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Seismic Hazards Studies for
Minuteman Missile Wings

1. INTRODUCTION

On 28 March 1975, an earthquake of magnitude 6. 1 my occurred in the
Pocatello Valley of southeastern Idaho. Although located nearly 700 km east of
the earthquake epicenter and well outside of the limits of the feit area for this
event, the 90th Strategic Missile Wing, located at F. E. Warren AFB, experienced
significant operational status changes as a result of the seismic motions generated
by this event. This situation indicated the need for an examination of the seismic
hazard for each of the Minuteman Missile Wings. This report discusses the
seismic hazard evaluations conducted for the six Minuteman Wings located at
Malstrom, Ellsworth, Minot, Whiteman, F.E. Warren and Grand Forks Air Force
Bases (Figure 1), For each of these facilities, annual risk curves for intensity
and peak acceleration, velocity, and displacement are presented. The uncertain-
ties which effect these evaluations are discussed and horizontal design response
spectra based on these curves are given, Finally, a briel discussion of the local

seismic history for each wing is presented.

(Received for publication 9 September 1980)
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Figure 1. Map of the North Central United States Showing
the Location of the Six Minuteman Wings Studied in This
Report

2, SEISMIC HAZARD ANALYSIS !

2.1 Seismic Hazard Estimation

Seismic hazard analvsis can be approached in two ways; using cither deter-

ministic or probabilistic methods. Deterministic analysis relies on the detailed ]
knowledge of earthquake faults in the vicinity of site of interest,  For each fault,
a maximum credible carthquake is estimated and the resulting ground motions at
the site of interest, using conservative assumptions, are estimated for cach of
these events, This method provides an upper bound estimate for the ground motion
at the site of interest with no consideration of the frequency of occurrence,  The 4
probabilistic approach uses the historical seismicity in the vicinity of the =ite 1o
generate statistical estimates of future activitv,  Probabilistic estimatos o!f sroured
motion at the =site can then be caleulated from this information,  The deters <t
approach requires geologic field studies which are tvpically not av.aebable o0 the
§

regions oxamined in this report,  For this reason only the probabilistic neoce fure

was applied in the evatuation of seismic hazards for the missile wines,

2.2 Seismicify Studies
The fivst step in the deternination of probabilistic hazard estimates = the

development of wstatistical model of the seismie activity ina region around the

site of interest,  Using historical carthguake data, areas of concentrated sorsme o




activity or common tectonic setting, known as seismic source regions, are iden-
tified and delineated. All activity outside of these regions is treated as a unit
called the background activity. As there is no geophysical basis for limiting the
location of the background activity, thesc events are assumed to occur with equal
probabilitv throuvghout the area with the exception of the specified source regions,

It should be noted that the lack of sufficient geological studies, imprecise
epicenter location, and incomplete earthquake reporting make the bounduries of
all source regions somewhat arbitrary. For source regions at large distances
from the site of interest, the effects of this uncertainty are negligible. As the
site-to-source distance becomes small, however, this problem cun introduce sig-
nificunt variability into the seismic hazard estimation.

For each of the defined source zones and the background, e<timates of the level

of seismic activity were made by fitting the standard recurrence function]

log (N) = A - bM (1)
where

N = the number of events per year of magnitude M or greater,
and

A and b = the regression parameters.

Prior to evaluation of the recurrence curve parameters, the carthquake catalogue
for each source region was evaluated for temporal stability using a method develuped
bv Stepp. 2 Where required to obtain stability, appropriate procedures were applied
to the earthquake catalogues. These involved the editing of the data o »r selected
time windows for different magnitude ranges to produce stable estimates of re-
currence periods within each magnitude range.

The uncertainties associated with the seismicity study are impossible to deter-
mine.  While the standurd error of fitting for the parameters of Eg. (1) to the data
can be determined easily, this is only one source of potential error. Studies of

the seismicity of regions with long historic carthquake records, such as China and

1. Richter, . (1938) Ilementary Scismology, W. 1. Freeman and Co.,
san I'raneisco, CA,

2. Stepp, J. (1972) Analyvsis of completeness of the ¢ arthquake sampleinthe Puget
Sound area and its effect on statistical estimates of earthquake hacsards,
Proceedings of the International Conference on Microzonation for Safer
Construction Reseuarch and Application, Seattle, WA,
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the Middle East, indicate that the relatively short historic record in the United
States is probably not adequate to provide a complete description of the seismic

activity. These studies have shown thut the level and location of seismic
activity can varyv over periods longer than that of the historic record in North
America. Apparently inactive faults can return to activity wnd active regions he-
come quiescent., One prominent example of the former case is the San Fernando
Earthquake of 1971 which occurred on a fault which appeared to be inuctive. The
uncertainty associated with this condition is indeterminant but could be expected

to affect both the source regions bounds and recurrcnce curves used in the risk
analysis.

1 A maximum magnitude earthquake for each source region was also evaluated
as part of the seismicity studies. The magnitude of this event was typically deter-
mined by adding 0.5 magnitude units to the largest event recorded within the source
area and then rounding up to the next higher integral or half magnitude value. This
vualue was used as the upper limit earthquake in the probability calculations. While
the method is arbitrary, it is not usually critical to the final risk estimation because
the inter-occurrence periods of these eventsare typically much longer than the

lowest level of risk examined, and contribute only slightly to the estimation of

ground motion at the site of interest.

For each base examined in this report, the seismic activity within 1000 km of

the site was used in the seismicity study. The source of the historical earthquake ]
data was the National Oceanic and Atmospheric Administration Earthquake Data

File. > This file covers earthquake activity in the United States from 1683 to 1978

but with varying degrees of completeness. Prior to 1899 this listing is restricted

to earthquakes of epicentral intensity V or greater. Forearthquakesof magnitudes

b
studied in this report. Apparent stability exists for the range of 4.0t0 5.0 my in
the carly 1960's with the advent of the World Wide Standard Seismograph Network

5.0 m,_ or greater, completeness is reached in the carly 20th century for the areas #

(WWSSN), In general, scismic activity below magnitude 4. 0 m,_ is reported only 1

b
erraticallv., The accuracy of epicenter determinations is several tenths of adegree

in most cuses.

3. McGuire, R. (1879 Adequacy of simple probability models for calculating felt
shaking hazard using the Chinese carthquake catalog, Bull. Scism. Soc. Am.,
w:877-892.

4, Quittmeyer, R., and Jacob, K. (1979) Historical and modern se¢ismicity of
south=central Asia, Bull. Seism. Soc. Am. %773—823.

5. Meyers, H., and von Hake, C. (1976) Earthquake Data File Summury,
National Geophysical and Solar-Terrestrial Data Center Report KGRD-5.




2.3  Ground Motion Attenuation

To relate the temporal and spatial properties of seismic activity to ground
motion at the site of interest, it is necessary to have a means of predicting ground
motion at the site as a function of ' arthquake magnitude and epicentral distance.
Numerous empirical ground motion attenuation functions have been developed for

this purpose. A typicual equation has the functional form:

= ¢ « - 2

in g = ag azM a31n (R + Ro) (2)
where

g, = the site ground motion,

M = cuausative event magnitude,

R = epicentral distance,

R o= a distance factor commonly set to zero or 25 km,
and

e Mg By T empirically derived constants.

The grounu motion descriptor, g is usually peak site acceleration, velocity, or
displacement; though other parameters have been used.

Virtually all of the available attenuation functions have one significant deficiency.
Thev have been derived on the basis of data primarily from Southern California
earthquakes. The ground motion attenuation in this region is not thought to be
typicul of the rest of the United States. For this reason, these equations can not
be applied blindly outside of California.

To overcome this problem, two different paths were followed to obtain ground
motion estimates at the various wings. The first of these was to use Modified
Mercalll intensity (Table 1) as the ground motion descriptor. As attenuation curves
for intensity can be derived on the basis of historical, non-instrumental earthquake
records, they are generally available for all of the United States. The difficulty
with this approach is the subsequent conversion from intensity to ground motion des-
criptors of engineering significance. As the intensity scale was based on subjective
and coarse gradations, wide ranges of acceleration, velocity, and displacement

have been observed for each intensity level6 (Figure 2). The conversion from site

6. Trifunac, M., and Brady, A. (1975) On the correlation of seismic intensity
scales with peaks of recorded strong ground motion, Bull. Seism. Soc. Am.
65:139-162.
AN
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intensity to peak acceleration, velocity, and displiicement were tnode using the

relutionships derived by ‘U'rifunac and Brady. 6 Specifically:

log A“ = =0,014 + 0. 301mm , (3)

log Vi = -0.63 + 0. ZSImm . (4)
and

log DH = =1,13 + 0. 241mm , (5)
where

‘\II’ \"H, DH = peak horizontal acceleration, velocity, and displacement

respectively, and
Imm = the site Modified Mercalli intensity.

These relations were explicitly derived over the range of intensities from IV to X
but have been assumed to upply over the full twelve-point range of the scale for the
purposes of this report. It should also be noted that the use of other empirical
relations can produce different ground motion levels.

The second upproach thut was used to develop the scismic risk estimates was
to attempt to derive regionally modified peak ground motion attenuation functions
for the areas being studied. Only for acceleration wus this procedure successful.
A description of the method used for regionul modificution of peak wcceleration
attenuation functions is given in Appendix A. The results of this analyvsis indicate
that only in the case of Wing 1V, Whiteman AFB, Missouri, 1s the regional attenua-
tion so different from that in California as to require an attennation function other
than an empirical, California data based equation.  Since the completion of this
study, several useful suggestions to improve the modification scheme of Appendix A
have been received (Nuttli, personal communication, 1980). The principal offect
of these changes would be to alter the ncar-field acceleration estimates for the
Central United States attenuation function,  The hazaed estimates ot all of the sites
except Whitemun AFB are not expected to be affected. Preliminary results suggest
a0 reduction of the estimated seismic risk ot Whiteman AFB, however, the degree
of change is uncertain. At the present time, the modifications are being incorpora-
ted into the technique and @ new Central United States attenuation function evaluated.
After this has been completed the seismic hazard ot Whiteman AFRB will be re-

evualuated and, if significant changes result, the new risk estimate will be pre-

sented ut a later date.




T R R

Table 1. Modified Mercalli Intensity Scale of 1931

i1

1L

Iv.

VIIL

Not felt except by a very few under
specially-variable circumstances.
(I Rosse~Forel scale.)

Felt only by u few persons at rest,
especially on upper floors of

buildings. Delicately suspended
objects may swing. (lto 1l
Rossi-Forel scale.)

Felt quite noticeably indoors,
especially on'upper floors of
buildings, but many people do not
recognize it us un earthquake,
Standing motorcars may rock
slightly. Duration estimates,
(111 Rossi-korel scale.)

During the day felt indoors by many,
outdoors by few, At night some
awakened. Dishes, windows,
doors disturoed; walls make
creaking sound. Sensation like
heavy truck striking building.
Standing motorcars rocked
noticeably. (IV to V Rossi-Forel
scale.)

Felt by nearly everyone, many
awakened. Some dishes, windows,
etc., broken; a few instances of
cracked plaster; unstable objects
overturned. Disturbance of
trees, poles, and other tall
objects sometimes noticed.
Pend-lum clocks may stop.

(V to VI Rossi-Forel scale.)

Felt by all, many frightened and
run outdoors, Some heavy
furniture moved; a few instances
of fallen plaster or damaged
chimneys. Damage slight.

(VI to VII Rossi-Forel scule.)
Everybody runs outdoors. Damage
negligible in buildings of good
design and construction; slight
to moderate in well-builtordinary

structures; considerable in
poorly built or badly designed
structures; some chimneys
broken. Noticed by persons
driving motorcars. (VI
Rossi-lrorel scale.)

VIlI. Damage slight in specially
designated structures; con-
siderable in ordinary sub-
stantial buildings with partial
collapse; great in poorly built
structures. Panel walls thrown
out of frame structures. Full
of chimneys, factory stacks,
columns, monuments, walls,
Heavy furniture overturned.
Sand and mud ejected in small
amounts. Changes in well '
water. Persons driving
motorcars disturbed.  (VII+
to IX- Rossi-Forel scale.)

IN. Duamage considerable in specially
designed structures; well-
designed frame structures
thrown out of plumb; great in
substantial buildings, with
partial collupse. Buildings
shifted off foundations.
Ground cracked conspicuously.
Underground pipes broken.
(Ix+ Rossi~Forel scale.)

X. Some well-built wooden struc-
tures destroyed; most
masonry and frame structures
destroyed with foundations,
ground badly cracked. Rails
bent. Landslides consider-
able from riverbanks and
steep slopes. Shifted sand
and mud. Water splashed
(slopped) over banks. (X
Rossi-Forel scale,)

X1. Few, if any, (masonry)
structures remain standing,
Bridges destroyed. Broad
fissures in ground, LULnder-
ground pipelines completely
out of service, Karth slumps
and land slips in soft ground.
Rails bent greatly.

X1, Damage total, Waves seen on
ground surfaces. Lines of
sight and level distorted.
Objects thrown upward into
air.

o
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If the analysis of Appendix A is correct, however, it would appear that most
empiricually derived functions, being based predominantly on data from less than
100 km, over-estimate far-field accelerations. In Figure 3, the predicted peak
accelerations for a magnitude 6. 0 earthquake in California have been plotted using
the attenuation functions derived in Appendix A und seven empirical functions listed
by McGuire. v The discrepency at distances greater than about 100 km is apparent.
This problem is significant in that for most sites studied in this report, the scismic
source regions tend to be at distances greater than 100 k. In turn, one must also
be skeptical of the velocity and displacement relations for the same resson. The
set of velocity and displacement attenuation functions which predict the lowest mean
values at lurge epicentral distances were those developed by Orphal and Tahoud, 8
I'hese equations were used for risk estimation ot all wings except Wing IV, The
constants of 41l ground motion attenuation functions used in this report are given

in Tuble 2.

7. McGuire, Ro (1976) FORTRAN Computer Program for Seismic Risk Analysis,
L. S, Geols Surv, Open-File Report 76-67,

8. Orphal, D., and Luahoud, J. (1974) Prediction of peak ground motion from
carthquakes, Bull. Seism. Soc. Am, 2;1\:15(33-]:’1]‘4.
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Figure 3. Plot of Peak Ground Acceleration vs Distances for a Magnitude
6.0 M}, Earthquake in Southern California as Predicted by Seven Empirical
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Analysis of Appendix A

Table 2. Ground Motion Attenuation Functions

Ground Motion| Application Source In g, = g nyzl\l -y In(R HO)
¥ R y Ro 01v1 g
- 4

Intt’*nsi[vf I, 11, 111, Howell a 2,29 1,42 1. 36 0.0 0. 68

VvV, VI Schultz
Int(‘nsitvT v Howell and 1.20 2.23 1. 36 0.0 0. 68

Schultzf

Acceleration 1, 11, I11, Appendix A} 8.76 n, 812 2,327 125.0 (0, 70794

vV, VI
Acceleration v Appendix A 4,21 1,40 1.57 25,0 | (0,707
Velocity 1, 11, 111, Orphal angd -0, 32 1. 20 1. 34 0.0 (0,707 '

vV, VI I.ahoud L}
Displacement I, 11, IiI, Ovphal and [-3. 06 1.312 1.18 0.0 (0, 760)*

vV, VI Lahoud®

TC()nvprsion from IO lo M using relationships bv Hrazvvg

*
Assumed value,




2.4 Seismic Risk Fstimation

Using a method proposed by Cornellg and implemented in a FORTRAN com -
puter program by M(‘(}uirr>7 the temporal and gpatial distribution of seismic
activity and the ground motion attenuation functions can be comiin - into o sinele
statement of the probability of attaining a given level of ground motion at the site
of interest, 1In this procedure, the probability that the ground motion level will
reach or exceed a specilied level, mg‘. is defined as the integral of the product of
the independent probability density functions for magnitude, fs, distance, I'R, and
distance, r, This can e stated as an equation:

P[l\lg = mg] = I f P[]\lg E< mg [ s and r] l's(s) I'H(I‘)dsdr (6)

where

P[I\lg z mg s and r] is the condition probability given event magnitude and

distance,

The conditional probability of Eq. (6) is a function of the ground motion attenua -
tion equation and its standard deviation. The function I'S(S) 1s derived from each
source region recurrence curve while FI\(I‘) incorporates the spatial relationshin
between source region and site of interest.  fvatuation of the iatogral vielas the
probability of ane event from the specified source region reaching or vxoeoding n "
Bv multiplving this value by the expected number of events in che repion and
accumulating over all source areas, the total expected number of coents o e ting
the conditions, l‘f[l\lu : m”]. is obtained,  Assuming cavthauake ooourren o s o

Poisson process, the annual risk is given by

-E N “m
. I U L’I

R{M "m | 1 -« (7)
2 g
Annual risks can be converted to risks for anv given Hfetime be the cqguation:
N
. - - ) )
l(\ 1 -0 l{,\ (8)
whore

N is the lifetime in vears

R, is the annual risk,

A
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and

R., is the N-vear lifetime risk.

i

One final term used in describing risk is the return period which is the reciprocal
of the risk and describes the number of lifetime periods, on the average, between

recurrence of the associated ievel of ground motion.

25  Response Spectra

For engineering purposes, the spectral characteristics of ground motion are
typically presented in the form of response spectra. These spectra represent the
maximum response of a simple, viscous-damped harmonic oscillator over a range
of natural periods for a specified percentage of critical damping. Methods have
been developed to estimate upper limit response spectra given the level of ground
motion at the site of interest, known as design response spectra, 10 The AKC
amplifications factors, given in Table 3, are used to modify the predicted ground
motion levels at a site to obtain the response spectra levels at the specified
frequencies, These ractors give the mean plus one standard deviation response

spectra,

Table 3. Horizontal Design Response Spectra Amplification Factors

Acceleration Displacement (ecm)
Critical Damping
%) 33 Hz 9 Hz 2.5 Hz 0.25 Hz
0.5 1.0 4.906 5.95 3.20
2.0 3,54 1,25 2,50
5.0 1.0 2,61 3.13 2.05
7.0 1.0 2,27 2,72 1.88
10.0 1.0 1. 40 2,28 1.70

The levels of critical damping corvespond to soil conditions at the site with
lower values associated with harder rock. Most foundation conditions lie between
2.0 and 7.0 percent of critical damping,  The lowest damping is alwavs the higher

amplitude spectrum,  In all response spectra plots in this report the complete

10, Havs, W,, Algermissen, S, Fstinesa, A., Perkims, D, and Rinehart, W,
(1075) Guidelines for Developing Design Farthquake Response Spectra,

.S, Gool. Surv, Tochnical Réport aT-T1T,
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range of damping factors given in Table 3 are plotted. Thus, the upper plot is
always 0.5 percent and the lower 10 percent of critical damping.

It should be noted that when the design spectra is calculated on the basis of
independently evaluated acceleration and displacement levels corresponding to a
specified risk level, they are not necessarily a spectral limit for any one earth- )
quake, This is because the ground motions on which they are based may be
generated by different earthquakes. 1 In this case, it is more accurate to view
the spectra as upper limits for separate frequency bands than as the upper limit
spectra for any one earthquake. The spectra, in this case, will be designated as

composite response spectra.

3. SEISMIC HAZARD EVALUATIONS

3.1 Malstrom AFB — Wing |

Malstrom AFB is located near one of the most seismically active regions of
the continental United States, an area known as the Intermountain Seismic Belt.
This zone runs along the northern Rocky Mountains in western Montana through
Yellowstone National Park and along the Wasatch Front in Utah, The location of
Malstrom AFB relative to these active regions, as shown in Figure 4, suggests a
high level of seismic hazard at this facility,

For the purposes of this studv, the Intermountain Seismic Belt has been
divided into three subregions, Montana, Yellowstone and Utah, to compensate for
the variations of seismic activity throughout the zone. In addition, several other
source regions were defined by analysis of epicentral clustering and tectonic setting
of all earthquakes within 1000 km of Malstrom AFB. These source regions are
depicted in Figure 4. The area, recurrence curve constants and maximum magni-
tude earthquakes for cach source region are given in Table 4 along with the back-
ground seismicity parameters. The background recurrence curve is assumed to
hold in all arcas not explicitly in a seismic source zone, Thus, while the prob-
ability of an carthquake occurring outside of o defined source is low, it 1x assumed
that activity can occur anywhere within 1000 km of the site o interest including
areas with no known historical reports of activity.,  The site used to represent

Malstrom ANB in the msk caleculations was 47.5°N and 111, 0°w, []

11, Battis, ), (1978a) Geophvsical Studies for AMissile Basing Seisnde Risk Studies
in the Western I'nited States, " Texas Instrmnents Tne,, Scientific Report No, 2
ATFX{02)-TSR-78-01,

20




WASHINGTON— /4
OREGON

/ / NORTH DAKOTA/
1.0

NN
B \\\\\\\E 4/0/}A/H////7///////// 40° oy

R

1 1 35°
126°wW 120 s 1o 105 100

Figure 4. Seismic Source Regions Used to Evaluate the
Seismic Hazard at Malstrom AFB (indicated by solid
circle)

Table 4. Malstrom AFB Source Region Parameters

frea‘) log (N/y) = A - bM y MAX '
Source (107 km"~) A 3 L '
Wvoming - Colorado -
South Dakota 43.05 2.869 0.592 7.0
Nevada 16. 66 4,541 1,031 7.0
Washington - Oregon 26,66 2.806 0. 597 7.0
Central Idaho 4,41 3,177 0,792 7.0
Yellowstone 6.11 3,652 0.765 7.0
Aontana 7.70 3.101 0. 682 7.0
U'tah 20.05 3.236 0. 690 7.0
Background | ————— 2. 8381L 0.748 6.0
TI()g(.\'/v / 10‘1 km2) :
The estimated annual risk curve for Modified Mercalli intensity is shown n ;
Figure Hoand the peak acceleration, velocity, and displacement curves are displaved
in Furure 6, The ground maotion levels at specified annual risks are also tabulated
in Table 5. In Table 6 the ground motion levels based on the conversion of Nodi e
Mercalh intensity are given,  Considering the Iarge standard crroes axsociate d




with the conversion of site intensity to the peak ground motion levels, the values
in these tables are believed to be in good agreement.
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Figure 5. Modified Mercalli Intensity Seismic Risk Curve for
Malstrom AFB
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Figure 6. Peak Ground Acceleration, Velocity, and Displac -ment,
Seismic Risk Curves for Malstrom AFIR3
Table 5. Peak Ground Motion Annual Risk Levels for Malstrom AFB
Return
Annual Period Accelerat'bon Velocity | Displacement
Risk (years) [ Intensity (cm/sec?) (cm/sec) (ecm)
0.9 1.11 11 2.7 0.22 0.06
0.5 2 111 5.1 0. 48 0. 14
0.2 5 I1-1v 8.7 0.91 0. 27
0.1 10 v 12,3 1. 34 0.40
0. 05 20 v 17.0 1, 87 0, 57
'i : 0.02 50 V-V 25, 4 2, 80 0.86
; 0.01 100 \Y 34.1 3.69 1.13 '
) 0. 005 200 \Y 45. 4 4.79 1.46 ’
' 0. 002 500 V-V 65. 4 6.61 2.00
0.001 1000 VI 85.5 8. 33 2.50
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¢
Table 6. Peak Ground Motion Annual Risk Levels for Malstrom AFB
Based on Intensity Levels
Annual Fractional Acceleration Velocity Displacement
Risk Intensitv (cm/sec?) {(cm/sec) (em)
0.9 1,8 3.5 0.7 0.2 .
0.5 2.9 6.9 1.2 0.4 . !
0.2 3.6 11. 6 1.9 0.5
0.1 4.0 15.3 2.3 0.7 ]
0.05 1.4 19.5 2.9 0.8
0.02 1.8 28,7 3.7 1.1
0.01 5.1 32.8 4.4 1.2
0.005 5.4 39. 8 5.1 1.5
0. 002 5.7 19. 6 6.2 1.7 {
0.001 5.9 57.8 7.1 2.0
T The proximityv of the Montana source region to the site of interest, us shown 4
i’ in Figure 4, suggests that a strong spatial gradient of the seismic hazard should E
be observed in the vicinity of Malstrom AFB. This, in fact, is the case with ]
sharply increasing ground motions at each level of risk observed toward the south-
west of the facility. In Figure 7, the peak ground accelerations for an annual risk
of 0.002, or return period of 500 vears, are contoured over a one-degree square 3
centered on Malstrom AFB. For other levels of risk the contours follow in the
same trend,  The same characteristics are observed for peak velocity and dis-
placement although the gradient is less severe than for acceleration,
It should be noted that the contour locations are defined by the location of the
Montana source region boundaries, Inside of the boundarv, neglecting the effects 4
of other source regions, the seismic hazard is uniform. As the boundary = i
approached what could be termed an edge effect begins to reduce the hazard,
Moving awav from the source the hazard decreases gradually to a uniform level
determined by the background activitv,  JMoving the source regiron boundarvy towards
the site of interest will increase the seismic hazard at the site and, canversely,
moving the boundary awav from the site will reduce the hazarvd,  The source re- |
vion boundaries are somewhat arbitrary due to a lack of detatted fault maps of a '
cortplete understanding of the geologic setting associated with earthgquakes 1y this ' |
region,  For sttes near source regions, this can produce a decrvease in the level :
' of confidence associated with the estimated ground niotion values, ;
i
4
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In Figures 8a, 8b, and 8¢ the composite horizontal design response spectra
for 10-, 100-, and 1000 -vear return period ground motions, based on the values
given in Table b, are displaved.

In Figure 9, 95 earthquakes between 1972 and 1978 reported inthe Earthquarx
Data File within 200 km of Malstromy AFB are plotted. The closest center of maor
activity 1o the site is 120 km to the southwest near Helena, Montana although an
ecarthquake with no recorded magnitude or intensity was reported within 75 ki of
the base, The largest event reported in this particular area was a magnitude
6.25 ML event which occurred on 10 October 1935 and is one of the largest carthi-
quakes reported in the northern extent of the Intermountain Seismic Belt, Thixs
earthquake was one of a series of events occurring in late 1935 of which four events,
including the magnitude 6. 25 ML earthquake, had epicentral intensities of between
VI and VIIIL At the 90 percent confidence level the predicted ground motions at
Malstrom AFB for this event are 21,9 cm/socZ, 5.1 em/sec and 1.5 em/sec. The
horizontal design response spectra for this event is shown in Figure 10, An aver-
age site intensity determined from these values, Modified Mercalli Intensitv 7,

agrees with the intensity level observed in the vicinity of Great Falls, Montana,

12, Neumann, I, (1937) United States Farthquakes, 1935, Departiment of

Commerce, Coast and Geodetic Survey, Serial No. 600,
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Figure 8a. Composite
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Response Spectra for
Malstrom AFB Based
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Figure 8b. Composite
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Figure 8c. Composite
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Figure 9. Reported Earthquake Epicenters )
Within 200 km of Malstrom AFB

At a greater epicentral distance, 170 km, an even larger earthquake, magni-
tude 6.75 m, was reported on 28 June 1925, The 90 percent conlidence ground
motions at the site of interest are estimated at 17,2 cm/secz, 6.0 cm/sec, and
2.0 em. The lower acceleration and higher velocity and displacement as compared
to the Helena, Montana Earthquake are explained by the longer travel path and the
resulting greater attenuation of the high frequency components of the signal. Again,
the predicted site intensity of this event at Great Falls, Montana is intensity V,

The horizontal design response spectra are shown in Figure 11, The higher
amplitudes at low frequency than for the Helena event are the significant feature of

this event.

3.2 Elsworth AFB — Wing 11
In Figure 12, the seismic source regions used in the hazard evaluation tor
Fllsworth AFB are shown and the associated source parameters are given in
Table 7. Several of the source regions have hren redefined as compared to those
used in the previous section. This results from the change in the carthquakes
included in the seismicity studies due to the 1000 km radius secarch limit (rom the

site of interest. [naddition, as aresult of the greater influence on seismic hazard




by near site source regions, greater care was used in defining the Colorado and

Wyoming area source regions. The point used in all calculations for Ellsworth AFB

was 44.2°N and 103, 0°W.
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i Lable o0 Ellsworth ARFB Source Region Parameters

| log (N/y) = A - bl\ll
l »
Area MAX
Souree (104 km?2) A b Ml,
Central Idaho 1. 41 3.177 0.792 7.0
]
Montana 7.70 3.101 0.682 .0 '
Yellowstone 6,11 3,652 0.765 7.0
Colorado 15,83 3,410 0.700 7.0
Wyoming 18, 05 1.465 1. 114 6,0
Ctah 26. 19 3.508 0.702 7.5
Nevada 7.58 1. 662 0.516 7.0
New Mexico - Texas 0,15 2,374 0. 683 7.5 ‘
Background —_— 1.721" 0. 100 6.0
'1L>g(N/)', 10% kmg)
T T T 56°N
A
MONTANA
hoN
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Figure 12, Seismic Source Regions Used to Fyaluate the
Seismic Hazard at Fllsworth and 1L E, Warren Aie Foree
Bases (indicated by closed civdles)
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The annual risk curves for Modified Mercalli intensity and peak ground accelera-
tion, velocity, and displacement for Ellsworth AFB are displayed in Figures 13
and 14. Table 8 gives the ground motions calculated at specific levels of annual
risk for Ellsworth AFB. A second set of peak acceleration, velocity, and displace-
ment motion levels was constructed by conversion of the estimated site intensities,
These values are given in Table 9. Given the limitations of calculating ground
motions from site intensity, the two sets of values are considered in good agree-
ment. This is especially true in that the site intensity values are uily mean values
at the specified intensities, For example, while the 0,001 annual risk accelera-
tions appear to be significantly different the value calculated directly is within the

90 percent confidence bounds for site intensity V.,
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Figure 13, Modified Mercalli Intensity Seismic Risk Curve
for Ellsworth AFR
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Figure 14, Peak Ground Acceleration, Velocity, and Displacement
Seismic Risk Curves for Ellsworth AFRB
Table 8. Peak Ground Motion Annual Risk l.evels for Ellsworth AFB
Return
Annual Period Acceleration Velocity Displacemnt
Risk (vears) Intensity (em/secd) {cm/sec) (cim)
0.9 1. 11 I 1.6 0.1 0.03
0.5 2 II 3.4 0.2 0.07
0.2 5 I1-111 6.4 0.4 0. 14
0.1 10 11 9.3 0.6 0.21
0.05 20 It 13,1 0.9 0.29
0.02 50 v 20,3 1.3 0. 45
0.01 100 v 27.9 1.8 0. 60
0.005 200 v 38.2 2.4 0.79
0. 002 300 \ 57.3 3.6 1. 11
0.001 1000 v 77.2 4.8 1,42
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Table 9. Peak Ground Motion Annual Risks Levels at Ellsworth AFB
Based on Intensity Levels

Annual Fractional Acceleration Velocity Displacement
Risk Intensity (e 2ee ) (emisecd ()
0.9 1.1 2.1 0.4 L
0.5 2.1 4.0 0.8
0.2 2.8 6.5 1.1
0.1 3.2 8.8 1.5 .
0.05 3.6 11. 4 1.8
0.02 4.1 15.8 2.4
0.01 4.4 19.3 2.8 .
0. 005 4.7 23.5 3.3 1.
0. 002 5.0 30.6 4,2 .
0.001 5.3 37.5 4.9 1.

For this wing, the acceleration levels for annual risk are, to a large degree,
determined by the background seismicity characteristics. For peak velocity and
displacement, which attenuate slower than acceleration, the scismic source re-
gions in Wyoming and Colorado contribute to the risk in a greater amount. In
neither case, however, do the nearestsources plav adominant role in establishing
the seismic risk, In this case, the spatial change in seismichazardis expected to
be negligible, Little change in the acceleration values would be expected within
50 km of the site in any direction, Verv gradual increases in velocity and dis-
placement could be expected towards the southwest, as the defined sources are
approached, but within 50 km the changes are not expected to be substantial,

In Figures 15a, 13b, and 15¢, the 10-, 100-, and 1000-vear return period
composite horizontal design response spectra determined for Ellsworth AFR arc
shown. These spectra are based on the ground motion levels given in Table 8,

Twelve moderate sized ecarthquakes have been reported within 200 ki ot
FEllsworth AFB between 1895 and 1978, The epreenters of these ovents are shown
in Figure 16, The losest event was of magnitunde 400 el epreentral intensay

b

VItocated 34 km o to the west of the base and occurred n 26 Gune 1068, | he

depicted events are ereatically disteibuted o spoce and provide Cnnle amforration

on future polential epicenters within this regions The coasie v tonorte Lo o

tude in this sct of events was 5,1 "y and cpreenteal e e L b ener s e
bl

for the same event,
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