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Valid and meaningful estimations of the severity and extent of ground
shaking in an area resulting from earthquake energy release, and the
secondary effects which may occur as a result of this ground response,
must necessarily consider the thickness, configuration and material prop-
erties of the unconsolidated near surface sediments effected. Included
in this report are map displays of the historically shallowest ground
water occurrences, the distribution and character of discriminated sur-
ficial sediments and thicknesses of Holocene and Quaternary age sediments.

The response of near surface sediments to seismically induced shaking
is a function of sediment characteristics, materials properties and the
velocities of seismic waves through these sediments. Downhole velocity
surveys have been conducted in existing boreholes. Additionally, the
drilling, logging, sampling for bulk density and the downhole measure-
ment of P-and S-wave traveltimes in a 200 foot hole has provided a means
of estimating the clastic properties of the near surface sediments.
Because many of the available boreholes in the area of investigation are
surrounded by asphalt it was desirable to determine what effect an asphalt
layer at the ground surface introduces to the traveltime curve. At the
Tocation of the 200 foot hole drilled during this year's effort, it was
possible to measure downhole traveltimes from a source generated on soil
and from a source generated on asphalt. Comparison and analysis of
S-wave traveltimes data from these two sources is presented with the con-
clusion that when the source is on asphalt the measured traveltime is less
than the measured traveltime on soil at shallow hole depths. Based on
this simple test, S-wave traveltime disparity diminishes with increasing
depth and traveltime curves for energy sources on soil and asphalt closely
approach each other.



In order to expediently collect and expeditiously analyze the mass of
subsurface data accumulated for this investigation an electronic data
processing management program has been developed to store, selectively
retrieve and graphically display accumulated stratigraphic sample data
and geotechnical measurements taken from holes in the ground. The current
system can only store point data, data representing a measured value at
some point in space and time. The system does not preclude adding range
data. The system consists of two major functions, an edit-audit-update
function (input) and a data retrieval function (output). The input
function assures that only data that is usuable and consistent with user
specified requirements reaches the storage file. The output function pro-
vides as variety of services related to obtaining and displaying infor-
mation from the storage file. The edit-audit-update function is driven
by a user-coded input form, while the data retrieval function is driven
by a user coded query. Description of the processing capability of this
developed program is contained in the report.
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Introduction

The objective of this investigative research is the development of a
scientifically valid analytical procedure enabling plausible prediction of
the areal extent and severity of the dynamic responses of young loosely
consolidated near surface sediments to seismically induced ground shaking.
Specifically, the area of investigation under this research project is
that portion of the south coastal Los Angeles basin within Orange County,
California. This area is covered by unconsolidated and loosely consoli-
dated Quaternary age sediments of varying thickness. Except for the
brief historical record, how these young'near surface sediments will
respond to ground shaking resulting from earthquakes is largely underter-

mined.

" This technical report presents the results achieved during the second-
year period of this continuing investigation. No. conclusions and no
estimates of seismic ground response are included in this interim report.
The results of the second-year of investigation which are presented include
map displays of ground water occurrence, the distribution and character
of discriminated surficial sediments and thicknesses of Hblocene and
Quaternary age sediments. During this report period a 200 foot hole was
drilled, logged and sampled through Holocene age sediments and into
underlying Pleistocene age sediments. With the use of a side wall clamping
three-directional geophone and a multichannel signal enhancement recording
seismograph, downhole seismic wave traveltimes from a ground surface
origin were measured. Analyses of these seismic wave traveltimes are

presented.



Included as a supplement to this annual Technical Report is a

Description of the Electronic Data Processing Capability Developed to

Manage Stratigraphic Sample Data and Geotechnical Measurements. This

data management program has been developed specifically to store, selec-
tively retrieve and graphically display data collected for this investi-

gation and other similar investigations which might be undertaken.
AREA OF INVESTIGATION

The area of this investigatfon is the southeastern portion of the
Los Angeles basin within Orange County, California. This 900 km2 area
of coastal plain has undergone rapid urban growth during the last two
decades and currently contains an estimated 1.5 million inhabitants.

‘Urban growth and resident population are projected to increase.

Orange County will be subject to the impact of large and possibly

damaging earthquakes which may occur along any of the several major active

and potentially active faults both within or in the proximity of the

county. Seismic wave impact of the study area can reasonably be expected
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to occur from earthquakes originating from nearly every direction.
Location of the area of this investigation in relation to Quaternary age
faulting and epicenter locations of historic large earthquakes is shown

on the the index map (figure 1) page.

The relatively flat-lying unconsolidated to Toosely consolidated
clastic sediments of Quaternary age which underlay the study area vary
in thickness and have an indicated maximum thickness in excess of 4,000
feet near the center of the study area. How these sediments will respond
to seismically induced ground shaking has not been previously analyzed on
an areal basis. Estimation of the response of these sediments to seismic
wave stimulation, and the areal distribution and severity of this response,

is the purpose of this investigation.
RESEARCH PROJECT OBJECTIVES -

The objective of this invéstigation is the development of a plausible
and scientifically valid estimate of the type and relative severtiy of
the dynamic response of young relatively unconsolidated near surface
sediments to seismic wave impact. To achieve this objective a multi-

year investigation has been undertaken in the Orange County study area.

In the first year of investigation available geotechnical data from
engineering projects and other types of investigations which are ap-
plicable t6 a seismic ground response investigation were collected and
spatially identified. Development of an electronic data processing
program to manage data collected and to be collected for interpretation

in this investigation was commenced.
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During this second year of investigation,data colliected were inter-
preted to define the geometry and character of discriminated near surface
sediments and the proxiﬁity of ground water to the ground surface. Ad-
ditional data, primarily seismic velocity data, were collected through
project field work in order that these seismic P-wave and S-wave velocity
data could be related to other measured physical parameters of near
surface sediments. Development of an electronic data processing manage-
ment program to store, selectively retrieve and graphically display

stratigraphic sample data and geotechnical measurements was coﬁp]eted.

Program objectives to be achieved during the third year of this

investigation, commencing September 19, 1980, without additional project

‘drilling and down-hole seismic velocity measurements, include map displays

of the susceptibility of near surface sediments to liquefaction and
differential settiement, the 1ocaiions of reported historic seismic
intensities and graphical and/or tabular displays of preliminary cor-

relations among selected measured seismic and geologic parameters.
RESULTS OF THE SECOND YEAR OF INVESTIGATION

Results and products of the second year of this continuing investi-

gations are contained in this Annual Technical report and include:

A. Map displays of:
1. The historically shallowest ground water occurrence below the

ground surface, Map No. 1,



C.

The character and distribution of Quaternary age surficial sedi-

ments, Map No. 2,

3. The thickness of Holocene age sediments, Map No. 3,

The thickness of Quaternary age sediments, Map No. 4,
The distribution and thickness of the Talbert and Bolsa

aquifers of Holocene age, Map No. 5

Downhole measurement and analysis of P- and S-wave seismic travel-
times recorded in a well drilled in Mile Square Park, Orange

County, California.

A description of the electronic data processing capability developed

to manage stratigraphic sample data and geotechnical méasqrements.



ISOBATH MAP OF NEAR SURFACE WATER - MAP NO. 1

The isobath map of near surface water provides a conservative inter-
pretation of the historically shallowest depth to free water or high
interstitial water saturation within the study area. The data base
used in the preparation of this map is provided by observations recorded
in the logs of investigative borings undertaken for construction projects
subsequent to the year 1955 and drillers logs of wells drilled for water
development subsequent to the year 1920. The occurrence and location of .
historic surface water was determined from an examination of U.S. Geological
Survey topographic maps dated 1901 and later, prior to the extensive
incursions of cultural development. Locations of investigative borings
and wells are indicated on the map to provide a perspective of the distri-
bution of subsurface data which are the b#sis forvthe interpretation pre-
sented, however to facilitate map clarity data values and observation
dates are not shown on the map. The interpretation presented is biased
toward the shallowest reported observations of ground water, a conservative
interpretation. This map is intended to be a regional and general
evaluation of "worst possible" ground water conditions for seismic ground
responée considerations and is not intended for and should not be used

for site evaluation or for other purposes.

Within the area of investigation displayed on this map, geologic
factors which effect the depth to ground water include the spatial dis-

tribution and juxtaposition of near surface sediments having contrasting

textures, the regional hydraulic gradient, and local topography. Shallow



ground water contours at the mouths of Santa Ana Canyon and Santiago Creek
are the result of inflow and percolation of water into recent coarse
clastic sediments in these areas (Plate 2). Similarly, the shallow ground
water located along the western boundary of the County is related in

part to water from the San Gabriel River distributary system (Plate 1).

In the area west of the mouth of Santa Ana Canyon and beneath the City

of Anaheim sparse historic ground water observations indicate a depth to
ground water of 50 feet or more below the ground surface (Plate 1).
Surface and near surface recent sediments in this area are generally un-
consolidated permeable sandy coarse clastics as shown on Map No. 2.
Holocene sediments are thick beneath this area as shown on Map No. 3 and
the Holocene age Talbert aquifer is thickest beneath this area as shown
“on Map No. 5. Surface elevations in the area of the City of'Anaheim are
100 to 150 feet above mean sea 1¢Vé] and surface sediments are probably

in hydraulic continuity with the Talbert aquifer system. These conditions
result in a deep ground water level. To the west of the City of Anaheim
beneath the cities of Buena Park and Los Alamitos (Plate 1), different
conditions exist and shallow ground water is indicated. Surface and near
surface sediments are finer grained and probably less permeable than the
sediments beneath Anaheim. Surface elevations are less than 75 feet

above sea level so that the hydraulic gradient is less than in the
Anaheim area. The mesas immediately inland from the seacoast are composed
of consolidated Pleistocene sediments and stand 50 to 100 feet above sea
level. Ground water is 30 feet or more below the surface of these mesas
(Plate 3). In the near sea level gaps between these mesas, ground water is

3 feet or less below theground surface in fine grained Holocene sediments.
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Inland from the coastline mesas and beneath the cities of Westminster,
Fountain Valley, and Irvine, ground water is 5.feet or less below the
ground surface in unconsolidated Holocene sediments (Plates 1, 3, 4).
Early topographic maps indicate marshy areas inland from these mesas.
The consolidated Pleistocene age sediments on and beneath the mesas
apparently have lower water transmissibility than the Holocene sediments
and water is impounded against the uplifted Pleistocene sediments of the

mesas.

The subsurface depth of interstitial water saturation in near-
surface sediments is a critical factor in the estfmation of the effects,
particularly the secondary effects of liquefaction and differential set-
t1ement,'that may result from earthquqke impact to these sediments. A
determination of the historically shallowest occurrence of free ground
water establishes the minimum depth limit for this factor. This is the

purpose of this map interpretation.



SURFICIAL GEOLOGIC MAP OF QUATERNARY AGE SEDIMENTS - MAP NO. 2

This map characterizes in a general manner, surface materials
according to predominate gfain size, consolidation and, in part, deposi-
tional environment. Data base for the preparation of this map is
largely taken from the U.S. Department of Agriculture, Soil Conservation
Service, 1976 Interim Report, "Soil Conservation Service, 1976 Interim
Report, "Soil Survey of Orange and Western Part of Riverside Counties."
The 226 soil units contained in this soil survey were reduced to the
eight general descriptive units disp}ayed on this map. NOTE: A map
unit 1 designation has not been used in order to enhance map display

clarity.

| Mab'units 2, 3 and 4 are predominately unconsolidated sand, siIf and
clay units; respeciive]y,.of-Ho]ocene age.' These units occur
in the central portion of the study area and in the topographic gaps
between the coastal mesas, within the limits displayed on the Holocene

thickness map, Map No. 3.

Map units 5, 6 and 7 are predominately consolidated sand, silt

and clay units, respectively, of Pleistocene age. These units occur

on the mesas near the coastline and generally at the northern, eastern

and southeastern edges of the study area.

Units 8 and 9 are unconsolidated lagoonal-intertidal muds and

beach deposits of sand and gravel, respectively, of Holocene age.

These units occur along in proximity to the coastline.

10
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This map will provide information contributary to the estimation
of the susceptibility of near surface sediments to liquefaction and
differential settlement during seismically induced ground shaking. The
map may also provide some correlations between soil character and

documented seismic intensities at sites within the study area.

N



THICKNESS MAP OF HOLOCENE AGE SEDIMENTS - MAP NO. 3

This map displays the interpreted total thickness of Holocene
sediments within the area of this investigation. Thickness values used
in preparing this map have largely been derived from lithologic
descriptions contained in water well drillers logs and the descriptions

of sediments penetrated in other types of investigative borings.

Basal Holocene sediments, in the area generally west of the present
restricted course of the Santa Ana River and particularly from the mouth
of Santa Ana Canyon southerly to the seacoast, are commonly characterized
by conglomeratic gravelly coarse sands. This persistent occurrence of
coarse clastic materials is largely the basis for the Holocene thickness
interpretation shown on the map in this area. Holocene sediments
easterly from the present coarse of the Santa Ana River are generally
20 feet, or less, in thickness and are mostly soils and sediments
derived from underlying or nearby outcropping older sedimentary and
volcanic rocks. Recognition of these older sediments in the lighologic
descriptions of water wells and investigative borings is the basis for

the Holocene thickness interpretation shown on the map in this area.

Holocene sediments are thickest on a trend, two to six miles wide,
from the mouth of Santa Ana Canyon southerly to the seacoast between
Newport and Huntington Mesas and, to a lesser degree of thickness,
between Huntington and Bolsa Chica Mesas. This area of thick Holocene
sediments is beneath the cities of Anaheim, Gardon Grove, Fountain

Valley and, to a lesser degree of thickness, Westminster (plates 1, 2

12



and 3). This maximum thickness trend is generally coincident with the
areal distribution of the Talbert and Bolsa aquifer systems displayed

on Map No. 5. In the western portion of the study area (Plates 1 and 3)
a thick lobe of Holocene sediment extends southerly to the seacoast
between Bolsa Chica Mesa and Landing Hill; this area of thick Holocene
sediment is beneath the city of Los Alamitos and the U.S. Naval Weapons

Station.

The distribution, thickness and character of unconsolidated to
Joosely consolidated Holocene sediments will be a determining factor in
estimating the primary and secondary effects of ground shaking resulting
from earthquakes. This map will provide a basis for defining the
character of Holocene sediments and ultimately in estimating ground

surface response to seismic loading.
- .
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THICKNESS MAP OF QUATERNARY AGE SEDIMENTS - MAP NO. 4

This map displays the interpreted areal distribution and thickness

of Quaternary Age sediments within the area of this investigation, that

portion of the south coastal Los Angeles basin which is in Orange County.

Areal extent of exposed Quaternary Age sediments has been taken from
published information and is generalized. Subsurface interpretation of
the thickness of Quaternary Age sediments is based largely on available
information from deep wells drilled for o0il and gas exploration and
development. Geophysical logs from these wells were correlated to
determine the base of Pleistocene sediments and the 1ndicatéd thickness
value from the ground surface to the correlated well depth was used to
prepare this map display. Loqations of these control wells are shown
on the map. Well identities aﬁd data values used have been omitt%d in
order to enhance map clarity. For purposes of this seismic ground
response investigation thickness values used for this interpretation are
gross vertical thickness values and should not be regarded as true

stratigraphic thickness values.

Significant variation in the thickness of Quaternary age sediments
occur within the study area and these thickness variations are displayed
on the map. Quaternary Age sediments have a local maximum thickness
of about 1,600 feet beneath the cities of La Habra and Brea (Plate 1).
Sediments thin in a southerly direction to 600 feet beneath West Coyote
and East Coyote Hills, Plate 1, and progressively thin in an easterly
direction to onlap termination against older sediments on the flank of

the Puente Hills east of the city of Yorba Linda and the western flank
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of the Santa Ana Mountains east of the city of Orange (Plate 2). South
of the Coyote Hills these sediments increase in thickness to about 4,000
feet beneath the city of Anaheim (Plates 1 and 2) and reach an inter-
preted maximum thickness of 4,200 feet beneath the cities of Stanton and
Garden Grove (Plate 1). From this maximum thickness, sediments uniformly
thin in a southeasterly direction, beneath the cities of Santa Ana,
Tustin and Irvine and extend thinly beneath the Tustin Plain to onlap
contact with older sediments and volcanic rocks (Plates 1, 2, 3, and 4).
Southwesterly from this maximum thickness of 4,200 feet,Quaternary
sediments thin uniformly toward the seacoast (Plate 3). Near the coast-
line, along the Newport Inglewood structural trend, Quaternary sediments

thin to 500 feet beneath the city of Seal Beach, 800 feet beneath

Sunset Beach, 600 feet beneath the city of Huntington Beach and terminate

across Newport® Mesa by onlap contact with older ‘sediments. Extension of
Quaternary age sediments beyond the limits of this investigation,
offshore and within Los Angeles County is apparent but has not been

defined by this study.

This map provides definition of the lateral distribution and thickness
variation of young relatively unconsolidated sedihents which will be
subjected to earthquakes. Any estimation of the response of near-
surface sediments to earthquake energy release, and the primary and
secondary effects which may occur, must consider the thickness and

configuration of the effected sediments.

15



TALBERT AND BOLSA AQUIFERS MAP - MAP NO. 5

This interpretive map displays the onshore limits of effective sand

development of this aquifer system, structural contours on the top of

these sand and gravel units and gross thickness values of these aquifers.

The Talbert aquifer is the larger of these two units in length,
thickness and areal extent. It extends from the mouth of Santa Ana
Canyon to the seacoast between Huntington and Newport Mesas. In Santa
Ana Canyon this sand and gravel unit is not readily distinguishable from
overlying and underlying coarse clastic sediments of similar character.
This aquifer has a width of about two miles and a thickness of about 26
feet at the mouth of Santa Ana Canyon. - The aquifer expands rapidly to
a width of about six miles and has a maxi@um gross thickness of about
90 feet beneath portions of the cities of Garden Grove, Westminster and
Fountain Valley. The Talbert aquifer narrows south of the city of
Fountain Valley to a width of about two miles and extends to the
coastline through Santa Ana Gap, between Huntington and Newport Mesas.
Maximum thickness of the Talbert aquifer at the coastline is 90 feet
and seaward extension of the aquifer is indicated but has not been

delineated for purposes of this investigation.

South of the city of Westminster and north of Huntington Mesa the
aquifer system bifurcates and the smaller shorter Bolsa aquifer extends
to the seacoast between Huntington Mesa and Bolsa Chica Mesa. The
Bolsa aquifer is in hydraulic continuity with the upper youngest
portion of the Talbert aquifer. Both aquifers appear to be similar in

1ithologic character and are of Holocene age. For the purposes of this
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investigation these contiguous sand units have been mapped as a single

discriminated lithologic unit of Holocene age.

This combined sand unit constitutes a significantly large segment
of the total Holocene sediment thickness within the area of this
investigation. Adequate considerations of the extent, thickness and
depth below the surface of this discriminated sand unit will be
essential in estimating the primary and secondary ground surface effects

resulting from seismic impact of this area.
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DOWNHOLE MEASUREMENT AND ANALYSIS OF
P- AND S-WAVE TRAVELTIMES RECORDED IN A WELL DRILLED IN

MILE SQUARE PARK, ORANGE COUNTY, CALIFORNIA

INTRODUCTION

The response of near surface geologic deposits to seismically induced
shaking is a function of material properties including density, stiffness,
fluid content, porosity. shear modulps, bulk modulus and layer geometry.
Particular combinations of these properties can selectively amplify a nar-
row frequency band of ground motion while reducing motion at other fre-
quencies. Measurement of P- and S-wave seismic velocities and laboratory
determinations of bulk density provide a means of estimating the elastic
properties of the near surface materials. Unfortunately, among the avail-
able geotechnical data collected thus far for the Orange County study
area, the distribution of seismic velocities is least known. Consequent-
ly, a program task was developed to conducF downhole velocity surveys in
existing boreholes, as well as to conduct shallow drilling and velocity
measurements in selected areas to improve subsurface control of important

physical parameters.
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This section describes the method employed in the measurement of

seismic velocity, the resolution attained, and the results from a survey

of Mile Square Park borehole (MS$-1) drilled as part of this years inves-
tigations (Map 5, Plate 3). Velocity data obtained from five water in-

vestigation wells and two engineering borings surveyed this year are

pending reduction and are not included in this report.

Because many of the available boreholes are surrounded by asphalt, it
was desirable to determine wnat effect an asphalt layer introduces to a
traveltime curve. The MSP-1 borehole afforded a unique opportunity to
evaluate this affect because the nole was drilled adjacent to a parking
lot so that at a 10 foot offset distance, the source could -be generated on
asphalt on one side of the borehole, or on soil on the ather side.

Results of this test are included in this section.

SEISMIC METHODS

Technigue and Equipment

Downhole techniques were used for the determination of ooth P- and
S-wave velocity, wnereby a surface source genzrates a wave that travels

downward through thne substratum and is recorded by a sensor in a bore-
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hole. Tne P-wave source consists simply of a vertical impact on the
ground surface produced by a sledgehammer blow. The S-wave source energy
is generated by the "plate and hammer" or "horizontal traction" method
introduced by Japanese researchers (Kobayashi, 1959; Kudo and Shima, 1970)
and successfully used to measure shear-wave traveltimes in California
(Warrick et al., 1974; Power and Real, 1976). The technique consists of
impacting the end of a traction plank held firmly to the ground by the
weight of a vehicle, thereby generating a tangential stress wave that
travels vertically into the ground. The method has been described in

detail by Beeston and McEvilly (1977).

The borehole sensor used in this study was a Mark Products L-lO-BD
SWC sidewall clamping geophone (figure 2) incorporating thres orthogonally
mounted transducers, each having a natural ffequency of 4.5 Hz. The geo-
prone is neld firmly in place by a bowspring clamp whicn triggers on bot-
tom impact and will operate in poreholes ranging from 3.0 to 6.0 inches in
diameter, when used with appropriate spacers. The tool is suspended in
the borehole by a 5/16 inch steel stress caole having molded deptn markers
at 5 foot intervals to facilitate proper positioning. The transducer sig-
nals are carried to the recorder via a separate snielded multi-conductor

cable.
The geophone signals are conditioned and recorded by a Geometrics

ES-1210 12 channel digital signal enhancement seismograph (figure 3).

Signal ennancement is achieved by tne metnod of vertical stacking, whersoy
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the signals from several successive source impacts are summed and stored
in memory. Coherent energy (the wave arrival) adds constructively and
random energy (ground noise) tends to cancel. The method improves the
signal to noise ratio by a factor of,[ﬁ for n impacts, thereby permitting
wave interpretations to greater depths. Each geophone component is dis-
played on four channels which permits up to four independant gain settings
and stacking combinations for each component. Wnile conducting a measure-
ment, all chann=ls are displayed on a CRT screen for visual monitoring.
When a satisfactory signal is attained, a permanent record is obtained

from a non-photographic thermal printer.

.Field Procedure

.The routine field procedure oegins with the ldwering of a "fish-tool"
to detect possible down hole obstructions and verify the deptn of the
borehole. This precautionary measure was taken primarily oecause many of
the boreholes to be surveyad are pre-existing water investigation wells
with perforated casing that can deform under stresses induced oy soil
creep over long periods. The "fish-tool" also served to test the firmness
of the hole bottom; a firm hole bottom is required to activate the trigger
foot at the base of the geophone to rslease the bowspring sidewall clamp.
When tnhe bottom material appears too soft, several small cobbles are

dropped down the hole and compacted ~ith the "fisn-tool" to provide a firm

surface for the trigger foot.
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The routine source configuration for a downhole velocity survey is a
five foot offset from the borehole for P-wave impacts, and a ten foot off-
set for the S-wave traction plank impact. When the geophone has reached
bottom and the sidewall clamp has properly activated, P- and S-wave
traveltime is measured and the tool is pulled to the nearest five foot
marker. From this point to the surface, the borehole is logged at five

foot intervals.

At each sample point, horizontal components Hl1 and H2 are recorded on
channels one and five for a left side impact, and on channels two and six
for a right side impact (as determined facing toward the front of the
vehicle in the drivers seat), duiing measurement of S-wave traveltime.

This arrangement conveniently places the right and left side impact traces

for each hori;ontal component adjacent to one another for comparison. The
P-wave source signal is recorded by horizontal component H2 on channel
eight, and the vertical component on channel twelve. In most instances,
the H2 component on channel eight records a distinct S-wave phase
(probably SV) generated by the P-wave source impact. With the described
recording channel configuration, a complete set of P- and S-wave travel-
time measurements for a single sample point is contained on a single
record. Figure 4 shows a typical permanent record obtained at a single

sample point in the Mile Squarzs Park borehole.
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Data Reduction

When a suite of records has been obtained from a borehole survey, the
usual procedure is to first prepare a tracing of the time histories such
that at each sample point, the right and left side impacts are super-
posed. Because of the reversal of S-wave source polarity, the superposed
traces should be 180 degrees out-of-phase. The S-wave onset is then
identified at the first point of trace divergence. Using this technique,
the arrival times are read independently from both horizontal components.

The P-wave onset is read from the vertical component trace.

As shown in figure 4, tne high resolution timing lines on a 500 ms
record are 5 ms apart, consequantly the arrival time is.read to the near-
est millisecond.. A routiné analysis of reading errors nas shown tnat at
this playback settiﬁg, the standard deviation or arrival time for repli-
cate readings by different observers is about G.S ms for S-wave and 0.7 ms
for P-waves. The F-test shows tnese values are not significantly differ-
ent at the 95 percent confidence level. Thus, the reading uncertainty for
P- and S-wave arrival time is slightly less than 1 ms. It will De shown
that this is not sufficiently precise to determine the value of high

velocities for thin beds.
Traveltime curves are constructed for each component and are used to

identify bad picks on the seismic records. Finally, a traveltime curve is

constructed from the average arrival time of the horizontal components at
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each sample point corrected for vertical travel. Changes in slope are
identified on this curve, and straight line segments are fit to the data
by the method of least squares. The slopes of these lines are tne average

velocities of the corresponding depth intervals.

RESULTS FROM MILE SQUARE PARK BOREHOLE SURVEY

Source on Soil

Figure 5 shows the composite time histories for the S-waves, and the
P-wave onset pulse for the source on soil at the MSP -1 borehole. The
S-wave arrivals are less than-180 degrees out-of-phase from the surface to
a depth of about 35 feet for the Hl component and about 15 feet far.the H2
component. Beyond these.depths, tne S-wave arrivals appear to indeed be
phase shifted about 180 degrees. Near the point of arrival, the travel-
time for the P- and S-waves is noted on figure 5. Slight rotation of tne
borehole tool as it travels up the hole is evident by a decrease in ampli-
tude on one component and a corresponding increase in amplitude on the
other. The nigher amplitude is recorded on the component more parallel to
the source traction plank. For this reason, traveltime is computad from

the avesrage of the horizontal components.

During an initial test, an intermediate arrival between the P- and

the S-wave was ciearly recorded that seriously obscurred the onset of the
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S-wave. This intermediate phase looked similar to the "tube waves" ob-
served by Beeston and McEvilly (1977). We found this phase to be a wave
traveling down the borehole Qeophone cables when under tension. wWhen the
tension was relieved, and the cables allowed to fall back into the

borehole, this phase completely disappeared.

Traveltime-depth curves for P- and S-wave arrivals are shown in
figure 6. For comparison, the lithologic log for MSP-1 is included with
all traveltime curves and velocity profiles. Particularly noticeable on
the P-wave curve is the constant traveltime over several depth intervals,
which would correspond to infinite velocity. There is even a traveltime
reversal at 60 feet. These features prooably result from tne limited
resolution of the recordings at the 500 ms record lengtn éetting. -The
traveltime of a wave passing througnh a.S foot layer having a velocity of
5000 ft/sec is only 1 ms. The'reading error is estimatzd to oe slightly
less than 1 ms; however, considering propagation of errors for a travel-
time difference increases this uncertainty by a factor of4f5. Thus, the
error in AT is over 1 ms. Higher velocities will produce indistinguish-
able traveltime differences over evan greater depth intervals. Conse-
quently, a higher resolution recording is necessary to rasolve 5 foot beds
having velocities greater tnan about 5000 ft/sec., and the P-wave travel-
time curve in figure 6 has been interpreted at a lower resolution than

desired.
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The traveltime-depth curve for the S-waves appears mucnh smoother
bacause S-wave velocity is mucn lower corresponding to greater traveltime
and a smaller percentage error. The velocity-depth profiles corresponding

to both the P- and S-wave traveltime curves is shown in figure 7.

Traveltime breaks, for S-waves, appear to generally correspond to
changes in lithology. The most pronounced oreak occurs at about 40 feet
and corresponds to the transition between a predominantly sand-clay sec-
tion above and a sand-gravel section below (the Talbert alquifer). S-wave
traveltime seems to be sensitive to lithologic changes over intervais as
small as 10 feet as shown by the increase in velocity between 35 and

40 feet corresponding to the absence of peat.

Source on Asphalt

Figure 8 shows composite time hisfories for S-waves with annotated
arrival times for the source plank on asphalt. The S-wave arrivals appear
to be inverted 180 degrees oelow about 30 feet on the H1 component and
10 feet on the H2 component. The traveltime curve of the average arrival
times with interpreted breaks is shown in figure 9, and the corresponding

velocity depth profile is shown in figure 10.

31



Comparison of Source on Soil with Source on Asphalt Results

There are considerable differences between the results from the soil
and asphalt source. Comparison of figures 6 and 9 show that the differ-
ence in traveltime to common depth points is not constant between the two
surveys. The average difference is about 3 ms sooner for the asphalt sur-
vey, with a standard deviation of about 2 ms. Correspondingly, slopes
over common depth intervals differ by as much as 50%. The most dramatic
difference occurs at a depth of about 100 feet. The resulting velocities
are correspondingly different (figures 7 and 10). Traveltime breaks occur
at different depths as well, so it can .be concluded that for a high reso-
lution interpretation, the soil and asphalt S-wave traveltimes widely

differ.

For a more direct comparison, interval velocities were computed from
the asphalt traveltime data over the same depth intervals as defined on
the soil source survey (model 1). The results are shown in figures 11 and
12 and are summarized in table 1. In general, the greatest differences

occur over small intervals and may result in part from a combination of

instrumental and reading errors.

Figures 13-16 and table 2 summarize the results of a coarse interpre-

tation (model 2) of the soil and asphalt source traveltime curves. It is
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clear that the resulting interval velocities are in much closer agreement;
within 5% over most of the intervals. The large excursion (31%) over the

interval between 95 and 115 feet has not yet been explained.

DISCUSSION

There are three possiole sources contributing to the discrepency be-
tween the traveltimes observed in a oorehole from a source on soil and a
source on asphalt: 1) reading errors, 2) instrumental errors, and 3)

differences introduced by the asphalt layer. Reading errors have already

been discussed, and are slightly greater than 1 ms for AT. Because of
their random nature, reading errors would not be expected to cause a

constant difference in slope over several sample points.

Instrumental errors can be either random or'systematic; however, the
most probable instrumental error is in defining the origin time, caused by
a random variation in response of the impact trigger. A solid state
hammer switch is used, and was observed to even pre-trigger by a sudden
jerk. The trigger response is not instantaneous, and undoubtably has some
statistical variation in response time that depends on the character of
the impact between the hammer and the plank. The magnitude of this var-
iation is not yet known, but is probably.less than 1 ms. This variation
is reduced, however, by signal enhancement whereby a mean origin time of
several successive impacts is effectively determined. The errors intro-

duced by the trigger response can be eliminated by placement of a geobhone
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on the surface, differencing its arrival time from the borehole arrival
time (thereby eliminating the variation in trigger time comﬁon to both),
and then correcting to true origin time by applying'a static correction
determined by the average of the ground geophone arrival times for the
entire survey as discussed by Gibbs and others (1980). Like reading
errors, the random nature of trigger response would probably not cause a

constant difference in slope over several sample points.

The presence of an asphalt layer can introduce systematic changes in
traveltime. Asphalt has a higher P- and S-wave velocities than the loose
near surface soil. Usually, in the preparation for paving, the ground is
compacted, and a layer of gravel placed between the ground and the as-
phalt. This, in effect, can produce a higher velocity surface layer a few
feet in thickness. Seismic waves produced on the suyrface of ﬁhe asphalt
will travel predominatly horizontally along this layer'and be refracted
into the ground at the critical angle defined by the inverse sine of the
ratio of the higher velocity surface layer to the velocity of the sub-
stratum (figure 17). As can be seen by the three raypaths shown in figure
17, the distance traveled through the higher velocity surface layer is
progressively snorter for measurements at greater depths in the borehole.
This effect systematically increases traveltime with depth beyond the rate
determined by the ambient velocity. The resulting effect is to decrease
the slope of the traveltime curve, thereby underestimating seismic velo-

city when the source is on asphalt. The effect diminshes with depth, so
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that the traveltime curves for soil and asphalt approach one another.

Figure 18 confirms this is indeed the case.

RECOMMENDATIONS

From this study, a number of conclusions can be drawn. It appears
that the resolution of the downhole technique using the equipment and
procedures as described herein is limited to estimating the P- and S-wave

velocities to within 5% of beds no thinner than about 15-20 feet. The

. resolution and reliability of velocity measurements can be improved by 1)

reducing reading errors, 2) using a higher resolution recording (possible

with the existing equipment), and 3) improve the accuracy of borehole

.measurements through asphalt by developing a correction procedure for its

effect. Also noteworthy is that the entire data reduction procedure is
slow and tedious and, if a production mode of operation were to be imple-
mented, steps would have to be taken to expedite the process. The follow-

ing are some specific recommendations directed toward meeting these needs.

1. Future downhole surveys should attempt a higher recording resolu-
tion. A 100 ms record has a 1 ms interval between the high reso-
lution timing lines permitting reading to the nearest 0.1 ms. The
signal would be stretched, however, and the degree of resolution will

be limited by how impulsive the arrival is. This should be tested

during the next scheduled survey.
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A surface geophone arrival time should oe used to difference from the
borehole arrival times to eliminate origin time scatter caused by any

random variations in response of the trigger.

The P- and S-wave velocity of the asphalt (and compacted) layer

should be determined at each site, and a procedure developed to

correct traveltimes for its effect.

A digital field tape recorder should be acquired, and a procedure
developed for interactive picking and analysis of borehole velocity
records. This process would permit more accurate reading of arrival
time, and greatly speed up the entire data reduction process for a

borehole velocity survey.
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TABLES

Comparison of S-wave velocities measured from a source on soil and on
asphalt; fine interpretation (Model 1).

Comparison of S-wave velocities measured from a source on soil and on
asphalt; coarse interpretation (Model 2).
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Table 1. Comparison of S-wave velocities measured from a source

on soil and on asphalt; fine interpretation (Model 1).

DEPTH DEPTH SOIL ASPHALT
TOP BOTTOM VS VS A VS %
(FEET)  (FEET) (FT/SEC) (FT/SEC) (FT/SEC) DIFF

0 5 621 621 0 0

5 20 379 432 53 14
20 35 589 598 9 2
35 45 751 704 -47 -6
45 . 60 645 601 -44 -7
60 85 959 - 970 11 1
85 100 876 1108 232 26
100 105 2426 991 -1435 -59
105 125 1179 1223 44 4
125 135 2150 1242 -948 -43
135 150 1243 1362 119 10
150 165 1402 1327 -75 5
165 170 998 1658 660 66
170 180 1808 1108 -700 -39
180 190 1246 1246 0 0

39

LAYER
THICKNESS
(FEET)

15
15
10
15
25
15

20
10
15
15

10
10



TABLE 2. Comparison of S-wave velocities measured from a source
on soil and on asphalt; coarse interpretation (Model 2).

DEPTH DEPTH ‘ SOIL 'ASPHALT LAYER
ToP BOTTOM VS VS VS %  THICKNESS
(FEET) (FEET) (FT/SEC) (FT/SEC)  (FT/SEC) DIFF (FEET)

0 5 621 621 0 0 5

5 20 379 432 53 14.0 15

20 60 654 625 =29 -5.0 40

60  « 95 ‘971 973 -2 . 0.2 .35

95 115 1351 1032 =319 -31.0 20

115 190 893 892 -1 -0.1 75
40
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Sidewall clamping triaxial borehole geophone.
. FIG. 2

Twelve channel signal enhancement seismograph.
FIG. 3
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Composite time histories of normal and reversed S-wave source polarity on soil at sample
depths in the borehole as registered by both horizontal components. P-wave onset pulse
as recorded by the vertical component is a]so4§hown.
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FIG.8

Composite time histories of normal and reversed S-wave source polarity on asphalt at
sample depths in the borehole as registered by both horizontal components.
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Figure-17.

Raypath for downhole velocity survey with source
plank on asphalt.

55

Va



. : s
& p £
; 5 @
g T s
1 Y = 2
4 § =
g| = o —
&t o £ 3
I . « o
8 < I
w s o
-l £ ©
gl =z x =
& :
el & . : S
o8| w *' 5§ 0
vﬂ..mA W s ] 8 ‘ m
o s R ‘ 9 .m
=2 L mm s ;
=3 2 ? 8 3 W - hd
= . . ] -3 e O
MQ t ] ' o g uw
1 g ! £
o! P 3
X 2
8 ' . z .8
£ g ! g e
“ " a ' n .
t
g g ! . g '3
¥ | YRR g £
Ceqtateaealan e
A | A KR g : .m .
Blgee 494 “
8.». %01 oo0r  wor  eeoe .o.ww. T N T 3
1334 NI Hid30 "
TYHISY ¥ T]08 == Z-H ¥ 1= - . VA
! whzzew mozcc .xxcw ﬂzumamow‘mncuhuz_:mhmmﬂu&rm> mu_wzbumm w



TES U= e Ny oW T Ih By Ty UEE N T wEm

APPENDIX A

INPUT ARRIVAL TIMES, CORRECTED TRAVELTIMES,'
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SOIL - FINE INTERPRETATION MODEL I
FIGURES 6 AND 7
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* % INPUT LATA * %
) S-WAVE P -WAVE
AT kP ik T T T HORIZONVAL T T T UNSLY T LATER ST T T HORIZONTAL ONSET T T
N (FT) OFFS-T (Fi) ARRIVAL TIME (MS) ARRIVAL TiMt (M$ OFFSET (FT) ARRIVAL TIME (MS)
5. 000 10,00 OO 0.0 O 5.000 5.000
T 10. 0L0 10.000 31.500 0.0 o T 5.000 777 10,000 T
) 15. 000 10.000 42.000 0.0 0 5.000 10.000
e NC.A.CC . —A\ OA\OQ e WU.WCC e e OOQ _ ° e e WQOQO o ﬂOoOOC .
- 25.0L00 1¢.000 €0.500 0.0 0 5.000 11.000 oo -
) 30.600 10.000 69.000 0.0 0 5.000 12.000
B 35,000 10.000 _ . T6.000 0.0 0 5.000  13.000
P 4000000 7T 164000 82.%00 T 0.0 7T 07 B " 5,000 15.000 ~ T T TToTTTTTTTTTTTT
) 45.CC0 10.000 68.%00 0.0 0 5.000 16.000
S50.C00 10,000 _ . 96.500 0.0 0 .. 5000 __ 17.000
DL 10.000 104.500 0.0 0 5.000 18.000
) UL LU0 10.000 111.000 7 0.0 0 5.000 16.000 7
5. CLO 10.0600 117.%00 0.0 0 $.000 19.000
T T 104000 104000 7T 123.000 7T 0.0 7 0 T TN 6,000 T 200000 T 7T T e e
) 75. 000 10.000 127.500 0.0 4] 5.000 20.000
80. 0600 10.000 133.000 0.0 0 5.000 22.000
: 85,000 T 104000 T T 13645007 0.0 T 0T T 5,000 T 24,000
) 904 (00 10.000 142.000 0.0 0 5.000 24.000
T 1004000 T T T T 10.000 153.500 T 0.0 7T 0" 5.000 '~ 777 25,000 "7
) 1L5.000 10.000 155.500 0.0 0 5.000 25.000
110.000 10.000 _ 159,000 0.0 4] 5.000 27.000
T 11%.000 T 104000 "163.000° 0.0~ T 0 5.000 28.000 -
) 120000 10.000 168,000 0.0 o 5.000 28.000
125.000 10.000 172.000 . 0.0 0 5.000 28.000
1lb TTT130.000 T TTTTTTT 104000 T 7 1744500 T0.07 0 5,000 7 28.000 DR A
) * 13%5.000 10.000 176.500 0.0 0 . 5.000 29.000
140,000 10.600 180,500 0.0 0 5.000 30.000
) T 14%.000 7T T 104000 T 1844500 T 9.0 T 1] 5.000 7 30.000
) 150+ 000 10000 188.500 0.0 (1] 5.000 31.000
155. 0G0 10.000 191.500 0.0 0 5.000 35,000
T 16060000 7T 104000 T T T 195,500 T T T T 040,70 5.000 35.000 ° T
) 165.000 10.000 199.000 0.0 0 5.000 35.000
170.000 10.000 2044000 0.0 0 5.000 . 35.000
T17%.0007 T T 104000 ~207.000 0.0 0 5.000 " T36.,000 T T o
) 180.000 10,000 209.500 0.0 0 5.000 38.000
185. 000 10.000 213.500 0.0 0. 5.000 39.000
— T1%0.0007 T T 106000 T T 2170500 TTTTT0L.070 5.000 T T 404000 —
)
I4




N

~s

o OPTION TWO ] A .
WAVE TYPE TOP LLPiIN BOTTOM DLPTH _ . 7
S 0.0 . 5.000 . R o e
S 5.000 20.000 ) B )
S 20,000 35,000
o > - 35.000 45,000 i .
TR os 45,000 60.000 - - T T e e o T
> 6C.C00 8%.000
s 85.000  1L0.600 o
S 100,000 105.000 .
5 105,000 12%.000
- 8 ~125.000 135,000 ~ .
$ 135.000 150.000 K Tt T
s 150.000 165.000
L . _165.000  170.000
> 170.000 160.000
(3 180.000° 150,000
P L 0.0 __ 10.000
[ 10.000 35,000 -
P 35.000 45,000
P 45,000 _ T15.006
P 75.000 85,000
P . 85.000 150.000 .
P 1504000 155.000
P 155.000 190,000 ]
(@)
. O




- % COKRECTED ARKIVAL TIMES *

LebIH S-WiVE P-WAVE ~ OTHER-WAVES
3] vocccil.ll- - $.050 e 3.536 e o i i 0.0 et S s e et M i teomans o b b et b o h St it e e e e e e st ore et ]
Y ﬁ 10,000 . 22.274 B.94% 0.u
15.000 | 34,946 ) 9.487 0.0 R )
[T 2040000 T T 474852 T T 7T 9,701 0 T To0.0 7T T ST ST S e e e
A} 25.000 56,173 10.786 0.0
.UCOOCQ . OV.#UQ —_— - ~ﬂo¢WN X - R ooo . N N . ~ . o i o
TT3%.000 T 73.076 12.869 0.0 7 e T
) 40.000 80037 14.884% 0.0 .
45,.0C0 86.393 15.902 0.0 )
50000 T T 94,626 7T 77 16.916 77777 0.0 o - T T T T T e e e )
h] . .55.000 102.814 17.926 0.0
60.600 109.45%07 15.9457 0.0 :
65.000 77T T1164134 7T 189408 0.0
h) 7€.0C0 121.764 19.949 0.0
7%.000 126.362 19.956 0.0
80.000 7T 131,973 7777 T 21.9%7 7T 000 T T T T T
) 85.000 135.565 23.959 0.0
90000 141.131 23.963 0.0 ~ ) _
GSaLLU T T 1abe690 T 234567 T TN 0,0 T T T T T T T e i e e ey e
) 10C. 000 1%2.738 244969 0.0 ‘
16%.000 154,600 24,972 0.0 L N
T 110.000 77T 158.347T T T T 260972 0.0 ’ T T - R
) 115.000 162.387 27.974 0.0 X
120,000 . 167.420 _ 27.976 0.0
125.0060 171.452 T 27.978 0.0
) 130.000 173.986 27979 0.0
. . 13%.000  176.018 28.980 0.0 - . e e
TTTTTTTT 1404000 T 160.041 729,981 T T T 0.0 T O ]
) 145%.000 184,063 29.982 0.0
150.000 188.062 30.963 0.0 i
: 155.000 77 77 191303 7T 7T 734,982 7T 7T 0.0 T ’
) 1L0.060L0 195.119 34,983 0.0 .
165.000 198.636 34.984 0.0 - B .
T T T T 17040007 7T 2034646 7 34,985 T T T 0.0 T T T T
) 175.0C0 206.663 35.985 0.0
_180.000  209.177 37.985 0.0 o .
T T 185,000 T 213,189 38.966 0.0 ; - )
) 190.000 217.199 39.986 0.0
LRV RIGNLFRES UNCRRTAINTY TIN VIR T T T T T T T T T T T T T T T T T T T T
) .
]
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THe SECONDARY wAVE VELUCLITY AND LUM OF ERRUR SQUARED

- jup BOTTLM SPLtL SUM %2
FzEY Feed F175:C
*
it v . ot s x COC U.CGC Q.Fn.tﬂ.\bc . OOC o e Ata A e s s Mee s e« fem e e teeMmet Amas vaes Wbt 1e0 e et e W e tetebea — - . - 5 S e s A e e mm = R n Ar Gmnmm g s Ne aem oreema e ol
5.000 20.L00  378.564 0.5%4
20,000 35.000 S8b.525 Va1 A )
7T 35,000 45.000  750.934 0.061 ~ T T TUTITTT T T o T -
~ 45.C00  LUULO 6454329 Collb
m..l . OOOCOQ . 85.0L0C 958,841 3.343 e e e —— e e e e e .
7T 654000 100.000 676.002 0.071
100.000 105.000 2425.606 0.U :
o 105.000 125.000 1179.656  0.587 o L N ) -
] 125.600 135.000 21%U.331 Vo042 T - - A o -
135.0C0  150.000 1z43.294 0.000
150,000 165.000 14Ule516  0.174
165,000 170.G00 9974516 0.000 R
1706.000 180.000 1806.493 U.042
_180.000 190.000 124b.466  ~0.000 . R
THE PRIMARY WAVE VELOCITY ANU SUM OF tRROR SUQUARED ~
1o LUTTOM SPEED  SUM %92 N L e T B
T Feed teal FT/SEC
0.0 10.000 1116.035  0.585 B 3 L
10.000 35.000 6304.035 0.493 1
35.000 45.000 3297.268 0.166 :
_ 45.000  795.000 72744355 _ 5.063 R . ]
75.0C0 85.U00 24984199 0.000
$5.000 150.000 8625.113 3.769
_150.000  155.000 1250.310 _ 0.000 e
155.000 190,000 6392.309 4352 |mu:
]

B e .



ASPHALT - FINE INTERPRETATION

FIGURES 9 AND 10-:
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DUWNHOLE VELOCITY SURVEY— MILE SQUARE PARKy ORANGE COUNTY

 WELL T.U. 211 FEET. —= AVERAGE OF H~1 & H=2 = ASPHALT

PLOT CONTROL CARDS USER®*S NAME CeRe REAL __

,Qwa —
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N/

NS

___® % INPUT DATA * %

DEPIH
(F1)
5.000

15,000

. 20,000

25.000

30.000

35,000

40.000

45,000

50. 000

55,000

60.000

65.000

70.000

75,000

. 80.0LVO

85.000

90.000

95.000

100. 000
105. 000
. 110,000

115.000

120.000

125.000

130.000

135,000

140,000

145,000

150.000

155,000

160.000

165000

. 170.000

175,000
180.000
.185.000
190. 000

HOR 1ZGNTAL
OFFSET (FT)
10.000
10.000
10,000
16.000
10.000
10.000
10.000
10.000
10,000
10.000
10.000
10.000
10.000 ____
10.000
106.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10,000
10.000
10.000
10,000
10.000
10.000
10.000
o l0ew00

10.000

10.000
.10.000
10.000
10.000
10.000

ARR

10.000

S -WAVE P-WAVE
ONSET LATER HORIZONTAL ONSET
IVAL 11ME (MS) ARRIVAL TIME (MS OFFSET (FT) ARRIVAL TIME
18,000 . 0.0 . O ___ 5,000 ___ ___ 5.000
27.000 0.0 (] 5.000 10.000
38.000 0.0 0 5.000 10.000
47.500 __________ 0.0 O . 54000 __ ... 10.000
55.500 0.0 0 5.000 11.000
62.500 0.0 0 5.000 12.000
70.500 . _________ 0.0 5.000 _ _____ 13.000
76.000 0.0 0 5.000 15.000
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