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FEPORT ERRATA
"Supplementary Information on Driven H-Pile Foundaticas®
Bailly Ceneraw.ng Station - Suclsar L

Y¥orthers Indiana Public Servic~ Company
Decerber 4, 1978

Revise the fifth line ¢f this letter w0 show 21 additinnal
borings havino heen performed in pregaring this roport.

TABLE OF CONTENTS

Page i

The first subsection under seczion 2.3.2 "soil Improvement"
shouid be 2.3,2.1 not 2.2.3.1.

Section 2,3.2.3 "Driving Resistance” does not appear in the
text and should be deieted.

Page ii

Subsection 3,2.4.2 should be titled “Survey Precision and
Accuracy.”

Page viii

Figure 3-TA gives the plots of “"Pile Heave Versus Time™ for
piles &, 19, 25 and 36, i.e., pile !3 not pile 9,

Page ix
Figure 3-7 i3 ticled “Redrive Resistance Versus Initial
riving Reslistance naot as =hown.

»

shculd be "Ref. 23",

Stem 1 = ALl piles which sxverience in excess® should be,
"ALL piles whilh experiencs heave in excess”.

Fogs 1=

P 5. x4

foraticn: "+ 20 inches” should bLe "+ i0 Degrees”,
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REPORT ERRATA (cont'd)

h line in midd 2-2" should be

e
L
o
-
"
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®
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1l. Page 2+12
2232
Chance the elevation given in the first line of Item & Zrom
=100 ¢t -1140.

12, Page 2~1%
Pirst paragraph of section 2.2.4, six lines down, "Ref.
2-3* should be “Ref. 2-2".

13. Page 2-16
Revigse the fifzh line from the top of the page to show that
the auger hole at pile location 25 was advanced to elevation
=117 not =1l15.

12

-

- - . 1 ; - a4
A in the ninth line from the top ¢f the
a 11
% 3) so dl.

[
w
3
»
s
0
'
.
.

sge "Suspectibla” should
‘
i6.
page, "Ref, 2-1"
\
i
: "80" should be "-82°%.
:
18, Page i=3]
R it
in the last line on the page
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REPGRT ERRATA (cong'd)

19, Page 2-134

Revise the second sentence an the Fage to fead *"This zone...
of neardy Piles No. BE-70 and SE-7) which were driven to..."

20, Page 2-44

Revise the first line of Izem 5 *» state that 31 (not 2)
verification borlngs will be drilled.

Lo
"

Page 2-4%
B e

&. Substitute Boring PIZE-7 for PZE-5 in the fourth line from
the top of the page.
b. Change alevatioa 133 to ~138 in the fifch and sevents lines
from the *op ¢ the page.
22. Table 23~2
Sraiving of AP-3 occurred from elevation +40 %o ~48 (not =543,
23, <Table 2-5

Under plle "Type®, “here should Le rwo asterisks, not one,
adjacent to 14HFILY f.e., I4HPILT#*+.

a4, figure 2-3

The blow count at elevation -26, Jiven as 112, should be

i42.
33. Figure 3-3

4. Delete the unneeded production pile si7zols at pile locaticons
7, 8, 15 and 6.

L. The 22" @ casing at location & was installed wo elevation ~12.3.

C. Label gile lscation 4 (xhe only lccation with no numbeyr) as
such.

d. Please note under Pile 3 tRAT nO Terting was performed.

€. Add the “likely disturbance® zome und the cerresponding M-
ralue at elevation -88 faor doring PIC-2. This diasurbanca
is referred o3 on page 2-i5 of vhe text

N_ sl

26, Figure 2-12

The auger hole at pile locatian 2% Nas bored to elevation
=7, not =115,

The Diow count At elevation -9 is 1€, ne= 40 as plorted
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REPORT ERRATA (cont'd)

igure 2-135

"y
13
"
"

The tip elevation of Pile SE-93 is =133 (not =132).
Jetting was conducted to elevation -122 (not -112) on Pile
SE-61.

In the Key, "Jetted (elevation!”™ should he "Jetted (lowest
Elevation; "

The number "1" (for note 1 houid appear beside the point
at alevation =115 {(blow count ©f 28) since this sample was
caken with a 2.5" 1.D. split spoon.

Figure 2-24
he sample takeén at elevation -54 in boring 70W-1 (blow

count of 14) should have cnly 1 asterisk (*) after it sine
sarpling was done with a 2.5" 1.0. split spoon.

Add “weight of rod" drop from 91 to 35 feet, his W.D.R.
shown in Figure 2-1% and the bor'ng log (Appendix 2A).
Figure 2-40

Add “weight of rod” 2drép from 91 to 95 feet. This W.O0.R.
shown in Figure 2~19 and the boring log (Appendix 2IA: .
Figure 2-51A

The labels for Berings PRE-5 and FIE-7 are reversed, i.e.,
FIZE-3 is located eas: of PIE-7.

Figure 2-51B
Tast line of title, add "Preconstiruction Area g"
BScrings PIE-5 and FIE-7 have been interchanged.

i

igure 2-51C

Last line of Note 2, “ligu
Borings PZE-S and PZE~-7 have been interchanged.

Figures 2-%2A and 3-32C

TP=6 is still in place. hus, it will be necessarv %o
provide a grout hole on either side of the web instead of
gne hole down the middlie as shown.

is

is

itication™ should be “liguefac:icn”.
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REPORT ERRATA (cont'd)

3. Figures 2-55A and 2-55C

Grouting will need to extend to elevation ~122 since jetting
was carried out to -117.

38, Figures 2-%t8 and 2-35C

I Delete note in lower lef: hand corner of these figures.
CHAPTER )
39, Table -1

I The column heading which reads “Hammer Speed in Blows Per
I Inch/..." should be changed toc read “...3pesd in Blows Per
Minute/..,"

40. Table 3-4

Pile AR~156 received only 55 blows as full stroke not “he
121 blows listed here. The additicnal 45 blows (121 - 35§
should be noted in the "Blows with Shors Stroke® solumn, and
the redrive ratio for short stroke bilows changed to 3.2,

41, Tigure 1=2

a. Use the symbol indicated in the legend %o show that Piles
EA-? and S5A-ll were load test piles,

b. Use the symbol indizated in the lecend o show that Pile
AB-135 was instrumented with a tell-tale.

42. Zigure 3-5A
2., The pile in row J with 3,2 inches of heave sheuld be labeled
as File 17 (pot 19).
b. Heave of Pile 2 should be chanced to 0.24 inches.

4). Figure 1-38

a. Pile Nurbes fieave as row Shown Revised Heav
3 .48 G.53
& 0.5%3 0.58
i3 0.67 0.865
<7 659 2.53
. -0.0% 0.00

b: Delete the 0.7 inch contdur iine ardund File €,
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REPORT ERRATA

Figure 1-8B

vise the "Penetration into Bearing

5 feet.

Figure 3-143

The maximum butt deflecticn is 1.077

The maximum butt deflection
CHAPTER 4
Page 4-12

Zhange but:
line from the

Page 4-17
Last line before section 4.5,
Table 4-1

The "Cushion Thickness Before
4.9 (not 4.62) inches.

Page 5-2

insert a plus (+) sign between Frp and %o

given on this page.
Page 5«12

Substitute "relative to"
cn the page.

for

REFERENCES

Reference 1-3

cext,

is 0.51%

“change in”

{cont'd)

Stratum” for Pile 38 %o

inches.

inches.

or Pile SAa=1! in the fifch

ge from 0.89 to 0.92 inches.

Delete "Will be provided”.

Test"™ for the fresh cushion is

in the equatien

in the first line

indicate the NIPSCo submictal to the NRC an suly 20, 1978,
in addicion to July 14, 1578, as ncted on Fage 1-1 in the
e R = e -
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58,
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59.

60.

F e T A S - P

SARGENT & LUNDY
ENGINEERS
Comilam

REPORT ERRATA (cont'd)

Reference 2-2

Report SL-1205 was dated September 15, 1973, not Septerber 17,
1975 1Include docke:t date of July 1%, 1378,

Reference 2-10

Note that Dr. Seed provided the information frosm the Waterways
Experimental Station which is used in this Raport.

Appendix 2B

Change tha word “production” to “product™ in *he tentn line
of the seccnd paragraph on the fourth page.

Appendix 28, Figures 28-2 and 2B-3

Add "Area E™ to the title block.
Appendix 2C
Add the following to the title page "{Displacement Piles)."

Appendix 2C ~ Pile Ne. 11

Delete zhe "B blows/2 inches” from this plot,

Apgendix 22
Add the following to the title page "(Displacement Piles).”
Aprendix 3G

Second page. The piles listed in the second line of Item 3
should be TP-3 (nst TP-B) and 0-94 inot =96, .

Appendix 3G -~ Figure 1-G-2

Change "dense silt” from 16 tec 30 fee:, :o “very stiff
clay”.

R T el RSN S ACRE L S _
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REVISION !
"Supplemencary Informazion on Driven H«Pile Foundations”
Bailly Generating Station-tNuclear 1

Northern Indiana Public Service Company
Decerxker &, 1978

Eeplacement Dace s
Yo d
s L
L
2=37
i=30
2-48

234
2-55 and 2-35A
Fig., 2-49

£8. 2B, p.i App. 4B,

. 23v5
e fig. 2B=6
None Azp. 2B, Fig. 28+7
None Agp. 2B, Fig, 28-8
None App. 28, Pig. 23-%

None App. 28, Fig. 2B~]0
None 23=11
None 2812
None o5+13
NMene 2B=-14
None £B+13
Nene i8=~16
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traticn Test (SPT) N-values were used 25 a basis to
evaluate the in-situ so1l conditions and the effects
of the preconsturction activities. A comparison of
SPT N-values obtained within the areas of precon-
struction activities to SPT N-values obtained within
the same strata in areas where no such activities
took place indicated that the sandy soils have been

disturbed/loosened.

Liguefaction analyses were performed using state-
of-the-art technigues to estabiish liguefaction
potential criteria, Based on consultation with Dr.
H. B. Seed, it was concluded that a factor of Rl
satety of 1.5, based on the SPT N-values, should be
maintained to prevent liquefaction. The SPT
N-values, required ¢to prevent liquefaction are

being developed for each preconstruction area.

The ligquefaction studies in Area B (southwest corner
of Service Building) indicated that soils immedi-
ately in between jetted piles were locsened suffi- i
ciently such that tne Zfactor of safety against
liquefaction was less than 1.8, As a resuls,
closely-spaced H-plles wete driven, completely
enclosing portions of the jetted piles in Arvea B, to |

determine the feasibility of using dziven H-p.les as

1-4
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disturbed soi1l are given the strain dependent shear

moduli and damping ratios of the oriaizxal

)
|
undisturped scil layers as reported ir Report
51~362% (Ret. l-l). For the disturbted 20ne, sheas

moduli and damping ratics were taken as eguivalent

o »
a=2.13 ek

eviston 1 13718
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might alsc have filled disturbed zones sitilar to that
. encountered in Boring PZE-S below the depth of previous

jetting activiti  s. Based on the results of the Birdwell

3~arm Caliper survey, the average borehole diameter for
Borings F3E~6 and PZE-7 was about 5 inches. It would
reguire approximataly 40 cubic fest of the colored
drilling ftluid to £1l1 these two bocings. Therafore,
approximately 40 cubic fest out ©f the 30 cubic feet of
the colored drilling fluid were lost due to communication l Rl

and/or filling adjacent distutbed zones. !

The commynication is believed to occur mostly in the
upper portion of the boring, especially immediately below
the upper glacial lacustrine clay where the op portion
of the sand layer was ertoded or locsened due to the
Jetting and drilling activities. This mode of
communication 1s demonstrated by the Birdwell 3= arm
calipet measurements in Borings PZE-6 and PIE-T7, as shown
on Flgures 2-4% and 2-50, cespectively. Limited zones
having a larger diameter were recorded in both torings at
the same elevaticn (elevation =22) immediately below the

Upper giacial lacustrine clays.

— I e e e e e e e B R R
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sand/clay bearing stratum is reached, Neceafter,
the SPT N-yalues will be obtained at 2I%=fcot
intervals, Thess borings will be drilled
approxzimately 10 feet beyond the maximum axpected
depth of disturbance in each area. Whete the
preconstruction acrivities extend to bedrock, the

borings will Be terminatsd at the bedrock zucface.

Liquefaction analyses have been performed (n sach
preconstruction area (Sections 2.3.1 and 2.4.3),
using proceduies similar to those described (n
Section 2.3.1 for Area E;, to estsblish the minimum
required Nl—vslues to prevent liquefaction, with a Rl
factor of safety of 1.5. A plet of SPT N-values

versus depth has been prepared for each area

(Sections 2.4.2.4% and 2.4.3), corresponding to the
effective overdurden pressure for various ground
water conditions, in accordance with the procedure
presented in Step 4 of Jection 2.3,1.1. If the SPT
N-values from the boringa exceed the analytical
values, (.e., factor of safety gteater than 1.5,

densification gpiles within the proximity of =zhe

supplemental borifua arr not requiced. 1f the
factor of safety {s less than 1.5, Step ) {driving
densification piles) will be carcied out at
predetermined locations. Alsa, additicnal

supplementary borings will be subseguently drilled

2+40
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The following subsections present the remedial programs
for Areas A through D; however, for simplicity, some of
the details, such as those presentad Iin the general
temedial disussion {Section 2.4.1) and the discussion of

Area £ (Sectien 2.4.2), have hot bean elaborated.

Area A

The backgtound information for Area A has been summarized
in Pigure 2-2. Figures 2-52A through 2-52C present the
plans for Jdifferent phases of the tcemedial program.
Liquefaction analyses have bLeen performed utilizing
analytical tecnniques similar to those presented for Area
E (Section 2.3.1). The disturbed zone was nodeled
assuming disturbance from the top of the intertedded
bearing stratum o a depth several fee: bayond the
maximum depth of jetting., Appendix I-B presents the twod
diffarent approaches uysed to model the soil in the
disturbed zone (Figures 2B-5 and 28-6) and the
corresponding sx-vnlues required for esch approach so
that the factor of safety againet liguefsction is 1.5
(Pigure 2B~7). B3ased on the N,-values obtained fzr the
very conservative model asnalysis (Apptoach I, as
discussed in Section 2.3.1), the liguefaction potential
criteria for Area A are presented on Pigure 2-520 {ia the
format of 5PT N-values versus depth, similar to that
presented fot Area £ in Zection 2.4.23.4 and on Figute

2-510). The procram {3 ocutllined aszs follows:

2=43

- ~m—apow.

RN,
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Drill 4-inch diameter grout holes and grout at the
locations shown in Figure 2-52A., At the locations
where the piles have been extracted, 3 primary grout
hole will be installed. Four secondary grout holes

will be installed approximately 1.5 feet from each

2=454
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approximately 1.5 feet from each of the primacy

grout holes. The depth of grouting a% each l¢

~:on

is shown on Figure 2-53A.

Prill seven suppiementary borings o the elevation

of the nearest grouting depth, as shown on Pigure

#=53B.

L
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the liquefaction . g criteria
this area (Figure
densification piles X locations and

shown on Figure 2-538B. Contingency dens

P

drawing

hag been summarize

Liguefaction analyses

nand
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28-12) and the corresponding sl-values requiced for each
approach so that the factor of safety agains:
liquefaction is 1.5(Figure 2B=13). Based on the
Nt-values obtained for the wvery conservative model

analysis (Approach I, as discussed in Section 2.3.1), the
liguefaction petential criteria for Area C are presentad
on Figure 2-54D (in the format of SPT N-values versus
depth, similar to that presented for Area E in Section
2.4.2.4 and on Figure 2-51D}. The program is outlined as

follows:

s Drill 4-inch diameter grout holes and grout at the
locations and to the deprns shown on Figure 2-34a. At
locations where presugefing without jetting took
place and where piles have been installed, enly two
primary grout holes will be drilled; one on each
Side of the pile web., At locations of augered holes
where no pile was installed (locations 4 and 130, 4
secondary grout bholes will be used around <he
primaty grout hole to grout the predrilled hele, as
shown In Figure 2-54A. At locations where piles
were installed by jetting (locatisns § and 9), two
prizary gtout holes will be used in Tween the
flanges, con each side of the pils web, and 4
secondary grout HScles arcund the plle, The
secondary grout hole: will bSe locatad about 1.5 feet
from the center of :the pile or the center of the

primary arout holes.

Revisisn 1, 12/1
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- & Dreill six supplementary borings at the locations

shown (n Figure 2-54B. The borings will extend to a

depth of 140 feet (elevation ~132). Liguefaction

W
o
]
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potential will be evaluated ©tased on the
iquefaction potential criteria developed for this

area. (FPigure I-347

5 Drive densification piles to improve soil
conditions., The densification piles are planned at
the locations shown in Figure 2~54B. Supplementary
densification piles will be driven, if feguired, at
the locations shewn. The need for densificaticn
piles at these locations will be determined on the

basis of the results of the supplementary bercings.

4. Prill four verificaticn borings at the locations
ehown in Figure 2-54B to confirm that SPT N-values
meet the minimum required according to the
liquefaction analyses performed for this area.
Figure 2-54C is a composite drawing showing the

total cemedial program for Area C.

Area D

The btackground information for Area D has been summarized
in Figqure 2-12. Pigures 2-35A through 2~535C present the
plans for different phases of the remedial progras.
Liguefaction analyses have been performed utilizing
analytical technigues unimilar %o those presented for Area

~

E (Section 2.3.1). The disturbed zone was modelad

assuming disturbance from the tep of the interbedded

. R R SNEERT. R TR, SRR B i . il i —
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bearing stratum to bedrock. Appendix 2-8B presents the
two different approaches used to model =he s0il in the
disturbed zone (Figure 28~-14 and 28~15) and the

corresponding Nl-valces required for each approach 50

that the factor of ceafety against liguefaction is 1.5 -
(Figure 2B-16). Basad on the N;-vslues obtained for the
very conservative model analysis (Appeoach I, as
discussed in Section 2.3.1), the liguesfaction sotestial
criteria for Area D are presented on Figure 2-350 (in the
format of SPT N-values versus depth, similar o that
presented for Arez £ in Section 2.4.2.4 and on Figure
2-51D) . The program is outlined as follows:

1. Drill 4-inch diameter grout holes and grout at the
locations and to the depths shown in Figure 2-35A,
Primary grout holes will be drilled in betwseen the
pile flarges, on sach side of the pile web. PFour
secondary grout heles will be drilled around each
pile location, approximately 1.5 feet Ffrom the
center of the pile.

- On the basis of the very high penetrstion resis-
tances recorded in Borings PID~1 and PID-2, it
appears that soil densificatioa (s not reguired in
this area; however, to eliminate any concerns
reiative to the deasity of the sand lenses within
the interbedded deposit, two supplementary Barings
will be drilled at the locations shown in Figure
2-558, If zhe

0 mevimion 1 12/15/73 3
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NOTES

| ALL CRITERA EZSTABLISHED FOR FS=i 8
GEFERMINED USING AFPROACH I
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strated on Figures 3-8A and 3-3B, which show plots of
heave increment due to driving of two category 3 and two
category A piles, respectively, versus center-to-genter
distance from the driven piles, The heave increment is
highest at one pile spacing and denfeases with increasing
distance away from the driven pile, The two figures are
considered representative of the range of opServed varia-
Lions in neave increments within the heave test Qluster.
Plots of incremental heave versus distance away from

other piles are presented in Appendix 3-F.

Pile Tip Heave - Six piles {Nos. 10, 15, 139, 24, 28 and
33) wete instrumented with tell-tales installed at the
pile =ip. The tops of the tell~tale rods wers sarveyed,
thaereby providing a cecord of pile tip movement, The
heave data from the tell-tale readings aze incCluded in

Tasle 3-2.

in general, t.- _.:e tips heaved slightly less than the
pile butts, This is demonstrated on Figurezs I-9A and
3-98, which present Heave versus time for the six piles
which were instrumented with tgll-tales, Pile tip hesve
is alss shown for the six piles. FPigure 1-10 plots pile
Rip heava versus pile butt heave. Pile tip heave i3 seen
to be 30 to 35 pecceant of the pile but: heave. This small
difference 1i1n heave ashows that tne piles elongated
Décause of heave. The elongation {ndicated Ly these cata

1§ reascnable fvz the length of piles in this clister.
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the bheacing stratum [(and met the specified driving
crizeria). Such detailed heave records weére obtained
during driving of 9 pilles in the hHeave test .luster. The
results of the plille load tests and the heave measursments

from the 9 piles deacribed avovs aré evalusted below.

Eyaloatione of Piile Load Teast Results

figure 3-20 summarizes the load-deflection Sehavior <f
the three piies tested as part of the heavy program. The
load-deflection behavior of Pille 0-%4, which was loao
tested in October 1377 (Ref. Ll+1) is alsc included fot
comparison. it can be seen from Figure 3-20, the load-
deflection diagrams ace practically identical for all
four piles up tc the maximum applied load, Variations in
pile heave of 0.5 %o 1.04 inches apparently have no
noticeable effect on the load-deflecricn Dehavior of

these piles.

The load deflecticn cehavior of Pile AB-135 was analyzed
using the procedures developed by Reese (Fef, 3-4).
Dt. Reese was reétained as consultant o the prolegt o
provide an i(ndependent review Of the work gpresanted
herein, His letter documenting the review 13 1aciided
immediately folklowing <Choepter & of thig  zeport.
Or. Reese conducted aimilac snpalyses for Pile AB-1535 and
Pile SA~il as part of hiz evalustion. The genesal
procedure for compuring load deflection tenavior of
axiaily loaded piles using the pracedurs developed

Reese a5 well as
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APPENDIX 2B

This Appendix describes the selsmic input o the FHAXE analysis and
the two approaches used to compute induced cyclic shear stresses
throughout the disturbed z2one, uzing Area F as the example (Figures
28-1 througn 28-4). Corresponding figures for Ateas A thateugh D

are presented on Figures 28-5 through 2B-1§,

| 99 SEISMIC INPUT TO SHAKE ANALYSE

As discussed in the Ballly PSAR (Ref. 2-5), the design Safe
Shutdown Earthquake (S3E) magnitude i3 & and the maximum SSE

gtound accelecation is 0.2 at the site,

For the liguefaction potential evaluation ©f the disturbed
soils at Area B, the S3E input is defined in terms of a number
of suitable acceleration time histories of fecorded earthquake
motions and is applied at the ground surface (+40 elevation).
The time histories are scaled %o have a3 peak acceleration of

.25,

To select appropriate time histories o0 be used for the
analysis, a number of sarthgquake time histories were reviewed.
In selecting natural records, the following criteria i(deally

should te sarisfied:
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