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4.

f menﬁs made on Spr1ng Creek and five of 1ts trihutaries frdm 1962 to

1977 e

By RITEN

Most of tNe\watershed contr1butes practica]1y noth1ng to the “".h?~fhff-

e

,ﬂ.

Ased1ment y1e1d*

Ninety percent of the sediment’y1e1d 1s der1Ved from

'h5?45145tkﬁ% area“near;the%WaterShedjmouth;,ajzone}ofﬁgeomorphic?djs;ff-w

jef{*s_fff‘,Vfui _f equ1]ibr1um deve1oped 1n response to. past changes 1n*the 1oca1 base

1eve1 01der, higher 1eVe1 d1se3u1libr1um zones on the tr1butary "'fh;'

streams prov1de most of tHE rema1ning sediment y1e1d }} l»

kN

7‘;¢~ 3}_;v3f1ﬂﬁ’ On average, 76% of the aqnua] sed1ment y1e1d 1s output dur1ng ﬂi*“;ésﬁ

for 90% of the annuaI sed1ment yield Comb1n1ng‘spat1g1 and temporal; =

S ‘[-ﬁ“y_ aspects shows that over 80 of the sediment y1e1d 1s der1ved from if;qJA_;;

"ffi;}:?j_ 1 5% of the watershed area 1n less than 5% of the "f;‘ ey ..5,:: .

Sediment rat1ng curves g1ve r&asonably good prediction of sed1-f .

le‘-vf;'.,'fi_w ment concentrat1on from streamflowugptes for-Spring Creek,.but hot J
. ” ""“j ‘ ‘:’A 2 . R A “ . m » - B .

f_95, for 1ts tr1butar1es. The seﬂ1meat-streamf1ow«ré]ationshtp opser;ed

vm'~f??if“7 for Spr1ng Creek 1s 1arge1y def1ned thh1n the major sed1ment sou;ce hffflh

\ area near the watershed mouth

'y IR
u .p L 4

4.4

Ty o :. ;3}1‘ Differences between spr1ng and summer rating curves are m1nor

i S I T e s

u,ﬁg P 'g- and var1at1ons 1n mean monthly sediment y1eho.are contro]]ed by 5 ;~sef
‘m oy . ations fn month]y f]ég

3 A

characterist1q5\‘ fij“

e
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| / P 1. INTRODUCTION = N
- 4

T . </

» 1.1 Reasons for the Study

-

Sed1ment y1e1d 1s the net. sediment outf]ow of a watershed Sedi-

uwoment sources are spat1a]1y variab]e and the rate of sediment outflow-

var1es.over t1me Comp]ex interrelat1onsh1ps ex1st ‘between sediment . .
d1scharge and env1ronmegta1 factors and cause extreme regionaT and -
1ntrareg;ona1 var1at1ons 1n the magnitude and nature of sed1ment

yield. The comp]ex1ty of sediment systems make 1t d1ff1cu1t to

»accurate]y pred1ct e1the;)the1r net output or the1r response to

' env1ronmenta1 changes

Y

The product1on transportat1on, and depos1t1on of sed1ment
affects and 1s affected by. human act1v1ty Eros1on ]eads to the

p; .
degradat1on and 10$s of product1ve 5011 and the format1ow of rills

a.and gu111es - The concentration of sed1ment in rivers and streams )

.1 affects the1r water quality and the cost of process1ng the water to .:

make it\acceptable for an 1ntended use. -Sediment depos1t10n 1nf1u-
. ",)

- ences river reg1me, accentuates ]oca] fTooding and channel m1grat1on,

and sed1ment depos1t10n rates 1n reservoirs Targely determ1ne the1r

aeffect1ve 1ife.

"In most-cases,:the impact of-human.activity on:the sediment
regime of:an area is negative and'causes:or~accentUates sediment
problems. In other cases, however,vman aims . to remedy such prob]ems
or‘to prevent the1r development While the cost of sediment prob]ems :

is d1ff1cu1t to assess, 1t is certa1n1y s1gn1f1cant, In order to ,‘ o

i

Yo m1n1m1ze this cost, management techniques must be refined and th1s N



requires an 1mproved understand1ng of sed1ment dynamTcs S1nce no

un1versa] mode]s are ava11ab1e managers requ1re 1nformat1on on. the

:spec1f1c reg1ona1 character of sediment systems 2 .
Desp1te this need there is a paucity of data avai]able on the.

‘ .sed1ment y1e1d of Alberta watersheds. This Tack is most pronounced |

in the northern parts of the province and is due pr1mar11y to the

high costs of estab]1shing and operat1ng sediment gauging stat1ons

.For example the Peace R1ver drains: 175 000 km2 1n ATberta, about 25%

:of the tota] Tand area of the prov1nce ‘yet sediment data are gathered

regu]arly at onTy four sites w1th1n th1s area (water Survey of

Canada, 1976) One statlon gauges the sediment d1scharge of the

o upper two thirds of the watershed and another is situated at the

. gprobTems (ATberta £nvironment Conservat1on Authority, 1976)

'watershed mouth. The measurements made prov1de va]uab]e 1nformat1on,
on the sed1ment yield of the Peace River watershed but they do not
'1nd1cate the spat1a1 variation- of sed1ment product1on w1th1n 1t |
~ Rather, they record the net sediment ,output of vast areas wh1ch
include a wide variety of environmental cond1t1ons and Tand uses.

The other two s1tes monitor the sediment yield of smalt, -
reTat1ve]y homogeneous, tr1butary watersheds One is in the Rocky
, Mounta1n Footh111$ and the other 1s on the SOuthern marg1n of the ,
Peace R1ver Reg1on | The Tatter s1te Spr1ng Creek watershed, is of
part1cu1ar 1nterest since it is typ1ca1 of many areas in northwestern
" Alberta be1ng made ava11ab1e for settlement and agricultural deve]op-*

; ment. In the past, deve]opment of such areas has Caused erosion

l_:\
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1 2 ObJectives

This’ theSis is a study of the sediment yie]d of Spring Creek

| y“watershed Its principa] obJectives are to examine and exp]ain the ,
if'sediment dynauncs of this Wilderness watershed - The research -

'comp]ements hydrologic investigations by Alberta EnVironment the

ultimate purpose of which is:to eva]uate the impact of future ‘

agricultural deve]opment Within the watershed

~‘*‘1.3 Scope

-The thesis<SUmmarizes the environmenta1 character of the water-
shed and reViews ‘the data gathering methods which “have been emp]oyed.

It then discusses the tempora] aspects of the sediment regime. Annua]

and seasona] variations in sediment yield and sediment discharge are

examined An anainis of the spatia] variation in sediment produc~

tion fo]]ows, and . the sources of the guspended sediment discharged

;,from the watershed are identified. The re]ationship between sediment

and water discharge is then investigated using sediment rating curves

Immediate]y prior to the start of this study, a pipeline was

'.%constructed across Spring Creek near the mouth of the watershed
 Erosion of the pipeline right of-way was monitored over the summer of
f71977 and its initial impact on the sediment yield of the watershed is

‘reported here

The theSis conc]udes with a reView of the study findings, recom-

<

mendations for further research and some guide]ines for Tand managersg L

Suspended sediment is the primary concern of this study, and for ‘

%o

' the sake of breVity, it is referred to simply as’ sediment Dissg]ved

sediment is termed soiute
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1. 4 R{\\1ous Studies L

A wide range of natura] envtronments are found 1n AIberta “from. rt_g
the sem1 ar1d p1a1ns in the south to the permafrost areas of the (
}northern uplands, from the Rocky Mounta1ns in the south- west through
the footh111s and pra1r1es to- the Canadian Sh1er in the north-east
Super1mposed on this natura] d1vers1ty 1s a w1de variety of land uses
' WOr]d and cont1nenta1 sca]e studies of sed1ment y1e1d patterns suggest
that this env1ronmenta1 d1vers1ty should be ref1ected ina d1vers1ty
of sed1ment yields over the province. "h - \

The c]ass1c study by Langb1en and Schumm (1958) relat1ng sed1-
ment y1e1d to mean annual prec1p1tat1on found that ma imum. sediment

' y1e1ds occur in sem1-ar1d reg1ons and that sed1ment y1e]d decreases ,f“

- as the c]1mate becomes more hum1d More recent - stud1e (Doug]as,

1967 F1em1ng, 1969 W1]son, ]973) are Adn general agre ment w1th these
find1ngs a]though they suggest that the "Langb1én Sch hm curVe" may
Von]y be valid for continental climates. e
Gregory and: Wa111ng (1973) rev1ewed prev1ous stu ies to compare
erosion rates for mounta1nous and Iowland areas at the wor]d scaIe
They found that erosion rates reported from mounta1nous areas are
genera]]y an order of magn1tude greater than those of 1ow1and areas.
The effects of Tand use can substant1a]]y a]ter sed1ment y1e1d
patterns (Strakhov, 1967; WO1man 1967 S]aymaker/and McPherson 1973);.
: Although human act1v1ty general]y 1ncreases sed1ment y1e1ds, its ;{a )
1mpact n spec1f1c cases in h1oh1y variab1e (Gregory and Wa111ng,

' 1973).

Sca]e of inVestfgation strbné]y‘infﬂuences the results of - /




‘T’watersheds 1s genera]]

N - [ ‘ s EE : Lo L . 5 : .
i [ . - . Y . . : . . B . .

'gSediment'yfeldhstudies The sed1ment y1e1d per un1t area of sma11

’Z‘and Schumm, 1961, Gotts ha1k 1964) a]though some except1ons have. been o

reported (Carson et a]
) but a]so the tempora] pattern of sed1ment y1e1d Ketcheson et a] . o

(1973) found that- sed1ment transport in smail Ontar1o watersheds

'occurs pr1mar1]y 1n the spr1ng wh11e movement from up]and p]ots takes )//',f'

p]ace 1arge1y in the'summer The re]at1ve 1mportance of the var1GUS///
' factors contro111ng sed1ment y1e1ds changes as the sca]e of 1nvest1/ -
| gation changes (Gregory and Wallwng, 1973) For examp1e, wh11e/ fé/ "}?
climate may be a contro111ng var1ab1e at the wor1d sca]e, it becomes
a constant at local or micro sca]e | . 'f‘ ?- g ;~ - ”f !t%z ’
' St1ch11ng (1973) has mapped sed1ment y1e1d per un1t area and -
Z r1ver sed1ment load patterns for Canada and has exp1a1ned them in

terms of geo]ogy, re11ef c11mate and 1and use The patterns 37 :

observed and the exp]anat1ons offered are 1n general agreement w1th

~ - findings of wor]d scale stud1es." ﬂa-i ;,f BT .o

o

St1ch11ng (1973) shows 11tt1e var1at10n 1n sediment y1e1d per
unit area‘wfthin ATberta A]most all of the prov1nce fa]]s 1nto the -
- yield category of 18-88 t/km /yr However th1s study 1s based
4'1arge1y on data for large watersheds and as such the f1ndnngs 1nd1- '“5'
" cated only that sed1ment y1e1d per. unit area does not véry apprec1ab1y
between the 4 or'5 maJor watersheds 1nto wh1ch the prov1nce may be
d1v1ded R | |

More var1at1on was found in sed1ment y1e1d per un1t runoff than

‘ih_sed1ment yield per unit area Th1s suggests that even though the N

greater than that of large watersheds (Had]ey vi,iﬂj

1973) Sca]e affects not only the magn1tude, e

TR T S A S w4




g / quant1ty of sed1ment der1ved per un1t area does not vary great]y

/ o "xo [ f . : e

PRI
'jamong 1arge A1berta watersheds the pattern and chhracter of°sed1ment ,' SRR
R d1scharge may vary substant1a11y r\i«”‘:' ]

Sma11 watersheds for wh1ch St1ch11ng (1973) waS‘af f to obtawn

kS

"data appear as sma11 anoma]ous areas y1e1d1ng sediment at rates \\\\\-\

- dﬁfferent from the reg1ona1 norm Aga1n there is more d1vers1ty 1n ‘ f;f' '::"@
‘h"‘ :

"~sed1ment y1e1d per un1t runoff than 1n sed1ment y1e1d per un1t area

T In contrast wwth the f\nd1ngs Of PreV‘OUS St“dies’ these smatl water gp

'153*sheds genera11y y1e1d less sed1ment per: un1t area and- per unit runoff ';;Q?“;;"i“
'“,than the 1arger watersheds of wh1ch they are a part ‘ A_ |
Ke]1erha1s et a]. (1974) regressed mean da11y sed1ment concentra-

t1on on mean da11y d1scharge for four 1arge pra1r1e r1vers, the dra1n-

x

ih age areas of wh1ch are 1arge1y or ent1re1y w1thin southern A]berta
f,llThey found that the pred1ct1ve ab111ty of the regress1on equat1ons
cou]d not be 1mproved by emp]oylng a preC1p1tat1on 1ndex as-an add1-
_y”t1ona1 1ndependent var1ab1e They conc]ude that th1s 1s due to the -
ft ‘fact that no" s1ng]e prec1p1tat1onrjndex cou]d ref]ect the ‘short- term B
-d1vers1ty 1n prec1p1tat1on characteristxcs, runoff response and sed1-
' :'ment product1on over the watersheds e e | »
; Luk (1975) made an extens1ve study of . the erod1b111ty of soi]s S ‘f
in the Bow R1ver basin based "on neasurements from a number of erOs1on:"t S
p]ots He found that eros1on rates decreased from the pra1r1es to 3, '_‘ - ;jﬁ

' the mounta1ns to the footh1]15 The low erod1b111ty of the footh11ls

50115 1s re]ated to c11matic factors' high ra1nfa11 produces a dense

| vegetat1on cover, h1gh organ1c content 1n the so11s and the deve1op-h:

‘ment of water stab]elaggregates 1n the 50113 Aggregate development '




Leed D e e

of a number of ATberta so11$ He ound that so11 erod1~
'b111ty genera]]y 1ncreased w1th the c11mat1c aridity of the area
“?;'from whwch the so11 samp]e was taken ‘: '-_»;[ ' - | _
McPherson (]975) est1mated the mean annua] sed1ment y1e}d of 36 3_; .
'*-,“;1southern A]berta watersheds rang1ng 1n s1ze from 75 sz to 1427 km2
vMean annuaT sed1ment y1e1ds ranged from 223 t/km to 5 t/km 3 a ', 4
._isubstant1a1 variat1on about StfchTwnq s (1973) reg1ona1 norm. The*: f
jlgla. ..;gd“;a h1ghest as weT] as some of the Towest sedlment y1ers were found in
RIS r“the footh1lls The sed1ment y1e1ds of the mounta1n watersheds were
"v,'h1gher than those of the praf?1e watersheds yet both were Tower and -
. less var1ab1e than the sed1ment yiers of the footh1lls So aTthough
::tfooth1lls sb115 are the Teast erodeTe (Luk, 1975) the actual rate of
"f. sed1ment product1on may be . h1ghest fn- the footh1lls reg1on ,v
:v Campbe]] (1977a, 1977b) ‘has made a long term study of the sed1--
T f?eék'“ ment yker and eros1od rates of. the Red Deer Rlver watershed The

g
”.i>\ tudy has fogussed on the bad]and areas of the Tower watershed

12Marked contrasts were found in. sed1ment and runoff produc1ng charac-
: ;ﬁﬂ | ;fter1st1cs between the upper and Tower watershed The watershed

}fupstream of Red Deer con51sts ma1n]y of- m0unta1ns and foothi]]s and

7'_accounts for 70% of the area 75% of the runoff but on]y 10% of the ?*T“}fhgf?ﬁf

tiw”,.evl.a.”afvsediment y1e1d of the totaT watershed The TowEr»watershedvbetWeen~-J B
e R Ry 1
S Red: Deer and DJndToss accounts for onTy 30% of the area. and 25% of.
o " ks BT s R cugbei ke i 0t e

. the runoff but over 90% of the sed1ment yi .

\,'m ECITE gf'_-"':nﬁu;‘,ﬁf?!"‘}‘q R
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=

S . EE BT ey e N N L . 3 :
L . s . ey ‘A. T S . ——— -
LT RSP .. . - . ooty e T <. e e ST . i . ;
U T - . . SR R S oL . o - L . ’



““:

: <Unfortunate1y thereiare ao. watershed sednment yie]d,stud1es ava11ab1e

. ",' ',

Eros1on rates on. the badTand areas adJacent to the r1ver channe] '

1n the 10wer watershed are 8 217 t/km /yr and can more than account

for the ent1re sed1ment y1e]d measured at B1ndToss Large areas of

the. Tower~ watershed cannot contribute e1ther sediment or runoff to the o

Red Deer R1ver The sed1ment 1nput between B1ndloss and Red Deer -
(90% of the tota] sed1ment yield) may therefore be der1ved almost
ent1re1y from the badland areas’ (2% of the totaT area) 1 '}” P

St1ch11ng s (1973) reg1ona1 study of Canadian sed1ment y1e1d

patterns is 1n genera] agreement with prev1ous woer and cont1nenta1;,_

scale stud1es It appears to 1nd1cate a hqmogene1ty of sed1ment
product1on w1th1n A]berta yet the env1ronmenta] d1vers1ty of the

prov1nce suggests th“t there shou]d be s1gn1f1cant var1ab111ty of '

o ased1ment productlon wt¢h1n it Upon cToser exam1nat1on Stiph11ng S

N

(1973) study shows greater var1ab111ty may ex1st than is at first:

apparent The reg1ona] sed1ment y1e1d norms are estabTished TargeTy T‘

on the bas1s of - measurements from severaT maJor r1vers The few

smaTl watersheds for wh1ch data 1s ava11ab1e dev1ate from the

":'A reg1ona1 norm and sed1ment y1e1d per un1t runoff is more var1ab1e
than sed1ment y1e1d per unit area among both Targe and sma]] water-fa.
sheds. ‘Also, the sediment yield studies wh1ch have been done in ‘.”

; southern ATberta show that substantia] var1at1ons 1n sed1ment yie]d

may ex1st among s1m11ar smaTT watersheds and between phys1ograph1c

( reg1ons w1th1n Targe watersheds

PR

fram%th1s part.ofitheﬂprov1nce The_sed1ment‘studies made in th1s '

AL sy AT . e R ]

It is expected that s1m11ar divers1ty ex1sts n northern A]berta;

. ) R N ) ' v
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w?.jP'w s1tes 1n the Swan Hills and. found 1t to be corre]ated w1th prec1p1ta-

-

SN

area have been specifica]]y pr9b1em—or1ented and as such offer lwttle

1nformat1on on regional sed1ment product1on and yie1d patterns p }
\ .
Wyldman and Pol1qu1n (]973) measured so11 1oss from h1gh1y d1sturbed ‘

t1on amounts Outhet (1976) found that the channe];zat1on of the

East and West Pra1r1e Rivers’ has not s1gn1f1cant1y 1n¢reased sedimen-

tat1on rates .in the western end of Lesser S1ave Lake; '_'ﬁy .
" Th]S study a1ms to contr1bute to the understand1ng of sediment

y1er and prodUct1on patterns w1th1n A]berta It exam1nes 1n'deta11

the magn1tude and nature ofefhe sed1nent yield of a typ1ca1 small A
watershed in the upper Peace R1ver watershed, an area forQLh1ch 11tt1e,f

1nformat1on is present]y ava11ab1e MacIver (1956) made .an 1nventory,

. of the 1and and ‘water resources of the study area in order to eva]uate e

' 1ts 1and use potent1a1 Th1s study has been a- va]uab]e source of

background 1nformat1on ' S ‘_:‘- . f”f , fs: L

I



. t1me a1r from the Pac1f1c Ocean and Peiar Cont1nenta1 air from the

2. WATERSHED ENVIRONMENT .

"é.Jw Location and,hhySioéraphic Settinp« o .

o Spr1ng Creek is a r1ght pank tr1butary of S1monette R1ver 1ocated

35 km southwest of Va]]eyv1ew, A]berta (see Fig. 1). It dra1ns a

ﬁf_ watershed area of 112 7 km2 on the southern marg1n of the Peace R1ver p ; ;
"treg1on “This” 1s an extens1ve p1a1n which is mant]ed 1arge1y by g]ac1o- -

llacustr1ne depos1ts and supports pajﬁﬁand and Boreal m1xed wood - f

evecosystems (At]as of Alberta 19693 < The p%a1n is d1ssected by the .
' deep]y 1nC1sed va]1eys of the Peace R}ver and its maJor tr1butar1es

The study area 11es w1th1n the wap1t1 P1a1n sub d1v1s1on of the o T.\

A]berta H1gh Pla1ns phy51ograph1c reg1on (At]as of A]berta, ]969)

. -+

= 2.2 Cl1mate | o ’

The" Peace R1ver Reg1on has a subhum1d m1crotherma1 c11mate
f(Lonq1ey, 1967 At]as of A]berta 1969), ch in! the depen system ‘
Summers are short and coo] w1th Tess than 4 months per year hav1ng 3
mean temperatures over 10°C Mean January temperatures can fall to

. -30°C wh11e ‘mean. July temperatures can exceed 15“C (MacIver, ]966)

e

}' Reg1ona1 mean annua] prec1p1tatwon ranges approx1mate1y
‘ between 400 and 500 mm. .

MacIver (1966) assessed the c11mate of the southern Peace R1ver |
<freg1on and the fo]low1ng ts largely a summary of h1s work Other
[‘ sources are referenced where appropr1ate o |

weather patterns 1arge1y reflect the 1nteract1on of Po]ar Mar1-

: .northern 1nterior of North America Reg1ona] temperatures are most-

—

10
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j f.‘var1ab1e 1n the w1ntek«when the temperature dtt{erence between these

v . 12 ) R

/- ,:‘f"_two air masses s the\]argest In contrast precnpitat1on 1s most ”7‘é‘
‘ o .ivar1ab1e 1n‘the'sunner when , e hum1d1ty d1fference 1s ]argest ‘ ?‘:é
- ~In the w1nter, the con 1nentaT h1gh pressure sys em Covers the t'f.° ﬁgué.

.ireg1on cau51ng most storm- to pass to the south SnowtaTT wh1ch 5

:." ,.“”faccounts for abOUt 30%‘°€ the mean annua] PTGCTPTtat1on occurs wWhen ;j
L | : TPolar Mar1t1me a1r 1s %orced aloft aTong a warm front C %

Th1s frontal act1v1ty 1ncreases 1n the summer as the cont1nenta1

'éh1gh moves north Conwect1ve storms deveTop 1n the summer- as’ a SR

/
/

'Eresult of surface h at1ng Rare 1ncurs1ons of Mar1t1ne Trop1ca1 a1r

"\jcan br1ng extreme] h1gh prec1p1tat10n The net'result of these SR
T act1v1t1es is am rked drec1p1tat10n maxwmum dur1ng the summer About
,AVGO% of. the mean fnnuaT c1p1tat1on fa]ls dur1ng th1s season.

Ra1nfa11 1.ten51ty h1th1n the reg1on'1s're1at1ve1y 10w Toogood

' 1(]963) present ra1nfa11 1ntens1ty data forga'stat1on at Beaver]odge, o

\; : o about 80 km welst of the ttudy area Of 2\7 ra1n storms wh1ch were ht‘.,i]i

R -
\ "_2ffrecorded over a7 year per1od none had max1mum_one hour ra1nfa11

5€1ntens1t1es greater than 40 nthr and on1y 4% ‘had - 1ntens1t1es greater 7d}§‘f'7

.than 10 mm/hr The most 1ntense rainfa]] was assoc1ated w1th con-'
vect1ve act1v1ty and usua]]y occurred in- Ju]y
2 - The study'area 1s representat1ve of the coo]er and wetter areas

of the Peaoe R1ver Reg1on (Leggat 1979) Alberta Environment used

N e

R S




”<f“of 1ts d1stance from the Rocky Mounta1ns, the sd
_'benef1t

’r.pa ts of the Peace R1ver Reg1on/(Leggat 1979)

Ceh ver on Spr1ng Creek Watershed wou]d tend to reduce daily max1mum Lt

.”sijg;” Xﬂ Wh11e no data are ava11ab1e\pn ra1nfa11 1ntehs1ty in the study

Celo f]ow.

- add1t1ona] 1nformat1on from MacIver (1966) a1r photo 1nter f’*

':gn”temperature near the ground (Maclver, 1966) f{éa;*_f" _'- "ﬂ~; e

’ e1ther of these phenomena occur to a s1gn1f1cant degree eVen under

and f1e1d observationa

same‘as that of Peace R1ver Region S
) The cause of 1oca11y\coo1er temperatures 1s not certa1n, although

) two poss1b1e contr1but1ng factors have been 1deqt1f1ed As a resu]t |

‘. S PR

udy area may not

from mod1f1ed Pac1f1c a1r masses to the same extent as other T

The genera] forest ,.;//‘.

rea 1t 1s probably ]1tt1e d1fferent than that experienced 1n Beaver- o

o 1ts potent1a1 to cause ra1nysp]ash eros1on and generate over]and

Because the watershed 1s heav1]y forested 1t 15 un]ﬁ«e]y'that

the most 1ntense storms ’ -;'J-- T v;'e,ffiff_:h
s

’I';\\_

2 3 Geology, 50115, and Vegetat1J

c The Land Systems Map (F1g 3) of the watershed was preparedmfromf

the Land S&stems Map of the Sturgeon Lake area (Boyac1og1u, 1977) and'rf;

% .
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S 1“_H'_ ',..7"5' - T o |
The watershed is Jn\er1a1n by hor1zonta11y bedded sandstone,i

N . U

'swltstone and sha]e of. the Upper Wap1ti format1on (Ho]ecek 1967)

"bAbove th1s 1s t111 mant]ed by a var1ab1e th1ckness of stony g]ac1o*:7vf
: 1acustr1ne depos1ts Ip the centra;\and southeastern parts of the {”‘
’watershed this mant1e 1s very thin and patchy and thus these areas A
are c]assif1ed as till. MuCh of the rest of. the watershed where
' the mant]e 35 more nearly cont1nuous, is des1gnated chustro -till. _:f ,?~J
_*-Near the mouth and in the headwaters of the watershed are areas
iof a]]uv1a1-aeo11an depos1ts In part of the 1ower watershed these
_ are'remnants of former'floodp1a1ns of-the S1monette R1ver E]sewhere,'
they are channel ‘and f]oodp1a1n depos1ts of . glac1a1 me]twater and
mare recent streams A1l have been subJect to some rework1ng by
hwind' A1though on]y a 11m1ted port1on of - the watershed 1s given an .
aT]uv1a1-aeo]1an c1assif1cat1on th1n and d1scont1nuous patches of
._fw1nd =blown sands ‘and silts’ are a1so found e]sewhere ‘ |
| The “1nc1sed dra1nage channe]s" category 1nc1udes two d1st1nct]y
d1fferent geomorph1c un1ts Downstream from the Junct1on of Horse
Creek and Spr1ng Creek, 1t consists of the r1ver channe1 and severe]y
feroded val]ey s1des “There s’ no we]] deve]oped f]oodp1a1n a]ong '
‘ th1s reach Upstream from the.Junct1on,‘th1s category 1nc1udes the |
river channe14and'its.floodp1ain The valley sides a]ong th1s reach
are ré]ative1y stabie The s1gn1f1cance of th1s chapge in the

1

,character1st1cs of areas bordering the r1ver channeTs 15 d1scussed

R . T




"¥7'vaar1at1ons 1n the parent mater1ay‘ The dra1nage character1st1cs of

"J”v';dthe sonTs are strongly 1nf1uenced by*tppography as deep perco]at10n

"'”leof mo1sture 15 often 1nh4b1ted by the occurrence of f1ne gra1ned

e : . L -

'<}hfmater1a1 at. sha]]ow depths SR

Low 1ying areas are the site of marshes and muskegs whléh occupy

' 'about 25% oﬁ the watershed In areas of moderate]y poor dra1nage : ’1 N f.(k;r

meadows have developed ‘Theyvsupport a ;ﬁ-F»@ngg.-»;”oc’

a~~~'\'-‘=»= -

- The rest of the watershed has a fOrest cover dominated'by aspen
2 pop]ar Its d1vers1ty 1n dens1ty and he1ght is- 1arge1y a reflect1onff?g“gif's5;*

\.'

| '}_of past forest flres

2, 4 Hydro]ogy B
o S1x tr1butary watersheds have been defined w1th1n Spr1ng Creek o
,_Watershed (see F1g 4) and are referenced by the names of the creeks
which dra1n them Upper Spring Creek Watershed dra1ns through the
1gaug1ng station swtuated on. the north south trend1ng road A]berta |
‘.Env1ronment and Water Survey of Canada have measured the streamf]ow
of Spring Creek and f1ve of 1ts tr1butar1es from 1967 to the present.
' Data for the 1970 to 1974 per1od (Tab]e 1) are the bas1s of thep7

'fhydro]og1c parameters 11sted 1n Table 2 and much of the fo]IOW1ng _

_'7 .d1scuss1on of the spatial and tempora1 aspects of the watershed
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;A";fa runoffM Thfs 1s 1n agreement w1th the expected Tong-term behav1or ofi'i

- Ls-‘v

(1 e 196

prec1p1tat1on was 543 mm and the mean annuaT d1scharge rate was

0 3] cms

cms respe

voTumes, the 1970 to 1974 per1od cToseTy approx1mates the long-term

d1scharged 1n the sprlng months of Warch to May, and four years were"

dom1nated by sprtng runoff wh11e -one. year was dom1nated by summer

the watershed

The

7 to ]977)

N

The ca]cu]ated 10ng—term mean vaTues are 538 mm and 0. 29

The 1970 to 1974 per1od a]so prov1des a reasonabTe anaTog of

"f!I? the 10ng term watershed*behavfor

Over th1s t1me, the mean annua1~«3¥;~

ct1ve1y (HoTecek 1970) ‘ Thus in terms of 1nput and output f

A v e .‘Vg"‘”"

hydrographs (Fﬁg&HS) sh

Jmean. Dur1ng th1s per1od 70 of the mean’ annua] water y1er was

. uﬂ--— «r-:'

maJor runoff peaks, one Tn the spr1ng as$oc1ated W1th snowme]t and

‘one -in earTy summer assoofated w1th the period of max1mum prec1p1tat1on

The nature of Spr1ng runoff in any year 1s a function of the

water equ1va1ent of the snowpack at the beg1nn1ng of snowmeTt

-~ i

: N temperature cond1t1ohs, ra1nfa11, andfzhe saturatvon cond1t1on of the ) —

: eTements dur1ng sprlng runoff are gﬁven by Ho]ecek (1979) as foTTows

watershed

L

The 10ng-term mean vaTues for var1ous water ba]ance :

/

water equ1vaTent of the snowpack at the

. beg1nning of spr1ng runoff

RS, B SR R

;_.RalnfaTT dur1ng spr1ng runoff
;L“Evapotransp1rat1on dur1ng spr1ng runoff
.'”watershed storage 1ncrease ="

,;_Spr1ng runoff =

119 mm -
'_27 mm ' j
.'327mmr'.f

-

TVS]-¢m;;Q;_”,“,H



 {epeuey ,u,‘o_x&é.mp_wﬁ_:, wouy eyep)
N R
SHAVYOOUTAH ¥33D ONI¥AS .

o LGNGO S e K FLEE R

.

L@ N _...o._ SV ......n...._...

For -

- Foot

K

- A

o

o koo

B _c._ ‘

43 UL BBaeyds)g A‘Lc’bg ueau .

39°1)

(sw g70° =



25 1

The‘nature of spring runoff +n any given'year.retTects the annue1v
variation of these elements. |

' ' The mtd-eummer‘runoff.peak phiméri]y represents the interaction of
the rainfall and the saturation cond1t1on of the watershed The va]ues
of the water balance eTements have not been isolated for this event but

Holecek (1979) gives the long term mean annual values as fol1ows

1. -Precipitation = - © i538mm
¢ 20 Evapotrenspiration,f,.- 315 mm | ,
3. Storage increese = 14 m "
>v4. Ruhoff = | 82 mm

In comparing theSe annual va]uesvto the spring values, it is
appanent that runoff generation isvaEh 1esejetttcient in summer than -
in spring® The runoff effﬁciency_(i.e. ratjo;dfﬂpfecipitationﬂtofruhoff)
for the spring is 0.35 cohpared to 0.15 forvthe year as a whaole. ;This
is due primarily to increased evapotranepiration during.the summer and
soil moisture r arge~whfeh occurezin the.fall.
| During thea,£70 to 1974 period,'S? mh of the mean annual precipi-
tation was output by streamflow to give a runoff efficiency of 0.16
for the watershed as a whole The runoff efficiency ‘of the gauqed
tr1butar1es range from 0.21 for Brid]eb1t Creek ta 0.12 for Rocky Creek
*Runoff efficiency is 1nvevse1y related to the propagrtion of 1and1oqked'.
or enc1osed dra1nage agea of- the watersheds (Ho1ecek 1970). . @k
2.5 Drainage Network ’ a': P : : . f \ -

Drainage network 1nd1ces arevoiveilin Table 3 along w1th wa%ershed

oA,

Rk
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2.6 watershedxMorpho1ogy

as

form indices. Drainage'densitﬁes were cdmputed by the!“contodr o

hcfbnolatfon’vhethod The _drainage network given on the topograph1c
'“ﬂbase map “was f1rst expanded as 1nd1cated byﬂtheccontourkconffgucat1on

“ahd thén dra1nage densLties were computed for the expanded network.

e
Elsewhere, th1s method' has produced resu]ts 1n c]ose agreement with

field surveys (Morisawa, 1957) However, th1s may not be "the case

forHSpr1ng Creek Watershed. Air photo 1nterpretation revea]s that a

number of the synthetic/dra1nage 11nes are interrupted by muskegs

through which no distinct stream‘Channelpexists. Therefore the
- drainage density values should be treated as a measure of the

're1ative watershed dissection by both past and presently active

stream channels.
. Spring-Creek Watershed as a whole has a drainage density of
2'km/km2. “The values for its tributariea_range from 2.8akm/km2
in Wolverine Creek‘to 1.4 km/km2 in Upper>Sprjnngreek.v

‘When the synthesized drainage network was ordered by the Strahler
(1964)_method, Spring Creek was designated a fifth order stream. The

bifurcation ratios of the network are well within the range expected

: for watersheds. in which geologic structure is not a dom1nant influence

on drainaqe patterns.
Log jams and beaver dams which obstruct the stream channels are

water and sediment storage sites. 'Several'larger Takes_have~5een-created

;'by.beaver dams and*arefnowupermanent features of the landscape.

Spring Creek Watershed is roughly semi-circular in shape<with a

™




I3

o _

1ength;to width‘ratio of 1. 4 Its out]et is 610 m above sea 1eve1

and it has a ' relative relief of 180 m.

WA hypsometrtcmcurvemof the watershed (Fig..6) was constructed: L

by measur1ng the area enc]osed between contours drawn at 6 m intePvals.
The' hypsometr1c jntegra] of 0.63 indicates that much of the ré]ative

relief of the watérshed is concentrated in a snall area near its

'mouth. Such a 1arge'hypsometric&ihtegral impﬁies that the watershed

is in a state of geomorphit'disequi11brium (Strahler, 1952).

Figure 7 shows - the channel prof11es of Spring Creek and its
tr1butar1es There is.a d1st1nct kn1ckpo1nt on a11 the streams near
the e1evat1on of 690 m a.s.1. Another kn1ckpo1nt is seen'on the
Spr1ng Creek prof11e JUSt downstream of its junction with Horse Creek
Since no geologic COntrols are acting d1rect1y on the profile con-
f1gurat1on,'1t is 1nferred that these kn1ckpo1nts mark ep1sodes of
channel incision in response to local base level lowering by the
S1monette River. The present disequilibrium condition of the water-
shed can be attributed main]y.tovthe incision of the lower reaches of
Spring Creek channe].

. The term "geomorph1c d1sequ111br1um",‘as it is used here, does

not imply a tota] 1ack of mutua] adJustment among the various elements

of watershed hydro]ogy, sed1ment y1e1d and morpho]ogy Rather it
refers to the fact that at the sca]e of geologic time, the watershed
is presently undergoing £ rap1d readau*\nent to a change in boundary

cond1t1ons

2.7 Land Use

Env1ronmenta1 disturbances have been 11m1ted and the watershed h




*

Percentage of Watershed Relief
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FIGURE 6: HYPSOMETRIC CURVE OF SPRING CREEK WATERSHED -
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1s essent1a1]y in 2 wilderness state The forest‘cover 1s now we11
recovered from magor f1res Wh]Ch occurred prior to 1950 L1vestock

SN ‘graz1ng in th meadgwylands adjacent'te Horse and wo1vertne Creeks als

s 49«4 J'v,.v“ PR

: was discont1nued in. 1966 when the watershed was selected as a research
area At this time A]berta Environment constructed the main access '
"road through“the watershed' Prev1ous]y~ex19trng roads establlshed

by timber and 011 1nterests were - not ma1nta1ned and are now more~* .

S A s . Lk

appropr1ate]y des1gnated as tra1ls wh11e thére. is no record.of L. o T

. logging. w1th1n thenwatershed 011 ezpjorat1on 1nv01ved c]ear1ng of ‘
s1esm1c 11nes and We11 s1tes.vrThese aréas are ful]y revegetated ;'vlv.if?"fl o
< R

a]though they can 'still be recogn1zed by the re]at1ve youthfu1ness ‘V a

5
S

w L@

‘, of the1r forest cover‘ "Severa1 e}eared ?Wght o?&ways présumab1y SRS n@:

| estab11shed for. survey purposes cross the watershed They support

”_ﬁ_ L a. 1ush vegetat1on cover. In the w1nter of 1977 a p1pe11ne was .
) U 4 ﬁ,@ LT e

constructed through the watersged and crosses Spr1ng.Creek near 1ts

mouth The p1pe11ne r1ght—of-way 15 not revegetated

o e
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30 Streamf]pw Measurement

3. ’f.,SAMPL.-ING AND"ME[\SU‘BEIﬁENt.ATE_'CHNIOLU,E_S ST

. A]berta Env1ronment measured streamf1ow at the Sprtng Creek
Watershed mOuth and on'?hve,tfibutary’streamSofrom 1967. to the pcesent

':e Rl o arc_,,

River stage was - recorded over most of - the open water per1od and then

L~

awconverted to streamf]ow rates by the use of stage~d1scharge re]ation-'

,;sh1ps It shou]d ‘be: notedmthat streamflew measurements were taken at |

’._the mouth of. Horse: and wo1ver1ne Creeks but on Rocky and Brwd]ebwt

i @5

Creeks., the gaug1ng stat1ons were s1tuated some distance upstream of .

L

the Junct1on w1th Spr1ng Creek (see F1g 4) ';pf’ Jf .

'.v3 2 Samp]1ng S1tes

'”'“A1berta Envnronment ‘took aper1od1c sed1ment and solute samples '

.‘1mmed1ate1y downstream of each. streamf]ow gaugfng station Onb ':

Br1d1eb1t Rocky, and Upper Spr1ng Creek, samples were obta1ned down-

stream of “V“ notch we1rs These structures act as sed1ment traps o

'and therefbre, samples taken downstream of them wou]d not usua11y

' prov1de a reliable measure of sed1ment output from the watershed area

'upstream However, th1s is not true 1n the study watersheds

A”Z__cThe we1rs are 1ocated in streams wh1ch support a success1on of
beaver dams Often, one beaver dammed pond merges 1nto the next w1th

o cenneot1ng channe1 and tang]ed masses of brush and 1ogs choke the

channe]s 1n those few pfaces where beaver‘dams do not In every case,
. ‘._ S

a. 1arge lake 1s 1ocated a short distance Upstream of the we1rs

'Therefore, “the- we1rs can be cons1dered as’ art1f1c1a1 features which

affect_the water and,sediment'flow:very much as the natura];features'
o , - : , Lo

il

¢ . & -




-j‘the stream us1ng a DH-48 depth 1ntegrat1ng samp]er At very 1ow

, f77ﬂf1ows samp]e bottles were s1mply d1pped in the streams and at very

Lo 32
B S R IR UL RPN J P R e e e 2

| of:the eh555é1'do In fact two of ‘the we1rs have ‘been adopted by
beavers whfch make their. presence known by a cont1nu1ng effort to dam..
the weir notch. .- On. Horse wolver1ne and Spring- Creek the structura]

| contro]s do- not dam streamf]ow and thus havé o sed1ment trapp1ng‘- },'

VI .
-

The ma1n access road crosses }11 of the trwbutary streams near N
the streamflow gaug1ng and samp11ng s1tes At the Spring Creek sta-
t1on, the cumulat1ve 1nput of sediment from the main road 1s measured
'}_.On all of the tributar1es except wolver1ne and - Rocky Creek, samp]es

ﬂ'are taken 1nned1ate1y downstream of the points where the ma1n road
f crosses the streams On Rocky Creek the samp1es are taken upstream
“fzkof the - road cross1ng and on wolver1ne Creek they are taken approx1-

;'mately 1 5 km downstream of the road cross1ng

.; “

3.37*Samp1ing Procedure |
. In genera1, samples were taken on a da11y bas1s dur1ng peak f]ow
‘.'events and otherw1se taken once every week or two This prov1ded an,
_>aVerage of 23 samp]es per year for Spring Creek over the period ]967 .
“to 1976 ~A s11ght1y Tower frequency of samp]es is ava11ab1e fo;/the
3tr1butary streams ' ,f L . ‘ . oy

Samples were usua]]y taken.'in a s1ng]e vert1ca] at the centre of

‘?‘hfgh flows a DH 59 cableway sample was used to- sample Spring Creek . :' Ty

ﬂ*»'3 4. Sample Ana]ys1s

. The samp1e5wwere}aha1§iéd by7tﬁe*procedure*given.by Guy;(1969),a g =




3.6 1977 Sediment Measurements

""""""""""

- which 1nvo1ved determ1nat1on of the samp]e vo]ume and subsequent
uf11trat1on to extract the suspended sed1ments The sed1ment was then
'oven-dr1ed and its we1ght measured The sed1ment concentrat1on Was

5computed and expressed 1n mg/] *In add1t1on ‘an a11quot of the

f11trate was evaporated The we1ght of the residue per- a11quot

'volume gave the so]ute concentrat1on This was also expressed in

3. 5 Sed1ment D1scharge Computat1ons

T »

e water Survey*of Canada (1976) used the sed1ment concentratton .

data in conjunction w1th the streamf]ow records to compute sed1ment

'~dlscharge “No- such operat1on was done w1th the so]ute data Sed1—~;

ment d1scharge computat1ons essent1a1]y fol]owed the method given

/ Aby Porterf1e1d (1973). A ‘mean da11y sediment concentrat1on va]ue for f

IR

3"samp1e days was determ1neb by consnderation of the measured sediment

concentrat1on and ‘the hydrograph shape for that day Mean daily

concentrat1on values for the intervening period were then ~derived by

f‘1nterpolat1on and adJusted fon streamf]ow characteristics.

h

o

Dur1ng summer . of 1977, ahmore detailed samp11ng program was

\

\
conducted by th1s researcher Samp]es were taken on a once or more

less frequent]y during 10w f]ows

: A tota1 of 750 samp]es were obtained for an average of 27 samp]qs

per stat1on per month The prev1ously estab]ished samp11ng s1tes\

4were used on-all of the tr1butary streams The construction of a

pipeline corr1dor.across Spr]ng.Creg near its mouth necessitated a

\

¢



re-estab11shment of the ma1n sampling sites: = Samb]es'wéré’téken

‘ 1mmed1ate1y upstream and downstream of the p1pe11ne r1ght-of5hay

Y e

(see Fig. 5 for 1ocation)

Samp]1ng and analysis procedures fo]lowed those prev1ous]y

= estab11shed by A]berta Environment. So1ute concentrat1ons were, .

"however, not determined.. - o ' |



| 4,, _TEMPORAL ASPECTS

:4;] Mean Annual Sed1ment Y1e1d '
Between 1970 and ]974 the annual: sed1ment y1e1d of Spr1ng Creek

: watershed ranged from 329 tonnes to 10, 244 tonnes and . averaged 3484 |

tonnes. The annual sed1ment concentration varied between 69 mg/1

. and. 606"mg/1 with a mean of 356 mg/1 (see Table 1 for annua] dgta)

' Annua] water yield and annua] sediment concentrat1on over this.

per1od are hlghly corre]ated (r = 98) A regress1on 11ne f1tted to B

" this data pred1cts that for a year with.a mearn’ streamf]ow rate of

'

0 29 cms (i.e. the long term mean . rate ca]cu]ated for Sprlng Creek)
-the sed1ment concentrat1on w111 be 254 mg/] As there are’ ‘few data
in the ana]ys1s, a h1gh standard error of pred1ct1on 1s assoc1ated
: fw1th the regress1on The praduct of the water y1e1d and sediment
concentrat1on for the "mean" year gives the mean annual . sed1ment ,
yield to be 2326 t/yr __878 tonnes, or in area] terms,e21bt/km /yr +
8 tonnes. - S L R

An a]ternate est1mate of the mean annua] sed1ment yield was made

by the sediment rat1ng - f]ow durat1on curve method- (Miller, 1951;
- P1est 1964) A sed1ment rating curve re1at1ng instantaneous sedi-
| ment concentration to 1nstantaneous streamflow rates was developed
(see Chapter 7) This was applied to a mean da11y flow duration -
curve (F1g 8 from ‘Holecek, 1970) stich that the sediment 1oad for
small 1ncrements of the. -duration curve were computed .and then summed

to obta1n a mean annual sediment yie]d estimate of 1594 t/yr Wh11e

it 1s not poss1b1e to p]ace rea11st1c conf1dence 11mits on th1s‘)

38
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Aest1mate, 1t ‘has been shown (Wa111ng, 1971, 1n Gregory and Wa111ng,
1973) that 1n sma]]gwatersheds, the use of an 1nstantaneous rat1ng
curve w1th mean da1]y dfreamf1ow data w111 underest1mate the sed1ment ;

.} y1e]d and that th1s underest1mate may be as great at 50%.- _ ﬁ‘.,,

| ':4 Th1s is 11ke1y due to the fact that mean da11y streamflow values -\
:zfall to account for the peak flows wh1Ch produce the h1ghest sediment
'conciftrat1ons. For Spr1ng Creek ‘the sediment concentratwon va]ues '
'generated in the sed1ment rat1ng - f1ow durat1on curve ca]cu]ations

“range from 271 mg/] to 12 mg/7, yet the range which has been measured

and is shown 1n the rat1ng curve is 2306 mg/] to 4 mg/] ACCepting

that th1s method has underest1mated the mean annua] sed1ment yield '
‘hand that the underest1mate may be as h1gh as: 50% the true va]ue

‘ " shou]d 'he between 1594 t/yr and 3188 t/yr These vaTues are in o “
'dvagreement w1th those est1mated preV1ously T

N S1gn1f1cant re]ationsh1ps do not ex1st between the: annua] water

and sed1ment yields of the tr1butar1es, and- their sed1ment rat1ng )

curves are e1ther 1ns1gn1f1cant or have very poor predictive ab111t1es

. Therefbre, est1mat1on of their mean annua] sed1ment y1e1ds by the

'_.methods app11ed to the Spr1ng Creek data was 1mpossib1e The mean :
'annua] sed1ment y1e1d of the tr1butaries OVer the 1970 to 1974 per1od

s g1ven in Tab]e I
4. 2 Mean Annua1 So]ute Yie]d | . 5‘ S f;", o
_ The sediment rat1ng - f1ow durat1on curve. method s better su1ted
'~to the calcu1at10n of . so]ute yie]d ‘than’ sed1ment yie]d, at 1east 1n’

- th1s 1nstance Rating curves (see Chapter 7) show that solute

A’ D [ o . : - ¥ . ‘ ‘ P . / ' . "
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concentrations are negative]y correlated Qithvdischarge'and varynoniy
Sstightly at higher fiost.iThereere the volume of water yieldvié
more important than its~f10w disfrihUtion in determiningésoiute yield.
The Spring Creek solute rating curve covers a range of. concentrations
from 333~ mg/1 to 110 mg/1 whiie the soiute rating - flow duration
curve calculations emplioy a range of 322 mg/1 to 138 mg/], For'the
above_reasons, the mean annuai solute yield eetimate of‘}484 tonnes
obtained by this method is considéred reliable. This gives a mean
.soiute conoentration~of 162 mg/1. Aaguming a mean annual sedimentv

yield of 2326 tonnes, the ratio of sediment yield to solute yield is
1.6:1. |

4.3 -Seasona] Patterns |

Mean monthly water and sediment discharge of*Spring Creek for
the 1970 tol1974 period are given in Table 5. Figure 9 iiiustrate57
this data in the form of a sedi-hydrogram which 'is constructed by -.
plotting mean monthly sediment yieid.per unit‘area agLinst mean
month]y water yield per unit'area and then joining the‘points
sequentially. On]y the four months of April to July are'plotted but
‘these account for 99% of the mean annual sediment yieid '\

Apr11 provides. 68% of the annuai sediment yieid but on]y 49% of

the water yield. In contrast May contributes only 8% of the~sediment

| yield but 22% of the water yield. This can be explainec oy the
difference in runoff characteristics betWeen the two months. -The o

'rising Timb and the peak of the spring runoff hydrograph usuai]y

occur during April Therefore much of the runoff in this month is -

- B )
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d1scharged under peak f1ow conditions which generate the h1ghest
sed1nent_concentrat1ons Most of the May runoff can'be considered |
partlof the“reCessionf1imb of the spring hydrograph and is character- .
ized by sustalned moderate f]ows with a- 1arge baseflow component It
_iproduces a substant1a1 vo]ume of runoff but only generates 1nter—
_~jmed1ate sed1ment concentrations '
| During June and Ju]y,'runoff is usua11y 1ess and is marked.by a
number of minor'peaks Both months show a ba]ance between rising
‘and»fa11ing flows. As a resu]t, sediment d1scharge occurs 1n rough]y
,the same proport1on as water d1scharge , g
The sedi- hydrogram shows ‘that the month]y pattern of sediment ‘
and water d1scharge is. the same for the tr1butar1es as it is for
.Spr1ng Creek. This is expected s1nce they share a simi]ar runoff
~pattern and exper1ence the1r h1ghest sediment concentrations dur1ng
“the peak f]ows of spr1ng |
Spr1ng runoff is even more 1mportant in sed1ment production than

in runoff production Apr11 and May (1970-1974) account for 71% of

'j]i the ‘mean annual water yield and 76% of the mean annual sediment yteid.-

‘ 4 4 Time D1str1but1on': | .

| Most of the sed1ment discharge of the watershed: occurs in a very
short per1od of time each year. (see Table 6) Between 1970 and 1974, )
the sed1ment d1scharge of an average of- four days per year (1 e. 1%: of
- the t1me) accounted for 50% of the annua] sed1ment d1scharge " As we11
90% of the annua] sediment yield cou]d be accounted for by the sediment

d1scharge of an average of 18 days per year (1 e. 5% of the t1me)
. (\; } '
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In contrast the so]ute discharge 15 much more everﬂy d1stmbuted |
over time.» The so]ute rating - f'low duratwn ‘curve: ca\culat*lons ShOW"I .

:'_ that over 75. days per _year' (1 e 25% of the tTme) are requ1red to |
account for- 90% of the so‘lute y1e1d CIE : o o o
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| 5. SPATIAL ASPECTS -

5.1 Spatial ‘Variation in Sediment Yield

| An attempt was made to'explain'the variation in sediment yield
~among the tr1butary watersheds on ‘the basis of severa] phys1ca1 factors
Sed1ment y1e1d per un1t area was reTated to runoff eff1c1ency, dra1nage
‘ dens1ty, watershed rel1ef, and watershed area No s1gn1f1cant correTa-
,.t10ns were found. An exam1nat1on of the Land Systems Map (F1g 3)
4 1nd1cates that ne1ther surficial . geoTogy or forest cover ‘can explain
the var1at10n in sed1ment yle]d among the tr1butary watersheds |
| It was prev1ous]y noted that Spring Creek Watershed is 1n a.

: state of geomorph1c d1sequ111br1um The kn1ckpo1nt on, Spr1ng Greek.

: _near its mouth marks the most recent response of the watershed to a-

-reduct1on in 1ts base Tevel | The stream channe] downstream of th1s
' 1kn1ckpo1nt is steep (9 m/km) and 1s inc1sed 1n a. deep, narrow va]]ey

2wh1ch lacks a f100dp1a1n The/valley sfdes are steep, convex and

despite forest cover, are subaect to. mass1ve and extens1ve slumptggzk‘ _'

_ Upstream from the kn1ckpoint Spring Creek has a gentler s]ope (3.5

m/km), a broader va]]ey, and meanders largely w1th1n its own flood-

plain, “*--”ﬁb,'faffﬁ:"" .j*;fﬂgfi"' | | | b
» The kn1ckpo1nts on the tributar1es mark ‘the watershed response

to an o]der“drop 1n its base 1eve1 A distinct d1fference sim11ar

-~ to that on Spr1ng Creek is apparent between the stream vaTTey charac-

| teristics upstream and downstream of these knickpoints However the

-llvalleys downstream of thexknickpoints on the tr1butar1es appear to -

be less unstab]e than the comparab]e reach of Spr1ng Creek They‘

-
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are not as deep and narrow, and slumping does not occur on the same -
mass1Ve sca]e |
The kn1ckp01nts on Spr1ng Creek and 1ts tr1butar1es subd1v1de

the watershed 1nto\zones of vary1ng stab111ty or intensity of geo-.

'v'morph1c act1v1ty It 1s in the context of thws zonat1on that the

var1at1on in sed1ment product1v1ty within the watershed can be

exp1a1ned.

5. 2 Bridlebit Creek and Upper Spr1ng Creek

Br1d1eb1t Creek and Upper Spr1ng Creek are gauged upstream of
their reSpect1ve kn1ckpo1nts ) Both watersheds produce s1m11ar1y 1ow
.'amounts of suspended sediment Br1d1eb1t Creek y1e1ds 1.3 m-/yr
“and Upper Spr1ng Creek y1e1ds 1.6 t/kmz/yr It is probabsggghat'not
;-aIT of the1r sed1ment output is the product of erosion.. |

0rgan1c mater1a1 was observed to be carr1ed 1n suspension in the:
streamf1ow Some of th1s mater1a1 is the organ1c component of soils
which have been eroded but most 1s 11ke1y the product of b1o]og1c i
act1v1ty w1th1n the 1akes and streams " The - warm, sha]low, nutr1ent-
1‘;r1ch 1akes support a]ga] and other aquat1c growth 1n the ‘summer
;'months and some of th1s mater1a1 is. carr1ed in suspension in the 1ake‘ -
outflow. _ - . | . |

As sample ana]ysis'involved drying the fi1tered suSpehded'soifds
at a temperature 1nsuff1c1ent to 1gn1te ‘the organic mater1a1 (1 e. - T
':110°C) this mater1a1 was measured as sed1ment Therefore the
sed1ment y1e1ds of these watersheds, Tow as: they are, do not represent

the products of eros1on only, but rather the cumu1at1ve effects of1




‘tions to be- negat1ve1y corr'

e

S = AU
erogion and biologic act1v1ty

N : .
For these watersheds, there 1s a tendency for sed1ment concentra-

Th1s pattern 1s most marked‘N1!mpe‘3§$r1ng Creek dur1ng the SUmmer._:f,4

Biologic sed1ment product1on probah?& OCEUPS ag a re1at1ve1y*coﬁstaht

rate in the lakes dur1ng the summer and as discharge increases sed1~

ment concentrat1on is reduced by a d11ut1on effect .

The fact that the sed1ment output’ of these watershegs is very .
Tow does not necessar11y 1mp1y that erosion’ rates everywhere w1th1n=

them_are low. There may be small areas of 1ntense erosion in their

more rugged . headwater reg1ons However the products of th1s eros1on

never reach the watershed outlet, at’ 1east not in terms of the time

scale with'which human activity is concerned. The mUSkegs and beaver

. dammed ponds a]ong the stream channels act as f11ters of variable

- eff1c1ency wh1ch allow the throughfﬂow of water but b1ock the passage

. ﬁgof most sed1ment 7 e

a
y

' ~ Sediment measurements on Br1d1eb1t and Upper Spring Creeks are
made’ downstream of roaﬂ cross1ngs There-1s very 11tt1e relief in

the v1c1n1ty of the Upper Spr1ng Creek gauging stat1on and it is.

: un]1ke1y that substantjal amounts of surface runoff or sediment are

derived from the road. Yet the sediment7concentration at this site
is near1y the same as that measured on Br1d1eb1t Creek where re11ef

in the vicinity of the gaugAng stat1on is much greater This 1mp11es

' _that the stable and-we11-des1gned road crossings on these creeks

e contribute relativelyllittle sediment to the streams.

| 4

<
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5.3 Horse, 'wo1verine;dand Rocky‘Creeks

Horse, wo1ver1ne and Rocky Creeks are gauged downstream of ‘their

'respect1ve knickpoints The watershed areas upstream of the kn1ckpoints
~on Horse ﬂho]ver1ne and Rocky Creeks have’ env1ronmenta1 characterist1cs
similar to those of the gauged areas of Bridlebit and Upper Spring Creeks

‘Most especially, they have 1n common-the presence of "fi}ters"<1n their

streams which #nhibit sediment'movement Therefore it is expetted that

oa11 ‘these areas w111 have similarly Tow sediment yields.

A number of samp]es were taken on wo1ver1ne Creek during 1977 at
the channel knickpoint (see Rigure 4 for location). In every case,
‘ [y

the sediment concentrations of the samples were comparable to those taken

concurrent]y.on Brid1eb1t and Upper Spring Creeks. It follows that'the

¥ sediment y1e1d of the watershed area upstreaa;of the knickpoint on )

No]verfne Creek must be of the same order as that measured for Br1d1eb1t
and Upper -Spring Creeks |

The sediment yield per unit area and the mean sediment concentration

f'vaTues measured at the mouths of Horse ‘and wo1ver1ne Creeks are much f

greater than those expected at their knickpo1nts Therefore the~sedimént

y1e1d downstream of the knickpo1nts must be higher than that upstream of

' them

Horse and wolverine Creeks d1ffer in their sediment dynamics 'The

© mean sed1ment concentration and yield per unit area of Wleerine Creek

1s six times that of Horse Creek. The- app11cat10n of both the sediment

" ‘rating curve and the sediment yield per unit area values for Horse

Creek to Wolverine Creek predict a mean sediment yie]d of 25 t/yr in
contrast with its measured sediment y1e1d of 151 t/yr Obviously the
differencekin sediment yjeld is not exp]ained by the difference in water



yie1d or watershed area It then follows that Horse Creek is o ) ',&'
o an anoma]ous]y 1ow sed1ment producer, or that Wo1ver1ne Creek is

,;f*anoma1ously h1gh or both ) '

‘ It appears that Horse Creek more closely represents the norm.

In Rocky Creék watershed where sediment output is measured m1dway

between the kn1ckpo1nt and the watershed outlet, the mean sed1ment

concentrat1on is 22 mg/] A]so, when the large enc]osed dralnage

area in 1ts northern port1on s exc]uded from ana]ys1s, Rocky Creek ¢

has a measured sediment product1on of 1.9 t/km /yr. Thesevvalues'

arehmuch closer to those of Horse Creek than to"those'Of‘wolverine

Creek (see Table 4). . | N
The sed1-hydrogram (Fig. 9) also 111ustrates the d1fference

between the sediment dynam1cs of WolverPhe Creek and the other tr1butar- -

fes. The line representing w01ver1ne Creek shows that it produces much

i

7

N

more sediment: per.unit runoff anag unit area than.thesother.tributaries.

®

There are several features of Wolverine Creek Watershed which -

could account for its'hfgh sediment production The lower port1on of

/

WO]verine Creek Watershed was used for 11vestock grazing for a number

of years ‘following a forest fire and this 1nh1b1ted the regrowth of
196671

Va]]ey s1de stability was thereby reduced and extens1ve s]ump1ng

w1llows and other shrubs along the stream channel (MacIv'r

fol]owed _ Maclver (1966) also shows that catt]e trails 1ead1ng down
to Wo1ver1ne Creek suffered severe erosion and developed 1nto gullies.
5~Wh11e gra21ng was discont1nued in. 1966 1ts impact was no doubt felt
v?'for a number of years thereafter |

No\ver1ne Creek watershed ‘contains approximate]y f1ve t1mes the T

B o St I SV SR




length oﬁ road that is present 1n ‘Horse Creek watershed The road‘
crosses/WOlver1ne Creek at two s1tes The cross1ng c]osest to the
watersh%d mouth is quite unstab]e During the summer of 1977 the‘.
br1dge/approach at th1s cross1ng was. twice ]ost by mass movement and
in eacr case about 5 m3 of mater1a1 was transported 1nto the stream
channel. A veh1c1e approach”to the'stream-channe] ex1st5'at the |
~ stream oW gauging site and, 'between’the'mainCroad crossino and the
gaugingfstation the road is crossed by severa] culverg; -The road
‘and the cu]verts,channe11ze the runoff from meadow 1ands to the west
of No]vér1ne Creek, whjch prev1ou51y moved toward the stream v;a
- numerous smaTTer\channels:and‘subSUrface"drainage.
In 1971 a SmaT%-area (6:ha)-in the.lower-portion of wd{verine :
‘ Creek Watershed was c]eared of 1ts natural vegetatnon cover and
fconverted to pasture as part of an exper1menta1 progect (Ho]ecek and"
Noujaim, 1971). This reduced the durat1on and 1ncreased the volume*
of spr1ng runoff from this area. : S - | .’/ -
It is 1np0551b1e to precisely quant1fy the effect of land: usq§on
the sediment y1e1d of WOlver1ne Creek but - env1ronmenta1 distupbances
in the lower port1on of its watershed. a zoné of geomorphic disequili-
. brium, have been greater than e]sewhere and have produce a substant1a1

increase in sed1ment yie]d - There: are no major diffeif'

natura] env1ronmenta1 character of the’ ]ower port1on of Horse and

wolverine Creek Watersheds and therefore 1t 15 reasOnabIe to assume

>

,1gher sediment productivity of wolverine Creek is 1arge1y due

~ that the

to lapuse impacts. .

ces between the

B0
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‘ 5 . Spat1a1 Sed1ment Budget SRNEI e :
| The measured contribut1on of each gauged tr1butary and the un—
gauged tr1butary area{to the tota] water y1e1d, sediment y1e]d, and _
' area of Spr1ng Creek Watershed 1s g1ven in Tab]e 7 Th1s 15 a. spat1a1
sediment and water budget It shows that 92 2% of the Spr1ng Creek

sediment y1e1d 1s derived’from the ungauged tributary portion of the

. watershed 23.9% of its tota] area. F1gure10 1]1ustrates the d1s-

crepancy between the sed1ment yie]d of the tr1butar1es and that of~‘_:v}"d.w
the. watershed as a who1e and the d1screpancy between the water and_fua»
sediment x;e]d of the ungauged tr1butary area. In order to ref1ne

the sed1ment budget the ungauged port1on of the watershed was sub-
;d1v1ded on geomorphic grounds and the sed1ment y1e1d of these sub- ;
d1v1sions was est1mated on the bas1s of the measurements made in gauged
-port1on of the watershed ‘«y; . T

. F1rst mean water y1e1dsfof»the ungauged port1ons of Rocky and

Br1d1eb1t Creeks were est1matedaby d1v1d1ng the water y1e1ds measured f,dic

- : at their gaug1ng statvoﬁiﬁby the effect1ve runoff generat1ng areas,
PN ib

(1 e. the watershedﬁ%ﬁéaiﬁtopographical]y connected to the stream

= channe]s) g1ven by ﬁbﬂecek (1970) and then agp%ylng this rate to’ the.

area of the ungauged port1on of the watersheds - -": '*' o f\\\
The Horse Creek sed1ment rating curve indicates a sedJment yleld

of 48 t/yr at the mouth of Rocky Creek and 99 t/yr at the mouth of 5v S

iBr1d1eb1t Creek App]ying the sediment yie]d per unit area of Horse fiﬁi~z'k :

fCreek to- the dra1nage areas of Rocky and BridTebit Creeks upstream of

their Junct1on with Spr1ng‘Crefk predicts y1e1d of 50 t/yr and. 55

t/yr respect1ve1y
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The mean‘sediment concentration_measured'at,the Rocky greek
gauging station is 22 mg/1. 'This_measurement is tahen about one km'_
downstrean of the}hnickpoint.‘ Leopold;, Wolman, and Mii1er,(1964)-
show.that e]seWhere!sediment 1oad fncreases downstreamias the 0.8 to
1.3 power of dischardet“?dn other words’, sediment conoentration changed

very little in the downstream direction even though discharge inoreased

substantially. Of course this would only hold true where environmental

;.

conditions did not change drastically in the downstream d1rect10n

Since this is' the case for Rocky Creek downstream from 1ts gaug1ng

stat1on, the mean sediment concentrat1on at the watershed mouth shou]d;

be little different from that measured at the samp11ng site.

Between 1970. and 1974, the measured mean annual sed1ment concen-
~ trations of Rocky Creek was not s1gn1ficant1y correlated w1th 1ts
annua] water yield, and on]y ranged between 18 mg and 25 mg/] (1 e.
‘range is approx1mate1y 15% of the mean) while the annua] water yield
ranged from 703,000 m (i e. range is approximate]y 45% of the nean).
Also, sed1ment concentration 1svon1y’very-weak1y or insignificantly
re]ated—to water dischargeain this watershed (see Chapter,7)._ Sedd -
ment doncentration, then, changes 1itt1e despitellarge f?uctuations‘
-in-annua]vwater'yie]d and is poorly correlated-with streamflow rates.
3 This is also true of Bridlebit Creek. Therefore the difference

in the mean annual water yield of these streams should not of itself ~

produce a substantial differenoefin'theirvmean sediment concentrations.,

Since BridTebit'and Rocky Creeks share virtuaT1y identica]*environ-

mental conditions along their 1ower reaches, they are expected to have

- nearly the same mean sediment concentrat1ons at their mouths

~
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: In order to est1mate the4sed1ment yie]d at the mouth of Rocky and
uBrid]ebit Creeks, two assumptions were made. F1rst, it was assumed that
the mean sediment concentration at the mouth of Rocky Creek was the same
as that measured at‘1ts gauging statfon (i.e. 22 mg/1). Secondly, the
mean sediment concentration at the mouth of Brid]ebit Creek was*assumed
to be the same as that of Rocky Creek |
" The product of the mean sediment concentration and ‘the estimated
water .yield at the mouth of ‘each watershed gave a mean(annual sediment
y1e1d of 52 t/yr for Br1d1ebit Creek and 31 t/yr for Rocky Creek. These
va]ues are slightly less than thOSe ca]cu]ated previous1y by app1y1ng the
re1at1onsh1ps fromvHorse Creek. The heavy forest cover and numerous
beaver{dams present in theflower'watersheds 6% Rocky andﬁsrid1ebit Creeks
but absent from that of Horse Creek are expected tO'th?bit sediment
production Therefore estimates ca1cu1ated using the measured sediment
”concentration of Rocky Creek are consjdered mote correct
\IE/ sed1ment yield from the ungauged port1on of Bridlebit Creek is
27 t/yr or 22 t/kmz/yr. This is the difference between the measured sedi-
ment y1e1d of the gauged area and estimated sediment y1e1d of tota1 water-
| shed and corresponds to the: sediment contribution of the watershed area
,downstream -of the knickpo1nt. In contrast the area upstream of the
knickpoint only yields 1.3 t/kn/yr. '
Assuming the sediment concentration of the outflow from the upper
| ~portion of Rocky Creek Watershed is the same as that of Br1d1eb1t Creek
| the_sediment y1e1d‘of this area°is 8 t/yr. Thereﬁore the sed1ment y1e1d
from,the 1ower portjon of‘Rocky'Creek‘Natershedtis 23 t/yr or 12 t/km /yr.
The,yater yt@]d-of‘W111ow Creek, the Targest‘ungauged tr1butary,‘

".«'ﬁﬁ)‘.;‘v‘;,-‘ﬁ}f‘, W-ﬁ‘-&‘” e s Sl St . ; .
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. was estimated by using the runoff per unit area figure for Upper Sprino
Creek. Since Ni]]ow Creek 1s simiTar in most respects to Rocky: Creek
it is expected to have about thevsame mean sediment concentrat1on The
‘product of estimated water y1e1d and sed1ment concentration of w111ow‘
Creek gave a sed1ment yield of 11 t/yr. ‘ v
Just as the tributary watersheds are d1v1ded 1nto two- distinct units
by a knickpo1nt, so is the 1nterbas1n area (i.e. the ungauged’ tr1butary
area less the area of Willow Creek Watershed ‘and the Tower portions of
kRocky Creek ‘and Bridlehit. Creek watersheds) " The ent1re 1nterbas1n area
has a mean annual water y1e1d of 829,000 m3 (i.e. differehée between sum
of estimates for tributaries and tota] measured for -Spring Freek Assuming
| “that the 1nterbas1n area upstream of the major knickpoint on Spring Creek
(1 e. the upper 1nterbas1n area) has a water y1e1d of 825,000 m3 with a
mean sediment concentration equivalent to that of Rocky Creek, it wou]d
‘have a sed1ment yield of 18 t/yr.
Recalcu]at1ng the sediment budget. (Tab1e 8), all of the Spring Creek
watershed upstream of the major knickpoint on Spr1ng Creek channel has
a sediment yield of only 332 t/yr. The'area downstream of th1s,kn1ck-
point (i.e. the lower interbasin area) has a sediment yield of 3152 t/yr (
which must be derived aimost entirely from the channel and the valley

sides, an area of approximately 1.5 km?.

5.5. Sediment Sources )
Data from. the revised spatial sediment budget (Tab]e 8), was used

to construct the Sediment cOntribut1ng Zones Map (Fig 11). This map

shows the contribution of sediment by tributary areas to that measured

- at the watershed mouth it does not show erosion intensity, It
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"\fﬁﬁdpges'in base Tlevel.

'_ The channeT “in this zone is 1in disequiiibrium, 1t is readJusting to

60

111ustrates the net sediment output remaining after the. various sedi-'
ment filters have acted on the products of erosion !

The maJority of the watershed contributes Tlittle or nothing to
the total sediment output. In fact a. part of the measured sediment

output from the upper watershed is not- derived through erosion but

rather through biologic activity in streams and lakes.

‘ The intermediate zone ~containing the lower portions of the
tributary watersheds, contributes sediment at a higher rate The -
1ower portions of the tributary watersheds and the area 1mmediate1y
downstream of the Upper Spring Creek gauging station are in disequili-

brium, that is, the stream channels are still adjusting to past
s )

i \The lower portion~of'woiuerine Creek is ciassified,separatelw‘
due to its high Sediment‘production, If it were not for the tand
use impacts in this area, sediment production would-probably be of: -
the same order as that obser!ed in the other tributaries

The Spring Creek valley downstream of the Horse Creek Junction

provides over 90% of the total sediment output of the watershed

past changes in the eievation of the Simonette River channel. The =%

sediment product1v1ty of this area is further erhanced by the fact

that the channel is partly inc1sed through older f1uvia1 deposits,

namely terraces of the Simonette River,_ W

5.6 Factors Contro]ling the Spatia] Pattern
In the deve]opment of the spatia1 sediment budget and the

Sediment Contributing Zones Map (Fig. 11), threefdominantvfactors}have
. N : -‘ ; .. b



61

”been_identified as controlling the pattérn of sediment production.

First, the anoma]ously high_sediment yie1d_of Wolverine Creek
is attributed Targely to land use fmpacts; Relatfve]y_minor and _
spa£{a11y Timited éhvirdnmental disturbances which produced instabil-
ity along the stream channel have probably taused a substantial »

increase in the watershed sediment output P o T e

. Second, the beaver- dams. protect the stream channels and red';

the.sedjment delivery ratios of the watershed | ct1ng as sed1mentli

traps. They atso limit c erosion and sediment production down-

serving as water sturage sites and therebysreduding peak -

f1ows

Third sediment sources are most especially defined by the water- ;v_
shed morpho1ogy Changes in base level have caused the channels to . ‘4H §
readaust by - removing vast quantities of. mater1a1 1n order tq maintain
accordance with the new.base level. The zones of h1ghest sediment:;s’

production are coingidentfwith the'diSequ111br1um knickpqints.

/
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6. IMPACT OF THE PIPELINE'RIGHT-OthAY

During the winter of 1977 a pipeline onstructed across

Soring Creek near the ed mouth (see Fig 4 for location). 4
of the pipeline righteof-way and its sediment contribu-
tion to Spr1ng Creek were monitored between April 9th and 11th and i‘

between May 5th and August 24th of 1977.

6.1 Site Character1st1cs

The pipeline right- of-way is 30 m wide and follows the fa]] 11ne
of the slope. It was cleared of vegetat1on over its full W1dth in -
order to’ facilitate the movement of constructwon equ1pment

In an attempt to protect the right-of-way surface from erosion,
it was' covered with the forest debris obtained-from the clearing
operation To divert runoff away from the slope, a berm was con-
structed across the r1ght-of—way at the crest of the south va]]ey
s1de and a tractor trail runn1ng d1agona11y across the right-of-way

L

The pipeline cross1ng 1s located shortly down%tream of the

was - left on the north valley s1de

kn1ckpo1nt on Spr1ng Creek channel. The valley sides ‘in th1s area
have overall slope angles o£420° £0.25°. The s]opes are convex and ‘~"
become steeper near ‘the stream Extens1ve va]ley s1de's1ump1ng

.‘occurs upstream and downstream of ‘the right-of—way ‘despite a dense

spruce and pop]ar growth ‘

6.2 'Sediment Yield

Between May 5th and August.24th of 1977, Spring Creek Watershed
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upstream of the r1ght—of—way yie]ded TO 652 X 103 m~ of runoff with
*a mean sediment concentratwon of 428 mg/] Th1s is a sed1ment yie]d
;hof 4559 tonnes ImmediateTy downstream of the r1ght of-way,vthe mean
sed1ment concentrat1on was 583 mg/T and the sed1ment yTer was 6209
-“tonnes The difference of 1605 tonnes is the sediment y1e1d of the

- p1pe11ne right-of-way. Th1s is a 36% 1ncrease of the sediment yield
of the watershed, | |

S - s
The total amount. of" materia] eroded from the r1ght-of-way was

: ,greater than- 1605 tonnes. OnTy th Sed1ment which was d1scharged in .‘,ﬁ

suspens1on was measured and not mater1a1 whwch was transported by

i tract1on along the stream bed

The sed1ment yield of the r1ght— f-way must have been der1ved
frdm the area between the berm on the. south va]]ey side and the ma1n
road crossing on the north s1de since these features b]ocked any :
'sed1ment input from ups]ope This is a sed1ment contr1but1ng area
of .005 km2 Therefore the sediment yie]d of the rwght of—way, in .
area] terms, was 33 000 t/km _ In contrast, the sediment y1e1d of |

.,the watershed upstream of the right-of—way was 40 t/kmz;_

-6.3 Erosion;Processes .
The eros1on of, the right—of—way fo]lowed a different sequence
~on each 51de of the va]]ey Soil pipes deveToped on the south va]]ey

side. These co]Tapsed and prov1ded channeTs for subsequent mudflows.

. _On the north s1de of the va]]ey, most s]ope wastfng occurred as

massive STumps. 0verTand runoff produceg r1lls and sma]] channe]s

“on both slopes but these were minor 1in. compar1son w1th the major
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siope failures.
The surf1c1a1 materia]s above the crest of the south va]]ey side

f;are of a]]uv1a1-aeo11an or1g1n The s]ope of the r1ght-of-way sur-

o face.on this side of the valley was reduced by cuttlng into the crest

”"‘perco]ated rap1d1y through the surfate mater1a1s and then moved

\,of the va11ey and moving the excavated mater1a1 downslope This f,.
covered the r1ght-of—way surface w1th sand and s11t As 1ess per-

-'‘meable mater1als eX1st be]ow th1s surface cover, prec1p1tat10n

f;downslope along a 1ess permeable hor1zon Th1s runoff process on
the steep s]ope of the right of-way surface led to the rap1d and
'I’extens1Ve deyelopment of 5011 p1pes These subsequent]y,colﬂapSed‘ ' i K
and prov1ded channets for mudflows. | '

Under such condit1ons, the construct1on of a berm across the
upper port1on of the right-of-way was of 11m1ted va]ue Most runoff_ 2
moved toward the stream in- subsurface channe]s and the catchment
area of the r1ght -of-way slope on the south va]]ey s1de was deter-'
m1ned more by the configuration of the under1y1ng strata than by .
fthat of the ground surface - ’: v ' -

A road crosses "the r1ght—of;way Just above the crest of the
north va]]ey side. The pipe11ne r1ght-of-way fo]]ows a minor |
drainage course for a short d1stance upslope from the road Runoff t.ff
is funnelled to the crest of the rtght-of-way slope by the drainagefh'ﬁ

- course and the road ditches Here it 1s ‘blocked by the road and

‘ponds \In order to reach the stream channe] the ponded water must -

perco]ate suff1c1ent1y deep]y to pass beneath the Pa ked road bed.

'These cond1t1ons produced a- sha11ow groundwater system wh1ch he]ped
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. 'develop and 1dbr1cate shear p]anes at depth and reduced s]ope ~
‘stab111ty ' _.; ‘

F1gure 12 shows that the products of the right—of-way erosion
vere d1scharged from the watershed 1nterm1ttent1y -In the course of
_runoff events, the- sed1ment oontr1but1on from the right-of-way was.
greatest dur1ng the r1sang stages and decreased at the peak and
,dur1ng the 1n1t1a1 recess1on stages _ ,

Mater1a1 moved downs]ope into the channe] dur1ng }ow f]ow S
per1ods but- thefiate of supp]x/} of

7
- and thus much. of the mater1a1 rema1ned 1n storage w1th1n the channe]

exceeded the capacity of the stream

'Dur1ng r1s1ng stages, th1s mater1a] 1ncreased the stream capacity by. .
vrestr1ct1ng the f]ow, and prov1ded a ready supply of sediment. JAs ‘
g peak f1ow cond1t1ons were -attained, the channe1 was: cleared and the ;
";sed1ment supp]y’1arge1y Aep]eted The direct input of sed1ment from o ; rflgi
'the r1ght -of-way became 1ns1gn1f1cant in relation to'the h1gh sedi- -% | ‘
. ment loads wh1ch were assocfated w1th peak flows. ‘ |
| when f10ws receded the sediment contribut1on from the right- -
'of-way gradua]]y 1ncreased in relat1ve 1mportance as the natural |
sediment 1oad decreased A]so, s]ope fai]ure occurr1ng in the
B aftermath of maaor runoff évents p]aced sediment in transport and -

constrTcted the stream channel

6.4 'Erosion'Prevention‘: N
| It 1s apparent that surface protection measures were Tnadequate
; to prevent serious\eros1on of the pipelwne right-of—way The pre—

o 11ne crossing was constructed through a zone in which the va11ey s1de

s
J
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h/
\siopes<have been oversteepened by the rapid inc1sion of the stream
: channel. - The sloppes are therefore unstabie even under naturai condi-

tions as is ev1denced by ‘the extensive siumping on: the forest—covered

siopes adJacent to the right of-way The forest removai.and surface

“disturbance associated with the construction of the pipeline aggravated

this situation and accelerated'the rate of 31ooe wasting.

‘. The surface protection measures applied were of 1imited value in
the'facefof'major siope instabiiity The runoff diversion berm con-
‘structed on the south va]iey side faiied since most runoff was occur-
ring beiow the ground surface The Troad at the crest of the right-
of-way siope on’ the north vai]ey 51de effectiveiy biocked runoff
n.vHowever, it did not divert the water away from the right -of-way siope
“but rather- caused 1t to move downsiope at depth aggravatlng siope
1nstab111ty | - | " | ‘ B

" The erosion probiems could have been av01ded or at 1east very
much reduced by . a different choice of 51te ‘In this case however,
the range of avaiiab]e 51tes was 11mited by thevresearch nature of
>Spr1ng Creek Natershed The primary consideration in 1ocat1ng the -”}
'pipeiine right- f-way was to minimize 1ts impact on the watershed as
<,a whoie For this. reason the piperﬁne was constructed as near as |

- possible to the watershed mouth where its overal] impa" was- mini-

B mized and easiiy monitored A . L ST
Ideaiiy the crossing shouid have been’ iocated some distance
- upstream of the knickpoint where the va]]ey sides have attained a

cel ¥ B

: greater degree of natura] stabiiity Under such conditions,

»ﬂP”°Per‘¥ aPpiied surface protection measures of runoff diversion, i

.)»v_
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: debris cover, and revegetat1on cou]d have been effectTve in prevent— :
ing ser1ous eros1on prob]ems from deve]op1ng As 1t was maJor and

expens1¢e slope stabi]1zat1on works have been required to- correct

these prob1ems o oo | S \ /k



7. SEDIMENT AND -SO’LUTE' RATING»CURVES' oy

A sediment rating curve iliustrates the relationship between the
_water and sediment output of a watershed Changesvin this reiation-
ship.through space and time prov1de clues to the operation of sedi-

."ment reiated processes in'a watershed. Further, if the sediment -
rating curves exhibit ;35;¢§€Z;t shifts or changes, these can be

' ‘empioyed to advantage n predicting.sediment yield. - B o
7.1 Theoreticai Considerations

Sediment rating curves take severai forms Either sediment

discharge rates or sedi"gfﬁw75%:

’&rations are piotted,against water

‘discharge rates _ Instan'-neous mean daiiy or mean monthiy vaiues_

_ - are the most commoniy used The reiationship between the two . vari—

;_abies empioyed in a sediment rating curve is usuaiiy quantified by

‘means of simpie Tinear regression . _
Piotting sediment discharge rates against water discharge rates

can. Tead to spurious correiations as this approach is equivalent to

' the regression of xy on x (BenSOn, 1965) Meaningfui sediment rating

c e . :
e 8 -
P 7. L .
b R
: '

curves shouid reiate sediment concentration to water discharge
For a number of statisticaT reasons iog vaiues of the variabies
are generaiiy used This is done on the grounds that the background
..popuiations show a iog normai distribution and more importantiy, in =
i;]order ‘that the distribution of residuaTs about the regression 1ine -

’;”jfhave a mean of zero and a constant variance (see Kelierhais et ai..-

| ‘:jfj;g1974 for further discussion)

The most severe shortcoming of sediment rating curves revoives

”“5f§3;fabout the fact that both of the variables employed 1n the ana]ysis

N
v'.k



are seria]]y corre]ated This poses difficu]ties ~in the assessment

',"of the strength and significasce of the regression Serial correia-
i~tion can be con51dered equivaient to reduc1ng the number of degrees of

freedom below that defined by the sample size. The amount by which

it is reduced may not ‘be readily determined and as a result none of

© the standard 51gnificance tests can/be va]id]y emp]oyed

In the case of this study, the number of sampies 1s iarge and
,}_ thus the regressions are considered quite robust ATso, the sampies
, taken from 1967 to 1976 .are spaced aperiodicaliy through time It
,nevertheiess remains that the outcome of the statisticai tests must
'be treated cautiously | f&

The choice of u51ng instantaneous mean daiiy or. other Vaiues

.shouid conSider the character of the data base and watenshed hydro]ogy

Spring Creek is a re1at1ve1y smaTT watershed with rapid f]uctuations

/1n streamfiow which are masked by mean daily flow - values This-char- |

'acteristic is even more marked in the tributaries A]so ‘the method

of COWPUtfﬂg mean daf]y sediment concentration is based to a degree -

| on subjective judgement and requires the assumption of some re]ation-»
-'ship between streameow rates and sediment concentrations For thesef[l::*

- reasons, instantaneous values are used in the ana]yses presented here.

;7 2 Data Base

_ Sediment sample anaiysis reports for the years 1967 to 1976 fur- jr
bnished by Nater Survey of Canada gave the soiute and sediment concen-_ : "
_‘trations for. each sampie and the stream stage at the time of sampiing. _L{{f

”d;SampTes were rejected if the anaIyst s report noted possible—contamin- ?fl

"ﬂ!jation or damage.i Equivaient data for 1977 were gathered by the author

. s_. e
b



" define th' form of the reiationship between suspended sediment concen-

'tration

‘were done using the‘MIDAS statisticai program package (Fox and'qutre,
1976). . - A

’ A set of curves ‘was fitted to the data by the use of poiynomiai»re-'_

'd‘gressions of LOGCS on LOGQ An F- test of- the reduction of the sum of"

71

The stage was converted to a discharge rate by the use of the approp- o
,riate stage-discharge taUle and the required correction factors ~ These

~were prov1ded by water Survey of Canada and by A]berta Env1ronment

7.3 ‘Model Definition“' S

Initial ana1y51s was made of the Spring Creek data in order to

d strea;nibw rates This and all other statistical anaiyses"'/

£ .

The set. of aii sampies for Spring Creek was piotted in the form

of the log to the base 10 of sediment concentration in mg/T (LOGCS) “
‘ against the 1og to the. base 10 of water discharge in cfs (LOGQ) . This '
showed a non- 1inear reiationship between LOGCS and LOGQ (see Fig T3)

' squares of :the deviations from the regression 1ines (SSE) showing a

very significant reduction was attained in. moving from a first degree

o i‘poiynomial regression (i e. linear regression) 6 a second degree :i_, -

, "poiynomiai regression A third degree po]ynomiai regression gave a

"’~_p01ynomia1 was chosen in the interest of

I

further redhction which was significant at the 005 levei but not at

-;igthe‘§001 1eve1 A fourth degree poiynomiai regression did not give a.

,,.]

'”fsffurther significant reduction in SSE Thus the rating curve for aii ]';‘3 |

Spring Creek samples was estab]ished to be curvi 1inear, and whi]e a

e third degree poiynomiai form cou1d have b\fﬁ acc}‘ted xa second degree g
J _ o

mplicit;afi
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| This type of regress1on was used because of its ab1T1ty to fit
the data, not because there is-any theoret1ca1 reason to beTieve that

© the. re]at1onsh1p between LOGCS and LOGQ is of th1s form. Therefore

- the po]ynom1a1 regression equat1ons presented hene should not be used
..to make pred1ct1ons beyond the range of the dataq>rpm which they were

developed. =~ SR _ ) C”’“\g

) 7.4 AnnuaT Var1ations in Sediment Rating Curves | 1

| The Spr1ng Creek sampling site was moved between 1976 and 1977,
and therefore the quest1on ar1ses as to whetber the 1977 data is

tcomparabTe to that of previous\years Th1s was investigated by
comparing the sediment- rat1ng curves for d1fferent years by means of

.covariance analys1s (Snedecor and Cochrane 1967) The rating curve

: *for the 1977 data was compared with ‘that of the 967 to 1976 data.

Also, rating curves for each’ year were comparedrwgth each other,

The annuaT rating curves were constructed and compared\onTy for
the upper range of discharge (1 e. LOGQ is greater than 0 7). w\ere
jthey cou]d be defined by linear regressions This was done because :

' sediment samples for Tower discharges were not avaiTabTe in some years t L
Tand therefore 1t woqu have: been misTead1ng to use poTynomial regres-‘ "~;;\
=s1ons to define the rating curVes for all years 1 | , o L

| The 1977 rating curve has the same sTope but a s1gn1f1cant1y __"
"[,different intercept (at the .05 conf1dence level) than the 1967 to
1""1976 rating curve., However the annual rating curves aTso have the = h |

;same sTopes but- sign1f1cant1y d1fferent 1ntercepts The relationsh1p -

V'f{[ 1between the 1ntercepts as- 111ustrated by the results of a Neuman KueT ;'
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N

‘Studentized Range Test (Snedecor and Cochrane 1967) given graphically

- 3 .
e s e Dok i Fie <o .

below , , - ' "‘ .;f L ot

1970 1971 1974 1969 1972 1976 1973 1968 ]975V967' 1977

2
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e e i
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\ v
< \ *
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v

. The years represent the rank of 1ntercept va1ues from Towest to

highest and the 11nes define groups of 1ntercepts ‘which are not s1g— '
o
nificantly different from each other- at the .05 confidence 1eve1

ramian o eh

Thus ov1ng the sampling site does not appear to have caused any

greater d1sp1acemen of the 1977 rat1ng curves thah migh:{have other-

wise occurred : _ o : . e
Exp]anat1ons for the Tack of sim11ar1ty of the 1ntercepts were

' e
sough! The rank of the intercepts is not related to the rank of

_ annual water y1e1ds, the proportion of annual runoff produced in
- spring, or the proport1on of samples taken by depth 1ntegrating samp]ers,
) nor’ does it follow a time trend - The variation is not due to measure-.
&ment error as the same sampiing method and samp1e ana]ys1s procedure
was employed 1n eaoh year. Apparently, s1gn1ficant differences in the
va]ue of the 1ntercepts is the result of the operation of . variables
. which have not as yet been Nent‘lfied The data from aH years were
poo1ed for further ana]ys1s 1n the belief that it ref1ects the long # ‘

- term average re]ationship between LOGCS and LOGQ

7 5 Seasonal and Hydrologic Factors “fv.5

Differences may exist between spring and sunmer rating curves - ]g;ff_' ,,‘-H

.



‘ rJ;Spr:ng Creek and 0014 cms for the tr1butar1es wou]d be cons1dered

't',:second degree poTynom1a1 regression equation The summer data pTotsr

- cin the same fash1on and can,be fitted by an equation of the same typeagg';gi*"t

75

(Guy, 19649 Brown, 1972), and between r1s1ng ‘stage’ and faTTing stage
'rating curves (Wa111ng, 1977) In order to 1nvest1gate this for 'y
Spr1ng_Creek and 1ts_tr1butar1es, the sampIe sets were subdivided by
'seasontand~stage. | | _
Spring was defined as-thehnonths MarCh“ April, and May while
.-SUmmer was def1ned as the months of June to. October 1nc1us1ve No
h_ samples were available for the remaining months. ‘
Rising and fa111ng stage class1f1cation was based on the mean
';‘.da11y d1scharge hydrograph If the mean daily fTow rate on a samp]e
'tft‘day had changed significant]y from that of the prev1ous day, and if S
' fthe direction of that change continued into the next day, the sample |

R et

| f[was p]aced into the appropr1ate r1s1ng or fa111ng stage category sIf
.r{not, the sample was p1aced in a residuaT category It was arb1trar11y
"decided that a c ange in the mean da11y f1ow rate of .0057 cms for |

sagn1ficant Th1s c1assif1cation system was chosen because it 1gnores o
: m1nor fluctuat1bns 1n d1scharge and places samp1es taken during transi-
tfona] per1od (1 e. at peaks and trogghs of the hydrograph) in the ,

residua1 category

7 6 Spring Creek o IR _ RS
- It was previously shown that the rat1ng curveakpr the set of a11_

°,Spr1ng Creek samp]es is curv1 linear and that it can be defined by a fngln

"fthn the spring, however, the re]at1onsh1p between LOGCS and LOGQ is '}f(r’




summer rating curves

_iinear (see Fig. 13 and Tabie 9).

Figures 14 and 15 show that over most of the range of - streamfiow

. rates for which sediment samples are avaiiab]e, there is very little

difference between spring and summer sediment concentrations Above

‘fiows of LOGQ = .70 (i.e. 15 cms or 5.0 cfs) the summer rating curve

" conforms to a 11near regression mode] that is no significant reduc-

tion #n the SSE is achieved by the use of a poiynomiai regression.

Further, covariance analysis shows “that for this range of streamfiows,

there is no significant difference (at 05) between the spring and

v ’

Be]ow LOGQ 70 the spring and summer rating curves diverge.

0ver their Common range (i e. LoGQ 06) the spring and summer rating

curves are different in that one conforms to a 11near regreSSion modei,

whiie the other does not For the summer data a significant reduction

h ~1n SSE is achieved in mov1ng from a first degree to a second degree

poiynomiai regre551on Therefore, the spring and ‘summer rating curves

are different from each other ‘but the difference is restricted to iow
fiows 1ess than approximate]y 50% of the mean streamf]ow rate

At 1ow fiows intense summer thunder showers may cause a measure-

“3ab1e increase in sediment concentration without appreciab]y increasing ~
4
3<streamf10w Dam building activity by beavers acceierates at 1ow fiows

',as they attempt to maintain favorab]e water ieveis Such activity

4

‘?1produces sporadic sediment 1nputs ~ Low, summer fiows are aiso é!%oc-

(i e. 15°-20}@) and thus with more proiific b}blogic sediment produc-

tion ,T ese’tﬁree factors combine to maintain a minimum sediment

76

iafiated with a more stabie aquatic environment higher water temperatures '?_-
. :
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'TABLE 9: SEDIMENT REGRESSION ANALYSIS’ )
» Regression Equa’tibn' ] ,rltz " Level o'f‘ ,
, . ) — Significance*
 seRing CREEK _ . S o
M Sampies . Yo 21787 X2 '+..17090 X + 1.0726 290 . .81867 ©".0000
"spring - _ Y- .91?.‘76'\*.4- 43033 ° " 121 Lm0 .0000
‘Summer Y- .-189;6‘ xz"\f~.z1shs;i + 1,jo98 169 .83785 - .0000 - '
Rising Stage Y - 18568 X% +.26658 X + 1.0094 7 - 71362~ . .0000°
‘Falling’sﬁ.a‘qe' U YR 26507 x2 - Jo02a8 x + 1.1700 163 - 82097 0000
HORSE ‘CREEK : ,
AT samples - ‘v .15263 x4 39181 x +1. mos : ‘159 43232 . .b000
| Spring. Y- 53344 X+, 0«7 . _ : sg ‘ "_.5_6803 L L0000’
 Sumer Y 2789 oF + 34610 X + 1.07M) 90 Aees 0 om3
3 Rising Stage’ . Y 06913 02 4 23741 X 41. 1932 16 Colaeles 75 0398
 Falling stage ¥ - 23664 x2 + 30894 X+ .9n23 e sa3:3 % o000
WOLVERINE CREEX L . § » R
AH"Samplus Y- 33260 X2 4 52804 X .. 3201.' 180 52198 . L0000
Spnng o Y - 66233 X +1 /5867, . 84 a4 0000
" Summer o Y - 37617 x2 * 43534 X+ 1. 1684 9 .30297 [3 ".og‘)o,olb'
. Rising Stage l Y- ﬁo:n X© + 71696 X +1 .5478 17 ' .29280 L 9 oass
Falling Stage. ¥ = 25550 ¥%-+ 169528 X 4 1. ma 67 ez . .0000
. SRS , | o 5! . ‘
ROCKY CREEK i - , . -
A1) Samples . Y = -.07439 X +.85610 191 g o :
Sering Y= .01087.X + 80958 &7 .00024 8858 .
Surmer ¥ S -.13585 X + 82645 e 67z looos
- Rising Stage ¥ = -04796 x +..97997 40 .00713 o .6043
Falitng Stage . ¥.- -.08574 X + 76789 8 03872 Coom
BRIDLEBIT CREEK S N . o
ATY Semples, - Y- 02538 % ;-1'osh 225 . o032 | .es0-
Sarinq ¥ =22 X'+ 190640 83 . = ;129{)'_@ ' 0009 Y
Sumer 1oy 02316x + 1. 20, e, Clooas 4957
CRistng Stag | ve ameexel2@r 39 Cdes3a0se
_m.nng s't;ge',_- e .06968 X+1,008 Cidos . -.02543 S ose
wereR. spamscxsa T o : Lo :
-.10387 X +;._A97m.3 ) 8y

Lt=logto, én.~b'.'sdi1d'ﬁf
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c B P s /R, 80
T L T P
- \._0'4‘ ' o LI ' . o _ Rl Lo ' ,
,‘concenfrat1on dur1ng1the summer months and thereby cause curv1T1n- R
- . ) . e w -\\. “ A
. ear1ty 1n the summer rat1ng curve - T -f‘-, ' j&u
< ' T N |
The ma1ntenance of a minimum concentrat1on dur1ng the summer months: .

‘:_does not substant1a11y affect the annuaT sed1ment output of the water- '
shed The sed1ment rat1ng - fTow durat1on curve ca]cuIat1ons us1ng the‘
rat1ng curve for the set of all” samp]es shows that fTows less than 0.15. |

;cms contrlbute-under 8 t/yr to.the~mean annuaT sediment yier»of Springu. Q
Creek ' B | . '

The summer rating curve shows a stronger correTatxon between LOGQ 'i._'

- and LOGCS (rz»

-84) than the spr1ng rating curve (r .77)‘ “However ﬁ‘
'th1s d1fference is not great and does not necessar11y 1nd1cate seasonaT
d1fferepces in the strength of the sediment d1scharge reTat1onsh1p
It may simply refTect d1fferences in the ab111ty of T1near and poTynom1aT |
regress1ons to f1t a g1ven set of data.’ ‘ ' ' ‘ '

Both r1s1ng~%tage and faTT1ng stage ratlng curves are curv1T1near

’:and covar1ance anaTys1s shows no sign1f1cant d1fference between them

2 .

‘?»sammCorreTat1on is somewhat better on faTT1ng stage = .82) than on

&

‘r1s1ng stdge (r = 71) It 1s expected that -on the r1s1ng staoes sedi -
¢

. ment concentrat1on w1TT be affected by var1at1ons in antecedent supply-
-'»and the nature of runoff generat1on As a resuTt, sed1ment\concentrat1on
is more var1ab1e at the beg1nn1ng of a runoff event. .0On fa111ng stages,
the d1fferences 1n 1n1t1a1 cond1t1ons will have been TargeTy “damped | | wvf
out" and the sediment Toad is. better adjusted to the carry1ng capac1ty
of the stream. SRR | B ‘ |
Cepng _ The unstab]e vaTTey s1des in the. Tower 1nterbas1n area prov1de '

'substant1al sed1ment 1nputs to Spring Creek. Because the sed1ment




-~ N l. .L»',u“.

*poncentrat1on is seldom 11m1ted by the ava11ab1e.supp1y, it 1s rather
-v*we11 pred1cted by a measure of the stream s carry1ng capac1ty, and
there is very 11ttle d1fference between thé seasoha1 and stage-._

| ”d1fferdft1ated rating curves Th1s a1so 1mp11es that the Spr1ng

| Creek sed1ment ratmng curves 1arge1y refTect the sed1ment'- d1scharge

e1at1onsh1p through the 1ower 1nterbas1n area of the watershed

"7 7 Horse Creek e o |

9‘ The p1ot of LOGCS aga1nst LOGQ for the set of. all Horse Creek
'samp]es (Fig.. {6)\15 curv1 11near and shbws a h1gh degree of scatter
i 'The rat1ng curve . is defwned by a. second degree poljnom1a1 (Tab]e 9) |
- The spr1ng rat1ng curve 1s 11near wh11e the summer ratlnq curve
s curvi- 11near ~As _in Spr1ng Creek the rea] seasona( d1fferences
are- apparent1y restr1cted to Tow f1ow per1ods presumab]y for the

same ‘reasons (see F1g 14) - However, “untike’ Spr1ng Creek there NS a

vlarge d1fference in the regressLon ooeff1c1ent of the spring (r = .57)-

”and summer (r 14) curves. S1nce Horse Creek has such a low mean
© sediment concentrat1on, var1at10ns in rainfall 1ntens1ty dur1ng the t
summer are more 11ke1y to be ref]ected in the sed1ment concentrat1on

,Var1at1ons in €he sed1ment input from the upper watershed due to
'rbeaver act1v1ty and a]ga] growth rates a]so have a strong 1mpact in
the summer These types of var1at1ons are masked 1n Sprlng Creek |
’

' _except at very 1ow f]ows, by the h1gh sed1ment product1on of - the

“lower 1nterbas1n area

‘fIhe r1swng stage rat1ng curve has a. h1gher r2 ‘value (. 39) than B

"the fal}ing stage_rat1ng_curve (:35) but- it is on]y based’ on 16,
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Hd;::1eve1 (see Table 9) n ‘b E -T_i~'fjgfu‘tﬁ"“;sfgfﬂ{t'AFffftf~if;f’d
: g V:" S R B e P ST - SIS e

' ;7 8 Nolver1ne Creek i'tljj*jra;'1~ ﬂih -jwt.”>f¥.i*£:f““

9

é:'
A curv1~11near/rat1ﬁg curve defwned by a second degree po]ynomi 1
Bs

s 1nd1cated for the set of al] wolver1ne Creek samp1es (see F1g LZ) k”ﬂf ﬁ:f,

.\;,.

- r:Scatter about the curve 1s h1gh ?lf;f;1?¥d{;,oﬂ{f';‘ lf'frqué}jj:f
As BE re, the spr1ng curve 1s 11near wh11e that for the summer 2 8
' ;'15 curvi- 11ne r. Un11ke before however the seasona] curves are u ;7; Y

' s1gn1f1cant1y d1fferent ove“ the upper range of d1scharge to whqch ? '"i_fat:'

11near regress1ons can be f1tt'd to both the spr1ng and summer%éataa if%;',;w

o T : RSN,
‘.»Th1s was tested by covar1ance ana]ys1s at the 05 conf1denceé§evel R,
C -s’i”ﬁ“‘Q

hh F1gure 14 shows that over most of the range of d1scharge, sed1méht

concentrat1ons are h1gher 1n the spr1ng than 1n the summer Th1s 1s
"Probably due to the sens1t1v1ty of the d1sturbed areas of the water-*l-ﬂ"'w

shed to. seasona] changes 1n vegetatldn cover These areas 1ack the f;if;ffiJ_

N protect1ve cover of organ1c debr1s and shrub growth wh1ch 1s prese t¢ ERER
.}n the undwsturbed port1ons of the watershed and as a resu]t they%@ | -
o .

are more suscept1b1e to eroswon and m1nor s]ump1ng 1n the sprang~¢ K% E

. ,hnEW vegetat1on becomes estab11shed in the summer, the er0510n r§s1s—'.l;f ;_*

. Q; Lowd e .
- tance of these d1sturbed areas 1s 1ncreased at 1east at moderate ,J R
- : e T e e WL

At h1gh f]ows the sorwng and summer curves converge Un@er the»t!-"‘,,ﬁ .

"h1gh hydrau11c stresses applwed to the channe1 banks and 1ower va11ey : 'ﬂj;-
- A
»s1des at these t1mes the summer vegetat1on cover on the areasxd1s— P

E turbed by 1and use. fa11s to prov1de protect1on aga1nst eros1on

e
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“}spr1ng curve a1so act 1n WOlver‘.,

E ,than that about th

'D s1on equat1on def"

u§o18 to 20) S1nce the data have a great dea1 of scatter and no c1ea§

"shon 11near patter 1S“apparent the use of curve f1tt1ng techn1ques R ,

chou]d not be Just1f1ed and the data were on]y subJected to s1mp1e 5

E‘}V,x T

-

.:=;:30f; The same factors that act 1n
e .

y
Creekﬁyd

-3.

A

thghe r1s1ng stage rat1ng curve 1s ngt gﬁgn1ft-
' L,
. - () T }s :

cant at the 05 c0nf1dence 1eve1 fsee Tab]e 9)

e

PR
e

IR

'dereeks the re]ationsh1p between LOGCS and LOGQ 1s very weak (see F1QS

'9 D,

Subd1V1d1ng the data on seasona1 and hydro]og1c grouhds d1d not

h o .
great]y 1mprove the pred1ct1ve ab111ty of the regress1on equat1gns -

but 1t did 1nd1cate certa1n trends Over the summer montfs, LOGCS 1s

'

_t1me of the year For Rocky and Br1d1eb1t Creeks, LOGCS and LOGQ

N are pos1t1ve1y. a]though weak]y,_corre]ated 1n the spr1ng.% It 1s at

) th1s time of the year that the h1ghe?t water d1scharge rates and'the

e

@

 h1ghest sed1ment concentrat1ons occur

The Spr1ng ratwng curve (r ) has a higher r2 va]ue than 9 ,:

”]Horse Creek to oroduce nore scatter about the summer curve than the?

a111ng stage curve (r ) ATso, the reqres—;’

Scattergrams show that for Rocky, Br1d1eb1t, and Upper Spr1nga EE

Other Tr1butar1es flf,,“_',vfiu : ’}i‘-'if iti?f“#”:‘,g?graff'vc

"df1f1s due to the 1mportance of b101og1ca1 sed1ment productwon et th1s\b;'h"‘

Scattertabout the r1s1ng stage rat1ng curve (r 29) i§ greiger i"fl57

B T AR S S S
_-11near regress1on analys1s-- T LTl S tQ-_-Ih; »
R _ o SR S

:negat1ve1y corre1ated W}th LOGQ As was d1scus$ed pNEV1OUS1y,mth1S ,ﬁ_{'ﬁ i
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’:‘gtSpr1ng Creek Watershed 1ncreases from headwaters to mouth through

";_:three geomorph1c zones The 1ocat1on of gaug1ng stat1ons . re]at1onﬂfﬂﬂf’

; ';7 ]O D1scuss1on of Sed1ment Rat1ﬁg Curve Ana1ys1s fk;ﬁ}?

‘;< It was prevwously estab11shed that sedwment productjv1ty«w1th1ngjjj5,~ﬁﬂhf

"futo these zones affects the pred1ct1ve ab111ty of the correspond1ng
l

j:sed1ment rating cl As progress1ve1y h1gher sed1ment produc1ng‘ “:,:fcf}aé

Jzones are 1nc1u the gauged watershed area the errat1c sed1ment'
'1t1nputs from the‘upper watershed are overr1dden and tht correiatlon
1’;:between sed1ment concentratwon and streamf1ow rates 1mproves

: It seems to fo]1ow then that srnce WOlver1ne Creek has a much

Qgreater sed1ment y1e1d than Horse Creek, 1t shou1d a]so have better

~:def1ned rat1ng curves Th1s is not the case Over the per1od of

ﬂf record WO1ver1ne Creek Watershed was subJect to a number‘oF d1s—=

ihf;turbances wh1ch produced non- statwonar1ty 1n 1t$ Sed1ment system and ST

_'fthe assoc1ated ser;es of sed;%ent measurements Under such condi-._ﬁ} -

,‘:ft1ons, the corre]at1on between sed1ment concentrat1on and streamﬂow ta.yj.
.rates s expected to be Weak e e R :

wolver1ne Creek behaves d1fferent1y from Horse and Spr1ng Creeks

k;1n that ltS seasona] rat1ng curves are d1fferent from each other 1n

-~ both form and positwon A]though data from thgs s1ngle watershed are ;f}n =
\

',an 1nadequate bas1s for genera11zat1on,_uhey sugoest that disturbance of :‘,}:

a. watershed w111 not on]y 1ncrease its sed1ment y1e1d but may a]so affect

:-lother aspects of the sed1ment reg1me such as the pattern of sed1ment

B output and the overa]l sed1ment/d1scharge re]at1onsh1p v

~ The rat1ng curves of Rocky, Br1d1eb1t and Upper Spr1nq Creeks rf;ffﬁl,h*

' _poor]y 1?1ustrate the erosion. processes wh1ch are actin .f»

N

LA



measured var1at1on 1n sed1ment concentrat1on is' due to var1at10ns 1n g-:
. PP -'K,

the amount of organ1c mater1a1 1n transport and 1s therefore Targe]y
1ndependent of streamf]ow rates The use of sedwment rat1ng curves ‘

| for pred1ct1ve purposes 1n th1s and s1m11ar watersheds 1s not feas1b1e;131f:
- The Horse~Creek rat1ng curves refTect er051on processes 1n the |

A
Tower watershed area However var1atwons 1n sed1ment concentrat1on

unreTated to streamf]ow are 1ntroduced by 1nfTow from the upper water—gh:‘#‘

Ll

| shed area and produce "no1se“ 1n the measured sed1ment - streameow

I

reTatwonsh1p | Th1s resu]ts 1n weak]y def1ned rat1ng curves wh1ch

" wou]d g1ve poor resu]ts 1f used for pred1ct1on. afﬁf:;fsﬁtfi_'t”fjl': R

«;}fjg The Sprwng Creek rat1ng curvespg1ve reasonab]y good pred1ct10ns

of sed1ment concentrat1on from streameow rates S1nce the gauged,ga RS

tr1butary streams,dj ‘Lh‘account for over'80% of the totaT water

Y1e1d have such poor ratnng curves, 1t 1s apparent that the sed1ment’“°'tT L

streameow re]at1onsh1p measured at the mouth of Spr1ng Creek must‘be g
TargeTy controTTed by factors operatwng outs1de the gauged tr1butary

watersheds As streamflow enters the Tower 1nterbaSTn area, 1ts

e DR Ty
capac1 'to transport sed1ment 1ncreases and suff1c1ent sed1ment 1s

.y.ava11ab1e to match that capac1ty __Ihg_processes act1ng 1n

h1s smaTT zone provwde most of the sed1ment y1e1d and dom1nate3the

";Q'Ased1ment reg1me measured at the mouth of Spring Creek Natershed;f_iszgsi'

"Afj*\T‘TT SoTute Rat1ngt£urves lfa ~f‘a5j (ttfj<

The re]at’OHShTP between solute c0ncentrat1on and d1scharge for R




I".‘l{v_._:'..,'.'Va.lues Of d1SCharge The corre'lat1on between these var1ab1es 1S

"iftfof change wh1ch 1s in1t1a11y Very rap1d decreases toward h1gher

“’flyd1scharges. n

"ﬂnegat1ve and the data pTot fo]]ows a stralght 11ne In other words, N

1 - e,

'fffsolute concentrat1on 1s 1nverse1y 'j1ated to d1scharge, and 1ts rate -j;t}“'

.‘.._ e (./

Dur1ng ]ow f1ow per1ods, most of the runoff from these watersheds )

”J’bv{1s der1ved from basef1ow and therefore so1ute concentrat1ons are h1gh

'ﬂ7when d1scharge 1ncreases, solute concentrat1ons are rap1d1y reduced _f‘&?ﬂﬂ

: fas the basefTow 1s d11uted‘by storm or snone1t runoff Tﬁ“s d]Tu- ;1.th:

"tsnowme1t runoff

The data sets4 'r each,w?tershed were s3bd1v1ded on the bas1s of

‘f‘season and stage us1ng the same cr1ter1on"that“were app11ed to the |

’lased1ment data Th1s produced no change 1n the form of the rat1ng
T _

5 ~_curves and covar1ance ana1ys1s fa11ed to,1dent1fy any s1gn1f1cant

AL

"ffid1fference between the seasona] and stage-d1fferent1ated curves

-;' {fin1ver1ne Creek and 1east 1n ﬂpper Spr1ng Creek

':;i»moderate and h1gh d1scharges concentrat1ons areihﬂghest 1n€8br1ng

F1gure 22 shows that there 1s cons1derab1e var1at1on 1n the

'ﬂ_slopes and 1ntercepts of the solute rat1ng curves of Sprlng Creek

"and 1ts tr1butar1es Peak so]ute concentratwons are greatest 1nn;'x"

:Tthough dur1ng

t-*._.-Creek for any g1ven frequency of f]ow d1scharge Ts h1gher Tn Spring
L S ‘-“‘\_“74 : A _ : ;
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Splute Conéentratidn (mg/1)

100 +
. ~2.0

Spring Creek

; _Horse Creek

" ;Z.‘-“ Rock_y Creek . AR ’..‘.:_..:..‘v.-‘-‘---‘-.'--

‘Bridlebit Creek~  ~===3==-

Wolverine Creek =eememm ===« ."Upper;Sprfhg Creek = = m———.
o i
FIGURE 22: SOLUTE RATING CURVES
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Creek thantin'any'of"ﬁts trtbutartes' Therefore it is not expected
that the mean so]ute concentrat1on of Spr1ng Creek (1 e. 162" mg/T) |
’ w1]1 be apprec1ab1y h1gher than that of 1ts tr1butar1es f” j .
For Spring Creek tﬁ@ rat1o between the mean soTute concentra:

tion and the mean sed1ment concentrat1on (as determined by regress1on
analysis in sect\gn‘4 1) is°0.6:1. A first approx1mat1on of the.
so]ute/sed1ment ‘ratios of the gauged tr1butar1es can be made assum1ng
‘that they a]T have a-mean solute cohcentration of 162 mg/T the same
as Spr1ng Creek. This assumpt1on cannot be tru]y Just1f1ed but it
does not seem ent1re1y unreasonab]e 1n v1ew of the relationship
'between the so]ute rat1ng curves " The ratios of the tr1butar1esl
range from 6: T for Horse Creek to 15 1 for Upper Spr1ng Creek The
1nd1cat1on is that soTute product1on is far more s1gn1f1cant among |
jthe gauged tr1butary streams than it qs for Spr1ng Creek Watershed f
as a who]e . |

2

The r vaTues of the. regre551on equat1ons wh1ch def1ne\the rat1ng

curves range from .75 for Spr1ng Creek'to 30 for Rocky Creek (see. -
. Table 10) The var1at1on 1n the pred1ct1ve ability and the pos1t1on .
of the soTute rat1ng curves is re]ated to the geologic ahd goundwater
fTow character1st1cs of the watersheds. Very T1tt1e data regard1ng

2 these var1abJes\7re ava1TabTe, and thérefore it is 1mposs1b1e to

deveTop deta11ed’exp1anat1ons of the solute- d}scharge reTat1onsh1ps

-
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S ..8'.". CONC.L“US.'IONS‘,

R

-~ 8.1 Most of the sed1ment y1e]d of Spr]ng Creek Watershed 1s der1ved .t
T‘from a smaTT’area w1th1n a short per1od ‘of - t1me A ] 5 km2 area of .

- the Sprlng Creek VaTTey near the watershed mouth prov1des 90%{of the

-sed1ment y1e1d The sedlment d1scharge of an average of°18 days per

"year accounts for 90% of the annuaT sed1ment y1er Comb1n1ng spat1aT
-and temporal aspects, shows that over 80% of the sed1ment y1er is “

' der1ved from 1.5% of the‘/aéershed area in Tess than 5% of the t1me

v . . . -

' 8.2 The weTT def1ned/annua1 and 1nstan§aneous re]at1onsh1os between
o

'-sed1ment ‘and streamf]ow observed at the mouth of Spring,Creek Watershed:i:

"~ are estabT1shed outswde the gauged tr1butary watersheds, prjmar11y in. -

the Tower 1nterbas1n area.

.'8 3 The contr1but1on of tr1butary areas’ to the\sed1ment y1e]d of the

' watershed as a whoTe is extreme]y var1abTe - The’ headwater areas yield.

.“ less than 2 t/k /yr wh11e -a smaTT port1on of the Spr1ng Creek VaTTey
yields nearly 2000 t/kmz/yr ) : S - . _

.338 4 Dfstr1but1ng the sed1ment yweld measured at’ the mouth of Spr1ng
' Creek ovér the watershed area g1ves an unrea11st1c eros1on rate per
unit area It is not appTlcabTe to the vast maJor1ty of the watershed
f area. Eros1on rates caTcuTated in this fash1on should not be used to

| ‘pred1ct the sed1ment y1er of smaller un1ts w1th1n the watershed

8. 5 The dom1nant controT on the spat1a1 pattern Ts;a ser1es of past

base TeveT changes wh1ch are expressed as kn1ckpo1nts on the channeT

- 96



{of Sprwng Creek and 1ts trtbutar1es The areas 1mmed1ate1y doWnstreamf‘g{if_

"of the kn1ckpo1nts are cons1dered to be: zones of geomorph1c d1sequ111-;';jh
";brwum and are, 1dent1f1ed as the maJor sed1ment sources w1th1n the T
i'rrwatershed ‘ by

v""8 6 Fhe portlon bf the watershed upstream of the o]der kn1ckpo1nts,
85% of the. area contr1butes pract1ca11y noth1ng ta the sed1ment y1e1d'“
of the watershed A heavy forest cover 11m1ts sed1ment product1on

and numerous beaver dams a]ong the stream channe]s act as f11ters

Th

o charged dur1ng spr1ng runoff A'sfmi1ar-pattern existsfamong'the

' wh1ch transm1t water but 11tt1e sed1ment Much of the sed1ment d1s— "
charged from th1s area 1s der1ved through b1o1og1ca1 rather than ’d'xﬁ

erros1ona1_act1on,

{:\"

- 8.7 The rat1o of so]ute product1on to sediment product1on for, Spr1ng
Creek Watershed is O 6 1 but among the gauged tr1butary streams the
rat1o ranges from 6:1 to 15‘%?*»§o1ute productlon is be]1eved to bd%

mfa1rly constant over the- watershed and var1at1on 1n so]ute/sed1ment\'

' rat1os 1arge1y ref1ects the varwat1on in sed1ment product1on

8. 8 On average 76% txghe sediment-yier’ofdspring'Creek'is‘dt 7:

.-tr1butar1es The 1mportance of spr1ng runoff in the sedtment reg1me o

was: expected in v1ew of 1ts 1mportance in the reg1ona1 hydrolog1c o

" regime.’ Seasona] var1at1ons tn sed1ment concentrat1on can be. exp]ain—'ﬁuj; SR

“ ed 1n terms of var1at1on in f1ow character1st1cs

ST 5 U
8.9 Sediment rating curves give reasonably good predictions of sedi-
. O N , . S B .

- ment~concentration from streamflow rates for Spring Creek.but not for



,",moderate and h1gh %1ows Seasona] d1fferences ex1st on1y at 10w "

fa_and relat1ve1y stab]e aquatwc envxronment assoc1ated w1th 1ow summer

' [:1ow f]ows, but exist at moderate and h1gher f]ows Thws suggests
. may aiso a.(ect otrer aspects of the sediment reg1me, such as.the -

'h7~sh1p

"wh11e the SUmmer curves are ‘non- 11near and def1ned by second degree

A

1}§*tr1butar1es Much of‘the var1at1on 1n sed1ment concentratwoh 1n f;*f'

: 1'the tr1butary streams is related to b1o1og1c act1v1ty wh1ch 1s:}arge1y‘f'r'3

1ndependent of streamf]ow :?g’ﬁ-“i”'ff‘ﬁ-{r* S
%8 10 No s1gn1f1cant dwfferences estt between r1s1ng stage and faz;f

' 1ng stage sed1ment rat1nc curves for Spr1nﬂ Creek and 1ts tr1butar1essg;

'f8 11 Sprwng sedwment rat1ng curves are defwned by 11near'regress1dhsﬁf ;%

- o1ynom1a1 regress1ons HOWever,'wn Spr1ng Creek ‘and Horse Creek no-

. s1gn1f1cant d1fferences ex1st between the seasona] rat1ng curves over'

f]ews and are attnguted to the operatton of varlables not d1rect1y
_re]ated to d1scharge Pr1nc1pa] among these var1ab1es 1s organ1c .

‘sed1ment product1on wh1ch is favored by the h1gher water temperatures

fToWs.

8.12 Seasona] d1fferences 1n WOlﬂer1ne Creek are not restr1cted to

'that watershed d1sturbances can not only 1ncrease sed1ment y1e1d but ,'"

\

; pattern of sed1ment output and the overa11 sed1ment/d1scharge re1at1on-t

'*8 13 The pred1ct1on of sed1ment d1scharqe from rat1ng curVes in this

o type of watershed faces a number of d1ff1cu1t1es S1mp1y fmtt1nq a

_[stra1ght 11ne to a number of. samp]es w111 probab1y f1t the data poor1y

/N

and w111 not accurate]y ref]ect the sed1ment d1scharge re]attonsh1p

Anoma1ous]y h1gh sed1ment concentrat1ons at Tow f]ows w111 not

\,..". ”".' ’

L




- ‘«

:iapprec1ab1y affect ﬂée net sed1ment'yte1d.of'the watershed "but if a3

. f11near regress1on 1s used they w11u sh1ft the pos1t1on of the 1ower RS
”jfﬁend of the rat1ng curve and thereby ncrease 1ts 1ntercept and reduce

If 1nsuff1c1ent samp]es are ava11ab1e to def1ne the

\_curv1 11near summer curve, a rat1ng cu,ve based on sprwng samples B
'i;cou1d probabTy g1ve reasonab]e est1mates 1f app]ied over the ent1re

2year Extrapolat1on of the spr1ng curve can be done more eas11y and

RS A

*’;w1th more conf1dence than extrapo1at1on of the summer curve. A]ter-
. g;nat1ve1y, summer data cqgld be used om1tt1ng samp]es taken at f1ows

'.f]ess than 50% of the" mean streamf]ow rate R

.»\..v

”58 14 1The ana]ys1s presented here further supports the - hypothes1s :

,lthat the use of 1nstantaneous sed1ment rat1ng curves dn con3unct1on
. ,
w1th mean da1]y flow data w111 underest1mate sed1ment d1scharge
'_'Instantaneous rat1ng curves shou]d be used on]y with 1nstantaneous j ,

B i(or neariy so) streamf]ow data B f; ) , ‘ , . ‘

-'8 15 Annua1 sh1fts 1n the p051t1on of the Spr1ng Creek rat1ng curve

occurs, a]though the reason for th1s is not understood It is"

°”§nydesjrabke_that rattng curves'be~based‘on.samp]es taken-over a number

_8 16 Any attempt to mode1 the sed1ment dynam1cs of the tr1butary
‘streams must 1ncorporate other var1ab1es in add1t1on to streamf1ow. R
Attent1on should be. g1ven to factors wh1ch affect the organ1c sedtment g; j“
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'”8 17 More comp]ex modeTs of the sed1ment d1scharge of Spr1ng Creek
\'should concentrate eSpec1aTTy on the factors whwch are operat1ng in

e .the Tower 1nter-bas1n area s1nce th1s is- the source of the vast

“d

f‘maJor1ty of the sed1ment y1er of the watershed For . the same. reason;_;f'?

w,fa mode] wh1ch aims to pred1ct the spat1aT var1at1on 1n the sed1ment U
f‘f y1er betWeen watersheds s1m11ar to Spr1ng Creek shoqu focus on the
F.cond1t1ons that ex1st in the disequ1]1br1um zones connect1ng the up-.

- land areas w1th the maJor r1vers 1nto wh1ch the watersheds dra1n

‘:8 18 Land use - 1mpacts on the watershed sed1ment y1e1d have been
j
. var1ab1e The main access road does not’ seem to contr1bute Ei sub-

"jstant1a1 amount of the. watershed sed1ment y1er The road surface

J

dra1ns to d1tches wh1ch support a Tush’ vegetat1on growth and the ff

,;Jgstream cross1ngs w1th one. excep&1on,:are weTT deswgned and stabTe

Vet

On theoother handuguTTy1ng and W1110w destruct1on caused by past

T1vestock gra21ng are seen as the major cause of the anomalously h1gh '

'S

”‘_sed1ment y1e]d

WOTver1ne Creek The most severe and probTemat1c
Tand use¢1mp t was caused by the construct1on of a p?pel1ne corr1dor
- across r1ng Creek “This d1sturbance of 004% of the watershed area ‘

,prod ced an increase in the watershed sed1ment y1er of 36% in 1977

’

_8 19 Th1s research has severaT 1mpT1cat1ons for Tand managers in-
QvoTved in erosion control. Pr1mar11y,Jd1sturbances in the dwsequ111-
‘ "br1um zones of watersheds shou%d be avo1ded 1f at aTT poss1bTe

~“Aggravat1ng the natural: 1nstab111ty of these areas w1TT Tead to the

of -

et rap1d deveTopment of eros1on prob]ems The sever1ty of the - probTems

L

w1TT depend on. the nature of: the d1sturbance Acce]eratedferos1on.of

e aate o - v : . :
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'i_' these areas could also be caused by actwon outs1de the dwsequ111br1um
zones The deve]opment of ]and drawnage works and the remova] of Vo
beaverJdams in upstream areas can 1ncrease f1ow vo]umes and peak i

‘;ow1ows through the sens1t1ve reaches In th1s s1tuat1on,rthapne1
protect1on works and art1f1c1a1 water storage s1tes shou]d be prov1ded

’ 1f eros1on prob]ems are to be avo1ded
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1. "J:un‘ct-io‘n'.of' 'Sp"r'i"n’g Creek. "_a_hdf_i"isgi_'monett:_e', iver. '_C,i‘-rc"_‘"le
marks. ‘the junction. 'Note-road and:pipeline right-of--
‘way in background. ... . C e
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5. Rocky Creek Gau‘g(in‘gj“'sfétibn.

6. Br1dTeb1t Creek Gaugmg Statmn MNote deb’r}'fisu‘frpni béévé’:‘ UL
- dam downstream from gauge. RNt
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7. Upper Spr1ng Creek Gaug1ng Stat1on4 Noté-]ackféf\ﬁeﬂféfj x-"ff:17'5gi;
- i surround1ng area. - T L '
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Sedlment Samp11ng S1te Upstream of- P1pe}1ne qukfﬁdﬁf' TR
- upstream across p1pe11ne r1ght-of—way Samples takem = .
from foot br1dge o _ T ‘
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9. Sédimentigamp1ingf5ite Déwnstream of PipéTineQ Looking
’ downstream across pipeline right-of-way. Samples taken
from.foot bridge. o ‘ '
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15, Outlet of Lake on Bridlebit C”r‘e’ék. ‘Note beaver dam and |
- floating organic material. L
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