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FOREWORD

'This document is an Environmental Report on the Memphié
. Light, Gas and Water Division Industrial Fuel Gas Demon-

stration P1§nt. This report was prepared for Memphis
Light, Gas and Water Division for submission to the
U.S. Department of Energy under Contract ET-77-C-01-2582.

This document is Volume II of a three-volume Environ-

- mental Report. Volume I consists of the Summary,
Introduction and the Description of the Proposed
. Action. Volume II consists of the Description of

the Existing Environment. Volume III cqntains the
Environmental Impacts of the Proposed Action, Miti-
gating‘Measures and Alternatives to the Proposed

Action.
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REVISIONS TO THE ENVIRONMENTAL REPORT
, November, 1979 '
As a result of review comments on the August, 1979 Environmental Report by the
" Department of Ehergyrand Oak Ridge National Laboratory and the completion of
the air quality monitoring program in September, 1979, it became necessary to
issue numerous page revisions to the original document. . These revisions ‘
‘address all questions and concerns of the Department of Energy: Their in-
corporation will permit approval of the Environmental Report by the government.

Revisions have been noted by: (a) identifying each revised page in the upper

" right hand corner with "Revised November 1979", (b) underscoring all new text
with a broken Vine, and (c) locating each revised line with the letter "R" in’
the right hand margin. Pages indicated "Revised November 1979" but appearing
~without "R's" in the margin resulted from text relocation required by a previous
‘revision.

The next page lists the pagé number for all pages revised from the of%gina]
Report. The holder of this document should replace all original pages';ited
on a page-byfpage basis/with the revised pages.
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original counterparts in the August 1979 issue of the Memphis IFGDP
. - Environmental Report.

|
|
' The following pages were issued in November 1979 to replace their
|
|
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' SECTION 3.0
ENVIRONMENTAL SETTING

The proposed site of the Industrial Fuel Gas Demonstration Plant (IFGDP) is
located on a small peninsula extending eastward into Lake McKeller from the
south shore. The peninsula is located west-southwest of the City of Memphis
near the confluence of Lake McKeller and the Mississippi River. The environ-
mental setting of this site and the region around this site is reported in
terms of physical, biological and human descriptions. Within the physical
description, this report divides the environmental setting into sections on
physiography, geology, hydrology, water quality, climatology, air quality
and ambient noise. The biological description is divided into sections on
aquatic and terrestrial ecology. Finally, the human environment description
is reported in sections on land use, demography, socioeconomics, culture and
visual features.

This section concludes with a discussion of physicgl environmental constraints.
3.1 PHYSIOGRAPHY

Regional and on-s1te phys1ograph1c features are descr1bed in th1s sect1on as
they apply to the potential impacts of the proposed IFGDP.

3.1.1 REGIONAL PHYSIOGRAPHY

The site is located in the center of the "Mississippi Embayment" region in
the,Gulf Coastal Plain. Figure 3-1 is a generalized physiographic map of the
northern Mississippi embayment. The Tennessee Rivér, located approximately
50 miles gasf of the site, almost coincides with the boundary between two of
the great physiographic provinces of the United States: (1) the Interior Low
Plateaus to the east of the Tennessee River (in central Tennessee called the
Highland Rin Plateau) and (2) the Gulf Coastal Plain. ()
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Four major surface forms occur within the region that 1ies between the Missis-
sippi and the Tennessee Rivers: (1) Residual Ridge, (2) Tennessee-Mississippi
Divide, (3) Hills of Erosion and (4) Alluvial Region.(z)

Residual Ridge -- Extending northward from the Mississippi River into south-
western McNairy County, Tennes;ee, is a ridge about half a mile wide. The
ridge subsides toward the north. ‘

Tennessee-Mississippi Divide -- This divide is the high land just west of
the Tennessee River. It forms the highest part of western Tennessee and rep-
resents the remnant of the original plateau surface. This divide separates

the short and steep eastward-flowing rivers that empty into the Tennessee
River from the low gradient and broad valleys forming westward-flowing rivers .
that empty into the Mississippi River.

Hills of Erosion -- Extending from the western part of Hardeman County north-

ward to Henry County is an unusually hilly belt composed of Holly Springs
sand (discussed in Section 3.2.1.1 - Eocene time). The flat tops of many of
these hills. are parts of the old plateau surface. Owing to the sandy, porous
nature of the grodnd, rain water readily sinks into'the permeable sands and
has not yet eroded them. Any slopes formed by stream cutting are éubject,
however, to rapid erosion. The loose sand washes easily, and the slopes are
quickly eaten away. Thus, the flat tops of the hills remain unaltered, while
the slopes are steep and deeply incised. <

Alluvial Region -- Lying at the foot of the Chickasaw Bluffs, the western
boundary of the slope of western Tennessee, is the Mississippi River flood-

plain, a low tract covered by the extremely high waters of the Mississippi
River. Nowhere in western Tennessee is this plain very wide.

3.1.2 ON-SITE TOPOGRAPHY

The IFGDP site is located in the alluvial region of the northern Mississippi

Embayment. This site is nearly flat, with the exception of several hilly
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-areas formgd as a'resuii»of'depositing dredge sboi]s fkom dredgihg activities
in the Lake‘McKellar channel.  The norma1 pool elevation of the Mississippi
'River is 185 feet above mean sea level (ms]).' E]evation'at the site'is approx-
imately 200 feet above mean sea Tevel. In comparison, at the TVA Allen Gener-
ating Plant and the industrial development on Presidents Island adjacent to
Lake McKellar, elevations reach 240 feet above mean sea level. At Fuller

State Park, located approximately 3.5 kilometers southeast of the site, the
elevation of the Memphis Bluffs is 315 feet above mean sea level.
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3.2 GEOLOGY

Geologic features, mineral resources, soils and seismicity are described in
this section.

3.2.1 REGIONAL GEOLOGY

The geology in the region has been described thorough]y,(l-]]) Most of the
information in this section comes from Reference 1.

Western Tennessee is situated in the part of the Gulf Coastal Plain commonly
called the Mississippi Embayment. This embayment is a down-warped trough of
Paleozoic rocks pitching gently to the south, whose upper end is in southern
I11inois and whose axis roughly parallels the Mississippi River, but lies a
few miles west of it. This trough has been filled with sediments of Cretaceous
and Eocene age that rest on the older rock floor. The Paleozoic rocks crop
out around the periphery of the trough. Table 3-1 is a generalized strati-
graphic. column of the geologic formations in western Tennessee, which lists

the formafions, their era and system (age). In the subsequent section a short
description of formations is given in a descending age order.

3.2.1.1 HISTORICAL GEOLOGY
The information provided in this section is quoted from Reference 1.

Paleozoic time -~ The geologic history of western Tennessee, as recorded in
the exposed rdcks of the area, begins with Mohawkian time, or the middle of
the Ordovician period. During this time, western Tennessee was a part of an
inland sea that covered much of the interior United States. The western shore
of the land to the east just crossed the eastern boundary by the state. The
rivers from the low-lying land to the east brought to this sea 1imy mud, which
the currents and waves'spread out in broad flat layers over the sea floor,
forming the limestones and shales of todéy. In late Ordovician time, the Cin-
cinnati arch began to form. This was a low dome that extended from Cincinnati,
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| | TABLE 3-1
GENERALIZED STRATIGRAPHIC COLUMN OF THE GEOLOGIC FORMATIONS IN WESTERN TENNESSEE

'Efa : - System Series Subdivisions
Recent. ‘Alluvium.
Quaternary. . .
Pleistocene. " Loess.
* Pliocene. Gravel (some of the terrace may
i be Pleistocene).
Jackson formation.
. o | Grenada formation.
Cenozoic. 3
2
:{ Holly Springs sand.
S
Tertiary. 3
. Eocene. _ Ackerman formation.
Mig- Porters Creek clay.
Way
group.| Clayton formation.
Owl Creek tongue.
IRipley
formaq McNairy sand member.
\ tion,
Coon Creek tongue.
Mesozoic. Cretaceous. Upper cretaceous. Seima clay. -
3.§. Coffee sand member.
8%
SE
i Tombigbees sand member.
Tuscaloosa formation.
] ] St. Louis limestone.
Carboniferous. Mississippian.
. Fort Payne chert.
, Ridgetop shale.
Paleozoic.
Carboniferous or Mississippian or Chattanooga shale.
Devonian, Upper Devonian.
Pegram 1imestone.
Middle Devonian. ' :
Camden chert.

(Continued)



TABLE 3-1 (Continued)

Era System Series ‘Subdivisions
Harriman chert.
Qué11 1imestone.
Devonian.
Decaturville chert.
Birdsong shale.
Lower Devonian. .
k=3 Flat Gap 1imestone"
3 mefber.
o
< 0Olive| Bear Branch limestone
h:] HiN member.
Paleozoic. = |for-
ma-
tion. Ross 1imestone member
Rockhouse shale.
Decatur limestone.
Lobelyille shaly limestone
o . member .
Silurian 58
vy ‘ §'5 Bob crystalline limestone .
€ g member,
55 -
o v | Beech River shaly limestone
member,
Dixon early limestone
member.
& | Lego limestone member.
Pe]
E Waldron clay member.
[red
Siluri 2
. urian. > | Laurel 1imestone member.
= |
0sgood earthy limestone
member.
Paleozoic.
‘ Brassfield 1imestone.
Fernvale formation.
Upper Ordovician
(Cincinnatian).
ordovician. ) Arnheim 11mestone.

Middle Ordovician
(Mohawk fan)

Hermitage formation.
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Ohio, to Nashville, Tennesseeﬂ As a result, the region southwest of Nashville
was also gently raised above sea level, and it remained as a low-1lying land
mass until Silurian time, when the sea once more covered its comparatively
level surface. '

A long period of deposition followed. Owing to slight movements of the earth's
surface, minor oscillations in the shore 1ine took place, and from time to

time diffe#ent parts of the area were lifted slightly above sea level and

were then submerged again. Hence, the beds of limestone and shale that were
laid down in Niagaran time are not continuous over the area, and their thick-
ness varies from place to place. The material bhodght to the sea in this

time did not differ very much from that of the Ordovician period. The

Silurian system followed the‘Ordovicién system. C

At the end of thé Silurian period, the region was raised slightly above sea
Tevel and subjected to moderate erosion, so that the sea that returned in
early Devonian time spread over an extremely flat limestone country, deposit-
ing newer limestone on the old. Throughout the Devonian period, gentle warp-
ing causéd the sea to change its position at intervals. Early in Devonian
time, the submerged portion of western Tennessee rose above water, but xoward
the end of the Lower Devonian, the wateb from the Appaiachian trough inundated
the area. Then followed another brief emergenée, and again the waters swept
in from the south. Another period of emergence and erosion followed and was
terminated when;the'Chattanooga Sea spread over Tennessee. During much of

the Mississippian time, thé rivers brought sediment to the sea.

Some time after the end of the Mississippian epoch, the region was lifted
above sea level and so remained until Cretaceous time.

Cretaceous time -- It was not until Upper Cretaceous time that downwarping

of the<1énd along an axis,épproximate]y coincideht with the present Mississippi
River allowed the sea to submerge this region. The downwarping caused a tilt-
ing of the land mass to the southwest, thus increasing the gradient of the
streams, which began to rapidly erode the deeply weathered land and carry
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much coarse maierial toward their mouths. The drainage was to the southwest
following ‘the structural folds. Along the shore, these streams built deltas,
which constitute what is known as the Tuscaloosa formation. The coarse mate-
rial was dropped near the land, and the finer material was carried seaward.
The Cretaceous Tennessee River was the largest of these streams and contri-
buted much material to the Tuscaloosa delta. Continued warping caused the
sea to gradually transgress the land. The coarser materials were deposited
over the gravel downstream. So Tuscaloosa time changed into Eutaw time, and
more of the land was covered by the sea. During the Tuscaloosa and Eutaw
epoché, western Tennessee was never deeply submerged, and much of the deposi-
tion was subareal. LlLater, the sea covered the area to a shallow depth. The
rivers were no longer active and flowed to the northwest. In the shallow
Waters, marine 1ife swarmed, and the deposits then formed consisted of Time-
stone containing abundant fossil remains. Minor warping caused oscillations
in the shore line so that conditions of sedimentation were locally different.
A s]ightAelevation of the area followed, and the waters became so shallow
that waves could reach and erode the bottom. The sands that washed to the
sea were swept from place to place and show much cross-bedding.

Eocene.timé -- The great diastrophic movements that convulsed much of North
America at the end of the Cretaceous period did not greatly disturb the Mis-
sissippi Embayment region. It was gently elevated above sea level and exposed
to erosion. Some of the material that had been deposited during Cretaceous
time was removed. In Eocene time, the sea crept up the embayment, inundated

a relatively level surface and penetrated as far north as southern Illinois.
The region was sdbmergedlto only moderate depth; in southern Tennessee 1ime-
stones were deposited, but toward the north glauconitic sands were deposited.
This phase caused the deposition of fine clay. Shark teeth have been found
“in this clay from well drillings at Jackson, Tennessee. Then, the sea receded,
and a period of erosion followed, good evidence of which is found in the basal
clay conglomerates of the Holly Springs formation.

The sea returned in Lower Wilcox time but did not reach as far up the embay-
ment nor did it attain as great a depth as it had before. Littoral and
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estuarine conditions prevai]gd; qnd the sand and clay 'brought in by the streams
-weré swept along by strong currents and laid ddwn in irregular cross-bedded

‘ deposits. These conditidns prevailed until the end of. Wilcox time, when the
region once more became land. During Jackson time, swamp conditions exfsted
over the aréa south and west of Tennessee and covered the westernmost part of
this state.  Sand, clay and lignite were deposited.

Eocene.to,recent time -- By the end of Eocene time, all of Tennessee was dry

land, and.the rivers began to erode the recently depoéited sand and clay.

As these deposits were Unconso]idated, they yielded feadi]y_to the erosive
action of the streams, and thus much of the material was carried away. Though -
erosion was active from the end of the Eocene epoch until Pliocene time, the
~area was not reduced to a peneplain, and therefbre, the subsequent formation
was laid down on an ‘irregular surface. |

Some time during the Pliocene epoch, the land was sufficiently lowered to allow
the heavily 1oaded_streams that came from surrounding highlands to cover the
area with sand and gravel. The exact conditions of'débosition are not known,
but it is probéb]e'that the material was derived from high land where erosion
-was active and was carried by streams of high gradient and ]afge transporting
power. The eroded material was droppéd as a subareal deposit on the low-lying
lands where the flow of the streams was checked and their transporting power
greatly reduced;_ i

In_P]eistocene time, the northern part of the United Stétes was covered by
_continenta] ice sheets, which advanced and retreated in accordance with the
changes in climate. The great quantities of water 1iberatéd byqthe melting

ice carried large amounts of g]aciaT debris, which was spread out as outwash
"plains or carried down the rivers and deposited on their floodplains. When
these deposifs were dry, wind 1ifted the fine silty material and dropped it

on adjacent regions. Such wind-transported material, called loess, was laid
down in the land in western Tennessee. -Erosion had been resumed in this area
after the deposition of the Pliocene gravel, and it was on an irregular erosion
surface that the 10ess was deposited. At the end of the Pleistocene epoch
active erosion cut through the loess deposits in many places. .
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The streams soon adjusted their channels, but in comparatively recent time, a
slight uplift has caused them to intrench themselves a few feet.

3.2.1.2 STRUCTURES

The Paleozoic rocks, in general, lie flat, although they have been elevated
and depressed many times. The shape of the rock floor of the upper Mississippi
Embayment was described as a spoon, with the tip extending northward into

-I11inois and the other half underlying Tennessee and Kentucky. The younger

sediments of the Cretaceous and Eocene age were deposited in successive layers

~ on this surface, .and the slope of these beds is that of the underiying floor.

The plateau of western Tennessee has a general ddwns]ope to the northwest,
but in the northwestern part of the area the land rises again, forming the
high tract in the western part of Obion County. Surface warpfng has elevated
this tract until its general level is about 100 feet higher than the general
surface level of the south.

3.2.2 GEOLOGY OF THE SITE

The IFGDP site is primarily covered with dredged material from Lake McKellar.
The soils beneath the site are generally alluvium deposited by the Mississippi
River. A subsurface investigation was conducted during 1978, and the locations
ofAthe borings are shown in Figure 3-2.(]2) Sections A-A and B-B are shown

in Figures 3-3 and 3-4. These sections illustrate the composition of the
layers of soil from 0 to 80 feet below the surface.

Two borings from the soils investigation penetrated deeper than the remainder;'
these were borings 9A and 14A, which reached depthé below the surface of 282
feet and 267 feet, respectively. The approximate stratigraphic profiles ob-
tained from these borings are shown in Figure 3-5. The elevations shown in
Figure 3-5 are approximate, pending a field survey. In general, these pro-
files show the site to be comprised of 1ayered material as follows: dredged
material from 6 to 10 feet, 20 to 40 feet of sand and gravel, 40 to 80 feet

!
v
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of fine sand, 25 feet of sand and coarse gravel, a relatively thin layer of
silty clay and 15 feet of fine sand.

At ah‘elevation of approximately 60 feet above mean sea level, a very dense
- silty clay was encountered and continued to approximately 50 feet below mean
sea level (a total of 110 feet) after which the Memphis Sands or "500-foot"
'sands began. Based upon data supplied in the 1iterature(3) and observations
while-drilling, it is probable that this is the sand used by the City of Mem-
phis for their primary supply of drinking water.

The dashed lines on Figure 3-5 are intended to show relative changes in eleva-
tion between similar soils. Considering the historical variations in river
level, location and deposition of glacial material, the two borings are very
similar. . '

3.2.3 MINERAL RESOURCES

Mineral resources in the region are scanty. A]though the clay production
presently is limited to Henry County, there are clay deposits in other parts

of western Tennessee. The sand deposits of western Tennessee are very large
and varied, and the qoantity of building sands is almost unlimited. Road

- ~building material is p]entifu1 in much of the area. The cherts of the Devonian
and Mississippian age‘that occur in Benton, Decatur and Hardin Counties form
good road material. The terrace gravel in the valley of the Tennessee River
and the Pliocene gravel also form good road material..

The Mississippi River is a source of sand and gravel. Dredged material from
portions of this river provide good fill material.

Low-grade phosphate rock occurs in Decatur County; and tripo]i; a weathering
product of the Fort Paynevchert, and St. Louis limestone are found in Hardin;
County. Although iron ore has béen-worked in Decatur County, it is doubtful
that the quantity and quaTity warrant exploitation by modern- methods. Some
of the limestones of the area might be used as polished stone, and others
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could be used in the manufacture of cement. Deposits of these raw materials
are so abundant throughout the United States, however, that exploitation de-

M

pends largely on the proximity of markets or on cheap transportation.

‘Atithe IFGDP site, there are no known deposits of minerals. The only known
sand and gravel quarry within the vicinity of this site is located on Presi-
dents Island, approximately 5 miles northeast of ghe site.

3.2.4 SOILS

The IFGDP site is mainly covered with dredged material. On approximately 20
acres (12.5 percent of site) located in the western edge of the\site, there
occurs a natural soil named Crevasse fine sand(]3) by the Soil Conservation
Service (SCS). The SCS describes this soil type as follows:  "This soil
occurs along the Mississippi River, as tracts 40 to 100 acres in size. It
has the profile described as typical for the series. Most areas have a hum-
mocky surface. Crevasse fine sand has a very low available water capacity
and, consequently, is extremeiy droughty.' It is slightly acid to neutral in
reaction and is flooded every few years. Only small areas have been cleared.
Most of the cleared area is idle or in bermudagrass pasture. Droughtiness
limits the choice of crops to small grain, pasture and other crops that grow
in winter and spring when moisture is most plentiful. Some of these soils
support woodland. The trees are mainly cottonwood, black willow and hack-
berry. In places, the sand is thin, a]thbugh it is moderately good for cot-
tonwood and black willow. Because of droughtiness, the loss of a fourth to
a half of the seedlings in both planted and natural stands is to be expected.
The droughty nature of this soil 1imits the chqice'of plants that can be
grown to provide food for wildlife. Suitable pianfs'are those that grow in
spring and winter when available moisture is most plentiful. Small winter
grains grow well if flooding is not severe. Sunflowers and sorghum also grow
we]]."(]s) Descriptions of the soils at the site, beneath and including the
dredged material, and their chemical and physical properties are given in
Section 3.3.2.2. '
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3.2.5 SEISMICITY

Seismic events are rated according to the maximum inténsity in the area of
the epicenter (originatihg location). The intensity follows the modified
Mercalli Intéhsity Scale and is a measure of the damage caused by the event.
Table 3-2 gives the-Meréalli Intensity Scale and the expected damage for

each intensity. 'Damagevdone by an earthquake is related to the energy re-
-leased at the epicenter and the distance from the epicenter. Other important
factors include the geologic setting of the area, the frequency of the seismic
waves, the depth of the epicenter and the amount of earthquake resistance
built into man-made structures. The more commonly known Richter Magnitude
Scale is a measure of energy released at the epicenter of the earthquake.
Table 3-3 compares the modified Mercalli Intensity Scale and the Richter
Magnitude Scale. ' V | '

The Memphis area is located in Zone 3 of the U. 5. Seismic'Risk Map(]s)
shown in Figure 3-6. An earthquake corresponding to 0.19 g* motion can occur
at the s1te(]6) as shown in Figure 3-7. An earthquake of 0. 19 g corresponds
to a magnitude of 6.3 on the Richter Sca]e as is shown in F1gure 3-8. an

\
Under the influence of isotatic tilting, the Mississippi Embayment contains
o]d”fault zones trénding northeast-southwest and northwest-southeast. A north-
east-southwest inferred fault line along the Big Creek fault zone apparently
controls the Mississippi River course from the Obion River 75 miles northeast
- of Memphis to the Arkansas River 100 miles southwest of Memphis. A second
inferred fault zone, the White River fault zone, trending northwest-southeast
from the WhiteARfver in Arkansas past Helena, Arkansas, toward Meridian Missis-

(15)

sippi, passes approximately 25 miles southwest of the site.

Within 20 kilometers of the proposed IFGPD, four seismic events registering
IV or greater on the modified Mercalli scale were reported.(]8)< These events
were as follows: (1) March 30, 1922, centered 12 kilometers southwest of the

* See List of_Abbreviations for definition.



II.
ITI.

Iv.

VI.

VII.

VIII.

IX.

TABLE 3-2

MODIFIED MERCALLI INTENSITY SCALE AND EXPECTED DAMAGE FOR EACH
INTENSITY (AFTER C. F. RICHTER, 1958) (14)

Not felt. Marginal and long-period effects of large earthquake.
Felt by persons at rest, on upper floors, or favorably placed.

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

Hanging objects swing. Vibration 1ike passing of heavy trucks; or
sensation of a jolt like a heavy ball striking the walls. Standing
motor cars rock. Windows, dishes, doors rattle. Glasses clink. -
Crockery clashes. In the upper range of IV, wooden walls and frames
creak. .

Felt outdoors; direction estimated. Sleepers wakened. Liquids
disturbed, some spilled. Small unstable objects displaced or
upset. Door swing, close, open. Shutters, pictures move.
Pendulum clocks stop, start, change rate.

Felt by all. Many frightened and run outdoors. Persons walking un-
steadily. Windows, dishes, glassware broken. Knickknacks, books,
etc., off shelves. Pictures off walls. Furniture moved or
overturned. Weak plaster and masonry D cracked. Small bells ring
(church, school). Trees, bushes shaken.

Difficult to stand. Noticed by drivers of motor cars. Hanging
objects quiver. Furniture broken. Damage to masonry D, including
cracks. Weak chimneys broken at roof line. TFall of plaster, loose
bricks, stones, tiles, cornices (also unbraced parapets and
architectural ornaments). Some cracks in masonry C. Waves on
ponds; water turbid with mud. Small slides and caving in along sand
or gravel banks. Large bells ring. Concrete irrigation ditches
damaged.

Steering of motor cars affected. Damage to masonry C; partial
collapse. Some damage to masonry B; none to masonry A. Fall

of stucco and some masonry walls. Twisting, fall of chimneys,
factory stacks, monuments, tower, elevated tanks. Frame houses
moved on foundations if not bolted down; loose panel walls thrown
out. Decayed piling broken off. Branches broken from trees.
Changes in flow or temperature of springs and wells. Cracks in
wet ground on steep slopes.

General panic.’ Masonry D destroyed; masonry C heavily damaged,
sometimes with complete collapse; masonry B seriously damaged.
(General damage to foundations). Frame structures, if not

(Continued)
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. TABLE 3-2 (Continued)

bolted, shifted off foundations. Frames racked. Serious damage
to reservoirs. Underground pipes broken. Conspicuous cracks in
‘ground. In alluviated areas sand and mud ejected, earthquake
fountains, sand crater. .

X. Most masonry and frame structures destroyed with their foundations.

~ Some well-built wooden structures and bridges destroyed. Serious
damage to dams, dikes, embankments. Large landslides. Water thrown
on banks of canals, rivers, lakes, etc. Sand and mud shifted
horizontally on beaches and flat land. Rails bent slightly.

XI. Réi]s bent greatly. ‘Underground pipelines completely out of service.
“XII. Damage nearly total. Large rbck masses displaced. Lines of sight
and level distorted. Objects thrown into the air.
Masonry'A, B, C, D, are‘specifiéd by Richter és fo]]oWs;
MaSonrz A. Good workmahsh1p mortar and design; reinforced, especially

Tlaterally, and bound together by using steel, concrete, etc.; des1gned
to resist lateral forces. :

Masonry B. Good workmansh1p and mortar; re1nforced but not designed
in deta11 to res1st 1atera] forces.

Masonry C. 0rd1nary workmanship and mortar; no extreme weaknesses
like failing to tie in at<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>