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1.0 PURPOSE AND SCOPE

The purpose of this calculation is to evaluate the liquefaction potential and elastic settlement of the away-from-

reactor licensing-basis independent spent fuel storage installation (ISFSI) concrete pad located at the Waste Control

Specialists, LLC (WCS) site in Andrews, Texas.

The scope of work included:

¡ Review of Drawing NAC004-C-001, Rev. 0 showing the dirnensions and general arrangement of the

ISFSI concrete pad [Ref. 2.1], and review of Drawing NAC004-C-002, Rev. 0 showing the structural

concrete plan, sections, and details [Ref. 2.2].

. Review of "Report of Geotechnical Exploration" perfonned by GEOServices, LLC [Ref. 2.3].

. Liquefaction potential evaluation using the data from Ref. 2.3.

¡ Elastic settlement evaluation under static loading conditions using the data from Ref. 2.3.
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2.0 RBFERENCES

2.1 ENERCON (2016), Drawing NAC004-C-001, Rev. 0, ISFSI Pad Licensing Design General Arrangement

& Geotechnical.

2.2 ENERCON (2016), Drawing NAC004-C-002, Rev. 0, ISFSI Pad Licensing Design Structural Concrete

Plan, Sections, & Details

2.3 GEOServices, LLC (2015), Repoft of Geotechnical Exploration: Consolidated Interim Storage Facility
(CISF) Andrews, Texas, Project No. 3l-1 51247.

2.4 Nuclear Regulatory Commission (2003), Procedures and Criteria for Assessing Seisrnic Soil Liquefaction

at Nuclear Power Plant Sites, Regulatory Guide 1 .198.

2.5 Youd, T.L. et. al. (2001), Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and

1998 NCEERÂ\SF Workshops on Evaluation of Liquefaction Resistance of Soils, Journal of Geotechnical

and Geoenvironmental Engineering, October 2001, pp. 817-833.

2.6 Bowles, Joseph E. (1996), Foundation Analysis and Design, Fifth Edition, McGraw-Hill, New York.

2.7 Mathcad Computer Program, PTC Inc., Version 15.

2.8 Excel Cornputer Program, Microsoft Inc., Version 15.0.4771.1004.
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3.0 BASIS/ASSUMPTIONS

3.1 It is assumed that the upper 4 feet of soils at the site will be excavated and replaced with cornpacted, dense

graded aggregate [Ref. 2.1], with shear and elastic modulus at least equal to or greater than shown in the

Table in Appendix C of Ref. 2.3 for the rnaterial to be excavated.

3.2 Groundwater was not encountered within the explored depths [Ref. 2.3]. For conservatism, liquefaction
potential calculations were performed assuming the groundwater to be at the ground surface.

3.3 Based on Ref. 2.3, the two deeper borings performed within the ISFSI pad footprint encountered auger

refusal (indicating that the soils were too hard to be drilled through using a power auger) at a depth of
37 and 45 feet. Two other deeper borings performed near the ISFSI pad encountered auger refusal at a depth

of 40 feet. For settlement purposes, the depth to the incompressible layer was assumed to be 40 feet below

the ground surface, which is the average depth where auger refusal was encountered in the four deepest soil

borings at the project site. Based on the assumed concrete pad ernbedrnent depth of 3 feet [Ref. 2.1 &. 2.2],

tlre resulting thickness of compressible soils below the concrete pad is 37 feet.

3.4 The ISFSI concrete pad is assumed to be flexible for settlement purposes (which results in larger settlement

in cornparison to assuming a rigid pad, therefore is more conservative).

Refer to the body of the calculations (Section 6 of this document) for additional calculation-specific assumptions.
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4.0 DESIGN INPUTS

4.1 Soil Properties

Max. allowable bearing pressure : 3,000 psf

Elastic moduli = seeTable 5.2-2

Poisson's ratio : see Table 5.2-2

Thickness of compressible soils below the pad = 37 feet

SPT N-values for ISFSI Pad

Totaf unit weight :125 pcf

4.2 Relevant Concrete Pad Properties

Pad dimensions:55 feet wide by 135 feet long

Pad embedment (below adjacent grade):3 feet

[Ref. 2.3, Section 4.3.2]

[Ref. 2.3, Appendix C]

[Ref. 2.3, Appendix C]

ISection 3.3 of this document]

[Ref. 2.3, Figures 7,8, and 9l

[Ref. 2.3, Appendix C]

[Ref.2.l]

[Ref.2.l &F.ef.2.2]
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5.0 METHODOLOGY

5.1 Liquefaction Potential Evaluation

Liquefaction potential evaluation was based on NRC Regulatory Guide 1.198 [Ref. 2.4]and widely accepted

empirical rnethodology using Standard Penetration Test (SPT) and laboratory test data [Ref. 2.5].

The SPTN-values used in the calculation were obtained by computing the mean and standard deviation of the

field N-values at each sample interval below 4 feet (i.e., 6 feet,9 feet, 74 feet, 19 feet, 24 feet,29 feet,34 feet,

and 39 feet) for the ISFSI pad soil test borings (8-101 through B-ll1) as given on Figures 7 through 9 in
Ref. 2.3, then using the mean value minus one standard deviation as the representative N-value for that interval.

For soils exhibiting field N-values greater than 100 blows per foot (bpf, the N-value was taken as

100 bpf. The results are shown below in Table 5.2-1:

Table 5.2-1. SPT N-values from soil borings for liquefaction potential evaluation

5.2 Elastic Settlement Evaluation

The elastic settlement of the ISFSI concrete pad under uniform, static loading conditions was evaluated using an

analytical solution based on the Theory of Elasticity, as described in Chapter 5-6 of Ref. 2.6. Pad dimensions

used in the analysis are given in Section 4.2 of this document. The soil profile and properties shown in Table

5.2-2 on the following page were used in the calculation. The values shown in this Table are based on static

elastic moduli as presented in Appendix C of Ref. 2.3, assuming that the excavated soils willbe replaced with

material of equal elastic modulus (as discussed in Section 3.1 of this document), and using apad embedment

depth of 3 feet [Ref. 2.1 8.2.21.

8-101 B-102 8-703 8-104 B-70s 8-706 8-707 8-108 8-109 8-110 E-717

Ficld SPT N-value
(bPr)

39
7t
76
78
62

Depth
(ft)

2

4
6

I
t4
19
24
z9
34
39

32

56
60
40
65

37
52
100
100
100

36
73
100
100
100

37
100
100
100
100

42
40
100
40
63

15
42
50
40
84

52
51
60

90
65
66
79

22
78
98
55
8S

100
100
100

46
55
100
100
100

16
66
100
66
56

Mean Stdev
N-value N-value

(bpf) (bpf)

34
62
86
74
80
83
90
100

Mean -
1 x Stdev

(bpr)

¿2
¡15

56
47
ã2
59
75
t(xt

L2
18
20
26
18
24
15

N/A
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The elastic settlement calculation was performed using the maximum allowable bearing pressure of 3,000 psf as

given in Ref. 2.3. Actual pad pressures are likely to be lower.

Table 5.2-2. Soil profile and properties used for elastic settlement evaluation (from Ref. 2.3)

Depth below bottom
of pad (ft)

Poissonos

Ratio
Static Elastic Modulus,

E, (psi)

0-7.5 0.3s 9,796

7.5 - 12.5 0.35 28,289

t2.s -32.5 0.35 32,667

32.s -37 0.35 q5 ?55
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6.0 CALCULATIONS

6.1 Liquefaction Potential

As stated in Section 3.2 of this document, groundwater was not encountered within the explored depths. Ref. 2.4

states tlrat soils that "(1) are currently unsaturated (e.g., are above the water table), (2)have not been saturated

previously (e.g., are above the historic high water table), and (3) cannot reasonably be expected to become

saturated" can be considered to pose no potential liquefaction hazard.

For conservatism, we performed a liquefaction potential calculation considering the possibility of site soils

becoming fully saturated. The calculation was perfonned in accordance with the procedures outlined in

Ref. 2.5. According to Section 3.2.3 of Ref. 2.3, auger refusal (indicating that the soils were too hard to be drilled
tlrrough using a power auger) was ellcountered at depths ranging between 37 and 45 feet, with an average depth

of about 40 feet below the grades at the time of the exploration. As such, soils below a depth

40 feet are considered non-liquefiable.

Further, the following assurnptions were made for liquefaction potential evaluation purposes

The energy effìciency of the hammer used for standard penetration testing was not provided in

Ref. 2.3. An efficiency (denoted o'ER" in the calculation) of 60 percent (which is typical) was assumed

for hammer energy correction purposes.

It was assumed that the compacted, dense graded aggregate that will be used to replace the excavated

soils per Ref.2.l is not susceptible to liquefaction. Based on our experience, this is a reasonable

assumption because the high relative density of compacted dense graded aggregate would preclude it
from liquefaction.

According to Section 3.2.1 and Appendix B of Ref. 2.3,the residual soils above the auger refusal depths

which were tested for their percent fines indicated a fines content between 24 and 45 percenf, with 7 out

of 9 samples tested indicating a fines content of 34 percent or greater. A fines content of
35 percent was assumed for the calculation.

The groundwater (GWT) was assumed to be at the ground surface.

Total unit weight (ytotur) of soils was taken as 125 pcf . Unit weight of water (y*) was taken as 62.4 pcf .

Atrnospheric pressure (puon) was taken as 2.1 ksf.

a

a

a

a
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The SPT N-values (mean minus one standard deviation) at each depth interval below 4 feet are as follows (from

Table 5.2-1of this document):

Sample depftt: SPïlútsJue lbp0:

depth := N:=

The total and effective stresses in the soils can be calculated as follows (GWT: 0 feet)

22.

45

õ6

47

62

59

T5

100

6

I
14

t9
a
29

34

39

Irot"t := 125 q Total unit weight lr¡,
ft'

Total sbesscs:

i := 0.,last(depû)

:= 62-4 E
ft3

Unit weight of water

ooi ,= i|[dÊeüi S GWT,lroot'eprüi,Grtr'T-1¡o¡¡ + (o*núi - Glñm) ("1*"Iil

Hydrostatic sbesses:

uo. := ir[@ü¡ s Grwr,o,l*{æpu¡ - o*t)]

Effective stresses:

ov tff:= gv-u0
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The calculated stresses are summarized below

* Sumnrary of sf¡esoes -

0v= "hsf

0J?{
0J62

0,87d

l.l8ó
1.498

1.810

2_l2e

2-434

lt= ksf

0"?50

r,l?,5

t.?50

2J75

t-000

3_625

4350

4.t75

ov eü=

0J?6

0J63

0.876

l_189

l_502

l.sl5
2.128

The overburden stress, rod length, borehole diameter, sarnpling method and hammer energy correction factors,

as well as the calculated corrected SPT N-values are shown below:

Overbudetr stress correction factor: Rod length correction factor:

pr6 := 2.1kd AtnosPheric Pressur€

cR=

0.?50

0.750

1"000

1.000

1.000

1.000

1.000

1.000

2.2

"*tt= dv d,
l-2+ - t

Pam

Samplcr corrcction factor
(standard sampler)

0.75 if &pùi < 3m

1.0Ë(epü¡i>3.)

Boreholc diameter corrcction factor
(Borehole diameter 65-115 mm)

cN=

1.596

1.498

1.360

t.245

1.149

1.066

0.994

0.931

"*t'=

Cg := 1.0 Cp:= 1.0
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ER := 60 Hammer energy ratio

cr:= El = l.ooD60 Nr_eo:= (n.c*.cB.cB.cR,cs) Nl_60=

At this point, further calculations were deemed unnecessary because according to Ref. 2.5, soils with a fines

content of 35 percent and exhibiting a corrected blow count of about 21 or greater are not susceptible to

liquefaction (see Figure 6.1-1 below; points to the right of the curves shown are considered not susceptible to

liquefaction). It should also be noted that Figure 6.1-1 is for a moment magnitude (M) 7.5 earthquake.

For earthquakes with M less than 7.5 (as expected for this site), the blow count threshold would be even lower.

Therefore, overall the soils beneath the ISFSI concrete pad are deemed not susceptible to liquefaction, even if
they should become saturated all the way to the ground surface (which is highly unlikely).

Hammer energy corrcction factor: Corrected SPT N valuc:

0.6

Con€ctod Elow Count, (Nlo

26.3

50.6

89_8

58.5

7t.2

62.9

74.5

93.1

a 0.5
É.o
o
ðE
oI 0.4
.sl
'ú
o
É.
e0o 0.3
o
a
U)()
.g

e 0.2

g
tt
.9õ
o Q.l

0

FercÈnt Fines =

tÐ

15
t
I
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!JO

I
I
I
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I
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I
I
I
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I
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I
I

^lo
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Figure 6.1-1. SPT-based liquefaction curves for M = 7.5 earthquakes (from Ref. 2.5)
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6.2 Elastic Settlement

The settlcment of the ceirter and corner of a flexible rectangular base *rn the surface of a elastic half space
can be computed from the TÏreory of Elasticity as follows (from Ref. 2.ó):

Ncenter = n"f (otr)r, center of fo'oting

.2
N"o*"r= qB'AIrk f.ornerof footing

Es

AII: settlsmËflt (in consistent units)
q: cûntact prëssurt (in consistent units)
B': lcast dirnension (t¡¡idtlt) of recbngular area (in consistent units)

P - Poisson's retio
E : Elastic soil modr¡lus {in consistent units)

t,L: influence factors (dimensionless) which dËp€rid on foundation dimensions, thickness of
compressible stratum (h), Poisson's råtio, and embcdment d€pttt {d)-

The inflr¡ence factor t can be celculated as follows:

.BÏtere:

Strcre:

', 
= *["*[

rs=rl.ffit,

(t* -,t
*(, * tvl* +

*,fiffi

l+NZ

* * J*F*T* ,

Er = E Comer of footins- c¡ometr

++
+

12

tnt= I
B'

tt= 3
B'

MN
-¿1Í

q
z

t=-,|

Btenter = Ceßter of footÍng

rçÊ+ r

Ltrrto Cçnt€r of footing L'--*-- = L Corner of footing-cometr
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The infh¡eoce factor lrcan b* obtained graphically from the ch¿rt below using linear interpohtion:

r.0

0.?

d c¡e{ji
Depth ratio, d/B

For this problem, from Smiion 4-1 and 4.2 of this document:

B:= J5ft h=37ft ¡.t" := 035

L := 135ft d := 3ût

The length t<r width ratio fl,,iB) and de,pth ratio (diB) for thc concrËtÊ pad can bc celculated as follows:

s
t-to
ur!
o.J
tro

! : z.o:
B

I = 0.05
B

From tlrc ch¿rt above, for a Poisson's r¿tio of ¡r, - 0.35, the inflr-¡ffice åclor Ï*is approximately:

I¡ := 09

For conssrvätism, usË L:0-95 (hrghff raluo results in larger settlement, hsrics more consemative):

\ q
3-uE'lH
I - footing lenstlt

\
+

\ \{i¿ \.\

xk,
5lr \

þ:= 0-95
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For the cetrter of the footing:

Ecenter,= E =275¡ Ltenter,= ! =575¡

M,= 
u"*** 

= z.4i
BLenter

', = *["',[

N= h =ljjEL*rto

rvf * ¡l? t**l+
't

l+
r('*{ffi;il} L{+ +N2+ I

M

+

+

= û,18?

= 0.0ó5

For the corn€.Í of the footing:

Bto*o := B: 55ft LL*o:= L = 135ft

N +N?+ I

Is center := It + Pt, = or,ió' l-p "

*,: tto*o 
= r.0,

Eto-u,

" 
= *[","[

= 0-llB

= 0-0Ç9

N
I.! .= 

-t2r

Nhl=-o }tt

l+

N:= h 
=(l-67E"o*",

ul * ¡¡? {** l+
*{,*Jñ;il}

"lffi

M+ +N2+ I

M

Iu .o*o := Il + $}tt: o.lltr-p
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nröf. 2-6 suggests th¡t the weighted aver:rgÈ of the elastic modulus br usêd for settlemeirt calculations
In this case, the weighted averagÈ can be computed using the vahæs in Thble 5.2-2 as follows:

75ft x 9796psi + Sft x 2828þsi + 20ft x 32667psi + {Jft x 95255psi

7-5ft+5ft+Zûft+4jft

Es = 35051 Psi

Es=5.o47xl06Psf

The settlemeat at the c,enter and corner of the concrete pad for a r¡niform prÈsswË of q:3,9¡6 psf can
then be calculated as follows :

The estimates ¿bove are based on tlrc "best estimate" elastic modrfi as given in Ref- 2-2- To assess fhe
sensitivity of, the settlements to r¡ariations in elastic rnoduli, rr¡G cafl assutnc a coefficient of va¡íation
{COÐ of 1-0, and obtein ¿ lower-bound (denoted by subscrçt "1b"} estimate of the weighted averãge
e.lastic rnodr¡lus as follor¡¡s:

CÐV:= 1.0

q::3000psf

Mcenter := eE center f i*r-.*to)k = o.li in

M"o*o := eB'comerf t-**"rk = o.o4in

Es-Ib :: ;þç : ?-52d x lo6Psf

Using this value, the estimatod settlements are:

t-t2
Es-lb

t-t2
Es lb

Mcenter :: gBlerrter 4Iu .ortok:OJlin

S"orrr"r:= {B'comer I, *o*"rt * 0.07in
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7.0 SUMMARY OF RESULTS AND CONCLUSIONS
Based on the evaluation contained in Section 6.1, it is concluded that overallthe soils below the ISFSI pad are not

susceptible to liquefaction.

Based on the evaluation contained in Section 6.2,the estimated sefflement at the center of the ISFSI pad (assuming

the pad to be flexible for settlement purposes) for a uniform bearing pressure of 3,000 psf is on the order of 0. 1 5 to

0.3 inch, with a differential seftlement (between the corner and center of the concrete pad) on the order of Vq inch

or less.
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