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Behaviors of Dams during Loma Prieta
Earthquake. (1989. 10. 17)

Norihisa MATSUMOTO
Chief, Filltype Dam Division
Nario YASUDA
Senior Research Engineer
" Yukihiro MASAKUNI

Synopsis

An earthquake called Loma Prieta Earthquake occurred on October 17, 1989 in California,
USA. The magnitude of the event was 7.1 on the Richter scale. The ficld investigations were

made by one of the authors and related data were collected from published reports. We

describe the behaviors of dams in the vicinity of the epicenter during this earthquake.
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Calero Dam

Del Valle Dam

Lower Crystal Springs

Coyote' Dam

VVasona Dam

Lexington Dam

Newell Dam

Chesbro Dam

Guadalupe Dam

Almaden Dam

Austrian Dam
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M- 6(a) Lexington & 49l
Jilxl(2 Santa Clara Valley Water District]
Robert E. Tepel i, Mty 51054414
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Lexington

P =) . . e, v %ﬁfﬂﬂﬁ)ﬁ%ﬁc‘: w £ g . R feight
5 = OB | EERHUM | Skt o B % el | W vet sat.
Most Sheepfoot ‘
3A Upstream 4” After 15% 30,000 ft 1b 10 $=21"48" | No rock over | 145 148
Compaction Pneumatic Passes | C=800psf |5”
Perv. 20,000 ft 1b
Imperv. Clay loams | 4” After - $=22" No rock over
1 |Center & Cravelly | Compaction 15% Vi C=800psf |5” 137 140
clay loams
2 |Filter 10” Layers High Pressure $=35" Dry
fater Jet C=0 110 130
Sheepfoot )
3B - | Semi. Perv. 4” After 15% 30,000 ft 1b 10 $=22" No rock over | 145 146
Ballast Compact ion Pneumatic Passes | C=800psf |4”
20,000 ft b '

EL.550°

—==:2v/
e
o é?_ﬁfﬂn

i
FRENCH ORAIN

g NWS. EL 650

@~ 6(s) Lexington & 40| i kil
i s & UHR ) 7 — # (4 California State Department of
Water Resources, Donald H. Babbitt el 2% & T34

1:5.5




Earth Dam
Maximum Height = 205’

Construction Date: 1953

To Highway 17
N —————————

-~
[
- SN

Splllway

Down Stream
———————————

N =3

22T TN Structure Reference
7~ " Alma Bridge Road

e Orientation; N=0°

E—7 Lexington &4 ifiydilod st
(C. S. M. L. P. Report No. OSMS 89-06 & )



Lexington Dam Record 57180-52130-89292.02
(CSMIP Stalian §7180)

! V‘\_\\ A A Left Abutxnent - E  Max. Acccl.= 0 41 g
“""““~“‘NQ”AMHNY¢ABLKJ%Hﬂ*ﬂwd%hNﬁNWywvﬂrﬂ*vnﬁz " Up 0.15 ¢
0 1 2 3 4 S 10 15 20 Sec

Lexington -Dam Record 57180-S2131-89292.03
(CSMIP Stalion 57180)

? 00:04:21.3

mV/“Lf\ //N\\//f\\ Left Crest - E  Max. Accel.= 0.40 g
—SW//I.‘JVIA!“'Irj 'J/M/\’JMWIJ’\/%MMWWV\WVW- - U& LZZ o

Y ///,,// " - N 0.39 g

Scructure Refecence Orlentunion: Ns=s0O°

B— 8(a) Lexington & 2 il 1 5t
(C. S. M. L. P. Report No. OSMS 89-06 & 1)



Lexington Dam Record 57180-52132-89292.04
(CSMIP Stalion 57180) o

7 AN . Right Crest — E Max. Accel.= 0.34 g

—ﬁ NWMNA Y 'A‘/ V"\V'r A\A'INA?\/\WA”\VWW =Up g "2.0 g

N — v \/\N\/WVW\WMW

Structure Reference Orientation: N=0°

0 1 2 3 4 5 10 15 20 Sec.

M- 8(b) Lexington 7" & @ i HE KL RS
(C. S. M. I P. Report No. OSMS 89-06 & 0)¥
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Elevation (feet)

Spillway

Crest elevation 640

Original ground

o

’&‘ Foundation

o,
v, sttt ™
\.QMIN
l | | | ! | L L l l ! ]
16 14 12 10 8 6
‘ Distance (feet +00)
PROFILE

E~8() Anderson 54 7 5 Futfifita®
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Anderson
ey Phntd MW | FEBUN | MEDEE | EEER | e
3a | SHELL ROCK .| DUMPED SHEEPSFOOT 2 $=35°
(SILICA) C=0
IMPERVIOUS | CLAY LOAM | 6” AFTER Vi 10 $=15°
1 ROLLED FILL COMPACTION =800 psf
3b | ROLLED FILL | SAND V] n 10 $=37°
& GRAVEL C=100 psf
3C | SHELL ROCK DUMPED " 2 $=35°
‘ (CHART) C=0
b | FOUNDATION | SHALE
SANDSTONE
40"
1 EL.640

Norm'c‘l high water EL.625’

E— 9(c) Anderson &2 | Fiti /7 trini
WX 33 & U 7 — 2 (2 California State Department of
Water Resources. Donald H. Babbitt [ofiifh, e & 14414




ANDERSON DAM STRUCTURE ARRAY

LEFT ABUTMENT
ROCK SITE SMA-1

\ CREST L)
: SMA—
S 07> Oy e
o o LR
N ER=e
N
N— —— .
@r—-’@
: @ DOWNSTREAM
, SMA—1

B ®
4

- 1385’ i
| 77 7TTTVN

DAM TYPE o
ROLLED EARTH AND )ROCKFILL STRUCTURE WITH CLAY CORE

B—10 Anderson ¥ ADSGEFEEIDEH
(U. S. G. S. Open-File Report 83-568 & V)2
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w00 (D ANDERSON DAM LEFT ABUTMENT (X) 89/10/17
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ANDERSON DAM CREST (X) 89/10/17
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@D ANDERSON DAM DOWNSTREAM (X)

88/10/17
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B —12(2) Guadalupe 74D EfilX
J5il1E Santa Clara Valley Water District
Robert E. Tepel [KnHkflt, 2507 & 14X
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GEOPHYSICAL HOLES

640 | L_ '
o =
t 600 \‘.’Lﬁ
: EL.570
580
1 5 ‘ :
= 2 0 =22 (IMPERVIOUS ZONE) |
= N
| %480 N P — z L - //W
wol

B —12(b) Guadalupe ¥4 |- Fife7 kil
IS California State Department of Water
Resources, Donald H. Babbitt feodibfl, @5 & WL
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Chesbro
B S—=v BN | EEEUR | ST | REosi | ZERN | SRR | KGR NoE
5” 1 95% min. | Tamping 10 | ¢=27° |0.02-0.05 | Local borrow
@® | Core/Shell CL Campacted | 56,000 roller C= 800 ft/year
te1b/ft3
® |Berm Rock from |36” Hauling 2 cubic yard max.
S/N exc. | Loose equip ‘

® | tave Wash | Rock from Damped 1 cubic yard max.

Protection | S/W exc. 1 cubic feet ave.
@ |Drain W

g NMWS EL525"

Cutoff Trench

Riprap

Rolled Earth.Fill.

{Less ImpervioUs)

. Gravel Bl'cnket Drain’

upstream of axis

®—13(b) Chesbro #4215 N Jiinlrinix
ikl s & UHN 7 — # 1% California State Department of
Water Resources, Donald H. Babbitt [CHft, #2501

N //ﬁ:'_.'_“: ..". - —
Excavated to bedrock A7 Gravel Alluvium i

v -MP'."’""“‘"“"":"'-'
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E—18(a) Chesbro 74 Ol HEAHLI R UIEBLRI
» [Santa Clara Valley Water District, Robert E. Tepel |
FCO IR A & B & RN '




2.44m

OBENMBE<RVEBOEEOY Y FS5v T
@EHMSEOWFIRURSER
(Medium Dense, Medium Plasticity)
@RVTEBOWFERU FSEEED
~ (Moderate Plasticity, Dense)
- QU EY

E—14(6) Tt bl (sE
Santa Clara Valley Water District, Robert
E. Tepel fChH it :




300 T I 11 T [
]
© N s
28 & 3 3 3 A &

wsrsensern CrACK
trench

Max W.8. EL.300" __7iii6 ©, %0 D mwacmCoarse material from borrow pits

) . . 7 © °p » 7 :
(-] -] o, ’
Fine material from borr?w péti. lled 00000000 L _—Material from cut off trench
wet an [«] - /,poo 000 o Ve /o:'tp Yo vty .
A 00,%0 O e iu2t T e - Stripped material
4" Concrete Facing P W, P00 G Wil ok
. e R AT
o I’ Stripping
Top of impervious material M‘ ? 215 ' SIO "
0]

E—15 Vasona 74D 45 & CWinilx

ik Santa Clara Valley Water District. Robert E.

Tepel a5 144K -
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X —16(a) Austrian 72 @il

WiXE California State Department of Water Resources

Donald H. Babbitt FCop$ibiit, 2% & 144
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Austrian

9 /x
T VANS OB | EEHUM | ST HiE B | SRR TR *Aéﬂ_k;t No.4 | No.200
INPERVIOUS | SANDSTONE & 300 1b/in? | SHEEPS FOOT | $=29 30" |O0.11~24.9 57.61D | 12.610
1 | EMBANKMENT | & SHALE |UNCOMPACTED | PENETRATION | ROLLER C=711 psf | £t%/ft?vear | 1.5"~3"|88.8% |43.7T%
NEEDLE
PERVIOUS | SANDSTONE 5 300 1b/in? | SHEEPS FOOT | $#=29 30’ |0.11~24.9 57.610 | 12.61D
2 |EMBANKMENT | & SHALE |UNCOMPACTED | PENETRATION | ROLLER C=711 psf | ft%/ft?year | 1.5"~3"|88.8% |43.7%
NEEDLE
3 | FOUNDATION | STREAM BED
MATERIAL
® PIEZOMETER LOCATION L1125 e L 110" l l l l EL1125°
' \L 25 /{gf EL1120"
MLO_ ® P-5 EL. 1070 DETAIL AT TOPND ,\ 725
DOWNSTREAM 1:3 SN
Sk P L
P-3® ®F-5 TMPERVIOUS ©)
P-L® SECTION

P e et
- -
-

SR \Arec to be stripped

B=16(b) Austrian 774 1R J5 i)
Wikl 3 & U 9 77— # (% California State Department of
Water Resources, Donald H. Babbitt o $ifit, 2% & 104414
Lx' A =g Dfiiid., Dam Performance During the Loma
Prieta Earthquake of October 17, 1989'Z & 5



ELEVATION IN FEET

1130.0 l T , n ; [ ;
11290 .
1128.0F BEFORE EARTHQUAKE, INCLUDING 7]
- MEASUREMENTS ON OCTOBER 186, 1989
1127.0F -
11260 .
1125.0 ]
MEASUREMENTS ON OCTOBER
11240 19, 23, and 24, 1989 n
1123.0F -
1 1220 ' | ]. | ] ] ] |
0.00 2.00 400 .00 8.00
(Z= STATION ALONG CREST B

E=—17(a) Austrian 7 &KMD LRI
Dam Performance During the Loma Prieta
Earthquake of October 17, 1989 (2 & 5



MOVEMENT IN FEET (+=DOWNSTREAM)

12 . 1 v I | ! | ! i

1.0 -
0.8  BEFORE EARTHQUAKE INCLUDING -
- MEASUREMENTS ON OCTOBER 186,
0.6+ 1989 -
0.4+ .
0.2+ -
0.0F—
- O 2 - -
S MEASUREMENTS ON OCTOBER 18,
-04} 23, and 24, 1989 | -
— 06 i ] ] | ] i | | 1
0.00 2.00 400 2.00 8.00

(&) STATION ALONG CREST (B

E=17(b)  Austrian 774 N&D LNk
© {Dam Performance During the Loma Prieta
Earthquake of October 17, 1989 (2 X %
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- 1y —

ELEVATION IN FEET

1090
1080}
1070}
1060
1050
1040
1030
1020

1
READINGS FROM NEW PIEZOMETERS

1010
1000
990
980
970

960

950F
940 1

30-AUG.

x PZ#FW(923")

19-SEP 09-0CT. 29-0CT. 18-NOV,

© PZ"2W(SB0") o PZ®AW(950") v PZ*BW(S99")

E=—17(c) Austrian 72D RIED 4L
Dam Performance During the Loma Prieta
Earthquake of October 17, 1989 (2 & 2
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500

\
W .CREST EL590 .

400

0. 100
L 1

290ft

OB AN S RN IAL NN s

F—19(2) Newell 74Dl
[ X (& California State Department of Water Resources]
Donald H. Babbitt opfifl, %1 & 14



-— _ SPILLWAY

|

BOTTOM OF CUTOFF

E—19(b) Newell 40 7 2il)5 tallrinilx
ikl {2 California State Department of Water Resources
Donald H. Babbitt ek, M2t & 0504

—sooft
1550
—-500

—+450

—400



o 1

Newel!
| pee il , HIG1O0E | WERE
BT s—v BB e | Dok | I TS e | AR | KGR | R
QUARRY 100% COMP, | TAMPING ¢= 28"
1 | RANDOM OVERBURDEN [8” REQUIRED | 12,250 ROLLER C= 200-800 8"
WEATHERED LOOSE | MORST 2% | ft-lb/ft? « psf
SILTSTONE
2 | PERV. ROCKFILL 5 | SLUICE $= 35°
1210 = 0
GRAVELLY 8" REQUIRED 100% COMP. | SHEEPSFOOT ¢= 28° ~0.0004 | 4"
3 | 1wp, SILTY SAND | LOOSE | MORST 1% | 12,250 4000 Ib/1t C= 200-800 | ft/ycar
fte 1b/1t? ps{
4| RANDOM REQUIRED |9 REQUIRED | 100% COMP. | TAMPING P= 28" g
EXC. | LOOSE | MORST 2% | 12,250 ROLLER C= 200-800
18+ 1b/11? pst
5 | DRAIN COARSE ROCK |1 LIFT | SLUICE @=35°
L H = )
FILTER SAND & 9" SATURATED D-8 CAT 4
: GRAVEL | LOOSE : :
TRANSITION | QUARRY FINES | 9" REQUIRED | 100X COMP | TAMPING
LOOSE | MORST 2% | 12,250 - ROLLER
|- - ft-1b/1t>
S FOUNDATION | SHALE &
> SILTSTONE
| .
30
. MUM W.S. DURING SPILL EL.S85° EL.S90°
SPILLWAY WEIR EL.577' -MAXI L

o 2ONE2
MINIMUM POOL EL.470 _ (PERVIOUS)

‘W
' ZONE3
TRANSITION Y (IMPERVIOUS)
) ZONE 1
(UPSTREAM RANDCM) EL.395{

,—-GROUND CURTAIN \ZONES (FRENCH DRAIN]

EL.395°

E—19(c) Newell &4 LTS alrifX
[ il 35 & UMy 5 — 2 (3 California State Department of Water
Resources, Dorald H. Babbitt K on$iflh, M & R



MAXIMUM NORMAL W.S. 607

200
l__l CREST EL.619

CONCRETE
FACING

= ~————______|_ORIGINAL GROUND
‘—\/——‘W\/

|
axis |/
OF }/ |
PAMS / PERVIOUS

IMPERVIOUS U/

ALL UNITS IN FEET

DOWNSTREAM SHELL OF
LOOSE ROCK FRAGMENTS
FROM SPILLWAY EXCAVATION

— ——

=20 Almaden ¥ 40 L FH Wi
{Dam Performance During the Loma Prieta
Earthquake of October 17, 1989 (2 & 5
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B—21(a) Coyole ¥ ANl & Clfiita®



Coyote Lake Dam - Southwest Abutment

(CSMIP Station 57217) , Record 5§7217-52569-83293.02
' Max.
— —— — - X - — - - —_—— e — Accel.

100:04:25 GMT

285°“WMW’\/\F\}WMVVWVWNWWM 0.49 ¢
— ‘ ‘
Up — —

TS N I ANAAAN NV AN AN A A A M et st "~ —— . - 0.08 g

195° — g 'WWWWWMMWMWWW‘W 0.15 g

0 1 2 3 4 S 10 18 20 Sec
Coyote Lake Dam - Downstream
(CSMIP Station 57504) Record 57504-51830-89293.01
Max.
—_—— — — —_— — - —_— — — - —_— - - T _—_™_  Accel.

100:0&:25 GMT

zaso_wMWWMMVWWWWWWW—— ~ 0.19 g

U — | i e 0.10 g

E—21(b) Coyote & L O NIl 41 ik
(C. S. M. L. P. Report No. OSMS 89-06 & 1) )®



psew Ry PR

U.S. STRONG-MOTION NETWORK DIRECTION CONSTANTS HAX. ACCELERATION
Station No. 1265 37.615N, 121.745W 065° Sens. = 2.00 cm/qg 0.06g
Freq. = 25.4 Hz
Del Valle Dam - Toe Damp. = 0.6 crit
SMA-1 No. 451 (COWR) Up Sens., = 1.80 cm/qg 0.03g
’ Freq. = 25.6 lz
EARTHQUAKE OF ‘ ' Damp. = 0.6 crit
18 October 1989 - 0004 G.m.t. . 338° Sens. = 1.80 cm/g 0.0dg
' Freq. = 25.9 Hz
Damp. = 0.6 crit
Film speed = 1 cm/sec

e ek E T A S BB B N T T
-————-——————-—-——————————-—-——_———_———~——-———-——.——-——_—-—-

E=22(3) Del Valle & 20> il e 41k
(U. S. G. S. Open-File Report 89-568 & 1) )"”.



U.S. STRONG-HOTION NETWORK DIRECTION CONSTANTS MAX. ACCELERATION

Station No. 1265  37.615N, 121.7454 065° Sens. = 1.90 ecn/g 0.08g
, Freq. = 25.4 Hz
Del Valle Dam - Crest Damp. = 0.6 " crit
SMA-1 No. 444 (COWR) Up Sens. = 1.75 cm/g 0.07g
‘ Freq. = 26.5 Hz
EARTHQUAKE OF ‘ ' Damp. = 0.6 crit
18 October 1989 - 0004 G.m.t. 335° Sens. = 1.70 ¢cm/g 0.08g
. . Freq. = 26.5 Hz
Damp. = 0.6 crit
Film speed = 1 cm/sec
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B—22(6) Del Valle 7" 4 @MUK IRES] I
(U. S. G. S. Open-File Report 89-568 &£ 1))®
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90 O QD DO 9090 O o o QO QO O Q INY
SN P83 3382 8 8 8 82888 L8R
PLAN OF DAM
[1] 40 80 FEEY

TOP OF DOUNSTREAM PARAPET WALL

DOWNSTREAM ELEYATION

(1] 40 80 FEET
e

—23

CRAVEL
S

BEIROCK

MAXIMUN SECTION

t (1) 80 FEET
[ =

Lower Crystal Springs ¥ A il L CHrititg®



550’

Structure Reference

Orientation: Nz 332° 9

140’

Concrete Gravity Dam

Construction Date: 1888

=24 Lower Crystal Springs 7 4 Difigdit- o it
(C. S. M. L. P. Report No. OSMS 89-06 & »)*
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| 00:04:31 cur

1 Crest:

Center - Up Max. Accel. = 0.03 ¢

Right - R* 0.07 g

Lefr = R 0.10 g

‘MWWWWWWM

Right 1/4 = Length Point - R 0.07 g

M Y e N U oy N R B e e s P P

Center = R (E) (Sensor Malfunction)

6 11

Lefe 1/3 - Length Point = R 0.07 g

AN AN\ A AN AN AN e e P o et N o et st e

7 Downstrecam: = N ‘ 0.06 g

NSNS PN\ [ NN N NNt NP rastnat Pt e g

- Up 0.03 g

-E 0.09 g

10 Dam Base: = T* (N) 0.05 g

~ Us (Sensor Malfunction)

12 "

- R (E) 0.C5 g

N AN A AN Y e

*R,T = Radiul, Transv.rse to Dam Crest

Structure Reference Orientation: N=332°

0 1

3 4 5 10 15 20 Sec.

[ —25(a) Lower Crystal Springs 5 4 oIl 4 ig
(C. S. M. L. P. Report No. OSMS 89-06 & )¥



! 00:04:31 cur

_1_3 Left Abutment: E . Max. Accel. = 0.09 g

14 X Up N 0.03 g

1 " N - _ 0.07 g
Structure Reference Orientation: Nw332°

T T T, Ty i s TTTTTTT T e T Inbniarr Sttt tri i

[ —25(b) Lower Crystal Springs & & @ I 51
(C. S. M. L. P, Report No. OSMS 89-06 & )




e ardmapanss g b v

. 1] B (|EEER ®e mE
¥ h A B O | BRI moAa# B F| 5 &
(m) | (m) (km) 5c3%
Lexington® | 72746 | 1953 | 62.5 | oaq | StaClaaVally 4, 1 o | g
Hater District )
ty-rsd ‘ 1985¢F
And * . 3
erson 27 1850 | 71.6 422 ” 21 | B¥F % EF
Guadalupe* 7-A74% | 1935 | 43.3 212 ” 18 =] 2:3
Chesbro* 7-274% 1955 29.0 220 27 18 > =1 =
Vasona® #HAor | 1935 | 10.4 305 ” 24 5 &
Austrian® 7-R7 4k 1950 56.4 213 San Jose Water Co. 12 |BLW| &
Newell Creek® | 7-Z74% 1360 55.5 232 Santa Cruz City 19 H =1
Alnaden? a7 | 103 | aas | —— | SwtaClera¥alley | 4 o |
Hater District
Calero® 7-A7¢% | 1935 | 23.8 { — ” & =
Coyote 7-A7¢% | 1936 | 42.7 | 296 ” 31 & %l
Del Valle 7-X74% 1963 | 67.7 | —— | State of California| 66 & v =1
Lowre Crystal | 7-# City_and Count
=
springs | 73074 | 20 | T 1% Ut111€?2§'5833§225é§ Ol R | B
* : BtESoqRE LY A
#— 2 Lexington 7 AR & 4 )
(C. S. M. 1. P. Report No. OSMS 89-061=3%7 & {§:1K)
| = >
. - BRANEE | 2R
i @ |smEs|Aw| >
(G) - (sec)
3 X 0.45 1.10
EE7ZNY b 1 Y 0.41 1.20
2 Z 0.15 0.11
6 X 0.39 0.84
KIRERHD 4 Y 0.40 0.89
5 'z 0.22 - 0.46%2
, 9 X 0.45 0.86
X & H R 7 Y 0.34 0.85
8 Z -0.20 0.48*?

¥l X: LT&.Y YA%.Z $hib
*2 ﬁﬁwzmﬁhwﬁH%tWHM®zmﬁﬂﬁb\
Luhﬁﬁﬁﬁmﬁwaﬁi

5 —




£—3 Anderson 7 ADNKAIMEIE & s W]
(U. S. G. S. Open-File Report 89-568212J%-7 & {f:1K)
g o® |amss )3(63 SEANGEEE | HEE A

(G) (sec)

. 2 X 0.14

e+ PR 1 Y 0.11
thiy - £ 3 X 0.14
6 X 0.23
% R 4 Y 0.18
5 "z 0.16
9 X . 0.43
RKimrp 7 Y 0.32
8 y/ 0.16 -
12 X 0.38
K - B 10 Y 0.32
11 Z 0.23
. 15 X 0.07
Efzg:b 13 Y 0.08
14 Z 0.05
18 X 0.39 0.53
X b 16 Y 0.26 0.48
17 yA 0.19 0.29
21 X 0.26 0.55
THER 19 Y 0.25 0.3
: 20 yA 0.17 0.29

* X: FFH&E, Y: Y08, Z : &

Coyote 7 LDNA il & 455 11

%4
(C. S. M. L P. Report No. OSMS $9-06™1= 45 & {§:1%)
@ = ﬁé BANEE | #ERY
(G) (sec)
X 0.49 0.47
EEFNY M| Y 0.15 0.30
Z 0.08 0.25
| x 0.19 0.25
¥ F| Y | oar 0.19
vA 0.10 0.16

* X BT, Y: Y08, Z:%E

— 56_




PppRa—

£—5 Del Valle ¥ 2Dkl
[U. S. G. S. Open-File Report )
[ 89-568M2 % & {f:1K )

BAIEE
G| 7 @ (G)
K= 85° 0.06
BRI #® & 0.03
7K¥335° 0.04
7K 65° 0.08
Xig |88 E 0.07
7K3E335° 0.08

#— 6  Lower Crystal Springs ¥ AN hE I & {4 1)
(C. S. M. I. P. Report No. OSMS 89-0621=3%7 & {{:#%)

g o= |smms ),ﬂa; ANER | HEZ B
- (G) (sec)
5 R
X R 1 Z 0.03
HET7NY b 2 R 0.07
ERETFINY b 3 R 0.10 0.28
KRERED 4 R 0.07 0.45
KHERED 6 R | o0.07
' 12 X 0.05 0.44
& 2] 10 Y 0.05
11 Z
13 X 0.09
EESE B 15 | Y 0.07
14 yA 0.03
s 9 X 0.06 0.28
(esmEs) | 7 Y 0.09
. 8 7 0.03

r X: kT, Y: Y08, Z 8, R: ¥EHA
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