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Appendix D

Snowfall Data

Source: U.S. Forest Service - Ely, Minnesota

Date Dgpth Estimated_Nater Content
in. .

1960 40.2 4.02

1956-67 67.3 ' 6.73

1955-54 91.5 v 9.15

1953-54 79.9 7.99

1949-50 128-0 12.88

1943-44 53.6 ' 5.36

1977-78 | 21.74 5.0

(Mar. 31, 1978)

Usually the Forest Service assumes a 10% water content based
on accumulated snowfall. On March 31, 1978 the water content
was 23%, giving water content of 5.0".
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Appendix E

Precipitation Data for 3 Watersheds - Phase I

Precipitation Events for Northeastern Minnesota

Data obtained‘from weather bureau TP-40 and TP-49.

The point for determining precipitation amounts was midway across Lake County,
directly west of the Cook County, Lake County and Lake Superior border inter-

section.

Determine point rainfall amounts for the different durations
and frequencies required from the isopluvial maps.

2) Apply the depth area correction factor from Fig. 10 & 15

3) Determine the rainfall increments

i) Rearrange the storm about the middle of the time period,
oscillate the rainfall amounts about the middle value.

Procedure: 1)
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FiGURE 15.—Area-depth curves.
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Calculations for 10-day storm - Stony River.Watershed (180 sgq mi)

Precipitation

Correction Corrected Change in Rearranged Storm
(Days) Amount Factor - Precipitation Precipitation Days Daily amt.
2 year - : :
1 2.140 .018 2.20 2.20 1-3 .10
2 2.85 .938 2.67 A7 b A7
4 © 3.50 .953 3.33 .66 5 .20
7 3.80 .956 3.63 .30 6-7 .33
10 4,30 .960 - b.13 .50 8-10 17
10 year
1 3.65 .918 3.35 3.35 1-3 .33
2 4,10 .938 3.85 .50 il .50
it 5.05 .950 .80 .95 5 3.35
7 6.05 .956 5.78 .98 6-17 L8
10 6.85 .960 6.58 .80 8-10 27
25 year )
1 4.10 .918 3.76 3.76 1-3 .39
2 4,90 . .938 4.60 .8l 4 .84
Y 6.00 .950 5.70 1.10 5  .3.76
7 7.20 .956 6.88 1.18 6-7 .55
10 8.13 .960 7.82 .ol 8-10 .31
100 year
1 5.05 .918 L.eh 4.6k 1-3 .51
2 6.10 .938 4,72 1.08 4 1.08
4 7.50 .950 7.13 1.41 5 .6l
7 9.05 .956 8.65 1.52 6-7 el
10 10.15 .960 9.74 1.09 8-10 .36
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Calculations for 10-day Storm - Partridge River Watershed (130 sq mi)

Duration Precipitation Correction Corrected Change in Rearranged storm
(days) Amount Factor Precipitation Precip. Days Daily amt.
2 yeaf
1 2.40 .925 2.22 2.22 -3 .10
2 2.85 .943 2.69 A7 0004 A7
4 3.50 .953 3.34 .65 5 2.22
7 3.80 -958 3.64 .30 6-7 .33
10 .30 .963 by .50 8-10 .17
10 -year .
1 A 3.65 .925 3.38 3.38 1-3 .33
2 4,10 .943 3.87 .49 b .49
b 505 953 . 4.81 o9k 5 3.38
7 6.05 .938 '5.80 .99 6-7 47
10 ) 6.85 .963 6.60 .80 8-10 .27
25 year ' L
1 h.10 925 3.79 3.79 1-3 -39
2 .90 .93 L4.62 .83 &4 .83
b 6.00 .953 5.72 1.10 5 3.79
7 7.20 .958 6.90 1.18 6-7 .55
10 8.15 .963 7.85 . .95 8-10 .32
100 year ;
1 5.05 .925 b.67 4 b, 67 1-3 - .01
2 6.10 .943 5.75 1.08 by 1.08
4 7.50 .953 7.15 1.40 5 4. 67
7 ' - 9.05 o .958 : 8.67 1.52 6-7 .70

10 10.15 .963 9.77 1.10 8-10 .37
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Calculations for Daily Storm - Filson Creek Watershed (8 sq. mi.)

Duration Precipitation Correction Corrected Change In Rearranged Storm
(Days) Amount Factor Precipitation Precip. Hours Hourly Art.
2 year
1. 1.05 .95 1.00 1.00 1-7 .01
2 1.35 .96 1.30 .30 8-10 .10
3 1.45 975 1.41 A1 11 .30 -
6 1.75 .98 1.72 .31 12 1.00
12 2.20 .98 2.16 by 13 a1
24 2.40 .985 2.30. 14 14-19 .07
10 year
1 1.60 .95 1.52 1.52 1-7 .05
2 1.90 .96 1.82 .30 8-10 .13
3 2.20 975 2.15 .33 11 .30
6 2.60 .98 2.55 R0 12 - 1.52
12 3.10. .98 3.04 .9 13 .33
2l 3.65 .985 3.60 .56 14-19 .08
20-24 .05
25 year
1 _1.85 .95 1.76 1.76 1-7 .05
2 2.30 .96 2.21- A5 8-10 17
3 2.50 975 2.4 .23 11 45
6 3.00 .98 2.94 .50 12 1.76
12 3.55 .98 3.48 5l 13 .23
24 .10 .985 L. o4 .56 14-19 .09
100 year
' 1 2.30 .95 2.19 2.19 1-7 .06
2 2.85 .96 2.74 .55 8-10 .23
3 3.00 975 - 2.93 .19 11 .55
6 3.70 .98 3.63 .70 12 2.19
12 4,40 .98 h,31 .68 13 .19
24 5.05 .985 4.97 .66 14-19 11
20-24 .06
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The precipitation bar graphs have been taken from the SSARR listings in Addendum
3 of Memo 155. Using the appropriate listings the data can be found in the
watérshed basin results. The precipitation amounts are found in the PCPN
colum. The runoff depth for the time period is found in the RGP colum.

The runoff depth has been determined by the SMI runoff percentage and the depth

of precipitation.
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The precipitation pattern used was from Isabella and Babbitt during 1964.
The Stony River and Filson Creek used 85% Thelssen welghting for Isabella and
15% for Babbitt. The Partridge River watershed used 66%Isabella and 34%
Babbitt. Since Filson Creek .was computed hourly, the daily value was divided

by ‘eight and evenly distributed between 0900 and 1600 hours every day.

Day of Babbitt Isa Babbitt Isa Babbitt Isa Babbitt TIsa

Month Feb Feb Mar Mar Apr Apr May May

1 .30 © .02
2 .05 .16
3
4 .03 .15 .14 .20
5 .35 .33
6 .06 42 .76 .94 .36
g .01 .06 - .09 .18 .. .66
9

10

11 - .07 '
12 , . .36
13 : .19 .70

14 .11

15 . '

16 .05

17 ‘ .05

18 55 .53
19 .09 .01

20 27 A2

21 .38 .33

22 .11 27

23 .06 .02 1.74 .80
24 .12 .32 .04 .20 .22 .66
25 .02 .05 : :
26

27 .03 .83

- 28 40 A7
29 ' ’ .10 .34
30 ' 2l .29
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SNOWCOVER DATA

Recurrence Total Seasonal
Interval Snowmelt Runoff
(years) (inches)
2 ' 3.0
10 7.0
25 10.5

100 : 17.0

From Corps of Engineers maps - same values used for Stony, Partridge and
Filson Creek watersheds.
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Appendix F

" Frequency Analysis of Floods
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F-2

KAWISHIwI NEAR WInoTOW (95«07 1913~19 1924=T7

ORDEK

VoO~NOUPH WN -

FLuov

MAGNLTUDE -

16000.00
11200.00
10200,00
6740.00
862V.00
8520.00
8500,00
8260.00
8030,00
8010,00
8UlV.00
773U|00
7680,00
7600.00
7360,00
7216600
684060C
6780,00
637000
6030.00
6030.00
S860.00
5800600
780,00
574000
569300
548C.00
5350.00
5330.00
5300400
5250,00
4620,00
453000
4340.00
4330.00
4320.00
4300.00
4280400
4260600
4240,00
4240.,00
4160,00
413100
3970.00

3860.00-

376u.00
3740.00
3380.00
3330,00
3100,00

EMPIRICAL
RECURRENAE
IHTERVAL

65U
3250
2le67
1625
13,00
1V+4d3
YelY
B.13
7el2
6050
5091
50472
500
464
4e33
406
382
3061
Je42
3¢25
3el0
2495
2083
2071
2060
2e50
2eb]
2032
el
217
210
2¢03
197
1.91
1e86
1.8
leT6
lo.71
1:67
1.63
1459
155
1.51
le48
le44
le4l
138

1035

1.33
1.30

ENPIHICAL

ExCEEVLANCE
PRUBABILITY

(FERCENT)

1,54
3.08
4462
6e15
7669
9,23
10.77
12,31
13,85
15638
1692
lUe46
20,00
2l.54
23,08
24.@2
2615
2T.6Y
2923
30.77
3231
33485
35,38
36692
38446
4000
41654
43,08
44462
46615
47 6,69
49,23
50677
52031
53,85
55,38
56.92
586406
60,00
6l.54
£3.08
64 .62
06,15
67.69
69.23
T0.77
T2e31
73,85
75438
76.92

LOG10O
FLOOD
MAGNITUD

4204120
Gol4YZ]B
46008600
3941511
30935507
3,930440
30929419
36916980
3904716
3,903633
3,903633
3888179
3.48853061
3.880814
3860878
36857935
30835056
3831230
3,806139
3.780317
3.T80317
3767898
3.763628
3761928
3.758Y]12
3755112
3e738781

WITH 1950

E.

3728354 -

3726727
30724276
3,720159
36646472
30656098
39637490
3636488
3.635484
3633468
3.631444
3.629410
3.627366
3.627306
3.619093
3-616055
34598791
3586587
3:,575188
35720872
3.528917
3a522444
3.491362
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F-3

KAawISHIWI NEAR WINTOHd 199507 1913=19 1924=77 WITH 1950
ORDER FLooL EMPIRICAL EnPIRICAL LUGlao
JAUNITUDE  RECURKE.nE  EACEEDARCE FLOOD
ILTERVAL PRUBABILITY MAGNITULE
(PERCENT)
‘51 310,00 1.27 TH.46 3.478566
52 2900,00 1.25 80,00 30462398
53, 2890.00 1e23 81454 30400898
54 2720.00 1e2V 83,08 30434569
55  2640.00 1018 B4 et 3e421604
56 2440.00 lele 86,15 3.,387390
57 26430,00 lalg 87 .69 33856006
58 2410600 lel2 89.23 3.382017
59 2230.00 leld 9077 30359835
60 2190.00 1ev8 92.31 3¢340444
ol 2040600 1eU7 93,85 3:309630
62 1950.00 105 95,38 3:290035
63 1830.00 103 9692 3:.262451
64 916.00 1e02 98046 20961895
MEAN OF FLOODS = 5294048
STANDARD DEVIATION OF FLUODS = 266425
. MEAN OF LOGI1. (FLOOD) = 3.67T049
STANUARD DEVIATION OF LUwlp(FLonny = 22422
COEFFICIENT OF SKEWNLSS CF LUBLY(FLOUD) = -.4313
KAWISHIWNI NEAR WINTON 1905=07 1913=19 1924=77 WITH 1950
EXCEEDANCE ~ RECURREWCE FLOOU FLOOD FLOOD
PROBABILITY INTERVAL MAGHNITUDE MAWNITUDE  MAGNITUDE
(PERCENT) ZERQ COMPUTED ASSIGNED
SKEWNESLS SKERWNESS SKREWNESS
Cs= V) CS= =432 Coh= «¢200
99,0 1.0191 1409,17 1199,77 1306,86
950 le 0520 2002,.88 168973 1946081
9C.0 1ellll 2415,172 2370412 2392.14
8060 12500 3031.61 3076.82 3050665
5760 200000 u682,65 4858.51 4763011
2060 00UV 723240 7282030 7262033
10.0 100000 9076.90 881925 3965212
40 2500000 11563.65 10661605 11147445
249 5060000 13521.75 11957440 12781.83
1.9 1000000 13560436 13186099 146415670
5 2000000V 17706410 14366063 16066449
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ORDER FLOOD

INTERVAL
1 3230,00 34.00
2 2930.00 1700
3 2660.,00 1133
4 2150400 8650
5 1980400 6680
6 161000 50,67
7 156000 4,86
8 142000 4625
9 1390o00 3.78
10 123000 3:40
11 1217500 3009
12 119000 2+83
13 1104.00 2062
14 1103.00 2943
15 1010600 227
16 10610.00 213
17 950,00 2000
18 930000 1.89
19 916000 179
20 848400 1670
2l 823.00 leb2
ee 784400 155
23 779,00 148
24 76400 ledr2
25 711,00 le36
+ 26 675,00 le3dl
27 63600 le26
28 535,00 le2l
29 505.00 1017
30 46300 1013
31 441,00 1e10
32 300,00 106
33 176600 103
MEAN OF FLOODS = 1152.36

STANDARD DEVIATION OF FLOODS =

MEAN OF LOG1J(FLOOD) =

EMPIRICAL
MAGNITUDE RECURRENCE EXCEEDANCE
‘ - PROBABILITY MAGNITUDE

2,96288
STANDARD DEVIATION OF LOG10(FLOOD) =

F-4

PARTRIDGE RIVER NEAR AURORA CORRECTED Q@ 1961=64 1975

EMPIRICAL

(PERCENT)

2,94
5,88
B.82

11.76

14,71

17,65

20459

23053

26,47

29441

32.35

35,29

38,24

41018

44412

47,06

50,00

52.94

55,88

58,82

61,76

064071

67.65

70,59

73,53

T6e47

T79.41

82,35

85,29

88,24

91.18

94.12

9706

727°11

COEFFICIENT OF SKEWNESS OF LOGLN(FLOOD) =

Onrre
/96 / k%44
£z £&o
L6 292
cY /¥ 20
1525 /7/ 70

7703
636
¥/

/277
/oy

027311
'034376

LOG10
FLOOD

3.,509203
34666868
304246082
3.332438
30296665
3206826
30193125
3.1522688
3143015
3.,089905
3.,088291
3075547
30062969
3042576
3004321
3004321
2977726
20968483
20961895
20928396
20915400
208963106
20891537
2883093
20851870
2829304
28034587

20728354

2703291
2:66558)
206464439
2477121
20240549

OFsSERVED QP Coprecresd &

‘1944.i97e

F
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EXCEEDANCE
PROBABILITY
(PERCENT)

99,0
95,0

29040

80¢0
50.0
€0+0
1060
4ol
200
1.0
" a5

PARTRIDGE RIVER NEAR AURORA

RECURRENCE

INTERVAL

1.0101
1.0526
11111
1.2500
200000
50000
100000
250000
500000
1000000
200.00C0

F-5

FLOOD

MaGNITUDE

ZERO

SKEWNESS

0

222.65
341.67
42929
566013
961.35
163246
2152.8¢
2891.35
3498,28
6150089
4B57,57

FLOOD

MAGNITUDE
COMPUTED
SKEWNESS

ws34d

190645
322461
421615
57381
99633
1664467
209542
2674475
3108,31
353794
396771

CORRECTED Q 1961=64 1975

FLooD

MAGNITUDE
ASSIGNED
SKEWNESS

=e200

203,12
330096
4246019
57Q0et2
981651
1640069
2120659
2765609
3266.52
378199
6315092

1944197
i
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F-6

$Te LOUIS WEAR AURDRA, MINN,  1942=4791949-57,1959=76
(CorrRECTED /967'55 /575)

ORDEK ~FLOOV EnPIRICAL EMPIRICAL LOG1U
MAGNITUDE RECURREwCE ExXCEEDANCE FLOODL
INTERVAL PRUBABILITY MAGNITVOL

(PERCENT)
2 538G,00 1650 bell6 30730782
3 5180400 11400 9,L9 3.714330
4 3960.00 8e¢25 1212 3597695
5 2770,00 GebU 15,15 3442480
6 2510.00 H5e50 18,18 36399074
7 237000 471 2ls.21 3374748
8 2160,00 4413 24424 - 30334454
.9 2090,00 3667 27.27 30320146
10 2070,00 330 30,30 3315970
11 2000.00 3000 33.33 3.301030
12 1967.00 2.75 360306 30293804
13 1880600 2¢94 39,39 30274158
14 1700,00 2e36 42442 3230449
15 1640.00 2e20 45045 ' 3'2148‘#"#
16 ~ 1583.00 2406 48448 . 3.19948)
17 1560.,900 194 S1e52 3193125
18 1340400 1eB3 54055 30127105
19 1320000 le74 57 .58 30120574
20 129000 1e65 6046) 3110590
21 - 12640400 157 63.064 3e093422
22 1240000 150 6607 3.093422
23 119beU0 1!43 59070 30077731
24 1180400 1e38 712473 3071882
25 1090,00 le32 75676 3037420
26 1040000 le27 78,79 3,017033
27 981,900 le22 81.82 20991669
28 909.00 lel8 84 o845 2+958564
30 862.00 le10 90,91 24935507
31 81G.00 1s06 93.94 20908485
32 637,00 lovus 9697 28064139
- MEAN OF FLO00S = 1944059
- STANDARD DEVIATION OF FLUODS = 1294499

MEAN OF LOGle(FLOOD) =  3,2176R
STANDARD DEVIATIUN OF LOUGL10(FLDAYY = 224005
COEFFICIENT OF SKE®WNESS UF LOLI"(FILLOOD) = 268736

i
i
;
/
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F-7

STe LOJIS WEAR AUKORA, MINN,  1942=4791949=57,1959=76

FILLOOL " FLOOD FLOOD

- EXCEEDANCE KECURRENCE ,
PROBABILITY INTERVAL AAGNTTUDE MAGNITULE MAGNTITUDE
(PERCENT) JERO COWPUTED ASSIGNED

SKEWNESS SAEWNESS SKEWNESS

Cs= g Cs= 0687 CS=  =,200

95.0 1e0526 6664098 74996 645007
9040 1el1l1 R12.73 857642 B04e24
8940 1625G0 1036,49 1027093 104339
5040 200000 165076 1550008 1681e14
2040 500000 2629.,07 2556636 26640472
1040 1000UV 1352.91 344756 3308.72
4a0 25« 000V 4345,13 «BB6¢55 4177691
2.0 SUe00ULU $137.32 6223023 4836495
1«0 10040000 "970.75% 7824487 550176
5 2000000 855,51 YT7460e64 6178.90



Appendix G

Selected Figures from Phase I Report
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Appendix H

Alternative Scenarios of Proposed Mining Development
in the Kawishiwi and St. Louis Basins.

As suggested, alternative scenarios of mining development during low
flow years 1960 and 1976 were attempted as time permitted. Table H-1 lists
the changes proposed by the Copper-Nickel Group. Of these special runs,
time limitations permitted only the latter two. Special runs 2 and 3 re-
quired the changing of the end values of the appropriation tables. Special
run 1, due to the reduction of loss of watershed area and the switching of
the other subwatersheds to a no mining condition, introduces a series of

data changes that could not be rerun with the time and funds available.

Tables 2 and 3 summarize the results of the special runs. As noted
above, the primary difference relative to the original runs were (1) reduction
of appropriation for the South Kawishiwi from 18 cfs to 8 cfs, and (2)

reduction of appropriation in the Partridge River watershed from 18 to 9 cfs.

Referring to Table 2 for the Kawishiwi River Basin, it may be noted that
for high flow the discharge at Winton increases from 6660 to 6670 cfs and
the low flows (September 30) increase from 147 to 156 cfs, or an increase of
9 cfs. The SSARR rounds off flows to the nearest whole nuﬁber. The results

are as expected.

Referring to Table 3, it may be noted that the peak flows of the St.
Louis River (late April and early May) increase by 9 cfs due to a reduction of
appropriation in the Partridge River of 9 cfs. However, in late September
the flows are the same for the original and special runs.. This is probably
due to the fact that the appropriation for the Partridge River may be less
than 9 cfs. TFigure H-1 shows the appropriation graph for low discharges,
where the appropriation could be larger than the streamflow. This provides
an appropriation of zero if the streamflow drops below 1 cfs and a minimum

streamflow of 1 cfs up to 9 or 18 cfs appropriation.

It is of interest to note that

(1) for the Kawishiwi River at Winton the appropriations of 32 cfs
(total) would have been 21% of the low flow (September 30) in
1976 and
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TABLE H-1

Alternative Scenarios of Mining Development
Appropriations and Loss of Watershed Areas.

Special Run Appropriation
(cfs)
1 Dunka River near 9
Babbitt
2 Partridge River near 9
Aurora
3 S. Kawishiwi River near . 9
' Ely
Birch Lake Local#* 14
i Stony River near Babbit#* -
Dunka River near Babbit#* 24

Loss of
Watershed
Area (acres)

7139

7139

3124

3077
6324
14453

*These appropriations and areas did not change from the original

runs.

*%Special Run No. 1 was not performed because of limitations in

time and funds.



TABLE H-2

Kawishiwi Basin, Calculated Flow at Winton with Mining;
Appropriations in South Kawishiwi River of
18 cfs (original runs) and 9 cfs (special rums).

Runs Year Peak Flow Sept. 30
' cfs cfs
Original 1976 6660 147
(SK = 18)
Special 1976 6670 156
(SK = 9) '
TABLE H-3

St. Louis Basin, Calculated Flow
Near Aurora with Mining; Appropriation
of Partridge River of 18 cfs (original rums)
and 9 cfs (special rums).

Runs Year Peak Flow . Sept. 30
cfs cfs
Original 1960 478 18
" 1976 662 11
Special 1960 487 18
1"

1976 671 11
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(2) for the St. Louis River near Aurora the appropriation of 9 cfs
(Partridge River) would have been 82% of the low flow on

September 30, 1976.
0f more importance is the fact that storage of higher flows in the

' spring may have provided the necessary water during the drought in the latter

part of 1976. Further analysis of these data and possible storage reservoir

areas would be desirable.






