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LIQUEFACTION POTENTIAL ANALYSIS OF BISCO LAKE
FOUNDATION AND EMEANKMENT

1.0 INIRODUCTION

This report presents the results of a geotechnical study of the Bisco
Lake foundation and enbankment of the Lisbon Uranium Mill for the Rio Algom
Mining Corp. In accordance with requests from the Nuclear Regulatory
Commission, this study involves a review of field investigations and
laboratory analyses and includes geotechnical calculations to determine the
potential of the Bisco Lakc foundation and embankment to liguefy during
seismic loading. The liquefaction analyses is based on a 1,000-year seismic
risk analysis.

This report has been divided into 6 sections including this
introduction. A site description is presented in Section Z followed by the
methods of investigation in Section 3. The liguefaction analysis is
presented in Section 4. Section 5 contains the conclusions followed by the

references in Section 6.
The field investigations and laboratory analyses used for this report

were perforrmed by others for the Rio Algom Mining Corp. and will be

referenced as such.
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2.0 SITE DESCRIPIION
2.1 General Seismicity

The Rio Algom site is located in the Paradox fcld and fault belt of the
Colorado Plateau, which is generally considered to be a region of low
seismicity. The historic record of earthguakes of Magnitude 4.0 or greater
(Richter scale) near the study area is presented in Figure 2-1. (modified
from Dames & Moore, January, 1980). This data indicate that the historic
earthguake nearest to the Rio Algam site was of Magnitude 4 at a hypocentral
distance of approximately 53 miles northeast of the site. Damwes & Noore
(Januvary, 1980) performed a seismic risk analysis of the study area,
concluding that the peak horizontal acceleration which will occur at the Rio
Algom site in a 1000-year interval is 9 percent of gravitational
acceleration (g). This postulated acceleration is equivalent to a Magnitude
6 event with a hypocentral distance of between 25 and 31 miles.

In accordance with the seismic risk analysis performed by Dames &
Moore, a peak horizontal acceleration of 0.09g will be used for the
liguefaction analysis of the Bisco Lake foundation and embankment at the Rio

Algom site.
2.2 Bisco lake Enbankment

As shown in Figure 2-2 (modified from Dames & Moore, 1982), the Bisco

Lake embankment was construcied in the following 3 stages:

1. Barium chloride pond embankment constructed of
nonengineered earth fill utilizing native soil to
elevation 6716.

2. Initial embankment constructed of nonengineered eartn
fill utilizing native soils to elevation 6733. Native

2=1
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3.0 METHODS OF INVESTIGATION

Gevtechnical information pertaining to the subsurface conditions within
and beneath the Bisco Lake embankment was provided by 11 exploration borings
emplaced by Dames & Moore (1982). The exploration borings are presented in
Appendix A and designated as B-3 through B-13 in Figure 3-1.

Field investigations conducted by Dames & Moore included Standard
Penetration tests, Unified Soil classifications, and water level
measurements. Laboratory analyses included in-situ moisture and dry
density. Results of the field investigations and laboratory analyses are

included in the boring logs in Appendix A.
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4.0 LIQUEFACTION ANALYSIS
4.1 Liquefaction Analysis Method

The liquefaction potential analysis was performed by a method proposed
by Seed and ldriss (1982). This method involves correlating known values of
cyclic shear stress induced in sand deposits under actual earthquake shaking

conditions with some readily measurable in-situ characteristics of soils.

The average shear stress (1. ) induced by an earthquake on horizontal
sand deposits can be expressed approximately by the eguation:

7. = 0.65 -g'éﬁ"a.-r.

where amax = estimated peak horizontal acceleration at
the site (0.039g)
g = gravitational acceleration
a, = total stress on the soil element (psf)
rg = stress reduction coefficient with a value

less than 1

The stress reduction coefficient (rg) is the ratio of the actual shear
stress induced on a soil element by an earthquake event to the maximum shear
stress induced on the soil element if it behaved as a rigid body. Seed and
ldriss (1982) provide a range of values for rg as shown in Figure 4-1. 1In
the upper 30 or 40 feet of the soil profile in Figure 4-1, the scatter of
the results is not great and the error involved in using the ave.agc values
would generally be less than about 5%. This depth range is norally the

range over which liquefaction will occur.

1t is useful to normalize the above equation by dividing both sides of
the equation by the effective stress on the soil element to arrive at the
following equation:
4-1
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_'_7_'-_, -~ 0.65 .a_ng-:l o g_n; . (Equation 1)
where g"—, = cyclic stress ratio

oo = effective stress on soil element

A comparison of field and laboratory results indicates that the cyclic
response of soils and the Standard Penetration Resistance test are affected
by the same factors in the same general way. Thus, it is convenient to use
the penetration resistance of a soil deposit as an index of liquefaction
res‘stance. In order to use the penetration resistance as an index value,
it is nzcessary to normalize the Standard Penetration Resistance value for a
single effective overburden pressure. Seed and Idriss use a normalization
pressure of 2000 psf. The Normalized Penetration Resistance for any sand
deposit can be determined from the equation:

Ny =Ch XN (Equation 2)
where Ny = Normalized Penetration Resistance
N = Standard Penetration Resistance measured
in the field
Ch = Normalization coefficient

values for C, are presented in rigure 4-2 (Seed and Idrisc, 1982).

Utilizing field data and Equations 1 and 2, Seed and ldriss developed a
relationship presented in Figure 4-3 between the Standard Penetration
Resistance (normalized) and the cyclic stress ratio for various magnitude
earthquake events. Figure 4-3 is a hle for sand deposits only (mean
particle size greater than 0.25 mm). Since the Bisco Lake foundation and
embankment soils are predominantly silts and clays with some fine grained
sands, Figure 4-3 cannot be used directly. However, Seed and ldriss have

4-3
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extended their investigations to include silty-sandy soils. 1In general,
Seed and ldriss conclude that, “"silty-sands are considerably less vulnerable
to liguefaction than sands with similar penetration resistance values." In
a procedure similar to the one discussel above, Seed and ldriss developed
the curves presented in Figure 4-4 from observations following earthquake
events for silty sand deposits.

From Figure 4-4, it can be seen that the lower boundary established for
sands is approximately parallel to that established for silty sands. The
two curves are offset from one another by an average modified penetration
resistance value of 7.5 for a constant cyclic stress ratio. Seed and ldriss
conclude that Figure 4-3 can be used for silty-sandy soils by adding 7.5 to
the modified penetration resistance value of the soil before entering the

curve,

In general, sandy silts are less vulnerable to liguefaction than are
silt sands. Hence, the sandy silt native materials at the Rio Algom site
are less susceptible to liguefaction than indicated by the curves in Figures
4-3 and 4-4. Thus, the results of the analysis will be conservative.

Both laboratory tests and field performance data of clayey soils
indicate that clayey soils generally do not liguefy during earthquakes.

Therefore, clayey soils may be considered non-vulnerable to liquefaction.

The liquefaction potential of a sand or a silty sand deposit can be
evaluated by the following prc cedure:

1. Estimate the peak horizontal acceleration and earthquake
magnitude at the site (0.09g and Magnitude 6,

respectively).

2. At the depth in question, calculate the total and
effective stress.

4-6



0.3 1 l l l
, I ™| E
© LIQUEFACTION ] E .}, &
O NO APPARENT LIQUEFACTION T|9  ~y&
oy B A
// v t/ /\
SILTY SAND\ G Q"
/
- /
- /<—SAND
- R,
™ 0.3L—- 4 e
s /
- y
= /
8 8 oo
A @3 e O
=2 0.2} Q) -
= O
(&
-
¥
o
0.1} -
0 | | |
0 10 20 30 40
MODIFIED PENETRATION RESISTANCE, N, blows/ft
MODIFIED FROM
SEED AND IDRISS, 1982
78S
L -
FIGURE 4-4. LIQUEFACTION POTENTIAL FOR SILTY SAND. N
EarthFax

'




»

Rio Algom Mining Corp. Liquefaction Analysis
Bisco Lake Foundation and Embankment May 1, 1989

3. From Figure 4-1, select the appropriate value for rg for
the depth in question.

4. Calculate the est!mated cyclic stress ratio for the soil
element from Equat.on 1 presented above.

5. Using an estimated r=lative density and the calculated
effective overburden pressure, determine C, from Figure
4-2.

6. From the boring logs in Appendix A, determine the
Standard Penetration Resistance (N) of the soil at the
depth in question.

7. Using Equation 2 presented above, calculate the
Normalized Penetration Resistance value (Nq).

8. 1f the soil is a silty sand or sandy silt, add 7.5 to
the penetration resistance value found in Step 7.

Plot the calculated cyclic stress ratio (Step 4) against
the penetration resistance value (Steps 7 and 8) on
Figure 4-3. If the point plots below the line for the
estimated earthquake magnitude, then field observations
indicate that the soil will not liquefy. If the point
plots above the line, then the soil may liquefy.

4.2 Liguefaction Potential Analysis

A liguefaction potential analysis of the Bisco Lake embankment and
foundation is presented in Table 4-1. The design phreatic surface for the

analysis is as shown in Figure 2-2. In the interest of conservatism, the

analysis was conducted fcr saturated locations which appeared to have the
greatest liguefaction potential (low Standard Peretration test results and

sandy soils). Results of the analysis are plotted on Figure 4-5.

4-8
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Table 4-1

Liguefaction Potential Analysis Calculations

Boring B-3(a) p-9(b) B-11{b}
Depth (ft.) 27 32 32
Depth to Phreatic 24 30 29

Surface (ft.)
(from Figure 2-2
and Appendix A)

Unified Soil ML/CL CL/ML CL/ML
Classification

Total Stress (psf) 3240 384u 3840

120 pcf wet density

Effective Stress (psf) 3050 3710 3650

rq (average from 0.94 0.91 0.91

Figure 4-1)

Cyclic Stress Ratio 0.06 0.06 0.06
(from Eguation 1)

Cp, (from Figure 4-2) 0.82 0.76 0.77
Standard Penetration 9 9 1

Resistance (N)
(from Boring logs)

Normalized Penetration 7 6 (3
Resistance
(N] = Cll X N)

(85}
.
(8a}

Modified Penetration 4.5 13.5 1
Resistance (add 7.5 to
Ny for silty soils)

Liquefaction Potential None None None
(From Figure 4-5)

(8)  pubankment soil
(b)  poundation soil

4-9
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As can be seen from Figure 4-5, the analysis results plot below the
Magnitude 6 lower boundary, indicating that the embankment and foundation

s0ils are not vulnerable to liguefaction.
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5.0 CONCLUSIONS

Based on a liquefaction analysis method presented vy Coed and Idriss
(1982), the Bisco Lake foundation ard embankment soils will not liquefy
while impounding the probable maximum water wvolume and subjected to the
projected 1000-year peak horizontal acceleration (0.09g). 1In general, these

materials are nonliquefiable for two reasons:

1. The high silt and clay content of the native soils used
to construct the embankment.

2. The relatively low peak horizontal acceleration at the
Rio Algom site.

The probability of the maximum water impoundment volume corresponding
with the peak horizontal acceleration is low. Therefore, the analysis is

conservative,
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ELEVATION #7112 FEET ELEVATION 7). 7T FEET
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" AACL~| REODSH-BROWN SILT AND CLAY WITH 7y 4’ ClL~| REDDISH~BHROWH SILT AND CLAY WITH
A4 M SOME FINE TO COARSE SAND AND i [¥] SOME FINE TO COARSE SAND AND
Fil) FINE GRAVEL FILL) ~ VERY STIFF b 1FiLl) TRACE FINE GRAVEL FILL) ~ VERY
/’ (! STIFF

BROWN SILTY FINE TO MEDIUM SAND 4
FILL =~ SAND BLANKET DRAIN)~MEDIUM
DENSE

GAAY CLAYEY FINE AND COARSE GRAVEL
OHINE ¥ ASTE FILL) = MEDAUM DENSe

REDD(SM ~BROWN SILT AND CLAY WITH
SOME FINE TO COARSE SAND AND
TRACE FINE GRAVEL ~ SOFT

WATER LEVEL AY 15 8 FEET ONS-22~02

TAN SANDY FINE GRAINED SILTSTONE

REDOISH ~BROWN SILT AND CLAY ¥ . TH
EOME FINE TO COARSE SAND .ND

1 TRACE FINE GRAVEL, TRACE OR~
E/ GANICS ~ STIFF

BORING COMPLET ED AT 21,5 FEET
ON 8~ 1782,

~
s
P

BORING B-12 '

ELEVATION §711. 0FEEY

o
v

ACL- REDDISH —BROWM SILT AND CLAY WITH » l

oy ML SOME FINE YO COAKSE SAND AND
g .I ] { (FiL) THACE FINE GRAVEL (FILL) ~ VERY
,J STIFF
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TONEI® AT ER LEVEL AT 44.0 FEET ON 922~ &2
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L REDOISH -~ BROWN SILT AND CLAY WITH BORING COMPLETED AT 46.5 FEET

' s ON 8= 15~82,
¥
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S SOME FINE TO COARSE SAND AND
n TRACE FINE GRAVEL, MOIST ~
MEDIUM STIFF 50
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SAND PROWN FINE GRAINED SANDETONE
STONERE WATER LEVEL AT 10,0 FEET ON 9~ 22~8&2

@rs-is” foi
- BORING COMPLETED AT 20, FEET

ON 9= 15-82, BCRlNG 8'13

ELEVATION 6688 8 FEET
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e AEHCL~ | REDDISH — BROWN CLAY AND SILT WITH
. [ ] F01 ML SOME FINE TO COARSE SAND AND
I 2 ,f;i‘fj LW TRACE FINE GRAVEL FFILL) = MEDIUM
Hind STIFF
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3 TAND-| BROWN FINE GRAINED SANDSTONE
& STonE
& i)~ 8 WATER LEVEL AT 9.0 FEET On 922~ 82
© BORING COMPLETED AT 10,0 FEET
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MODIFIED FROM:

AN BROWN FINE GRAINED SaNDSTOME
DAMES 8 MOORE, 1882
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