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Characterization of Fracture System for Comprehensive Safety
Evaluation of Radioactive Waste Disposal Site
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Abstract : The purpose of this study is the simulation of discontinuous rockmass and identification of characteristics
of discontinuity network as a branch of the study on characteristics of groundwater system in discontinuous rockmass
for evaluation of safety on disposal site of radioactive waste. In this study the site for LPG underground storage was
selected for the similarities of the conditions which were required for disposal site of radioactive waste. Through the
identification of hydraulic properties, characteristics of discontinuities and selection of discontinuity model around LPG
underground storage facility, the applications of discrete fracture network model were evaluated for the analysis of path-
way. The orientation and spatial density of discontinuities are primarily important elements for the simulation of
groundwater and solute transportation in discrete fracture network model. In this study three fracture sets identified and
the spatial intensity (P;,) of discontinuities is revealed as 0.85 m”m’. The conductive fracture intensity (P3.) estimated
for the simulation area around propane cavern (200x200x200) is 0.536 m*m’. Truncated conductive fracture intensity
(T-Py,,) is calculated as 0.26 m*m® by eliminating the fracture with the jowest transmissivity and based on this value
the pathway from the water curtain to PC 2, PC 3 analyzed.

Moo

WAHY H71ES AM2she 2L YEAL WA BA9
2 JYo2RE A, Biske Aoy ol FAE 3
A&7 A AN 78S A3} ehitol A Wol
F2 AHEI glEd, ol A3 ghuto] H2e WAM &2
o] ATt} B £o2 {EHE AL Yol FAY Hat @
F A7 WEolt). WAM e AERE TPk e
AFE F, % T ¢ =2, F3 T oRiM wed
FEEL EY3A Aok B3 divRe] 2P G WelN

* ANtz A)FA)2E 28 (Department of Earth System Sciences,
Yonsei Univ., Seoul 120-749, Korea)

82 YA 7] & Y(Korea Institute of Nuclear Safety, Daejeon,
305-338, Korea)

11t

A 5 it Wl EAlshe #99 T3 F8 ol
ZoA Ak wepA ik ) x5} gee] Al 84L&
A vjd AApche F2 i ol EAlske |49 8 ¥
A @ A 223 540 o8] gtk At FeAzHel
A #53 dFolE5 vt Ul FEE ZIEH A,
HAAEE, 444, 3 9§ T Tl AsiA ZPEl
g4, 1992).

A3 A2 AFH BA v EPAH o3
AN A¥E 4L 79 T ovbire] HE £= o
EA= 7Hshe 944 de AHgske Aol A%A g
e F540] ¥ o4 UY fa #5858 ddSshed g8 o
g5 Aoz A el §4 §50] oA WA e §F
3 fARE e g 7P Rt (Neuman, 1987; De Marsily, 1985).
2o Ay wHE 4 o ge g IUAA £x9



ojRF - A-E - VA - AER

olgd 3% A3 45 5L A EdEY Bdo] 2
ot o] Wy Y Foo] A Y3 Heje] VY] v
of e dert & AL /A9 BEE KYFHeE J
Fike Woldh o] 4+ e A 15 7R Y
Haow Y=Y Aele ZHol9l 7%, Heigte] Ad, A"
o] WE 5¢ AN oz Ao Ao /EL B
A ¥cHAndersson, 1987; Oda, 1985).
a2, A, 229, WAY, dYd 5o 79 A3 ¢
v B3 AS: fF Fe HITolF EAE WY &
Ae F8 8408 A3y {59 71U T2
. 23A AN FAN2 e BA4E 47 dHM=
B3¢ 399 olg 38 /5 5498 oot "t
2 A3 AP HE AT $X9] OB FE5E 9%
ZlZdx2M HFolFe Fo UL e A3} FejA2Y
9] 718 ZHolEt ¥ F Uk It FEYY 5L B4
_¥ Rolt}. old we}l dAyxidge] <t g AR B
it g EAo) i@ RAMIYL FYgosA ot #F
dte] 7883 REFEAYE FYsn gdAlde felAd
H}A 2L g 9% 242 Z3 fEE Bye 4
A}shd e

A % XE

axy N2

E ARG A7 APdE M 9T A
EFEAE), $9F 9 IAF 49 a8, ZAR W
E GER3e 228 9 SFviA vEFEsiA0E 23
LPGS] A3AZS TEE A3t 43 Holdl 33l 2 F
o] Rgste A AFYE T LPGE F7IRG
23 ' FAEeEN HPE LPG7F Hog Ao} Wwhe o)
A A7t TE U2 2080 fAol HAHe YEE o
2% Aoz 53] &, A3l e Fol ALY AL 9
A3l F28 4TS VAT, 1988). WAV 189
& AE-E A% ARG A Aol gloME A A
<9 gt 7€ F A3 559 ARANZYH 8
7Fed WAMd 839 olFAR Tl uis Fa¢ A €
ok =3 £ A9 A FHALY B43E A8 V1 A8
7t 3R 7 ALY At A go] £oj¥ it o}
Y 84 A3 FeAEd 5% A7 ALAoR Sy
2 e Aoz e d¢Ass vix - HES 7Mede A7
i Ages AAHYL. '

2 Age WMie 2ARY 3 A FHAEE132 m)
€ 71322 B 9 N30°W Wgike] 384 A7 geHe
o, LPGZ1#I9} 21’4 #A71E vig APA) HEole N6OW 3
o) &TFE o]FojR Eo] g o] glok AYAQ &
FE4 A Aloldle A 4719 &R 3330l BEHO) 3l
o Al EEe Ao ¢ vekshl Aed NIWY
W NeO'W el £33 Alole] 2ol LPGZINE o
2t G5¥oR F7 ¥ A9 goiM gz fgdan.
A2 F2AEL 3km oMolthFigure 1 HX).

112

GEOLOGIC MAP

Figure 1. Geological map of studied area.
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Table 1. Overview of LPG underground storage facility

Propane Butane
Facility Size main connection main connection
caven tunnel cavern tunnel

» WidthHeight(m) 17x21 8x7 19x21 87

- Cross-sectional area(m?) 308.5  45.1 3425  45.1
Cavern ° Length(m) 857 48.6 634 374

+ Depth to crown(m) (-)119 (-)63

+ Storage capacity(m®) 275,000 225,000

« Common interval(WH) 445 4.5
Water - Expanded interval(WH) 64.5 64.5
curtain * Length(m) 731 399

* Depth(m) (-)94 ()38

- Horizontal hole(no.) 89 77
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B A3E 98] MAE FracMan T2 ¢hit g%
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Qlth. olo) W} M gPoe ey FTFo| EiEe 200
mX200mX20me] 49-& 473 AcH(Figure 3 F=).
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Figure 3. Schematic of propane cavern.

Table 2. Survey area of propane cavern

Main Total survey  No. of fracture No. of fracture
cavern area (LW ) included intersected by scanline
PC1 271x17 263 134

PC2 132x17 92 72

PC3 165%17 135 54

PC4 289x17 348 164

Total 857x68 838 424
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Table 3. Results of set identification using FracMan

No. of Orientation . . T-length
D
SET_ID f (trend/plunge) ispersion (m)
Set 1 o211 319.4/15.8 13.57 13.9516.76
Set2 121 42.8/00.8 15.98 13.731£7.68
Set3 110 355.7r16.2 6.64 13.58+6.59
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A7 2 Aget 2AL AEE vl EA3e Aol
A7) 4N Z7) A8 g &F Uz 5 T3] A .
A g9 e FAUAA Yol wies FHeldrt. FracMan
& o|&% ¢yt Fd RALE 9l & dBol 857mel 4
o] xeW 3% Mo M ZAPMPY(scanline survey)® A}
£330 299 712488 AUt =F AY Al ol
o ztztol- 2@ A% FFAA Yol #Y ZAEE YA
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Figure 4. Stereographic projections of discontinuity data of each cavern.
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. Table 4. Result of effective radius analysis for each set

<ET ID Arith .(mean,dev) " Error Check

- Mean Dev. Chi-sqr . %Signif
Set | 14 2.62 16.8 914
Set2 15.7 803 17 80.8
Set3 134 2.93 193 56.3

Table 5. Result of fracture size analysis of each caven

Cavern PC1 PC?2 PC3 PC4
No. of Trace 263 92 135 348
Total trace length (m) 3524 1525 1925 4561
Mean (m) 13.4 16.58 14.26 13.11
S.T.D (m) 6.958 5.675 6.868 7.678
Area (m?) 27117 132x17  165x17  289x17
Xs 573 202 261 953
Ts ' 105 7 12 170
PIT/1] (%) 15.49 3.349 439  15.14
T (%) 19.96 3.804 4444 2443

<P{T/): Termination probability-The probability that a fracture will
terminate at a preexisting fracture, given that it intersects a fracture, T
(%): Termination percentage-The percentage of fracture terminates on
the trace plane which are termination at intersections with other fractures>

2 $2RY - @ A7 A9 KIH HETS
1) ZAFES) 4UNY ARE 71RE 2EETVH AR
FE FEAATHRAY, B, 1989). iR ZAT
223E ojA A5 WE F44 BEE Table 634 2k

TTe
F4F Aol B} $44 L) NESFE AW A9

oje
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able 6. Hydraulic conductivity and depth to K-contrast layer

Propane Butane
Hole no. Boundary K Hole no. Boundary K
45%1.5
YK-2 EL-138 YK-1 EL-79
10.5£2.5 18.5+13.5
YK-3 EL-624 —2‘——-—-— YK-7 EL+16 ————
21 2.510.5
YK4 EL-364 ——— YK-8 EL-30
2.5t1.5
2517 1843
. EL+28.23
YK-5 EL-30 YK-9 EL-53.77 45
.2 32.5¢17.5
18.5%14.5 98191
YK6  EL-10 ———— YK-10 EL4+235
2 25
0.17540.165
YK-16 EL+7 0551045 YK-18 EL-65 —3—2—-
YK-17 EL+24 0.724048
YK-19 EL+43 0.3410.33
3708 K(Unit)=10"*m/s=8.64x10 *m/day
YK-20  EL-20 -
~0.76

Me TN BFFASE 7FIstdor di)h o ke £
FALIT FHAA. 01§ FrFASd dig 88 A= g9}
3 X ¥48 7l FAAZ Pt ol FojAof dct
37 Ao s A FE) A it EFAEY mARAL
o v g 53 A A% o)) A 75AHE Aue
AR didle el FAAZ QP Fch(Dershowitz, W.
et al., 1992).

ohat zpA o] AFAFIT B2 e Aol & gute
3E, Ad: 52 FE F¥9E 4 olRojx2g 7d 7
Zte] F54 RAFT 87E o] &) ¥ A7 AYe) F
TF FHAA FYAPE 53 FAHE FUNEEREH §
FFAST EEIRE 2 BA ER3ASE o838ty 7 g
Hgshs FEEA4L A28l FRIEA BAE 8 I
AdoA] ARt 2HE F AP 164712 4AH
A AEE FL HZ F5FA (mean packer interval
transmissivity = 1.14e-7 m%sec2 AU}, PR 2
A TAl] S VA dr2e 99 ZolT FFY 7
4ol £9} 7} FA9] TP oln] ol52 HIAF|HA ¥
AR 71 F RSk 2@ L ol FEAE BAIY
o I A= Table 73 7}

U UT - oRRITAE FIA 9L # e 7¥d Ik
T B9dolo digt AN 789 F, T GHEHA dig
ZAE o] o 722 13y, 239 Agolth. FracMandl]
M ool Table 85 7ol 29 UEg Heldld =AM &
d Ax2¥E A" 84454 2ol & A 33 &
d 4= g 7 "ot e T2a Ay F-FolM ol
49 ZAEHE YA ol 2EUE 84S AT oY
A2 P& Adzte] F5o digt 38 ZAM=E Figure
59} Zth FracMang ©18% 48 ZALZO oi@d SAIEY 2
#h= Table 99} Zch

4718 viel o] Yol FE YR(Pp)ye “CHHEAT 7
4 Zol9 oz AHolg: 221 AP dUig g9l 2
Tolug ol2XHE 3xY LA Ruore] 78 U=E F
slofof git}, wieir BEE g Uit A= 74 28 g9l
F9W3 vl g ol 2 Py(Area/Volume)d 73t A&t
e 28 799 |ETHFENR)E 4 78 U

Table 7. Resﬁlt of fracture transmissivity simulation

Fracture Field data Best Fitted Simulation
freq. (#/m) (m?/sec) (m¥sec) (m?%/sec)
mean STD mean STD mean STD
0.287

1.14e-7 2.87e-7 0.83e-7 5.22e-7 1.52¢-7 5.08¢-7
*1i: mean, o: standard deviation

Table 8. Fracture intensity
Intensity Definition Remarks
P,;  The no. of fractures per unit area of trace plane no/ m?

P, The total length of fractures per unit area of trace plane ~ m/m’
Py, The sum of fracture area per unit volume mm?
Py;  The sum of fracture volume per unit volume m*m®

115



(a)PC1
‘,:/// "}‘ “‘ “’.v’, s ‘O.‘“
SRR
(b)PC2
"‘—";. """ “15 h‘] "' AP "’/l’wﬂ
’&‘\ A l‘ !““ ir‘vl“ !‘\“ h"““l}\: “\!k\‘m‘ S SN

”) S, .a

LV AWX
'V

ok 1711
1‘

LX
% 4
ﬂ‘oh. “

%)
L

', BRI

& & 1 \“@
' (d)PC4

Figure 5. Trace map of each cavern.

Table 9. Result of trace map analysis

PC.1. PC2 .. . PC3. PC4
No. of Trace 263 92 135 348
Survey area(m®) 27117 13217 16517 28917
Py 0.6503 0.5778 0.5834 0.7891
Py 0.04852 003485 004091  0.06021
Aoz NG F, 2 4¥ 7E I 28 FBHL A

Agit AAE 2uEg 24 b2 wet Y & 71FE 29
Po(YEIE 2712 MAs A 7t o] UHulo ujel} py,
g ANy 71EF9) 2730 448 Py ¢Ee) WY
A BES ZAMHel W mAldde) o] me} Wlshe
AADE (Areal Intensity)Z2H ZYE FAKES] #4& B3 Ao
A zApEAe] FAREQ pyol 299 WA $Xo) g
HlaAAded CE F3td 78 F glon, Gy Uiy #
d Bl sl 1~39] L Z=THDershowitz, 1985). &
Foire deje] Wakde] YBX(Uniform distribution) ©}
£ u] HEsle @9l 1.38 383l (Dershowitz, 1985) 271 Py,
Mo 0858 Ao ol2RE YA /MY B R
e 2d@9A)E +43Ith(Table 10).

25N 2R UEPy) - 8954 29S8 53 N3 &
F R 40T AR M A2 A fEof #
A= A TR idhe Aol AgAolrt wel £
F4 39 9EP,)T ¥ UEE EUZ P48 9454
zdd] sPdel NEFogRe g BHL Ao 3 Wl
ZMS HE Gy, T FREA ZARYY 38 44
g 94x A st AAZREH AR, o2y 54 g¥

Table 10. Model A, based on areal fracture intensity

#of Effective Total ~ Area

set_orient. fracture radius Ré* area ratio Py
1 319/19 211 14 61544 129,857 045 0.38
2 452 121 157 77398 93,651 033 0.28
3 34072 110 134 56382 62,020 022 0.19
Sum 285,528 1 0.85
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U=g 22 2d BE FAAG.

Py =C3 XA, (Cy=PypfA)
= [0.85/0.455)X0.287
=0.536

Truncationd] 2|8t £+4 2% USE -~ FracMarcllN FH 9}
7\&s} 737‘\‘7‘7‘““ sl 2H7lEE =AM B8 —9-°é' 7}"’?1'
@99l = uie 2000002 APdc) wlA FA3 (EFAY
QA FEE AANGLEAM B4 7Y UEE 7 .4:"]’7-1 22}
d9uie) 248 FYE 8 AP Aot ol Pl 44 2
goz FAE A4 2dg LYY U 3¢ U=E
AN N FF FALAE 2oz AFAsAl @
B AFNNE dF A dolue FEel e T4
& 4 78 2xoq ARl #F Lx(Truncated Con-
ductive Fracture Intensity, T-Py. =0.26)5 A AL 5, ol2
5e 29& AFA4AH=2d C).
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b AT AL QAT 3AY 45y 2 8
o} 7% & FAIE 54S Ze 2dg PAsked 2 £
ol leng P9 w} WX, A7, EFFAF S &4
ol Z§Hoz m2{d wdolojot gt weir UM AFE
upe}l 7ol B ApAld of FFFolMe] APxAAEE vt
02 BA&M(Trace)] HwZol, EE2UA}, $70], ZA%4,
a9 Uk 59 EAANEE Fi2 o8 vigle s dgAR
A7z 7h & RsEe Rdg MASIor gt FracMan
M PFHe ql}&'—i AR 2do] ARy, #Ee] &
43 FX 2 F4FY5A Tol z2ld oIwt el MER
de] 7o) 7Psslt). FacManolAl A F-shs g9 R
% Enbanced Baecher, Nearest Neighbor, Levy-Lee Fractal,
War Zone, Poisson Rectangle 29 Fo| glov, 7zt zde #
o) FHEX 783 #9499 27 2 9A Tl d5uA
22 3}e)7} thDershowitz, W. et al., 1992).

Hgmgiol MY ~44e) Ted F3F Y3 2 A
B4E A8 £ 2 299 3 DDA War Zone B}
Nearest Neighbor 292 & 47 xQojr] Al F8 A4
FZ7 92, 39 RARNME FHE 23S JehlA go
22 A& didold As=Adct £3 Levy-Lee 292 3
sk B4tse] dle € R 7Y FH4 B2 d¥gol &
AE 7 5ol 8 7Fsdx TYG Y (Fractal Dimension)S]
AN sidoddel URETEG Yo HYsool slnz 4
AP e B vdE FAAE AENEE HEHed 3
AR xAY Qe APo] o). wEpA £ AFMe
7R2% w7 (Enhanced Baecher) 2del A 8of 717 eldsich
I A )

MFE A 2] f& ¥4 P o2 Table 113} 7
ok Zt 35N oA ZAY =AY AU (Box-Fractal Di-
mensionyE G2 Fdol AP A=A 14] sk AU
A% 23, B Ba3% P YE vbde] 29 st
£ A2 o 2AF FXE Yl &3 =g 29
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Table 11, Result of Baecher analysis

grid Region Chi B
—_—— - Conf. 0X .
Cavem 4 tervay Upper  Lower sqr  Level Dimension fation
deft  -right '
2 6015 <1.0% 191 1
PCl1 5 ©020) (271,0) 3568 <1.0% 1979 1
10 1.56 1565% 2 1
2 3802 <1.0% 1.881 1
PC2 5 0,20) (1320) 5394 <1.0% 1897 0.9999
10 2653 <1.0% 1926 0.9999
- 9165 <1.0% 1903 1
PC3 5 020) (1650) 3966 984% 19719 1
10 1328 1027% 2 1
2 142 <1.0% 194 1
PC4 5 (0,20) (289,00 21.6 2.762% 1.995 1
10 9.146 5183% 2 1

2 AxAsld k@AM BE 498 2] o8l 4
a8 342 2l log-log plotg} A=A FejAy & =g
AQe wyo] /MBY WA Bdd HPsithe AL, £F F
2 mag Y Bart, Nearest Neighbor, War Zone %£&
levy-Lee Fracta! Model?} 78 #33 2do] Hitsithe A
-2 o]ujgch(Dershowitz, 1985).
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"[able 12, Result of in-situ trace analysis

“PC1 PC2 PC3 PC4
No of Trace 180 89 131 226
Total T-length(m) 2074 1327 1677 2662
Mean T-length(m) ~ 11.52 1491 12.8 11.78
S.T.D (m) 6.625 6.356 6.063 7.017
Area (m?) 20017  132x17  165x17 . 200x17
No. of Xs 306 173 224 560
No. of Ts 49 10 11 74
PIT/T) (%) 138 5.464 4.681 11.67
T (%) 13.61 5.618 4198 16.37
Pn 06099 05912 05977  0.7820
Py 005294 003966  0.0467  0.06647

Figure 6. Fracture generation region (Model A).

Soi(Figure 6 ¥=x) olo] tjs) 7+ =29 352 25 £F
he 200%X200(m) ¥4 2 zt 35l A AFES s
of ZARES} thu]sleti(Table 13 A4=x). B9 Ac #AoA
ZAHE 392 M 2 wgsie mdeM @R 7t 3%
(11849 mA)oll RALE Z 66702 FHoll sl 606789
#go] s on, SAdAT e MEP,)Ee 0.5220]
3, SEAY Yol §2 05732 BAEHUL Aed
Hle} 7lo] =AY FYRE P9t OxFilet BALE 53 44
FYUEN)EHH 554 FIYUE P o183l Rre]
f5o) 9L viHe FETE 2% 2AdE®Y B)E +4
sleni o] o] TAIFYE 200X200X200(m)E £+ o
UL (P e 05362 F83la] Ax 2dde] disled g
& AP} o] 2ol g AF2E AAF Ad, FITF
FLNA Y FYe £ 48710]1, P, 0.03806(#/m?),
Pyt 04197(m/m2)E £45Ath. 29 CE& Truncations €
Alsled Aol FY YE(T-Py )5 ol&sle] dojdl zdz
200X 200X 200(m)2] Fgolr F 162278 L 0.269] &+
g A g zetd B Co gt AFEEE AAR B, FF
5 9QoA HF FYe] Aol 1216 mE ZHe F 225709 #

Table 13. Result of resampling about Model A

PC1__PC2 PC3 PC4 PCT
No. of trace 162 148 134 162 1029
Meanlengt(m) 1043 1083 1158  1L13 2021
Total length(m) 1690 1602 1551 1803  2.08¢4
Area(m?) 200x17  132xI17 165x17  200x17 200x200
No. of Xs 233 29 211 253 2969
No. of Ts 7 60 46 60 824
PT1) (%) 2336 1671 179 1907 2172
T (%) 2191 2027 1716 1852 4004
Pn(misqm) 0497 07141 0553 05304 052
P, (/sqm) 004765 006595 004777 004765 0.02573

No. of fractures in system : 1396/ P, : 0.85
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B 8% AR 3ERYe) vRE g8 24}
499 AN e AAEAL e PC MY FARMRE
AN (Table 14), EE3 zZ+ oM 9] 39 2AEE
Figure 73 7ttt

FE2 B - EI% dut 9] 2] dE fx17ke] A
fE29 mele A BE £301F R A AW F
2% g I} 2§ HAVE vigR], T AsFEEe] A
A R EEAANE AEF9] olFAIZL, TEWste] A% 4 A
oz ol d A& FE52 B4 U4Holr) FracMan
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o] A1 & (source)t FLA (sink), A EALPe] = (geome-
try). @87 43 dAx B0l Aen FE HTX(conductance),

Figure 8. Pathways between PC 2, PC 3 and water curtain.

Table 15. Result of pathway analysis

—‘?——’F%‘H]—T—(transmissivity), Zi-ﬁ-ﬂl-’ﬁ(storativity) ¥ #E2E model region  # of fracture #of source sink
wE F5A4el 2780 s #52 Avske A networks
Txo] HAES thea} 7o|-AA ) : iee o 10018040 .- . 636 .- - - 49- whc pe-2, pe-3
T_min  Storativity Conductance # of frac.
G, = min [TexWd (=1, n) wlc  [m¥s] [m?) {m¥s]  in pathway path arca
, p:2 186609 303e+01  7.30e-09 38 3.02e+04
Table 14. Result of resampling about PC 3 of Model A, B, C pathway composed of frac. set 1 (# 19), set 2 (# 15), set 3 (#4)
In-Situ Model A Model B Model C e T_lznin Storativity Conduftance '# of frac. path area
No. of trace 131 134 132 6l v s () [m’s] _in pathway
Mean T-length(m)  12.8 11.58 11.85 14.14 pe-3 H84e09 738400 6.34e09 8 728403 .
Total T-length(m) 1677 1551 1564 848.5 pathway composed of frac. set 1 (# 4), set 2 (# 4)
Area(m?) 165x17 165%17 165%17 165x17
No. of Xs 224 211 313 60 where T, W;: transmissivity & width perpendicular to flow
No. of Ts' 11 46 20 1 of the fractures within network
P(T/1](%) 4.681 17.9 6,01 1.639 ng: no. of fractures in the network
T (%) 4.198 17.16 7.58 1.695 B QdpojNE ZT2W FITF AR FuEde Byos
P, 05977 0553 0558 0214 7}galx PC 2, PC 3 259 WA $528 2Msian.
,’:‘;‘;’;ﬁ Py 00467 00477 00471 0019  2MA| ®d CE ol8sHon] pC 2, PC 3 Aol $opeid
Py, 0.85  0.536(Py) 026(T-P;) & 100mX180m W22 7HAsct B4 A3 F£Yejd=y

R R TR R Ak
O L B AR

(a) In-Situ
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Figure 7. Trace map of PC 3.
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