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ABSTRACT 

. .  

A method of  regional  f low  analysis i s  provided t o  estimate  the  magnitude 

and frequency o f   f l o o d s   f o r  streams i n  Northeastern  Br i t ish Columbia. 

annual  Series - o f  peak flow.  data from 26 stream  gauging s ta t i ons  

unregulated  streams were . used t o  determine a l o g  Pearson Type 111 

frequency  curve  for each station..  Flood  magnitudes  having  recurrence 

i n t e r v a l s  o f  5 ,  10, 25, 50 and  100 years were r e l a t e d   t o   t h e  Mean Annual 

Flood (2.33 year). These r a t i o s  were used t o  develop a reg ional  

frequency  curve. The ent i re  area was represented  by one regiona1,curve. 

. The drainage  area vs. Mean Annual  Flood was represented  by  three  regions; 

plateau;  mountains and f o o t h i l l s  south; and mountains and foo th i l l s   no r th .  

RESUME 

Ce rapport  pre'sente une me'thode d'analyse  re'gionale. de w isse l lement   qu i  

v ise  est imer  l 'ampl i tude  et  l a  fr6quence  des crues  se  produisant dans 

.les cows  dleau du nord-est de l a  Colombie-Britannique. Une hi l o g  

Pearson Type I11 est  adjust6e G l a   s e r i e  de deb i t  maximum annuels,  pour 

chlacune  des 26 s ta t i ons  hydrome'triques situges  sur des tours d'eau  f~on 

. ' CCIntr616s.  LeS crues de. periodes de re tou r  de 5, 10, 25, 50 e t  100  ans 

sclnt divise'es  par l e  dgbi t  moyen annuel  (pe'riode de rgcurrence de 2.33 

arls)  pour chaque stat ion.  Ces rapports  sont  ut i l isbs  pour  dgvelopper une 

courbe de frgquence  re'gionale. De plus, des relat ions  I tsurface de 

d~:ainageIl  vs V r u e  moyenne annuelle"  ont e t 6  obtenues.  L1&ude  des 

r e l a t i o n s  de sur face  ind ique  t ro is  sous regions:  plateau; montagnes e t  

, CClntrefOrt  du sud;  montagnes e t   c o n t r e f o r t  du nard. Par  contre, l a  

I 
I < '  

I 
I courbe. de fre'quence rggionale n indique  pas de tel les  subdiv is ions.  
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1.1 -Purpose  and  Scope  of  Study 

' '  The   pu rpose   o f   t h i s   s tudy  is t o  e x t e n d   t h e   r e s u l t s   o f   t h e   f r e q u e n c y  

a n a l y s i s   o f   p o i n t   d a t a   t o   t h e  area of Nor theas te rn  B.C. T h i s  I 
I 
I 

prov ides  a means o f   e s t i m a t i n g   d e s i g n   f l o o d  flows f o r  streams i n  a 

r e g i o n   t h a t   h a s  a scarcity of data and is h i g h l y   v a r i a b l e   i n  

p r e c i p i t a t i o n .  

1 
I 
I. 
I 
I 
I 
I 
I 
I .  

. ,  

analyzed t o  establish the range   of   f lood   f lows  t h a t  cou ld  be 

expected  and t o   i d e n t i f y   g e n e r a l   t r e n d s   a n d  similarities among t h e  

d a t a   i n   o r d e r  t o  produce a reg iona l   f lood   f requency   curve .  The 

r e s u l t s   o f  t h i s  s tudy  are - in t ended   fo r   u se  as  a d e s i g n  a i d  f o r  

f e a s i b i l i t y   a n d   p r e l i m i n a r y   s t u d i e s   i n   h i g h w a y ,   p i p e l i n e   a n d   r a i l w a y  

c r o s s i n g s ,   f l o o d   c o n t r o l   s t r u c t u r e s ,   r e s e r v o i r s ,   l e v e e s   a n d   f l o o d  

p l a i n  mapping etc. Site spec i f i c   s t r eamf low data would be r e q u i r e d  

f o r   f i n a l   d e s i g n   s t u d i e s   o f   l a r g e   p r o j e c t s .  

l .2 Descr ip t ion   of   S tudy  Area 

T h e   s t u d y   c o n c e n t r a t e s   o n   t h e   e a s t e r n ' s l o p e s  of t h e  Rocky Mountains 

an  area bounded  by t h e  B.C. - Alberta b o r d e r   i n  t h e  south  and t h e  

Toad R ive r   bas in   no r thwes t   o f   Fo r t   Ne l son   i n  B r i t i s h  Columbia. See 

map of B.C. F igu re  1 f o r   g e n e r a l   l o c a t i o n   o f   r e g i o n .  

. .  

I ' -  

I. 
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Physioqraphy 

The area c o n s i s t s   o f  the Front  Ranges  of the Rocky Mountainsj 

the Foo th i l l s   and  the P la ins .  The Front  Ranges  extend  from t h e  

Divide east t o  the F o o t h i l l s .  The g r a d i e n t   o f  t h e  streams i n  

t h e  area is very steep averaging  3%. The area c o n t a i n s  many 

icefields a n d   a l p i n e   g l a c i e r s  which are g e n e r a l l y  small i n  size. 

The Footh i l l s  are mainly composed of rounded h i l l s  and   ou t ly ing  

mountain  r idges some nea r ly  as  h igh   and   rugged  as' t h e  F ron t  

Ranges. The stream g r a d i e n t   c h a n g e s   d r a s t i c a l l y   i n  t h i s  area 

averaging 0.6%. 

.. . 

The P l a i n s   r e g i o n  is characterized by h igh   bu t t e s   and  mesas. 

The stream g r a d i e n t  is very f l a t  ave rag ing  0.03%. 

The d r a i n a g e   p a t t e r n   c o n s i s t s  of parallel  stream systems 

flowing easterly and   t r ansec t ing  t h e  r eg iona l   phys iog raph ic  

t r e n d s ,  which r u n   i n  a Northwest-Southeast   d i rect ion.  

G l a c i a t i o n  has considerably  modif ied t h e  m a j o r   r i v e r   v a l l e y s .  

The phys iog raph ic   d iv i s ions  are shown on   F igure  2. 

Climate 

The 'climate of  t ,he r eg ion  is dominated by c o n t i n e n t a l  climatic 

inf luences.   During t h e '  w i n t e r ,   c o n t i n e n t a l  Arctic a i r  masses 

which restricts p r e c i p i t a t i o n , m o v e   i n   a n d   o u t   o f  t h e  area. 
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I The region is characterized by semi-arid condi t ions  on t h e  

Interior  Plains and progressively  heavier  precipitation i n  the 

I 
I :  

foothi l ls  and mountains. Many 'depressions, caused by t h e  

Aleutian Low, enter B r i t i s h  Columbia  from the  Pacific and 

Continue their eastern  course Over the western mountains. TO a 

great  extent,  their  tracts  are  affected by the pos i t ion  of 

mountain passes and the  location  of Artic a i r  masses. 

I' 
Types of Runoff 

Floods on the Northeast slopes  of  the Rocky Mountains i n  

B r i t i s h  Columbia usually occur from: . 1) snowmelt, 2) 

. . rainstorms or rain p l u s  snowmelt ,and 3) thunderstorms. 

Snowmelt peaks generally. occur from Apr i l  through June and can 

be , augmented . by ra infal l  o r  rainstorms.  Rainfall peaks 

I 
I 
I generally  occur from June t o  freeze-up. 

. . .  

I 
, 1.,3 Source of  Data 

I " 
I by the Water Survey of Canada.  These l i s t i n g s  provide t h e  l a t e s t  

I 

Most o f  the  data used i n  t h i s  s t u d y  were obtained from l i s t i n g s  o f  

streamflows that were  produced from magnetic tape f i l e s  maintained 

revised  version o f  surface water data  to.1982. 

I 
I 
I 
I 
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2.) DESCRIPTION OF STUDY 

I 
I " 

I 

I n  general,   f lood  records  .represent  relat ively  short samples of a 

large  population  of  events. For t h i s  reason, the  record  a t  any 

i n d i v i d u a l   s t a t i o n  may deviate  considerably  from a t r u e  

representat ion  of  the overal l   long-term  f lood  frequency  relat ion. 

Therefore  other methods have  been developed t o  study  flood 

frequencies. These  methods involve  s tud ies  o f  frequency 

relat ionships on  a regional   basis i n  an  attempt t o  reduce la rge  

sample errors  inherent i n  indiv idual   records and t o   a r r i v e   ' a t   t h e  

basic  long-term  relat ion. 

2.1 Se lec t ion   o f ' s ta t ions  

The se lec t ion   o f   s ta t ions ,   fo r   the   s tudy  was based  on several 

considerations,  location,  size and natural   f low. It i s  possible 

tha t   the  homogeneous area  extends  outside  the  selected  region  of t he  

northeast  slopes o f  the Rocky Mountains i n  B r i t i s h  Columbia. 

The immediate area  southeast  of the Wapit i   basin was included  as i t  

was thought t o   g i v e  some s t a b i l i t y  t o  short-term  records  available 

on  streams i n  that   por t ion  o f   the  reg ion.  

Large  streams usually  traverse more than one hydrologic  area. The 

occurrence o f  floods i n  these  streams i s  usual ly  not   fhe same as 

tha t   o f   smal l   t r ibu tar ies .  Large  streams therefore . should  not  be 

combined with t r i b u t a r y  streams i n  order t o  define a general 

relat ionship. Streams t h a t  do not  represent  natural  f low  should 
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not  be included. As, a r e s u l t  of  the above considerations,  Stoddart 

Creek and a l l  Peace River  stat ions . were excluded. 

Selected  stations and their   per iod  of   record  are shown on a bar 

char t  i n  Figure 3. 

Single  Stat ion Frequency  Curves 

Frequency analysis o f  peak dai ly  discharges i s  used t o  estimate a 

long-term d is t r ibu t ion .   Th is   d is t r ibu t ion  can  then  be  considered  as 

the  best  representation o f  future  expectations. I n  the use o f  past 

records to   predic t   the  fu ture,  it i s  assumed tha t   there  has  been no 

change i n  the  nature  of   factors  inf luencing-  the  s ize o f  f lood peaks 

during  the  period of record. Some factors  are  logging,  land 

clearing, and storage or divers ion works. The method o f   o b t a i n i n g  

stage  values  can  also be a problem. For example, rep lac ing  s ta f f  

gauges with automatic  recorders  part way through  the  period of 

record. 

To obtain  est imates  of   the 

d i s t r i b u t i o n  was f i t t e d  

W e a r   f l o o d  events  the  log Pearson 111 

t o   a l l   s t a t i o n s  i n  the area. This 

d i s t r i b u t i o n  has been recommended by the  U.S. Water Resources 

Counci l   for   f lood  analysis i n  the  United  States. The l o g  Pearson 

111 d i s t r i b u t i o n  appears t o  fit the  data i n  this  region  reasonably 

well. The frequency  curves  are shown i n  Figures 4 t o  8. 
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2.3 Mean Annual Flood 

The  mean annual flood, as used i n  the  applied . regional flood 

frequency method, is  the  value of the  recurrence  interval of 2.33 . 

years as estimated by the log  Pearson I11 d i s t r i b u t i o n .  The actual 

arithmetic mean is not  used because of-the  possible  bias due t o  the 

occurrence ofurare flood wi th in  the  period  of  record. The magnitude 

o f  the mean annual  flood (arithmetic) can vary considerably from 

period .to period as  a result of d ry  o r  wet cycles or  a combination 

o f  both. 

1 

Due t o  the  inclusion of many stations wi th  very short  records a 

s t a t i s t i ca l   t e s t  was used on a l l  long-term data  to determine whether 

a difference i n  sample means (arithmetic) is s ta t i s t ica l ly  

significant. I 
Figure 9 i l lustrates  the  variation of mean annual flood and basin 

location. 

21.4 Hydrologic Zones 

The range of ra t ios  of the 5, 10,' 25, 50 and 100-year flood t o  mean 

., annual flood can be tested w i t h  drainage  area  size and location t o  I 
help  define any hydrologic division  boundaries. 
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TABLE 1 

MEAN ANNUAL  FLOOD AND MAXIMUM DAILY DISCHARGE 

- 
Recorded 

Drainage Mean Runoff Maximum Runoff 
Stat ion Name Arsa  Annual Da i l y  

m 3/s m 3/s 
km Flood  l/s/km2 Flow  l/s/km2 

Toad River Above  Nonda Creek 

Ft .  Nelson  River Above  Muskwa River 

Ft. Nelson  River a t   F t .  Nelson 

Muskwa River Near Ft .  Nelson 

Raspberry  Creek a t  the Mouth 
Sikanni Ch ie f  River Near Ft .  Nelson 

Beatton  River Near Ft. S t .  John 

Blueberry  River Below Aitken Creek 

St. John Creek Near  Montney 
Halfway  River Above  Graham River 

Halfway  River Near F a r r e l l  Creek 

F’ine  River A t  East  Pine 

Sukunka Rive.r Ab. Chamberlain  Creek 

Sukunka River Near The Mouth 

Dickebusch Creek Near The Mouth ., 

Murray  River  Above.Wolverine  River 

Murray River Near The Mouth 
Qual i ty Creek Near The Mouth 

Wapiti  River Above Mistanusk Creek 

Kiskatinaw  River Near Farmington 

Pouce  Coupe R. Bel. Henderson C r .  

Beaverlodge River Near Beaverlodge 

Wapiti  River Near  Grande P r a i r i e  

Cutbank River Near Grande P r a i r i e  

Kakwa River Near  Grande P r a i r i e  

Smoky River Above He l l s  Creek 

2570 

22800 

43500 

20300 

273 

2160 

15600 

1750 

201 
3780 

9400 

12100 

927 

2510 

85.5 
2410 

5620 
29,. 5 

2400 

3570 

2850 

1610 

11300 

842 

3290 

3830 

268 

912 

2630 

2040 

17 

186 

731 

128 

16 
327 

678 

1650 

210 

480 

12 

392 

636 
3.6 

336 

153 

133 

45.5 

852 

136 

361 

453 

104 

40 

60.5 

100 

62.3 

86.1 

46.9 

73.1 

79.6 

86.5 

72.1 

136 

227 

191 

140 
163 

113 

122 

140 

42.9 

46.7 

28.3 

75.4 

162 

110 

118 

648 

1500 

5240 

3990 

3914 

479 

1700 

368 

30.3 
498 

1980 

3960 

266 

704 

16.1 

600 

736 

9.2 

650 

413 

368 

102 

3680 

506 

1680 

1230 

252 

66 

120 

197 

144 

222 

109 

210 

151 

132 

211 

327 

287 

280 

188 

249 

131 

312 

271 

116 

129 

63 

326 

600 

51 1 

321 
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2.5 Regional  Frequency  Curve 

Regional   f requency   ana lys i s  is composed o f  two  main p a r t s .  First, , . 

.I . ' .  t h e  development  of a dimensionless   f requency  curve which r e p r e s e n t s  
t h e  r a t i o  o f  the f lood  o f  any  frequency t o   a n   i n d e x   f l o o d .  The 

index  f lood is t h e  mean annual   f lood  as  ob ta ined  by t h e  log   Pearson  

I11 d i s t r i b u t i o n  f i t t ed  t o  t h e  annual  series o f   s t a t i o n   f l o o a  data. 

. The second   s t ep  is the s tudy   o f  t h e  r e l a t ionsh ip   be tween  , . t he  index  
' (  

I' f lood   and   dra inage  area. 

I 2.6 Regionalized Skew 

Reg iona l i za t ion  of skew va lues  was n o t  attempted for  t h i s  s t u d y  as 

it is impractical t o   o b t a i n  skew values   f rom small samples. Skew is 

I v e r y   s e n s i t i v e  t o  extreme  events.  

I The recommended p rocedure   fo r   deve lop ing   gene ra l i zed  skew 

I c o e f f i c i e n t s   r e q u i r e s  the u s e   o f  a t  least 40 s t a t i o n s  or  a l l  

s t a t i o n s   w i t h i n  a 160 k i lome te r   r ad ius .  The s t a t i o n s   u s e d   s h o u l d  

have 25 o r  more y e a r s   o f  good record .  

I The mean, s t a n d a r d   d e v i a t i o n   a n d   c o e f f i c i e n t   o f  skew of the  l o g s   f o r  

I .  the  maximum d a i l y  d i scha rge  are g i v e n   f o r  each s t a t i o n   u s e d   i n  t h e  

s tudy  and are p r e s e n t e d   i n  Table 2. 

2.7 Flood  Est imat ion Criteria 

The criteria. governing  f lood estimates, fo r  t h i s  s tudy ,  are based on 

I, . '  
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TABLE 2 
STATION STATISTICS 

- 
Drainage Log of 

km2 Flow 
Stat ion Name Area i n  Mean Annual SD cs 

Toad River Above  Nonda Creek 2570 ' 5.5628 0.4235 0.6941 

Ft .  Nelson River Above  Muskwa River 22800 6.6404 0.6900 -0.4993 
Ft. Nelson River A t  Ft .  Nelson 43500 7.8102 0.4726 0.1221 

Muskwa River Near Ft. Nelson 20300 7.4521 0.5960 -0.6872 

Raspberry Creek A t  The Mouth. 273 2.5946 1.0477 -0.4223 

Sikanni  Chief  River Near Ft .  Nelson 2160 5.1595 0.4901 0.2815 

Beatton  River Near Ft .  S t .  John 15600 6.5315 0.4881 0.2914 

Blueberry  River Below Ai tken Creek . 1750 4.7559 0.7115 0.2379 

S t .  John Creek Near Montney . 

Halfway  .River Above  Graham River ... 

Halfway River Near F a r r e l l  Creek 
Pine  River At East  Pine 

Sukunka River Ab. Chamberlain Creek 

Sukunka River-  Near The Mouth 

Dickebusch Creek Near The Mouth 

Murray River Above Wolverine  River 

Murray River Near  The Mouth 

Qual i ty Creek Near  The Mouth 

Wapit i   River Above Mistanusk Creek 
Kiskatinaw  River Near Farmington 

Pouce Coupe R. Bel. Henderson C r .  
Beaverlodge River .Near. Beaverlodge 

Wapit i   River Near Grande P r a i r i e  

Cutbank River Near  Grande P r a i r i e  

Kakwa River Near  Grande P r a i r i e  

Smoky River Above He l l s  Creek 

201 

3780 

9400 
12100 

927 

2510 

85.5 

2410 

5620 

29.5 

2400 

3570 
2850 

1610 

11300 

842 

3290 

3830 

2.6512 

5.7463 

6.4763 

7.3864 

5.2854 

6.1374 

2.1946 

5.9349 

6.3383 

1.1928 

5.8276 

4.6763 
4.8542 

3.4953 

6.7500 

4.7925 

5.9481 

6.1537 

0.5122 

0.3710 

0.5459 

0.4348 

0.2668 

0.3728 

0.7457 

0.3269 

0.2927 

0.7656 

0.4060 

.. 1.0129 

0.6481. 

0.89.33 

0.6611 

0.9750 

0.7620 

0.3220 

-0.0449 

0.3784 

0.5891 

0.7677 

-0.3241 

-0.0551 

-1.7358 

0.3892 

-1.6528 

0.3080 

1.2213 

-1.2159 
-0.0403 

-1 2829 

1.0895 

0.3505 

1.5439 

1.8269 
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t h e   l e n g t h   o f   r e c o r d   f o r  each s t a t i o n .   T h e s e  are summarized i n  

Table 3. (LAMKE 1979) 

. .  
TABLE 3 

" 

Length  of  Record  Largest T-year Flood 
(years 1 . . Estimated (Years) 

8 5 
8 - 1 2  - 10 

- 13 - $17 ,25 
18 - 22 50 

-22  100 

3. UNGAUGED STREAMS ' <  

The reg iona l iza t ion   of   f requency   curves  has provided a means of  

e s t i m a t i n g   t h e   f l o o d   p r o b a b i l i t i e s   o f  streams having  no  hydrometric 

record.  

I n   o r d e r   t o  estimate t h e  f l o o d   p r o b a b i l i t i e s   f o r  a p o i n t  on,, a stream 

having no h y d r o m e t r i c   r e c o r d s . ,   t h e   f i r s t   s t e p  is t o   d e f i n e  t h e  

dra inage  area. The'  second s t e p  is t o  determine  from  Figure 10 t h e  

zone i n  which t h e  stream is located  and  from  Figure 11 t h e  mean 
:> 

w n ~ a l  f lood   co r re spond ing   t o   t ha t   zone  ' and  drainage  area.   Next ,  

knowing t h e  f requency   requi red ,   ob ta in  t h e  r a t i o  of  QT/Q2.33 from 

Figure  12.  By mul t ip ly ing   t he  mean annual   f lood by t h e  r a t i o s   g i v e n  

i n   t h e   r e g i o n a l   f r e q u e n c y  curve, a flood  frequency Curve may be 

p r e p a r e d .   f o r   t h a t  stream. . 
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I 4., RESULTS OF ANALYSIS 

'I 4 , ' l  Mean Annual Flood 

The arithmetic mean for  the  period  prior  to 1978 was tested  against 

means of the ' five year  period t o  1982. A l l  b u t  two tested 

negative,  ie.  there was no significant  difference between  means, 

which indicate  they can be considered as  samples from the same 

population a t , t h e  95% confidence level. 

Short-term data can be used -wi th  some degree  of'  confidence  as 

representing  the  longer  period  of  .other  stations. I n  t h i s  s t u d y  the 

mean annual flood of short  ,term stations was considered  directly 

I comparable t o  the  longer term data. 

Figure 13 shows the  relationship of mean annual flood runoff t o  

drainage  area. 

. .  

I 
I 
I, 
I 

4..2 Hydrologic Zones 

The ra t ios '  of QT/Q2-33 appear t o  be independent  of  drainage  area 

size  as shown i n  figures 14, t o  18. The plot of these  ratios on the 

map produced no apparent  divisional  frequency  characteristics, with 

the  exception of an area w i t h i n  Alberta comprising the lower Wapiti, 

Cutbank  and Kakwa basins. T h i s  d i v i s i o n  appeared a t  and above the 

10-year f lood .  

4.3. Regional Frequency Curve 

' I n  order t o  develop the 'dimensionless  frequency, curve, the median 

I' 
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I 
I 

I 

V 

' greater. 

The index  flood Was plotted  against  drainage  area for  each station 

and by us ing  distinctive symbols for  various  geographical  regions  a' 

ser ies  of trendlines became apparent. A l eas t  square fit was  made 

to-  three  sets o f  data,  as shown i n  Figure 11. The equation o f  t h e  

. l ines  and standard error of estimate  are  given for  the  relationships. 

A general d i v i s i o n  appears to  exist  for  that  area t o  t h e  southeast 

O f  the Pine  River Basin and the  area t o  the northwest. 

The area to the  southeast  excludes two small  foothill  basins. T h i s  

is an a rb i t ra ry .  d i v i s i o n ,  based on t h e  effect  of snowmelt  and 

rainfall  events, which time will verify or  discount  as  longer 

records  are  obtained. The Wapiti River a t  Grande prair ie  is  

included wi th  the northwest group because the  majority of i ts  

drainage  basin consists of f o o t h i l l s  and plateau. 

The  map 'shown on Figure 10 i l lustrates   the zones representing 

variation i n  the mean annual  flood. 
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I 4.4 Flood  Est imat ion  Cr i ter ia 

These c r i t e r i a  limit the use of  the  short-term  stat ion  for- 

I reg ional izat ion purposes. The  number o f   s ta t i ons  used for  the 

I' 
I 

development o f  the regional  frequency curve i n  the  higher T-year 

events,has  been  reduced drast ica l ly .  I n  order t o   o b t a i n  enough 

,samples those  stat ions with 21 years  of  data had t o  be inc luded  to  

I 
obtain a r e g i o n a l   r a t i o   f o r   t h e  100 year  event. 

> 

I 4.5 Regional Frequency Values  Vs..Log  Pearson 111 

~ Table 4 shows the comparison  between the  regional  f low  analysis 

values and those  values computed by the l o g  Pearson I11 d i s t r i b u t i o n .  

The regional ized frequency curve  for each s t a t i o n   i s   a l s o  shown' on 

I f igures 4-8. 

I 5., OBSERVATIONS AND CONCLUSIONS 

I 
I 
I 
I 
I 

The following  observations and conclusions  can  be drawn,  from the 

analysis  of   the  publ ished  data,   for   th is  region. 

a There i s  a re la t ionship between mean annual  flood (2.33 year) 

and locat ion.   Div id ing the region  into  three  areas  instead  of  

two, for  t he  .est imat ion  'of  mean annual  flood,  reduces  the 

standard  error of estimate from a maximum of - + 36% t o  - .  + 20%. 

I 
b. I n  future  studies; when other  basin parameters, eg. mean basin 

elevation,  main  channel  length and slope,  stream  density, .base 

flow  index,  channel  storage,  area  of  lakes and swamps and 
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l oca t i on  parameters  etc. become .avai-lable  they  should  be 

included  to  describe the  residual   d i f ferences i n  mean annual 

flood. 

' .  . 

c. The. r a t i o   o f  t h e  QT/Q2.33 shows no .relat ionship  to  drainage 

area. 

d. The spread i n  ra t i os ,  (QT/Q2.33), o f  the  higher  frequencies 

increase  rapidly due t o  some h igh l y  skewed data. 

e -  Runoff O f  t he  maximum dai ly  discharge  increases as drainage 

area  decreases and  shows a re la t i onsh ip   t o   l oca t i on .  

f. ' The "regional frequency curve- and the  equations  for - t h e  mean 

annual  flood can be used t o  produce, within l imi ts . ,   the 

magnitude o f  f loods  for   d i f ferent   recurrence  in terva ls   on  the 

eastern  slopes o f   t h e  Rocky Mountain i n  B.C. 

9. Floods  cannot be predicted within narrow  confidence bands  from 

the  length  o f   record  avai lab le i n  th i s   reg ion  i f  by p red ic t i ng  

floods, i s  meant t o   p r e d i c t   t h e   t r u e  T-year  peak  discharge. 

h. Weaknesses i n  the method include; the possible  b ias  that  

unknown e f fec ts  on der ivat ion  of  sample s t a t i s t i c s  caused by 

us ing-   d i f ferent   per iods  o f   record,   bas ic   data  l imi ta t ions i n  
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the  temporal and spacia l  spheres and range  of  basin  size. 

I 
I 
I .: 

I 

as the sample s ize i s  small  and the   l eng th   o f  streamflow  data 

i s  qu i te   l im i ted .  

j. Use o f  the  regional  frequency curve fo r  est imat ing  f lood beyond 

the 25-year event  should be undertaken with care. If r a r e  

f loods must be estimated,  several approaches should  be 

. .  

considered,  such as the  empir ical  formulae, cor re la t ion  with 

prec ip i ta t ion,   regress ion . .  on basin parameters and 

mathematically f i t t e d  curves, i n  order t o  approach a r e a l i s t i c  

value and reduce the  r isk   invo lved.  

k. The area  comprising  the  Wapiti,  Cutbank' and.  Kakwa basins  has 

been excluded  from  the  regional  study and should  be t rea ted  as 

a separate unit. Extreme r a i n f a l l  storms have been experienced 

i n  t h i s  . .  area  resul t ing i n  h igh ly  skewed data. It appears t h a t  

a very . long  per iod  o f   record may be requ i red   to   ob ta in  a 

re l i ab le   reg iona l  frequency  curve. 

1. Future  studies  covering a greater  area and having a l a rge r  and 

longer  data base may develop more de f in i te   gu ide l ines  for  

estimating  f lood  frequencies. 

I 

m. The Regional  curve i s  super io r   t o  a single-station  curve, 

although  the  estimate would  be described as less  inaccurate 

rather  than more accurate. 
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F igure  1. Map o f  B r i t i s h  Columbia w i t h  Study  Area’. ,, 
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Figure 2 Geological Survey of Canada Memoir 247 
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.Figure 5.  Flood Frequency Curves 
. .  
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Figure 6.  Flood Frequency Curves 
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Figure 7.  F1 ood Frequency Curves 
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Figure 9. Mean  Annual Flood  Runoff in mn/day, Northeastern British Columbia 



F i g u r e  1 0 .  Mean Annual Flood Zones 
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