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1. INTRODUCTION

This work was performed upon request from Dr. Richard Thorpe from NNSA after his
review of the LANL report on BSL-3 seismic stability [1].

The authors also reviewed report [1] and concluded, as did Dr. Thorpe, that the stability
analysis was inappropriate. There are several reasons for that conclusion:

- the assumption of a circular failure surface through the combined fill-and-rock
foundation does not recognize the geologic structure involved.

- the assumption of an equivalent static force to an earthquake loading does not
represent the multiple cycles of shear loads created by a seismic event that can
engender a substantial degradation of shear modulus and shear strength of the soil
under the building [2].

- there was no credible in-situ strength of the foundation materials (fill and rock mass)
available for input into the stability analysis.

Following that review, on September 26 the authors made a site visit and held
discussions with LANL personnel connected to the BSL-3 building project. No
information or evidence was presented to the authors indicating that the static stability
of BSL-3 could be an issue. Accordingly, this report focuses on the topic of the BSL-3 site
stability under seismic loading.

2. THE BSL-3 SITE

The BSL-3 building is within LANL Technical Area 3 (TA-3). An important source of
information relevant to seismic hazards for BSL-3 is the final report resulting from a
study commissioned several years ago by LANL [3]. Figure 1, shows TA-3 in relation to
major faults in the vicinity [3].

Figures 2 to 4, reproduced from [1], give the reader an understanding of the local
morphology of the BSL-3 site. Three volcanic tuff layers underlie the fill. They are from
the Tshirege member of the Bandelier Formation, and are referred to as Qbt4, Qbt3U,
and Qbt3L from youngest to oldest [4]. Figure 5 shows the BSL-3 building and the slope
between sections A and C. A visual tour of the site confirmed the static stability of the
slopes.

At this time, the thickness of the layers under BSL-3 is not established. However some
geotechnical data obtained in area TA-3 are available for these volcanic layers from
references [3] and [5], and are summarized in Table 1.
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Figure 1. Map of the LANL region showing the Technical Areas and Major Faults
(adapted from Fig. 1-1 of [3] vol. 1)
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Figure 2. Layout of the building BSL-3 site, showing cross-sections A and C (after [1])
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Figure 3. Profile geometry of slope A (after [1])
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Figure 4. Profile geometry of slope C (after [1])

Figure 5. Building BSL-3 and south slope (photo by F. Heuze, Sept 26, 2006)



Table 1. Geotechnical data for TA-3 tuff layers, after [3] and [5].

Tuff Rock Mass Geologic Shear Wave
layer Rating Strength Index Speed*
(RMR) (GSI) (m/s)
Qb4 61 56 354
Qbt3U 67 62 479
Qbt3L 66 61 358

* Down-hole velocity measurements

The Department of Energy seismic criterion required for BSL-3 is NPH PC-2. Instead,
report [1] indicates that the more restrictive PC-3 criterion was used. These criteria are
plotted below. PC-3 translated into a 0.306g peak horizontal acceleration used in the

3. SEISMIC ASSUMPTIONS

static slope stability analysis.
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Figure 6. PC-2 and PC-3 criteria specific to LANL BSL-3 building site
(plots adapted from [6])




Notwithstanding that recent analysis, it is useful and relevant to BSL-3, located in TA-3,
to revisit the results of the previous comprehensive seismic study [3] that focuses on the
effects of events on fault systems near Los Alamos. Figures 7 to 10 show key figures
relevant to LANL’s TA-3 seismic exposure.
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Figure 7. Mean hazard spectra at TA-3 (figure 9-92 of [3])
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Figure 8. Mean and 5" to 95" percentile curves for 0.2s horizontal spectral acceleration
at TA-3 (Figure 9-20 of [3])
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Figure 9. Mean and 5" to 95" percentile curves for 1.0 horizontal spectral acceleration at
TA-3 (Figure 9-28 of [3])
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Figure 10. Mean and 5" to 95" percentile curves for peak horizontal acceleration at TA-3
(Figure 9-12 of [3])



The information from Figure 7 was reworked (Figure 11) to plot the mean of TA-3
hazards in a format consistent with the arithmetic axes of Figure 6.
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Figure 11. Mean hazard spectra at LANL TA-3 area (adapted from [3])

Figures 8 and 9 enable comparisons of spectral values at mean and 84% percentile, for
periods of 0.2s and 1.0s. It can be noted that the amplification factor between the 50™
and 84™ percentiles varies with the return interval and with the period. However, the
differences in those factors for various return intervals change only by plus or minus 2%
between 0.2s and 1.0s. So, the 84™ percentile spectra were calculated from the 50"
percentile spectra by scaling by the 0.2s amplification factor. The results are plotted in
Figure 12.

Since the BSL-3 building is in TA-3 one can show the PC-2 and PC-3 criteria specific to
its site as compared to the TA-3 hazards. (Figure 13), using the same scales of axes. The
comparison indicates that PC-2 is about equivalent to the 50" percentile of the 1000-year
return event and to the 84" percentile of an event with return period between 500 and
1000 years. PC-3 is about equivalent to the 50" percentile of the 2000-year return event
and to the 84" percentile of an event with return period between 1000 and 2000 years.

Other metrics of comparison could be used. One is based on the fact that the
fundamental period of BSL-3 is between 0.1s and 0.15s (personal communication from



T. Houston, LANL). The other is peak acceleration (Figures 6 and10). The 0.15s and

peak values are compared in Table 2.
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Figure 12. 84" percentile hazard spectra at LANL TA-3 area (adapted from [3])

Table 2. Some metrics for comparing LANL BSL-3 PC-2 and PC-3, to LANL TA-3

hazards

50% | 50% 50% 50% 84% | 84% 84% 84% PC2 | PC3
500y | 1000y | 2000y | 10000y | 500y | 1000y | 2000y | 10000y
0.15s
Sa(g) | 0.30 0.46 0.66 1.32 0.38 0.55 0.78 1.50 0.54 | 0.731
Peak
ac. (g) | 0.16 | 0.215 | 0.30 0.55 0.195| 0.24 0.36 0.65 0.22 | 0.306
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Figure 13. Comparison of the PC-2 and PC-3 criteria specific to LANL BSL-3, with the
50™ percentile and 84" percentile hazards at LANL TA-3 that contains the BSL-3 site.
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4. DISCUSSION

It follows from the above that conclusions regarding the stability of BSL-3 site in [1]
result from a very simplified analysis that does not reflect the seismic solicitations that
may be put on the site by an earthquake originating on the Pajarito fault zone, or the
Rendija Canyon fault [7].

If NNSA considers requesting that new analyses be performed, we suggest the
following;:

- construct a 3-D computational model of the site showing the fill layer and the three
tuff layers. The sloping contact between fill and rock should be modeled as a possible
slide surface. The vertical boundaries of the 3-D mesh should be non-reflecting
(“silent”).

- establish the relevant properties of the fill and rock layers: thickness, mass density,
shear wave speed, and initial shear modulus. The model should be able to represent the
changes in shear modulus and in damping ratio with shear strain for the fill. An
example of such behavior for a SW-SM soil is given in Figure 14.

- drive the base of the 3-D model with horizontal velocity time-histories compatible
with the spectrum or spectra of interest. These time-histories should be applied
separately both in the N-S and E-W directions. Note that, because the spectral plots do
not explicitly account for nonlinear soil response, surface-compatible time-histories
should be de-convolved linearly to the base of the model and then propagated upward
in nonlinear fashion.

- determine the shear stresses and displacements under the BSL-3 building.

- establish whether shear failure occurs at the site. A particular zone of interest is the
contact surface between the fill and the Qbt4 tuff layer.
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Figure 14. Changes in shear modulus and in damping ratio for a SW-SM soil under
cyclic loading (after [8])

The thickness of the fill presumably is known from the construction records. The
thickness of the tuff layers under BSL-3 has not been documented, although work is on-
going to that effect (private communication from T. Houston, October 18, 2006).
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The in-situ shear wave speed V, of the fill is not known. That could be obtained with
CPT tests performed next to BSL-3 that include the use of a seismic system. Then the

initial shear modulus of the fill is G;= pV,?, where p is the mass density of the fill.
The V for the tuff layers can be taken from [3], as shown in Tablel. The field shear
modulus of the tuff layers can be estimated from their field deformation modulus E; as

G¢ = E¢/2(1+v), with v=0.25. The E; can be obtained as the modulus of the intact rock
cores multiplied by a reduction factor, as indicated below. Cores were obtained for tuff
layers of area TA-3, but only the unconfined compressive strength has been reported.
These cores should be retested for Young’s modulus. If they are damaged or no longer
available, new cores should be obtained. Then, an estimate of the reduction factor can
be derived from the GSI, as shown in Figure 15.
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Figure 15. Rock mass modulus reduction factor as a function of GSI (after [9]).

5. SUMMARY

This review of the LANL BSL-3 slope stability analysis has led to the conclusion that the
stability analysis was inappropriate for the following reasons:

- the assumption of a circular

failure surface through the combined fill-and-rock

foundation does not recognize the geologic structure involved.
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- the assumption of an equivalent static force to an earthquake loading does not
represent the multiple cycles of shear loads created by a seismic event that can
engender a substantial degradation of shear modulus and shear strength of the soil
under the building [2].

- there was no credible in-situ strength of the foundation materials (fill and rock mass)
available for input into the stability analysis.

Then, a new procedure was suggested in case that NNSA personnel want to request
that additional, more relevant analyses be performed.
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