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Dr. James L. Calver

State Geologist & Commissioner

Dapartment of Conservation & Economic
Development

Natural Resources Bulilding

P.0. Box 3667

Charlottesville, VA 22903

Dear Dr. Calver: -

The Veterans Administration has undertaken an ex-
tensive program to evaluate the selamic resistance of its
exisgting hospitals. A major emphasis is a realistic evalua-
tion of the selamic risk at each site. The site evaluation
studies were performed by leading consultents and reviewed by
the Geologiocal Burvey.

Encloged for your information is a copy of ocur new
publication, "Earthquake Resistant Design Requirements for VA
Hospital Facilities', and copies of the site evaluation studies
for the VA Hospital, S8alem, Virginia.

We hope this information will be useful in your work.

Bincerely,

LT

V. P. MIIIER
Agsistant Adminigtrator
for Construction

Enclosures
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INAL REPORT

UATION SURVEY
VETERANS ADMINISTRATION HOSPITAL

» VIRGINIA

‘ ta aeecordanee wilth euJ propesal of May 13, 1972, end prier discussaiens

m (VA)L a site evaluation survey has been con-

tration Hospital located on a 266-acre site over-

|
l#oking the city of Salem, Virginia, approximately one mile west of the city of

R?anoke, in the Roanoke Valley.
aéd seismologiéal characteristi
evaluation of the maximum earth
the planned life of the facilidt
quake is hereafter referred to
viated as MEE.

The general procedures
tent with our proposal and gene
entitled, "Seismic and Geologid
Practically all of the data and
prior reports by E. D'Appolonia
in the area, work of State and

in the literature.(l_lo)

No ne
requested by the Veterans Admir
10 CFR Part 100 is that the teq
Shutdown Earthquake (SSE) are

by the definition of the Maximq

Particular emphasis is placed on geological
cs of the site with the main objgptive being an
quake which might reasonably be expected during
This earth-

y and its frequency of occurrence.

as the "Maximum Expected Earthquake' or abbre-

utilized In this evaluation survey are consis-
rally follow Appendix A, 10 CFR Part 100

Siting Criteria for Nuclear Power Plants."
information used in this report are based on
Consulting Engineers, Inc. (EDCE) and others
Federal geologic surveys and other documents

w borings, laboratory tests, or in situ velocity
d as these are not part of the scope of work
istration. The main exception to Appendix A,
ms Operating Basis Earthquake (OBE) and Safe

ot used or considered in this work as suggested

m Expected Earthquake. 1If one wished to compare
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earthquakes predicted for the

design of a nuclear power plant with that

postulated herein, it i1s expeqted that the MEE would have a peak ground

acceleration equal to or slighitly less than an Operating Basis Earthquake

(OBE) at the same site. °

The following sectiond of this report describe the regional

and local geology, the site sdismicity, the general site conditions and

the expected behavior of the floundations. Finally, conclusions and

recommendations resulting fron the survey are presented in the last section.

2.0 SITE GEOLOGY

2.1 Regional Geology and Tectionics d

Salem is located in squthwestern Virginia in the Roanoke Valley,

one of several northeast—trenéing valleys alternating with highlands

in the Valley and Ridge Proviﬁce of; the Southern Appalachians. This

topography has developed on Cg
i
?hich were thrust faulted and

1
#rogeny. Relief of several hu
|

.
%ndfvalley bottoms in the ared

i ; The region of interd

%irginia and West Virginia ang

#nto the three zones listed bé

i
i Coastal Plain

mbria%:and Ordovician sedimentary rocks
folded in the late Paleozoic Allegheny
ndred feet is common between ridge summits
st includes parts of North Carolina,

éan be conveniently divided geologically

low:

Crystalline-Metamorphic Zone

Overthrust Zone.

ihe two western zones, the Crystalline-Metamorphic Zone and the Over-

thrust Zone, are of primary importance to this investigation as shown
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on Fig 1., 1In this area, the C&ystalline—Metamorphic Zone can be divided
i
into several belts based on the degree of metamorphism as follows:

i
a. The Eastern Slate Pelt d. Inner Piedmont Belt and

‘ Danville Basin (Triassic)
b. The Carolina Slate| Belt

, f e. Brevard Belt
c¢. The Charlotte Belt;

f. Blue Ridge Belt.

i

/ The rocks in these zonks have been subjected to compression
|

l .

qrom the northwest-southeast diirection, producing a series of thrust

ﬁaults and folds whose axes arg aligned parallel to one another in a

northeast-southwest direction,| i.e. normal to the direction of compression.
e

| ; ;
Numerous thrust faults have begkn mapped in the Overthrust Zone as seen

on Fig 2. These faults and mo%t of the known faults in the Crystalline-

! . 3
Metamorphic Zone are associated with the formation of the Appalachian

Mountains in Late Paleozoic time.

The exact age of the d%formation is not definitely known, since the
youngest Ordovician rocks in t!e area are affected. Elsewhere, the deformation
affects Mississippian rocks suigesting a post-Mississippian age. Deformation
occurred in episodes, probably! all of which occurred during the Late Paleozoic
Era, but may have occurred as late as Triassic time.

During the Triassic Period, nonsmarine sediments were deposited
above the metamorphic rocks of| the Crystalline-Metamorphic Zone in grabens

such as the Danville Basin, apbroximately 55 miles southeast of the cite.

These Triassic basins may be the result of release of compressicnal forces

which formed the Appalachians {or tension associated with the opening of

3

the Proto Atlantic Ocean. Lathr the Triassic deposits and the older under-

|
b
lying metamorphic rocks were iktruded by a system of northwest-trending
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| ? .
%iabase dikes and were cut by porthwest—trending normal faults-in late
\ |

Triassic time. Some of the older faults within the Crystalline-Metamorphic

Zone way have been reactivated;at this time.

Since Cretaceous timp, marine sediments of the Coastal Plain

have been deposited over the Pbleozoic metamorphic basement. These

|
sediments thicken toward the sPutheast and effectively mask any ancient
faults in the buried basement.

The names, distancesj and directions from the site and the

probable age of the faults shﬂWn on Figs 2 and 3 are listed below:

Name Distance-Direction Probable Age E
From Site |
Brevard Fault 30 Miles SE Late Paleozoi:
Max Meadows Fault vl Mile N Late Paleozoic
Salem Fault v2 Miles N Late Paleozoic
Gold Hill Fault 3 95 Miles S Late Paleozoic
Miller Fault j 10 Miles NW Late Paleozoic
i
Saltville Fault#* : 45 Miles W Late Paleozoic
Hunter Valley Fault 150 Miles W Late Paleozoic
Pine Mountain Fault 60 Miles W Late Paleozoic
Holston Mountain Fault | 4 125 Miles SW Late Paleozoic
:and Branches**
;Fries Fault** ! 2 Miles SW Late Paleozoic
;Blue Ridge Fault## ; Z{Miles SE Late Paleozoic
§Pulaski Fault* and i 9:Miles NW Late Paleozoic
| Branches 5

AT g R A P Saadas.
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Name Distance-Direction Probable Age
From Site

{
|
i

St. Clair Fault ¢ 30 Miles W Late Paleozoic
{

Rantueky River Fault ;lﬁO Miles W Late Paleozoic

Zone

Rough Creek Fault Zone 230 Miles NW Late Paleozoic

Richmond Basin 1125 Miles E Triassic

Triassic, Deep River 110 Miles SE Triassic

Basin, N. C. and S. C.

Triassic, Danville 50 Miles SE Triassic
Basin, N. C.

Unnamed Triassic Basins 75 Miles E Triassic
of Eastern Virginia

Culpepper Triassic
Basins

135 Miles NE Triassic

}
i
i
|
A
g
*Note: Several additional unnamed branches of these faults exist closer
to the site. I

*%Note: The Holston Mountain Fault, Blue Ridge Fault and Fries Fault appear
interrelated as suggefted on Figs 2 and 3, but actually represent
different thrust sheets.

H
The first 15 faults ?nd their branches are associated with the
formation of the Appalachian Mpuntains in Late Paleozoic time. The
‘ i

| i
Blue Ridge and Fries Faults apparenély form a fault complex with the
| 4 :

i i
Holston Mountain Fault and its! branches to the south. In the immediate

W
"

ﬁlcinity of the site, the thrq%t faults are closely spaced and may be
i ;s
linked by comnecting faults such as the one between the Salem Fault and
\ i

the Pulaski Fault. Continuit%‘of horizons in the thick residual soils

| i
#hat blanket the region suggests. that there has been no displacement along
i
ﬁny of these faults during thé Tertiary or Quaternary Periods.
\

i e e AN
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All major faults of theiregion, such as the Blue Ridge Fault
2 miles zoutheast of the site, ar# considered inactive. Therefore,

there is no indication of any strictural hazard to foundations at the

site from a displacement point of‘view.

2.2 Local Geology

The Salem VA Hospital is located in the Roanoke Valley in

southwest Virginia, approximatelyjone mile west of Roanoke between the

Allegheny and the Blue Ridge Moun%aias. The underlying rocks in this

areg are the Cambrian Rome (”Wataﬁgb”) and Elbrook Formations. The Rome

I g, ‘
Formation consists of shale with *thin interbedded limestone and calcareous
3l
0 5.1‘
shale. The Elbrook Formation is ¢omposed of limestone and dolomite with

int%rbedded calcareocus shales as %hown on Figs 5, 6 and 7. The Rome

i i

e
B

ForqatiOn, which underlies the si&e is believed to be at least 900 feet
w i 3

thick. %The Elbrook Formation, whﬁch outcrops along the bank of the

)

k]

Roaﬁoke River and underlies much ?f the low topography of the Roanoke Valley

northeast of the site, weathers qﬁickly and forms a thin red residual clay
. [
i :

soil. %
' |

Subsurface soils informgtion furnished by the VA to EDCE consists
of boring logs and load test datg which were used for the design of
the.building foundations. The orfiginal data secured in 1933 were used
for Building Nos. 1, 2, 3, 4, 5, 6, 7, 13, 14, 15, 16, 44, 47, 50,

51, 52, 53, and 78. These borings were drilled 5 to 30 feet deep and

indicate that the subsurface material is approximately one foot of topsoil
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underlain by hard red and yell%w clay with boulders and shalc. Below
E1l 1055 near Building No. 2, sgft yellow and possibly moist clay was
encountered but no water tablgéwas dencted in the logs. Test pits duy
for Buildings Nos. 8, 9,10, lﬁ and 12 during 1935, 1937 and‘l939

indicate the subsurface materiFls in the area of the buildings are a

clay loam topsoil underlain bA hard red and yellow clay. The test pits
|

were relatively shallow to 12 Eeet deep, with the deeper pits encountering

{
!

gravel and/or rock. One augeq boring for Building No. 12 encountered
3

an anomalous 4~-inch layer of ﬁoapstonen Again, no water table was de-
’ {

noted in the log. | Y
Borings drilled in ﬁ943 and 1944 in the vicinity of Buildings

fos. 74, 75, 76 and 77 indicaﬁe the subsoils consist of a thin layer of
copsoil underlain by red and %ellow clay which becomes harder with in-
¢reasing depth and has tracesiof sandstone and shale. Apparently, water
was not encountered in these QO; to 15-foot deep borings.

i
Borings drilled in 1957 for Building No. 97, which is loceated

on an old floodplain of the Raanoke River, indicate the subsurface
material to be alluvium. The; 9~to 13-foot deep borings encountered

Yhighly compacted yellow browi te reddish brown silty clay containing

4
H

small amounts of coarse sand and pebbles." Twelve-foot deep test pits
dug in 1956 for the water tany indicate approximately one foot of top-
)
soil underlain by very hard r@d clay with sand and one-inch to three-foot
i

LJiameter rocks. Borings drilied during 1957 in the area of the grandstand

indizate soils similar tc thoge described above, with groundwater

encountered between E1 1030 and E1 1040.




L

i
i
t
|

éﬁjfzaxgééatwa%oZﬁ%aﬁaé@Q//éiéyﬁ&awu;UZZQ

o

3.0 SEISMICITY ' I

3.1 Local Tectonic Features

! .
As discussed in more dectail avove and as shown on Figs 3 and -,

a series of northeast-trending, long, linear thrust faults of considerable

horizontal displacement existé in the Salem area and to the northwest.
R U . .
Locally the area can be d1v1d%d into four blocks which are separated o,

. } .
the traces of three major thryst faults; the Blue Ridge, Max Meadows,

and the Salem Faults. The May Meadows Fault and the Salem Fault occur
!
within a few miles of the site and are considered inactive. These faults

H
i

are generally interpreted as low angle thrust faults; however, the Salen

Fault has been interpreted as' a high angle reverse fault.

‘:'l

In the general absehce of subsurface information, interpretations

b

i

of structure in the Valley an& Ridge Province of the Appalachians differ.

(D (2)

Rodgers and Gwinn support the hypothesis of '"thin-skinned" te.tcnics:
: )

i.e., the cover of Paleozoic sedimentary rocks, the '"thin skin" of the

13
. 'y
i i

\ . ¢ . . .
leartn's crust, was deformed by Paleozoic compressional stress, but the
; 1

)

%underlying basement rocks wer; unaffected. Sparse well data from rcunsylvania
! 7: .
15upport the hypothesis of bed?ing plane thrusts which break across sed-

ding and extend upward toward! tlie surface. Often, the leading edgc

iof these thrust slices is folbed. The major décollement is in the Lower
‘Cambrian incompetent units just above basement, but bedding plane tuarust
faults are similarly located klong incompetent units in the sequence of
Paleozoic sedimentary rocks.

On the other hand, j{the presumed inability of the Paleozoic

rocks to transmit forces suffficiently large to produce the large, observed
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Eole in the Valley and Ridge

predsure of interstitial fluid

of Hasement structures, Hubbert and Rubey
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|
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(3)

Province led Cooper to hypothesize that

defqrmation in the Paleozoic focks 1is continuous with and a reflection

(4)

have shown that high

s significantly reduces the magnitude of

shear stress required to prodyce faulting. Thrusting and folding of

Ealeozoic rocks can occur unde@r conditions of relatively low shear stress,

éspecially where units of cont
the mechanical objections to ¢
largely eliminated. Evidence
and it is probable that defori
Much more detailed subsurface

clear answers to this problem

3.2 Seismic History of the S;

rasting permeability are superposed. Thus,

he "thin-skinned" hypothesis have teen

can be cited in support of both hypotheses
hation of both types occurs in the Appalachians.
information will be required before any

can be found.

lem Area

The site lies in a 1
amount of earthquake activity
zones described previougly; n
Metamorphic Zone and the Over
Overthrust Zone just west of
which lies west of the Overth
epicenters, whereas the Overt]
numerous thrust faults and in
the seismic activity of the Q
‘can be characterized by sever
%western Virginia-West Virginﬁ

region which is characterized by a mocevate
and which can be divided into the several
amely, the Coastal Plain, the Crystalline-
thrust Zcane. The site is located in the
rhe Blue Ridge Belt. The Cincinnati Arch
rust Zone is relatively free of faults and
1rﬁst Zone consists of a complex systen of
~ludes many epicenters. As seen on Fig 8§,
verthrust and Crystalline-Metamorphic Zones

h]l seemingly distinct earthquake clusters--a

h ,cluster, a cluster near Asheville and the
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4 ﬂ2 is an isoseismal map of the
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Brevard Fault, the Triassic Bas

arid the Richmond Triassic Basin

hdve been noted along any of th

féw scattered earthquakes in th

Plain has experienced only a fe

area.

éi;néﬂﬁﬁejréééfuﬁnwmi.Jg;z 10.

in cluster 75 miles east of the site
cluster. No surficial displacements
pse faults., With the exception of a

S Carolinas and Georgia, the Coastal

w earthquakes outside the Charleston

According to Figs 9 and 10, the United States Coast and

Geodetic Survey placed the sitg
Environmental Science Services
a Zone 2 (moderate damage) ared

is near Charleston, South Carol

site.

in a Zone 1 (minor damage) area and the
Administration (ESSA) places the site in
. THe nearest Zone 3 (major damage) area

ina, which is located 320 miles from the

It is noted that the USC&GS map was originally prepared in 1948,

revised in 1949 and was made p

Building Code. In that same y

rt of the 1952 edition of the Uniform

ar, it was withdrawn by the USC&GS as

"subject to misinterpretation And too general to satisfy the requirements

of many users.”" Therefore, it

is presented here for information only

and should not be accepted as %n independant source of reliable data in

a way comparable to that which

the ESSA map might be treated. Figure 11,

which is an isoseismal map of the famous August 31, 1886, Charleston,

South Carolina, earthquake (Infensity MM IX-X), suggests that the Intemnsity

|

éf the Charleston earthquake was reduced to about V at the site. Figure

‘Intensity MM VII) of May 31,

ccur in Virginia. The isosei
\ 4

as PM VII. For reference pu

& o

resented on Fig 13.

!

[ - S

Giles County, Virginia, earthquake

897; |

the highest intensity earthquake to
; I ‘
éal *ap indicates the Intensity at the site

3ses, the Modified Mercalli Scale 1is
v i ' )

3
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Table I lists the earthquakes having a Modified Mercalli M

(AN

Intensity IV or greater which bave occurred within about 200 miles c¥
i
]

“ie site. The epicenters of earthquakes for this area are located ou

§

Fig 8 along wlith the faults sh?wn on Fig 2. Detailled descriptions of

carthquakes with epicenters cliuse to the site are given in Appendix A.

The worst earthquake% which have affected the site including

. { ) .
the New Madrid and Charleston events have been considered. The estimate

/

a

site Intensity has been determﬁned using the attenuation curves proviied

'

on Fig 14 and jisoseismal maps where available. The results are summarized

in the following table. ;

|
i
i
: :
Date Epicentral ; Epicentral Distance ! Estimated
Location | Intensity From Site E Site
i (Miles) | Intensity
! |
% |
1811-1812 1 13 earthquakes f XI1 550 | VI
New Madrid, Mo. 2 ;
| N36.6 W89.5 } |
‘ !
31 Aug 1856 | Charleston, South Carolina IX-X ‘ 321 \%
¥32.8  175.8 !
‘ ! i
31 May 1897 | Giles County, Virginia ' VIT* 37 ; VIl
| N07.3  W80.7 ; %
! ; .
22 Dec 1875 Arvonia, Virginia ; VII 83 } v
N37.6  W78.5 i {
. | |
23 Apr 1959 ; Virginia-West Virginia g VI 33 ! v
Border E %
N37.5  W80.5 ; !
25 Dec 1924 Roanoke, Virginia @ v Close to i v
| N37.3  W79.9 3 Site i
$

Seo Reference 28.
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Based on these considerations and the above tabulations, it

is apparent that the worst Inﬁbnsity felt at the site is Modified
‘ i

‘ i . R
Mercalli VII, which is associated with the 1897 Giles County, Virginia,
éarthquake. f

3.3 Maximum Expected Fartiquske Intensity

As seen on Fig 8, many of the earthquakes occurring in the
Cverthrust Zone may possibly b@ associated with faults. Therefore,
considering the location and extent of the faults and the proximity

i

LI the western Virginia-West Virginia cluster to the site, it is
reasonable to expect an Intens%ty VITI event might occur anywheré along
the Saltville Fault or an Inte&sity VII event might occur along the
other major faults in the areal, such as the Pulaski or the Blue Ridge
Faults. On the basis of this postulation, the maximum expected site
Intensity is VII as caused by a VII on a nearby fault or directly at

the site.

The relationship of beismicity to tectonics is poorly underscood

/
. . . . (5 . .
in eastern North America. Sbar and Sykes ) cite evidence to show tnat

et

the greatest principal stress {n eastern North America is a nearly-horizontal

ompressive stress which is directed from the east-northeast. The

nrientation of most mapped faults in the northeast is incompatible with

this stress system, suggesting:that mapped faults are inactive and relate

+
i
13
I

i an earlier stress system. ﬁowever, in the Appalachians, no simple
model can be fitted to the existing stress distribution. Uplift, remnant
»tresses and effects of sinking of oceanic crust on the continental margins

i

j
zre suspacted of interacting wjith the extant stress system to produce

C e . - . . 6
the observed seismicity in theAppalachian region. “Fox( ) noted that
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j
!

seismicity in the Southern Appdlachians correlates with areas where faultis
I

Lo . ‘ . 7

and intrusive rocks are present. Oliver and Isacks( ), and Sbar and

- (5) D . v

s kes suspect that seismiciiy in eastern North America may be localincca
| o (8) . .

2long unhealed fault zones. Wéolard could not ascertain any consictent

.zlationship of seismicity and,geologic or tectonic features, noting

t

specifically that in the Appalachians the trend of seismicity is oblique

* (9)

rather than parallel to geologic strike. Sbar, et al, from fault

;

4
slane solutions of minor earthquakes in the southern Adirondack Mountains
N

o

of New York, found that seismi%ity in that area was unrelated to any
]

{ ‘ 3 )
waown geologic structures. Thus, in the absence of observable displace-
ment, seismicity, though conceﬁvably associated with mapped faults, cannot

be definitely and unequivocably assigned to mapped faults in this area.

&
|
|
|

The cluster of epicéaters near Asheville and along the Brevard
Fault actually consists of anzintensity V event on February 10, 187+,
and five aftershocks in the next two months, plus two Intensity VI events
in 1226 and 1957 and an Intens%ty IV event in 1964. Even if one were

ro pestulate an earthquake with Intensity VI-VII for this cluster, the

i
gite Intensity at Salem would Pe considerably less than the postulared
i
|

avent discussed above.

The events associated with the Virginia Triassic Basin have not

xcecded Imtensity VLI and, thorefore, site Intensity caused by future events
}

3

in these Basins or the Richmond Basin further to the east are expected
to be less than the site Inteusity associated with the MEE postulated
sbeve.  Similarly, future everts at New Madrid or Charleston are expected

v0 cause lower site Intensitles than the postulated MEE site Intensity.
! .
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3.4 Trequency of Occurrence An is

Ui

Ly

-, »m s e

Tn accordance with VA'requests, the next step in the site

evaluation is to assess the freQuency of occurrence of the worst intcned oy
l
{

falt at the site and the frequehcy of occurrence of the Maximum Expected

Larthquake Intensity VII predicted above. It is generally believed by
|
t.e profession that there is inhdequate documented seismic history tc

i

predict frequency of occurrence or recurrence intervals, in the Unitad

as well as in other parts of the world where data exist for = longer
i
i

poriod of time.. Neverthelegs, the Environmental Science Services Admin-

istration (ESSA) has provided gome guidelines for these types of estimates

0)

ii. & publication by S. which EDCE has adopted for

this purnose. With some consideration given to focal depth, population

aitd geographic location, Algermissen makes use of the common recurrence

relationship of:

Ldg N = a + bI
i

vwiuere 4 1s the number of earth@uakes per year of Intensity I and "a' .nd

are statistically cevaluated constants asgsocrated with each geogrepnic

i

area. Using the statistically!evaluated constants and dividing by cthe

|
planar area of each of che geographic areas, ESSA provides the followin
predictions which are compared|with the actual occurrences within 200 miles

orf the site over a 197-year pefiod, as listed in Table I. Also, shown

in the last column are estimate¢s of the same figures if only the last

71 vears of data are considered.

|
|

i
b
|
[
!
(
|
!
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UAKES OF GIVEN INTENSITY
RS PER 100,000 12

[

(W

Actual

(197 Years of Data)

[pE.

N e
ARolbudl

(Last 71 Years of Data)

intensity ESSA
Prediction

V-V or VI 3.39
1\V-L—VII or VII 0.88
EVLL—VIII or VIIT 0.23
1VTII—IX or IX 0.062
iIX—X or X 0.016
ﬁL—XI or XI 0.004
| XI-XIT or XIT 0.001
{

|

3.50

0.48

0.16

0.0987

0.059%

0.047%

0.038%=%

*Derived from Charleston, Sout
“Interpolated from actual data
“Derived from New Madrid Earth

S

These data suggest that the ESSA predictions are in general
cgreement with the actual recurrence intervals,

n0re conservative than the ESSA predictions for

guakes of 1811-1312

the actual data being

1 Carolina, Earthquake of 1886

the earthquakes of higher

the actucl data listed above and considering the earth-

juakes which probably caused an Intensity VII at the site, EDCE estimates

ey e F
adit bl 4

requency of occurrence of such an event is once every 69 years,

if 167 years of data are used, and once every 69 years if the last 71 years

of data are

used.
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With respect to tue irequency of occurrence for the Maximurn

Eopected Earthquake (MEE) of idtensity VII, the results are identical

to those above and indica MEE of Intensity VII should occur onus

in 69

ko
i
|
veara if zither 197 yea: rF of data or the last 71 vears of data

|
It should be empha Lgea that our figures are based on inter-
i
polated values freom actual dati

|
&

and that the periods of recurrence cre

highly sensitive to the earthquakes of high intensity. This illustrates
;

the cifficulties that can be encountered with an actual data frequency-
i

—occurrence analysis.

3.5 DMaximum Expected Ground A¢celeration

i

. . I . . . ‘-
Given the postulated:site Intensity VII, it remains to predicct
the level of ground acceleration associated with the MEE. There are
numerous correlations relating intensity to peak hovizontal ground «c-

celeration, but that adonted by EDCE for the Salem area is shown on Fig 15.

From this figure, it is seen that a site Intensity VII would normally

3

howve a veak herizontal ground acceleration of .26 g. In our opinio

,

due to the DroxleLy of the site to revorted epicenters, the possible

crrers in locations of cpicenters and the possible inaccuracy in historical

)
'J

felt reports, we reconmend orizontal ground acceleration
of 0.12 g,
The peak vertical acceleration is usually takern as 1/2 tc 2/3

of the peak horizontal value. EDCE recormerds rhat 0.08 g be used as

1e peak vertical acceleration. These levels are considered applicable
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1o facilities founded cn rock or in shallow soil deposits, but not for
rnose founded in fill or allavial scils. It is alsc noted that a
response spectra for the site should consider high frequency wave content
due to the proximity of possible epicenters.

4.0  GFNERAL STTE CONDITIONS

«.1 Description of Site

The hospital comple:n consists of two quadrangles of buildings
separated by the administrative facilities and the dining facility as
shown on rig 15. Buildings Nos. 1 throuzh 16 and 120 were constructed
| |

in 1632 and include the west quadrangle and the administrative buildings.

Nos. 74 through 77 and 80 were constructed in 1944 and inciude

vhe cast quadrangle. With tho exception of Building No. 2, which has

f
tour stories, most of the quadrangle buildings as shown in Figs 17 and 18
are 1" shaped, of musonry cociastruction and founded on spread footinus.
i

Based on informntion gathered at the site from VA officizcis. on

Jun¢ 17, 1972, we understand thaat very few maintenance problems re.wosa U

T
jon
]
Fh
o
[
3
[oW
2
[
[N
o]
3
U
5]
3
oL
O]
ot
i
C

ctures have been encountered. This was perciely
§

confirmed by inspection of crawl spaces beneath several of the buildings.
2 ; : 1 .

aster was crocked and cne-fourth inch cracks were observed arcuiw

windows in Building No. 42. The cracking has beern associated with deforma-

tior: of a structurai Lecn, which has evidently been overloaded and susiected

to cquipment vibrations.
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The hospital is located on a terrace approximately 100 feet
above tne Roanoke River. As discussed above, a subsurface investigation
conducted by Olheérs indicates that the auhenils are predeminantly compact,
rod clay with shale and sandstone fragments. Thin, patchy alluvial ce-

posits of hard red silty clay and gravel appear on portions of the

aad were probably deposited at the time the Roanoke River flowed at

elevations. Stabilitv under static conditions does not appear to be a

problem with the slopes on the scuth and the east.

[

According to hospital personnel, 80,000 gallons of water 2ve
pumpcd once a week from the swimming pool to a large 40-foot depression
in the northeast corner of the site. The water immediately diseappears
into the substrata, sugegesting cavernous conditions. Considering the
aature of the Rome and Elbrook Formations, this is a distinct possizilizy

which chould be considered in future construction at the hospital. Tn

Roanoxe River being 100 feet below the site elevation suggests that :he

CJ !

caverns might be at the river elevation or lower, but this would require

test borings for confirmation.

Two water towers, one of 600,000-gallon capacity and one of

1090,000-gallon capacity are located on the site as shown on Fig 18-C

We understand that the 150-foor chimney shown on Fig 18-D is to be

4,2 Site Hazards

As noted in an earlier section, tne site is located near mapped

faults; however, these are not considered to constirute a serious
1

19}
".J‘
0t
[¢8]
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hgzatd as they are considered o?be dormant and not expected to cause
R | s 1. |
. s}rficial displacement of apprec}able magnitude. The swimming pool water
! |
m_? d%qusal area indicates the po*sibility of underground caverns or solution
o c%anﬁels; howevef, the existeneeiand extent of these are not known.
“"? U%der static conditions, the siaﬁility of the hillside south and east

‘ o% the site does not appear to|have been a problem in the past as there are

V:z no signs of sliding or sloﬁghing.
— 4;3 Expected Behavior of Foundations
E Test .boring data furpished by the VA for this site indicates
Mﬁ}\' the subsoils to be predominantly compact, red clay with shale afid sand-

) sfone fragments with areas of thin and patchy alluvial deposits of hard
“*E . red silty clay and gravel.i Thls material is not 1likely to lose strength
R under dynamic loads, and therefore loss of bearing capacity or liquefaction

= is not expected. According to|drawings available to us, thé majority

- ‘
‘"j of the structures are three-stpry brick buildings founded on reinforced

- concrete spread footings. It fis doubtful that seismic loads have been
“TE considered in this foundation {esign, but our judgement and experience

™ suggest that their behavior shpuld not present a problem. On the other
i hand, the behavior of the masopry structures under the MEE is highly

Ty questionable and should be invpstigated further. Along this line, it

s is noted that practically all pf the existing structures have experienced

aii a site intensity of VI, or a ppak horizontal groumd acceleration on the
l_ﬂ“ order of 0.05 g, in 1957. Thip is.iess than one half of the MEE, but

~ j nevertheless, no damage reports were available.
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A 5.0 CONCLUSIONS AND RECOMMENDATIONS
el The results of the selsmic evaluation survey indicate that the
-4 worst earthquake experienced aF the VA Hospital site in Salem in recorded
“‘E history 18 equal to an MM Inte%sity VII. It 1is noted, however, that the
| ﬁfﬁé@ﬁt hes8P1EAl SEFUGEUFBE ha%ua Bxpaﬂeaeea enly frtensity VI, whieh
”? yields a peak horizontal groung acceleratlon less than half that of the Maximum
S prected Earthquake. The Maxi%um ExpecteddEarthquake at the site during
"j 4 re%sonable life span will have an ' MM Inténsity VII. On this basis
~ ﬁe r%commend a peak horizontal| ground acceleration of 0.12g.
- - !
| i Recdgnizing the levegl and acceleration expected at the site
P : 4
) ; and &he type of structures inviolved, the following recommendations are
- $rovided:
J‘; , 1. Since the peak Horizontal acceleration of 0.12g is less
TN | ' than the zonal gcceleration of 0.16g normally considered
~ﬂ“' i for Zone 2 sited, it would appear that the VA should care-
._ij' i fully check the design against the latest Local and Uniform
e Building Code Requirements for Zone 2 sites. Since the
- buildings were designed and constructed between 25 and 40
"*Fr' years ago, it is unlikély that the buildings will conform
- to this code. Furthermore, since the buildings are mostly
_jz three story masgnry structures, it would not be unreasonable
b to expect parapﬁts to fail or to have partial failure or even
- collapse of portHions of some buildings. This undesirable
- eare behavior would dertainly be related to the unknown quality
{
- of materials and] construction techniques utilized during
;: construction. We, therefore, recommend that the dynamic
) behavior of the masonry construction be investigated.
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Due to the proxijity of tectonic features and epicenters

to the area, res&onse spectra for the site should give con-

sideration to hi%h frequency wave content.

The methed of di$posal of the swimming pool water,; as

mentioned in the

presence of caverns or solution channels.

site description, indicates the possible

If a high rise

structure is antjcipated for the site, this possible con-

dition should be
area of caverns

the stability of
subjected to the
it is recommende
effect of dispos
igated and that

quake loading be
It is recommende]

with respect to

investigated. Furthermore, an extensive
br solution channels could certainly affect
the hillside to the south and eaét when
expected earthquake loading. Therefore,
1 that the long term consequences of the
ing of the water in this manner be invest-
Fhe stability of the hillside under earth-

analyzed.

i that the two water towers be analyzed

i

'seism%c behavior or that the consequences
; 4 |

8 |
of an abrupt faﬁﬂure Be considered. Special consideration

should be given
be associated wil

founded.

fd possible amplifying effects that might

th the soil upon which the towers are

Very truly yours,

ING ENGINEERS, INC.
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TABLE I

LIST OF EARTHQUAKES WITH EPICENTERS WITHIN 200 MILES OF SITE
(MODIFIED {MERCALLI INTENSITY > IV)

RUOTII S,

(

(

North WesE
Year Date Local%ty Latitude | Longitude Area Intensity
1'
1758 Apr 24 Annapolis, Mqry%and 38.9 76.5
1774 Feb 21 | Eastern Virginig 37.5 77.5 58,000 VI-VII
1774 | Feb 22 | Eastern Virg1n14 37.5 77.5 V-y1
1776 Summer | Southeast Ohio | 3 v
- | |
1776 Nov 6 Jackson County,'pest 35.0 83.0 1v-v \
North Carolina i \ i
, ‘ i | *
1779 | Kentucky .E ;
1791-2 AprtMay Kentucky :
! ’ -‘ i‘ ‘&
1807 Apr| 30 | Lynchburg - Ricﬁmoni, .l % v
or May 1! Virginia area . T |
: B IR CERON NCRE RIS G KTOTEA] [
1811 Jan| 13 ;Léuisville and @ugusfa,@a.! 3342 82.2 v
S ! ‘
. : ! )
1817 Jan/ 8" | virginia, N. Carbling, "37.0 81.0
S. Carolina, Maryland area
1828 Mar| 9 | Probably Virginia 218,000 | Vv
1833 Augl 27 | Central Virginia 52,000 | Vv
1834 Novj 20 | Northern Kentucky v
1843 ||Feb| 16 | Kentucky ) v
1852 Apr 29 | Virginia, N. Carolinh, 36.6 81.6 162,000 | VI
Tennessee region
1852 ‘Nov 2 Central Virginia 37.8 78.5 32,000 § v-vI
| [
1853 May 2 Virginia, West Virginia 72,000 | V
region
1854 Nov 22 Tazewell City, Virgihia 37.1 81.5
1855 Feb 2 Charlotte Court Housg, 37.0 78.6 9,000 | V
Virginia
1859 Mar 22 Tazewell City, Virgipia 37.2 81.5
1861 Aug 31 | Virginia 36.6 78.5 300,000 | VI
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TABLE I

LIST OF EARTHQUAKES WITH EPICENTERS WITHIN 200 MILES OF SITE
(MODIFIED MERCALLI INTENSITY 2 1V)

. ‘ North West
Year Date Locality Latitude | Longitude Area Intensity
-4 1874 | Feb 10 | McDowell County, N.C. 35.7 82.1 Local v
1874 Feb 22 MéDowell County} N.C. 35.7 82.1 Local v
1874 Mar 17 McDowell County, N.C. 35.7 82.1 Local Y
1874 | Mar 26 | McDowell County, N.C. 35.7 82.1 Local v !
1874 Apr 14 McDowell County, N.%e 35.7 82.1 Local \Y
1874 prr 17 McDowell County, N.Eu 1 ﬁS.? 82.1 Local Y
1875 gDec322 Arvonia, Virginia 37.6 78.5 | 50,000 VII
1876 ‘Dec 21 Wytheville, Virginia 36.% 81.1
1877 Apr| 26 Franklin, North Care¢lina 35.£ 83.4 TII-1V
1879 Oct | 26 Winnsboro, South Carjolina 34.5 81.1
1879 Dec|12 Charlotte, N. Carolina 35.2 80.8 V-VI
1879 Pec |13 Charlotte, N. Carolina 35.2 80.8 Y
1880 Jan | 28 Bald Mountain, N.C. ; 36.0 82.7
1883 Mar?ll Harford County, Maryland|: 39.5 76.4 Local IV-v
1884 Jan118 Wilmington, N. Carolina | 34.3 78.0 Y
1885 Jan€2v Maryland and Virginﬂa 39.2 77.5 3,500 \Y
—~ 1885 Feb 2 Wytheville, Virgini% 36.9 81.1 1Y
— 1885 Aug 6 Watauga County, Western 36.2 81.6 Local v-v |
North Carolina
"“Ej 1885 Aug 13 Watauga County, Western 36.2 81.6 Iv
North Carolina
ji:} 1885 Oct 9 Virginia 37.7 78.8 20,000 LAt

éh;i
(
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LIST OF EARTHQUAKES WITH EPICENTERS WITHIN 200 MILES OF SITE
(MODIFIED MERCALLI INTENSITY 2 IV)

!
I

|
i
+-

North West

Year DPate Loeality tatitude | Lengitude Area TAEeRGiEY
1886 Sept 3 Wytheville, Virginia 36.9 81.1
1886 Sept 25 | Wytheville, Virginia 36.9 81.1
1888 Mar 17 Jonesboro, Tennessee 36.4 82.5
1889 Mar 8 Peﬁnsylvania 40.0 76.0 é,OOO v
1889 Sept 28 | Parksville, Polk County, | I1I-1IV

Tennessee
1897 Apr 30 Tennessee and Illinois Y
1897 May 3 Near Roanoke, Virginia 37.1 80.7 29,000 VI
1897 May 31 Giles County, Virginia 37.3 80.7 280,000 VII
1897 Sept 4 Wytheville, Virgin%a 36.9 81.1
1897 Oct 21 Wytheville, Virginja 36.9 81.1 20,000 \Y
1897 Dec 18 -Ashland, Virginia ‘37;7 77.5 7,500 \Y
1898 Feb 5 Pulaski-Wytheville| Va. 37.0 80.7 34,000 VI
18398 No? 25 Pulaski-Wytheville| Va. 37;@ 81.0 65,000 v
1899 Feé 13 Western Virginia 37.0 81.0 30,000 Y
1901 Ma;’l7 Ohio 39.3 82.5 7,000 v
1902 | May 17 Pearisburg, Virginia 37.3 80.7
1904 Mag 4 Maryville, Tennessge 35.7 83.5 5,000 \Y
1907 Feé 11 Arvonia, Virginia 37.7 78.4 5,600 VI
1908 Aué 23 Powhatan, Virginia 37.5 77.9 1,500 \%
1909 Ap% 2 Virginia, West Virginia, 39.4 78.0 2,500 V-Vl

Maryland and Pennsylvania




LIST OF EARTHQUAKES WITE

Gﬁjfzaxyéﬂu%%Tivéz;mknéﬁgyvéiz eeers, See:

TABLE 1

(MODIFILED MERCALLI INTENSITY > 1IV)

EPICENTERS WITHIN 260 MILES OF SITE

Ne¥&h West
Year Date Localityé Latitude | Longitude Area Intensity
1910 Apr 23 New Jersey Coast 2,000 III—iV
1910 May 8 Arvonia, Virginia 37.7 78.4 4,000 v
1911 Apr 20 | Caesar's Head, S.C. 35.2 82.7 600 \Y
1912 Dec 7 Union County, S.C. 34.7 81.7 III-1V
1913 Jan 1 Union County, S.C. 34.7 81.7 43,000 VI-VII
1915 Jan 14 | Bristol, Tennessee 36.6 82.1 III-1IV
1915 Oct 29 Near Marshall, N.C. 35.8 82.7 1,200 v
1916 Feb 21 | Near Waynesville, N.C. 35.5 82.5 200,000 VI
i916 Mar 2 Anderson, S.C. 34.5 8§2.7 Iv-v
1916 Aug 26 Statesville and Taylors- 36.0 81.0 3,800 v
ville, North Carolina v
1917 Mar 25 Jefferson City and 36.1 83.5 ITI-1V
Talbott, Tennessee
1917 Mar 27 | Jefferson City, Tenbessee 36.1 83.5 I1I-1V
1918 Apr 9 Virginia E 38,7 78.4 60,000 VI
1919 Sept 5 | Virginia 3818 78.2 VI
1921 Ju;y 15 | Mendota, Virginia 36.6 82.3 Local VI
1921 | Aug 7 | vVirginia 378 78.4 2,800 v
1922 Ma% 30 | Arcadia, Sullivan County, 36.5 82.2 1v
i Tennessee
1923 Oc# 18 | Hendersonville and 35.3 82.5
E Saluda, N. Carolina
1924 OcL 20 | Pickens County, S.C 35.0 82.6 56,000 Y




LIST OF EARTHQUAKES WITI
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! TABLE 1

(MODIF1ED MERCALLI INTENSITY > 1IV)

EPICENTERS WITHIN 200 MILES OF SITE

Na¥th West
Year Date Locality Latitude | Longitude Area IntcnsiFy
1924 Nov 13 | Bristol, Tennesseej 36.6 82.1 IV—Vi
1925 Mar 26 | Southwestern Ohio \Y
1925 May 15 | Swift Creek, Virginia 37.0 81.0
1926 July 8 | South Mitchell County, 35.9 82.1 Local V1
North Carolina
1926 July 18| Tennessee-North Carolina VI
border
1926 Nov 5 Southeastern Ohio 39.1 82.1 350 VI-VII
1927 June 10| Virginia 38.0 79.0 2,500 \Y
1927 July 20| Knoxville, Tennessee 35.9 83.9
1927 6ct 8 Chattanooga, Tennessee 35.0 85.3 v
1927 Nov 22 Southport, N. Carolina v
1928 Nov 2 Northeast Tennessee- 36.0 82.6 40,000 VI
West N.C. border region
1928 | Nov 20 | West N.C. - East Ténn. 35.9 82.8 10,000 v
border area |
1929 | Dec 26 | Central Virginia f ' 38.1 78.5 VI
1937 ng 2 Central Virginia } | v
1940 M%r 25 | Near Woodstock, Vi%ginia 38r9 78.6 Local vV-v
1940 Déc 25 N. Carolina—Tennes%ee ‘ 35.9 82.9 7,000 v

|




LIST OF EARTHQUAKELS WITH
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TABLE I

(MODIFIED MERCALLI INTENSITY > 1V)

EPICENTERS WITHIN 200 MILES OT SITE

North West
Year Date Locality Latitude Longitude Area Intensity
- 1942 Nov 1 Winnsboro, S. Caroliina 34.5 81.1
1945 | July 26 | Murray Lake, S. Carplina 34.3 8l.4 25,000 IV-V |
1948 Jan 4 Buckingham County, Va. 37.5 78.5 2,000 v |
1949 May 8 Powhatan, Virginia 37.5 78.0 500
1949 Sept 17 | Lee County, Virginip 36.7 83.0 g v-v
1950 June 19 | Alcoa, Tennessee 35.7 » 84.0 1aY
1952 June 11 | Johnson City, Tennefsee 36.6 82.4
1952 June 20 | Southeastern Ohio 39.7 82.2 10,000 VI
1953 Dec 31 | Woodland Park, Keancky 37.0 83.0 v
1955 Jan 6 Bristol, Tennessee | 36.6 82.2 v
1955 Sept 28 | North Carolina-Virginia 36.6 81.4 1,700 v
border area
1956 Jan 5 Due West, S. Carolina 34.3 82.¢4 18Y
1956 May 19 Due West, S. Carolina 34,3 82.4 13Y
1956 May 27 Due West, S. Carolina 34,3 82.4 1V
1957 May 13 |Western N. Carolina 35.7 h82.0 8,100 VI
1957 - | July 2 |[Western N. Carolina 35.5 82.5 VI
1957 Nov 24 |N. Carolina-Tennessee 35.0 83.5 4,100 VI
border
1958 Mar 5 Wilmington, N. Carolina 34.3 77.7 \Y
1958 | May 16 |Asheville, N. Carolina 35.6 82.6 v
1958 Oct 20 | Anderson, S. Carolina ‘34.3 82.7 \Y
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TABLE I

LIST OF EARTHQUAKES WITH EPICENTERS WITHIN 200 MILES OF SITE
(MODIFILED WERCALLI INTENSITY > 1IV)

NBEEH West
Year Date Locality Latitude Longitude Area Intensity
i

1959 Apr 23 | Virginia-West Virginia 37.5 80.5 3,000 V1

border
1959 Oct 26 | Northeast S. Carolina 34.5 80.3 4,800 V1
1960 Feb 9 Heqderson County,

North Carolina
1960 | Apr 15 | Near Knoxville, Tegn. 35.8 84.0 '/1,300 v
1963 Apr 11 | Greenville, S. Cardlina 34,8 82.4 v
1963 Oct 28 | Galax, Virginia 36.7 81.0 1,300 v
1964 | Jan 20 | Cane River, N. Carélina 35.9 82.2 ‘ v ‘

area ; |
1964 Apr 20 | Near Columbia, S. . 34.0 81.0 v ;
1965 Sept 9 Chester, S.C. 34.7 81.2 |
1965 Sept 12 | Chester, S. Carolina 34.7- 81.2
1966 May 31 Eastern Virginia 37.6 78.0 28,000 \V
1967 Apr 8 Sugar Grove, Ohio 39.6 82.5 4,000 v
1968 Mar 8 Near Narrows, Virginia 37.3 §0.8 3,200 \Y
1968 | Sept 22 |Central S. Carolina 34.0 81.5 400 v
1968 Nov 25 | Southwest N. Carolina v
1969 Nov 19 West Virginia 37.4 81.0 100,000 V1
1969 Dec 11 |Near Richmond, Virginia 37.8 77 .4 6,500 v
1969 Dec 13 | Western North Carolina 35.1 83.0 3,500 v
1970 July 30 |West Virginia 37.0 82.2 Y
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EPICENTERS WITHIN 200 MILES OF SITE
ERCALLI INTENSITY > IV)

Nerth West T
Year Date Locality ! Latitude Longitude Area Intensiky
n |
1970 | Aug 11 West Virginia 38.4 82.3 ‘
]
1970 Sept 10 | Northwest N. Carolina 36.1 81.4 2,000 v
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| MODIFIED MER

L

INTENSITY  SCALE

ABRIDGED
EALLI INTENSITY SCALE

I | Not felt except by a very few under e
favourable circumstances.

cially

!

H

lupper floors of buildings. Delicately sud

| Felt only by a few persons at rest, especfally on

pended

objects may swing.
m

! : Felt quite noticeably indoors, especially o
ﬁoors of buildings, but nany people do
" ognize it as an earthquake. Standing mo

'y
. During the day felt indoors by many, outd
' few. At night some awakened. Dishes, w

* doors disturbed; walls make creaking sout

dishes, windows, etc., brokei; a few inst
cracked plaster; unstable objects over

Felt by nearly everyonc; many awakent‘l

VL Felt by all; many fiightened and run o
Some heavy furniture moved; a few inst:

" fallen plaster or damaged chimneys. ]
slight.

I
Everybody runs outdoors. Damage neglig
buildings of good design and canstruction
to moderate in well-built ordinary str

Damage slight in specially designed str
considerable in ordinary substantial b
with partial collapse; great in poorly buil
tures. Panel walls thrown out of frame stre

I
Damage considerable in specially d
structures; well designed frame structures
out of plumb; great in substantial buildin

X
Some well-built wooden structures deq
most masonry and frame structures de

with foundations, ground badly cracked.

upper | may rock slightly. Vibration like passing of truck.

ot rec- | Duration estimated.

Of C&Is

oors by | sation like Heavy truck striking building. Stand-
ndows, | ing motor cars rocked noticeably.

d. Sen-

Some | Disturbance of trees, poles and other tall objects
nces of | sometimes noticed. Pendulum clocks May stop.
turned.
tdoors.
inces of
lamage
ible in | considerable in poorly built or badly designed
slight | structures; some chimneys broken. Noticed by
ctures; | persons driving motor cars.
ctures: | Fall of chimneys, factory stacks, columns, mong-
hildings | ments, walls. Heavy furniture overturned. Sand
t struc- | and mud ejected in small amounts. Changes .
hetures. | well water. Persons driving motor cars disturbed
esigned. | partial collapse. Buildings shifted off foundations.
thrown | Ground cracked conspicuously. Underground
Fs, with | pipes broken.
troyed; | bent. Landslides considerable from river banks
th_\'ed and steep slopes. Shifted sand and mud. Water

Rails | splashed (slopped) over banks.
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APPENDIX A

AVATLABLE DESCRIPTIQN OF 24 SELECTED EARTHQUAKES
WHICH HAVE AKFECTED THE SALEM AREA
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APPENDIX A

AVATLABLE DESCRIPTJON OF 24 SELECTED EARTHQUAKES
WHICH HAVE|AFFECTED THE SALEM AREA

DATE

May 1

August 31

December 22

October 9

May 3

DESCRIPTION

LYﬁe$bufg, Virginia, On the morning of the first
1nst£nce, a severe shock of an earthquake, was experienced
at t&ls place. The tremulous motion of the earth was
suchlas to agitate the houses in such a manner, that the
nois¢ made by the furniture, windows, and doors, awoke

the most of those who slept.

Two shocks at Washington, D. C. at 5-second intervals.
Felt!along Atlantic coast from Washington, D. C. south-
ward|to Charleston, S. C., and westward to Cincinnati,
Ohio}{ Louisville, Ky.; Gallatin, Tenn.; and Zolumbus,
Ga. |Bricks were shaken from Chimneys at Wilkesboro,

N. C|/ Also reported felt at Charlotte, Raleigh, and
Wilmington, N. C.

Aronia, Virginia. This earthquake was preceded by a
minox shock on March 10. The December shock was of

. Intensity VII or more. This was felt in Baltimore, Md.

and (reensboro, N. C., 100 and 150 miles away, respectively
and from the coast westward to Greenbrier and White Sul-
phur|Springs, W. Va. Near the center there were five
shocks in quick succession. Brick was thrown from
chimjeys in Goochland and Powhatan counties. Shingles
were shaken from roof at Manakin and a chimney was thrown
down |at Wilmington, N. C. At Richmond, Va., the shock

lasted 20 to 30 seconds with a deep rumbling. Plaster
fell,

Felt |strongly at Variety Mills, Nelson County, Va.;
also lat Staunton and Lexington, where windows and
furniture were shaken and people rushed out of
buildings, and where a second shock occurred an

hour {later. The shock was felt in Rockingham County -
to the northwest and Petersburg to the east. It was
clalﬁed to be felt by one person in Washington, D.C.

This{shock was felt most strongly at Pulaski City, Va.
Chi ieys were damaged at Roanoke. Bricks fell from
chimqeys and plaster fell at Radford, Va. The shock
was ﬁelt at Lynchburg and also at Winston-Salem, N. C.
There was a rumbling like thunder in the central
reglcng Two shocks felt at Lenoir, N. C.

i
¢
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APPENDIX A
- (continued)
o AVAILABLE DESCRIPTION OF 24 SELECTED EARTHQUAKES
WHICH HAVE AFFECTED THE SALEM AREA

YEAR DATE DESCRIPTION
——
S 1897 May 3 Salem, Va. '"Plainly perceptible . . . . Made many
houses rock, frightening the timid and causing many
e others wonder and astonishment." Only shock felt here
v since the Charleston earthquake of 1886. ''Rattling
T the glassware on the cupboards." Only the initial
shock was noticed. Most strongly felt at Pulaski, Va.
T Intensity about VII. Felt in most of southwest Virginia
- and adjacent areas. Not felt at Harrisonburg, Rocky
Mountain, Lexington and Woodstock, Va.
. 5-' 1897 May 31 Rumbling was heard at various times between May 3 and
= 31, and on the latter date there was a strong shock
felt from Georgia to Pennsylvania and from the Atlantic
"j coast ‘to Indiana and Kentucky. It was felt most strongly
T at Pearisburg, Giles County, Va., and is generally known
as the Giles County earthquake. 01d brick houses and
”**a chimneéys were cracked and bricks were thrown from the
—— 3 : chimney tops. There were fissures in the ground and
' had i small|landslides in places where they were easy to start.
vy | ‘ At the Narrows it was claimed that a motion like the
4 ? ground swell of the ocean was observed. Large rocks
A ‘ rolled down the mountains. There were loud sounds
! compared by veterans to that of siege guns. In Raleigh,
g | N.C.,Itwo shocks were reported lasting 30 seconds, and

i chimneys were thrown down. These continued until

| June 6. The shock was felt at Spartanburg, S.C. and
"Wﬂ?' ! Cinciﬁnati, Ohio.
: |
B | ‘
i Salem{ Va. Just before the shock, "a peculiar noise.
S j ; resemhling the reverberation of thunder' was heard.
} ‘ ; Bricks shaken from chimneys, goods thrown from shelves
A o af stores, no damage. '"People rushed pale and frightened
! ! from their houses.” Houses "were trembling like autumn
”*vﬂg ! leaveg in a stiff breeze."
X ‘ ;
1897 June 28 Pulaski, Va. An earthquake shock "distincty felt."
e ! Many people were awakened and frightened. Yo
______ 4 1 damagé. (RD 6/30/97)
| Roanoke, Virginia. Another earthquake shock last night
T ‘ about|1Z O0'clock. Windows shaken and crockery rattled
e for ajminute or more, but no serious damage.
L Salemy Virginia. 'Nearly everyone who had not retired
‘_-ri felt the earth vibrate, the vibration being accompanied
by aniominous roaring." Third shock here in the last
sixty!days.
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APPENDIX A
(continued)

AVAILABLE DESCRIPTION OF 24 SELECTED EARTHQUAKES
WHICH HAVE AFFECTED THE SALEM AREA

DATE

September 3

October 21

February 13

February 11

May 8

August 7

December 25

DESGRIPTION

Perisburg, Virginia. "An earthquake shock of decided
uncomfortable proportions was experienced here last
Friday morning, since which time several slighter shocks
have been felt. Reports indicate that the disturbance
was more severe in this immediate vicinity than eise-
where, although extending all over the county, and even
throughout the adjoining territory. A slight shock was
quite generally noticed between seven and eight on Wed-
nesda?, Sept 1, morning."

Wytheﬁille, Va. Felt in central and western North
Carolﬁna. Many were alarmed at Lynchburg, Va.

Lynchﬁurg, Va. Four shocks felt in western VYirginia,

eascakn Tennessee, and western North Carolina. Almost
all were awakened 'at Wytheville, Va.

|

t
Intensity VI at Arvonia, Buckingham County, Va. Felt
strongly from Powhatan to Albemarle County. Sound like

thunder at Richmond. The shock lasted from 20 to 30
seconhs with minor damage at a number of places.

ArvonFa, Va. Intensity V over an area 20 miles in diameter
Intensity V in Buckingham County, Va. Strongest at New
Cantoh. Many awakened. (Newspaper accounts stated that

a metieor fell in this area on August 7.)

Roandke, Virginia. "Earth tremors that nearly shook
people from their beds and that knocked pictures frowm the
walls." Some recognized it as an earthquake.
a slilght vibration and increased in intensity.
housds. Everyone awakened.

Began with
Shook
Windows rattled as if shaken
by aiviolent hurricane. A distinct rumble 'heard by acute
listgners." Floor of a brick building "trembled and
the furniture bumped up and down on the floor with a jar"
watcHman at a mill thought a water tank had exploded.
Severe earth tremors." About 11:30 p.m.

Sevete earth tremors. Pictures shaken from walls, vases
crasiied from tables, and buildings rocked. In one case,
furniture is said to have "bumped up and down.'" Police
and newspaper received hundreds of calls. Many thought
theiﬁ furnaces were exploding.
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APPENDIX A
(continued)

AVAILABLE DESCRIPTION OF 24 SELECTED EARTHQUAKES

DATE

June 10

December 26

September 28

April 23

July 7

August 21

WHICH HAVE AFFECTED THE SALEM AREA

DESCRIPTION

i
\
|
i
t
i
i

Charlpttesville and Richmond, Va. Houses rccked and people
awakeped. Rumbling noise.

!
Moderate shock at ‘Charlottesville, Va., shaking bricks
from chimneys in a few cases. Felt in varicus parts of
Albem?rle County.

Virginia~-North Carolina border. Felt over approximately
1,700{ square miles including most of Alleghany and
northern Ashe counties in North Carolina, alii of
Grayson and parts of Smyth and Wythe counties in
Virginia. Many were awakened and frightened Runsnling
noise|was reported.

Virginia-West Virginia border. Felt over approximately
1,100| square miles of Virginia and West Virginia. lany
alarmed at Eggleston and Pembroke. Chimneys damaged;

wall blaster cracked. Articles fell from shelves; pictures
knocked off walls. Also felt at Lindside, W. Va.

Peaszburg, Va. Residents shaken by an earciguuce-—the
thir@ in three months. Windows and homes shoox wad cupboare
dishes rattled. No damage. Golfers said '"the earth shook
undey them."

i
Windows rattled and dishes clattered. Brief. Caused no
injuries or damage. Started at 6:20 p.m. and lasted no
more!than a second. Brought memories of April 23 shock.

|
Pearisburg, Virginia. The fourth earth tremor in 4 months
rocked Giles County but no injuries or damage. Shock
occu#red between 12:15 and 12:20 a.m. and was felt over
the éntire county. One resident thought one of his child-

ren @ad fallen out of bed.

"A siight earth tremor' in the central Giles County area
about midnight. Lasten only a few seconds. Centered near
Pearisburg. Telephone switchboards flooded with calls
requesting information on the tremor.

" Windbws and loose objecrs rattled.
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Sy APPENDIX A
,_,:' (continued)
W AVATLABLE DESCRIPTION OF 24 SELECTED EARTHQUAKES
! WHICH HAVE AFFECTED THE SALEM AREA
)
e YEAR DATE DESCRIPTION
: LA ZaLh ZLolball L iUR
1963 January 17 Salem, Virginia. At Roanoke, Virginia, "Everyiiing was
ey shaking." "There was a deep rumbling noise. I didn't
_a know what it was. It wasn't the sound of a jec sreaking
‘ the sound barrier."” It felt as if 'several trucks were
s going by the house at the same time. 3But instead or just

shaking the windows, they shook everything." The whole

house quivered. I thought my furnace was going to blow
.
up.

“ﬁ“f?- ; The shocks "were -scary." 'The ground just scarted
‘ shaking. . . and the coal on top of the pile began rolling
ey ; down}the side."”
‘N“g : | Saleﬁ Va. "IV, Felt by several. Buildings creaked,
i ; loos objects anq windows rattled. Abrupt canser: trembling

- | i motion.'
,w,-ﬂ‘ | f )

g 1963 October 28 Near| Galax, Virginia. Felt over an area of w.pp :ximately
e | | 2, BOP square miles of Virginia and North Caroli.a. Felt
— ‘ ! l and frightened many at Galax and Cidtown. People

fled'from buildings at Sparta and Glade Vailey N. C.
Rumbling earth noises were heard.

e 2] ‘.
; |
e j | , '
1968 March 8 Bluelffield, Va. (Indoors, lst floor, lying down, frame
s j | buillding. ' Felt by others, not respondent.) 'Houses
i ! shook--windows rattled slightly." Damage: ''Break in
T : sewer line...Broke two places inside house and outside
f alsq."

o
‘ Narﬁows, Va. (Indoors, lying down, 2nd floor, old frame
f building. Felt by respondent, others.) Awakened 'by

e ey | eitﬁer the noise or the motion. Heard only the noise of
nm“g ? items in the house rattling. There appeared tc be two
' distinct periods of movement.'" No damage.
1 Pearisburg, Va. (Lying down, lst floor, new frame
—-d building. Felt by respondent, others.) ”A woifled
exp1051oq like sound followed by quakes.' Damsge:
H | "None to our residence that I've found. I notice
i g mor ar had fallen from around a couple of beams in our
chu¥ch building.'
e |
i Pembroke, Va. (Indoors, lying down, lst fic z, brick

building. Felt by respondent, others.) “'Rumbling
‘ foliowed by explosive-type noise. Cracks in Zement
g flo?er box attached to house.”

f

\
I
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APPENDIX A
(continued)

AVATILABLE DESCRIPTION OF 24 SELECTED EARTHQUAKES
WHICH HAVE AFFECTED THE SALEM AREA

DATE

1969

November 19

DESGRIPTION
West Virginia. "Seismic waves generated by the November 19
earthquake in southern West Virginia were felt over an
area of 125,000 sq. mi. in anine eastern states. Field

reconnaissance of the epicentral region on November 20
and 21 revealed isolated cases of minor damage in Rich
Creek, Va. (broken store window), Glen Lyrn. va. (cracked

walls in a concrete block house), and Elgoca, W. Va.

{ . . . P -
(broken windows). Questionnaires were mailec tc 50C
localiities. There were 421 responses which included 228

felt]reports. Earthquake sounds were reporcted by almost
all qespondents who felt the shock. A maximum intensity
of Viwas assigned to the epicentral area.

"The |tectonic setting of this shock is at the fault con-
tact between the flat lying Mississippian sediments of the
Alle heny highlands on the northwest and the strongly
foldéd and thrust-faulted early Paleozoic rocks of the
Valljy and Ridge province on the southeast. Tne locale

of tze epicenter has a record of seismic activity includ-
ing the historically significant intensity VIII Giles
County, Va. earthquake of May 31, 1897, and, more recently
the Tagnitude 4,1 Narrows, Va. shock of March 8, 1968."

:
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