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INTRODUCTION 

~ I 
I 
I 
I 

A tot 1 of 16 rest-stage gauges wer operat 3 alon the 
Alaska Highway pipeline route between May and September 1978. 
installed and operated by the Department of Indian and Northern Affairs, 
Whitehorse, Y.T. at the request of Environment Canada, Inland Waters 
Directorate, Vancouver, B.C., and six were operated by DINA as part of 
their ongoing crest-stage network. 
with water-stage recorders. 
sample of the several types of drainage basins along the pipeline route. 

Ten were 

Five of the 16  stations were equipped 
The network provides a representative runoff 

Data are presented in graphic form and include: daily mean 
discharge for 5 sites, instantaneous discharge, miscellaneous measured 
discharge, bankfull discharge, and miscellaneous sampling of suspended 
and dissolved solids where such information was obtained. 

A graphic format was selected as it facilitates comparisons to 
be made both in time and among gauge sites; it could thus serve as a 
tool for evaluating streamflow characteristics at ungauged streams. 

Table 1 lists the 16 crest-stage gauges operated in 1978 and 
for which data are included in this report. 

Table 2 lists miscellaneous discharge measurements obtained at 
other selected locations along the Alaska Highway. 

Table 3 gives results of suspended sediment sampling in Yukon 
Territory and at a number of adjacent sites in British Columbia. 
sites these data are presented also in graphic form in Figures 17 to 24. 

For a few 

There are approximately 19 Water Survey of Canada gauging stations 
in the vicinity of the pipeline route which may be useful in providing 
additional streaniflow information along the pipeline route. 
available from Water Survey of Canada data files. 
stage gauges prior to 1978, application should be made to that Department's 
office in Whitehorse. 

These data are 
For data at DINA crest- 
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TABLE 2 - MISCELLANEOUS DISCHARGE blEASUREMENTS AT SELECTED 

SITES ALONG THE ALASKA HIGHWAY 

Stream Date Width Area Velocity Discharge 
(ft.) (sq.ft.) (ft./sec.) (cfs) 

Beaver 
White 
Ko idern 
Donj ek 

Swede Johnson 
Quill 
Duke 

Aug. 7, 1978 
Aug. 7 
May 18 
May 16, 1977 
June 23 
July 14 
Aug. 10 
Sep. 29 
June 7, 1978 
June 26 
June 27 
June 28 
June 29 
June 30 
July 1'7 
July 18 
July 19 
July 20 
July 21 
Aug. 2 
Aug. 3 
Aug. 4 
Aug. 5 
Aug. 6 
May 19 

May 20 
Aug. 8 

June 28 
July 19 
Aug. 9 

128 304 4.38 
2 92 2,270 10.83 
52.0 69.9 1.19 
braided cross-section 

15.5 13.4 0.31 
22.5 10.7 1.87 
34.0 31.5 1.46 
65.6 81.4 4.24 
64.0 104 5.13 
braided cross-section 

1,330 
24,600 

83.4 
826 

4,110 
8,810 
13,900 
1 , 310 
3 , 330 
5,000 
4,980 
5,180 
4 , 930 
5,380 
8,700 
8,840 
9,100 
11,900 
13,200 
13,400 
15,200 
16,500 
17,100 
22,800 

4.2 
20.0 
45.9 
334 
539 
879 
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TABLE 2 - MISCELLANEOUS DISCHARGE bEASuREMENTS AT SELECTED 

SITES ALONG THE ALASKA HIGHWAY (Cont'd) 

Stream Date Width Area Velocity Discharge 
(ft.) (sq.ft.) (ft./sec.) (cfs) 

Halfbreed 
Christmas 
Jarvis 
Cracker 

McIntyre 
Brook's 

Ten, Mile 

Strawberry 
Morley 
Smart 
Screw 
Rancher ia 
at M.P. 687 

L. Rancheria 

Aug. 9, 1978 
May 15 
May 17 
May 16 
Aug. 10 
May 22 
July 11, 1977 
Aug. 14, 1978 
July 11, 1977 
Aug. 13, 1978 
Aug. 12 
Aug. 12 
Aug. 13 
Aug. 13 
June 8, 1977 
July 13 
July 27 
June 1 
July 12 
Aug. 12, 1978 

13.5 
22.5 
70.0 
20.0 
15.5 
25.5 
18.0 
6.0 
17.5 
8.0 
11.5 
75.0 
83.0 
23.0 
222 
202 
198 
118 
114 
100 

8.9 
20.1 
124 
9.2 
6.2 
12.9 
14.4 
7.4 
8.9 
3.2 
4.7 

224 
2 01 
18.3 
948 
68 7 
653 
489 
368 
196 

3.19 
3.37 
2.25 
2.72 
1.62 
2.79 
2.49 
1.13 
1.86 
1.82 
1.47 
1.12 
1.03 
1.38 
5.48 
3.32 
3.09 
5.30 
4.38 
2.05 

28.5 
67.7 
279 
24.9 
10.1 
36.0 
35.8 
8.3 
16.6 
5.8 
6.9 

251 
207 
25.2 

5,160 
2,280 
2,020 
2 , 590 
1,610 
1,630 
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TABLE 3 - SUSPENDED - SEDIMENT AVD DISCIlARGE I N  THE YUKON TERRITORY AND 
AT A W E R  OF ADJACENT SITES I N  BRITISH COLUMBIA 

- 
T o t a l  

1 
Stream Date Concent ra t ion  Discharge 

(mg/L) (c fs )  - 
Afshih ik  River near 12rhitehorse 
Alsek River above Bates River 

Big Creek a t  Alaska Hwy. 
Brooks Brook a t  Alaska Hwy.  
Burwash Creek a t  Alaska Hwy. 
Deadmans Creek a t  Alaska Hwy. 

June 15 ,  1972 
July 16 ,  1974 

Sep. 4 
May 2 ,  1975 
June 2 
J u l y  1 6  

Aug. 1 2  

Sep. 4 
Oct. 1 0  
June 8,  1976 
Aug. 13 
Aug. 25 
Oct. 20 
May 10,  1977 
June 22 
J u l y  26 
J u l y  1 3  
J u l y  11 
June 4,  1978 
J u l y  28, 1977 

I 
"Donjek River a t  Alaska Hwy. May 1 6  . 

June 23 

1 

July 14 
Aug. 1 0  

Sep. 29 
June 27,  1978 
June 28 
June 29 
June 30 

21 9 

4 08 
1,586 

50 

270 
1,171 

146 
104 

93 
116 
772 
233 

89 

65 
95 

511 
1 4  

4 
53 
3 

568 
1 ,690  
3,610 

4 ,130  

35 

1,960 

1 ,700  

1,530 

2,320 

*Weighted average of several samples in  the braided c r o s s - s e c t i o n  

2,020 
19,600 
23  , 700 

1,760 
10,100 
34,000 

17,160 

11,600 
6,810 
9,560 

25 , 000 
16,600 
3 , 690 
3,340 

17,000 
24,600 

603 
35.8 

115 
87 

826 
4,110 
8,810 

13,900 

1,310 

4,980 
5,180 
4,930 
5,380 

I 



I 
1 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
1 
I 
I 

e 

8. 

TABLE 3 - SUSPENDED SEDIMENT AND DISCHARGE IN THE YUKON TERRITORY AND 
AT A NUMBER OF ADJACENT SITES I N  BRITISH C O L W I A  (Cont'd) 

Stream 
Total 

Date Conc en t r  a t ion Discharge 
(mg/L) (cfs) 

"Donjek River a t  Alaska Hwy.  

Duke River a t  Alaska Hwy.  

Hyland River near Lower Post 
Kechika River 
Liard River a t  Lower Crossing 
Liard River a t  Upper Crossing 
Liard River a t  Lower Crossing 
Liard River a t  Upper Crossing 
Liard River a t  Upper Crossing 
Li t t le  Rancheria a t  Alaska Hwy.  Ju ly  12, 1977 
Raxher ia  River a t  Alaska 
M'Clintock River near Wnite orse  
Mendenhall River a t  Alaska Hwy.  June 8 ,  1978 
Ogilvie River a t  Dempster Hwy.  

Pelly River a t  Pe l ly  Crossing June 5,  1968 

Ju ly  27 
Ju ly  1 2  

T w Ri 

June 18, 1974 
Dec. 7 

June 1 0 ,  1970 
June 11 
June 28 
Ju ly  31 

Ju ly  17, 1978 
Ju ly  18 
Ju ly  19  
Ju ly  20 
Ju ly  21 
Aug. 2 
Aug. 3 
Aug. 4 
Aug. 5 
Aug. 6 
June 28, 1978 
Ju ly  19  
June 1, 1972 
June 6 
June 15, 1968 
May 31, 1972 
June 2 
Dec. 11, 1974 
June 24, 1975 

2,840 

3,150 

3,300 

6 ,850 

5 , 030 

5,280 

6 ,340 

5,820 

5 ,910 

10  , 600 

75 
209 
572 
245 
163 
2 91 
822 
15 
53 
1 0  

2 
33 

399 
3 
7 

2 04 
350 
355 
166 
102 

*Weighted average of several  samples i n  the braided cross -sect ion 

8,700 
8,840 
9,100 

11 , 900 
13,200 
13,400 
15  , 200 
16',500 
17,100 
22 , 800 

334 
539 

39,900 
20,800 

84 , 300 
273,000 

5 , 280 
45 , 300 

1,610 
2,010 

- 

126 
2 , 530 

87 
56 , 700 
79,700 
66,500 

30,300 
34,400 
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TABLE 3 - SUSPENDED SEDIMENT AND DISCHARGE IN THE YUKON TERRITORY AND 
AT A NUMBER OF ADJACENT SITES IN BRITISH COLUMBIA (Cont'd) 

Total 
Stream Date Concentration Discharge 

(mg/Ll (cfs) 

Pe l ly  River at Pelly Crossing Nov. 25, 1970 
Jan. 20, 1971 
Feb. 16  
Mar. 17 . 
May 26 
May 27 
June 22 
July 22 
Aug. 1, 1972 
Sep. 6 
Oct. 5 
Mar. 29, 1973 
July 29 
June 19, 1974 
Oct. 16 
Nov. 2 
June 7, 1975 
Aug. 18 

Oct. 10  
June 3, 1976 
Aug. 17 
Oct. 5 
June 22, 1977 
Aug. 8 

Oct. 5 
June 13, 1978 
June 14 

Silver Creek at Alaska Hwy. 
Snag Creek at Alaska Hwy. 
Stewart River at Mouth June 8, 1968 

Apr. 7, 1975 
June 20 

11 
5 
3 
6 

2 91 
260 
21 0 

61 

309 
17 
11 
1 

40 
158 

9 

4 
462 

37 
30 

243 
28 
15 

114 
61 
39 

3 , 394 
31.5 

207 
3 

244 

4,160 
2 , 210 
1,610 
1 , 580 

47 , 700 
47 , 200 
50 , 600 
20,500 
29 , 500 
12,500 

9,450 
1,570 

16,800 
42,400 

8 , 250 
6,270 

91 , 300 
17,400 
19,600 
40,200 
15,500 
11 , 500 
32,800 
18 , 200 
16 , 000 

80.2 
153 

71,800 
2,180 

79,200 
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TABLE 3 - SUSPENDED SEDIMENT AND DISCHARGE I N  THE YUKON TERRITORY AND 
AT A NUMBER OF ADJACENT SITES I N  BRITISH COLUMBIA (Cont'd) 

To tal  
Stream Date Concentration Discharge 

cmgm (cfs) - 
Stewart River a t  Mouth Aug. 13, 1975 26 21,700 

Sept. 26 57 25,400 
Aug. 12, 1976 17 17,200 
Aug. 4, 1977 10  19,100 
Sep. 29 10 15,100 

Stoney Creek a t  Alaska Hwy.  June 8 ,  1978 11 17.3 
Takhini River near Whitehorse (No date) 1972 36 - 

Ten Mile Creek a t  Alaska Hwy.  July 11, 1977 2 16.6 
White River a t  MP 1169.2 June 21, 1972 136 ( a t  mouth) - 

April 30, 1975 85 568 
May 11, 1977 332 1,430 
June 23 1,213 8,100 
July 13 3,593 13,400 
July 28 4,255 15,800 
Aug. 9 8,683 19,100 

Sep. 28 70 1,990 
Aug. 17 7 , 041 17,100 

Yukon River a t  Dawson June 5, 1968 229 223,000 
June 21,  1971 736 216,000 
Aug. 27 300 117,000 
June 12, 1974 177 156,000 
Dec. 4 13 26,500 
June 17, 1975 21 9 216,000 
Aug. 13 263 151,000 
Sep. 22 222 136,000 
June 11, 1976 1,166 228,000 
O c t .  1 53 72 , 500 
Aug. 4, 1977 612 147,000 
Sep. 30 108 90,900 
J u l y  1 2  36 151,000 
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TABLE 3 - SUSPENDED SEDIMENT AND DISCHARGE IN THE MXON TERRITORY AND 
AT A NUMBER OF ADJACENT SITES IN BRITISH COLUMBIA (Cont'd) 

To tal 
Stream Date Concentration Discharge 

(mglL) (cfs) 

Yukon River at Dawson 
Yukon River at Whitehorse 

Aug. 3, 1977 
May 4, 1970 

June 8 
June 29 
July 20 
July 31 

Aug. 31 

Sep. 30 
Oct. 27 
Nov. 26 
Jan. 5, 1971 
Feb. 1 

Mar. 15 

May 22 

17 
9 

781 
68 6 

868 
900 
735 
850 
842 
7 98 
8 58 

0.3 
2 
2 

154 , 000 
5,200 
3,920 

. 6,500 
9 , 420 

10,200 
12 , 000 

12,100 
8,370 
7 , 500 

5 , 550 
5 , 160 
4,200 
4,280 
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Figure 1 - SNAG CREEK AT MP 1208.0 
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Figure 2 - DRY C R E E K  AT MP 1184.0 
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Figure 3 - S A N P E T E  C R E E K  A T  MP 1178.4 
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15. 
Figure 4 - LONG'S CREEK AT MP 1156.0 
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Figure 5 - BURWASH CREEK AT MP 1103.9 
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Figure 6 - UNNAMED CREEK AT FIP 1082.5 
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18. 
Figure 7 - SILVER C R E E K  AT MP 1053.6 
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Figure 8 - BEAR CREEK AT MP 1022.3 
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Figure 9 - MARSHALL C R E E K  AT MP 1005.6 
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Figure 10 - MENDENHALL C R E E K  AT MP 968.0 
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22. 
Figure 11 - STONEY CREEK AT MP 956.0 
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F i g u r e  12 - DEADMANS CREEK AT MP 822.3 
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F igure 13 - LOGJAM CREEK AT MP 751.1 
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F i g u r e  14 - PARTRIDGE CREEK AT MP 736.4 
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Figure 15 - SPENCER CREEK AT MP 695.3 
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Figure 16 - B I G  CREEK AT MP 674..! 
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Figure 1 7  - WHITE AND DONJEK RIVERS - 1 9 7 8  
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29. 
Figure 18 - DONJEK R I V E R  - Suspended Sediment Load, 1977 & 1978 
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Figure 19 - ALSEK R I V E R  ABOVE B A T E S  R I V E R ,  1974 - 1977 30. 
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31. Figure 20 - DOMJEK R I V E R  A T  ALASKA HIGHWAY, 1977 - 1978 



I 

1 
E 
I 
I 

I 

&; 

I, fn* 

ii 
W ”  

i 
P 

I 
1 

c 

Figure 22 - PELLY RIVER AT PELLY CROSSING, 1968 & 1970 - 1977 
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Figure 22 --STEWART R I V E R  AT HOUTH, 1968 & 1975 - 1977 
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34. 
Figure 23 - WHITE - R I V E R  AT N L E  1169.2 ALASKA HIGHWAY, 1972, 1975 b 1977 
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Figure 24 - YUKON RIVER AT DAWSON, 1968, 1971 & 1974 - 1977 35. 
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ABSTRACT 

S e v e r a l  methods have been used t o  a i d  i n  est- 
ima t ing  se lec t .ed  hydro log ic  q u a n t i t i e s  of t h e  Yukon T e r r i t o r y  

f o r  an examinat ion and adequate  assessment  o f  t h e  p i p e l i n e  
p roposa l s .  Regression on phys iographic  parameters  w a s  used 
t o  compute t h e  mean annual  flood, t h e  10-year f l o o d ,  t h e  50-  

y e a r  f l o o d  and t h e  100-year f l o o d .  The r a t i o  t o  mean annual  f l o o d  
technique  w a s  a n o t h e r  method t o  d e r i v e  t h e  s a m e  va lues :  and t h e  
envelope curve  approach se rved  a s  a back-up t o  e s t i m a t i n g  extreme 
v a l u e s .  Regression s t u d i e s  w e r e  a l so  conducted for  mean annual  
flow volumes and l o w  f lows ,  d e f i n e d  as t h e  average  f l o w  o v e r  a 
seven-day p e r i o d .  
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1. INTRODUCTION 

Water l e v e l  records w e r e  collected on t h e  Yukon 
River  a t  Whitehorse a s  e a r l y  as 1 9 0 2 ,  b u t  s t reamflow d a t a  w a s  
n o t  ga the red  u n t i l  t h e  e a r l y  1940's when s e v e r a l  s t a t i o n s  w e r e  
e s t a b l i s h e d  o n  t h e  Yukon River .  P r e s e n t l y  (1977)  records are 

a v a i l a b l e  from approximate ly  50 l o c a t i o n s  f o r  p e r i o d s  of  t i m e  
vary ing  from one yea r  t o  35 y e a r s .  Nearly h a l f  of t h e s e  

s t a t i o n s  w e r e  e s t a b l i s h e d  around Whitehorse and a long  t h e  s t e m  
of t h e  Yukon F!iver. One of the  r e s u l t s  of t h i s  l a c k  of n e t -  

work development i s  t h a t  l a r g e  a r e a s  e x i s t  w h e r e  l i t t l e  o r  no 
s t reamflow in fo rma t ion  i s  a v a i l a b l e ,  The v a s t  s i z e  of t h e  
T e r r i t o r y ,  i t s ;  g r e a t  ranges  of  physiography,  and t h e  l a c k  of 

d a t a  prec luded  a comprehensive a n a l y s i s  of t h e  hydro log ic  c h a r -  
acter is t ics  of t h e  T e r r i t o r y  and, indeed ,  o f  t h e  major d r a i n a g e  
basins t o  be c r o s s e d  by t h e  proposed p i p e l i n e  routes. 

Streamflow r e c o r d s  a t  about  40 s i tes  i n  t h e  Yukon 
T e r r i t o r y  and Nor thern  B r i t i s h  Columbia w e r e  used t o  s t u d y  the  

hydrology of t h e  area. Peak f lows w e r e  ana lyzed  for  mean, 10- 

yea r ,  50-year and 100-vear recurrence i.r.terva!.s. A n  a n a l v s i s  of t h e  
f l o o d  c h a r a c t e r i s t i c s  by m u l t i p l e  r e g r e s s i o n  methods gave a set  
of  e q u a t i o n s  which r e l a t e  f l o o d s  t o  d r a i n a g e  b a s i n  c h a r a c t e r -  
i s t i c s .  Another method o f  e s t i m a t i n g  peak f lows  i s  p r e s e n t e d  
by t h e  "d imens ionless  r a t i o  t o  t h e  mean" t echn ique ,  a s imple  
t echn ique  o f  m u l t i p l y i n g  t h e  mean annual  f l o o d  by a f a c t o r  de- 

r i v e d  f rom t h e  s l o p e  of t h e  f requency  curve .  A3s0, naximum 
known f l o o d s  a t  more than  60  gauging s t a t i o n s  i n  t h e  Yukon 
T e r r i t o r y ,  Nor the rn  B r i t i s h  Columbia, and E a s t e r n  Alaska w e r e  
r e l a t e d  t o  d ra inage  a r e a  s i z e ;  the  r e s u l t a n t  envelope  cu rve  
gave yet ano the r  technique  of e s t i m a t i n g  peak f lows a long  t h e  

proposed pipe:Line r o u t e s .  

!Similarly,  s e v e r a l  methods w e r e  used t o  e s t i m a t e  
average annua:L runoff  and loa f low volumes. 

1. 



n 
II 
JI 

1 

2 .  MAGNITUDE AND FREQUENCY OF FLOODS 

1. R a t i o  t o  Mean Annual Flood 

The mean annual  f l o o d  v a l u e s  (which have a r ecu r -  

rence  i n t e r v a l  of 2.33 y e a r s  acco rd ing  t o  t h e  extrema1 d i s -  
t r i b u t i o n )  and t h e  50-year and 100-year f l o o d s  w e r e  t aken  f r o m  a 

compi la t ion  of peak flow d a t a  pub l i shed  by t h e  Water Survey o f  

Canada i n  1 9 7 2  and 1 9 7 8  (References 5 and 6 )  and shown i n  Table  1. 
The mean annual  f l o o d  d a t a  w e r e  p l o t t e d  a g a i n s t  s i z e  of d ra inage  

area; s i n c e  onlty about  f o r t y  sampling p o i n t s  could  be  used no 
s e p a r a t i o n  of  homogeneous r e g i o n s  became e v i d e n t .  The fo l lowing  
e q u a t i o n  w a s  developed fo r  e s t i m a t i n g  mean annual  f l o o d  (M.A.F. )  

v a l u e s  a long  t h e  proposed p i p e l i n e  r o u t e s  u s i n g  d ra inage  a r e a  
s i z e  as t h e  on ly  independent  v a r i a b l e :  

Loglo (M,,A.F.) = 0.968 + 0.909Loglo (Drainage Area) (1) 

Figure  1 d e p i c t s  t h e  mean l i n e  and t h e  9 0 %  conf idence  l i m i t s .  
The r e l a t i o n s h i p  i s  f a r  from complete ,  b u t  w i t h  t h e  a v a i l a b l e  
d a t a  it g i v e s  a n o t h e r  method of e s t i m a t i n g  floods a long  t h e  
p i p e l i n e  r o u t e s .  

Assuming some homogeneity t h e  50-year and 100-year 

f l o o d s  expres sed  as  ra t ios  t o  mean annual  f l o o d s  f o r  t h e  43 b a s i n s  
i n  Table  1 w e r e  averaged t o  o b t a i n  t h e  fo l lowing  mean r a t i o s  f o r  
t h e  a r e a :  

mean 50-year r a t i o  = 2 . 0 1  x M.A.F.  ( 2 )  

mean 100-year r a t i o  = 2.34 x M.A.F. ( 3 )  

For 1 3  b a s i n s  having d ra inage  area less t h a n  1 0 0 0  squa re  m i l e s  
t h e  mean r a t i o s  are: 

mean 50-year r a t i o  = 2.15 x M.A.F. 
mean 100-year r a t i o  = 2 . 6 3  x M.A.F. 

The mean l i n e s  f o r  t h e  43 and 1 3  b a s i n s  a r e  shown i n  F ig .  2 .  

2 .  Envelope Curve 

Maximum known mean d a i l y  peak d i s c h a r g e s  f o r  a l l  

gauging s t a t i o n s  i n  t h e  Yukon T e r r i t o r y  and s o m e  i n  Northern 

2 .  
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B r i t i s h  Columbia are l i s t e d  i n  Table  2 and w e r e  p l o t t e d  i n  
cub ic  f e e t  p e r  second p e r  squa re  m i l e  i n  r e l a t i o n  t o  d ra inage  
area s i z e .  The p l o t  on F igu re  3 shows one envelope curve  f o r  
d ra inage  b a s i n s  o r i g i n a t i n 4  i n  t h e  Oqilvie-Selwyn Mountains, one 

curve  f o r  t h e  P l a t e a u  Mountains on t h e  n o r t h e a s t e r n  s i d e  of t h e  
S t .  E l i a s  Mountains and one curve f o r  t h e  P l a t e a u  areas g e n e r a l l y  

a long  t h e  Alaska Highway eas t  of Kluane Lake. The fo l lowing  
e q u a t i o n s  may be used f o r  d ra inage  a r e a s  ranging  i n  s i z e  from 
about  50 squa re  m i l e s  t o  1 0 , 0 0 0  squa re  m i l e s :  

q (cfs /sq.mi.)  = 1 0 6  Area'O - 1 8  (Ogilvie-Selwyn Mountains) ( 4 )  

q = 4 6  Area- '-" ( P l a t e a u  Mountains) (5) 

q = 8.6 A r e a "  ( P l a t e a u )  ( 6 )  

About halfway between cu rves  ( 4 )  and ( 5 ) ,  a curve  may be drawn 

f o r  d ra inage  a r e a s  i n  t h e  Northern B r i t i s h  Columbia h igh lands  
(Dease P l a t e a u ) .  

3. Regression on Phys iographic  Parameters 

The fo l lowing  n o t e s  o u t l i n e  a r e g r e s s i o n  s tudy  of  
c e r t a i n  hydro log ic  q u a n t i t i e s  upon bas in-averaged  phys iographic  
parameters .  The b a s i n s  under c o n s i d e r a t i o n  w e r e  i n  t h e  Yukon 
T e r r i t o r y  o r  close t o  t h e  Yukon T e r r i t o r y  f o r  which t h e  physio-  

g r a p h i c  c h a r a c t e r i s t i c s  and a t  l eas t  5 y e a r s  of  s t reamflow r e c o r d  
w e r e  a v a i l a b l e .  The purpose of  t h e  s tudy  was t o  p rov ide  a means 
of  e s t i m a t i n g  t h e  hydro log ic  q u a n t i t i e s  f o r  ungauged b a s i n s  a long  

t h e  proposed p i p e l i n e  r o u t e s  i n  t h e  Yukon. The hydro log ic  quan- 
t i t i e s  under c o n s i d e r a t i o n  w e r e :  t h e  mean annual  f low,  t h e  mean 
annual  f l o o d ,  t h e  10-year f l o o d ,  t h e  50-year f l o o d ,  t h e  100-year 
f l o o d ,  t h e  m e a n  annual  7-day low f l o w ,  t h e  10-year  7-day l o w  flow, 
and t h e  50-year 7-day l o w  f l o w .  

The r e g r e s s i o n  s tudy  w a s  conducted u s i n g  U B C ' s  T R I P  

package and t h e  e q u a t i o n s  have been examined through tests on 
t h e  r e s i d u a l s  ais d i s c u s s e d  i n  Draper and Smith (Reference 9 ) .  

Tabu la t ion  and d e s c r i p t i o n  of  t h e  phys iog raph ic  
parameters  are g iven  i n  Table  4 ,  a t  t h e  back o f  t h i s  r e p o r t .  

3. 



A. Mean Anrrua:L Flood (M.A.F. )  

Cons ider ing  b a s i n  d r a i n a g e  area o n l y ,  a l o g a r i t h m i c  

t r a n s f o r m a t i o n  o f  d a t a  was undertaken t o  b r i n g  t h e  v a r i a n c e  
t o  a more uniform band; t w o  e q u a t i o n s  w e r e  produced,  one w i t h  
i n t e r c e p t ,  t h e  o t h e r  w i t h o u t .  
With i n t e r c e p t :  

Loglo ( M . A . F . )  = 0.9683 + 0.9089Loglo (Dra inage  Area) ( 7 )  

R2 = 0.8330 S.E. = 23,055 c f s  Skew = 0.859 K u r t o s i s  = 6.25 
For  normal d i s t r i b u t i o n  of r e s i d u a l s  skew = 0 .0 ,  k u r t o s i s  = 3.0. 

The normalcy o f  t h e  r e s i d u a l s  is  a b a s i c  assumpt ion  of r e g r e s s i o n  
a n a l y s i s ;  i f  t h e  r e s i d u a l s  are n o t  normal t h e n  p robab ly  t h e  

e q u a t i o n  w i l l 1  n o t  be  correct and tests on t h e  r e s i d u a l s  w i l l  n o t  
be c o n c l u s i v e .  The mean f o r  t h e  sample w a s  10,700 cfs (mean o f  
mean annual  f loods) .  T h i s  e q u a t i o n  w a s  used  i n  S e c t i o n  1, R a t i o  

t o  Mean Annual Flood. 
Without  i n t e r c e p t :  

Loglo (M.A.3.) = 1.181L0gl~ (Drainage Area) (8) 

R2 = 0,.9929 S.E. = 53,000 c f s  Skew = -3.94 K u r t o s i s  = 19.5 
T h i s  appea r s  t o  b e  a c o n s i d e r a b l y  weaker e q u a t i o n  i n  v i e w  o f  t h e  
h i g h e r  s t a n d a r d  error, l a r g e r  magnitude of skew and  k u r t o s i s .  

When t h e  r e s i d u a l s  f o r  t h e  e q u a t i o n  w i t h  i n t e r c e p t  are 
p l o t t e d  a g a i n s t  observed  mean annual  f l o o d  a non-uniform v a r i a n c e  
i s  obv ious ;  l a r g e s t  r e s i d u a l s  appear  f o r  l a r g e s t  mean annua l  
f l o o d s .  A s  w e l l  a s l o p e d  band of r e s i d u a l s  g i v e s  i n d i c a t i o n  
of mis s ing  terms. There i s  a sugges t i%on o f  r e g i o n a l i t y  w i t h  a 
c o n c e n t r a t i o n  o f  n e g a t i v e  r e s i d u a l s ,  i .e .  o v e r p r e d i c t i o n ,  occur -  
r i n g  i n  t h e  southwes tern  s e c t i o n  o f  t h e  T e r r i t o r y .  

s i o g r a p h i c  parameters  added t o  t h e  s t u d y ,  ,37 s t a t i o n s  were used 
i n  deve loping  a 1 0 - v a r i a b l e  e q u a t i o n .  

With t h e  remaining lOkm x lOkm g r i d  bas in-averaged  phy- 

4 .  
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FPROB c r i t i c a l  w a s  0 .05  so a l l  t h e  var iables  a p p e a r  t o  be s i g -  

n i f i c a n t .  The S tanda rd  Error  was 10,200 c f s .  Skew = -1.55 

K u r t o s i s  = 1 4 . 9  

By a r u l e  of thumb used  i n  r e g r e s s i o n  b u i l d i n g  t h e r e  are too many 

p r e d i c t o r  v a r i a b l e s  for  37 observat ions.  U s u a l l y  5 o b s e r v a t i o n s  

are r e q u i r e d  p e r  pa rame te r  o r  p r e d i c t o r  v a r i a b l e  u s e d  i n  a n  
e q u a t i o n .  Also, s i g n e d , s l o p e s  are n o t  p r o p e r l y  a d m i t t e d  t o  
e q u a t i o n s  t h a t  i n v o l v e  l o g  t r a n s f o r m a t i o n ,  a s  t h e s e  v a r i a b l e s  

t a k e  n e g a t i v e  and zero v a l u e s .  I n  u s i n g  log t r a n s f o r m a t i o n s ,  

z e r o  and  n e g a t i v e  v a l u e s  are t r a n s l a t e d  t o  o n e ’ s  or  some other 
v a l u e .  

I n  v i e w  of t h e  e x c e s s i v e  number of variables,  t h e  s i g n e d  

s l o p e s  w e r e  removed and a s h o r t e r  e q u a t i o n  developed .  

Log10 ( M . A . F . )  E= 5.0702 + 0.9400L0glo (AIIEA) + 1,8651LOglo (ELEV) 

- 0.2853LOglo (KA LKE) + 0.3229Loglo (PA GLC) - 1.6721Logla (SE NW) 
- O.S111Loglo(SE W) (10) 

The S t a n d a r d  Er ro r  w a s  10,750 cfs .  Skew = -0.207 K u r t o s i s  = 6.87 

R e s i d u a l s  are n o t  normal b u t  are more n e a r l y  so  t h a n  for  t h e  p re -  

v i o u s  equati .on.  The l a r g e s t  r e s i d u a l s  f o r  t h e  t h r e e  e q u a t i o n s  

are shown on t h e  n e x t  page. P l o t s  of R e s i d u a l s  v s  P r e d i c t e d  Mean 
Annual Flood show l a r g e s t  r e s i d u a l s  o c c u r r i n g  w i t h  l a r g e s t  f l o o d s .  

i . e .  non-uniform v a r i a n c e ,  b u t  t h e  6 - v a r i a b l e  e q u a t i o n  does move 
toward a illore uniform v a r i a n c e  band t h a n  t h e  d r a i n a g e  area o n l y  
e q u a t i o n  can .  ( F i g u r e s  4 and 5 )  

5 .  
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Mean Annual Flood - Largest Residuals in Cfs 

Drainage Area Only 
with Intercept 6-variable 10-variable 

River & Station No. Equation (7) Equation (10) Equation (9) 
-- 

Yukon 09AB001 - 12,400 
09AB009 - 23,000 
09AH001 - 50,300 
09CD001 j- - 46,800 
09EB002 - 20,700 15,300 

Liard lOAA0Ol t 12,000 5,810 
lOBEOOl 4,700 - 44,400 

Pelly 69BC001 t 4,160 424 
Stewart 09DC002 t 37,600 

09DD002 f. 39,300 - 30,600 - 3,040 
09DD003 t - 23,800 1,990 

Porcupine 09FD001 -!- 78,500 34,000 - 4,300 
lOMA0Ol t 60,100 11,500 15,400 Peel 

t These also appeared as large residuals for the 50-year Flood 
Regression Study., 

B. 10-year Flood ( Q ~ o )  

Equations for the 10-year or 10 percent flood and the 
50-year or 2 percent flood were handled in a similar manner i.e. 
logarithmic transformation of physiographic parameters (predictor 
variables) . For the 10-year flood (Qlo ) 6-variable equation: 

'Loglo ( Q l o )  = 4.3960 -I- O.9246L0glo (AREA) + 1.7945LOglo (ELEV) 
- 0-5044Loglo(DS W) - 0.3354LOglo(M LKE) + 0.2658LOglo(RA GLC) 
- 1.6271Loglo(SE NW) (11) 

The Standard'Error w a s  14,000 cfs .  Skew = 0.796 Kurtosis = 6.55 

No residual p l o t s  have been done. 
10--year flood, 50-year f lood and mean annual flood are 

6 .  



c l o s e l y  r e l a t e d ;  t h e r e  i s  very  n e a r l y  a common r a t i o  f o r  
5 0 -  ear fo r  t h e  s t a t i o n s  i n  t h e  s t u d y .  10-year 

Mean Annual and Mean i n n u a l  

The l a r g e s t  r e s i d u a l s  o c c u r r e d  f o r  t h e  f o l l o w i n g  s t a t i o n s :  

10-year  Flood - L a r g e s t  Res idua l s  i n  Cfs 

River - & S t a t i o n  N o .  Equa t ion  (11) 
6 - v a r i a b l e  

Yukon 09CD001 

S tewar t  09DC002 
09DD002 

Porcupine  09FD001 
L i a r d  l O A A 0 O l  

F e l l y  09BC001 
P e e l  l O M A 0 O l  

22,000 

20,100 

- 32,800 

4 4 , 4 0 0  

28,000 
24,300 

24,200 

These s t a t i o n s  a lso show l a r g e s t  residuals for  50-year  

f l o o d  ( t h e  e q u a t i o n s  have the same variables and  s imi l a r  coef- 
f i c i e n t s ) .  The e q u a t i o n  for  10-year  f l o o d  was ' ' t e s t ed"  by  
app ly ing  it t o  ungauged b a s i n s  n e a r  b a s i n s  fo r  which physio-  

g r a p h i c  parameters are a v a i l a b l e .  
I 

C. 50-year & 100-year Floods(Q5o and Q i o o )  

As a f i r s t  s t e p ,  e q u a t i o n s  w e r e  developed f o r  t h e  

50-year and ,100-year f l o o d s  i n  cfs f o r  d ra inage  areas i n  squa re  

m i l e s .  

Loge(Q50) = 3.08 + 0.887 x LOge(D.A.) R2 = 0.793 ( 1 2 )  

o r  Q 5 0  = 21.8 x ( D . A . ) o ' 8 8 7  

LOge(Qloo = 3.26 + 0.880 x LOge(D.A.) R2 = 0.775 ( 1 3 )  
or  Q l o o =  2 6 . 1  x ( D . A . )  0 ' 8 8 0  

7 .  



Notes: 
(1) Residuals  f r o m  t h e s e  equa t ions  show a non-uni- 

form d i s t r i b u t i o n ,  w i t h  a l a r g e  d ivergence  f o r  
l a r g e r  f l o o d s .  

f i c i e n t s  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  
between t h e  equa t ions .  

(2) Consider ing  t h e  s t a n d a r d  e r r o r s  f o r  t h e  coef -  

( 3 )  The equa t ions  should  n o t  be  used f o r  d ra inage  
areas of less than  one hundred squa re  m i l e s .  
They w i l l  be most re l iab le  f o r  streams w i t h  
d ra inage  areas of  about  2 5 0 0  squa re  m i l e s .  

A s  an  example of t h e  use  o f  t h e  equa t ions  cons ide r  
S t a t i o n  0 9 B A 0 0 1 :  

Drainage area = 2 8 0 0  squa re  m i l e s  
Q s o  = 21.8  x ( 2 8 0 0 ) 0 * 8 8 7  = 2 4 8 9 3  ( 2 4 9 0 0 )  cfs  

Q ' 'observed" w a s  2 9 2 0 0  c f s .  

Q l o a  = 2 6 . 1  x ( 2 8 0 0 ) 0 . 8 8 0  = 2 8 1 9 3  ( 2 8 2 0 0 )  c f s  
Q "observed" w a s  32500  cfs. 

The n e x t  s t e p  w a s  u t i l i z a t i o n  of a d d i t i o n a l  i n f o r -  
mation provided  by t h e  c o r r e l a t i o n  w i t h  o t h e r  phys iographic  
parameters .  Equat ions  w e r e  developed by forward s e l e c t i o n  f o r  

Q 5 0  and Q I O O .  

For Q 5  o : 

RS Q 
FPROB 

STD ERR Y 

VAR COEFF 

CONST 30.0859 

AREA 0 . 9 4 9 1  

ELE V 1.1510 

RA LKE . - 0 . 3 3 1 7  

RA FOR - 0 . 8 8 2 1  

BH W 0.7887 

SE NW -2 .2147  

SE W -1 .2739 

= 0 . 9 8 2 6  

= 0.0 

= 0 . 2 3 5 7  

STD ERR F-F 

5 . 1 1 6 3  

TI 

0 . 0 3 6 8  6 6 3 . 8 8 7 8  

0 . 4 2 3 8  7 . 3 7 5 5  
0 . 0 7 3 5  2 0 . 3 3 8 0  

0 .1775 24 - 6 8 4 9  

0 . 3 1 2 9  6 . 3 5 3 3  

0 . 2 6 5 3  6 9 . 7 0 6 8  

0 . 2 2 1 6  3 3 . 0 3 6 6  

where var iables  are logar i thms t o  t h e  base e 

8. 

FP 3B 

0.0 

0 . 0 1 0 4  

0 . 0 0 0 1  

0 .0000  

, 0 . 0 1 6 3  

0 . o o o o  
0 . o o o o  



VAR 

CONST 

AREA 
ELE V 

D S  W 
RA LKE 
RA FOR 

SE NW 

ELE V mean basin elevation 
liA LKE relative area of lakes 
]?A FOR relative area of forests 
BH W barrier'height to the west 
SE NW shield effect to the northwest 
!:E W shield effect to the west 

== 30.1 + 0.9491 x Loge(AREA) + 1.1510 x Log (ELEV) 
-- .O. 3317 x Loge (RA LKE) + . . . . e 

For Q i o o :  

KS Q = 0.9746 
FPROB = 0.0 
S T D  ERR Y = 0.2817 i 

COEFF 
15.0187 
0.9577 
1.9587 

-0.7939 
-0.3432 
-0.4537 
-1.8166 

S T D  ERR 

3.0778 
0.0444 
0.4219 
0.1013 
0.0874 
0.1398 
0.2237 

F-RATIO FPROB 

464.5321 0.0 

21.5475 0.0001 
61.4329 0.0000 
15.4241 0.0005 
10.5371 0.0028 
65.9406 0.0000 

D S  W distance to the sea to the west 
Again all variables are logarithms to the base e. 

. -  

9. 



~0 3. MEAN ANNUAL FLOW VOLUME 

Regress ion  on Phys iographic  Parameters 

For t h e  Regression Study o f  mean a n n u a l  f low,  no 
l o g a r i t h m i c  t r a n s f o r m a t i o n  w a s  used .  
w a s  t h e  u n i t  mean annual  flow or  mean annua l  f low p e r  u n i t  area. 
T h i s  t r a n s f o r m a t i o n  removed t h e  s p u r i o u s  e f f e c t  of d r a i n a g e  

area. 

The r e s p o n s e  v a r i a b l e  

4 2  s t a t i o n s  w e r e  employed t o  deve lope  t h e  f o l l o w i n g  
e q u a t i o n  : 

U n i t  Mean Annual Flow (cfs /sq.mi.)  = 3.3020 + O.O152(SLP % )  

+ 0.006671(DS N )  - 0.004113DS NW) - 0.0008409(DSSP7) + 0.1096(RA GLC) 

- 0.0002479(BH N )  - 0.00002049 (SE NW) ( 1 4 3  

The S tanda rd  Error w a s  1 9 %  o f  t h e  mean r e s p o n s e  of 0.969 cfs /sq.mi.  
I 
8 4 The skew o f  t h e  r e s i d u a l s  w a s  0.737 and t h e  k u r t o s i s  w a s  3.37. 

The l a r g e s t  r e s i d u a l s  o c c u r r e d  fo r  the  f o l l o w i n g  s t a t i o n s :  

U n i t  Mean Annual Flow - Largest R e s i d u a l s  in Cfs/Sq.mi. 
i n! 
m 
m 

n 

River & S t a t i o n  N o .  Observed P r e d i c t e d  Res idua l  

A t l i n  09AA006 1.270 0.976 0 - 2 9 4  
T u t s h i  09AA013 1.519 1.134 0.385 
S w i f t  09AE003 1.352 1.046 0 - 306 
B l u e  . 10AC004 0.954 1 . 2 5 2  - 0.299 

Cottonwood 10ACO 0 5 1.950 1 .535  0.415 
C o a l  lOBCOOl 1.027 0-714 0 -313  

II 

0 
I 

Turnagain l O B A O O l  1.178 1.432 - 0.255 

0.608 - 0.272 A i s h i h i k  08AA001 0.336 

A geograph ica l  p l o t  r e v e a l e d  a c l u s t e r  of n e g a t i v e  
r e s i d u a l s  i n  t h e  southwes t  c o r n e r  of t h e  T e r r i t o r y  i n d i c a t i n g  

t h e  e q u a t i o n  o v e r p r e d i c t s  i n  t h i s  r e g i o n .  Overa l l  t h i s  e q u a t i o n  

'I may b e  a p p l i e d  t o  ungauged b a s i n s  w i t h  f a i r  c o n f i d e n c e  p rov ided  

10. 
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0 
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3. MEAN ANNUAL FLOW VOLUME 

Regress ion  on Phys iographic  Parameters 

For  t h e  Regression Study of mean a n n u a l  f l o w ,  n o  
l o g a r i t h m i c  t r a n s f o r m a t i o n  w a s  used .  The r e s p o n s e  v a r i a b l e  
w a s  t h e  u n i t  mean annual  f l o w  o r  mean annua l  f l o w  p e r  u n i t  area. 
Th i s  t r a n s f o r m a t i o n  removed t h e  s p u r i o u s  e f f e c t  o f  d r a i n a g e  

area. 
4 2  s t a t i o n s  w e r e  employed t o  deve lope  t h e  f o l l o w i n g  

e q u a t i o n  : 

U n i t  Mean Annual Flow (cfs / sq .mi . )  = 3.3020 + O.O152(SLP % )  

+ 0.006671(DS N )  - 0.004113DS NW) - 0.0008409(DSSW) + 0,1096(RA GLC) 

- 0.0002479(BH N) - 0 .00002049  (SE Nw) ( 1 4  3 

The S tanda rd  Error w a s  1 9 %  o f  t h e  mean r e s p o n s e  of 0.969 cfs /sq.mi.  
The skew of t h e  r e s i d u a l s  w a s  0.737 and t h e  kurtosis w a s  3 . 3 7 ,  
The l a r g e s t  r e s i d u a l s  o c c u r r e d  for  t h e  f o l l o w i n g  s t a t i o n s :  

U n i t  Mean Annual Flow - L a r g 2 s t  R e s i d u a l s  i n  Cfs/Sq.mi. 
River & S t a t i o n  - N o .  Observed P r e d i c t e d  Res idua l  

A t l i n  09AA006 1.270 0.976 0 ,294  
T u t s h i  09AA013 1.519 1.134 0.385 
S w i f t  09AE003 1.352 1.046 0.306 

Blue  10AC004 0.954 1 . 2 5 2  - 0.299 

Cottonwood 10AC005 1.950 1.535 0.415 

C o a l  lOBCOOl 1 . 0 2 7  0.714 0 -313 

Turnagain l O B A O O l  1.178 1.432 - 0.255 

A i s h i h i k  08AA001 0.336 0.608 - 0.272 

A geograph ica l  p l o t  r e v e a l e d  a c l u s t e r  o f  n e g a t i v e  

r e s i d u a l s  i n  t h e  southwes t  c o r n e r  of t h e  T e r r i t o r y  i n d i c a t i n g  

t h e  e q u a t i o n  o v e r p r e d i c t s  i n  t h i s  r e g i o n .  Overa l l  t h i s  e q u a t i o n  

may b e  a p p l i e d  t o  ungauged b a s i n s  w i t h  f a i r  c o n f i d e n c e  p rov ided  

10. 



t h a t  t h e  phys iog raph ic  parameters  o f  t h a t  b a s i n  are n o t  o u t s i d e  
t h e  r ange  of t h o s e  used  i n  deve loping  t h e  e q u a t i o n .  

4 .  LOW FLOWS 

Low f low d a t a  i n  t h e  f o r m  of a n n u a l  7-day ave rage  
l o w  f l o w s  were compiled and p u b l i s h e d  by t h e  Water Survey of 

' Canada i n  1 9 7 4  ( References  7 and 8) .  

For  t h i s  s t u d y  47 gauging s t a t i o n s  i n  t h e  Yukon 
T e r r i t o r y  and Nor thern  B r i t i s h  C o l u m b i a  w e r e  u t i l i z e d  t o  e x t r a c t  
t h e  mean annual  7-day l o w  f lows (Qnmin) ,  10-year  7-day l o w  f lows ,  

and 50-year 7-day l o w  f lows;  t h e  d a t a  are shown i n  Table 2. 

1. Mean Annual 7-day Low Flow vs Drainage A r e a  

The Q min v a l u e s  w e r e  p l o t t e d  on l o g  paper  (F igu re  6 )  

a g a i n s t  s i z e  of d ra inage  area t o  s tudy  t h e  r e l a t i o n s h i p .  A s  

expec ted  t h e  s i z e  of t h e  sample i s  too sma l l  t o  d e f i n e  a u s e f u l  
r e l a t i o n s h i p .  I f  necessa ry  t h e  fo l lowing  e q u a t i o n  may be used 
t o  estimate l o w  f lows  i n  ungauged a r e a s  where t h e  p i p e l i n e  may 
t r a v e r s e :  

Loglo (Qnrnin) = - 0.6770 + 0.9548Log10(Drainage A r e a )  

2. Minimum Dai ly  Discharge 

The minimum d a i l y  d i s c h a r g e s  as r e c o r d e d  a t  over 5 0  

gauging s t a t i o n s  are l i s t e d  i n  Table  3. These  v a l u e s  are mean 

d a i l y  flows which are l o w e r  t h a n  t h e  7-day a v e r a g e s  mentioned i n  
t h e  p rev ious  s e c t i o n .  By d i v i d i n g  t h e  mean d a i l y  l o w  f low by t h e  

, d r a i n a g e  area one d e r i v e s  a u n i t  l o w  f l o w  i n  cfs p e r  s q u a r e  m i l e ,  
which may h e l p  i n  a s s e s s i n g  t h e  l o w  u n i t  d i s c h a r g e  a long  t h e  pipe-  
l i n e  r o u t e s .  There i s  no ev idence  t h a t  r e g i o n a l  v a r i a t i o n s  e x i s t  

a long  d i f f e r e n t  r o u t e s ,  which would r e f i n e  t h e  estimates.  

3 .  Law Flaw Regress ion  Study 

For l o w  flow r e g r e s s i o n  s t u d i e s ,  t h r e e  h y d r o l o g i c  
q u a n t i t i e s  w e r e  s t u d i e d :  mean annual  7-day l o w  flow, t h e  10-year  

11. 



7-day l o w  flow and the  50-year 7-day l o w  f l o w .  Logar i thmic  

t r a n s f o r m a t i o n s  w e r e  used f o r  a l l  e q u a t i o n s .  For t h e  mean annua l  

7-day l o w  flow, 4 4  s t a t i o n s  produce t h e  e q u a t i o n :  

Loglo(Mean Annual 7-day Low Flow i n  cfs) (Qnmin) = 11.5545 
+ 0.0811L0g10 (AREA) - 2.342OLOglo (ELEV) + 1.0624L0g10 (SLP % )  

+ 2.7878Loglo ( D S  Nw) - 1.5352Loglo ( D S S W )  - 0.4549Loglo (BH S W )  

The S tanda rd  E:rror w a s  328 c f s .  T h e  skew f o r  t h e  r e s i d u a l s  w a s  
0.519, k u r t o s i s  6.76 so  t h e y  are n o t  no rma l ly  d i s t r i b u t e d .  ( F i g u r e  7 )  
The la rges t  r e s i d u a l s  o c c u r r e d  fo r  t h e  largest  b a s i n s :  

Mean Annual 7-day Low F l o w  - Largest  R e s i d u a l s  i n  C f s  
River & S t a t i o n  N o .  O b  served P r e d i c t e d  R e s i d u a l  

Yukon 09Anoo1 2 , 400 1 , 7 1 0  688  

09AB009 3,700 2,780 916 

09CD001 9 , 860 9 ,040  818 

09AHOO1 7,513 6,850 657 

P e l l y  09BC001 1 ,560  2 ,480  - 917 
S t e w a r t  09D130O 2 1 ,710  1 , 2 9 0  419 
A t l i n  09AA006 904 5 7 1  333 

4 4  s t a t i o n s  w e r e  used  t o  develope t h e  f o l l o w i n g  e q u a t i o n  

for  t h e  10--year, o r  1 0  p e r c e n t ,  7-day l o w  f l o w .  

Loglo (Qlomin) = 17.7940 + 0.1060L0g10 (AREA) - 3.2120L0g10 (ELEV) 

- 0.6166Loglo (BH S W )  - 2.6299L0g10 (SE NW) (17) 
+ 1.2203Lo<Jlo(SLP%) + 3.408OLOglo ( D S  NW) - 2.058OL0glo ( D S  SW) 

R2= 0.7573 FPROB = 0 . 0 0 0 0  S . E .  = 0.1245 log u n i t s  o r  328 cfs.  

The skew w a s  3.33, t h e  k u r t o s i s  1 9 . 2  i n d i c a t i n g  a d e f i n i t e l y  
non-normal d i s t r i b u t i o n  of r e s i d u a l s ,  so t h e  e q u a t i o n  i s  suspec t  

1 2 .  



m 
m 

a l though  it. p rov ides  r e l a t i v e l y  good. r e s u l t s  f o r  t h e  obse r -  

v a t i o n s .  Again t h e  l a r g e s t  r e s i d u a l s  o c c u r  for  t h e  l a r g e s t  
, b a s i n s ,  i n d i c a t i n g  t h e  bias  o f  t h e  e q u a t i o n .  

10-year  7-day Low Flow - L a r g e s t  R e s i d u a l s  i n  Cfs  

River  & S t a t i o n  N o .  Observed P r e d i c t e d  Res idua l  

Yukon 09AB001 1 , 8 0 0  1 , 3 1 0  488 
09ABoo9 2 ,700  2,140 559 

09CIDO 0 1 8,200 6,590 1,610 
P e l l y  0 9 BC 0 0 1 1,200 1 ,810  - 6 1 4  
A t l i n  0 9-0 0 6 740 450 290 

For t h e  50-year o r  2 p e r c e n t  7-day l o w  f l o w  4 2  o b s e r v a t i o n s  
w e r e  used t o  develope t h e  e q u a t i o n .  
g r a p h i c  parameters  i n d i c a t e d  t h a t  t h e r e  was non-uniform v a r i a n c e  
even w i t h  t h e  l o g a r i t h m i c  t r a n s f o r m a t i o n .  
u n r e l i a b l e  w i t h  r e s p e c t  t o  s i g n i f i c a n c e  of variables and coef- 
f i c i e n t s .  

P l o t s  of s e l e c t e d  phys io-  

This makes t h e  e q u a t i o n  

R = 0.6660 FPROB = 0.0000 S.E.  = 0.1683 log  u n i t s  o r  309 c f s ,  

The skew and k u r t o s i s  of t h e  r e s i d u a l s  w e r e  3.40 and 19.4 res- 
p e c t i v e l y ,  b e a r i n g  o u t  t h e  warning of t h e  non-uniform v a r i a n c e .  

The l a r g e s t  r e s i d u a l s  are a g a i n  f r o m  t h e  l a rges t  b a s i n s .  

I 

P The l a r g e s t  r e s i d u a l s ,  u s i n g  e q u a t i o n  (18 )  are 
l i s t e d  on t h e  fo l lowing  page. 
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50-year 7-day Low F l o w  - L a r g e s t  R e s i d u a l s  in Cfs 
R i v e r  & S t a t i o n  - N o .  Observed P r e d i c t e d  Res idua l  

Yukon 09AB001 1,400 1 , 1 0 0  300 
09AB009 2 , 100 1 ,720  385 

09CD001 6,800 5,300 1,500 

L i a r d  I.OAA001 1 , 6 0 0  1,210 394 
A t l i n  09Aa006 640 352 288 

Dease l.OAC002 370 659 - 289 
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T a b l e  1. 

I 
I 

S t a t i o n  N o .  & St ream 

08AA003 Dezadeash  
08AA001 A i s h i h i k  

08-004 K a t h l e e n  

09AA007 Lubbock 

09AAOO9 Watson 
09AAOll T a g i s h  C r e e k  

09AA012 Wheaton 

09AB001 Yukon 

09AE3008 M'Cl in tock  

09AB009 Yukon 

09AC001 T a k h i n i  
09AC004 Takhini 

09AEOO1 T e s l i n  

09AF001 Teslin 
09AG001 B i g  Sal.mon 

09AH001 Yukon 

09BA001 R o s s  

09BC001 P e l l y  

09BC002 P e l l y  

09CA002 K l u a n e  
09CD001 Yukon 

09DC002 S t e w a r t  

09DD002 S t e w a r t  

09DD003 S t e w a r t  

09EA003 K l o n d i k e  

09EB001 Yukon 

09FD001 P o r c u p i n e  

l O A A O O l  L i a r d  

1OABOOl F r a n c e s  

l O A D O O l  Hy land  

l O M A O O l  P e e l  

-- 

FIlMO -DATA. . 

D.A. M . A . F .  
sq . m i .  c f s  

3280 

1660  
249 

684 

444 

30 

337 

7500 
655 

12000 

2700 
1570 

11700  

14100  

2610 

33600 

5880 
2570 

1 6 3 0  

422 

893  

70 

1740  

18500 

2030 

24500 

8370 
7240 

39500 

42400 

12000  

70600 

2790 15900  

18900  76700 
7130 39700 

1910  9410 

57800 

12200  

13500  

19700 
3010 

102000 
21400 

12900 

4950 
3650 

9940 

147000  

81900 

92100 

96300 

14800 

275000 

161000 

70300 

26600 

30100 

83700 

Q 5  0 
cfs  

10900 
5080 

3900 

916 

1 8 4 0  

1 5 0  

2850 

23300 

4350 

31700 

14500  
11500  

64800 

74800 

23500 

119000 

29200 

173000 

76300 
1 4 3 0 0  

307000 

143000 

192000 

313000 

25900 

477000 

328000 

168000 

43600 

52900 
315000 

Q 50  
M.A.F. 

1.85 
1 . 9 8  

2 .39  

2.17 

2.06 

2.14 

1 . 6 4  

1 * 2 6  

2.14 

1 . 2 9  

1 . 7 3  

1 - 5 9  
1 .64  

1 . 7 6  

1 . 9 6  

1 .69  

1 .83 

2.26 

1 . 9 2  

1 . 5 2  

2 - 0 9  

1 . 7 5  

2.08 

3 .25  

1 . 7 5  

1 . 7 3  

2.04 
2 .39  

1 . 6 4  

1 .76  

3 .76  

Q i o  o 
cfs 

11800  

5560 

4600 
1050  

2010 

16  6 

3060 

24000 
4870 

32800 

1 5 8 0 0  
12200  
69300 

81700 

26400 

129000 

32500 

200000 
84700 

15200  

352000 

154000 

223000 

411000 

28700 

524000 

363000 
205000 

46800 

59200 

402000 

Q 1 0 0  
M . A . F .  

2 .01  

2.16 
2.82 

2.49 

2 - 2 5  

2.37 

1 .76  

1 . 3 0  
2.40 

1.34 

1 .89  

1 - 6 8  
1 . 7 5  

1 .93  

2 - 2 0  

1 - 8 3  

2.04 

2 .61  
2.13 

1 - 6 2  

2.39 
1 . 8 8  

2.42 

4.27 

1 .94  

1 . 9 1  
2 .25  

2.92 

1 .76  

1 . 9 7  

4.80 

2 4 .  



Table 1. ( C o n t i n u e d )  
D.A. M.A.F.  Q s  o Q s o  Q l o o  Q l o o  

S t a t i o n  N o .  & S t r e a m  s q . m i .  cfs  cfs M.A.F. cfs 14-A.F .  

B r i t i s h  Columbia.  

09AA006 A t l i n  2630 

09AA008 P i n e  C r e e k  269 

09AA015 Wann 104 
09AA014 Fantai l -  277  

09AA013 T u t s h i  366 

0 9AAO 10  Lindeman Creek 9 2  

09AE003 S w i f t  1280  

7760 15000  1 - 9 3  1 7 0 0 0  2 - 1 9  

642  1 8 0 0  2.80 2200 3 .43  

1 3 8 0  2850 2.06 3300  2.39 

4220 1 1 0 0 0  2 - 6 1  1 3 5 0 0  3 - 2 0  

2370 4750 2 .00  5400  2.28 

2280 5700 2 - 5 0  7000 3.07 

9300 21000 2 .26  25000 2 - 6 9  

09AE004 Gladys 737 2120 4700 2 - 2 2  5500  2.59 

lOBEOOl L i a r d  40300 190000  420000 2 . 2 1  500000 2 - 6 3  

10AC003 Dease 5 8 8  3220 8200 2 . 5 5  10000 3-11 

10AC002 Dease 2380 22300 45000 2 - 0 2  52000 2 - 3 3  

lOBCOO1 Coal 3550 27900 41700 1 - 4 9  43500 1-56 

2 5 .  
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I 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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T a b l e  3. L O W  F L O W  D A T A  

S t a t i o n  N o .  & R i v e r  s q . m i .  c f s  c f s  c f s recorded cfs/ss .mi. 

0 8AAO 0 3 Dez a d e a s h  3280 419 300 240 238 0 .07  

08AA001 A i s h i h i k  1660  1 3 3  85 6 8  79 0.04 

08AA004 K a t h l e e n  249 84 70 60  7 1  0 .28  

09AA007 Lubbock 684 77 5 0  36 52  0.07 

D.A. G a m i n  Q l o m i n  Q s o m i n  Qmin Qnin/D.A. 

09AA009 Watson 452 4 1  18  8 1 0  0 .02  

09AAOll 
09AA012 , 

09AB001 

09AB008 

09ABOO9 

09AC001 

09AC004 

09AEoo1 
09AF001 
09AG001 

09AH001 

0 9BAO 0 1 
0 9BCO 0 1 

09BC002 

09BC003 

09CA002 
09CD001 
09DC002 

09DD002 
09DD003 

09EA003 

09EB001 

09EB002 

T a g i s h  Cxeek 

Wheaton 
Yukon 

M ' C l i n t o c k  . 

Yukon 

T a k h i n i  

T a k h i n i  

T e s l i n  
T e s l i n  

31  

337 

7500 

597 

12000 

2700 

1570  
11700 

13700 

B i g  Salmon 2610 
Yukon 33600 

R o s s  2800 

P e l l y  18900 

P e l l y  7670 

R o s e  C r e e k  85  

Kluane 1 9  1 0  
Yukon 58400 

S t e w a r t  12100 

S t e w a r t  13500 
S t e w a r t  19700 

K l o n d i k e  3010 

Yukon 106000 

Yukon 97300 

4 

4 5  

2400 

89 

3700 

324 

234 
2310 

2640 

535 
7510 

206 
1560 

608  
- 

283  
9860 

1030 
1710  

2160 

279 
13500 

- 

3 

32 

1800 

6 3  

2700 

240 

190  
1600  

1 9  00 
440 

5400 

150  

1200  

440 
- 
- 

8200 

700 

1100 

1550 

170 

8400 

2 

24 

1 4 0 0  

5 0  
2 1 0 0  

1 7 5  

1 7 0  
1 3 0 0  

1 6 5 0  

360 
4100  

1 4 0  

1 0 0 0  

360  

6800 

5 4 0  

7 6 0  
1 2 0 0  

1 1 5  
- 

- 3  

3 3  

1150  

60 

2500 

1 5 3  

1 2 8  
1350 

1780  

388  
4800 

100  
1000 

219 

6 

1 9  

8000 

538  

900 
1250 

170  

6350 
10600 

0.09 
0.09 

0.15 

0.10 

0 .20  

0 .05  

0 - 0 8  
0.11 

0 . 1 2  

0.14 
0.14 

0 .04  

0 .05  

0 - 0 3  

0 .07  

0.01 
0 . 1 3  

0.04 

0.06 
0 .06  

0 -06  

0 .05  
0.10 

0 9 FDO 0 1 P o r c u p i n e  20900 554 420 330 425  0 .02  

l O A B O O l  F r a n c e s  4950 759  580 4 7 0  486 0 .10  

l O A A O O l  L i a r d  12500 2250 1750  1 6 0 0  1740 0 .14  

27. 



B 
I 
1 
1 
1 

1 

I i  

I 

T a b l e  3 .  (Cont 'd)  L O W  F L O W  D A T A  

S t a t i o n  N o .  & R i v e r  sq. m i .  cfs cfs cfs  r eco rded  cfs/sq .mi. 

1 0 > ~ 0 0 1  P e e l  10200 536 3 80 290 404 0 -03 

l O M B O O l  Snake 1070 

D . A .  Q n m i n  Qlomin .Qsomin Qmin Qmin/D.A. 
- 

- 0 - - - 
B r i t i s h  Columbia 

09AA006 A t l i n  2630 904 740 640 623 0.23 

09AA008 P i n e  Creek 269 4 1  28 20 27 0.10 

09AA015 Wann 104 26 16  10  16 0.15 

09AA014 F a n t a i l  277 4 1  28 23  26 0 -09 

09AA013 T u t s h i  366 98 80 70 74 0.20 
09AA010 Lindeman Creek 92 19  11 6 5 0.05 

0.16 09AE003 S w i f t  1280 310 235 190 205 

09AE004 
lOBE 00 6 
lOBEOOl  

10BE005. 

10AC003 

10AC002 
10AC005 
10AC004 
l O A D O O l  

10BB002 
l O B B O O l  

l O B A O O l  

l O B C O O l  

10BE007 

Gladys 
L i a r d  
Liard  

L i a r d  

Dease 
Dease 
Cottonwood 
Blue 
Hyland 
Kechika 
Kechika 

Turnaga j.n 

C o a l  

T r o u t  

737 
23800 
40300 
45800 

588 
2380 

343 
658 

3650 
4310 

8790 

2550 
3550 

~ 461 

115 
- 

7100 
- 
97 

525 
73 

100 
630 
746 

1520 

360 
740 
- 

96 

5200 

82 

420 
52  

500 
520 
900 

165 
600 

86 

4500 

76 

370 
40 

440 
340 
570 

86 
520 

83  

3300 
4400 
6100 

80 

4 15 
50 
32 

460 
480 
89 5 

203 

530 
152 

0.11 
0.14 
0.10 
0.13 
0.13 
0.17 

0.14 
0.04 
0.12 
0 . 1 1  

0.10 

0.07 
0.14 

0-32 
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Table 4 .  P H Y S I O G R A P H I C  PARAMETERS 

The Phys iographic  parameters on t h e  l i s t i n g  are i n  t h e  

fo l lowing  o r d e r ,  a f t e r  t h e  s t a t i o n  number and t h e  c a r d  number, 

Parameter Abbrevia t ion  Un i t s  

d ra inage  area AREA squa re  m i l e s  

l o c a t i o n  of  c e n t e r  of b a s i n  NPOS I d imens ionless  
NPOS J 

mean b a s i n  e l e v a t i o n  ELEV 

mean b a s i n  s l o p e  x 1 0  SLP 

ang le  between t h e  west-east SLP AZ 

d i r e c t i o n  and the-  h o r i z o n t a l  
p r o j e c t i o n  of  t h e  l i n e  of 
s t e e p e s t  d e s c e n t  of t h e  local  
s l o p e  

d i s t a n c e s  t o  t h e  sea n o r t h  

r e l a t ive  areas 

b a r r i e r  h e i g h t  

s h i e l d  e f f e c t  

s igned  s l o p e  

north-west 
w e s t  

south-west 

l a k e s  
forest  
swamp 
g l a c i e r  
urban 

n o r t h  
]north-west 

w e s t  
south-west 

n o r t h  

north-west  
w e s t  

south-west 

nor th-  eas t 
e a s t  

sou th -eas t  

29 a 

DSN 

DSNW 

DSW 

DSSW 

RALKE 

RAFOR 
RASWP 

RAGLC 

RAURB 

BHN 

BHNW 

BHW 

BHSW 

SEN 

SENW 

SEW 

SESW 

SSNE 

SSE 
SSSE 

f e e t  

I 

degrees  

k i l o m e t r e s  

% 

feet  

f e e t  

fee t /hi Lometre s 



Table  4. (Cont'd) 

PMYSIO6RAPHIC~rWTER.S Fa BASINS USED I W  REGRESSION STUDIES I N  THE YUKON TERRITORY 

08AA001 1 
08AA00A 2 
08AAOOA 3 
03AA031 4 
OaAA033 A 
08AA003 2 
OBAA003 3 
08AA003 4 
OYAAOO6 1 
09AA006 2 
03AA006 3 
09AA006 4 
09AA037 1 
09AA007 2 
09AAOQ7 3 
09AA007 4 
C9AA038 1 
09AA008 2 
09AA008 3 
C9AA008 4 
OYAA009 1 
09AA009 2 
O9AA009 3 
09AAOO9 4 
09AA010 1 
09AA010 2 
09AA010 3 
09AA010 4 
O9AAOlA 1 
09AAOll  2 
09AAO11 3 
0 9 A A O l l  4 
09AAOAZ 1 
09AA012 2 
09AA012 3 
09AA012 4 
09AAOA3 1 
09AA013 2 
03AAOAj 3 
O9AAOA3 4 
GYAA014 1 
03AAGA4 2 
09AA014 3 
O3AA014 4 
09AA015 1 
0 9 A A 3 A 5  2 
O Y A A O A S  3 
O Y A A O A S  4 
03A3001 A 
O'JAi303A L 
09AaG31 3 
O' IAB001  4 
09A3038 1 
09A3038 2 
03A.$008 3 
C9AdOi;d 4 
0')kdOO'J 1 
09A.3039 2 
09A300Y 3 
U9A3639 4 

n 5 i 9  
1498 

0 
106800 
30 A9 

0 
AOBZOC) 

2520 
1 7 3 9  

0 
45200 

59 A 
L7AO 

0 
101600 

267 
176,f 

rl 
2 1100 

452 
1654 

0 
116600 

93 
1497 

0 
A7160 

3 1  
A682 

0 
124700 

33 7 
A682 

, o  
39501) 

36 8 
A 123 

s 
25800 

2 12 
1695 

0 
2 3 7 1 3  

A05 
A781  

3 

* 7 A Y 3  
A110 

3 
SA200 

59 1 
1640 

0 
11,$>0u 

1.20013 
16618 

0 
(9200 

1~541. * 

25390 ~ 

; 

+4 
1540 
A833 

15500 
45 

1580 
2200 

A 3300 
6 4  
63 0 

2600 
A2600 

63 
A440 
2790 

A8000 
65 
3 70 

2220 
11500 

5 6  - A700 
2180 

18000 
55 

241 
161 8 

A 5380 
59 

7170 
2900 

20100 
5 s  

1360 
1530 

A8 100 
57 

340 
1922 

1 b843 
5 7  

29rr 
1564 

ALd60 
60 
33 1 

1656 
9640 
61 

8 7 0  
2370 

15400 
60 

1'160 
2420 

19500 
517 

1140 
2260 

15000 

A 50 
226 

A 540 
8 

147 
226 

2080 
7 

132 
254 

2270 
0 

A30 
2 96 

2060 
-4 
1131 
254 

1420 
-5 

A39 
2 54 

1910 
3 

A32 
186 

A77 1 
19 

133 
2 8 2  

2 160 
19 

A38 
240 

A6 7 i l  
A8 

A33 
23 A 

2 A94 
1 5  

133 
206 

Ad88 
7 

A23 
202 

2226 
21 

A35 
254 

2200 
5 

144 
325 

Z l A O  
9 

138 
25 4 

2130 
4 

30. 

*A90 
7 

6240 
3 

3310  
5 

6770 
7 

3460 
12 

3950 
-4 

330 0 

5390 

3883 
6 

2330 
-20 

3Y2  0 
2 

6310 
15 

4d40 
2 

A*5d 
8 

3060 
A 

A 770 
8 

4520 
2 

4 6 7 0  
22 

4296 
6 

2188 
1 

5032 
2 

2145 
8 

5309 
4 

3072 
47 

3680 
8 

4460 
e 

3560 
A 

1220  
10 

37 40 
7 

52 40 
6 

b 

- Y  

54 
46 

4 140 
7 

56 
46 

5 190 
4 

39 
62 

2403 
-2 
34 
84 

2390 
-L 
4 1  
51 

1 7 6 0  - A4 
41 
52 

3 680 
7 

50 
22 

LO52 
., 2 

3 d  
95 

4450 
12 
56 
27 

3250 
21 
69 
4 3  

22 A0 
-9 
56 
21 

A264 
12 

31 
A 468 
38 
48 
57 

2810 
4 

43 
(31 

4 
47 
56 

2660 
2 

7a  

3830 

66 
0 

24500 

163 
0 

27 00 0 

253 
1 

37100 

25 6 
2 

35100 

245 
0 

37600 

96 
1 

30000 

46 
0 

25610 

A20 
0 

32000 

57 
0 

28700 

16 
1 

33390 

6 8  
1 

35600 

14 
0 

37530 

62  
1 

34100 

1 1 5  
2 

30800 

47 
1 

32800 

890 
0 

A29200 

920 
0 

A31100 

1 A l O  
4 

A34300 

1060 
0 

128800 

A A30 
0 

135500 

1030 
0 

134100 

958 
3 

123040 

1060 
0 

131500 

A040 
1 

136500 

1108 
0 

A39140 

A106 
20 

138120 

1 A59 
6 

143760 

1080 
5 

133800 

1010 
0 

118900 

1030 
3 

131200 



1 
I Table 4. (Cont'd) 

09AC001 1 
03AC001 2 
09AC001 3 
09AC001 4 
09AC004 1 
09AC004 2 
03ACOO4 3 
09ACOJ4 4 
03AE001 1 
09AE001 2 
09AE001 3 
03AE001 4 
03AE003 1 
09AE003 2 
09AE003 3 
03AE003 4 
09AE004 1 
09AE004 2 
03AE004 3 
09AE004 4 
03AF001 1 
0 3 A F O O l  2 
O Y A F O O 1  3 
09Af001 4 
O Y A C O U l  1 
OYAGO01 2 
09ACOOl 3 
09AG001 4 
09AH691 1 
O Y A H O O 1  2 
OYAHOOA 3 
09AH001 4 
096A001 1 
03BAObl 2 
O3BAO01 3 
099A001 4 
09BC031  1 
0 9 B L 0 ) 1  2 
O Y l 3 C O O l  3 
038CO31 4 
O Y B L O O 2  1 
09ECOd2 2 
09HC002 3 
093C002 i 
OXA332 1 
OYCA032 2 
03CA002 3 
0 9 C 4 G O 2  4 
03coo31 1 
0 9 C O O ' J 1  2 
03cL)001 3 
03CDOO1 4 
C90C032 1 
0'10C032 2 
04DCOO2 3 
03oco02 4 
09DJO02 1 
03G300i 2 
0300302 3 
0YD300i 4 

2781 
1626 

0 
96400 

1.594 

01 
8 44,001 
11700 

1753 
0 

8k300 
h 280 

0 
5Y500 
737 

11781, 
0 

29900 
13700 

1725 
0 

86300 
2640 
156') 

0 
11 2400 

33600 
1656 

0 
88900 

2 800 
1484 

0 
1 10600 

19700 
1442 

3 

7670 
1527 

0 
1 1 2900 

197b 
1456 

0 

58400 
1569 

0 
95200 
12100 

1244 
0 

1529010 
1.3S(EO 
1253 

3 
L O  4 3  00 

I. 64 a1 

n 809 

10a300 

i02ioo 

5 1  
1390 
1630 

13800 
5 1  

1190 
1470 

13900 
7 8  

1220 
2520 

17109 
90  

890 
2200 

14800 
68 

420 
2230 

12400 
76  

1300 
2510 

17500 
62 

1700 
1940 

19400 
65  

1320 
2370 

16800 
9 0  

2750 
2 1000 

75  
1720 
2520 

26000 
91  

1830 
247 0 

27100 
24 

1460 
1830 

23300 
66 

1450 
2420 
21500 

66 
1620 
2 340 

38,100 
7 1  

1650 
2240 

j 6 3 C O  

iaoo 

141 
24 0 

1 820 
1 

138 
212 

1910 
0 

138 
339 

22SQ 
0 

134 
311 

2150 
- 7  

132 
268 
1320 

6 
133 
339 

2260 
-1 

153 
395 

2290 
-4 

143 
31 1 

2270 
0 

A6 2 
565 

242 3 
0 

163 
5 23 

2 560 
0 

159 
565 

2230 
0 

150 
226 

1410 
-2 

1 5 1  
395 

2400 
3 

1 7a 
622 

2310 
0 

17 7 
622 

2220 
-1 

31. 

4270 
e 

5630 
0 

4540 
5 

4640 
0 

392 0 
3 

4930 
-1 

4230 
1 

3030 
-A4 

4170 
5 

2430 
1 

3880 
3 

5273 
- 2  

4140 
1 

4440 
-7 

3770 
4 

5050 
1 

3390 
3 

4970 
3 

3660 
2 

51)OO 
0 

3373 
2 

4030 
- A  

4390 
8 

5420 
0 

3683 
3 

5100 
A 

3560 
2 

539 0 
-1 

L 
$153 

-L 

3rao 

54 
36 

2190 
0 

59 
23 

2300 
-2 
34 
69 

2173 
0 

36 
49 

1270 
-7 
38 
5 Y  

1650 
3 

35 
70 

2320 
0 

41 
73 

2220 
-4 
40 
b7 

2670 
0 

29 
81 

3620 
0 

37 
82 

39 LO 
0 
30 
83 

3130 
0 

6 5  
35 

6050 
0 

39 
73 

3370 
0 

42 
7 3  

6360 
0 

42 
74 

5580. 
0 

30 
1 

35700 

208  
0 

38300 

25 0 
2 

31200 

382 
4 

32000 

31 
0 

36000 

253 
2 

3 1200 

296 
0 

2 I700 

1 
1 

30700 

279 
4 

2 1300 

32 5 
1 

21 703 

324 
L 

22 100 

147 
0 

26200 

34 4 
A 

L I 1 0 3  

222 
3 

14 100 

2 31 
0 

LbA03  

960 
3 

134801) 

980 
6 

137200 

1060 
0 

102400 

1110 
0 

95700 

1143 
0 

132000 

1060 
0 

A02600 

920 
0 

86500 

1000 
1 

111100 

85ll 
0 

632 00 

82 0 
0 

68000 

880 
0 

65 700 

9 00 
4 

128600 

92 0 

963Oll 
1 '  

663 
3 

52800 

670 
0 

52UOb 



B 
I 
I 
I 
1 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 

Table 4. (Cont'd) 

09€A033 1 
C9EA003 2 
C3L.4003 3 
C 3 E A 0 0 3  4 
O S E C C O L  1 
OIE?O01 2 
0 3 E ~ 0 0 1  3 
G3Ed031 4 
0368032 1 
O3EU0!)2 2 
09Ea03L 3 
0 9 E 9 O D Z  't 
03F30')l 1 
O ' J F 3 O C 1  2 
09FZUOl 3 
Cj%3oUl 4 
13AAO:A 1 
1JAAOSA 2 
13AA031 3 
1SAA031 4 
13A3(JJ1 1 
13A3001 2 
10A3331 J 
1 0 A J 0 3 1  4 
1JALOOL 1 
10ACO;Z Z 
1 0 A C 0 3 2  3 
L O A C O O Z  4 
19AC033 I 
10AC093 2 
13AC003 3 
1*3ACOUa 4 
13AC004 1 
10AC004 2 
A3ACU04 3 
lllAC004 4 
13ACO05 A 
1dAC335 2 
l O A C O O 5  3 
13AC005 4 
13AG001 1 
13A3001 2 
A3A3001 3 
13A0091 4 
1JBAOOl 1 
13BA001 21 
13t3A001 3 
AJBA601 4 
A.3adO91 1 
1383031 2 
lUYB001 3 
1388031 4 
10BdC32 1 
10B!3002 2 
13BB002 3 

13BCO31 A 
1 O B C O 3 i  2 
lOBCO0l 3 
13BCOO1 4 

1 0 ~ ~ 0 0 2  4 

305a 
1A73 

0 
93000 
A06300 

1456 
0 

36500  
?7 300 
1479 

0 
16900 
L C Y O O  

b 36 
0 

28.200 
1L500  

l. 695 
0 

A 1%5001 
4950 
1.640 

0 
1 2 % Z O O  

27151 
k951 

0 
SA700 

6 12 
11965, 

0 

668 
1866 

3570C) 
343 

P 908 
0 

333709 
3 7 49 
1695 

0 
124560 

2590 
2022 

0 
33100  

8778 
2 02 42 

0 
3 6000 

4297 
2 0 7 8  

0 
36100 

3681 
1757 

0 
122493 

z m o o  

3 3  
1390 
2263 

61400 
54 

1460 
2360 

30 100 
57 

1470 
2350 

28400 
28  

1090 
1250 

104 700 
97 

242 0 
L8COO 

100 
196'3 
22-10 

20100 
97 

520 
2lbO 
16000 

95 
4tO 

2390 
A5000 

9 9  
593 

2220 
16400 

96 
5SO 

1630 
15000 

105 
2007 
2902 

20150 
105 
57 0 

2490 
21100 

113 
63 0 

2970 
22500 

119 
63 0 

2679 
23 700 

1 1 1  
1995 
4064 

L O d O O  

1780 

182 
523 

3210 
-A 

159 
41 0 

2390 
0 

157 
410 

2323 
0 

215 
1442 
2490 

0 
145 
466 

2363 
2 

l5A 
5 3  7 

1970 
3 

12 3 
296 

19bO 
1 

12 1 
26 d 

1870 
4 

131 
3 67 

2340 
10  

127 
311 

1610 
-2 

147 
5 18 

2214 
-1 

llzo 
480 

1670 
2 

120 
537 

2120 
1 

A17 
593 

1910 
- 2  

143 
5 S l  

L585 
0 

32. 

3233 
0 

~ 8 6 0  
-2 

3590 
5 

1 
3640 

3 
432 9 

1 
l a l o  

3 
1400 

'3 
3Y43 

2 
5590 

't 
4120 

5 
505 3 

A 
439d 

1 
3230 

3 
3939 

4 
2320 

A1 
412d 

1 
2500 

16 
46 40 

1 
3160 

-4 
4017 

1 
5612 

-2 
4730 

1 
2190 

1 
4370 

1 
2720 

2 
4653 

1 
2420 

0 
3646 

0 
6662 

0 

+ a 7 0  

42 
62 

3 690 
0 

40 
72 

4300 
0 

40 
72 

4300 
0 

16 
55 

5 390 
0 

30 
70 

A 990 
2 
3s 
68 

1340 
0 

43 
62  

2890 
2 

39 
73  

3120 
4 

29 
29 

2660 
9 

43 
39 

2 190 
6 

+4 
66  

2 169 
-1 
50 
55 

1980 
1 

49 
6 2  

2460 
1 

59 
56 

2100 
-1 
31 
86 

2940 
1 

195 
0 

A4 00 0 

439 
A 

2v200 

339 
1 

24703 

20 
1 

5900 

8 7  
6 

26500 

218 
4 

24600 

22 1 
0 

32300 

li 14  
0 

35400 

55 
9 

28200 

242 
0 

33000 

20 7 
3 

32400 

331 
1 

42300 

5 
1 

39900 

336 
1 

38300 

173 
2 

33980 

5 80 
i) 

67 80 3 

a40 
1 

93100 

860 
2 

94000 

260 
0 

28600 

1050 
0 

77600 

990 
0 

69600 

1260 
0 

1 L 1900 

A260 
0 

127100 

1190 
0 

92500 

1230 
0 

103100 

1059 
0 

69320 

1320 
0 

102400 

1280 
0 

94700 

1270 
1 

94100 

1059 
0 

70459 



I 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table 4. (Cont'd) 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

40300 
1838 

0 
78000 
23200 
1761 

0 
9C70i-J 
9250 
1046 

0 
'31300 

106 
1270 
2960 

zozoa 
100 
1450 
2663 
18503 

33 
15-10 
YO J 

1 7 5 0 0  

135 
480 

2420 
A 

140 
438 

2410 
z 

L 93 
82 3 

2 5 6 0  
2 

3520 
2 

4540 
1 

3590 
2 

4930 
3 

5323 
0 

1523 
3 

37 
75 

2600 
0 

34 
69 

2440 
1 

33 
26 

4190 
2 

l b  
3 

52 so0 

1013 
4 

2Y 700 

1 A40 
0 

ti3800 

lA13 
J 

82 60 0 

463 
0 

Sl5UO 

33. 



1 
I 
I 
1 
I 
I 
I 
I 
f 

I 
I 
e 
3 
I 
I 
I 
I 
I 

a 

APPENDIX C 



WATER INVESTIGATIONS 

ALONG THE 

ALASKA HIGHWAY PIPELINE ROUTE 

I N  THE YUKON TERRITORY 

APPENDIX C 

CHANNEL GEOMETRY OF STREAMS 
I N  THE YUKON TERRITORY 

P. W. S t r i l a e f f  and R. 0. Lyons 

December 1978 

I n l a n d  Waters D i r e c t o r a t e  
P a c i f i c  and Yukon Region 
Vancouver, B.C. 



I 

TABLE OF CO?lTENTS 

Page 
_I 

A B S T R A C T . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

OBJECTIVE AND SCOPE . . . . . . . . . . . . . . . . . . . . . . . 3 

B A S I C P R I N C I P I E .  . . . . . . . . . . . . . . . . . . . . . . . . 3 

DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

DEFINITION OF BANKFULL STAGE. . . . . . . . . . . . . . . . . . . 4 

DETERMINATION OF BANKFULL STAGE . . . . . ,. . . . . . . . . . . . 5 

ANALYSIS O:F M T A .  . . . . . . . . . . . . . . . . . . . . . . . . 6 

APPLICATION OF DATA TO WGAUGED LOCATIONS . . . . . . . . . . . . ' 9 

FURTHERWORK.. . . . . . . . . . . . . . . . . . . . . . . . . . 11 

REFERENCES. . . . . . . . . . . . . . . . . . :. . . . . . . . ,. 1 2  



1 

LIST OF FIGURES 

Figure 1 - Sampling of Photographs for Determination of Bankfull 
Stage 

Figure 2 - Channel Geometry versus Discharge 

Figure 3 - Bankfull Runoff versus Drainage Area 

Figure 4 - Hydrologic Subregions 

Figure 5 - Dimensionless Rating Curves and Values of Flow Frequency 
for various subregions, based on flow areas 

Figure 6 - Dimensionless Rating Curves for various subregions, 
based on flow areas, flow depth and flow width 

LIST OF TABLES 

Table 1 - Values of Hydraulic Exponents for Rivers Included 
in the Study 

Table 2 - Bankfull Hydrologic Data for Rivers Included in the 
Study 

Table 3 - Channel Characteristics for Various Discharge Events 

Table 4 - Values of Ratio of Discharge and Channel Characteristics 
at Selected Discharge Events fo r  each Gauging Station 
used in the Study 

Table 5 - Summary of Ratio of Discharge and Channel Characteristics 

Table 6 - Summary of Data and Computations at Ungauged Locations 

Table 7 - Comparison of Values of Runoff for Selected Discharge 
Events for Various Subregions 



1. I 
E 
I 
E 
d 

CHANNEL GEOMETRY OF STREAMS 

IN THE YUKON TERRITORY 

Relationships between channel geometry and flow characteristics 

of streams along the proposed Alaska Highway Gas Pipeline route have been 

determined and estimates of discharge for various return periods at ungauged 

sites made. 

gauging station:; operated in the Yukon Territory have been used in the study. 

Five separate relationships have been identified, four representing geographic 

subregions and the fifth, representing mountain streams. 

Because of the sparsity of the hydrometric network, data from all 

The development of the relationships involves the survey of channel 

geometry, determination of bankfull discharge and the establishment of di- 

mensionless rating curve between channel size and discharge. 

to ungauged locations includes the obtaining of one discharge measurement, 

Their application 

the extension of the cross-section to bankfull stage and the use of the 

dimensionless rating curve. 

Table 6 lists flood 

data and other field informat 

characteristics, and summarizes channel size 

on used in the calculations. 
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INTRODUCTION 

Selection of the Alaska Highway as the route in the Yukon for a 
natural gas pipeline system from Prudhoe Bay in Alaska to markets in 
southern U.S.A. has necessitated an intensive effort to assess flood 
magnitudes of stream along that corridor. 
the pipeline and its associated roads and facilities is flooding. Flooding 
could disrupt drainage and inundate or erode the pipeline bed, could under- 

construction activities. 
be the degradation of water quality and the resultant detrimental effects 

One of the major hazards to 

*- mine the pipeline at river crossings, or could increase erosion in areas of 
Damage to the environment from flood erosion could 

on ecosystem. 
250 streams and 

to assure adequate pipeline design and construction of channel crossings, 
criteria regarding the magnitude and frequency of floods must be available. 
Very few hydrologic data exist on which to base the detenination of these 
criteria, particularly on streams with drainage areas less than 150 square 
miles. 
the pipeline route!, but usefulness of data at about half is very limited 
because of large upstream storage and the large-sized streams on which 
most stations are located. To help alleviate this inadequacy, ten new 
crest-stage stations were constructed late in 1977 along the pipeline 
route for the recording of the 1978 snow-melt event; it was evident, 
however, that these data could not alone provide reasonable measures of 
streamflow characteristics for planning and design. This led to the 
investigations covered by this report, wherein channel geometry is related 
to flow characteristics at existing gauging stations and, thereby, 
provides a basis for estimation of flow characteristics at ungauged 
locations. 
headwaters of the Yukon and Teslh River basins are included in the 
analysis. 

hydraulic and geometric properties of rivers. 

based on average values is recommended. 

The pipeline route in the Yukon crosses about 

There are 19 streamflow observation sites in the near vicinity of 

Ncrrthern British Columbia gauging stations located in the 

The relationships in this report are based on average values of 
For their application to 

, practical engineering problems, caution normally applicable to computations 



OBTECI'IVE AND SCOPE 

3. 

The objective of this investigation has been to develop hydraulic 
geometry relations for gauging stations in the Yukon Territory and to 
extrapolate them for the ungauged river systems traversed by the proposed 
Alaska Highway Gas Pipeline and the Klondike-Dempster lateral. Flows 

computed for several return periods for a variety of hydrologic regions 
are presented in this report and may be used to help check the adequacy of 
the proponent's f'design" floods along the pipeline route. 

BASIC PRINCIPLE 

Channel geometry relationships are based on the premise that 
river channels are free to adjust their dimensions, shape, pattern and 
gradient in response to river flow conditions. Further, it is assumed 
that the most distinguishable channel shape is that formed to accommodate 
a dominant discharge. 
the channel forming discharge. 

hydraulic geometry relations are the width, the mean depth, and the mean 
velocity. (Leopold and Maddock, 1953.) When these parameters are plotted 
against discharge on log-log paper, the relations are generally straight 
lines up to the bankfull stage; thus, each parameter increases with 
discharge in the form of a simple power function: 

In this study, bankfull discharge is taken to be 

Principal channel features involved in the development of 

v = lqm 

where W = width, D = mean depth, V = mean velocity, Q = discharge, and a, c, 
k, b, f, m art: numerical constants. 
m, represent the slope of the log-log plots. 
the intercepts of the log-log lines at unit discharge. 

Values of the three exponents b, f and 
The constants a, c and k are 



4. 

The technique involves surveys of channel geometry a t  selected 
sites, and transformation and computation of data so as to  provide estimates 
of flow characteristics a t  ungauged locations. 
exact science. 
applied is  dependent to  a very large extent on experience and judgement of 
individuals involved. 

River Mechanics is not an 
Success or rigorousness with which the relationships are 

Data .forming the basis of relationships discussed in  th i s  report 
are streamflow measurements made a t  the Water Survey of Canada gauging 
stations and a t  crest-stage gauges operated by the Department of Indian 6 
Northern Affairs. 
analyses are based on the assumption that the measured cross-section is 
typical of the river and is composed of a bedmaterial that has permitted the 
channel t o  develop into normal size and shape for the flow regimen. 
Gauging stations , however , are sometimes located in  bedrock channels and/or 
upstream from obstructions such as outcrops or gravel bars; they therefore 
may not be representative of the average river cross-sections. Anomalies 

may also occur i n  plots of widths, depths and velocities versus discharge 
where groun&at:er contributions are excessively greater than a t  an average 
cross-section. 

I t  i s  important to  point out that the hydraulic geometry 

DEFINITION OF BANKFULL STAGE 

Vegetative evidence is  generally uti l ized t o  determine bankfull 
stage. 
brush-covered sloping banks and/or overbank areas covered with trees, 
brush or  muskeg. 
vegetation. 

deposition or erosion near the top of the channel banks. 
is generally less than the level that  is commonly referred t o  as "flood 

River channels usually are bounded by intermittently grassy or 

The bankfull stage is  the lower edge of the permanent 

Another distinguishing feature is the upper l i m i t  of recent 
Bankfull stage 

stage" . 
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DETERMINATION OF BANKFULL STAGE 

Bankfull.stage is normally determined during a channel geometry 
field survey program. 
the studies covered by this report, the bankfull stage at the existing 
gauging stations were determined from file information, including: 

However, because of the reconnaissance nature of 

1. 

2. 

3.  

4. 

5. 

6. 

Station Description. Example: elevation and location 
of a bench mark at a river bank, supplemented by a photograph. 

Stat:Lon History File. Examples: photograph of staff gauge 
on a river bank; cableway and recorder installation report; 
reconnaisance survey sketch. 

Photograph Files. Example: photograph of a corrugated iron 
pipe recorder well installation at a river bank at known 
gauge height and with hown spacing of corrugations 
(Figure 1). 

Curves of Hydraulic Geometry. 
hreak in slope at bankfull discharge (Figure 2). 

Current-Meter Notes. Example: discharge measurement 
obtained at flood stage permits calculation of the flood 
plain level at either/or both banks. 

"Hydrologic and Geomorphic Characteristics of Rivers and 
Drainage Basins in Y.T." - Dept. of Indian Affairs and 
Northern Development. (Porcupine-Peel subregion only.) 

Plots for some rivers show a 

Bank:€ull. stages wnich have been confirmed or revised after a field 
inspection are identified in Table 2 by an asterisk. 
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ANALYSIS OF DATA 

A. At Gauging -- Stations 

Summary data for current-meter notes including width of water 
surface, area of the water cross-section and the measured discharge 
are available on computer tape at IVSC office in Vancouver. 
the width of water surface at any given gauge height. 
for a particular discharge was obtained by dividing the cross-sectional 
area at any given gauge height by the corresponding width of water 
surface. 
obtained by dividing the discharge at any given gauge height by the 
corresponding cross-sectional area. 

discharge were plotted by computer on log-log paper. 
relations were fitted by eye to best represent the general conditions 
(Figure 2 ) .  Least-squares method was not considered appropriate for 
this purpose; when drawing channel geometry versus discharge curves, 
knowledge of c:ross-sections is an asset. These fitted lines defined 
the three hydraulic characteristic equations at each station: 

Width is 
The mean depth 

Velocity is the mean velocity of the cross-section as 

In the first step of the analysis width, depth, velocity and 
The straight line 

With bankfull discharge (Q,) known, values of bankfull width (W,>, 
depth (DB), and velocity (V,) were then determined from the above 
equations. The same calculation is involved in arriving at width and 
depth for the other discharge events shown in Table 3 .  As an alternative, 
these value:; may be read directly from the graphs. 

The hydraulic geometry exponents b ,  f and m are shown in Table 1 
The computations of the geometric parameters for each gauging station. 
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7. 

were confirmed by the appl icat ion of two mathematical laws: 

s ince W x D x V = Q  

then b + f + m = 1 (deviation of 5% was considered 
acceptable) * 

and a x c x k = l  

These mathematical re la t ionships  a re  s a t i s f i e d  i n  prac t ice  when 
the product of the values of width, depth and ve loc i ty  a t  any given 
discharge i s  equal t o  tha t  discharge. This can be seen i n  Figure 2.  

B. A t  Ungaugecl Locations 

To enable estimation of discharge f o r  any re turn  period a t  an 
ungauged locat ion,  two transformations of data  were made: 

1. Bankfull discharges i n  Table 2 were p lo t ted  i n  cubic f e e t  per  
second per square m i l e  (RB), versus drainage area (DA), in square 
miles,  and curves f i t t e d  by the method of l e a s t  squares (Figure 3).  
There ,are  f i v e  re la t ionships ,  four representing geographic subregions 
and the f i S t h  representing mountain streams: 

Note : 
RB = bankfull u n i t  runoff i n  

a .  A t l in  - Bennett - Dezadeash 
-0.63 RB = 238 DA 

cfs /sq.  m i .  
s ince Q, = DA x RB Q = bankfull discharge i n  c f s  

then QB = 238 DA 

B 
DA = drainage area i n  sq.mi. 

0.37 

b. Upper Yukon - Teslin - Takhini 
RB = 196 DA -0.47 

0.53 C!, = 196 DA 

c. Liard - Pelly - Stewart - Lower Yukon 
RB = 88.7 DA -0.30 

~ 

0.70 OB = 88.7 DA 

* In some cases ,  t he  f i t t e d  l i n e s  could not be made t o  meet t h i s  c r i t e r i o n  
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d .  Porcupine - Peel 

-0.18 T3 = 52.0 DA 

0.82 Q,3 = 5 2 . G  DA 

e. Mountain Streams 

-r3.46 RI3 = 35.7 DEI 

0.54 Q13 = 35.7 DA 

The ;elationship betweer; chaint.1 s ize  and flood cha rac t e r i s t i c s  
f o r  Mountain Streams is  independent of geographic locat ion.  
reason appears t o  be t h e i r  morphological s imi l a r i t y :  
slopes,  well-defined banks, generally high or supe rc r i t i ca l  ve loc i t i e s  
and minimal overbank discharge a'. flocd flows. 

The 
s teep  channel 

2. The cross-sect ional  area and discharge f o r  various frequencies 
were expressed a s  non-dirriensional r a t i o s  t o  corresponding bankfull 
values f o r  gauging s t a t ions  included i n  the study (Tables 1 and 2) 
and l i s t e d  i n  Tables 3 .and 4.  Expressions f o r  these rnlat ionships  
are : 

Avmage values for  each of the runoff regions,  defined i n  1. above, 
were then p lo t t ed  ir: Figures 5 and 6 and equations f i t t e d  t o  the 
relat ionships .  
r a t ing  curves;  t h e i r  r e l i a b i l i t y  can be considered t o  be equal t o  the  
nlaximum deviation oi' tlic values b and f from the  average. 
nearly equal a r e  the  r a t i o  values f o r  'a pa r t i cu la r  discharge event 
(Table 4 ) ,  the  higher the degree of homogeneity within the  
subregion and the more reasonable the r e s u l t s  w i l l  be from the  
appl icat ion of the ra t ing  curves. 

The equations represent average non- dimensional 

The more 
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3. 

an ungauged locat ion,  it is necessary t o  e s t ab l i sh  a flow frequency 
dimension on Figure 5. 
f igure  the  r a t i o s  f o r  various discharge events shown i n  Tables 3 and 4. 
The point of 
its average frequency of occurrence f o r  a subregion can be read 
d i r e c t l y  of f  Figure 5. 

To permit approximation of flow f o r  any desired re turn  period a t  

This has been done by superimposing on the  

coincidence a t  unit value represents  bankfull flow and 

APPLICATION OF DATA TO UNGAUGED LOCATIOTE 

Procedure is a s  follows: 
A 1. Calculate the  r a t i o  - 
AB 

A is the  cross-sect ional  area f o r  the discharge measurement 

made a t  time of channel geometry surveys. 

A 

determined a t  time of channel geometry surveys. 

is  the cross-sect ional  area f o r  bankfull s tage a l so  B 

A Having obtained the value f o r  - , ca lcu la te  the  r a t i o  9 from 

the equation applicable f o r  the  hydrologic subregion or  read it 

2 .  
*B QB 

d i r e c t l y  of f  the  r a t ing  curve. Both the  equation and the r a t ing  

curve a r e  shown i n  Figure 5. 

Q 3. From the r a t i o  - Calculate QB 
QB 

Q is  the  discharge f o r  the measurement made a t  time of channel 

geometry surveys referred t o  i n  1. above. 

4.  With bankfull discharge known, discharge f o r  any re turn  period 
Q may now he calculated.  

f o r  Atlin-Bennett-Dezadeash region is 1.81. 
[Figure 5 or  Table 5) .  

For example, f o r  50-year flood, - r a t i o  
QB 

Q,, then is  1 . 8 1  x QB 
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The above procedure may a l so  be applied using r a t i o s  based on depth, 
D W 

(- ) or  on width, ( - )  and by subs t i tu t ing  Figure 6 f o r  Figure 5. 

However, the r e s u l t s  w i l l  not be a s  consis tent .  
DB IVB 

Generally i f  the  value 
D w 

of (- ) is somewhat l e s s  than average, value of (- ) i s  somewhat 

greater .  Thus, the  r a t ing  based on area (depth x width) may be 

considered a more consis tent  and/or r e l i a b l e  average r a t ing  than that 

based on eithe:r depth or  width alone. 

DB IVB 

The combiination of Figure 5 with Figure 3 provides another method 

f o r  approximating runoff f o r  any re turn  period. 

SO-year flood for  a s i t e  having 300 square mile drainage area in the 

If ,  f o r  example 

Atlin-Bennett-Dezadeash region is  required,  reference t o  Figure 3 

w i l l  give a bankfull unit runoff of 6.4 cfs per square m i l e ,  or  a 

discharge of 1,920 cfs. 

therefore ,  Q,, = 3,480 cfs. 

From Figure 5 o r  Table 5(a) Q50= 1.81; 
QB 

Table 6 summarizes data  and computations f o r  ungaxged locat ions.  

Table 7 lists values of runoff computed f o r  various sizes of 

drainage areas  f o r  mean annual flow, bankful s tage and the SO-year 

flood using combination of Figures 3 and 5. 

that f o r  drainage areas  of about100 square miles u n i t  runoff a t  

bankfull s tage is about the same f o r  the  three  hydrologic subregions 

north of Atlin-Bennett-Dezadeash, o r  about 2 2 . 0  c f s  per square mile. 

Figure 3 indicates  
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FURTHER WORK REQUIREMENT 

1. Operate a nletwork of gauging stations on small streams for a minimum 
of five years to confirm the relationships in Figures 3 and 5. This 
information is required because for some streams it is not entirely 
clear whether the locations of plots in Figure 3 are due to geographic 
and morphologic differences, or whether they are due to inconsistencies 
in bankfull discharge determination; examples are the plots for 
bl'Clintock River and Big Creek. 

Test the applicability of the method described in this report to the 
ephemeral drainages at south side of Kluane Lake. 
necessary to obtain reasonably reliable hydrometric record. 
on Duke River could possibly serve the purpose, but would require two 
gauging stations: one at the Alaska Highway bridge and the other in 
the headwaters, in order to deduct glacier runoff. 

Confirm bankfull stages at WSC gauging stations located in the Liard- 
Pelly-Stewart-Lower Yukon and the Porcupine-Peel subregions before 
applying the relationships proposed in this report for the Klondike- 
Dempster pipeline lateral. 
information are considered to be reasonably reliable; therefore, a 
spot check may be sufficient. 

2 .  
To do this it is 

Records 

3 .  

Bankfull stages determined from file 

For applying channel geometry technique to ungauged small streams in 
the above two subregions, obtain a discharge measurement at about 
medium stage at selected sites and extend the measured cross-section 
to bankfull stage. 

Prepare a tabulation for ungauged streams similar to Table 6. This 
will assist consideration of EIS for the Klondike-Dempster pipeline 
lateral. 
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08AA003 - Dezadeash River a t  Haines Junction 
View is upstream a t  gauge height of 9.04 feet 
on November 14, 1976. Bankfull s tage is a t  
gauge h e i g h t  o f  12.4 f e e t  o r  a t  30th corrugation 
of the  recorder well above water surface.  

08AA001 - A i s h i h i k  River near Whitehorse 
View is upstream a t  gauge height of 3.44 f e e t  
on November 13, 1976. Bankfull stage i s  a t  the 
lowest vegetation on r i g h t  bank above the gravel 
bar,  o r  gauge height of 10.6 f ee t .  
pipe recorder well is seen a t  the l e f t  bank. 

Corrugated 

Figure 1 - SAMPLING OF PHOTOGRAPHS FOR DETERMINATION OF BANKFULL STAGE 

- -- __ -_ 
I' 
I 
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09AC001 - Takh in i  R iver  near Whitehorse 
View i s  upstream a t  gauge he igh t  o f  9.97 f e e t  on 
June 5, 1978. Bank fu l l  stage i s  a t  l owes t  
permanent vegetat ion on l e f t  bank, or gauge he igh t  
o f  19.0 fee t .  

09AE001 - Tesl i n  R iver  near Tesl  i n  
View i s  upstream taken on Au,gust 14, 1978. 
Bankfu l l  stage i s  -at  bottom o f  l e v e l  rod or 
gauge he igh t  o f  25.0 f e e t .  

I 
Figure  1 (cont 'd )  - SAMPLING OF PHOTOGRAPHS FOR DETERMINATION OF BAWKFULL STAGE 

. .  
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09AE003 - Swift River near Swift River 
View is towards l e f t  bank a t  gauge height  o f  
5.82 f e e t  on June 9,  1978. B a n k f u l l  s t a g e  is 
a t  bottom of permanent vegetation o r  gauge 
height of 8.1 f ee t .  

09DD003 - Stewart River a t  Mouth 
. View is downstream a t  gauge height of 85.33 fee t  

on September 9,  1968. 
mately level with the wing  t i p  of Cessna 180 or 
gauge height o f  95.2 f ee t .  

Bankfull s tage  is approxi- 

Figure 1 ( con t ' d )  - SAMPLING OF PHOTOGRAPHS FOR DETERISINATION OF BANKFULL STAGE 
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TABLE 1. - VNXES OF CHANNEL GEOI’ETRY EXPONENTS FOR RIVERS INCLUDED I N  THE STUDY I 
~ 

S t a t  i on  
NO. 

9 
1 0  
11 
1 2  
13 
14 

1 5  
1 6  
17 

18 
1 9  
20 
2 1  
22 
23 

24 
25 
26 
27 
28 
29 

30 
31 

32 

wsc 
No. S t a t i o n  Name 

09AA006 
08AAOO1 
08AA003 
09AA014 
09AE004 

08AA004 
09AAOlO 
09AA007 
09AA013 
09AAo15 
09AAOO9 
09AA012 
0 9AG 0 01  
09CA002 

09AEO 03 
0 9ACO 04 
09ACOO1 
09AEOO1 
09AFOO1 
0 9CB 0 01 
09ABoo9 
09AHoo1 

09ABoo1 
l O A B C l O l  
1oADoo1 
0 9EAO 03 
lOBEOOl 
lOAA0Ol 
0.9EA004 
09BC001 
0 9BCO 0 2 
09BAO 01 

A t 1  i n  River near A t  1 in 
Aish ih ik  River near Witehorse 
Dezadeash River a t  Haines J u n c t i o n  

F a n t a i l  River a t  o u t l e t  of F a n t a i l  Lake 
Gladys River a t  o u t l e t  of Gladys Lake 
Kathleen River near Haines Junc t ion  
Lindeman River near Bennett 
Lubbock River near Atlin 
T u t s h i  River a t  o u t l e t  of Tu t sh i  Lake 
W a n n  River near Atl in  

Watson River near Carcross  
Wheaton River near Carcross  
Big Salmon River near Carmacks 
Kluane River a t  o u t l e t  of Kluane Lake 
Swif t  River near S w i f t  River 
Takhini  River a t  o u t l e t  of Kusawa Lake 
Takhini  River near Whitehorse 
T e s l i n  River near T e s l i n  
T e s l i n  River near Whitehorse 
White River a t  1169.2 Alaska Highway 
Yukon River above Frank Creek 
Yukon River a t  Carmacks 

Yukon River a t  Whitehorse 
Frances River near Watson Lake 
Hyland River near Lower Pos t  
Klondike River above Bonanza Creek 
Liard River a t  Lower Crossing 
Liard River a t  Upper Crossing 
North Klondike River near Mouth 
P e l l y  River a t  P e l l y  Crossing 

P e l l y  River a t  Ross River 
Ross River a t  Ross River 

Width 
b 

0.14 
0.21 
0.37 
0.32 

0.08 

0.24 

0.06 
0.01 
0.07 
0.16 
0.16 
0.21 
0.20 
0.11 
0.03 
0.40 
0.31 
0.16 

0 .12  

0.04 

Depth 
f 

0.33 
0.75 
0.38 
0.41 

0.45 

0.49 

0.66 
0.68 
0.53 
0.29 

0.17 
0.24 
0.43 
0.30 
0.40 
0.26 
0.24 
0.52 

0.50 
0.44 

Ve loc i ty  
m 

0.54 
0.04 
0.27 
0.19 

0.47 

0.25 

0.14 
0.31 
0.40 
0.13 
0.67 
0.15 
0.38 
0.17 
0.59 
0.39 
0.45 
0.32 
0.24 
0.53 

0.10 0.51 0.39 
0.07 0.44 0.48 
0.04 0.46 0.49 
0.07 0.35 0.61 

0.05 0.40 0.54 

0.03 0.56 0.43 

0.07 0.43 0.51 



TABLE 1. (Cont:'d) 

Width Depth Ve loc i ty  S t a t i o n  WSC 
I 
I No. S t a t i o n  Name b f m NO. - 

33 

34 
35 
36 

l :  37 

38 
39 
40 
41 

42 

43 
44 
45 
46 
47 
48 
49 
50 

09DCO 02 

09DD002 
0 9DDO 03 
0 9CDO 0 1 
09EBoo1 
USGS 
10m002 
lOMDO0l 
10MA002 

1 OMAO 01  

S tewar t  River a t  Mayo 

Stewart  River a t  Stewart  Crossing 
Stewar t  River a t  the Mouth 
Yukon River above White River 
Yukon River a t  Dawson 
Yukon River a t  Rampart 
Babbage. River below Cariboo Creek 
F i r t h  River near Mouth 

Og i lv i e  River a t  Mile 123 Bempster 
Pee l  River ab .  Canyon C r .  

0.19 
0.05 
0.04 
0.07 
0.03 
0.30 

0.10 

0.09 
09FD001 Porcupine River a t  Old Crow 0.14 

09FB001 Porcupine River below Bell River 0.09 
10MB003 Snake River near Mouth 0.20 

USGS 

09AH003 Big Creek near Mouth 
10AB003 
09AB008 M'Clintock River near Whitehorse 0.16 

Turner  River 69'35' 56", 141'24 10" 

King Creek a t  Mile 1 3  Nahanni Rge. Rd. 

10AA002 Tom Creek a t  Robt. Campbell Hwy. Mi.21.7 0.00 - 
Average 0.13 

0.19 
0V.W. Ehmett, 1972) 
Alaskan Streams South of Yukon River 

0.28 
0.37 
0.37 
0.29 
0.36 
0.27 

0.47 
0.41 

0.35 
0.46 
0.27 

0.56 
0.44 

0.42 
0.39 

- 

0.53 
0.60 
0.60 
0.65 
0.63 
0.43 

0.46 

0.54 
0.13 
0.46 
0.55 

0.29 
0.55 

0.41 
0.42 
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TABLE 5 - SUMNARY OF RATIO OF DISCHARGE AND CHANNEL CHARACTERISTICS 
Q A. Ratio of Discharge t o  Bankfull Discharge (- ) 
QB 

Subregion Discharge Event 

'lean Q1.5 Q2.33 QIO Q50 4100 - - - - - -  
Atlin-Bennett-Dezadeash 0.22 0.88 1.08 1.55 2.16 2.59 
Upper Yukon-Teslin-Takhini 0.31 0.86 1.02 1.38 1.72 2.01 

0.18 0.81 0.97 1.37 1.93 2.22 Liard-Pelly-Stewart-Lower Yukon - - - - - -  
Average 0.24, 0.85 1.02 1.43 1.94 2.27 
Eromc,Figure 5 0.24 0.82 1.00 1.43 1.81 2.101.' 

Porcupi ne-Peel 0.06 0.72 0.92 1.46 2.40 2.90 
Mountain Streams 0.28 1.35 1.75 2.76 4.24 5.25 

/From Figure 5 0.31 1.36 1.76 2.82 4.10 5.001 
A B.Ratio of Discharge Area to Bankfull Area (- ) 

At1 i n-Bennett-Dezadeash 0.45 0.89 1.00 1.26 1.44 1.54 
Upper Yukon-Teslin-Takhini 0.54 0.91 1.00 1.16 1.30 1.37 

0.44 0.90 0.98 1.15 1.34 1.42 L ia rd -Pe l l y -S tewar t -Lower  Yukon 
Average 0.48 0.90 0.99 1.19 1.36 1.44 

Porcupi ne-Peel 0.24 0.85 0.96 1.21 1.54 1.69 
Mountain Streams 0.49 1.21 1.40 1.84 2.32 2.58 

AB 

- - - - - -  

D C. Ratio of Dis-rge Depth to Bankfull Depth (E ) 
B 

Atlin-Bennett-Dezadeash 0.47 0.88 0.97 1.17 1.35 1.45 
Upper Yukon-Teslin-Takhini 0.64 0.94 1.00 1.12 1.22 1.27 

0.50 0.91 0.98 1.13 1.29 1.35 Liard-Pel ly-Stewart -Lower Yukon 
Average 0.54 0.91 0.98 1.14 1.29 1.36 

- - - - - -  

Porcupi ne-Peel 
Mountain Streams 

0.33 0.88 0.97 1.16 1.41 1.51 
0.53 1.17 1.33 1.67 2.21 2.46 

W D. Ratio o f  Discharge Width t o  Bankfull Width (- ) 
wB 

Atlin-Bennett-Dezadeash 
Upper Yukon-Tesl i n-Takhi n 
Liard-Pelly-Stewart-Lower 

Porcupi ne-Peel 
Mountain Streams 

Average 

0.96 1.00 1.02 1.04 1.06 1.07 
0.83 0.96 0.99 1.03 1.06 1.08 
0.89 '0.99 1.00 1.02 1.04 1.05 
0.89 0.98 1.00 1.03 1.05 1.07 
0.75 0.96 0.99 1.05 1.10 1.12 
0.92 1.03 1.05 1.09 1.14 1.16 

- - - - - -  Yukon 
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KINEMATIC WAVE MODEL 

The Kinematic Wave Model has been used t o  estimate streamflow 
along the Alaska Highway fo r  three return periods; 2.33 year,  50 year ,  
and 100 year. 
the model and discusses the way the model was cal ibrated with the objective 
of giving the reader an understanding of the procedures involved. 
Recommendations for  fur ther  work a re  a l so  p rov ided .  

T h i s  appendix br ie f ly  describes the basic equations forming 

Northern 
provided 
Howard & 
Canad i an 

Acknowledgement i s  given t o  the Department of Indian Affairs  and 
Development, Water Resources, Whitehorse Y .T.  (DIAND) , who 
the computer program and much of the required da ta ,  and t o  Charles 
Assoc. L t d . ,  who adapted the Kinematic Wave theory t o  the 
s i tua t ion  and who developed the computer program f o r  DIAND. 

Description o f  the Model 

The  model i s  based on the premise t h a t  probabili ty of occurrence 
of a precipi ta t ion event varies inversely with i t s  duration and in tens i ty ,  
regardless of geographic location. 
average of measured precipi ta t ion durations and in t ens i t i e s  in the area.  
The mathematics involved r e l a t e  the precipi ta t ion events t o  catchment 
discharges using various catchment and channel parameters, such as  
drainage areas and slopes. The model was or ig ina l ly  derived for  rainstorms, 
however, i t  has been adapted to a l so  simulate flood events f o r  snowmelt- 
generated runoff. 

Rates of variation a re  defined by the 

The basic equation i s :  

(Definit ions of symbols a r e  given i n  sections following) 



2. 

14uch theory and mathematics are involved in its derivation. 
Basically, however, it computes the probability that a flood exceeding a 
given level Qo will result from any storm. 
the probabilities of all storms large enough to produce a flood of 4,. 
The complete mathematical procedure is known as the Kinematic Wave 

This is done by integrating 

Frequency Model. 

Solution of the equation is easily handled by numerical methods 
in an electron-ic computer. 
following sections (a) through (f). 

The parameters involved are described in the 

a) Rainfall Duration and Intensity 

An irnportant step in this model is determining the probability 
Equations (1) and (2) of various durations and intensities of rainfall. 

below are the basis for the probability function of the model. 
define, for any storm, the probability of a given duration of rainfall and 
the probability of a given intensity o f  rainfall. 
the basic equation above, to provide the probability that any given storm 
will produce a flood equalling or exceeding a given discharge. 

They simply 

These are combined in 

The probability that any storm will last a duration "trett is 
given by the equation : 

where; 

fT(tt-e) 

E? 

is the probability density function (i.e. probability 

of occurrence) of a storm duration tre. If a 

storm occurs, it has a probability f(tre) of a 

duration tre. 

is the inverse of the area's average storm duration 

(l/hrs. ) 

is the storm's duration (hrs.) 

is Napiers e (or 2.71828) 



3. 

L ikewise  t h e  p r o b a b i l i t y  t h a t  any s torm w i l l  have an average 

i n t e n s i t y  of r a i n f a l l  I l i "  i s  g i v e n  by: 

where; 

f+i) i t h e  p r o b a b i l i t y  t h a t  i f  a s a - m  occurs i t  w i l l  

have an average i n t e n s i t y  o f  i .  

i s  t h e  i n v e r s e  o f  t h e  a r e a ' s  average r a i n f a l l  

i n t e n s i t y  ( h r s . / i n .  ) 

f l  

- 
i i s  t h e  s t o r m ' s  average r a i n f a l l  i n t e n s i t y  ( i n . / h r . )  
e 

By combining equat ions (1 )  and ( 2 )  we can compute t h e  p r o b a b i l i t y  

t h a t  i f  a s torm occurs i t  w i l l  have an average i n t e n s i t y  of i and a 

d u r a t i o n  of  tre. 

b)  R a i n f a l l  t o  - Discharge 

To compute t h e  p r o b a b i l i t i e s  o f  f l o o d s ,  i t  i s  necessary t o  
T h i s  i s  accomplished by equat ion  ( 3 ) .  conver t  r a i n f a l l  t o  d ischarge.  

For any known r a i n f a l l  excess ( t h e  amount o f  r a i n  t h a t  runs 

d i r e c t l y  o f f  t h e  b a s i n )  i t  i s  a s imp le  m a t t e r  t o  compute t h e  e q u i v a l e n t  

b a s i n  d ischarge i f  we assume t h a t  t h e  r a i n  has l a s t e d  l o n g  enough and 

was ex tens ive  enough f o r  t h e  d ischarge t o  have reached a steady s t a t e .  
t h e  b a s i n  has,had t i m e  t o  

stopped. The t i m e  r e q u i r e d  

on" o f  t h e  b a s i n  o r  'lt*I'. 

than t, t h e  r /a t iona l  fo rmula  

I n  t h i s  c o n d i t i o n  r u n o f f  f rom a l l  p o i n t s  i 

reach t h e  p r o j e c t  s i t e  b e f o r e  t h e  r a i n  has 

f o r  t h i s  i s  termed t h e  " t ime o f  concent ra t  

Assuming t h a t  t h e  s torm d u r a t i o n  i s  l o n g e r  

f o r  d ischarge a p p l i e s  as f o l l o w s :  
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Qp = 645 AR ie ( 3 )  

where ; 

i s  the b a s i n  discharge ( c f s )  
QP 
A i s  the to t a l  basin area (sq. m i .  ) 

R i s  theore t ica l ly  the r a t i o  between area contributing 

to  d i r e c t  runoff and t o t a l  basin area 

i s  the r a in fa l l  excess ( in . /hr . ) ;  or r a in fa l l  avai lable  i e  
for  runoff a f t e r  seepage, intercept ion,  e t c .  

Basin Time-of-Concentration 

Equation ( 3 ) ,  which converts rainfa 
only when the storrn d u r a t i o n  exceeds the time 
(t,). Therefore the "t" values used i n  equat 

The equation for t, i s  defined a s ;  

S 
t * = t  + t  

C 

where; 

1 t o  discharge, i s  applicable 
of concentration o f  the basin 
on (1 )  must equal o r  exceed 

i s  the time of concentration o f  the catchment; time 

required for  the overland flow t o  reach a .s teady 

s t a t e  under a constant r a i n f a l l  ( h r s ) ,  

i s  the time of concentration of the stream; the time 

required for the stream discharge t o  reach a steady 

s t a t e  a f t e r  the bas in ' s  i n p u t  t o  the stream has 

reached a steady s t a t e  ( h r s ) ,  

i s  the basin time of concentration (hrs). 

tc  

5) 
t 

t > k  

(4)  
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To r e l a t e  t, t o  various parameters o f  the catchment and river 
channel, and t o  r a in fa l l  in tensi t ies ,  the values of tc and tS a r e  computed 
a s  follows: 

tc = 0.913978 

1 /3 
tS = 0.130104 [ 'sNs:] 

SSARie 

where; 

- 
is  the average ra infa  

g i v e n  storm ( in /hr )  
i e  1 i n t ens i ty  d u r i n g  a 

is Planning's n-value for the catchment (normally 

0.30) 
NC 

A is  the to t a l  drainage area (sq. m i )  

R i s  the r a t i o  of area contributing t o  d i r e c t  

runoff t o  to t a l  area (see equation 3) 

the catchment 

1 
(normally substituted by 

sS 

i s  the average slope of 

i s  the stream length ( m  

i s  the wetted perimeter 

width) of the stream a t  

sC 

LS 

'S 

the project  location ( f t )  

i s  Manning's n-value f o r  the stream a t  the 

project  location 

is  the average slope of the stream. 

S 
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For simplicity these equations a re  writ ten a s ;  

-1 /2 
t = a T  

C e 

-1 /3 
ts = b Te 

where; 

"a "  and "b" a re  the appropr 

respect i vel y , computed from 

equations (5 )  and (6 )  

d )  The Frequency Equation 

a t e  basin and river constants 

the basin parameters i n  

By p u t t i n g  together the relat ionships  described i n  sections 
( a ) ,  ( b )  and (c )  we can formulate an equation re la t ing  r a in fa l l  p robabi l i t i es  
and basin responses fo r  calculat ion of the probabili ty tha t  any storm will 
exceed a given flood leve l .  

The equation i s :  

i .= 
e 9, 645 AR 

d t r e  dTe ( 9 )  

where ; 

f (Te,tre) i s  the probabili ty tha t  when a storm occurs, i t  
has an average in tens i ty  of 7 and a duration e 
of tre. 



7 .  

This equation simply gives the probability that streamflow 
discharge due to any storm will equal or exceed Q 
of all the joint probabilities of rainfall intensities greater than 
"7 'I and duration "tre". 
and duration in each case is sufficient to cause a flood of Q 

It is the summation P' 

It is important to note that the storm intensity e 
P' 

The function f(Te,tre) is equations (1) and (2) multiplied, 
giving the probability of both a rainfall intensity Te and a duration tre. 
In mathematical terms, f(Te, tre) i s ;  

re -/% Te - A t  
= ie and t = trd = A p e  

Replacing f(Te, tre) in equation (9) gives the equation: 

where ; 

QO 
645 AR 

-pe - Atre 
X P  e dtre dTe 

t* 

x 
B 
ie 

QO 

is the inverse of .average storm duration (l/hrs. ) 

is the inverse o f  average rainfall intensity (hrs./in.) 

is the intensity of rainfall (in./hr.) 

is the duration of rainfall (hrs.) 

is a given flood related to Te 

- 

re t 
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Integrating this w i t h  respect t o  " t i '  (assuming t is  constant)  
then subst i tut ing equations ( 7 )  and (8) f o r  t, gives:  

QO 
- i =  

e 645 AR 

F.rom def in i t ions  fo r  equations (7 )  and (8) ;  

1 /2 
a = 0.913978 [x:j 
b = 0.130104 1 psNs21i/3 

T h i s  is the basic equation of the Kinematic Wave Frequency Model. 
( see  a l so  page I ) .  
an e lectronic  computer. 

probabi 1 i t i  es  f o r  several d i f f e ren t  f l  oods ( ao )  a r e  computed and a r e  converted 
t o  re turn periods ( T )  by the following equation: 

The equation i s  computed u s i n g  numerical in tegra t ion ,  by 
To define the flood-frequency curve a t  a stream, 

where; 

i s  the  return period f o r  an annual maximum 

flood equal t o  or  grea te r  than Qo ( y r s )  , 

flood equal t o  or  grea te r  than Q, (from equation 1 1 ) ,  

i s  the  average number of storms per year ,  

i s  the probabi l i ty  t h a t  any storm will  produce a 

% 

$1 2 i s  the r a t i o  of to ta l  precipi ta t ion to  water 

r u n n i n g  off  the basin ( i . e .  precip. m i n u s  

interception and groundwater recharge) 
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Equation (15) gives the return period of the flood Qo in  terms of 
an annual maximum flood. 
exceeded on the average only once every T years.  

In other words, the flood Qo will be equalled o r  

e )  Combined R a i n n d  Snow Frequencies 

Equations (12 t h rough  15) have been derived f o r  ra infa l l  events, 
However, with the appropriate empirical values for  the precipi ta t ion 
parameters ( h  , 
periods fo r  snowmelt-generated floods can be computed likewise. 

and-8) snowmelt runoff can a l so  be simulated and the return 

The flood estimates included i n  "Hydrologic Reconnaissance of the  
Alaska Highway Pipeline Route" have been computed by combining the r a in fa l l -  
generated floods and the snowmel t-generated floods. A f l  ood-frequency curve 
was f i r s t  generated fo r  each of the two types of flood events, and 
subsequently conibinled u s i n g  the following equation: 

T =  Tr Ts 
Tr + TS - 1 - C  

where ; 

i s  the composite return period f o r  a flood Q ( y r s ) ,  
TC P 

is the return period f o r  a ra infa l l  generated 

flood Q (y r s )  , 
P 

i s  the return period f o r  a snowmelt generated 

Tr 

TS 

This Iequation i s  the f ina l  s tep  in the model process. The 
resul t ing composite flood-frequency curve i s  very s imilar  t o  the flood 
frequency curve produced from streamflow records, par t icu lar ly  a t  the 
higher return periods. 

Calibration of the Model 

Equations (11 t h r o u g h  14) contain twelve parameters defining 
meteorological, topographic and hydrologic conditions of a basin. These 
parameters a r e  l i s t e d  in Table 1 according t o  the three categories ,  
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together with r e su l t s  of s ens i t i v i ty  t e s t s  showing var ia t ion in discharge 
with a 100% change i n  a parameter value. 

I t  i s  evident from this tabulation t h a t  the grea tes t  opportunity 
for  cal ibrat ion 1 i e s  in  the average storm in tens i ty  (meteorologic parameterp)  
and in the e f fec t ive  drainage area (topographic parameter R ) .  

parameter values were provided by the Department of Indian Affairs  and 
Northern Devel optnent (DIAND) , Water Resources in  Whitehorse. 
t ha t  these a re  reasonably accurate and no attempt was made t o  re f ine  them. 
However, in the 
values for the purpose of th i s  ana lys i s ,  there may have resul ted an under- 
estimate of the storm in t ens i t i e s  and durations.  

The meteorologic 

I t  was assumed 

conversion of the parameters from mean da i ly  t o  hourly 

The r a t i o  of e f fec t ive  drainage area t o  t o t a l  area (parameter R )  
was, therefore ,  the main cal ibrat ing parameter. The procedure was t o  vary 
the r a t io s  unt i l  a best  f i t  was at ta ined between modelled flood frequency 
curves and frequency curves computed from gaug ing  s t a t ion  data.  One a l t e r n a t  
t o  t h i s  approach would be t o  determine the r a t io s  by hydrograph analysis ,  b u t  

this was not  attempted because of shortage of time. 
1 

As a second s t ep ,  frequency curves were generated based on an 
identical  r a t i o  f o r  a l l  streams. The value chosen was 0.25, a value tha t  
produced reasonable r e su l t s  f o r  gauged streams. The r e su l t s  of t h i s  t e s t  
were careful ly  examined before fur ther  runs were made. The test  showed a 
need t o  vary the r a t i o  with drainage area.  Also i t  was obvious t h a t  a be t te r  
f i t  a t  gauged basins could be obtained i f  the r a t i o s  were regionalized. 
Relationships of the r a t io s  versus drainage area gave good r e su l t s  when the 
regions were as  follows; 

- Liard-Rancheria-Swift 
- Teslin Lake 
- M'Clintock-Yukon-Dezadeash 

ve 

In addition a r a t i o  was developed f o r  Kluane Lake-Beaver Creek area 
by hydrologic judgement based on the above three relat ionships .  
shows equations f o r  computing the r a t i o  of e f fec t ive  drainage area t o  to ta l  
area (parameter R )  for each of these four regions. 
a s  the White and Donjek r ive r s ,  a f i f t h  re la t ionship would be required. 

Table 3 

For glacier-fed streams such 
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I Since a l l  gauged basins w i t h  s u f f i c i e n t  data fo r  calculat ing 

frequency curves, have drainage areas grea te r  than 200 square miles, i t  was not 
possible t o  develop parameter R versus drainage area relat iqnships  t h a t  could 
be proven val id  f o r  the many small basins along the pipel ine route. 
other correlat ion s tudies  f o r  the area,  however, i t  has been shown tha t  floods 
w i t h  a 100-year re turn period have s t r a i g h t  l i n e  log-log relat ionships  w i t h  
drainage a rea ,  and slopes ranging between 0.82 and 0.96. T h e  tests u s i n g  a 

From 

constant R-value produced r e su l t s  whfch p lo t  roughly on a sim 
b u t  w i t h  a 1 .0  slope indicating very l i t t l e  var ia t ion of u n i t  
area.  I t  was f e l t  t h a t  th is  lack of var ia t ion of u n i t  runoff 
the model t h a t  must be corrected.  Pending fur ther  s tud ies ,  t 

l a r  re la t ionship ,  
runoff w i t h  drainage 
was a major f a u l t  of 
e re la t ionship 

between parameter R: and drainage area was based on a slope o f  0.8. 

The ratio1 of t o t a l  runoff t o  precipi ta t ion (parameter q12) is  the 
second most e f fec t ive  hydrologic ca l ibra t ion  parameter; i t  represents the 
product of two r a t io s :  the ‘rat io  of precipi ta t ion t h a t  reaches the ground t o  
the to t a l  precipitaition, and the r a t i o  of d i r ec t  runoff t o  water i n p u t  t ha t  
reaches the ground. T h e  combined r a t i o s  (parameter can be determined by 
matching r a in fa l l  records w i t h  streamflow data where such information is  
avai lable .  In -the computations reported here, the values f o r  (b,, were 
obtained f o r  six gaiuged basins i n  the southern Yukon area from Reference 1. 
Using these six basins as  a base, and w i t h  knowledge of the hydrology, 
topography and geology of the area,  estimates of @,, were made f o r  each 
stream along the piipeline route.  The values chosen ranged from 0.28 to  0.65. 

Relationships discussed above provided r e su l t s  t h a t  f i t t e d  the gauged 
basins well. Also, their extrapolation t o  ungauged basins appear reasonable. 

Recommendationsfor Further Work 

The Kinematic Wave frequency model i s  a useful tool f o r  estimating 
peak discharges a t  ungauged si tes.  The model has been used as  one of several 
methods of estimating ungauged streamflows which can be compared i n  assessing 
environmental impacts of the pipeline.  However, i f  this technique were to  be 
used to  compute des ign  f loods,  additional more detai led ca l ibra t ion  tests 

c 
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would be required, par t icu lar ly  with respect t o  the northern end of the 

pipeline route. Some recommended s teps  a re  outlined below: 

i )  re-compute values of A, 1 and e b a s e d  on hourly precipi ta t ion 
da ta ,  

compute R and (b values a t  gauged basins using hydrograph 
analysis ,  

using short-term records and crest-gauge r e su l t s  , check the 
relat ionship of discharge t o  drainage area fo r  small basins. 
Ensure t h a t  t h i s  i s  ref lected by the model; adjust  R-values 
to accomplish t h i s  i f  necessary, 

develop cal ibrat ion procedures fo r  mountainous areas such 
asD the ephemeral drainages on south shore of Kluane Lake and 
fo r  glacier-fed streams such a s  the Donjek o r  White Rivers. 

i i )  

i i i ) 

i v )  

The r e su l t s  computed by the Kinematic Wave Model , those presented 
i n  the report  "Hydrologic Reconnaissance of the Alaska Highway Pipeline Route", 
o f  which t h i s  i s  an Appendix, a re  based on a preliminary ca l ibra t ion  
procedure. 
areas eas t  of Haines Junction. For areas west of Haines Junction, most 
parameters a re  l e s s  accurately defined because of unknown e f f ec t s  of mountains 
in tha t  area. 

Nevertheless, they a r e  considered t o  be f a i r l y  accurate f o r  a l l  



1 3 .  

REFERENCES 

1 )  Unies L td .  , 
"A Study of Hydrologic Phenomena i n  the Yukon Terr i tory" 

A report  f o r  Controller of Water R i g h t s ,  Yukon Terr i to ry ,  
Department of Indian Affa i r s  and  Northern Development, 
Fsliirch 1975. 

2 )  P .  S. lfagleson, 
"Dynam-i cs  of F1 ood Frequency" 

Water Resources Research, Vol. 8, No. 4 ,  August 1972. 

3) C .  D .  [I. Howard and D. I .  Smith, 
"F1 oodr; on Ungauged Watersheds" 

Canadian Hydrol ogy Symposi um 78 , Edmonton. 

4 )  R .  A .  lJoocling, 
"A Hydraul i c  Model f o r  the Catchment Stream Problem" 

Journal of Hydrology #3, 1965 
par t  1 , p.254-267 

par t  3 ,  p.21-37 
piit% 2 ,  p.268-282 

5 )  P.  S .  Izagleson, 
"Dynam.ic Hydrol ogy" 

Chapter 15, McGraw Hill , 1970. 

6 )  C .  D .  [I. Howard, 
"Wi 1 son Creek Experimental Watershed" 

A report  t o  the blanitoba Water Resources Service,  
July 1977. 

7) Water Ijurvey of Canada, 

May, 1978. 
"Magnitude of Floods - Yukon Terr i tory" 

8 )  Inland Waters Directorate,  
"Haines Road-Alaska Highway Estimates of the 1 00-Year Flood. 
Pa r t  One, Provisional , Selected Drainage Basins Greater Than 
30 Square Miles" 

A provisional report t o  Department of P u b l i c  Works, Ottawa, 
January , 1978. 

9 )  Water Survey of Canada, 
"A Study of Selected Hydrologic Quan t i t i e s  of the Yukon Terr i to ry  
f o r  Examination of Pipeline Proposal SI' 

Vancouver, Ju ly  1977, Revised August 1978. 



14. 

Table 1 SENSITIVITY OF PARAMETERS 

% Change i n  Q,,, 

change in parameter 
Parameter for  +loo% Parameter Description 

Meteorological Category 

P 

x 

b )  Hydrologic Category I 
R 

NC 

NS 

I c )  Topographic Category 

-52% 

-1 3% 

+11% 

+11% 

+95% 

-2.1% 

-2.0% 

A not tes ted 
(see R )  

+l. 3% 

-1.4% 

-1 .O% 

sC 

LS 

pS 

+O. 8% 
sS 

inverse of average storm in tens i ty  
(h r s / i  n ) 

-inverse of average storm duration 
( l /hrs) 

no. of storms per year 

r a t i o  of  t o t a l  runoff  t o  precipi-  
t a t i o n  i n p u t  

r a t i o  of e f fec t ive  drainage area 
t o  t o t a l  drainage area 

roughness coef f ic ien t  f o r  average 
basin surface 

roughness coef f ic ien t  of streambed 
a t  project  s i t e  

t o t a l  drainage basin area (sq. m i )  

ope of catchment average s 

length of stream ( m i )  

w i d t h  of stream a t  project  s i t e  
( f t .  1 
average stream slope 
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Table 2 TOPOGRAPHIC PARAMETER VALUES 

See equations (5)  and (6)  for description of  the parameters 

Drainage Catchment Stream Stream Stream 
Area S1 ope Length Width Slope 

A ' sc L S  Psi/ sS 
Stream 

(sq.mi.) (mi.) ( f t . )  

Snag Cr. 
Beaver Cr. 
Enger Cr. 
Dry Cr. 
Sanpete Cr. 
White R. 

Koidern R .  ( m i .  '1164) 
Longs Cr. 
Koidern R .  (mi. '1152) 
Donjek R.  

Swede Johnson Cr. 

380 
737 

52.4 
52.2 
29.4 

241 0 
428 
44.1 

260 
1687 

36.0 
Quill Cr. 
Burwash Cr. 
Duke R .  
Kluane R .  

Hal fbreed Cr. 
Lewis Cr. 
Bock's Cr. 
Nines Cr. 
Congdon Cr. 
Will iscroft Cr. 
Slims R. 

Topham Cr. 
Silver Cr. 
Christmas Cr. 
Jarvis R .  

26.4 
64.8 

255 
1910 

26.7 
15.7 
13.5 
23.5 
19.5 
4.9 

927 
1.97 

18.6 
39.8 

288 

0.0164 
0.0134 
0.0241 
0.0192 
0.0344 
0.0126 
0.0146 
0.0262 
0.0222 
0.0126 
0.0359 
0.0586 
0.0370 
0.0238 
0.007 
0.0557 
0.106 
0.116 
0.981 8 
0.0923 
0.198 
0.0197 
0.0911 
0.0853 
0.0435 
0.0132 

39.5 
45.0 
9.08 

11 . o  
15.7 
73.9 
34.8 
15.3 
22.5 
65.6 
8 .3  
9.1 

17.2 
35.6 
95.5 
11.7 
8 . 2  
6.8 
9.6 
8.3 
3.7 

58.5 
2.1 
9.3 
7.6 

40.3 

73.0 
148 

201! 
29 
30 

270 
100 
49 
76 

1000 
2&/ 

2/ 1 5- 
31 

265 
200 

27 
25 

2/ 2 5- 
2/ 30- 

75 
15 

200 
2/ 5- 

26 
27 
78 

0.0116 
0.01 38 
0.0164 
0.0217 
0.0362 
0.0146 
0.0136 
0.0150 
0.0272 
0.0142 
0.0484 
0.357 
0.0330 
0.0150 
0.013 
0.0461 
0.091 5 
0.096 
0.0758 
0.0599 
0.197 
0.0231 
0.0635 
0.0584 
0.0601 
0.0040 

- -  Notes: 1/ Ps values were often estimated from photographs or from memory 
of field vis i ts .  

- 2/ A n  estimate made by comparison t o  other streams. 



16. 

Table 2 TOPOGRAPHIC PARAMETER VALUES (Cont ' d )  

Drainage Catchment Stream Stream Stream 
Area S1 ope Length Width Slope 

P -  I /  sS 
sC LS 5 

Stream A 

(sq.mi . )  (mi.) ( f t . ) .  

Bear Cr. 29.9 
Pine Cr. 63.1 
Dezadeash R .  { a t  Haines Jc tn . )  3280 
Marshal 1 Cr. 
A i s h i h i k  R .  
Cracker Cr. 
Mendenhall R .  
Stoney Cr. 
Takhini R .  

3/ McIntyre Cr.- 
Wolf Cr. 
Cowley Cr. 
Yukon R .  (nr. Whitehorse) 
M'Clintock R .  ( a t  highway) 
Teslin R .  ( a t  Johnsons 

Brooks Brook 
Deadmans Cr. 
Lone Tree Cr. 
Tenmile Cr. 
Fox Cr. 
Hays Cr. 
Strawberry Cr. 
Morley R .  
Hazel Cr. 
S w i f t  R .  (WSC gauge) 
Smart R .  
Logjam Cr. 
Screw Cr . 

Crossing ) 

82.8 
. 1660 

50.2 
294 

19.4 
2700 

16.2 
69.5 
76.7 

7500 
689 

11 700 

27.4 
84.2 
18.0 
16.8 
13.7 
26.7 
24.3 

608 
21.7 

1280 
277 

33.5 
29.6 

0.0303 
0.0232 
0.006 
0.0381 
0.0066 

0.0404 
0.0127 
0.0618 
0.0067 
0.0321 
0.0195 
0.0254 
0.0032 
0.0140 
0.0047 

0.0424 
0.0337 
0.0480 
0.0605 
0.0440 
0.0335 
0.0335 
0.0109 
0.0429 
0.01 
0.0144 
0.0443 

0.0273 

11.9 
21.1 

102 
16.. 6 
88.4 

12.7 
34.5 
, 8.1 
94.8 
8.7 

21.5 
11.4 

140 
35.6 
94.7 

8.9 
14.6 
9.0 
6.9 
7.6 

11.1 
9.2 

44.2 
6.5 

50.2 
35.2 
10.0 
12.2 

26 
3CY 
50 
54 
70 

3011 
34 
21 

200 
32 
2&' 
2&/ 

350 
70 

450 

20 
50 
12 
15 
10 
10 
15 
90 
20 

250 
86 
32 
33 

0.0337 
0.0147 
0.003 
0.0318 
0.0037 

0.0404 
0.0056 
0.0435 
0.0037 
0.0162 
0.0185 
0.00792 
0.0001 
0.0023 
0.0037 

0.0424 
0.0204 
0.0420 
0.0506 
0.0243 
0.021 6 
0.0258 
0.0073 
0.0497 
0.005 
0.0073 
0.0291 

0.0169 

Notes: l/ 

- 2/  
- 3/ 

PS values were often estimated from photographs o r  from memory 

/\n estimate made by comparison t o  other streams. 

The natural stream only; does n o t  include diversions from Fish Lake 
,3nd Porter Creek. 

of f i e ld  v i s i t s .  
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TOPOGRAPHIC PARAMETER VALUES (Cont ' d) 

Drainage Catchment Stream Stream Stream 
Area S1 ope Length  Width Slope 

P -  11 sS 
sC LS S 

Stream A 

(sq.mi . )  (mi.) ( f t . )  - 
Partridge Cr. 23.9 0.0436 
Seagull Cr. 31 .5  0.0535 
S w i f t  R .  ( a t  hwy. bridge) 105 0.0181 
Rancheria R .  ( a t  m i .  722)  261 0.0126 
Rancheria R .  { a t  pipel ine)  382 0.0090 
Boulder Cr. 23.9 0.0408 
Spencer Cr. 61.6 0.0276 
Rancheria R .  { a t  m i .  687) 837 0.0204 
Big Cr. 405 0.0060 
Li t t le  Rancheria R. 61 2 0.0059 
Albert Cr. 255 0.0082 
Liard R .  ( a t  Upper Crossing) 12900 0.0041 

10.8 
9 .3  

17.8 
30.8 
46.0 
8.5 

13.9 
65.2 
58.8 
77.0 
31.6 

120 

35 0.0174 
50 0.0298 
60 0.01 29 
50 0.0112 

100 2/ 0.0077 
30 0.0254 
36 0.0229 

200 0.0054 
115 0.0076 
125 0.0046 
50 0.0101 

430 0.0003 

Notes: - 1/  Ps values were of ten estimated from photographs o r  from memory 

- 2/ An estimate made by comparison t o  other  streams. 
of f i e l d  visi ts .  

b 

Comments : 

a )  Unless otherwise noted, drainage area is  measured t o  the Alaska Highway 
which is  approximately equivalent t o  the pipel ine a1 ignment  a s  proposed 
i n  t h e  summer o f  1977. 
s ca l e  were used where avai lable  and 1:250,000 sca l e  maps were used i n  

Canadian Topographic Ser ies  maps of 1:50,000 

other  areas.  

Streani lengths were measured t o  the end of the blue l i ne ,  including the 
dasheti-line portions,  on the topographic maps. 
considera.ble var ia t ion i n  stream de ta i l  from one map t o  another. 

There appeared t o  be 
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c )  Strearn slopes ( S s )  were computed by the formula: 

0.70 Ls 
where ; 

is the stream elevation 15% of Ls upstream from 

the gauge point ( f e e t ) ,  
5 

i s  the stream elevation 85% of Ls upstream from 

the gauge point ( f e e t ) ,  
E85 

is the stream length ( f e e t ) .  L, S 

d )  Catchment slopes (Sc)  were computed by the formula: 

where 1, 

i s  the average elevation of the watershed divide,  

which was computed by averaging peak and valley 

elevations along the divide l i n e  ( f e e t ) ,  

E i s  the stream elevation a t  the gauge point ( f e e t ) ,  

i s  the stream length ( f e e t ) .  
9 

LS 

e )  

f )  'Measurements for  Sc, LS, Ps and Ss weke made using considerable 

Stream widths were estimated a t  bankfull s tage.  

approximation and  judgement.' These should be considered preliminary 
u n t i l  checked by independent measurements. Signif icant  e r rors  can be 
introduced by many f ac to r s ;  the def in i t ion  of  stream lengths,  particu- 
l a r l y  where there  a re  large lakes a n d  many t r ibu tary  streams; the 
method of interpret ing and computing average divide elevat ion;  and  by 
interpolat ion between contour l i nes  t o  estimate stream elevations.  
Therefore, considerable caution should be applied when u s i n g  these 
parameter values. 
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Table 3 COMPUTATION OF PARAMETER R 

(Ratio e f fec t ive  drainage area t o  to ta l  area)  

R = k A a  

where A = basin drainage area (sq.  m i .  ) 

Area 

L i a I- d -R! a n c her i a - Sw i f t 

Tes'l i n  

M 'C'I intock-Yukon-Dezadeash 

K1 uane-Beaver Creek 

k - 

1.46 

1.22 

0.914 

1.197 

a - 

-0.124 

-0.202 

-0.221 

-0.221 
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