Oskarshamn site investigation

Difference flow logging
of borehole KLX18A

Subarea Laxemar

Mikael Sokolnicki, Stefan Kristiansson, Juha Vaisasvaara
PRG-Tec Oy

P-06-184

Supplement 1
August 2007

Svensk Karnbranslehantering AB
Swedish Nuclear Fuel

and Waste Management Co

Box 250, SE-101 24 Stockholm

Tel +46 8 459 84 00



Description

In the present supplement to SKB P-06-184 all groundwater head calculations have been redone
on revised borehole elevation data (Z-coordinates).

The borehole coordinates that formed the basis for this revision of groundwater head data
were retrieved from SKB Sicada 2007-03-07 EG154 (provided by SKB in file Krokdata
korrigerade 070307 KLX03-KLX29 utom KLX15, HLX13,15,26-28,32,36-38,43 xls)
/Stenberg and Héakansson 2007/.

Some mistakes in the fracture frequency tables and the fracture frequency graph have also
been fixed.

Specifically the following appendices are revised and included in this supplement:

Revised appendices Appendix number
Transmissivity and head of 5 m sections Appendix 4.2
Transmissivity and head of detected fractures Appendix 5
Sequential flow logging Appendix 7.1-7.4
Inferred flow anomalies from overlapping flow logging Appendix 8.1-8.4
Conductive fracture frequency Appendix 10.1-10.3
Plotted conductive fracture frequency Appendix 11
Comparison between section transmissivity and fracture transmissivity Appendix 12
Head in the borehole during flowlogging Appendix 13.1

Air pressure, water level in borehole and pumping rate during flow logging Appendix 13.2
Groundwater recovery after pumping Appendix 13.3
Vertical flow along the borehole at 101.8 m Appendix 13.4



Reference

Stenberg L, Hakansson N, 2007. Revision of borehole deviation measurements in
Oskarshamn, Svensk Karnbrinslehantering AB (in preparation).



Appendix 4.2
Laxemar, borehole KLX18A
Transmissivity and head of 5 m sections

Length (m)

+ Transmissivity (T)
*+ Formation head Theoretical minimum
o Head in the borehole without pumping measurable T
2006-07-07-2006-07-08 Practical minimum
. Head in the borehole with pumping ~ T T T measurable T
2006-07-09—-2006-07-10 . .
Theoretical maximum
0 measurable T
50
,,,,, il Il It et
100 * n
150 j_I £ +
IR S N e B
IR | R RUR SR R —
200 [
:'!‘:_;':-E::::ﬁ::ﬁ:: ]
,,,,, | IS RIS O | R
250 ' +
ISR SN NI DU IS N SR I S S B B B
,,,,,, ' S ESU S IR O AR AN R
300 — R R A D S e [ R R R |
,,,,,, I R R D . I R D D D .
,,,,,,, SN AR SR BN I S I, I IO D D
,,,,,,, S N R IO AU - S R | NN RN D DI N
= &+ 0 +
—————— S Rt S IR S S A S AN Pl i ™ IR R
350 z + 3 | +
’’’’’’’’ F- 2 e H e R i i K- e | H | H
———————— R e R S S -1 s A SR RO At & Bl A
’’’’’’’’ L s el ) Il 3 x-S e e | E
I IR R IR N I L R L e A I T IR IR |
400 H + |2 | +
I N S A A + [T 1 [___, - +,+,,,,'!' ,,,,,,,,,,,,,
SNSRI N R R B A I N S A N, IR B N B
I R R Rt | s ekt NN TEEE | IS I ,”7;“_”" 77777
Ty S 1 [T i e
480 — EAN R AR B +3 | I I R R
,,,,,,,,, - DU N N N U SR ., S I N R I
,,,,,,,,, 45 N NSO R ISR - - S I SN . AN SN |
- e ,_F,d-, ,,,,,,,,,,,,,,,,,,,,
500 ,,,,,,,,,it’; ,,,,,,,,,,,,,,,,,,,,,,,,,,, ?‘; ,,,,,,,,, I ISR RS I D
7777777777 | _ ___1l_____L____ | ____d_-% __1 | I L __L____1____ ____
,,,,,,,,,, 5 R SRR IS AN N S ST SR SRS N R B
I e R Al e Rl rs i T i Rl R R i
£ k3 +
N NS 0 IS B IR I . :::I::f::::"fﬁ:: ]
,,,,,,,,,, S A DA AR I - S (IR | RSO ISR RN DS D
”””””%”””’”””””””””’-Fg ”””””””””””” L I E
600 : + ¢ ! +
650 [TT TTTT | TTT [ TT T TTT I TTT [ TT] T T T T T T T T T T
0 2 4 6 8 10 12

14 10" 10° 10® 10" 10°® 10° 10*
Head (masl, RHB 70)

Transmissivity (m?/s)



Length (m)

Appendix 5

Laxemar, borehole KLX18A
Transmissivity and head of detected fractures
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Appendix 7.1

Difference flow logging — Sequential flow logging

Borehole Secup Seclow L, Q dh, Q, dh, T, h,(m) Q-lower limit P TD-measl, TD-measl, TD-measl, Comments
ID L (m) L (m) (m) (mds) (m) (m3/s) (m) (m?/s) (mL/h) (m?/s) (m?/s) (m?/s)
KLX18A 89.54 9454 5 - 11.57 - 1.94 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 94.55 9955 5 - 11.52 - 1.91 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 99.56 10456 5 - 11.54  6.11E-09 1.94 6.3E-10 - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 104.56 109.56 5 1.13E-06 11.60 9.17E-06 1.98 8.3E-07 13.0 30 8.6E-10 8.6E-10 8.5E-06
KLX18A 109.56 11456 5 3.89E-07 11.63  6.17E-06  2.00 5.9E-07 123 30 8.6E-10 8.6E-10 8.5E-06
KLX18A 114.56 11956 5 8.67E-07 11.63 1.14E-05 1.98 1.1E-06 124 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 119.56 12456 5 1.79E-06 11.62 2.78E-05  2.00 2.7E-06 123 30 8.6E-10 8.6E-10 8.4E-06
KLX18A 124.55 12955 5 1.68E-07 11.63  3.17E-06  2.00 3.1E-07 12.1 30 8.6E-10 8.6E-10 8.5E-06
KLX18A 129.55 13455 5 1.68E-07 11.64 1.95E-06  2.04 1.8E-07 125 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 134.54 139.54 5 - 11.57  7.33E-08 1.98 7.6E-09 - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 139.49 14449 5 - 11.60 6.78E-08 1.99 7.0E-09 - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 144.49 14949 5 2.25E-07 1164 4.97E-06  2.08 4.9E-07 12.1 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 149.49 15449 5 - 11.71 2.58E-08  2.16 2.7E-09 - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 154.49 15949 5 - 11.75  5.00E-09  2.09 5.1E-10 - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 159.46 16446 5 - 11.77 - 2.03 - - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 164.47 169.47 5 - 11.76  3.17E-08 1.96 3.2E-09 - 30 8.4E-10 8.4E-10 8.4E-06
KLX18A 169.48 17448 5 - 11.76 - 1.95 - - 30 8.4E-10 8.4E-10 8.4E-06
KLX18A 174.49 17949 5 - 11.77 - 1.96 - - 30 8.4E-10 8.4E-10 8.4E-06
KLX18A 179.50 18450 5 - 11.77  3.89E-09  2.01 3.9E-10 - 30 8.4E-10 8.4E-10 8.4E-06
KLX18A 184.51 189.51 5 - 11.76 - 2.05 - - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 189.52 19452 5 - 11.76 - 2.09 - - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 194.53 199.53 5 - 11.71 - 213 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 199.51 204.51 5 - 11.73 1.94E-08  2.16 2.0E-09 - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 204.50 20950 5 - 11.75 - 2.16 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 209.51 214.51 5 - 11.75 278E-09 214 2.9E-10 - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 214.52 21952 5 - 11.77  233E-08 2.1 2.4E-09 - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 219.53 22453 5 - 11.77  6.94E-09  2.08 7.1E-10 - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 224.54 22954 5 - 11.78 - 213 - - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 229.55 23455 5 - 11.79 - 2.19 - - 30 8.6E-10 8.6E-10 8.6E-06




Appendix 7.2

Borehole Secup Seclow L, Q, dh, Q, dh, T, h, (m) Q-lower limit P TD-measl , TD-measl, TD-measl, Comments
ID L (m) L (m) (m) (m3s) (m) (md/s) (m) (m?/s) (mL/h) (m?/s) (m?/s) (m?/s)
KLX18A 234.56 23956 5 - 11.82 - 2.21 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 239.57 24457 5 - 11.83 - 2.26 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 24458 24958 5 -2.67E-08 11.85 4.50E-07 2.31 4.9E-08 11.3 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 249.59 25459 5 - 11.87 - 2.33 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 254.59 259.59 5 - 11.90 - 2.36 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 259.58 26458 5 - 1193 - 2.32 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 264.57 269.57 5 - 11.96 1.89E-08 2.31 19E-09 - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 269.56 27456 5 - 1199 7.78E-09 2.33 8.0E-10 - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 274.55 27955 5 - 12.00 - 2.35 - - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 279.54 28454 5 - 12.04 - 2.45 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 284.53 289.53 5 - 1205 - 2.45 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 289.52 20452 5 - 1210 1.50E-08 2.44 1.5E-09 - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 294.52 29952 5 - 1212 - 2.46 - - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 299.52 30452 5 - 1214  917E-09 2.50 9.4E-10 - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 304.52 309.52 5 - 1214 3.00E-08 2.54 3.1E-09 - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 309.53 31453 5 - 1213 - 2.47 - - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 314.53 31953 5 -1.94E-08 1215 2.74E-07 246 3.0E-08 11.5 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 319.54 32454 5 - 1216 - 247 - - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 324.55 32955 5 - 1220 - 2.47 - - 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 329.57 33457 5 -1.59E-07 1219 1.46E-06 2.51 1.7E-07 11.2 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 334.57 339.57 5 —4.86E-07 12.22 3.50E-06 2.53 4 1E-07 11.0 30 8.5E-10 8.5E-10 8.6E-06
KLX18A 339.58 34458 5 —-9.22E-08 12.22 2.94E-07 255 4.0E-08 9.9 30 8.5E-10 8.5E-10 8.5E-06
KLX18A 344.59 34959 5 —-7.61E-07 1222 494E-06 2.59 5.9E-07 10.9 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 349.58 35458 5 —-8.89E-09 12.25 1.26E-07 2.67 1.4E-08 11.6 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 354.57 359.57 5 - 1225 - 2.70 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 359.58 36458 5 -544E-07 1225 2.26E-06 2.75 2.9E-07 10.4 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 364.59 369.59 5 -1.39E-07 12.26 1.87E-06 2.75 2.1E-07 11.6 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 369.59 37459 5 —-297E-08 12.26 3.06E-07 2.75 3.5E-08 1.4 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 374.60 379.60 5 —-7.39E-08 12.27 594E-07 280 7.0E-08 11.2 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 379.62 38462 5 -1.22E-08 1229 1.78E-07 2.81 2.0E-08 11.7 30 8.7E-10 8.7E-10 8.7E-06




Appendix 7.3

Borehole Secup Seclow L, Q dh, Q, dh, T, h, Q-lower limit P TD-measl , TD-measl, TD-measl, Comments
ID L (m) L (m) (m) (m?ds) (m) (m?3/s) (m) (m?/s) (m) (mL/h) (m?/s) (m?/s) (m?/s)
KLX18A 384.62 38962 5 —4.86E-08 1229 3.47E-07 2.84 4.1E-08 11.1 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 389.62 39462 5 - 1229 - 284 - - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 39462 39962 5 -5.56E-09 12.30 4.50E-08 2.89 53E-09 113 30 8.8E-10 8.8E-10 8.8E-06
KLX18A 399.65 40465 5 —2.54E-07 1231 1.33E-06 2.88 1.7E-07 10.8 30 8.7E-10 8.7E-10 8.8E-06
KLX18A 404.66 409.66 5 —-3.83E-08 1236 7.78E-08 2.86 1.2E-08 9.2 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 409.68 41468 5 —-4.17E-08 12.36 1.64E-07 291 2.2E-08 104 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 41467 41967 5 -1.14E-06 12.38 4.58E-06 2.89 6.0E-07 10.5 30 8.7E-10 8.7E-10 8.8E-06
KLX18A 419.67 42467 5 —1.53E-06 12.38 6.58E-06 2.88 8.4E-07 10.6 30 8.7E-10 8.7E-10 8.8E-06
KLX18A 42468 42968 5 —1.35E-06 1241 6.17E-06 2.88 7.8E-07 10.7 30 8.6E-10 8.6E-10 8.8E-06
KLX18A 429.68 43468 5 —2.69E-06 12.43 8.14E-06 290 1.1E-06 1041 30 8.6E-10 8.6E-10 8.9E-06
KLX18A 43469 43969 5 - 1245 - 292 - - 30 8.6E-10 8.6E-10 8.6E-06
KLX18A 439.69 44469 5 - 1247 - 296 - - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 44470 449.70 5 - 1250 - 3.01 - - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 449.69 45469 5 - 12.53 3.89E-09 3.08 4.1E-10 - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 454.67 459.67 5 —2.92E-08 12.53 4.11E-07 3.11 4.6E-08 11.9 30 8.8E-10 8.8E-10 8.8E-06
KLX18A 459.67 464.67 5 - 12.57 3.89E-09 3.17 4.1E-10 - 30 8.8E-10 8.8E-10 8.8E-06
KLX18A 464.67 469.67 5 - 1260 9.44E-09 3.16 9.9E-10 - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 469.68 47468 5 —7.50E-09 1261 1.61E-07 3.13 1.8E-08 12.2 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 47469 47969 5 —1.06E-08 12.62 2.78E-07 3.13 3.0E-08 123 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 479.69 48469 5 - 1264 5.83E-09 3.15 6.1E-10 - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 484.70 489.70 5 - 12.66 4.28E-08 3.21 4.5E-09 - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 489.71 49471 5 - 12.66 1.42E-08 3.20 1.5E-09 - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 49471 499.71 5 - 12.70 9.44E-09 3.21 98E-10 - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 499.73 50473 5 - 12.72 2.25E-08 3.24 23E-09 - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 504.72 509.72 5 - 12.74 1.86E-08 3.32 2.0E-09 - 30 8.8E-10 8.8E-10 8.8E-06
KLX18A 509.75 514.75 5 - 12.74 - 336 - - 30 8.8E-10 8.8E-10 8.8E-06
KLX18A 514.75 519.75 5 - 12.75 - 338 - - 30 8.8E-10 8.8E-10 8.8E-06
KLX18A 519.76 52476 5 - 1275 247E-08 3.40 2.6E-09 - 30 8.8E-10 8.8E-10 8.8E-06
KLX18A 524.77 529.77 5 - 12.77 4.44E-09 349 47E-10 - 30 8.9E-10 8.9E-10 8.9E-06
KLX18A 529.78 534.78 5 - 1277 - 3.48 - - 30 8.9E-10 8.9E-10 8.9E-06
KLX18A 534.78 539.78 5 - 12.79 4.69E-08 3.48 5.0E-09 - 30 8.9E-10 8.9E-10 8.9E-06




Appendix 7.4

Borehole  Secup Seclow L, Q, dh, Q, dh, T, h, Q-lower limit P TD-measl ; TD-measl, TD-measl, Comments
ID L (m) L (m) (m)  (m?¥s) (m) (m,/s) (m) (m?/s) (m) (mL/h) (m?/s) (m?/s) (m?/s)
KLX18A 539.79 54479 5 -1.33E-07 12.80 2.58E-06  3.47 29E-07 123 30 8.8E-10 8.8E-10 8.8E-06
KLX18A 544.79 549.79 5 - 12.83 - 3.44 - - 30 8.8E-10 8.8E-10 8.8E-06
KLX18A 549.79 55479 5 - 1286 1.61E-08 3.42 1.7E-09 - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 554.79 559.79 5 - 1290 1.15E-07 3.41 1.2E-08 - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 559.79 564.79 5 —-1.74E-07 1290 4.78E-06 3.43 5.2E-07 12,6 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 564.79 569.79 5 - 1293 - 3.46 - - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 569.79 57479 5 - 1295 - 3.43 - - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 574.79 579.79 5 - 1298 - 3.53 - - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 579.79 584.79 5 - 13.02 - 3.53 - - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 584.80 589.80 5 - 13.05 - 3.59 - - 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 589.80 59480 5 -3.11E-07 13.07 9.25E-06  3.65 1.0E-06 128 30 8.8E-10 8.8E-10 8.8E-06
KLX18A 594.79 599.79 5 -2.61E-08 13.08 2.73E-07  3.61 3.1E-08 123 30 8.7E-10 8.7E-10 8.7E-06
KLX18A 599.79 604.79 5 - 13.05 - 3.58 - - 30 8.7E-10 8.7E-10 8.7E-06




Appendix 8.1

PFL - Difference flow logging — Inferred flow anomalies from overlapping flow logging

Borehole Length L, dL Q, dh, Q, dh, T, h, Comments
ID toflow (m) (m) (m¥s) (m) (m?/s) (m) (m?s) (m)

anom.

L (m)
KLX18A  102.4 1 01 - 11.55 5.00E-09 2.00 52E-10 - *
KLX18A  104.8 1 01 - 11.58 5.78E-06 2.03 6.0E-07 -
KLX18A  105.6 1 01 - 11.60 3.25E-07 2.01 3.4E-08 -
KLX18A  106.0 1 01 - 11.60 4.78E-08 2.02 49E-09 - *
KLX18A  106.4 1 01 - 11.59 8.33E-09 2.02 8.6E-10 - *
KLX18A  107.7 1 01 - 11.61  7.72E-07 2.02 8.0E-08 - *
KLX18A  108.1 1 01 - 11.61  1.69E-06 2.02 1.8E-07 - *
KLX18A  108.8 1 01 - 11.63 6.06E-07 2.03 6.2E-08 -
KLX18A  110.0 1 01 - 11.62 1.01E-07 2.07 1.1E-08 - *
KLX18A 1111 1 01 - 11.65 1.06E-07 2.11 1.1E-08 -
KLX18A  111.5 1 01 - 11.63 1.33E-08 2.09 1.4E-09 - *
KLX18A  113.8 1 01 - 11.64 5.22E-06 2.00 54E-07 -
KLX18A 1154 1 01 - 11.64 1.08E-06 1.98 1.1E-07 -
KLX18A  116.8 1 01 - 11.64 8.72E-06 2.00 9.0E-07 -
KLX18A  119.5 1 01 - 11.63 1.65E-06 2.07 1.7E-07 -
KLX18A  121.0 1 01 - 11.63 2.11E-05 2.14 22E-06 -
KLX18A  122.6 1 01 - 11.62 4.92E-07 213 5.1E-08 - *
KLX18A  123.9 1 01 - 11.63 2.18E-06 2.09 23E-07 -
KLX18A 1251 1 01 - 11.63 2.94E-06 2.09 3.1E-07 -
KLX18A  126.7 1 01 - 11.63 4.83E-08 2.10 5.0E-09 -
KLX18A  129.8 1 01 - 11.65 8.14E-07 2.03 8.4E-08 -
KLX18A  130.7 1 01 - 11.64 2.56E-08 2.02 26E-09 -
KLX18A  133.1 1 0.1 1.14e-07 1165 9.11E-07 2.00 8.2E-08 13.0
KLX18A  136.1 1 01 - 11.56 6.17E-08 2.03 6.4E-09 -
KLX18A  140.1 1 01 - 11.59 4.06E-08 2.07 42E-09 -
KLX18A  142.2 1 01 - 11.61  2.14E-08 2.04 22E-09 -
KLX18A 1446 1 01 - 1162 6.11E-09 1.76 6.1E-10 - *
KLX18A  146.3 1 01 - 11.64 3.67E-08 2.12 3.8E-09 -
KLX18A  147.7 1 01 - 11.67 1.08E-08 2.11 11E-09 -
KLX18A  148.4 1 01 - 11.68 2.50E-07 2.12 26E-08 -
KLX18A  148.7 1 0.1 216E-07 11.69 4.42E-06 2.11 4.3E-07 12.2
KLX18A  149.8 1 01 - 11.69 2.53E-08 2.11 26E-09 -
KLX18A  156.9 1 01 - 11.76  4.44E-09 2.28 46E-10 - *
KLX18A  164.9 1 01 - 11.78 1.50E-08 2.09 1.5E-09 -
KLX18A  165.2 1 01 - 11.79  1.44E-08 2.09 1.5E-09 -
KLX18A  166.0 1 01 - 11.78 7.78E-09 2.08 79E-10 - *
KLX18A  168.5 1 01 - 11.77 1.00E-08 2.06 1.0E-09 -
KLX18A  184.0 1 01 - 11.78  4.44E-09 2.11 46E-10 - *
KLX18A 2011 1 01 - 11.73  1.94E-08 2.14 2.0E-09 -
KLX18A  211.3 1 01 - 11.76  3.06E-09 2.15 3.1E-10 - *
KLX18A 2184 1 01 - 11.77 2.28E-08 2.20 24E-09 -
KLX18A  221.5 1 01 - 11.77 5.83E-09 2.20 6.0E-10 - *

1

KLX18A  247.0 0.1 -261E-08 11.85 4.33E-07 226 4.7E-08 11.3
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Appendix 8.2

Borehole Length L, dL Q dh, Q, dh, T, h, Comments
ID toflow (m) (m) (m¥s) (m) (m?¥/s) (m) (m?s) (m)
anom.
L (m)
KLX18A  268.0 01 - 11.97 1.42E-08 2.41 1.5E-09 -
KLX18A  269.9 01 - 1199 8.33E-09 242 86E-10 - *
KLX18A 291.6 01 - 1210 9.44E-09 265 99E-10 -
KLX18A  303.1 01 - 12.14 8.89E-09 269 9.3E-10 -
KLX18A  309.5 01 - 1213 1.67E-08 2.73 1.8E-09 -

KLX18A  319.2
KLX18A  331.7

0.1 -1.97E-08 1215 2.54E-07 275 2.9E-08 11.5
0.1 -1.62E-07 1222 1.33E-06 2.74 1.6E-07 11.2

1

1

1

1

1

1

1
KLX18A  332.6 1 01 - 1221 289E-08 274 3.0E-09 - *
KLX18A  335.2 1 01 - 1222 3.53E-08 278 3.7E-09 - *
KLX18A  335.9 1 01 - 1222 3.53E-07 280 3.7E-08 -
KLX18A  337.9 1 01 - 1220 257E-06 278 27E-07 -
KLX18A  339.5 1 01 - 1222 3.36E-07 276 3.5E-08 -
KLX18A  344.0 1 01 - 1222 1.77E-07 2.81 1.9E-08 —
KLX18A  345.0 1 01 - 1223 1.11E-07 282 1.2E-08 -
KLX18A  347.1 1 01 - 1222 1.47E-07 279 1.5E-08 -
KLX18A  347.5 1 01 - 12.24 7.06E-08 278 7.4E-09 - *
KLX18A  348.2 1 01 - 1223 249E-06 277 26E-07 -
KLX18A  348.7 1 01 - 12.24 187E-06 280 2.0E-07 -
KLX18A  350.0 1 01 - 12.24 5.00E-08 282 53E-09 - *
KLX18A  350.3 1 01 - 1224 6.56E-08 280 6.9E-09 -
KLX18A  352.3 1 01 - 1225 286E-08 2.83 3.0E-09 -
KLX18A  353.8 1 01 - 1225 b6.83E-09 284 6.1E-10 - *
KLX18A  359.7 1 01 - 1226 2.06E-06 282 22E-07 -
KLX18A  361.0 1 01 - 1225 1.29E-07 2.81 1.4E-08 -
KLX18A  367.5 1 01 - 1226 1.26E-06 277 1.3E-07 -
KLX18A  369.0 1 01 - 1227 4.78E-07 280 5.0E-08 -
KLX18A  370.4 1 01 - 12.27 297E-07 277 3.1E-08 -
KLX18A  375.2 1 01 - 1229 1.07E-07 276 1.1E-08 - *
KLX18A  375.8 1 01 - 12.27 3.00E-07 276 3.1E-08 -
KLX18A 377.8 1 01 - 12.27 283E-08 278 3.0E-09 - *
KLX18A  378.3 1 01 - 1227 3.33E-08 278 3.5E-09 - *
KLX18A  378.8 1 01 - 12.27 7.56E-08 279 7.9E-09 -
KLX18A 379.2 1 01 - 1228 278E-08 280 29E-09 -
KLX18A  382.1 1 01 - 1230 3.44E-08 278 3.6E-09 -
KLX18A  382.7 1 01 - 1228 1.29e-07 274 13E-08 -
KLX18A  388.1 1 01 -475E-08 1231 3.67E-07 275 43E-08 112
KLX18A  389.5 1 01 - 1229 1.56E-08 278 1.6E-09 -
KLX18A  395.0 1 01 - 1231 5.28E-09 295 56E-10 - *
KLX18A  397.0 1 01 - 1230 1.28E-08 298 14E-09 - *
KLX18A  398.4 1 01 - 1231 1.89E-08 299 2.0E-09 - *
KLX18A  401.0 1 01 - 1232 3.81E-08 298 4.0E-09 - *
KLX18A 401.6 1 01 - 1231 1.88E-07 299 2.0E-08 -
KLX18A 402.6 1 01 - 1232 9.72E-07 297 1.0E-07 -
KLX18A 403.8 1 01 - 1232 210E-07 296 2.2E-08 -
KLX18A  406.6 1 01 - 1236 3.19E-08 299 34E-09 -

1

KLX18A  407.2 0.1 -3.28E-08 1237 7.56E-08 297 1.1E-08 9.5
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Appendix 8.3

Borehole Length L, dL Q, dh, Q, dh, T, hi Comments
ID toflow (m) (m) (m?/s) (m) (m?/s) (m) (m?s) (m)

anom.

L (m)
KLX18A 413.2 1 0.1 - 12.38 1.50E-08 2.97 1.6E-09 -
KLX18A 413.9 1 0.1 - 12.38 1.56E-07 2.96 1.6E-08 -
KLX18A 414.8 1 0.1 - 12.38 5.47E-07 2.96 5.8E-08 -
KLX18A 415.9 1 0.1 - 12.37 1.56E-08 2.98 1.6E-09 - *
KLX18A 416.3 1 0.1 - 12.37 4.83E-08 2.98 5.1E-09 -
KLX18A 418.0 1 0.1 - 12.39 2.78E-08 2.97 2.9E-09 - *
KLX18A 418.6 1 0.1 - 12.37  1.33E-07 297 1.4E-08 -
KLX18A 419.3 1 0.1 - 12.37 3.94E-06 2.97 4.2E-07 -
KLX18A 421.0 1 0.1 - 12.39 1.01E-06 2.96 1.1E-07 -
KLX18A 423.8 1 0.1 - 1241 531E-06 2.97 5.6E-07 -
KLX18A 424.6 1 0.1 - 1240 6.25E-07 2.99 6.6E-08 - *
KLX18A 425.3 1 0.1 - 1242 6.44E-06 2.99 6.8E-07 -
KLX18A 426.5 1 0.1 - 1242 6.50E-08 2.99 6.8E-09 -
KLX18A 428.9 1 0.1 - 1241  2.56E-08 3.02 2.7E-09 -
KLX18A 429.5 1 0.1 - 1243 9.44E-09 3.03 9.9E-10 -
KLX18A 429.9 1 0.1 - 1243  3.33E-09 3.01 3.5E-10 - *
KLX18A 431.7 1 0.1 - 1244  2.34E-07 3.06 2.5E-08 -
KLX18A 432.5 1 0.1 —2.68E-06 12.42 7.94E-06 3.06 1.1E-06 10.1
KLX18A 433.8 1 0.1 - 1244  6.39E-09 3.08 6.8E-10 - *
KLX18A 434.5 1 0.1 —2.03E-08 12.46  1.19E-07 3.08 1.5E-08 11.1
KLX18A 449.9 1 0.1 - 1250 4.17E-09 3.20 4.4E-10 - *
KLX18A 455.0 1 0.1 - 12.54 2.08E-07 3.18 2.2E-08 -
KLX18A 455.6 1 0.1 - 1253 1.21E-07 3.20 1.3E-08 -
KLX18A 455.9 1 0.1 - 12.54 4.83E-08 3.19 5.1E-09 - *
KLX18A 460.7 1 0.1 - 1257 417E-09 3.32 4.5E-10 - *
KLX18A 468.1 1 0.1 - 12.60 6.67E-09 3.36 7.1E-10 - *
KLX18A 473.7 1 0.1 - 12.61 4.44E-08 3.34 4.7E-09 -
KLX18A 474.2 1 0.1 - 12.63 1.44E-07 3.35 1.5E-08 -
KLX18A 475.2 1 0.1 - 12.63 4.33E-08 3.35 4.6E-09 - *
KLX18A 475.9 1 0.1 - 12.63 1.73E-07 3.34 1.9E-08 -
KLX18A 478.4 1 0.1 - 12.63 1.00E-08 3.37 1.1E-09 -
KLX18A 4791 1 0.1 - 12.63 3.31E-08 3.37 3.5E-09 -
KLX18A 480.1 1 0.1 - 12.65 3.33E-09 3.37 3.6E-10 - *
KLX18A 485.9 1 0.1 - 12.66 4.67E-08 3.42 5.0E-09 -
KLX18A 486.6 1 0.1 - 12.67 1.22E-08 3.42 1.3E-09 - *
KLX18A 492.3 1 0.1 - 1266 1.33E-08 3.50 1.4E-09 -
KLX18A 494.9 1 0.1 - 1270 3.61E-09 3.52 3.9E-10 - *
KLX18A 496.8 1 0.1 - 12.70 5.28E-09 3.53 5.7E-10 - *
KLX18A 504.1 1 0.1 - 12.73 1.94E-08 3.54 2.1E-09 -
KLX18A 508.6 1 0.1 - 12.74 1.69E-08 3.58 1.8E-09 -
KLX18A 521.8 1 0.1 - 12.76  2.25E-08 3.63 2.4E-09 -
KLX18A 529.4 1 0.1 - 1277 417E-09 3.69 4.5E-10 - *
KLX18A 537.3 1 0.1 - 12.80 2.92E-08 3.70 3.2E-09 -
KLX18A 537.8 1 0.1 - 1279 1.17E-08 3.71 1.3E-09 -
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Appendix 8.4

Borehole Length L, dL Q, dh, Q, dh, T, h, Comments
ID to flow (m) (m) (m¥s) (m) (m?/s) (m) (m?s) (m)

anom.

L (m)
KLX18A 538.1 1 0.1 - 12.79 4.44E-09 370 48E-10 - *
KLX18A 540.1 1 0.1 - 1280 5.00E-09 3.72 55E-10 - *
KLX18A 5411 1 0.1 - 12.80 3.11E-08 3.70 34E-09 -
KLX18A 542.3 1 0.1 - 12.81 2.18E-06 3.68 24E-07 -
KLX18A 544.2 1 0.1 - 12.81 1.87E-07 3.73 2.0E-08 -
KLX18A 544.6 1 0.1 - 12.81 5.08e-08 3.73 55E-09 - *
KLX18A 550.2 1 0.1 - 12.85 1.28E-08 397 14E-09 -
KLX18A 554.9 1 0.1 - 12.88 6.17E-08 4.04 6.9E-09 -
KLX18A 557.8 1 0.1 - 1290 3.42E-08 4.02 3.8E-09 -
KLX18A 561.1 1 0.1 - 12.90 4.44E-09 4.05 50E-10 - *
KLX18A 562.7 1 0.1 - 1291 2.40E-06 413 2.7E-07 -
KLX18A 563.1 1 0.1 - 1290 6.83E-07 4.14 7.7E-08 - *
KLX18A 564.3 1 0.1 —-7.89E-08 12.92 1.32E-06 4.09 1.6E-07 124
KLX18A 592.3 1 0.1 - 13.07 4.53E-06 4.20 5.1E-07 -
KLX18A 592.9 1 0.1 —-2.63E-07 13.08 3.39E-06 4.21 41E-07 124
KLX18A 594.6 1 0.1 - 13.09 2.19E-07 4.18 24E-08 -
KLX18A 594.9 1 0.1 - 13.08 7.22E-08 4.18 8.0E-09 - *
KLX18A 597.8 1 0.1 - 13.09 1.58E-08 420 1.8E-09 -

* Uncertain = The flow rate is less than 30 mL/h or the flow anomalies are overlapping or they are unclear
because of noise.
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Appendix 10.1

Calculation of conductive fracture frequency

Borehole Secup Seclow Number of Number of Number of Number of Number of Number of
ID (m) (m) fractures, fractures fractures fractures fractures fractures
total 10-100 100-1,000 1,000-10,000 10,000-100,000 100,000-1,000,000
(ml/h) (ml/h) (ml/h) (ml/h) (ml/h)

KLX18A 89.54 9454 0
KLX18A 94.55 99.55 0
KLX18A 99.56 104.56 1
KLX18A 104.56 109.56 7
KLX18A 109.56 114.56 4
KLX18A 11456 119.56 3
KLX18A 119.56 12456 3
KLX18A 12455 129.55 2
KLX18A 129.55 13455 3
KLX18A  134.54 139.54 1
KLX18A  139.49 14449 2
KLX18A 14449 14949 5
KLX18A  149.49 15449 1
KLX18A  154.49 159.49 1
KLX18A 159.46 164.46 0
KLX18A 164.47 169.47 4
KLX18A  169.48 17448 0
KLX18A 17449 179.49 0
KLX18A  179.50 184.50 1
KLX18A  184.51 189.51 0
KLX18A  189.52 19452 0
0
1
0
1
1
1
0
0
0
0
1
0
0
0
1
1
0
0
0
1
0

o
o
o
o
o

KLX18A  194.53 199.53
KLX18A  199.51 204.51
KLX18A  204.50 209.50
KLX18A  209.51 214.51
KLX18A 21452 219.52
KLX18A  219.53 224.53
KLX18A  224.54 229.54
KLX18A  229.55 234.55
KLX18A  234.56 239.56
KLX18A  239.57 244.57
KLX18A 24458 249.58
KLX18A  249.59 254.59
KLX18A  254.59 259.59
KLX18A  259.58 264.58
KLX18A  264.57 269.57
KLX18A  269.56 274.56
KLX18A 27455 279.55
KLX18A  279.54 284.54
KLX18A  284.53 289.53
KLX18A  289.52 294.52
KLX18A  294.52 299.52

O -~ O 0O O -~ -~ OO0 OO0 OO0 0O 0 A A ~ 0O ~~000O0 00 PO A 2N~ 0O 0 OO -~~~ ~ 0O
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Appendix 10.2

Borehole Secup Seclow Number of Number of Number of Number of Number of Number of
ID (m) (m) fractures, fractures fractures fractures fractures fractures
total 10-100 100-1,000 1,000-10,000 10,000-100,000 100,000-1,000,000
(ml/h) (ml/h) (ml/h) (ml/h) (ml/h)

KLX18A  299.52  304.52
KLX18A  304.52 309.52
KLX18A  309.53 314.53
KLX18A  314.53 319.53
KLX18A  319.54 324.54
KLX18A 32455 329.55
KLX18A  329.57 334.57
KLX18A  334.57 339.57
KLX18A  339.58 344.58
KLX18A  344.59  349.59
KLX18A  349.58 354.58
KLX18A  354.57 359.57
KLX18A  359.58 364.58
KLX18A  364.59 369.59
KLX18A  369.59 374.59
KLX18A 374.60 379.60
KLX18A  379.62 384.62
KLX18A  384.62 389.62
KLX18A  389.62 394.62
KLX18A  394.62 399.62
KLX18A  399.65 404.65
KLX18A 404.66 409.66
KLX18A  409.68 414.68
KLX18A 414.67 419.67
KLX18A  419.67 424.67
KLX18A 42468 429.68
KLX18A  429.68 434.68
KLX18A  434.69 439.69
KLX18A  439.69 444.69
KLX18A 44470 449.70
KLX18A  449.69 454.69
KLX18A 45467 459.67
KLX18A  459.67 464.67
KLX18A  464.67 469.67
KLX18A  469.68 474.68
KLX18A  474.69 479.69
KLX18A  479.69 484.69
KLX18A 48470 489.70
KLX18A  489.71  494.71
KLX18A 49471  499.71
KLX18A  499.73 504.73
KLX18A  504.72 509.72
KLX18A 509.75 514.75

o
o
o
o

O = =2 N =2 N =B N -2 2 W= 000 U & WOMNNDNDIWONMNDMNDOO -2 DNMNDNODIIUWMT -~ BB NOO -~ O —~ -~
O = 2N 2 2 A A O 2 2 0 2 00 O MNNONMN -~ OO WO 0O 0 O O O ~ 0O O O O o o o o —~ -~
O O O O O =~ O W N O O WO O O O N 2O N-2NWOOONMMOO O W W=~ O o -~ o o
O O O O O O O O O O O O O O O O oo N OO0 00 20 A 2N~ 0O0O O NO W -~ O o o o o
O O O O O O O O O O O O O O O O A~ A A~ A O 0O 0O 0O 0O 0O O OO OO o o o oo oo oo oo o o
O O O O O O O O O O O O O O O O O O O O O O O O OO oo oL o o o o o o oo oo oo o o

15



Appendix 10.3

Borehole Secup Seclow Number of Number of Number of Number of Number of Number of
ID (m) (m) fractures, fractures fractures  fractures fractures fractures
total 10-100 100-1,000 1,000-10,000 10,000-100,000 100,000-1,000,000
(ml/h) (ml/h) (ml/h) (ml/h) (ml/h)
KLX18A 514.75 519.75 0 0 0 0 0

KLX18A 519.76 524.76
KLX18A 524.77 529.77
KLX18A 529.78 534.78
KLX18A 534.78 539.78
KLX18A 539.79 544.79
KLX18A 544.79 549.79
KLX18A 549.79 554.79
KLX18A 554.79 559.79
KLX18A 559.79 564.79
KLX18A 564.79 569.79
KLX18A 569.79 574.79
KLX18A 574.79 579.79
KLX18A 579.79 584.79
KLX18A 584.80 589.80
KLX18A 589.80 594.80
KLX18A 594.79 599.79
KLX18A 599.79 604.79

O N WO O o o o ~AN-~O O WwWo -~ ~ 0o
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O =~ 2 O O OO OO N O O W -~ O o o
O O O O O O O O W o o o ~ o o o o
O O N O O O O O O O O o o o o o o
O O O O O OO O O O O o o o o o o

16



Length (m)

Laxemar, borehole KLX18A
Calculation of conductive fracture frequency

B Number of flowing fractures in 5 m section

Appendix 11
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Appendix 12

Laxemar, borehole KLX18A
Comparison between section transmissivity and fracture transmissivity
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Length (m)

Appendix 13.1

Laxemar, borehole KLX18A
Head in the borehole during flow logging

Head(masl)= (Absolute pressure (Pa) - Airpressure (Pa) + Offset) /(1000 kg/m3 * 9.80665 m/sz) + Elevation (m)
Offset = 2460 Pa (Correction for absolut pressure sensor)

—\/\/ithout pumping (upwards during flow logging, L=5 m, dL=0.5 m), 2006-07-07 - 2006-07-08

—\[\/ith pumping (upwards during flow logging, L=5 m, dL=0.5 m), 2006-07-09 - 2006-07-10

m——\[\/ith pumping (upwards during flow logging, L=1 m, dL=0.1 m), 2006-07-11 - 2006-07-13
With pumping (during fracture-EC), 2006-07-14 - 2006-15
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Air pressure (kPa)

Water level (masl)

Pumping rate (L/min)

Appendix 13.2

Laxemar, borehole KLX18A
Air pressure, water level in the borehole and pumping rate during flow logging

OO -~DNWPHPOTO N

= =2 NN W W
o o1 o O O

Without pumping (downwards during borehole-EC), 2006-07-06 - 2006-07-07
Without pumping (upwards during borehole-EC), 2006-07-07

Without pumping (L=5m) (upwards during flow logging), 2006-07-07 - 2006-07-08
Waiting for steady-state with pumping, 2006-07-08 - 2006-07-09

With pumping (L=5m) (upwards during flow logging), 2006-07-09 - 2006-07-10
With pumping (L=1m) (upwards during flow logging), 2006-07-11 - 2006-07-13
With pumping (during fracture-EC), 2006-07-14 - 2006-07-15

With pumping (downwards during borehole-EC), 2006-07-15

With pumping (upwards during borehole-EC), 2006-07-15

Groundwater recovery after pumping, 2006-07-15 - 2006-07-16

Groundwater recovery after pumping (measured by SKB), 2006-07-15 - 2006-07-22
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Air pressure (kPa)

Water level (masl)

Flow along the hole (mL/h)
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Appendix 13.4

Laxemar, borehole KLX18A
Vertical flow along the borehole at the length of 101.8 m

Air pressure
—e&——— Water level in the borehole
—eo——— Vertical flow along the borehole without pumping
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