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SEISMIC RISK FOR RUSH VALLEY, UTAH

AND
AN EARTHQUAKE DESIGN ANALYSIS OF AMMUNITION STORAGE FACILITIES
FOR

THE SOUTH AREA OF TOOELE ARMY DEPOT

Prepared by:

JOSEPH R. KOLMER, CPT

1. Introduction.

a. The science of earthquake analysis is not absoulte. That is
to say, the prediction of what earthquake event will occur in a given
area, in a given time, is not possible. There arc techniques available,
however, by which the risk associated with carthquake hazards can be
assessed. By using these methods, the average reoccurrence interval for
various intensity earthquakes can be estimated. These estimates are
an indication of carthquake risk. Just as the risk involved with the
reoccurence of a one in ten year flond is higher than the risk invelved
with the rcoccurrence of a one in one hundred year flood, the risk
involved with the recoccurrence of one in one hundred year earthquake
is higher than the risk involved with the recoccurrence of the one in
one thousand year earthquake. It is important that this risk be assessed
and the average reoccurrence interval be evaluated in conjunction with the
maximun intensity designation for that interval. Through this type of
analysis the risks can be evaluated and a detcrmination can be made as
to the acceptability of that risk.

b. In a risk analysis of this type it is best if the study can be
approached as conservatively as possible. Therefore, this analysis
will consider the '"worst case" or maximum credible carthquake event that
could occur in Rush Valley. The characteristics of the ammunition storage
structures as well as the mmitions of concern, the Weteye Bomb, will be
evaluated against these worse case conditions. It is considered that if
these structures and materials can withstand the maximum credible earthquake
event, no matter how infrequenty it might occur, the structures and munitions
can withstand lesser events.

c. The following analysis will cover the methods used to estimate the
average reoccurrence intervals for seismic events, the analysis of ammunition
storage structures in the Toocle Army Depot South Arca, and the testing done
on these storage structures as well as the Wetcye bombs themselves. This




discussion will show that:

(1) The reoccurrence interval for large seismic events in Rush
Valley is very low.

(2) Based on analysis and testing of ammumition storage structures
the failure of these structures due to ground motion caused by earth-
quakes is not considered a credible possibility.

(3) If a faultline should extend through a storage structure due
to a large seismic event the structure may be damaged but the handling
and drop test for the Weteye bombs show that they can withstand cven
these severe stress conditions.

2. Discussion and Analysis of Earthquake Risk.

a. For a risk analysis of earthauake hazards there are two prime
sources of information. These sources arc: (1) the seismic history of
the area of concern and, (2) the geologic history and conditions in the
arca of concern. In the following discussion both of these sources will
be addressed and utilized to make an assessment of earthquake risk for
the Rush Valley areca.

(1) The geclogical information sources include Dr. Robert Bucknam's
open file report! (77-495) showing suspected fault scarps on the Tooele
2° map sheet (Figure 1). Dr. Bucknam's map shows that there are five
systems of suspected fault scaxps in the Rush Valley arca. Two of these
systems arc on the south side of the valley, well removed from the depot
arca. The three suspected systems in the north part of the valley are
closer to the depot arca. One system trends along the base of the Oquirrh
Mountzins on the east side of the valley, the second system is along the
base of the Onaqui Mountains on the west side of the valley, and the third
system, the system of primary concern, occurs just north of the depot areca
and trends toward the depot arca. This system is of primary concern
because it is assumed that if faulting should reoccur due to carthquake
activity it will reoccur along existing fault lines. A fault line might
extend itself from this system through the depot and through a storage
arca within the depot.

(2) A general geologic review of fault scarps shows that the average
offsets on faults due to a 7.5 Richter magnitude seismic event can be up
to five meters. 2’2 Data also indicates that an earthquake with magnitude
7.5 is considered to be the rcasonable maximum credible earthquake that
might occur in the state of Utah. The length of a scarp produced by such
a seismic event is postualted to be approximately 100 kilometers.™
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b. From the seismic history the largest recorded carthquake in
Rush Valley was 4.3 Richter magnitude in 1958.° Rush Valley, however,
is too small an arca and the seismic history is too short to consider
an analysis based on the valley itself. The length of the available
earthquake record cannot be changed, but the area of consideration can
be enlarged for the purposes of analysis. Thercfore, a larger area
encompassing the carthquake data along the Wasatch front in Utah was
considered.® Rush Valley is on the {ringe but still within the overall
area of the Wasatch front carthquake activity. The total area of
consideration for this first statistical analysis is shown at Figure 2.
The earthquoke record for this total area was studied and the number of
earthquakes of cach intensity for ten year periods was recorded. The
listing of how many seismic events per ten year period occurred within
this area is shown at Table 1. The listing at Table 1 was reviewed and
the complecteness of the earthquake record was estimated. The dashed
line shown in this table defines the period for which the record is
judged to be complete. Based on this estimate of record completeness,
the rates of reoccurrence for earthquakes for cach maximun intensity
V through VIIT was determined. These rates are listed in decimal form
at the bottom of the table.

c. A graphical presentation of the Table 1 data is shown at Figure
3. In order to make this graph more easily readable, the reciprocal of
the rate is determined and graphed against each maximum intensity. This
new graph is shown in the lower portion of Figure 4. By using this graph
the average reoccurrence interval for each maximum intensity earthquake
in the total 35,000 squarc mile areca of consideration can be determined.
For example, the average rcoccurrence interval for earthquake having
maximun intensity V is approximately every two years. The reoccurrence
of seismic events in the 390 square mile area of Rush Valley can be
scaled from the larger arca by using an area ratio. The resultant graph
obtained by applying this ratio is shown in the top portion of Figure 4.
The conservativeness of this approach should be apparent here. The same
acuteness of faulting and earthquakes that occur along the Wasatch front
have been scaled into Rush Valley. If the seismic record is reviewed in
detail it can be scen that seismic activity along the Wasatch front is
historically much greater than within the Rush Valley arca, and review of
geologic information will show that the faulting along the Wasatch front
is more scvere than the faults described within the Rush Valley area.
Also, the recorded seismic history of Rush Valley shows no large seismic
events. This method of analysis will consider the possible occurrence
of large events for the valley itself.
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TABLE 1

NUMBER OF EVENTS BY INTENSITY PER 10 YEARS
SEISMIC EVENT STUDY #1

e Intensity
Group v ' VI N VIII
1853-60 1 i
1861-70 §
1871-80 3 1 i
1881-90 5---_—i ----- | 1 1
1891-1900 { """"" : 2 2
1901-10 § 5 10 2 2
1911-20 i 9 6

L 1921-30 g 4 1 2 1
1931-40 § 4 2 1
1941-50 1 § 6 6
1951-60 é 12 4
1961-70 18 ! 28 5 1
Events/YTs 68/70 37/90 8/117 5/117
Decimal 0.97 0.41 0.068 0.043
Equivalent
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d. As a check on this method of analysis, and in order to insure
complete evaluation of all available data, a second seismic record °
covering the north central portion of the Wasatch front 4in Utah was
consulted and the same type of analyses was performed on these data.

The results of this second analysis are presented in Figures 5 thru 7

and Table 2. The comparison of the two analyses reveals good coorclation
of results. FYor example, the average reoccurrence interval for intensity
V carthquake by the first study is once in every 85 years, in the second
study once in every 80 ycars. Based on these two analyses it can be

scen that the average reoccurrence interval for the maximum credible
event in Utah, an intensity X carthquake, is once in every 12,000 to
30,000 ycars.

e. As another check on these analyses the data presented by
Algernissen and Perkins, US Geological Survey Report,?1976, for
seismic source areas 33 and 34 was evaluated. The graphs constructed
from these data yielded results consistent with the data presented here.

f. As a point of historical comparison, the average reoccurrence
rate for intensity V cvents in Rush Valley is estimated to be once in
80 to 85 years. In one hundred and twenty-five years of recorded seismic
history, of which seventy vears has been judged to be complete, one
intensity V event has been recorded in Rush Valley.® Thus, there is a
good comparison between the actual historical data and the statistical
evaluation presented above.

3. Analysis of Storage Structures and Weteye Bomb Characteristics.

a. While the risk of an intensity X earthquake is very small, an
analysis of the Weteye bomb characteristics as well as the storage
structures into which these Weteye bombs are to be placed is in order.
This analysis will be focused on determining what might happen if an
carthquake cvent of the maximum credible magnitude should occur. In
this analysis we will look both at the effects due to ground motion as
well as the effects on the bomb and the structure due to surface faulting.
Before analyzing cach of these stress conditions in detail, however, a
review of Weteye bomb characteristics will be considered. This consid-
eration will be presented first because it is applicable both to the
ground motion as well as the surface faulting analysis.

b. The report® on testing of the Weteye bomb states that the bomb
has been drop tested in its shipping and storage container from a height
of 40 ft. Both side impact as well as end impact drop tests were conducted.
The bomb itself outside of its shipping and storage container was subjected
to a 10 ft. drop test. This drop test was conducted for side impact only.
The result of these tests showed some damage to the bomb and to the bomb
container both there was no leakage as a result of these tests. The

y
|
|
1
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Year
Group

1853-60
1861-70
1871-80
1881-90
1891-1900
1901-10
1911-20
T2 =30
1931-40
1941-50
1951-60

1961-70

Events/Yrs

Decimal
Equivalent

TABLE 2

NUMBER OF EVENTS BY INTENSITY PER 10 YEARS
SEISMIC EVENT STUDY #2

\\\{ntonsity

v v V1 V11 VIII IX
2 :
5 1 e &
1 1
4 1 5 1
v 3 1
, S (et 2 1 1
AR
B ritel 1 1 1
8 5 3
12 8 1
19 10 4 2
39/30  35/70 11/70 8/117 3/117 1/117
1.3 0.5 0.16 0.068 0.026 0.0085
11
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stress conditions caused by these drop tests are more severe than
intensity X earthquake conditions. This conclusion is based upon

an analysis of acceleration effects encountered in the drop tests.

By making usc of basic time and motion physics equations an estimate
of acceleration effects developed during drop tests can be determined.
The acutal calculation of these accelerations is shown at Inclosure 1
to this report. As can be seen the expected accelerations are in the
range of 400g. When compared to the expected ground motion of 0.7¢g
estimated for the maximum credible event earthquake, it can be secn
that no credible damage can be considered.

c. An analysis of the storage structures at Toocle Army Depot South
Arca was conducted by Dr. Butler of the Corps of Engincers. Dr. Butler's
evaluation is attached to this report as Inclosure 2. Basically, Dr.
Butler's report states that these type storage igloos have withstood
G-forces of magnitude 10 and greater. As previously stated, for the
waximum credible earthquake in Utah, it is estimated that the acceleration
values will be in the range of 0.7g. Further, it is estimated that the
maximun acceleration developed by any carthquake would not exceed 2 to 3g.
Therefore, it can be readily concluded that damage to these storage
structurcs due to ground motion causcd by an carthquake is not a credible
possibility.

d. When considering if a fault line were to intersect a storage igloo,
two points must be evaluated. First, what is the likelihood of occurrence
of such an event, and sccond, what are the structural considerations for
such an cvent. With respect to the first point, the likelihood of occurrence
of a fault in Rush Valley can be estimated by considering the average
reoccurrence interval for large ecarthquakes with respect to the identified
fault scarps in the valley. There are five suspected fault scarps in Rush
Valley and the average rcoccurrcence interval of the maximum credible carth-
quake (and associated f{aulting) is onc in every 12,000 to 30,000 yvears. By
dividing the maximun credible earthquake events between these five suspected
scarp systems, the occurrence of faulting on the suspected scarp system north
of the Tooele Armmy Depot South Area (the system of primary concern) can be
considered to be one in 60,000 to 150,000 ycars. This represents the estimated
occurrence of faulting on this particular scarp system north of the south depot
arca. The possibility of faulting actually extending through a storage
structurc is even less than the interval of suspected faulting. An estimate
of the possibility of this occurrence escapes existing methods. Thus, it
can be scen that the prebabilities of a fault line actually carrying through
a storage structure arc extremely small. These conditions, however, were
also analyzed in Dr. Butler's cvaluation (Inclosure 2). Dr. Butler has
stated that there are many forces interacting if such an event should occur
and without extensive testing, the predicted response of the storage structure
cannot be detemined. Dr. Butler's evaluation does point out, however, that
these structures could fail under such extreme stress conditions. In the
event of a failure the concrete arch would crack and some blocks of concrete,
along with a portion of the carth cover,might collapse onto the bombs stored
within the structure.

14




e. Dr. Zaker, Department of Defense Explosives Safety Board, has
performed an analysis® of probable damage to the bombs if the storage
structure should fail. His analysis shows that some external damage to
the shipping and storage container might occur, but the stresses involved
arc notably less than the stress conditions developed during the drop
testing of the bomb. Dr. Zaker's evaluation shows that the maximum
height from which the concrete rubble would fall would be 14 feet (the
maximum height of the crown of the igloo arch). The drop test on the
bombs were conducted from a height of 40 ft. The stress conditions of
the drop test are notably in excess of the stress conditions resulting
from the falling concrete blocks and earthen material, and therefore, it
was concluded that rupture of the Weteye bombs due to structural collapse
is not a credible possibility.

f. Dr. Zaker also discussed the affects of ground motion on thz stacks
of stored Weteye bombs within the structure. Dr. Zaker concluded that the
worse possible condition would be for the bombs at the top of the stack
to be thrown off resulting in impact on the floor of the structure. The
maximun drop height of such an event would be approximately 48 inches.
Again, the stresses imposed by this condition are less than the stresses
imposed during the drop test. Therefore, it was again concluded that the
leakage of Weteye bombs duc to these stress conditions is not a credible
possibility.

4. Conclusions.

The conclusions that can be arrived at, based upon both the seismic
risk analysis as well as the structural analysis and the characteristics
of the Weteye bombs, are as follows:

a. The reoccurrence interval for large seismic events in Rush Valiey
is very low, cven though the reoccurrence intervals were estimated by
conservative techniques.

b. Based on an analysis and testing of ammunition storage structures,
the failure of these structures due to ground motion caused by carthquakes
is not considered a credible possibility.

c. If a fault line should extend through a stroage structure due to
a large secismic cvent, the structure may be damaged, but the handling and
drop tests for the Weteye bombs show that they can withstand these stress
conditions.
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DETERMINATION OF ACCELERATION
DEVELOPED BY
DROP TESTING OF WETEYE BOMBS

1. The time of the 40 ft. free fall is:

! D=%at2
where,
D = Distance of fall
a = Acceleration of Gravity
t = Time of fall
1.
t = (2D/a)™
t = 1.58 sec
? 2. The average velocity (V) of the bomb during the free fall is:
B
1 s
V = 25.32 ft/sec.
. Considering a one inch deflection (0.083 ft) as a result of impact,
the time of acceleration (or deceleration) is:

t =

L
v
3.

28 x 1073 scc

-
1

Incl 1




4. The acceleration (or deceleration) developed by the impact is:

D = %at?

a = 2 %2

15,448 ft/sec?
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reinforced concrat mi=-circwlar arch-type, and are cowm cd
igloos. Thace WG wore constructed in Wiil. Thoie

ditiercat igleos. Eolh have tho saua {100y Rl o 20 reet and S -
iurel cyogs- ion. One is 60 feet in Jength, and the other is 80 faet
in leagil: insida. The steel reinforced concrate semi-circuvier arca hos
an inside radius of 13 feet, with an avch seclion thickness =i the haun
of 16 inches and of 6 inches at the crovn. The haunch is dowailsd @9 ¢

steel reinforcad concrete wall feundation which is integea
teel reinforced concrete floor slab. There are 12-inch tnick
vorced conerete end walls, V]LJ Lhe front wall intearal with

| ar ‘kness around the door entrance.

cortinuons
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G W reinforeed to 18-inch thi
rL~¢p jgices were constructed at natural q1¢u\ and mounded over with
earth cover, to e depth of two feet at the croun and sloped to natural

grade arcund the sides and rear of the igloos.
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3. "Theee igleos were d¢osigned primarily for the protection of stored
mmitions from the mayiaum air blast waves, ground shock waves and
fragment penetrations )'n 1h1ﬂ i ihn contcn s of an adjacent magazine
were Lo explode, for whalever reason, In tho designs, the structural
requirvenents for resistance to earthquake ground motions wera con-
sidarcd. fHowever, these resistance requirements are much less than
ents to resist the effects of an explosion of the

the resistonce tL,v."\I‘:‘.'( ne
munitions in an ediacent magazine. The two events, the explosion of
an adjacent magazine of nunitions and a large near earthquake, have both
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4. "A munition explosion in an a
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Fuses irom the BagaL e Suu? di g flnleam veieciiy

speed of sound in wir. It also ercates ground shoek waves that
r)UJ the explosion as dilatational i o}
with ihe elastic propoerties of the

type soi] structures, thi i
R near lerge nzondtude
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6. "The raximum loadings on these accol plor magazines from these

3 g's horizontal scceleration, o
i accelerations, at the floo

= 43 psi ground level blast pressure. The louwest possible nressure
loauing on the shell vould Le 21.5 psi. For the worst case of shell
deflection, this lead is epplicd on one-half of the magazing arch scction.

fests cnwrurtcd in 1964 at the MNaval Test Station, China Lake,

i n the ESKLHO test series coimenced in 1971 at the sane
station, with inproved instrumoniation indicates that the masinim
git und acceleration end pressure paranetric values obtainad in 1945 ware
Tow for cquivalent explosive yields and distiances. Additionally,
vertical accelerations up to 16.0 g's were recorded in the later lests
vhere no instrumentation for this effect was installed in tie 1945 tes
series.

6. "The dannges sulfered to the Tooele type magazines in the Arco tests
were negligible.  Some ninor cracking in the arch 5‘.Llon valis cccurred,
and some concreie spalling cccurred in the frent wall door unyp'PLS from
direct head-on air blast pressure. Ho explosions occurred of any munitions
storcd in the acceptor magazines, s
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9. "A larce earthauake event would subject the Tooele wagazines to a
regime of ground motion for up to 30 seconds, with wave pericd aroups
anging up to 2.0 pondi istonce from the fault zouae
on which the eartl ximum C i

occurred which co the }
Toocle Denot. Al Hin acceleraticn c a-vsnL5
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certainly is The
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13. "Should site ground Tissuring or faulting occur, and it trended
QIILLL]" under a magazine, there are a nber of distinct possibililies
which could occur ‘\"v'r’ upon obscrvetions of such occurrences to buildiny
structures in other r*}'::. kes.  The ground could fissure under a, ragazing
with essentiaily no (ffcct on Lhe magazine, as the mwagazine is  built
ssontially upon the natural ground and is very sirong acting

as @ beam structure, The ground could fissure arcund the magaring os has
been observed in wiany instances to stifl building basement structurces.

The ground fissure could also rupture the magazine:
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RIGITER MAGNTITUDES AND MERCALLT INTENSITIES

1. A selected scheme of measuring ecarthquake magnitudes was originally
1

developed and used by Prof, €. F. Richter of the California fnstitute
of Technology. This method has been adopted for use by Seismologists.
The Richter Maenitude is an index number characteristic of the size of
an carthquake and iadependent of the locatien of the r\-x:m\'i"'.j staticn.
The car tlmcrtkc magnitude is based on the maximum trace amplitulde
reasured by a standard type seiswograph at a given distance from a
seismic event. For example, an carthquake of Richter magnitude 3 would
register a4 maxumm trace amplitude of 1 mm on & Wood-nderson standa
torsion horizontal seiswograph loceted a distance of 100 ka from the
earthquake epicenter. ior this same mstrument located the same
distance from the epicenter, carthquakes of Richter magniiude | and 5
would give maxinmm deflections of 10 and 100 mm, respectively. As con
be seen, the Richter scale is legarvithmic, that is; an cevthquake of
itude 5 causes 10 times more deflection than a magn ¢ i hg
times more deflection than a magnitude 3. ‘Thus, it can be seen
that as ihs Richter magnitude value increases one

of an associated ear lluzul\v increases in a logari

i
i

2. In the epicentral area, ecarthquakes of Richter magnitude 2.5 to 3.0

are commonly felt; '.1'.1'.;.‘.»‘:% of 4.5 to 5.0 comn ¥
damage; maoni bl 6.0 may cause byecking at face and

ape im populated arcas; and maoni -

tude 7.0 to 8.0 cause severe «lamage in populated areas. For comparison

purposes, the magnitude of the 1964 Alaskan carthquake was magnitude
8.4 the San Fernando Valley carthquake of 1971 was magnitude 6.6; and
)

the 1952 Magna, Utah carthquake was magnitude 5.0,

3. The Modified Mercalli Intensity Scale is used to give an index of
the effects of hu ing, and the possible domage, resulting from an
aribegualke. This intens ity scale may be applied at the epicentral
arca as well as at distances away from the epicentral arca. The
intens ity rating is

and decreases radia
percalli intensities as wodificd by €. F. Richter is shown on the follo
NAPES ,

wmber, ths powe

'-k-::nw:xll)’ hizhest at the epicenter {(maximm 1x1toxr‘1t\)
ially outward. The descriptions of effects for various
ving




Intensity
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Mercalli Scale)
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Description

Not felt. Marginal and long-peried effects of large
carthquakes.

Felt by persons at rest, on upper floors, or favorably
placed.

Felt indoors. Hanging objects swing. Vibration like
passing of light trucks. Duration cstimated. May not
be recognized as an carthquake.

Hanging objects swing. Vibration like passing of
heavy trucks; or sensation of a jolt. Standing cars
rock. Windows, dishes, doors rattle. Glasses clink.
In the upper range of IV wooden walls and frame creak.

Felt outdoers; direction estimated. Sleepers wakened.

Liquids disturbed, some spilled. Small unstable objects
displaced or upsct. Doors swing, close, open. Shutters,
pictures move. Pendulum clocks stop, start, change rate.

Felt by all. Many frightened and run outdoors. Persons
walk unstead 1y. Windews, dishes, glassware broken.
Knicknacks, books, etc., off shelves. Pictures off
walls. Turniturc moved or overturned. Weak plaster and
masonry I cracked. Small bells ring (church, school).

Difficult to stand. Noticed by drivers of cars. Hanging
objects quiver. Furniture broken. Damage to masonry D,
including cracks. Weak chimneys broken at rocof line.
Falling of plaster, loosc bricks, stones, tiles, cornices
(also unbraced parapets and architectural ornaments).
Some cracks in masonry C. Waves on ponds; water turbid

with mud. Small slides and caving in sand cr gravel banks.

Large bells ring. Concrete irrigation ditches damaged.

Steering of cars affected. Damage to masonry C; partial
collapse. Some damage to masonry B; none to masonry A.
Falling of stucco and some masonry walls. Twisting,
falling of chimneys, factory stacks, monuments, towers,
clevated tanks. Frame houses moved on foumdations if
not bolted down; loose panel walls thrown out. Decayed
piling broken off. Branches broken from trces. Changes
in flow or temperaturc of springs and wells. Cracks in
wet ground and on steep slopes.




Intensity Descripticn
bdified fRALEA
Mercalli Scale)

IX General panic. Masonry D destroyed; masonry C heavily
damaged, sometimes with complete collapsc; masonry B
seriously damaged. (General damage to foundations.)
Frame structures, if not bolted, shifted off foundations.
Frames racked. Scrious damage to reservoirs. Under-
ground pipes broken. Conspicuous cracks in ground.

In alluviated areas sand and mud cjected, carthauake
foundations, sand craters.

X Most masonry and frame structures destroyed with their
foundations. Some well-built wooden structures and
bridges destroyed. Serious damage to dams, dikes,
embankments. Large landslides. Water thrown on banks
of canals, rivers, lakes, etc. Suand and mud shifted
horizontally on beaches and flat land. Rails bent
slightly.

X1 Rails bent greatly. Underground pipelines completcly
out of service.

XII Damage nearly total. Large rock masses displaced.
Lines of sight and level distorted. Objects thrown
into the air,

o

SOURCE: C. T. Richter, "Elementary Seismology," W. H. Freeman § Co. Inc.,
San Francisco, 1958, pp. 137-138.
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