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Introduction

Review of historic seismicity in PA

Seismicity in Pennsylvania 2013-2015
Pennsylvania State Seismic Network (PASEIS)
Event detection and location

PASEIS web site



Earthquakes in NE United States and Canada 1990 - 2010
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Earthquake locations by the Lamont Cooperative Seismographic Network, US Geological Survey and the Geological Survey of Canada.
June 2010, Won-Young Kim, Lamont-Doherty Earth Observatory of Columbia University, <www.ldeo.columbia.edu/LCSN>.
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Stations 2/2013 to 6/2015
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Eq u i p m e nt RefTek RT130 Datalogger
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e Guralp CMG3T seismometer
 Nanometrics Compact Trillium seismometer

11 A0
* Trillium GPS Clock

Broadband 3-component seismometers



PA seismicity 2/2013 to 06/2015
(from Kyle Homman’s MS thesis, PSU)

e 1761 events with 1544 |located in Pennsylvania

Report can be downloaded from:
http://paseis.geosc.psu.edu/background.html
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14 Non-mining events — probably all earthquakes (no
evidence for oil and gas activity)
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PASEIS Network Sept. 2016
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Open broadband seismic stations in PA with near real-time telemetry
e 30 stations in the PASEIS network
e 6 stations operated by LCSN (LD)
e 2 stations operated by the USGS (US)
e 4 stations in the CEUSN network operated by IRIS/USGS
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Technical specifications; Network code = PE

m s IRIS DMC MetaData Aggregator

Network summary (1 time span)

Network PE :: Penn State Network :: PE Network Map :: DOI

—— o http://ds.iris.edu/mda/PE

Stations for PE network (28 stations) :: Click column title to sort

Station A~ Site 4~ Latitude s~ Longitude s~ Elevation a~ First start o~ Lastend av
I PABE Bald Eagle State Park, Howard, PA 41034715 -77.651590 204 2016/05/30  2599/12/31
I PACF Cook Forest State Park, Cooksburg, PA 41332515 -79.208278 398 2016/05/09  2599/12/31
IHF PACH Chapman State Park, Clarendon, PA 41.75666( [
I\ PACW  Cowans Gap State Park, Fort Loudon, PA  39.995017 m Usage IRIS DMC MetaData Aggregator
I PAGS PA Geological Survey, Middletown, PA 40.23000C
[HAEY PAHR  Hickory Run State Park, White Haven, PA  41,02413( Station summary (1 time span)
HE PAKC s s g g 41 37471C Network PE :: Penn State Network :: PE Network Map :: DOI
. . EE:: i Map :: DOI

m PAKS Kcystone Statc Park, Demy Township, PA 40 37609 Station PABE :: Bald Eagle State Park, Howard, PA :: Penn State Network :: PABE Station Map :: RESP :: SAC PZs :: XML
A PALB Little Buffalo State Park, Newport, PA 40 .45891C — P
AE PALR  Lyman Run State Park, Galeton, PA 41.72509: Longitude  -77.651590

Elevation 204

Start 2016/05/30 (151) 00:00:00

End 2599/12/31 (365) 23:59:59

Epoch 2016/05/30 (151) 00:00:00 - 2599/12/31 (365) 23:59:59

Instrument Nanometrics Trillium Compact/Refiek 130 Datalogger
Channels (Hz) Location --: HHE (100)[Z@¥N, HHN (100)Z@¥N, HHZ (100):@N, LHE (1), LHN (1), LHZ (1)
MetaData Load 2016/08/15 (228) 09:38:00

Virtual network affiliations:

Name Description Primary DC Secondary DC
_PENN Pennsylvania State Geological Survey PENN IRIS DMC
_REAITIME Stations collected and served in real time at the DMC IRIS DMC RIS DMC
UNRESTRICTED All unrestricted stations, generated via cron IRIS DMC IRIS DMC
_US-REGIONAL US Regional Networks PSU IRIS DMC

Real-time data availability (view Station Monitor)

Earliest Latest
[ 2016/08/18 (231) 00:00:00 2016/08/28 (241) 00:00:00

Archive data availability - Make a batch request for data (breq_fast) - (data access overview)




Stations used to detect and locate seismic events by PASEIS (71 total)
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tham-Kent:

‘Waveforms: (StartTime: 2016.04.18 10:34:39 Duration: 60 seconds)
P : PACH.HHZ.PE.~- 2016.04.18 10:34:45 UTC Codalur=33 s PickQuality 0 Residual= 0.20s Distance= 34.1 km Md=2.0 wi=0

—Mwnm‘“ i Zik B
T

P

5! PACH.HHN.PE.-- 2016.04.18 10:34:49 UTC GCodaDur.=0 s PlcxQuality 1 Residual= 0.34s Distance= 34.1 km

.
r
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P ALLY.HHZ LD -~ 2016.04.18 10:34:48 UTC CodaDur.=256 s PickQuality © Residual= 0.13s Distance= 51.6 km Md=3.7 wt=0

P

Email Alert received for:
Magnitude 2.2

Time: 2016/04/18 Depth
3.3 miles (5.2 km)

Near Titusville, PA



Minor earthquake measures near

city

Posted: Tuesday, April 19, 2016 12:08 am

By Siella Rugglero sruggierof@titusvilleherald.com |

0 comments

Asmall earthqguake, which was likely too weak to be noticed by anyone other than geologists, measured in the

Titusville area on Monday, around 634 a.m.

The quake was magnitude 2.2, according to AccuWeather meteorologist Jordan Root. He said it was fairly weak on
the scale, and not likely felt by many pecple, or maybe no cne at all. As of late Monday afternocn, Root had received

no reports of anyone experiencing the quake.
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Magnitude 2.2

Time: 2016/04/18 06:34:40 local

Depth 3.3 miles (5.2 km)
Near Titusville, PA
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122 What do the data look like?
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‘Waveforms: (StartTime: 2017.02.03 19:42:08 Duration: 60 seconds)
P : M55AHHEZ. N4.-- 2017.02.03 19:42:18 UTC Codalur.=0 s PickQuality 0 Residual= 0.05s Distance= 55.1 km

F—
P : PAKC. HHZPE.-- 2017.02.03 19:42:19 UTC Codalur.=0 5 PickQuality 1 Residual= 0.44s Distance= 61.9 km
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5 PAKG.HHMN.PE.~ 2017.02.03 19:42:27 UTC Cedabur.=0 s PickQuality 1 Besidual= 0.30s Distance= 61.9 km
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P : PABE.HHZ.PE.-- 2017.02.03 19:42:20 UTC Cedabur.=0 s PickQuality 0 Hesidual= -0.23s Distance= 71.2 km
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P
S . PABE.HHM.PE.-- 201 7.02.03 18:42:27 UTC CodaDur.=0 s PickQuality 2 Residual= -1.59s Distance= 71.2 km

]
S ! PACH.HHN.PE.-- 2017.02.03 13:42:37 UTC CodaDur.=0 & PickQuality 1 Residual= -0.70s Distance= 93.7 km
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Example Email alert
for a mining blast.
Note characteristic
long period surface
wave.
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Email alert for one
of the Lawrence
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ol W April 25, 2016.
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‘Wavelforms: (StartTime: 2016.04.26 02:10:23 Duration: 60 seconds)

S PSSH.HHN.PE.~ 2016.04.26 02:10:31 UTC CodaDur.=0 s PickQuality 1 Reskdual= -0.47s Distance= 23.3 km
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P : NS3AHHZ MN4.-- 2016.04.26 02:10:30 UTC CodaDur.=0 s PickQuality 0 Residual= 0.37s Distance= 33.5 km

5 M53A.HHMN.N4.-- 2016.04.26 02:10:35 UTC CodaDur.=0 s PickQuality 1 Residual= 0.14s Distance= 39.5 km
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S PSBV.HHN.PE.-- 2016.04.26 02:10:35 UTC CodaDur.=0 s PickQuality 1 Residual= -0.44s Distance= 41.2 km
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Wevelormsa: (StarfTimea: 2017.03.29 11:30:38 Duration: 60 saconds)

F : PABK HHZ FE.-- 2017.03.20 11:30:44 UTC CodaDur.=0 s PickQueality 0 Residual= 0.04s Digtance= 35.3 km

AN

P
P : PSDB HHZ PE.—- 2017.03.20 11:30:40 UTC CodaDur.=0 = PickCOuality 1 Residual= 0.31a Distence= 64.3 km

=]
P : PACFHHEZ PE.-- 2017.03.23 11:30:53 UTC CodaDur.=0 s PickQuelity 0 Residusl= -0.22= Distance= 84.4 km

=
P : PACW.HHZ PE.— 2017.03.289 11:30:54 UTC Codalwr =0 s PickOQuality 1 Residual= -0.12a Distance= 95.0 km

=]
S PACW. HHM.PE -- 20170529 11:31:04 UTC CodaDur.=0 s PickQuslty 3 Residusi= -0.63s Distance= 95.0 km
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P : PAMR HHZ PE.-- 2017.03.20 11:30:58 UTC CodaDur.=0 s PickQuasality 1 Residusl= 0.11s Distance=118.8 km
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Example of an Email
alert for a false
detection on cultural
noise (most alerts
look like this!)
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P A S E l S H\'k Seismic Events Seismic Stations Background About Data Contact
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L (http://paseis.geosc.psu.edu)
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The Pennsylvania State Seismic Network

The 25 most recent seismic events are shown here. The full event catalog from September 2016 may be downloaded here.

The sources of the seismic events displayed are not analyzed. Possible sources include natural earthquakes, mining blasts, and induced seismicity.
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2017-03-30 19:17:57.3 41.167 -78.069 0.1 1.8 0.3 316 Download
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Wavelorma: {SterfTime: 2017.05.11 06:53:23 Durstion: 60 seconds)

P : PARS HHZ PE.— 2017.05.11 06:53:26 UTC Codalur=0 s PickQuality 0 Residual= 0.00s Distance= 19.5 km

o

5 : PSUFHHE PE.-~ 2017.05.11 06:53:30 UTC CodeDur.=0 £ PickQuality 1 Residual= 0.02s Distance= 54.7 km

TRIPTER. L

P : UPAD HHZ PE — 2017.05.11 06:53:33 UTC CodaDur.=0 s FickQuality 1 Residual= -0.013 Distance= 56.5 km

e

P

|

£ IUPAHHN.PE.- 2017.05.11 08:53:58 UTC CodaDur.=0 = PickQuality 1 Residual= 1.37s Distanca=115.7 km

e Y
(UWWW S

Example event with an
undetermined source

May 11, 2017 Mag. 2
Time: 2:54 am

Source depth =1 km

No active fracking or
wastewater disposal nearby

Waveforms look like a blast
Active coal mines in area but

coal seam is at ~200-250 m
depth
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Permanent seismic stations in PA through 2015

e USGS National Network (2 stations)

e Lamont Doherty Earth Observatory Cooperative Seismic
Network (LCSN) (supported as a regional network by the USGS)

(6 stations)
e |Initial 10 PASEIS stations

- USGS and LCSN Statlons
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History of building a PA state seismic network
e 2006-2009 Establishment of the first 6 permanent PASEIS stations —
DCNR (data archived and distributed using the PE Network code)
e 2009 Carbon sequestration technical assessment - DCNR
— 25 portable seismic stations
e 2010 Purchase of 4 USArray stations from IRIS — DCNR
e 2013 Earthquake monitoring during USArray - DCNR

— Support for temporary network to densify the USArray network,
develop seismicity catalog

e 2015 Expand the 10-station permanent
network to 30 stationsand =T
provide seismic event

information — DCNR and DEP 8
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© 2004
® 2005
* 2006
© 2007
* 2008
® 2009
® 2010
° 2011
° 2012
* 2013
* RefNet
s Existing




| Basement deployments — mostly
at university locations

] g‘ﬂ "’.__: _'l‘ J

! ~




¢ Outside vault deployments —
@8 mostly at state park locations




& C | () ds.iris.edu/mda/PE
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Network summary (1 time span)

Network PE :: Penn State Network :: PE Network Map :: DOI
Start Year 2004
End Year 2500

Stations for PE network (30 stations) :: Click column title to sort

Station o~

RIABLIZN
[3E PABE
I3 PABK
I3 PACF
3R PACH
I3 pACW
3R PAGS
I3 PAHR
I3 PAKC
I3 PAKS
I3 PALB
[3EY PALR
3 pAMP
RIARZNIY
RIADZY0
[3E PAPL
[3E PARS
[3EY pASH
[3E PSAL
[3E PsBK
I3 psBV
I3 psDB
[3E PsMA
[3E pssH
[3E pssK
3R psuB
[3EY PSUF
RIAPN ]

Site av

Latitude o~ Longitude o~ Elevation a+ First start o~ Last end A~
-79.169670

Indiana University of Pennsylvania, Indiana, PA 40.606670

Bald Eagle State Park, Howard, PA

Blue Knob State Park, Imler, PA

Cook Forest State Park, Cooksburg, PA
Chapman State Park, Clarendon, PA
Cowans Gap State Park, Fort Loudon, PA
PA Geological Survey, Middletown, PA
Hickory Run State Park, White Haven, PA
Kettle Creek State Park, Renovo, PA
Keystone State Park, Derry Township, PA
Little Buffalo State Park, Newport, PA
Lyman Run State Park, Galeton, PA

Mt. Pisgah State Park, Troy, PA

Moraine State Park, Slippery Rock, PA
0il Creek State Park, Oil Creek, PA
Promised Land State Park, Greentown, PA
Ryerson Station State Park, Wind Ridge, PA
Shawnee State Park, Schnellsburg, PA
PSU Altoona Campus, Altoona, PA

PSU Berks Campus, Reading, PA

PSU Beaver Campus, Monaca, PA

PSU Dubois Campus, Dubois, PA

PSU Mont Alto Campus, Mont Alto, PA
PSU Shenango Campus, Sharon, PA

PSU Schuylkill Campus, Schuylkill Haven, PA

PSU Brandywine Campus, Media, PA
PSU Fayette Campus, Uniontown, PA

41.034715
40.266520
41.332515
41.756660
39.995013
40.230000
41.024130
41.374710
40.376097
40.458910
41.725095
41803900
40.939800
41.515960
41.295013
39.886320
40.026000
40.543700
40.363210
40.679950
41.130000
39.843010
41.235000
40.642587
39.930000
39.944200

PSU Wilkes-Barre Campus, Wilkes-Barre, PA  41.303475

IRIS DMC MetaData Aggregator

-77.651590
-78.583680
-79.208278
-79.171430
-77.924788
-76.720000
-75.709870
-77.932530
-79.379312
-77.167830
-77.760062
-76.668890
-80.097300
-79.681090
-75.021400
-80.445220
-78.635690
-78.414300
-75.973800
-80.297500
-78.750000
-77.543400
-80.507600
-76.164978
-75.450000
-79.658800
-76.015183

398
204
482
398
431
194
120
364
204
336
145
33
348
393
3
n
305
193
402
83

07
437
299
265
27
110
n
198

2016/11/14
2016/05/30
2016/09/13
2016/05/09
2016/03/18
2016/05/10
2012/02/12
2016/07/18
2016/05/04
2016/06/13
2015/12/21
2016/04/17
2016/04/28
2016/08/01
2016/08/01
2016/06/01
2016/04/15
2016/04/22
2015/11/16
2016/02/16
2016/01/26
2010/01/01
2016/02/24
2013/11/25
2016/04/25
2009/01/30
2016/01/07
2009/11/13

2599/12/31
2399/12131
2599/12/31
2599/12/31
2599/12/31
2399/12131
2599/12/31
2599/12/31
2599/12/31
2599/12/31
2599/12/31
2399/12131
2599/12/31
2599/12/31
2599/12/31
2599/12/31
2599/12/31
2399/12131
2599/12/31
2599/12/31
2599/12/31
2599/12/31
2599/12/31
2399/12131
2599/12/31
2599/12/31
2599/12/31
2399/1231

Overview of network

List of station
names, locations,

and start times



Station summary (1 time span)

Network PE :: Penn State Network :: PE Network Map

Station PACH :: Chapman State Park, Clarendon, PA :: Penn State Network :: PACH Station Map :: RESP :: SAC P75 :: XML
Latitude 41.756660

Longitude -19.171430

Elevation 431

Start 2016/03/18 (078) 00:00:00
End 2599/12/31 (365) 23:59:39
Epoch 2016/03/18 (078) 00:00:00 - 2599/12/31 (365) 23:59:59

Instrument  Refiek 130 Datalogger

Channels (Hz) Location --: LOG (0)

Instrument ~ Nanometrics Trillium Compact/Reftek 130 Datalogger

Channels (Hz) Location --: HHE (100): Y, HEN (100):3N, HHZ (100):3, LHE (1), LHN (1), LHZ (1)
MetaData Load 2016/04/15 (106) 14:10:37

Virtual network affiliations:
Name Description Primary DC Secondary DC
_PENN Pennsylvania State Geological Survey PENN IRIS DMC
_REAITIME Stations collected and served in real time at the DMC IRIS DMC IRIS DMC
JUNRESTRICTED All unrestricted stations, generated via cron IRISDMC IRIS DMC
_US-REGIONAL US Regional Networks PSU IRIS DMC
Real-time data availability (view Station Monitor) < View some
of the data Information
Earliest Latest h
I3 2016/05/06 (127) 00:00:00 2016/05/18 (139) 00:00:00 on how to

request the
Archive data availability - Make a batch request for data (breq_fast) - (data access overview) data




PASEIS Stations
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Earthworm Process

e Automatic detection and location of seismic
events
— Arrival time picks (P and S waves)

e STA/LTA algorithm
* Frequency band algorithm

— Location
e HYPOINVERSE code with velocity model for PA

e Alerts

— Records event information and sends email alerts
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Analysis of Automatic Locations

e Determine whether an event is real or a false
detection

— Use information on email alert
 Waveform characteristics
e Location of stations
e Location of event (near to known mine?)

e If there is any indication that event might be an
earthquake, then the event is manually relocated



Manual Event Locations

Pull data from Earthworm server
Refine arrival time picks by hand using SEISAN

Relocate event using HYPOINVERSE and same
velocity model as used for automatic solution

Add event information to database and post on the
website



Example P- and S-wave arrival time picks from SEISAN

|FABE HHZ -- PE

|FABE HHN -- PE

|FABE HHE -- PE

East-West Component

2236

Vertical Component

1627

North-South Component

1176
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40

2l Ll
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Magnitudes and Depths

e Local =
magnitudes = ’
range from Catalog is
1.0to 2.9 complete to

magnitude 1.8

50 -

0.5 1.0 1.5 2.0 25 3.0
Magnitude

Depths

e Depths mostly
<1km

Depth (km)

100 200 300 400 500 600 700 800 900
Number of Events



Mine or

Quarry
Blasts
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Are there spatial and temporal correlations with well
activity?

Non-mining events Production wells (2013/2015) Injection wells

-No correlation has been found with either injection wells or
fracked wells for the 2013-2015 time period



Summary of findings: 1530 mining related events
14 Non-mining events — they are all probably tectonic earthquakes
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Terrahle

Waveforms: [StartTime: 2017.03.28 0d4:30:18 Duration: 60 seconds)

F : PACFEHHZ. PE.-- 2017.03.20 04:30:28 UTC CodaDur.=0 s PickQualkty 2 Residusl= -0.02s Distance= 52.1 km

=]
P : PAMRHHZ PE.-- 2017.03.28 04220:27 UTC CodaDur=0 s PickQualty 0 Residual= -0.40s Distance= 52.6 km

i e III FA Wﬂw
P
B 1 PAKS HHM_PE.-- 2017.03_20 04:20:33 UTC CodalDur=0 s PickhQualty 1 Residuesl= -3.40s Distanca= 50.7 km
_—
S

P : PSD8 HHZ PE.-- 2017.03_20 04:20:30 UTC CodaDur=0 3 PickQualty 1 Residual= 0.31= Distanca= 65.3 km

=]
S5 :PSDB HHN.PE.— 2017.03.20 04:20:38 UTC CodaDur.=0 s PickQuality 1 Residual= -0.23s Distance= 65.3 km

5

F : URAO HHZ PE.— 2017.03.20 04:20:30 UTC CodeDur.=0 = PickQuality 0 Residual= 0.74s Distance= 66.2 km

e

Example of an
Email alert
received for a
Teleseismic event
(large, M > 5)



“. F
Londons i milton

» Buffalo NEW YORK

Email alert for one
of the Lawrence
Al _ County events of
ol W April 25, 2016.

VIRGINIA

xington
L

GOOg|e P £ 017 e 7 Terrahetrics

‘Wavelforms: (StartTime: 2016.04.26 02:10:23 Duration: 60 seconds)

S PSSH.HHN.PE.~ 2016.04.26 02:10:31 UTC CodaDur.=0 s PickQuality 1 Reskdual= -0.47s Distance= 23.3 km

i i
L idaian oy | v R L ae i s

P : NS3AHHZ MN4.-- 2016.04.26 02:10:30 UTC CodaDur.=0 s PickQuality 0 Residual= 0.37s Distance= 33.5 km

5 M53A.HHMN.N4.-- 2016.04.26 02:10:35 UTC CodaDur.=0 s PickQuality 1 Residual= 0.14s Distance= 39.5 km

AV’*N“”WWWW

=]

B e e L)

S PSBV.HHN.PE.-- 2016.04.26 02:10:35 UTC CodaDur.=0 s PickQuality 1 Residual= -0.44s Distance= 41.2 km

S TP P T .‘IIIILI-- PR [ PP TIPR | P IV PR S P S TR F



Mag 3 event, SE Ohio, April 4, 2017

Mag 2 event, SE Ohio, March 30, 2017

Sg : PAMA.HHE.PE.-- 2017.05.30 12:29:50 UTC CodaDur.=0 & PickQuality 1 Residual= 0.81s Distance=174.4 km

et e P A

O

Sg
Sg 1 PAKS HHN.PE.-- 2017.03.30 12:30:01 UTC CodaDur.=0 s PickQualty 1 Residual= 1.49s Distance=181.6 km

T e s i e e NP

Ramane T

Sg
Pn : PACH.HHZ PE.—- 2017.03.30 12:20:52 UTC CodaDur.=0 s PickQuality 1 Residual= -0.27s Distance=293.5 km

e AN AN e a
WW



PEPABK.--.HHZ 2017-04-04T00:00:00 2017-04-05T00:00:00 UTC
S e L P

e T e

e e e L R

v MWMWW s
2017 4 3 1742 46.4 LQ 40.700 -76.110 0.11 TES 8 .18 1.6LTES '

1

CAP=120 0.450 0.450 2.1 E WWW”M
2017-04-03-1742-295.TA 204 [

BINDERID: 31729 3

VERSIONID: 2 3 wwm“ﬁ
CHANNELID: PAGS.BHE.PE.-- 3

CHANNELID: NS8A.HHEZ.N4.-- 3 WWWM.@
CHANNELID: PSSK.HHZ.PE.-- 3 '

CHANNELID: PABE.HHZ.PE.-- 3 WW”*
CHANNELID: PAHR.HHE.PE.-- 3 "

CHANNELID: FAHR.HHN.PE.-- 3

CHANNELID: WUPA.HHN.LD.-- 3 W L
CHANNELID: ODNJ.HHN.LD.-- 3

CHANNELID: NENY.HHEZ.LD.-- 3 1469
CHANNELID: PAMR.HHEZ.PE.-- 3

ACTION:HIN 17-04-03 14:49 OP:kah STATUS: ID:20170403174237 I T
OLDACT:HIN 17-04-03 14:48 OP:kah STATUS: ID:20170403174237 3

STAT SP IPHASW D HRMM SECON CODA AMPLIT PERI AZIMU VELO AIN AR TRES W DIS CAZ7

PSSK HZ EP 0 1742 47.5B 90  -.130107.900 217 L
PSBE HE EP 0 1742 52.86 a0 -.0501039.10 1a2

PSBEK HN ES 0 1742 57.94 90 2.101039.10 162 1709
PAHR HEZ EP 0 1742 54.24 a0 -.3801049.40 42

PAHR HN ES 0 1743 0.76 a0 0.6001049.40 42 1w
N5BA HEZ EP 0 1742 55.31 a0 0.0001053.50 288

N5BA HE ES 0 1743 2.05 a0 1.501053.50 288 T
PALB HE EP 0 1743 1.76 a0 =.2201093.50 254

MS5TA HZ EP 0 1743 5.69 90  0.770 0111.1 310

MSTA HN ES 1] 1743 18.69 90 0.70010111.1 310 .
SSPA BEZ EP 0 1743 10.07 72 =1.23 0150.5 2&B

L59A HEZ EP 0 1743 16.80 47 0.15010188.0 27 iR ]
PSSK HN IAML 1742 49.58B 1069.3 0.58 7.31 217

PSBK HE IAML 1743 0.36 51.8 0.28 38.7 162 i
PAHR HN IAML 1743 5.92 52.6 0.70 49.9 43

NSBA HE IAML 1743 6.60 25.0 0.87 53.4 288

PALB HN IAML 1743 17.04 21.3 0.61 93.1 254 £
MS5TA HE IAML 1743 22.79 11.0 0.33 111 310

MS5TA HN IAML 1743 23.56 13.4 0.48 111 310 e
SSPA Bl IRML 1743 32.90 15.1 0.74 150 268

L5%9A HE IBML 1743 41.17 17.5 0.47 189 28 | -

n 2 15 a1 A7 53 1]
Tene Mmulas

/MU FIESR. 5T el
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