Distance
Length below
of reach upper
(miles) measuring
point
(miles)

Description of
measuring point

Iron River at bridge on
County road 657 to
Gibbs City 0.00

Reach 0.57

Iron River at
Township Hall 57

Iron Lake Creek
(inflow)

Reach

Iron River at C. &
N.W. RR bridge in
sec, 22 1.99
Sunset Creek

(inflow)

Stanley Creek
(inflow)
Reaéh

Iron River at bridge
on County road 653
to Mineral Hills

Reach .67

Iron River at bridge on
Tth Street in Iron River

James-Sherwood-Minckler
Ditch (inflow)

Spies-Virgil Ditch
(inflow)

Reach .66

Iron River at bridge on
East Genesee Street 5.87
Iron River at township
line below Hiawatha
No. 2 mine 7.38
Holmes Creek (inflow)

Caspian Shaft pumpage
(inflow)

Sewage - Brady Ave.
Reach . +85

Iron River at bridge
on East Caspian Ave. 8.23
Baker Creek (inflow)

Reach .76

Iron River at bridge
on County road 424
to Gaastra

Caspian sewer

Buck mine pumpage and
Gaastra sewer
Reach 1.99
Iron River at footbridge
near E} cor. sec. 13 10.98

Reach 2.55
Iron River, 500 feet
above junction with

Brule River 13.53

Oct. 17, 1945

Discharge Gain Loss

sec.~-ft.

28.1

29.2

31.8

15.3

1.7

53.0

7

1.0

5443

1.1

2.6

L5

o

2 _ SEEPAGE MEASU

Nov. 30, 1945

34.32

35.19

37.45

14.73

2,65

62,11

59.48

3.88

92

66,51

0.87

2,26

7.28

2.23

Discharge Gain Loss
sec.-ft.

2,63

Mar,

S ON THE IRON RIVER, NEAR

2, 1946

Discharge Gain Loss

sec.-ft

28.83

29.51

32.51

13.08

2.23

48.84

48,67

3.62

52.58

0.68

3.00

1.02

0.17

1.04

Apr. 29, 1946

N RIVER

Discharge Gain

sec.-ft.

31.17

31.98

33.93

16.59

1.70

56.54

58.64

0.81

1.95

4.32

1.01

Loss

3.49

H

Sept. 19, 1946

Discharge
sec,-ft.

26,82

11.79

1.16

L1.73

42.88

6,38

1.27

L7.82

53.65
47

2.92

.01

58.09
1.45

57.52
.97

60.59

66.36

Gain loss
sec.-ft.

29.58
0.25

30.10

2.51

33.78

13.21

2,14

1.96

49.08

1.15

50.22

6.67

2.71

59.23

58.00

.57

2.78
.01

1.04

58.08
3.16

62,26
1.03

.38
1.66

69.26

70.96

Nov. 21, 1946

0.52

3.68

1.1k

.82

1.02

1.70

Discharge Gain Loss

.05

3.28

Discharge
sec.-ft.

38.71

39.86

L1.54

43441

16.70

2.72

66,25

70.29

T

.73

66,82

76.88
.92

.01

80.58
2.57

89.64
<99

45

94.87

98.07

June 10, 1947

Gain Loss

1.15

L.O4

Lok

6.49

3.79

3.20




Well No.

SAMPLES COLLECTED AT
LAND SURFACE

Buck mine #1
Village of Gaastra #1

Caspian shaft

Village of Caspian

Bates mine #1
Bates Township #1

Homer Well #3
Cardiff shaft

Homer Well #5

Homer Well #4

Homer Well #8

Homer Well #2

Homer Well #10
Sauerman Pit

Homer Well #1

Homer Well #1J

Homer Well #16

Homer Well #15

Homer Well #17

Village of Stambaugh #1
City of Iron River #2
Iron River Township #1

SAMPLES COLLECTED BELOW
LAND SURFACE

Homer, Minckler, Wauseca, mines

Drip from wall crosscut
to north on 3rd level

Drip from blast hole in
wall, air raise cross-
cut 6th level

Flow from end of brest
in large water vug on
9th level

Flow from long drill
hole 877 to south

Hiawatha mine

Drip from wall 10' SW
of air raise south of
shaft on 7th level

Drip from wall at
Junction main drift
with north cross cut
on 3rd level

Flow from drill hole
HL 45 on 18th level in
H8 stope area

*Flow from drill hole
301 on 3rd level
north of shaft

Baltic, Fogarty, Zimmerman mines

Drip from wall in long
drift to east from
Baltic 10th level -~
Zimmerman

Drip from wall on 10th
level south of shaft--
Baltic

Drip from wall in
drift east of shaft
1lth level - Fogarty

Drip from wall in
storage drift west of
shaft 1lth level --
Fogarty

#Additional information

Date
Location of

collection
T. 42 N., R. 34 W,
SERSERSW sec. 6 2-7-47
SWASWANWE sec. 9 2-7-47
T. L2 N., R. 35 W,
SEANEL sec. 1 2-6-47
MNWESW:ZNWL sec. 1 2-6-47
T. 43 N., R. 34 W,
SWiSWANWE sec. 19 2-6-47
NEANEZNEL sec, 28 2-6-47
T. 43 N., R. 35 .
SWANELNE] sec. 22 2-5-47
SEINEENEL sec. 22 2-6-47
NEASWANE; sec. 22 2-6-47
NAWES );.ﬁ sec, 22 2-6-47
NWASEANEL sec. 22 2-6-47
SW;SEINE: sec. 22 2-6-47
SWASEANE: sec. 22 2-6-47
SW;S NE} sec. 22 2-6-47
NWiSW NWi sec. 23 2-6-47
SWENELSWE sec. 23 2-5-47
SEANEESWE sec. 23 2-5-47
SWANWESEL sec. 23 2-5-47
SWASNLSE} sec, 23 2-5-47
NW%NE{S sec, 25 2-6-47
NWASEENEL sec. 26 2-6-47
SWLSWESER sec. 27 2-6-47
1680S, 2760E of MW 3-20-47
cor. sec. 23, T. 43 N,
R. 35 W, :
25505, 2380E of NW 3-20-47
cor. sec. 23, T. 43 N.
R. 35 W.
1800E, 27208 of NW 3-21-47
cor. sec. 23, T. 43 N.
R. 35 W,
27508, 2910E of NW 3-20-47
cor. sec. 23, T. 43 N.
R. 35 W,
522N, 1883 of SE 3-12-47
cor. sec. 35, T. 43 N,
R. 35 W,
33000, 80ON of SE 3-12-47
cor. sec. 35, T. 43 N,
R. 35 W.
LT2N, 1450 of SE 3-12-47
cor. sec. 35, T. 43 N,
R. 35 W,
1050N, 1970W of SE 3-12-47
cor. sec. 35, T. 43 N,
R. 35 W,
10308, 2620E of NW 3-24-47
cor, sec. 7, T. 42 N,
Re 34 W,
860E, 350S of NW cor. 3-24-47
sec, 7, T. 42 N,
R. 34 W,
350E, 240N of NW cor. 3-24-47
sec. 7, T. 42 N.,
Re 34 W,
170N, 550W of NW cor. 3-2i-47

sec. 7, T. 42 N.,
R. 34 W,

Elevation
of sampling
point above Formation
or below
sea level
U.S.G.S.
datum
Glacial drift
L] n
Bedrock and
glacial drift
Glacial drift
" "n
" n
" "
Infiltration
gallery in
bedrock
Glacial drift
n "
" n
" "
" "
L n
n n
" L
" n
" "
" L]
" "
n n
n "
+1303 Hanging wall
+ 940 Oxidized
formation
+ L54 Bottom of ore
+ 660 Footwall
+ 777 Hanging wall
+1221 Oxidized
formation
- 566 Bottom of ore
+ 1196 #Footwall
+ 611 Hanging wall
+ 608 Oxidized
formation
+ 462 Bottom of ore

+ 465 Footwall

T C C.

Specific Silica
conductance (5102)
(Kx10° at
25° ¢.)
46,7 10.0
41.3 10.0
77.2 10.0
30.7 13.0
33.4 12,0
27.4 6.0
28.4 14.0
4L2.8 14.0
15.8 10.0
30.2 12,0
2.0 11.0
29.2 10.0
30,2 7.0
61.6 14.0
57.6 12.0
43.0 18.0
32.4 8.0
51.3 11.0
50.6 11.0
31.1 7.0
45.6 11.0
28.7 13.0
73.2 6.0
L3.5 6.8
58.2 9.2
111.0 6.5
69.0 4.8
26.8 7.1
223,0 10.0
52.4 4.0
45.8 5.2
42,4 5.2
54.2 8.4
473.0 1.0

SES OF GROUND WATER IN IRON RIVER DISTRICT

(Parts per million)

Iron
(Fe)

0.04
.13

.10
.08

.09
.10

.09
.13

.10
.20
.10
.30
.30
.30
45

.10
«20

.10
.13
.10

3.00

«21

3.40

1.80

.07

3.40

.72

.09

43

.10

Man- Alu- Cal- Mag-
ganese minum cium nesium
(un) (A1) (Ca) (ug)
0.00 1.0 50 27
.25 .7 43 25
75 3.4
.00 5 36 17
.00 5 32 18
.00 1.8
.00 3 33 1,
.00 3 42 22
.00 .5
A2 2.0
.25 7
.25 1.9
.25 .3
.00 1.6
.00 Lo 66 30
.00 .6 48 PIN
.00 5
.00 ol
.00 7 56 28
.00 5
.00 9 50 26
.00 2.6
.00 1.9 90 47
.00 9 L7 23
A2 1.2 76 23
«28 5.3 175 21
.00 2.1 114 28
.00 .6 34 1
.00 5.3 249 ol
.00 .22 60 28
.02 1.10 38 34
.00 .90 21 22
.00 1.30 32 31
.20 6,30 228 146

obtained since the time of sampling, indicates this drill hole penetrates the hanging wall sequence.

Sodium Potassium Stron-
tium
(sr)

(Na)

6.8

10.0

7.7

11.0

56.0

2.0

76.0

7.6

7.8

5.8

454.0

CHIGAN

(x)

1.7

e
@ N

5.4

4.8

12.0

L2

5.9

3.8

.7

ob

1.1

3.8

Bicar-
bonate

Sul- Chlo-
fate ride

(HCO3) (S0,) (C1)

202
227

308

171

202

159
188

154
‘180

159
168
195
228
220
189
193

230

216
177

207

191

188

88

301

154

161

177

231

90

64 6.5
27 4.5
154 23.0
20 3,0
20 4.2
L3 8.0
17 2.2
65 3.5
25 4.0
52 4.0
29 4.0
67 8.0
7% 10.0
U3 12.0
12 5.8
69 2.8
59 6.0
128 6.0
73 6.8
L0 6.0
6k 3.0
9.7 4.0
259 3.5
70 2.2
U2 8.0
535 21.0
M 2.0
19 1.2
8 550.0
128 4.0
59 2.8
5, 1.8
125  43.0
38 1480.0

Fluo-
ride

(F)

Ouly

.2

3

oh
.7

3

ob

.6

2

2

Nitrate Boron Phos-

(No3)

1.8

1.8

1.0

5

1.8

o5

1.5

1.5

1.8

(8)

0.0

L6

.00

L6

.00

«50

.90

1.40

.90

phate
(POL)

oo

OOOHFMDWOFOOWENLN

Dissolved
solids

277
236

308
188

565

261

398

930

506

157

1200

337

268

178

338

2,400

Total
hardness
as CaCOj3

236
210

154
160

154
189

140
195

1hdy
196
152
196

196
288
218
196
272
254
189
232
144

418
212
284

523

400

884,

264

235

3
208

1,170

pH

~N -2
o e
-~

o e o e o

o e s e e

NNNNNNNNNNNNNae
. Ny
NV ONROFTWNOBIO

.

6.9

7.1

5.9

6.2

7.5

7.9

7.2

7.5

7.8

7.3

7.0

Teap.
o

45
45

45
L5

45
45

45%

47

50%

51

623

464

53

55
53

53




Direction

Location

(1) S.3°W. NWYSE" sec. 21, T. 42 N., R. 35 W., about 1,000 feet
NE of farm house. (See note at end of table.)

S.1°W.

(2) S.4°W. 300 feet east of (1).

S.5°W.

S.7°W.

(3) S.5°W. 600 feet ENE of (2).

S.6°W.

S.13°W.

(4) S.7°W. About 100 feet west of farm house referred to in (1).

S.8°W.

S.11°W.

(5) S.8°W. SWYa sec. 36, T. 43 N., R. 35 W., about 400 feet south
of Stambaugh High School. (See note.)

(6) S.14°W. About 100 feet SW of new school addition; and north of
(5)-

(7) S.34°W. NWYNEYs sec. 13, T. 42 N, R. 35 W.

(8) S.0°W. NEY.SW7" sec. 8, T. 44 N., R. 35 W., on summit of high
outcrop %2 mile west of Gibbs City; striae and
chattermarks convex to north.

(9) S.43°W. SW¥ sec. 13, T. 45 N., R. 37 W., outcrop on east edge
of Forest Highway

S.48°W.

S.51°W.

(10) S. 81° W. | Center of sec. 19, T. 43 N, R. 31 W., in cut of road to

S 83°W Michigamme Falls, 1.9 miles north of State Highway 69.

(11) SW¥% sec. 19, T. 43 N, R. 31 W., 1.25 miles north of

(a) S.86°W. State Highway 69 on same road as (10). (See note.)

S.84°W.

S.81°W.

S.79°W.

(b) S.41°W. Earlier striae on same outcrops as (a).

S.48°W.

(12) S. 83°W. | SW'sec. 18, T. 43 N, R. 31 W., NW of Mansfield

S.81°W.

(13) S. 20° E. Center of sec. 2, T. 46 N., R. 37 W., on east side of
road.

S.35°E.

(14) S. 52° E. NW" sec. 2, T. 46 N., R. 37 W., on prominent
moutonnee on hill south of creek and old slate quarry.

(15) S. 30° E. South of center of sec. 9, T. 46 N., R. 37 W., deep

rooves in outcrop on side of road.

S 35°E g i NW side of road

(1) These grooves on ,"roche moutonnee" outcrops of greenstone breccia are accompanied by faint tail-like ridges of the
greenstone trending south from light-colored inclusions in the breccia. The inclusions obviously offered greater resistance
to glacial abrasion and buttressed the tails of greenstone in their lee.

(5) A few crescentic chatter marks on this outcrop at the south end of the athletic field are convex to the north, affirming

southerly ice movement.

(11) The striae listed in (b), showing a much more southerly direction of ice movement than those in (a), are found only in
small remnant patches en the west slopes of outcrops where they were not eradicated by the later abrasional work which

product the striae listed in (a).
Table 1. Direction and location of observed glacial striae.




Date Flow at Pumpage Outflow at | Gain (+)
upper weir, inflow within | lower or loss
gpm reach, gpm end, gpm | (-), gpm

11-30-45 | 128 3,220 3,300 -48

3-2-46 345 3,055 3,260 -135

4-29-46 2,390 3,120 4,880 -630

9-18-46 381 3,227 3,649 +41

9-20-46 685 3,213 3,807 -92

9-29-46 628 3,196 3,850 +26

9-30-46 528 3,210 3,769 +31

10-1-46 489 3,178 3,679 +12

10-2-46 465 3,223 3,666 -22

10-4-46 433 3,326 3,773 +14

10-5-46 422 3,162 3,704 -120

10-6-46 404 3,183 3,645 +58

10-11-46 | 459 3,307 3,668 -97

10-12-46 | 402 3,277 3,655 -24

10-13-46 | 386 3,326 3,521 -191

10-14-46 | 390 3,330 3,542 -178

10-18-46 | 413 3,348 3,602 -59

10-19-46 | 395 3,254 3,628 -31

10-20-46 | 383 3,189 3,519 -53

10-21-46 | 390 3,256 3,560 -94

10-22-46 | 391 3,238 3,518 -111

10-23-46 | 388 3,253 3,441 -200

11-21-46 | 406 3,020 3,780 -254

6-10-47 3,360 3,198 5,880 -678

Table 3. Gains and Losses in Sunset Creek.

Date Flow at Pumpage Outflow at | Loss,
upper weir, inflow within | lower apm
gpm reach, gpm end, gpm

4-15-46 191 1,605 1,710 86

4-16-46 173 1,600 1,685 88

4-17-46 185 1,600 1,680 95

4-18-46 162 1,600 1,690 72

4-19-46 207 1,605 1,700 112

Table 4. Gains and Losses in James-Sherwood-Minckler ditch.

Time since flow | Vessel No. 1 Vessel No. 2 Vessel No. 3
started (hours)

*Clear water” 252 47.5 169
2 166.2 333 97.2
5 52.2 31.8 54.8
24 27.7 21.5 27.8
30 235 18.2 22.3

48 18.8 14.6 18.8




98 104 8.9 11.3
124 9.3 6.8 9.8
148 7.9 6.4 8.0
196 6.8 55 6.7
267 5.2 49 5.1
316 45 44 43
364 3.7 3.6 3.6
460 3.2 2.9 3.1
628 3.1 2.9 3.0

Table 5. Percolation Rates in Gallons per Day per Square Foot at 60° F. in Permeameter Experiment.

Above ledge Below ledge
Year | Public Mineral | Else- Mineral Else- Total

Supplies | Hills where Hills where
1936 | 513 6,324 No data | 3,270 1,632 11,739
1937 | 531 5,623 No data | 1,399 1,572 9,125
1938 | 491 6,075 1,429 1,336 1,857 11,188
1939 | 465 6,275 1,943 1,489 1,785 11,957
1940 | 507 6,029 1,057 1,936 1,842 11,371
1941 | 575 5,964 2,067 1,987 1,870 12,463
1942 | 742 7,092 1,963 2,271 1,917 13,985
1943 | 658 8,300 2,042 2,487 1,812 15,299
1944 | 631 7,902 397 2,387 1,340 12,657
1945 | 694 7,259 1,306 2,504 1,377 13,140
1946 | 690 7,904 2,010 2,671 1,239 14,514
1947 | 831 6,030 3,429 2,151 2,196 14,637

Table 6. Estimated average pumpage from Iron River district, in gallons a minute.

m(YotrY)M XM
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0 -0 -1.3103 -7199 -.3851 -.1605 0 1169 .2008 2574 .2903 .3010
1. -.2651 -.2277 -.1342 -.0200 .0914 .1884 2677 .3286 .3714 .3969 4054
2. 4413 4489 4703 5016 .5382 5754 .6097 .6385 .6600 .6733 6778
3. .9575 .9598 .9666 .9768 .9894 1.0029 1.0161 1.0275 1.0365 1.0421 1.0441
4. 1.4201 1.4209 1.4232 1.4268 1.4314 1.4363 4.4412 1.4455 1.4490 1.4512 1.4519
5. 1.8646 1.8649 1.8657 1.8670 1.8687 1.8705 1.8723 1.8739 1.8752 1.8760 1.8763
6. 2.3026 2.3027 2.3030 2.3035 2.3041 2.3048 2.3054 2.3060 2.3065 2.3068 2.3069
7. 2.7382 2.7383 2.7384 2.7386 2.7388 2.7390 2.7393 2.7395 2.7397 2.7398 2.7398
8. 3.1730 3.1730 3.1731 3.1732 3.1732 3.1733 3.1734 3.1735 3.1736 3.1736 3.1736
9. 3.6075 3.6075 3.6075 3.6075 3.6075 3.6076 3.6076 3.6077 3.6077 3.6077 3.6077
For all values of X/M
m(YotY)M m(YotY)M m(YotY)M
10. 4.042 20. 8.385 30. 12.728
11. 4.476 21. 8.819 31. 13.162
12. 4.910 22. 9.253 32. 13.596

13. 5.345 23. 9.688 33. 14.030



14.
15.
16.
17.
18.
19.

Table 8. Values of function log10 [cosTT(Y,1Y) / M-cosTTX/M].

5.779
6.213
6.648
7.082
7.516
7.950

Depth | Atfootwall | At middle At hanging wall
of aquifer

0 0 0 0

100 -90 -90 -90

200 -179 -179 -179

300 -270 -269 -268

400 -365 -358 -353

500 -433 -417

600 -455 -448 -442

Table 9. Hydraulic potentials, in feet of water, in a vertical aquifer 157 feet wide with a long drift 15.7 feet wide at the
footwall, 500 feet below ledge; negligible head of water above outcrop.

24.
25.
26.
27.
28.
29.

10.122
10.566
10.990
11.425
11.859
12.293

34.
35.
36.
37.
38.
39.

14.465
14.899
15.333
15.768
16.202
16.636

Table 10. Pressures, in feet of water, in vertical aquifer 157 feet wide, with drift 15.7 feet wide along the footwall, 500 feet

Negligible head of water 200 feet of water above ledge
above ledge
Depth | Footwall | Middle | Hanging | Footwall | Middle | Hanging
wall wall

0 0 0 0 200 200 200
100 10 10 10 174 174 174
200 21 21 21 149 149 149
300 30 31 32 122 123 125
400 35 42 47 89 98 106
450 26 50 61 57 89 105
500 - 67 83 - 95 116
550 81 105 116 96 123 130
below ledge.

Depth of water above

ledge (feet)

0 100 200
Single drift 200 122 P 183P | 244P
feet below ledge:
Drifts at 200 feet
and 100 feet
below ledge:
200 feet 112P 140 P 167 P
100 feet 26 P 107 P 189 P
Drifts at 200 feet
and 300 feet
below ledge:
200 feet 31P 104 P 145 P




300 feet | 114 P | 100 P ‘ 125 P ‘

Table 11. Relative discharge per unit length in long drifts 15.7 feet wide, at footwall, at different levels in vertical aquifer
157 feet wide.

Length of opening (feet)
Depth Drill hole | 200 400 600 1,000 2,000
below 2%
ledge diameter
(feet)
100 83 437
200 152 600 874
300 216 755 1,040 | 1,310
500 341 1,050 | 1,360 | 1,640 | 2,180
1,000 635 1,700 | 2,100 | 2,420 | 3,000 4,370
1,400 855 2,190 | 2,640 | 3,000 | 3,630 5,000

Table 12. Approximate ratio of total flow to transmissibility in vertical aquifer with a long opening at various depths below
ledge.

Sunset Creek Well Field

Date of Pumped | Observation | Coef- Coef- Duration
test well well ficient of ficient of test
trans- of (days)
missibility | storage
(gpd/ft.)
11-22-45 | Homer Homer Well | 17,100 0.045 11
Well 1 6
Test “ 23 10,600 .081 11
“ Cardiff “ 8 21,300 .021 11
“ Test“ 17 17,900 .0123 11
1-15-46 Homer Cardiff “ 8 42,800 .011 18
Well 2
Homer Well | 50,200 .047 18
9
9-18-45 Homer Cardiff “ 8 24,200 147 18
Well 4
7-26-46 “ “ 24,400 .0007 Ya

South Homer-Minckler Well Field

10-19-45 | Homer Test Well 93,200 113 6
Well 15 33
Homer Well | 155,000 .060 6
17
11-3-45 Homer Test Well 215,000 207 100
Well 17 DD 2
“ “DD 3 207,000 216 100
“DD 4 235,000 .158 100
“DD5 210,000 .189 100
“ “DD6 186,000 211 100
“DD7 195,000 192 100
“ “32 274,000 .385 100

Iron River City Well

1-15-46 Iron Iron River 75,000 130 1
River




| Well

| Test Well

Table 13. Coefficients of transmissibility and storage of the glacial overburden as computed from pumping tests in
Mineral Hills Area.

Time in 2% inches 4 inches 6 inches 12 inches 24 inches 60 inches 10 feet 50 feet 100 feet 200 feet
days of

continu-

ous

pumping.

1 0.81 0.86 0.91 1.00 1.12 1.32 1.53 2.43 3.25 4.92
10 .83 .88 .92 1.00 1.10 1.26 1.42 2.00 2.44 3.13
100 .85 .89 .93 1.00 1.08 1.21 1.34 1.78 2.04 2.44
1,000 .86 .90 .94 1.00 1.07 1.19 1.30 1.63 1.84 2.11
10,000 .88 .91 .94 1.00 1.07 1.17 1.25 1.54 1.69 1.89
Table 14. Ratio of yield of wells of various diameters to that of a well 12 inches in diameter.

Time in 2% inches | 4inches 6 inches 12 inches 24 inches 60 inches 10 feet 50 feet 100 feet 200 feet
days of

continu-

ous

pumping.

1 1.24 1.16 1.10 1.00 0.90 0.76 0.65 0.41 0.31 0.20
10 1.20 1.14 1.09 1.00 .91 .79 .70 .50 41 .32
100 1.17 1.12 1.08 1.00 .93 .82 74 .56 49 41
1,000 1.16 1.11 1.07 1.00 .93 .84 a7 .61 .54 .48
10,000 1.14 1.10 1.06 1.00 .94 .86 .80 .65 .59 .53

Table 15. Ratio of drawdown in wells of various diameters to that in a well 12 inches in diameter.




WISCONSIN

ILLINOIS

IRON COUNTY

JRON RIVER

CRYSTAL FALLS
®

U —

CAKE SUPERIOR

DOMINION OF CANADA

a e
./—-‘.“‘-. ©
/,/' 1
/
0/' &
r,.
l‘/'
! / T
/ g
oi 0 H
. 2
/
[ O
¢ X
A
/s
[¥ v
\u
'\, /
i 2 j
|
|
~)
A ¢
q! ff cANADA
, '\\
/ o
D A g U
INDIANA ' O HIO
FIGURE |

INDEX MAP OF MICHIGAN I

SHOWING LOCATION OF

IRON RIVER DISTRICT i
IN IRON CGOUNTY.

Iron River district,
/4




¢ g /
]
- loke
e Fifreen
Vs {6
16 i5 |14 13 I8 it o 15 14
\ ) £ S/‘.‘Ve o
o/ ///////////?,; . e . ©
“y Z o
<2 S,
- Davidson & ~
A Forl;es Shaft. No3®Ghg Mydlake Y
-+ 7, f’/// e
/ Z ;\\ BofoV
7 V' ~
- ? = — poas ‘SDE:\ES Shoft
| 3 | el ) E
) f< ouseca Shoft «(((((@ 03
#2! 22 ’ Minckler Shaft 24 210 2 22
3 X MINERAL HILLS US [Hwy 2
U N TR 3T Qﬂ‘
' . ®© 2\ NG
: =z —2 N/ce
] N RY
} ~ o 0\\ 'Qt_alre Round
\ O @ > Rogers Sholt :
: T N\ - Loke
\
X 26 ¢ 25 30 2f9 N
2'8 27 0 28 7 26
\ 3 1
‘
N l
§ /
:\\\\ A AMLLLELETI TSR R R R LTR S s R

7////4 777

34

(4]
O

A RS O NS S R R R R RN

c -Y- / | M
7 B
OF 3i . ST 32 33 34 35
Bengal ) A
STAMBAUGH short

Township 43 North

Brule
Shatt

L 3

Higwatha No.!

Higwotho No.2 ™ 4 \\\: Township 42 North
A \
y N \
rvss s s 7R .V“.LA N
N OF :
S Y
| YOO VIV IR YA NN IV
4 3 2 \ Y8 A 5 a ’
h v /
N CASPNAN| Y  VILLAGE 7
€ . N Vg
cy Y
/——: " \ Fogarly sndl OF 7 iy .
A MY NN Y d ﬁ Q w 3
L4 )
$ f// Buc k {Shaft GAASTRA 1 5 s
L] / Q
: ; | 7 §
Snipe 3 / Lmmeman 7 S |
Loke T g : :;
/
/ /
I 5;//,//u/x////////,»/////////r’////,
93 \
a @
=
o & \/ ‘\
o q
% @
o
ci €
al ©
ol o
16 15 4 13
7’
&
T ' W |
21 22 23 24




— e e mE m we—— —— ——

~ A o Q o
O b‘\\
NN\

— 1540 _‘z\\,v

1560 _ N\
‘\ \

LAKE FIFTEEN

. r— — . tr— ——

FTTTEE Tm m e cmt oe i fn  —te —tie orn . — — — — —

\ 35

T.43N

\d
3
b

2

T 42N,

WAGNER
LANE

M-189

5
.-
STANLEY /\ <
-------- LAKE - e o f o
. \
1G —-————-——'—" B!l
7
/
/
S
____________ i
|
I
|
I
|
}
CANMP :
LANXE v
iz
'y
m{m
cla
i7 5 4 s

ov"

o"
/

1440
/

o Drill hole, well shoft, or test pit

FIGURE 3.
IRON RIVER DISTRICT.

,CONTOURS OF LEDGE (BEDROCK) SURFACE

CHICAGON

5.?00 Feet
A

SCALE ¢ 1,000 2,000 3,000 4,000
o

EXPLANATION
AP Outcrop

al which depth of overburdenis known.

—

C ontour line.

—~|420~ Elevation feet above mean seo lavel U.5G.S dotum




—l
- &
Q 2
o >
= °
2 E g
o - g
o
L)
>
a
S Z
T O
c
w =
ww
= L3
QIU w
®)
Q.
Ll
D .
L
< g e <
- ..M.NMM
© Es§iz:
....DEnuum..Mm
E@ﬁmﬁmw
m
lel-’ g PP—e " ——

-
7




Wi 1567
LAKE SIXTEEN

Wi -/59p

LAKE FIFTEEN

N

/,
4

R3S W
R.34 W.

|
I
l
: 20 I
‘ l
\ |
Eu. HIGHWAY NO.2 l'
|
j
|
AN I
A N~ b
X ~ T
. — y }
7 | ROUND
| , LAKE
i :
o ' 1547 I wi=/609
§ k / ;
R 29 1547 /
\'5"0 /
j ]
/ STAMBAUGH ' /
,’__.-“""—
34 35 36 — § / 3 J 32
L___ // \?.‘ o e
Q !}\ s ..!
1525 \;’ /45 .-
o) i
/ °| 1493 01500 !
T /
/ 4 \
P
l 46 \\ I
N i _ N , |
_71 ‘EJ ______ e T ) - h L\\ / w59 - - ) 1'
83 ) RV i |
~ / oY ¢ | WAGNER ;
" : N e — e LAKE -
; -\ ) Q //Hbj\
7 Y1445 1382 ;
/”“-/ \ (
| | / I\M.ﬁ ° > ) \-”‘ ’ :
~ ; GAASTRA [-"
Wi.xi336 CASPIAN t
|
' |
1515 |
STANLEY I ®
_________ LAKE _ /\ -~ J\w | | 1 T
______ : ) - i
' _ /”““\/ ‘/ ~ |
B S —— / S CHICAGON
) LAKE
WL =550 L // ‘i _______ . \ —~
i - \ w153/
_____ / . - i 1530 9 N L
' 9 10 = ——
. / |
i /
: S n o}
. g ~N ¢
I ;
| i
} I
L | L _
| I
CAMP | : |
LAKE A i
/// ' N
e / { 4 EXPLANATION FIGURE &
/ .
! / / © Pumped well
fJ J 4 . " Obsarvetion wel IRON RIVER DISTRICT
7 | s ) 13 . N t8
| ol Contour line, eslevation feet
/\ ) ,/{ iy — 1500— above meon sea level. US.GS datum. CONTOU RS OF WATER LEVEL
[ ]
: / 1 7 ) NCy Ceontour interval is 10 feet APRIL 1948
TN A Location of point at which
“z “ discharge measurement was made
- t L. T - - for gain-ond-ioss study.
|

o] 4,000 2.090 3,000 4,000 6,000 feet
Scole é_ 1 Mite




TEST WELL CARDIFFNO.8 1460, \

14904 - N . 1460
/ ma. HE\M. Co. Corgiff Mine \ TEST WELL NO. JZQ.
T ]
NWz SE< NE< Sec. . . R. A
sl / 7y ry 2 5ec.22 [T43IN, R3S |w 1450 M.A Honnafo. Minkier Mine 1480
/ SWiNELSWH Sec.23, T. 43N, R38W
T3 JAN \ 1440 1440
\
N\ .
\
1460 \_\ 1430 1430
\\ ‘\\ w“:!u 4
.
* 1480 Y ; 1420

<
\\..J
TEST WELL ST.CLAIRNO. 3} .- h
1490 — ‘r:-""—_ } 1 1 410
/‘.A.Hnnna Co. Keweenaow Assn L\MJJ\J\
1as0] ] N NELSEL Sec.22, T43N,R.3I5W.
1470 i420

~ ¢ '
e
1460] >~ A\K_‘kh 1410
———— \j\ Q
. TEST WELLNO.12 __ N~ ~\ 1e80
M.A.fHenna Co. K w Assn.
Pac ST N T
47 / \Holo plugged
- / W

/ TEST WELL NO. I8
M.A. Honna Co. Carditf Mins.

o 4 . i 1480
"’V% W’K/Jt_,\ SEL $EL NEZ Secl22, T 43N, R.33w.

Water levels, In feet above mean ssalevel
P4
d
7
"
P
)

1430

Cumulative departure from normal monthiy precipifation,in inches.

-10 B \/\ \ o

~-20 /\‘ \/‘\ 1430

- —A\ N . \f 1420
) \’\ | | I

-40 s;\’\

-5 AN }

.60 \'\f Cumulotive departure from the normal monthly precipitation at Stombaugh, Michigan. 6o

o

-70 \\/ / \A\-\ -70
~80 \A\ b
-90 —\/\\ -90

8 Monthiy precipiotion at S'ambuumMichigon_ \/\

«8
f
ﬁ ] - ¢
=
(4]
£
€
g o 4
e
a
e 2 2
a
0
1930 1934 1932 1933 1934 1935% 193¢ 1937 i938 i939 {940 19 41 1942 1943 - 1944 1945 1946 1947

FIGURE 6. GRAPHS SHOWING FLUGTUATIONS OF WATER LEVELS AND PRECIPITATION, IRON RIVER DISTRICT.




1430

1429
WELL NO. 6
M A Hanna Co. [Cardiff Mine
SE4 SEL NEL|sec.22, T43N{R35W.
1428 DEPTH TO|WATER BELOW |[LAND SURFACE 133.0 FT
- ) PRECIPITATION Q7I] INCHES! ]
L AUG. 17- 18,1946
>
Ld
J
a
w!
0N
::ZI PRECIPITATION |.3meg;r ‘
Wijg27 AUG. 6,1946
2 !
Wi
>
()
m
<
’,_.
"
w
(T
<
Wl
O
a
o WELL NO. |9
Jlig26 M.A. Hanna Co.| Cardiff Mine
2 SEL SEL NEF [Sec.22,T.43N.,,R.35W.
w PRECIPITATIOM 4.44 INCHES
= JUNE 23 2f, 1946 -
aq
=z
(T
'e)
Z
o
P—
g
>
Lo
-
w
1425 DEPTH TO WATER BELOW |L AND SURFACE | 69.4 FT.
142 4
JANUARY FEBRUARY MARCH APRIL MAY JUNE JuLy AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER
i946
FIGURE 7. Hydrographs of wells showing rise resulting from a rainstorm and accompanying stream runoff.




1 4

K ! ¥FATH JINUE[ HLIMINOILINAT JACEV[1333[005 BIAIY NOWI
\.
h N\, I
\ N .
\ L
\ / In
\ H
\ AN
N
\ \
\ <

. 1985 upo £3|5v3N 3501PEL00Y IV mIAwG Nowl |-
o

TIVH dIHSNM

Ll LV

AN

22

Qg o o ~ o v ¢ m o4 = © o o -~

2|

0 <

‘PUODDS 49d 4994 21QND U| UIDY

N N

ALT) S6A19 OL LG9 GVOH ALNNOD 390/H8 LV Y3AIY NOYI

oint.

g P

e
—————,

In Miles Below Upper Measurin

Distance

IRON RIVER NEAR IRON RIVER, MICHIGAN.

FIGURE 8. CUMULATIVE GAINS AND LOSSES,

A




Datum (1)
Y 277777

k\.

Po.(l)

g-Pr.
S
N

: ]/
(o N
M
(+ 1
Z :
Q. /
~
1_) =
/ i
. 1 ~
2/ I
et a
Q
] Opening frolm which watLr is withhrown
Datum (2) at l




S

Potential

Potential

AN \

AN
S \ A
.3 Elevation \ '
O N . Pressure
> ;
e N N
_— \ ™~
L -~

Clevoti
: lon/\
equais

potential
(only partial saturation)

.
”‘\\\\ Potential
N Pressure
\ — p :
) -7 AN
Elevohoq,/”> \
\\
N
N\
\
tlevation
equals N\
poientiol

(only partial saturation)




N
"OONNNNNY

AN
/:
a
X
A

for X, = O;

vav,+(2.3 F/2T1P) {log,o[coshl'r (y,—y)/M— coslTx/M] ~log,, [coshﬂ(yo-ry)/M—cosTl x/M]}

FIGURE 10. Image system for a long drift in a vertical aquifer
sub-outcropping under soturated overburden.



;Ledge surfoce (covered with water)
{ b

Ll L1l NEBEE 1 | 1
Y L 117 T11 T ™
S NP —— ,/
Lines of equal potential -+ Pra s
Ledge surface (covered with water) trom discharging drift. . . - -
- | % h _ T A
- o L / < -
— \ - — / s -
== = h
B an 3 3 ]
1 - o1 4 = .-
h 1L K Lines of equal potential ) -
1 JA Ja M
- 1+ =+ from image recharging drift, = ~ 1 y ¥ - T
it S= - o= LN N W el .
:: ~ P — — -
— ~ 1 . i .
— 111 - - . | 1
- I : : - y ‘ | Z -~
¢ _l \ Combined lines of equal potential. -1 - —+ 7 T
Discharging dnft./ L1 INLLL L gLl AN HRvduN
T T BRAR IRRARRR

FIGURE |I. LINES OF EQUAL POTENTIAL AROUND A DRIFT.
(Longitudinal section) h/ =| _ FIGURE 12. LINES OF EQUAL POTENTIAL AROUND ADRIFT
( Longitudinal section) h/c =2



Fiow lines from image recharging drifi.

Ledge surface (covered with water)

—r-
—pn

e

s
ib—
er—
menm——
mgp—
e ]
e

Pt
.
"'h.f:"""

.

il

TTVTTed

ischargingdrift.

asEEERETN

lines,

Litib
BERERR

I

~

ARNUNEEENE

REREAL

it

N
TiTd

N
|

-+ N

(

L

Flow |lines

Lt

III[‘U

\

[ 1]
Tl

i

111l

P4l
FrrTil

HREERRER

han s
B
N

\
Combined

||
1

RRN

| 4]

(114N

;|
IBRERRRREE

HEEEWE

CTT TV T

-

TTTVTrTA

NS

EERRRE

IS EEE

——

HEEE

FTHHT

J

e
R
e

tilLlL

IRRRAN

et O

TTTrErl

Discharging drift ——
!‘?"qulllll
BEEREEBERRENBEER

14 gtl

e
—
———
. SN
aan
-
faer.

———y
PR
-y




lLedge surface (covered with water)

Ll

i

L1l

eyt HEEERN L —
1T RARR IRBARBE RER —
—_—— —_— —_—— —
e Lﬁ.l —— —
e - —— —
ol “ enel— o
—— -r — —— v
< I v/ T I =
Tl LI T LN LT 1
ol ! F TTLILET P11 a1
—— P 4 e ———
S
0 o T € - IJ-
5\ 3 = T
-4 ® -
Lllol}L 11l]llol] BEEEEE EEERE
1T e e T T T EEERE
o, \ 1+ E + -+ —
1 . 1 = o
- /e XF s F = . ¥
/ - 1 - I
\ “ » -~ —
Htle L m__ j{® | AEEEE L4
TS I T e NEERR i
' ' ——— e — e
t TN\& T € + T
e —— o e s s
HHRE RHAHEAH
\ b — L ——————
rd o i
N - -
— \ e —
- . J-
1111 | | 4 tLlbll
IR R I REBREA
- R S
< i 1
L D
o I -
Ir 4 I I
} F | [ HEEENY
| LI i IRBERRA
R —— ——
Ir o 1 1
- - [ 4=
-4 1 T
LLbill] H1EEY 4 Pllildl auuEl
FTETTTH Pl 1 FETTTT RARAR
I 4 i 4
——— ei— i
— .Jil.v on— S
T I I
I1i1 1! RITEEEN 11111t N INEEE
HERERR iR R RERRRRE B RRARAL
. I I =
A D wal— —
” man—— — p—
| -, ———— L o —
© -+ -+ -
Lt e | I
BB RALRRERA Te=T11T1 I - i
o — ———
T
I T
e nh-v —— —— —r—
b W w—— e ——
i e »_— ——— e ——
IBREEE RANBEN | i1 L1 ANEENE
IRRERSRER RERBRR L 1 RERRBRARL
e —— —— —— —
re— —— —— ppip—— bt
—— —— 11 ——
P —— mr—
W + 1] +
e L —— b
—— —r———— . ———
EERNEE Ll ANEEEN Ll
BB ERE FTTTT G Tt TETY
—t— e [ -
]1 —— ———




105

10°

/t

104

€1 1 & | i * L B4 A
+ 81 ¥ i
L Iagal Jabui ammad - ¥ M N far = Yeaal TaEEns C £ ) r o
RENGL ARRNN $% w - t H o e 4 5 g 3 1 2]]..-
. _ [ § o 5 ed-
GRERERE A AT : T . - - !
-4 §-4 rf-r 1 L e t __ : b 1 H T
SHENY BN SRS B : i o B - — ] 1 i - “ I T
i H i - .I..._.ll.T. i JRT— f (s + + 4 H
l8 Y n "l H 1 { T { N SN S s s & =+ s B :
T " = 5 ? ¥ : : ”
« ,_é_: fm; : *{. T - 1 4 At i e —f ot m “ [F S, T - I IR N » H T
i1 ! 11 " T i ﬁ 9
T ﬁ ; «WJI S -+ T g —t H _1 + | | s T ) Lig ‘li.wc*x
3 } _,wi [ ] } ‘Ll.lf Ft+—+ 4.1 4 1 8 -+ -+ .J_T. " .i..i.nw.i ill_m t i T. ] RN »
B NS . I S —— - _ _ i . . EREANGRE REEN -
BB A aey peen R EE e T _
t + b - — d -+ ey - pe } H = - i ! NN _ p
- I ¢ T 1 el r-lr.“ $—i i
il 1 b + g ' P+ , -
16 i - __. i “T ——— .Im. 4 I.w . i _P 4 i
w4 f i l.v‘ I ’ o Ao . 4 b
I —+ ER) ! - ! R _ i H
- { AREY B ] ' i ! - 1
- E T ! ] _ i
JT{H + _ L i i : Ww it + t i
i IRRE , L “ ! b
_i$ N N s —— .wl I | g = - R S A . e | h—.._ W ) T
S8, + N N A 1 A LT H dﬂ JIETW ..1_1 T A e, S S < Lo 1 . } — ] - T
Aofrrober-asger fed b opey -t — . 1 : # AN N t : 1 4 » - T N S
B M S i 1 i i P ] i~ - = T o - S i
1 * Tt ¥ t +- -+ } RS SN S S ; T T f -+ 4y S S
% DA WU ) , ' + i T IR LS S : N (5 0 Sy G s i
H 4 ,‘. 4 bl ot lﬁ..f(;y.ariﬁl : —_— 1 H r a-4- d—i _ _1..71 -t ! i 3 T 3 w ..li_ R
suiud SRRD JRs s L =t i o e e re = - ‘
SRS BN _ - 17 - i - R RN Smu | B o ] _ S
- i et | : 1 1 . i 44 - bt A | “ ; AR i
T LN 0 g L A 5 —»¢ Tt —+r1 - e o S ~+
SR DA P i Vil i T ke i |
i BRNRRESS nwam - 1 R 3 SESN SENRN § w - |
et _ REES N } - BN A L e : !
- . b d r 1 P E
BIE ERSH . SREN RN } H
i i T Tt _
| T e _....11.11_ 1 ] “ 3 -
|-+ H M\.M% i ] IBE N T ! 1y ! H “ . by T
frty—% Pyttt 11 Ty A 44 i i _ T .
siing BEEm -y k ; 7 m wl%.TJi ! L4
M BUEEE i 1 ] . - BT BB RERE e o !
1| et et e e e e ReaRn “_
5 § 4 | N . “ +
,wr -1+ . m h C “
i : | T -1 + | i }—{—
L4 4 NS . [ I - i
T f 1 T
Y !
i._.;)bvf ..»ﬂ i “ 1
i [ 1 H 1
%f‘ - L. - + _ _ B
b £ L ' ~ : Her —}
m : ‘, 1 I 1 : ' — _
it e it s N o, BRI
i _ i 1 T
i_.il. - s i _ ¥
ﬁ ! m
4. 4 i ip
| ey
4 S T A
~ | -+ u f { - M_
H |
i ! :
i ! N §
i ! 1
o i ~ “
t = 4.4::1 o - ._
|
i
g b
fed g e
{
|
. |
H . o M. . N T T 1. Im t
1 T - —t - H } i I 1 A ——
113 1 N - F " T + -+ ] M,@Hzr : u T -—
¥ " u S VR S, —u- -+ B
ot TL i i st - ] _ - e i - e
2 8 ek = = B = o mmma
44 1 : t + FL ¢ H B} T — T e
58 5 das sonmas - T S AT -
» g fo + Y . I & A b dgy 3 B _
i ’ ' R SR S T L : BRI +
HH i 1t B S ST [y aneer b Tt
RERE 8l A Ju 1 - 8 B LS tae s o RRE E RIS e .
7 4+»);Tw -4 .. -t 1@? R — - i jer. ek B — Ill_,.f‘!.!l. 1 Bl .u.:. T . qu...bv;quw._.lril _.— m 2 4 e
- ‘w y M - 4 " 171 T .* + t b ey e i - R L
Ly lr;ﬁ Lt o] d_..v.rq; SR B b 4 4 | ] 1 _ ¥y ' .n e v " - " H t - —
A T Loy [ it e R R inm - - -
—.l_jj‘.:., i +- b .ﬂk..w. -4 i *;J_‘ : i.‘.;—l_lmr [ - m.*.w;x : t U —
bod g RE SN 1 J*T.l; ! it ~ H nm'i_.l.l | HEY o
o ; ) L ! RN AR : B ]
'} ¢ s b H L L 3 1 i T A_.I...........L.qu-r;]n B EE - 7
5 L_ ™ t T -t t ¢ e . ‘ v I i . N r - —
:". — LSS RE R ok o j}i.. 4+ i fp bt f.lr . - " 1 “ .m 3] i - i H M ﬂ
' I N S i +1 i i L Tt 11 0t T
i 1 il it 1 1 | i !
i i Hy %.I; BERE T T | RER + it
T T SRE SRR N e —f i - ! L _ T t
- ) " s _ | | S ERERR B T T T f
- 1) 44 + -+ . el . b [ - ;
v e ! w - .L,.I_IMJ - TH,} “_:.Aw TR i SRR N - [N i -+ -
1 : o q S fosax ARRE adbha Homm i hnis amand B n - - 1 e
| S i chiMossud R RREEE ol eool IR AR ERd SRERCEEEES Do =+
I Li e v i T
1 24 gt e i B T o o s T N i ¢ g -1~ F
- ¥ -} - [ . e S R N O + - —+ —
: . —_—t Y . e RIS NS !
it S8 i e R e
w JT T ¢ m ] : _ 3.
+ et L0 IR RN S S O U [ DU 0 R VY O [N N S S B il 1. - + 1 i1 ; I
1t Aty vr__.x 44 . T3 I*w!rt — m | i - -
4 |+ 4. 14 444 - o LU - 3o _I | :w i ¥ L“ !I-...“F...w.!. B s b R Do Sl S S S U —
} _ 1# Y il.?.nT..r?YJT!r..ruL..! —— - -
“T;”.. ] ~ b - et g B o J_...wl.ﬁ o e ;
Saas H AT T
. I S Y : .._ﬂ...i_.p_ 4 R S e ntot Lo
T T >
-4 M | N -
NS SRERE R f 1 ¢ T T m ;
1 1 : . - —
i - { i
T — i T
- - - A
i T
L
1
H |
IR EEN m ;
- S F .mu
-4+ 4
1_2 J _ ! m 1
| T _ !
ﬁ — ) . I3
g
1
: 1
] |
- ‘ |
. 1
!
§ S
I
t
111
b N _
T T _
R A A 30 N " T e - P -
i 4 4 = , AR 10 6. O 5 0 O finy T b S
4 D e i i - L . _— HE i ] —
it . SREE e [EHE SHESR Sawma pp et
-4 1 1 - rn.r.....:rj“‘JInT T = - —t — % . .
- N . ﬁr RS [ 3 1 =¥+ — 11T + - T Pt - 4
» Al o +— — - IR | - T + et S,
4+ -4 — L b o - H = Tr T 1T B 1
2 ) + M m : : SSNA SRR N > — - - -
o - e o o Wy By ¢ o PPN — e i - Iy : *
IH.L_ B 3 m + T A..H T i —t t T — s vy U Sy S
e\ - + _ H I 1 AT T TIT i
5 . | A _ T A
I RPN § - A T - 8 I N~ HE |
R B et : 584 REany Linw ] 4 . : ————
b+ ey ‘m, P - 1..W .w_ 4 f T Ll T 1 . i
IR 1 r.x;L. ..._... ] — .?.‘TLI‘.Lu |Av.4|4 1
Inah + 1 12 | Nugas ¥ g
uan! -1 T ; I I
R A A e e Iid r e — 10 L ! Al
- 1 x Rl i il I S = :
8 ‘_w. i 1or ' o " > e _.1 3
-k . ¢ y bt
I T R4 ERREE RS -
H T inl — SBAN} RRSS N : .
le—.\.&i_.; . w. q». L HIR 1 i I.W 4 d -~
g g sanpt |
L i 3 =t 1 .
i B . j B BEAAS NN RASER|
o S . R 1 LS N S wz M n - Y : *
e ,4+M+A pootetee 1t - 11 - ! ,E_.wﬁ,ﬁ. SR g 4 . ! :
if T enases | 3 R T Iy EES
{ - A S PR T 3 NG SWNSY | B : 1a
i : i _ e 7 - - B S T 3 — v
e e (i r;% ; ..Hx P 35 8 ..w!._ﬂ Im. i i Ew{ 5 A e o % T “ I .“ + 3 —4 =g —
+F -4 4 Fode fot - e i ot ey g ALy . L INEnS B e -+ 4 e B T o L
SEESS SNER S Faayataid San R b wm mow RS SRS RS & ST —+
' + rog—t- 9L " 14 S . 1+ ¥ t o .;.H o h .4,.._ YT H .1“1'! -
5 30s Audds uumw S Chsia tnans e : i8s Baang b 53
. - - - NS BREN!
Sh ety - poobd e - M PHR N SN -§- R e
U: -1 1 B RS e O SRS RS S § ] T Pt by -+
-1+ 4 17H w 4+ 4 cg + 4741.!%}! et - 4 } 8 ‘“ B H —-——
SHTSN b -yt e ..;”.l. |w- A ._ai».t.«I..v wlz 4. - L B
. } ‘- o
_ it m ; T i 1
ﬁi b A e et b R il Sl el —1.41.1) Bt S b ook e il S —4 -t P
B 11T RIS " T ) i r._...‘*ll_n,l._..u..‘|1[.|4.l...| - 4 o
[ — = — ) A 4 or . r
j“x:.r%n ) ] -t w 44 % .MI M . t
-4 - _— ST T - 4 1
) [ i Baasd N 1 ENSRS i ;8 _
1) L -
- -+ —t =1 -~ : i m 3
- - T bt - BN
i “ m. 1 1 A_T. 1 - F— ~——
A!...%JL i3 +- - )
b -l
- + +F - m _
4 i T
44 §
Y- m : '
i ! - ~ . »
04 11+ 1
- Flr — e S 1?.& T...J—;
n o
L]
) l T -
Yl.l..ﬁ
-+
=4
- ,__‘L.]l
4
Q N |
||| olllle N I N sl illeli]]m o .
. S— 4t Y Py FaN 5 2% N
=+ A 5 F R W N S - - = R

10,0 f
1.0

°3987 Ul ‘umopmeip = S

0.1 -
10°



p y na v ’ A4 o Ny v o T e L M M v
gy » - » — Ag T oy | S C | C S | S
- — ; = T T T re—— S99 00001 LSS ARG 10682 ABABE BREE i it il R DR AR AR S R R S S S e e S e T B * b e o ®
T .i IBAE ERRE ﬂHAM MRS RRANE RIS J__HH . M .m T i m 4_ H L_- _ﬂ j - A e o e s e bt + + + a— + _ﬂ ! i+ ,J M _ MJ_ T H. i B MMﬂ T H H h : H er ; : + Ly FIJrIi.fl.lTu.lTu||+.-llr.erL|.¢_rl.r|Lil4ll.{. R M W S + H + i b
1 : : H H " ; -+ -t 4 i i . : : ! i , ' I N . — +’ e e ' : ’ . i ! . . ! :
I e A } 4+ =+ + + + w t .w +—+ — MR T 1 N | | N :.rilikfxfriqi\fif.lfl.ﬂlIlll*lﬁlirllﬂllLvifill -+——4 - g+ + LB TH+ H 1 wq. 1 , + 1 M 1 L J i i ad. -+ S S R S G S U N - dhw + " +—
b B A BARE SR + - j o ;N | SRR i DS D S SN SRNUU I V5550 SUUE L0UTE A ey ++ : + gttt - +— —+ b e T T . | e
A3 SSEN 183 28 95850 R0 R AN i i i IT|+|+I —+— + 1 T T T T T LﬁI.IL i Jl : . : Prie _Zﬂ 14 M il Pl i 4 4 + S — — ”rrlTl\!-a.Lll!..‘lIﬂIL..lJ.:.T. bt ey * e —t——y—
PR SR e bt +—— + ' T . L —t S S S PR S U S T S e v + + g IR IRARS RERE * 1 T P JB ' : | L [ : b : i b S - e e — -
AR 0N 530008 55808 P Pl H N H +— T B ™ B T ; b S | ! i Pl PREL j! { ot - + 4y — i et T 1 ' X ,
2200 00n0e taRasasASY EER RS T adia 1 il + 4t + - e " i o 1L ! — . ; 4 i —+ - } R e e e S B e B SR S
1L [ ] T S e P T . + T M T ' R i - FH i M HESY B e ‘ — re + + ¢ + T - 1T H ! ) : J , . N N . R .
1S3 89008 404850000008 NI0S0EEREENE RN i +—4 +——+ + et 1 T T T . 5040008 15R080 I ; _ + . At~ + —t S I e Sl M S e e e o MRS
+ FF 4 i 4+t ¥ » K ! ' i . } . — . — + ' + * T T . : 1 4 . : : . . : H H .- — S —_———
900 §5090 1HE04 2001 96491 FTI RUSSS NEDH NEEE 1L 1 P S S et e IS S NS SO BAL 0401 IL0EE0A01 IR UR ABAN SINEAFISSEE DEEENEEEEEEEE T e e e e
; it + + + + : 4 et + + ; K ' . [ : i : : b end N S ———t A + ——
T 1 MJ 1A + Jqﬂ i T | Vq MR , i } + =t i wll!.f...i!.n T 5 QD sy ullqﬁ. H..I-l 1521 1888 T et N - i i G et ST UUNP S AN S —t r s J_,_.LlT.T. + — - T , N Hﬁ
3 M b M + T H . i : . H L n P
1 1 spe p g seqpos; R= [0S ) g S - - — L.IlL. e .»ﬂ H 4 4 1 : + + ! f T B ! M iRl B L i Ll g “ Bl . RS S N + ; ¥ S S S S —t —. A g SRR 4
+ + i N l " + 4 " - ' > " M ) ' ; | Py , ! ; 1 . :
[TE ]! 888000881 — H + + ——t——t ! T v . L ; l | ! " +—4 + -~ |.4.i_fillrll;Tl.Ti+|T. IL_|111.4,14 —p—d— — Tt —
+ 308880888 188 T : : 4 ——t- +—+ b A ! Ll ; I i 4+t pd At B S s ey S S + - —
! ; Lo : -y v + ¢ ' f :
+ + ; HH -t i — 4 4 4 - bt +—t o + 1 ! : | | ! — & , i — 4 + + —+ ’
T T iSRS RAREEREAN ; + —1 o T - FAN S HH 4+ + — 1 1 B I , ——e
4 + 4 g + ' H i S " 4 4 + 4+ . h i H ! N
; _ 30888 1850458800 A5ASE RREE t - t M B A T A N A _ 20108 4+ gt 4t 1t R 1=
. . — — + . , — , ! S , ! N + ; 4 + ¢ ' _ . M
T 1285058 0008 1585810 RN EHUGARRERE B! ‘ st + EEN S i S S R RN D ! L ; ; ' y + —— —
r b4 4-++ =+ 4+ ’ T i ) i + H ; 4 s e e SR e + T T 1 . . +
. H L - & 4 - ; + * ! . N " -+ — .-
: b4t + A BRI + + — T , ﬁ . I b ‘ t + . t t , _
' ’ 888 BRI MO BN T rrr T 4y T HE T .+| 1 i H -t + 4 4 H 4 + — +
-+ , -4+ ++ 4 —+ N . ; . 4 1 , i ! ! { :
i 1B I J s B il i + + T : 1 w i N L + < + + —— = Y
} + + -+ Tt i i : 4 + IR ' i ! 1 . . i
Ty i 1 N ' i - 4 4 + + - .— 1 n 1 & P e — - + T - H
2 M» + 1 i ) LB B L 88 N i . H T T T H L H i _— o) pmp— ; v
i ! i 4+ — I i . g T 1 : i ' . \ : N
55183500 1380088888 . *8 T . - e _ . ——ty B e S e R T e R o T s SIS SN S S —+ ®
H H n & v . - hal T v | i . ! . \ 1 N . . . i i H . N
00018 d a8ab f ; W + 1 T ! h B 1 1 e s Sk TS SRS S JU M (e G SHR S IS A S DRSS N SRR .
t t Z e M + + | ; } i o ’ A T iy WS G R S S o T e S o A e e S S
-+ +- i i + r T M M | Jx t ] § ' ! > : PR . h - i .
TN ; H . +——1 1 ﬂ SR R S Semral PR S S S S H S
\BaE S D8 i N i i B 4 + T | | L L 44, —— ———t—t A A e e S S S S GO |
L1 i i - ' T o v T - v I o . H ' . '
4+ + M*. ! ! H. MR H H | — + T T H i & + % m + . }- , -+ J . + -~ EERRT #ufl#‘flkilfllrll&llﬁll.l] ;
W Lurﬁ T q44 v T Mrw - N ———— ! T A.‘. _— 1 . R S -t L + w + - o w At + - . ; _ - L
N i b b : 4 + + T = + —+r ' X X \ K K ' : I+. ; J : 1 H 1 N ! i
+ pww. rt —+ W ! : _‘4 + ' H 1 —rd i H 4 W it I - +|I4r.lﬁ.i!+li4ll|l.+ln.._l. - I.H.|._T11.T|1aJIL ' .—1 ' H X + + +
N SN 4 + ' —i ; , et : i ; : : Lo _
158501 HOR R0RAA B! AN T . + t , ! _ i e ﬂ _ + +— DN SIS ARG AN S S ER EE t A_ o -
T T T TN : % f r f o - ¢ —t—t et D S N :
Fu oY FUEY SE it —4- P ey + H " - Y i T | [ i N N
* T LR LR oy % T i ) H [ 1 M ‘e — .
HHAISN0 100 RE0NE SRREEAEEI e ' * T T ! i + 4_H + : +—+—+ i el e E e R S i .H!l, M .
> » p—y - N i - 1 | ! H —— e —_— -— + —t + - + |
..k : hMH MAHA .:,H B8 i bbbk 13 4 * H v H | } - w 4 -+ 8 Tt + e [t et MR |H - M H ]
+ -1t =+ S ! LA B ™ " i —- B 1 \ H M | . 4 i + 'ATll.L.‘ R e e + ' . 4 +— L’JI
i a0 NN ——h il i - + + -+ + T +—+ —+ T 1 ' ) ' R : e ' .
t A\ B0 1 T HB . X i ! - — —— . I : + + + hamniinche, mtle aeutt SSEE S Lammnt o -+ |..I|4. 1 T——t ™ T I
| 1S54 1881 —— et 4 . ! , Srommaninn nbns & -+ T M T , _ IR ) P : L _
AF.quﬂ“. _,aim H« IR : { 4.1 ] | H H - — L I A o+-||||4!..l.ﬂ . - e  gua 1 + M H| Y + + T
e I SRR SN + + ‘ + , — , ’ ' : ) ! J ! I ! . { ! ,
- 18 R ARSE RES t N + v T Lo e — e OURUEY LU S S N S T —d —+ + + + 1
JSTRESHN 1008000000 801 T j | h + + — -t -t - b e AR
\SRE B BEA LBS RASSS S |+ } 1 T i B ~||M O W ——im + Iil- II-LLJIJI‘%%JF + + . + + =
] Ll N bed H T . H : i .
HHHHH SSRSEE! ; i . +—t } T ‘ -+ et i bt 4t +———+ —+ 1 ffIL
Ll il i Ty s 4+ -+ 1 T M [ 1 . i | 1 |
ISARA IERERRARAE RS NS BN T T Ji Il 4 . Ll I SN WS R } - - q +—
! H» Y DS TS il l " +—— L - i M «.%_. + —t — thi'.i.!]lfiti.l%li v ¢ M N | + i i i
\Ease sases maas ,«H<< B ' T T 1 H H 4 o PR P . ! " & |ﬁ| + e b ﬂ p——h y " Y T n g T T
. Ao e e : et + ‘ _ P ne , v ! v ' '
S05002950 10000 00838 DOERT RN - 18 [N I JANENNES S S Y NN SN D 5 O + =ty o
U S ETE YU Y Fy & p— - s + 5 T * . ﬂ v f ' K ! . N
21 08280 11882 ARRA IROE BB j i M l ww_ ' —te s + -+ -+ + + e . 4t i -+
IR I — e - " h - L + | + A - ! T ' T ! ! . i H | 1
H e LERAS B T + _ H _ i l H - +——t + + - ~+ -t 1
ol s N TUUE + L ! i r —4 ! ) T i H i o
1ARRS RaARA M2 ﬂwﬂ H 1 + T T " | - ~ -+ A SIS S . -+ T T
. e Mr ks It -+ + ’ i 1 t i ' [ [ IH N N n H
T L H Hﬂ« i i ' t " n I i 4 + - +| +— + e e S Em T T e T
1 . L i s . v ! v ' ) . J N v
B8AS RARSE aan T d ' 1} BB 11 4 i . ¢ + et + e T S + — -+ M
b H + + + —+ : o ; :
pri Y Tt _ Tt f ! ! I AR T SN SR U SR AR AR N I TR
idblill. i - 4 . 4 1— t 1 | ! ; o N o i H o
M :H i M i | ! L 1 - 4 -+ + + -+ —+ 4 e + —t— 1 + T
i N i + + v H ; | . . ' . —
- 1 L : f j ) | i - g e e + b e e ey + t I8 1
IR T ' N H ! i 4 ' ! J T )
eSi 13881 HESE RS HH ¢ 4 T N S ety *
adii — & " ; LD atnin . 1 .
538353588 15080 AN 1851888 t . T naaEees - 4 NES SRR S R B [ o A 0 S £ t
D! ! i H " + M 1 . ' : i
.«rni A Re o 1 M H A A ﬁ 1 | i Rl i ! | i | i . ) — - + i .|-..+ll|£v|.....|+l -+ dh e e e + + + + LHr +
! T N —+— t ! ; ; L . i ;
- r++ I # w T 4 + BAERE: + T T 4» 1 : { 4+ + e |.+I|r _ ; i i 17)1 A_m. : + w r + +
. $—+ ++ + + T [ 1 i ! i “ by i S B —
i ¢ i : i ' — st — ‘ - T R ot T S —
+ + + 1 1 7 . ! . i ! ) WY n RS | de - -
M + ! DI ! ; i 4 - $ i —t — —+—— ISR
_ﬁ 1 | “ ﬁ | . ) 1 | ! H 1 i i I 3+ 4 w.|4|u|..r + b + 4 +——t '
: ; : + . i T 1] . ISR , ‘ IR } PEENY o, TS
N | i i _ L 1 4l bt ' A et — =ttt I 1§
‘ A -+ ' 1 oy | . ) | 1 |
' +—+ — 1 H N L + fm — ~ e + + +—+ —t—t + i -
- } 4 -+ + T H T T LI , -4 — b e O - 4
rr M T i H Y . 4 hi||.||||f|].f-....'l&.!!:..-q 4 ..—P| ' + + -+ t t +——r T
J N ! + + T H LR N po i | I 4 b ‘ :
¥ T IH 1 H - t 1 - t _* ’ s o #J_ |ﬂ| ;«\wr -y P > - 1
| 4 o et i > T , ’ | . i
et Tt ' il ‘ - it L ssasani ‘ 4+ _ f——+ <+ —+ ettt +- - + o
ISE00 T - ' ; J : o H -
IR T _ + H ’ T N —t 4 - s e e S e M m + i +
SOUE FRN B $ + ] 4 : ; L i C B i i 1 +
08800008808 ' - ! ' B e e S et et gy et Pt
- 4 +—t H i -+ + M Ji i ‘ .z L A b 4 -
AR T i $ -+ 1 f ! 4 - 4 —  E—— - - e e am— ) -+ -+
i + )| - $ + 4 T . 1 H M : H ; ) : Jﬁlh i | N i | i
LS T T H | 1 H ! l 4 4 -’ $ b 4 + * L g B aman ” Y Al M o T
| H 4 + IR A n + ’ * T o ! 1 ! | L) Y P M Iy + -
RSN 088~ °8 ; — t | ; il _ r—4——+ - bty T T | DO SR
ia T ’ 1 : : . i
-t ¥ » ™ T + : , 4 A,IFIT. — + + — w. ++ : ) ¢ | ) i
il il -l — + ool } A O ] , +- +—i
ARRSE &8 * T Mﬂ H _w i | - o1 m - T - + 4 ' L.Iuﬂr 4 —- ’ * 4 ¥ Y
e ¥ i 4 H T : L [ i ;
T o ST T + ! 1 1l g - — e T by +
JSare B Ll idla i —4 + i 1 \M ' [ . F R i N
SRS BB T 3300800088 T | + “ + -+ b 4= e * ™
i i —bdi + i i
e+ (S SRAENAERESE B ! B ¥ + T — + —- + + T+t N
N ;,. b FF. - N i H 1 4
il = Tt ﬂqﬁm T M L i 1I|+IL||I+II114II[f+|Jt| Lt - ] w + —
PETE BN i+ 4 4+ H | i | N | L H i S TS S N S —+
T | 3 , + . } + . —+ b — ot 11 T T ! ;
oY L - i ] { 1 i L I i 1 + -+ +
044108 T _ ! - 1 : P B S S —+-— _
eSS S 4+ H ! M 1 | _ﬂ||+ ey ﬁ - - et -+ L,1| ’ +
35 fReee . . ‘ ' Y _ L ; P “ ,
opors 4+ »lwmﬂ B EES T T s _ ; — 4 i ~+ 4
CoifT L oue SEESY BEWN i H + i H _ T S i
84210888 RS 1 B IR T H | I ! R ! e B e e s + + ———
SN & , | | Lid 4 H g - o : , J : i i n e } 4
1+ ; e T ™ T t i ||+l.||l.ﬁ||!1 Y RO -4 ¢ , +——t +
. H 14 . S 1 -+~ -+ v AR - A : —
HHH . 55800800000 AR08 + | H ; t . — e e + -+ , wllwluriil_ :
\B4S 8 0 1+t «M ™ 4 X , ¢ r— vin pamanp e o -
: i i T - r ] ! _
+HH-+ 441 + ! H P 4 - — +—— + + + @
i i M L + : T : | IH. i H 1 H N .
Y | * $ T _ + 4 ; + - + —r— ; } '
! - ' ' H :
e M 1 I ! , <4 e + bt +—tt
}R8E B ; 118 : 4 ' H w i H T i ; . 1 Lo N - i 4
-y ' Mq T 1 1 N t m W M ; L"I..rll - AI.LTII' \S + T 1 M
. : H i i i ! b H ; . I
|+ ' + Hlﬂ \ 1T M n : N L | i -~ ' + +
L i ] 1 i T T 4= -4 j !
1 | 1] i1l 4 i + e - . 1 . " _ i
LR85 SRSl MERAE B T T, 7 T 4 = + Ll!liwlr!-l. ' ¥ —1 v T
‘ e See i N l — 4 t ; : , | ! . i
oL, e e oty n . + + +
t SRS BPEEE A 1T A T ~ H - —+ _r H i T M
; | 4 + ] : : by . - }
8311500 H1ESaRE AERENERAN F » J_ q H 1 S DS S 0 05 08 B et B S 8 +— X
w>+ + + ++ +——++ + _ L—v 1 4 } + ’ i+ifa-+|.||¢...|-.rrr1|s_||+|..f|n ‘rl...li.f’fr.. -+ + e IM
ol J -l + + t § wﬂ 1 H H ! " . n ' 4 .». i FE S S P ll.”.l -
HHe , _ I + + * t * r 1 e D M Lol ,
+ A ¢ T Y ! - 4 q H " a4 N -+ 1 -+ él...l+.|l
el + T .Hu T M . +
' \ v | o4 n -
L ; b idd MH 4 ' -+ T Y T :
T I8 S80S it 1 : N " — . ¢— —
H 4 FeuE SEW $ ~+ T v y i Ih — —
: °H 188 ! 1 e + e i ——+ + i ! i
: et 1 ! ; . ——y + T
H - ¢ - $ ; ' v . 1
H -+ 1 A58 sRCRNEEE: ! | } } " i - +
Y N i 4 M + + T r T H % e |
1 B8 i —t M . -+ 4 + + *
! Y l
+ ++ H+ + T + T J T P | il + L+
: j 11 H It 1 n | M L H 4 + - .ﬂ R Y T Y ) B ' n | i
8 50800800081 SRDS . 4 QI 1 N S S t . : t +
' S Rmea s me o ﬂ 4 + r M Tyl i | : + L + o R e . [ ®
4l T e ’ " i M . 1 L i
+ L T - ——t ) —_— [ S—— +
2850800 SBERS 008! 4t k ! i - ! T —
_ 008! 4 T . 1885088 {-+ +- - - 1
=1 -t t " + Nt 20NN 1 J S —+—
i H 1 | i N N W H ' i i e
— _ \ B I H ﬂ T T 1 BN M 4 + I 1 J— t t ' 1 “ i . .
oo p T il “ + T | . ot —
i il il . ] - X : i3 i
18N TTITErT 0T M H 1 ) ! L - b Jp T J RS
H . | i N 1
'R 10 1] + “ ' s q__ m 1 N 1 4 M ¢ b w
+ + . 1S B T M 1 ! L H + - + 4 —
8 Ly ! ' : i+ -+ T : T B LT Ll Lo + }
-+ “ 1 T ﬁ + _ T V — . _ + —+ s ¢ +—
+ } t + s I : ll.*mi + 1 + i M i - Bl e 4 oty - '
M : i . +* ooy i
ﬂ b_h ) MA T N I | M } d. w IR M T 1 ! O H I 4 - —
+ + ~ . . M g -H Ml M { . . b b - ; . + +
i 1 i i N . ' |hl i 1y e 1 \ 1 L1 i H 1 i ! i 1 | 1 i (
; - + w 1 v T H P - 1 H + .«r w + ‘e b +
M M : H M b d ——— g : fet- ' t T T ! H i 1 4 +— ; i 41 .
138 88008 } T T ) . o gl idd s + : + 1 T A
H Tt i + — —t 1t | 588 .l i SN W ——y——t
[ it loii iy o ji L | - .l } + t _ — N
\BAR 1908 SRR B i 7 T i T ! - it + + | L 1
oW il + i 4 4 i . + ‘- * Y | T i H 3 R I - } 4
H - T T ! ! J T R i ; ] i ; + +— + ! Tt T T 1
+ + ¢ + + ) ; —~ —— H R _ + 1 t ! k D + —
T Wb 1 I , { - ++ N } it i | ) Pt + *
+ * N "
L 19 1388 i I = 1 | i 4 | ++ - + bt . ; { IR
1t In + S B T V1 it H i\ —t t ———ee s -— ' ~1 + M
+ + t T T ! HE! -
JUEB Y : + } ’ > i T ®
: M ' 3 + i 4 Il v |
4 t v o
H T ¢ i ! .M 4 H ——
I T 1 4 A — + 4 -+ Y _ H i ]
« . i } “ T \ N N + T
J w - .lT|+ 114 T ' ) — "
T | \ ' ' N L L Y H
4 1 I mi t -t 1
- 14 ' , IR 1 M <4 e d .M 4 T
] L -+ + T
4+ ++ v T : 1 T i o L
JHIH NN ¢ - + M U
—— - — t 1 T 1 J - ——t -t g -+ T +
| + -+ ~ ¢ N H E _IJ:rYIH|
i T | 111 4 4 } 4 +- t T * A S
i A..— H T T T T T T | — - b . e “
T i . t N ! ! i M _ : } - — -
f . i ..wﬂ w + =t M b
L .
’ ' i ! T 1M H ..rﬂh + ~ i T i M. i
M T ._m H 1 1 T A 1 +— - —r |H H.
+ % Jﬂ ki 1 1] — M Fe Aw‘ + ¥
b o #« « h 1 1 H h
T 1 H .H. N N | i w_ - i
Y . : + —} + Y
4 L ﬁf 1 ~ »ﬂ oy ' . —— . -+ + + T T ' M
+ t + + + T * i T : N . — e ——t
. : j RS 1 Lidds 4 } et + f T
T H + T 1 T . M : T ! ) - N ! P
+ : + - t ' | |
T ' i T 1 i .rp —t ——— N
1 i i ] 4 . . + 4 ? : H T b i | — H 4 ,
- _ . T D M HI R0 6 asaaneaN i t _ A 0 NS O 0 S _
4+ t + [ . H IR RN U R S S bl .
JS8I J A I8 S . -

0 o © ™ © {9 < M N

= o ® N © N N m N .ﬂ
00T Ol

eusdaq sugdund eduls sSAep Ul OWFJ]



COMMISSION: STATE OF MICHIGAN

JOSEPH P. RAHILLY
NEWBERRY, CHAIRMAN .

DONALD B. MCLOUTH
DETROIT

RICHARD H. FLETCHER, JR.
. BAY CITY

HAROLD W. GLASSEN
LANSING

PETER J. CALCATERA
NORWAY

ANDREW B. CHAMPION

WAL S OTSCHALL DEPARTMENT OF CONSERVATION

WAYLAND OSGOOD
SECRETARY P. J. HOFFMASTER, DIRECTOR

December 28, 1949

¥r. Olaf P, Senkins, State Mineralogist
Div, of Mines, Dept. of Natural Resources
San Francisco 11, California

Fellow State Geologiste

The attached Technical Report #2 is the publication
I referred to and promised you at the PSan Francisco 1
of the A.A.5.G, With the possible exception of a recent report
by the United States Bureau of }lines, which pertains chiefly to

949 meeting

STAFF:

FARLEY F. TUBBS
EDUCATION
DURWARD ROBSON
FIELD ADMINISTRATION
F. A. WESTERMAN
FISH AND FISHERIES
G. S. MCINTIRE
FORESTRY
H. D. RUHL
GAME
G. A. WALKER
GENERAL OPERATIONS
G. E. EDDY
GEOLOGICAL SURVEY
F. P. STRUHSAKER
LANDS
ARTHUR C. ELMER
PARKS AND RECREATION

S. G. FONTANNA
DEPUTY DIRECTOR

R. C. MCLAUGHLIN
DEPUTY DIRECTOR

water-handling methods, I believe this is the first report of its

kind in which is discussed the geology and hydralics of ground
water movements through both man-made and natural underground

workings. The conclusions are necessarily broad and generalized,

Many factors are as yet unknown. However, the study is teing
continued in the Marqueite Range, and it is anticipated that
future reports will be of even greater value to geologists and

engineers working with problems of mine drainage.,

Sincerely

, <

GEOLOGICAL SURVEY DIVISION

¢. E. Bddy

State Geologist
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