESENT THE SUM OF THE INTERGRANULAR STRESSES AND PORE
WATER PRESSURES.

CONSOLIDATED-UNDRAINED: THE SAMPLE IS ALLOWED TO CONSOLIDATE FULLY UNDER
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THE TEST. THE VOLUME
CHANGE IS DETERMINED BY MEASURING THE WATER AND/OR AIR EXPELLED DURING
CONSOLIDATION. NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSES
WHICH ARE MEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST.

DRAINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER-
FORMING A DRAINED, OR SLOW, TEST. IN THIS TEST THE SAMPLE IS FULLY SATURATED
AND CONSOLIDATED PRIOR TO THE START OF THE TEST. DURING THE TEST, DRAINAGE
IS PERMITTED AND THE TEST IS PERFORMED AT A SLOW ENOUGH RATE TO PREVENT
THE BUILDUP OF PORE WATER PRESSURES. THE RESULTING STRESSES WHICH ARE MEAS-
URED REPRESENT ONLY THE INTERGRANULAR STRESSES. THESE TESTS ARE USUALLY
PERFORMED ON SAMPLES OF GENERALLY NON-COHESIVE SOILS, ALTHOUGH THE TEST
PROCEDURE IS APPLICABLE TO COHESIVE SOILS IF A SUFFICIENTLY SLOW TEST RATE
IS USED.

AN ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED TEST IS TO PER-
FORM AN UNDRAINED TEST IN WHICH SPECIAL EQUIPMENT IS USED TO MEASURE THE PORE WATER
PRESSURES. THE DIFFERENCES BETWEEN THE TOTAL STRESSES AND THE PORE WATER PRESSURES
MEASURED ARE THE INTERGRANULAR STRESSES, | .
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BORING DEPTH
(feet)

202 30%
203 10%
203 15%
204 20%
205 15%
207 16

SUMMARY OF SOIL STRENGTH TEST DATA

DRY

DENSITY

(pcf)
114

110

115

127

117
124

120

111

112
111
125
122

144

.MOISTURE

CELL ONE-HALF
CONTENT PRESSURE DEVIATOR STRESS
(percent) (psf) (psf)
1}.2 1,500 3,900
11.0 1,500 2,100
2,000 2,900
3,000 4,400
10.6 1,500 3,300
2,000 3,750
10.5 1,500 4,150
10.8 500 1,400
1,500 2,700
11.2 . 500 2,700
1,500 4,300
12,1 1,500 1,600
3,000 3,800
6,000 8,300
11.5 500 800
1,000 1-,800
3,000 4,000
7.3 2,000 4,000
7.6 2,000 3,500
11.6 1,000 3,000
11.8 1,000 1,800
6.5 2,000 5,200

REMARKS

Natural
Récompacted
Recompacted

Recompacted

Recompacted
Recompacted

Recompacted

Natural
Natural

Recompacted
Recompacted

Natural
Natural
Natural
Recompac ted
Recompacted
Recompacted
Natural
Recompacted
Natural

Recompacted

Natural






A-6

@ Rock: Unconfined compression, triaxial compressioan and tension
tests were performdd on sclected rock cores extracted from the borings, These
tests were performed by subjecting rock cores approximately two and one-eight
inches in diameter and f&upbto six inches in height to an axial strain and
reco;ding the resisting. stress developed by .the rock. A stress-strain curve
was plotted for each of the compression tests and the shearing strength of

the rock was determined from this curve. The results of the strength tests

on the rock cores are presented below:

N\

\ ONE-HALF
( BORING DEPTH CELL PRESSURE DEVIATOR STRESS TYPE OF TEST
(feet) (psi) (psi)
201 42 - :50% Tension
201 45 - ' 50% . Tension
201 49 1,000 4,700 Triaxial
@ | ; Compression
202 ' 47 - . 3,900 Unconfined
Compression
202 50% 1,500 4,400 Triaxial
Compression
( » % Indicates peak tensile stress

normal to beddirg planes,

POOR ORIGINAL

2B-15

v



A-T

B (m The following Platws arc attached and complete this Appendix:
Plate A-1A - Log of Borings (Borings 201 and 202)

Plate A-1B Log of Borings (Borings 203 through 207)

) Plate A-2 - Unified Soil Classification System and
r ’ Key to Test Data

® POOR ORIGINAL
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iLesictlES e it bir] Analytical, Metallurgical and Rescarcl Laboratorics
iNCORPORATED Us1. 1585 .
o~ / 50 HUDSON STREET, NEW YORK, N. Y. 10013 ¢ (212) BE 3.2737
. % N . CADLE ADDARES®: NIKTIP

REPORT
September 6,- 1973

M-=2871

Your Ref. :

Dames & Moore - ' o R T
14 Commerce Drive T ) : . ) ‘
Cranford, New Jersey 07016 - !

Attention: Mr. Adekunle Oguntala

1

Subject: COMPRESSION TESTS OF CORED ROCK. SAMPLES

Two cored rock specimens (204-114-1 & 204-104) were
prepared and tested in unconfined axial compression. Strain '
gages of X-Y configuration were employed to determine axial
., and lateral :strain. o
T One cored rock specimen (204-125) was prepared and ,<F~———~
(’ tested in unconfined axial compression-crecp. This specimen ’ i
was loaded to 10,000 psi for four hours. The specimen was then-
loaded from 10,000 psi to failure. ‘ .

One cored rock specimen (204-114-2) was prepared and , ;. '
tested in cyclic triaxial compression at a confining pressure t ;
of 100 psi. The specimen was loaded and unloaded 10 times to DU
a stréss of 6000 psi; 10 times to a stress of 9000 psi, and 10 /. I -
times to a stress of 12,000 psi. At the completion of cyclic S,
loading, the specimen was tested to failure, Strain gages of
X-Y configuration were employed to determin&&,axial and lateral.
strain. T

~

. One cored specimen was prepared from sample 204-125
and returned to Dames & Moore. Cored rock sample 204-86 was cut
into two samples and returned to Dames & Moore. ;

Poisson's ratio for cach'specimen tested in unconfined.
axial compression was calculated from the lincar porxtiom of the
stress-strain curve. ’ - .

-Complete results of all tests' performed are appended.

— ) ; Respectfully submitted,
7
i .
f~$ Approved: ¥ Lp,c.§us PITKIN, INC.
Z;g/ . J. Vecchio X,
st. Chief Metallurgist s -fdsso%‘a N
Metallurgist - N

This report Is rendered upon the condition that it §s not to be reproduced wholly or In part for advettising or othet purposes oves our signature
FORM 107-11768 or in connection with our name without speclal permisston In wrlting.

s
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- Dame . ore { Date: Sept ' \?“'

Attn: & Oguntala o : lthl‘l T)tkiﬂ -;", }. . M-2871 Fi®x )i &
' ) _ : inc orated . B QEE; ’

UNCONF INED CO-PRESSIOMN TRESTS -
: We. Diam. Length Area  Volume Density Ult. Load Ult. - 3%
Sample- . _(gms) (in) (in) (sa.in.) . (cu.in.) (gms/cu.in.) . (1lbs) Str.,-psi Remarks
204-114-1 491  1.87 4,30 2.75 11.83  ©..41.50 - 52,500 - 19,1001 violent sha
204-104 489  1.86 £.28  2.72 - 11.64 ,-742.01 . 60,500 22,240 violent cha
204-125 - 483  1.86 4.25 2.72 - 11.56. + 41.78° 50,500 18,560 violent sha
204-125 485 . 1.85 - 4.33  2.69 11.65 :.i.41.63 * returned to Dames and Moore

TRIAXIAL COMPRESSION TESTS

We.  Diam. Length  Area' Volume  Density  Ult. Load  ULt. . s

Szrnle (gms) (in) - (in) ;sm.ig.) (éu.in) (gms/cu.in.) (1bs) °~ Str.: psi Remzrks
204-114-2 497  1.87 4.34 2.75 11.94 41.62 52,000 18,910 violent sha
. <o n - . Confining

. Pressure-100

.
—_— . TN -



Lucius Pitkin

B . incorporated
! Dames & Moore . . September 6, 1973
{%tn: Mr A. Oguntala | ’ M-2871 File: Ginna
POISSON'S RATIO
i ' '
Stress Range For. " Poisson's
Sample . Poisson's Ratio | Ratio
204-114 5090-12,730 .25
204-104 /5150-11,030 a9
MOISTURE CONTENT
( | . . -
Sample . _ MOISTURE CONTENT, % .,
204-114. . o 10,0950
204-125 , ' 0.0958

POOR ORIGINAL



*ucius Pitlkin
| -sorporated . . )
Dames & Moore M-2871 File: Ginna
N Attn: Mr A.. Oguntala September 6, 1973

—rm . Sample: 204-125

UNCONFINED COMPRESSION-CREEP

Axial Asial Axial Lateral . Elapsed

Load Stress Strain Strain Time

TR ¢ A oM o L N G e (min)
0 o 0 0 _ 0"

y 1000 370 ‘180 0 . 0.3
- 2000 740" 390 0 0.7
"~ 3000° 1100 . 6307 5 1.0
] 4000 1470, 830 10 1.3 .
. 5000 . 1840 . 1030 SRR Y
I 0 6000 2210 $"1250 25 2.0
™ . 7000 2570 1440 / .45 2.3
'®800'0’ 2940 1630 55 - 2.7
d. 9000 . 3310, 1795 s 3.0

10,000 3680 - ©1955 75 C 3.3
11,000 4640» . 2110 / - . e 3.7

v 12,000 4410 2250 110 . 407
13,000 . 4780 2370 125 4.3
. 14,000 5150 : 2500 Y . 140 4.7
, 15,000 5510 2605 155 5.0
J 16,000 5880 2715 . 175 5.3

| 17,000 6250 . 2820 190 5.7 .

“ - 18,000 6620 2920 205 : 6.0
{19,000 6990 - 3020 225 6.3
| @,o‘oo 7350 3120/ 245 6.7
i\~"21,000 7720 3220 © 265 7.0

© 22,000 8090 3310 280 7.3
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ro. Dames & Moore

{ Attn:
f;:iﬂ“b

4

J

Axial
Load
bs)

| G

24,000
25,000
: 26,000
: 27,000

L

P 27,200
27,200

27,200
! 27,200

| 27,200
| 27,200
. 27,200
! 27,200
| 27,200

27,200

: 27,200
2@27',20'0
27,200
27,200

27 0N

23,000

i@ 27,200 °

1. 27,200 .
1 .

| 27,200 -

Mr A, Oguntala

?%@u

fueius Pigli
incorporatod

Axial
Stress

(bsty

8460
8820
'9190
9560
9930
* 10,000
10,000
10,000
10,000
10,000
10,000
10,000
110,000
10,000
10,000
10,000
10,000
10,000
10,000
10,000
10°,000
10,000

N alalsh

scial
Strain
(u-in/1in)
3400
3490
3580
3670
3760

g37857 —

3830
3835
3845
3845
3850
3860 .
3860
3860
3860
3860
3860
3860
3850
3860
3860
3860
2860

300

- 320

345

375

390

400 -
425
435
440

445
445
450
455

455

455
455
455
455
455
455
455
455

/e

M-2871

File:

i

Ginn.

Septembexr’ 6, 1973

Elasped
Time

7.7
8.0

. 8.7
9.0 .

."10'1\

20

30

40
50
60
70
80
90
100
110
120
130
140
150
160
170

| 2N AleY

@%@ ’a“é@%ﬁ‘ Sample: 204-125 -

COMPRESSION- CRFFP
Lu. teral

ctrain

(——infln)'



Axial

: Load
N Ibs)
-« 27,200

| 27,200
.

) 27,200 .
Jk 27,200
j" :57;200
= . 27,200
e~ 27,200
'® 28,000
d 29,000

30,000

= 35,000
1 7 40,900
) _ 45,000
] 50,000

.-50,500

¥ Ult..Load

;

‘. '
®

Dames’
Attn:

& Moore %
Mr A. Oguntala%i &

- & v% ,t;w

UNCONFINED COMPRESSION~CREEP

Axial "Axial Lateral
§%%%%§ .(%§§§%%h> _(%%E%%%ﬁ)‘
" 10,000 3860 455
10,000 3850 455
10,000 3865 460
10,000 3865 460
10,000 3865 460
10,000 3865 460
10,000 38TV — 460
.‘.10,290 3925 470
10,660 3995 485
11,030 4060 505
+12,870 4450 600
14,710 4880 755
16,540 5335 985
18,380 5860 " 1340
18,560
3977

1-2871  File: Gim
Scptember 6, 1972

Sample: 204-125

Elapsed
Time
(min.)

190.
200
210
220
230
260"

( 250
1250.5
251.0

. 251.5
253.5
255.5
257.5
259.5




( 15000
J .
[
wn
. A
= ' LATERAL .
[99] . i . .
, 2500 i SPRIEN i
- A AA17 ri0pze ’
a\n) ‘ . | /5 axIaL ﬁ :
- . - {  STRAIM -
d ﬁ 4‘//250 x . ®]
wn
# 10000
e
B )
-6 »
&
x 7500 I N
< A0 ,

DAMES & MOORE.
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SAMPLE 204-125
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] {Q the dome all membrane and shear stresses resulting from.the earthquake
o

ading will be developed in mild steel reinforcing.

The loading on the concrete shell of the containment following an accident
must be transmitted to it through the liner. The liner attempts to expand
under the combiﬁeé influence of the temperature and pressure. Since the
ﬁontaiﬁment structure may be classed as a thin shell, (the diameter to’
thickness ratio is 30), it is considered that it would have been valid

to treat the temperature rise in the liner as an equivalent pressure increase,

. Nevertheless the analysis as actually performed considered an equivalent

liner force occurring at the location of the liner. Such equivalent liner
forces were established based upon no thermal strain relief at points where
concrete 1s uncracked. The liner temperature increase was. assumed to be
10°F due to accident conditions where the liner is insulated. Based upon

no relief of thermal strains with uncracked concrete this effect of this

@emperature rise 'was converted to an axial force plus a moment about the

entroid of this section. As a design conservatism, the elastic expansion
of the concrete shell under pressure and temperature loads has not been

used to reduce the temperature induced stresses.

Rock-Anchors

The basic criterion for the determination of anchor length is that the

pull of the anchor is resisted only by the submerged weight of rock and

that the rock offers no tensile strength., This criterion further assu&es*

that the rock breaks out at an angle of 45° to the bond development

length of the tendon. This criterion also allowed for any additional

loads on the rock imposed from the inside of the containment vessel.

The hold-down capability of the rock in the rock anchor design has:taken

l into consideration the circular geometry of the vessel,

®

50102"'20 ) "
L169



The design of the rock anchors is based upon the simplified assumptlon

that the rock breaks out at an angle of 45° to the axis of the tendon with

.the apex of the angle at mld-height of the first stage grout. This

implies that the rock failure mode is one of diagonal tension. This

assumption of a half-angle of 45° for rock is not unique as is.evident

by the following references:

1. The Raising and Strenéthening of Steenbrar Dam, By S. S. Morris and
W. S. Garrett, Proceedings, I.C.E., Vol. 1., Pt. 1, No. 1,hp. 23;
Discussion, Vol. 1, Pt. 1, No. 4, 1956, p. 399. :

2. Stress Analysis and Special Problems of Prestressed Dams, O. C.

Zienkiewica and R. W. Gerstner, Journal of the Power Division, ASCE,

January, 1961,

3. 1300 ~ Ton Capacity Prestressed Anchors Stabilize Dam, A. Eberhardt

and J. A, Veltrop, Journal of the Prestressed Concrete Institute, Vol;
10, No. 4, August, 1965. )

Further verification of the conservative nature of this assumption was

demonstrated by the rock anchor tests' described in Section 5.6.1.1.

The sockets for the rock anchors are percussion drilled into the rock
through steel pipe sleeves which are welded into the underside of the
bearing plates for the rock anchors and extended through the ring girder.
The sockets in the rock plus the pipe sleeves are filled with a neat cement
grout in two stages after the rock anchors are installed. Protective steel
covers, as shown on Figure 5.1.2-1, are welded to thé bearing plates for
the rock anchors to enclose the sidewall tendon to rock an;hor couplings,

The tendon conduit extending above this enclosure is 6 inch diameter

'sthedule 40 pipe with threaded couplings. This tendon conduit is threaded

into half coupling welded to the top of the protective steel cover. - In
order to permit the required.conduit movement, stainless steel bellows are
provided. The tendon conduit, including the protective steel cover, is
bulk filled with the corrosion protection system described in Section
5.1.2.3. This filler material is injected througﬁ a connection in the
protective steel cover. The exterior surface of the containment structure

will be waterproofed from the edge of the ring girder to Elevation 253'-0"

to provide corrosion protection.
5.1.2-20a

4169
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. rior to installing any rock anchors, a test was performed by grouting
‘@ rock anchor in a water filled, clear; s;ix inch diameter tube. This
rock anchor contained 90-1/4 inch diameter wires with the grout tube
and bottom hardware all identical to the proposed for the permanent
installation. This test demonstrated that the grout did flow so as
to completely encase the tendon. However, it also indicated that the
usé of bleeder holes near the bottom of the group pipe, as well as the,
group pipe terminating above the bottom of the hole, tended to produce
an unacceptable dispersion of the grout. This condition was remedied
by deleting the bleeder holes and extending the, grout pipe with the addition
of a bevel to the bottom of the hole. No tests could be made on the |
completeness of grouting of permanent rock anchors. However, procedures
~( used for grouting did comply with those found to be satisfactory in

the previously described test.

The side wall tendons are coupled directly to the rock anchors. When
‘ lift-off readings are made on the side wall tendons, this will also provide
@a measure of the prestress force at the fixed end (i.e. upper anchor

head for the rock anchors). However, as in any bonded tendon, it is not
possible to measure the prestress in the full rock’anchor tendon.

These criteria are identical with those used for dams in the USA and

EufOpe.(6;7)

Confirming information was also obtained from The Cementation
(“ Company Limited of Great Britain, a specialty firm whose activity in recent
years has been devoted, in large measure, to the prestressing of both

existing and new dams, especially in South Africa and -Australia,

Large capacity., post-~tensioned anchors designed on thi§ basis have previously
been used in a number of dams in Europe, Africa, Australia and, this .
country to provide stability for the structures. One of the éérly apblications
was the anchoring of the Cheurfas Dam in France 1935. Simi%arly, prestressed
rock anchors have been used for tie backs on retaining walls on a, permanent
as well as temporary basis and for suspension bridge anchorages. Recent.

major structures for which prestressed rock anchors were used are listed
0 in Table 5.1.2-2, A list of recent major applications of BBRV ninety -

1/4 inch diameter wire prestressed rock anchor assemblies is given below.

5.1.2-20b
4769

(o
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Wanapum Dam, Washington i ~ Rock anchors and trunnion anchors

Mayfield Dam, Washington Rock anchors for penstock slope
stabilization

Rock anchors for rock stabilization

Rock anchors for dam stabilization

!

Boundary Dam, California

John Hollis Bankhead Dam,
Alabama

Ice Harbor Dam, Washington

Mangla Dam, West Pakistan

Rock anchors
Trunnion girder anchorage, main spillway

The design is based upon the use'of the BBRV system developed originally

in Switzerland and used extensivély for rock anchor applications.

Laboratory tests on core representative of rock in the approximate area

and depth of the rock anchor installation indicate a bulk specific gravity

"of the rock of 2.54. Since the rock participating with the rock anchors

is below the ground water table the submeréeq weight.of rock of 96 pcf
(2.54-1.0) x 62.45) is used in determining the hold-down capability.

The bond development length (first stage grout) for the ninety - 1/4

diameter wire tendon is computed as follows:

For 0.60 fu = 635 kips

_ 80/60 x 635000 _ /
P =T x 6 x 170 x/izy - 220 fr./
= \.

»

Each rock'anchor is initially tensioned to 80%Z of ultimate strength and

the jacking force is then reduced at lock-off to 70% of ultimate. The bond
stress assumed between rock and grout is_170 psi. This value was determined
to be conservative as demonstrated during the test performed on reduced
scale rock anchors as reported here-in and also as reported by the Swiss
Federal Laboratory for the Testing of Material (Reference 'VSL Prestressed -
Rock and Aluvium Anchors, Losiner & Co. SA dated March 1965) and as
documented in Grolversuchemit Spannankern an Talsperran der Asterreichen.

Bunderbahnen und die Anwendung der Vorspannbouweise auf den Talsperrenban,

Von A. Ruttner, Wien, Austrian Engineering Journal 1964. Test data

5. 10 2"21
4/69
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] (@ obtained for the John Hollis Bankhead Dam, Warrior River, Alabama, also ’)
confirm the conservatism of a bond development iength developed on the )

basis of the average bond stress of 170 psi between grbﬁt and rock.

The diameter of the drilled hole for each rock anchor is 6 inches. The
.assumed breakout angle of 45° to the vertical is most conservative as

demoﬁstrated during the reduced scale rock anchor test, and in Reference 8.

*

Weight of rock in kips per ft. circumference = 0.096d25= .67-Lf

Internal Pressure in kips per ft. circumference

0.072 pd (2x - d)
r

a—

The depth d = 26.5 ft., was established based on prelimihary design. No

surcharge beyond the internal pressure of the containment vessel was

considered to be effective in determining the rock anchors hold-down

capability. Therefore, for varying internal pressures the rock hold- :i)

b down capacity uniform around the circumference of the vessel, is as’

follows:
Rock Hold-down éapac£ty (kips per ft.
Internal Pressure (psig) circumfereqce)
’ 0 ' . . 67.4
60 - DU - \ 240.4
69 . ’ 266.4
75 ' 283.7

>

5.1.2-22
10/68
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For the combination of opernting'plus 1nhident loads (i.e. lLoad
Combination (a) in Section 5.1.2.3), thé uplift per foot circumference
Is constant acu259.0 kips per ft., less than the ussumed rock

anchor capacity of 327.0 kips per ft. Therefore, the factor of
safety on pull~out against the factored load is 1.26. For the

structural proof test, upliff per foot circumference is constant ‘

I
at 182.0 kips per ft., less than the rock anchor capacity of 266.4
kips per ft. for a factor of safety of 1.47.

For the combination of operating plus incident plus design earthquake

" loads (i.e. Load Combination (b)), the maximum uplift per foot

circumference is 274.1 kips per ft. and theé minimum is 150.5 kips

per ft. This copsiders horizontal and vertical components of ground

.motion occurring simultaneously and their effects added algebraically.

Due to the group action of anchors, the overcapacity of the rock against
lateral loads can be represented by the factor of safety against <
overturning. This factor, using the rock hold-down capacity based on \;<£dr;2i(

the pressure load of is 2.38. : yy

For the combination of operating plus incident plus maximum potential
earthquake loads (i.e. Load Combination (c)), the maximum uplift per

foot circumference is 289.2 kips per ft. and the minimum is 25.4 kips
per ft. The factor of safety against overturning again using the same

consideration is 1.96.

Consideration was also given for seismic loading without internal pressure.

For the 0.lg ground motion (vertical and horizontal components considered .

to occur simultancously and the effects added algebraically) there is no
uplift.. Minimum downward component is 0.9 kips per ft.. The factor of )
safety against overturning is 4.62, For the 0.2g ground motion (vertical

an/. horizontal components considered to:occur s3mdicaneousi§ and the effects 2?7

added algebraically) the maximum upl%fc 69.2)}kps per ft. The factor

g

of safety against overturning is 2.31.

5.,1,2-23
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“““he tendons are anchored into the rock socket with an expanding

gfput. The grout contained an additive designed to‘reduce the

water requirement of the cement, have a slightly expanding action

and retard the initial set. The expansion based upon original grout

volure. is 8% + 2%. This expansion is accoéplished by the reaction .

of aluminum powder with the alkaliés of the cements. This reaction

results in liberation of hydrogen gas 1n;the‘férm of s&all bubbles

which have an expanding effect. 1€sts have verifiéd that the molecular

. form of the hydrogen in the alkaline medium will not adversely affect

the steel.

The top (movable) anchor head for the rock anchor is coupled to thé bottom

(fixed) anchor head of the side wall tendon as shown in thé fully ehgaged

position on the attached Figure 5.1.2~12. Dimensions and material will -

. be as shown thereon. The bushing provides for coupling the smaller diameter

fixed head to the larger movable (i.e., tensioning) head). The coupling - .
@as right-hand threads on each end. . :)

During construction, after the rock anchors were tensioned, the coupling

was set in place on the top head of the rock anchor. When the sidewall i

tendon was inserted in the conduit, the coupling was threaded onto the

( ‘bottom head of the sidewall tendon to the end of thread. The coupling was
then turned down onto the top head of the rock anchor reéulting in all
threads on both anchor heads being fully engaged as shown on the sketch.
The design of the tendon hardware ensures that the hardware remains
elastic up to the ultimate capacity of the wires. Therefore, at the

- effective prestress force of 60%Z of the ultimate Etrength of the tendon,
éyerage strains in the coupling are designed to be no greater th;n 60%
of the yield strain of the coupling material. Details of the anchorage
hardware are shown on Figures 5.1.2-13 through 5.1.2-18. .
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{ @ SUBJECT: Test on Rock Anchor lumiver 46, Fole Humber 18 ,

me 50 ton tack 1:/2_3" iz, Joclat yosting on rock cxnchor dbase piete

Buttonheads wvere checked from top of button to toy of anchor heed, Aversge height
ca eppro:dmately 80 tendons was 5/16% minvae 1/16". Adbout five tendons were withia

tolerence -~ 5/15" erove eachor hesd, Tae ramaining five tendons were cerked w/yellow .
chalk to indicete any subsegusat movemsat, iozsurerents and location were teken thus: i
1« X.W. = Second row e 2L/A6" - - . . :

- No Ea = o ) ' v

First row - 11/16" ' P :

2
3~ S, 3, ® Firegt rov =~ 1/2" ’
{ " b -8.W. = Figth rov - 7/i6" ‘ ;
. . 5 - S, W, =3 Second row -~ 3/6" . ,
Pressure wes opolicd et 11 A, - Gage rezding 5,000 lbs/sqe. duch vhen 1/16" sghims . ;
: - were located under enchor heed = 3% Tons, Soke g, ST g
i

Approxdimztely twenty tendons were lcose - prising with a screwdriver,™ "¢ L
Secord Stage - 1:L5 P.M. - . : S . Co L
re . v » e . 1 .._:n T . , L. H

Pressure epplicd to loosen 1/i6" chims = 2,100 1bs/sq.inch e 14 ton, . T
1/8" shins under enchor - Pressure 8,400 1bs/sg, inen = 55t - .7~ . 7

-
TP

.
s,

e

-

" »
.

. . | sl = 5/8" ‘-" . .. . i 4. N ' .
- . 2a5/8" A -
3 = 7/26" . L
. ) 4= 3/3" - . , T
v M . 5 ® 5/16" ) oo« . . o e - '... :‘:., '.(.\

ra l a0 e o vk s e wnn o et

( ' " . Approximately 15 terdons were loose at this stages * ° 77 . . o :'.
., Toixd Stage:, . , v g Ty
. Prossure epnlicd to loosen 1/8" shins, 4,100 lbs'/sq..inc'h s 28 ton. L
Efforts to instell 1/36" shizma with 1/3" shizms were partially successful . Pressure :

! avplicd 9,5C0 Yos/sq.irch Z;"tons. Maasurements oa buttonheads were: :
T ) — :

‘ 1< 9/16" ‘ : ; C S

2:z72.h86" - . . o

3 = l 2" ‘ . i N ;

’ Ly =56 "¢ _ o .

5= 3/ -. - -

Appro:dzately ten- tendo':'zs‘x}pre looce « seravdriver used. DI

Wt . K

L Py rrs

Furthor tests were not contlusive es 3/26" shinms vere not cligned at true level.

ﬁ Removed 1/8" chims « left 1/16"chinms under ecuychor waea Ted Brown intimted conclusion. .

l‘.:l{-s Po:’!o ,

Jokn Giltert
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pe II cement, modified for low heat of ‘hydration, is used to minimize
‘mrinkage .

"Grab" samples are taken period&cally at the batch plant, upon delivery
of cement. Each sample is tested by the Testing Laboratory for
conforhance to ASTM C 150, and the results are also compared with the

certificate supply with each delivery of cement.

Elastoﬁeter Bearing Pads

Tests are performed on elastomer specimens to ensure compliance with
requirements for (1) original physical properties ingcluding tear resistance,
( " ‘rdness, tensile strength and ultimate elongation, (2) éhange in physical
rcbperties due to overaging, (3) extreme temperature characteristics; %)
ozone cracking resistance, (5) oil swell and (6) shear modulus. In,
addition, two full size pads are tested, one for creep and one for
ultimate load. Specimen No. 1 is initially placed under essentially
-@:onstant compressive load of 1000 psi (the design prfessure) for .
ur days to measure creep. This pad is then loaded up to 2000 kips
" (5.3 times design load) when the test was terminated without failure.
Specimen No. 2 was similarly loaded up to 2000 kips without failure,
The rebound of the pads after the 2000 kip load was removed is essentially
comple;e.m A summary of the test results is §hown in Figures ELE;;—
( andi§:§.1-4.

%

Rock Anchor Tests

Three scaled down test rock anchors were installed to dgmonstrate
first the hold-down capacity of the rock and second the capacity of

the bond between rock and grout.

»

i
3
/

5.6.1-4
RE AR



it




Two tests were made on rock anchor "A" which was installed at the

center of the proﬁosed containment vessel. The first test, called

test A-1 was to determine rock hold-down capacity. The set-up for

test A-1 is illustrated in Figure 5.6.1-5. The beam support piers

were located beyond the assumed influence circle of rock having a

diameter of 23 feet 6 inches. An independent frame was erected to

obtain deflection measurements on the concrete pier at the anchor.

This placed all supports for lifting as well as measuring devices

outside the influence circle of rock. Dial gauges were used to measure

the movement of the concrete pier and the anchor head. The test load

was applied with a 150 ton jack mounted on the beams spanning the ’

test anchor. Measurements of the jacking force were made with a dynamometer,
calibrated immediately before the test. The second test on rock anchor

"A" (Test A-2) and the tests on rock anchors "B" and "C", also installed
near the center of the pfoposed containment vessel, were made to demonstrate
bond capacity. The setzup for test A-2 and for rock anchors "B" and ’ T
"C" was.an arrangement whereby the jack was supported directly by

the concrete pier adjacent to the test anchor.

e

5.6.1-4q
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Rock anchor “A" consists of twenty-cight 1/4 inch diameter wires prouted for
a length of 4 feet. 5-1/2 inches in a 3-1/2 inch.diameter hole. All test rock
anchors were oversized so that the' test load of 100 kips would develop only
about 0% of the ultimate capacity of tendon wires while developing a bond
stress of 170 psi which is the design stress for the. containment rock anchors.

This permitted testing bond stresses well in excess of design (170 psi) without

exceeding ultimate wire stresses.

The test procedure for test A-1l was as follows:

Theiahchor was loaded in 20,000 pound increments to 100,000 pounds. The load
was maintained at each increment for 15 minute; prior to téking measurements

for elongation of the tendon and clevations of the concrete pedestal and
adjacent rock surface. Because the anchor hegd appeared from visual observation
to not have lifted off at the 100,000 pound load, the load was increased to
110,000 pounds at which point lift off was'apparent. Subsequént review of
measurements on the movement of the anchor head indicate that actual lift off

occurred between 80,000 pounds and 100,000 pounds as would be expected.

In test A-2, "B" and "C", tendon was jacked from ,the concrete pier immediately

.adjacent to the tendon.

Table 5.6.1-1 lists measurements taken during test A-l. figures S.Q.l—6,

5.6.1~7 and 5.6.1-8 show plots of load vs. elongation deflection for all tests.

The application of a test load of lld kips to rock anchor "A" (as indicated
by the results of test A-1 shown on Figure 5.6.1-6) is equivalent to 137.5%
of the calculated hold-down capacity assumption used in the design is valid.
The plot of load vs. elongation deflection for rock anchor "A" tests A-2

(see Figure 5.6.1-6) and "B" and "C" (see Figures 5.6.1-7 and 5.6.1-8)
indicate a factor of safety against slippage by the grout and rock of at least
2.0 (200 kip load vs. 100 kip design load) for rock anchor "B". If slippagé
occurred within the grout the factor of safety against failure is even greater.
The plot of load vs. elongation for rock anchor "A" shows an apparent dis-
continuity which is indicated by a dashed line on Figure 5.6.1-6. This »
represents settlement of the concrete pier adjacent to the rock anchor when
the load was transferred from the lifting frame used in test A-1 to the lock’

nut which bears on the concrete pier.

5.6.1-5
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f / MAX. OVERSTRESS LOAD = 0.8 (330) = 264X
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.80 fu = 264%

SEE NOTE
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ROCK ANCHOR "B"
TENDON: 28-1/4" ¢ WIRES

ULTIMATE TENDON LOAD = 330
MAX. OVERSTRESS = 0.8 (330) = 264

TOTAL TENDON LENGTH = 13* - 2-1/2"
EFFECTIVE DEPTH OF GROUT = 5'-5"

'

k

NOTE:

JACKING FORCE INCREASED TO 208% WHEN
SLIPPING OCCURRED AND STOPPED WITH A
TOTAL ELONGATION OF 2 11/16" AND A
JACKING FORCE OF 1955, JACKING WAS
HALTED 7O AVOID POSSIBLE DAMAGE TO

JACK.
!
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.80 fu = 264"

262

240

22¢

200

18¢

160

140

126

100
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TENDON:

ROCK ANCHOR "C"

28-1/4" ¢ WIRES

ULTIMATE TENDON LOAD = 330X °

MAX. OVERSTRESS = 0.8 (330) = 264%
TOTAL TENDON LENGTH = 14' - 8-3/4"
EFFECTIVE DEPTH OF GROUT = 4 - 5-1/2"
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TABLE-5.6,1-1

GINNA STATION - UNIT NO. 1-
ROCK _ANCHOR "A" ~ UPLIFT TEST WITH JACXING FRAME

DATE OF TEST -~ MAY 19, 1965

PIER DIALS

N.E. S.W. HEAD AVERAGE DEFORMATION - BLCK SURFACE PEGS
TIVE LOAD CORNER CORNER . DIAL TOP OF PIER NORTE INTZAVEDIATE SCUTH
XIPS INCHES . INCHES INCUES INCHES
0840 0 .300 ¢ .700 0 7-1/4 7-5/8 o s-3/¢
0255 20 .304 .005 .705 .0045
1010 40 .308 .009 .799 .0085
102§ 60 311 .012 714 .0115
1040 80 .318 .019 .723 . .0185 _
1055 100 .354 .031 .752 0425 7-1/b 7-9/16 g-5/8
E"@ LIFT OFF APPARENT
wlzos 110 .380 .039 .767 .0595
| A ] . 80 349 .025 739 .037
et .
60. .334 .016 724 .025
%@ 1‘0 .326 -010 . .7‘15 .Ols
T 20 .318 .003 .706 .0105 y
g: ; 0 312 -.002 6990 .005 7-1/4 7-2/16 9548
[T ]
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intrusicn-rid 2s ranufacttred by the Peopakt Concrove Coempany

and 3nell Se propovhioned and mised in accordance with the manu-~
facturey 's instructicns. The exact gunnbiby of oxpansive additive
%0 b3 used sheil be detcrdined by the propuration of trdisl baiches

usinz the eawe mabtoricls as ere o bo nwed in the vierk to obtain
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MIXING PROPORELTIGHS .

The greud used for instelling rock suchors :shell be a neat cewent groute

The proporticns of grouting wsteyrisls shail be based upon laboratory

tests mads on £resh and hardened grouts rrinoy So their use in the field.

such as8 Lo produce a

The amouny of misting uater employed shall

»

pumpable groub having ths consistency of a thiek croam or heavy vaint.

“hen permitied to stand until seubing sakoes ploco, tha grout shouid
exhibit practically no blecding or segregaticn ‘and should expand not
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proparties of ‘consistency and expansion. The Testing Lzvoratcry

shzll be provided representative sanmples of the materials to

pexrform these tests. Reimbursement for -she Testing Laboratory’'s

servicas will be by the Furchaser.

Plastic Volume Change

The expansion of a test specimen of grout of the proposed pro-
portions shall be determined by measuring the change in volume

of a zrout column. The expansion of the sample shall be periodically
observed. Dz2psnding upon the gy;e of grout testzd, the test may te
discéntinued at either 3 or L nours when it is evident that
expansion has practically ceased., At the end of this period, the
bleeding vater, if any, shall be poured from the.surface of the
grout into a small gredvated cylinder vhere its volume is

observed.

The grout expansion measured as parcent expansion based on original

grout volume shall be 8 parcent 4+ 2 percent. Any bleeding water

* collected on the surface of the grout shall be measured and

reported as percent of bieeding based on original volume of grout.
In no event shall the grout exhibit bleeding in excess of 0.4
percené.

Compressive Strength

The compressive strength of the grout with the proportions to be

* used for the work shall be determined by the Testing Laboratory.

The test molds used to deternrine compressive strength shall be
provided with end plates end rods that will insure complete restrsint

of thz grout after specimens are cast.

POOR ORIGIRAL
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The standard method for testing two inch (2") cubes is found
in ASTH4 C-109-64 "Standard Hethod of Test for Comprassive
trength of Hydraulic Cemant Mortars {using two irch (2")

Cubs Specimens).

MIXING

Care shall be taken to remove iumps, oversiée'material and foreign
matter prior to i;troducing materials into Fha mixer. The tempeXxature
of the cement whern placed into the mixer shall. not exceed 1ho°r.

To Pproducz a uniform grout mi;ture with & minimam of m@xing time, a
mixer that produces a shearing action in mixing shall be used. This
may bz accomplished by paddles, discs, or drums running at high speed.
in a vertical or horizontal position. Mixing time sh2ll be approximately

1/2 minute per‘bag of cemznt. Due to the shearing action, a considerable
amount of heat is generated and mixing at high speed shall be limited to
about 2 minuies. Standard morter and concrete mixers or hand mixing is
not satisfactory: Thz grout mixture shall be screened with an 8-mesh
ptrainer immediately after it leaves thé'@ixer. Undexr no circumstances
shall grogt be retempered. The proportions 6: the grout shall be such
as to have as low a viater-cementing material yatio as is consistené

with pumping requirements. Thzse proporitions are subject to approval

oy the Engineer.

PLACING GROUT

T.1 General ’
Immediately before grouting the vater in the bottom of the hole shall
b2 agitated and pumped out to remove any silt clay and fire rock

debris. Pumping shall te terminate 2d vhen the effluent is visibly

 POCR ORrigmar
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free of suspended materiel. If the rock surfacz in the hole ic
not damp, the hole sh2ll be filled with water to thoroughly ved

the rock surface. Eech nole shall bz inspected to determine if

(0]

there is a flov of vater into the hole sufficient to disrupt
proper grouting. Any serious problem shall be called to the
attention of the Engineer to determine if pressure grouting and
re-drilling of the hole is required. Qater shall be permitted to
risz in the hole until a steady level is attained. The hole shall

en be grouted as specified herpinafter. -No more then two terdons
shall be grouted under water until it has been ascertained by
tensioning the initial anchors that the grout deve%?ps the required
bond cezpacity. At the Contractofs option the holes may be pumpzd
out completely and. if the influx of water dees not exceed one
foot per hour, and grouﬁed as & dry.hole without weiting for
tensioning the initial tvwo anchors.

Standby water flushing equipment shall be provided vith sufficient

* capacity to flush out a partielly grouted hole if the grouting

equipment breaks down dﬁring grouting. The placing of grout for
each stagme shall be a continuous operation. A list of all equipment
and a description of the frequency and means for calibrating gages
shall bz submitted to the Purchaser for approvai. No grout shali

be placed during heavy rain or viaen there is heavy rain expected
within six hours. The grout being placed is subject To inspection
and sempling by the Testing Laboratcry to cnsure continued

compliance with the reqpirennnts of Section 5.0 LABORATORY TESTS,

Phrae 1ortar cubzs shall bz cast fox Tirst stage grout laczed
P

in each hole. Tnresz ¢ shall t2 brolken, tvo at seven days and
>
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one immediately before the anchor is tensioned. The firel cukhe
shall not bz tested more than 24 hours tofore tensioning the

anchor in the hole represznted by the cubie. Since consistency

. tests are not being performed, the Testing Laboratory will

ensure proportions are as approved by the Engineer.
The rock anchors shall bz installed in a similar sequence to thzt

specified for tensioning the tendons unﬁgi Section 8.0 TENSIOHING

and tensioning.

When the shipment of anchors is received at the jobsite, all tendons

shall be examined for shipping danmoges end location of spacer. As

the tendon is lowered into the hole, the tendon shall also be exaﬁined

for any inconsistencies ;pparent in the arrangement’of the wires.

Aftexr the anchor is insertsd in£0‘the hole and prior to placing the

first stage{grout, the button heads shall be examined to insure |
wire lengths are as spzeified. .

Prior to inserting each tendon, the depth of the hole shall be deter-

mined and the grout 'pipe extension protruding below the bottom anchor
\

head cut to length so as to end at the 16west extremity no higher than

two dnches {2") above the bottom of the hole. The grout pipe shall
have a €0° level.

First Stage Grout

The depth of each hole shall be determined and the volume of
grout computed to providée the required embedéent length. The
grqut shall be placed by gravity in a manner to éisplace any
ground vater in the hole uprvard without precducing eny significant

dispersion of the grout. Special care shell be exercissd to grout

- PODR GRIGINAL
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approximately the first two Teet at‘a slcu speed_to avéid excessive
rixing of the grout vith the water. rout shall be placad to an :
elevation approximately onz foot above fhe desired level,

Within thirty {30) minutes and after the grout feeder hose has
been withdrawn, the pump shell bz lowersd to an elevation of 11'-0"
bélow thz top of the jacking plate and opzrated slowly until it

is evident that no grout is being removed. A hydrostatic head

of water shell be meintained constantly to within one foot (L'} -
of the jacking plate by edding uéter througk the hole in the
snchor head. Two hours later the pumps shall be lovered %o

nine inches {9") above the previodsly pumped grout level

(i.e., 10'-3" below the top of the jJacking plate) and, while
pumping, shell be loversd slovly until the grout level is detected.
If grout level is more than six inches (6"} belov the original

level, adjacent holes shell be inspected for grout. IL grout level

is vithin the specified tolerances, no further action is required

pending tensioning except to mainfain the hole full of water.
Pericdic checks ghall be made to ensure that the bole remins filled
with water. If the grout level is not within the specified toler-
ances, the tendon shall bz removed and the hole flushed. The cause
of abrnormal grout rise or fsll shall ke determined before re-grouting.

Second Stane Grout

ATter tensioning the vock anchor and immediately before injecting
second stage grout ‘the hole chall be cleaned and filled vith water
25 deserdbed herobzfore. The szcond stase grout shall be injected
as sccn as practicable afiter the tendcn is tensioned. Extrene

care should te exercised to encure thet adiz2cent holes are nov

POOR GRIGINAL
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prematurely filled with grout by using excessive grout pressures.
The grout shell be injected by a positive displacsmant pump of the
“prograssing cavity" type. A1l hoses, valves, and fittings shall
be waeter tighat. Prior to grouting, the entire system (i.e. pump,
hoses, valves and fittings) éhall be pressure ‘tested with water
to ensurs water tightness. Provision shall.be made to properly
vent the cavity when grout is injected. The grout shall be
pumpad continuously at a slow rate until the cavity is filled.
The use of a pressure pot is not permissible. - After grout epgeers
at the vent opening, the grout hose shall be withdrawn as grouting
continues {vasting excesé grout) until it'is clear that all en-
trapped air has been removed, and the duct is completely filled ~
with grout of gocd quality. One pressure guage shall be placed
vithin three feet of the pump discharge and a second.gauge wvithin
15 feet of the rock anchor hecad.
After second stage grouting is completed the top anchor head shall
bs protected with & coating of NO-OX-ID "CM" or approved egual and

with a metal cover.

a—

TEHSIONIHé SEQUENCE

Rock anchors shall not be tensioneé until the concrete supporting the
tendon hardware (vaseplate, movable hzad and shins) has attained a
minimun wltimate compressive strength of 40CO psi. When a tendon is
located within 3'-0" of a construction joint in the ring girder, the
minimum vltimote compressive strength of the abutting pour shall also
be hCOD psi. o rock anchors shall not btz tensionzd until the grout

spzcimens exhibit o minimwm confined corpressive strength of LCOO psi

 POOR ORICINAL
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unless otharuise approved by the Engincer nor shall they ve tensicned
tefore the grout has cured a winimum of 19 days. The seguence for
‘ensioning the aéchors shall be as fo}lows:

a. Initially, tensicn every fourth aﬁcpor. Theye are no
limitations on the szquence for tensioning these anchors.

b. Secondly, tension the anchors located mid vay vetuszen the
tensioned anchors. There are no linitations on the sequence
for tensioning these anchors.

c. Thirdly, tension remaining anchors. Again, there are no
limitcotions on the sequence for %tensioning these anchors.

Elevations shall be obtainzd by the Constructor (Bechtel Corporation)'

.on a minimum of 12 equally spaced locations on the ring girder immediately

before and afier the tensioning operation. This date shell be submitted
to the Bngineer.

One veek after the tensioning of all anchors is cobpleted, four equally
spaced anchors shall bz jacked to ascertsin the magnitude of losses.
Thig data shall be submitted to the Enginzer.

Each rock anchor shall be jacked to eiguty percent (80%) of the minimum
gueranteed uliimate capacity of the wires. The Jacking force shall
then bz reduced to seventy percent (70%) of ultimate ccpacity when
finally anchored (shimmed) in place. The strass~strain curves for th;
pgcducticn lots used shall be submitted to the Engineer along ﬁith the
final gage reeding and elongation for each stressed anchor. If the loss
of prestress force due €o failure of wires or butt;nbcads exceeds ons
balf percent (0.5), the Imgineer shail be immediately so advised. Based

upon stross-strain curves For the wire us2d. the enticipated elongation

®,

shall be deternained considering Tirst, the effective length to the
%
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: "w elevaticn of the top of first stage grout and second, the effective
length as the complete tendon length. The Engineer shall be advised if
any slippage is discernable during the tensioning opsration. Deviaticns
from the specified -sequence shall not be permitted without the prior
approvel of the Engineer. The Engineer shall be provided load and
elongstion readings at 1CCO psi jack pressure, at eighty, ' percent (80%)
of the minimum guaranteed ultimate capacity of the wires and at the

f£inally anchored position.
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ROCHESTER GAS AND ELECTRIC CORP.
Avgust 19, 1566

lr, John Arthur

DATE
TO

Subjeote

Spsoe renaining for Second Stage Grout belew top of sleeve,

Hole Nimber
1

25

S 268 o
© 92
113
Y47
160

Byerson Rock Anchors

x

Tendon Muxmber

K 59

(Grouting Operation)

Hoipht Recorded

10!
11
gt
Q1
gt
9|
L] 9‘
10!
gt
gt
gt
8!
gl
gt
11
gt
9!
gt
8t
10
11
11
11
11
10!
11
121
121
9'
10

43"
on

3"

1
1t
1t

1t
1!

Y

1!
1t

1
1
1t

EIgH
Iz"

s%"

%E
3"

3"
6"
6!1
"

L]

2

lo"
7"

1 "
)

in

1“

on

5%"

1
SHEET NO, .
LOY  GOOD
1:‘:!
X
X
X
X
X
N L
x v
X
X
10"
10" :

Plens and Specifications Indicato height of Second Stage Grout to be
11* 6" with an allowable tollerence of plus one foot to minus thros
inchos of this design requirment- 10' 6" %o 11* 9"

Measurments taken this date by R. Murrsy , J. Boniface

R. Go & B. Tiold Office

"Robert Exmett Ginna Nuolear Power Station
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] | TR 'g‘“fx E & CO. PIVISICH
{ DEARB ORN.CHEMICAL T T
\;:\\.: s 5... LABORATORY:

. 320 GENESELE STREET. LAKE ZURICH. ILLINOIS 60047

LY

ATRTFADAY E’i‘ }
Joseph T. Ryerson & Sons,rlnc.
SHIPPED TO 2558 West 1l6th Streat ]
-, Chicezo, Illinois 60616

Attention: Mr, Frank Bialag-

ORDER NO. 217111-10 . VAT OR ROLL NO. }0~0X-IL? 490 Nuclear
6 1 rade~Bateh 4775
; HIPPED liov. 56 MOUNT SHIPPED |
DATE SHIPPED i » 1967 AMOUNT sH PE & - 55 gellon drumsg

‘1500 1lbs. nat

We h°reby certify that the above idzntified material was
tested in acceordancz with Gilbert Assceiates, 1nc., Technical
Specification SP-5357 and that the results of such tests
ave met the requirements as follows:
Chlorides . 6 pp=
i1 Nitrates ’ No dstectable amount

Sulfides . No detectzble zzount

e

Subseribed and sworn to before me this :ZL
day of_//ﬁ"“y/. /9,/7

—— . " \ 4 e 4 » 73 .
j—- NOTARY PLE x._u. ! r‘@ , 1‘7;7?!{;3 ”E-, :*?%g, F;:E
. LT T R R R s

*Foen 213.0

DATE MNovember 20,1967
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W. R. G’RAC"‘ & CO.
INITIAL PUMPING OF NO-OX-ID® CM CASING

SUBJECT:  FILLER - NUCLEAR GRADE city  Chicago, I1l.
;\, AME OF ROBERT EMMETT GINNA NUCLEAR PO"ER PLA\‘T

commany:  ONTARIO, NEW YORK DATE  Feb. 8, 1968
TO: Those concerned with this project *’ $232?2;°

FROM: - Paul E. France |

copy To:

My report covering the initial pumping of NO-0X-ID®

CM Casing Filler - Nuclear Grade at the Ginna

e

Brookwood Project is enclosed. ., Its intent is to

keep all interested parties abreast of developments.

‘o™ | - |
@ Y L XO o/ ((%/fwfv

s
: ‘Paul E. France

PEF:ej . Product Manager

Enc. Maintenance and Production Coatings
* { . ‘ L/////' ;
Mr. «oss Lukens Bechtel Corp. % Ginna Nuclear Power Station
Mr. Charles Huston " Lake and Ontario Center Roads |
Mr. John Gilbertt” ¥ .~ Box 157 |
Mr., Don Lindsey ! Ontario Center, New York 1452(
‘Mr. James Hood Gilbert Associates "
Mr. Ed Cantabene Rochester Iron & Metal Co. "
Mr:‘David Tate Westinghouse Electric Coxp. "
Mr. R. Kaprowski Rochester Gas & Electric Corp. 89 East Avenue
Mr. Jeck Boniface ' Rochestexr, New York 14604

Mr. John Arvthur "

My I M., Drown Jes. T. Ryexson & Son, Inc, = P. 0. hox 8000-A
Chicago, Illinois 606G0
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