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Appendix D

Snowfall Data

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

Date Depth Estimated Water Content
in. in.

1960 40.2 4.02

1956-67 67.3 6.73

1955-54 91.5 9. 15

1953-54 79.9 7.99

1949-50 128-0 12.88

'1943-44 53.6 5.36-

1977-78

(Ma r. 31; 1978)

21.74 5.0

Usually the Forest Service assumes a 10% water content based
on accumulated snowfall. On March 31,1978 the water content
was 23%, givinq water content of 5.0 11

•
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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 a.rn:Junts was midway across Lake County,
directly west of the Cook County, Lake County and Lake Superior border inter-

section.

Procedure: 1) ~termine point rainfall arrounts for the different durations
and frequencies required from the isopluvial maps.

2) Apply the depth area correction' factor from Fig. 10 &15
3) llitermine the rainfall increments
4) Rearrange the storm about the middle of the time period,

oscillate the rainfall amounts about the middle value.
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.,. Calculations for 10-day storm - Stony Hiver. Watershed (180 sq mi)

Duration Precipitation Correction Corrected Change in Rearranged Storm
(Days) Arrount Factor . Precipitation Precipitation Days Daily amt.

2 year
1 2.40 .918 2.20 2.20 1-3 .10
2 2.85 .938 2.67 .47 4 .47
4 . 3.50 .953 3.33 .66 5 2.20

7 3.80 .956 3.63 .30 6-7 .33
10 4.30 .960 4.13 .50 8-10 .17

10 year
1 3.65 .918 3.35 3.35 1-3 .33
2 4.10 .938 3.85 .50 4 .50
4 5.05 .950 4.80 .95 5 3.35
7 6.05 .956 5.78 .98 6-7 .48

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 .84 4 .84
4 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 .94 8-10 .31

100 year
1 5.05 .918 4.64 4.64 1-3 .51
2 6.10 .938 4.72 1.08 4 1.08
4 7.50 .950 7.13 1.41 5 4.64
7 9.05 .956 8.65 1.52 6-7 .71

10 10.15 .960 9.74 1.09 8-10 .36
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CalcUlations for 10-day Stonn - Partridge Hiver Watershed (130 sq mi)

Duration Precipitation Correction Corrected Change in Rearranged stonn
(days) ArrDW1t Factor Precipitation Precipe Days Daily amt.

2 year
1 2.40 .925 2.22 2.22 1-3 .10
2 2.85 .943 2.69 .47 4 .47
4 3.50 .953 3.34 .65 5 2.22

7 3.80 .958 3.64 .30 6-7 .33
10 4.30 .963 4.4 .50 8-10 .17

10·year
1 3.65 .925 3.38 3.38 1-3 .33
2 4.10 .943 3.87 .49 4 .~9

4 5.05 .953 4..81 .94 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
1 4.10 .925 3.79 3.79 1-3 · 39
2 4.90 .943 4.62 .83 4 .83
4 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 4.67 4.67 1-3 .51
2 6.10 .943 5.75 1.08 4 1.08
4 7.50 .953 7.15 1.40 5 4.67

7 9.05 .958 8.67 1.52 6-7 .70
10 10.15 .963 9.77 1.10 8-10 .37
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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

watershed basin results. "The precipitation amounts are found in the pePN

column. The runoff depth for the time period is fotmd in the RGP colurm.

The runoff depth has been detennined by the 8MI runoff percentage and the depth

of precipitation.

/
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The precipitation pattern used was from Isab~lla and Babbitt during 1964.

The Stony River and Filson Creek used 85% Theissen weighting 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 lsa Babbitt lsa Babbitt Isa Babbitt lsa
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
7 .01 .06 .09 .18 .66
8
9

10
11 .07
12 .36
13 .19 .70
14 .11
15
16 .05
17 .05
18 .55 .53
19 .09 .01
20 .27 .42
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 .47
,29 .10 .34
30 .24 .29
31

(



SNOWCOVER DATA

E-7

Recurrence
Interval
(years)

2

10

25

100

Total Seasonal
SnoWl1l2lt Runoff

(inches)

3.0

7.0

10.5

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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KfHJISHlwI NE.At~ .J II'4Tu:~ lqnS .... 07 1913 .... 19 1924-71 ~J I Trl 1950

("f'")

.::0
(V')

c;

e::t:.:) ORDER FLOOD Ef'-lP I H1CAl. EnPIHICAL. LU(;lO

:::::r- ~ IA\jNl TUl).t. RECURI<E:,)I;E EACEEIJf:,NCE FL.00U

r-- IIJT~HvAl P~Jt3AuILITY MAGI'41 TUUt:
(tJERCE.:rr)

51 3010.00 1.27 7B.46 3.478566

52 2900.00 1.eS dO.OO 3.4623~8

53. 2d90.00 1.~3 til.54 3.'+000898

54 2120.00 1.21,) ~3.08 3.434bo~

5S 2640.00 1.18 (;14.02 3.421604
56 244(;.00 1.16 86.15 3.381J90
57 243u.OO 1.14 d7.b9 3.38!:)o06

58 2410.00 1.12 89.23 3.382()17
59 2~90.00 1.10 90.17 3.359835
60 2190.00 1.J8 ~2.31 3.340444
01 2040.00 1.01 93.85 3.3096JO
62 1'150.00 l.Ob 95.38 3.2'10J,35
63 183Q.OO 1.(;3 96.92 30262451
64 916.00 1.02 98.46 2.9618~5

MEAN OF FLOOOS = 5294.48
~TANUAHO DEVIATION OF FLOOOS =
MEAN OF L0Gl,,(FLOOD) = 3.6704Q
STANlJAHO DEV I AT I Ul'i OF LO\JIO (FL.U!):)):: .22422
'COEFflcIEr'JT OF SKE!iNL~:J OF LuGl) (FLOuD) = -.4 31 8 3

KAwISHlwI ~~EAH \.J r 1'~TON 1ql'S-0'7 1913-19 1924-17 ;JITH 1950

~
P

CO
cv:> EXCEEDANCE, RECUR Rt>~Ct: F"LOQu FLOOD FLOOD
CO
~ PH08AbILITY I NTERv ,\L "-I .\ GrJ I TvUE. "lA\;tN lluOE MAGNITUDE
1.'-- (PERCENT) ZEHO CU1"lPUTED AS::>lGNED

<;~tWNESS SKL ~I NE::)S St\EWNESS
CS= U CS= .... 432 C~= -.200

99.0 1.01\)1 1409.17 1199.77 1306.86
95.0 1.05~o ,)OO2.B8 !b89.73 1946.81
90.0 1.1l1! 2415.72 2310.12 2392.14
80.0 1.25(i\) ('3031 III b 1 3076,,82 3050.&5
50.0 2.0vUJ 4682. 6 5 4858.51 4763.11
20.0 5.00uv 7232.40 7282.30 7262.33
10.0 10.0000 '1076.90 O/j19",~5 d965.12
4.0 2:':'00000 ,tS63.65 106614105 11147.45
2.0 5(1.0000 13521. 7 5 11951.40 12781.83
1.0 lOO.OUUJ 1':\560 .. 36 13180.99 14415.70

.5 200.00ul,) 1 '704.10 14366063 160661114 9
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PARTRIOGE RIVER NEAR AURORA CORRECTED Q 1961-64 1975

ORDER

1
2
3
4'
5
6
7
e
9

~O

11
12
l3
14
is
16
17
i8
19
20
21
22
23
24
25

• 26
27
28
2~
30
31
32
33

FLOOD
MAGNITUDE

3230.00
2930.00
2660.00
2150.00
1980.00
1610.00
iSbo.oO
1420.00
~390.00
1Z30.00
121 7 .00
1190.00
1104.00
1103.00
1010.00
1010.00
950.00
930.00
910.,00
848.00
8234'100
784.00
779.00
764.00
711.00
675.00
636.00
535.00
505.00
463.00
441.00
300.00
174.00

EMPIRICAL
RECURRENCE
INTERVAL

34.00
i7.00
11.33
8.50
b,aO
5.67
4.86
4.25
3.18
3.40
3.09
2.63
2.62
2.43
2.27
2.13
2.00
1.89
1.19
1.10
1.62
1.55
1.48
1.42
1.36
1.31
1,26
1.21
1.11
1.13
1.10
1.06
1.03

EMPIRICAL
EXCEEDANCE

PROBABILITY
(PERCENT)

2.94
5.88
8.82

11.76
14.71
17.65
20.59
23.53
26.47
29.41
32.35
35.29
38.24
41.18
44.12
47.06
50.00
52. 94
55*88
58.82
61.76
Q4.71
67.65
70.59
73.53
16.47
79,41
82.35
65.29
88.24
91.18
94.12
97.06

LOGIO
FLOOD

MAGNITUDE

3.509203
3.466868
3.4248~2
3.332438
302 9 6665
3.206826
3.1 93125
3.152288
3.143015
3«1089905
3.085291
3.075541
3,042969
3,042516
3.004321
3.004321
2.977724
2_ 9684 83
2. 961895
2. 9283 96
2,915400
2.8 3Ib
2,891531
2.883093
2. 851810
2.BZ9304
2.803451
2 0 728354
2.703291
2.665561
2.644439
2,477121
2_240549

_. MEAN OF FLOODS ::1 1152.36
STANDARD DEVIATION OF F~OODS = 727'11

MEAN OF LOG1J(FLOOD): 2.9828A
STANDARD DEVIATION Of LO~lO(FLOOD) n .21311
COEFfICIENT or SKEWNESS OF ~OGln(F~OOD). -.34216

OArc OB.s~/{VEIJ Q C o"e /((j( T<!"IJ CjJ

/96/ 69'Y //<::>3

'Z t80 636

,6:1 ;z ~'1... 'Y'y/

C-Y /¥:zo /:2.. 1 7

·/j?S 11/0 //oj/
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(CoRRECTc~ 196<- 6'j /Y?5')'

c..o

ORDER

1 ­

2
3
4
·5
6
7
8

._ 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
21
28
29
30
31
32

FLOOD
~-1 i, G~ IT Ul>E

5380.00
53.8 (; .00
5180.00
3960.00
2770.UO
2510.00
237u.OO
2160.00
2090.00
2070.00
ZOOO.OO
1967.00
ltH30.00
1700.00
1640.00
158;:,.00
1560.00
1340.00
132u.OO
129u,,00
124U.00
1240.aO
1196.UO
lI8U.OO
1090.00
1U4U.OO
981.00
90'7.00
892.00
862.00
810.00
637_00

Ef'tPIHICAL
Hf:.CLJkREj·~Ct

I ('ITER 1/ AI...

33.• 00
16.50
11.00
8.25
6.60
5.50
4.11
4.13
3.67
3.30
3.00
2.75
2.54
2.36
2.20
2.06
1.94
1.83
1.74
1.65
1.51
1.50
1.43
1 .3tj-
1.32
1.27
1.22
1.18
1.14­
1.10
1.06
l.u~

EMPIR1C,L\.L
E"CEEDAfJCE

PRUUA8ILITY
(pt:kCt.I~T )

3.1)3
6. ,"16

9.lJ9
12.12
15.1~

IH.18
21.21
24.24
27.21
30.30
33.33
36.36
39.39
42.42
45.45
48.t+8
51.52
54055
57.58
60.61
63-64
66.67
69.70
72.73
7S.7f)
78.79
81.82
84005
87.U8
90.91
93.94
96.~7

LOGIO
FL.OOU

MAGNIT~ul

3.13(j78c
3.730182
3.714330
3.s91b tJ 5
3.44248u
3.3Y9b74
3.374748
3.334454
3.320146
3.31S910
3.3010JO
3.29 3804
3.27415d
3.230449
3.214844
3.1 994 8 1
3.193125
3-127105
3,120574
3.110590
3tO~342~

3.093422
3.017731
J.011BB2
3.037426
3.017033
2.991669
2.958564
2.QS03bS
2.9355°7
2.908485
2.e041J9

MEAN OF FLOODS = 194~.59
STANUARD DE V1AT I Oh) OF' FLUODS ::: 1294.99

MEAN OF LOG1\! (fLUo.U):: 3,,2176A
STANDARD O~VIATIUN OF LU010(fL0~0):: .24005
COEFFICIENT OF SKEWNE~S UF LObl"(FLOOO) = ,6873&
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c=>-
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(Y")
,,~

EXCEEUANCt: RECURREI~CE F'LOOu FLOOD FLOOD
C)

;:-. PROdABILITY INTERVAL ,"11 '"N I TuDE t-1A(,i~ 1TLJuE i'1i\GNl TUOt

CD (PERCENT) IE~~O COI'It' UTell A~SIGNED

$t<F\l,f"'ESS St\t~NE~S ~KlwNESS

Cs~ 0 cs= .t;,87 cs= -.200

99.0 1.0101 456.39 605.22 421.01
'15.0 1.O~2b 664. 98 149.96 645.01
90 .. 0' 1.1111 A12. 7 3 057.42 804.24
0;) III 0 1.2S00 1036.49 It.)27.9J 1;;43.3 9
5,).0 2-0000 1650. 7 6 lb50t(lti 1681·14
20.0 5.0000 2(,29.07 2556.36 2640.72
lJ.Q 10.00;;0 3352. 9 1 3447.56 3308.72
4.0 25.001.11; 1"'345.13 .. 886.55 4177.91
2.0 SO.OOvO r.:;137.32 0223.123 4836.95
1.0 100,,0000 ::-;970. 75 7H24.87 5501.76

.5 200.00UO 6855.51 {i740.64 6178.90
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PL~T STATION NAME sTAtIoN
~HARA~TER NU~BEH CONTUOL

i-STONY RIVER SNOWMELT 106 yEAR SNOWCOVER 7.7 u
S"SNOW BASIN,5TOtly RIVER SNOWMELT EVENT 2,.5 1.1
A-RAIN BASIN,SrmIY RIVER 5NOlolHELT t;:VENT 125.5 Q

F'LOW c;:'s 4' P. 350.· 700. 1050. hoo. 1750. 2100. 2"50. 2UOO. 3150. 35(10.
PHC 4'J'tA1 IOrt. ion 0

+ .4~60 3 100.
to. 00 9.0 a A. 0 Ii ', .. '. 7; 0'0 6.0 Ii 5. (J 0 '+ • 00 3.00 2.00 1.00 I). 00

END. .
·ENh OF FiLE ON INPUT DECK

T:) ..... ,.,., OIL flU " ..

76 APQ"4 (10 11 fI • • ' •. "

27 ,APR 64 01) H" • • '.,'" • • • • • • •
?O APq ~4 nO R". • • • • • • • • •

, . 2 Q APR"4 0 0 R.'" .:. • • • • • ••
30 .APR 64 00 'R . • • • • • • • • •

1 MAy 64 00 R •..• • • • • • • •
2 ~AY 1"4 rn R :.. ,. • '. • • • • • • •
3 ~AY 6i ~O" ~ • • • • • • • • • • I

4 MAY 6i nO R .. • • • • • • • • •
5"'AY6~ (\0 R •• • .,.. • • • • • • o.

" /-lAY 6~ 1)0 R .",.'.. • • • • • • •
7 ~AY 64 nO R • •• ". • • • • • • •
R MAy 6~ 00 R • " , • • • • • • II •

9 liAY 64 110 A • '. 41., - • • I

1 (l ~1 A Y f. 4 0 0 R • •. ., • •
11 MAY 64 00 R • • ",.• ,. .;. • • • • • •
12 HAY ~4 00 R • ,.. .,. • .* • • • · •
13 MAY 64 00 R I' • • • • •• • • ••

14 t·IAy 64 no q • • • • • • s*. · · •
15 ~, Ay 6;' 00 R • • • • " • • • • •• C)

16 NAY 64 no R • • • • • • • •• o. •
17 HAy 64 00 R • • • • • • • •• •• ~
1B NAY A4 nO R • 0 • • • • • .-

10 MAy 64 00 ~ • • • • • • • • ... • •
? ('l ,.., AY 6.. P 0 ~ ". 0 • • • • • • .. • •

21 MAy 64 nO R • .• • • • • • • • •
22 M~y ~4 00 R • • • • • • : • • ~* •
23 MAY 64 on R • • • • • • .• • S·
?4 MAy ~~ no R • • • • • •• • • s- • •
? 5 ,.., AY 1;;' /l 0 R • • • • • ' • • • s. .• •
?6 MAY 64 ~o.P • • • • • • • •• • •
<7 MAY 6~ nO.R • • • • • • • s*. • •

·--?R MAY 64 110.1:! • • • • • • • S· • • •
~Q ~Ay 64 OO.R • • • • • • s* • • • ' •
3~ HAy 64 OO.R • • • • • • s* • • • •
31 ~AY 6~ ijO.D • • • • • s *. • • • •

1 JUN ~~ QO.~ • • • • • Si'. • • • •
2 JUN 64 00 I~ • • • • S • • • • • •
3 JU~ 64 OO.R • • • • 5.. · · · · •
4 JUN 64 DO.R • • • .5* • • • • • •
5 JUN 64 oo.q • • • S. • • • • • • •
6 JUN 64 00 • R • • • S" •••• +
7 ,JUN 64 nO.R • • IS.
8 JUtl o~ OO.R • ~ s* , • I • • • • •

9 JUN 64 OO.~ • • s* • • • • • • • •
1(1 JUU 64. OO.R 0 _" S*. • • • • • • • •
11 JUN 64 OO.R • • s*. . • · · · · +,

12 JU~I 64 00 _.R • .st. • • • • • • '. •
13 JUN 6i ~O.R • ·S. • • • • • • 0 +
14 JUN 6~ OO.R • ~ ~ • • • • • • • •
15 JUN 64 no oR • ~* • • • • • • • • •
1f, JU~J ~4 ,in.~ • c:. . • • •

Fig. G-3 - stony River 100-Year Snowmelt Flood (SSARR).
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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 number. 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. Figure H-l 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 Loss of
. (cfs) Watershed

Area (acres)

1 Dunka River near 9 7139
Babbitt

2 Partridge River near 9 7139
Aurora

3 S. Kawishiwi River near 9 3124
Ely

Birch Lake Local* 14 3077

Stony River near Babbit* 6324

Dunka River near Babbit* 24 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.
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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 runs).

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 runs)
and 9 cfs (special runs).

Runs Year Peak Flow Sept. 30
cfs cfs

Original 1960 478 18
" 1976 662 11

Special 1960 487 18
" 1976 671 11
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