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LOUISIANA POWER & LIGHT CO.
Waterford Steam Electric Statiop

BORING PROFILE B-B’ & C-C’
FIGURE 2.5-50
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GRAIN SIZE DISTRIBUTION RANGE
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40 FT. MSL TO -77 FT. MSL
POWER & LIGHT CO. LIQUID LIMIT VS. PLASTICITY INDEX
Waterford Steam -40 FT. MSL TO -77 FT. MSL 2.5-61
Electric Station




ATTERBERG LIMITS SUMMARY PLOT
UNIFIED SOIL CLASSIFICATION SYSTEM

PLASTICITY
LOW MEDIUM HIGH
100
20 ,/
80 /
CH v
70 P
% 4
g l oi-.l »\“\"'
f P . /A d
- (]
2 c| ¢ //
= 40 H
7] R "
j o
a. 20 ]
] MH
- CL—ML / )
10 ;/ /
AN\ \\\.i’i ML
ML L"
On 10 20 30 40 650 @ 70 80 90 100 110 120 130 140 150
LIQUID LIMIT {%}
SOIL DESCRIPTION:
MEDIUM STIFF GRAY CLAY WITH SILT LENSES
92 FT. MSL TO -108 FT. MSL
LOUISIANA Figure
POWER @ LIGHT CO. LIQUID LIMIT VS. PLASTICITY INDEX
Waterford Steam -92 FT.MSLTO-108 FT.MSL 2.5-62
Electric Station




ATTERBERG LIMITS SUMMARY PLOT

UNIFIED SOIL CLASSIFICATION SYSTEM

PLASTICITY
LOW MEDIUM HIGH
100 <
L, oA
90
80
2 o r A
- rd
x /!
¢ 7
E pdhs
[&]
g CcL CcL //
(-9 ° p /
m [ ]
MH
m //
CL-ML:
10 ) ped
NN ML
0 ML
0 10 m 40 50 60 70 80 80 100 110 120 130 140 150
LIQUID LIMIT (%)
SOIL DESCRIPTION:
STIFF GRAY CLAY, ORGANIC
-108 FT. MSL TO -116 FT. MSL
LOUISIANA Figure
POWER & LIGHT CO. LIQUID LIMIT VS. PLASTICITY INDEX
Waterford Steam ~108 FT.MSL TO -116 FT.MSL 2.5-63

Electric Station




ATTERBERG LIMITS SUMMARY PLOT
UNIFIED SOIL CLASSIFICATION SYSTEM

PLASTICITY
LOW MEDIUM HIGH
100
90 ’/
80 /
£ 5 cH //
3 Ve
Z 6 A%
z 2
> %
c % v g
L CcL cL /(
< w0 .
o s v
30
y MH
20
c|.—|vu.7 /
10 y -
\\\ -
. TN . ML |
0 10 20 30 40 50 So 70 8 90 loo 110 120 130 140 150
LIQUID LIMIT (%)
SOIL DESCRIPTION:
SOFT TO MEDIUM STIFF TAN AND GRAY CLAY
WITH SAND LENSES
116 FT. MSL TO -127 FT. MSL
LOUISIANA Figure
POWER & LIGHT CO. LIQUID LIMIT VS. PLASTICITY INDEX
Waterford Steam -116 FT. MSL TO -127 FT. MSL 2.5-64

Electric Station




ATTERBERG LIMITS SUMMARY PLOT
UNIFIED BOIL CLASSIFICATION SYSTEM

PLASTICITY
LOW MEDIUM HIGH
100
9% //
@
80
— 70
R
X e
[a]
Z
> 50
E
3] cL
E 40
g
2 30
20
CL—ML
10 — -
NNNN . ML
0 M .I e e}
0O 10 20 30 40 50 60 70 80 80 100 110 120 130 140 150
LIQUID LIMIT (%)
SOIL DESCRIPTION:
VERY STIFF CLAYS WITH SILTS AND SANDS
4127 FT. MSL TO -317 FT. MSL
LOUISIANA Figure
POWER & LIGHT CO. LIQUID LIMIT VS. PLASTICITY INDEX .
427 FT. MSL TO -317 FT. MSL 2.5-65

Waterford Steam |
Electric Station |




UNCONFINED COMPRESSIVE STRENGTH
TEST RESULTS - SUMMARY PLOT
r4 COHESION  .(KSF)
- 1.0 2.0 3.0 4.0 5.0 6.0
SOIL § 1 ] v L . L
DESCRIPTION i UNCONFINED COMPRESSIVE STRENGTH (PSF)
o 2000 4000 6000 8000 10000 12000
0 ~ C=0 .5 KSF*
CLAY & SILTY CLAY
W/SILT & SAND LENSES -
(RECENT MATERIAL) ad — c=1.5 KﬁF*
o :0.‘ . . 'y .
STIFF TAN & GRAY I
FISSURED CLAY i Y
_7" ] ° I
VERY DENSE TAN 1
SILTY SAND -92 . C=1.2 KSF*
MEDIUM STIFF GRAY CLAY I —. 3 |
W/SILT LENSES e vt ST . 1.8 —
STIFF_DARK GRAY 1 s e, L——C=1,
CLAY- ORGANIC -116 i gl B - |
SOFT TO MEDIUM STIFF_TAN — . PR,
& GRAY CLAY W/SAND LENSES|-127 * ¢ ———C=0.7 KSF*
. .p: [ o e ° °
. .- " P ..' L) L ] . .
®ee 'o ﬁ..' . .. *
'.. . .o. .00: [ 4 .' . .
M Chid oo oy O o.'. . .' .
VERY STIFF CLAYS .
WITH SILTS ™.
AND SANDS S__@g,o KSE*
-317
VERY DENSE SANDS Py
AND SILTY SANDS

* INDICATES UNDRAINED SHEAR STRENGTH DESIGN VALUE

LOUISIANA
POWER & LIGHT CO.
Waterford Steam
Electric Station

UNCONFINED COMPRESSIVE STRENGTH & COHESION
VS. DEPTH

Figure
2.5-66




UNCONSOLIDATED UNDRAINED
SHEAR STRENGTH

! MAXIMUM STRENGTH ENVETOPE**

—— DESIGN ENVELOPE*

m
(¥ b
“g- M
, .
" STRENGTH ENVELOPE®*##*
g
0 1 2 3 a 5 8
0 -(KSF)
. DESIGN ENVELOPE C = 0.5KSF (500PSF) ¢ = 0°
« * MAXIMUM ENVELOPE C = 1,1KSF {1100PSF) ¢ = 8°
« * MINIMUM ENVELOPE C = 0,1KSF (100PSF) ¢ = 2°
SOIL DESCRIPTION:
CLAY AND SILTY CLAY WITH SILT AND
SAND LENSES = (RECENT MATERIAL)
GRADE TO -40 FT. MSL
POWER & LIGHT CO. UNCONSOLIDATED UNDRAINED SHEAR STRENGTH
Waterford Steam GRADE TO -40 FT.MSL (RECENT MATERIAL) 2.5-67
Electric Station




UNCONSOLIDATED UNDRAINED
SHEAR STRENGTH ‘

[3)]

I
/—-————-MAXIMUM STRENGTH ENVELOPE** ‘ I
| | | | |

3 #
=
7
4
v
2
_ . T |
/I Il ll | ' ! ' |l ! !
MINIMUM STRENGTH ENVELOPE*** i i
] | | |
1 2 3 4 5 6 7 8 9 10
0 -(KSF)
* DESIGN ENVELOPE C = 1.5KSF (1500PSF) ¢ = 0°
** MAXIMUM ENVELOPE C = 3.2KSF (3200PSF) ¢ = 7°
*** MINIMUM ENVELOPE C = 0.8KSF (800PSF) ¢ = 2°
SOIL DESCRIPTION:
STIFF TAN AND GRAY FISSURED CLAY
-40 FT. MSL TO -77 FT. MSL
LOUISIANA Figure
POWER & LIGHT CO. UNCONSOLIDATED UNDRAINED SHEAR STRENGTH
Waterford Steam -40 FT. MSL TO -77 FT. MSL 2.5-68

Electric Station




UNCONSOLIDATED UNDRAINED
SHEAR STRENGTH

|-
™ MAXIMUM STRENGTH ENVELOPE**
g
e /
/ . MINIMUM STRENGTH ENVELOPE***
5 / |
/s
DESIGN. _ENVELOPE"
0 - - —
0 5 10 15 20 25. 30
0 -{KSF)
. DESIGN ENVELOPE C = 2.0KSF (2000PSF) ¢ = 0°
« * MAXIMUM ENVELOPE C = 2.2KSF (2200PSF) ¢ = §°
« * MINIMUM ENVELOPE C = 2.3KSF (2300PSF) ¢ = 0°
SOIL DESCRIPTION:
VERY STIFF CLAYS WITH SILTS AND SANDS
427 FT. MSL TO -317 FT. MSL
POWER & LIGHT CO. UNCONSOLIDATED UNDRAINED SHEAR STRENGTH
Waterford Steam -127 FT MSL TO -317 FT MSL 2.5-69
Electric Station




CONSOLIDATEDUNDRAINED
SHEARSTRENGTH

MAXIMUM STRENGTH ENVELOPE’* —|

7-({ KSF)
N

MINIMUM STRENGTH ENVELOPE*** —

|
DESIGN ENVELOPE”——

1 2 3
0 -(KSF)

. DESIGN ENVELOPE C = (05KSF (500PSF) ¢ = 0°
« * MAXIMUM ENVELOPE C = 06KSF (500PSF) ¢ = 16.6°

« * MINIMUM ENVELOPE C = 0,5KSF (500PSF) ¢ = 11°

SOIL DESCRIPTION:

CLAY AND SILTY CLAY WITH SILT °‘AND
SAND LENSES = (RECENT MATERIAL)

GRADE TO -46 FT. MSL

LOUISIANA Figure
POWER & LIGHT CO. CONSOLIDATED UNDRAINED SHEAR STRENGTH
Waterford Steom I GRADE TO -40 FT. MSL (RECENT MATERIAL) 2.5-70
Electric  Station I




CONSOLIDATED UNDRAINED
SHEAR STRENGTH

15
10
™
(7]
x
<
5 *DESIGN ENVELOPE
**TEST RESULTS —j /
’f /
0 .
0 5 10 15 20 25 30
0 -(KSF)
* DESIGN ENVELOPE C = 1.8 KSF (1800PSF) @ = 0°
** TEST RESULTS C = 1.5 KSF (1500PSF) @ = 6.2°
SOIL DESCRIPTION:
STIFF GRAY CLAY, ORGANIC
-108 FT. MSL TO -116 FT. MSL
LOUISIANA Figure
POWER & LIGHT CO. CONSOLIDATED UNDRAINED SHEAR STRENGTH
Waterford Steam -108 FT. MSL TO —116 FT. MSL -2.5=-71
Electric Station




DRAINED SHEAR STRENGTH

4

3

MAXIMUM STRENGTH ENVELOPE+* /
5
x 2
o
\— MINIMUM STRENGTH
| ENVELOPE***
DESIGN ENVELOPE*
0 3 4 5 6

0 -(KSF)

. DESIGN ENVELOPE C = 0 KSF ¢ = 285°
« * MAXIMUM ENVELOPE C = 0.6KSF {60OPSF) ¢ = 25.4”
. * MINIMUM ENVELOPE C = O.IKSF {100PSF) ¢ = 29.1°

SOIL DESCRIPTION:

CLAY AND SILTY CLAY WITH SILT AND
SAND LENSES = (RECENT MATERIAL)

GRADE TO -40 FT. MSL

LOUISIANA Figure
POWER & LIGHT CO. DRAINED SHEAR STRENGTH GRADE TO
Waterford Steam -40 FT.MSL (RECENT MATERIAL) 2.5-72

Electric Station




DRAINED SHEAR STRENGTH

25
20
DESIGN ENVELOPE*
15
= /
(7]
X
1
b
10 /
5
0o 10 16 20
0 -(KSF)
. DESIGN ENVELOPE C’ = 0 KSF ¢' = 41°
SOIL DESCRIPTION:
VERY DENSE TAN SILTY SAND
77 FT. MSL TO -92 FT. MSL
LOUISIANA Figure
POWER & LIGHT CO. DRAINED SHEAR STRENGTH
Waterford Steam -77 FT. MSL TO -92 FT. MSL 2.5-73

Electric Station




DRAINED SHEAR STRENGTH

15

10
MAXIMUM STRENGTH ENVELOPE **

Iy
4 DESIGN ENVELOPE*
v
5
MINIMUM STRENGTH ENVELOPE**+
0 I |
0 5 10 18 20 25 30
& -(KSF}
. DESIGN ENvELoPE C' = 0.8KSF {80OPSF) ¢' = 125°
** MAXIMUM ENVELOPE C’ = 1.2KSF (1200PSF) ¢' = 13.5’
##+ MINIMUM ENVELOPE C’ = 0.5KSF (S00PSF) ¢' = 12.3’
SOIL DESCRIPTION:
PLEISTOCENE CLAYS
LOUISIANA Figure
POWER & LIGHT CO. DRAINED SHEAR STRENGTH ..
Waterford Steam PLEISTOCENE CLAYS 2.5-74
Electric Station | |




CONSOLIDATION TEST RESULTS
OVERCONSOLIDATION RATIO-SUMMARY PLOT

Z
(@]
-
|.._
<
SOIL oy OVERCONSOLIDATION RATIO (OCR)
DESCRIPTION m L0 2.0 3.0 4.0 5.0 .
0 . I . .
CLAY & SILTY CLAY « FOCR=2.0 . .
W/SILT & SAND LENSES | A
o h—0p = *
(RECENT MATERIAL) * OCR 1.5
-4 ol -
' . * . L‘——‘OCR = 3.4% .
STIFF TAN & GRAY o A .
FISSURED CLAY J|; .
177 : R
VERY DENSE TAN
SILTY SAND -92
MEDIUM STIEF _GRAY CLAY pis _ *
W/SIL'lMLENSES c —1oi8 .\E. I‘_OCR = 1.4
Qeq ° |
EEEODRAGF{AKNl%RAY =116 [——"T OCR = 1f7*
SOFT TO MEDIUM STIFFE TAN I . OCR = 2.0%
& GRAY CLAY W/SAND LENSES||-127 i L
OCR = 2.4”
VERY STIFF CLAYS :
WITH SILTS OCR = 1,.5*%
AND SANDS .
* INDICATES AVERAGE VALUE
-317 I I |
LOUISIANA Figure
POWER & LIGHT CO.
Waterford Steam OVERCONSOLIDATION RATIO VS. DEPTH 2 5.75

Electric Station




(FT)

ELEVATION BELOW MSL -

SEISMIC WAVE VELOCITY (FEET PER SECOND)

SHEAR MODULUS G — (KSF)
MAX

0 1000 2000 3000 4000 5000 6000 O 1000 2000 3000 4000 5000 6000 7000 8OO0 9000 10000 11000
0 I
[CLAY & SILTY. |
CLAY WITH \\:t 1200KSF
T & SAND ‘/ 3 *
SIL p {ax10%ps1)
LENSES :
L(RECENT MAT'LL
50 _ AN 1
GRAY FISSURED \\\ ' '
CLAY ‘\\\ L
[VERY DENSE { \\\\\ :QQ -9
TAN SILTY SANO) i \\\\ \\\\\ - G* = 3300 KSF
100 , . Vs*=925 FPS| N \\ k N\ !‘
MEDIUM STIFF UP HOLE \\\ O \\\ \
TO STIFF COMPRESSION Qit
\
GRAY CLA CROSS HOLE WAVE AVERAGE \ * = 3900 KSF
Vs*=1000 FPS -\ SHEAR WAVE VELOCITIES \ \\ " =
150 - FVELOCITY NN \\::::‘ N\
\\\\\\\\ \\\\ 3900 KSF
Vs*=1050 FPS \\\\\\\\ . . '
(27 x 10° Ps1) fe————16* = 4300 ksF
VERY STIFF \\ - '
aLvs wim NMNNN L
200 NS
SILTS AND :§>\ N th}\
]
SANDS VS*=1100 FPS: | o
- —G* = 4700 KSF
‘ !
| ;
| j¢———c* = 5100 ksF
Vs*=1150 FPS ! .
L | AVERAGE
300— t UPPER . SHEAR
/] PROJECTION PLEISTOCENE 0 MODULUS T~
i . INTD LOWER 1 - - -
Vs*=1600 FPS {/ PLEISTOCENE. LOWER
= - REFERENCE
EISTOCENE : * =
o SEED & IDRISS P 10,000 KSF L G* = 10,000 KSF
350 — Tes x 10° pstf} 1
- | vERY DENSE \ et -
SANDS AND Vs*=1650 FPS | G* = 10,600 KSF——-l
SILTY SANDS | i
400 - |

* INDICATES VALUES USED IN SEISMIC
GROUND MOTION ANALYSIS

** INDICATES AVERAGE SHEAR MODULUS VALUE
NOTE: THE SHEAR MODULI VALUES ARE OBTAINED FROM FIELD
GEOPHYSICAL TESTS AND ARE REPRESENTATIVE ONLY
FOR LOW SHEAR STRAINS OF APPROXIMATELY 10°° INCHES/INCH

LOUISIANA POWER & LIGHT CO.
Waterford Steam Electric Station

SEISMIC WAVE VELOCITY & SHEAR
MODULUS VS. DEPTH

FIGURE 2.5-76




10,000

|

8.000
6,000
= 4,000
G
x FIELD SEISMIC
MEASUREMENT
o 2000 ,
- 1200
3 KSF
2 1.000
g 800
E 500
% m ~~N
200
100 I LI
1076 1075 1074 1073 10-2
SHEAR STRAIN AMPLITUDE * % = (INCHES/INCH)
30
&
{
~ 20 i
.
o 7
=
a4
o
4]
Z 10
% ™
g mm————}
o
1075 104 10-3 10~2
SHEAR STRAIN AMPLITUDE * 4 = (INCHES/INCH)
TAKEN FROM SEED, H. BOLTON AND IDRISS |.M. {1269}
“THE INFLUENCE OF SOIL CONDITIONS ON GROUND
MOTIONS DURING EARTHQUAKES”
LOUISIANA Figure
POWER & LIGHT CO. SHEAR MODULUS&DAMPING VS STRAIN-
Waterford Steam RECENT MATERIAL (GRADE TO -40 FT. MSL) 2.5-77

Electric Station




10,000

11 1 L1 1 [ T11]

8,000 RANGE OF FIELD -
6,000 | 5100 KSF 14 SEISMIC MEASUREMENTS
. 4000 %ol
7
¥ m
= 2800 KSF . ""'n..,,_.
I 2,000 . -
O [
4 . -~ \ :
3 1,000 . ille
n -
S 600 T
= 600 1-_ -
; 400 e INDICATES TEST RESULTS
“w INDICATES RESULTS CALCULATED BY
200 HARDIN DRNEVICH EQUATIONS
100
1076 1073 104 1073 1072
SHEAR STRAIN AMPLITUDE # ¥ = (INCHES/INCH)
30
2
L » |
(o) -
= o
! 4
o
£ 10
E =
-3 T
0
1075 1074 103 1072
SHEAR STRAIN AMPLITUDE * ¥ (INCHES/INCH)
TAKEN FROM SEED, H, BOLTON AND IORISS, LM. {1967)
“THE INFLUENCE OF SOIL CONDITIONS ON GROUND
M OMOTNBIS D URIRISG E ERRAGALNKES”
LOUISIANA Figure
POWER & LIGHT CO. SHEAR MODULUS & DAMPING VS. STRAIN -
Waterford Steam UPPER PLEISTOCENE (-40 FT. MSL TO —317 FT.MSL) 2.5-78
Electric Station




100,000
80,000

60,000

40,000

20,000

10,000 ey

8,000 R
6,000

4,000

g
\

1.000 , \

10-8 10-5 1074 10-3 10°
SHEAR STRAIN AMPLITUDE % ¥ = (INCHES/INCH)

SHEAH MULDULUS U — ROIF)

‘lr
/

10

DAMPING RATIO ) (%)

\

10-5 10"4 10"3 lo-
SHEAR STRAIN AMPLITUDE * 7 w (INCHES/INCH)

LOUISIANA Figure
POWER & LIGHT CO. SHEAR MODULUS & DAMPING VS. STRAIN -

Waterford Steam LOWER PLEISTOCENE (BELOW -317FT.MSL) 2.5-79

Electric Station




4 s
7 y Y
STIFF TAN AND GRAY )
FISSURED CLAY
-77 / ; A, ;

G REACTOR BLDG.
1

TOP OF PLEISTOCEME )
LINE EL. -40.00% | 12" COMPACTED
EL. -22.00 ' ) _ SHELL FILTER
] BLANKET
EL. -5.00 COMPACTED
COMPACTED FUEL Tg: 0:':5“;37 BACKFILL
BACKFILL HANDLING . =35,
NATURAL GRADE BLDG. A':*JEXA’SIE‘RY , TURBINE BLDG. GRADE
EL. +13.00% { BLDG. EL. +15,00+

CLAY AND =& YATAT

SILTY CLAY WITH

SILT AND SAND LENSES f EL. -47.00 ,

(RECENT MATERIAL) ,

B e

92 VERY DENSE TAN SILTY SAND .

oaMEDIUM STIFF GRAY CLAY WITH SILT LENSES

~1eSTIFF DARK GRAY CLAYORGANIC ” / / /77 77 777 777777777777 » ‘ 777

-127

SOFT TO MEDIUM STIFF TAN AND GRAY CLAY WITH SAND LENSES ./ /7 /

VERY STIFF CLAYS WITH
SILTS AND SANDS .

/

VERY DENSE SANDS
AND SILTY SANDS

KEY:
CLAY SILT :
PREDOMINANT TYPE SHOWN LOUISIANA POWER & LIGHT CO.
HEAVY . MODIFYING TYPE
SHOWN LIGHT. Waterford Steam Electric Station

GENERALIZED SITE CROSS SECTION
FIGURE 2.5-80
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Waterford Steam Electric Station

DEWATERING SYSTEM PLAN
FIGURE 2.5-83




CUMULATIVE STATISTICAL BACKFILL STUDY

190 —
X = 94.0% D -
SPEC. MIN. = 75% DR ~
130 / \
120
SPEC. TOLERANCE l \

110 +

(ALLOW.} —\

= 14.3% l \
100 l ‘\
%0 1§

MUMBER OF FTESTS
--l
o

50 \
40 -

ACTUAL \
30 —TOLERANCE

U \\
2

e, |

- \\\\\N

w % " w ™ RELATIVE DENSITY (11 ' 12 e " he
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DRY DENSITY VS. RELATIVE DENSITY
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CONSOLIDATED ISOTROPICALLY DRAINED TRIAXIAL TESTS

6.0
6.0
4.0
3.a
24
3
E
|b
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0.5
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0.3
0.2
01| ACTIVE LOADING, -———————=PASSIVE LOADING
0 1 | l | | [ |
-2 -1 0 1 2 4 5
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CONSOLIDATED JSOTROPICALLY DRAINED TRIAXIAL TESTS
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| | 1 | ]
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] 8 10 12 14

PASSIVE CASE

-
@
-
L]
N
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NO. {KSF)
sl 1 2.492
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-10*—
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GENERAL ELEVATION
DESCRIPTION (MSL)
+17 FT
BACKFILL
v -40 FT
——

UPPER
PLEISTOCENE

—

LOWER

=317 FT
PLEISTOCENE

THICKNESS LAYER

MAXIMUM

SHEAR MODULUS

GMAX - (KSF) .
3260

3260

3300

3900

4700

5100
10000
10600
AVERAGE SATURATED SOIL WEIGHT = 120 PCF
% INDICATES GROUND WATER TABLE (+8FT MSL)
*  SHEAR MODULUS FROM FIELD GEOPHYSICAL STUDIES
LOUISIANA Figure
POWER & LIGHT CO. RESPONSE ANALYSIS MODEL
Waterford Steam
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ACCELERATION
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HYDROSTATIC BACKFILL
PRESSURE PRESSURE
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'Yw = WEIGHT OF WATER, 62.5 PCF
Yb = BUOYANT WEIGHT 0OF BACKFILL, USE 65.5 PCF
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HW = DEPTH OF WALL BELOW WATER TABLE
h = DEPTH OF WALL BELOW GRADE TO WATER TABLE
KO = COEFFICIENT OF AT REST EARTH PRESSURE. USE K0= 0.5
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