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INTRODUCTION

Bailly Generating Station - Nuclear 1 will be supported
by a pile foundation consisting of nigh capacity steel H-
piles to be driven into the very dense/hard interbedded
Jiacial lacustrine sand/clay deposits. The details of
this design were pressnted t5 the NRC in the Report SL~-
3629, "Design, Analysis and Installation of Driven H-Pile
Foundations, Bailly Generating Station - Nuclear i,"
March 8, 1378 (Ref. 1-1). A meeting between the NRC and
Northern Indiana Public Service Company (NIPSCO) was held
on May 17 and 13, 1978 to discuss Ref. 1-1., On June 22,
1978, NIPSCO received Regulatory Staff Positions (RSP)
and a request for additional information from the NRC
staff (Ref. 1-2). |Responses to this letter were sub-
mitted to NRC on July 14 and 20, 1978 (Ref. 1-3). 1In
August 1978, an indicator pile program was undertaken to
confirm the elevation and establish the competency of the
bearing stratum, estimate tip elevations, and confirm the
driving criteria for the piles. The results of this pro=
gram were presented in the report "Indicator Pile
Program, Bailly Generating Station - Nuclear 1" (Ref. 1-

4}, submitted to the NRC on Septamber 26, 1978.

This report 1is intended as a supplement to thess

submittals, ané contains the results of field and analy-

e
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tical studies performed to further substantiats the

adequacy of the pile foundation design at Bailly.

This report was prepared on behalf of Northera Indiana
Public Service Company (NIPSCO} for Bailly Generating
Station - Nuclear 1 (Bailly N-1) by Sargent & Lundy and
Dames & Moore. Dr. L. C, Reese and Dr. H. B. Seed were
retained as consultants to Dames & Moore. ©Dr. Reese
reviewed Chapters 3 and 4, with emphasis on ultimate
capacity of heaved piles, AB-155, SA-%, and Sa-ll. Dr.
Seed reviewed a portion of Chapter 2, with emphasis on
the approach to the liquefaction analysis and applica-
bility of the densification technique. Letters from both
Dr. Seed and Dr. Reese documenting their review are in-

cluded in Chapter 7 of this report.

Svnopsis

Subsequent to the completion of driving indicator piles
at the locations suggested by the staff, additional indi-
cator piles were driven to further evaluate and substan-
tiate the proposed pile focundation design. The total
number of indicator piles drives within the Category I
buildings is 147, which is below the maximum number (150)
authorized by the Staff. The purpose of this report is to
present the results of these additional investigations.
The report contains four main chapers addressing the fol-

lowing items:

b
| %)
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b Soil improvement programs in the f£ive preconstruc-
tion areas identified in Ref. 1-4; presented in

Chapter 2.

2. Pile heave and redriving criteria; presentad in

Chapter 3.

3. The proposed driving criteria with special emphasis
on tne 10 blows per inch criterion, soil freeze, and

cushion thickness; presented in Chapter 4.

4. Tolerances relative to pile location, rotation and
plumbness, and splice location; presented in Chapter

5.

The major findings and conclusions of the investigators

are summarized below:

A. Chapter 2 - Areas of Preconstruction Activities

A commitment (Ref. 1l-4) was made to investigate the
areas where preconstruction activities took place to
determine the extent of disturbance, and evaluate
measures that may he required to densify the dis-
turbed areas so that an adeguate safety £factor

against liguefaction is maintained.

The five areas of preconstruction activities were

investigated with soil borings. The Standaré Pene-

R mo—mm— e —
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tration Test (SPT) N-values were used as a basis to
evaluate the in-situ soil conditions and the effects
of the preconsturction activities. A compariscn of
SPT N-values obtained within the areas of precon-
struction activities to SPT N-values obtained within
the same strata in areas whers no such activities
took place indicated that the sandy soils have been

disturbed/loosened.

Liquefaction analyses were performed using state-
of-the~art technigues to establish liquefaction
potential criteria. Based on consultation with Dr.
H. B. Seeed, it was concluded that a factor of
safety of 1.5, based on the SPT N-values, shculd be
maintained to prevent liquefaction. The SPT
N-values, required to prevent liquefaction, are

being developed for each preccnstruction area.

The liquefaction studies in Area E (southwest corner
of Service Building) indicated that socils immedi-
ately in between jetted piles were lcosened suffi-
ciently such that the factor of safety agcinst
ligquefaction was less ¢than 1.5. As a result,
closely-spaced H-piles were driven, completely
enclosing portions of the jetted piles in Area E, to

determine the feasibility of using driven H-piles as

1=4
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disturbance created at the preconstucticn  point

source is eliminated.

Chacter 3 - Heave Monitoring Program

One 5 x 8 cluster of piles was driven to evaluate
the magnitude, lateral extent, and mechanism of pile
heave at the Bailly N-1 site. Detailed survey data
were taken during both driving and redriving. All
plles within the heave cluster, except the last pile
driven, heaved in excess of the present criteria of
1/8 of one inch. In addition, six indicator piles
located outside the heave test cluster at distances
of up to 39 feet away were also monitored as part of
the investigations on the lateral extent of heave.
All of the six indicator piles heaved in excess of
1/8 of one inch. Three compression pile load tests
were performed on selected piles which experienced
0.52 inches, 0.62 inches, and 1.04 inches of heave.
All tests indicated that the piles did not unseat
and no loss in load capacity had occurred as a
result of pile heave, In addition, the ultimate
vertical load capacities of the piles were never
reached because of the limitations of the test appa-

ratus (600 tons maximum load capacity).

N —
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On the basis of the sesults cbtained from the heave
monitoring program, it is concluded that the heave
criteria at Bailly may be changed to one inch. In
order to meet this criteria, with consideration
given to fie.d cccess limitations, the following

redrive criteria have been developed:

l1- All piles which experience in excess of 0.5

inches will be redriven by the amount of heave.

2~ The minimum equivalent redriving resistancs

will be 10 BPI.

3= Redriving will be performed after all piles

within a distance of 35 feet have been driven.

The criteria presented in this chapter supersede the

criteria submitted to the NRC on July 14, 1978,

Chapter 4 - Driving Criteria

This section pressnts the results ¢f the investi-
gations conducted to substantiate the suitability of
the 10 blows/inch driving criterion., A pile load
test was performed on a pile which showed penetra=-
tion resistances varying between 8 and 12 blows/inch
for the last foot of driving. Interpretation of the

results, using Davisson's criterion, showed that the
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ultimate capacity was never achieved at the 600 ton

maximum test load.

Wave equation analyses are presented which compare
the estimated pile capacity at tue time of iaitial
driving to the estimated capacity after soil freeze
has developed, based on redriving a portion of the

heave cluster piles,

The redrive resistances were at least 1.4 times the
penetraction resistance encountered during initial
driving, clearly demonstrating the presence of soil
freeze. Wave equation analyses show that on the
basis of measured redrive resistances, the calcu-
lated ultimate pile capacity exceeds the 400 ton
minimum acceptable. As a result of the pile load
tests and the observed soil freeze, the following
driving criteria have been confirmed and will be
utilized: a minimum of 500 blews for last five
feet, a minimum of 100 blows for the last one foot,

and a minimum of 10 blows for the last inch.

Tests were conducted on compressed (after being sub-
jected to from 150 to over 14,000 blows) wire rope
cushions of varying thicknesses to determine the

material elastic properties. Cushion stiffness
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values obtained from these tests were input into the

wave equation analysis to determine the sensitivity
of pile capacity tc cushion stiffness. The results
of this study show that for stiffnesses greater than
1500 kips/inch, little increase in pile capacity is
attained. It was found that cushion thickness of 4-
1/2 to 4-3/4 inches would provide a minimum stiff-

ness of 1500 kips/inch. 1In addition, a field test

driving program was conducted on one pile usign two
compressed cushions of different thicknesses to
evaluate the influence of cushion stiffness on pene-
tration resistance. The results of this test were
in general agreement with the results of wave equa-
i.e., olow counts for the

tion analysis, higher

thicker (less stiff) cushion were obtained. On the
basis of these investigations, it is concluded that
at final driving the cushion thickness should be

maintained at less than 4-3,/4 inches.

Chapt=zr 35

Analyses were performed toc evaluate the effects of

deviations of pile locations, rotation, anéd plumb-

ness on the structural capacity of foundation H-
files. The location of a pile splice relative to

the depth of pile penstration was also evaluated.

i e
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«ased on these analyses, tha recommended allowalle

tolerances are:

Location:

I+

12 inches
Rotakion: + 20 inches

o PLUMDNESS: 4 percent

In additicn, it is recommended that splices be at

least 10 feet below the bot:tom of the mat.

The tolerances presentad in this chapter are
intended to supersede the criteria submitted to the

NRC on July 14, 1978.

Chapter € presents errata for Ref. 1-4, "Indicator
Pile Report." Chapter 7 presents letters from Dr.
L. C. Reese and Dr. H. B. Seed documenting their

review of various ssctions of this report.

1-10
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PRECONSTRUCTION AREAS

Introduction

As discussed in the Indicator Pile Report (Ref. 1-4),
preconstruction activities were performed in five areas
which resulted in soil disturbance that may affect up to
5% of the production piles. The five preconstruction
areas are outlined on Figure 2-1. The purpose of the
preconstruction activities Wwas to evaluate the
feasibility cf different methods of pile installation and
to assess the load capacity of piles installed by the

various procedures.

The preconstruction activities in the five areas (A

through E) shown on Figure 2-1 were documented in Sargent

and Lundy Reports SL-3109 (Ref. 2-1) and SL-3205 (Ref.

2-2) and consisted of:

; Area A: In 13974, load tests were performed in the
Reactor Building on piles driven into the
interbedded sand/clay stratum and the daeper glacial

till. All test and anchor piles were extracted

except for the test pile driven deeper.
- Area B: In 1974, load tests (compression and

uplift) were performed on piles driven into the
interbedded sand/clay stratum. All test and anchor

piles were extracted.




SARGENT & LUNDY
ENGINEERS

CHICAGO

augering were used
ing to assist pile penetration.

-

were not performed and the piles were not
extracted.

Area D: : ctivities were similar to
those perform

Area E: 1In 1977, a program of jetting and driving
of eight piles to till was carried out at the south

end of thne Service Building. Load tests were not

performed and the piles were not extracted.

Although the number of production piles influenced by
preconstruction activities is less than five percent of
the total, extensive investigations have been performed
in the past several months to assess liquefaction

potential of the disturbed sandy soils, to develop a

program of soil improvement to prevent liguefaction, and

to establish a feasible procedure for production pile
driving in the five affected zones. Eighteen exploratory
borings were drilled in Areas A through Z to evaluate the
severity and extent of soil disturbance caused by the
preconstruction activities. An extensi investigation
was carried out in Area E, which is considered to have
the most severe disturbance because of the eight piles
in September 13977, to evaluate the extent and

of disturbance and ' 5 of field
fication. 1In addi analytical evaluations and

developed

3
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remedial programs have been developed for all precon-

struction aresas.

Preconstruction Activities and Soil Conditions

Area A

Preconstruction activities were performed in March and
April, 1974 in the scuthwest corner of the Reactor
Building, shown as Area A on Figure 2-1. Two tast piles
(TP) and seven anchor piles (AP) were installed. The
purpose of this test group was to evaluate load
capacities and installation procedures for a pile driven
into the glacial till (TP-6, tip elevation ~130*) and a
pile (TP-1, tip elevation =76), driven into the
interbedded sand/clay stratum. Pigure 2-2 is a plan view
which shows locations of the test and anchor piles, in
addition to the indicator piles and soil borings which
were later added in Area A. Preconstruction activities
in this area are detailed in Sargent & Lundy Report 3109

(Ref. 2-1).

Takle 2-1 and Figure 2-2 summarize tip elevations andé
installation procedures of the test and anchqr piles.
Jetting was limited in this area and was stopped between
elevations =46 and -53 for AP-Z, AP-3, AP-6 and AP-7.
Jetting was performed to elevation =39 for AP-5 and

between elevations -39 and =681 for ToB=1. For TP-4,;

Qs
D

max imum pth of jetting was elevation =79, Since the

load tests were performed prior to excavation, caszings

NIPSCO
376.80

Plant Datum El. 0.0 e

cals mean Lake Michigan level El.

W1

(IGLD, 1835

=



N ——

EP——

T W IS —= T —— B P ——— W S — - NN R ., . RS————

SARGENT & LUNDY

ENGINEERS
CHICAGT

were installed for 7TP~1 and TP-8 to elevation 0 to
mirimize the effects of the excess overburden. All piles

and casings were extracted after testing, except TP-6.

Three soil borings, PZa-1l, PZA-2 and P2ZA~2, were drilled
in October, 1978, to investigate the effects of pre-

construction activits

(1
i

on the soil ¢onditions in Area A,
Two earlier borings, B-105 and 105A were also drilled in
1977-78 in the same general area; the results of which
were presented in Report SL-3629 (Ref, 1l-1). 3Boring 105
was terminated above the interbedded sand/clay bearing
stratum. Figure 2-2 shows the boring locations. Plots of
Standard Penetration Test (SPT) N-values against depth
and the corresponding stratigraphic column for Borings
PZA-1, PZA-2 and PZA-3 are presented in Figures 2-3, 2-4
and 2-5, respectively. The boring logs are presented in

Appendix 2-A.

.
Stratigraphy determined from these borings agrees with
the generalized «cross-sections presented in Report
S8L~23629 (Ref. l-l). SPT N-values for the sand lenses in
the interbedded sand/clay stratum that are significantly

different from the undisturded values are also summarized

and shown adjacent to the boring locations on Figure 2-2,

Results obtained for Boring PIA-2 which was two feet from
the jetted pile T2-1, shows the effects of disturbance
down to elevation =75 (in terms of SPT N~-values). Some

of the effects shown below the depth of jetting may be

el
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Pile could have a very localized 1locsening effect.
Borings PZA-3, which was six feet from jetted pile TP-§,
shows that the interbedded sands encountered in this
boring are for the most part medium dense to den~e2 wish
SPT N-values varying from 22 to 43, to a maximum depth at
approximately elevation =55, This relatively shallow

depth of disturbance is generally consist

[}+]

nt with the
driving behavior of the nearby indicator pile RD-24 (Ref.
1-4), which met the required driving resistance
approximately seven feet above the maximum depth of
jetting at TP-6,. Borings PZA-1l and B~105A, which were
more than ten feet away from any jetted piles, show no
soil disturbance. SPT N-values of 100 blows per foot or
more in the interbedded laver show the interbedded sands

in the bearing stratum to be very dense and similar to

the conditions in undisturbed areas,

With the exception of Pile RD-56 and RD-52*, which were

driven only to elevations =62 and =60 and did not: meat

A
-

b

the pile driving criteria, all other indicator piles met

the required driving resistance and were seated at

-

-

elevation =75 or above in the interbedded sand/clay
stratum, All the indicator piles driven at locations

within five feet from previous

etting activities
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jetting, as shown from the results obtained from Boring
PZA-2; however, this phenomenon appears to be localized

and resulted from extracting of a nearby pile (TP-1).
Area B

Preconstruction activities were performed in March and
April, 1974 in Area B, which is located in the northeast
corner of the Reactor Building (see Figure 2~1)., Three
test piles (TP-3, TP-4 and TP-9) and eight anchor piles
were installed and extracted. The purpose of this test
group was to evaluate installation procedures and load
capacities of piles driven into the interbedded stratum,
Casings were installed for the test piles to elevation 0
and were later extracted. Figure 2-6 shows the locations
of the test and anchor piles, indicator piles and soil
borings in relation to the planned production piles.
Since all the 1974 piles were pulled, the plotted
locations of the test and anchor piles may not be
accurately represented; however, the actual locations
should not deviate by more than 1 to 2 feet,
Preconstruction activities in this area are detailed in

Report SL-3109, (Ref, 2-1).

Table 2-2 and Figure 2-6 summarizes test and anchor pile
tip elevations and installation procedures in this area.
Jetting with approximately 100 psig pressure and 200

gallons per minute discharge was used to facilitate

O8]
i
-3
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driving TP-9 from elevation +3 to -46. Jetting was also
performed in the last one to six inches of penetration
for piles TP-4 at elevation =61, AP-9 at elevation -48,
and AP-ll at elevation =43. The tips of all piles were
above elevation -54 feet, except for TP-4 which was at
elevation =61.4. All test and anchor pilesz were

extracted.

Two soil borings, P2B~1 and P2B-2, were drilled in
October, 1978 to evaluate the effects of preconstruction
activities on soil conditions in Area B. Boring B-102
completed in January, 1978, (Ref. 1-1) and Boring B-3
completed in January, 1972 (Ref. 2-2), were also located
in Area B. Figure 2-6 shows the boring locations. Plots
of the SPT N-values with respect to depth accompanied by
stratigraphic columns for Borings PZB~1 and P2ZB-2 are
presented in Figures 2-7 and 2-8. Boring logs for P2B-1

and PZB-2 are presented in Appendix 2-A.

The stratigraphy determined from these two borings is
consistent with the generalized profiles presented in
Report SL-3629 (Ref. 1-1). With the exception of the
last inch of penetration of TP-4 in which jetting was
attempted briefly to assist in penetration at elevation

=61, no jetting occurred below elevation -49,

-

=5
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sand between elevations -60 and -70 observed in these two
borings reflect localized variations in insitu soil
conditions. The reduced SPT N-values for the sand lenses
in the interbedded sand/clay stratum are briefly
summarized on Figure 2-6, adjacent to the location of

each boring.

Indicator piles RB-511, RB-512 and RB-513 (Ref. 1-4) were
driven in Area B. They were located approximately five
to eight feet from TP-9 and between TP-9 and Boring PZE-
2. Examination of the driving records of these piles
indicates zones of reduced driving resistance above
elevation -48 (see Figqure 2-6 for likely zone of
disturbance* for each pile). These reduced driving
resistances are possibly a result of the jetting
activities at TP~9, where jetting was performed from
elevation +3 to =46. Pile RBE-513 met the required
driving resistance at elevation -53, while RB-511 and Ra-
512 did not meet the driving criteria within the depth
driven (to elevation -82 and =62, respectively). The
driving behavior of these piles correlates well with the
results obtained from Bering P2B-2. At the pile
locations; the upper portion of the thick sand layer
observed in Boring PZB-2 betweesn elevations =43 to =73
was disturbed and loosened because of jetting activities
at TP-3. Piles RB-511 and RB-512 were driven through the

Jisturbed zone and punctured through the remaining

R —

" See Section 2,2.1 for the definition and significance ¢of the
Likely zone of disturbance.
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portion of the sand layer. The review of the
preconstruction activities, which were performed in Area
B, and the results of borings and indicator pile driving
behavior reveal that disturbance due to the
preconstruction activities in Area B were minimal and
restricted to relatively shallow depths (not deeper than

elevation -65).

Area C

Preconstruction activities were performed in March and
April, 1975 within the limits of Area C (southeast corner
of the Radwaste Building), as shown in Figure 2-1. The
purpose of the preconstruction activities was to evaluate
procedures for insctalling piles into glacial till. The

piles and casings were not extracted. A detailed account

of the activities is given in Report SL-3205 (Ref. 2-3).

The preconstruction activities which are summarized on

Table 2-3 and Figure 2-9, consisted of:

Installation of two piles with the aid of jetting at
locations 5 and 9 as shown in Figure 2-9, Jetting
was periormed from the ground surface (at elevation
+20.5) to the final pile tip elevation cf ~-146.5 at
location 5 and to elevation =105 at location 9;
using jet pressures at or near 300 psig with
discharges of approximately 600 to 800 gallons per

minute.
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‘nly 4 feet away from location 5, where jetting was

&
o
wn
.

performed to elevation -1

However, in all cases, with the exception of one SET N-
value of 23 in Boring PZC-l1 at elevation =50, the sand
lenses within the interbedded deposit, where the soil
disturbance was most evident, showed N-values in excess

of 30 blows per foot. Therefore, the extent of

-

disturbance is imited, inscfar as its effects on

liquefaction potential.

Two indicator piles, RWD-140 and RWD-143, were driven in
Area C (Ref, 1-4)., Both piles were driven to elevation
-62 without meeting the driving criteria. The blows per
last foot of penetration for each pile were 24 and 19,
respectively. Neither pile exhibited an increase in
driving resistance when the interbedded sand/clay s:ratum
was encountered at about elevation -30. These resul:ts
were expected since indicator pile RWD—-140 was
approximately five feet from location 9 where jetting was
performed to elevation =105, and indicator pile RWD-143

was approximately one foot from location 8 where a 12-

inch hole was augered to elevation -110.5 to facilitate
pile installation. Based on driving behavior, Figure 2-9
summarizes the zones where the indicator piles
encountered sandy soils that appear to have been affected
by the preconstruction activities to such an extent that
the resistance to liquefaction is reduced.
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Based on a review of all the above data, the soil dis-
turbance resulting from jetting extends to a significant
depth (elevation =80 (Boring P2C-1l) and -86 (Boring
P2C-2)); however, it appears to be localized in areal
extent to the immediate area surrounding the jetting. It
is believed that preaugering ©1ly disturbed the soils

immediately surrounding the auger hole and therefore is

localized.

Area D

Preconstruction activities were performed in Area D which
is located in the northwest portion of the Auxiliary
Bujilding. (April 1975) Table 2-4 and Figure 2-12
summarize the preconstruction activities. A detailed
account of the preconstruction activities in this area is
given in Report SL-3205 (Ref. 2-3). The purpose of the
preconstruction activities was to evaluate procedures for

installing piles into the glacial till.

Four piles were installed in Area D, Piles 17 and 20 were
installed with the assistance of jetting during driving.
Jetting was performed with jet pressures of 200 to 200
pPelg and discharges of 600 to 800 gallons per minute. At
location 17, jetting was performed to elevation =72
while at location 20, jetting was performed to ‘levation
=153, which is the top of bedrock at this location. The
other two piles installed at locations 22 and 25 ware

driven through predrilled holes. Predrilling was
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achieved with a l1l2-inch diameter auger. Jet%ting, with
pressures ranging from 150 to 300 psig, through the stem
of the auger, was used to assist the augering operation.
The auger holes were advanced to elevation =117 at pile

location 22 and to elevation -115 at pile location 25.

Three soil borings, PZD-1, PZD—-2 and PZD—2A, were drilled
in October, 1978 to investigate the effects of the pre-
construction activities on the soil conditions in Area D.
Figure 2-12 shows the boring locations. Plots of SPT N-
values against depth and the corresponding stratigraphic
column for these borings are presented on Figure 2-13 and

2-14. Boring logs are presented in Appendix 2-A,

The stratigraphy determined from these borings agrees
with the generalized cross-sections presented in Report
SL—3629 (Ref. 1-1). SPT N-values for the sand lenses in
the interbedded sand/clay stratum that are significantly
different from the undisturbed values are also summarized
and shown adjacent to the boring locations on Figure 2-

12,

In Boring PZD-1, which is located approxiaately 4 feec
east of pile location 20, three sand lenses were
encountered below the glacial lacustrine clay, between
elevations —63 and -75, =82 and =109, and -114 to =-119.
In all cases the standard penetration resistances were in
excess of 80 blcows per foot indicaeting no effects of
jetting. Boring P2D-2 is located approximately one foot
from pile location 17, where jetting was performed to

elevation —-73. The boring hit the pile and could no

or

De
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advanced further than approximately elevation -70. This

bcrehole was therefore abandoned and a replacement

boring, PZD-2A, was drilled approximately 3.5 feet west

of pile 17. No samples were taken in this boring until it

was advanced to elevation -63. A composite stratigraphic

column utilizing the results of both borings is shown in

Figure 2-14., It can be seen that a thick sand layer was

encountered from elevation -62 to -102., Relatively lower

penetration resistances, N = 3 and 41, were encountered

in Boring PZD-2 at elevations —-63 and —-68, respectively.

I However, significantly higher penetration resistances
were encountered at these elevations in Boring PZID-2A.

It is therefore concluded, that the relatively 1lower

penetration resistances recorded in Boring PZD-2 at

elevations -63 and —-68 were the result of the boring
approaching the pile; however, even if these low
penetration resistances were the consequence of
disturbance causa2d by jetting at pile location 17, it is
clear from the results obtained in Boring PZD-2A that

this disturbance is extremely localized.

Based on the results obtained from the boring, it has
been concluded that the disturbance in this zone is very
localized around the point source of preconstruction

activity.

- R Area E
Preconstruction activities were performed in Septemter,

1977 in Area E, which is located in the southeast corner

~}
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of the Service Building. Eight piles were installed
using continuous jetting and vibrating. Figure 2-1S5 is a
plan view showing locations of the jetted piles,

indicator piles and soil borings in the area.

Table 2-5 and Figure 2-135 summarizes the preconstruction
activities. Jet pressures of 200 to 300 psig with
discharges of 600 to 800 gallons per minute were used.
Jetting was continuous from the ground surface, elevation
+3, to elevations ranging from =120 to =123. The jetted
piles were finally driven to meet the required driving

criteria at elevations below -130.

Eight soil Borings, (67w, 70w-1, 73E, 85E-1 and Borings
PZE-1 through PZE-4), were subsequently drilled in Area B
to investigate the effects of preconstruction activities.
Plots of SPT N-value versus depth and corresponding
stratigraphic columns for all the borings are presented
on Figures 2-16 through 2-23. Boring logs are presented
in Appendix 2-A, A cross-section through the jetted
piles, showing stratigraphic column of borings relative
to the jetted piles, is presented on Figure 2-24. SPT N-
values for the sand lenses in the interbedded sand/clay
stratum that are significantly different from the

undisturbed values are also summarized on Figure 2-15.

Borings 67W, 70W-1, 73E and 85BE-1 were drilled in
November 1977, approximately six weeks after the eight

piles In this area were installed, as a part of the then

- e I R R .
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ongoing program investigating the acceptability of the
jetting and vibrating to assist pile installation. As
the method of pile installation was subsequently changed
to conventional impact driving, the results were never
finalized. Borings PZE-1 through PZE-4 were drilled in

October 1978, prior to the start of the field program.

These borings, provide the most definitive data (out of
all five preconstruction areas) on the extent andé
magnitude of soil disturbance. The localized effects of
the jetting operations can be visualized qualitatively
from Figure 2-25, which combines the SPT N-values for all
soils encountered in borings at varying distances from
the jetted piles. Generally, Figure 2-25 shows that the
farther away the boring is located from the jetted piles,
the higher are the SPT N-values. For the sand lenses
that were encountered in these borings, the disturbance
effect with distance from the jetting operation is
discussed as follows:

Most Distant Boring: Boring PZE-3 (Figure 2-22) is

located approximately 25 feet away from Pile SE-61,
the nearest jetted pile. The sands in the
interbedded 2zone are very dense and corresponding
SPT N-values generally exceed 64 blows per foot.

Intermediate Distance Borings: Borings P2E-1 and

PZE-2 are located six and eight feet respectively,
from the nearest jatted pile. The sands in the
interbedded zones are medium dense to very dense
with N-values ranging from 25 to over 100 blows per

foot. i
L= ]
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Borings Located Between Jattad Piles: Borings 67w,

70W-1, 73E, 85E~l and PZE-4 are located between and
adjacent to the jetted piles and represent the
maximum disturbance in Area E (see Figure 2-15),
The interbedded sands between the piles are locally
very loose as can be seen from data summarized on
Figure 2-25, On six occasions, the split spoon
sampler dropped under the combined weight of the

drillrods and the 140 pound hammer.

The influence of the jetting activities is also seen in
the driving resistance of the indicator piles. Six
indicator piles (SF-20, SF-31, SF-34, SP-63, SF-66 and
RWC-109 (Ref. 1-4)) were driven in the vicinity of jetted
piles in Area E (Figure 2-~15),

Indicator piles SF-66 and RWC-109, which are located
approximately 15 and 40 feet, respectively, away from the
nearest jetped piles, met the required driving resistance
within the expected penetration into the interbedded
sand/clay bearing stratum, without any evidence of
reduced driving resistance. Driving of piles SF-20 and
SF-34, which are from 10 to 20 feet away from the nearest
jetted piles, was suspended after reaching elevations -61
and =83, respectively, without meeting the resquired
driving criteria. Pile BSF-31 and sr- 3, located
approximately four feet away from the jetted piles, were
driven to below elevation =130 before mee:ing the

required driving criteria.
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with liquefaction or no liquefaction in the field and the
average modified penetratiocon resistance, nl, of the sand
strata involved for various magnitude earthquakes. This
relationship is reproduced in Figure 2—-26 and is based on
a comprehensive collection of site conditions at various
locations where liquefaction or no liquefaction was known
to have taken place. Based on consultation with
Dr. Seed, it was concluded that a factor of safety of 1.5
based on SPT N-values, should be maintained to prevent

liquefaction.

Methodoloay

The following procedure was used to evaluate liquefaction

potential in Area E:

wnn
o
(]

[

Determine the effective cyclic shear stress, induced

by the postulated SSE (Magnitude 6, maximum ground

acceleration 0.2g; Ref. 2-5) at the site
throughout the depth of the soil profile. These
stresses were computed using three selected accele-
ration time histories of recorded earthquake motions

(Ref. 2-6). Two different approaches were used to

model the soil in the disturbed zone.

Approach I conservatively models the disturbed zone
as a uniform horizontal layer of disturbed soil

throughout the entire site (Figure 2-27). In this

approach, the soil strata above and below the
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to those of 45 percent relative density sand as
given by Seed and Idriss (Ref. 2-7). This relative
density was estimated from the SPT N-values in the
sandy soils within the interbedded sand/clay strata
from the five borings between the jetted piles,
using Gibbs and Holtz (Ref. 2-8) correlations
between relative density and effasctive over>urden
pressure.

The earthquake induced cyclic shear stressss were
then computed using the computer program SHAXE (Ref.

2=9) .

Approach II realistically models the disturbed zone
to account for its limited lateral extent (Figure
2-28). The limited lateral extent of the disturbed
zone is taken into account by assuming that the
strains developed in the disturbed zone are the game
as those developed in the adjoining soil mass. The
shear moduli and damping ratios for the undisturbed
soils shown on Figure 2-28 for Soil Profiles A and B
are given in Report SL-3629 (Ref. 2-1). The shear
moduli for the disturbed zone shown in Soil Profile

B is eguivalent to that repcrted by Seed and 14

"
P
m
w

r
1B
<
(1]

a

b

(Ref. 2-7) for sands with 45 percent re

density. The induced effective chear strains ar

D

determined for the depth of Soil Profile A, using

o

the computer program SHAKE. The effective eyclic
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shear stresses in the disturbed zone, as modeled in
Soil Profile B, are computed as the proauct of the
effective shear strains computed by SHAXE and the
corresponding shear modulus for 45 perceant relative

density.

Descriptions of the two approaches, the seismic
input to the SHAKE computations and results of these
computations are presented in Appendix 2-B.
Step 2

Compute the induced effective cyclic stress ratio,
"/**'v where o'  is the effective overburden
pressure. For Area E, r'v was calculated from the
bottom of the foundation slab in the Service
Building, elevation +8.0 feet. The groundwater
elevation was taken at elevation +25, i.e., the
maximum groundwater level expected during plant
operation (see Figures 2-27 and 2-28). By computing
év from elevation +8.0, it is conservatively assumed
that all load from the structure is transferred to
the pile tips and no load transfer occurs between

the bottom of the mat and the soil above the pile

tips.

Step 3
Determine the required Nl—values throughout the
depth of the socil profile for liquefaction=-prone
sandy soils so that the factor of safety against

ligquefaction is 1.5. The reguired Ny-values are
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pPresented on Figure 2-29, which is based on the data
for a Magnitude 5 earthquake, presented on Figure
2-26. The curve shown by the solid line in Figure
2—-29 corresponds to a factor of safety egual to 1,0
against liquefaction for a Magnitude § earthgquake.
The curve shown by the dotted line represents a
factor of safety of 1.5 which is defined as the
€yclic stress ratio for a factor of safety of 1.0
divided by 1.5 for each modified penetration
resistance. Therefore, to compute Nl for a safety
factor of 1.5 at any depth, the effective cyclic
Stress ratio at that depth is computed and the
corresponding N, is read from the dotted line on

Figure 2-29.

Step 4

Reduce soil boring data by converting SPT N—values
to Nl for sandy soils in the interbedded laver. Nl
is defined as N x CN were N is the SPT blow count
measured in the field and CN is the appropriate
correction factor which normalizes N to 1 ton per
square foot effective overburden pressure, The
correction factors used for these liguefactien
analyses are those proposed by the Waterways
Experiment Station (W.E.S) (Ref. 2-10). Figure 2-30
reproduces the curves developed by W.E.S8. The more
conservative curve for 40 to 60 percent relative

density was used to determine the correction factors

(CN2 used in the analyses, Plots of Ny, vs. depth
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for all borings are shown on Figure 2-31 through

2‘38 .
Step S

Liquefaction potential for any boring is evaluated
by plotting the Nl-values of sandy soils from the
Standard Penetration tests against depth and
comparing the data with the Nl curve for a factor of
safety of 1.5, based on the conservative Approach 1I.
When the data lies to the right of the curve, then
the stratum possesses a factor of safety grea‘ter

than 1.5 against liguefaction.

Results of Liquefaction Analysis

The purpose of the liguefaction analysis was to determine
the wvertical and lateral 1limits of any potentially
liquefiable soil within Area E, as a result of the
jetting activities. The results cof the liguefaction
analyses demonstrate that there is an adequate safety
factor against liquefaction {greater than 1.5) at dis-
tances of six to eight feet from the jetted piles in Area
E based on soil conditions encounterad in Borings P2E-1l
tarough PZE-3; but immediately around the eight jetted
piles, typified by Borings P2ZE-4, €7W, 70W-1, 73E, and
858-1, localized liquefaction could develop for the
postulated SSE event. This conclusion is demonstrated in
Figures 2-39 and 2-40, which show modified penetration
resistances, N1, plotted versus depth, respectively, for

Borings PZE-1l and PZE-2, and Borings PZE-4, 67w, T0W=1,
2-26

e g—
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73E and B85E-1. Also shown on these figurez are the
Nl—values required for a factor of safety of 1.5 as

determined by Approaches I and II (Appendix 2-B).

Figure 2-37 shows Ny versus depth for PZE-3 which is 25
feet from the nearest jetted pile. As seen in this
figure, all Nl-values greatly exceed the Nl required for
a factor of safety of 1.5. Figurs 2-39 shows Nl versus
depth for PZE-1 and PZE-2 which are six and eight feet,
respectively, from the nearest jetted pile. As seen on
this figure, the minimum safety factor is 1.5.
Therefore, it is concluded that liguefaction potential
does not exist at distances greater than six feet from

the jetted piles.

Figure 2-40 shows the Nl versus depth for Borings PZE-4,
67W, 70wW-1, 73E and 85E-1, which are located between the
jetted piles. Examination of this figure indicates that
sandy soils in these zones have safety factors less than
1.5 against liquefaction throughout the depths of the

interbedded sand/clay strata.

Insitu Soil Improvement

General

On the basis of the liquefaction analyses presented in
Section 2.3.1, a field program was initiated to densify

the sandy soils to increase the factor of safety against
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liquefaction to greater than 1.5. The program consisted
of driving 95 foot 14HP117 densification piles at close
spacings to increase the penetration resistance of the
disturbed sands to the minimum Ny—values corresponding to

a factor of safety of 1.5 established in Section 2.3.1.

As stated earlier, Area E was selected for the insitu
soil improvement experiment since it was the
precorstruction area wher. jetting was most extensive and
therefore would represent the ®"worst case" gituation.
Since the purpose of this program was to demonstrate the
effectiveness of driving H-piles for densification in the
areas affected by jetting, only a small area within Area
E, where the degree of disturbance wa.: considered to be

the greatest, was investigated.

During the investigation of Area E, alternate methods of
improving foundation soils were examined. One
alternative considered was the use of Franki displacement
piles, which has been used s&ccesstully at the Beaver
Valley Power Station for DuQuesne Light & Power. At
Beaver Valley Franki piles were used to densify a loose
gravely sand layer which occurred at a depth of
approximately 75 to 90 feet. A 2l-inch diameter casing
was driven to the top of the loosened layer by the use of
a diesel pile driving hammer. The concrete injected into

the loosened soils consisted of zero slump concrete. The

[
1
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o
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concrete was displaced by dropping a seven thousand pound
hammer through a distance of 25 feet, For the
application at the Bailly station, special consideration
would be required since the maximum penetration would
exceed 100 feet. Based on our past experiences with
driving and our experience in inscalling casings for
borings at the Bailly site, difficulty would be expected
in installing the casing through the generally very
dense/hard interbedded sand/clay stratum. Thus, although
the pressure injection technique was successful at the

Beaver Valley Power Station, this technique is not

considered viable for the Bailly site.

Other alternative soil improvement methods (driving
displacement piles such as closed-end pipe or precast
concrete piles) were also considered for densification of
the disturbed sandy soils; however, based on the driving
behavior of 14HPL17 piles, it was considered that it
would be extremely doubtful that a displacement type pile
would be able to penetrate the required depths for
general use in all areas of the site where densification
is required. It was, therefore, decided to drive closely

spaced H-piles for densification.

Description of Program - Procedures

The program consisted of driving two staggered rows of
nine 14HPll? indicator piles, 95 foot long. Pile spacing
in each row was one pile size or 14 inches. Figure 2-41

hows the locations of the piles, relative to the jetted
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and pre- and post-densification borings. Nine of the

densification piles are located outside of the Category 1

building 1line and nine are located in the Service
Building, straddling the row of the jetted piles. The
piles located outside the Suilding line were not part of
the coriginal indicator pile program, as suggested by the

NRC Staff.

The south row of 9 piles located ocutside the building

line was driven first, from east to wes: in a8 staggered
pattern to maximize soil densification effects near the
jetted piles. The sequence of driving is noted on Figure
2-41. This same staggered sequence of driving was used
for the north row of densification indicator piles,
Driving of these 18 piles was accomplished over a three

day period, from October 30, 1978 to November 1, 1978.

Because loose to medium dense disturbed sands were
encountered in the exploratory berings primarily above
elevation -80, 95-foot pile sections were driven to
approximately elevation -82, It was intended that, if
successful, this densification method would be usad for
all areas and depths where an inadeguate factor of safety
(i.e., factor of safety less than 1.5) against

liquefaction exists for the sandy material.

Plots of driving resistance versus depth for these 18

piles, numbered as shown in Figure 2-41, are presented in
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in Appendix 2-C. As expected most of the piles did not
meet the required driving resistance within the depth
driven (90 feet), because of the close proximity of the
piles to the piles which were jetted to below elevation
~120. However, piles 1 through 4, which were the last
four piles driven, met the required driving resistance
with normal penetration into the bearing stratum. This
localized behavior is attributed to the non-uniform

effects of jetting activities.

Since the main purpose of the program was to improve the
density of the disturbed sands between the two rows of
piles sufficiently to eliminate liquefaction potential,
verification borings were drilled and SPT N-values were
obtained to evaluate the effects achieved as a result of
the densification pile program. The following section

presents the method and results of the evaluation.

Verification Program

Soil Borings

Upon completion of driving all eighteen piles,
verification borings P2E-5 through P2E~7, were drilled
between the two rows of piles to evaluate the results of
soil densification in the area of maximum soil
disturbance, SPT N-values were obtained at 5-foot

intervals with depth until the interbedded deposit was

ro
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reached. Thereafter, SPT N-values were obtained at 2 1/2
foot intervals. Plots of SPT N-values against depth and
the corresponding stratigraphic column of these borings
are shown on Fiqures 2-42 through 2-44., Logs for these

borings are presented in Appendix 2-A.

Ef fects of Densification

For ease of comparison with the results of the
liquefaction analysis, the insitu N-values for sandy
soils in the interbedded sand/clay stratum in the three
verification borings have been normalized with respect to
an effective overburden pressure of one ton per square
foot as described in Section 2.3.1. The resulting
N-values are plotted against depth on Figures 2-45
through 2-47. Figure 2-48 is a composite plot showing
the Ny values for all the three borings with respect to
depth. Comparison of Figure 2-48 with Figure 2-40, which
shows the Nl values of cohesionless materials encoun’'ered
in borings drilled between the jetted piles prior to
driving piles, reveals a significant increase in the
penetration resistance to a depth of 90 feet (Elevation
-80) as a result of driving the piles to such depth.
[.jure 2-48 also shows that all cohesionless soils within
the interbedded stratum encountered in the verification
borings possess safety factors of greater than 1.5

against ligquefaction.
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Immediately beneath the upper glacial lacustrine clay, a
very limited 229@ of sand in boring PZE-5 appears to have
a factor of safety against liquefaction of less than 1.5,
according to the very conservative analytical model
(Approach I, Section 2.3.1). This portion of sand,
however, still possesses a factor of safety of about 2
according to a more realistic approach of analysis

(Approach II), and is considered acceptable.

It is, therefore, concluded that the densification
process which utilizes closely spaced H-piles is
effective. Similar improvements were also observed in
the beach sand as a result of driving these densification
piles, and these improvements are expected at greater

depths by driving the piles deeper into the soil stratum.

Special Conditions Encountered in the Verification

Borings

Figure 2-24 presents a cross-section along the row of
jetted piles in Area E, shewing the soil types, SPT
N-values encountered in each boring, and the embedment

geometry of the jetted piles.

O

During the drilling of the verification borings, tw
drill rod drops were experienced in borings PZE-5 and
PZE-6, located between the jetted piles (Pigure 2-41).

Communication of drilling fluid between unbackfilled

borings was also noted. The drill rod drop of 2.5 feet in
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on Figure 2-49. The borehole of P2E-6 was generally 4 to
5 inches in diameter, At depths of 30 and 100 feet
(elevation -22 and -92, respectively), it was noted that
two 2 foot zones of the borehole had diameters from 6
inches to greater than 9 inches. This is possible due to
erosion of sand layers in the soil as the result of the
jetting and drilling operations. The general variatien
of the borehole dimensions was confirmed qualitatively by
the results of Gamma-Gamma density measurements as shown
on Figure 2-49; i.e., as the equivalent borehole diameter
measured by the Birdwell 3—arm Caliper increased, the
density as measured by the Gamma-Gamma device decreased,

and vice versa.

In addition, during the drilling of Boring P2E-6, as well
as during the preparation for borehole measurements, it
was noted that the drill rod rattled frequently below
elevation -90, apparently because of drilling adjacent to

an in-place pile.

Based on the results of these measurements and
observations, it may be concluded that borehole PZE-6 was
drilled immediately adjacent %0 Pile SE-~70, below
elevation -90. Evidence is very strong that the borehole
merged into the unbackfilled borehole of Boring 70W=l,
drilled in 1977 between the flanges on the west side of
this pile. This borehocle was not backfilled. The

dimensions of the borehole, where the rod drop was noted,

2-35
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were normal and generally 4 to 5 inches in Jdiameter,

which tends to confirm this conclusion.

The limited zone of the drill rod drop at elevation -120
in Boring PZE-5 was not investigated through borehole
measurements. Boring PZE-5 was backfilled with cement-
Bentonite Giout immediately upon completion of the
boring. 1t is suspected that the bit drop was caused by
the previous jetting activities which washed out a2
limited zone of sand located immediately below ““a depth
of jetting. Since this condition was noted while
drilling verification borings, it is believed possible
that similar conditions can exist in preconstruction

areas where extensive jetting occurred.

Communication of drilling f£luid between unbackfilled
borings in preconstruction Area E was observed during
previous as well as recent drilling operations. A
colored drilling fluid was used in an attempt to measure
the volume of borehole PZE-6, and was observed in Boring
PZE~7, which was unbackfilled at the time of measurement.
A total of approximately 80 cubic feet of the colored
drilling fluid was used before the colored fluid in both
bereholes (PZE-6 and PZE-7) began to overflow. The
quantity of colored drilling £luid required to fill both
boreholes was believed to be the result of communication
with other disturbed zones in Area E that were affected

by the past jetting activity. Part of the colored £luid

2-36
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might alsc have filled disturbed zones similar to that
encountered in Boring PZE-5 below the depth of previous
Jetting activities., Based on the results of the Birdwell
3-arm Caliper survey, the average borehole diameter for
Borings PZE-6 and P2E-7 was about 5 inches. It would
require approximately 40 cubic feet of the colored
drilling fluid to fill these two borings. Therefore,
approximately 40 cubic feet out of the 80 cubic feet of

the colored drilling illing adjacent disturbed zones.

The communication is believed to occur mostly in the
upper portion of the boring, especially immediately below
the upper glacial lacustrine clay where the top portion
of the sand layer was eroded or loosened due to the
jetting and drilling activities. This mode of
communication is demonstrated by the Birdwell 3- arm
caliper measurements in Borings PZE-6 and PZE-7, as shown
on Figures 2-49 and 2-50, respectively. Limited zones
having a larger diameter were recorded in both boerings at
the same elevation (elevation =22) immediately below the

upper glacial lacustrine clays.
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Remed.ial Program

General

Based upon the conditions in each preconstruction area
and the results of the driving of closely-spaced H-piles
in Area E, a remedial program has been developed which
provides a conservative solution to the preconstruction
activities in all preconstruction areas. The major ob-
Jective of the program is to densify, if required, the
localized disturbed soil zones surrounding the point
source of disturbance, in order to prevent liquafacticn
and to provide satisfactory foundation support i1or the
production piling. The densification will be achieved by
driving closely-spaced H-piles. In addition, a con-
trolled pressure grouting program will be carried out ar
the point source of preconstruction activities and bor-

ings.

The remedial program will consist of the following steps:

1. Controlled pressure grouting at locations of pre-
vious activities: jetting or predrilling operations
(Areas A through E); load test or anchor piles that
were extracted (Areas A and B); and test borings
that have not been backfilled (Area B only). The

pPressure grouting will be performed without packers

o
i
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at pressures of up to 1 psi per foot of depth (mini-
mum pressure equal to the effective overburden pres-
sure) utilizing a cement-bentonite mixture,
designed to be generally compatible with the un-
drained shear strength of the clays in the interbed-
ded bearing stratum. Four-inch diameter grout holes
will be drilled in a grid pattern in the area imme-
diately surrounding the point source of disturbance
as described above. The lateral extent will be con-
servatively based on the knowledge of preconstruc-
tion activities and subsurface conditions in the
area. The grout pipe will first be inserted into
the bottom of the grout hole. The grout will then
be pumped under the required pressure with the
grout pipe maintained at the bottom of the grout
hole. When the grout rises to the top of the grout
hole, the grout pipe will be withdrawn. The with-
drawal rate will be such that the grout hole will,
at all times, be filled with grout while the

required pressure is maintained.

Drilling supplementary test borings to define the
lateral and vertical limits of the densification
‘Program. SPT N-values will be obtained from these

borings at S5-foot intervals until the interbedded
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lished for the most conservative approach, will be
re-evaluated. A liguefaction analysis will be per-
formed specifically for the conditions encounte-ed
in the verification boring in order to obtain a more

realistic assessment of factor of safety against

liquefaction.

- Driving production piles to the sp.-~ified driving

Ccriteria.

Program for Area E

General Program

As a result of the extensive investigations and evalua-
tions in Area E, a remedial program has been developed

for Area E which includes a commitment to the above pre-

scribed remedial operations.

The remedial program is conservatively based on the
nature and extent of the preconstructicn activities,
information obtained from existing borings, and records
of indicator piles driven. For ease of reference, this
information has been summarized on Figure 2-15., Figures
2-51A through 2-51C present a detailed plan for the reme-
dial program in Area E. Figure 2-51A shows the lceations
and depths of the 4-inch diameter primary and secondary

grout holes relative to the jetted piles. Figure 2-51B
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shows the locations and tip elevations of densification
piles. Also shown in Figure 2-51B are the locations of
contingency densification piles, supplementary borings,
and verification borings. The contingency densification
piles will be installed in the event that the supplemen-
tary borings show zones of soil disturbance which would
result in a factor of safety against liquefaction lower
than 1.5. Figure 2-51C is a composite of the total reme-
dial program. Following is a brief outline of the proce-

dures:

i Drill and grout 4~-inch diameter primary grout hole
in between the pile flanges, one on each side of the
web Of the jetted piles, to the depth as shown. 1In
addition, grout holes will be drilled at the loca-
tions of previously unbackfilled borings (Borings

2. Drill and grout 4-inch diameter secondary grout
holes, approximately 1.5 feet from the primary hole
in the pattern and to the depth as shown in Figure

2-51A.

3s Drill six supplementary (Figure 2-51B) borings to a
minimum elevation of =130, %o define more precisely

the extent and depth of densification piles re-
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quired. The criterion for evaluating liquefaction
potential is presented in Figure 2-51D. Should any
of the contingency densification piles be required
based on these borings, additicnal supplemental bor-
ings will be drilled to confirm that soils outside

of Lue area requiring densification have an adequate

factor of safety against ligquefaction.

Drive .ensification piles to the predetermined mini-
mum depth as shown in Figure 2-51B. Centingency
densification piles may be installed at the indi-
catnd locations on the basis of results obtained

{rom the supplementary borings.

Drill two additional verification borings to a mini-
mum of 5 feet beyond the tip elevation of the
nearest densification pile and at the locations
shown, to confirm that SPT N-values in the most
critical zones meet the minimum required, according
to the results of liquefaction aralysis performed

for this area (Figure 2-51D).

The following sections describe the remedial program in

E in detail.
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Greouting

The grouting program was designed based on the fact that
the maximum depth of jetting in Area E extends to eleva-
tion =123 and the maximum depth of unbackfilled borings
(Borings 67W, 70wWw-1, 73E, 85E-1, PZE-5, and PZE-6)
extends to elevation -133. Therefore, grouting will be
performed to elevation -130, except at the boring loca-
tions where grouting will be extended ts elevation —-133.
Since the jetting influence was most significant near the
jJet pipe, which was attached along the east side of the
pile web, two primary grout hcles, one on each side of
the web, will be drilled and grouted. Furthermore, in
order to assure further improvement of soils immediately
surrounding the point source of jetting, secondary grout
holes will be installed approximately 1.5 feet from the
center cf the jetted piles. At the locations of previ-
ously unbackfilled borings, a grout hole will also be
drilled and grouted. This grouting program (as shown in
Figure 2-51A), provides a wvery complete coverage in the

most severely discturbed zone.

Densification Piles

Following grouting, densification piles are to be driven
to eliminate the liquefaction potential of disturbed

sandy soils. The exact extent and depth of the densifi-
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cation program will be defined by drilling supplementary
and verification borings. The program shown in Figure
2-518 indicaces the locations wheré densification piles
will be installed, based on the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>