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FOREWORD 

The Utah Seismic Safety Advisory Council, established in 1977, is charged 
to prepare assessments of earthquake hazards and associated risks to life and 
property in the State of Utah, and to make recommendations for mitigating 
hazards that may be found. 

This report presents an assessment of earthquake risk for oil and natural 
gas systems in Utah. The report includes recommendations for reduc:i::ng risks 
that are deemed reasonably manageable within available resources. The recom
mendations are set forth as judgements of the Seismic Safety Advisory Council 
in terms of effectiveness of the suggested action for reducing risk to life, 
health, and property. 

This report is divided into a summary of findings, a <tiscussion of earth
quake effects upon oil and natural gas systems in general, an assessment of 
the earthquake vulnerability of such systems in Utah, and recommendations for 
earthquake risk reduction to such systems that deal primarily with policies 
and procedures rather than technical solutions. 

The report presents, first, an overv±ew of earthquake_r~sk to oil and 
natural gas facilities and lines, and then describes primary systems in Utah in 
terms of the risk factors. The purpose of the report is to highlight important 
systematic relationships that affect public service or that may affect public 
safety. The vulnerabilities of particular types of oil and gas system compo
nents to earthquake effects are discussed, and guidance is provided by which 
system operators may undertake detailed evaluations to establish priorities for 
mitigation efforts in accordance with aspects or components most vulnerable, or 
in accordance with elements of greatest importance to the continuing operation 
of the systems, or for conditions posing the greatest hazards to public safety. 
Emphasis in the report is placed upon safety considerations more so than upon 
functional considerations of the systems, although continuing availability of 
natural gas supply is an important consideration not to be ignored. 

This report, like several others of similar nature dealing with various 
types of utilities, reveals the complexity of large systems serving entire 
communities, counties, and even larger regions. Such systems are made up of 
innumerable small and not so small components that must work together for 
effective and reliable distribution of the utility product. In some cases, 
such as with oil and natural gas systems, health and safety factors require 
special attention because of the hazardous nature of the products carried in 
the networks that traverse developed areas. To achieve areawide service, 
some components and some lines in the systems are more important than others 
in the sense that more of the service population can be affected by unplanned 
failures. The perspective sought from the reader of this report, then, is 
of a system whose proper performance is reliant upon the correct operation 
of individual components. Such a perspective helps significantly to understand 
how earthquakes can cause inconvenience, .i:njury or death, and economic loss 
to populations and businesses remote from the epicenters of the earthquake 
events. Such a perspective also helps one to realize that unnecessary earth
quake risk to oil and natural gas systems is, indeed, a matter in which the 
general public has a direct and proper interest. 
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SECTION 1 

INTRODUCTION 

The earthquake vulnerabil.tty of o.tl and natural gas syt·ems located in 
Utah has been subject of separate study by the Seismic Safety Advisory Council 
for two reasons: (1) Fuel is an essent.i:al resource needed for commerce and 
heating energy throughout the State, and (2) the resource is hazardous even 
under ordinary conditions and moreso in an earthquake event. In some circum
stances, fuel is indeed a critical resource, such as during periods of cold 
weather and for operating engine driven vehicles that may be important in 
emergency response and recovery activities. 

Many areas within the State of Utah are completely dependent upon the 
availability of natural gas for heating purposes. Since thi:s fuel is distrib
uted through an underground piping network, rather than being stored at the 
location of use, any interruption in service will have immediate impact upon 
users. Thus, in contrast to stored supplies in which earthquake damage may 
not have immediate consequences for users, interruption in the flow of fuel 
through a piping network will have immedi:ate functional consequences and will 
create immediate hardships. 

The danger of fire and explosion associated with oil and natural gas 
systems is a constant hazard recognized by nearly everyone. The resulting 
risk to li:fe, health, and property are exacerbated in any s±tuat±on when leaks 
and spillage are caused, such as may result from earthquake damage. Although 
such dangers are coped with almost on a daily basis by the operators of oil 
and gas systems, risk conditions effecting life, health, and property become 
more severe when spillage and line ruptures occur in greater frequency and 
over a large area. 

In this report, then, we have examined the vulnerabiliti:es and possible 
hazards posed by oil and natural gas systems in Utah's earthquake environment. 
Since there are differences in both the types of facilities and the handling 
of oil (petroleum) products and natural gas products, these have been examined 
separately .tn the report. In the case of oil products, attention has been 
given to transmission pipelines carrying the product from oil fields to re
fineries and to the refineries themselves, including the storage of the products. 
In the case of natural gas systems, attention has been given primarily to the 
transmission of the product from gas fields and to princ.tpal components of 
the distribution system. Storage has not been a consideration for natural 
gas supply in this report. 

Vulnerab±lity analysis in this report is based upon damage to oil and 
natural gas supply systems caused by earthquakes in other regions of the nation 
and the world. Although quantitative data is scarce regarding such vulnera
bility, there is a fair amount of qualitative information that may be used to 
study how earthquakes of different strengths have affected the various compo
nents and facilities of such systems. These data allow one to estimate degrees 
of expected damage to the systems under different earthquake intensities, 
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and when such information is compared with estimates of seismicity in Utah, 
one can draw provisional conclus~ons regarding vulnerability and risk. 

In this report, we do not go beyond a qualitative seismic analysis of 
oil and natural systems in Utah. In other words, the report contains no quan
titative information. Nonetheless, the qualitative analysis leads to identi
fication of those elements of the oil and natural gas systems most vulnerable 
to earthquake damage from wh±ch one may derive appropriate remedies for risk 
containment. 

Recommendations made herein for earthquake risk reduction to oll and 
nab1ral gas systems generally are of a policy type rathe·r: than technically 
specific. Technical answers to identified conditions of vulnerability are 
left to the separate owners and operators of oil and natural gas systems. 

'!'he vtew represented in this report is that the general pur.pose of safe
guarding public safety, health, and welfare cannot be left just to the operators 
of oil and natural gas systems. There exists an overriding public interest 
tn the safe operation of these systems, and to some extent also in the contin
uing operation of the systems. In this regard, while the Seismic Safety Ad
visory Council has not observed significant deficiencies in the safe operat±on 
of these systems in Utah, there are, nonetheless, good reasons to set forth· 
public poltcy declarations. First, the fact that reasonably safe and reliable 
operation of the systems occurs today does not necessarily imply that the 
same will be true in the future. Second, increasing activity in energy ex
ploration .Ln the State may result in new.oil and natural gas businesses and 
new facilities, some of which may be by new operators. In such cases, guide
l.tnes of State expectations fc">r public safety seem entirely appropriate. 
The basic ele1nents of such policies are set forth conceptually in the recom
mendations contained in this report. 

The Seismic Safety Advisory Council urges adoption and implementation 
of the recommendations contained herein. 
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SECTION 2 

SUMMARY OF FINDINGS 

Principal findings resulting from the seismic risk assessment of oil and 
natural gas systems in Utah reported herein are identified without elaboration 
or extensive discussion in this section. More detailed information is provided 
in Sections 3 and 4. Section 3·provides a general overview of earthquake 
effects upon oil and natural gas systems, using information drawn primarily 
from damage assessments of systems in other parts of the world that have been 
subjected to earthquakes. In Section 4, general information about earthquake 
damage is applied more directly to oil and natural gas systems located in 
Utah, with particular attention given primarily to systems along the wasatch 
Front, the most populated area of the State. Recommendations for earthquake 
risk reduction to oil and natural gas systems are presented in Section 5. 

Emphasis in this report is given to life safety considerations as a con
sequence of the hazardous nature of oil and gas products. Discussions gener
ally are separate for oil systems and natural gas systems, since the types 
of facilities and their functions are somewhat different. However, in both 
cases the hazards of explosion and fire constitute the most significant risk. 

Earthquakes pose life safety and health problems for oil and natural gas 
systems in several ways. One such hazard is found at refinery facilities for 
petroleum which, at least in Utah, are located relatively near developed and 
populated areas. Spillage, resulting from earthquake damage, and consequent 
fire danger is one such problem. Noxious and explosive fumes that might spill 
over from refinery facilities, from storage tanks, or from pipelines which 
transport the products present another problem. Still another problem occurs 
in the distribution system of a natural gas supply system which poses dangers 
of explosions if lines are ruptured at service connections to buildings or 
within the buildings themselves. These types of possible failures are addressed 
in the detailed sections of this report. 

Because fire and explosion hazards are inherent problems for oil and 
natural gas systems which cannot be avoided, either on a daily basis or as 
might be caused by earthquakes, one general conclusion of this report is that 
emergency planning procedures to cope with potential disasters of this type 
provide the most feasible earthquake preparedness action. While there also 
are appropriate actions that can be taken in some instances to mitigate the 
hazards of oil and natural gas systems, these are somewhat limited since the 
hazard posed by the volatile nature of the products cannot be avoided. 

OVerall, no significant deficiencies were discovered in this study which 
make oil and natural gas systems more hazardous in earthquake conditions than 
are faced routinely and daily by the operators of the systems. Since such 
hazards are ever present, the operators of these systems are found to have 
organized their planning and operations to avoid, or at least make manageable, 
possible disasters. In the case of oil refineries, storage tanks are diked 
to contain spills in compliance with standard prodecures of the industry and 
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tn compliance with standards set by the local government jurisdictions in 
which the facilities are located. Oil refineries and the principal natural 
gas supply operator of the State retain emergency crews that are trained and 
available to respond when line ruptures and/or spillage occurs. 

Principal findings of this study are listed below. Importance of the 
topic was not a basis for the list sequence, and readers will note that the 
findings are listed more or less in order of their appearance in the discussion 
sections of the report. The oil and natural gas systems described herein 
have been viewed mainly i:n terms of public safety. Consideration has not been 
given the economic loss that might result to the facilities or the oil and 
gas products, although such losses could be severe for the operators and owners 
in the case of strong earthquakes. 

Earthquake Response Of Oil And Natural Gas Systems 

Surveys of past earthquakes that have affected oil and natural gas systems 
confirm the observations made above--namely, that fire hazard is the most 
significant risk faced at such facilities in earthquakes. Fire and explosion 
hazards result primarily from ruptured tanks and broken pipes used to transport 
the products. Failed seams of storage tanks, broken inlet and outlet connec
tions, and ruptures in aboveground and underground piping systems are the 
primary sources of the fire and explosion hazards. 

Data from past earthquakes indicate that system failures commence pre
dominantly at earthquake Intensity VIII levels, although poorly constructed 
or unanchored tanks may show distress and consequent spillage at Intensity 
VII. Most primary pipelines transporting oil and natural gas products are of 
a welded-steel type which are fairly resistive to damage from earthquake-induced 
ground vibrations, although the possibility of pipeline rupture at fault cross
ings cannot be overlooked. 

Evidence thus indicates that oil and natural gas systems are vulnerable 
to damage by strong earthquakes and are less likely to suffer significant 
damage by small to moderate earthquakes. Damage thresholds for such systems 
appear to be in Intensity VIII or greater regions, with the damage becoming 
more severe as the earthquake intensities increase. 

Seismicity In Utah 

Seismicity is common in most of the State of Utah with the possible ex
ception of the easternmost portion. The most severe and frequent earthquakes 
historically have occurred along a central region extending from the north 
central border to the southwest border. This seismic region is a part an 
area that has become known as the Intermountain Seismic Belt. Geologic evi
dence suggests that severe seismicity in the future most likely will occur 
within this same region, with the Wasatch Fault zone being the zone of greatest 
risk. Although the probable frequency of strong earthquakes is expected to 
be very low, the Wasatch Fault is said to be capable of producing earthquakes 
in the 7.3 Richter magnitude range. This correlates roughly with earthquake 
Intensity IX levels. Earthquakes .i!n the 6+ :RXchter magnitude range not only 
have occurred in historic time in the State, but Utah can expect to experience 
more such events in the future. This Richter magnitude correlates roughly 
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with Intensities between VII and VIII. 

From the above general summary of seismicty in Utah, it may be concluded 
that earthquake strengths in the range potentially capable of causing damage 
to oil and natural gas systems are possible within that portion of the State 
coincident more or less with the Wasatch Front region. Principle primary 
oil and natural gas systems are located within this region, and pipelines 
carrying the oil and gas products traverse the State, crossing fault zones as 
they pass into the most seismically active region. 

Mitigation Of Earthquake Damage 

Although it does not appear to be possible to preclude risks of fire 
and explosion associated with severe earthquakes, there are actions that can 
be taken to reduce the frequency of occurrences, to insure against fire and 
explosion hazards in small to moderate earthquakes, and to reduce the chances 
of major conflagrations as might be caused by strong earthquakes. Valves at 
fault crossings of primarly pipeline systems provide a means for prompt control 
of spillage. Greater care in the design of tank anchorage, greater attention 
to buckling characteristics of tanks under lateral load conditions, and flex
ibility at inlet and outlet connections help to reduce the possibility of 
spillage. 

Experiences from earthquake damage in other regions have shown that mobile 
homes and other structures not permanently anchored to the ground by means of 
foundations show a high frequency of displacement and failures of temporary 
supports. Rigid connections where natural gas supply lines enter structures 
are susceptible to displacement and pose an especially high life safety risk. 
There are techniques, such as use of flexible connections, to combat this 
type of hazard. 
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SECTION 3 

EFFECTS OF EARTHQUA~p UPON 
OIL AND NATURAL GAS SYSTEMS 

In order to estimate the expected ~mpacts of earthquakes upon Utah o~l 
and nat~ral gas systems, ~t is f~rst necessary to rev~ew the vulnerab~l~ties 
of o~l and natural gas system components to ea.cthquakes generally. After de
scrib~ng the effects to such systems caused by earthquakes in other regions, 
the general earthquake situation in Utah is described ~n order to determine 
whether or not expected earthquakes can cause damage to oil and natural gas 
systems, and which components might be more susceptible than others to se~smic 
damage. 

EARTHQUAKE HAZARDS TO OIL AND NATURAL GAS SYSTEMS 

Oil and natural gas systems are of general ~nterest and concern both 
because such systerns ace "l~feline" systems, that ~s, they are vital to the 
functioning of urban centers, and because disrupt~on of such systems ~n an 
earthquake can lead to extens~ve f~re damage, one of the most costly forms 
of damage ~n past earthquakes. 

F~res were respons~ble for extens~ve damage not only after the San Fran
c~sco earthquake ~n 1906, but also after the Great Kanto (Tokyo) earthquake ~n 
1923, the Long Beach (Cal~forn~a) earthquake ~n 1933, the Fukui (Japan) earth
quake of 1948, the Morocco earthquake of 1960, the Alaska earthquake of 1964, 
and the N:i:igata (Japan) earthquake in 1964. At least some of the f~re damage 
following such earthquakes has been ascribed to o~l and natural gas systems-
e~ther due to oil spills or to gasoline tank ruptures. 

In the 1933 Long Beach earthquake, for ~nstance, seven of n~neteen fires 
have been ascribed to gas service failures. Th~rteen explos~ons at broken 
cast-iron gas pipes were reported ~n Tokyo during the 1923 Kanto earthquake. 
Damage to Un~on 0~1 Company tanks ~n the 1964 Alaska earthquake led to spills 
of con:tb•~stible l~qu.i:ds and to a fire that burned for three days. 

One fire in Niigata burned for 350 hours. The f~re ~s believed to have 
started from sparks when a float:i:ng tank roof coll~ded w~th the tank wall. A 
total of nine fires started in N~~gata, f~ve of wh~ch spread, but only two of 
wh~ch caused conflagrations. Besides refinery faciLities, the fires burned 
numerous other structures ( [2], p. 172; [14], P• 331; [15], pp. 385, 386, 395, 
397; [19] I P• 282). 

Fa~lures have occurred, then, at refinery tanks and ~n gas pipelines, and 
such fa~lures can lead to conflagrations. 

In oil systems, from pi:peline to tanks and refineries, only some of the 
structures are susceptible to damage. 
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Oil shipped by highway or by rail can be halted when transportation systems 
are disrupted. Underground oil pipelines appear to be vulnerable only to 
special site-related hazards, such as ground ruptures, landslides, liquefied 
soils, or to differential movement at the point of connection to other facili
ties. In other words, in contrast to buildings, tanks, and almost all other 
structures, oil pipelines have not been damaged by ground-shaking, except 
perhaps where there has been a difference in the dynamic properties of two 
horizontally adjacent soil layers. In the San Fernando Valley (Calj!fornia) 
earthquake of 1971, two petroleum pipelines separated at various points, but 
only minimal leakage occurred when emergency shutdown procedures were activated. 
In earthquakes generally, damage to petroleum pipelines has been rare ( [1], 
P• 65; [9) I PP• 121, 122; [16] I PP• 3, 4; [17] I P• 124; [18] I P• 126; [19] I 

p. 283). 

The vulnerability of pump stations for oil and gas systems depends, of 
course, upon their design and location relative to earthquake occurrences. But 
any facilit.les dependent upon power are subject to at least a temporary shutdown 
after an earthquake and so need auxiliary means of power if the operation is to 
continue. 

Data about tanks containing combustible materials reveal sugges·tJ.:ve pdt
terns in earthquakes. Using a survey by Robert D. Hanson of 21 such tanks 
affected by the Alaska earthquake, the following.patterns are observed (Cf. 
[14] I P• 332). 

o Of six tanks with heights greater than diameters, two col
lapsed, and the other four had extensive buckling of the bottom 
wall. One of those four had a break at the wall-to-bottom plate 
weld. 

o Another tank with a height of 48 feet and a diameter of 49 
feet buckled :tn the bottom wall. Bottom-wall buckling occurred 
to only one other tank. For tanks with lower height-diameter 
ratios, chief failure modes were roof damage, rafter damage, dam
age to roof and ·top-wall connections, and damage to roof support 
columns. 

o No damage occurred to three tanks known to be empty. 

Surveys made of water tanks affected by the San Fernando Valley earthquake 
add indirect evidence relevant to the seismic perforrnance of tanks storing 
combustible materials. The scale of earthquake strength used here for giving 
a rough assessment of the potential effects of earthquakes upon human works 
is the Mod.ified Mercalli Intensity Scale (tvUH), which ranges from I to XII. A 
more complete account of the scale is given in Appendix A and also upon PP• 
202-205 in [22) , and attempts to correlate the MMI scale with ground acceler
ations are found in [21]. One water tank, affected in an Intensity VII to 
VIII region, buckled as a result of overload stresses caused by differential 
settlement and foundation failure. Otherwise, tank failures occurced in aceas 
affected at least at Intensity VIII and generally above. The evidence does 
not determine whether high height-diameter ratios or high intensities were 
controlling factors for buckling near the bottom wall. Severing of external 
connections was commonplace ( [1], pp. 135-148). 
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In the same earthquake, the only damage to refinery tanks was in the form 
of dislocations of floating roofs and minor tank seepage. Just as buried water 
reservoirs seem to be vulnerable to damage only at Intensity X and above, so 
there was no major damage to underground refinery storage tanks ( [1], PP• 65, 
66, 135-148). 

The four major problems for storage tanks, then, appear to be: 

(1) Potential buckling resulting from poor s.lt1ng. 

(2) Circumferential buckling of lowest sidewall course. 

(3) Roof damage, such as damage to roof seals. 

(4) Rupture of external connections, the "most frequent" cause of 
oil spills ([9], pp. 122, 123). 

Such ruptures of external connections have occurred in numerous earthquakes 
([11], P• 31). 

In addition to tank failure, the other main source of fires following 
earthquakes has been rupture of gas lines. 

Data about breaks or leaks in natural gas pipelines come from the exam
ination of sever.al earthquakes: The San Fernando Valley earthquake of 1971, 
the Niigata earthquake of 1964, the Great Kanto (Tokyo) earthquake of 1923, 
the Miyagi-Oki (Japan) earthquake of 1978 (7.4 Richter magnitude), the Tokachi
Oki (Japan) earthquake of 1968, and the Haichen earthquake in China (7.3 Richter 
magnitude) in 1975. Since existing data are found only in an imperfect form, 
only provisional and general conclusions can be drawn (Cf. (1], PP• 59-63; [2], 
P• 176; [8] I P• 126; [11] I P• 31; [12] I PP• 399, 400; [13] I PP• 3370, 3373, 
3374; [20] I P• 345). 

The damage rate for cast-iron gas pipes appears to be about 1/2 that for 
cast-iron water mains at Intensities VIII and IX, and to be about the same as 
for water mains at Intensity x. Roughly speaking, water mains tend to have 
damage rates of about one break per kilometer in Intensity VIII areas, and 
higher rates in higher intensity areas. In the Great Kanto earthquake of 
1923, damage rates for cast-iron gas pipes exceeded nine breaks per kilometer 
in extremely high intensity regions of ground rupture rtrld liquefaction. 

In other earthquakes, welded-steel gas pipes generally have performed 
considerably better than water mains, except in highest intensity areas. In 
the ~tigata earthquake, small diameter (100-200 mm.) welded steel pipes failed 
at a rate of 0.77 breaks per kilometer in Intensity VIII to IX regions. In 
the Tokachi-Oki earthquake, the damage rate to welded-steel pipes was only 
0.05 failures per kilometer. In the Miyagi-Oki earthquake, the damage rate 
was a mere 0.017 failures per kilometer. In the Haichen earthquake, larger 
diameter (530 mm.) pipes had 0.31 failures per kilometer, whereas smaller 
diameter (50-100 mm.) pipes had a damage rate of 1.6 failures per kilometer. 
In the San Fernando earthquake, damage rates rose to as high as 5.6 breaks 
per kilometer, and generally hovered around one break per kilometer in In
tensity IX and X regions. In Intensity VIII to IX areas, the overall damage 
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rate was 0.64, with the following rates at given horizontal accelerations: 

400-500 cm./sec.2 
350-400 cm./sec. 2 

300-350 cm./sec.2 

0.85 
0.40 
0.12 

Hence, welded-steel pipes can leak even in Intensity VIII regions, but most 
leaks tend to occur in Intensity IX and above areas. 

Steel pipes with screw joints suffered numerous leaks in the Niigata 
earthquake and breaks at rates of 0.5 to 1.0 per kilometer, which were much 
higher than those for welded-steel pipes in the Tokachi-Ok± earthquake. 

Gas service pipes in the San Fernando Valley earthquake had damage rates 
.:tbo•lt the same as those for larger steel pipes and in the Miyagi-Oki earthquake 
had slightly higher rates than those for larger steel pipes. The severely 
affected portion of the distribution system fn the San Fernando Valley ea.r-th
quake was chiefly in the Intensity X regions. 

In the Miyagi-Oki earthquake, much higher damage rates occurred for pipes 
in cut-and-fill areas_, and in areas ·bordering bedrock and less cohesive soils. 

In summary, tank failure and gas line ruptures are known to be possible 
from a survey of past earthquakes, and such failures can lead to extensive 
secondary damage. The extent of gas line ruptures depends upon the type of 
pipe used and the earthquake intensities at which the pipe is affected, as 
well as site-related factors. Tank failures also depend upon the height
diameter ratios and soil foundations. Ruptures of tanks can be expected at 
external connections due to relative movement at higher intensities unless 
external connections are provided with special flexible joints. Other com
ponents of oil and gas systems dependent upon power, such as pump or heat:t:ng 
stat.ions, m~y be expected to be without power for at least some ti1ne after 
an earthquake of moderate size (Richter magnitude 6.0 or above). Still other 
components, such as buildings o:r: st~cks, need to be viewed in the light of 
their lateral load capacities. Buildings can be addressed in accordance with 
the parameters developed on a methodology presented and described in other 
reports. 

The future earthquake vulnerability of oil and natural gas systems thus 
depends significantly upon the expectat.ion of earthquakes that affect such 
systems at Intensity VIII or above. In areas where earthquakes are not expected 
to produce such intensities, oil and natural gas systems appear to be secure 
from earthquake damage, except perhaps for damage to any unreinforced masonry 
structures, for. localized power outages, for corroded pipe, for poor:ly s.tted 
tanks, or for any facilities not designed to resist lower horizontal forces. 

UTAH'S EARTHQUAKE ENVIRONMENT 

Locations in Utah vary considerably in terms of expected seismicity, and 
so in terms of expected damage to oil and natural gas systems. The seismic 
zonation map of Utah contained .in the most recent ed:t:t.ion of the Uniform Build
ing ~ indicates, for .instance, that a large portion of Utah lies in an area 
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of high seismicity, a zone 3 region, whereas other portions of the State lie 
in zones of lesser seismicity (See Figure 1). More recent research has indi
cated that a slightly different arrangement of seismic macrozones is warranted, 
and that, in locations close to the Wasatch fault, even more seismic activity 
is expected in the future than has been recorded in the limited historical 
past. The new zones are outlined in Figure 2. 

In Figure 2, the zone of highest expected seismicity is Zone U-4 followed 
by Zone U-3, Zone U-2, and then Zone U-1. A large portion of eastern Utah 
lies in a zone of negligible expected seismicity. 

In Zone U-1, the maximum expected earthquake, based upon the historical 
record, has a near-field Intensity VI ( [5], p. 17). Such an earthquake could 
damage some oil and natural gas facilities, but most oil and natural grJ.s system 
structures, including equipment, should be undamaged. Hence, not much direct 
earthquake damage to oil and natural gas systems is expected in Zone U-1. 

So, the only zones where much expected damage should occur are Zones U-2, 
U-3, and U-4. 

In Zone U-4, the maximum expected earthquake, based upon geological evi
dence, is an epicentral Intensity X. Such an earthquake could damage some 
components of oil and natural gas systems. 

In Zone U-3, the maximum expected earthquake is an Intensity IX, as based 
upon historical records. Here, again, such an earthquake could damage certain 
types of facilities in oil and natural gas systems. 

In Zone U-2, the historical record indicates that VII is the maximum epi
central intensity ([5), p. 17). Such an earthquake could damage unanchored 
equipment, gasoline pipes in very poor condition, and some bu~ldings. But 
such earthquakes ace not likely to have much effect upon oil and natural gas 
systems generally, unless some critical components happen to be impacted di
rectly. 

Another way to compare seismic zones is to examine expected earthquake 
recurrence intervals. However, estimated recurrence intervals for the different 
zones may be misleading unless one takes into account the diverse sizes of the 
zones. Zone U-1 is about 261,000 sq. krn., Zone U-4 is only about 14,000 sq. 
km., Zone U-3 .is about 29,200 sq. krn., and Zone U-2 is about 76,400 sq. krn. 

Table 1 indicates the expected recurrence intervals of epicentral inten
sities equalling or exceeding the given intensity somewhere w.ithin the zone. 
If one recognizes that recurrence intervals for g±ven intensities located in 
the zone are a result of either having epicentral intensities in the zone oc 
attenuation from earthquakes lying outside the zone, then one can bear in mind 
that the intervals in Table 1 do not take into account attenuat±on from the 
outside zone. 

Not all earthquake epicenters are expected to lie close to oil or gas 
facilities or structures. But, Table 1 indicates that large earthquakes are 
expected that could damage vulnerable facilities. 
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Given the wide differences in area among the various zones, a more d.trect 
measure of the vulnerability of a given facility or piece of equipment comes 
from estimates of recurrence intervals for intensities equalled or exceeded 
at s.i:tes r<l.rldomly chosen within a given zone. 

Table 2 indicates clearly that sites in Zone U-4 are considerably more 
susceptible to levels of ground-shaking that cause damage. At the same time, 
structures and equipment that are designed to resist the effects of lower in
tensities are much less likely to suffer damage. 

In summary, not only does Utah have considerable seismicity, but certain 
portions of Utah have much more expected sei:s•nic.i.ty than others. When recent 
geological evidence is added to historical records, only California clearly 
has a higher expected seismicity among the contiguous United States than the 
seismicity in Zone U-4, a macrozone that compares in seismicity even to por
tions of Nevada and other high risk areas of the United States (Cf. [15], pp. 
17, 18, plus adjustments in the methodology). 

In the next section, findings concerning the general vulnerability of 
components of oil and natural gas systems and concerning the seismicity in 
various portions of Utah will be applied to more specific data about the lo
cation and types of components of oil and natural gas systems i:n Utah. Concen
tration upon components in Zones U-4 and U-3 is largely just:tffed as a result 
of the comparatively low seismictty in other parts of the State, where recur
rence intervals are extemely long. 
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SECTION 4 

VULNERABILITY ANALYSIS 
OF UTAH OIL AND NATURAL GAS SYSTEMS 

AND MITIGATION CONSIDERATIONS 

The only previous surveys of the possible seismic response of oil and 
gas systems in Utah were in conjunction with the u.s. Geological Survey (USGS) 
study on possible earthquake losses in the Salt Lake City area [3] and an in
house examination by Mountain Fuel Supply Company of its transmission lines 
crossing the Wasatch fault [4] • The chief purpose of the USGS study was to 
provide worst-case scenarios of eathquake losses for use primarily as a publ±c 
information document regarding risk distribution. The purpose here is to 
survey the earthquake vulnerability of oil and gas systems in Utah in order 
to determine whether preventative (mitigation) progr~ns can be feasibly under
taken that would lessen the impacts of future earthquakes upon these systems 
and, if so, to identify public policies that would facilitate such actions. 

As indicated in Section 3, primary oil and gas system facilities and 
structures of concern lie in those Utah regions of highest seismicity, which 
are also the most densely populated areas within the state. In this section, 
descriptions of oil pipelines, of oil refineries, and of the principal natural 
gas system in Utah are given ±n· that order. 

To date, with the except±on of the Pineview oil and gas fields in seismic 
Zone U-3, major Utah oil and gas ffelds are outside zones of significant seis
micity (See [25] ). Since future developments of oil and gas fields may occur 
in more seismically active zones, these require studies of earthquake effects 
to collection and transmission or transportation facilities that are not treated 
here. 

OIL PIPELINES 

As indicated in Section 3, underground oil pipelines appear to be vulner
able only to special site-related earthquake hazards such as ground ruptures, 
landslides, liquefied soils, or differential movement at their points of con
nection to other facilities. Dependency upon power also entails a possible 
need for auxiliary sources of power to maintain supply in the event of an 
electrical outage. 

Figure 3 presents a rough outline of major oil pipelines in Utah in terms 
of the major seismic zones. Figure 4 presents a sketch of those pipelines in 
relationship to the Wasatch fault in Davis County, the principal area of con
vergence of major lines in the State. As Figures 3 and 4 indicate generally, 
some fault-related hazards do and must exist for pipelines that extend from 
eastern portions of the State or from Wyoming into Davis County, because these 
lines necessarily must cross the fault zone. In fact, once into the region 
west of the Wasatch Mountains, these pipelines run parallel to the fault zone 
for considerable distances. 
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Information on the Pioneer pipeline was gained from telephone conversa
tions with Steve Theede, engineer with the pipeline company. Pump stations 
for the pipeline are located at Sinclair, Tipton, Pilot Butte, and Union, 
Wyoming, and are outside zones of significant seismicity. The pipes, laid in 
place in about 1952 in accordance with American Petroleum Institute standards, 
have manual, motor-operated valves at the abovementioned pump stations. As 
Figure 4 indicates, the pipel±ne crosses the Wasatch fault at the mouth of 
Weber Canyon. In addition, the pipeline may be vulnerable to site-related 
damage where it extends up Weber Canyon near the Weber River. The line runs 
at high pressures between 1,800 and 1,900 psi. 

Chevron has two pipelines of interest, a 10-in. line which first enters 
Utah in Uintah County running predominantly in a westerly direction and an 
8-in. line that enters Utah in Box Elder County running predominantly in a 
southerly direction. Both pipelines converge in Dav:i:s County. 

According to Jerry Brower, engineer on the Chevron line, the 10-in. lines 
were constructed in 1949 and 1955 and are of welded steel. Heating pumps are 
located at twenty-five mile intervals in Kimball Junction, woodland, and Han
nah. The furnaces are fired off crude oil, and the pumps have a backup engine. 
Pumping is needed to overcome frict.t:onal losses in the lines. All pumps are 
located outside and have steel shanty control buildings. Pressures vary in 
the lines from 500 to 600 psi at Kimball Junction to 100 psi near Salt Lake 
City. According to Chevron's geophysical studies, the pipeline appears to 
cross the fault near L:i:ve Kiln Gulch in Salt Lake County and not near Victory 
Road as the l:i:ne proceeds to the refinery in southern Davis County. There are 
automatic valves installed near Red Butte so that a rupture in Live Kiln Gulch 
can be valved. Velocity of flow is a mere 3 to 4 miles per hour. 

The Chevron 8-in. line is completely computerized for leak protection, 
and the 10-in. line is due to be likewise programmed. The 8-in. line traverses 
Hansel Valley near the Hansel Valley fault but does not cross the Wasatch fault. 
In Davis County, the line is close to the ra.Uco~d right of way. A pump station 
exists near the Utah-Idaho Valley, where the line could be valved if there 
were ruptures in Hansel Valley. 

An 8-in. Amoco pipeline runs parallel to the Pioneer pipeline. According 
to Kevin Andehn, engineer for the Amoco pipeline, the line goes up the south 
wall of Weber Canyon. A telemetering station is located in Casper, Wyoming. 
There are hand-operated blockgates in Woods Cross, and in Farmington, near 
Devil's Canyon, and near the mouth of Weber Canyon. The blockgate near the 
mouth of Weber Canyon, near a gravel pit, appears to lie in an area of faulting 
( Cf. [ 26] ) • 

In summary, all four major oil pipelines in Utah appear to cross an act.ive 
fault at some point. In addition, there are undoubtedly other site-related 
hazards that exist, given the extent of different geological conditions that 
the lines traverse. Speci:fic but potential hazards in Weber Canyon, an area 
generally known to be unstable, are relatively unknown. Apparent problems may 
exist near the mouth of Weber Canyon, but, given the lack of mapping of geo
logical hazards in Utah, other potential problems are speculative. It appears 
that Chevron has provided valves that probably would be adequate for coping 
with ruptures at known faults. Automatic valving is preferred at points before 
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the lines cross known faults. 

According to the USGS report on earthquake risk in the Salt Lake City 
area, if the lines that provide fuel for the Salt Lake City airport and Hill 
Air Force Base are rQptured, emergency operations would be hampered since fuel 
for airplanes would need to be trucked ( [3], P• 292). The possible rupture 
of such lines, though, does not lead to mitigatfon measures unless alternative 
routes or more resistant pipes were available. 

OIL REFINERIES 

Figure 5 shows the location of f.i:ve major refineries i:n Davis and Salt 
Lake Counties. Figure 6 shows that the Wasatch faQlt lies close only to the 
Amoco refinery near Victory Road. Additional information from Bruce Kaliser, 
engineering geologist at Utah Geological and Mineral Survey, indicates that 
the Phillips refinery may be in an area of upwater ground water seepage, a 
condition that might create l:iquefaction problems during an earthquake. 

Background information about regulations and practices for construction 
of refineries comes chiefly Erom Gary Mciff, Salt Lake City Fire Department, 
and Richard Harvey, Administrator, Environmental Health Division, Davis County 
Health Department. 

According to Mr. Mciff, the Amoco refinery may be as safe as any other 
refinery in the country. Furthermore, the company has taken affirmative action 
to control leakage.of underground pipelines :in order to keep contaminants or 
combustibles off the water table. Developed and populated areas are generally 
separated from the refinery, and the closer neighborhoods are at a higher 
elevation. According to EPA regulations, a separator is required for all 
flammable liquids. Amoco has its own fire brigade, and Salt Lake City ordi
nances are very stringent on requiring dikes around storage tanks of flammable 
products. In addition to being able to contain the contents of the largest 
tank in the compound, Salt Lake City ordinances require a 6-in. freeboard for 
the dikes so that foam products used in firefighting do not cause a spillover. 
Recovery systems also can pull flammable contents back into the refinery and 
send refinery water into the Jordan River. 

Accord:ing to Dave Pingree at the State Fire Marshall's office, refineries 
in Davis County employ the Flammable ~ Combustible Liquids ~ [27] • Accord
ing to Section 2-2.3.2 of that code, impounded li:qui:ds should be diked, or in 
an impounding area that has a capacity "not less than that of the largest tank 
that can drain into it" ([27], P• 20-25). Hence, the code requirement for 
dikes provides some protection against spillage, although not enough protection 
against spillage from several tanks that could rupture in a great disaster. 

According to Richard Harvey, further protection is afforded by the fact 
that refineries in Davis County, like the Amoco refinery in Salt Lake County, 
are relatively isolated from residential neighborhoods. Commercial areas are 
somewhat closer, although they are still relatively remote from the refineries. 
In most cases, problems that could exist as a result of earthquake disaster 
would be confined to the refineries themselves. 
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The Husky and Chevron refineries are very isolated from neighborhoods. 
Of all the refineries, Phillips is the closest to residences. The refinery 
adjoins a trailer park, and other residences exist somewhat close to the re
finery. 

One problem for neighborhoods and commercial establishments could occur 
if liquid petroleum gas were somehow to escape from vessels and the vapors 
were to be blown by winds from the southwest. Trapped gases in houses could 
cause explosions. According to Gary Mciff, such an escape of vapors is a 
remote problem. The vapors are heavier than air and would remain in the im
pounded basin if the air is calm. Even if the wind were blowing, the vapors 
also dilute in a short period of ti:me. Sparks from railroad tracks that are 
close to all of the refineries could ignite such vapors so that trains possibly 
would need to be stopped. Generally, only confi:ned vapors pose a problem (in 
the form of flashovers, or rapidly spreading flames). 

According to Noel DeNevers, Professor of Chemical Engineering at the 
University of Utah, liquid petroleum gas has proved to be lethal, but moreso 
when transportation is by rail or truck than in regard to refinery accidents. 
Such gas cannot be smelled or seen and can lead to deflagrations. Hazards 
increase when the vapors are trapped in houses or other areas where flames may 
ignite them (such as by a gas water heater). Winds generally dilute such 
gases, and precise rates of dispersions can be calculated given release rates 
and wind velocities. 

According to Bob Moss, safety engineer at the Chevron refinery, 3-in. to 
4-in. welded-steel l~nes run into the propane and butane (LPG) pressure spheres. 
Check valves are automatic on the lines going in, and a fusible link exists 
on lines going out. Although the Chevron refinery has not experienced a major 
leak, Mr. Moss did admit that a break, say, in the outlet, could lead to a 
major fire hazard, especially if winds were relatively calm. 

According to Spiro Bavelas, engineer at the Caribou refinery, the facility 
was constructed in 1968 and was designed for seismic forces in accordance 
with Zone 3 standards of the Uniform Building ~· Some flexibility exists 
in connections to storage tanks for thermal expansion and contraction. Tanks 
may be anchored by virtue of excavations 2 feet into the soil so that the 
round base is restrained by the soil against lateral movement. However, all 
but four tanks (32' x 87') have high height-diameter ratios. Recent Caribou 
design practice, at other facilities, is to have diameters less than heights. 

Information about the Chevron refinery was gained both from a telephone 
call to and a tour of facilities with Curtis Anderson, engineer. The Chevron 
refinery was first built in the late 1940's, and was expanded in 1955, 1958, 
1961, and 1972. Extensive soil investigations took place before facilities 
were constructed. Some of the tanks have height-diameter rati:os that approach 
or barely exceed unity, but most such ratios are low. Current design practices 
appear to be adaptations by the Chevron engineering offices of Uniform Building 
Code standards to the special requirements of refinery facilities. Major pipe 
ways run through the facilities and have flexible loops for thermal expansion. 
Rigid connections may exist at tanks. Spherical pressure tanks contain liquid 
petroleum gas. The refinery also contains six power di:stribution substations 
designed by Utah Power & Light Company and a reservoir that can contain up to 
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1,000,000 barrels of petroleum. According to Bob Moss, safety engineer, com
munications within the facility are mainly lXffiited to the use of telephones. 

In general, then, this brief survey of oil refineries finds no known 
special design problems that are relevant to earthquake safety. Some of the 
tanks and other facilities may have been constructed in accordance with seismic 
standards of their day, although this cannot be concluded with certainty. A 
large earthquake may be expected to damage some of the facilities, but problems 
that may arise should be confined to the facilities themselves, where potential 
safety concerns exist on a daily basis. One problem that may extend beyond 
refinery fences is that of flashovers in neighborhoods as a result of liquid 
petroleum gas leakage. Such a problem should be given some attention by 
those who have more int.l.mate knowledge of wind patterns and the behavior of 
such vapors. Should such a problem be real, it is not known whether any design 
practices could mitigate the problem, and evacuation of neighborhoods may need 
to be a part of e1nergency planning. 

According to the USGS report on a major earthquake in the Salt Lake City 
area, the "probability of major fires and pollution, caused by pipeline breaks 
and damage to refineries, is h.fgh" ( [3], P• 292). Except for certain measures, 
though, such as use of flexible connections at tanks, or use .of larger dikes, it 
is not known what improvements could be made in design or other practices in 
order to avoid such a problem. The isolation of refineries from neighborhoods 
and commerical establishments strongly suggests that most problems resulting 
from any earthquake disaster will be confined to the refineries themselves. 
While such losses to facilities and petroleum products might cause severe hard
ship to the private companies and to users dependent upon the products, this 
sort of risk is a part of any operation that deals with hazardous materials. 

NATURAL GAS SYSTEMS 

In Utah, the only natural gas system located in zones of significant 
seismicity is operated by Mountain Fuel Supply Company. Northwest Pipeline 
and Utah Gas Company serve Moab, and El Paso Natural Gas and Utah Gas Service 
Company serve both Monticello and Vernal. Otherwise, all Utah cities that 
receive natural gas are served by Mountain Fuel Supply Company [6] • 

The USGS study of earthquake risk in the Salt Lake City area suggests 
the upper limit of loss that may occur in an earthquake, given the present 
scatter of data on gas pipeline response, present understanding of tectonics 
of the Wasatch front, and current distribution of pipelines. In the USGS 
study, in which a strong earthquake is postulated to occur in near proxi'mity 
to Salt Lake City, two transmission ltnes were deemed likely to rupture at 
fault crossings, some damage was speculated for pumping stations, and a max
iinum of 380 breaks were estimated in mains and services (190 breaks in mains), 
320 of which are in Salt Lake County ([6], pp. 278-282). As the evidence in 
Section 3 indicates, numerous breaks in natural gas lines could occur in In
tensity IX and X regions. So, emergency preparedness programs are needed by 
the operators in the event of an earthquake as large as that postulated in 
the USGS study. 

Most of the ~nforrnation about the Mountain Fuel Supply Company system 
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was provided by A.J. Marushack, vice president of operations at Mountain Fuel 
Supply Company. 

Figure 7 provides an outline of the Mountain Fuel transmission system as 
it relates to seismic macr.o>::•>rles i..r1 Utah. At present, most of the storage and 
supply lies outside zones of significant seismicity, although new discoveries 
north of Coalville could place some supplies :i!n Zone U-3. 

Only six stations or storage facilities lie in zones of significant seis
micity. The three older stations are the Salt Lake or Sunnyside station, the 
Sunset station, and the Coalville station, all built in 1929. The Salt Lake 
and Sunset stations now serve as city gate stations, that is, stations to 
shift flows from the transmission to the distribution networks. The Coalville 
station, having a brick veneer structure, serves as a border station where 
major transmiss:lon lines break off to Weber County, Davis County, and Salt 
Lake County, respectively. In an assessment of the Salt Lake or Sunnyside 
station, the USGS report indicated that building collapse would not likely 
damage transmission lines and valves ([3], P• 280). Mr. Marushack similarly 
claimed that the lightness of the abovementioned structures likely would pre
clude damage to the very strong pipes. 

Th.e storage near Coalville is a tight aquifer that has been studied by 
USGS. The other facilities in zones of significant seismicity are the Allen 
station and the Lark station, both booster stations and both built in the 
1960's in accordance with Uniform Buildin~ Code standards at the time. Each 
booster station has standby power. 

Pump alignment at the booster stations may pose a problem if either 
station is affected by a major earthquake. The Lark station may be more 
cr:lt:lcal since two turbine-driven boosters are mounted on heavy-duty skids. 
Such skids are known to jump around in earthquakes. At the Allen station, 
one unit has similar problems, but two other units are integral compressors 
grouted to a reinforced-concrete block which in turn is secured on a reinforced
concrete mat. The two integral compressors are likely to move with the block 
in the event of intense ground shaking. 

As Figure 7 implies, natural gas transmission lines must cross the Wasatch 
fault at various points. Some of the places at which transmission lines are 
in the fault zone of deformation are as follows: 

--Sunset Measuring Station 

--2200 North near the Warm Springs fault in Salt Lake City 

--3500 South in Salt Lake City 

--7000 South in Salt Lake City 

--Near the Point of the Mountain 

--Between Salem and Price 

Fault crossings also may occur near Wellsville, near Brigham City, and near 
the University of Utah. In the distribution system, numerous lines cross the 
fault up and down the Wasatch Front. Hence, in any earthquake large enough 
to rupture the ground, some pipes can be expected to leak, at least in the 
distribution system. At the same time, evidence about displacements, magni
tudes and pipe leaks at least suggests that if earthquake intensities and 
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magnitudes are large enough to result in fault offsets, leaks resulting from 
ground shaking also are ltkely (for part of the evidence, see [28], pp. 70-73). 

Since flows in the transmission system generally move in one direction, 
system redundancy is somewhat limited in the col,lest months when demand for 
gas is large. Loss of any one of the four main transmission lines proceeding 
westward f"Co1n Coalville would lead at least to a temporary loss of natural 
gas supply, and the other lines would not be able to feed those areas affected 
by the lost lines. Similar ~e,na. r.ks can be made for the line from Carbon County 
to Utah County. For ten months of the year, however, use of gas is much more 
limited, so that possilbe system redundancy is greater once interruptible 
customers are cut off. 

Another possible source of concern, presumably dealt with to a lesser 
extent on a daily basis by Mountain Fuel crews, is the operation of distribution 
regulators, which monitor demand downstream. If a leak occurs downstream, then 
the regulators increase flows, because they sense an increase in demand. So, 
in the expression of A.J. Marushack, a downstream break leads the regulator to 
"feed" the break. Since crews in Salt Lake City alone hd.rldle an average of 
five distribution breaks per day, it appears that crews already are prepared to 
cope with the effects of pressure regulators, at least under normal circum
stances. An earthquake event would simply increase the :lumber of breaks to 
be repaired. 

Numerous control valves exist in Fhe Mountain Fuel system. In the trans
mission system, valves are strategically placed so that ruptures from fault 
movements can be isolated. In the distribution system, not only is there one 
valve per house, but there also are numerous oth~r valves so that blocks of 
approximately 5,000 service connect.tons can be isolated. The transmission line 
is monttoced "tlltomatically so that rapid changes in pressure can be identified, 
and so that leaks can be distinguished from changes in demand. In the distri
bution system, a similar monitoring mechanism is being installed, although 
r::l.pj.:d c:::ha.nges in demand occur more frequently and are somewhat more difficult 
to distinguish from leaks. 

The monitoring mechanism in the transmission system does not necessdr.tly 
identify simultaneous breaks until the first b~eak has been repaired. The 
longest shutoff time for a break, according to A.J. Marushack, has been 14 
hours. To repair main lines, special crews must be dispatched from Salt Lake 
City or from Rock Springs, so that it may take more time to repair a trans
mission break in Cache County or Box Elder County than in other areas closer 
to the crew dispatch locations. 

According to Mr. Marushack, a large inventory of pretested pipe is readily 
ava.Lldble, if only to handle leaks that occur routinely. In addition, there 
is at least 40 feet of each size of transmission pipe available in Salt Lake, 
Coalville, or Green River. This small quantity of transmission pipe could be 
:LnddP.<JUate for a major earthquake. 

Two types of pipe are used in the Mountain Fuel system, welded steel and 
polyethylene. Welded steel is used for all piping systems that operate above 
60 psi and currently for all piping with diameters of 6 inches or larger. The 
polyethylene pipe used, according to Mr. Marushack, is as strong and ductile 
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as welded-steel pipe. Butt fusion is used to join pipes. Further flexibility 
to movement is achieved as pipe is "roped" from one side of a two-foot trench 
to the other. Whether such flexibility is maximal, especially at fault cross
ings, is a technical question to be "lnsweced by a treatment of more recent 
alternative designs for pipelines crossing faults (Cf. [7], [8], [9] ). 

Connections in houses and other residences have only limited flexibility. 
Thus, they are susceptible to rupture caused by d±fferential movement of build
ing and soil. some concern exists especially for mobile homes, where differ
ential movement has posed hazards in past earthquakes. 

Another source of possible system interruption is the Mountain Fuel control 
room located in the main offices in Salt Lake City. The eight-story office 
building was constructed in 1954 before standards for earthquake design were 
much used in Utah. It is possible that a severe earthquake could severely 
damage the building and lead to dysfunction of the system control room inside. 
However, should the control capabilities be lost in Utah, duplicative monitor
ing capabilities foe the transmission system also exist outside zones of sig
nificant seismicity. 

The overall seismic vulnerability of the principal natural gas system in 
Utah can only be est1mated roughly on the basis of data conveyed in thi:s and 
the previous sections. 

Given the information .i:n Table 1 and Figure 7, one may reasonably presume 
that the vulnerability of the natural gas system is associated mostly with 
the level of seismic.i:ty in Zone U-4. 

At Intensity VIII, some pipe leaks may be expected to occur, although 
estimates of numbers of leaks would be speculative. The number of leaks could 
lead to disruption of service for some neighborhood, but may not cause more 
than crews already are prepared to handle on a daily basis. Earthquakes of 
Intensity VIII, according to Table 1, are expected every 39 years in Zone U-4. 

As Intensity IX levels are reached, more breaks are expected, even for 
pipes of the quality used in the Mountain Fuel system. In addition, such in
tensities can cause breaks in the transmission system. According to data in 
Table 1, an earthquake of Intens.ity IX may be expected to occur every 133 
years. Were such an earthquake to affect, say, one or more of the transmission 
lines extending west from Coalville, and were such an earthquake to occur 
during heating seasons, some areas might need to plan upon being without heat 
until lines are repaired. 

Every 450 years, an earthquake large enough to cause extensive damage to 
the natural gas supply system might be expected. Such an earthquake lltight 
have fault offsets large enough to rupture even two of the four main lines 
extending west from Coalville, or else the line leading from Carbon County 
into Utah County. In addition to requiring repairs on the transmiss.ton system, 
such an earthquake also could cause extensive damage in the distribution system. 
The 380 breaks postulated in the USGS report appears at present to be an upper 
ltmit on earthquake damage to the distribution system, although improved in
formation on natural gas system response to earthquakes that may be developed 
in the future should be used to arrive at a more definitive upper limit. A.t 
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any rate, such an earthquake likely would lead to a shutdown of major parts 
of the system for many hours. In addition to possible fire hazards posed by 
such an earthquake, water pipes may freeze if the event occurs during cold 
weather, and gas fireplaces will becryne ~~seless at least until the system is 
restored. 

Evidence thus suggests that the natural gas supply system in Utah is in
herently vulnerable to large earthqU.akes that may occur over long spans of 
time. Emergency procedures ace thus extremely important in order to mitigate 
secondary hazards, such as fires, that may result. According to A.J. Marushack, 
Mountain Fuel Supply Company has a "comprehensive emergency plan which encom
passes natural emer.ger:tcies." 

Appropriate mitigation measures that can be taken now appear to correspond 
fairly well with those already undertaken by Mountain Fuel Supply company. 
Further :l.:nvestigations might be undertaken to increase flexibility or redundancy 
within the transmission system where it is located in fault zones of deforma
tion, and further investigations might be made of service connection vulnera
bility, especially foe 'nobt:le homes. But, most attention, it appears, needs 
to be placed upon emergency procedures, including public safety awareness 
programs similar to those already undertaken by Mountain Fuel Supply Company. 

MITIGATION AND PREJ?A.RE:DNESS CONSIDERATIONS 

Topical design practices for construction of oil and gas systems, and 
routine hazards that are managed in conjunction with such systems, support a 
general conclusion that they are vulnerable generally only to large earthquakes. 

Only minor weaknesses in design practices were uncovered in this study. 
Possible weaknesses in storage tanks, pipe connections at points of likely 
differential motion, and natural gas service connections for mobile homes are 
the most noteworthy. As knowledge of seismic design and of Utah's seismic 
environment increases, further weaknesses may become more apparent. Even to
day, some of the desigr1 practices used in such systems are outmoded, but costs 
associated with retrofitting vulnerable facilittes, such as tanks, can be 
prohibitive, especially when ri:sks are uncertain. 

Given the quality of design practices .l.:n Utah's oil and gas systems, much 
of the attention to earthquake safety therefore should be directed towards 
emergency procedures that lessen the secondary effects of such large earth
quakes. 

At Intensity VIII, some natural gas leaks may result from ground shaking, 
and some problems may occur at refineries, and are likely to be confined to 
those refineries. 

At Intensities IX and above, however, since ground displacements and 
effects from other geological hazards can occur, both oil and natural gas 
systems are vulnerable to earthquake losses. But, with proper emergency pro
cedures, such losses or service interruptions may be reduced. Use of fur:thec 
geological knowledge and of present technical earthquake design practices also 
may aid to some extent in reducing expected losses. 
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one geological area of possible concern for both oil and natural gas 
pipelines is weber Canyon which has unstable characteristics. Two oil pipe
lines and one major natural gas pipeline run through Weber Canyon and exit 
across a fault zone of deformation. In a study of geological hazards in Morgan 
County, Bruce Kaliser has identified landslide areas. Although the exact 
location of pipelines is not known, the data produced by Mr. Kaliser suggest 
that landslide areas may affect pipelines near Gateway and Enterprise ( [29], 
figures 9, 15). At the mouth of Weber Canyon, pipes may run in alluvial and 
Lake Bonneville sediments, where there are geological hazards from north of 
Enterprise t<) St<)rldard ( [29], plate 2). Areas of mudstone, sandstone, ,,Mr:-1, 
~nd conglomerate present the most hazardous conditions. 

One other potentially hazardous geologic condition has been observed in 
a few instances that is common to ~11 h1.1ried utility lines, including those 
carrying o:ll ~nd natural gas. The condition occurs as a result of excavation, 
such as for surface mining of gravel, next to buried lines. As a consequence, 
if the walls of the excavation are steeply sloped and unstable, a sharp earth
quake potentially could cause loss of so.:i:l support for the line in an area 
that once was secure from earthquake damage. Thus, local governments that 
issue permits for such excavation have a responsibility in safeguacdtng exist
ing buried lines, as do the operators of the utilities. 
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SECTION 5 

RECOMMENDATIONS 
FOR REDUCING EARTHQUAKE RISK 

TO OIL AND NATURAL GAS SYSTEMS 
IN UTAH 

The following recommendations result from a study of the expected impact 
of earthquakes upon existing oil and natural gas systems and facilities in 
Utah. The study, titled "Seismic Risk Assessment Of Oil And Natural Gas Systems 
In Utah," provides information upon the extent and nature of hazards posed by 
earthquakes to oil and natural gas facilities and systems. The recommendations 
that follow are based upon the findings of this study resulting from particular 
consideration of such systems in the State of Utah. 

Although natural gas is a utility product of special importance to most 
communities in Utah, the temporary loss of such supply that might be caused by 
a severe earthquake appears to be of secondary importance when compared with 
the life safety and public health hazards associated with the product. Conse
quently, life safety and health considerations for oil and natural gas systems 
have received the greater amount of attention in this report and in the recom
mendations which foll.ow. 

Earthquakes pose life safety and health problems for oil and natural gas 
systems in several ways. One type of hazard is found at refinery facilities 
for petroleum products which, at least in Utah, are located relatively near 
developed areas. Spillage, resulting from earthquake damage, and consequent 
fire danger is a major potential problem. Noxious and explos~ve fumes that 
might spill over from refinery facilities, from storage tanks, or from pipelines 
which transport the products present another type of problem. Still another 
problem occurs in the distribution system of the natural gas supply system 
if lines are ruptured at service connections to buildings or within the build
ings themselves. 

Because fire and explosion hazards are inherent problems for oil and 
natural gas systems which cannot be avoided, either on a daily basis or as 
might be caused by earthquakes, special attention to emergency planning, pre
paredness, and response to such dangers appears to be the most effective means 
to prepare for eventual earthquakes, although there also are appropriate actions 
that can be taken in some instances to mitigate the hazards. 

OVerall, no significant deficiencies were d:i:scovered i!n th:i:s study which 
make oil and natural gas systems more hazardous in earthquake conditions than 
operators of the system face routinely and daily. Hence, the recommendations 
which follow are intended more to highlight appropriate preparation and miti
gation actions than to imply that particular deficiencies exist in any of 
these areas. The recommendations should be considered as policy guidelines 
intended to establish a level of performance for systems in the State rather 
than an indication of existing gross deficiencies which should be corrected. 
Recommendation 4, dealing with natural gas service connections to mobile homes, 
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which past earthquakes in other regions of the nation have shown to be partic
ularly vulnerable to earthquake damage, is an exception to this general statement 
about the group of recommendations. 

1. It is recommended that earthquake safety policy pertaining to 

oil and natural gas systems in the State emphasize the import

ance of emergency ·planning and preparedness to reduce life 

safety and health dangers posed by fire, noxious fumes, and 

explosions that might result as secondary effects from 

earth~akes, and that operators of oil and natural gas systems 

be called upon to demonstrate that such emergency planning 

and training of personnel is a continuing activity. 

Study findings indicate that operators of ofl and natural 
gas systems in the State of Utah are very much aware of the 
fire, noxious fumes, and explosion dangers associated with 
their products and that routine procedures exercised on a 
daily basis by the operators are so designed to cope with 
such problems. Study findings further indicate that designs 
for the oil and natural gas systems take into consideration 
these hazards and that established national and local stan
dards pertinent to safeguarding against the hazards are 
followed. As well, for those operators of systems whose 
operational plans were examined during this study, none were 
found to be lacking in emergency planning procedures and 
safety operations. While the investigations for this study 
were by no means comprehensive, it nonetheless must be 
noted that no significant deficiencies were discovered. This 
policiy recommendation therefore should be viewed as an im
portant guideline for the future which establishes State 
concern that possible problems be considered. The recommend
ation should be utilized as a means to represent public 
concern about the problem and to maintain the attention of 
oil and natural gas systems operators in their future 
activities and operations. 

2. It is recommended that standards be established for storage 

tanks of petroleum products to include consideration of tank 

anchorage to foundations and the design of improved earth

~ake resistance at inlet and outlet connections to the tanks. 

This recommendation is made in recognition that storage 
tanks appear to be especially vulnerable to earthquake damage 
as a result of anchorage techniques, or the lack of anchorage, 
and also as a result of differential movement between tank 
and ground which affects the inlet and outlet piping connec
tions. Ruptures at tank bases and at inlets and outlets 
result in spills of the hazardous products which can be 
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avoided, or at least reduced in frequency of occurrence, 
through improved design. 

3. It is recommended that pipelines carrying petroleum and natural 

gas products be valved at or near all crossings of known or 

suspected faults. 

This modest expense in the overall cost of a pipel±ne 
system would provide a means for prompt control of potential 
spillage at fault crossings, thereby mitigating a risk which 
normally cannot be avoided. 

4. It is recommended that the Public Service Commission establish 

standards for natural gas service connections to buildings 

and structures that are not permanently secured to the ground. 

Studies of earthquake damage in California reveal that 
mobile homes and other structures not permanently fastened 
to the ground or not on permanent foundations have high 
susceptibility to displacement and support failure. In 
those instances when natural gas supply is connected to the 
mobile home or other temporary structure, the likelihood 
of supply pipe rupture is very large, especially when rigid 
piping connections are used. Such a problem can be signifi
cantly reduced by means of a flexible connection between 
the ground and the structure so that when it shifts, as it 
probably will, the gas supply line is less likely to be 
ruptured. 
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Seismic 
Zone 

Zone u-1 
Zone u-2 
Zone U-3 
Zone U-4 

Cummulative 
Recurrence 
For All 
Four Zones 

TABLE 1 

EXPECTED RECURRENCE-INTERVA.LS (IN YEARS) 
OF EARTHQUAKES WHOSE EPICENTRAL INTENSITY EQUALS 

OR EXCEEDS THE GIVEN INTENSITY SOMEWHERE 
IN THE GIVEN ZONE 

Intensity Equalled Or Exceeded 

X+ IX+ VIII+ VII+ 

3,300 770 200 56 
900 190 50 14 

1,250 260 65 11 
450 133 39 12 

223 56 15 4 
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4 
4 
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Seismic 
Zone 

Zone U-1 

Zone U-2 

Zone U-3 

Zone U-4 

TABLE 2 

RECURRENCE INTERVALS (IN YE!RS) FOR 
INTENSITIES EQUALLED OR EXCEED~~ 

AT SITES RANDOMLY CHOSEN WITHI~ 
GIVEN SEISMIC ZONES 

In tens !:t l!es Equalled Or 

X+ IX+ VIII+ 

Exceeded 

VII+ 

1.7 X 105 29 X 103 

106 67 X 103 10 X 103 2,000 

5 X 105 90 X 103 8,200 1,300 

15 X 103 2,400 620 180 
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A8A10GED 
MOC:IIF£0 MERCALLI INTENSITY SCALE 

Sot fd' aet'p& by a ll'ft)' few unds ~Ialiy 
fuourable eire•~•-

•. rl, ... ,. by • ,_ ~ a& ... apm.Dy -
upper loon el k? s z• Dftirately 1111811 mded objeda_,...., 

Felt !l.ne DOCireeW, ..._., e!!p('Cially - upper I may rock llichlly. , .• ,,,.,;.,"like r--"« oltrwrit 
loon el buildiep. ._ _..,. prople do IIIICIC. rec- Duration eaimat.rd. 

opia it uaa ~"- &a.di~~tr .otorcara 

O..nac the tta7 rett ~ bJ _,,......_.by I •tinn like WsYJ trurk strilti-c huiklnlc. ~ ...... 

few At •icht - a..UC'IIN. DiMes. ~Ddew-. in« mot.,r care rork.rd nol irf'SI .. y. 

ciftot'W disturbed; .-alB -It" nnakinc i.ound ~-

, ..... -·· .....,_., -· ............... I Di.turilant"e ol tl"l'f'S, pnlr8 and ut~r tall ol•irrt• 
~ windo..., "'· ..... ~;a r- ....._,.., mmetimft notinod Pe-ndulum rlnri.s _,. Ill ... 
rrwtted pluUr; .....,. elljftta eftltw..._ 
FMt by aD; _.,. r.;,pt._., Mil ._ -tdoon.. 
.S..nor lora•·y f11miture -";a ff!'W H.taMa ril 
fall~n pla~trr or ....,... dli.M)' 

·~ ..Jocllt. 

r....,......,.----... -"'I c:oaaWeraWe in .-.n.r louiiL er haoD~ ,.........,. 

..... t.ta.r of .:·10d ...... aiMI ~; ...... , "'rurtu""; -ae rioiiiiiiC')"S """'"' Jlkotin-d h~ 

to _..rate: ill ·~ ....._ry lll....tva; Jll'"l'ftS driYillc mnccw r:ars. 

m . ~....._. lla~ slltht • l&nlrtulft; •·.a ft1( rhi~·!', iarf11r,t llfac·u, ...., .. .;.,., -t-
fOitstdenble ia ..,..._,., tlllhltantial t.ilda .. p _,.,., wall!o. 11.-a•·.r funoilllft' o.-f'rtu,....,l. Suod 
•• , h ,.artial eollapor; &rat ...... ,. bedt .,__ and •ud rJf"drd 1n ,.., .. u a•-"'' .,. .... _-
hm-.o l'anrl • alh u. .... • -& ol ,,._ •rurturt"S. we-ll .. atc-r. r,.,_..,. dri•·inc niOC...- ra,.,. •h•lnrl•-.1 

.IX 
11-sn:~ conside-rable ia .,.a.Jiy dorsicM'd partial CQII&f-. llu1ldmK" slufl,..l off h"uulat'""'' 
•tn.cturM, •rll ·~ r,._ lltrvrtu,.., thrown Ground c,.ckrcl rt>ll"fJK"IlftCI'IiY t· ....... , •• ...,..j 
...... , .. : rl•onllo; &rnc .......... &alt.ui .......... h pipc:slorok.-

X 

-· ""·'~"' ·- ........ ~ .... ..,..., , ..... ·~-.. ~·""'~'·k ·- .......... mo-t ln4-•nr,t UMI r- _.I'W"t .. ,.... ..,...,,.Jf'd and llt...-p ...._ Sluflrwl sand and IIMid w.,,... 
••th fnunolat-.o, ~ ~ c,.tt,..l haibo !lpluhrd ( ..... .,.-d) o•rr loanlt8. 

~d1f1ed Merullt lnteAslty Selle 1fter Wood 1nd ~nn. 1931. (Inten
sities X:. and III not included). 

~9~1tude 1nd lccelerition v1lues taken f~ Nucle1r Reactors 1nd tarth
qualte;, TI0-7024, United States AU.ic Energy C~ission. 
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