— e o

EIGHTEENTH QUARTERLY REPORT

CEl Seismic Monitoring Network
April 1 Through Septemr ber 30, 1991

Frepared for

CLEVELAND ELECTRIC ILLUMINATING COMPANY

February 1992

\Nesron Geophysucal

f |
oy ¢

2030208 7¢. Y20
pvp ADOCHK 0500

(4
R PDR



e D

TARLE OF CONTENTS

Page
LIST OF TABLES i
LIST OF FIGURES i
1.0 INTRODUCTION 1
20 SEISMIC NETWORK !
3.0 OBSERVED SEISMICITY 1
| 3.1 %Kicenu'al Area of January 31, 1986 1
| 3.2 e Corridor between the January 31, 1986
| Epicenter and the Injection Wells : 2
| 3.3 Other events Recorded by AUTOSTAR 2
49 DISCUSSION AND REVIEW OF DATA ACQUIRED SINCE
THE BEGINNING OF THE SEISMIC MONITORING 2
4.1 %Kiconml Area of January 31, 1986 3
4.2 ¢ Corridor between the January 31, 1986
Epicenter and the Injection Wells 4
4.3 Other ¢vents Recorded by AUTOSTAR 5
Y CONCLUSION ;
60 ACKNOWLEDGEMENT 8
TABLES
FIGURES
APPENDIX A 1C1 AMERICAS PRESSURE AND VOLUMETRIC
INJECTION DATA
APPENDIX B SUMMARY OF INVESTIGATIONS OF LOCAL

CRUSTAL MODEL

15773 44

weston Geophysical |



TABLE 1
TABLE 2

TABLE 3

15773 44

LISTOFTABLES

Parameters of the January 31, 186 Earthquake Sequence

Microearthquakes Inside the CEl Micronet Aperture or in the Immediate
Vicinity (February, 1986 - September, 1991)

Microearthque kes Outside the CEl Micronet Aperture (February, 1986 -
September, 1991)

Weston Geophysical

SR e e i e B e e e e B e s




LISTOF FIGURES

weslon Geophysical

Figure 1 Epicenters of the January 31, 1986 Earthquake Sequence
Figure 2 Seismicity: April to Septeinber 1991
Figure 3 Cumulative Seismicity (1/31/86 - 9/30/91)

|

|

|

|

l

|

|

|

16773 44



; ' (1
| f
! u!  { 1Kt | 4
! 1 y y
(S }
| -y ) { {
‘ mn ! 1 ¥ M .
| H { 1 {
3
|
B i § ! 1 ’ { % )
1 | 4% | r
{ « ! ! P ’ 4
2.0 SEISMICNETWORK
! { ! }
! 1 ’




B B el e T T I U T T R — FR— Rr——— - D - — - ——— -y ——

3.2 The Corridor between the January 31, 1986 epicenter and the Injection wells,

During the eix month period, several (10) small events occurred in the cluster located east
and southeast of the injection wells. The two largest occurred on May 31, (Mc = 1.6 and
1.3), in the northeast corner of the cluster. Two very small ones (Mc = 0.1 and -.2) on
September 24 and 27 were located within one kilometer north of the wells. The six others,
with M¢ between -0.4 and 1.2 occurred to the southeast of the wells, Figure 2 shows the
activity observed during the six month period. The location paraineters are included on
Table 2 which lists all events recorded in this area and immediate vicinity since 1986,

3.3 Otherevents recorded by AUTOSTAR,

AUTOSTAR triggered on a 4.2 mblg earthquake from the Western Quebec zone on June 16
and on a 3.9 mblg from New York state on June 17. One event from the Ashtabula source
(Mc=1.7) was recorded on May 2, A similar size event occurred on July 2, about 16 km east
of Ashtabula. Asin the past, some low level activity (Me=0.3 and 1.6) was observed in the
Lake, but the location accuracy for these small events outside the network aperture is not as
good. Finally, one small event (M¢ =0.6) occurred in the Fairport Harbor area on June 16,
Figure 3 presents the cumulative seismicity as observed by the CEl net since Junuary 31,
1986. Table 3 lists all events since 1986 outside the network aperture for which locations
were calculated.

4.0 DISCUSSION AND REVIEW OF DATA ACQUIRED SINCE THE BEGINNING
OF THE SEISMIC MONITORING.

The activity observed during the present reporting period is very similar to the usual
pattern and thus no special comments seem necessary,

In the Quarterly Report no.13 dated March 1990, a review of four yvears of observations was
presented; it included a summary evaluation of the local seismicity, a discussion of &
possible relationship to deep well injection, and CEl conclusions. The additional two years
of monitoring have not changed the observed patterns of seismic activity; as a consequence
the conclusions remain the same. A briel summary of these findings follows,
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and the active Leroy area reinforces CEl's position expressed early on that the Leroy
earthquake was purely tectonic and not induced by the distantinjection wells,

In terms of local tectonics, CEl considers that the Leroy event occurred during a strain
release at the corner of a small crustal block. The concept of small crustal blocks was
gradually d. veloped by observing the stereographic three dimensional projection of the
Leroy hypocenters (USAR 1992, Figure 2.6 - 69), certain lineations of small events
occurring in the cluster associated with the ICI wells, and noting the multiplicity of short
wavelength anomalies in the aeromagnetic data that are mostly influenced by relatively
near surface geology.

4.2 The corridor between Leroy and the Calhio wells, including the immediate
vicinity,

The hypothetical causal relation between the injection wells and the Leroy earthquake
focused the attention on the corridor connecting the wells and the epicenter. When
proposed, the hypothesis disregarded the fact that all microseismicity observed after the
main shock was remarkably tightly clustered around the hypocenter, ten kilometers away.
The frequently observed "smoking gun" trail was not present between the wells and the
epicenter. On March 12, 1986, a very small event (Mc=-0.3) was detected by one digital
unit of the USGS left near the wells. This occurrence was interpreted as supporting the
hypothesis of induced seismicity. In consequence, CEl accepted the task to monitor the
corridor between the wells and Leroy at the very low threshold of Mc= -5, The temporary
deployment of portable seismographs for monitoring the aftershocks was reconfigured to
include this north-south corridor until a more permanent telemetered network could be
installed in spring 1987,

On September 28,1986, a small event (Mc=0.8) was located five kilometers east of the
wells. Over the next few months, other microearthquakes in the range -0.5 and 0.5 occurred
in that same general area, at the average rate of one event per month, gradually forming a
wrtheast trending cluster. With time, exceptions occurred south and north of the wells, but
1e expected north-south alignment never materialized. The largest Me magnitude of these
events surrounding the wells and vicinity never exceeded 1.9, during all six years.

For the purpose of investigating any possible causal relationship between the deep injection
and the occurrence of small events, detailed information on the daily volumes ol fluids
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injected and the pressures used were obtained from Calkio. These data plotted against
nearby seismicity were presented in the Quarterly Reports, starting with no, 4, and
synthesized in Quarterly Report no 13, No clear temporal correlation was found, even
taking into account some time lags required for diffusion. Although an oceasional seismic
event seemed to be related to a specific injection pulse, it was never possible to establish a
one-to-one correlation valid for all observed events.

Despite the lack of a strict temporal correlation from which a cause-and-effect relntion could
be surely inferred, the fluid injection is still considered to be probably responsible, in some
manner, for those events oceurring in the vicinity around the wells, and for the group of
events forming a northeasterly trending cluster about four kilometers to the southeast,
This view is based on the spatial correlation and on the fact that all these events have
roughly the same shallow focal depth, about 2 km, very similar t the injection depth (1.85
km), given the focal depth uncertainty. Since the Paleozoic-Precambrian interface is
dipping gently to the southeast, fluid migration is facilitatec in that direction. A system of
fractures and joints usually pervasive in rocks subjected to various episodes of tectonism
and several glaciation cycles can safely be postulated. This constitutes an adequate
environment for pore pressure changes and reduction of the frictional forces to allow sudden
releases of strain energy.

The close examipation of the epicentral distribution of these events suggests indeed the
presence of sublineations, possibly defining the boundariec of small crustal blocks. Minor
readjustments between these blocks are most likely facilitated or triggered by the presence
of fluids.

Another characteristic of these events suggesting that they are induced is the tendency of
some events to cluster in the time domain. Such tendency has been observed near
Ashtabula, OH where the July 13, 1987 sequence, considered induced by Armbruster et Al
(1987) took place. Since then, several other isolated short sequences have occurred there,
comprising foreshocks, main shock, and aftershocks, This temporal distribution is usually
not observed for small magnitude events that are purely tectonic,

4.3 Other events detected by CEl monitoring,

During the six years of operation, AUTOSTAR triggered several times on small events
originating from the Fairport Harbor area near 41.76N and 81.25W, where deep and
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shallow injection wells are located. Because of the close proximity, a causal relationship has
been suspected; no attempt has been made to obtain daily logs for each of the injection wells
8..u investigate potential temporal correlation,

Several events were located offshore. The largest one, Me=8.5, occurred just few kilometers
north of Euclid, a suburb of Cleveland, on January 26, 1991 and was discussed in Quarterly
Report no.17. A small sequence of events (Mc =2.7) was recorded June 1988, just north of
Painesville. Three smaller ones were also located north-northeast of Madison-on-the-Lake.
The location accuracy of all these offshore evests is variable with the distance from the
network aperture, size of events, and azimuthal gup; given the small dimensions of the
array, the location error may well be in the order of several kilometers at times.
One important fact learned from this local monitoring exercise is the confirmation of
offshore seismicity on the basis of instrumental data. The historical record lists several
tremors with inland locations along the lake shore, based on felt reports only. Some of these |
events may have occurred offshore, as suggested in Appendix 2D-D of the USAR. This fact |
was confirmed by the small earthquake that occurred offshore Euclid, on January 26, 1991, ‘
This event, studied in detail by CEI, was located offshore on the basis of instrumental data
from the two networks. Yet, on the basis of intensity reports alone collected through a
| telephone survey, the exact epicentral location was not evident. In fact, without the
instrumental data, the event could well have been mislocated inland by several miles. For
example, the National Earthquake Information Service reported a maximal intensity V at
Brecksville and Broadview Heights, more than twenty miles south of Euclid. The apparent
randomness of these small offshore events seems o suggest again stress releases along
boundaries of small crustal blocks, as supported by the short wavelength aeromagnetic
anomalies, This conceptual model of small crustal blocks was discussed in Quarterly Report
no. 13, in reference to a crisscross pattern of seismic lineations observed in the cluster of
| microearthquakes located east of the injection wells, and probably applies to a large portion
of the site region,

Other significant observations include the recording and locationing of small events
onshore, e.g. near Aurora, Willoughby, Fostoria, Madison-on-the-Lake, Ashtabula, Ohio,
and also south of Erie, PA. Several of these new epicenters confirm historical locations
based on felt reports only.
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The triggering of AUTOSTAR on a multiplicity of events occurring in the vicinity of an
injection well just east of Ashtabula was also enlightening. (See Quarterly Report no.15).
Although the distance from the network aperture and the relative short dimensions of the
natwork did not permit the detailed tracking ol the spatial migration of the induced
seismicity, the detection threshold was low enough to capture the temporal distribution of
the events. The periodic pattern of brief seismic episodes provided a useful criterion to
distinguish purely tectonic events from induced ones. The best example illustrating the
contrast of the two seismic regimes: a Me=2.8 occurring at Leroy on December 28, 198¥
without any aftershock at all versus a Me=2.8 at Ashtabula on August 1, 1989, followed by
at least 12 events with Mc greater than 0.5 over a period of five days (Quarterly Report No.
15).

|
650 CONCLUSIONS |

With almost six years of intensive seismic monitoring of the area encompassing the Perry
Nuclear Power Plant, two 1C1 Americas deep injection wells, and the January 31, 1986
Leroy earthquake, with a highly sensitive network, CEl has gathered sufficient information
to answer questions raised about the nature of the Leroy event and the local
microseismicity.

First, the seismic activity in the Leroy area continued to remain extremely well contained
in space around the main shock hypocenter, The aftershock sequence was relatively briefin
time, as typical of other similar size tectonic events in the Eastern United States and
Canada, In addition, the cluster of activity at Leroy has remained spatially isolated from
other seismic events considered as probably induced. The corridor connecting the epicentral
area and the two 1C! Americas injection wells never developed as a seismic lineament, as
hypothetically predicted. It is interesting to note that a long period of observations has
corroborated the evaluation made by CEl one month after the main shock, i.e that the Leroy
event was a natural tectonic event and not induced by injection. Kqually relevant is the fact
that Nicholson et al. (1988) of the USGS reached the same conclusion after a detailed study,
using similar observations "to argue for a natural origin®,

Secondly, the detailed monitoring of an area larger than the corridor revealed th.t some low
level activity exists in the vicinity of the two wells, particularly to the southeast. Certain
characteristics of this activity, such as the shallow focal depth, the temporal distribution,
and the proximity to the wells suggest strongly a causal relativnship, in the same manner

16773 44 7

Weslon Geophysicol




0 ACKNOWLEDGEMEN]







6.
19.
0.
1.

AFTERSHOCK PRARKAMETERS CF

YEARMDDY
15860201
15860202
19860203
19860205
15860206
15860207
19860210
19860223
198602 24
19860228
15860308
15860324
19860610
19860617
19860714
196810212
15880895
15651011
19881228
15%00901
19510117

HamlseEC
185449, 38
324867
196715.17
63¢ 2,47
1B3622.44
152020.38
00413.61
32948,50
1655 5.48
13936.21
2042649.68
136261,24
&%805.171
224533.200
015423.12
0130864467
L22632.99
0433132,33
232826,52
1350%4.4686
071153.29

Vpla4,25 km/s Thickness =
Vpi®6.5 ka/s Thickness =
Vp/Vs=l,78
¢ The more recent events

Table 1

YTHL
LATITUDE LONG
C«INIB. &Y BIN
61 3B.72 81
4] 38.92 81
41 38.50 81
«l 38.72 1
41 35.03 #1
&1 39.10 8}
&) 19.18 8\
«1 36.85% ¢E1
4] 39.23 &)
41 38:47 81
41 JB.463 81
«1 18.91) €1
&1 38.91 &3
&1 3B.69 B8]
41 3%.10 &1
41 39.07 &)
4] 39.20 681
41 J8.17 g1
4] 38,87 B1
41 319.33 8l

i km
33 kn»

may not be

JANUARY 23,

ITUDE
9.17
9.58
G.68
9.27
961
9.22
§+3%
9.09
9.40

true

DEPTH
4. 3%
“.BE
5.83
3.1}
$.29
3,14
413
S.‘a
3.25
3.91
3.12
£330
$.11
3,40
4.9
.87
be60
4338
$.87
b, 56
6.13

1986

NP
0
L3
8l
1
£0
“h
29

EARTHOUAKE ®

Gap
94
12
1%
52
87
67
10
T¢
i
il
5%
30
43
i3
59

18¢

110

147
20
12
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aftershocks

NS ERM  f21 Mg

09 o3 s S 1.5
«07 S | “d 9
«08 ol o2 2.0
« 08 ol «3 .l
«07 o1 .l 2+ 5
«07 . 3 1.1
«06 o1 b 8
+ 06 sl o b '.'
« 09 a9 $37 « 1
«08& -:‘ oS “«1
.10 «3 o | -‘I
'06 " .e l.‘
« 08 ol “3 o1
«09 o3 «f B
«08 «3 «8 S, |
« 09 «8 1.0 1.8
P 1Y P . 0.1
« 04 o2 o) “ad
«05 o1 2 2.8
«05 ol « 3 1.8
«02 o1 ol val
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MICROEARTHQUARES INSIDE THE

NO,YEAR

MODY MEMISEC

-

1. 158
i« 19E6
3. 1984
& 19884
£, 198¢
be 1786
T 1987
8. 1987
5. 1987
10.1587
11,1987
121987
13.1987
14,1987
15,1987
16.198?7
17.1987
18.1987
19.1987
20.1988
21.1988
22.1988
23.1983
419838
25.1988
26.1984
21.19862
28.198¢8
29.198¢8
30.1988
31,1988
32,1988
33,1988
34,1989
35.1989
36,1989
17.1989
JR. 1989
19,1989
40,1989
@l.1989
“2.1%989
63.1989
44,1990
45.195%0
46.499¢C
67,1990
4H1990
«9.13%90
50.1990
51.1990
5241990
$3.199%91
$4.19%91
551991
56,1991
51,1991
$8.1991
$9.1991
40.1591
511991
§2.19%1

0312 0B85246.6
9928 1038606,2
1020 10%8944.7
1027 122555.:5
1103 088469,6
1203 OS0AN.5
0102 024114.8
0128 23%829.8
0223 11455844
0228 206644.5
0501 211332.3
9501 211352.1
0502 1832077
08501 202%526.%
0708 034835.2
0B15 052637.7
1010 C00610.4%
016 195924.8
1122 "164918.9
Dille 22403,

Pil1é 223010,

0116 231704.4
117 0248217
0117 032236,

D1LT 092400,

0117 1315%1.

020% 15%5837.0
0820 0095423.1
0927 1%56639.1
1022 201132.9
1031 0463628.7
1103 15033S5.4
1205 055514,9
0103 120244.5%
0130 032827.0
0130 184020.8
0309 033045.8
0310 16872244
0312 192349.5
0322 201335.9%
0530 14203946
0719 08865141
1002 0711213.5
0331 02552646
0505 212%24.0
0519 222823.5
0522 140832.2
9526 12073544
0812 102352,0
1021 132813.8
1022 122847.5
1112 146262646
D& 26 091108,.5
0531 210165,
0531 212800.8
26404 0535615,.5
JT126 214949.9
0727 01173%.1
3731 0529¢8.3
9916 16295642
09234 230021.2
0927 1714547.9

# Indjcates location

JAN, 1952

(271 986~92199))

LAT N

e A e e e

“1.7212
L1.7241
41,7587
41,7425
41,7098
41,7120
#1 7412
&1.7239%
“1.728%
Ll.7451
6!.7660
“l.T464
61,7475
l.T742s
5107392
4l.6994
41,7420
41,7250
1.6989
841,747
cLel.T747
41,7674
4l.7467
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41,747
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41.715¢0
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41,6901
“1.7026
41.7300
£1.7340
41.7113
&1, 7127
©1.712%
$1.7082
61.75%50
el1.75862
©1.7283
61.,722%
£1.7227
81.72%¢
41.6%867
«1.757%
41,7875

Table 2

MICRONET APERTURT  OR

LONG.W
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81.1846
£1.0983
§1.0%81
81.0585
B1.059¢4
81,1565
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81.0580
81,1315
81.0359
81,1227
81.1441%
81.1522
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CRUSTAL INVESTIGATIONS IN LAKE AND GEAUGA COUNTIES, N.E. OHI10
1.0 INTRODUCTION

When Cleveland Electric Illuminating (CEI) assumed the task of .nonitoring the
microseismicity of the corridor between two Calhio injection wells and t'ie epicentral area of
the January 31, 1986 earthquake, special efforts were made to obtain high quality data.
Starting with the aftershock program, up to 13 portable stations were deployed in the
epicentral area and immediate vicinity. Within a year, a permanent digital telemetered
network was installed, with three-component borehole sensors placed on rock, and a slation
distribution symmetrical around the area of interest. Close cooperation with the operator of
the John Carroll University seismic network was initiated, thus assuring an optimal pool of
arrival times.

For processing the observed aftershocks and other local events, CEI consultant Weston
Geophysical (WG) selected the first and simplest crustal model out of three available (Table
B1). As pointed out by Nicholson et al. (1988), these models give similar results except for
small variations in focal depth estimates. WG's preference was based on sensitivity tests
and technical considerations, but still remained subject to further verification.

This appendix briefly summarizes a report on the activities undertaken over the last four
years to assess the validity of the crustal model used (Weston Geophysical, September
1991).

2.0 DESCRIPTION OF THE CRUSTALMODEL INVESTIGATIONS
2.1 Objectives and Approaches

The CEI network aperture is somewhat limited to the corridor between the two deep
injection wells and the main shock epicentral area. The John Carroll University (JCU)
regional network has a larger aperture. For the local seismicity monitored by the two
networks, travel paths of first arriva! never reach the MOHO discontinuity at the base of
the crust. For this reason, only velocities of the upper crust needed to be investigated with
relatively short refraction profiles. The planned strategy called for very short refraction
lines to investigate the near surface rocks, and longer profiles using data from both local
quarries and nearby microearthquakes, Portable MEQ recorders were deployed on four

16773 44 1
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occasions o increase the number of data points collected, but the permanent stations of the
two netv urks provided the bulk of usable data.

Figure Bl shows the locations of the two quarries used, BEST SAND and SIDLEY, and of
the SCHneider site where two special explosions were detonated in an attempt to reverse a
long profile between BEST SAND and ANTIOCH; it also gives blast dates, and station
locations of two networks.,

2.2. Difficulties Encountered

The main difficulty encountered regards the insufficient energy released by the quarry
blasts and the two CEl explosions at Schneider, The distance between the -BEST SAND
quarry and ANTioch is about 28 km. Because of the many delays in the firing sequence,
arrivals from both quarries were often emergent beyond 10 km. In addition, shot sizes at
SCHneider were limited by the presence of nearby pipelines and residences; as a result, the
crustal profile between REST SAND and SCH could not be reversed. The deployment of
portable stations at regular close spacing along the profile: was abandoned after four
attempts in 1988. Only data from the permanent network stations on selected larger quarry
blasts were used in 1989 and 1990,

A second important difficulty came from the large uncertainty attached to arrival time
readings due to the poor resolution offered by analog recorders, either because of drum speed
or internal clock limitations. With a possible cumulative error as large as 0.2 sec for
individual data points, the calculated velocities on the time-distance plots can have an
uncertainty of about 0.2 km/sec. This is one order of magnitude less than what is obtained
in formal crustal experiments using one or two thousand pounds of explosives and hundreds
of digital recorders along reversed linear profiles.

A third difficulty resulted from the lack of shallow nearby local microearthquakes large
enough to be seen at all stations. Deeper events do not give critically refracted arrivals and
thus are not suitable for the current objective. Several events were examined but only a few
were retained,

15773-44 2
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3.2.2 Data from Local Microearthquakes

In view of the limited seismic energy generated by quarry blasts, several local
microearthquake data sets were examined. Those selected had to be considered relatively
shallow (about 2 km) and have a very stable solution. All Leroy aftershocks could not be
used since they are relatively deeper (about 5 km); other locals within the CEl aperture
were not large enough. The Madison-on-the-Lake event of December 25, 1988, with
Mc=2.4 was the only one local retained. Figure B9 suggests that observed first arrivals
yield a 6.33 km/sec apparent velocity over the distance range related to the Precambrian
rocks.

Beyond the two network apertures, one relatively well located source is associated with the
Ashtabula activity, cunsidered to be induced by injection (Armbruster, et al. 1987). Three
events recorded during the August 1989 sequence, assumed to be at the location and shallow
depth detcrmined by Armbruster for the main 1987 sequence, were examined. Figu.e B10
illustrates the relative consistency of three data sets, with a velocity of about 6.17 km/sec.

4.0 DISCUSSION
4.1 Inferred Crustal Model

Given all limitations previously mentioned, the modest experiment is expected to give
relatively imprecise velocity estimates, with only a 0.2 km/sec accuracy, but still
informative. With the data collected, a three layer model seems indicated, e.g., a thin
surficial layer with a 3.5 km/sec velocity, a Paleozoic column of about 1.9 km with a velocity
of 4.8 km/sec, and a Precambrian sequence with a velocity of 6.2 km/sec near the top.

To account for the velocity uncertainties, several variations of this basic model were tested
to relocate the two quarry locations and the SCH site of two explosions. Tables B2 and B3
summarize a subset of the many tests performed on two recorded blasts from BEST SAND.
It is interesting to compare the relocation accuracy obtained with the preferred three-layer
model derived from the experiment with that of the two-layer model used since 1986, There
is indeed a definite improvement. Similar tests for the SCHneider explosions and the
SIDLEY blast confirm the same trend.

1577344 4

weston Geophysical

R Y p—— e _—— e . — r— . e S R W— R—pp— 4 Ry e— - S Er—



_— PP ——— R S S —— A —— —— - B T P r—,
R L R e——L = PR —— o - mamasa - Raa-C ’

layer model was then used to relocate all observed microseismicity within or near the
network aperture. Table B4 presents all relocation parameters for the Leroy aftershock
sequence. This Table B4 should be compared with Table 1 of the present Quarterly Report
where the old two-layer maodel is used. There is little change in the epicentral coordinates,
as expected when the station configuration is somewhat symmetrical around the source. On
the other hand, the focal depth is systematically increased by an average 0.3 km. This
change is not substantial.

y
|
|
1
|
J
|
{
In view of the observed improvement in the quarry relocation tests, the preferred three- ‘
|

The effect of the three-layer mode! on the relocation of other events recorded by the network,
even those sometimes outside the aperture, is similar: a pronounced tendency to increase
the focal depth, usually by several teniths of a kilometer, a slight improvement in the RMS
residuals and standard errors ERH.

J 5.0 CONCLUSION

Since the crustal model plays an important role in the hypocentral determination of
observed seismic events, CEl has supported a modest experiment to validate the crusta!
model in use since the Junuary 31, 1986 Leroy earthquake. The effort was spread over the
last four years; except for four special deployments of portable MEQ analog recorders, all
the data were collected by the permanent network stations recording several local quarry
blasts, two especially made explosions, and some local microearthquakes.

The results of these crustal investigations have been very informative. Although several
factors contributed to limit the accuracy of the collected data, nonetheless the observations
were good enough to suggest that a three-layer model should be preferred to the two-layer
model actually in use since 1986. This mode! separates the Paleozoic column in & thin
surficiai layer (0.1 km) and a thicker layer (1.9 km) with respective P-velocities of 3.5 and
4.8 km/sec. The Precambrian column is given a velocity of 6.2 km/sec, the same 33 km
thickness being retained. Several tens of variations of this observed model were tested
systematically in relocating known quarry blasts. The observed basic model consistently
gave superior results in terms of location accuracy and RMS residuals.

In a final stage, all observed microseismicity either in the Leroy source area or within the
| two network apertures was reprocessed with the preferred three-layer model. The
epicentral coordinates show only a minimal change, and as expected o systematic increase

165773 44 5
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in the focal depth estimates, 0.3 km in the average. These results are most encouraging;
the epicentral changes are small enough to be negligible, and the systematic increase in
focal depth does not appear to be substantial and have new tectonic significance.
Consequently, conclusions reached previously need not to be modified.
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Table B-1

Depth Thickness P Velocity S Velocity Vp/Vs Description *
(km) (km) (km/s) (kru/s)
0.0 2.00 4.25 2.58 1.68 Paleozoic section
2.00 99.00 6.50 3.87 1.68 Granitic basement
0.0 1.00 3.70 2.06 1.80 Upper Secimentary
1.00 1.00 5.60 3.20 1.75 Lower Sedimentary
2.00 35.00 6.33 3.66 1.78 Granitic crust
37.00 99.00 8.10 4.68 1.73 Mantle
c.0 0.05 1.80 0.60 3.00 Glacial till
0.05 0.45 3.00 1.58 1.90 Devonian shale
0.50 0.50 4.20 2.33 1.80 Silurian dolomite
1.00 0.75 4.50 2.53 1.78 Ordovician limestone
and dolomite
1.75 0.35 4.75 2.70 1.76 Cambrian sandstone
and dolomite
2.10 17.90 6.15 3.54 1.74 Precambrian granite
20.00 25.00 6.70 3,87 1.73 Lower crust
40.00 99,00 B.15 4.63 1.75 Mantle

B e e S N R B o T T A SRR T = o bm DR = R R IT R T R N I W R R P T e W e

after: Wesson and Nicholson, 1986
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Table B-3

MODELTESTING -- BEST SAND QUARRY

Blast: 8.20.1989 Location: 41.5440N 81.2090W
MODELS SOLUTIONS
Velocity Thickness OriE.Time Lat. Long. RMS NP Gap A Lat. & Long.

km/s km T N W sec 0 km km
3.5'48/6.2 0.1/1.6/33 191241.1 41.5405 81.2107 0.08 i0 278 -0.3% 0.14 !
(1. 7071 F0/178) i
3.5/4.8/6.2 0.1/1.6/33 1912413 415471 81.2042 0.08 10 271 .34 -0.40
[1.78/1.78/1.78)
354859 0,171.9/33 191241.2 41.5505 81.2060 0.06 19 270 0.72 0.25
(1.78/1.78/1.78)
48359 2133 1612412 41,5486 81.2008 0.08 i0 273 0.51 0.07
(1.787/1.78)
3862 2/34 191241 4 41.5465 81.2040 0.10 10 272 0.28 -0D.42
1.78/1.78

§.25/6.5 21383 191241.3 41.5476 81.1948 0.13 10 268 0.40 -1.18
(1 a




Table B-4
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