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INTRODUCTION

Assessment of the hydrologic impact of the proposed Alaska Highway

‘gas_pipeline is contained in the Inland Waters Directorate report dated

June 3, 1977. The purpose of the present report is to present estimates of
baseline data to facilitate review of the proponent's Environmental Impact

Statement. _Information Co]]ected from the field is limited, but was aimed

P ’
at areas where data deficiencies are of greatest importance. Three discip-

linary areas are involved:

—Sma]j Streém Hydro]ogyv

‘ For conéideration of mitigative measures re]ated to erosion, dréinage
disruption, drainage diversions and siltation, an understanding of flood
characteristics of streams is required along the pipeline corridor. However,
very little baseline information exists particularly for.stkeams with small

v'drainage areas. Traditional methods for estimating flood-frequency charac-

teristics at ungauged sites include the use of rainfall records, and the
relationships between streamflow records and basin characteristics. These
methods alone are insufficient for the Alaska Highway Pipé]ine route because

of inadequate precipitation and streamflow records and because of their
variabiiity among subregions. Emperical and/or synthetic approaches, therefore,

“have to be included in generating the necessary hydrologic data. However, full

reliance cannot be placed on any one particular approach; experience indicates
that different approaches produce differing results with attendant wide
confidence limits.

The main focus of the report is a reference on design flows for small

_ streams based on various estimating techniques, against which estimates made

by others could be compared.

- Water Qua]ity

The question that relates to water quality is whether increased
suspended sediment loads in streams caused by construction and maintenance of
the Alaska Highway Pipeline will degrade the quality of the river systems.



Most of the available knowledge on the effects of increased
sedimentation, increased turbidity and oxygen depletions has been derived
from studies of streams in témberqte and hot climates and very little work
has been done in cold climates.

Since needed information is required within a very short period
of time, only a minimum amount of investigation could be carried out. It
was considered that this could be done best on the basis of a short-term
study of two representative river basins: Swift and Ogi]Vié Rivers.

: .'ﬁ[:r;;;Riyér Hydraulics ‘

Mitigative measures associated with river crossings are expected
to require special attention during Envfronmental Impact Statement réview _
particularly at rivers located along the corridor extending 150 miles south ;7
of the Alaska-Yukon border. These rivers are.glacier—fed, are prdne to |
flash flooding and are constantly changing chanhe]s; some have scour depths
of over 20 feet. During 1978 high water périod a pilot scour assessment

"was made of one large and'a number of typical small streams. An aerial

photb and map ‘interpretation was made of meander patterns and areas
determined where pipeline activities may have a detrimental effect.

Logafithmfc relationships between suspended sédimént concentrations
and discharge are presented in Appendik?F‘which permit tentative estimates
to be made of a stream's capabiTity to transport sediment, and to project
increases in suspended and deposited sediments that could result from
increased supply from construction activity. ' ' '

PHYSIOGRAPHY AND DRAINAGE

Alaska Highway traverses five physiographic divisions in the Yukon
Territory. Starting from Alaska-Yukon border they are: Yukon Plateau,
Shakwak Trench, Boundary Ranges of the Coast Mountains, Cassiar Mountains
and the Liard Plain (Bostock, 1967). Within these divisions lie the six
main drainage basins crossed'by the Alaska Highway Pipeline route: White
River, Alsek River, Takhini River, Yukon River, Teslin River and-Laird

_ River. (Figure 1)



Yukon P]ateau North

Location : MP 1221 - 1117

- Shakwak Trench

'Togograghg : Generally flat with areas of .low mhskeg,

laden with shallow lakes-and sloughs; elevations vary
between 1850 and 2400 feet.

Except for Beaver Creek, tributary streams in
this area generally have a very constant discharge;
increases in discharge that can be ‘observed dur1ng
summer months are attrlbuted to the melting of
permafrost. Beaver Creek with its drainage area .
originating in the Wrangell mountains at elevations
of between 7000 and 8000 feet is not typfcal for the
area; 1t 1s violent at flood stage and 1ts gravel

>v]banks are highly erodab]e

Soils : Peat and volcanic ash,over]ying'grave1s;

~ underlain with discontinuous permafrost.

Major Drainage Basins : White River, a tribufafy of

the Yukon River; larger streams are glacier fed.

Location : MP 1177 - 1036

Topography.: Trench is ]ong,'narrow, generally flat

(floor elevation 2400 feet) confined by the Kluane

PTateau to the N.E. and the St. Elias Mountains to

“the S.W. Within the trench streams are glacier fed,

steep and subject to flash floods; Tlarge rivers
cross the Trench at r1ght ang]es in the northwesterly
direction.

K]uane Lake, the largest lake in the Yukon, lies
within the Shakwak Trench valley floor; its west
shore is characterized by high energy, gravel-fed
streams whose fans are actively aggrading. The fan
of the Duke River substantially controls the level of
theA1ake.




Yukon Plateau South

Boundary Ranges,

Coastal Mountains

Cassiar Mountains

Soils : Outwash deposits, volcanic ash and silt;
alluvial fan deposits along the western shore of Kluane
Lake.

Major Drainage Basins : Donjek River, 'tributéry of White

‘Rfver “and Duke and Slims Rivers, -tributaries of K]uane

River and Kluane Lake respect1ve1y
Location-: ‘MP 1036. - 996

Tbgograghz : Follows Dezadeash Valley (elevation 2500

‘feet) to the southern end of the Sifton Range

(elevation 3500 feet), the divide between Alsek and
Takhini River dra1nage basins.

- Soils : Till, sand, gravel w1th ]oca] occurrences of

volcanic ash and 1acustr1ne silt.

Major Dra1nage Basins : Aishihik River tributary of
Dezadeash R1ver, Dezadeash River, tmbutary of Alsek

River (coast drainage).

Location : MP 996 - 815

Topography : Crosses Takhini River at elevation 2200
feet; climbs steepTy to elevation 4500 feet in the
Boundary Ranges; descends across Yukon River at
elevation 2400 feet; continues across Yukon Plateau

to Teslin River (elevation 2300 feet); follows
northern shoreline of Teslin Lake and crosses Nisutlin
Bay; climbs a10ng Morley River valley to e]eyation
2800 feet near Smart River. :

Soils : Till, sand gravel with local occurrences of
volcanic ash and lacustrine silt.

Major Drainégg Basins : Takhini, Teslin and M'Clintock

‘'Rivers, tributaries of the Yukon River.

Location : MP 815 - 751
Topography : Moderately rugged with numerous broad .
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valleys; route climbs to 5000 feet at the divide
between Swift and Rancheria Rivers and descends to
3000 feet to Rancheria River. ‘ o

Soils : Sand, gravel and some till.

Major Drainage Basins : Swift River, tributary of
Teslin River; Rancheria River, tributary of Liard River..

‘Liard Plain - Location ; MP 751 - 712

Topography : F]at and at elevation of 3000 feet, with
relatively deep river valleys.
~So}]sf"iGiacia1 ti1i'withf10ca1foCcUrréhééswa sﬁ]t,

sand, grave] and volcanic ash.

Major Drainage Bas1ns : Rancheria and Little Rancher1a

Rivers.

CLIMATE

_ " The Coast and the St. E]1as Mounta1ns that form the western boundary
of the Yukon drainage are an effect1ve barrier against Pacific weather influences
because of their continuity and height. In the east, the Rockies present a

‘barrier against winter flow of co]d’po1ar air from Northwest Territories. However,
~this barrier is considerably lower and less continuous; consequently, "continenta]"
- influences are strong, causing occasional extreme]y cold periods in the winter.
. The North Amer1can record of -819F was established at Snag

Because of the generally rugged terrain a]ong the Alaska Highway,
consisting of mountains, plateaux and valleys, it is difficult to map the climate

' accuraté]y; altitude appears to be more of a climatic determinant than latitude.



The following data* illustrate temperature and precipitatioh

values:
Mean Annual Mean Annual Mean Annual
Temperature (9F) Rainfall (inches) Precip (1nches)
Snag 21.5 8.68 14.16
Haines Junction ' 26.3 _ 6.29 1112
Whitehorse ~ 30.5 ~ 5.60 - 10.24
Teslin . 29.2 6.62 _ 12.83 -

Watson Lake . 26.8 ' '8.99 - 17.01

SOURCES OF DATA

Table 1 1ists Water Survey of Canada gauging stations considered in
the énaTysis. Sources for these data are the annual and historical streamflow -
summaries of Surface Water Data for the Yukon and Northwest Territories, and
British Columbia pub]ishéd by‘Environment Canada, Inland Waters Directorate.

“Table 2 lists the small stream network operated by the Department of Indian
and Northern Affairs in 1978. 1978 data for these stations are given in
Appendix A of this report; data for stations operated in previous years are

~available from Department of Indian and Northern Affairs, Northern Affairs

Program, Whitehorse, Y.T.

RESULTS

A. SMALL STREAM HYDROLOGY

‘To ‘assure adequate pipeline design and construction at channel
crossings, information on magnitude and frequency'of river flows must be
available. However, very little baseline data exist on which to base reliable
flow predictions particularly for.streams with small drainage areas. There
are 19 streamflow observation sites in the near vicinity of 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

~*Development of Power in the Yukon, Appendix 2 Hydro]ogy, January 1975.
Sigma Resource Consultants Ltd.



Jocated. Areas where lack of hydrologic information is particularly critical
are the northeastern side of the St. Elias and the southwestern side of the
Cassiar Mountains. .These also are the areas wherein hydrological impact of
pipeline construction and operation is expected to be the greatest. Expansion

"of the network for the purpose of this study would not be sufficient as .data

from newly established stations would not be for a ]ong enough period to
prov1de reasonable measures of streamflow character1st1cs needed for calcula-

- tion of peak flows. The deficiency in data led to est1mat1on of extreme

values based on a number of approaches:

1. D1mens1ontess ratio to the mean annual flood =~ - - - Appendﬁx Bv
2.  Enve1ope curve, re]at1ng maximum known floods to ” - o
dra1nage area s1ze - v - - - Appendix B

'.3. Channe] geometry versus flow (haracter1st1cs R —'AppendixACf‘
-4, Kinematig Wave technique o ‘ A - -bAppendix D

5. Culvert size

- Comparison of results are shown in Table 3. The sites are arranged in the

order in which they occur starting with Snag Creek at Alaska-Yukon border to
Albert Creek at B.C.-Yukon border. The data allow d1rect compar1sons to be
made of flood magn1tudes at sites for wh1ch they were calculated and to
provide some transfer value for estimating flood values on other or nearby
streams having similar basin and channel characteristics. Details on various
approaches used -are given in the above Appendices.

Discussion
The majority of streamf]ow records on which the first two approaches

are based concerns large, and in many cases,_]ake-cdhtro]1ed riverS; therefore,
there is a built-in bias towards large streams. An attempt was made during

1978 snowmelt runoff to reduce this bfias through operation of a network of

crest-stage gauges on small streams along the highway’ However, because the

| 1eve1 of runoff was generally low there was. 1nsuff1c1ent basis on which to

mod1fy the relationships developed earlier.



Traditional methods for estimation of flood-frequency characteristics
at an ungauged stream, those based principally on precipitation'data and those
which use relations between streamflow and basin characteristics sometimes are
inadequate because of large spacial variability in precipitation, dominance of
geologic factors or insufficient streamflow data from_ comparable basins. An
approach wherein channel geometry is related to known flow characteristics at
existing gauging stations provides an a]ternatiVemfor-estimating flow

“ characteristics at ungauged sites. This method does not require the detailed

basin information needed for the traditional methods; channel size and shape
are indicators of the topographic, geologic and climatic characteristics
upstream. - The reliability of flow pred1ct1ons, however, is determined largely
by the consistency of data obtained at gaug1ng stat1ons wh1ch is dependent on

“the existence of good hydraulic conditions and on sat1sfactoryyev1dence of

bankfull stage. Therefore, there are some streams or stream reaches where the
method is not useful or could give misleading results. Examples are the
ephemeral drainages along the'west shore of Kluane Lake and the braided

channels of Slims, Donjek and White Rivers. In addition, occasionally geographic
locations for a stream indicates a particular flow regime, yet the relationship

for the regime does not apply because of major difference in local terrain and/or

material through which the channel is cut from the overall basin characteristics.
Examples are the Lubbock and Tagish streams. Thus, geographic location is not
always an acceptable criterion for applicability of a particular relation.

Most culverts and bridges along the Alaska Highway appear to have
adequate opénﬁngs for passage of flood flows, as any overtopping that has
occurred historically can be attributed to morphological problems. Accord1ng]y,
where a culvert has been in existence for sufficient number of years the cal-
culated capacity can be a s1mp1e rational indicator of the maximum flood flow

of the stream.

When there is 1nsuff1c1ent hydrologic data for dependab]e f]ood-
frequency analysis, emp1r1ca] approaches are often used for determination of

~ peak flows. Commonly, basin dra1nage area modified for topography and cllmate

is the basic parameter for empirical estimates of design floods. Such
‘empirical techniques serve a useful purpose in being a further check on the
-application of other methods. The Kinematic Wave Model has been used here as
such an empirical technique. The method used combines the Kinematic Wave
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fheoky for determining_peék_f]ows from climatic and topographic parameters
with statistical theory, and analyzes precipitation data to produce
estimates of the flood frequency data for ungauged basins. -

B. WATER QUALITY

Preliminary results will be'availab]e.on November 1, 1978 and
final report by December 31, 1978.

C. RIVER HYDRAULICS

Time schedule is the same as for Water Quality.



10.

Table 1 WATER SURVEY OF CANADA GAUGING STATIONS CONSIDERED IN THE ANALYSIS

_ Record Drainage
W.S.C. - Length Area .
No. Name (Yrs.) ~ (sq.mi.)
A.- Yukon Territory
08AA00T . Aishihik River near Whitehorse . 29 1,660
08ABOO1  Alsek River above Bates River - 3 3 6,250
~10MDO02 Babbage River be]ow Cariboo Creek 3 588
09AH003  Big Creek near Mouth | 4 674
09AG001 Big Salmon River near Carmacks | 20 - 2,610
08AAOO3 -~ Dezadeash River at Haines Junction 25 _ 3,280
10MD001  Firth River near Mouth - | 4 2,240
" 10ABO0OT  Frances River near Watson Lake ‘ 16 - 4,950
10AD002 Hyland River at Mi. 67.4 Néhanni Rge. Rd. ' 3 2N
08AA0O4 Kathleen River near Haines Junction 6 _ 249
10AB003 - King Creek at Mi. 13 Nahanni Rge. Rd. 3 5.
- 09EA003 ~ Klondike River above Bonanza Creek : 12 3,010
09CA002  Kluane River at Outlet of Kluane Lake 26 1,910
10AA001  Liard River at Upper Crossing | 19 12,900
09AA007 Lubbock River near Atlin _ 16 684
'09AB008 M'Clintock River near Whitehorse o 22 597
09EA004 . North Klondike River near Mouth 4 _ 423
09FC001 01d Crow River near the Mouth - .3 5,370
10MA002 Ogilvie River at Mile 123 Dempster Hwy. ' 4 - 2,090
T10MAQO1 Peel River above Canyon Creek 13 10,200
09BCO01  Pelly River at Pelly Crossing . 24 18,900
- 09BC002 Pelly River at Ross River | 20 . 7,670
09BCO04  Pelly River below Vangorda Creek | 6 8,490
09FBO0T  Porcupine River below Bell River 4 13,900
~ 09FDOO01 Porcupine River at 01d Crow - 17 20,900
09BA001 . Ross River at Ross River - 16 2,800
10MBOO1 Snake River above Iron Creek ' 5 1,070
10MBO03 Snake River near the Mouth , 2 - 3,440
09BB0OO1 S. MacMillan River at Mi. 249 CanoT Rd. 4 385
09DC002  Stewart River at Mayo o 29 12,100

09DD003  Stewart River at the Mouth 15 19,700
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Tab]e 1 WATER SURVEY OF CANADA GAUGING STATIONS CONSIDERED IN THE ANALYSIS
(Cont'd) : '

. Record Drainage -
W.S.C. Length Area
CNOL Name (Yrs.) (sq.mi.)

1 09DD002  Stewart River at Stewart Crossing 14 13,500
09AA0T1 Tagish Creek near Carcross 11 31
09AC004 Takhini River at Outlet of Kusawa Lake 21 1,570

"~ 09AC001 . Takhini River near Whitehorse 30 2,700

| Q9AE00T  Teslin River near Teslin 31 11,700
09AF001  TesTin River near Whitehorse 19 13,700
10AA002  Tom Creek at Mi. 21.7 Robt. Campbell Hwy. 4 168

_ 09AA009  Watson River near Carcross 15 452
09AAQ12 Wheaton River near Carcross 18 337
09AHO0O01 Yukon River at Carmacks 27 33,600
09EBOO1 Yukon River at Dawson 31 106,000
09AB00S Yukon River above Frank Creek 26 12,000
09CDOMN Yukon River above White River 20 "~ 58,400
09EBOO2 Yukon River at Stewart River 9 97,300
0SAB0O1 Yukon River at Whitehorse 35 7,500

B. British Columbia

- 09AA006° - Atlin River near Atlin . - 28 2,630
09AA014 - Fantail River at Outlet of Fantail Lake 20 289
09AEQ04 Gladys River at Outlet of Gladys Lake 17 737
10AD00T - Hyland River neér Lower Post 24 3,650
09AA010  Lindeman Creek near Bennett 22 92
09AA008  Pine Creek near Atlin 19 r.269
08BB002  Sloko River near Atlin 18 165
09AE003  Swift River near Swift River . 19 1,280
09AA013 Tutshi River at Outlet of Tutshi Lake 19 366
09AA015  Wann River near Atlin | | 18 104
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Table 2 ' SMALL STREAM METHORK - ALASKA HIGHWAY - 1978

Operated by Department of Indian and Northern Affairs

Name ‘ " Drainage Area Remarks
: (sq. mi.) '
Snag Creek at MP 1208.0 380 Water stage recorded; seasonal
, : daily discharge '
Dry Creek at MP ]184'0 | 52 ; Crest-stage; miscellaneous
Sanpete Creek at MP 1178.4 29 ) dnscharge measuremgnts
- Long’s Creek at MP 115679‘ - 44 ; FWater s?age recorder; seasonal
- Burwash Creek at MP 1103.9 65 ) daily discharge
Unnamed Creek at MP 1082.5 3. ) R
7 . - ) : T :
Silver Creek at MP 1053.6 38 ) Cfééfﬁgfgéé"M?gééﬁiaheous
_ . : ) SO0 >
" Bear Creek at MP 1022.3 - 30 g discharge measurements
Marshall Creek at MP 1005.6 83 )
Mendenhall Creek at MP 968.0 293 | Water stage recordet; seasonal
daily discharge o
Stoney Creek at MP 956.0 19 ;_ P S
Deadmans Creek at MP 822.3 84 'g gggiﬁ;igggﬁéégligglligeous
Logjam Creek at MP 751.1 33 )
Partridge Creek at MP,736.4 24 Water stage recorder; seasanal-
: : daily discharge
Spencer Creek at MP 695.3 _ 62 ) Crest—stage;.misce11aneous
g : discharge measurements

Big Creek at MP 674.0 405
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APPENDIX A

STREAMFLOW DATA AND SUSPENDED SEDIMENT
AT SELECTED SITES ALONG THE ALASKA HIGHWAY PIPELINE ROUTE

IN THE YUKON TERRITORY

INLAND WATERS DIRECTORATE

PACIFIC AND YUKON REGION

Vancouver, B.C.

October, 1978
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INTRODUCTION

A total of 16 crest-stage gauges were operated along the

-Alaska Highway pipeline route between May and September 1978. Ten were

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. Five of the 16 stations were equipped
with water-stage recorders. The network provides a representative runoff
sample of the several types of drainage basins along the pipeline route.

" 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 adjacént'sites in British Columbia.

There are approximately 19 Water Survey of Canada gauging stations

in the vicinity of the pipeline route which may be useful in providing

additional streamflow information along the pipeline route. These data are

available from Water Survey of Canada data files. For data at DINA crest-

stage gauges prior to 1978, application should be made to that Department's

office in Whitehorse.
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TABLE 2 - MISCELLANEQUS DISCHARGE MEASUREMENTS AT SELECTED

SITES ALONG THE ALASKA HIGHWAY

Stream : Date - Width Aréa : Velocity Discharge
: (ft.) (sq.ft.) (ft./sec.) (cfs)

_ Beaver Aug. 7, 1978 128 304 4.38 1,330
White = Aug. 7 | 292 2,270 10.83 24,600
Koidern May 18 52.0 69.9 1.19 83.4
Donjek . May 16, 1977 braided cross-section 826

“June 23 . ’ 4,110
July 14 8,810
Aug. 10 13,900
Sep. 29 - | 1,310
June 7, 1978 | : 3,330
Jure 26 | | 5,000
Jurie 27 ' o - 4,980
Jure 28 | : | | - 5,180
June 29 | 7 . 4,930
June 30 - - 5,380
July 17 o 8,700 .
July 18 ' 8,840
July 19 " . : ’ 9,100
July 20 o | 11,900
July 21 | | ' 13,200
Aug. 2 | 13,400
Aug. 3 : 15,200
Aug. 4 | | 16,500
Aug. 5 17,100
Aug. 6 22,800

~ Swede Johnson  May 19 15.5 13.4 0.31 4.2

Quill Aug. 8 - 22.5  10.7 1.87 20.0
Duke | May 20 - 34.0 31.5 1.46 45.9

June 28 65. 6 81.4 4.24 <334
 July 19 64.0 104 5.13 539

Aug. 9 braided cross-section - 879



TABLE 2 - MISCELLANEOUS DISCHARGE MEASUREMENTS AT SELECTED

SITES ALONG THE ALASKA HIGHWAY (Cont'd)

Stream Date Width Area Velocity Discharge
(ft.) (sq.ft.) (ft./sec.) (cfs)
Halfbreed Aug. 9, 1978 13.5 8.9 3.19 - 28.5
Christmas May 15 . 22.5 20.1 3.37 67.7
Jarvis : May 17 , 70.0 124 2.25 279
Cracker May 16 - 20.0 9.2 2.72 24.9
| Aug. 10 15.5 6.2 1.62 10.1
McIntyre May 22 25.5 12.9 2.79 _ 36.0
Brook's July 11, 1977 18.0 14.4 2.49 -35.8
_ Aug. 14, 1978 " 6.0 7.4 1.13 ' 8.3
Ten Mile July 11, 1977 17.5 8.9 1.86 16.6
Aug. 13, 1978 8.0 3.2 1.82 5.8
Strawberry Aug. 12 _ 11.5 4.7 1.47 6.9
Morley Aug. 12 75.0 224 1.12 251
Smart Aug. 13 83.0 - 201 1.03 207
Screw Aug. 13 23.0 18.3 1.38 25.2
Rancheria “June '8, 1977 222 948 5.48 5,160
‘ ' July 13 202 687 3.32 2,280
July 27 198 - 653 3.09 2,020
L. Rancheria June 1 118 489 5.30 2,590
| July 12 114 368 4.38 1,610
Aug. 12, 1978 100 196 2.05 1,630



TABLE 3 - SUSPENDED SEDIMENT AND DISCHARGE IN THE YUKON TERRITORY AND

AT A NUMBER OF ADJACENT SITES IN BRITISH COLUMBIA

Total
Stream Date Concentration Discharge
| (mg/L) (cfs)
Aishihik River near Whitehorse  June 15, 1972 219 2,020
Alsek River above Bates River July 16, 1974 408 19,600
Sep. 4 . 1,586 23,700
‘May 2, 1975 50 1,760
June 2 ‘ 270 10,100
July 16 1,171 34,000
Aug. 12 146 17,160
Sep. 4 104 11,600
Oct. 10 - 93 6,810
June 8, 1976 - 116 9,560
Aug. 13- 772 25,000
Aug. 25 ) 233 16,600
Oct. 20 89 3,690
May 10, 1977 65 3,340
June 22 95 17,000
July 26 s 24,600
Big Creek at Alaska Hwy. July 13 ’ 14 603
Brooks'Brook at Alaska Hwy. July 11 4 35.
Burwash Creek at Alaska Hwy. June 4, 1978 L 53 115
Deadmans Creek at Alaska Hwy. July 28, 1977 3 87
*Donjek River at Alaska Hwy. " May 16 588 826
June 23 1,731 4,110
July 14 3,678 8,810
Aug. 10 4,170 13,900
Sep. 29 ' 35 1,310
~"June 27, 1978 2,265 4,980
~June 28 | 1,986 5,180
June 29 1,801 4,930
June 30 2,467 5,380

*Average of several samples in the braided cross-section



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/1) (c£s)
*Donjek River at Alaska Hwy. =~ July 17, 1978 2,932 8,700
' ' July 18 , 3,185 - 8,840
July 19 - 3,320 9,100
July 20 6,843 11,900
July 21 I 5,074 13,200
Aug. 2 5,545 13,400
Aug. 3 6,424 15,200
Aug. 4 ' - 5,966 16,500
Aug. 5 6,099 17,100
Aug. 6 10,726 22,800
Duke River at Alaska Hwy. June 28, 1978 75 334
July 19 ' 209 539
Hyland River near Lower Post June 1, 1972 572 39,900
 Kechika River - June 6 | 245 20,800
‘Liard River at Lower Crossing June 15, 1968 163

Liard River at Upper Crossing =~ May 31, 1972 291 84,300
Liard River at Lower Crossing June 2 A 822 273,000
Liard River at Upper Crossing ‘Dec. 11, 1974 15 5,280
Liard River at Upper Crossing  June 24, 1975 53 45,300
Little Rancheria at Alaska Hwy. July 12, 1977 . 10 1,610
Rancheria River at Alaska Hwy. = July 27 . 2 2,010

M'Clintock River near Wnitehorse July 12 . . 33 ' -
Mendenhall River at Alaska Hwy. June 8, 1978 399 126
Ogilvie River at Dempster Hwy. - June 18, 1974 ' 3 2,530
Dec. 7 7 ' 87
Pelly River at Pelly Crossing June 5, 1968 | 204 " 56,700
June 10, 1970 . 350 79,700
June 11 355 ‘ 66,500
June 28 . 166 30,300
July 31 102 34,400

*Average of several samples in the braided cross-section



9.
TABLE 3 - SUSPENDED SEDIMENT AND DISCHARGE IN THE YUKON. TERRITORY AND
AT A NUMBER OF ADJACENT STTES IN BRITISH COLUMBIA (Cont'd)
_ ' Total :
- Stream Date Concentration Discharge
(mg/L) (cfs)
- Pelly River at Pelly Crossing Nov. 25, 1970 11 4,160
Jan. 20, 1971 5 2,210
Feb. 16 3 1,610
Mar. 17 6 1,580
May 26 291 47,700
May 27 260 47,200
June 22 210 50,600
July 22 61 20,500
Aug. 1, 1972 309 29,500
Sep. 6 ' 17 12,500
Oct. 5 11 9,450
‘Mar. 29, 1973 1 1,570
July 29 40 116,800
June 19, 1974 158 42,400
~ Oct. 16 9 8,250
Nov. 2 4 6,270
June 7, 1975 462 91,300
Aug. 18 37 17,400
oct. 10 30 19,600
June 3, 1976 243 40,200
Aug. 17 28 15,500
Oct. 5 15 11,500
June 22, 1977 114 32,800
Aug. 3 61 -18,200
Oct. 5 39 16,000
Silver Creek at Alaska Hwy. June 13, 1978 3,394 80.2
Snag Creek at Alaska Hwy. ~ June 14 31.5 - 153
Stewart River at Mouth June 8, 1968 207 71,800
Apr. 7,\1975. 3 2,180
June 20 244

79,200



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

10.

Total
Stream Date Concentration Discharge
(mg/L) (cfs)
Stewart River at 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 at Alaska Hwy. June 8, 1978 11 - 17.3
Takhini River near Whitehorse =~  (No date) 1972 36 -
Ten Mile Creek at Alaska Hwy. July 11, 1977 2 16.6
White River at MP 1169.2 June 21, 1972 136 (at 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
Aug. 17 7,041 17,100
~ Sep. 28 70 1,990
Yukon River at 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 219 - 216,000
Aug. 13 263 151,000
Sep. 22 222 - 136,000
June 11, 1976 1,166 228,000
Oct. 1 53 72,500
 Aug. 4, 1977 612 147,000
Sep. 30 ... 108 90,900
- July 12 36 151,000



11.
TABLE 3 - SUSPENDED SEDIMENT AND DISCHARGE IN THE YUKON TERRTTORY AND
AT A NUMBER OF ADJACENT SITES IN BRITISH COLUMBIA (Cont'd)
u o : Total
Stream Date Concentration Discharge
(mg/L) (cfs)
Yukon River at Dawson Aug. 3, 1977 17 154,000
Yukon River at Whitehorse - May 4, 1970 _ 9 5,200
| May 22 . 781 3,920
June 8 686 6,500
June 29 : 868 9,420
July 20 | 900 10,200
July 31 | 735 12,000
Aug. 31 850 12,100
Sep. 30 : 842 8,370
Oct. 27 798 7,500
Nov. 26 858 5,550
Jan. 5, 1971 0.3 5,160
Feb. 1 ‘ 2 4,200
Mar. 15 . 2 4,280
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Figure 3 - SANPETE CREEK AT MP 1178.4
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Figure 4 - LONG'S CREEK AT MP_1156.0
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Figure 6 - UNNAMED CREEK AT MP 1082.5
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Figure 7- - SILVER CREEK AT MP 1053.6
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Figure 12 - DEADMANS CREEK AT MP 822.3
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ABSTRACT

Several methods have been used to aid in est-
imating selected hydrplogicnquantitieS‘of the Yukon Territory
for an exémination and adequate assessment of the pipeline
proposals. Regression on physiographic parameters was used
to éompute,the mean annual flood, the 10-year flood, the 50-
year flood and the 100-year flood. The ratio to mean annual flood
technique wasvahother method to derive the same wvalues; and the
envelope curve approach sefved as a back-up to estimating'extreme
values. Regtession studies were also conducted for mean annual
flow volumes and low fiows, defined as the average flow over a

seven-day period.
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1. INTRODUCTION

‘Water level records were collected on the Yukon
River at Whitehorse as early as 1902, but streamflow data was
not gathered until the early 1940°'s when several stations were
established on the Yukon River. Presently (1977) records are
available from approximately 50 locations for periods of time
varying from one year to 35 years. Nearly half of these
stations were established around Whitehorse and along the stem
of the Yukon River. One of the results of this lack of net-

work developﬁent is that large areas exist where little or no

streamflow information is available. The vast size of the
Territory, its great ranges of physiography, and the lack of
data precluded a comprehensive analysis of the hydrologic char-
acteristics of the Territdry and, indeed, of the major drainage
basins to be crossed by the proposed pipeline routes.
Streamflow records at about 40 sites in the Yukon

- . ) B
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Territory and Northern British Columbia were used to study the

hydrology of the area. Peak flows were analyzed for mean, 10-

—

year, 50-vear and IOO—Year'recurrence intervals. An analysis of the
flood characteristics by multiple regression methods gave a set
of equations which relate floods to drainage basin character-
istics. Another method of estimating peak flows is presented
by the "dimensionless ratio to the mean" technique, a simple
technique of multiplying the mean annual flood by a factor de-
rived from the slope of the frequency curve. Also, naximum A
known floods at more than 60 gauging stations in the Yukon
Territory, Northern British Columbia, and Eastern Alaska were
related to drainage area size; the resultant envelope curve
gave yet another technique of estimating peak flows along the
proposed pipeline routes.

Similarly, several methods were used to estimate

average annual runoff and low flow volumes.

i
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MAGNITUDE AND FREQUENCY OF FLOODS
1. Ratio to Mean Annual Flood

The mean annual flood values (which have a recur-

rence interval of 2.33 years according to the extremal dis-

tribution) and the 50-year and 100-year floods were taken from a

‘compilation of peak flow data published by the Water Survey of

Canada in 1972 and 1978 (References 5 and 6) and shown in Table 1.
The mean annual flood dataAwere plotted against size of drainage
area; since only about forty sampling points could be used no
separation of homogeneous regions became evident. The following
equation was developed for estimating mean annual flood (M.A.F.)
values along the proposed pipeline routes using drainage area

size as the only independent variable:
Log;o(M.A.F.) = 0.968 + 0.909Log;, (Drainage Area) ‘ (1)

Figure 1 depicts the mean line and the 90% confidence limits.
The relationship is far from complete, but with the available
data it gives another method of estimating floods along the

pipeline routes.

Assuming some homogeneity the 50-year and 100-year
floods expressed as ratios to mean annual floods for the 43 basins
in Table 1 were averaged to obtain the following mean ratios for

the area:

mean 50-year ratio = 2.01 x M;A.F. (2)
mean 100-year ratio = 2.34 x M.A.F. (3)

For 13 basins having drainage area less than 1000 square miles

the mean ratios are:

mean 50-year ratio = 2.15 x M.A.F.
mean 100-year ratio = 2.63 x M.A.F. _
The mean lines for the 43 and 13 basins are shown in Fig. 2.

2. Envelope Curve

Maximum known mean daily peak discharges. for all °

gauging stations in the Yukon Territory and some in Northern

2.



British Columbia are listed in Table 2 and were plotted in

cubic feet per second per square mile in relation to drainage
area size. The plot on Figure 3 shows one.envélope curve for
drainage basins originating in the Ogilvie-Selwyn Mountains, one
curve for the Plateau Mountains on the nortﬁeastern side of the
St. Elias Mountains and one curve for the Plateau areas generally
along the Alaska Highway east of Kluane Lake. The following
equations may be used for drainage areas ranging in size from

about 50 square miles to 10,000 square miles:

q(éfs/sq.miQ) = 106 Area~%-!'%® (Ogilvie-Selwyn Mountains)  (4)
g = 46 Area”"-!® (Plateau Mountains) (5)
g = 8.6 Area~?-!® * (Plateau) (6)

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

for drainage areas in the Northern British Columbia highlands

(Dease Plateau).
3. Regression on Physiographic Parameters

The following notes outline a regression study of
certain hydrologic quantities upon basin-averaged physiographic
parameters. The basins under consideration were in the Yukon
Territory or close to the Yukon Territory for which the physio-
graphic characteristics and at least 5 years of streamflow record
were available. The purpose of the study was to provide a means
of estimating the hydrologic quantitiés for ungauged basins along
the proposed pipeline routes in the Yukon. The hydrologic quan-
tities under consideration were: the mean annual flow, the mean
annual flood, the 1l0-year flood, the 50-year flood, the 100-year
flood, the mean annual 7-day low flow, the l10-year 7-day low flow,
and the 50-year 7-day low flow. . '

The regression study was conducted using UBC's TRIP
package and the equations have been éxamined through tests on
the residuals as discussed in Draper and Smith (Reference 9).

Tabulation and description of the'physiographic

parameters are given in Table 4, at the back of this report.

3.



A. Mean Annual Flood (M.A.F.)

Considering basin drainage area only, a logarithmic

transformation of data was undertaken to bring the variance

-to a more uniform band; two equations were produced, one with

~intercept, the other without.

With intercept:

Logio (M.A.F.) = 0.9683 + 0.9089Log;:o (Drainage Area) (7)

R? = 0.8330 S.E. = 23,055 cfs Skew = 0.859 Kurtosis = 6.25

For normal distribution of residuals skew = 0.0, kurtosis = 3.0.
The normalcy of the residuals is a basic assumption of regression
analysis; if the residuals are not normal then probably the
equation will not be correct and tests on the residuals will not
be conclusive. The mean for the sample was 10,700 cfs (mean of
mean annual floods). This equation was used in Section 1, Ratio

to Mean Annual Flood.

. Without intercept:

Logio (M.A.F.) = 1.181Log;¢ (Drainage Area) (8)

R? = 0.9929 S.E. = 53,000 cfs Skew = -3.94 Kurtosis = 19.5
This appears to be a considerably weaker equation in view of the
higher standard error, larger magnitude of skew and kurtosis.

_ When the residuals for the equation with intercept are
plotted against observed mean annual flood a non-uniform variance
is obvious; largest residuals appear for largest mean annual

floods. As well a sloped band of residuals gives indication

. of missing terms. There is a suggestion of regionality with a

concentration of negative residuals, i.e. overprediction, occur-
ring in the southwestern section of the Territory.
With the remaining 10km x 10km grid basin-averaged phy-

siographic parémeters added to the study, 37 stations were used

-in developing a l0-variable équation.

4.



Logio (M.A.F.) = 20.1529 + 0.9484Logi10 (AREA) - 0.7732Log:o (NPOS I)
- 4.3917Log, (NPOS J) + 1.9478Log10 (ELEV) - 0.3026Log;oRA LKE)

+ 0.2716Log; o (RA GLC) - 2.7439Log;0 (SE NW) — 0.3339Logi¢ (SE W)

+ 0.0246L0¢ 10 (SS-E) - 0.0263Log;0(SS SE) (9)

FPROB critical was 0;05 so all the variables appear to be éig—
nificant. The Standard Error was 10,200 cfs. Skew = -1.55
Kurtosis = 14.9 '
By a rule of thumb used in regression building there are toovmany
predictor variables for 37 observations. Usually 5 observations
are required per parameter or predictor variable used in an
equation. Also, signed.slopes are not properly admitted to
equaﬁions that involve log transformation, as these variables
take negative and zero values. In using log transformations,
zero and negative values are translated to one's or some other
value. ,
In view of the excessive number of variables, the signed

slopes were removed and a shorter equation developed.

Logio (M.A.F.) = 5.0702 + 0.9400Logio (AREA) + 1,8651Log;o (ELEV)
~ 0.2853Log;o (RA LKE) + 0.3229Log;o (RA GLC) — 1.6721Logio (SE NW)
- 0.5111Log;¢ (SE W) _ | | (10)

The Standard Error was 10,750 cfs. Skew = -0.207 Kurtosis = 6.87
Residuals are not normal but are more nearly so than for the pre-
vious equation. -The largest residuals for the three eﬁuations
are shown on the next page. Plots of Residuals vs Predicted Mean
Annual Flood show largest residuals occurring with largest floods.
i.e.'non?uniform variance, ‘but the 6-variable equation dbes move
toward a worxe uniform variance band than the drainage area only

equation can. (Figures 4 and 5)



Mean Annual Flood - Largest Residuals in Cfs

Drainage Area Only
with Intercept
Equation (7) .’

10-variable
Eguation (9)

6-variable

River & Station No. Equation (ld)

N N E N S By AN Gk N E En N aE S BE BN B EE e

"+ These also appeared as large re51duals for the

Regression Study.

B. 10- -year Flood (on)

Yukon 09AB0O1 12,400
- - 09AB0O09 23,000
 09AHOO01 50, 300
09CDO0L + 46,800 |
09EB002 | o ~ 20,700 15,300
Liard 10AR001 + | 12,000 5,810
| ‘ 10BE001 4,700 .~ 44,400
Pelly 69BCO0L + | ) 4,160 424
Stewart  09DC002 + 37,600 | | -
09DD002 + 39,300 - 30,600 - 3,040
09DD003 + - 23,800 1,990
Porcupine 09FD00L % 78,500 34,000 - 4,300
Peel 10MAOOL - F 60,100 11,500 15,400

50-year Flood

Equations for the 10~-year or 10 percent flood and the

50-year or 2 percent flood were handled in a 51m11ar manner i.e.

logarlthmlc transformation of phy51ograph1c parameters (predictor

variables).

For the 10- year flood (Qia) 6-variable equation:

Log10(Q10) = 4.3960 + 0.9246Log,; o (AREA) + 1.7945Log; o (ELEV)
~ 0.5044Log1, (DS W) - 0.3354Log;o (RA LKE) + 0.2658Log1s (RA GLC)

-~ 1.6271Log;, (SE NW)

The Standard Error was‘l4,000 cfs. Skew = 0.796

No residual plots have been done.

10-year flood,

6.

iy

Kurtosis = 6.55

50-year flood and mean annual flood are



closely related; there is very nearly a common ration for

l10-vear and 50-year
Mean Annual Mean Annual

for the stations in the study.

The largest residuals occurred for the following stations:

10-year Flood - Largest Residuals in Cfs

g-variable _

River & Station No. Equation (11)
Yukon  09CD001 22,000
Stewart 09DC002 ‘ - 20,100
09DD002 - 32,800
Porcupine 09FD0O01 : 44,400
Liard 10AA001 28,000
Pelly -  09BCOO1 ' 24,300
Peel . 10MA001 24,200

These stations also show largest residuals for 50-year
flood (the equatlons have the same variables and similar coef-
ficients) . The equation for 10-year flood was "tested" by
applying it to ungauged basihs near basins for which physio-

' graphic parameters are available. Estimates could then be made

of the physiographic parameters of the ungauged basins.

C. 50-year & 1l00-year Floods(ng and Qo)

As a first step, equations were developed for the

50-year and 1l00-year floods in cfs for drainage areas in square

miles.
Log,(Qs50) = 3.08 + 0.887 x Log,(D.A.) R? = 0.793 (12)
or Qso = 21.8 x (D.A.)%-887
Log_ (Qio00 '= 3.26 + 0.830 x Log_(D.A.) R%2. = 0.775 (13)

or Qi30= 26.1 x (D.a.)0%"880
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Notes:

(1) Residuals from these equatibns show a non-uni-

form distribution, with a large divergence for -
larger floods.

{2) Considering the standard errors for the coef-

ficients there is no significant difference
between the equations.

(3) The equationé should not be used for drainage

areas of less than one hundred square miles.
They will be most reliable for streams with
- drainage areas of about 2500 square miles.

As an example of the use of the equations consider

Station 09BA0Q1:

Drainage area = 2800 square miles
Q:o '= 21.8 x (2800)°%°%87 = 24893 (24900) cfs
Q "observed" was 29200 cfs.

Q100 = 26.1 x (2800)°°88° = 28193 (28200) cfs
Q- "observed" was 32500 cfs.

The  next step was utilization of additional infor-

mation provided by the correlation with other physiographic

parameters.
Oso and Qigo-

- “VAR
CONST
AREA
ELEV

RA LKE

RA FOR
BH W
SE NW

Equations were developed by forward selection for

For Qso:
RSQ = 0.9826
'FPROB = 0.0
STD ERR Y = 0.2357
COEFF STD ERR  F-RATIO  FPROB
30.0859 5.1163
0.9491 0.0368 663.8878 0.0
1.1510 0.4238 7.3755 0.0104
0.3317 0.0735 20.3380 0.0001
~0.8821 | 0.1775 24.6849 0.0000
0.7887 0.3129 6.3533  0.0163
-2.2147 0.2653 69.7068 0.0000
~1.2739 0.2216 33.0366 0.0000

SE W

where variables are logarithms to the base e

8.



i.e. ELEV mean basin elevation
RA LKE relative area of lakes
RA FOR - relative area of forests
BH W ' barrier height to the west
SE NW shield effect to the northwest
SE W : shield effect to the west
Log_(0Qse) = 30.1 + 0.9491 x Log_(AREA) + 1.1510 x Log,, (ELEY)
-~ 0.3317 x Log,(RA LKE) + ....
For Qioo:
RSQ = 0.9746
‘FPROB = 0.0
STD ERR Y = 0.2817
VAR ~ COEFF STD ERR " F-RATIO - FPROB
CONST 15.0187 3.0778
AREA | 0.9577  0.0444  464.5321 0.0
ELEV - 1.9587 0.4219 - » 21.5475 0.0001
» DS wW -0.7939 0.1013 . 61.4329 0.0000
RA LKE -0.3432 0.0874 15.4241 0.0005
RA IOR ,—0°4537 - 0.1398 10.5371 0.0028
SE NW -1.8166 = 0.2237 , 65.9406 0.0000
DS W distance to the sea to the west

Again all variables are logarithms to the base e.
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MEAN ANNUAL FLOW VOLUME
Regression on Physiographic-Parameters

For the Regression Study of mean annual flow, no
logarithmic transformation was used. The response variable
was the unit mean annual flow or mean annual flow per unit area.
This transformation removed the spurious effect of drainage
area. '

42 stations were employed to develope the following .

equation:

Unit Mean Annual Flow (cfs/sq.mi.) = 3.3020 + 0.0152(SLP %)

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

- 0.0002479(BH N) - 0.00002049 (SE NW) : | 4y
: T e -

The Standard Error was 19% of the mean response of 0.969 cfs/sqg.mi.
The skew of the residuals was 0.737 and the kurtosis was 3.37.

The largest residuals occurred for the following stations:

Unit Mean Annual Flow - Largest Residuals in Cfs/Sg.mi.

River & Station No. - Observed Predicted . Residual
Atlin 09AA006 1.270 : 0.976 3 0.294
Tutshi  09AAOL3 ©1.519 1.134 0.385
Swift 09AE003 1.352 1.046 1 0.306
Blue 10AC004 0.954 1.252 - 0.299
Cottonwood 10AC005 ~1.950  1.535 0.415
Coal 10BCO01 1.027 0.714 0.313
Turnagain 10BAOO1 - 1.178 1.432 - 0.255
 Aishihik 08AA001 0.336 0.608 - 0.272

A geographical plot revealed a cluster of negative
residuals in the southwest corner of the Territory indicating
- the equation overpredicts in this region. Overall this equation

may be applied to ungauged basins with fair confidence provided

10,



that the physiographic parameters of that basin are not outside
the range of those used in developing the equation.

LOW FLOWS

Low flow data in the form of annual 7-day average
low flows were compiled and publishea by the Water Survey of
Canada in 1974 ( References 7 and 8). '

For this study 47 gauging stations in the Yukon
Territofy and Northern British Columbia were utilized to extract
the mean annual 7-day low flows (Q:min), 10-year 7-day low flows,

and 50-year 7¥day low flows; the data are shown in Table 2.
1. Mean Annual 7—day.Low Flow vs Drainage Area

The Q min values were plotted on log paper aéainst
size of drainage area to'study the relationship. As expected
the size of the sample is too small to define a useful relation-
ship. If necessary the following equation may be used to est-
imate low flows in ungauged areas where the pipeline may

traverse:

Logio (Qzmin) = - 0.6770 + 0-9543L0910(Drainagé Area) - -(lei

2. Minimum Daily Discharge

The minimum daily discharges as recorded at over 50
gauging stations are listed in Table 3. These values are mean
daily flows which are lower than the 7-day averages mentioned in
the previous section. By dividing the mean daily low flow by the
drainage area one derives a unit low flow in cfs per square.mile,
which may help in assessing the low unit discharge along the pipe-
line routes. There is no evidence that regional variations exist

along different routes, which would refine the estimates.
3. Low Flow Regression Study

For low flow regression studies, three hydrologic

gquantities were studied: mean annual 7-day low flow, the l0-year

11,
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7-day low flow and the 50-year 7-day low flow. Logarithmic
transformations were used for all equapions. For the mean annual

7-day low flow, 44 stations produce the equation:

Logio (Mean Annuél‘?—day Low Flow in cfs) (Q,min) = 11.5545

+ 0.0811Log, o (AREA) - 2.3420Log;o (ELEV) + 1.0624Log;o (SLP %)

+ 2.7878Log;0 (DS NW) - 1.5352Log; (DSSW) - 0.4549Log;q (BH SW)

- 1.8878Log, 0 (SE NW) | o (16)

The Standard Error was 328 cfs. The skew for the residuals was _
0.519, kurtosis 6.76 so they are not normally distributed.(Figure 8)

The largest residuals occurred for the largest basins:

Mean Annual 7-day Low Flow - Largest Residuals in Cfs

River & Station No. Observed Predicted Residual
Yukon 09AB001 2,400 1,710 688
09AB009 - 3,700 2,780 916
09CDO0L 9,860 9,040 818
09AHO001 7,510 6,850 657
Pelly 09BCO01 1,560 2,480 - 917
Stewart  09DD002 1,710 1,290 419

Atlin 09AA006 904 571 333

44 stations were used to develope the following equation

for the.lo—year, or 10 percent, 7-day low flow.

" Logi1o (Q,omin) = 17.7940 + 0.1060Log,, (AREA) — 3.2120Log;, (ELEV)

+ 1.2203Log1, (SLP%) + 3.4080Log,o (DS NW) — 2.0580Logio (DS SW)
- 0.6166Log;0(BH SW) - 2.6299Log;, (SE NW) S (17)

R?2= 0.7573 FPROB = 0.0000 S.E. = 0.1245 log units or 328 cfs.
The skew was 3.33, the kurtosis 19.2 indicating a definitely

non-normal distribution of residuals, so the equation is suspect

12.
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although it provides relatively good results for the obser-
vations. Again the largest residuals occur for the largest

basins, indicating the bias of the equation.

10-year 7-day Low Flow -~ Largest Residuals in Cfs

River & Station No. Observed Predicted Residual
Yukon 09AB001l 1,800 1,310 488
09AB009 2,700 2,140 559
- 09CD001 8,200 : 6,590 1,610
Pelly 09BCO01 1,200 1,810 - 614
Atlin 09AA006 740 450 290

For the 50-year or 2 percent 7-day low flow 42 observations

were used to develope the equation.. Plots of selected physio-
graphic parameters indicated that there was non-uniform variance
even with the logarithmic transformation. This makes the equation
unreliable with respect to significance of variables and.coef—

ficients.

Logie (Qsomin) = 24.1632 + 0.1295Log;e (AREA) - 4.6780Log;o (ELEV)
+ 1.1952Log; (SLP %) + 6.4308Logio (DS NW) — 3.0125Log;, (DS SW)
- 0.9455Log10 (BH N) - 4.1279Log,¢ (SE NW) : (18) .

R = 0.6660 FPROB = 0.0000 S.E. = 0.1683 log units or 309 cfs.
The skew and kurtosis of the residuals were 3.40 and 19.4 res-
pectively, bearing out the warning of the non-uniform variance.
The largest residuals are again from the largest basins.

The largest residuals, using equation (15) are

listed on the following page.

13.
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50-year 7-day Low Flow - Largest Residuals in Cfs

Residual

River & Station No. Observed Predicted

Yukon 09AB0O1 1,400 1,100 300
09AB009 2,100 1,720 385
09CDO001 6,800 5,300 1,500

Liard 10AA001 1,600 1,210 394

Atlin 09AA006 640 352 288

Dease 10AC002 370 659 - 289

14
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ENVELOPE CURVE OF EXTREME FLOODS IN THE YUKON TERRITORY
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Table 1. . FLOOD DATA .. |
D.A. M.A.F. Oso Qo Qioo Qoo
Station No. & Stream sq.mi. cfs cfs M.A.F. cfs M.A.F.
08AAOO3 Dezadeash 3280 5880 10900 1.85 11800 2.01
08AAOOLl Aishihik 1660 2570 5080 1.98 5560 2.16
08AA004 Kathleen . 249 1630 3900 2.39 4600 2.82
09AA007 Lubbock 684 422 916 2.17 1050 2.49
09AA009 Watson 444 893 1840 2.06 2010 2.25
- 09AA011 Tagish Creek 30 70 150 2.14 166 2.37
09AA012 Wheaton 337 1740 2850 1.64 - 3060 1.76
09AB00l Yukon 7500 - 18500 23300 1.26 24000 1.30
09AB008 M'Clintock 655 2030 4350 2.14 4870 2.40
09AB009 Yukon 112000 24500 31700 1.29 32800 1.34
09AC001 Takhini | 2700 8370 14500 1.73 15800 1.89
 09AC004 Takhini 1570 7240 11500 1.59 12200 1.68
09AE00L . Teslin 11700 39500 64800 1.64 69300 1.75
09AF001l ' Teslin 14100 42400 - 74800 1.76 81700 1.93
09AG001 Big Salmon . 2610 12000 23500 1.96 26400 2.20
09AH001 Yukon 33600 70600 - 119000 1.69 129000 1.83
09BA0Ol Ross 2790 15900 29200 1.83 32500 2.04
09BC001 Pelly 18900 76700 173000  2.26 200000 2.61
09BC002 Pelly 7130 39700 76300 1.92 84700 2.13
09CA002 Kluane 1910 9410 14300 1.52 15200 1.62
09CD001 Yukon 57800 147000 307000  2.09 352000 2.39
09DC002  Stewart 12200 81900 143000 1.75 154000 1.88
09DD002 Stewart 13500 92100 192000 2.08 223000 2.42
09DD003 Stewart 19700 96300 313000 3.25 411000 4.27
09EA003 Klondike 3010 14800 25900 1.75 28700 1.94
09EB001 Yukon 102000 275000 477000 - 1.73 524000 1.91
09FDO0L Porcupine 21400 161000 328000 2.04 363000 2.25
10AA001 Liard 12900 70300 168000  2.39 205000 2.92
10ABOO1l Frances 4950 26600 43600 1.64 46800 1.76
10ADO0L Hyland 3650 30100 52900 1.76 59200 1.97
10MA001  Peel 9940 83700 315000 3.76 402000 4.80
24.
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Table 1.

(Continued)

43500

D.A. M.A.F. Oso Oso Qion Qion
Station No. & Stream sq.mi. cfs cfs M.A.F. cfs M.A.F.
British Columbia
09AA006 Atlin 2630 7760 15000 1.93 17000.'2:19
09AA008 Pine Creek. 269 642 1800 2.80 2200 3.43
09AA015 Wann 104 1380 2850 2.06 3300 2.39
09AA014 Fantail 277 4220 11000 2.61 13500 3.20
09AA013 Tutshi 366 2370 4750 2.00 5400 2.28
09AA010 Lindeman Creek 92 2280 5700 2.50 7000 3.07
09AEO03 Swift 1280 9300 21000 2.26 25000 2.69
09AE004 Gladys 737 2120 4700 2.22 5500 2.5%
10BECO1 Liard 40300 190000 420000 2.21 500000 2.63
10AC003 Dease 588 3220 8200  2.55 10000 3.11
:10AC002 Dease 2380 22300 45000' 2.02 52000 2.33
10BC001 Coal 3550 27900 41700 - 1.49 1.56
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Table 3.} LOW FLOW DATA

| D.A. Gomin Qi emin Qs min Omin Qmin/D.A.

Station No. & River sq.mi. cfs cfs cfs recorded cfs/sq.mi.
08AAQ03 Dezadeash 3280 419 300' 240 238 0.07
08AAOOL Aishihik 1660 133 85" 68 79 0.04
08AA004 Kathleen 249 84 70 60 71 0.28
09AA007 Lubbock 684 77 50 36 52 0.07
09AA009 Watson 452 41 18 10 0.02
09AA01l  Tagish Creek 31 4 3 2 .3 0.09
09AA012 Wheaton 337 45 32 24 "33 0.09
09AB001 Yukon 7500 2400 1800 1400 1150 0.15
09AB008 M'Clintock 597 89 63 . 50 60  0.10
09AB009 . Yukon 12000 3700 2700 2100 2500 0.20
09AC001 Takhini 2700 324 240 175 153 0.05
' 09AC004 ‘Takhini 1570 234 190 170 128 0.08
09AE001 Teslin 11700 2310 1600 1300 1350 6.11
09AF001 Teslin 13700 2640 1900 1650 1780 .  0.12
09AG001 Big Salmon 2610 535 440 360 388 - 0.14
09AHOO1l Yukon | 33600 7510 5400 4100 4800 0.14
09BA001 Ross 2800 206 150 140 100 0.04
09BC001 Pelly 18900 1560 1200 1000 1000 0.05
09BC002 Pelly 7670 608 440 - 360 219 0.03
09BC003 Rose Creek 85 - - - 6 0.07
09CA002 Kluane 1910 283 - - - 19 0.01
09CD001  Yukon 58400 9860 8200 6800 8000  0.13
09DC002 Stewart 12100 1030 700 540 538 0.04
09DD002 Stewart 13500 1710 1100 760 1900 0.06
09DD003 Stewart 19700 2160 1550 1200 . 1250  0.06
09EA003 Klondike 3010 279 170 115 170 0.06
09EBOOLl Yukon 106000 13500 8400 - 6350 0.05
. 09EB002 Yukon 97300 - - - 10600 0.10
~ 09FD001 Porcupine 20900 554 420 - 330 425 0.02
10AA001 Liard. " 12500 2250 1750 1600 1740  0.14
10ABO01l Frances 4950 759 580 470 486 0.10

27.



- Table 3. (Cont'd) LOW FLOW DATA
: _ D.A. Qomin Qiomin Qsemin Omin Qmin/D.A.
Station No. & River sqg.mi. cfs . cfs cfs recorded cfs/sqg.mi.
10MA001 Peel 10200 536 - 380 290 404 0.03
10MB001 Snake 1070 - - - 0 -
British ColUmbié

09AA006 Atlin 2630 904 740 640 623 0.23
09AA008 Pine Creek 269 41 28 20 27 0.10
09AA015 Wann 104 26 16 10 16 6.15
09AA014 Fantail 277 41 28 23 26 0.09
09AA013 Tutshi 366 98 80 70 74  0.20
09AA010 Lindeman Creek 92 19 11 6 5 0.05
09AE003 Swift 1280 310 235 190 205 "_0.16

' 09AE004 Gladys 737 115 96 86 83 0.11

' 10BE006 Liard 23800 - - - 3300 0.14
10BEO01 Liard 40300 7100 5200 4500 4400  0.10
10BEOO5 Liard 45800 - - - 6100 0.13
10AC003 Dease 588 97 82 76 80 0.13
10AC002 Dease _ 2380 525 420 370 415 0.17
10AC005 Cottonwood 343 73 52 40 50 0.14
10AC004 Blue 658 100 - - 32 0.04
10AD001 Hyland 3650 630 500 440 460 0.12
10BB002 Kechika 4310 746 520 340 480 0.11
10BB001 Kechika 8790 1520 900 570 895 0.10
10BA001 Turnagain 2550 360 165 86 203 0.07
10BCO01 Coal 3550 740 600 520 530 0.14
10BE007 Trout 461 - - - 152 0.32

28.



Table 4. PHYSTIOGRAPHIC PARAMETERS

The Physiographic Parameters on the listing are in the

followihg order, after the station number and the card number,

Parameter
drainage area

location of center of basin

mean basin elevation
mean basin slope x 10

angle between the west-east
direction and the horizontal

projection of the line of

steepest descent of the local

- slope

-distances to the sea north

north-west
west

south-west

relative areas . lakes
forest
swamp
glacier

urban

barrier height “north
north-west
west

south-west

shield effect north
north-west
west

south-west

- signed slope north-east

east

south-east

29.

Abbreviation

AREA

NPOS I
NPOS J

" ELEV

SLP%

SLP AZ

DSN
DSNW
DSW
DSSW

RALKE
RAFOR
RASWP
RAGLC

RAURB

BHN
BHNW
BHW

- BHSW

SEN
SENW
SEW
SESW

SSNE
SSE
SSSE

Units
sguare miles

dimensionless

feet

degrees

kilometers

feet

feet

feet/kilometers



‘Table 4. (Cont'd)

PHYSIOGRAPHIC PARAMETERS FOR BASINS USED IN REGRESSION STUDIES IN THE YUKON TERRITORY

08AA0Q01
C8AALOQ1
0B8AAO0O01
03AA001
08AA0Q3
03AA003
08AACO3

‘03AA003

O9AAQ06
09AA006

0J3AA006 -

09AA006
09AA0D7
09AAGO7
09AA097
09AA00T
CIAA008

 09AA003

09AA008
C9AACOSB
09AA009
07AA009
09AAQQ9
09AA009
C?AA010
07AA010
03AA010
C9AAOQL10
C9AA011
09AAOQLL
07AA011
09AA011
03AAU12
09AAO012

- 09AA0L12

09AA012

09AA013

‘09AAD13
09AA0L3
07AAO13
GIAADLG
07AAG14
09AAO14
07AAG14
09AAO1S

- 0%AA015

05AAO015

03AACQL1S

G3A3001
02A5091
03743621

" G9AE0OL
~CIA3038

03A3008
07A3008
C7a3074
0 2A80CY

C2AC009 .
- 02A3009

CIA3GI9

i
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1519
1498

0
106800
3019
1541

0
108200
2520
1739

0
#5200
591
1710

0
101600

267 .

1767
0
2710G
452
1654

o

116600
93
1497
o
17160
31
1682
0
124700
337
1682
o
99500
368
1723
0
25800
212
1695
0
23713
105
1781
0
25990
7199
1710
2
$1200
591
1640
0
116300
12002
1668
0
19200

44

1540
1830

"~ 15500

45
1580
2200

13300

630
2600
12600
63
1440
2790
18000
65
3170
2220
11500
56

.- 1700

21890
18200

241
1618
15380

1170
.2900
20100
55
1380
1530
18700

340

1922

16349

294
1564
12360
60
331
1656
9640
61
870
2370
15400
60
1760
2420
19500

1140
2260
15000

150
226
1540

147
226
2080

132
254
2270

138
296
2060
-4
131
254
1420
-5
139
254
1910

132
186
17717
19
139
282
2160

138
240
1670

133
23]
2194%
15
130
206
1383

124
- 202
2226
21
135
254
2200

144
325
2110

138

254
2130

30.

4190
6240

3310

6770

3460
12
3950
-4
3300
5390
-2
3880
2580
-20
3920
6310
4340
1453
3060
1770
4520
4670
4296
2188
5032
2145

5309

‘3072

47
3680

“460
3560
1220

10
3740

5240

54
46
4140
1

55
45
3190
4

39

62 -

2400
-2
34
84

66
0

‘24500

163
< 0
27000

253
1
37100

256
2

35100

245
0
37600
96

1
30000
46

0
25610
120
32000
57
28700
16
33390
68
35600
14
37530
62
34100
115
30800
47

32800

890
o
129200

920
0

131100

1110
4
134300

1060
O
128800

1130
0
135500

1030
o
134100

956
3
123040

1060
]
131500

1040
1
136500

1108
o

139140

1106
20
138120

1159
é
143780

1080
5
133800

1010
g .
118900

1830 -
3

131200
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039ACO01

07AC001
09AC001
09AC001
09AC004
09AC004
07AC004

‘09AC004. -

GIAE00L
O09AEOQO01

- 09AE001
09AE001

09AECO3
09AE003
09AE003
O09AE003
09AEQQ4
09AEQ04
09AEQD%
09AE004
09AF001
09AFO001
09AFOOL
09AFQO01
09AGO0L
09AGO31
09AGOO1
09A5001
09AHOO1
09AHO001
09AHOO01
09AHDOL
09BA001
093A001
07BAOO1L
093A001
09EC0D1
09BL 01
033C001
098C0J1
09BLO0OZ
09EC002
098C002
0930002
0ICADD2
09CADN2
09CA002
09CAC02
09CDOJL
09C0Co1
03CD001
09C D001
c9DL092

- 090CU32

090CoL0C2
070C002
G 00002
070900<
G3000902

090200¢
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<

2781
1626
0
96400
1594
1640
0
84400
11700
1753
0
81000
1280
1809
0
59500
737
1781
0
29900
13700
1725

0 .

86300
2640
1569

. 0

112400
33500

1654
0

88900
2809
1484

0

110600
19700

1442

9

103300
1670
1527

0

112900
1976
1456

0
102100
58400
1569

0
95200
12100
1244

0
132900
13500
12538

0
104300

51

1390
1630
13800

1199
1470
13900

1220
2520

17100

890
2200
14800
68
420
2230

12400

13090
2510
17500

1700
1940
19400

1320
2370
16800
S0
1800
2150
27000

172
2520
26000
91
1830
2470
27100
24

1460

1330
23300
- 66
1450
2420
21500
66
1620
2340
38100
11
1650
- 2240
363C0

141
240
1820

138
212
1910

138
339
225Q
Q

135
311
2150
-1
132
268
1320

139
339
2260
-1
153
395

- 2290

-4
143
311

2270

162
565
2420

163
523

. 2560

159
565
2230

150
226
1410
-2
151
395
2400
173
622
2310

117

- 522
2220

-1

-
ﬂ
(o

42170
5630
4540
4640
3920
4930
4230
3030
-14
4170
2430
3880
3
52170
-2
4140
4440
-1
3770
5050
3590
4370
3660
5000
3370
4030
-1
4390
5420
3689

5100

. 3560

3390

-1

37890

© 6150

-Z

54
36
2199

59
23
2300
-2
34

2170

36

49

1270
-1

38

59
1650

35
70

2320

41
73
2220

40
67
26170

29
87
3620

37
82

. 3910

30
83
3130

65
35

- 6050

39

3370

42
73
6360

42

5580

30
35700

208

38300

250
31200
382
32000
37
36000
253

2
31200
296

2711700

30700
219
21300
325
21700
324
22100

. 149

26200

344

27102
222

J
141700
231

15100

960
3
134800

930
6
137200

1080

0
132400
1110

0o
95700

1140
0
132000

1060
]

102600

920
(]
86500

1000
B
111100

- 850
0
63200

820
¢
68000

880
o
65700

900
4

128600

920

1
96300

669

J -

52800

673
0
52000
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0FEA0D3
C9EA0D3
CIEAO003
C7EA0Q03
09EDGCOL
0JE2001 -
09E2001 -

.CIEZ0T1

09E5032

" 0IEBOD2

09EB0J2

- 09E8002

GIFI091
09FDOCL
09F2001
G9FO0UL
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1044001
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13Aa0%1
1J0A3001
10A3001
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1043071
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10AC005
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1045001
10AD001
1340001
1240001
198A001
10BACO1
1J8A001
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1082001
1053001
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1085002
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198C001
108C0J1
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108C001
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3053
1173

0
93000
106000
1455

0
25500

7300

14790
0
76900
£C300
636

o
338200
12500
1695
o
112500
4950
1640
0
122200
2715
1251
0
31700
612
1965
o
23800
668

1866

0
35700
343

1908 -

o
33700
3749

1695

o
124560
2590
2022
o
33100
81178
2022
0

36000

4291
2018
0

36100

3681
1757
0
122499

33
1390
2260

61400
S4
1460
2360
30100
s7
1470
2350
28400
28
1090
1250
1047G0
97
1780
2429
" 18400
100
1969
2270
20100
97
520
2160
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95
410
2350
15900
99
599

2220°

16400
96
550
1630
15000
105
2007
2902
20150
105
570
2490
21100
113
630

2970 -

22500
119
630

26170

231700

111
1995
4064

20300

182
523
3210
-1
159
410
2390
157
410
2329

215
1442

2490

145
466
2360

151
537_
1970

123
296
1960

121
263
1870

131
367
2340

127
311
1610
-2
147
518
2214
-1
120
480
1670

120
537
2120

117
‘593
1910
-2
143
531
2985

32.

3230
<861

-2
3590

4370

3640

439290
1610
1400
3949
5590

’
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3
5052
42390
3230
3930

2320
11
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4640
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-4
4017

5612
-2
4730

2190

43170
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@659
2420
3646

6662

2660

42

62
3690

40

4300

40

4300 -

18
S5

5390 -

30 .

1990
35
1340
0

43
2890
39
3120

29
29

43
2190

44
66
2169
-1
50
55
1980

49
62
2460

59
56
2100
-1
31

86
2940

195
0
14009
339
24200
339
24703
20
5900
- 87
26500
218"
24600
221
32300
14
35400
55
28200
242
33000
207
32400
331

42300

39900
336
38300
173

33980

580
2
61804

840
) §
93100

8690
2
94000

1 260

0.

28600

1050
]
17600

990
o
69600

1260
Y]
1119400

1280
o
127100

1190
0o
92500

1230
0
103100

1059
0
69320

1320
0 .
102400

1280
o
‘94700

1270
1
94100

1059
0
70459
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40300

1838
0
78000
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]
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0
91300
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33
1370

800
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2420
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433
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33.

- 3329
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2630
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&9
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18

32500

1638

291700

20

113060

1140
83800
1119
82600
460

51500
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CHANNEL GEOMETRY OF STREAMS

IN THE YUKON TERRITORY
ABSTRACT

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. Becausé‘of the sparsify of the hydrometric network, data from all
gauging stations operated in the Yukon Territory have been usedlin the study.

Five separate relationships have been identified, four representing geographic

.subregions and the fifth, representing mountain streams.

The development of the relationships involves the survey of channel
geometry, determination of bankfull discharge and the establishment 6f di-
mensionless rating curve between channel size and discharge. Their applicatioh
to ungauged 16cations includes the obtaining of one"diécﬁarge measurement , .
the extension of the cross-section td bankfull stage and the use of the
dimensidnless rating curve.

Table 6 lists flood charaéteristics,'and sumnarizes channel size

data and other field information used in the calculations.



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 streams along that corrider. One of the major hazards to
the pipeline and its associated roads and facilities is flooding. Flooding
could disrupt drainage and inundate or erode the pipeline bed, could under-
mine the pipeline at river crossings, or could increase erosion in areas of
construction activities. Damage to the environment from flood erosion could
be the degradation of water quality and the resultant detrimental effects
on ecosystem. _

The pipeline route in the Yukon crosses about 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 determination of these
criteria, particularly on streams with drainage areas less than 150 square
miles. There are 19 streamflow observation sites in the near vicinity of
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 plamning 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. Northern British Columbia gauging stations located in the
headwaters of the Yukon and Teslin River basins are included in the
analysis. ,

The relationships in this repbrt are based on average values of |
hydraulic and geometrit properties of rivers. For their application to
practical engineering problems, caution normally applicable to computations

based on average values is recommended.



OBJECTIVE AND SCOPE

The objective of this 1nvest1gat10n has been to develop hydraullc_
geometry relations for gauglng 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 "design' floods along the pipeline route.

BASIC PRINCIFLE

Channel . geometry relationships aré based on the.prémise 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. In this study, bankfull diécharge is taken to be
the channel forming discharge. '

Principal channel features involved in the development of
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
dlscharge in the form of a simple power function:

[

]

< o =
i
(S

EEOH_,/O

1

wheré W = width, D = mean depth, V = mean velocity, Q = discharge, and a, c,

'k, b, £, m are numerical constants. Values of the three exponents b, f and

m, represent the slope of the log-log plots. The constants a, c and k are
the intercepts of the log-log lines at unit discharge.
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The technique involves surveys of channel geometry at selected

sites, and transformation and computation of data so as to provide estimates

of flow characteristics at ungauged locations. River Mechanics is not an

~exact science. Success or rigorousness with which the relationships are

applied is dependent to a very large extent on experience and judgement of

- individuals involved.

DATA

Data forming the basis of relationships discussed in this report
are streamflow measurements made at the Water Survey of Canada gauging
stations and at crest-stage gauges operated by the Department of Indian § -

Northern Affairs. It is important to point out that the hydraulic geometry

analyses are based on the assumption that the measured cross-section is
typical of thé river and is composed of a bed material that has permitted the
channel to develop into normal size and shaﬁe:for the flow regimen.

Gauging stations, however, are sometimes located in bedrock channels and/or
hpstream from obstructions such as outcrops or gravel bars; they therefore
may not be representative of the average river cross-sections. Anomalies
may also occur in plots of widths, depths and velocities versus discharge
where groundwater contributions are excessively greater than at an average

cross-section.

DEFINITION OF BANKFULL STAGE

Vegetative evidence is generally utilized to determine bankfull
stage. River channels usually are bounded by intermittently grassy or
brush-covered sloping banks and/or overbank areas covered with trees,
brush or muskeg. The bankfull stage is the lower edge of the permanent

~ vegetation.

Another distinguishing feature is the upper limit of recent
deposition or erosion near the top of the channel banks. Bankfull stage
is generally less than the level that-is commonly referred to as '"flood

stage''.
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DETERMINATION OF BANKFULL STAGE

Bankfull stage is normally determined during a channel geometry
field survey program. However, because of the reconnaissance nature of
the studies covered by this report, the bankfull stage at the existing

gauging stations were determined from file information, including:

1. Station Description. Example: elevation and location

of a bench mark at a river bank, supplemented by a photograph.

2. Station History File. Examples: photograph of staffvgauge‘
~on a river bank; cableway and recorder installation report;

reconnaisance survey sketch.

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

4. Curves of Hydraulié Geometry. Plots for some rivers show a
break in slope at bankfull discharge (Figure 2).

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

6. "Hydrologic and Geomorphic Characteristics of Rivers and
Drainage Basins in Y.T.'" - Dept. of Indian Affairs and

Northern Development. (Porcupine-Peel subregion only.)

Bankfull stages which ave been confirmed or revised after a field

inspection are identified in Table 2 by an asterisk.

? .



ANALYSIS OF DATA -

A. At Gauging Stations

Summary déta for current-meter notes including width of water
surface, area of the water cross-section and the measured'discharge
_are available on compufer tape at WSC office in Vancouver. Width is
the width of water surface at any given gauge height. The mean depth
for a particular discharge was obtained by dividing the cross-sectional
area at any given gauge height by the corresponding width of water
surface. Velocity is the mean velocity of the cross-section as
obtained by dividing the discharge at any given gauge height by the
corresponding cross-sectional area.

- In the first step of the analysis width, depth, velocity and
discharge were plotted by computer on log-log paper. The straight line
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 cross-sections is an asset. These fitted lines defined

the three hydraulic characteristic equations at each station:

W= aQP
p=ogf
V= kQ"

With bankfull discharge (QB) known; values of bankfull width O{B),
depth (DB), and velocity (VB) 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 values may be read directly from the graphs. _

The hydraulic geometry exponents b, f and.m are shown in Table 1 -

for each gauging station. The computations of the geometric parameters



‘were confirmed by the application of two mathematical laws:

since WxDx V'=~Q

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

and axcxk=1

These mathematical relationships are satisfied in practice when
the product of the values of width, depth and velocity at any given
discharge is equal to that discharge. This can be seen in Figure'Z.

At Ungauged Locations

To enable estimation of discharge for any return period at an

" ungauged location, two transformations of data were made:

1. Bankfull discharges in Table 2 weretplotted'in cubic feet per
second per square mile (RB), versus drainage area (DA), in square
miles, and curves fitted by the method of least squares (Figure 3).
There are five relationships, four representing geographic subregions

and the fifth representing mountain streams:

a. Atlin - Bennett - Dezadeash

_0 63 ) Note:
Rp = 238 DA ' R, = bankfull unit runoff in
. cfs/sq. mi. ‘
since Qg = DA x Ry | | Qg = bankfull discharge in cfs
. DA = Drainage Area |
then  Qp _ ;25 pa0-37

b. Upper Yukon - Teslin - Takhini

Ry = 196 DA™ 0-%
Qé = 196 pa%>3
c. Liard - Pelly - Stewart - Lower Yukon
Ry = 88.7° DA™
Qg = 88.7 DA™70

* In some cases, the fitted lines could not be made to meet this criterion
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d. Porcupine - Peel

R, = 52.0 pa0-18

Q = 52.6 1l %

e. Mountain Streams
R, = 35.7 pa0-46
Qg = 35.7 ™

The relationship betweer: charmel size and flood characteristics
for Mountain Streams is independent of geographic location. The
reason appears to be their morphological similarity: steep channel
slopes, well-defined banks, generally high or supercritical velocities

and minimal overbank discharge at-flocd flows.

2. The cross-sectional area and discharge for various frequencies
were expressed as non-dimensional ratios to corresponding bankfull
values for gauging stations included in the study (Tables 1 and 2)

and 1isted in Tables 3 and 4. Expressions for these rzlationships

are:
Ayt
D _ Q.f
5 = @)
DB QB
wo= P
VB QB

Average values for each of the runoff.fegions, defined in 1. above,
were then plotted in Figures 5 and 6 and equations fitted to the
relationships. The equations represent average non- dimensional
rating curves; their reliability can be considered to be equal to tﬁe
maximum deviation of tlic values b and f from the average. The mare
nearly equal arevthe ratio values for a particular discharge event.
(Table 4), the higher the degree‘of homogeneity within the

subregion and the more reasonable the results will be from the
application of the rating curves.
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3. To permit approximation.of flow for any desired return period at
an ungauged location, it is necessary to establish a flow frequency
dimension on Figure 5. This has been done by superimposing on the
figure the ratios for various discharge events shown in Tables 3 and 4.

The point of coincidence at unit value represents bankfull flow and

its average frequency of occurrence for a subregion can be read

directly off Figure 5.

APPLICATION OF DATA TO UNGAUGED LOCATIOQ:&S

Procedure 1s as follows:

1. Calculate the ratio A
Ap

A is the cross-sectional area for the discharge measurement
made at time of channel geometry surveys.
AB is the cross-sectional area for bankfull stage also

determined at time of channel geometry surveys.

2. Having obtained the value for %-; calculate the ratio %» from
o "B B
the equation applicable for the hydrologic subregion or read it
directly off the rating curve. Both the equation and the rating

. curve are shown in Figure 5.

3. From the ratio Q Calculate Q
B B

Q is the discharge for the measurement made at time of channel

geometry surveys referred to in 1. above.

4. With bankfull discharge known, discharge for any return period

may now be calculated. For exémple, for 50-year flood ratio

. Q
| Qp
for Atlin-Bennett-Dezadeash region is 1.81. Qs then is 1.81 x QB
(Figure 5 or Table 5).
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The above procedure may also be applied using ratios based on depth,
(%-) or on width, (%-) and by substituting Figure 6 for Figﬁre 5.
Hogever, the resultstill not be as consistent. Cenerally if the value
of (%E) is sgmewhat less than average, value of (%-) is somewhat
greater. Thus, the rating based on area (dépth xB width) may be
considered a morelconsistent and/or reliable éverage rating than that
based on either depth or width alone.

The combination of Figure 5 with Figure 3 provides another method

for approximating‘runoff for any return period. 1If, for example

' 50-year flood for a site having 300 square mile drainage area in the

Atlin-Bennett-Dezadeash region is required, reference to Figure 3
will give a bankfull unit runoff of 6.4 cfs per square mile,‘or a
discharge of 1,920 cfs. From Figure 5 or Table 5(a) 8§Qﬁ 1.81;
therefore, Q50 = 3.480 cfs. QB
' Table 6 sumarizes Qata.and ccmputations for uhgauged locaticns.

Table 7.iists values of runoff computed for various sizes of
drainage areas for mean annual flow, bankful stage and the.SO-year
flood using combination of Figures 3 and 5. Figure 3 indicates
that for drainage areas of about 300 square miles unit runoff at

bankfull stage is about the same for the three hydrologic subregions

north of Atlin-Bennett-Dezadeash, or about 22.5 cfs per square mile.
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FURTHER WORK REQUIREMENT

Operate a network of gauging stations on small streams for a minimum
of five years to confim the'relationships in Figures 3 and 5. This
information is required because for some streams it is mot entirely
clear whether the location 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

M'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. To do this it is
necessary to obtain feasonably reliable hydrometric record. Records
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. Bankfull stages determined from fils
information are considered to be reasonably reliable; thérefore, a

spot check may be sufficient.

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 at Haines Junction

View is upstream at gauge height of 9.04 feet
on November 14, 1976. Bankfull stage is at
gauge height of 12.4 feet or at 30th corrugation

of the recorder well above water surface.

08AA001 - Aishihik River near Whitehorse

View is upstream at gauge height of 3.44 feet
on November 13, 1976. Bankfull stage is at the
lowest vegetation on right bank above the gravel
bar, or gauge height of 10.6 feet. Corrugated
pipe recorder well is seen at the left bank.

Figure 1 - SAMPLING OF PHOTOGRAPHS FOR DETERMINATION OF BANKFULL STAGE
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09ACO001

09AE0O01

- Takhini River near Whitehorse

View is upstream at gauge height of 9.97 feet on
June 5, 1978. Bankfull stage is at lowest
permanent vegetation on left bank, or gauge height
of 19.0 feet.

1es]1n_3jy§f near Teslin
View is upstream taken on August 14, 1978.
Bankfull stage is at bottom of 1eve1 rod or

gauge height of 25.0 feet.



09AEQO3 -

09DD003 -

Swift River near Swift River

View is towards left bank at gauge heigit of
5.8z feet on June 9, 1978. Bankfull stage is
at bottom of permanent vegetation or gauge
height of 8.1 feet.

Stewart River at Stewart Crossing

View is downstream at gauge height of 85.33 feet
on September 9, 1968. Bankfull stage is approxi-
mately level with the wing tip of Cessna 180 or
gauge height of 95.3 feet.
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Figure 4 - HYDROLOGIC SUBREGIONS
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TABLE 1. - VALUES OF CHANNEL GEOMETRY EXPONENTS FOR RIVERS INCLUDED IN THE STUDY

Station WSC Width Depth Velocity
- No. No. Station Name b f m

1 09AA006 Atlin River near Atlin ‘0.14 0.33 0.54

2 08AA001 Aishihik River near Witehorse 0.21  0.75 0.04

3 08AAOD3 Dezadeash River at Haines Junction - 0.37 0.38 0.27

4 09AA014 Fantail River at outlet of Fantail Lake 0.32 0.41 0.19

5 09AE004 Gladys River at cutlet of Gladys Lake

6 08AA004 Kathleen River near Haines Junction 0.08 0.45 0.47
7 09AA010 Lindeman River near Bennett )

8 09AA007 Lubbock River near Atlin . 0.24 0.49 - 0.25

9 09AA013 Tutshi River at cutlet of Tutshi Lake

10 09AA0L5 Wann River near Atlin

11 09AA009 Watson River near Carcross 0.06 . 0.66  ,.0.14
12 09AA012 Wheaton River near Carcross 0.01 0.68 0.31
13 09AG001 Big Salmon River near Carmacks 0.07 0.53 0.40
14 09CA002 Kluane River at cutlet of Kluane Lake 0.16 0.29 0.13
15 09AF003 Swift River near Swift River 0.16 0.17 0.67
16 '09AC004 Takhini River at outlet of Kusawa Lake 0.21 0.24 ~ 0.15
17 09ACO001 * Takhini River near Whitehorse 0.20 0.43 0.38
18 - 09AE001 Teslin River near Teslin 0.11 0.30 0.17
19 09AF001 Teslin River near Whitehorse 0.03 0.40 . 0.59
20 09CB001 White River at 1169.2 Alaska Highway 0.40 0.26 0.39
21 09AB009 Yukon River above Frank Creek 0.31 0.24 0.45
22 09AHO01 Yukon River at Carmacks 0.16 0.52 0.32
23 09AB001 Yukon River at Whitehorse. 0.12 0.50 0.24
24 10AB001 Frances River near Watson Lake 0.04 0.44 0.53
25 ‘10AD001 Hyland River near Lower Post 0.10 0.51 0.39
26 09EA003 Klondike River above Bonanza Creek 0.07 0.44 0.48-
27 10BEO01 Liard River at Lower Crossing 0.04  0.46 0.49
28 10AA001 Liard River at Upper' Crossing 0.07 0.35 0.61
29 09EA004 North Klondike River near Mouth
30 09BC001 Pelly River at Pelly Crossing 0.05 | 0.40 0.54
31 09BC002 Pelly River at Ross River 0.03 0.56 0.43

WA
&

09BA001 Ross River at Ross River 0.07 0.43 0551.



TABLE 1. (Cont'd)

Station

WSC Width  Depth Velocity
No. No. Station Name b f m
33 09DC002 Stewart River at Mayo 0.19 0.28 0.53
34 09DD00Z Stewart River at Stewart Crossing 0.05 0.37 0.60
35 09DD003 Stewart River at the Mouth 0.04 0.37 -0.60 ,
36 09CD001 Yukon River above White River 0.07 - 0.29 0.65
37 09EBO01 ' Yukon River at Dawson 0.03 0.36 - 0.63
38 USGS Yukon River at Rampart 0.30  0.27 0.43
39 10MDO0OZ Babbage River below Cariboo Creek
40 10MD0O01 Firth River near Mouth
41 1OMAOOZI,Ogilvie River at Mile 123 Dempster 0.10 0.47 0.46 .
42 10MAQO1 Peel River ab. Canyon Cr. 0.09 0.41 0.54
43 09FD001 Porcupine River at Old Crow 0.14  0.35 0.13
44 09FB001 Poréupine River below Bell River 0.09 0.46 0.46
45 10MB003 Snake River near Mouth 0.20 0.27 0.55
46 USGS Turner River 69935'56”, 141°24110"
47 09AHO0N3 Big Creek near Mouth
48 "10ABO03 " King Creek at Mile 13 Nahanni Rge. Rd. _
49 09AB008 M'Clintock River near Whitehorse 0.16 0.56 0.29
50 10AA002 Tom Creek at Robt. Campbell Hwy. Mi.21.7 0.00 0.44 0.55
Averége 0.13 0.42 0.41
Alaskan Streams South of Yukon River 0.19 0.39 0.42

(W.W. Emett, 1972) /
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TABLE 5 - SUMMARY OF RATIO OF DISCHARGE AND CHANNEL CHARACTERISTICS

A. Ratio of Discharge to Bankfull Discharge (8—)
B
Subregion

Dfscharge Event

Mountain Streams ‘ 0.92 1.03 1.05

.09

Mean Q15 Q.33 &g %o Qg
Atlin-Bennett-Dezadeash 0.22 0.38 1.08 1.55 2.16 2.59
Upber Yukon-Tes1in-Takhini 0.31 0.86 1.02 1.38 1.72 2.0]
Liard-Pelly-Stewart-Lower Yukon - 0.18  0.81 -0.97 1.37 1.93 2.22
| Average 0.24_ 0.85 1.02  1.43  1.94 2.27
[From Figure 5 _0.24 0.82 1.000 1.43 1.81 2.10]
Porcupine-Pee] 0.06 0.72 0.92 1.46 2.40 2.90
Mountain Streams 0.28 1.35 1.7 2.76 4.24 5.25
[From Fiqure 5 0.31 1.36 1.76 2.82 4.10 5.00]
B.Ratio of Discharge Area to Bankfull Area (%ﬁ)
Atlin-Bennett-Dezadeash ' 0.45 0.89 1.00 1.26 1.44 1.54
Upper Yukon-Teslin-Takhini 0.54 0.91 1.00 1.6 1.30 1.37
Liard-Pelly-Stewart-Lower Yukon 0.44 0.90 0.98 1.15 1.34 1.42
Average 0.48 0.90 0.99 1.19 1.36 1.44
Porcupine-Peel. 0.24 0.8 0.96 1.21 1.54 1.69
Mountain Streams _ 0.49 1.21 1.40 1.84 2.32 2.58
C. Ratio of Discharge Depth to Bankfull Depth (%ﬁ)
Atlin-Bennett-Dezadeash 0.47 0.8 0.97 1.17 1.35 1.45
Upper Yukon-Tes]in-Takhini 0.64 0.94 1.00 1.12 1.22 1.27
Liard-Pelly-Stewart-Lower Yukon 0.50 0.91 0.9 1.13 1.29 1.35
Average 0.54 0.91 0.98 1.14 1.29 1.36
Porcupine-Peel 0.33 0.88 0.97 1.16 1.41 1.51
Mountain Streams 0.53 1.17 1.33 1.67 2.21 2.46
D. Ratio of Discharge Width to Bankfull Width (gé)
Atlin-Bennett-Dezadeash 0.96 1.00 1.02 1.04 1.06 1.07
Upper Yukon-Teslin-Takhini - 0.83 0.9 0.99 " 1.03 1.06 1.08
Liard-Pelly-Stewart-Lower Yukon 0.89 0.99 1.00 1.02 1.04 1.05
Average 0.89 0.98 1.00 1.03 1.05 1.07
Porcupine-Peel 0.75 0.96 0.99 1.05 1.10 1.12
1 1.14  1.16



TABLE 6 - SUMMARY OF DATA AND COMPUTATIONS AT UNGAUGED LOCATIONS
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KINEMATIC WAVE MODEL

The Kinematic Wave Model has been used to estimate streamflow
along the Alaska Highway for three return periods; 2.33 year, 50 year,
and 100 year. This appendix briefly describes the basic equations forming
the model and discusses the way the model was calibrated with the objective
of giving the reader an understanding of the procedures involved.

Recommendations for further work are also provided.

Acknowledgement is given to the Department of Indian Affairs and
Northern Development, Water Resources, Whitehorse Y.T. (DIAND), who
provided the computer program and much of the required data, and to Charles
Howard & Assoc. L.td., who adapted the Kinematic Wave theory to thé_
Canadian situation and who developed the computer program for DIAND.

Description of the Model

The model is based on the premise that probability of occurrence
of a precipitation event varies inversely with its duration and intensity,
regardless of geographic location. Rates of variation are defined by the

~ average of measured precipitation durations and intensities in the area.

The mathematics involved relate the precipitation events to catchment
discharges using various catchment and channel parameters, such as

drainage areas and slopes. The model was originally derived for rainstorms,
however, it has been adapted to also simulate flood events for snowmelt-

generated runoff. -

The basic equation is:

o -16?1 -ANfa_+_b
) a7z 173
Prob [Qp} Qo] = ﬂ e di
. i= % _
645 AR

(Definitions of symbols are given in sections following)



Much theory and mathematics are involved in its derivation.
Basically, however, it computes the probability that a flood exceeding a
given level Q0 will result from any storm. This is done by integrating
the probabilities of all storms ‘large enough to produce a flood of Qo.
The complete mathematical procedure is known as the Kinematic Wave
Frequency Model. .

Solution of the equation is easily handled by numerical methods
in an electronic computer. The parameters involved are described in the
following sections (a) through (f).

a) Rainfall Duration and Intensity

An important step in this model is determining the probability
of varjous durations and intensities of rainfall. Equations (1) and (2)
below are the basis for the probability function of the model. They simply
define, for any storm, the probabi]ity of a given duration of rainfall and
the probability of a given intensity of rainfall. These are combined in
the basic equation above, to provide the probability that any given storm
will broduce a flood equalling or exceeding a given discharge.

The probability that any storm will last a duration "t " is
given by the equation:
fT(tY‘e) = Ae-Atre. - (])

where;

T(tre) is the probability density function (i.e. probability
of occurrence) of a storm duration e If a
storm occurs, it has a probability f(tre) of a

duration tre'

)\ is the inverse of the area's average storm duration
(1/hrs.)
to is the storm's duration (hrs.)

e is Napiers e (or 2.71828)



Likewise the probab111ty that any storm will have an average
1ntens1ty of rainfall "i" is given by:

. A
f1(1) —ﬂe ' (2)
where;

fI(i) is the probability that if a storm occurs it will

have an average intensity of i.
A - is the inverse of the area's average rainfall

intensity (hrs./in.)
i is the storm's average rainfall intensity (in./hr.)

By combining equations (1) and (2) we can compute the probability
that if a storm occurs it will have an average intensity of i and a

duration of 't
‘ re

b) Rainfall to Discharge

To compute the probabi]ities of floods, it is necessary to
convert rainfall to discharge. This is accomplished by equation (3).

For any known rainfall excess (the amount of rain that runs
directly off the basin) it is a simple matter to compute the equivalent
basin discharge if we assume that the rain has lasted long enough and
was extensive enough for the discharge to have reached a steady state.
In this condition runoff from all points in the basin has had time to
reach the project site before the rain hasvstopped. 'The time required
for this is termed the "time of concentration” of the basin or "t "
Assum1ng that the storm duration is longer than t, the rational formula
for discharge applies as follows:



where;

Q, = 645 AR i | (3)

is the basin discharge (cfs)

is the total basin area (sq. mi.)

.is theoretically the ratio between area contributing

to direct runoff and total basin area

js the rainfall excess (in./hr.); or rainfall available

_ for runoff after seepage, interception, etc.

c¢) Basin Time-of-Concentration

Equation (3), which converts rainfall to discharge, is applicable
only when the storm duration exceeds the time of concentration of the basin

(t,). Therefore the "t" values used in equation (1) must equal or exceed

t

t,.

The equation for t, is defined as;

where;

te =t o+t (4)

is the time of concentration of the catchment; time
required for the overland flow to reach a steady
state under a constant rainfall,

is the time of concentfation of the stream; the time
required for the stream discharge to reach a steady
state after the basin's input to the stream.has
reached a steadyAstéte. |

is the basin time of concentration.



. B

5.

To relate t, to various parameters of the catchment and river

channel, and to rainfall intensities, the values of tC and tS are computed

as follows:

where;

-h]

N
S

1/2
t, = 0.913978 | "R
ScLs1e

-, A1/3
pn_2
t, = 0.130104 | "sMs
SSAR1e

is the average rainfa1T'intensity durihg a

given storm (in/hr) |

is Manning's‘n—va]ue-for the catchment (normally
0.30) |

is the total drainage area (sq. mi)

ﬁs the ratio of area contributing to direct

runoff to total area (see equation 3)

" is the average slope of the catchment

js the stream length (mi)

~ is the wetted perimeter (normally substituted by

width) of the stream at the project location (ft)
is Manning's n-value for the stream at the
project location

is the average slope of the stream.

(5)

(6)



For simplicity these equations are written as;

_ -1/ -
t =ai A A7)

_-1/3 | (8)

where;

"a" and "b" are the appropriate basin and river constants
respettive]y, computed from the basin parameters in

equations (5) and (6)

d) The Frequency Equation

By putting together the relationships described in sections
(a), (b) and (c) we can formulate an equation relating rainfall probab1]1t1es
and basin responses. for calculation of the probability that any storm will
exceed a given flood level.

The equation is:

o0 oo
Prob [Qp> Q01 - | (T, t,) dt di, (9)
645 AR ’
where;
f (1 , re) js the probability that when a storm occurs, it

has an average intensity of Té and a duration
of tre



This equation simply gives the probability that streamflow |
discharge due to any storm will equal or exceed Qp. It is the summation
of all the joint probabilities of rainfall intensities greater than
“Té" and duration "tre"' It is important to note that the storm intensity
and duration in each case is sufficient to cause a flood of Qp.

The function f(?é,tre)>is equations (1) and (2) multiplied,
giving the probability of both a rainfa]] intensity ie and a duration tre
In mathematical terms, f(Té, tre) is;

Prob [ﬁ = 7; and t = ] )\/Qe /@ Te - . - (10)

Replacing (3

o tre) in equation (9) gives the equation:

[ 4

- At |
Prob l— f / )\l@ e dtre d1e
e 645 IR ()
where;
)Y is the inverse oflaverage storm duration (1/hrs.)
/3 is the inverse of average rainfall intensity (hrs./in.)
?é is the intensity of rainfall (in./hr.)
tre is the duration of rainfall (hrs.)
Q js a given flood related to ?é



. g

Integrating this with respect to "t" (assuming t is constant)
then substituting equations (7) and (&) for t, gives:

| e .
| 3 N |
-Ai ..)\( a ) .
. ) e /2 173 -
Prob [Qp; QO] Be i i i (12)
i = 0
€ %45 AR
From'definitibns for équations (7) and (8);
r 1/2 _ '
2 = 0.913978 | VAR ] (13) -
SeLs )
» [ '271/3 , _ .
b = 0.130104 | "s"s (14)
S AR |
{ s

This is the basic equation of the Kinematic Wave Frequency Model.
(see also page 1). The equation is computed using numerical integration, by
an electronic computer. .To define the flood-frequency curve at a stream,
probabi]ities for several different floods (Qo) are computed and are converted
to return periods (T) by the following equation:

.T [Qmax> QO] - . ] (]5)
Prob 0,2 Q& § 1

where;.
T [Qmax} Qo] is the return period for an annual maximum
f]ood equal tp_or greater than Qo’
Prob [Qp}’QO] is the probability that any storm will produce a
flood equal to or greater than Qo (from equation 11),
© ié the average number of storms per year,
4)]2 ié the ratio of total'precipitation to water
running off the‘basin (i.e. precip. minus

interception and_groundwater recharge)



Equation (15) gives the return period of the flood Qo in terms of
an annual maximum flood. In other words, the flood QO will be equalled or
exceeded on the average only once every T years.

e) Combined Rain and Snow Frequencies

Equations (12 through 15) have been derived for rainfall events.

~ However, with the appropriate empirical values for the precipitation

parameters (A > B and-©) snowmelt runoff can also be simulated and the return
periods for snowmelt-generated floods can be computed likewise.

The flood estimates included in "Hydrologic Reconnaissance of the
Alaska Highway Pipeline Route" have been computed by combining the rainfall-
generated floods and the snowme]t—generated'floods.v A flood-frequency curve
was first generated for each of the two types of flood events, and
subsequently combined using the following equation:

T = 1
o
Tr + TS -1
where;
TC is the composite return period for a flood Qp
Tr is the return period for a rainfall generated
f1ood |
QP
TS : is the return period for a snowmelt generated
flood
QP

This equation is the final step in the model process. The

‘resulting composite flood-frequency curve is very similar to the flood

frequency curve produced from streamflow records, particularly at the

higher return periods.

Calibration of the Model

Equations (11 through 14) contain twelve parameters defining
meteorological, topographic and hydrologic conditions of a basin. These
parameters are listed in Table 1 according to the three categories,

(16)
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together with results of sensitivity tests showing variation in discharge
with a 100% change in a parameter value.

It is evident from this tabulation that the greatest opportunity
for calibration lies in the average storm intensity (meteorologic parameter/s)
and in the effective drainage area (topographic parameter R). The meteorologic
parameter values were provided by the Department of Indian Affairs and
Northern Development (DIAND), Water Resources in Whitehorse. It was assumed
that these are reasonably accuraté and no attempt was made to refine them.
However, in the conversion of the parameters from mean daily to hourly
values for the purpose of this analysis, there may have resulted an under-
estimate of the storm intensities and durations.

The ratio of effective drainage area to total area (parameter R)
was, therefore, the main calibrating parameter. The procedure was to vary
the ratios until a best fit was attained between modelled flood frequency
curves and frequency curves computed from gauging sﬁation data. One alternative
to this approach would be to determine the ratios by hydrograph analysis, but
this was not attempted because of shortage of time.

As a second step, frequency curves were generated based on an
identical ratio for all streams. The value chosen was 0.25, a value that
produced reasonable results for gauged streams. The results of this test
were carefully examined before further runs were made, The test showed a
need to vary the ratio with drainage area. Also it was obvious that a better
fit at gauged basins could be obtained if the ratios were régiona]ized.
Relationships of the ratios versus drainage area gave good results when the
regions were as follows;

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

In addition a ratio was developed for Kluane Lake-Beaver Creek area
by hydrologic judgement based on the above three relationships. Table 3
shows equations for computing the ratio of effective drainage area to total
area (parameter R) for each of these four regions. For glacier-fed streams such
as the White and Donjek rivers, a fifth relationship would be required.
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Since all gauged basins with sufficient data for calculating
frequency curves have drainage areas greater than 200 square miles, it was not
possible to develop parameter R versus drainage area relationships that could
be proven valid for the many small basins along the pipeline route. From
other correlation studies for the area, however, it has been shown that floods
with a 100-year return period have straight Tine log-log relationships with
dfainage area, and S]opés ranging between 0.82 and 0.96. The tests using a

~constant R-value produced results which plot roughly on a similar relationship,

but with a 1.0 slope indicating very Tittle variation of unit runoff with drainage
area. It was felt that this lack of variation of unit runoff was a major fault of
the model that mustibe corrected. Pending further studies, the relationship
between parameter R and drainage area was based on a slope of 0.8.

The ratio of total runoff to precipitation (parameter'¢h2) is the
second most effective hydrologic calibration parameter; it represents the
product of two ratijos: the ratio of precipitation that reaches the ground to
the total precipitation, and the ratio of direct runoff to water input that

 reaches the ground. The combined ratios (parametérﬁblz) can be determined by

matching rainfall records with streamflow data where such information is
available. In the computations reported here, the values for ¢]2 were
obtained for six gauged basins in the southern Yukon area from Reference 1.
Using these six basins as a base, and with knowledge of the hydrology,
topography and geology of the area, estimates of ¢52 were made for each
stream along the pipeline route. The values chosen ranged from 0.28 to 0.65.

Relationships discussed above provided results that fitted the gauged
basins well. Also, their extrapolation to ungauged basins appear reasonable.

Recommendations for Further Work

The Kinematic Wave frequency model is a useful tool for estimating
peak discharges at ungauged sites. The model has been used as one of several
methods of estimating ungauged streamflows which can be compared in assessing
environmental impacts of the pipeline. However, if this technique were to be
used to compute desigh floods, additional more detailed calibration tests
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would be required, particularly with respect to the northern end of the

pipeline route. Some recommended steps are outlined below:

i)

i)

S iid)

iv)

The
in the report
of which this

re-compute values of4k,/6 and 4 based on hourly precipitation
data, '

compute R and ¢ values at gauged basins usihg hydrograph
analysis, '

using short-term records and crest-gauge results, check the
relationship of discharge to drainage area for small basins.
Ensure that this is reflected by_the model; adjust R-values

‘to accomplish this if necessary,

develop calibration procedures for mountainous areas such
as the ephemeral drainages on south shore of Kluane Lake and
for glacier-fed streams such as the Donjek or White Rivers.

results computed by the Kinematic Wave Model, those presented
"Hydrologic Reconnaissance of the Alaska Highway Pipeline Route",

is an Appendix, are based on a preliminary calibration

procedure. Nevertheless, they are considered to be fairly accurate for all
areas east of Haines Junction. For areas west of Haines Junction, most
parameters are less accurately defined because of unknown effects of mountains

in that area.
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Table 1 SENSITIVITY OF PARAMETERS

Parameter for +100%

% Change in Q]OO

- Parameter Description

‘change in parameter

a) Meteorological Category

Y ~52%
Py -13%

O +11%

b) Hydrologic Category

95 +11%

R +95%
N, 2214
N | -2.0%

c) Topographic Categonx

A not tested
(see R)
SC +1.3%
Ly -1.4%
p _ -1.0%
s _
SS +0.8%

inverse of average storm intensity
(hrs/in)

inverse of average storm duration
(1/hrs)

no. of storms per year

ratio of total runoff to precipi-
tation input

ratio of effective drainage area
to total drainage area

roughness coefficient for average
basin surface

roughness coefficient of streambed
at project site

total drainage basin area (sq. mi)

average slope of catchment
length of stream (mi)

width of stream at project site
(ft.)

average stream slope



Table 2

TOPOGRAPHIC PARAMETER VALUES

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

Jarvis R. _ 288

Drainage Catchment Stream Stream Stream

_ Area Slope Length  Width Slope

Stream : A ' sC. 'Ls psl/ Ss
(sq.mi.) (mi.) (ft.)

Snag Cr-. 380 0.0164  39.5 73.0  0.0116
Beaver Cr. 737 0.0134  45.0 148 0.0138
Enger Cr. 52.4  0.0241  9.08 202  0.0164
Dry Cr. - | 52.2 0.0192  11.0 29 0.0217
Sanpete Cr. 29.4 0.0344 15.7 30 0.0362
White R. 2410 0.0126  73.9 270 0.0146
Koidern R. (mi. 1164) 428 0.0146  34.8 100 0.0136
Longs Cr. 44 .1 0.0262 = 15.3 49 0.0150
Koidern R. (mi. 1152) 260 0.0222  22.5 76 0.0272
Donjek R. 1687 0.0126  65.6 1000 0.0142
Swede Johnson Cr. 36.0 0.0359 8.3 202  0.0484
Quill Cr. 26.4  0.0586 9.1 15  0.357
Burwash Cr. 64.8 0.0370  17.2 3] 0.0330
Duke R. 255 0.0238  35.6 265 0.0150
Kluane R. 1910 0.007  95.5 200 0.013
Halfbreed Cr. 26.7 0.0557 1.7 27 0.0461
Lewis Cr. 15.7 0.106 8.2 25 0.0915
Bock's Cr. 13.5  0.116 6.8 252  0.09
Nines Cr. | 23.5  0.0818 9.6 302  0.0758
Congdon Cr. 19.5 0.0923 8.3 75 0.0599
Williscroft Cr. | 4.9  0.198 3.7 15 0.197
Slims R. 927 0.0197  58.5 200 0.0231
Topham Cr. 1.97  0.0911 2.1 52/ 0.0635
Silver Cr. 37.6 0.0641 12.6 26 ~ 0.0342
Christmas Cr. 39.8 0.0597 6.2 27 - 0.0659
0.0132  40.3 78 0.0040

Notes: 1/ P_ values were often estimated from photographs or from memory

of field visits.

2/ An estimate made by comparison tQ other streams.



Table 2 TOPOGRAPHIC PARAMETER VALUES (Cont'd)

3

Drainage  Catchment Stream Stream Stream

Area Slope Length  Width Slope
Stream A SC LS Psl/ SS
(sq.mi.) (mi.) (ft.)
Bear Cr. 29.9 0.0303  11.9 26 0.0337
Pine Cr. 63.1  0.0232  21.1 30 0.0147
Dezadeash R. (ai Haines Jctn.) 3280 0.006 102 50  0.003
Marshall Cr. 82.8 0.0381 16.6 54 0.0318
Aishihik R. : 1660 0.0066  88.4 70 0.0037
Cracker Cr. 50.2  0.0404 12.7 302  0.0404
Mendenhall R. 294 0.0127  34.5 34 0.0056
Stoney Cr. : 19.4 0.0618 8.1 21 0.0435
Takhini R. 2700 0.0067 94.8 200 0.0037
McIntyre Cr. 16.2 0.0321 8.7 32 0.0162
Wolf Cr. 60.5  0.0195 21.5 202  o.0185
Cowley Cr. _ 76.7 0.0254  11.4 202 0.00792
Yukon R. (nr. Whitehorse) 7500 0.0032 140 350  0.0001
M'Clintock R. (at highway) 689 0.0140  35.6 70 0.0023
Teslin R. (at Johnsons 11700 0.0047 94.7 450 0.0037
Crossing)
Brooks Brook ' 27.4 0.0424 8.9 20 0.0424
Deadmans Cr. 84.2 0.0337  14.6 50 0.0204
Lone Tree Cr. 18.0 0.0480 9.0 12 0.0420
Tenmile Cr. 16.8 0.0605 .9 15 0.0506
Fox Cr. 13.7 0.0440 7.6 10 0.0243
Hays Cr. 26.7 0.0335  11.1 10 0.0216
Strawberry Cr. 24.3 0.0335 9.2 15 0.0258
Morley R. : 608 0.0109  44.2 90 0.0073
Hazel Cr. 21.7 0.0429 6.5 20 0.0497
Swift R. (WSC gauge) 1280 0.01 50.2 250 - 0.005
Smart R. - 277 0.0144  35.2 86 0.0073
Logjam Cr. 33.5 - 0.0443  10.0 32 0.0291
Screw Cr. . . 29.6 0.0273  12.2 33 0.0169

Notes: 1/ P_ values were often estimated from photographs or from memory
of field visits.

2/ An estimate made by compar1son to other streams.
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Table 2 TOPOGRAPHIC PARAMETER VALUES (Cont'd)

Drainage  Catchment  Stream Stream Stream

Area Slope Length Width Slope
Stream A SC LS ' 'psl/ SS
(sq.mi.) ' - (mi.)  (ft.)
Partridge Cr. - 23.9 0.0436 10.8 35 0.0174
Seagull Cr. » 31.5 0.0535 9.3 50 0.0298
Swift R. (at hwy. bridge) 105 0.0181 17.8 60 0.0129
Rancheria R. (at mi. 722) 261 | 0.0126 30.8 50  0.0112
Rancheria R. (at pipeline) - 382 0.0090 46.0 100% 0.0077
Boulder Cr. - 23.9 0.0408 8.5 30 - 0.0254
Spencer Cr. ' 61.6 0.0276 13.9 36 0.0229
Rancheria R. (at mi. 687) 837 0.0204 65.2 200 ~ 0.0054
Big Cr. 405 0.0060 58.8 115 0.0076
Little Rancheria R. 612 0.0059  77.0 125 0.0046
Albert Cr. 255 0.0082 31.6 50 0.0101
Liard R. (at Upper Crossing) 12900 0.0041 120 430 0.0003
Notes: 1/ P_ values were often estimated from photographs or from memory

of field visits.
2/ An estimate made by comparison to other streams.

. : i
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Table 3 COMPUTATION OF PARAMETER R

(Ratio effective drainage area to total area)

R =k A?

where A = basin drainage area (sq. mi.)

Area k a
Liard-Rancheria-Swift 1;46 -0.124
Teslin 1.22 -0.202
M'Clintock-Yukon-Dezadeash o 0.914 -0.221
Kluane-Beaver Creek 1.197 - -0.221
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