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The Upper Wascana Crrek Watcrshed is the &ainage basin southcast of Regha, the 
Capital City of the n.oVince of Saskatchewan. A twdt of dnmming Wosc~nn Cmek in 
the centre of the R.allies for Msption, Wascana Intc has becorne the centrepiece of 
mpny pcniwcnf government, education, health arr and rccreation fwlctimls Uiat 
make a &able contribution to the Regina ccondmy and qaolity of life for residcnts and 
visiton f b m  the rest of the province. 

Wascana Iake iP dected by agridtural activities in the watershed which in- the 
rate of sediment deposition in the rrsmoir. nie  dimentation pnxless is jeopardipng 
the very edance of the lalrc and the beauty of a settuig which is home to the Legislative 
Assembly and rmny other pravuicial services of the capital region. As a result, the lake 
will h l y  need to k deepened each time it fills with sediment - a very expensive 

procedure, however it is undertaken. 

Agridhual practices, cmp mtations, and fann management pmcahs have impmved 
in =cent years, but in several amzw soiI1os still exceeds soil regeneration as a msult of 
fanning. In the Uppei Wascana Creek Watershed, non-sustainable fanning has d t e d  
in a high rdimmt l a d  in the watercourse thnt is expedithg the infill pmcess of 
Wascana Lake. 

In this study, erosion risk maps were created using the Universal Soil Loss Equation in a 

geographical tiformation system This haJ enablecl hi& risL soi1 los areas to be 
identified so that appropriate restorative mcasures can k irnplementeà to reduce 
exusion. The study expl- 
1. environmental iami£icaticms of rail conservation mcPsurrs on the watershcd, 
2. economic implications of implementing a watenhed management plan, and 
3. identification of a pmcc~s and stakchoIdcrs necded to implemcnt the changes. 

Through this stewardship pmccss and construction of a watershed management plan, 
govenunentai and non-gmnunental -tiens a n  wmk togethtr to h p e  land 
management and d u c c  sediment loPding in the Uppr  Wascana Cmek Watershed 



n\ank-you to Mr, Bob Ellard, A~~hitect, of Rcgina for iniWy cncou~4gùrg me to pursuc this march 
which addresses the taoIution of same vcry important cnvvOnmental issues cunwitly facing Wascana 
Centre, niruik-you a h  to Regina Mayor Doug Archer, Coundor Bill Hutchison, WCA Exccutive 
Diilector J. B k  Paterson, Mr. Ken Dockam (WCA hndaxpc Amhitcct), Ms. Betty CoUiiw (SaskWater), 
A&. John Crïgg (%skWatcr) and Mr. EdWIVd T m e r  (indian Head -1ogist) for sharing thcir time to 
discus concens and altematives for mrintaining Wascana Ialte and its adjacent watershed. 

N d  Anthony Stone 
Principle hscamher 



Pubtic issue Identification 
for W~*ynn iakc Miuii,gcment P h  

Esfimates of Won Effocfs Over Time 
on the Saskatchewan FML Economy 

O w c  Matter k e l s  and Cmp Rotations 

C-Factors for Southeni Manitoba & Saskatchewan 



W- Centre Context Map 

Upper Wrrc~nn Czuk Watershtd Dmhage Eiasïn 

Uppi W ~ ~ a n n  Cxeck Watcnhcd Context Map 

Wrp.nnn Conservation & DeveIapment Ama 
Works Constructcd 

Rad and Rail Network 

Qamter Section Grid Referma Map 

Won RkkMap - 1960 

Erosion Risk Mnp - 1975 

Emsion Risk Map - 1996 

Recommended h s  for hpmvtments 

A Functional Wetland 

Current Boundarics of 
the WPSCPM Consavation & Dmlopment 

Land Stewadship Praw for 
the Upper Wascana Creek Watershed 

@Sc Example - b t i o n  Map 

Case Example - Site Map 

Page 

7 

19 

20 



5.5.1 A c d  Phdo #1 (Octobtt, 1996) 

5.5.2 A e d  Photo #2 (Ocfobcr, 1996) 

5.3.3 BcaverDun(teciqgwest) 

5.3.4 Beaver Dam ( f e  ndh) 

Page 

96 

96 

97 

97 



Page 

Public Issue Identification for 
W~sanr  Lake Management Plan - Detailcd Account 

Sediment hhsumncnts on Wmama C w k  
ncar Richardson 

6-hour Storm Duration Map 

Soi1 Assaciatiorts, Y-fdors,  and Soil Maps for 
Southeastern Saskatchewan 

Municipal Offici& in 
the Upper Warc~nn Crek Watershed 

Canada Wheat Board Acrrpges (1960,1975,1996) 

Kriging Mode1 CompawOns Graph 

Multi-purpose Hcadwater S t q  Dam Drawings 

Water ControI Asïsbmce Rogrnm Rome 

U p p t  Wascana Csrek Watershed 
Etvsion Risic Map Data Tables (1 96O,I975,I996) 



The Rde of land Stew(UYIShip 
and Sedimenbation m e m e n t  

in the Upper Wascana clfcekwatershed 



1.0 INTRODUCTION 

The prnvit -stem is a miqye set d delicatc intcmMonships bttwcen aora and 

fiaana which is extzemcly adaptable ruidrr adverse wcather candifions and human 
intcmntioa Every natiusl ystem has its thnsholds whm the d e n c e  of native 

habitat and nstiuil paw bcwrnejcopordized and a mprked, oRni imparable change 

xesults. 

In the period of the 1880's thmugh the tum of the ccntuxy, the CPnodLn Rwies 
clearly saw the m a  suddcn a d  dynamic human-induceâ change to the Great Plains 

landscape in history. nie natural prairie gradand bccnme a phenmenon of the past 

and miilions of acres of land were bken and tilled for crop producfion. Herds of bison 

which had once fkeely mamed MOJS fields of tnll grosses w d d  have been pushed to 
exfindon, had it not ken for the cmation of gante rcfugu to harbour the barge animalse 
Buggy tRils sani became roads dong the don/towmhip grid, and hre  groves were 

c l e d  fimm the m e r  sections en mnss to hcrease the crop volumes from high 
yieldllig production plots The RPims began to sec a transfomation unmatched 

anywhere else in the wmld, in the nnme of p w t h ,  human spirit, economic pmsperity, 

and a better M e  for the pimeers. 

mer the hst one hundred and twenty-five years, fsnaing &d development have 

generated a los of millions of tomes of fertile soil due to wind and water elements by 
exposing and not rcplenishing nutricnts and organic materinl in the delicate Ah 

(topsoil) layer (Camemn et al., 1992). The continuu~ of current agriculture and land 
development practices will result in an inmeashg rate of irreparable dpmnge to a soi1 
Iayer oniy 5-15 cenhetrcs dcep and one of the most fertile pain-pmduchg areas in 

the world 

The high volumes of diment in agricd- wateTWays arc indicative of non- 
sustainnble farming and dcvelopment practices in the upper wptcrshcd which affect 

functions. Dmwmham water bodies often become sediment traps which 
are shpllow and oxygcn &fiCient duc to intense m i e  ad*, this in tum 



t h t t n s  aquatic habitat and water suppIy for other watet uses. Water m t i t y  and 

@ty are both jeopPrizcd Wïthout management and pndeiuvece, human-made or 
natural water bodies on the RPirics fsce this fate d e s  development con- and 
watershcd stcWIVCGhip initiatives .axe saapmkd and fun& through partnerships 

bttwecn govcmmentai nad non-govenunental orgsnizntions. The joint benefits to the 
farming inclpsby, wetland/aquatic habitat, and people ushg the -ter bodies for 

rccrcation, tue economic, environmentai and social - in a bio-region which d i e s  so 

heavily upon the succcss of agriculture. 

1.1 PROJECi' PURPOSE AND OBJECiWES 

Wascann IaLe k a human-ccmstmcted reseivoir which is slowly finclhg its ecological 

e@%rium. Because a charaderistic problem in nscrvoin iike Wascana balce is 
sedimentation from agricultural nan-off in the upper watershed Riwh et ai., 199I), 

inaction will result in the Wascana resewoir no longer existing as a lake. 

Although manicured landscapes surround the lake, problems such as weed infestation, 

fou1 udouts, dimùushed water supply, and degradation of a unique urban aquatic and 
wetland habitat will pnist as the infill p e s s  continues. If lefi unaddrrsscd, this 

process will rcsult in a sisnificant change in the reservoir's ccologiical and recreational 

d e s  (Waite, 1992). 

Any alteration of currnt conditions in the lake (whether through iake decpening or 
sediment reduction), wili quire  financhg. Whether an investment in rrpaiative 

measurrs acco~ now or in the hihm mny k critical to how much might be saved over 
the long-tem (Leavitt, 1997). Tnditional aunvs of funding such as government at 

both the provincial and municipal leveb arc minimal and alternative ways of supporting 
these initiatives n e d  to k e x p l d  The effcctiveness of e* organizptions may be 
under-tstimafed, and a irdefinition of parameten for some Msistnnce programs may 
pmve to be more cmt-effecfive than meating new ones (Archet, 1996). 



W~scnn? Lake is a vitaî camponent of the Sashtchewan îapital Region, a cuiturnl 

centre, and an urbnn ecosystem in the City of Regina- It ip ncce~snry to identify the 

= l e n t  h u e s  and f - i t y  of poanile s01uti01~ in bdh the urbm and d contexts, 

before a detailed manasment p h  can be phnsed in over a priod of time that can 

involve and k s u e c d  by a vuietg of focai Jtntcholdcn rrprescntiqg bah immediate 
and upstrrom piw of the Waacana watexshcd ( H u t c b ,  1996). 

Given the parameters of the rrscarch problem, the rrsslrh objectives for this p j e c t  

are as fo110ws: 

IdentifV a feasiik strate= for mauitpining îüasuna Lake so as to sustain aquatic 

habitat, maintain rrcreation, accommodate irrigation and drainage, and do so at a 

reasonable cost. 

Propose the establishment of a system for the substantial reduction of sediment 

deposition in Wascana hice from upstream agridturaf lnnd drainage sources. 

Expiore the fundùig potential for the mobilization of this initiative. 

Encourage cornmunity, gwernmental and curporote stakeholders to work together 

in contn'buting to long-tenn solutions. 

RATIONALE FOR RESEARCH 

wascanz Centre was established through an act of the Saskatchewan Legislature over 

t h  decades ago as a locus for cducation, govenance, remcation, culture and health 

are for the City of Regina and the Prarince of Sasbntchewan. It was cstablished around 
an old stockwatering pond which was W g c d  to -te a lakc where prcviousIy, only a 

W e  shram had existai. Taday, Wascana Lake is slowly changing hrnn its originai 

design as an u r b  loLc into a system of natural urban wetlands, Ieaving the Wascana 

Genk Authonty and SaskWater with the challenge of xnaintaining a pr ishe  w h  

greeiwpife and accornpanying fianctions- 



The depth of Wosc~no LLc is if a criticai level (m average of 0.5 met= hep) and 

beclcons a sense of w n c y  to prcvent Mher dcpth ducticm. At & p h  Iess thnn this, 

weed p w h  bauniu widesprod icros the IPt, f d  odavs e m a ~ t t  nOm the Litense 
biological ad..@ in the water, .diVities such as boa- and saiIing ur no longer 

possible, and the attrocfEvellcss of the lpLt sctting is visually dtninished The Wascana 

Centre AuthOLity and SPskWater are ccmsidcrhqg aiternatives fm m a n a ,  the lake - 
including dccp~nhg the zescvoV, RisLig the shores of the inlrt, weed katment and 

improvemcnfs to water qdity  WCA Lake Management Plan, 1996). 

A major cause of the current H e m  is the lnge amount of sediment and suspended 
mlib cumntly king tinnsported into the Jake from the upper watershed (Grigg, 

1997). It is d e  to assume that a complete prevention of sedimenbation Lc the laite 

w d  not bc possible, unies extreme technoIo&i*cal muwrrs wem undertaken. Emsion 

is a m e s s  which ocaus n a W y  in a rippwi systcm due to the movement of water 

over the land d n c e  (Hudson, 1995). But data 8ccl(flluhted fimm many case studies 

indicate that the effects of cultivating fallow, h f u r r o w k i g  with the dope of the land, 
tiUing to the edge of the fields, channeihtion of drainage corridors, and the 

introduction of development to previmsly agridtural regions, resulf in changes to the 

s d  characteristics and hcreased diment hansport by d a c e  flows (PFRA, 1983). 

~n ecological contrition to a solution which addresses sdiment loading fnni the 

upper watershed over a long-term period should be pursud ~ i v e n  the m i a t e d  cosis 

of many of the technical ciltematives (1Pkt deepenùig, shore raisin%, weed removd, 

chemid use, etc.), a les  expensive initiative which addresses the problem at its source, 

should be considcd an oppomullty cost and contrition to the hcalth of both 
Wa~cana Centre and upshrnm agridttuai amas. It is the intent of this @ect to see 

how an enviammental plnnnllig appmach can be accomplished at a muonable expense 

c o m p d  to some of the oîher proposd technid meosuru. 



2.0 BACKGROUND 

The se t tbg  of the West in the mid-18Oo9s h g h t  with if the -y chnllenges and 
hardships of Icnniing h m  to live in a hoaile ullstttlcd lnnd As the tailway moved west 

f h n  Manitoba, pbneers chan& the iand fnnn a n n t d  prairie gRalond to cultivated 

s d  Over time, Saskatchewan kcome the l m d b d c t  of the world at the uguc of 
much of the native habitat and vegttatiun, uid Regina btcame the uiban cenh for 

tradc, commerce d gavemance in the mr*dst of the agridhtral activity. Tuday, the 

city continues to wrestle with its physical nlatior'lship to the neighbounng rurai 

mrr~undùigs. One of the current pmbIerns is rrooncihg the need to maintain a 

pristine aesthetic within the provincial capital surrounded by the huictions of the 
agricultural henrtland 

2.1.1 The Nced for Water 

Formative development of Woscann Park and primary excavation of the lnlrc were 

initiated by the provuid  govemment to providc irrigation and stock wateruig the 
local facilities and population of Regina continucd to gmw. In the 18809s, the= were 

only one or two weh in the new csptal city, making the supply of water very lLnited 
The CPR and Federai Cavcmment combiiicd remmes in 1898, to build an earth dam 

across Waxana Creek just west of the present Albert Street bridge sluicc. A mervoir 
initidy coverhg 65 hectares and averagins 1.5 metres deep was crcated under the 

Northwest Irrigation Act. The primnry function of the ~ w o i r  wss livestock waterLrg, 

although it was a suitable =ter body for rccreational sPiling by some citU;ens as weil 

(Iüddell, 1 994). 



The d stock wattring pnid muth of d~wntown ~ ~ g i n a  gainai s i g n ~ c ~ c e  d e n  the 

Province of Saskatchewan was crcated fram the Assïni'boia District of the NoitheWest 

Temtorks in 1965. A new pmvincial kgdative b m b i y  Building was ccmshuctcd cm 

the 68 hectare Sinton proptrty on thc south side of the lakc to succced the old Temtorial 

Buildings that wcze -nt, and trre planthg ekments werr addd nPm Maitwl 

Iandscape &chitccf Frederick Todd's p h  for the new Saskatchewan Capital regh. 

e Gmat Depression, the major undertnlring of draïning the e x i h g  reservoir Ixuing th 
and excavating it was undertaken as a relief proje& by the t h e  levels of govemment 

vîa the 193 1 Employment and Fnnn Rclief Act nt a cost of $103,ûûO (RiddeU, 1994). 

in the years which foiiowed, city, provincial and university lands which formed 
Wascana Park becvne home to a diverse -y of functions hcluding a natural history 

museum, performing arts centre, technical school and University, gwernment offices, 

health tare faciIities, bird sanctuary, and urban green space - dl aze -nt amund the 
lake today (WCA Master Pian, 1992). The map on the followhg page illustrates the 

context of Wascpna Centre in prrscntdy Regina. 











2- 1.3 Creation of the Wascana Ccntrc Authorie 

The development of propcrty aumuiding the lnlrc -ted O need for O management . strategy and admuustrative body to~coorduinte and supMs the =Wh of prwincial, 
municipal a d  University of Re* f d t i t s  in 1960. Rior to thu date, severai 

contributions had ken made to the plnnning pmces by Frrdmck Todd (lm?), Thomas 

Mawson (191S), and Shore & Moffat (1960). Thmagh the efforts of LW. Johnson, 

deputy Provincial Trcamrcr, the concept of crrnting nn d t i o n a l  srnichare and 

centre lvaund the lnke govtmed by a master pian, Id to the piusing of the Wesc~na 

entre Act on A p d  1,1962. Following the incorporation of the Authority represented 

by th e City of Regina, Pivwincial Covemment d the university on a Board of Diredors, 
Minoru Yamnslln, a city planncr fKna Biiminghnm, Michigan, and Thomas D. C h m h ,  

a landscape archited h m  San Francisco7 were sclected to create a new master plan for 

the Wascana Centre &veIopment (Riddell, 1994).. The Regina Leukr-Post published the 

guiding Y d K h u r c h  vision of future deveIopment prospects as outiined hem: 

[The plan] calls for both shores of Wascana Lake from Albert Street to 
the No.1 highway by-pass east of RegW to k developed into parkland 
sanduay for government, culhue, tourist and birds. 

The development WU include: 

0 The gnnuds on which the gwemment buildings prr now located, 
where morr offices are planncd and more psrL &velopment is 
foreseen: 

The south side of CoUegc Avenue f b m  A k r t  Street to B d  Stxeet 
where a Regina chic antre and an open air theatre by the lake shorc 
may k adâed to the buildings nltrPdy therc: 

0 me proposed campus of the Regin0 b c h  of the University of 
SasLstchewan, located betwcen HillsdPle and the by-pass: 

A s p o ~ ~ r r ~ i n D o u % o J p n r t , o n t h e n o r t h s i d c o f W s s ~ ~ ~ I P k C  
across h m  the university. The= pre dmdy ph* fields in DauglPs 
Park owned by the ci@ "The secret of the mcccss of this cenb  is 
going to be its location," said Mr. YnnwPa St W in the heart of the 
City." 



The Wnsc~no CenW Act guides the structurai nnd lnndscap developmmt per the active 

master plan, which octs os the coordbthg mechanism of the park featues and 
intended design and policy developmcnt directives (Paterson, 1996). The main body of 

any plan is based upon a long nuge planning horhm where planning pMciples a d  

general deveIopment intentions are extendeci to s vision of an ideal outwme. 

P d c i p a t h g  parties and the gened public are invited to contribute comments and 
suggestions in the participation -es. 

The Wascana Centre A u t h e  has recentiy endeavored to devise a Me management 
plan to address the pmblem of sedimentation and infilI of the lake (WCA Lake 

Management Plan, 1996). in September, 1996, public input meetings were held at 

Wapcana Centre to m i v e  input in a forum setting to supplement submitted 
questionnaires and briefs. Nine issues werc identified as currrntly relevant to the health 
of Wascana Lake, though the Prunnry concem is with the portion of the laLe known as 
the West Lake (or lowet bsslli). The issue categories were identified as listed in Table 

2.1.2 (next page): 



Under the h d g  of Water Qdity, the questions of upsirram diment soauces, 

upstream Ilifluences on -ter quality (whether agrïcultural or other), and 
c o d v e  mensurrs weae asked. The subacquent questions relathg to other issues were 

in many cases inevitably dependent upon how the question of scdimentation and iake 

depth w d d  be addressed in the future. A more detailed amant of the issues and 
questions raised, is included in Appndix 8.2.1. 

8. 
9. 

2.2 URBAN FüNCTIONS, lAKE USE and MANAGEMENT 

Shoreline Maintenance 
-stem Context - holistic development 

L e s ,  c ~ e b  and sfreams have often ken important COllStituents in the location of 

settlements on the Rairies. The watcr source in a dty climatt, the wetlands and 
c o r r t s p d n ~  habitat for food, and the accompanying ripowi vegctation providing 

shelter fmn the flot, open phbu werc attractive for stttlement (PFRA, 1987). Today, 
u r k  areas d y  tapon waterfiumts for the followllig rcasons: 

1. Irrigation 
2. îüater sources for habitat 
S. Storagc of trcatcd wastcwaters md urban drainage 

4. Rccxeation - (hW, shorrline parb, swimmllig, and nature apprrciation), 



Waterfnmts are v i td  plPoes to &an WU-king that draw pwple, fpscinnte the* satisfy 

th& hep human nccd foc cunfact with wiater and wüdlife, and provides a Collstantly 

changing pan- d vieq wcather, and moodr S h m k  offer a smse of MW 
beauty in our tbmu and citics whem living conditions can be s q d d  and congested 

(Royal Commission on the Fu- of the Toronto Waterfiont, 1992). 

In terms of ecodystems, citics must continue to ty to improve their Mt-in mechanisms 
for long-term sustainability so u to d u c e  their dcpendency on their hinterlands for 
swivai (Geoxgia Basin Initiative, 1995). Unitcd Nation's f igurrs indicate thnt the 

majority of the world population now liws in u r h  orros which continue to grow 

yearly. This trend win have p r o f d  environmental and social mpercaassions unies 

ecoIogical duign is made an integrai part of city design and development (Gordon, 
1990). Wascaiu Centre presently pFovides the City of Regina with nn extensive array of 

activities which requlle extensive coopration between several stakeholders in 
adtninistering problem soIving maneuvers and managing of this valuable puMic urban 
greenspace. Whether these sîakehoIders make ecologidy sound llls~~~gerneinf decisions 

for future development depends upon the information which they have at their disposal 

t h g h  the environmental planning pmcess and how various functiom date to cach 

other. 

Irrigation is an important fundon of Woscana Lake in helping to sustain the aesthetic 

quaiities of Wascana Centre, as weU as the kgishtive Cm&, Goose HiIl Park and 
Douglas Park. The University of Regina and Wascana East cumntly use municipal water 

for irrigation, thmgh the univtrsity cumntly pays füll +ce to the City and opts for a 

les  than idePl landscapc quality to avoid ni11 Ùrigation costs (Fkntiand, 1991). if l e s  
expensive water wer a d b l e  fran Wascana LPtc, it is &tcd that cumnt use would 

be only 60 percent of the total vo~~e 'which  w d d  k M y  be usd 

Water levels in the lPLe arc dependent upon spring snowmett and &ail nanoff; Li dry 

seasons this L insuffiCient to meet e t i o n  ne&. Subsquently, water rationing can 



lead to an expnsivt &gradation of fandscapes (Dockam, 1997). Inamashg the volume 
of wakr avaiiabk for irrigation W an aitemative king investigpted by SsSWafer with 
the hgpo<hesis king that W e r  iakc ltvtis wili i n r r ~ î ~ t  storage cappcity and provide 
additional -onal benefits. The gains howmi, wi l l  b 1 y  continue to be anutered 
by dUNnishing Innc capsCity due to gRQinl u d  constant wihentation (Collins, 1996). 

Currently, the Vnspted d à c c  in0 cast of the Amert Street weit W about 260 hectares 

(ha) of land with a mential expPMun of azwî to 584 ha (as show on Table 2.2.1). The 

totai water demand is 974 damS which could inci.eose by 160 dams if the University and 
Wasca~ Epst were addcd. In addition, p p o e o L P  fot the development of p k s  and golf 
courses d d  inctcasc the dtmand to 1,719 dams without collsenmtion meosurrs, an 
inrrease of over 1 ?û% (Pentiand, 1991). Cleady, the= is a need to maintain this water 

rrsaurre and ensurr that exidhg votumes are rnaintained nt no l e s  than -nt levels. 

TABLE 2.2.1 
IRRIGATED AREAS AROUND WASCANA LAK€ 

(Penthd, 1 99 1 ) 

2.2.2 Habitat 

LOCATION 

, Wascana Country Club 
Riverside Mernorial Cemetery 
Plains Health Centre & SIASC (City Water) 
U of R Main Campus (City Water) 

, Douglas Park 
Nursery and Centre of the Arts 
Wascana South 
Wascana North 
T d  

Habitat is abundant in Wn~ana centre as its girenspace corridor provides an 

ecological san- in locations such as Willow, S p c c  and Goose Islands, and the 

Waterfowl Park (RicideIl, 1992). Garae IsLnd is a favorite ncsting arca for gees, with 
an estimated 3ûû+ ncsts in the Park evezy year. An abundance of goslings ki t h  park 

PRESENT 
AREA (ha) 

30 
40 
4 
36 1 
32 
34 
45 
40 
261 

FUTURE 
AREA &a) 

61 
57 
30 
62 
50 
34 
50 
40 
384 



Regina is h t c d  wcst of the centre of the North Amcrican Central Fiyway and k a 

pthering p k  and brrcduig gmund fm nrimcrous wiid waterfowl and native wildlife. 

As many as 10- gas visit the hke csch year as a staging area, where they mt for a 

tirne befort flying south for the winttr. Canada Ccue nic the most abundant bird 
spcies in Wascana Centre, though other birds include tundrn swans, shore birds, gulls, 

texns, ducks, songbirds, bîackbkb, lringbirds and wiow warbIen dong the shore 

(Ewart, 1997). 

In the early 19809s, sport fish such as pike were able to survive in the lake asisted by 

lake aeration from a neighbouring power piant. The subdequent closwe of the plant and 
continued infill of laJce depth has PU but elimuiated habitat for sport fbh in the laLe. 
Sticklebacb, P d  Dace, and Fine-de Dace still exist in the lnltc - limited in numbers, 
but important components of the food chain (Leavitt, 1997). Most sport fish spefics 

need &eper wakr and a higher dissalvecl oxygen content to d v e  thmagh the winter 

than the lah now provides- The water tmatment facilities for the City of Regina 

discharge water hto the mek àownstream from the Albert Street weir and keep a steady 

flow of water in bwer W P ~ C M ~  C m L  year-round @ries, 1997). Some sport nSh 
seasody traverse the downstrrvn @on of the watershed to Ws~c~na Ialre from the 

Q d ~ p p e k  Vaiiey system to inhabit in the &, but they do not-nOrma1lY survive the 

winter. Sedtnentation and water column biochemical oxygen demand often cause 

Wascana Iakc to beoome anoxic epch winter (LewisJr. et ai., 1984). 

A n u m k  of spccies inhabit Wascana Centre. These include bcavcrs, mtlskrats, mink, 

d fox, white-tailed jack mbbits, RichordJoli gmund qyimis and weascl. Some of the 

iast rernnants of prairie gruPlPnd in Regina uc found in Wascana Centre. Ai of these 

animais depend on uch other in the food chah, and the prsence of the pmtected 

wetland and p w i e  gras habitat (Zak and i d e  Jr., 1989). The lake provides a rich 
divers@ of wildlife within the u r b  fabric, dowing humans and other animais to w- 

habitate in relative hmnony. kr diment continues to build up in the laite, an 



u i ~ a c ~ i r c h n n g l l r g f n n a w t t l u i d t o ~ n n d m u d f l o t s k i ü i e d y s e o s o n s ,  

jeopPrdiPnS 
C .  

the diverse habitai at the sanctrtary. 

Rgina~~rr~nt~~raqp&cstheuseof ~arcuio~~keand~rre~asadischaz@minfor 
its stomtwatcr trunk mPin system- In 1993, approximstely svcn major and 15 minor 
stonn twiLs dischargai dircctly into the lakc. S h t t  and developd h d  surface 

drainage are known contnitors to the p b l e m  of swpcndcd soli& and poiiutants in 

wban water bodies. In rnany cases, snowmelt and intermittent r i a h  events cleanse the 
land surfaces and carq the effluent to the main miter M y  where &position a x u r s  if 
no water cunrnt exkts (Waite, 1992). 

W s ~ c a ~  Iake =cives direct surface drainage fram approxbately one-fifth of the 
wban area nie majority of drpinage outlets occur west of the Albert Street weir and 

account for the remainllig urban stonn tnuiL drainage not collected in the hke. New 

development annuid the University Park East, VarSity Park and Wnscnna View residential 
mas may increase sedllnent contnhtions to the lakt, if development continues 

(Crawford, 1996). Smitary discharge outlets which maintain a constant ycaremd 
flow thrunagh the watercoune, but conaibute mkiimnl d t  or sediment am ail locnted 
west of AIbert S k e t  and do not drain hto WPSCPM lake @es, I 997). 

Weed infestation, mrid fiats, and decruised lakc depth are presently problems in casteni 

portions of WPJCP~~ hkc, indicatimg a pblem with sediment inflow to the lsLc which 
wiU only k amplificd with i n c d  dcve1opment in these arcas- Though dischnrge 
outlets in the Wut Lake contrihate to the problcm of watcr quaiity, they am not deemed 
ns pNnny causes of the sedimentafion pmblem to the lskt ai the whole (Fria, 1997). 

Sudace drainage s h d d  k rddrrssd in the fana of a W c r  iand management strate= 

in the u&an arcas to decirase the pmaunt of Mpmncable s u r f e  and in- 
infiltration. This would decrase the volume of contaminated wotcr entering the lake at 

hi& velocities fnmi City Jhrets. 



wascana Centre is home to -y scosninl OcfiVities, le- Spons, speciP1 events, and 
festivais in aâdition to the zeguïar permanent funcfions. ki the &ter, the fimen iake is 

usd for skm rhb, cross-country slrüng and outdoor curltig with warm-up shelters 

and kioslo. in summcr, boat tours, tomng and saiiing ue cammon activities on the Iake 
(Riddeli, 1 992). 

Education, culture and tourism account for a lorge portion of the visifors to War~na 

Centre with the Waterfowl Display Ponds, Woscana Place, Mackenzie Art Gallery, CBC 

Building, Saskatchewan Science Centre, m e r  UiIAX Theatre, Royal Saskatchewan 
Museum, Centre of the M s ,  University of Regina, and LegisIative kpsembly king year- 

m d  locations open to the public. Sommet maths ais0 offer several dvities arauid 

various parts of the park which include bicycle trPils and rentals, rowing and kayak 
races, tours of the former Prime Muiister Diefenbaker's homestead, Legislative grounds 

tours, Sunday Bandstand and Re* Bell-ringers' performances, enactments of the Trial 
of Louis Riel at Shumiatcher Theatre, the WilIow Island picnic cuea and feny, children's 

films at Wascana Place, horse-drawn Carnage 

p d  (WCA Monthly Visitations, 1 996). 

The Centre is utîlized by the cornmunity as 

and wagon rides, and a public swimming 

a location for many public festivals and 

annual provincial cultural events (WCA Special Events, 1996). Among thes reguiar 

festivals are: 

Waskirno Festival 
Teddy-Bear Bash 
Mosiac 
Regina Int'i Children's Festival 
Bazaart 
Canada Day Festival 
Pile O'Bones SundPy 
Wascana Centre children's Day 
Dragonboat Festival 

Outdoor winter festival in Februnry. 
Childrcn's Hdth Foundation bd-raiser in June. 
Cultural Festival in June. 
Outdoor ccmccrts and acfivities in June. 
Arts and C d b  showcase in June. 
N a t i d  birthday and fkworks on Juiy 1st. 
Kick-off to the Buffalo Days Exhibition in Juiy. 
Bandst.and/pcrfonnance &y in August. 
Tuun b a t  races cm Iake in AuguJt. 



Each of thes rcgutnr festivals and activities are an inte@ part of the chaiacfer and 

fabnc of Regina's urban identity and brins valuable tnirirt and nual dolIars into the 

lucai economyy Thek SE~CCCSS U dcpndmt upon the lnLe sctting and the availability of 
the clean, safc, and welI-muaintaincd urbon grrcnspnc+ which is accessi'bIe to everyone in 
the c e n e  of thc city. In 1996, Wpscpnn Cenh hosted 211 actîvities in total- This 

demonstrates the vDue of W~suin  Cenb to the caltiuie ond I d  awiomy of Regina 

(WCA A n n d  Report, 1396). 

Management respons~Wtiies of W s s ~ ~ l  Centre Iands are ovemeen by the Wascana 

Centre ~uthority, the staMory corporation consisting of the Govemment of 

Saskatchewan, the City of Regha, and the University of Regina - the primary 

confrihtors of land to the Centre. Building uses and facilities in the Centre can senre 

one or more of five purpases - the developmmt of the seat of gwenunent, the 

advanfernent of the cultural arts, the enlargement of educational opportunities, the 

improvement of recreational facilities, and the conservation of the environment (WCA 

Master P b ,  1992). As a result, many interests kyond those of the immediate redents 

of Regina rely on the maintenance and upkeep of the Centre. 

Since its inception, the ~uthority haP seen water management as an important part of its 

mandate. Although direct control has never k e n  docated to the Author@, it has 

aiways been assured thnit its water nqullements w d d  be met, and has had a vested 

interest in knowing about upshcPm activitie~ (Patetson, 1996). The actual j<uisdiction 
of water rights belong to SaskWater under the t e m  of the Saskatchewan Water 

corporation Act. The Act (establishd in 1984) states tbot all wntet is the property of the 

Crown and T h e  Rght to the use of dl graund unter and nll surfice -ter may k 
established only pursuant to thir Act? SssirWater must manage ail water uses dong 

stresuns and assure E W W X U ~ I ~  allocation of -ter and ridmuustra o .  tion of the miauce to 

the users within a watcrshed in SsskPtchewa~ (Ridde11,1992). 



The many land uses withm Wiucana antre that prr dependent upon the &pih and 
heaith of the MUE f a  under the odnwusha t .  tive contrd of the Authority, while the 

management of the PfhlPl Bow and upper watershed on the watercourse are the 

rrspons'bility of SaskWater. Dams, ,@ment contrai structures and riparian restoration 

prqjects in the upper Wasca~  watcrshed an administcred by SaskWater, though effefts 
w felt downstream in W .  Centre (WCA MMter Plan, 1992). In spite of the 

jtuisdictiod division, the importmuice of the Jake functions to the City, and the health of 

the adjacent watershed nnd agridtural land base to the tegion ~ r r  reasons for the 

management bodies to work tagcther to ensure that urban and nunil land and -ter uses 

are compatible. 

2.3 THE WATERSHEDCONlZ2lT 

The majority of land in southern Saskatchewan is cumntly behg used for agricu1tural 

purposes with essentially al1 of the good quality h d s  king used for grain production 

(Anderson et aL, 1984). The lack of land management and stewardship initiatives has 

resulted in varied levels of degradation to the soi1 through wind and water erosion, 

organic matter los, salinkation, and acidification (A,gridture Canada, 1995). 

Numerous qualitative reports have ken asembled by many agencies to estimate the risic, 

extent and severity of land q d t y  degradation To date, where -ter erosion is 

concerned, only a few quantitative emsion risk maps have been assembled to aid in 

better land management and planning. 

Years of land cleaillig, fertilinng, slough drainage, and channelization in watersheds 

have depreciated the crop yieldc in mpny areas (albeit in varying degrees) and have 

created a need for long-range repartive measures to ensure sustained groductivity of the 

land (PFRA, 1983). The direct r d t  of losi o w c  material and soil materid even with 

extensive fertilization can be sem in a 1970 southmi Manitoba crop fertilization study 

where eroded =ils consistently had lokr  $el& than non-e&d soils (Appcndix 8.2.2). 

The effMs of pot  h d  management ur felt on downsh.eam areas as well, with 
flooding, eutrophication, Jcdimentation and poor water @ty (Lewis Jr. et al., 1984). 

An understanding of the intemlotiottship of erosion factors, including human acfivities 



in the watershed ir necearory to Pdequntely rrcommend practive management 

initiatives which k f i t  di stakehoIders in the wafershed. 

The establishment of political baundaries on the Prairies followed the anivenient 
divisions of the township grid with many d municipoiities definhg Pdmuustra 

.O tive 

jurisdictions Pawding to the dciineated squnns surveyed o r r o ~ ~  the Prairie* AIthough 

the luid was deemed to be 5 t ,  and the divisions e t a b l e ,  the political divisions did not 

coincide with the dope of the h d  or the subsequcnt drainage basins. Today, 
j~ctional coope~ation may k pblematic when canceiving envUummcnta1 planning 
so1utions in watemheds or bioregions, because two or more rurai municipaiities may be 
affecfed where t h  is a neuf to incorpo~ate spcific cross-bounday stewardship 
meslSUTes or policies (Aberley, 1994). 

2.3.1 The UV- Wascam Crtek Watershed 

The Upper Wascana Creek Watershed consists of the entire drainage baan to the 

southeast of the City of Regina (Illustration 2.3.la). The watershed includes 

approxllnately 3,340 square Mometres of land aies, all of which is either in cmp or 

Iivestock @taction. Grain production is the primay land us; ten operative grain 

terminal delivery points lie within the watershed, and 12 other neighbouring elevator 

locations beyond watershed boundaries a h  hande crop yieids h m  within the 

watershed boundaries (Canadian Wheat Baotd Statistics, 1995). The upper watershed 

encompasses a portion of 50 townships of h d  within nine rural municipalities Rable 

2.3.1) and portions of the City of Regina. 

The warona Creek meanders 8cms the hdscape - a linear distance of over 125 

kiiometres, drainhg a bPsidy flat hdscape with little to-phic v h c e  (especiaUy 
west of hovinciai Highway #3S). Many mtlands exbt in a pothole region of more 
unduiating topogrophy in the southeasteni portion of the watemhed. The entire water 

covemge including the wetlanh is depicted in Wustration 2.3. Ib in relation to the City 

of Regina. 
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I TABLE 2.3.1 
RURAL MUNICIPALITIES IN THE UPPER WASCANA 

CREEIC WA- 

Areas to the south of Regina have conristently Juffered fnim a land drainage problem 

due to the extremely flat nature of the terrain. An ares of 118 km2 south of the City of 

Regina drains into two lage sloughp known as Rowatt and Stice Sloughs (respectively 

east and west of Provincial Highway #6). In wet years, ap to 2870 ha of farmknd has 
ken known to flood due to sprkig meltwater. Subsequently, excess water removal and 

prompt drainage is desired on these lands. Further upstrram, the flows are arrested by 
the Tyvan Reservoir which coflects moff frrnn the snitheast flowing waters of the 

creek Minunal e k o n  o c a m  duMg spMg flooding because the topsoil layer is frozen 

(Shaw, 1 S O ) ,  and few emsion control m e m s  exist to en- that soi1 loss and organic 

depreciation is reduced hrmi the more erosive post-thaw rainfall events. 

2.3.2 Soi1 Erosion in the U m r  Watershed 

Acce~erated erosion is the sutwtantiaî lacs of soii ovcr O xtiatively short priai of time, 

resulting in the trsuisport of sediment and nutnents from fnnnlnnd to d e r  undeskbIe 
locations. Diffcrent fimm geolOgcai c d o n ,  when the tRnsport of soi1 materials talces 

place over a long pcriod of tirne, accelcrated c d o n  is often the result of unhcalthy 

human-induced land management practicts (Parsons, 1993). M o n  seerns to favor 

removal of piant mitrients over other soil COtlStituents, resulting in higher 
concentrations of nutrient-rich soil in doWI1Sfre8m eroded sediment snmples than the 



originating matcriah. An Agricuiture CMada report on Agridturai Land Degradation 

in Western Canada (1984) named soil emsion "the mad serious single resnuce 

degradation issue f a  Prairie agriculture todaf and h e d  the p b l e m  in terms of 

pmjeded long-term tconomic lossts- 

The report Stpted that when ushg a f-da that dculated annual cost in temu of 
multiplying the total prro offected by the field loss and by the crop d u e ,  da 
estimates ranged acros the MCS from SCM/improvcd ~ c r r  to SIQ/imprnred acre, and 

an excess of $7,000 per year for mue fanners. In 1984, about 90% of a n n d  emsion 

costs were absorbed by the Saskatchewan fanner, and were in excess of 5% of the Mal 

value of crop production in the province. TIW has ken fran~lated into an estimated net 

farm income loss of 15-20% if e d o n  pmention marpures are nut implemented In 

terms of net fann income, thk would k about eqyd to a complete crop failtue once 
every five years (in which went, ppyouts from the pcimarily f e d e d y  supported Grain 

Stabilization Fund w d d  be required for fann relief). Costs of soi1 erosion to the 

Canadian economy and Prairie agricuiture will e d y  reach into the billion dollar range 

over the long term if restorative land stewardship initiatives (including soil wnse~ation 

and rehabilitation) are not implemented (Anderson et al., 1984%). 

TABLE 2.3.2 
E!STIMATES OF EROSION EFFECïS OVER TIME 
ON THE SASKATCHEWAN FARM ECONOMY 

(An&- et al., 1984) 

I Actuai & Potentiai Casts of Etosion $2 1 O,%5,OOO $22 l,475,OOO $254,828,000 
without Ameliorative Measures I I I 

in addition to the basic cc~nomic coats, the trpNport of nutrients through the 

watercou~se to the eventd &position point provides a pmblem do~nsfream if the 

sediment and o@c msted  is not des id  there. Nutrients which increase biologicai 

activity in water and encourage a@ p M h  are transporZed intO stfeams and lakes by 

I bjected Fann  Impacts of w o n  
without ~meliorative ~easurcs 

$ S , 1 2 5 / f ~ ;  
$4.32/ 
improved acre 

$3,29O/fm; 
$4.55/ 
improved acre 

S3,785/fann; 
$5.24/ 
imprwed acre 



erosion. The microorgPnuiiu camme the supply of oqgen for fish and other -tic 

!Se and thteafen thes speciu po@ation.s This processt hown as eutrophication, is 
amplified by nitmgen and phosphonas-bascd fcrtiliztrs which arc d e d  kit0 the 
waterraufte via NnOn fiam the a . d M  watcrshed (Lewis jr. et Pt, 1984). It is 

theref- essential to rrtPrrl the ension and nufricnt transportatim pnxxss to prevent 
environmental and economic dcgRdption from occumhg both within the watershed and 
downstream (Ravera, 199 1). 

Wascana Cmek is a <iynnmic watcmnmc until the eprly Sununer sepson when the water 
source changes fimm spring snowmeIt to intermittent Sununer rainfaU Although the 

rainfd does not always span the entire watenhed following a raiddl event, it is duruig 
these events in early summer that the greatest potentinl for emoion occur~ (Ripley et al., 
136 1). Cultivated soil that has not yet fostered germination is prone to ephemeral 
erosion - a process of Joil particle movemcnt and ndeposltion. Soil particles move 
through the wltershed untii they reach a sdiment tnp and are depwited Wwarta 

Lake is a location where this occurs. 

2.3.3 Effects of Sedimentation on Wascazua Centre 

The results of naturd and human-aggravated erosion are noticeable not oniy in the 
diminished water volumes of the lalce basin, but are Plso &rzently a f f ' g  the 
hurctions and acfivities at the Iake. Ir is esiknated that the storage capacity of the 
reservoir has l k l y  been reduced by appmximately one-quarter (700 dam3) of its 
capacity since the Last dredging in the 1930's. Sediment deposition interferes with water 
intakes (especialiy in the upper b d )  mving low lake levels and diminirhes the 

capability of the lake to meet imgntion needs. Sediment &position olso reduces the flow 

t h &  the c b e l  at the head of the lnke and d t s  in bacltwatering ont0 

agridtural lands upstrrom (Sasbtchewan Deparhntnt of Agridtaue, 1965). 



Accumulations of orgPnic mafftr and subscspent w d  gtowth in the laln? tunits the 

ability to condud muviatg and canaing sport dvities. The Wascana Centre Authority 

cumntly engages in wced reznoval opmtions to clear kcy areas of the lalrc from weeds. 

Foul odoun accompany the M o w  waters in srunmer as mnny wetlnnd species come to 

nest in the weeds, and the d t i n g  watcrfowl fecu enCOUTZIige intense bioIogical d v i t y  

and euttpphication. The &hdc @ty is a critid component of place-&g for 

human use. As hted m Sccticm 2.2.4, many fcstivds, permanent functions, mcreationai 

&Viti=, and th- of visitors enjoy the urban grrenspace annadly. With ever- 

incresiSirtg sediment Ieveis, the mud tlPts are gmvhg and the lake is zwerting to 

marshland and grasshd mer t h e .  



UPPER WAERSHED CHARACTERISTICS 

ACïüAL CREEK DEPOSITION 

=ana Lake hPs ncquirrd a sgnincant amount of sediment over a period of many 

years. The composition and volume of sediment in the lower maches of a watershed are 

pducts of the emsion factors (which include the human land uses) of that rrgion. The 

sigdicance of monitoring the accumulations and n&g the richness of the lake bed 

composition is that the oontinued a m a d  transport of the soi1 matter into the lake 

translates into diminished agriculhrral h d  p.aluction capacity thr0Ug.h lost nutnents, 
and jeopardized urban fuictions fnni decre~~cd lnke depths. 

The composition of the top layer of sediment in the Wascana mervoir has an average 

depth of appmximately 0.5 - 1.0 metres and consists of very sofi silt which has 

accumulated since the last dredging of the iake in 193 1 Ventland, 199 1). The underlay 

is primarily glacial tu which likely spans the entire lake k d  uniformiy beneath the siit. 

The very thick deposition of silt is a ~ m I t  of years of the setthg of soil particles in the 

reservoir. Althaugh the sludge is primarily silt from the clay-based soils immediately 

south of the headwaten of the lake, a range of fine sands and suspended solids are also 

pmsent.  necd dotal commentary suggests that high organic content woaaid rnalre the 

Wascana muck ridi in nuhients, but potentially unacceptable for agricultural u s  due 

to its anaembic nature or possiile pollutants fiom nuioff. The lower density muck near 

the water surface produces heavy plant growth in the summtr, and consists of a loose 

agglomeration of d e d  -tic weeds, sdtnents and arganic matter (Ewart, 1 99 7). 

3.1.2 Sediment Volumes 

Sedunent i dow to ot the entraiice to Wascana Lake has never ken measurrd, leaving 

sediment volume calcuiations open to ks t  approximations begd upon correlations 



bctweensurfnceNnond.acAimentmus~.  C o m p P r i s r n u o f d p n d  

sediment mna d y  show a high cordath bccsw Inige voiumcs of runoff have 

greater ffow veIOCities whrh CiiDde morr Soü and truwport it down&eam. Sediment 

mea~~uements on Woscanr h k  mcar Richardson wcre compiled for sven ycois in the 

1960's (Appcndix 8.3.1) by the Wder Swey of îanada. There was no( a long-te= 

rrcord of nuioff fi ows nt RîcIuudam- The hydmnctric sfation Pt Sedley prwided nuioff 
readings for the portion of the drainage arca upstrr~m fimi M c y 7  but excludllig a 

lnge numbcr of subsidinry tnbutanes downstrrun befm RichardSan and Rt+ 

Pentland Consultants (1991) attempted a condation of the flow volume nt Sedley to the 

sediment apps at Richardson and emgirically calculated the coefficient of correlation at 

0.94 - a fkly strong rtlationship. They increased the tsfimaied sediment contriition 

by 20 percent to account for the ungauged area dormrtrrnm h m  Richardson and 

thereby dcuiated an estimate of d sediment inflow to Wosc~na LPlre at 67300 

tonnes of sediment. About 170,000 tonnes of nad -off sedtnent is e h t e d  to have 

acctlltlulated in Wascana Lake since about 1962 (date of first Richardson Mding). By 

these dculations, about 180 dams of the lnte volume (appraximately 7%) has ken lost 
to sedbnentation in the period between 1362- 1990. 

A 1990 suivey of the Wrc bottom by the W ~ s c ~ n a  Cenm Authonty wac used to 

caiculate the area and volume of the lake. Thcse results indicate a loss of about 13% of 

the iake capacify since 1962. The 6% discrcpancy betwem the Richardson-Sedley 
calculations by PcntIand and the Wascana Lake bottom survey by the WCA may, in some 

part, k afhrhtable to estimate enm. The rcmPining sediment would k that which is 

introduced by the u r b  nanoff (of which t h m  cumntly ur no r#wds) or 
accumulating vegetation. 

The City of Rcgkin Municipal m r k i g  Depiutment eshates that stonn trunk main 

discharge is not a primny contributor to diment loadhg cast of the Alkri Street weu 

(Wapcana Inkt) because nw1y fbur-fifths of the urbui drainage ente= the croek west 

of the weu (Cmwford, 1996). Abhough PrbPn drainage mwt dcfinitely k addtessed 

through p a t e r  o n d e  retention design and muse, indications of depth-loss are most 

severr whcre sediment baiid-up has occurred due ta retordcd water vtlocity in the 



eastcrnmost portion of the lake. With the diment ha* mached vety high IeveIs in 
the East Iakc, scdimenta'on is now becanhg a moIT mticeribk axtme~!ce in the West 

LDLt as weil (Dochun, 1997). 

3.2 EROSION FACTORS 

Erosion is n phenornena which has dways o c c u d  naturally, and aiways wiU. ~t is an 
aspect of the constant pmce~s of change in the cPlving of the toithss valleys, w-8 

dom of mountahs and foimation of alluvial SOÜJ and scdtnentsry rocks. ~ccelerated 

erosion is when the proccss is expeçiited by human activities - a dramatic incrase over 

the nahiral tste of geological emsion. Hudpon (1995) descnk nccelerated crosion in 

the agricultural context as: 

Whenever vegetation is clearcd and the gmund is more expose4 ... [theie 
is] l e s  vegttation to absorb the energy of the falling min so more rainfd 
eK)Sion, more d a c e  nanoff so shrPms and rivets becomt &ronger, more 
cattle to ~ n w h  the rock and soit By ploughhg and tilliqg the s d  man 
dishubs and acrates the soi1 milfions of t h e s  more quickly and effecfively 
than burrowing anùnals - in fpct ail the physical pmcessa of nature axe 
accelerated, and sa is emsion. 

Althou& wind emsion may be a problem on the CPnadinn Prairies in especiaily d q  

years, the most important single agent of erosion is water, h m  which the e t e s t  

amounts of mil los fnnn agricuitural land occun. Tolede soil loss is when there is no 

progressive deterioration of the land, and the rate of d los is no -ter than the rate 

of formation, with or without modm, irnprovements to soil productivity and fefity by 

good management ( M e  et id., 198 1). Soil scientisb in Canada and the United States 

n o d y  use the value of 11.2 tonnu/hectsrr/yau as the acceptable upper limit of 
tolerable soi1 los which assumes an approxknate f~~mat ion  rate of approximately 25 

mm aver a 30 yep~ pMd fl-h et d, 1991). The iepscni fm on this value by 

soi1 science experts b m  the wious soil ~egiotls in the United States is 

We d d e r  t h e  to be nates thnt WU make it possible for the opcrator to 
maintain the soil in a productive aite t h g h  a long pcriod of ycars 
without serious Stdimentation and without having grcat lossu of p h t  
nuhients (Edwnrds, 1961). 

In order to diminish the amount of accclclPtcd e d o n  to a tolezable level, an Uiwntory 
of the facto= contri'buthg to e d o n  must be nequVed to attempt a quantitative 



~tntofthesoil~~rsteona~nsrrnotlnndinadttcnainedpridoftime. 

Watershed attributes mch as nttfall omaurts, bpography, sd types, crogpklg 
proaices, vcgetation, sûmm morpholqgy, d major Iand use chPnges am dl 

characteristics which combine ta Mtt a plot of land identifiable as IOW, medium or 

ridc to water emsian (hmms et d, 1993). 

The Sashtchewan climatic xgion is d u c i i  as being a cool semi-arid to sub-humid 
type, indiutive of the ciimate of the interior of a continental land mass in the north 
temperate zone. The climate of the settled @on of Saskatchewan has reiatively low 

ptrcipitation, with more than hplf of the annual r a i n f '  comtig in the growing season 
hwn May to August (Envimunent Canada, 1989). The tendancy of min to cause 

erosion is therefore grester in this period than in the snowmelt period 

Rainfali erosivity is the potential of tain to cause erosion, and is a function of the 

physicai attributes of rainfd. Soil erosion involves the expcnditure of energy in all 

aspects of erosion such as bmskhg d o m  aggreptes, splashing them into the air, and 

creating turbulence in the d a c e  nuioff (Wischmeier, 1959). The Unportance of 

rainfall spiash wru demonstrated by Hudson (1957) in field expcriments showing thet 

plots of h d  pmtecteâ fmn min-spiash by gpuze reduced eTOSion to 1% from 
unpratected plots. S t d d  events Mned in initial tests with rrspect to rainfàll 
amounts and ochinl soi1 loss aithough a strwrger correlation was rrcorded between 

kinetic energy of the riin and soil loss. 

Wischmeier and Smith (1958) deteTmincd that a compound Cdmponent pammcter, the 

product of the totai kinetic energy (El of a sionn and its maximum 30-minute intensity 

(I), could mprc~cnt the intedon between the two raid"l1 characteilistics, and named 

the product - the entrgy intcnsity index (El). in 1978, Wischmeier and Smith 
summarized their work, dctennining that index d u e s  in the north-central rrgbns of 

the United States and CuiadW Rwcc d d  be rcpiucnted by the quation: 



The metric equivaicnt wu cstabiished by W d  & 4 in 1983, when the average annual 
EI was dcuîatcd wing the 2-year 6-hour intensifies fbm 42 Environment Canada 

weather stations. ït remoins as foiiows 

The rainfall frrquency a b  published by Hogg and Cnrr in 1985 using Cniipdian 

C b t e  Centre normals (Appendix 8.3.2) for precïpitation, shows the mean and 
standard deviation for Storm events from five minutes to 24 hours in duration for 

various regions of Gonade The 2-year 6-hour stoxm mny bc calculated for Regina 

Airport (the closest weather station to the watershed) using the 6-hour Duration maps 

(Appendix 8.3.3) and the fonnuln: 

xr= X+K.S 
where: xr = Amount of rainfall in the retum pcriod Cï = 2 yeius) - 

X = Mean annual extreme 

K = -0.164 for a teturn period of 2 yeprs 

S = Standard deviafian 

Uskrg this fomuia, the 2-yeu 6 - h m  stonn for Regina Avport is d d t e d  as 28.4 mm 
(Appendix 8.3.4), and the subsequtnt R factor indu u&g this caIcuIated s to rm mount 

is 594.1 (w d h a  h). Thir K comparable to the d u e  of 563 mm/ha h) 
calculated by NORMAC Ltd. (1992) for Avd-  Saskatchewan to the southwcst and 
imown to bc in a slightly drier geographic btim The R factor is assumai to be 

relatively unif'onn icmar the watershd Thmfote 594.1 d h a  h) is wed as 

the rainfall e d o n  index for the Upper Wssca~ Wck watershd southeast of Regina 
Airport. 



3.2.2 (Slaoc Steemtds .) Le- 

southcm Saskatchewan f- pnrt of the physiographic unit humn as the G m t  PlWw 

which sketches 6wn the CPnodian ShieId (northcsst) to the CordilIera (wcst). The aha 
to the west of the Manitoba esc~rpment fonw the kcond steppe, ond extends 
fkm the lower plnuw of Manitoba, Pembina Hills, Ridllig Mauntain, and Duck 

Mounfains in the ead to the Missairi Coteau in the wcst. ït is in this ~egion that the 

Upper Wascam watershtd nuis its narthwtsfer1y coane to the Qu 'Arne  Vdey. The 

topography is generplly undrilnting to pntly roliing with very flat regions where the 
beds of &ent glacial lnlrcs such as GIaciai iake Re* crtisted (Mitchell et al., 1977). 

Topography is important to erosion b u s e  it dictates the potentüil rate that nuioff is 
able to flow dom an inclinecl pameI of land The length of the dope and the gradient 

(% slope) are two components necesMly in determlliing the erodibility of a slope. 

Although soil eiosion b gencrally propoaiond to the square of the slope length, eiwion 

is much more sensitive to the gradient, whem doubling the p m n t  of dope more than 
doubles the amount of soi1 los. Wischmeier and Smith (1965) combined dope and 

gradient into one tenn to produce a value indicative of the steepness and length of a 

given plot of land The relationship k 

where: 1 = the dope length in metres 
s = the m e n t  in percent 

LMds in the Uppcr W ~ s c ~ n  watershcd wy from &pressional mcloaed beàns dirrctly 
south of Regina with less than 0.5% of slqe  to vexy steeply doPng and shu,ngly 
dissected parceh of land with extemal drainage. The lnnd d a c e s  dkctly south of 
Davin have sharp ridges and steep d o p  somctimts in excess of 16% with extterncly 
drnined bottom lands which may give way to gully erOSion. Exact dopes for specific 

sections of ïand have been mapped by Agricuituiz Canada on the Saskatchewan Soil 

Map Sheets. In Saskatchewan, the Soi1 S m  uses the fouowing c b s  for topographie 

phases: 



'lhe e r o d i i t y  of soi1 is its vuinerability or srisceph'bilty to emsion. In piles of 

mineral soils t h e  mein horizons pre àesïpated from the surf' do~nward OSA, B, 

and C. Generaiîy in the Upper Wascana Watershed, the top horizni begihs with the Ah 

sub-horizon (top) in which m c  matter hns accumulstcd from the growth of plants 

and subsequent hter dccomposition by mi-. The impacts of eIOSive 

elements such as rainfall affkct this loyer sigdicantly whm it is brokn and leh as 

failow (unsecded), making it most susceptii1t to e& fi W from tbis layer that the 
combined characteristics of silt, ~3~14 e c  matter, soil StrpcaUC, and prmcability of 

aparti&soil~tiiontt~~h~~p~netheSurficiollopt~fth.tZUSOCiati~nisto 

king emdcd (Moss, 1965). 

A 
B . 
C . 
D 
F 

. 
G 

, M 
H 

A soi1 ed'bil i ty nomopph (Appendix 8.3.5) wss dtvelopsd for smi-arid agricultural 

soils by Wischmeitr et ai. in 1971 :O q ~ ~ ~ ~ f i f j r  how the doremcntimed attnites 

influence the soilys capncity to infiltrate rrkL By plating the atmbues on the 
nomograph, t is pwsiblc to caiculatc soi1 eTOdl'bility.fscton (&O tenned UK-factmn) for 

k v d  todeprcsSinal 
Gentlywidulating 
Moderatclyundulaw 
Stron3tlytanduIat~ 
Very gently mibg  

GentlymUhg 

ModeRtely mlhg  
S f r a ~ y m ~  
Hilly 

Otobtlowl 
1 to 2.5 
2.5 to 6 
6+ 
2to4 
4 to 6 
4 to 8 
8 to 10 
8 to 15 
1st 
25+ 

O 
2orlcss 
2orless 
1 
3ormore 
2 
3ormore 
2 
3armore 
3ormare 
1 or more 



topsoi1 laym in Spcinc associations within a soil wnc and subsecpently, a rPte of 

runoff comprrd to other topsoii laycrs. Soil e d i t d i f y  Wors for the mocbtions in 
the Upper Woscnnn Watershcd aie= caiculated by pl* the morphoIogicd, physid 
and chernid a n a i .  from the SulrPtchewan Soil sauvey maps and tables anto the 
nomograph (EUU et PL, 1965). An inventory of th- faors, applicable d 
Msocisticms, and d maps for the zegions in the watcrshd ue included in Appendix 
8.3.6, 

in general, soS in the Uppcr Wucpnn Watcrshed vary in oomposition n.Om the Bmwn 
soil major zone at the extrcme southwest dge, to the BlncL Soü major zone dong the 
northeast edge towad hdian Head. The majanty of the watemhed is composd of Dark 

Brown &ils to which Re* and Weytnun prr apart- Withm each of these major soi1 

urnes are specific soi1 associations. The Sashtchewan Sail Survey plots the associations 
by map areas which include the Weybuni, Regina and lndian Head Map sheet regions 

(Crosson, 1 976). 

The chief pmb1ems associated with Weybum soils have ken the hazards of dmught, 
wind erosion, and -ter emsion on the mlhg phases- Where water e b o n  has 

occwmd, the mling phase lmms requïre the estabIishment of grass cover to remain fit 

for arable agriculture. Regina mils iuv g e n e d y  very flat, chy-based, dmught raistant, 
and rrpresent some of the best wheat lan6 in the province (&Jong et ai., 1983). As a 

result, very little grashg  for livestock grPPng exists and water e d o n  can k a 

significant problem wherc the modcrately undulathg SOiLp of the mgion exist. serious 

gulleying has ocnvred in the past cm the long slopes extendhg into &s and d e y s  

south of Davin and Francis, and thercforr makcs the cuntrol of crosjon on such a 

valuable soi1 vexy dcsiroble (Agricuiture Cuuda, 1995). The irtdian Hcaù d s  to the 
northeast encountet few mnjor pmblems with drainage and arc a h  vay rich cmp- 

producing saüs. indian Head clay-tcxtured mils axe marr stony than the Regina soils 
and are slightly kifenor to the heavy cîay in dmught resjstancc and susceptiity to 
wind emsion- Agpin, watcr ensian btcomes a p b l e m  on siopes adjacent to d e e s  

and drainage channeis w h m  grasscd watenivays have been cuitivated or bmsh and 
natuml vegetation rcmoved (deJong et ai., I983). 



The high fertility of the soils in the Regina-Weybuni-Indian Head region of 
Sashtchewan is optimPl for agnocuittuaI aop pduction (M whtart). Few of the 
clay-bascd soiLP are usd for iivestock p z i q ,  dthough this changes fuiiher to the 

southeast w h c ~  more till is cxposd and the topogtaphy is more undulafhg. Hiliy meas 
to the east and sarthcast are uscd for gRzing and f o ~ g e  ctopping- Mm d a c e  

erosion is prone to occur if these undula- amas orr cultivated for grain production 

because the soil texhvrr am *ter and more loamy in the southem and castem maches 
of the watershed than immediately south of Reguia (Ritchie, 1997). 

Cropping @ces have gisdually shiAed wer a period of s v e d  decades as education 
regarding soil los and fertility has become more wickspread. in the fkt half of the 
century, the prknary choice of fannen for seeding war wnuit on a secded-fdow 

rotation, or a sceded-Stedcd-fallow rotation. This muint that for one pwing  ssson, 
wheat was planted and hanreste the foiiowing season, the land was maintaineci as 

surnmer fdow withart a cmp to help M o r e  the gtowing capacity of the iand in temu 
of nutnmt mplenishment. For the latter rotation, the crop ( d y  wherit) mis fanneci 

for two successive sasons foiiowed by fdovwing (Tanner, 1997). 

Summer fallowing, or tilfing of land without re-secding, leavts the soi1 sauface in its 

most vuinexable state to erosive eIements such as wind and water. The b w s  

rcsulting fiom tiihg niny kcome minute drainage chaMeb fm woter if they do nob 

nui perpendicular to land dope. Piants cantn'bute to soil stability by holding soiI 

particles together with their mcb, and in mature stages d u c e  the infellsity of rauif' 

ehvity kfore it impacts the soil (Pomemy et A, 1988). The nutricnts n#ussvy for 

healthy c i ~ p  pr0auction me dnerable to e d o n  in hcaviiy cultivatecl, expoacd fdow 
(&&dturc Canada, 1995). With excessive Wow, cornes the acccssity to rrplenish lost 

nutricnts 6 th  expensive fertilization wer v e y  lngc panieb of land. Thcfc is o&n a 

los of lnge amounts of soi1 volume as well (T'ables S.2.4a and S.2.4b). 



TABLE 3.2.4a 
ORGANIC M A .  LWELS AND 

MANAGEMENTPKACî&CES 
(Agrkdturr Cuudq 1994) 

TABLE S.2.4b 
ORCANICMATERIXVELSAND 

CBOP ROTATIONS 
(A$dtur t  .- canada, 1994) 

Continuous mpping k the &ce of not faliowhg the iand for any pwing season, 

themby kctping the land in production on a nguiar basis- This uJed to be deemcd an 

unacceptable practi~ because of the fepr that the Lond w d d  be exhaustcd of its 

pwing cppacity if it wem f-ed kdennitely. Ru+urh has show t M  in oonjunction 

with modem nutrient enhament  progrruns, the d ' s  capacity to p d u c e  crops is nd 

diminished unksJ e c  material is r e m 4  or aiiowd to e d  due to p r  
management practiccs phibithg infiltration or e c  dccomposition (Andemon a 
al., 1984). 

Zem-tiU is a procus whcre a cmp is s e d  into an untillcd stubble d ~ c e  cxeating a 

minimal amount of soil dthirbana. In conventid tiiiage, aü of the t v i l  is invertcd 

and W g  ic done by s t t h g  the sced into the prrppted kd Zt~o-tjU provides 

minimal soi1 manipulation, but rrqukeJ more uteMve wccd control application for 
crop protection which is often more wstly to the famter. In the long-te- when used 



in ElSSOCiation with a continuous cropping rotation, soi1 loss and desftantion W ot a nar 
minimum and soil pmductivity is maintaincd (Cameirm d ai., 1992). 

Hudson (1995) statu thnt it is not the nop which is or ir not mil depleting, but the crap 
management - how the cmp k p w m  In an affcmpt to develop better I l i f ~ l~ l~~ t i on  

about crop management, Smith (1941) dcfined the cawpt of a prmhible s d  IOS, 
and made the fint attempt at dcnnllig a covn fnctor, or CC-factor. With M e r  

research, the mer ail e d o n - d c i n g  effdvenejs of a ctop anni fm given rotations 

was defuied in numcric terms by Wischnicier and Smith (1962) in terms of type and 
density of vegetative amr and management @ces. The C-factors for southem 

Manitoba and Saskatchewan are: 

Table 3.2.4~ 
C-FACTORS FOR SOUTHERN MANITOBA & SASKATCHEWAN 

(Shaw, 1980) 

Within the scope of a g r i d u s l  land use, tkim can be iarge fluctuations in the ammant 
of erosion due to wiats CIO& @ces such c~ntodng,  krrsciilg, contour-strip 
cmpping, and diversions. CroppPng practice was diffemttiatcd fnnn crop management 

and given a separate quantitative c b  by Wischmeier and Smith. A pitadix factor, or 

P - f d o r  for the CPnodion RMCs is generdy assignal a value of 1.0 due to the even, 

p l a w  altivation wer a uniform croppllig d a c e ,  stldom requkhg any employment 

of the aforcmentioned Cropping pPctices (Peterson et PL, 1979). 

. Conthuous fallow 
Faiiow-grain 

no residue 
200k residue 

1 .O0 
0.43 
O, 19 
O. 19 
0.15 
0.06 
0.02 
0.02 
0.02 
0.00 
0.00 

Cr-=-gr-falow 
, Continuous grain 
Continuous grain 
maX-gmi.21-3 yrs. hay : P e r e d  Forage 
Undtivated Pasture 
- F m  
Sloughi Watercovcr 
Impermeable Surfiace 

1 1 ûûkg residue 
fall chisel & tiU in spring 
no fall t i l i ae  



The drainage network in the Uppr  Wascana Czeck Watcrshed cawists of t b  OTders 

of stream classes which follow naturnl drainage pattern t h &  the slightly more 
undulating te&, and consiFt of COllStrtlctcd watemarse in the loww maches of the 

watershed. 

1. Inci~ent waterwavs axe the fimt signifcant channels for water movement in the 

uppermost maches of the watershed, and their direction and morphology is dictated 

by topography. The M g e  of incision of the channels vary fKnn zero to 200 cm 
depressions in the landsape and may change as a result of erosion and &position 

in the waterwurse. Grassed incipient wateways are seldom znaintauted to contra1 

emsion and are therefore often cultivated when land is b k e n  b u s e  they nui 

diagonally or meander across f ~ n n  fields. 

Second-order triitaries receive upstreiam flow îrom the incipient water nulp and 
display a h+er levd of incision (SSûû cm below uplnnd level). They gencraiiy 

dispiay a slight incmuc in the dmlopment of m m  dense vegetation. Emîon and 

deposition may aror mon fkqutntly in dtivated mm, with excessive deposition 
~esu i t ing  in clagged lowcr maches which fonvs nucoff to fhd an dtemate course 

(Raverq 1991). This U Pptticuiarly pmblematic at the side iaterpls of wasca~ 

ûwk, where even if a nui U grosscd for e m s h  pirdection, a forced dtemate 
counc occ~rs kyond the edge of the existing wat tmy  thercby gulleyins a t  

substantial tracts of duable matter. It s h d d  k notai that g ~ s a d  

waterwoy maintenance and *rapping das not exbt in these locations. 



S. W~scuu C d  b g t n d y  a W 4 r  sfmun ckss h ~ h i d y ,  but dkplays 
few t h i r d d r  morphologicsl or hnbifat atûibutes katase much of the dt.ainage 
system hns ken human constructcd, Whik Wns~no Crrek süll  lsccivcs the nanoff 
nOm the incipient watenuays and jccand-oder tributaries, much of the fiow at the 

side JatcRtr hm bem influend by channtlization and contaiau a hcovy sediment 
londfromopstrrom. 

Drainage fa f-ers in amm such as the RM of Sherwd (with the Stioe and Rowatt 

Sloughs), as weU as the R M  of Iaior<its Kronau Maish, has rempincd a problem in wet 
spring ac~~ons and hervy saunmer &al1 events. To iddrrss the f iadhg problem in 
this part of the watenhed, extensive dininnge and channelization was initiated in the 

1950's (Hek,  1997). Stmight-he drpinnge carridors werr canstnrcted to act as minor 
trihataries dom ditches and d allowanccs to expedite drainage. As particles are 

disldged and tmmpted to a channel for QwnrhrPm mavement, they pi& up 

momentum and fonn sznail rivulcts which through turbulence, dislodge other soi. 

partic1es. Without a change in the dvecfion of fiow to slow the velocity of the water, or 

pooling and rifflllig dong the drainage corridor, the bed and banla of the c h e l  
deepen to fonn @es and eroded ditches (Parsons and Abrahnms, 1993). 

The Wascana Conservation and Development wns the second of 172 current 

watershed associations formecl (following the Souris C 8 D AreP) to addrrs the 

pmb1ems of &cultural land flood& in Saskatchewan. As s &t7 most of the lower 
 MC^ of the Stream corridor of Wosc~na Creek fmm the City of Regina boundary 

upstream for appmximately 40 km is a constnrded w a t e ~  with vey iittle riparian 
maintenance (Gr&, 1997). Construction of the channcl was acSigned to -te an 

hpraved major drainage d d o r  t h g h  the fiats to nmwe watw as efficientiy as 

possiile nt a time when habitat and wPkr eipiity h u e s  wcrc Mt weighcd a* 

incrrPrllrg cultivated ammages for hightr yitlds. nie drainage wmks of the W~scnna 

Conservation and ~vclopment Atxa are illustrated on the foîlowing page (Iiiustration 

3.2.5). 



ILLUSTRATION 3.2-5 - 









At the Mcticms of the stcanddirdcr si& lotcrals into Woscw C w k ,  riparian growth U 
negIigi'bIe or nt a bPre minimum to dow for maximum dtivation np to the cdge of the 

wateroourse foUowing rprins high wakr Ievels. Subscquent Ruifpn events which 
devate wattr Ieveis again in the crrek Inp a the dges of the cultivatcd l s t e d  and 

cerry awiy topsoü in summer.  cio on at thc 1bc~)t io~s of bdh naturel and Collstnrcted 

si& loterais is a signi€icant pmblern ùccaus Lygc guiiies devefop in the spring and 
eady summer due to unstable sideslopes. The channcling of lPge volumes of -ter 

rapidly f hu  agridtural land M o  straight-Iine vditches (ditches with sharp slapes and 
very mumw, pointed bottoms) with lit& or no rip.rian growth amte headward gtûiey 
augmentation at Wascana creek side latends and higher soil trPnsport volumes. 

Early summer heavy rainfall events prr known to à the primary cause of soil emsîon 
because the emsim intcnsity of the &dmp is able to disludge soii particles and move 
them the gteatest distance as d a c e  water wllects and flows into the drainage network 
Spring moff  occulls while much of the soil is s t i l l  fnaen, and is banly signjfïcant in 

calnilating major emsion because soi1 particlu aze not exposed to the enegy of the 
large, fa- raindrops (Ripley et ai., 1961). The majority of the d t  which enters the 
watemOUTSe via spring moff in the Upper Wascana watenhed genedy d r o p s  out at 

&onau Marsh (labelleci "mwkeg" in Iliustmtion 5.2.5) as the flow velocity dllnkiishes. 

spring water levels subside on the fiats, the wateirwiise fin& a more direct route of 

passage through the Wasauui drainage corridor. Therefore, the assumed &position in 
the marsh may not be as high during late spring and d y  summer S o m  events, and 

sediment is W1y transported further doWllStrCEUn diukig thes pcriods. Silt depwited 
on the flats at spring melt is Lürely dislodged with ease and &cd further dom the 
watercoursc toward Wasca~ IpLc, though in substanfiiiuy smaIlcr amounts than what 

is initjaliy emdcd fram upshrpm. Rrsently, th= channe1 immeàiately upstrram from 
the Wasc~nn Iake is not ndequntdy gnssed or maintaincd to decrr~se flow velocitics or 

sedimentation. 

The desire to fixe any agridtural land of stDading wPar hps traditiody k e n  the goai 

of many farmers. in more unduiating te&, deprrJsional areas collect water and 



constitute mafshlsnds, gradtdy rechaqing pundwatcr @'ers t h &  scpage. 

Subsurface ospifers azt an important aavce of dMking wPter to many nvPl 
co~unuriities and Eanns that ph not ncar a d c i a i  strram or river- S b  the time of 

settIement, ovct 40% of Saskatchewan's WCtliuids have hem bst, in m a t  cases due to 

individual a~cu I tu ra l  iand drainas pi91*ects (Gcmimment of Saskatchewan, 1996). 

3.2.6 M d  Use Chrurnw and Devt~opmtnt 

Changes to land u s  in the watershed as O d t  of development have genedy not 

been significant. As seen on the locationai maps, village sttlement mnlas up v e y  little 
of the land use compnrrd to the agricultural functions. White City, rr kdroom 
commwiiîy cast of the City of Regina on the Trans-CPnnda highway, has seen expansion 

to its residential area, the canstruction of the new Emerald Park Golf and Country Club, 
and the Grrat Piains Indwtrial Parlr (Anistrong, 1997). The en& land ara covers 2% 

sections of iand, a portion of which contrites to draiiage reccived by incipient 

waferways. 

R d  construction has the potentiai to disludge high amants of soi1 and contri'bute to 

the pblem of inciieased sediment trPnspnt. FoUowing the culvert instsllation and 
ditch scuipting which awompanies toad constnrcfion, the= often is Little effm made to 

re-grass ditches. This hns gr r~ t  pdentinl for soi1 transporl because d ~ l c c  run-off h m  

the d sudiace emdes the vnsbble edges of the new roPd as it creafes rills into the 

ditches. Rapidly movkig water fimm cuhnrts cnn scour out lsrgc guilies as water pshes 
into the ditches. Most construction occur~ in the ~ummer mmths when heovy rainf '  
events aicur, and can conhibute to sediment lapding if extensive mmd work is taking 

place (Clunemn et ai., 1992). 
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Ahhough minimai monitoring and rucnrch has bcai initiated resprding spcinc 
volwnes of diment cfWiodged due to msd ~ ~ l ~ f r ~ c C i o n ,  the physicai evidence of 
K.iadSide d m t  and Woter cbudiqg is vwPlly appnrent neor most rond cottstric~~on 

sites. Resçnt-day d =pairs or rrbuiIding domi d allowances whert 

Consennation and'Deve1apment Ares drainage channels exist contribute to m e n t  
loaduig in the strcam network When M t ,  the canstnrctcd channels and ditches were 

designed to move wakr u quickly as possiile to the crctk and therefore were not 
cmted with emsision control in mind RDsd =pairs ai- thes  casting channeIs and 
drainage ditchu am vey &ly to cuntriite to soil las d c s s  the= S inunediate soi1 
stabilization t h g h  rr-gwllig which retaFds the f d  momentum of the water 
cumnt- 

Extensive road constnaction pnsently overages about one major rr-surfacing or 
construction pject pi RM every 3-5 yaus and is assisteci by pmvincial fun-. Due 

to nsEal constraints, mnny desired new have nd ban undertaken by 
municipalities because they are unable to fund them independent1y- The Department of 
Highways and Transpartation completed construction of pmvincial highway #46 east of 
Baigonie. Three miles of the grid rood north fiPm White City to highway #46 was 

improved in 1996. A proposed grave1 mad impiwement e s t  of pxwhcial 
h@wy #6 may be undertaken in the RM of Sherwood if a rond enhancement gnuit 

enables construction in the ncar future (Rouie, 1997). 

in the lower reoches of the watershed closst to Regina, m f f  through natural corridors 
on the extmmely flat îand d à c c  wcm d t e d  due to the COllShUction of the T~ns- 

Canada highway (Rouie, 1997). Driainage studies have shown that in the R M  of 
Sherwood, standing -ter in the Stice Slough qgion used ta drsin to the north and into 

Wascana Crctk do- of the Albcn Street wek Lands to the south and east 

(Rowatt region) were nlao susccptiiIe to d k c  retention, and werc subsequently 
channelized in the We 1950's and 1960's to expcdite drainage t h g h  the 
ConsCrvation and Dnnlapment (C dk D) Atcas progrnm. Few wPtcr rctention or riparian 
mtozation have ken affemptcd in the region exccpt for the Tyvm Wpter 



Wathy of note however, hns k n  the altemtion of natural mafthlands to fumnble 
a@dtural land (Govenunent of SeJrPtchew~n, 1996). It b na known t d y  how 
mnny ncrrs have ben convexfed, or h m  many new CLtltiv11fed acres kgin to bc farmed 
on an illurual b9as. Mien drain4 mtiands becomc cultivatcd deprrssions, and feed 
incipient waterways which ur often iIrrody unpmfected fmn eTOSion. The entke 
hierarchy of the strcam systcm ?xmmes d t e d  by the i n d  ephcmeral fiows, 
d t i n g  in i n c d  incidences of gulley e d o n  dong the watcrrourst, and sheet 

erosion in the locption of the former wefland prior to new sreded p w t h  (as the low- 
lying ~ r u u  take longer to dry for seding). 

The monitoring of wetland drainage has ken piecemeal, and enforcement of 
conservation guidelines minimal. The individual farmer oflen vie- the wetland arui as 

more potential fnnnland for mpped acreas, the long-tenn r e d t  often ses more 

expense to the individual fanner due to a los of mil anci dcc~ease in total yield from lost 
organic matter and nutrients. 

Field visits to the study ama, in septe* of 1996, and in ~ e b n ~ y  and M P ~  of 1997 

pmvided a chance to note lacaiized îand u s  concems from municipal officiais, 

agrologists, and hydrol&. Acknpl photographs weir usd in can+ction with l d  

expertise to idcntiry the waterjhed draticige ndwork and signincant land usc changes- 
Six of the nine municipniities in the watershcd werc contactCa; then c~znments 

regarding reportcd soi1 loss a chinage pmblems in their municipeiitiies tue ndcd in 

in the watcrshed when combined and wem not contacted. (Appendix 8.3.7 1Ub ali of 
theu namcs and ccmtact nutnkfs-) 



The m*'!ippl ladmmma 
. ton/plnnners nOm sherwuuâ, BinWs IrLe, Edcnwold, iajord, 

Francis and WeIlingtai statcd that drainage in the spring, or folIowing heovy rainfall 
events was of *ter anwm to u*i fonners than s d  loss. Edcnwold commentcd on 
grave1 pits ncpr 8pisonit which had bem a probltm Pddrrssed in 1996 kcwse of water 

erosion, but WPS deemcd a one-fime OaitlfTCnce. No expcndituiw or subsidies wexe 

issued by the municipalities for work rclated to decrrnsing soii low as it was deemed to 

be the jurisdiction of SaskWater, the provincial association in chaqge of Saskatchewan 
water resowlcts- 

The office of the extension apl@t  ki utdian Head cOnfirmed that a very slow shift in 
farming pmctices has grnmially k e n  Occumng toward continuous croppllig Md zem- 

ta, theztby in- soi1 stabiJity. Unforhuiately, soil los  continues to in- where 

dtivation still occurs acmss watemys and where wetIands axe incorporated into 
seeded acrroge. 

3.3.2 Acrial Photoma~h Use 

Acriai photograph~ wete ~nalyzed to register any important ncent changes to land use 
and inquk about their s&îficance h m  SaskWater in Wcyburn. Of spcinl coacem 
were changes in the numbers of wetiands and y w l y  d t i m  in cultivatecl field 
depressionS. SaskWater has a mandate to ensue that unauthorized dtpinage is not 
permitted, but admits that it W diffidt to policc the vast land ama of the provuice with 

its cumnt sbffjqg, other necessPy prqleect work and PdmuushP tive zetpaimments. It 
therefore aiu to easurr that f innm on made a- of the implications of cultivating 
thKnrgh w t h d  anas and incipient waterWZ)ys, rroliPng the voiatility of telling 

farmers what they s h d d  not & with their own Iands. 



in m ~ y c e y  monitoring Wilfer~~ycuitïvatim and wctlandcmis  ma& extzemdy 
diff idt  fnnn season to season with incomiskncies nrni fprmers due to wet and &y 

wcather patterns. hicb Unlimitai has rrcently tlllciertolrni a cataic@qg pmjd to 

attempt to znap md rroord aii of the designoted wetlands in Uie pmVmcc of 
Sashtchewan. To date thch W no of whcrt natauai wctiands once e d e d  or a 

twckîng of which ones arc cumntly disappeprnig or rc-appullig on privately owned 

farmland. Acriol photas dow for a gcneral approximation, but in most casai do not 

date back fiarther than 15-20 yervs and do not comprise complete inventories. 



4.0 SEDIMENT LOADING AND PROBLEM AREAS 

since the nrsi CiviIizations, humans have txploitd their natural ruourcu and have 

paid the price of droright and f d e  wherc soü and watcc conservation wns nd 

practicd Soü depletion fioln the continual planthg of the same cmp, soi1 emsîon by 

cultivated field runoff, and salt buiidup in imgated & led to the abandonment of 
b d s  such as those of the =dent Mayas in Cenfral Amtnca and othm andent 

civilbations (Eblen, 1994). As the New W d d  was bciqg settled, the unlimited sugply 

of new land appcared to exist in infuütum to zeplace the old land if it simpiy nui out. 

T&y9 we have the opportunity to appris  how we manage our lands and identify our 
needs for the fufure to enable us to plan with p a t e r  efficiency and effectiveness in 
resaure management and use (Van der Ryn and Cowan, 1996). Civen the continued 

global increase in demand for food, it is as important now to our future to improve our 

land and water management @ces as it should have been to the agrarians of ancient 

Central Amerka. By nuwntely estimating the volumes of sdiment lost fnmi our 

fadands each year, a betkr understanding of the iesults of reparative measures can be 
attained Earlier in the century? procedures for etosion control could be lîkened more to 

home remedies t h  substantiated scientinc knowIedge mmeh et al., 1991). In many 
cases, the results were good; in other cases, the conaol muisuies were excessive. 

The design of erosion cuntrol JhPtegies, whethet policies or field projects9 requires 

precision to get the best vaiue for the d o k  and to en- that the purpose is king 
effectively fuifille& George M Browning of the American North Central Agricultural 

Expriment Station in h e s ,  Iowa has stated that: 

Overdesign of expensive water and erosion control stnrchues to avoid 
fail- un&r extreme conditions ha9 u d  limited r rsoums that might 
weii have k e n  uscâ elsewhere. On the other hand, fail- of large 
detention structures, for whatever rrssons, has rrsulted in the los  of lives 
and millions of dollars in pperty. 



With the technologid tools avaiiabk today, it is passible to scope problems more 
effectively and offer the most effectfve solutions. 

Soil scicntists and s p d a b b  workhg in agricuitud rra~rrh have discovered thrrnrgh 
yeiin of tcsillig that by UnderSfZUldUig the ~lstiowhip of e factors to each other, it 
is possible to acclvately approximate soi1 los  volumes fmm a@cuIture h d  Factors 

such as the uaount d intensity of rainf'd, the le@ and steepnus of dope, the 
ed'bi l i ty  of d, the cioppùig system king used, the mnnngement pinctices, and the 
diverse geographic conditions each affect soil 105s resulthg fnmi shed and riil erwion 
(Wischmeier and Mannering, 1969). The caldtion of w h m  and how much soil l o s  

is occUmng in a watenhed enables effective solutions to be enpged. Thiz does not 

negate the cmmon sw~seappro~ch to iand management, rather reinforces it (Anderson 

et d-, 1384). 

The Upper Wascana Creek watershed has been weU documented in te- of its erosion 
factors and qualitative field observations. The information that continues to accumulate 
ficm watershed improvemtnt elsewhere dernomhates the positive redts  of 
watershed and land management impvements. Quantification of soi1 los  and the 

detemination of where the g ~ t e s t  likelihood of etosion 

determine reparative meanins. Thc effectiveness of these 
over tirne. 

risk exists, are nece- to 

stratesies can k monitored 



The Universai s0i1 ~oar  -fion I U ~  was designed to pmiict annuai soii i o ~ s  n ~ m  
sheet and dl erosion (Wischmeier & Smith, 1965). Its puipos is to piWick an estimate 

of the long-fcrm average anna soil loss fmn segments of arable Iand Iindcr various 

cropping conditions. The us of this c s t i ~ ~ t e  is to ,dow agrok@s, watcrshed planners, 

farmers and policy maicers to select corninnations of iand use, croppuig practice, soi1 
conse~lration mtchanisms, and poiicies, which wiU d u c e  soii loss to acceptable levels 
and make fPnnLig a more sustaùiable activity. 

The USLE estimates average annd d Ioss using the tqustion: 

A = R x K x L S x C x P  
where: 

A is the average annual soil l o s  in tonnes per hectare 

R is a measure of the erosive forces of rallifall and runoff 
K is the soi1 erodiility factor - a number which reflects the susceptibility of a soü type 

to emsion, that is it is the reciprocal of soi1 mistance to erosion 

L is the length fador, a d o  which compares the soil los with that fnnn a field of 

specified length of 22.6 mctm 

S is the slope factor, a ratio which compnrrs the soil loss with that ficm a field of 

spcified slope of 9% 
C is a crop management factor - a ratio which camparcs the d Ioss with that from a 

field under a standard treatmcnt of cultivatcd kart £allow 
P is the consc~ation &ce f d o r  - a ratio which compares the mil los with that 

b m  a field with no amsemation practict, kg. ploughing up and &wn the slope). 

For the Upper Wsscsni Cnek watershed, m know that the= axe 8 160 quartet sections 

of land that slope dom- in somt degr# into the mecoi bngn and cantri'bute to the 

runoff. Each quartcr section has its own attnites from which the average annuai soil 

loss in tonnes per hectare rnay k calcuiafd. By plncing values into the USLE, it is 



poss1i1e toobtninestMPtuofhowmuchill~~ddlossoccursnoaic~chunit of land 
given the unique combination of characteristics far each m e r  section When it is 

known whher the =te of d lass is -ter or las than the rate of mil regeneration, it 
can be d c t c d c d  whcthet cotlstmtion mccuures n e d  to be considercd far that 

parti& lnnd unit or dj.cmt +eI: dons. The dcuiated value of A ir therefixe 
an indicatm of what the d losscs under certain conditions are likely to be. 

4-1.2 wtations of the Euuation 

Hudson (1995) siates that thex are lwtations to the use of the equation and it s h d d  
therefore not be criticiztd far= 

kdicting scdiment total yield fnnn a watershed, b u s e  it does not 

include deposition and delivery ratios. 

Predicting SOS loss trom a sUigle Storm, because the factors are aîi long- 

term avcrages which smooth out the bqge variations. 
hedicting soi1 l o s  outside the range of its own database (for example, the 
dope factor has only been experimentnly detcrmined up to 1696, and 
extrapolation beyond this should be tested by experimentd studies). 
Predicting soil loss in concentrated charnel flows or ephemed pllies. 

Predicting sediment movement in strepms and rivers. 

Predicfing the deposition of erodcd d- 

e Separatïng the fBCfors as if they wem each independent. Wischmeieier says: 

The relation of a pPrticuinr parameter to soil los I often appnciably 
infiuenced by the levcls aï which other parameters axe -nt. To the 
cxtent that thme interaction effccb codd be evaluated fnmi exkting data, 

they arc rrfiected in the equation through the establishcd proccdurrs for 
wmputing Id f d o r  values. Factor R rrflects the in tedon  of dom 

size and iain intcnsities.' 
king used as a p c k  reststrh t001 to study the procuses of erosion by 

treating it as a mathematical cquation which can k salwd for one of the 
input ktm (for exampk, by mwUring d los, estimathg aU the 

factors but k; and then 901vin.g for K 



The USLE dorr mt d r  channel eaudon or s#ümnt yicld fmn gullies, and may 
piwe haccurate whcn dopes and texhuu are exfi.cmt, orin utas whem e d o n  is the 

d t  of overiand flow witbut the forcc of riainfall (Petersan & Swan, 1979). 

Despite the limitations, the USLE is a vaiuabk vehicle in proaUcing an e d o n  risk map 
of a watershed by calcula- d bm fnnn inchidual Umts of Jand (eg. d o n s ,  % 

secfions, etc.) and c o m p k g  them to cach other in tenus of their contrition to the 

mer-ail sediment 1- of the watcrshd In the case of the Upper Wascana Creek 

watershed, the e d o n  ri& map U a very asful environmenfa1 plnnnllig twl for 
identifying the units of iand which have the -test chance of erosion in the watershed 

kcause of their attributes. These lond unit orw can then k prÎoritized for receiving 

rrparative attention in ccmjunction with the hiowledge which exîsts about localized 
guliey ension, channeîizatim and wetland deprcciation. 

b e s  are short drainage c a m e s  seldom longer than 100 metres, that indent the 

Iandscape with a broad cross-section and channel nuioff b m  catchment areas often not 

iager than themselves. They appear in the skeper, higher w d s  of the tributaries and 

junctions to the mek and are sometimes cultivated by farmers. When cultivation 

occurs, the gullies continue to grow headward With cach runoff event, whether 
snowmelt or raùifall, a srnail channe1 incises dong the fi-, in the order of 0.2 x 0.5 

metres (Commn et al., 1992). With muonal ze-cultivation, the channe1 is med in 

again with sideslope d drawn down into the guliey. The @ey subaequently 
continues to incrrar in sizc, uded by the cultivation of the farmer. 

The measurcment of e d o n  in guilies was attempted in the Avonica Cicek Sedùnent 
Lopdins study ppared by NORMAC, A.E.S. Itd in 1992 ushg the Ephemeral Gulley 

Erosion Mode1 (Unitcd States Depsirhnent of AgriCUItuir, 1988). Their msults showed 

the vaiue of using this modehg technicpe on d sidcslopes, but m e r  inacauacies 

as the longer nuis and ditches werr entercd into theu datahic. Gencdy, the 



4.2 GEOGRAPHICAL INFORMATION SYSTEM DATA MANIPULATION 

The need to store, anaiyzc and output intriate and volullljnous envllanmental 
information has d t e d  in rrcent years to the utilization of computer programs for data 

hanclhg and the crr~tion of compIex information qstems (Tomlinson, 1976). 

Geographical information systems [GIS] an essential tool for doing th%, enabling 
very large volumes of spatial data to be manipuiated ?nd d y z e d .  They he$ decision 

malcers and plannen by dcm~ll~frathg the options in conscmtion and development 
planning, and mode- complex intemlationships (Valenmela, 199 1). Plnnners also 

use it as an important bol to access cprth xience-dated facts and combine the facts 

with various pmducts to -te decision aitematives (Star and Estes, 1989). 

As a management tool, the GIS is very effective in handling the huge amounts of data 
needed for reSdlllYie management and dcvelopment plans. Geographic Minmation 
Systems con& of four basic components; data gathering and input, geographic 

databases, data analysis and modeling and data visualization, and presentation 

(Valenmela, 1991). The launchhg of satellites Lit0 the atmosphere have embled data 
to be gathexd through photographs of the Eazth's surface which show the many 
different types of land use, wate~y'xnrer and vegctation in almost d mgions of the pianet. 

The massive amounts of &ta fkom these mmdt senshg images caut only k s t d  and 
analyzed t h g h  a GIS, and ur kooming a WY usefd t00l in dcpiaing how changes 

in land use ovcr timc is affecting nalurril proccsses in the envllonment. nie 
presentation camponent generaiiy cansUts of the depiction of the anaîysis in map format 
npresentïqg a given uu of land on the d a c e  of the Earth. Today, a GIS allows far the 
rapid adjustment of variab1cs in complut problcms such as watenhed management and 

P~ 



In the Upper Wuc~nn aCek WIttershed, the= nrt 5,160 quaztcr sectim of land which 
mu& individdy have an A-due calcuiafcd vin the Universai Soü Loss Esuption by 

muitipIying togcther the sir ategorh of t u ~ m  thnt dcscrii the various 

attnites- By inse* the values of the carrupolding affrifnitcs into the USLE through 

the GIS, A - v h  for 5,160 qautcr nr cainilafed in a substanfially shorter 

length of time h m  a manual input pmccss. Further, because the A-due rrgrrsents the 
soi1 los from a given parce1 of land over a one yea. periud, it is possible to calculate the 

sum of all the cparter sections [ ) and state a totai d u e  of A for the entire 
watemhed This prooess would take many montb to complete if it wcre attempted 

without the use of a GIS. 

By understanding the dationship of the factors in the USLE to the product, it is often 

possible in the analysis stage to observe the eff'cts of changes in the variables on the 

product [A-value]. In better understanding which factors can be effdvely adjusted, 

planners can see more effective r d t s  through physical site changes at specific 

geographic locations in the watershed. 

The M o n  Risk Maps were conshucted by -thg overlays from datasets and 
inserthg values into the Universal Soil LOSI Equation. The US& was nui for each 
individual quarter section of land defined by the watershed boundpry. 5,160 quarter 

sections were nan thmugh the GIS estabIishing a soi1 Ioss d u e  for each. 

The watershed was defincd by the topographical upper ridge at which point no cree4 
waterwoy, tribufary, 4, channet or slough drained outward fmn the Upper 

waraho BPsin as defincd by the Saskatchewan hpcrty Management ~ t i o n ' s  

[SPMC] Ckmaril Iûuvy urd M p p !  &mc)c These watershcd baindaries were 

cainimed by the maps prOndtd by SaskWater- Whem the watershed boundaiy line 
cnrsced through a given quarttr d o n  of land, the quartet section was included as an 

active contri'buting cell to the watershed. 



The rainf" cmnvitp lftdtx * -  * 
was assumed to be 594.1z:= for the entire watershed 

based upon Environnient canada CenidPte N d .  Given the size of the watershed, 

the= is lit& variation in the rcrinfall frrquency over such a smail area of a similnr 
c b t e  regioh Esch quaiter d o n  teccived this constant d u e  in the USLE for the soiI 

las calcuiation, 

The soil emdi'bilie factor was dculated thmiigh d u e  association with the mil 
categories pïovided by AgriCttlture Canada's -d Asine Agn' i fwrr l  R ' h  

C k n k  at the University of Saskatchewan in Saskatuon. Given the soil types h m  Ruial 

Municipalities 96, 97, 126, 127, and the Regina Map Sheet, cach quarter d o n  was 

ciassified into a soil type categary. The dominant soil type was assigneci using the "has 

their cenb  in" command option, which assigned a certain soil type to a celi if its centre 

point was within the deheated soiI rrgion fbm the GIS map sheets. 

The calculated K-values for specific soil types (=fer to Appendix 8.3.2) wem then 

subsequently ossigned for each quarter section of lnnd Because d attrihtes genedy 

do not change rapidly over a period of t h e ,  the soi1 erud'bility K-values remah constant 

for their respective quarter sections in the USLE calculaticm. 

The slotx lennth and Lemess fnctors were derived from the SPMC topographie 

datasets and were also assluned to be constant for the purposes of the soi1 los  
calculation because ngnincant changes to dopes affccting entire &arter sections do not 

occur over shor<-term time p e n d  d e s  natanil disasters takc place or there is hurnan 

intervention. 

The conservation d c e  factor is a xather au& fnctor in USE dadations compared 

with the precision with which the other factors are calcufated accordhg to Hudson 

(1995). One of the muons is that the effect of major aufacc manipuiation such as 
graded charnel terraces and s h i k  &ces cannot k adequately evaluated on smaiier 

plots of land Where the lnnd is brasicaliy fîat and fanned with the contour, as in the 

case of what is assumai to be almost dl of the @e farms, the P-vahe is said to k 1 .O. 

h the soil los caiculations for the Uppcr Wascana C w k  watershed, the practice factor 

was alwnys BSSigned the vaiue of 1.0 for each quarter section. 



The Primnrg puposc of the corn management b o t  is to d e c t  how much protecfion 

iP given to the soi1 by the vegetativt cuver. By mappiss the amounts of diffcrent types of 

Iand US Pnd vtgetative corn in spcific locations, it U pwsible to Iocate whwh mcrent 

types of tlCTfivities occur and in what magnitu&. The eff- thit human activities have 

on emsion can be appn,xÎmated bnad upm the changes in land use and vegetative 

cover over a period of the. Rccods from pnwious iand uses can thereforc be compafed 

to the -nt, to dctcTmint whether ceitPin changes have d t e d  in positive or 
negative conservation of soil m a m e s .  

Takuig inventory of PU of the iand cover characteristics and band uses for very large 

tracts of land has k e n  simpiificd by the tmls of sophisticated satellite mmte sensing 

technolosy that records hhued, ultraviolet and visifhie wavelength refldons h m  the 

earth's d a c e .  By cIpssifyllig wavelenghs into categories, land cover can be 

differentiated cPsily to assi* coverage vaiues. Cround truthing and aerial phutagraphs 

are other methods from which datasets can be generated, but tend to taLc very long 

periods of t h e  for anaiysis and have far l e s  precision. Computerized satellite remote 

sensing data can be very beneficiai to watershed planning kcaus the land areas 

involved are ohen va& 

UnfortunateIy, there are cmiy a handfirI of publicly-funded agencies in Canada which 
are able to provide thk infbrmation for public rrsea~lh. Many of the b u c r a t s  at 

these public agencies are vuypossessive of this public information and do nd wiilingly 

share it for educotion and rcsearch in the public interest beyond their own domains. 
The comptitive market p k s  a hi& d u e  on thW information becaaase of the costs 

involved in obialliing the data h m  spacc, and makm it next to impassiible for 

educatid institutions or student mearchers to affd one-the purchases. Therefore, 

it tr in the kst i a t m s t s  of both gwemment agen& and universities to forge 
agreements ensuiing t h t  fke and easy access to information can k obtained for 

commonresuvchpurposes. 

kcause the vast majdty of the Upper Wascana Cteek watenhed is used for agxicuiture, 

seeded acreage statistics wem obtained from the Cuindian Wheat Bard [CWB] in Lieu of 



the Satellite Rcmote Stnsing data to indiCste the Mmbct of acres that wcre farmed in a 

certain ~ n y  scroac the wptttshcd m a g k n  yeru. By Mng the CWB MPIs from defiverp 

points within and amund the watershcd, it wnz possible to determine the percentages of 

land which wnr croppd in a ce- m y  nmund a given delivery point. These 

acreages PCC incfudcd in Appendix 8.4.2 as they arc publishd by the CWB. 

The CStCUIBted prcenbges arc oniy spatialIy ~pmsentative of the center point of cach 
individual delivery point (Ashley7 1997). To determine the prcentage of types of iand 
use for quai(er sections between delivcry points, a pccss of interpolation dculates the 

average values ktween dclivey points to spatially dcpict the appmxhnafe percvntages 

of land use types for the iand units within the watershcd. Each quarfer Secfion is 

thereby bmken d o m  ùy percentage into land u s  aitegories thcmxtically rcprrsnting 

the amount of land behg u s d  for eoch type and the aun of which totals 100%. The 
spatial parameters of specinc lnnd uses within a quarter section cannot k defined ushg 

this methd 

A GIS lniging (interpolation) prrx:ess predicted the value of aU unsampled points which 
lay between the known delivery points. the 015gi.d delivery point data was entered to 

wnstnrct a semivariogram indicative of the variance between sample point distances in 

the watershed When choosiag a kriging mode1 that interpolates unit vaiues closest to 

the actual nnge of values, the process which modeis closest to the Pctual semivariagram 

U chosen for mon accuracy. The Linear Modtl was used in the kriging proces to 

generate the interpolatecl C-values. An example of the 1960 summer fdow mudel is 
included in Appendix 8.4.3. 

The C-values CLSSOCiated with diffezent typa of iand corn (listai in Table 3.2.4) are 

mdtiplied by the calcuiatcd pemcntages of differcnt land uses for the individual quarter 

sections- The products givc an a p p q h t e  C - v h  weighting for cpch lnnd use in the 

individual quarter secfions bosed upon the CWB land use avenages. The sum of the 
weighted averages depicts a C - v h  for esch quor(er section which can be used in the 

USLE. 



The weighfed-overages caldation which combines the CWB Mhies and the a d d i t i d  

land uses, dœs not accwately depict cmp ratations (excluding continudus WOW). The 
CWB values are annuai lnnd us Mnls for one p w i n g  season, and thtrefm are 
representative of the land use for that seruonal p e n d  The graduai shift that is known 

to be slowly occurring nOm a crop-fdow rotation to a continuous faliow rotation 
though, meam that the numbcr of fdowed acres in Fotation has ken slowly demeashg 

over the iast fau, de&. 

The effects of changes to land u s  and crop rotation on soil loss can only be represented 

by nmnhg the USLE for seporate time p e n d  and can only be done as far k k  in thne 

as CWB statistics for delivey points are available- Subsequently, the fint complete set of 

reded acreages h m  the CWB was in 1960, and the most recent was in 1996. By 
calculating the soil loss for different üme periods, it is possi'ble to verify the effects of 
altered fnnning Prpctices and land management shotegies on diment rnovement 

estimates in the watetshcd The computed d u e  of A in 1960 & substantially higher 

than the value of A in 1996, verifying that altend crop rotations have Wcely led to 

decreased soi1 losses. The continuecl hcrepre in the A-vplue in 1975 suaiggesis that land 
conservation initiatives did not kgui producing sisnificant ~CCTCOJCS in sd l o s  unal 

the late 70's and d y  80%. Tabk 4.2.1 camparcs thret cstimated soil transport 

pmounts h a  priodof 36 yeors, f b t  1960 to 1996: 



The combliaticms of ehon facfors or attn'buts are what dctennine whether or not a 

plot of iand WU retain its existhg volumes of soil or if it will be able to rcplenish 
deplethg vo~umes by ogmuiic regentraticm. By caicuIathg d - ~ o s s  eshates ( A d e s )  

for each quarter d o n ,  it is possiile to Mate amas w h m  the= is likely to be a high 
risk of erosion. Soil scientists have vdued the equ3i'briu.m thrr~hold at 11.2 

tonnedhectadyear - the rate that soil departure fnmi a land unit due to emsion is 

counter-balancd by an eqyal rate of soi1 regeneration (Troch et al., 199 1 ). . 

r 

The Erosion Risk Map classifies the mil loss (A-dues) into five categdnes: very low risk, 
iow risk, medium Nt, high risk, and very high risL - regardhg theù susceptiity to 

soi1 loss. These categories do not indicate what nccessorily is adnd!yhappning, rather 
what the potential Wrciihood of ocamence is for each quaFter d o n .  Areas with a 

high or very high risk of emsion shdd  k imminently Pddrrssed as orras where 
reparative watershed muisurrs should k irnplemented and diligent monitoring of 
management stintegies shdd be taking place. Thue meas prro losllig soil mass and 
organic materiol at a rate fastet thsn regenemtion is tPlting piace. Because the risL map 

is created using the USLE, ephemed N e y  cmsion is not considered in the calculation. 
~ e r k d  photographs and ground rcount for this deficiency in decisions 
rrgarding rrparative m a s u e s  and impkmentation of mana8ement sfrategks. The 

erosion risk m p s  for 1960,1975, and 1996 am shown on the succcedkig pages. 

1960 

1975 
r 

1996 

19,276 tonnes 

2 1,068 tonnes 

13,972 tonnes 
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Each cell on the -on Risk Mnp is the +valent of one qtuutcr section of land The 
quarter sections within the Upper Wascana Crcck wafcrshed which arc cIassified on the 
Exusion Risk Map are refercnd in Appendut 8.6.1. The spccinc mil type values (K), 

cover management vaiues CC) for 1960,1975, and 1996, and spcific caicdated e-on 

N k  vaiues CA) for 1960, 1975 and 1996 arc rrfcrcnced for mach individual qyarter 
section in the watcrshed. 

EiMion Risk Maps werc pmaUced for the t h  diffwnt time priods to illustrate the 
effecfs that m e r  management hsS had an the watcrshed in the last 36 y e ~ n .  The 
approximate midpoint where the most data was  mila able ktwccn 1960-96 was 1975. 

Of significance is the fict that aithaigh soil l o s  has basically decreased d d y  mer 

t h e  as crop management has imp~wed, the highest erosion risk locales have 

geographically remained constant. This indicates that factors such as topography and 

soil type also contrihate to increasuig the emsion risk in certain areas of the watershed 

4.2.2 Criticai Variables of €rosion in the Wattrsheded 

The use of the Universal Soi1 Las Equation for calculating the potential soi1 loss for 

each quarter section in the Upper Wasfana Cmek watershed requires the input of 

quantitative data for each of the Su fELCtors in the equltion. As stated in the calculation 

rnethodoIogy, the criticai variables of erosion which humans have dhxt controf mer axe 

the conservation &ces (as they relate to the conservation @CC fador dculation), 

and the wver management and land uses. &cause the conservation @ce factor is 

aiways assumed to be 1.0 in sauthem Saslratchewon, the cover mnnmigement/luid use 

factor is the critical variable for erosion contd. It is t h e ~ f m  the way that the land is 
farmed, the types of camps that arc p w n ,  the crop rotation, how quickiy surface water 
is drained, and how the waterways me maintaineci that determine how grent the mil 
transportation rate wül k. 

~t is difficuit to quantify with ~ccuracy whit the effects of rrparative mePavcs would k 
on the sediment yield using the USLE because of the d e  at which the tquation is 

designcd to k uscd For example, isoiated ephemcral gultey d o n  ù not adequately 



represented in the USLE because 1 d y  arurs withui a mail portion of a quarter 

section nt the locale of a trhtary or incipicnt watemoy. Yet gdey erosion and 

degrdation of side iaterok axe Sjgnüicant confributors to scdiment IoPding in prairie 

watersheds (United States Department of A,gcicuIturr7 1988). Fot -ter precision in 
calcuiating N e y  effècts on sediment yieId, thest phenomena mast be modeIed using 

scientific mdiing pmccsscs nd tàctOtTCd into the USLE. The USLE is able to givt an 

adequate ovctyiew of the watershcd7s susceptiity to water eiosion. 

Studies of other watcrsheds with thcir diment control messurrs and riparian 
restoration initiatives provide insight into what tangiiie knefits have d t e d  h m  

specific land use changes and remediation programs (Camemn et al., 1992). Follo* 
a land use change or program impkmentation, monitoring of sediment loading is 
essentid to determine whether Mher  improvements are necesssry and to quant@ the 
decrease in sediment transporf. 

The infiow of annuai sediment to Wascana iake is estimated to be 6,300 tonnes of 

annual sediment mass (PentIYid, 1991). The sum of d A-values [ 1 calculateci for 

the quarter sections in the watenhed theoretically total the amount of sdiment lost 

fmm the watershed in one year. The tact that does not equal the estimated 6,500 
tonnes indicates that only a certain percentage of the t d  caicuiated annuai sediment 

sctually reaches the hcadwaters of the Ialre cach yeac 

Emsion puts soii in motion but does not assume that evev gram of s d  mobiliad into 

the watercoune wiii be carried to its rrsting place at the boîtom of the watershed Soi1 

may be disIodgcd and then settlc out of the watercoursc only a few m m  downstream 

if the flow vclocity dcrrcsses substantially. The same pertidte may then k mobilized 
again in a hter rJiuifall cvent Pnd k incrementally carricd t h &  the wafershed This 

dynamic pn>cess means that aithough topsoil is contuiually be@ lost frnn cropland, it 
does not get tranqmted in its entircty t b g h  the watershed ail at once. The USLE 



utimntu the amaunt of soil dislodgcd and trPnsported within the watcrshed, which is 
only a percentPge of what niPLts its woy to the hcadwaters of the Iake ~ n d y .  

Of the 13,972 tonnes (1996) of diment utimited to mwe t h g h  the watershed cach 
y=, 6,300 tonnu mach Wascana Lake and arc deposited therc, d t h g  in the infill 

process. Si- 1951, the hkc has lost an cstkaatcd average of 2.0 rnetres of depth with 
very Srpaual irnpmvemcnts in dsnnmg -cc and d conservation ovcr 65 y-. At 

the average rPtt of 6900 tonnes pcr yepr (which has iikeIy fhictuated a p a t  denl in 65 

y-), about 409,000 tonnes of diment mw has hypouicfically scttled into the 
Wascana iake ryscrvoir. If the depth of the iakc is thedore i n d  (either t h &  

deepenhg or shore raising) to 3.0 metres agWi, a consentative Me expectancy of 60 

yean will  nturn the Iake to its 1996 depth Pssuming that no new land stewardship or 

d conservation gmgram nrr initinted 

If the medium, high, and very high risk emsion quarter sections were targcted and 

reduced to yield levels less than or quai to 8.4 tonnes per year (considerrd to k 25% 

l e s  than the soi1 regenenition rate, or low nsk cotegoy), the sediment load in the 

watershed could be decmucd by 7.6%. A reduction of 1,056 tonnes by improving land 
management and fannkig techniques could see the 6,300 annual tonnage reduced to 

5,82 1 tomes. 

Tbugh  farther riparian improvcments in the strrPm corridor and watercourse design 
to retard sedimentation, the reduction of other fonns of emsion potentid such as gullies, 

streambd instability, and drained wetfands (prevalent, yet unaccounted for in the 
USLE calcdations) d d  r 4 t  in an additional scdimcnt laidllig decrease of another 

7.5% using a combination of initiatives @FRA South T o b  Creek Pilot bject, 1996). 

This Mher decrease wouid establish the sediment bid target at 5,355 toms  per y e u  

(a 15% decrcase from the -nt cstimatcd annd .orAirnent load, if me~surrd a n n d y  

as an indicatm). 

By pennanently de& the scdiment l d  of Wascana Creck to 5,355 tonnes per 

year, the permanent rPte of infiii for an average dimuushed iake âepth of 2.0 metres 

would k extendcd by 12 y e ~ n  Ar outiined in Section 6.0, when Pdopied in 



conjunaion with xrme fonn of lakc kpcning op<M (to k defermuid by the WPSCPM 

Centre A u t h e ) ,  Aiment rrduction initiatives d a wPkrshcd ma~gcment plan 
deCrCose the fkpaency of any expchsivc deepcning prog~m by extendhg the 2.0 metre 

scdimentation rPte to 77 yeon - an enuuwUnentai and economic saving. 

A rralistïc mdudian of 15% of the p n t  soi1 mwemcnt and displacement in the 
watershed through the Lnp1ementatian of permanent soil consemtion and land 
stewardship initiatives w d d  A t  in pro10nged life expcctancies for the lalte* BecPuse 
Wascana b k e  is a human-CO;IISfiUcted lwtwoir w h e ~  scdimentation cannot be 

prevented, it is constantIy in a pruccss of nverting back to a prairie wttland state. It is 

therefore important to try to reduce the idow of sediment to a level which Pnom for 
the effdve regeneration of Orgsnc matter in the suii of the watershed, and maximize 

the life of the reservoir by hcrensiag the tirneespan between major technid maneuvers 

that inc~use & depth. 

Specitïc rcparative measures ore outîined in the subsequent rernediation section. These 

measures result in numemus tangiible knefits to many aspects of the Saskatchewan 

economy and environment. Some of these include social capital hvestment with job 
creation in the region, s a v h g s  in the agridture seftor due to soil conservation and 
better cmp yields over the long-term, grroter biodiversity fimm maintaineci habitat anas, 
improved water quality in both the creek and the lake, and continueci toWsm revenue 

in the City of Regina h m  the many visitors to Wssc~nn Centre>; permanent fwictions 

and special events. These reparative meastues atternpt to Pddrrss the pmblem of 
sediment loading at its source t h g h  a fePJible d c t i o n  of scdiment volumes - the 

result king a -ter compatiity ktween urban and d land use fùnctiom. 



5.0 REMEDIATION 

5. 1 NEED FOR CHANGES 

can be controlled by understanding the  face^ at work and the possible ways of 

countering them (Ikley and Wdten, 1994). Chengcs to lnnd management practices in 
the Upper W a s c a ~  C w k  wattrshcd are needed to darrere the amount of @c 

matter king transportcd into Wascana Lake. Soi1 los  continues to decrcase 

the productivity of land and cost the agridturt scdor in dccrrnscd yklds (Agriculture 

cimada, 1995). Erosion nlro resuits in unwantd deposition in other locations in the 

watershed such as the City of Regina 

The Erosion Risk Map is a twl dcsigned to act as a spatial nid in defïning areas which 

r c q k  reparative attention to reduce d los. The map indicates the areas of the 

watershed where there is a high lil<clihood of exsion prrsently occurring. In areas of 

undulating topography, land is generally at higher risL to ciosion t h  meas on the flats 

to the west of Wa~cana Creek and south of Regina. Danger areas, or areas of higher 

ris& exist dong the eastern mgion of the watershed (as shown on the 1996 e e o n  rWk 
map). Because the risk map is a tool which estimates potential areas of high erosion, 

danger areas on the risk map can be verSecf with field visits to help ascertain which 

reparative measures would k best suited to various anss prior to any construction 

Cornparhg the total amount of prrdicted sedîment mwement 6Knn the 1975 and 1996 

computer-gemrated estimstcs, volumes of sdiment being transported t h u g h  the 

watershed have Srpduially decreased by about 33% onr the 21 year period. Acwrding 
to Saslratchewm Agncuiture (Tanner, 19971, the crop mtation has g r a d d y  ken  

chan* h m  a fdow rotation to cuntinuo~s c q q h g ,  and has a h  involved 

decrensuig numben of ncw bmahage amas. Yet in the Upper Wpscarur Creek 

Watershed, 44 quorter sections *main in the %ery high rïsk" e d o n  categoiy, 80 

quarters arc at Yhigh risk", md 228 arc at msginnl or Urnediun to emsion. This 



qupntitatively indicatcs thst the= is stiJl a need to engage in W e r  land management 

&ces in the watershcd and rnme Sustsùipbk fnming procfice~, 

Given the rrnilts fbm oiher watershcd imprrnrement &ccts (aich as the TobPcco 
Czeek Watcrshcds initiative and the Dauphin Iake Stream %storation pro~-ed) 

pertnancnt ducticms of 1045% in sediment Iuacüng wer the short tenn (2-5 y- 

prid can k achieved. A combination of amelicmtive mesnuu ddrrssurg mad 

construction prqiects, waterway maintenance, fPrmlnnd management, wetland 
coflservation, and devcIopment contmis must be implementcd to d u c e  the amount of 

sediment in the water~dlll~t. 

5.1-1 Ditches and Road Work 

Road construction is a contnhtor to sediment 1- in the watenhed because of the 

exposwe of barc soi1 to raiddi and nuioff (Cameron et al, 1992). Rruioff fnnn paved 

highway surfaces creates iills dong the shouiders of the rond and carry mil particles 

into the ditches. In the initial stages of conshuction, ditches s h d d  be d p t e d  so that 

top soiI is graded to provide a gradual dope from the shoulder of the road t h &  the 

base of the ditch. 

Ditch sculptllig must take the shape of a W"-ditch to in- the amount of surficial 
resistance that nuioff must e n m t e r  as it moves thmugh a straight-he channel. V- 

ditches are usuaiiy crc~ted when ungased or cultivated channeïs are guilied by water 

flowiqg t b g h  them at a rate that cPmu away soiI  dong the bottom of the ditch 

(RipIey et ai., 196 1). The V-ditch continues to decpcn as water continues to erode into 

the centre of the ditch unles the soil b stabilized by f~~s lgc .  Following the completion of 
a maci, excavatcd top soi1 s h d d  bc rcpiaced, and ditches and rond allowances should be 

seeded to forage. 'RE Dcparhncnt of m w a y s  or municipai rord crews must ensure 

that re-seeding of ditches a?cun immediately foSlowing construction. 

Farmers must k encouma& not ta cultivate beyond the cdge of their land into lpid 

allowance ditches. Routine dtivafion dolong the odge of fici& d o m  8 pripheral iip to 



fona nraund the cdge d the fieid w h e ~  watcr that is flowllig d m  the dope of the field 
isPmsteduidoReni~tratt~orflowsIstcrrltyanUied~. BynotmainmallitPininga 
mutine coltivaticm pattern and inaiaging into the ditch, wakr gains momcntum as it 
fiows down the dope and into the ditches d subeqacntly d e s  top soil nOm the 

field Top sd continues to k Iuet with succdbg tillage moving moze top soil t o d  

the ditch 

Cdtivation into the mad ailowance Plsa prohibits passa naai stabilizing the ditches. 
In areas of the Uppr Wascana watenhed whm smiight-lint choMeLr wcm designcd to 

remove the water troni the h t s  as qyi~kiy as possi*bIt, p s s  is vital to ensuring t h t  

sediment aiready in the watenvnus is not dowed to agitate the soil in the channel and 

dislodge mon pîiuficuIate. Runoff rnovulg through ditches dis1udges swliment and 

contributes to incxeased stdiment transport which d y  sttIes ncpr junctions in the 

rood dowance or piugs culverts (Gngg, 1997). This contributes to inincrra~ed cxptllses 

to the rural municipality in annuai mainteme and comhmction costs which 
ultimately are borne by tax dollam 

wniteMniys are the topographical depressions 

watershed travels in its downJhrnni path to 

Abrahams, 1993)). Nabrai r i p a t h  corridors 

t W g h  which water from withh the 

the mouth of the creek (Pimon and 
have comparatively les  enmion than 

constructed corridors because banks ore ccwered by plant foliage which slows the speed 

of water and vegetotve mot systems which hold Joil in plPa on the shore. The 

morphology of natural strcams have ken altercd to straighten the channeis and 
maWNze the use of the -cd îand for seding- &cause moJt amas of the drainage 

basin have ken h d  by diainage kprwement -ccts or dtcted by Uiwustainable 
farmllig @ces, several Primsy rcparative masures mu& bc enacted to d u c e  the 

causes of high sediment laadyg in the watercourse. 



The= w npprm~utc~y 35 ~ i l o m m  (22 miles) ofcoilst~cted write- the 

main creek channel fiows in a strPight lUlt to expcdite the flow of wata f h n  the 5 t s  

to prevent fiooding. In many locations dong the creclg fhmms cultivate up to the edge 

of the crrek and into the ripoiisn wnt. &il stabiIiiy is achieved by plant roob that keep 

it in piacc and fohge mi*- the impact of f* nain or wnter moving pcnss a 

land d isce .  GrPsskig pvents the disiodgiqg of particIu into the m e k  artd kceps the 

banlu of the m e k  stable (Ripley et al., 196 1). 

The width of the grass ship iciras the waterway is an important consideration because 

if the c m k  spills its banlcP ont0 cultivated land, soil los wiil likely rah place. Creek 

banks should therefm be see&d no less than 10 metres (30 fect) acKIss in accordance 

with the general 4:l slope standard accepted by AgrïcuIhue Canada and SaskWater 

(Waggoner, 1996). The approxhate cost of sceding m e  acre of grass (includhg 

equipment) according to Manitoba Natunl Reicources is twenty d o k s  per acre. 

hsuming a worst-case cenario, that no grasskig exists in the entire 35 küometre length 
of the entk cd~isfruded waterway of the main creek, 80 acres of land w d d  need to be 

addressed These amas mue hi-ghted in Illustration 5.12 in red 

Several lateral channels aIso have the same pblem as the main creek and should be 
grassed wheic needed (highiighted in orange in illustration 5.1.2). The additional -a 

which this covers is approximately 16 Homeires (10 miles) of channe1 and an 

additional 36 acm. The majority of this a d d i t i d  area is not part of the main Wascana 

Creek corridor and nuis thrargh the uptmm mgions of the Wascana Constwation 

and Devefopment Arma aams private fannlond where rjght-of-ways prr seldom (if ever) 

enforccd or maintallied. 



Recornmended &as for hvrovemenfs 









changingthemorphologyafaproinecreekfromadrkigwatercourse toalinear 

drainage channel d t s  in witer during pik fiows of huvy raid& events or spring 

flows moving thruni@ the crrek at highcr ve1OCifits than it n o d y  would (Parsons 

and AbrnhPms, 1993). sediment cannot settle out of the wPtcr bccause the wDter does 

not have an opporhuiity to dow its velocity. The Uppr Wnscnnn Creek has ken 

channelized acms much of the area of the fiats to teceive drainage h m  adjacent 

ditches and side lateral channels. 

The construction of a senes of rifaes and mrmqxmcling pools retard the velocity of 

water moving t k g h  a strPight h e  drainage channel. They enable the same volume 

of water to pass thraugh the channel, but slow down the flow velocity by forcing the 

water to pool behind rock in.fïIl (Sopuck, 1997). Secüment k i n g  d e d  by the strram 
is deposited wer the course of several hundred mettes as the water is slowed in pools - 
and then rapidly forccd over the riffies. The highest amounts of deposition usually 
occur in upstream pools and deciess further downshram. 

Along with reduchg scdiment in the wateranuse, the p l s  -ted by the riftles 
provide a location for wetland habitat and fkh to sppwn. The flows of the Upper 

wascana generally are not fost-flowing or dcep enough for many fish species to exkt 

(Leavitt, 1997). Yet in the ueps of the main creek closest to Wascana Iake, it P k 1 y  
that fish d d  inhabit the cruk seasonaiiy. Whem the c m k  passes through the 
chameluwd arca of the fiats, the= is a muiimnt chnnge in elevation and therefm 

pool& and dfbng would not k feasi'ble. 

As the c a k  begllw to mundcr dong the final 1 1 Lilomctres (7 milu) closest to the ci& 

p l k g  and riMing shdd bc d d c d  to d u c c  the amount of sediment in the crrek 

before it enters Wascana W. In addition, the ucn ncar Wan whm the soü type 
(Appcndix 83.6) sccms to contnite t0 mrhing the orro more prone to d loss s h d d  
be evaluated to determine the possible effcctivencss of p i i n g  and liffling Wssc~n 

creek (highlightcd in yeUow in 111ush.ation 5.1.2). 



The dope of the lnnd wlùch S c c O n d ~ r  tributaries  nos^ kfm entering the main 
ctltek from the cast ù pater than the c h e l i d  ama on the fiats. Pools and riffies 

s h d d  be conshuded in th- fnbutary &dors whm gutly eIYISion is taldng place, to 
derreart the fiow of nuioff miiected aOm the field drainage channek (incipient 

waterways). nieae MhVPl scdiment hPps prtvtnt diment f h m  rcaching the main 
cmek and king d c d  ftvther downsheam (Sopuck 1997). 

The Dauphin lnht MviSay Bonrd togethcr with Manitoba fiherics, COllStTUcted rn 800 

metre long series of p h  and rifaes nt 100 m&e htervak as part of a restoration 

pmject at Dauphin Iake, Mknitoba in 1985. The h?s seen the settIing of 0.3 

metres of sediment sttfing out of the shcom in the uppcr two rifaes. The average cost 

of constructing these prqjects nrt appmximately 530,Oûû cach covering the hauling and 

placement of rock and nprap, as weU as the initial excavation of the p i s  (Habitat 

Heritage Corporation, 1995). 

Side laferah arc junctions in the stricPm channel wherc one second order waterway 

flows into the main strcam. In the sprlig and early Summer, the flow of the tnitary is 
disrupted in velucity and direction when it meets the lager cumnt of W~scona Creek 

The sbsequent chunhg and turbulent flow at these junctions causes Jome e e o n  of 
the channel wab, or deposition of suspendeci scdiment at the delta of the trihtaq kt0 

the creek Soil movement is often cornpounid by djaccnt r@~tmof-ways wwhich have 

not been psscd, rather have ken dtivated up to the uige of the wateicause and 

then flooded in h@ wnter swon~. 

Slope stabiiization should k CdllSideztd nt si& laterols where major junctiom dong 

Upper W~YCPM Cmk Thue kichadc the k.i'butarks of Hunter Creek, McGa 
Creek, Knniou Cmk, Manybone Cmk, the Strsdfast Intend, the Wilkins Laterai, 

Ftenchvilie Section, Sedley Crsck, and Francis Crrek which flow into Wascana Creek 

(circled ki Dlushation 5.1.2). The possi'ble one-thne stobilization of thuc areas and 



Stabilization s h d d  k i . 0 1 ~ ~  =-inforcing the Pmund the junction of the 
waterways with bouI&~s or r@p (Manitoba Fîtries, 1996). Rock and nprp s h d d  
nlso be laid at kitends to rime the downstream fiow of the tii'Inrhry before it meets 

W s ~ c a ~  Creck Tributiuy flom s h d d  k s l d  as much as possii  to mitîpte the 
erosivity of the tn'butary at the sitic lateral jundon Sediment olrudy in the flow of the 
tributary wiii b I y  not settle out kfae entering the mairt crrek but wiii dUl+ other 
soi1 particles as it hits the shoccline unless the shozeIine k stebüized It is therefore nlso 

important to manage the sedunent volumes flowing downstrrnm via the tn'butaries 
through upstrrPm stewardship initiatives. 

Boulders, Stones and riprap piaced dong shorelines at junctïon where emsion 
occurs would like1y cover about 30 meàrs of shoreline with rock, and should à placed 

in conjundon 4 t h  grnss scedhg al- presently cultivatcd shoreline where there is 

exposed s d  The nght-of-way at side laterais should k expanded to a minimum width 
of 12 m e h s  acraps the mouth of the tri'butary and mnintained by regular annual 

cutting. The approhtely cost for hpuling and placement of the riprap w d d  be 
$8,000-$10,000 per stabilized lateral, and an additionad cc& of likely no more- than 

$200 for re-gmssing the junction following spring fiooding during the low flow season 

(Habitat Herifage Corpontion, 1995). 



Incipient wate17ivoys okn  kgin in WtfIads and drain excessive watcr nOm a wttland 
demon ocniss fields to hqcr s h m s  or ditches. AUhmgh the incipient watenmys 

often cony very little miter, thty arc capble of gdeyïng a tract thtough culîivatd 
land in h-vicr riollifall events. lbut d drriinagc tracts must k pnaanently 
cavemi by p h t  materiai with extcnsive mot sysfems (nlfslfq blue gras, clcwer), even if 
the drainage is d y  2-3 metrrJ in diameter (Canada/SaskatChewzu~, 1995). 

Areas of private fenaluid ire not cuantly m o n i t d  to ensurr that incipicnt 

watemays and drainage paths are b c b  cultivated or Juitably maintaincd Farmers 

must takc the rrsponsibility to enaur that these tamas arc pdecluptely c a d  for. 

Farmers engaghg in zero-till sceding and falbw reduction have substantially reduced 

their amount of d dishubance* Zero-till &es not rrqaite the brrPhge of the soil for 
seed germuiation. Feitilizcr application enables continuous cioppins to occur without 

fdow disturbance for an entire season* Fanners who confinuous cmp and have 

switched h m  dtivated to zero-till seeding have opinized the stabiIity of the mii by 

dowing root networks to hold d togdher and orgdc  midue to decompose 
(Anderson et PL, 1984). 

Wheze cultivation is still king p d c e d ,  contour mpping must be adhered to on 

dopes up to 10% (Agriculture Canada, 1995). FU~TOWS made by the tillage machinery 
and the mws of crop plants create d dams when they folIow the d a c e  contours. 
This practice retards the flow of the water down a dope ind reduces erosion. 

Rocedures such as contour croppllig, contin~oots searonnl trop mtion, zero-till 
seeding, and graPsing d drainage chameh into fomge, combine to make individuai 
farrn maintenance sustainable fot the land and econamicaily viable for the fannet mer 

the long-tenn. F ~ n n m  should continue to be Liformai about the knefits of hprwed 

crop management to miI stobility and personal savlligs. 



Wdands are topographical deprrssionc which fontpin water long enough each year to 

pmvide a home to aquatic plants and wildlife (Rave- 199 1). T h y  axe an integrad part 

of the fraine landscapc and pmvide a -ety of nccasaq functions to both humans and 

nature. A rich . m y  of WiIdlife nn6 refuge in the varïcty of vcgctation ~ ~ r r a ~ l l l *  the 

wet W. They contribute to rr-cheging gioundwater @ers and help to filter 

con taminants before permeating the surf'e. They Plso provide a murce of good quality 
hay fimm plants samamding the wet basin (Canada~Saskatchewan, 1995). 

Wetlands have t rad i t idy  ken pcrceived as having no d u e  to famers because the 

cmered amage was king wastcd to shrubs, t m s  uid siough. To obtain more 

productive agzicuifursf iand, it has ken neccssary for fnnnm to drain the wet baPins 
and clear the associated vegetation (Csvemment of Saskatchewan, 1996). The long- 
term effeds of dohg this have been the eTOSion of top d, water shortages (both 
surficial and @er), and duced land pmducîivity. Water that routinely coilected in 
wet basins is drained  cross cultivated lands rrsulling Ui gullies and mil loss. The 
decluiing number of wetland areas is a problem which continues to exist today and 

preservation muPt thetefore =main a priority. 

To adequately maintain a f u n c t i d  wetland, the farmer must e ~ u r e  that cultivation 

does not ocau ont0 a 8-10 metre unie of land s~vzounding the wet barin known as the 

adjacent u p h d  (Covemmcnt of Saskatchewan, 1996). The gracscd a r a  ciosest to the 

water often pmvidcs nuts and habitat for blldc Md ~d animais, but can be hantested 

as hay and baicd in the hanrcst season. Illustration 5.1.4 on the foilowing page shows 

the relationship of farming oprations to a f u n c t i d  mtland. 

A cornplete inventory of wettands in southem SasItatchewan (inciuding the Upper 

Waccaiui creek Watershd) neab to k compiIcd so that a subsqyent iand exchange 
might k initiated bctwttn fk~mers and their d municipaIities to permnnently 

protect wetlands fnnn being lost to agridfuir. ï k  grrsnt worlt of Duclci Unümited 

involves the development of r pattial h n t o y  of wetlands using mm& senshg 



imagery and s h d d  k incoqmatcd into a complek, and cumnt inventoy of the entire 
Uppr Wnsuuia Crcek Watershedts mtlnndr by the Saskatchewan Wetlands 

Conservation Corporation- The kvtntory s h d d  form part of the basis of a possible 

iand Exchange RogRm (=fer ta Secfion 5.2.1.2) and help the ~ ~ t i o n  enforcc 
wethd prrswation. Additionai personne1 may naed to k acquirrd to meet the nec& 
of this prognun or the help of non-pmfit ~ t i o n s .  

5.1.5 SmaU Dam Networks 

SrnaIl dams can k an effectm muis of d e h g  luge VO~IUUCS of sediment from 
s d e r  tributaries and controliing dawmheam flaoding (PFRA, 1992). When woter 

flows t h g h  the creek system without encountt- any obstnictions, it dislo&es 
jediment as it continues to M d  momentum m m  downsheam Effective aMU dams 

are not possible on veq flot tracts of knd kfousc nahuol to-phy does not prylvide 

wdls for a bacloviter IWCN&, and miter khind a constructcd dam f l d  -y acres 



of surf" amx in a -y dinIlow reservoir. In more undulating temain, rcservoir 
capacities are much -ter f a  the amount of c~oplsurd they disphce. 

When M t  in a series, smail diuns help to pzwent Baoding by dclaying the zelease of 
water reaching arcas furthtr downdicom @RA South Tobncco Cwk Pilot mect7 

1996). Water fîows into the backwater mervoir cruying sediment from upshenm and 
is halted by the dam The lordiment is forced to scttIe in the rrstrvoir kfm the water 

flows m r  the dam back into the wottnmy. The dcpth of the zwcrvoirs are monitored 
to &termine when they may need to k draUicd down and emptid This u s d y  occurs 

in aiternating y-, lnte in the summer ~ c ~ s o n  or d y  auhunn to avoid heavy Nnfd 

events. The fnnner is able to rc-integrate the o&c material back into the soil 

following dredging- The dams aIso pmvide a saurre of water for irrigation, birds and 

duck habitat (Canada/Manitoba, 1997). 

The Deenvood Soil and Water Management Association has k e n  able to achieve 
d u c e d  peaL fiows of between 1645% for I:2 year fiooding events in the Tobacco 

Creek Watersheds in southem Manitoh using a network of 42 d dams isigned in 
conjunction with the PII(A and Manitoba Agriculture (Obome, 1995). Peak flows 

cannot k directly correlateci to specific sediment volumes because geomorphology, 
regional climate, dope and soi1 types vaiy between locations. The f m s  of the Deerwood 

p j e d  was p-y on the design of a smaU darn networt, aithnigh the Tobacco 

Creek Watershed was a Phirie wakrshed with steepr dopes and ravine walls than the 

Upper Wa~carta. 

Three types of dam designs were used in the Demd pmject (Obmne, 1995): 

1. pN dam - &-ed to d u c e  the pcak flows in nuioff and nain events by 
wakr for short pcnods of fime and d u c h g  fiow rates (average cost: $1 1,770). 

2. BackflOOd dam - designcd to =tain water for sevend wrek at shaliow d e p h  over 
large arcgu of land to inrrcose soil moishur for the ànefit of n a p s  and wildlife 
(average CO& $S,I OS). 

S. Mdti-l ltv~ose dam - designcd to retain watcr for various seasad, &me&, and 
iniption functions. -&cd with a stand pipe to regdate s~asonal stoipge, 
conml spring flood water, rcieue e~ccss slowly, or store for summer use. 



Drouicd in the f d  to cltu out and prrpur for flaodllig in the Sgring (average 
coat: $8,882). An example ofthb design i< incitaded im ~ppendix 8.5.1. 

hsently, nuioff with a high scdimcnt l d  fiows dowutmm ont0 the Woscpllp Cmek 

5 t s  nur Kminu, auui creates floading whcn it spüis the bnntr of the czeck (KPron, 

1997). The 1996 Emion Risk Map shows scved areas in the castent haif of the Ugpr 

wascana Cmk Watershed which are tstimated to hove a medium, high or very high 
N k  of mil Ioas. These amas ocw where the watershcd topqraphy is moxe undula- 
and some d dam constnaction mny be possible. 

A senes of 3-4 smail dams shdd  be designcd p r  subwatershed if deemed neccssary by 

further study in the eastem areas of the Upper W .  Cnek Watershed similar to the 
procedure used in the Deemood Roject. The FFRA and SoskWater should coliaborate 
with the Wascana Conservation and Develapment (C & D) Authority in the 
determination of the rucas suitable for weirs and resewoirs. Where small dams are 

deemed to k imprndicai, poolhg and iiMing t h &  excavation and riprappïng must 

be implemented. The oreas for immediate analysis should be pnas in the upper reaches 
of the following (highlighted in purp1e on Illustration 5.1 -2): 

1. Hunter Creek - south of Bdgonie 
2. McGill Creek - west and northwest of Davin 
3. Manybone Creek - southwest of Davin 
4. Frenchville Cnek - north of Sedley, east of hjd 
5. Wascana Crtek - southeast of Francis 

The sMey and design of s d  c&ms in these subwatersheds must k a joint effort by the 
support agencies and the famers together. Support funding must bc made avahble to 
fanners thraugh the SaskWater WPter Coritml Assistance Rogram which supports up to 
50% of the conshuction e x p w e  (Appendix 8.5.2). In addition, the Wacc~no C & D 

~uthority s h d d  subsidize the majority of the rempiMg cost with project fwids h m  

other support agencies and levels of govcmment. If a combination of s v e d  
ameliorative messurrs (which include woterway maintenance, wctlnad collscrvation, 

and dtivation) were cstablishcd with the amdi dams in these arcas, a 10-15% 

reduction in watershd scdiment londing would k a nslistic possibiiity in the short 

tenn @FRA South Tobicco C ~ e k  Pilot hyject7 1996). 



Included in the new &ve1opments, have ken a new induskial par14 a goIf and country 

club, and raidentid subdivisions (iPrgt homes with outdoor swimming pools). The 
developed land now mers am 2% sections of d e t e a d  permeable d a c e  and d t  

in addi t id  runoff b r n  parking Ids ,  dnveways and e e t  sud~ces  (Armstrong, 1997). 

RPsently some of the mnoff from the golf course entem the incipient waterway of 

Hunter Creek, but is ~~~f ient ly  thought to k not a sigdicant enaugh volume by the 

municipality to wsmuit any water contra1 mechanism. Because of the poiiutants that 
are lcnown to exkt in uitwn runoff, wter quality may be jeopivdized wer the long- 

tenn with an incrrase in urfran development. 

The p w t h  rate of Emerald Park ktween 199 1-96 was cstinafed by Statistics Cannda to 

be 20%, and the en& municipal grawth rate was 16.6% with a sisnificant increase in 
professi~nais with yauig fsunit'es (Elliott, 1997). With new first-&ne buyem ~eeing the 

safety and seCIUity of this Regina bedroom coxnmunity, it is b l y  that gmwth and 

development will continue in the succeeding &cade. It W thenfore critical that a 

growth management plan sddress the p b k m  durbPn moff in the high-pwth ~r ros  

of the Ruinl Municipality of &nwoId 

The ~ m l t  of incrrPsing volumes of ullftgulattd nuioff from an urban deve1opment into 
d intermittent drainage channtls (such as the hcadwaters of the Hunter C w k  

tnîtary), wiU d t  in massive downstmun lotses during nanoff and hcavy rain 

events as the wnter d c n t l y  ovenpiUs its bontr anto diacent tni?nlnnd and expands 

its chamcl. The inco1po10tiian of retention ponds into reSi&ntial subdivisions7 swtained 
ripnrinn u>ms uound existing watenivays, and rr-grnsSing of expoa#l soil at 



conshuaion sites s h d d  k mandatory w&r the nguhtions fm any contintad 
expansrCa of dcvelopmmt in the arp. 

The impIcmcntation of institutid and physicai changes needed to d u c c  the 
sedîment loiding in the watershcd trqturrs that agences, inaitutiolls, gwcmment 
depnrtments, and individuas undentsuid what thtir rdu must be in contniting to 

better land and wDtu management in the ~g ion .  The willing participation of the 
stakeholden in maintainhg the hdth of a sysfem to support the sustaincd activities of 
d stakeholdm withh that system wer an indehite period of t h e  consthtes 

stewardship (Wharf, 1959). 

Stewardship involves the wülingness of the stakeholders to engage in a proces which 
encourages the watershed improvements to take place in a timely foshion, and avoids 

duplication of smrices, prognuns, and fùnding. The hedth of the urûan and nual 
components of the Uppez Wnscona Chek Watershed d i e s  on the cmrdinated efforts of 

several gtoups and theh management rrspons'bilities. The participation of ali 
Jtakeholden in a watenhed plannuig ptwcess is necesrary to ehnve that various 

nsponsi"bilities are administcred, and to c- t b t  conservation of the agricuifural 

land base is immediatcly Pddrrared and sedimenfation in Weccona Onrate t reduced. 

5.2.1 pt-pms und Incentives for Farm StewIVdshi~ 

Famers CbtlStitute the -est 8 ~ ) ~ 1 p  of iztdependent s&keholders in the 

watershed Thcy arc undoubtedly a gmup with a greot d d  to gain from bcttcr soi1 
management. w r  pdudvi ty  nWn the h d  huulates into m e  stable farm 

household hcomu and a more p r o a p t ~ ~ ~ ~  agricuituitc: Jector WFRA, 1985). Many 
fanners arc engaghg in bctter iand management practices due to knowledge of the 

cconomic rrpemassions of po t  crop rotations and tilling procedures* 



incentive and then mnrt bDct to previow p.bccmuw mannet, 1997). Unlus the 
knefits of a change M San by the farmer to be tangible and f&Iy immediate, 
pcnnanent changes nrr udhly.  

BaIing can pmvide a supplementary source of in-t to farmcrs who maintain grassed 
waterways and adjacent upiands of wetlpnd. Right-of-ways dong the shore of the 
m e k  are not supposed to be dtivated, but are often sccded by f-ers to obtoti the 
additional crop and extra revenue geneRted by it. The incentive for fanners to endorse 
shoreline maintenance is the revenue which can k generated t b g h  the sale of bales 
following the annual swathing of forage c1ropsœ 

The right-of-ways dong Wascana C m k  (10 metms in width), which fall under the 
management juridiction of Conservation and DeveIopmcnt Area Authorities, if seeded 
with an &alfa-grass mix can k bded by f~lllltrs of djaccnt lands. When sold, bales of 
this mixturr can bring an average price of $25-$35 per baie, which COllSfitute feed for 
cattle or d e r  livestock prie, and are oftcn sold to livestock farmers outside of the 
region. The initial seaihg costs d y  amount to app~u,ximatcly $1 5 p r  acre for an 
alfslfa-gras mixhue and p w s  perrnniaîiy for 8-10 ycars (Saskatchewan Wh& P d ,  
1997). 

Farmers can apply fm as&tance under the SaskWattr Emsion ContK,l Assistance 

Rogiam (Appendix 8.5.3) to sed nrrss on th& 0wn b d  to forage. This incentive, 
which fun& up fa 5û% of the cost, should be maintsineci and publicized to encaurage 
fatmers to retain incipient watemmys and wetland buffer unies as grnssed forage on 

private lands. in retum for the fm maintenance of Wt-of-way lands by farmers, the 



C & D A u t h e  shouId nlinqriish any cloim to revenues generated by the d e  of farrge 
by the land stewards. 

seed crops- Although wctlands cdntiiite to the M t h  of the ecosystem and help 
d u c e  the Ioss of topsail, fmers d e n  view Wttlands as productive fEvntland which 
can contnite to higher short-tenn economic gains The pmbIem is how to make the 

conservation of a wethd on private farmlond mandatory, yet diil beneficial to the 
farmer in the short-ttnn. 

Rural municipaiities often own lands thKnrghout their juiudictim which are dMgnated 
as paptures, rond dowances or ngM-of-ways. These lands pn often maintwld as 
forage or grassland, but d d  bt sccdcd for cmp production in many cases (Mus, 

1997). This does not mean that same of this land is not valuable natural Prairie habitat. 

In thes  cases7 land should be duly protected. But, obhcr plots of h d  mi&t be seeded to 
forage and baled to increase iand productivity* Assesment is cumntly not colleded on 
th- lands because they am owned by the RM. The land might therefore generate 

minimal incorne for the RM if the land titIes are rtünquished by the RM back to famers 

(Grigx, 1997). 

Following an inventory of the tutai amount of arable municipai land in the RM, fnnncrs 

should k enc~zrrased to engage in a lnnd exchange with the RM to prrserve wetlands. 
Fatmers s h d d  rrgider the size and lucation of the -land with the Saskatchewan 

Wethds Canstrvation Carpomtion7 and have an equivaient pfiesge of avaiiable 
municipal land titlcd to them for use (ciop producticm, forage a grriPng). Fanners 
would subsequently be expectcd to maintain the curcnt size of the wet boski and 
adjacent upiand on theh -1. 

With the consent of the f~nner in exc- land for wdlnnd conservation, a caveat 

would be filed with the Iand Titlcs Office to enme that any future saie of the fiarmer's 



land parce1 w d d  prote& the d s h g  wednnd. The Wcttnd Corparafion would be 
~csponsiile for pofichg the sizcs and conditions of wctlands foiiowing land exchanges 

ktwren the £pnners and the nunl rnunicïpoiitiies. The Conservation & Devclopment 
Auth- shouid k the a d m h k t d .  body to amdinate this initiative bctmen the 

fanners, d municipdities, Saskatchewan WetlPnds Constmtion Corporstian, ond 
Land TitIcs Office. 

The development of financiai progrvas whichsupprt nvPl m\Uiicipaiitics and farmers 
in watershed muingnnmt ldivities that d u c e  erosion ancl sediment loading in the 
Upper Wsrana Cmk Watershed basin must be cantinued. This support must be 

prwided to a watcrshed plnnniqg p u s  thiough the foliowing esbbiished formal 
huiding grants. 

Feded support through AgrbFuod Canada's hronstion fkndwhich enables fanners 

or organizatiom to seek EtSSiStance for developing and implementkig new 

technologies or innovative new @ces in agndture. 
bvincial support t h g h  Environment and Rcsource Management's W d i e  
AeveIopmmf fbzdwhich wilf arsWi farmers or C 8 D's with wetland prese~ation 

initiatives, or snall rescrvoir construction via carth damming in a subwatershed soil 

conservation scheme. 

Provinciai support t h g h  SaslrWatefls Wafer Cbnfrr,f A&&ince fkgmn which 
provides to f-ers or C & D's up to 50% of the oosb invoived in c o m t m ~  work 

to aileviste flood& and dwinagt problems as&attd with agricultural lands 

(Appendùr 8.5.2). 

Pnwinciai support through ScwkWafcr's M o n  Cair thd  AsïMmœ which 
contnhtes tu f a e r s  or C & D's up to XM of the cosb Uivolved in repairing lands 
damaged by gdleying, shcct and di cmsion, or instability of watemys (Appendix 

8.53). 



Design assistance ïs ovailable to f-ers for soil and water consentotim -ects or 

flood contd woiks in the fonn of pfeSSional expertise. Stnacturally-intensive prajects 

on private h d s  which involvc large d e  improvements such as tree clearkig, re- 

grasshg, rcforestation, surveying, and smDU dam const~ction are suppated by design 

professionals h m  the pnovincial ond ftderal govemment if the= has k e n  prior 

approval (lamberdy, 1997). This approvai i s  sometimes dependent upon whether or 

not money is avaünble in the budget of the rrspctive govemment department or 

agency, 

Subwatershed impravements such as a smail dam network in the casteni part of the 

Upper Wascana Creek Watcrshed should be oiganized by the W~scnril Conservation k 

Development Authority as a SM initiative betwcen the PFRA, SaskWater, 

Environment and Resource Management, the nuai municipalities and the farmers. If a 
similar pmject description wos to be estabiished similPr to the Deerwood Dam mect in 

southem Manitoba, the PFRA and SaskWattr w d d  share in the design funding 
msponsi.bility of dam pmjects, as called for in an official Watershed Management Plan. 

5.2.1.5 A!auzm 

Education rrmniiu the most efftctive tod to achit* long-tem pniwent changes in 

f ~ n n  &ces (Tamer, 1997; Gr& 1997). & a =suit of a k t a r  educated farm 
community, many f~nmn arc rrPIiPng that the utikation of every availablc often 



Support nmduig to the Dcpcirhacnt of Agricuîtuir shdd bc maintahcd by the @ce 
to enabIe Extension AgmIogisb c run worbhops for fhmers to cxplaùi the grants and 

assistance pachgcs availabIe to them. The Exterwi~m AgmIogirt>s Officc nt Indian Head, 
Saskatchewan s h d d  k equipped with addi t id  personnel to assist with the 
development and dtlivery of a public f m  cducation prqg~m enmuraghg the active 

support of fmers  in a wateished management p h  of the Uppr Ws~c~na C m k .  This 

initiative should be a joint endeavor between the Deparhnent of & r h a i ~  and 
applicable Orgnnizptions (including SaskWatcr, the PFRA, Wnscana Coltse~ation & 

Devclopmmt Authority, EnVinmment and R e m  Management, Wethd ConsCrvation 

Corpamtion, Ducks Unlimited, Nature Saskatchewan and rrJpctive Riual 

Municipdties) where applicable. 

The Wascana Conatvation and Devclopment Authority is a gave- . body 

rrpresenting f81mers which hm the authmity to construct and maintain -ects which 
conceni the cotlservation or dnnlopment of iand or watet in its juridiction 

(Govenunent of Saskatchewan, 1984). The Wascatta C & D AuthOTity codsts of a 

board of ekcted andior appointcd individuah who own land within the defincd C & D 
ana and makc dccisiom zegarding iainage, flood controI, soi1 cunsemtion a other 
such projects. The authonty applies for and administcrs fun& on khaif of the h d  
owners of the cueo (hc1uding &rants, bans and levia on certain lands knefiting from 
ce* projccts). They pre eligible for support fun* t h &  municipd, provincial, 
fedcrd and non-govenimental agtncies under the Snskatchewm Constnration and 

Daelopment Act (Govemmcnt of Saskatchewan, 1984). The Wusca~ C & D Ares 

currently encompases 192 square miles of land fnn, the peMncter of the City of Regina 

ta the wthern M t  of the Uppr Wasca~ Cr#k Watcrshcd nur the village of Qvaa 

This is show on the ncxt page in lllustnation 5.2.2. 





-ects in the Wosc~a~ C & D have tmd i t idy  invoIved the ccmst~ction of drainage 

chamuIs dong Wucono C d  for c ~ * t i n g  the mnonl of woter fkm the 5 t s  for 
spring sedng. The lmudwies of the -nt C & D exclude mart of the medium, high 
or very high risk amas of knd uidicatcd üy the 1996 EroQon RUL Mop. To effecfivdy 
administer projects in thut ucpr and irprrJcnt the tanaers seciring amistance with 
individual skWOICjShip initiatives, the bcnandnries of the C & D should k expiuidcd to 

the east. The C & D should includt ail armas of the d mZUYcipdities of Edenwold, 
Lajord, Francis and South Qu'Applle cast of Wasca~ C d  whkh lie within the 
drainage basin of the Uppr W ~ s c ~ n  Creek. 

with the geographical cxponsion of the C & D, the Becutive s h d d  ensge in 
partnering with ~ t i o n s  aich as Nature Saskatchewan, the SaslrPtchcwM 

Wetlands CorporPtion, Ducb Unlimiteci, and the Extension Agrolq@'s Department to 

derive ways of seeking support and involving £armcrs in wnscntation progroms and 

initiatives to help minimize e d o n .  This gmup shouid plan crosion duction activities 

that include detded watershed implvwements to encourage individual fanners to do 
their part in land management. Individaal f-ers nn apt to -y engage in 
initiatives when they b w  they iue a part of a communal effort (atm et PL, 1992). 

The W~scana C & D should k the implementin,g organbtion of a detailed W8feirshed 

manlgmeint plan for the Upper Wascana C d  Watcrshed and summcm the advisory 
assistance and financial support of other Oganizrtim, incluûing an environmental 

planning wmdtant, in the proces. Specifics of the p h  which Pddresr the technid 
aspects of impkmenting the neccssoly changes should be immcdiately identifid by a 

detailed envbnmentai =port to confïtm cost csfimates, Stdimcnt duction schemes, 

and an implemtntation timeliae. 

5.2.3 The Need for a Wattrshcd Mma~tment Plan 

Thete is a nced to spcifg the Scqtrcncc of impruwemcnts to the uppr wascana cmek 
Watcrshcd thfirnrgh a dttailed watcrshed management p h .  A watcrshed management 

plan is a set of stcps which give bnrdth to these identifiai issues ami generai 



recommcndations by outhhg a spcific timeluie for improvements and a spcific 

fiuiding rheme for the participants involved in watershtd imprwements ( IUey and 

WPltcrs, 1994). It articulates the repaative design needcd in the various subwatersheds 

and invites fumers, and collltlludy e t i o n s  to contrihate to defining how the 

impmements s h d d  be Unplcmented. 

The Conservation & Development Authority should sak the professional s c ~ c e s  of a 

qualified planning consultant to assist in cmrduiating the wmmunity input, 

environmental design and economic muugement components of the pnwws. Wascana 

Centre Authority pmfessionals s h d d  tPkc an active mle in sharing information and 
advisuig the Wascana Cansewation & Dnnlopment Authority of its struchulauy 

intensive operations, lalre management p h  and grcenspace design as the watershed 

management plan is king developd with the pknNng consultants. 

AU levels of govemment must be M y  behind the coordinating action of the 

Conservation and Development Authbnty and provide support in the fona of 

professional assistance, financh1 aid and technical services. The inkgration of support 

from the federal and provincial govcmments, City of Regina, nirnl rnunicipalitie~~ 
crown corporations and non-govtmmental  fions must take place to e ~ u r  the 

effectiveness of the wtcrshed management plah The following diagram ülustrates this 

relationship in the proccse. 
WSTlRATiON 5.2.5 

(WrQdyI 

Identification 
WATERSHED 

MANAGEMENT 



The m1cs ind O£ the Vorious m t i o n s  in the plnnnuig, 

implementation Pnd fûnding pnrur shdd  k as foiiows 

Defïne irpcinc amas for smaii dpm COtWICUction in the uppr m h e s  of the 
watershed (rcfer to Fuller Report, University of Regha, 1996). 

a Confirm the mart effective spccific locations foi pooiing and riffhg, riprapphg, and 
re-gmssing zones. 
PKnride detnüed cconomic for the watcrshcd management p h  and long- 

term Maintenance strotegy. 

Recommend a f d  funding -ment between the stakcholders in the 

watershed and organhtions kivolved in the watershed rrparations. 
ïnvestigate potentiai ways to mintegrmite the W a s c a ~  Iake sediment back into the 

agridtural watenhed with the Wasc~na Centre Authority. 

a Cmrdinate the Uppei Wascana Cmek Wattrshcd Management P h .  

Represent the interests and conccnw and fmers in the plnnnll>g process. 

0 Adminisier the tendering of rr-grusing mects. 

a Police and enforce rigoriPn @t-of-ways ta enave that cdtivation and topsoil 

disturbance is nd OccurriqS- 
a Assist the W ~ s c ~ n i  Centre Authority with the prob1em of dirposiil or mintesration of 

idte sediment k k  into the watcrshed. 
Fafitate the estabiishment of the lmnd Exchange RogrPm ktween d 
municippiities and fàmcrs. 



Continue to pwide technid ashiancc whtm -%le, to farmers and C & D's for 
ncamuy WZLfershed improvements. 
llmst in the fiandhg of watemy stabilization initiatives (grurllig, riprappkig, pools 

a rifaes, etc.) 

llrsUt in the f iadhg of of ciam Qnict ion for sediment contn,l and aood 
protection. 

Estabiish a sediment gaughyg station at the headwaters of Wssf.119 Lake for annual 
muwrrments; m o n h  mual sediment volumes entering the hke. 

b v i d e  the Wascana Conservation and Development Authority with advice on the 

impacts of watershed impmvement initiatives on Wuuuia Cenh. 

&are rrsnrch and ctvelopment studies regardhg environmental impact nsse~sments 

and water qriaüty Unprovernent with the C & D. 

Participate as an equnl partner with the C & D in impraring the Wacc~na Creek 

~tnam channel nt the entrance to Wascana Lake (streambank stabilization, poolhg / 

riMuig, and te-grassing). 

Coordinate any action rcgiuding lake dcepenhg or sedîment dUposal in conjunction 

with other appropriafe organizatid bodies. 

Work in conjuftction with BcLs Unlimitd to complete a detailed inventory of di of 

the wctlands in the Ugpr WUCMS C-k Watershd 

Ensurr that the adjacent upland amas for each wetland ur appmprïately &hed and 
inc1udcd in the calculation of -land surface amas pior to enacfing a land 
exchange program ktween d municipdities and individuai famers through the 
Conservation and DcvcIopment Amas. 

Police and enforct the denned e l a n d  pivameters to ensure that wetland is not 

being enatmchcd on by cultivaticm. 



Ravidc dujgn services for uw dccmed to k appropnrite for weir cunstruction as 

partofad&unnetworktorcduceIirdimcnti.p4inn. 
CeneRte -nt uuid em*on risk maps using spccific lnad w &ta (sotcfite 

ternote sensins, and a geogrziphicai information sy-m to monitor emsion N k  in the 
Upper Wppcw C w k  Watershed. 

Work with farmers and the C & D to dcvclop innovative sediment duction 

p r o c e ~ s  for impiementafion wtthin the wafcrshcd. 

Ensue that fedcral monics arc budgeted towoid as&ing the C & D with 
. .  admuustrative costJ and pqiect implemcntation. 

h v i d e  environmentai impact d y s e s  of construction amas where s d  sediment 

control structures may pose a threat to natural habitat. 
Monitor the pst-construction restorative proccdures and environmental impacts on 

ail watershed -ects. 

meme the consmiction of pool & riMe series in the tncbutaries or main creek 

channel (Fisheries Division). 

0 ~nswe that rc-pwing of ditches and municipai wafe17iyays arurs following rond 

maintenance or constntction, 
a provide the ~onstrvation dk Devtlopnitnt A u t h e  with an inventoy of unused 

farmabIe municipai lands (forage Innd, md Pllowancc, xight-of-ways, etc.) and 

pa~tuns which can à incoqmatcd into a land exchange progr~m for wetiand 
prestwation, to includc MY pristine native vcgctation arcas. 



Ensurr thrt pmvincial monk are budgeted t o d  Prsisting the C & D with 
. ahmutrative cosb PCT bu4getcd towerd u8stllig the C & D with odmuustR 0 

tive 

CbStS. 

incmuc fPnding to Extension @ol@ts Office to provide information to fnnnm 
mgnrdllig the impacts of crop iotntion and cuftivation pmcedum on soü los and 
farm econmnics thrrnrgh public wmkshopu or publications. 
continue to support public ducation of d d water conservation through the 
development and fun- of new pmgr~mr in conjunction with non-gwemmentpl 

educat id  o-tions such as p-. 

Contnhte part of the support funding to the Wascana Conservation k Deveiopmcnt 

Authority for watershed restoration initiatives which wül d u c e  sediment loiids in 
Wascana C w k  and rcsuIt in impnived watcr quplity for Wascana Lake. 

5.3 LAND STEWARDSHIP E2wwLE 

The combination of government inccntives, the desire for more effective 
conservntion by individuai iand owners, and the howledge of how to use design 
proactive mcchanism to impmve the symbiosis betwctn h u m ~ s  and the natural 

environment can pducc changes to individual parceis of land whkh effcçtivcly cantrol 

e&on (Ripky et al., 1961). A farmcr who owm lPnd which is sigdicantly 
contrhting to diment loeding can effdvely implement changes to the land which 
wi i i  dccrrPse the potenthai for d los* Seldom am any two parcth of land identical, 
theicby rrqukitig that dcsigns for ducing sd e6on be site spcinc and sensitive to 

the needs of the location 



1. Identi@ the pertinent tPcton contributhg to d o n  (problem). 
2 Defermine the ~ v c s  f a  sol* the pmblem at the specinc iocation. 
S. Design a sustai~bk ~~Itation to mect objectMs and d u c e  &on. 
4. hplement the design u cost-effcctEvcIy as +Ie. 
5. Maintain the Iand om a hg-tcrm prbd to control sdmcntation and avoid 

future Sauctudy intensive imprwremenfs. 

The foiIowing cor exampie is a cfuarfer d o n  of h d  (MK%-18-30-01, W2M) in 
cast-central SPsLPtchewan thmagh which dom two intermittent waterwpys which uc 
tn'butaries to Kamsack Crcek in the Assiniboine River watershed (II1ustration 5.3.0). 

This land parccl W not in the Upper Wascana Crcek watersheâ, but k similar in dope, 

cover management, sd texhm d c~tlscmtion practicc to most m e r  sections in the 

Upper W ~ S ~ O M  Creek watershed where an estimated high rate of soil loss exkts. 

As a redt  of the serious floodùrg of 1994 in the Upper Assiruie River watershed 
(includkig very high spring snowmelt vo1umes in the -nt yepr~), Manitoba Naturai 

iksuurces, SaskWater and Envhnment Conndn have startecl developing a basin 
management plan and guidehes for future development t h g h  the Upper Assinibine 
River Basin Study. Although a drainage moratorium k in effed for thm years, 4 

projeds which oontri'bute îo improved -ter management are st i l l  king considered for 

approval. This example has not km implemented but is in the application stages with 
SasltWater. 

lem Idcntificatim 5.3.1 mi3 

The quatscr section is depictcd in ocrial photographs taken in octobcr, 1996 m t e  
S.S. 1 and 5.3.2). Plw 5.3.1 ficcs ePst and includrs the d@nt quarter section in the 
pi-; the bottom of the phatograph Pprsntls a nath-mth d o n  Iuie (north is the 
Ieft si& of the photwph). Phte 5.3.2 is a photognaph oricntd with north on the 
nght side of the picturr. As shown on the conrsp~ndiqg site mpp (fuustration 5.3.1) 

one strram enters the Lnd tnni the northwcst caner, and the other enters the 
western edge of the land and ~ O W S  cast to merge with the folltlcr. 



Case Example - Location Mat, 
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PLATE 5.3.1 Aerhd Photo #I (October, 1996) 

PLATE 5.3.2 Aerial Photo #2 (October, 1996) 
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PLATE 5.3.3 Beaver Dam (facing west) 

PLATE 5.3.4 Beaver Dam (facing north) 
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Referring to IIIustration 5.3.1, the south creck flow is amently zefanid by beaver 
damrning on the neighbourllig wst plot of land (A). The north m e k  channel is 
su~zu)unded by trees which have invited bcpvers ont0 the iand to dam the flow in 

undesirab1e locations @). h n t l y ,  beavers -te fioodllig thraugh the ripiVian grove 

(Piate 5.3.3 and 5.3.4) and ont0 adjacent farmlands on either side (C). In heavy rauifd 

events or sprllig melt periods, water fbws înto the rese~oir, over the dam and &wn the 
watercourse. Rie wptercour~e ~ m P i n s  an undtivated gRssed waterway (Dl, but is in 

the mature stages of dense shnib p w f h  which is becomkig attrsctive foliage for 

fuaher beaver damming downstream. 

The existing beaver dam -tes a sediment trap for the upstream fiows, but is 

constantly king eniaged by the beavers using the aspen frees around the mek In 

addition, the= is no cdntmI mechnnisni to OcCBsionatly dwi domi the restmoir and 
remove exces sediment when deposition reduces the depth of the pond A grove of old- 

growth aspn m e s  (7 m e s  in width) extends one-haif of the length of the western 

boundaty (Il) and acts as a sheIte&It fivm the ptwniling nozthweStcrIics. A Wuidbreak 
O continues north of the tond dowance i n t e d o n  and mPLcS the sspn gnnn dong 

the beaver xeservoir i.edundant for .wind protection. 

The neighbouring cpartcr d o n  of iand to the n ~ a h  @W%-19-30-01, WZM) slopes 

ta the southwcst and flows dom the north d dowance at 0, entering the m e k  at 

the d allowance i n t e d o n  (G). Thc neighbouMg owmr cultivates and sceds the 
r d  allowance which currently drains the m e r  d o n  and coUects tops03 as it flows 

down to the raad aliowance intersection. GuIleying has occumd nur the intersection 



whm the north guorfcr drainage I n t d  mcets the drum a d  aows thrrnrgh adverts 

into the adjacent ànvrr mernoir (C) to the sou&. 

ImPKWcmcnts to any parce1 of iand mwt .ddrrSr the idcntified ppblcms t h g h  a 

concise set of ot#ctives which @de a more spccific design prwxsse The o~ectives 

atfempt to balance the nceds of the land owner, the neighbnving land amen, the 
ecosystem at the location, and the dmmtmm watershd Objccfivcs s h d d  k 
established in accordance with SukWates policies on lsnd drainage which dwcourage 

or prahi'bit channel clepring pzqeects that contri'bute sipificantly to downstmun 

flooding* 

The objectives for this case example werc idcntified as foiiows 

1. C h  the drainage chamel of vegctation which W conmicive to beaver habitat. 
2. Retain a sznall dam to reduce the sdiment lasduig downstrcam. 
S. Maintain an undtivated gRssd Wt-of-way adjacent to creck and restrvoir. 
4. Provide a shelterbeIt for wind protection and habitnt on the lnnd 
5. Address the drnllinge of the adjacent neighbniring north quarttr section of land 

5.3.3 Sustainable Desi- 

&tainable design spealts to the ability of humans to -te envirrniments which 
aiiow them to fwiction in coexistence with nature JO that the rclatiOI1Ship =mains 

mutualiy kneficial ovcr a long pend of time (Vui &r R p  and Cowpn, 1996). The use 
of land for crop pmduction has TeSultecl in net d losses b u s e  humans have 

fraditionally p w n  nops withait rcgard for cwtuing the hdth d the soit Today, the 
challenge W how water @ty, soi1 mus and biodiversity can k repPirrd and 
maintaincd in agricuiturai regions M e  aiiowiqg humans to use the resavces at theV 
dispod in a non-wasttful mnnmr and to their ccomdc knefit- 



2. Re- a smaflcirvn toriaduae fhcaadheint I i d o m s l k a m .  
A small backwater auth dam will be cowtnicted nenr the location of -nt beaver 

dam (B) with a shllce (culvert) Uistalled to drain &wn the mervoir when the sediment 

build-up on the bottom of the mservoir ne& to k clcanecl out. S d  dams of this 

nature pre constructed with overilow channels which enable water to spill mer the dam 
lwck into the crrek, aIIowing sediment and suspendcd soli& to -le out of the shram 

and the water to continue down P gras4  waterway. hte in the sason when ffows 

diminiph, the restwoit can k draned and dried out to enable basic excavation. 

Depending on the accumulation rate, dredgbg may take place as occasiody as once 

every three to fïve years. The ~ccovered orgsnic matter con be leveld back into the field 
and re-used for m p  pmduction. 

3. 1Usulfaùr an u n c u I t i ~ ~ f e d ~ r i s / r t - u f -  wayrodjiicent lu craekandiiesemok 

00th north and south stream corridors wiii k maintainecl PS grassed waterways to 

stabilize the grade of the shorcline. The neglect of grasscd nrw d i s  in bnrsh and 

shnibs ovcr jwt a few seasns. With the grawth of heavicr vegetation, swathing and 

baling arr not possible and the channel (and hstrvoir &me) begiat to mvert to aspen 

p w t h .  

4. Ar,n'de n i h e l i t  for windplroPW*iia and hsbitst an the U d  
The r e m d  of the prcscnt upen gmve sumnanding thc rrstwoir and dong the north 
channel constitutcs a habitat uen for not only beavers, but for othcr M e  fauna as 



5. AdlarJstk&zhqedthem#Wafne@hwz@gndqiurdcr~~mofhd 
nie owner of the neighbouring iand parce1 wanfed to instPn a d v e t t  to dow -ter to 

flow from the north pmxI under the mcid allcwanœ dllrctly to the xtsezv&- This 

would have mesnt that a new watenuay k constnacted and lgDlsed fnni CD to the 
resewoïr u?ross severai iercs of fpirmab1t iand. The ncighbom wishd to continue 

f e  the roPd allowaricc whete the Sun' nuioff nanslly fiows domi to the 

t&hg d v t r t  at the i n t e d o n  (G). h u s e  the neighbowl is fnnauig rond 

dowance which wouid n o r d y  be mainfoincd as ditch, a dvert  wül not k instPlled 
and a new gra~scd watemay frnn (F) to the rrsrvoir wül not k cicated. The 
neighbour will k encouraged to maintain the ditch and channel the nuioff into the 

creek at the cuivert by the i n t e d o n  (G). 

5-3.4 h~ltrnentation and Costs 

Cmstmction hns not yet kgun on this pmject because it is currently king submitted 

to SaskWater for rwiew. The owner of thk h d  paxtel has investisateci potential 
assisfance mtchanisms to make this stewardship initiative feadbIe following SaskWater 

review. Support for these initiatives is adable fimn SEiislrWatcr nt the pwinciai Ievel, 

the PFRA at the fcderai, and ofim the lYrPl municipoiiity. The amw is on the f m e r  to 

initiate the pmject, scck the mpimi apprwai, and coordinate the effoits of the 

stakeholdea in the implernentation ancl funding proctss. 

On this Iand -1, channe1 cIcaring a d  dUposPl is estimateci to cost SSûû.00. 

Obstruction xemwal -ver dam) casis am csthated at $200.00. Grusllig the edge of 
the watenivay and rrservoir (whm the aspen axe removcd) will cat $150.00 for an 
aIfslfa-gras sced mixturr to cover 10 acms of d l l c c  rrrp The and dam construction 

is estimsted to cost app~,ximateIy $7,500. Totaî esamSted u p n s c s  for the -cct are 

58,650. 



Under the pmvhciai YChannel Ci- histance for Rurd Municipditics" g m g r ~ m  

( h g h  SaskWater), up to 50% of the utpnr i n d  for katderhg the vegetation 

and knver dam nmovsl mny be irtnbuisod to the former- Undcr the a011 Conta01 

Assistance RogRm, SnjkWater wül cost-&axe haif of the e x p n s  of s d h g  a watcrway 

to forage- If the lnnd kkig gRard is Crown lpnd (such as the md dowonce drnuiing 
the neighhds iand), the ather half of the srPmng expense is c a v e d  by the 
municipoiity. A famer buüdllig a d bnckwafcr ciam foi the pvposs of reducing 

sediment loPding in the watercdlusc and prevcnting domis<rrim flooding is cligiiIe for 

reimburscment of up to 5û% of the cost of the dam cunstruction through the provincial 

Water Control Assistance RPgrom in addition to pravincial assistance, the PFRA has 

ofien contributed b k h d  dPm desgns (Apptndix 8.5-1) to f m e r s  hyiqg to conhu,l 

fl&g and maintain water quolity. 

With the subsidies avnilable, the cost to the fnnaer of implementing the propsed 
reparative changes to this quarter section U $4,400. The fonaer cpn recaver some of the 
cost diiectly by baIing the alfalfa and selhg the baies for f d  Dependhg on demand, 

the price of bales fluctuate. But given an average price of approximately $30 per bale, 
the farmer could recovcr up to 5400 h m  the sale of Mes per JeaPon from this parcel of 

land 

5.3.5 Imwrtancc of Innn-term Mrrinttnance and Mana~ement 

Followuig the impmvements to the land, rcguiar maintcnana wii i  k necessnry to 

ensve that the fPnn does not rrquire Inrge-de, expensive Uaprovements again. If 
grssredorrosarc notswathcd, the dawegrowth will again reqwl.c the use of heavy 
equipment to remwe bnwk If SheltctSnlts me not maintaincd, they wiIl c x p ~ d  ont0 

fanniand which should k produ* crops. If the rrsrvoir &pth is not maintaineci, 
the usefulness of the dam will dccreast and the fonncr wilt not be able to maximize the 
use of the c q p ï c  matcrial fram the ierdiRIent trap to enrich his/her soit 



The k y  to the suoctsr of MY optration is management (Anderson et PL, 1984). 

if famers rulize the knefits of rtcwnrdshp m m  a Iong-tcnn pMod of time then they 

aze b I y  to engage in more swhhab1e fnnnins pmctk. UJllig this example as a 

dcmondran'on of h m  a <Funet &*cm of lund can contnbutc to soil conservation 
t h &  ktter iand mumgement, 3 ir possible to sce bow effective the individual 
f ~ n a e r ~ ~ k j n c O m b l l ~ d l o s s w i t h U i e s u p p a n d e ~ p r q g r u a s a t a  
mmmabIt cost- it is therefore criticai tM thc mnicy anci support personnel in 
agnnizption~ such PS SaskWatcr and the PFRA be maintaincd or increpscd by the 
provincial and fcdtral govemments to ensaut the mstainability of the agcidturr sector* 



6.0 COST OF IhrlPROVEMENTS 

6.1 VALUE OF WASCANA CENTRE TO REGINA 

nie value of Wuc~nn LOL to the City of Regina and the Saskatchewan Capital kgion 
has not ken extetisivcly studied fbm an cconomic perspective. n ie  lola is the 

centerpiece of a m a n i d  greenSpace thaf aWa&s thousands of visitors to an -y of 

different BCtivities and permanent fiuictions om the course of the year. An 

appximaiion of the tangiile economic benefits fnnn the permanent functions of 

Wascana Centre was calnilated to provide a h e  of =ference to illushate the 

contriition that visitor (non-Regina) dollars provide to the local economy. The 

calCufation was based only on toPrist visits and was designed to be a mgh 

approximation of the wntriitim that six permanent functions m d  the laLe make to 

the local Regina economy and bring to Wascana Centre. The following fiuictions were 

tracked for their out-of t m  visits in 1996 and the approximate head counts were as 

follows (figures obtained fnmi respective locations as referenced in briliography): 
Out of Town Visits 

1. Royal Saskatchewan Museum 99,033 

(confirmed 65070% out-of-town) 

2. Mackenzie Art Gallery 77,313 - 

(based on 65070% out-of-town) 

3. Saskatchewan Science Centre/IMAX Theatre 1 i 5,000 

(confirmed 50% out-of-tom) 

4. Saskatchewan Centre of the Arts  (conventions & theatre) 1 13,578 

(based on 5û% aut-of-town) 

5. Legisiative Assembly Toaus Z0,OOO 

(based on 5û% out-of-tom) 

6, Other Wascana Centre Visits to: 

Wpscpna Place, Diefenbaker Homestead, Waow Island, 23,659 

Nature Wak,  Ferry Boat Rides, and Gift Shop 

(based on 65-7û!% out-of-town, except Güt Shop- 100%) 



The total numbrr of estimnted mtsf tomi visifs to these Su permanent huictions at 

Wp~auui Centre for 1996 wps 449,189 pcoplt. Snne functions (such as the 

Legislaturr) do not chuge for taus, while othm (such as Centre of the Arts concert 

prformancfs) wcre not tioclttd and could not k crrdibly d m a t d  The toSll 

admission feu which wem able to be appraximated, and other known menues bosed 
on the estimateci out-af-town visits wcrr as foUows MontMy Visifatiom, 1996): 

Recorded income fiom Wascana Centre: 

Gift Shop revenues 
Ferry Boat Rides 

Parking Tickets 

Saskatchewan Science Centre: 

Addt out-of-tom 50% of non-tour 

Children out-of-town, 5096 of non-tour 

Chiidren out-of-town tour group rate ($3.75~0) 

Royai Saslratchewan Museum (hall rentaI) 

The totai admission and other revenue for 1996 was approxhately $548,000. 

Based on the assumption that an average family/group size is four individuais, and one 

in four pays $30.00 for the tmnsprtation costs (one fill of gasoline), one in four pays 

SSO.00 for accommodations (one night hotel), each visitor purchases one meal not 
exceeding $7.50, and each visitor spends $20.00 of hidher buying power on 

misceilaneous items (books, clothes, shoes, gmceries, etc.) whde in the city, the annual 

contribution of the 449,183 out-of-tom visiton to Regina is $24,705,065.00. 

Including the admission and other menue, the toQl m u a l  net worth is approximately 

$25,530,065.00. 

The importance of ha* Wasc~n Centre within the City is illustrated by the estimated 

annuai net worih of out-of-tawn dollars. Not included are 211 specid evcnts that 

Wascana Centre hosted in 1996 which mxe not trackcd, and lilrcly brought several 
thmsand additionai visitors into the City. These includcd the a ~ u a l  Waskimo Festival, 

Mosiac, Intematiod Childrcn's Festival, and the annual Dragonboat Festival. 



n e  to& vids frnn non-kgha iwidenb briqg money which m&ht k spent 

elsewhere into the city. RcgW a b  provideJ mnny fiditics for a provincial population 

which is primaiily d bascd, d t h g  in many out-of-town d residents using 

rvban facilitics which their own communitics cannot afford to provide niis extends far 
beyond the W- fiandions included hem into the health tare sector, post-secondary 
education, the perlonning arts, Sashtchewan Roughriders foofball club, and specialized 
=tail (Newton, 1997). The rrlntionship between Regina and its hinferîand is mutually 
kneficial and interdependent. 

The problem of Wascana Iske's decreasing depth will likely warrant a large expendihue 
by the Wascana Centre Authority to increzase the water level and preserve the functions 

and appearance of the laice. If the choice is made to purme lake deepening or shore 

raising, the costs will k signincant. Although the sedimentation problem wiîl be 
recumnt, by reducing the rate at which the sediment is transporteci through the 

watershed and into Wascana Lake, the effectivena of any depth-increasuig option can 

be improved Other problems d t i n g  h m  deposition on the lake bed, such as weed 

growth and eutmphication will not k further exacerbated 

The costs for deepening the lake using a drrdging operation wen cited for minimum, 
muderate, and maximum depths The following illustrates the cost projections for lake 

deepening infhted to 1996 dollars by 7.5% (Natiod Conmmer Prioe Index): 

L 

TABLE 6.2.0 
COST -TES OF LAKE DEPENING 

(Pentland, 199 1) 

Depth 

Minimum 
Moderate 

Maximum 

1991 Dollars 
~i4,000,00o 

$ S g , ~ , o O o  

. s47,ooo,ooo 

1996 Dollars 

$ 1 5,050,000 

$4 1,925,000 

$50,525,000 



The correspondhg aveilige depths for the Lepenhg estimates suggut that the 

w d d  be dcepned ta one m e  for the minimum depth, 3 m m  for the moderate 

&eh, and 5 for the maximum dcpth (Pentîand, 1991). 

Given the -nt rPte of infill at 6,300 tonnes of &cnt per y-, the rrtrini p e n d  

f a  the minimum aCepnhg to the Inte's -nt average deph w d  be approximately 

26 years. The infiII rate tu todpy's approxiniate &pth with the moderate deepening 

would give the racrvoir about 80 ycon, and the maximum deepe- wouîd k 
a p p r o ~ t c l y  130 years. This assumes that fPnning practiccs w d d  not deterkate, or 

that Mher chnnnebtion -ects and drainage of wetlands would case to occur. 

Any of these actions w d d  increase the UiMI rate themby decrrasing the iife of the 

resrvoir respectively. 

A combination of the watemhed impmvements if implemented today would 

prmanently d u c e  the rate of infill by approximately 15% (with propr monitoring) 

and incrrosc the effectivencss of my lPLc deepening initiatives. With watershed 

improvernents fully implemented todoy in conjuncfion with a minimum deepenùig of 

the reservoir, the retum period to the present average depth would incmase to 

approximately 3 1 yean The inrm rate with the moderate deepening would increase to 

about 95 yuus, and the maximum deepening w d d  incrase to an estimated 150 year 

return period to the present average depth. The physical advantage of depths p a t e r  

than appmximately 2.0 m e k s  would be the elimination of the need for weed 

harvesting (cyclamation). 

The tangible costs of the rccommendcd impmvements to the watershed are based upon 

the estimates providecl fian similot prrvious and th& .dmiiuJtrp 
. . 

tion costs at 

1996 dollars. The amounts qaotcd are mmly estimates fimn the ~~~l~~t~/organizations 

named in Section 5.0 - Remediation. 



Re-grasskig &ects wm based t a p  the oombined cost of seedhg a grou/alfalfa 
mixture and the fiael/equipment wst at $20/acrr Waggoner, 1996). The 80 acres 

dong W P I C ~ ~ U  C d  w d d  lJtely wst app~,lcimafeIy $I,ôûû.ûû, and re-grassing nt 

side l a t ed  juncfions and tribtatprg (esfimatcd 36 scrrs) w d d  cosi $720-00. The 

budgethg far an addit id  200 acres of groSnng dong d ditches (M,ûOû.ûû) w d d  

ensurr that any new mad impravemcnt pmjects would be suitably c o v e d  foilowkig 
construction. nie continuancc of private f ~ r m  lnnd stewiudship grants to cover 1,000 

acres of re-grnssing would rrquirr that $20,000.00 k allocated. nie cstjmated amount 

needed to m e r  the rc-gtPJsing initiatives would be appraxhately $2?,000.00. 

PooIing and riMLig pmjects were quoted by Manitoba Natural Rtsoums (MDNR) as 

costing approximately $30,000.00 each for a series of 8-10 one hundred metre 

intervals. The headwaters of Wascana Lake and the high emsion risk ana near v a n  

are two littely locations which s h d d  k immediately evaluated regardhg feasiity. ui 

addition, p l i n g  and riffling will k necessary in some upper reaches of the watershed 

namely the approxùnately ten zones dong major tn'butaries. This would account for an 

additionai expenditure of approximately $300,000.00. The estimated amount needed to 

cover the pool and rime pjects would k about $360,000.00 to be administered and 

tendered by the Conservation 8 Development Authority with Environment and Re~ource 

Management, and Saskatchewan Agriculture- 

Slope stabihtion at the side laterals would involve the exPen& of hauiing riprap or 

boulders to the streambanks at appmximately S10,000.00 per ju.nction based on MDM 

hauling figures. To address the eight lnterals identified on Illustration 5.1.2, 

approximately $80,000.00 would be spent. G d e y  maintenance should d t u t e  an 

additionai $20,000.00 for Uditch d p t i n g  at appmximately $250.00 per 10 metre of 

stabiiized dope!. It is not hown how extensive @ty eiosion is in the watershed 

(except around side lateral junctiotts) thercf- the suggcsted ngUre should be 

confitmecl with futzher resear~h. Re-- w d d  follow f k m  the roPd ditch budget. 

nie cstimatcd amount n& to oddrrss dope st~bilizption wodd k about 

$IOO,OOO.ûû. This would be administcred through SaskWater, the rural mutücipdities 

and t ended  by the Conservation & Development Authority. 



Suitable Iocptions s h d  be dctcnnincd for posibk wePs and rrswoirs in upper 

rcaches of the watershcd as part of mes* a d dam nctwarlc These dam locations 
s h d d  k deteraiincd with @ey locaticms in niind so h t  both m t i v e  strate@ 

are developcd to nddrraP the @lems tqgether. Th& rr~c~rch and design should be 
cunducted by an appmpnPte cOrwuI* tePm to =port back to the Constnmtion and 

Development Authority as part of a dctailed Watershed Management Plan. 

Approxkateiy $25,000-00 s h d d  k budgetcd fm this portion of the ~search. An 

additional amount of abat  520,ûûû.ûû shodd k allocated for the assemblage of the 

Watershed Mnnagement Plan to specify the details of implementation, condud 

stakeholder input ~ O I I S ,  a suitable timeline, and ruore prrcise economic figures. 

s d  dams dong the identified tn'bufary creeks (Section 5.1.5) will likely be sllnilnr in 

design to the multi-p~vpast mirs used in the Tobacco Creek pn$ect in southeni 
Manitoba n i e  cust of these dam rang#i from $3,826-00 to $22,783.00 with the 

average at about S8,9ûO.W (Obome, 1995). Assuming a need for approximately 3-4 

dams per subwatershed, the fost would be approxhately $ 1 ?6,OOO.OO. 

A complete wetland inventory (Uely ushg a geographical information system) will 
need to be completed prior to the initiation of any land exch:ige program. Though part 

of this has been completed by Ducks Unlunitecl, an additional $3,500-00 Win likeiy be 
needed to complete an inventory for the Upper Waccana Creek Watershed (Ashley, 

1997). An additional GIS expense will be incurred for genem&g subsequent Erosion 

Risk Maps for the watershed as well as actual field measurements to monitor the 

sediment l&g at the headwaters of Wascana W. The approximate cost of the 

mappiqg and field testhg is $1,5ûû.00. The cost of developing a iand exchange 

program between fiumers and d municipalities would M v e  odmuushr . 
tive costs 

and the hiring of personnel. The estimated cost for program LnpIementation would k 
about $70,000.00 to m e r  these expenses. 

me tstimated totai for implementing the rccommended changes to the watershed, 

including the dcvelopment of a detailed watetshed management plan would be 

appmximately $783,000.00. Ccovernmentai and non-gwemmental funding sources 
have k e n  specified ki Section 5.2, but fundùig fdl~lulas and amounts have not been 



PrticuIatcd. Thest ddPils mast k specjficd through the Watenhcd Management Pian 

using this issue identification procur and saabsequent rrcommendntiotls to fnmt the 

continued plnnnllig proccss. 

6.4 WNG-TERM SAWGS 

Implementation of a long-tem Watershed Management Elan which inclvdcs ail of the 

stated recomrnendations will tesuit in savings to bth urban and rural areas. The 

savings may à illustrated with a camporison of the cost of the land stewardship 

recommendatiom and the lake deepeniqg figures. Amnuits are based on 1996 figures. 

The cost associated with the Minimum Iake Deepening Option is $15.1 million and is 

estimated to have an infill cycle of 26 y w s .  This means that if the depth of Wascana 

kke wap increased today, the minimum lPLe deepening procedure would need to occur 

again in succeeding intervals of 26 years, 52 yuus, et cetera. The estimated buyin8 

power of $15.1 million spent in 26 years discounted by a factor of 0.0626 would be 

$945.000.00 in today's dollars: 

The Moderate Lake Deepening Option cost is S41.9 million and is estimated to have an 

i d l  cyck of 80 yuus. with the impkmentation of the moderate deepening of 

Wascana Lake today, the pKmdure would need to k repeated in 80 year intervals 

( d g  a fairly constant rate of infill wer the).  The estimated buying power of the 

$4 1.9 million in 80 years disc4unted by a factor of 0.0418 waild k $1 -75 million in 

toâay's dollars. The infill cycle for a Maximum Lake Deepening Option is 130 years at a 

cost of $50.5 million. When discowited by a f d o r  of 0.0400, the quivalent is $2.02 

million in today's dollars. 

When initiated in conjunction with the Minimum Dcepcning Option, the stewardship 

initiatives perrnanently decrrPse the rate of kinll and add five yuus to the 26 year Ilifill 
cycle. This translates kit0 approximately 31 yeprs betwcen mllUmum iake dcepening 



opcrations. The totai estinrattd a of Mpkmenfing the major rr~~llllllendations is 
$783,000.00 to knpmve wafershcd sedimcnWion management. If this cqendihrre was 

made today in conjianction with minimum hke dcepcning (totakg $15.9 million), it 
would mean that the minimum lnla deepeniqg procedure would k dcfemd by five 

years beforc king initiated again. Thc estïmated buyiqg power of the $1 5.1 million in 
3 i years discouteci by a fBCfor of 0.0578 wouià k $û?3.ûûû.00 in toùafs dollars. 

Although nn additional $783,000.00 ~ p e n t  toQp may Jcem liLe a large kiveshnent to 

decrease the infili rate to 31 years, when made in cwjundon with a iake deepening 

option, it sPves money in the long-tenn thrvlugh a deferral of the more expensive 

deepening options by decreasing sediment Ioads in the wateranusc. The immense cost 

of deepening the lake to t h  metres or five met= today, wauld mean expenditures of 
$41.9 million or $50.5 million respedvely ccmpared to the 515.9 million needed for 

minimum deepening and watershed impmvements. 

As the discounted figures suggest, the costs for the moderate and maximum deepening 

options would not k as efficient an expendihue over the long-term. Watershed 

improvements in con.ction with a minimum deepening option would still be more 

cost effective than the minimum deepening option alone because of the five-year delay 

in the rate of Ilifill caused by decreased sdiment laadllig. The money saved by not 
investïng in a modcrate or maximuni hke deepeniqg strategy wd be better spent on 

other programs - such as the $783,060.00 sediment reduction strategy 

An investment in decrrPsing the sediment loading through impnnnments to the 

watershed WU sove money by rcducing the frrquency of expcnsive lakc deepening 

pmjects in Wasc~na Centre. It will contrihate to a cost effective management scheme 

that will make the urban and rural fùnctions more compatible with each other. 

Savings ovcr very long-tenn periods of time arc dificuit to quanti@ because of the 

immense number of variables which aiter estimate figures. In tenns of relative 



benefits thou&, the implemmtpton of the rrcommended improvements to the 

watershed will d t  in dccrrpscd economic costs to both =ban and d tpxppyeis 

over time. 

The inability to eliminate sedimentation from a n a t d  wateicourse rneans that 

Wasconn Lake will always be f d  with the pmblem of sedimentafion. Maintabhg this 

Iake in the prairie context wiU thereby rrquirc that expensive SmtchuPl operations 

occasidy aww to rrstore the dcpth of the rtservoir. By investing in the dcvelopment 

of a plan which reduces the rate of scdimtntation, thut oprations will not need to 

occur as m e n t l y .  This inveshnent nt worthwhile to Wh urban a d  rural nxidents. 

Wascana hke r e m &  the City of Re& with estkanted net benefits totalhg $25 

million froni out-of-tom revenues becausc of the pemmnent functions (governmental, 

educational, recmtional, etc.) which exist the=. Although it costs the City to maintain 

this gieenspace, the cost is a h  shared by the rural tax base t h &  Government of 

Saskatchewan support in the Wascana Centre Authotity parhiership. The tripartite 

agreement (with the University of Regina) ensures that prûtine greenspace and diverse 

activities are maintained to ensure a strong Capitd Region in the province. If an 

inveshnent in a watershed management initiative with rural partners will defer the 

inevitable expendif~res needed to maintain the lalcc and Save rnoney in the long-tenn, it 

is clear why t is to Regina's benefit to participate in such an initiative. 

The growth and development of the Sashtchewnn economy relies heaviiy upon the 

success of the agridture industry and its crop production Of the 460,000 people in 

the Saskatchewan workforce, 71,ûûû see direct employment in the agriculture sector 

(Elliott, 1997). The management of the soi1 rcsoIvce is therefme essentid to ensuring a 

healthy pvhc ia l  economy. with emsion st i l l  d t i n g  in losses of over 5% of current 

total cmp production, the acmmulated estimated losses to the provincial economy are 

nearing the %-billion dollar mark (Anderson et aL, 1984). Not only does erosion 

shortchange the province of economic ànefits in lost camings, but costs tpxpoyers more 

to fix as the ptoblem continues to in- anr tirne. It is thcrtfolic impeintive that the 

Saskatchewan governmcnt activcly financc a watershed management initiative in the 

interest of maintaining the Capital Region, and protecting a piece of the f ~ n n  economy. 



in addition to economia, urbui and rual rradents will save in dher ways as weu. 

Savhgs such as the hprwcd M t h  of an cntllr ccaqstem, or the acsthdc beauty of an 

urban grccnsp~ce ofkn sem intangible in eoondmic tama The prrscmtion of wethd 
habitat and ripiwi uros wilf enme that a divenity of sptcrees and heaithy food chain 
continue to exist in conjunction with human &tics in the prairie ecosystem. Withîn 

Wascana Centre, that snme divcnity will be acou~aged to exist in the urban 
environment through the maintenance of the human-constructed nservoir. By 
presemhg Wascana iake and the greenspace amund it, Regina residents and non- 
Regina residents aiike will continue to enjoy one of the most beautifid urban parks in 
Canada. 



7.0 CONCLUSIONS 

Wascp~i Centre is a M o n  that is vaiud by not only Regina -dents, but by the 

entire *ce as weiL The lnLt faîis wukr the juridiction of SaskWater and the 

a a m m d h g s  by the Wascana Ccn- Autltority* T&se arguùptions d ultimately 

decide the fate of W p r p ~  IptC and whether or not a major &ect wül f d l y  oddrrJs 

the issue of iakc depth. nie fact mnnin< that if a =jar @ect 1 undertaken, the main 
cause of the problem - Scdimentation - wiil rcmain lPrgely iuaddsessed- 

It is in the best interest of economics and the enviorunent that the entire watershed be 
addressed in terrns of how sedimentation can k 'reduced to a level where farmllig is 
sustainable, and disturbance to u t . k  functiw is minimized. This WU not be achieved 

by unilateral adion or by a Jin%e initiative. It will take a partner~hip of Oiganizations 

to work h g h  a colordinating body such as the Conservation and Devebpment 

Authority to accept various rrsponsibilities for spcific tasks and duties. It is imperiative 

that communication ktween these W t i m  is maintauied JO that duplication and 

redundancy is avoideâ 

The semces of a planning consultant should be employed to assist the coordinathg body 

in facilitahg a process where public input and open dialogue can acur between 

organizations and stakeholders. The consuitants w d d  contn'bute specific technical 

knowIedge on cost estimates and the developrnent of an implemcntation strategy for the 

watershed The watershed management plan should be informed by the intentions of 

the Wascana Centre Authority on how it intends to manage the lnlrc in the context of 

Wascana Cmm. Rcscntly, d rcmediative masures proposcd in thip report are 

compatible with the Wnscnna kke  Management PlPn Identification study. 

Geogmphical information systtms plr an essential mechaniszn for accurattly conducting 
spatial dudy aï the wakkhcd d e .  Won risk mnps providc a useful tool for 

planning rcmtdiativt dwign b a d  on sheet and riil erosion eshates, but ore dtficient 

in responding to ephemed gulley erosioh Ruiher study needs to tale phce for clearer 

identification of @ey emnon locations. Etasion risk maps need to k kept cumnt to 

evaluate the effectivencss of changes to land management. In addition, the use of a GIS 



should be emplayed to complcte M invenfory of weflands in SPsLntchewan and M e r  

explore the poasibilty of a h d  Exchange Rogm~ The uses of geogmphical 

information &tems aze v e y  usefiai in these capaciiies. 

The rrspowes to wiow pmbicms descrikd in this =port assume that not only will the 

fraditid sourrcs of fun* such as the namcd gants d govcniment agencies k re- 

visite4 but that non-govemmentai wuces n d  new partncrships with the ptivate sedor 

be forged as well. This niight thcreforc bc futha .ddrrssed in a watershed 

management plan or fufure trtscsvch. Fun- potentiaî ~ n r n t i y  exists to 

opentionaiize elements of the identiiïed steWEVdShip initiative in this report. As was 

clearly sbted in Section 6.0, meeting the expenses of today's sediment management 
stewardship initiative wiil redt in a continuance of menues such as those bmght 
kit0 the City of Regina because of Wascana Centre, or millions of d o b  of savings to 

the Saskatchewan fann economy due to reduced soiI 105s. 

Not to be u n d e ~ h t e d  is the capacity of the individuai fanner to effed changes 

which wiiI improve the environment. Ofim, famers are inauenced by what will 

advance the highest economic retum without regard for the long-tenn impacts- With 

education, this t w  is changjng. incentives must continue to be innwated to male: more 

sustainable fannllig e q d y  pfitable for the f m e r  over the short-tenn. 

Although the rrparative measures primarily rurai-kd, the impacts mach beyond 

the rival region and into the heart of Regina. There is a very reai opporhuijty for a 

coordinated use of mJources to make a contnition to address the age-old probIem of 

soi1 los  in the Upper Wascana Creek Watershed - and recognize the rrspollsibility that 

humans have toward managing their actions and use of TeSOUKles in the environment as 

efficient1y as possi'ble. 
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s e t  Appt* - PUBLIC ISUE IDENTIFLCAIION FOR 
WASCANA LAICE MANAGEMENT PLAN - DETAILED ACCOUNT 
(WCA Wucuu Management Pian, 1996) 
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R3: hc/l 
R3:hc/l = Rw/2 
Rw12 - W 1 :1/3 
W 1 :V3 - Wcl :cul 
Wcl:cl/l - 22 
Wascana Creek Watershed Boundary 
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Soil Type By Mapunit 
g A V ~  
n BGWR 1 

FG 1 
FG 3 
FG 6 
OX 4 
RW 
wz 2 
WZ 3 
Wascana Creek Watershed Boundarv 
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1 Legend: 
1 Soil Type 0y Mapunit 

A 0  2 
AQ13 
AOAV 5 
AQBG 3 
AQWG 5 
AQWR 3 
AV 1 
AV1 O 
AV13 

BKES 1 
BR 1 
BREW 4 

WRBR 4 
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BRWR 1 
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The following am Rural Municipalïties within the boundzpies of the 
watershd 

Sherwoad - 
Bt'8tt's Lake - 
Edenwold - 
Lajord - 
South QuYAppelIe - 
Francis - 
Moritrnartre - 
Wellington - 
Fillmore - 

(1 59) Donna Roue 
(129) Kevin Ritchie 
(1 58) D o m  Studwick 
(128) Rod Heise 
(1 57) Sandra D r i m  
(127) Ciaude h a n  
(126) Dale Brenner 
(97) Janis Mus 

lonne (96) AUenD* 





8.4.2 ~ppcndhc - CANADA WHEAT BOARD ACREAGES 
(1960,19707 1996) 

- 

The Canadian Wheat Board 
I 
I I 1 L 

Upper Wascana Crisek Watershed Defiieiy Points - SE Saskatchewan 
t 1 1 

- 1 

Delivery Point Wheat 
Balgonie 13896 
Bechard 19573 

C 

Durum 
355 

Davin 
Edenwold 
Estlin 

~ e i d a l  
Kronau 
Lajord 
Cewvan 
Mciean 
Montmartre 
pdes~a 
,osWe 
Qu'Appelle 
Regina 
Regina 
Riceton 
Richardson 
Rouleau 
Rowatt 
Sedley 
Tyvan 
Vibank 
Wilcox 
Zehner 

2484 
921 

1207 

J 

Cedoux 
Colfax 
Corinne 

2405 
1282 
730 

21 360 
22783 
27090 
23405 
6- 

34740 
21360 
22034 
18943 
27827 

24728 
14286 
35812 
26595 
30702 
16658 
17349 
36220 
10945 

Oats 
-7 

11343- 
18409 
27267 

.Barley 
1950 
7092 924 

609 
530 
838 

3295 
4808 
889 

- - 

6251 
2765 
2654 

175 
4009 
992 
581 

20725 1180 

1792 
2727 
S60 

1125 
1167, 

1642 
21 09 
1732 

4909 
3128 

Fillmore 
Francis 
Frankslake 
Gmd Coule 
,Gmv 

1394 
J 

1100 
1476 

22362 
19252 

371 5 
1794 

32174 
28887 
10902 
14950 
29620, 

367j 
1488 
31 88 
lin 
2685 
3086 
4666 

420 
1779 
2979 
1740 
201 O 
2747 
859 

1218 
811 

956 

1996 
1 320 
3805 
331 

24 49 

1092 
925 

4693 

1615 
1117 

25541 1126 
61 7 1 643 

1W7l 405 , 

121 5 
531 3 
7468 
2931 
4736 
51 19 
4090 

456 
925 

1481 
1 328 1 180 
1934 
1824 
21 7 

21 57 
465 

2712 
3737 
4203 
21 79 
9112 



, R Y ~  
25 

21 5 
128 

890 

Summer Fallow 
13437 
13552 
16019 
15176 
14543 
11466 
19167, 
20347 
297S7 

451 23673 

F m e  Crops 
1622 

24 
97 

140 
52 

927 
_ 1016 

189, 

8 1 12016 431 27597 140 

735 197401 965 52850 213 
20 - 15662 QO4 M l 6  1336 
25 18766 269 51010 770 

- 630 1 60884 1135 

Spedfied 
3S832 
W .  
44514 
41206 
36752 
29497 
46167 
51262 

Flax 
1% 

1 761 
526 

1688 
1631 
195 
955 

2940 
377 1 73614 2839 



Other Cmps 
125 

Uncuft Land T-l Aaes 
80231 Ml30 



The Canadian Wheat Board 1 1 1 
i 
I I I 

Upper Wascana C m k  Watershed Delivery Points SE Saskatchewan - 
I I 1 
I 1 1 I 

1975-76 Crop Seeded Acreages from Permit Dedarations Processed to 14 Nov 75 
I 1 I I 

he&aid 1 69851 21 52 1 1 501 

1 1 

Util Wheat Oelivery Point Oats 

I 

Hm Wheat 

Connne 
Davin 
Edenwold 

I 

Estlin 
Fillmore 
Francis 

Dunrrn 

188 
900 - - 

330 
580 
501 

Frankslake 
Grnd Coule 
Gray 
Kendal 
Kronau 
Lajord 
Lewvan 
Mciean 
Montmartre 
Odessa 
Osage 
Qu'Appelle 
Regina 
Regina 
Riceton 
Richardson 
Rouleau 
Rowaît 
Sedley 
Tyvan 
Viban k 
Wilcox 
Zehner 

723 
21 40 
4494 

r 

13464 
12351 

337 
3060 
1409 

20761 
297% 
23596 - - 

940 
145 

6724 
- 960 

5665 
4224 
5438 

981 
445 
453 

3466 

91 61 
13S1 
15674 
16830 
19765 
1701 0 
143s 
7249 
30034 
16755 
18875 

301021 2646 

385 
9139 
6908 
738 - - -  

I 

- 5594 
6710 

291 9 
664 

1011 
752 
922 
71 4 

100 
165 

130 
O 

16 
75 

1240 

2ûû18 1 1135 

. 1857 
1385 

6747 
10266 
15059 
8656 

34080 

~ 768 
3687 
4662 
1430 
1781 

71 31 
160 

1 325 
1439 
3031 

2327 
3542 
5990 
4636 

20260 
17507 
18636 
11551 
20852 
28028 
13122 

80 
61 0 
320 
50 

106 

8300 
6755 
2877 
205 

12146 
1 172 

969 

240 
100 
350 

339 
1300 
1431 
3508 
1287 
1913, 



2-row Barley 8-row Barley 
L 

Lea Rape Rye Fla~Seed 



I I J 

Other Rape Misc Crops Summer Fallovr Sub-Total Perm Forge 



isa 
3 - 
89 

New Break Unailt Nat Pasture Total F a n  



The Canadian Wheat Board 
I 

Oelivery Point 
Balgonie 
Bechatd 
Cedou 
Colfax 
Cofinne 
Davin 
Edenwold 
Esî lin 
Fillmore 
Francis 
Frankslake 
Gmd Coule 
Gray 
Kendal . 
Uronau 
Lajord 
Lewvan 
McLean 
Montmartre 
Odessa 
Osage 
Qu'Appelle 
Regina 
Regina 
Riceton 
Richardson 
Rouleau 

CW Red Smng 
91 31 

25869 
11900 
31 S76 
27972 

9383 

CPS Red 
160 

1230 
1152 

1605 640 Rowatt 925 

CPS Whiie 
35 

430 
850 

110- 
4238 

7901 
8614 
6781 

21 585 
15165 
12618- 

18- 

130 
2048 

222 

160 
154 

345 
560 

- 

235 
95 

105 

819 

300 
240 

805 
794 

160 

743 
160 
620 

400 
818 

4 

21 0 

905 
647 
no 

1 

E%tm Strong 
100 

1500 
1414 
1323 
120 

Tyvan 
Vibank 
Wilcox 
Zehner 

Sedley 

I 

71 54 

O785 
5840 

11210 

300 20444 
22741 
7298 

7529 

40 
1536 

824 
140 
21 8 





- - 

Hulless 2-nmr . Hulless 6-row Oats 
958 

1 

ûye 
390 

r 

Flax Seed 
2233 



1 
Canola/Rape /Misc,Crops 

69921 31 75 
I 

NewSrk UncuitP 
5781 

I 
Summer Fallow IPemn Forage 

13823 3530 





Sampk Point Numbw 



8.5.1 A w n d h  - MULTI-PURPOSE HEADWATER STORAGE DAM DRAWINGS 
@FRA, 1996) 



PRORLE ON Q DAM 
n u  

nam 

KEY PLAN 

DAM CROSS SECTION AT Q OPERATING SPlLLWAY 
L a  





Mhi 

' PLAN 

SECTION A-A 
&lx 

1 - 
I CI*wOt - Tm:- 1 - I *  

1 . GOPI -. D ~ ~ + E A ~ > -  PFRA 
DI 

% ARAP 
. . -0- 

1-i- 2 ,I r - --- 
1 - 3 - # I 2 





Effect ive  Date: 
I m e d i a t e l y  V '  .CûNTROL ASSISTANCE 

To a l l e v i a t e  f looding and drainage problems associatcd with agricultural  
lands and t o  advance s o i 1  and water conservation .ad to s t a b i l i z e  levels 
of e x i s t i n g  lakes through local ly sponsorcd and CO-ordinated programs- 

1. Engineering services are available to:  

(a) Groups of famers vho may be organized as conseroation and 
deve lopment areas. 

(b) Organized conservation and development rreas and vatershed 8 

assoc ia t ions .  
C C )  Local govetnments and similar incorporoted bodies  vith respect 

t o  lake s t a b i l i z a t i o n  projects. 

2. Financial assistance may be provided ta theac groups for vater 
control  p r o j e c t s  in  accordance with section C.2. 

C. ASSISTANCE 

1. Services provided by Sask Water: 

(a) Investigational services and studies  of vater c o n t r o l  projects. 
(b) Technical services tovard organizing and admin istering 

conservation and development areas and vatershed associat ions-  
(c) Engineering and technical  services for the projccts. 
( d l  Engineering and technical services for the operation and 

maintenance of vater control projects.  

2. Financial  assistance for project constructioa: 

( a )  C o s t  sharing betveen conservation and development area 
authorities o r  watershed association boards and Sask Water, and 
local govemmnts  and Sask Water. vith respect to  lake 
s t a b i l i z a t i o n  projects: 



m e  of Prolee t  Sask Wrter's S h u e  Local Share 

Flood Coatsol 
end Drainage Rema tnde r 

Backflood I r r iga t ion  Up to SOX - - 1: .- Remainde r 

Lake StabUfzat&on Op t o  50% Rema inde r 

(b) Sec Appendices A and C f o r  fusther d e t a i l s .  

3. Financial assistance for mint+n.rice: 

Sask Water w i l l  pay: 

(a) Op t o  50% of the cost o f  nuinteniace undertaken by local 
ru thor i t  f es, 

(b) Up t o  SO% of the cost o f  maintenuice undertaken by local  
governipents vith respect t o  1-e 8 t r b i l S t r t i o a  ptojects. 

cc) Sec Appendices B and C f o r  fuzthcr d e t a l l s ,  

4. Pinancial asais tuace for d m ï o p î n g  apecial maintenance bquipment: 

Where consetprtioa and devalopwat are8 a u t h o r i t t  îs prapared to 
sponsor the dovelopamat of  apacial maintenance equipment, Saak Vater 
mry negotirte specirl t in.ncla1 arrangements f o r  the  construction of 
such equipmunt, provided the  pl- and concepts a r e  considercd 
feas ib le  by Sask Vates, 

Under the authorrity of The Conservation and Developlaaat Act and 
Watershed Associationsg Act, coasetvrtion and development arca 
author i t i ss  and watershed arsot ia t ion  boards may undertrke works 
which qurlify f of arr iat .nce -der the chrnnel cleasing asststatrce 
program f o r  nisrl a in ic ipa l i t i ea .  A l 1  temm and conditions of t h i s  
l a t t e r  progrrai a h a l l  rpply. Agreements entesed i a t o  betvecn 
conser9rtion aad development are8 author i t ies  and owaers and 
occupants should be f i l e d  with the secretar~y-treasurer and r copy 
filed w i t h  Sask Vater. b 



ühcrc, L a  the opinion oE Sask Water, vorks r l r eadp  constni i ted are 
not k i n g  maintaincd adequately, Sask Vater may refuse to Provide 
cos t  sharing and services  for the construction -of addit ional uorks, 

Where, i n  t h e  opialon of Sask Vatar, projact  kosts are  considercd to 
be too high ia re la t ion  to the btnefrts, engin t t t ing  sewiees may be 
vithdraua and f t a r a c i a l  u s ~ s t r n c e  ~mavr i lab le .  

A 1 1  c o t t s  ta coanection u i t h  local supervision bg iocmbers of the area 
authority o r  d i r ec to r s  of the vatershed assoc ia t ion  and local 
governiwnts s h a l l  be borne by t h e  local au thor i tp  &ad are not 
e l i g i b l e  f o r  cost shrring. ühen r loca l  au thor i ty  o r  local 
goveramnt h i r e s  r borrd iiicmber as an equipacat ope r r to r  o r  Irbourer, 
p r i o r  Sask Water rpptovrl  w i l l  be required t o  cl8im it a s  a cost 
shared item. 

A l 1  equipmeat fentil r a t e s  and labour rates require  priot  Sask Vater 
approval befote k i n g  t l r in#d a3 a cost shared item. 

Eagineering aad techaical  seroices,  and financial assistaace f o r  
proJect coas t ru t t ion  o r  maiatenrnce, vil1 be subjec t  t-O the 
rvailrbility of funda and s t a f f .  Sas& Water reseroes the right to 
es t ab l i sh  p r f o r f t i e a  for providing such serv ices  rad maistance. 

!Che operation and maintenance phase of  a p to jec t  shall begin vhen t h e  
construction of the v o r b  o r  portions thersof described i n  the 
cons t ru t t ioa  p lu r s  has bean s u b s t r n t i ~ l l y  completed. 

Under t h i s  ptogram, backflood i rr igat ion ir conaldered to  be works 
constnrcted t o  supply water t o  l a d s  that  are not  norapally subject  to 
per i  odic f looding . 
Farasterd dyking, re locr t ioa  o r  purchase may be considercd as a 
shoreable cost with consetoation a d  development a re8  au thor i t i e s  and 
watershed assoc ia t ion  boacds, i f  such farmsteads a r e  considsrcd to be 
affected o r  a r e  l fke ly  ta be affected by construt ted vosks o r  vorks 
expected t o  be coastructed by consemation rad developosnt area 
au thor i t i e s  of vrtrsnhed rrsociatfoa boards. 

As a coadi t  Loa for araistance, the contervation and development area 
authori ty ,  vaterahad asrocîation borrd a id /o t  the Lacal gavetnmant 
m a t  hold Sask Vates h8rmleas fmm 811 d-gea or claims vhfch map 
occur ftm uorks undertaken pursuaat t o  thia ptogrrm. 



8-53 Appcndix - EROSION CONTaOL ASSISTANCE P R O C M  PROFILE 
(SaskWater, 1993) 

Effective Date: 
Irnmediately 

*** PRûGR4M PROFILE 

Gully erosion and t he  l o s s  of productive s o i 1  -due to sh+et and ri11 
etosion is of increuing eoncern t o  f a r w r s  and &nieipa l i t ies .  Silt 
from such erosfon crertes problems i n  downstream w a t e ~ a y s ,  storages and 
s tructures .  Gull$es destrop and sever productive land and often threaten 
municipal rords. Waasures t o  correct  these problems must bc co-ordinated 
mong individual landowners, groups of landowners, municipal and 
watershed authositias. 

The putpose o f  the program is to  encourage erosion control  and gully 
s t a b ï l i z a t i o n  by indfviduals  and organized groups of landovners through 
technical rnd f inanc ia l  assistance. 

REGüLATIONS AND CONDITIONS 

1. Assistance vill be provided t o  individuels and organized groups of 
landowaers. A group of landovners must  be organized on a sub- 
vatershed o r  o ther  acceptable geographic basis. - 

2. Sask Water regioaa l  staf f  w i l L  co-ordinate the  program vith 
assis tance provided f rom Saskrtchevan Agricuhture and Food's 
ag r i cu l tu ta l  tepresentative, provincialsoilconservation s p e c i a l i s t ,  
regional s o i 1  and crop s p e c i a l i s t  and Sask Water's engineering s t a f f .  

3. A l 1  proposed psojec ts  must be submitted t o  the  applicable ru ra l  
municipality f o r  sanct ions  vhich are  applicable. 

6. New projec ts  v i l l  be adarinistered by a conservation and development 
area authority o r  a vatershed association board where such 
organizatfon ex i s t s .  

5. Approvals f o r  project proposais, plans and f inancia l  assis tance must 
be obtained From Sask Water before the vork is undertaken. 

6.  The individual o r  gtoup of landowners involved must sign an agre4ment 
t o  carry out the  program of control masures  as recomnended and 
approved by Sask Water. 



7 .  Hachine and labour rates and material cos t s  used fo r  expenditure 
claims must f irst be approved by Sask Vater, 

Guidelines f o r  machine rates vill be the  median r a t e s  as published by 
Saskatchevaa Agriculture rnd Food's Economics Branch i n  t h e  booklet, 
"Famm Maehinery Custom end Rental Rates Guide," 

Ratas applied t o  applicant-ouncd cpuipmcnt vi l l  eut exceed the  "Basic 
Custom Ratea and, for con t r r c t  vork, the aCustom Rate-' 

Rates for equipmnt not included in  t he  publ ica t ioe  may be obtained 
by contat t ing Sask Water. 

8. fa t he  case where appl icat ions a r e  f i l e d  by renttss of t h e  property, 
the r e n t t r  s h a l l  file 8 copy of an agreement w i t h  the  ovner, 
approving t h e  vork and disbutsement of t h e  gtant .  The owner and 
sentar shrll both s ign  the projec t  rpproval and agreement, 

9. The rpplicrat  ~wst rgsee t o  car- out  vork i n  8 s a t i s f a c t o r y  manner 
aad i n  a t e o ~ d a n c e  v i t h  the program outline.  Charnels must be 
coastructed to provide s u f f i c i e n t  depth and v id th  t o  contain cxpected 
f lovs  and t o  acceptable uniformitp. 

C. ASSISTANCE 

1.  Assistaate w i l l  be co-ordinated by Sask Vater regional  staff. 

Orgrniza t ioar l  and Technical 

Techmical ass is tance s avai lable  through Saskatchewan 
Agricul ture  end Food's provincial  s o i l  conservation s p e c i a l i s t  
and regional  soil and ctop s p e c i a l i s t ,  

Organizatioaal and engineering secvices are - provided by Sask 
Vater. 

Financial ass is tance f o r  e l i g i b l e  construct ion and maintenance 
is provided by Sask Water as  follows: 

(i) Op t o  502 of al1 e l i g i b l e  construction cos t s ;  
(if)  Op t o  50% of cos t  of maintenance. 

2. Assistance provided vil1 be for :  

(a) F i l l f n g ,  shaping and seeding gu l l i e s  t o  gsrss ;  
(b) Channel imptovemeat and divqrsion chaanel construct ion,  

including t h e  cost  o f  culvert installations, grade control 
structures and grassiag; 

( c )  Maintenance of va t e s  courses which have beea improvcd under t h i s  
: :  prograin and the  former erosion control  and soil improvemeat 

progrrni. 



1. The 8anu.l usirt.nçe tesulting from this program vil1 be subject t o  
appropriation of funds and staff - 

2, As 8 conditioa for rssist.nce, the landorner., and vhere applicable 
the reater, +hall hold Sask Voter and consem3tion and development 
u e r  iu thor i t ia~  and wrttrsbed association bortds harmless from al1 
damages or c l a h  which m.y result fsom wosks undertaken pursuant to 
this progra.  

3.  Uhere 8 major esosion project is not vithin the boudaries of an 
existfng coaserortion a d  development uea, Sask Water may, as a 
condition OÉ providing assistance, secoimiend Chat the group of 
lrndovoars ozgaaize as such. 

4- SpecirUzed equipment thrt may be rcquired for construction or 
mriatenrnce may be avrilable under the p~ovisions of Sask Watert s 
s p e c i d i z e d  equippcnt rental program. 

5 .  Apprrovals nuy be requfred from other goverment departments and 
agencies aad winiciprlities for some o f  the vorks constructed 
pursuant to  thfs program, Applicrnts wfll be advised vhen such 
approvals may be requf red. 

6 .  Hainteaance mry include snov removal, vhere such temeval is necessary 
for the  operation of the vorks and does aot create problems on 
dovastrerin lands. Applicrtioas must be approved by Sask Water prior 
to the work being undertaken. 

7. Expenditures md claims received bp Sask Water aetet December 31st, 
and claims in rmounts more than estimated and approved i n  the 
approval and agreement f otm vi l1  requise furtherr consideration and 
approval by Sask Water. 





7 

B . O S  2mUœ Sl  O.= 0.3 QU QSb 5.6 6.0 

man s am a41 a43 ~ i i  2 4  25 

-125 1- a0 

t ~ s l ~ ~ ~ t  mm 51 aam 0.41 a a  o s  24 2s 

sezn62iz =ns s QQ~R arr 1 arj o s  4.6 4.0 

ml-12s mas75 a am art a a  0.34 1.5 1.6 

~ 1 . 1 2 5  S5i8.37s S7 0.- 0.41 QU QSb - 2 4  25 

mmm-IZS ~~ s am acl QU asr TS 7.7 - 
-813 ltr- 9D QOOD Q 0  L U  QY 2 4  25 

6473'71-1s m8d7S a0 a028 0.0 0-42 451 la0 10.5 

~ ~ 1 1 . 1 2 ~  m m  m 0.024 am 0-42 ~ i i  4.0 4.2 

blM1-12S S5i8MS 0.- 0.10 QQ a34 4.0 4.2 

M~~D-HS szle.2~ 01 QQP am 0.42 a s  74 02 

647371.125 =am 4012 640 a42 a55 74  8.2 

oCIJ11.125 32iOd7S a6 QW 0.40 0.0 0.35 10s 11.0 

647371.12S 32W.37S a 0.- 610 a42 0.35 0.8 0.9 

6cmoms m u s  O am 0.10. O-Q a36 4.0 4.2 

bnm-12s ma= aa a024 0.10 am a s  as 9.0 

647371 -1 2s fzl- œf a~pj QY) ao 0.3s 7.8 0.2 

647371.12s Itim 70 0.- 0 . s  0.42 a s  20 2l 

~t320-at3 ~ t ( 6 . 2 ~  rl a m  a s  0 . a  Q S ~  10.7 11.5 

m 7 1 . 1 ~  masn n a- a s  0-42 0 .s  ta? 11s 

~ ~ l r . 1 2 5  ma- n am a s  a41 0.36 rw 11.3 

srrsri-12s = a m  74 aazzj 0.10 mi o.= 10.7 11.3 

I 

$2 

20 --- 
ao 
20 

a7  

1.3 

21 

6.2 

20 

aS 

s.4 

34  

a 9  

6 9  

9-1 

0.7 

3.6 

7.7 

60 

1.8 

9.6 

9.6 

9.9 

9.9 





- 
U m l . 1 2 5  gi- 1 5  Qglr 0.10 0.a ojrl a6 9.0 7.3 

-813 Sri- 1Sb Qglr 0.10 a42 456 1 2 0  1 2 6  m.S 

Un71.12S ~ a S I S  1s ROS. a10 0.Q~ 455 a6 0.0 7.5 

6 1 ~ ~ 1 2 s  ~~ ia a- am a e  4 120 1 2 s  10s 

m . 1 2 ~  m m -  IS a= a4 am 436 1201 126  10s 
T 

6 6 m a 8 1 3  52iR2sO 1 0  QOZl a4 0.42 Qa 6.9 a 6  55 

m 1 - 1 2 ~  lm a m  0.4 am m .  22 - 
0 s  

m - 1 2 ~  snass- IQ a m  0.s 0.0 os ri. 5.5 4.6 

64mo.m~ ~~ 1 a030 as RQ o s  126 l a 6  11.0 

srml.i2s 3291515 te a m  as\ art a s  7.6 a2 60 

m73m.12~  mwn ta a m  0.a 0.42 a s  il 1s t e  
MJ11.12s =am tbt 0.m 0.19 0.42 Q55 i d  1 8  3-2 

M#O.WJ 321- la 0.000 as a a  ~ 3 5  st s.s 16 

MSILIS =am la a030 as1 a a  a s  3.2 3.~1 ze - 
~ 3 7 1 . 1 2 ~  Snm rm a m  aai a42 o s  LI ss 4.6 

- 

647371.12S 32l63f5 ly5 QOOI 0.4 0-45 0-32 1-1 1 2  a8 

m t . 1 2 ~  masn l e  0.001 au 0.45 as  1-1 1.2 0.0 

oE1310.813 Sna2SO 187 0.001 0.42 0-44 0.32 dl 1 2  0.6 

s r m . 1 2 ~  ~ n a 3 f 5  1 a001 0.42 o .u l  0.32 a7 a7 as 
b ~ m t - 1 2 s  =am 10 am 0.42 a 4 3  0.32 11.0 112 ar 
~ ~ l i . 1 2 ~  masn l a  a015 0.42 0.43 0.32 7 9  1 0  &O 

6 4 7 3 2 0 . ~ 3  m a s o  101 am 0-421 au as  7.7 a1 60 

m m 1 . 1 ~ 5  stloa7s l e  Q Q Z ~  a41 1 au as  4.1 50 3.0 

103 a m  441 4.0 -- -- 
~ 3 7 1 . 1 2 5  =am, 191 am 0.41 a 4 3  a s  2 4  2.5 1.0 

647320-813 3Zla2SO 101 0.00s 0.41 0-44 R S  t.5 3.6 1.3 

~7371 .125  5tram l a  am a4 0-43 a s  0.8 0.9 0.7 

m n 7 1 . 1 ~ ~  m a . s n  187 a m  a4 0.43 o s  4.7 5.0 i a  
srmi.12s S ~ U - S ~ S -  II ~ O O O  010 0.43 0.s 1 s  1.6 1.2 





3 

I 

, 

3 

6.6 brtm.43B U 2 s  j n 9 j n  

1 0 2  

113 

0 . e  

0.42 

0.421 

647171.125 

~310 .813  

647371.125 

OAar 

-430 

6m23-125 

0 . u  a s  

a 0  m e s s  
Str9sQ 

mass 
~ r a 2 s o  
3tiLSIS 

0.u 

0.U 

647773.46 

-06 

0.5 

3.1 

21 1 

0.7 

4.1 

27  

647371.125 

a% 
431 

2 a  

10 

am 
0.- 

6.3 

t n a m  
S 2 I O . m  

QI0 

0.7 

4.3 

29  

7-7 

7.7 

27 

0.0 

a8 

2w 

ar 
292 

0.42 

0.4 

0.42 

04 

0 . ~ 1  

3.1 

3.7 

3.8 

11.0 

3.3 

5 2  

h 4  

7-1 

7.3 

t.7 

3.4 

5.5 

10.2 

7.9 

7.9 

29 

a 9  

ao 

m ~ m  

a m  
ams 
0.028 

5.9 

U O ~ I  

0.- 

- 4 s  

6 4 7 m . r ~ ~  

SrnnaIl 

- 4 s  

647773.438 

-125 

m m  
w m r #  
m.- 

1 

a42 

5.0 

4 6  

5.0 

IM 

u 
6.7 

4-3 

81 

9.2 

22 

4.3 

6-7 

12s 

orntr.12~ ma= . 
647320.843 ltr6.25û 

r 

6rnn - 1 s  strasts 
r 

s r m i . i a ~  mam 

0 . 0  

0.0 

0.U 

0 . u  

0.43 

6.0 

22 

0.7 

0.7 

q g ~  

a m  
qgP 

a m  
QQOO 

0.- 

aua 
am 
aaa 
amo 

am 
U S  

O S  

293 432 

a s  
O S  

ajr 
as 

r 

120, 12s 

jnsssi abi. 

. a s s o l  am 

0.026 

rn 
295 

0.40 

a10 
6 r m i . i a  

~7320.813 

-3 

0% 

a a  
0.42 126 

m e s s  
32~m 

f 2 i O a  

strs-rn 
me.= 
~flsm 

wn3.12q 32102~0 

0.028 

0.028 

c m  

=am 
#id250 

2m 

a a  

o s  
O.% 

wef a u  
af au  

la6 

O.? 

S.2 

m 
m 
a 
rro 
ni 
rn 
m 

saw3.438 me.ss 

ar[ aom 
r 

au 
0.43 

o r n 7 r . i ~  

m r n 1 . a ~  

~ 3 7 1 . 1 ~  - 
647320.813 

slr7371 -1 2s 

m 1 . m  

mm -12s 

MSX).H~ 

aaas 
a m  

I 

a s  
0 . 3 6 .  

ad  
0.43 

1.1 

3.2 

0.m 

0.58 

274 

115 W7r3.438 

saam 
mam 
=am 
SZtaZO 

3ao.375 

=am 
3tle.3~~ 

321- 

as 
QSb 

10.5 

3.6 

a u  
0.44 

0.35 

O.% 

a m  

RmDl 3nO. f fS  

a s  
qs3 

ma 
~ 0 1  

sa2 

S O  

rn 
105 

= 

J ~ D  

310 

a 7  

3.0 

20 

se 

QS 

0.s 

am 
O S  

am 
w 
QSS 

am 

0.35 

OQ) 

0 .3  

0.31 

0.33 

a s  

~ ~ 5 3 1  .m 
22427.688 

0 . u  

0.43 

0.0 

0 .0  

a1S 

RU 

QU 

au 
0.43 

0.43 

o . a  

4-7 

4 s  

64?371.1Sg 

~ 3 7 1 . 1 2 ~  

ami .i 2s 

1-6 

2 9  

Q.0 

0.43 

a a  
A U  

RO 

QO 

0 . u  

a u  
3.2) s 7  

3.2 3.7 

m m  
7 2 6 . ~ 0  

maas1 
aw 
am 
QQ24 

0.024 

am 
am4 
a022 

0.- 

0.024 

a-_ 

lzla37s 

m8.m 

#rbS1S 

7.7 6.2 

5s 4 4  

0.43 

0.m 

a361 

ajr 

2 s  
2 9  

as 
m 

a q  aro 
am 
0.4 

0.10 

0.40 

am 
QY) 

QY) 

0.40 

0.a 

0.40 

Q47 

a47 

0.47 

art 

7.0 

sr 

2s 
0.0 

0.3 

0.3 

0.3 

as 

3.2 

0.0 

0.4 

û.4 

0-4 

0.4 

43W33.W 2DS4-364 278 QaY 

64t510.813 32la25Q 27'9 0.- 

aa 
0.43 

a u  
aa  
a43 

QQ 

0.42 

a42 

s ~ m i . r 2 s  

SrnN.8l3 

647371.125 

srntr.i2s 

667371.125 

W32û.843 

647371.125 

6 4 m . m  

a 7  

a s  
036 

o s  
a s  
0.36 

0.3s 

3.6 

0.0 

0.4 

0.4 

0.4 

0.4 

A43 

0.43 

a m  
am 

a* 
a46 

0.1s 

a s  
a00 

1 2 r m  

32m.2s 

12r1375 

mam 
mu= 

SZl8.37S 

=O-m 

aq 
a32 

as 

a s  
a s  
0.33 

O.+ 
a s  
ajr 
o s  
0-y 

as 
a~ 

s r  i 5.0 

3-21 %6 

3-21 3.6 

- as - - -  - 

1.1 

0.1 

1.6 

2 1  

1 .O 

0.3 

21 

0.7 

1 .S 

1-1 

21 

2 8  

21 

0-4 

27  

14.3 

4.0 

6.3 

4.0 

8.6 

a6 

2 0  

4.0 

6.3 

120 

4 4  

2 9  

2s 

0.8 

1.6 

1-2 

22 

29  

22 

0.4 

28 

0.44 

o u  
282 

. 263 

204 

2 s  

JM 

ib7 

18 

0.4 

0.4s 

m ~ 1 2 ï  

647171 -12s =am 

0.001 

0.004 

0.004 

a m  
QOOl 

QOOl 

QOOl 

a m  

a s  
0.32 

1.0 20 

5.1 5.- 

T 

0.45, 432 
0.15 432 

o.« 0-32 

1.6 

4.7 

3 z l m  

I I 

5.1 1 5-81 4.0 

1 0.004 



L 

OD 

0.0 

ED 

9.1 

0-c 

9V 

Sv 
0, 

62 

62 

oz 
OZ 

r v 
ez 

i 

QD 

0'0 

rD 
OZ 

L% 

0+ 

0's 

0 3  

LX 

SX 

9% 

9'C 

9s 
OF 

L'L 

OF 

L-L 

23 

62 

2'0 

SP 

@‘PL 

@OC 

00-0 

a00 

wo 
 CO 

WO 

dC-0 

bM) 

s.0 

dPD 

00 

ww 
dCO 

m 
a-0 

0C-O 

ds-0 

m 

I I 1 

0-0 000 a10 

0.0 00'0 a d  

I I t .. 

L D L  

L-41 

F ~ Z  

r-o 

v i  
cx 
L+ 

L'S 

Lr 

rC 

C S  

tr 

tr 

C- 
2 x . m  
0'4 

2-C 

0.1 

m'O 

m U  

m u  

R L ' L L U I O  

rOrzLtOL 

m'O 

mou 

L'6 

OFL 

LCU 

#O 

CLÎ 

2s 

L# 

11-0 

m.0 

mou 
m u  
Qa)D 

a t O W  

OaIU 

m u  
0a1D 

mm 
mm 
m m  
amu 
amu 
m U  

QOD'D 

aem 

O S  

es 
SLCWLZC 

ULe-ULOL 

WPUC 

ÇLClrZP 

o~zmzc 

s o  1 W" 

aII 

rn 
S-0 

PC.0 

QLC 

LZC 

QEI 

Sa 

'2s 

ac 
Ut 

la 
aw 
6 U  

e s  
LU 

8 s  

SLC 

9 s  

ÇLL'L4USS 

S z C L L U I O  

CWOEUIO 

SC0 

SC0 

ÇFU 

Ç50 

SC0 

IEo 

a w  

WU 

0 0  

5-SL ~~ 

WO 

n o  
0 0  

WO 

W.0 

p u  

tro 

esmaz U L W ~  

UDOLL osz-oamr 
u - r n L C  

5LÎOtZC 

fLCPLZC 

05fOac 

W O L a  

fLFOLzs 

ÇLFI)ue 

05mLzs 

m= 
ac-siff 
SLC9UE 

05LOLa 

SicvLZs 

rFo CVD 

rn 0 0  

oos=zma 
R C ' L L U I O  

E L L ' L l U t e  

CLO'azSuB 

5 Z L ' L L U i 9  

Q L ' u C O B  

ç t b - & L u i 0  

fW0ù1l10 

SL5-UUrO 

szr-L- 
S t L ' t L U t O  

ElO'aCEIiO 

5 z L - L L U t O  

s'O 

S m  

DD 

0 0  

D U  

su  0 0  









Sm73.438 32lO.Sn R U  a47 0.30 1 .O 1.7 1-1 

64m.a mo.)?s am O-u o.n am 1.6 1.7 1.1 

647773.46 32l9315 S67 QQW 0.44 0.47 a31 12 12 0.8 

wn23.rzs 3210.2~0 s a  0 . 0 ~  au a46 a~ 0.4 a4 w 
srmj.438 #iOJ15 Jog QQOl 0.43 0.46 0.30 a7[ 0.1 0.5 

64n73.a Sti 0.375 Sm Qooi 0.43 0.4s 0.30 21  29 1.0 

m.0~ s n e m  aooi 0.1s ao as ss 3.7 2s 

m . ia  
m.- 
w m . a  
647773.438 

6m23.125 

64m3.436 

6477?3& 

647773.438 

0~ ~ 7 1 3 . 1 2 ~ ~  

~ B S S Q  

m 9 m  

sna.m 
Sn9.SS 

32i@= 

32la.m 
ltfe.37~ 

fnom 
3 2 ~ 5 5 0  

s 3  

= 
Sm 
Sa6 

#I 

sm 
sm 
sr0 

Q O M  

a m  
a m  
0.- 

0.- 

C a  0.4 

0.431 0.4 

0.31 

am 
0.31 

0.31 

a42 

0.12 

0.awl 0.42 0.U 0-31 

am1 aal 0.44 0.31 

QU 

a44 

a-1 0.421 0.44 

am1 aal 0.44 

0.3 

442 

0.4 

asz 
ali 

a8 

20 

1.5 

1.1 

1.1 

2 1  

t r  

0.U a31 

0.4 

0.5 

12 
l 

20 

2.2 

0.7 

1.1 

1.1 

0.7 

0.7 0.5 

121 a8 

1.2 QI 

0.7 

1.5 14 







- -  - - - - - - - - .. - - - - - - - - - 

mrzma ftiom 50r 0.024 RYI 0.14 ~ f 3  4.0 II u 
647773.- mam ~ 0 5  am4 a a  0.44 o s  2.2 2 4  1 .a 
647773.- aul a%, 40 4.4 ar 



as 
as 
l a  

1.3 

1.0 

as 
0.3 

aa 
1.0 

21 

20 

b 

-1 . l a  

m . 1 2 5  

m - 1 2 5  

647320.81S 

.. 
l 

4 

4 

I 

m . 1 2 5 1  m m  
-1 -12s mess 
b~i1/1.12s =am . 

m~s7s 

m~s7s 

m6.n~ 
51ia2SO 

a4732nm3 maatr 
ornn.125 m m  
-71 -14 snam 

aw 
663 

664 

687 

am 
mo 
em 

m 
600 

mi 

n 

rn 

o4mt.125 

m m 3  

647371.125 

m 7 1 . 1 2 ~  

m . 1 2 5  

64t120.813 

brmt.125 

~311.125 

m . 1 ~  

O M Z O . ~ ~ ~  

s m n . 1 ~  

o r n n . 1 ~  

mrn.125 

121137s 

mus0 
-am 
m m  
ma375 

~tr-  

mum 
saam 
mas5 
321- 

=am 
=am 
ma375 

QQO~ 

aom 
a m  
aom 
a m  
a m  
QQY 

o.au 

aal 1-41 1.5 4006 

aaoif a e  an 
am 
an 
44  

a u  

a* 
a m  
OAm 

a u  
a u  
AU 

aooi 
a m  

0.4 a 3  

12  0.8 

ame a42 

a u  
a u  

0.31 

0.m 

a31 

0.31 

0.31 

0.31 

lm21 o9. 

as 
QS 

a 
0.m 

am 
m3 

m8 

a 7  

QO 

2 0  

20 

a u  
a a  
a42 
a42 
a e  
a a  

as am1 .a4 

QU 

au 
a m i  
o.os  

0 4  

0.4 

a43 
a u  

au 

0.7 

3.0 

20 

*d iaa 

T 

arsl 0.30 a 4  

a- QSI 0.4 

0301 1 s  

au 

0.040 

4.1 

11 

a l i  au 

msl aozs 

RSZ 

0.31 

4.3 

4.3 a o  
0.4 

a e  
m 

7.7 ai 57 

a301 1.6 

tao iaa 
QQ 

au 
a44 

RU a m  
am_ 

7-71 ai 
4.9 5.1 

1.61 1.1 

13.3 

laor m a  a44 

aai 0 .4  

5.7 

10 

1.2 a 6  

0.7 0.5 

0.4 0.3 

au 0.301 1.1 

au QSO 0.7 

13.7 

au 0.31 0.4 

au 
QU 

0.4 a 3  
1 

z 4  a 3  

am 1 a4 
0.31 a 4  





647345.S3e 

647371.12s 

~4734s.m 

M W . e 3 8  

i u m t . ~ ~ ,  

7 ~ s  

ml, 
m 
782 

a7?m4s 

64n?X4S 

6 ~ t 1 2 3 . 1 ~  

124 

6.6 

9.7 

9.3 

a6 

tztm 

SZiQSIJ 

m m  

32lb3t3 

3n6.375 

3~18.313 

3îld.313 

3210.37s 

1 3  

ab 

120 

Rb 

1.0 1 
5.0 

5.9 

27 

17.5 

1 6  

13.8 

1 s  

0.4 

a m  
atm 
~ 0 i 6  

QQBl 

a- 
13.5 

S.@ 

-4s 

647n3.a 

m5 

m 
rn 

me 
647371.125 

û47371.125 

~ I I ~ ) . ~ I J  

a r n t l . 1 ~  

647~71.12~ 

64n71.12~ 

64732û.613 

a41 

û.41 

a41 

32la9f5 

IttwlS 

Wn73.a 

ompta 

810 

1 1  

612 

n s  
nr 
815 

816 

32l8.375 

32la.375 

s2~2so 

rn8.37~ 

~t lasts  
ltlL37S 

StibZUI 

S l O J I J  

sa- 

m a  
an23-12s 

6 i r m 3 . a  

m.- 

QaOI 

QQn 

am5 
QQY 

a004 

ornn~b 
6rfmQb 

b ~ 1 1 2 1 1 ~  

oc~m.430 

m7773.43~ 

NI ORW 

0.m 

0.- 

a- 
a m  
aaw 
4005 

QOiLS 

dit a005 

u n 7 i . r ~  =am 018 a m  
srntr . ia  ma315 n e  aas 

ILS 

8.8 

le. 

a d  
a15 

au  

m. 

0.48 

&a 
440 

8473Zû.813 

an71.12~ 

b c ~ 1 . 1  a 
o ~ 1 3 f 1 . i ~  

647320.81 3 

84d.125 

6 4 n t i . i ~  

mm1.125 

647320.813 

647371.125 

mn7i.r;15 

123 

. 10 

lm 
U 

a s  
air 
o s  
as  

OJI 

QJr 

al 

0.41 Q U  

Q.41 1 Q U  

a m  

0.m 

a w  
a m  
aua 

ms-m 1.0 

5.4 

a4 

&O 

a10 
0.41 

am 

0.41 

as 
0.35 

0.m 

0.33 

0.34 

w 
afi 
03s 
032 

an 
0.32 

0.32 

as2 
o s  
a33 

0.S 

~ 5 2  

QJt 

0 s  

ormoo 
624za.ao 

~80627s 

~~ 
~ ~ s . n r )  

11 417am 

1 2 ~ 1 . m  

647~45.m 

#fnl.m 

aa 
0-10 

o r )  
a a  
m a  
aai 

0.41 

aa  
am 

. a024 

a* 
a m  
a m  
am 

- 3 ~  

ô.6 

22 

6.3 

7.1 

3.3 

t9t 

saman 
SZr9.m 

m m  
rn0.2~0 
s ~ i s . 3 ~  
~ t iam 

123 

12.3 

1 2  

123 

CI 

4.0 

QI 

0.8 

as 

a e  
a* 
0.4s 

0.15 

a50 

a50 

a n  

OS 

a4 

0.5 

RS 

1.4 

20 

1.4 

1.2 

0.4 

1.2 

13.0 

0.4 

64 

0.7 

0.47 

Q.a 

430 

o.30 

Q# 

0.30 

o.20 

o a  
oa 

0.4  

OU 

a4 
0.15 

0 .u  

0.44 

QU 

321- 

saam 
saarn 
ma= 
SZib2SO 

StraS75 

mas= 
man 

: 52lW 

32l8.375 

ma.= 

a e  
Q1s 

ae 
34s 

a a  
0.0 

a15 
a* 

17.5 

9.6 

2s 
7-1 

ao 
3 7 

r 

F.. 
m 
m 
710 
ml 

2 1  1.5 

0.31 

0.31 

449 

CL10 

0.47 

am 
447 

0.48 

o.& 
aa 
0.4 

~s~ 
3t1s.m 
msm 

5.0 

sa 
au 

_ 11s 

ras 

1.3 

13.5 

4.6 

46 

0 .0  0 . 4  

QU 
Q U  

0.5 

#a 
dtr 

dt2 

02s 

4 

82s 

m 
' ~ 0 1  

195 

msm 
s r n . 7 ~  

-090 

2119.391 

1 w . m  

1ss3-253 

ma313 

32la.m 

(1.4 

u 
6 7  

9.9 

9.0 

0.8 

9.9 

14 

14 

7 

0.31 

oai 

032 

0.32 

0.32 

1.7 

1 -6 

a47 

0.46 

0.48 

0.46 

a4 

0.5 

1 .O 

14 

20 

1.5 

1.2 

a4 

12 

ixe 
0.4 

0.4 

a7 

0.- 

a006 

am, 
a m  
a m  
QO(Y 

IW 

m 
rn 
T00 

a00 

al 

m 
m n  
im 

1-2 

RI 

0.4 

QS 

65  

a 4  

0 . 4  

QU 

a a  
ars 

am4 

amr 

a8 

ao 
0.5 

0.8 

0.1 

- - 

4 4  

6 6  

1.0 

1.7 

1 .? 

am 
a10 
0.4 

a3 

0.3 

0.6 

0.0 

1.3 

1.0 

Rb 0% 

430 

tm 
an 
me 
OZ@ 

00 

0-rt 

a41 

0.5 

0.5 

a3 

1.1 

1.1 

1.3 

0.8 

a4 

R6 

0.6 

0.31 

as1 

as1 

- - 

o a  
o.20 

0.10 

0 .S  

o s  

a m  
atm 
aaW 
QOOI 

a.001~ 

au 
au 
Q U  

Q U  

0.0 

a -  
0.m4 

a m  

0.1 

as 
0.3 

0.4 

0.3 

0.8 

0.8 

- - - 

QS 

0.6 

1.0 

û.31 

QSO - - -  
a 6  
R1S 

0.1 

0.0 

0.1 

0.3 

0.3 

0.5 

0 .u 

0.44 

R U  

Q U  

aa 

0.5 

0.5 

a4a 

a4a 

a* 
a41 

0.41 

- - - - 
0.3 

0-4 

0.7 

a u  
0.45 

a e  

- - - 

4 

am 
QW) 

0.s 

QSO 

a m  
aoor 
a- 
aau 

au3 
0.10 

0.40 

0.10 



~ 7 1 . 1 2 ~  

847371.125 

-813 

W7371.125 

61imi.125 

a r n i . 1 2 ~  

64732û.blS 

slcnfi.12~ 

s r n a . 1 2 ~  

646315.000 

m x l z  
2 ~ 2 l  .ms 

mfos.4m 

M Y S . ~  

647371 -1 # 

- - - - - - - - - 

=am 
snasts 
~nu.250 

32lO.375 

~ n 8 . m  

~ n d m  

SnbZaO 

snam 
ma.m 
32IS.753 

2so-m 
7am 

am- 
ma31~ 

~~ 
QY) 0-4 

t u m i - l a  ma315 am aa QD QSI 0.6 0.6 0.4 

m m s e 3 8  ttlô.33 a79 a005 a48 OJD 
4 

6mmm~l masis am 0.m~ 0.48 OJD 

647371.125 ~ t l l m  ml QOOl 0.47 0 . 0  

~ ~ 1 . 1 2 ~  mws m2 am a47 a0 

- - 

am[ am1 aa 0.45 

a* 
0.45 

a45 

0.45 

a45 

0.4 

a e  
0.48 

0.e 

a40 

a* 
o s  

863 

m 
a 

I 

431 

0.31 

431 

as1  

a32 

a s  
0.33 

a33 

033 

0.33 

0.33 

as 
o s  
43ii 

as1 
o s  
0.32 

0.0201 0.41 

aozo 
QOp 

amz 

0.50 o s  aa 0.8 0.5 

a51 O3 - 
a6 
as 
0.3 

0.3 

1.0 1 .O 

1 .O 1-0 

- 

a3 
3.4 

5.4 

7.3 

11.3 

6.4 

4.1 

a 4  

12.3 

6.4 

a d  

2s 

a8 

0.41 

0.41 

0.41 

0.41 

0.41 

a 4 ~  

0.41 

0.41 

a41 

0.12 

0.8 

am 
0.8 

am 
m 
871 

en 
m 
o ~ r  

rn 

I I _ _ <  

0.4 

QI 

a m 4  

QOOl 

am 
aaer 
0.m. 

a m  
a- 
0.004 

a- 
QODi 

0.5 

os 

- - - - - 

17 

i 7  

5.9 

A0 

124 

7.1 

4.5 

7 1  

13.8 

72  

- - - - 

27 

2 7  

4.3 

5-9 

9.1 

5.2 

1 3  

52 

0.9 

5.3 

- - - - - 

I 

7.2 

2s 
0.8 

as 
1.9 

as 



w m - m  ma= a m  0.42 QU am 1-1 1.2 RI 

o r t n ~ l z i  =am oof a m  0.42 0.44 031 1.1 1.2 0.8 

W732û.613 ItibZSO mu 0.a a42 QU 0.S 15 1.6 1.1 

~ n 1 . i ~ l  ~ 8 - 3 7 s  909 O.ois a42 0.45 0.30 S6 6.0 +O 
1 

Or7371.125 =&SIS 010 QOlS a42 0.4 0.30 $6 6.0 40 

64fsll.12~ mas15 mi am 0.42 0.4 am 1s f.0 1 .O 

M3a1.813 mbaO 912 QOlS 442 0.15 43f 43 4-4 3.0 

647371.125 lttbS15 9l1 0.- 0.42 QU 0.30 7.0 7.5 5.0 

m i . i a  saam err aga 0.42 0.4 0-301 10.5 11.2 7s 

Sm71.125. lttb375. Ol51 0.42. 0.4. 0.31 1 14.7. 157. 10.81 





a n 7 1  -1 2s 

647345038 

mn?l.lzs 
M~s~s.=  

- 

32iô.57~ 

SnLS13 

ltians 
masis 

0.00s 

8005 

0.005 

a005 

1- 

1024 

102s 

1016 

0.005 

400s 

1- 

1028 

64n0.UtYJ7 

m m 1  -1 2s 

am 
0.4 

0.4 

St18.313 

maws 

0 . s  

Qu) 

0.50 

0.4 

0.48 

6r7371.125 

647371 -1 25 

a m . 8 1 3  

64nt1.125 

m 7 1 . 1 ~ ~  

u m i . i 2 s  

64tsn).813 

04tstl.12~ 

647371.125 
1 

a32 

0.32 

0.50 

0.50 

0.47 

0.47 

a47 
~ l o  

0.4 

0.4 

0-46 

0.4s 

aa  

ItiR37S 

Sti6.375 

maso 
maws 
=am 
3tr8.w~ 

mb550 

maws 
maws 

1018 0.005 0.31 

a31 

0.39 

0.30 

o s  
o s  
O 3  

QSO 

QSO 

- - -- 
0.32 

413 

0.31 

0.50 

0.49 

0.40 

0.49 

a10 

0.48 

0.48 

0.48 

aa 

0.46 

1030 

1051 

las2 

10s 

1- 

1- 

1- 

iasr 
QSO 

a s  
0.6 

0.6 

0.47 

as0 

QOQS 

ami 
0.005 

aaos 
aaob 

0.006 

0.~05 

am 

0.5 

0.5 

ao 
0.5 

1.5 

t .O 

2 0  

a5 

as 

- - - - 

r .O 

0.6 

a 6  

ô 4 ~ 1 . 1 ~ ~  as 

0.6 

a 6  

0.6 

m6.m 10s 

0.4 

0.4 

0.6 

0.6 

0.6 

0.005[ a* 

- - - - - 

0.4 

0.4 

0.4 

0.6 

- - 
r .a 
0.6 

0.6 

as 

0.4 

-- 

0.7 

0.4 

0.4 

0.3 

0.6 

1.6 

1 .a 
21 

0.6 

0.6 

o. s 
1 .O 

0.6 

1.3 

0.3 

as 



- - - - - - - - - -- - - - - - - - - - 

w7m.125 mad 1- am 0.45 0.2~ as 0.6 6.2 

6r7371.125 32l8.m lm a0241 0.41 0 . d  430 123 13.8 9.0 

647320.813 32ld2Y) 1071 0.0241 A41 0.45 as0 1x3 1S.S 0.0 

m m . 1 2 5  =am r o n  am4 0.41 0.45 as1 6.4 7.1 4.9 

6G371.125 Sn6.375 lm 0.024 0.41 0.45 0.30 4.1 4.5 3.0 

617377.125 

a m . 8 1 3  

-1.1 2s 

m . 1 2 ~  

OE1371.12S 

sn#o.N3 

.l 25 

omr i .1S  

r n 7 1 . 1 ~  

OrrJaR81 3 

o in7 i . i a  

647371.125 

srtsr1.m 

srnaaais 
647371 -1 25 

647371.12S 

oim1.1~5 

32l- 

=am 
mam 
3zlam 

5tlbSIS 

=lbZUI 

5216315 

S2i6.vS 

mass 
S2la#i 

snam 
32lbStS 

ma- 
mus0 

107s 

lm 
ion 
1 

1414 0.41 

0.024 

0.014 

eoar 
0.024 

0.46 

446 

0.46 

3218.37s 

3nam 

a024 

am 
1- 

lob0 

0.41 

0.41 

a41 

0.4 

03l 

lm 4- 

Qlt 

au 

0.41 

0.41 

0.41 

0.41 

23  26 1-7 

1- 

1Qbl 

100.2 

0.S 

a34 

stras~s 

ao 
0.45 

0.45 

0.45 

26 

2s  

0.024 

a024 

aoa 

a034 

23 

23 

a34 la00 

0.4s 

0-45 

0-45 

aa  

1.8 

1 .O 

26  

1 0 1  

lobil 

100s 

1 

rom 

aal o.* 23 

0.4s 

0.4s 

0.46 

0.46 

a* 

QSO 

QSO 

rn 
OJO 

13- 

431 

0.M 

ml 
0.a 

0oo.I 0.41 

a-! 0.41 

0.31 

6.4 

w 
CI 

QQQ4 

a- 
a- 

8.8 

6.4 

6-4 

4-1 

a41 

0.41 

a u  

7.1 

2s 

LS 

h4 

+7 

1.7 

1 1  

22, 25 

0.6 

7.1 

7.1 

4.5 

1.7 

1 

6.6 

4-0 

+O 

3.1 

7.1 4.0 

0.32 

0.32 

a31 

7.1 

4.6 

26  

46 

6.4 

4.1 

2s 

so 
3.2 

1.8~ 

13 0.3s 4 2  



QQH 

QO)r 

aoor 

rœl 
l m 2  

6aao.m~ 
#ml.lzs 

ma250 

m m  
-188 

5ssa3?s 

Orml.125 

m734s.m 

m - l a  

64734MS 

smn.13~ 

6~2515.m 

a3 
a6 

0.6 

û.6 

1 .O 

ocmi,ia 
u13a).813 

ssn'71.125 

647371.125 

ao 
ao 
a6 
1 3  

a a  
ali  
4 4  

0.9 

0.8 7.5 

1- 1- 

-1 i -  

mas75 
sirusu 

m8.m 
SnAStS 

24  

os  
- 1.0 

1.0 

1.0 

as 
0.6 

0.6 

iaif 
7.4 

1.3 

U 

QS 

1.0 

19 

1.0 

a 6  

Q6 

0.6 

R6 

muu 
=ans 
3QIa513 

35io.s~ 

mm3 

srnn .12~  

73  

5.3 

QI 

1-6 

0-3 

a 7  

0-7 

0.7 

a 4  

0.4 

0.4 

0.3 

a10 a s  
am QU 

1- 

106 

iq. 
1 0 8  

lœo 
irm 
1 

110l 

11- 

4001: 0 1 0  
I 

a7uS-mB 

m . 1 0  

s m n . 1 ~  

0.10 

0.a 

aa 
Q10 

1101 

1105 

mm 
1107 

0.47 

a«, 

O S  

a«, a m  
aaos 

mR3l3 

saam 
ma115 

0.47 

ao 
0.47 

0.46 

am5 
4006 

am5 
4005 

Q% 

QD 

a32 

a= R* 

0.10 

4006 

0.50 

aro 
0.49 

0.80 

1.5 1.6 

as 0.6 

a3t 
0.31 

a006 

am6 

a46 

0.30 

1.0 

1.0 

1.0 

QSO 

as0 
QYI 

~ 5 0  

0.46 0.S 

as QY) 

~ ~ a f  0 4  

0.47 0.5- 

r .O 

1.0 

1.0 

432 

a32 

a s  
0.3 

a006 

a m  

QY) 

aa 
aa  



29 

201 

%O 

~ U B  

04na.2~0 

647773.430 

4-5 

LS 

4.5 

- 

me.m 
3210.~3 

m9.m 

0.41 

0.41 

am4 

am4 

QOM 

1?Q 

1144 

114s 

847371,125 

~ n r . 1 ~ ~  

w 3 a a n 3  

4.5 

15 

7.5 

4.2 

C l  

7.5 

o s  
9.8 

4s 

- 

lin 
i t n  

lin 

Qom- 

0.4 0.2@ 

aal a2s 
mas75 
saam 
ftt4ty1 

29 

20 

4.8 

2.6 

27 

5 0  

as 
64 

sa 

4.1 

Il 

4.1 

1146 647371.125 a41 

~1 

S2lanS 

0.41 

11s  

lin 
1 

647371.125 

6m2aad 

bEIJt1.125 

T I  

lin 
1 1 8  

~ ~ 1 1 . 1 2 5  

a m . 1 l s  

hrg 

3nR3t5 

giaag 

32la3M 

- ormt.12~ 

oC13aCL813 

W7371.125 

64737l.ll 

wn7t  -12s 

o r ï 3 ~ ~ 1 3  

m 1 . 1 2 ~  

lOsSsLU8 

Id0eu.125 

4ms4.m 

ma250 

- 4.9 

1.8 

t.3 

1.6- 

- - 

am! am- 

4.1 

a 8  

. aa 
3.6 

a 8  

QO 

a.8 

4.1 

a4 

saam 
m m  

am1 a41 

QI0 

0 . 4  

sm7t.12~ 

am4 

- - 

a s  
0.50 

o s  
a m  
aaos 

am 

-8lsl ma2501 IWO 

a41 
t 

0.- 

am4 

0.15 4.7 

IO 

6.4 7.1 

t.8 

1.3 

1.6 

a s  
0.32 

032 

a10 

a4s 

a* 

aa4 

010 

ar 

xaam 
=am 
3018.250 

1.1 

0.8 

1 .O 

QSO 

QOYI 

0.001 

4- 

0.- 

0.000 

aa4 

l lSO 

1 1  

lm 
1153 

1 

11s  

6am-12s 

647371.135 

m t - l a  

-811 

-1-12s 

m i - 1 s  

7.1 

11s 

32ld115 

52l8.m 

srun 
SaaSO 

ma= 
giajn 

a41 f 0.45 

0.41 

a41 

QQ t i m  

11ôl 

a31 

3.3 

3.3 

3.4 

O.* 

0 .a  

0.46 aaer 
0.024, 

azs 
QSC 

0-30 

W 

QSO 

QSD 

I 
a r t  1 arg 

4.9 

5.0 

3.2 

4-6 

4.6 

0.41 

a41 

Q H  

0.41 

0.41 

a- 
aœ4 

3.3 

7 2  

7.2 

CI 

42 

4.2 

0.31 

an  
0.32 

am 
Q1S 

Q e  

a 4  
R1S 

aa i  

0.11 

0.4 

04s 

- 

4.6 

6.4 

6.4 

4.2 

S2l  hm 

~ t r a ~ n  

430 

0.31 

4-6 

4.2 a42 

0.46 

0.46 

a46 0.33 

1162 

1161 

O.= 

a33 

0 . 0  

o.& 

snkzy) 
=am 

7.1 

3.3 

13 

0.5 

0.5 

0.5 

9.0 

4.2 - 
42 

0.8 

as 
0.1 

a024 

a024 

am 
a s  

am4 

a0l4 

1106 

1 

10.1 

4-7 

4-7 

0.8 

0.8 

0.8 

A42 

0.42 

0.42 

a a  

s21uns 

-963 

7W.m 

2 ~ 1 ~ 7 ~ 1  

~~19.313 

1 1  

1107 

1 

1100 

1110 

am 
a15 

0.33 

0-33 

0.33 

am4 

a024 

~ O O I  

aool 

am_ 

a42 

042  

Q50 

as0 
QUI 

a47 

0.47 

QS 

0.50 

QYI 



- - - -  

64777S43B m S J 1 5  1223 QOlO 0.41 O.# Qa a . 5  t25 14.5 

am- 32l9.515 1 aoro 0.41 0.15 QZD 18 4.2 2.t 

647723.12s 32l92S 1 s  QOlO A41 a61 Q2D 10.7 11.8 7.6 

647773- l t r @ S S  l a  QOlo 0.41 a 6  0.2B 14.8 16.0 1Q.3 

647773.438, 32lS37S lm1 0.0W Q42 0.45 0.30 23 26 1 .a 

m m  m~.ms 12201 aom aa  0 . 6  am 2s  26 1.8 

6 4 7 m . t ~ ~  m 9 2 5 0  lt30 a000 0.11 ao 0.s 4.6 a i  a4 
ma[ 3219.375 12% a0241 a41 RB 0.10 123 1x5 0.0 

- 

m m s m  
- 4 s  

m m a a  
m i s  

r 

- 4 s  ms.375 i n 9  am a41 0 . 4  ~a i l  u LO 

bltmQb fti9.375 122û QQIC QH 0.6 Qa 1 8  9.6 6.2 

t m m 2 s  32lB2UI liZi Q O M  A41 0.6 0.29 123 115 a 7  

641771436 32lS.375 l a  am4 0.41 0 . 4  123 lis 6.7 

- -  

z 6  

25 

27.1 

2 5  

II 

- - - - - - - - 

m e . =  

ftiSX15 

ftra.37~ 

# r e m  

2s 
2 6  

29.1 

2 6  

4.5 647?73438( 32lS .m 

1.8 

1.7 

i a t  

1.6 

2 9  

- - - - 
l a 4  

12lS 

1216 

i n 7  

lz l8 .  

- -- 

0.015 

ROOO 

0.0~1 

am 

a* 
Q6 

0.4 
a &  

- 

QQ 

442 

0.42 

a e  
RQll 

- . .  

~a 

Qa 

020 

o s  
~ 6 .  0.n Qa 



m 1 . 1 ~ 5  saam i am 0.11 a10 430 22 u 13 

ü47320.813 ~nw rm am 0.44 alo 420 1.6 1.0 1 .O 

û4mi.ia snam im ams GU a a  o s  w 4.6 2.7 

û47371.125 32l0.375 1278 QOOl QU 0.46 U S  Q? 0.8 QS 

oin71.i25 stin.375 lm a m  a u  a47 a a ~  a7 0.8 QS 

ü47320.813 Sn6150 1200 QOOl 0.0 a46 Qlo 0.7 Ab 0.5 

wm1.12s g l w s  i26i am a42 0 .4  0-2s 0.4 0.4 0.3 

an71.1~~ snaml 1 am art a* o s  o.? 0.8 as 
ocnt1 -1 2s stlafls 1 am 0.42 a a  Q ~ D  a 4  0.4 a3 

~ 3 2 û a j ~  S2(- iabi am a42 a* a.2~ 0.4 0.4 1 a3 

olrnl.*zs m8.m 1 am ae a10 QZD 0.4 0.4 0.3 

srml.i2s m m  i a a  am 0.42 a10 UB 0.4 0.4 0.3 

647371.12s 1 QolS a42 0 . 4  020 1.~1 1 .6 1.0 

-.al3 sna2s 1 sols a e  QY QZO 7.9 as s.4 

~nt1.1~ 3 2 i ~  1769 ams QQI a a  a s  H r d  20 

MJtl.125 32laS5 lm 0.W 0.42 0.461 0.a 27-1 29.7 18.7 

brn71.12~ sztam lm a m  0.42 a a  sas 4.7 5.2 sr 
ü4m.813 szm2so la2 aoao a42 a&] o s  4.7 11 3.3 

m l . 1 2 ~  mas15 1 8 5  IQR ari 0.4s ~ 1 0  1.6 1-7 1.1 

847371.115 
I I 1 

=am izo41 am c.41 a45 o a  as 22s 14.0 

ü4mtai. stre.37~ laps1 am a41 aa o.20 IW 11.8 73 

647320.8lS m m  la QOY) a41 0.45 0.20 Sa 42 26 

o~ntl.1~5 snam 1 0.m 441 AIS a26 sa 4.2 26 

wm.ls_ snarn- raos am 0.41 a& oa ta? 11.0 7.3 



l a 0  

a 0  

2 s  

2 6  

10.0 

0.6 

1-7 

1 7  

2.31 
u 
a4 

i a o  

9.0 

0.31 

6.8 

1 i 

12 

5.0 

o~ntl.135 

-413 

~ s n . 1 ~  

m7w1.135 

S.0 

5.2 

3.3 

1.1 

52 
- - 

5.3 

al- 

ma.2SO 

32w.w~ 

Iti8.375 

- - -- 

a~ 
UQ) 

1301 

m7w1.m 

~ 3 a ~ . e l j  

0.3 

ma=s 
~ t i i z y ) ~  

UQz 

a m  
QQD 

am 

14.6 

03 

2 s  

aal o.20 

0.4s 0.2B 

7 r a l  o m  

a 4 1  

a41 

aa 

M3tr.125 

04s 

i30i 

QOOO 

a 2 ~  

aoœ 
ami arsl azp â.6 

Qlur~l 1 

~ ~ 1 i . m  
b n 5 l r - r ~ ~  

-833 

4.7 

. 4.6 aOOo 

0 3 ~  

QJO 

am 
a41 

2s QQ a45 

5-2 

5-1 

as 
123 

123 

0.0 

4.2 

0.46 

0.45 

0 3  

225 

1 s  

13s 

0.8 

4.6 

~ lsml  1 

mas5 
ma.2~ 

4.2 

6.6 

6.6 

66  

4 2  

24  

a7 

6.7 

am am 0.47 

9- 

irm 
lm 
t-O 

0 4 7 ~ 1 . 1 ~ ~  

647m.125 

a m  
QOU 

4.6 

73 

7-2 

7.2 

4.7 

2 6  

7.4 
--- - 

7.4 

a o  

m m  
ma375 

a ~ j  am 
art a16 431 

0.5 

a m  0.4~ 

m m r - t a  

647320.813 

ts47371.125 

647371.12S 

647371.125 

oElliO.813 

647371.125 

2l5351.591 

ao! ma 

2211.592 13s a001 a50 

~ 8 . 3 7 ~  

Jti8.ZSO 

mal% 
=&SIS 

mi= 
IttaZYi 

StiO.375 

2l57.m 

1 3 1  

1312 

1313 

l a 4  

13lS 

1316 

t3 l7  

7318 

1 am1 ari 1 a*/ asi 

am! 0.421 O-461 IY 

Oü24 

Rû24 

Aû24 

0.024 

QQU 

Ru24 

mû24 

0.421 0.461 0.32 

0.42' 

042 

0-12 

LO 

413 

0.43 

0.461 0.32- 

0.46 0.33 

a471 0-33 

447 0-33 

0.47 0.33 

0.47 O-Y 



smncls â2lo.m ISOZ 0.020 042 0.46 0.29 4.9 a r  3.4 
I 

~m.436 st(0.m 1309 am 0.41 ae QZO i a I  a 2  ar 
m a  32l9.315 1304 0.026 0.41 0.15 û.S 27 2 9  13 

6m723-t~ arom 130s a m  a41 a 4  a s  14.6 16.0 10.7 

m a  â2ls.m iaa amr 0.421 a* as2[ 9.0 g.8 6.8 

wm3.m mn.m 1 am4 0-0 aa axz a6 7.2 5.0 

srma ~ t l s . 3 7 ~  lm a024 ael a* as ao 0-0 as 
64172x12s stiom iam aazl art a46 ut a6 7 4  49 

m m  32lo.m lsoo 0.004 0.42 a46 a32 ae 72 5.0 

m 1 s b  S Z I B . ~ ,  a m  am 0.42, a* 0.32 u 4.61 3.2 

m o b  

647723.12s 

646706.125 

-.ma 
nmai 

~ 6 l m . m  

I 64ms.m~ 

~ l i 1 . 1 ~  

-WB 

m i . i a  

mms.me 

szwa7~1 1302 0.014 

am4 

a024 

am4 

o.- 
am 
am 
am 
a005 

m 9 m  

3lQS.m 

ian 
1594 

llram 
masis 

aal art  

l û ~ . w r  

m.- 
2 4 0 ~ s  

ma.sl3 
ma= 
sziam 

0.43 

0.43 

0.43 

0.50 

QQ 

3.50 

a s  
0 . ~ 0  

a s  
0.19 

1 s  

r j ~ s  

130t 

1300 

1- 

la 

r d  0.006 

art  

0.47 

aa 
QI 

0.51 

QY) 

QY) 

as  
QY) 

a s  

as1 t r  

a7 

l a 2  

0.33 

o s  
~ M S  

as 
QSS 

a s  
a s  
QSS 

o s  

2 6  1.8 

7.4 5.2 

0.005 

43 

0.7 

1 .O 

1 .O 

1 .O 

1.0 

1.0 

1.6 

1.6 

4.7 

7.4 

r .O 

1.6 

1.6 

3.3 

22 

O.? 

1.1 

1 .O 

1 -1 

1 .O 

1 .O 

t .O 

0.7 

O 7 

0.7 

o.? 



0.1 

1.3 

1.3 

1.8 

QU 

1.3 

a s  

0.8 

a6 

1-1 

0.9 

09 

12  

1.2 

0.7 

1.0 

0.7 

at 
15 

*y10 

iyw 

. 
6~~11.125 

~ 3 4 ~ 0 t b  

- - - - - 

an 
0.47 

64mom3 
.- 

647371-12s 

1410 

1411 

1412 

1413 

l H 4  

1415 

141s 

1417 

1 1  

rrrs 

1420 

t e  

as- 
OQ 

a m  
a m  

sziu.37~ 

s t t~113  

64ml.12s 

647320.813 

647371-12s 

SCMI-12s 

647371-12s 

srnaD-813 

orml -1 2s 

1 .a 

1.0 

a 6  

1.0 

1 .O 

1.2 

1.2 

0.8 

1.7 

QI 

- - 

0.2m 

02B 

- - 

am 
Qom 

1- 

la 
t a  

1 

1100 

3ZWa7S 

5516.2s 

Iti0.375 

32lO.WS 

s'l8.37s 

str- 

mas15 

~ 1 . 1 2 s  

6axi.w~ 

64mssm 
srnti.ris 

-1 -125 

1-1 

a 6  

a 4  

aOOS 

0.- 

0.005 

000s 

0.6 

0.6 

0.6 

a 8  

0.5, 

1.0 

as 

Q~D 

0.2s 

m 
o a  
a a  
0.28 

0.29 

0.2m 

0.29 

0.28 

o.211 

028 

a20 

o a  
Q Z ~  

O a  

o.20 

a=, 
QZb 

02@ 

0.20 

0.281 

- - - 

a* 
0 . 0  

ma29 
32l8.375 

121 121 0.8 

-A13 

64~1.12s 

s m 7 i . ~ ~  

a n 7 i . i a  

1.3 mRa7s 
551-3 

3a1~l3  

mas15 

12i- 

aa[ a s  

a0  
0.0 

Qlb 

Wa 

m r j ~ ~ 1 1 3  

6 ~ 1 ~ f i . r ~  

0 4 m 1 . 1 ~  

0.8 0.5 

12 0.8 

~ 1 . 1 2 5  

m l - 1 2 s  

~310.813 

ons11.1~ 

s r r n 1 . i ~  

6rn71. 125 

647320.813 
* 

~ 7 1 . 1 ~  

srn71.12~ 

647371.12s 

on si o. si^ 

64733H.125 

- - - - 

lm 
1- 

a7  

0.4 

a4 

0.4 

0.4 

1.1 

15.0 

26 

4.1 

17.0 

O .O 

9.0 

4.1 

4.2 

l a 1  

1- 

1- 

la 

5tra250 

saam 
jtram 
=am 

O20 

o.20 

432 QOOl 

am 

QI 

Q3 

a6 

0.6 

a50 

QS 

Q B  

0.0 

647371 -1 2s 

647371.125 

a3ib.813 

b r m i  -1 IS 

~ ~ 1 1 . 1 2 5  

~~ 
=am 
m m 5  

am 
0.004 

aaw 
am 
0.001 

QQW 

0.m 

0.004 

0.004 

4.5 

2s 

11.8 

7-1 

4.1 

23 

a m  

as 

I 

p - - p p p p p p  ~ 

saam 
m m  
ma2s 
mam 
ma= - 

A ~ ~ l i . 1 ~ 1  maas 

srml -1s  

647371.12s 

mam 

2 8  

1.6 

7.3 

4.4 

0.8 0.5 

0.- 

0.004 

a m  
0.m 

o.21~1 1q.o 

Q Z O ~  6.6- 

0.10 

0.3 

0.3 

0.3 

0.6 

US 

QQ 

1.3 

1.3 

QS 

0.3 

0.3 

0.3 
. 

0.3 

OJI 

430 

Qip. 

O a  

1- 0 .4  

0.44 

QU 

a44 

au 
0.4 

444 

0.44 

0.4 

0.4 

0.4 

0.4 

1.2 

i 6.4 

20 

45 

120 

P O  

8.6 

45 

CS 

QY) 

0.8 

0.5 

0.5 

as 
1.0. 

QOW 

0.- 

a m  

s r n 7 i . t ~ ~  

0 - 0  

0.0 

o.n 
0.47 

o.* 
0.4 

O.# 

o.n 

1i1o.m 
mam 

a3 
as 
0.3 

0.3 

0.7 

iao 
1.7 

27 

7.3 

14-0 

6-0 

28 

2 8  

a4t 

0.41 

0.4 

a ~ o l  aszl 1-7 

429 

429 

010 

o a  
0.26 

o.2~ 

O= 

Q I  

Q6 

1 .O 

1.0 

Q4 a48 
a41 0.Q 

an aa 

l t r a ~ t 5  

1- 

1- 

142s 

1426 

m u . =  

ttca29 
saam 

0.47 

a47 

0.47 

0 . ~ 1  0.42 

0.4s 

a4 
0.6  

amf a4 

a6 

Q6 

1.0 

tR 

atxs 
a01a 

a m  
aoos 

100 

143 

1432 

a4  

0.004 

0.W 

~ ~ o . r n d  
647371.12s 

orm1.12~ 

srmi-12s 

60320.813 

647371 -1.15 

Sm71 -1 2S 

647371 -125 

a421 a4 

as01 
aâû 
0.50 

a m  
0.- 

ab 

1.0 

21  

21  

R I  

0.5 

0.5 

a m  

0.5 

0.5 

0.5 

as. 

0.16 

o.* 
0.48 

0 .4 ,  

0.47 

0.16 

o.* 

0.12 

0-42 

iwl am! 0.42 

mu50 
Stia.375 

saam 
-am 
32la2S 

32la.m 

ttldl7S 

3îlô.175 

a* 
0.48 

a8  

1.6 

21 

, zi 
0.a 

as 
as 

an! 0 . 1  

0.47 0.4 

m m  
fzl8.m 

3traZU) 

=am 
ma175 

=am 
ma150 
32lb375 

a* 
Q.* 

a* 
0.16 

0.46 

0.4s 

a4 
0.4 

1 

1- 

1 W  

l u s  
1440 

1447 

1448 

1- 

lrj0 

an 1 1.7 

03 

0.5 

Q ~ D  

0.a  

an 020 

1 

1434 

143s 

t a  

lm 
rlsa 

lu0 

1440 

a s  

0 . m  

0.00s 

a006 
a m  

0.5 

os 

an 
an 

an, 

am 
0.010 

0.015 

am5 

a 0 0  

0.010 

a024 

1.0 

- . a d  

0.2s 

029 

026, 

0.4 

a 0  
0.42 

ali  
0.42 

4 4  

0.42 

o.nt a4 
0.47 an 

o.@ 

0 - 4  

am 
0.004 

an  
0.47 

441 

a42 



- - . . . . . 

lûû132m3 

1019- 

oflS10.125 

647as.s~ 
s m n . 1 ~ .  

1 

- 

a170.520 

a1542 

1474 

tM 

. 

0.- 

QOZI 

S010.470 

man3 
xm.nsa 

1476 

lm 

1 ,  

au 
0.13 

0.0gl as0 
aars 

O.? 

0.7 

0.7, 

0.50 

1.6 

3.4 

1-1 

1.1 

1.1 0.005. aso. 

. 

27 

4.6 

1.0 

1 .O 

1.0. 

0.51 

o.si 
O.S. 

- - - - . 

2 4  

4.3 

QJ3 

0.s 

433, 

. . . . - . 

0.41 o.33 

0.4 R Y  





- - - - - - - - - - - - - - - 

MR3.1ZS 32l9-250 1- 0.005 a46 0.48 o.20 1.0 1.0 0.6 

m.- msm 1 0.005 o.* aa o.20 1-0 1 .O 0.6 

3219.375 1- 0.005 O.& Rlb 02a 0.5 Q6 0.3 

a4nr3.438 3219.375 1SE QOOd a46 &a aab 1-0 1.0 a6 

-12s mom 1- aoos 0.46 aa Q Z ~  1.0 1.01 0.6 

wnn.438 3 n s . s ~  _ lsm QOM a* art  as as as 0-3 

~773.438 32lS.315 lm am 0.45 a47 0.20 i4, 4 4  0.3 



ai 
3.1 

4 2  

1.6 

4.2 

9.6 

R6 

6. O 
T 

s.2 

52 

-430 

Mme 

J Z I ~ ~ S  

S t i O X n  

5.0 

4.0 - 

1 

1612 

1 s  

tba) 

lm 
1022 

1823 

le24 

1025 

1626 

isn 
1- 

l a a  
1- 

1 a t  

1 

1 w m t . a ~  

a6 -125 

- 4 s  

jtram 
5trBf15 

7-1 

4.2 

0.0 

4.5 

9.6 

San3.m 

QQ4 

aq~l 

am 
0.- 

ftcf#mI lm3 

28 

6.0 
T 

amdl a e  

6 m 2 5 . 1 ~  

6G773.a 

-438 

-438 

6 m n r ~  

415 

a e  

a 4  
4 4  

0.42 

am 

T 

a4  
0.42 

24 -3s 

0.6 

0.1s QON 

#~OZSO 

ftrS.37S 

Jtr037S 

5119.375 

sno.250 

W 

aa 

w~ 
0.27 

0- 

W 

0.W 

rs rmr 

m m  

o.2~ 

02n 
6 

QU 

QOZI 

0.4 

Q U  

0.15 

C 4  

û.42 

a42 

1 

1.6 û.a 2s 4 4  

m a  
64n73.a 

64n73.u~ 

6irrrrj.12~ 

-a8 

smn.4~ 
srma 

0.024 

l a 6  

1 7  

lm8 

647n3.430 

847723.125 

bcrrnUS 

QOH 

QQZZ 

RQP 

a m  
a024 
aorr 

25 020 

 ma.^^ 

a s 3 7 5  

g l s s  
3~19.250 

32la.s~ 

~ n 0 - 3 7 ~ .  

3219-37s 

r 
~ 0 3 7 5 ~  

f Z I @ a a  

ftrOltJ 

a42 
a42 

443 

au 
au 
0.42 

7-1 

l a 0  

16-0 

W 

W 

1.6 

1.d 

1.4 
r 

Q6 

a6 
l a 0  

. 160 

26 

23 

2.3 

&a 
Qlb 

Qlb 

am4 
am4 

a w  
am4- 

- 9 . 0  a42 

a42 

a42 
a a  
a 4  

Q U  

a n  
a n  
aa 
a* 
0 . a  

0.a 

a47 
a4 

0.26 

0.28 

a20 

am4 a a  

23 

21 

22 

26 

26 

17.6 

13.8 

13.6 

29.7 

7.4 

4.7 

WB 

O- 

0.2~ 

am 
0.30 

as0 

0.m 

am 

1.6 

1.7 

11.2 

9.0 

"4 
19.4 

4.9 

XI 

2 r  

2 4  

16.3 

126 

126 

27.1 

6 7  

4.3 



- -- - - - - 
m 7 1 . r ~ ~  ma= r s s t  am a a  o.cf w 0.4 0-4 0.3 

647371.125 3Sim 1- o.mi QU 0.0 0.20 0-4 0.4 0.3 

sln;nsij  strbao r e m  am QQ 0-46 0x1 0.1 0.4 0.3 

m7~?1.1;2~ ma= tom am au a a  0.27 a 7  0.8 0.4 

~n71 .12s  S21kmm ldol QWlS 0.43 0.46 0 . 8  2 7  29 1.7 

s rmr .12~  maml 1- 0.040 031 0.32 0.16 5.2 5.3 soi 



m . i a  mrjn iris( a q ~  ao aai am a7 7.4 loi 

~ t n . i i 5  sn-. ins a- a4 am1 am 4.3 4.7 3.1 

4.7 3.2 --- 
64l371.125 SQiaSS 1 Qœ4 4.8 b2 

Msn-125 - - - - - - - - - - m m  ine a m  au au 
~ - 

o s  RZ las ar 
ssnn-ia aun r t a ~  am am- au 0s LS II 3.21 

-81 3 arzsq- lm a4 a 0  0s - - 4 3  U1 U~ 
MSII-1% ~211515- lm am. ao a0  as 4.3 4.8 3.3 

-1 -125 s2lasts lm a m  ao aa o s  a7 7.7 s.2 

-1 -12s Snasr~i lm. mi+ QU W 0.33 4.4 5.0 3.3 

WlilSO 31- 1715 QQBl QU QSD QS1 6 4  10 X4 

mdot-1s  2sw.ze 1 a m  Q S ~  as1 o s  as 0.5 a 3  

IQ1Q41.m aman7 1727 m~ 0.44 QY) 0.34 a@ 7.8 51 

-49.87s 11s.245 1 aœ4 QU 0 s  0.35 4.4 50 3.S 

m s 1 . 0 # 1  5oo.m if10 a m ,  os1 0.51, o s  1.3 1.3 0.9 

m?%m3~ mm3 lm am QSO 0.51 o s  1.3 1.3 0.9 

brm1.m mam l n 1  am a s  as1 a s  a8 aq a 6  

-- - - - - - - - -- - - - - - - - - - - - - - -- - - - - - - 

~.~ ma313 1741 am a10 ~ 5 0  am 1.3 1.3 as 
64n71.125 1 2 1 ~ s ~  1742 am 0.10 aso a31 au 0.8 0.5 

mn71.m =am r t a  0 . a  sol a s  24  2s r .S 

~ ~ 1 1 . 1 2 5  32ta.m 1714 am 0.39 aso 0.30 1.3 1.3 0.8 

-.al3 5211250 1715 am 0.49 o s ,  0.s au 0.8 RS 

~ ~ 7 1 . 1 2 s  szlam 1746 aa01 0.40 a49 a s  0.8 0.8 as 
~ 3 7 1 . 1 2 ~  snam 170 a m  a10 0.49 430 as os 0.3 

647371.12S szl8.37S 1 7  0.00s 0.48 0.8 O.Zn 21 22 1 3  

-.a13 sls.2~0 174s aoos a a  0.49 0.29 3.0 SI 1.8 

64M1.125 ~ R S S  1x0  aom 0.40 0.49 o s  1.6 1 -6 0.9 

m m 1 . m  mam 1 s t  am6 a a  ar 029 1.6 1.6 ao 
m . 1 2 ~  mam 17s aood aa  0.40 QIO 21 21 1.3 

srtno.s.is -6350 1 7 s  aau am aa a s  24  24 1.5 

-1-125 Sia37S 1754 QQ# 0.47 0.- QZD 19  t O  1.8 

ol7~1.125 32m.s~ 1 x 6  a m  am 0.48 oan 1 2  1.3 081 

~ 1 1 1  -1 2s ma375 im am 0.47 0 .4  0.28 QI 0.8 0.5 

6 0 ~ 0 . ~ 1 s  maso 17s Q Q O ~ ~  0.47 au 0.29 0.4 QI AS 

~ ~ t 1 . m  m a ~ n  1 am am 0.40 0.28 0.4 0.4 0.5 

647371-125 =ans 1- Q00i 0.47 û.8 0.2B 0.4 05 0 3  
I 

64737; .12s ma375 r t s ~  am a-1 ar a s  0.81 0.8 0.5 , 
m m . 8 1 3  mba0 l m  am 0.46 au o a  i .of 1.0 0.6 

brn71.12~ maln lm am am 0.0 0.29 1.0 1 .O 0.6 

untl. i2S =am 1163 a006 @ e  O-u 0.26 as 0.6 0.3 

w m 1 . i ~  =ans i m  am 0.0 a a  0.4 0.4 0.3 ---- 0.46; --- - 

01?~û.a1'1j m m  ims am 0.45 au a s  0.4 0.4 0.3 

o~cnti.izs] tnam l m  am 04s aa o.ab 0.4 0.4 0.3 
J 



QI 

a 8  

a 8  

0.8 

QS 

as 
o s  
0.4 

as 
0.3 

0.3 

as 
a 4  

0.4 

a4 

1 .O 

1.7 

53 

1 
6rnn.125 

m . 1 ~  

~ â 2 û ~ 3  

M J ~ I  -12s 

s4 

32 

1 .a 
3.2 

7.6 

1.5 

1s 
2 1  

16.8' 

6.8 

4.2 

5.1 

5.8 

1.5 

4.4 

4.2 

4 4  

4.0 

4.4 
1 

1-61 

1767 

1 

1 

lm 

32t8.m 

ma- 
~2~a250 

gt-. 

m . i a  

m . 1 ~  

srm.81~ 
6 r n n . i ~  

m 1 . m  

mi -1 2s 

6 m a ~ s i l  

Mn1.125 

m7t.125 

641571.125 

o ~ t f a ) . ~ ~  

~ 3 1 1 . 1 2 s  

s r m l  -1 2s 

~ 3 7 1 . 1 ~  

647320.613 

64?3?l -1 25 

s r n t r . q  

Mn1.125 

irn 
lm 
im 
inr 
lm 
ln6 

lm 

1 

lm 
l7W 

lm 
1 

1783 

-n# 

lm 

gtun 

sn- 
mas5 
~~ 
=am 
ma#r 
m m .  
srans 
=am 

mazu)~ 

32la.m 

mas5 
saam 
32la250 

32ra37s 

=am 
12iw 

am4 

am4 

am4 

OAO 

o a  
~ l b  

0.6j a48 
aai a48 
a*! ars 

-ô33 

647313.125 - - 
6rin71.m 

a m 1  .r as 
W732û.813 

647371.12s 

6m?1.125. 

0.7 

0.7 

0.7 

am 
am4 

am4 

QOM 

am4 
I 

sriaâa 

- - - -  ma^ 
ma= 
=am 
32l- 

mas5 
masn 

47' 

0.7 am4 
a8 

out arsl an- 
- 

25 

u 
34 

8-1 

11.0 
- -  - -  

as 
- ao 

@.O 

u 
67  

8.7 

a2 

aZ 
a? 
24 

0.26 

0.26 

026 

o s  
026 

- -  

027 

w 
0-27 

w 
o a  
027 

0% 

0.28 

03b 

1 

lm 
lm 
1- 

1190 

1x11 

1192 

1193 

lm 
9- 

1 

1797 

ilas 

1- 

6 r n ~ r . l a  

647320.813 

W?3?1.125 

m m 1  . l a  

m r n 1 . 1 ~  

~ l b  

~ i b  

0.27 

26 

2 6  

3.6 

a-1 

11.8 

7-1 

9-6 

9.6 

2 s  

72 

72 

6.6 

6.6 

7.2 

21 

au! a48 

au1 a a  

am4 

am4 

0.- 

ams 
QQSO 

amo 
a m  
0.0~0 

0 . m  

0.- 

=ans 
maso 
Sl8.375 

sriass 

mas15 

0.4 

- a4 

a4 
0.7 

0.7 

0.7 

1.5 

27 

A4 

s4 

14 

so 
s4 

126 

au 
au 

 la^ 

QWO' 

a m  
QOOO 

0.040 

0.040 

am4 

0.4 

0.4 

a 4  

a 8  

0.8 

aa 
1.6 

2 9  

9.0 

SA 

LI 

3-1 

5s 
132 

ars 
a.t 

a4 
au1 acrl- w 

an1 w 

au/ an] 
0.431 0.46 

au/ a a  
RU( 0.a 

aal a 4  
0.431 0.4 

a u  a45 

o.a i  a 4  
arl! 0.4s 

0.421 0.4s 

0.42) 0.15 

0.421 0.4 

l 

w 
027 

an 
a27 

0.27 

0.a 

0.26 

0.a 

0.26 

0.42 

au  

a-1 0.2~ o.mr 

a45 
0.15 

0.0 

0.45 

a* 
a a  
am 
a46 

0.46 

a 4  
au 

am 0.42 

0.024 0.42 

aoPl aa  
a0111 0.4  

0.024 au 
Cimi 0.43 

au221 0.u 

o . a l  a4s 

0.024 0 .4  





- - 

orm.00 
iuo5a350 

I S I L Q ~  

- . l a  

W M . Q ~  

u r n t . 1 ~ ~  

wt30.0~d 

m t i . 1 2 ~  

wn45.m 
t 

3219.~5 

as.- 
1m.la 

1643S2 

masil 
=am 
m e 3 1 1  

=am 
tilô.313 

647371.125 

W Z S L S . ~  

mmi. ia  
or?w5..03b 

u n 7 i . i z i  

octlrs.ai 

661311.125 

a4t30.we 

a 4 n o . a ~  

1005 a024 

32l8.175 

m a 3 1 1  

15ie.s~ 

mas13 

mens 
mas13  

3218.37s 

mas13  

maas 

0.41 

0.4 

as1 
0.51 

0.51 

0.51 

as0 

as 
O.% 

las 
lm 
1 

109 

1010 

1911 

lm2 

lm3 

lei4 A% 

a024 

0.m 

0.- 

am 
am 
QOM 

o.- 
am4 

0.m 

- - - .  

0.51 

0.51 

as1 

0.51 

0.51 

0.3. 
0.51 

0.51 

0.51 

551 

imsl am 
imsl aaw 

- . 

a34 

a35 

o s  
O.= 

a s  
0.36 

0.35 

0.55 

0.55 

rmt 
m a  
lm9 

1920 

lm 
i a a  

O.% 

O.SO 

am 
0.10 

aa 
0-19 

aaw 
am 
QOM 

Q m  

am 
am 

0.34 

0.51 

0.3s 

am 
0.33 

as1 

0.51 

0.51 

as1 

as1 1 

- 
3-4 

t-a 

0.3 

1.3 

0-6 

0.9 

0.3 

0.0 

as 
1.d 1.8 

- 

4.4 ai 
241 21 

1.2 

as 
1 .8 

0.8 

13 

a 5  

0.40 

a10 

0.4 

1.7 

t e  
0.0 

as 
os 

as 
1.6 

0.8 

1.4 

0.5 

2s 

cl 
1.3 

a i  
a 8  

QS 

QS 

a8 

2s  
4.1 

13 

QI 

a8 

0.6 

aa 
a51 

as1 

aso 

1.3 

0.8 

0.8 

aa 
a32 

QSZ 

0.31 

1.3 

0.1 

1.31 1.3 









- - - - - - - - - - - - -- 
7 

m m -  I ~ ~ S X I S  ais amil aa au 0.20 0.4 0.5 03 

em7usa Sn0375 2l2a aau! 0.46 0 .0  0.20 a 4  0.5 a3 
wmia rnom ntr a04 0.48 a50 o.20 0.4 QS 0.3 

647m.m 32lQX15 2lP ami 0.48 as0 02D 4 4  QS 0.3 

6cms.438l StiS375 a231 QQw 0.48 QSO 0.28 0.4 0.5 0.3 

m u s i  msm 21241 atm acr ~ 5 0  a20 a 4  0.5 0.3 

amml mssa na[ am 0.4 QSO o.20 0.4 as 0.3 

64n7WSl QlS.37S 2 l  aaol a47 O S  0.27 0.8 0.8 0.4 

m u a l  maml an aaor 0.47 0.51 o a  0.8 a8 o s  
Mm3.438 tn@.rr~l tri 0.m 417 0.51 0.20 0.8 0.8 0.S 

mmaia 32maoI na am a e  are w a7 0.8 0.4 

bmn.438 S2l@.SSl 2l# 0001 0.15 A4Q 0.27 QI 0.8 0.4 



- - - -  - -  

m m r l b  ftte.375 in= a d  o u [  o . ~ !  a241 1.6 1.6 0.0 

6i7723.125 52i9350 2155 0 . 0 ~ 0 ~  Q.43 0.44 024 1.6 1-6 &O 

~7773.43~ masn na ame au[ au[ 0.24 1.6 1 -6 0.0 

6mn.a m s ~  as 0.000 au1 o.ut ~ 2 5  1.6 1.6 0.0 
r 

64m3.438 32lS.m 2lQ QaIO a42I 0.45 425 ' 0.9 0-9 OS 

m m . 1 ~  msm an am a4 a45 055 u 25 1.4 

s r m a  3ns.m as am4 au 0.1s 0.28 6.7 7.1 H 

m a s  m 9 . m  as a m  aa 0.0 0.2s a6 7-1 3.9 

-06 muni am a024 a u  0.46 0-26 24 20 1.4 



~ 7 3 2 ~ ~ 1 3  

011571.12s 

scmi.ia 
#mt.ls 

a03 

001 

220s 

2zm 

ma250 

=am 
=am 
mam 

a m  
a m  
a m  
a m  

6 m a . m ~  
w m . r z i  

04rnl.1~5 -. 

6 m n . r ~  

~ m e ' 1 3  

sm7i . ia  

6~7371.12~ 

tumi -1s  

~ 7 ~ ~ 0 . 8 1 3  

ml -125 

ut311 -12s 

o(n7i. i2~ 

647320.813 

smn .r a 

a- 
a m  
am4 
aool 
a m  
0.001 

a m  
aaw 
a m  
a m  
0.001 

0.001 
a m  
aom 

a48 

0.40 

0.10 

0.48 

ma#o 
laam 
~ a 3 t 5  

ftrarn 
maso 
m m  
saam 

aro 
afo 

a m  
22m 

i a ~ ~  

O 

t 

22i2 

an 

0 . 5 ~  0.32 

o.mi am 
aa; UT 

awil am 
are! o a ~ ~  
are1 a2p 

snaslsl ptr 

a .  
1.3 

as 
0.8 

ma250 

siram 
=ans 
mas15 

mazs 
~ n a . 3 7 ~  

o s  
a 8  

01s 
me 
t ~ i ~  

2216 

a 9  

1120 

a5 

ao 
as 
0.5 

0.4 

a4 
ab 
a4 
ar 
0.4 

a4 
a4 - 

ae 
1.3 

0.8 

a8 

o a  
02s 

0-10 aa 

OS 

0.8 

o s  
as 

0.5 

0.6 

0.48 

a3 
o s  

as 
QI 

as 
as 
o s  
as 
a8 

as 
0.5 

as 
4s 

am 
a a  
a- 
aa 
a a  
a 
a a  
a* 
a a  
0.a 

0.47 

0.3 

o s  
43  

a3 
as 
0.3 

as 
as 
0.3 

a3 

0.3 

aa f o.2~ 
1 

o.ab o s  
arol azs 
osoi aas 

aas 
asf o.20 

0.501 oz8 
as~l aa6 

RSI; o a  
0.50 o a  151 0.3 

4 











SA 

u 
QI 

3.4 

2. 

1 1  

- 25 

u zoI 
4.7 rsi 
QO 

a6  19 
r 

U l.5 

1.7 QI 

27  1.5 

~ 27 1s 

U II 

18.2 10.1 

4.7 26 

4.8 27 

7-4 4.2 

4.7 28 

27 1.8 

27 1.6 

7 5  4.7 

14.4 a7 

023 

~1 

~a 

14.7 
--- - 

7.7 

49 

4.0 

27 

2.6 

2.6 

2.6 

26 

28 

a6  

1.2 

05 

1-1 

1.7 

1.4 

o s  
0.5 

QS 

ae 

L 

a6 

ao 
a0 
a6 

a6 
03 

a8 

QI 

QI 

la 
1.7 

0.8 

O S  

0.3 

w7m.e 
ma 

mQI 

- 4 s  

smala 
U77m4S 

- 

a7 

4.7 

S.0 

al 
la 
1.6 

ld 

ld 

1.8 

1.8 

a5 

6.0 

0.1 

a 8  

13 

1.0 

a4 

a 4  

a4 

0.6 

3piass 

1rrw5J 

wsl a000 

mr~n 
SlrJn 

awn 
m m  
SmS7S 

irrm151 

-4% 

M m 4 3 0  

u772Xls 

3 

as1 

0.~1 

as1 

0.51 

o.$* 

as1 

as+ 

aa  
aa 

~7mlaI aaasa 
2444 

a-- 
s l U 7 S  

m m . .  
m w -  
w 

~ # o #  

m . 1 ~  

-ma 
Utlt1.125 

w%S.W8 
- - - - - 

m . 1 2 S  

ws5.m 

QI 

0.8 

RI 

QI 

Q I  

0 s  

0.8 

037 

as 
o s  
037 

au 
04s aw 

 am^ 

am 

a 
aa 
QT 

QT 

W 

W 

am 
aa 
WB 

am1 aoa, 

Ynn4s 

m m  
6477alZs - 
~ m 3 . a  

m m -  
ma 
s r m t l s  

um3.43~ 

#ci 

# ~ t  

ws 
#W 

#n 

aœ 
#sl 

stlams 
siun 
m a l 3  

Sn6mq 

murs 
- - - - - - 

m m  
m m 3  

a@ 
QI 

QI 

Q I  

aal a4s 
QQO) -1 Q.5 

aa 
aa 
QIS 

QO 

QO 
&a 
am 
Q U  

au, 
au 
au 
au 
au 

?=. 
4.0 

18.7 

4.3 

4.3. 

6.7 

u 
24 

24 

1 

= 
am 
m 
am 
= 
2e? 

aisi, 
arss 
am 
#II 

Sl# .sS 

mas$ 

m0g0 
m m  
snas~ 
~ n o j n  

0 t o . a ~  
pp 

mw7s 
umu36 0 s  

YM1.125 

WSS.mE 

m . 1 ~ ~ .  

w7ss.ma 

am 
_ au8 

YI. 

Q# 

a 0  
a47 

a n  
a 0  
QY 

a47 
a47 
aU 
a- 
au 
a u  
ao 
a* 

Q U  

amB 

QQY 

aaw 
Q- 

QOPw 

QO# 

Oa04 

am, 
a*. 
QQW 

QQ# 

ara am 4.4 

28m 

28m 

arar 
#0i 

am 
ZllO 

a94 

QOO~ 

am 
QQO~ 

0.W 

QOOl 

QOOl 

am 
mrsn 
m a l 3  

mam 
m m 1 3  

13  

QI 

as? 
0 s  

a s  

a 0  
ara a m  

m r 5 b  

-125 

64TnSm 

am 
aa 
~ 1 0  ------ 
0.30 

w 
w 
~ 9 0  

W 

0.30 

W. 
0b0 

t 

unn-la ' aws 
647345-8œ SIIW13 

m05) almr 

1.3 

Q I  

a4 

0s 

QI 

0.51 

as 
r i r  
112 

63 

QQOl 

0.m 

aoor 
am- 
0.m 

QQDl 

0.m 

0% 

455 

0s 

Q00 

QOo 

QQ) 

4.4 

24 

24 

si1~t5 

5n- 

SIRSIS 

a*. 
QUi, 
am 
am 
na 
QI) 

aœ 

0.51 1 O S  

as1 1 04 

W 

25 

24 

2 4  

û.6 

0 s  

0.2 

f.1 

1.7 

13 

os  
QS 

03 

as 
O S  

Qfi 

au 
Q U  

Q U  

as 
051 

QSO 

as1 

1-71 1.6 

au 
OU 

QU 

QfS 

Q15 

0.32 

~ 1 5  

QJ) 

as 
w 
0s 

0s 

w 
0.s 

O S  

0.n 

a a  
a 8  
as0 

#b 

#Ib 

0 s  

as 
O S  

o s  

24 

la 
QI 

as 

a15 
QY 

a 0  

W 

QSO 

0.s 

QSO 

OS2 

au 
a* 
QSi 

032 

o s  
as2 
as2 

as2 

0.024 

QOPI 

Qœ4 

2s 

1.3 

a8 

as 

tual QI 

#nntjs 

64mX12S 

se6w.m 
am&- 
n i s ~ i  
mas5 

Sm7.075 

64mamu 

m - 1 2 5  

M#.OJ~ 

647371 -125 

um4SmE 

as 

#st 

w 
arm 
#n 

a412 

am 
2474 

247s 

am 
#n 

2478 

#n 

mRS15 

SnOS7S 

me150 

ax~n 
mBM1 

min 

n t l ~  
ma 
a l 6 3 3  

ale.= 
s t t m s  

Stim 

Snc3id 

w m r . 1 ~  24m 

aaW 

QQW 

aa4 

m. 
Oag 

osa 
aooi 

am5 
4416 

osor 
am 
aoOr 

aooi 

glas75 

0.45 

44  

QU- 

au 
-1 

a0  
ao 
OS1 

U t  

as1 

03 

051 

Ut 

osor- Q S ~  





---  - - -  -- - - - - - - - - - - - - - - -  - - - - - -  

sElSZAb13 Sr12Yi a10 QQOl au QSO o s  4.4 50 3.3 

mSa.mi tlw 25h Q- QU QY) QSI 24 28 1.8 

asmr~  am a~ am aa a4 QS) ô.@ 0.6 7.7 

Smm6S63 3mU61 293 0.m 440 QU am a$ 7.2 SB 

rmmml =am arr a m  Q ~ O  a61 0.s 4.0 4.5 a6 

zluos~mf =in 2 s ~ ~  ~ & 5  as0 au - a n  a4 7.0 &O 

sUOWO3l 16lSSS~ 2516 QQO4 QU QQ) 

1-am 1414HO an a m  0.51- - Qit 

-m m a s 0  W8 aa# 441 a& 
091m, -708 sa - w~ au 

a 3  
0 s  

Q# 

a37 

0.10 

iun*tm 
mm6-m 
~tl1.12~ 

wms.me 
Mtll.lZ 

m m 8  

647371.12s 

W3em8 

Utfll.lf -- 
bilfll.125 

24 

1-1 

4.1 

Li 
1.1 

a3 

0.3 

a6 
a6 
Q6 

a6 

u- 

, 64nassw 
MJn.lZS 

647345-m 

647Sn.ll5' 

am4!5SSz 

MIT1-125 

wws.Qa 

ma2 

siam 
m m  
nms 
mIX15 
m m 5  

32l8.m- 
Sl. .SW 

9i8.m 

mans 
Sn#% 

a8 

1.s 

13 

0.6 

Q6 

Q6 

Q6 

Q6 

0.6 

a6 

0.3 

28 

1-1 

U 

4 

1.1 

maSi3 

m m  
W8.Sl3 

, m m  
Sl8dlt 

Soi8.m 

m m 5  

aII 

% œ  
a~) 

1515 

2W 

25n 

= 
a0 

zm 
Sol 

1.1 

o s  1.7 1.7 

1,8 

Q8 

a6 

tb 

Q I  --- 

a 3  
0s 

QJ 

0s 

43) 

037 

QSI 

an 
a37 

250 

Sm 
25DI 

291b 

2916 

a)) 

am6 
am 
ams 
am 
QQOl 

QOOl 

am 
00# 

a m  
a m  
0.m 

(-7 

04 

0.8 

QI 

QI 

QI 

QI 

QI 

0.S 

am 
am 
QQ)r 

QOOl 

QOOl 

QOOl 

am 

QO Qit 

1.7 

AO 

QO 

A0 

0.8 

Q I  

0.8 

QI 

O S  

a51 

0.51- 
as1 
0.~1 

0.51 

-1 

U O  

as0 

430 

050 

QSq 

- 
0.9 

- os1 
osr 
~ i t  

052 

0.Q 

am 
OS1 

0.W 

O.SI 

QS1 

QSO, Q51 45 w as 
03 

QI 

QI 

0.8 

QI 

03 

a37 
0.36 

0.36 

O S  

Q# 

o.% 

Q* 
QQI 

am 
QW 

QO 

a 0  

as 
0.0 

a8 
0.8 

Q I  

0.5 

os1 
O S  

QSc 

0% 

Ml 

041 







1 

03 

QS 

0.3 

0.0 

0.8 

0.0 

0.9 

03 

QS 

Q1 

0.3 

03 

45 

0.3 

QS 

0-3 

0.3 

o s  
Qb 

1.1 

0.8 

05 

24 

1.0 

0.1 

QS 

0.3 

QS 

as 
OS 

a3 

0.3 

0.3 

as 
O S  

03 

0.9 

0.9 

0.9 

0.9 

43 

03 

as 
0.31 

0.21 

0.s 

as 
0.5 

0.8 

QL 

0.8 

as 
QJ 

~ . 5  

QS 

as 
03 

03 

03 

- 

2m 

m. 
ilOb 

* 
imr 

0.m 

am4 
a m  
QODi 

0.m 

-06 

Mmai 

m a i  

uzlplis 

-456 

onma 

UnraisD 

unn.al 
un- 
- 4 s  

-azs 

m- 
maws 
maas 
SI- 

-3 

aal Q5r 

as1 

a401 as1 

Ynn4 

w7a.a~ 
64mS.m 

mraiso 

mmvs 
SI-3 

mun 
mm3 

1 

as7 
W.  
am 

a32 

0s 

m 
gji 

0.31 

as. 
Qq 

QODi 

opoi 

as 
0s 

0s 

0.0 

13 

1.8 

1.3 

UZIrazsD 

as 
0s 

03 

aa- 
aa 
0.a 

aaD 
0.a 

0.a 

a a  
O a  

aa 
aa 
aa 
0.a 

aa 
Qll 

0.a 

0.27 

0.27 

w 
0.27- 
an 
On 

w 
0.w 

016 

0.52 

a52 

m. 
QQ 

m. - - - -- 

Zn0  

mi 

~ j r u ~  

soi@dS 

m m  
SI~.SO 
SI- - - - - 

as 
0.5 

03 

09 

1.4 

1.0 

1.4 

QI 

+O 

1.7 

1.3 

0.0 

0.5 

0.8 

0.8 

O.# 

ar 

a4 

a 4  

0.4 

04 

QI 

a4 

4 4  

QI 

a4 

a4 

a4 

a4 

a4 

a4 

QI 

- . ~ 5  

05 

QS 

QI 

01 

QoPi 

~ a o i  

W 

4.2 

1.0 

1.4 

QO 

03 

os 
03 

09 

QS 

03 

OJ 
as 
0.0 

0.) 

as 
03 

03 

as 
03 

0.5 

as 
03 

0.4 

oç1223125 

m 4 3 ~  

6 4 m 3 . 4 ~  

 mai 

m u a  
m r s s  
-1s 

as 

a s  
~ l l  

Q16 

a s  

1 O.% 
416 

0.n 

an 
an 
a* 

-1 -1 

m-1 2n2 

sttun na 
521S.m 112) 

art 
1118 

me 
 il^ 

Zm 

aaoi 

0.m 

QQD~ 

a% 

Qsl 
as1 

-1 

-1 

aa 

a 1  QQDi 

SI~SS 

m m  

as1 

as1 

QQDi 

QOM 

wl an 

0.- 

an 
a* 

0477m.436 

emma 
smn.4~ 

itar 

2m 

as 
as 
QS 

as 
I 

QQDl 

0.m 

ami 

QoDi - - - -~ 

QQ 

QQ 

as2 

a40 

a40 

gs1 

aa 
o s  
0s 

7 

0.1 

a a  
a* 
Q90 

- - - -- 

0.Q 

as2 

as0 
a 0  

-430 

SmnrsS 

8477a.16 

dmn.438 

m 4 s a  
um?aob 
6 4 n a . l ~  

bcnt54W 

64m54M 

6CITIS.a 

am23.125 

m773.a~ 

~ 4 7 7 7 3 . 4 ~  

um3.48 

U n 2 3 . 1 ~  

0477m.43~ 

8m7U3B 

omn- 

mess 
~ t r e . 2 ~  

alun 

~ s l  

QR 

QQ 

QQ 

as2 

a52 

 SI^ rns 
snun atr 

a i s  

mas7s, 
Iri- 

S a m  
~~ 
ms.37~ 
~2 ls .m~  

521- 

S2la37S 

mO.37'3 

=un 
=Cao 

3aun 

3aa.m~ 
swms 

stun 

m@.ns 
fti- 

27a 

aas aa 

aa~j al) 
OBMI a a  

s l e . a ~  

am4 
am 
am4 QO 

omi 

QOO~ zne 

2m 
ml 
rrS 
2m 

m- 
m 

a31 

2?38 

lf4 

mi 
I ~ Q  
na- 
ffu 

I I ~  
na 
ncl 

an 
am 

a s  
0.53 

0 9  

QB 

~ 5 5  

QQ 

Q S ~  

QS3 

QQ 

QQ 

0-s 

QS 

Q ~ I  

QJD. 

QSO 

a* 
QO 

onwf a n  
' o a ~ l l  a48 

0.48 

oapll a- 
w 
QQD~ 

w 
QQDi 

QQDi 

a m  

w 
a m  
QQY 

am 
QQOi 

a a  
a47 

an 

0.47 

a47 

art 
a47 

au 
a* 
a u  
QU 

ae  
0.45 

QQO~ aaf QY 









- - - - - - - - - - -- - - - -  - .  - - - - - - - - - . - mas iDI QQY a 0  0.51 0.m 

647m.125 ma515 ?ISD QaOl 0.0 0.51 0.a O S  03 0.3 

647seme 

6me.me 
m . 1 ~  

m . 1 2 5  

647371,125 

m7ao.m~ 
0~~1.125  

s i n n . 1 ~  

MSll.ll 

327an3, 

srtafi3 

m m  
S2lO.SS 

31i8.m. 
srtuso 

m a s  

iYD 

d i1  

aa 
a0 

aa 
aa 

stt-1 a47 

sa-1 dDY 

am4 
QaY 

0.m 

0.m 
QOOl 

am 
am 

a* 
a* 
a* 
QO 

a* 
a* 
a* 

am 
am_ 

oml as) 
0.S 032- 

aa 
û.8 

as 
Qb 

051 as 
O51 as 
0.51 1 Q S ~  

0.51 431 

05 

0 s  

o s  
45 

as 
0.5 

as 

0.51T 

OIS 

o s  

aa 
aa 
as3 

0.5 

0.Q 

as 
as 
as 
as 
a5  

0.5 

as 
0.3 

0.51 

r 

0.3 

0.3 

a3 

Q1 

0.3 

0.3 

as 

' 







wnats m m  3m7 am am O.SI aa a4 
m7aua 
 ma 
Mm- 

smala 
m a n  
 mas 
wm.4~ 

647723.12s 

101~~15 

maan 
SlMn 

- - 
9iazso 
~~ 
me- 
~ L J I S  

m m  
~- - - .. - - - 

m a 8  

6mn.m 
64mS438 

647723.125 

m u a  

- 

ar 
0.2 

0.2 

0.2 

a4 

- - 

a m  
QQY 

QQOl 

QQY 

QQW 

w 
~ q g  

S00 

3091 

a6 
QI 

1.0 

09 

a 4  

~2 

0.2 

02 

0.2 

0.2 

0.4 

45 

a6 

- - - 

am 
a46 

446 

a15 - -  
a45 

- - - - - - 

9irn.37~ 

~~ 
SlSAn 

giqaO 

m m  

a a  
a47 
0.47 

a47 
art 

- . - - - - 

3œe - 
m 
309 

slw 

- -  - 

QI 

a4 
Q4 

a4 

a7 

-- 

a s  
0 s  

0.2s 

aa 
a s  

amw 
am 
QW4 

am 
- 

- .  . - 

aa 
Q4 

R4 

Q4 

aa 
13 

1.2 

28 

0.24 

0.24 

a24 

a0 1 2  

fa 
a0 

-4s 

wnsia 

~m 
QU 

0.46 

- 
a* 

342 

5483 

l ~ ~ l  

= 

1.7 

ab 

a4 
ad 

0.4 

0.4 

0.4 

ao 
0.2 

t7.6- 

WmSm la0 7.1 

&O! 2s 
I 

QI) 

aa 
aa 
au 

64n73.4S 

-430 

m a n  
umsia 
UZnm 
m a e  
m u a  
-1s 
m m  
b f n n ~ b  

I ~ ~ Q S I S  

m m  

Q# 

Q# - 
o a  
as 

111 

c m  
5.6 

QSD 

QSD 

Q9D 

as0 
- -  . 

4- 

a m  
a m  
am 

=Mn 12.8 

40 

12.8 

is4 

al 

Q# 

03ii 

Q# 

aa 
aa 
o a  
0.a 

0.a 

0.a - 
7.4 

II 

29 

W 

o s  
QZS 

0.28 

0.48 

a4 
41s 

0.m 

=Mn 

mums 
=un 
mwso 
tnSnS 

msm 
mam 
gis.= 
m- 
mess 

woo 
jlm 

1.0 

0.7 
QI 

a4 

0.4 

ad 

0.4 

a? 
8.4 

la1 

011 

0.27 

am 
w 

- - - 

3114 

MIZII# 

wrrnOI 

wrn.m 

QI 

1 2  

at 
0.4 

mis 

a 
7 

1 

Si@ 

sto6 

E 

MQI 

3lœ 

m a  
3110 

~ 1 1  

1 2  

E 

a m  
Q00i 

1ti9ao 

3man 

mwn 

QI 

a 8  

QI 

QI 
. - - - - 

QI 

14 

QI 

a4 

QOOl 

am 

0.47 

u s  
44  

QOa 

0.4 

0.7 

0.4 

QZ 

arl 0.5 

a47 
aa 
au 
aa 

a47 
a47 

Q43 

a04 
am 
QQQI. 

QQD~ 

0.6 

05 

0.8 
- - - 

Q U  

QU 

QU 

Q U  

au 
QU 

a 4  

0.3 

0.4 

art 
a47 
a47 
aa 
0.0 
aa 
aa 
a47 
a47 
a47 

QO# 

am 
bQDi 

am 
a m  

a m  
am 

QU 

QQ 

Q 4  

a4 
QO 

0.0 

a? 
aa  



A 

~ 7 7 3 . 4 ~ .  1 0 1 ~ 7 s  am a u  aa  o s  4.8 a0 
m m  
wmia 
m a  

sw.37~ 

m u s  
mwn 

nm 
mi 
31s 

6iTmla 

-115 

m a  
m m  
WnS430 

64772~115 

Mn- 

m m  
m a  
w72xra 
m773.a  

m a  
m e  
m l 2 5  

mnna 

Sm 
- - - - - 

Sa 

31s 

sm 
3137 

Slm 

a 
S I 0  

mal 

m a  
 SI^ 

S 

a 
a 
s 
tla 

S I  

S90 

1 ,  

a51 

3lQ 

3151 

3lS 

31% 

)rs1 
- p - - - - -  

m51 

3 1  

mOJn 
- - - 

fnRSlS 

S i O a  

s2w.m 
j t l ~ m  

Ir i9 .m 

s2l- 

s2lLSIS 

sriom 
s o t o ~  

glozso 
919.375 

=am 
9 1 0 . ~ 7 ~  

str0.2~ 

m 9 . m  

am 
am 
a m  
bœ4 

- .  - - - - 

QQOl 

04ml.ia 

om6.838 

~ ~ 1 1 . 1 2 5  

647345m 

umi-la 
~ a s a  
~ 1 . 1 ~  

wmsm 

emn.4~ 
6477m.430 

mnna 
e47723.125 

U2SS.?S 

2%m.439 

S7Q.BO 
1 

4m7.441 

--- - - 
s6au.m 
w m . 1 ~  

om6.8m 

QU 

QU 

QU 

=am 
910.375 

jtrm 

me20 
211nUO 

t ~ d ~ e a 6  

Sa000 

1-m 

asbl-lsb 
-----p-p---- 

=CS13 

- - QU 
0.43 

QQ# 

aaM 
a m  
QdOl 

slun 
slw3 

=am 
Stl-S 

smm~ 
mm3 
m m  
mm3 

aa  
RO 

aa 

QSO 

al) 
am. 
al) 

m a  
slm 
slœ 
SIa 

m u  
~tm 
m a  
#CI 

QO 
- - 

QO 

w 
am4 
a m  
a024 

a m  
QQar 

am, 

a6 
1.0 

m a  
3111 

~ t l 1 . 1 2 ~  

-Ra 

QU 

au 
au 
QO 

a47 
0.47 

a47 
art 
aa  
0.a 

a4 
aa 
ae 

o s  
a s  
QS 

QQ 

ao 
ao 
QU 

ae 
QQ 

ac- 

QOO~ 

am 
am 
am4 
QOO~ 

0.51 

QS( 

L m m  
m8dl3 

455 

as 

w 
QSI 

0.a 

QI 

QS 

~5 

1.3 

1.3 

aa 

QI 

1.3 

-838 

433 

as 
o s  
433 

aw 
O.% 

o s  
o s  
as 
QSb 

am 
a s  
a36 

QOD~ 

~ ~ 2 4  

QIlgl 

0.m 

a m  

O.SI 

all 

a b  

13 

am 
am 
QI) 

am 
am 

~ 2 l w l s [  s l  

3.1 

32 

#.6 

4.4 

4.1 

13.2 

ait 

a41 

Q41 

a41 
aci 

am 
QS) 

0.8 

a 8  

a8 
ae 
as 
as 
1.3 

1.3 

QI 

7-3 

a3 

4.8 

4.a 

14.7 

a4 

4.3 

0.51 1 w 

QODi 

a m  

1.0 

1.0 

9.0 

f.6 
1s 

19 

10s 

4.6 

24 

tr 
24 

24 

2.3 

23 

o.aza[ 
am 
am 
0.- 

a- 
QQ25 

û.025 

o.os 
QQa 

QOD~ 

a m  
---- 

0 . 0 ~  

QQOl 

sel a36 

QI 

0.a 

as1 

O.SI 

0.51 

as1 

am 
am 

a 6  

QI 

a1 
0.3 

a@- 

27 

27 

27 

27 

2s 
26 

' 

2s 

ai 
25 

u 
4.5 

7.0 

0.0 

a40 

aa 
0.10 

a10 
431 

439 

0.m 

0.S 

0.m 

MD 
- - -  

o s  
0.m 

a* 
au 
au 
QU 

a43 

23 

ai 
23 

2a 

sel 
û.6 

w 
QSI 

W 

0.s 

QO 

QI 

2.3 

23 

2.9 

2.3 

2s 

t3 

22 

3 

21 

ai 
21 

21 

il 

&O 

0.s 

Q3b 

~ f 7  

Qf7 

Qf7 

4.1 

6.4 

_ 

(O 

21 

a4 
a4 

Q4 

a4 

r 

o.si 
as1 

26 

20 

2s 

26 

2s 

au 
443 

QSÎ 

a s  
as2 
QQ 

o s  
436 

1.9 

1s 

1.~1 

19 

20 

QSI 

0.37 

ao 
aa 

p---pp----p-pp-- 

am 
am 

a4 

23 

QS 

as 
0.5 

as 

7.0 

t5 

as 

~ 

0.5 

0.5 

QS 

26 

2s 

21 

20 







m . 1 ~  m m  - aoai am as1 a s  13 1 J 10 

ut#eœ -3 lzll QOOI am as1 am 1.3 u 1.0 

WmC-iS szi&WS rar Ooor Q9 Ut 0.S 01 0.8 Od 

W3am Isutis m aaoi 44) am O S  QI QI û.6 

umi.l2s, snwn ~ 7 8  aooi w o.sa 01 as m. a4 

u r m . 1 ~  tnm SN QOD~ am, QQ am as as a3 

Wm-12s mis15 Sn Mar a48 as as as as a3 

n7t.i~ =un a rn am W .  QY QI a# aa 
smtarnl maso la0 aoDi am w a34 QI a# 04 

Wm.11, SiUn Sio. QQ# a40 QQ QfS QI QI QS 
T 

n7t.ia mun fal Q4DI a 9  W .  as QI a# OS 

Urm.125 slM = U M  0.a A @s as3 QI a#- 0.5 











O.SI 
a5 

1-1 

19 

-3 

umr-la 
u m i - l a s  

irrSn-12S 

am. 
aun 
am 
3a18mss 

GI 

OB 

to 

= 
= 

m73aam3 

U n n - 1 s  

6imr-1s.  

iS651 

.= 
= 

si- =- 
m-. 

a3B 

Wm-12S 

-3 

Unn-1% 

mm 
M J n - l Z S  

aooil au1 QSI 

W73an613 ma.aO 5#I QQOl QU 0-s Qa 13 1.4 Q7 

U1111.12s mu75 m QODi am as1 aa a 4  as1 a3 
i 

M111-125 aaums sa 0.m a 0  0 s  0.a a4 as 0.3 
L 

m - 1 2 s  ma3q sw QOOL a47 o s  0.a w aJ as 
WmUm5 SfusO S l  QODi 0.47 O S  Qp Q I  0.5 MI 

7 

Snrn-laS Sn- = QoDi a47 030 w? a 4  0.5 QS 

snrn-ia m m  0.m @a a s  a27 1.2 13  
- -  

Q7 

W37l-US 35i- %6# Q00i a40 0.50 a27 la 1.8 1.0 

-ms maso sm -~ aa QQI 1.2, 1.s 0.7 

6inFi.lZS Snafn w QOOI 0.Y QY) U B  15 1 R 0.B 

6intl-125 ma375 jgn QOOl QU 0.1 aa W 0.8 0.4 

snrn.12~ masn QOO~ aa QU aa a7 ab a41 

-sr3 aa-- a~ 0.m m a  QU a20 15 1.7 aa - 
WmTl.125 aa4515 a0 QOOL a4  a47 aa 1s 1 1  a8 

--la ~nafn a m  a d  a47 a s  1 J 1.7 QO 

m~l.125 aa-. = 0.m a& 0.4 o z  1.2 ta 0.7 

m3m-m~ gtazso = QOOI o.& a o  aa a7 QI a 4  

snrn-m m m  a)1 am au art aa a7 QI 0.4 

~ 3 n . 1 2 ~  - 8 . ~ 7 ~  a16 QOO~ QU an a a  QI 0.4. 

u a m . 1 ~  mas5 QQO~ au a47 QZ) a7 QI a4 

o~na0.sm ~~] QQO~ au  am QP QI 4 4  

a a  
Q ~ D  

OJO 

_ #3 

m w -  - #s - 
S Q I ~  

= a m  

QQD~ 

m- 

m,-. 

QI 

0.8 

II 

43) 

Qi) 

03) 

QQDi 

Q1 

Qd 

Qd 

aa, 
QZI 

rn 

QSI 

Qj3 

a*[ w 

QI 

QOOl 

1-71 20 

al) 

aa6 
QU 

la 

1 3  

- 1.s 

QU 

am 

Q I -  

au 

m 

WIMl Qu 

QdDl 

QOD~ 

1.0 

19 

QI 

1.0 

0.7 

4 QI 

aa 
3.7 

1-7 

13 

1.7 

13 

0.S 

as 
0.S 

QOOl 

1.4 

1.4 

U 

la 
1.4 

1.a 

1.4 

0.1 

QI 

a7 

QQ~, aa 
-1 Qa 

























. - =mals n9 b ~ #  am as21 OJI ~4 as 
Ymici15 mLS15 no QQDl. a+ as2 as aa w 

am Q U  a s  a4 QS 

na oapr w 
-3 m8aa r(O QQDl .am_ 063 QSt 13 11  

unn-la m m  m QODI ami QO o ~ t  1-9 1.4 

UIS~-la maws am am QO QT . - . 1.7 9.u .- 
wmr.lls mam aa#l am os4 a s  .1a 1.4 

~ 1 3 3 ~ 1 1 ~  m- ne am1 a- au! 0.a 13 1.4 

u n a - i a  mm7s g ~ ~ i  am 0.w a s  QI QI 

utstr-12s 

unn-12s 

m7sa.m~ 
umr-las 

umtia 
utstr.1 a 
6mza.m~ 

a4 

a8 
a4 -- 
Q) 

1.0 

1.0 

la 
QI 

QI 

0.9 

as 
aa 
oa 
0.3 

a3 

0.3 

as 
as 
a3 

oa 
a3 

0.31 

0.31 
o s  
44 

0.5 

a3 

1.1 

0.3 

QI 

a3 

0.3 

=mals 

=mals 
=- 
m m  

mLsn 
smao 

- 

smm.875 

3 m l U ~  

UM1.11 

~ml.l&~ 

M m . 1 ~  

U n a a U l S  

U7W1.115 

aa 
QS) 

a31 

r sl 
1s 

2.0 

1.1 

as 
1 .la 

QI 

1.0 

QI 

05 

0.8 

1.4 

am 
41n 

an 
nn 
a74 

«n 

1.0 

a3 

Q7 

la  
QI 

12 

QI 

Qo 

sa2117 

m l 4 8  

=&mm 
lncln 

m 
m8mD 
QlUm 

la 
Ob 

1.3 

1 J - -  03 

OmG 

QOOl 

QOOl - 
4402 

4402 

Q# - 
0) 

m 
O) 

e0 

QI0 

1- 

1- 

4.1 

Il 

as 
QS 

~5 

0.5 

w 
1s 

QI 

OS 

20 

as 
1.S 

QS 

as 
as 
2 7  

2 7  

35 

1.8 

Q) 

1, 

1.4 

1, 

1.3 

QI 

rai 
1 

2.8 

QQO~ am 
QQO~ am 

am 

W. 

~ osa 
- a s  

QSI 

am 
QSI 

QSI 

QOOI~ 

a m  
QQOI 

ao# 

OJ 

as 
~5 

QS 

QI 

13 

QI 

QS 

1 1 

~s 

1.3 

0.S 

os 
05 

2 4  

24 

3.1 

9.7 

QI 

1 1  

1) 

1.a 

1.2 

Q7 

ra 
4 

unti-ia mwn Q Q ~ I  UQ QSI QS) 

u 7 m . m ~  m u s  an atm QQ) QSI a 
~1511-115 mun na a m  Q ~ D  as as 
wm.125 mun nrr aoor as a q  as 
umi-la muni 4 l e  QOO~ QJO ~ s t  ~s 

17.8 

l7J 

4# 

4.a 

am 
am 
W 

am 

- - 
UtSZDWS 

UMl-12s 

Mm-12s 

w?Sl.125 

mm406 

30725047 

S7?3aM 

-.am 
m . 1 ~ 5  

ormr  -1s 

6cISao.UlS 

eEnh-135 

Wm.125 

m- la  
-3 

Wl.125 

-1 -125 

am71.1s 

W S a & l S  

wmi.ia 

6&76l.ISD 

a s  
aa 
Qa 

431 

431 

a27 

QZI 

aa 
0.15 

a15 
44 

Q4 

44 

am- 

-0 

1Qo 

25 

23 

0% 

0% 

am 
am 
OSI 

OS) 

OS) 

aspl 
O S  

Ob0 

0.S 

as0 

OS. 
480 

tnuaf a QQOl OB0 W .  a 

QI 

QI 

Q5 

0.s 

QS 

0.S 

QI 

S S i w  

smslS 
9i6.ms 
m a m ,  

QI 

w 
as 
~5 

as 
OS 

QI 

4 l  

a16 

4 l 0  

HO 

OmG 

QQOI 

am- 
a m  

a- 
1211B 

imm 
jnwn 
mrsn 
fnw 

mm7S 

mwn 
snun 
101- 

=Un 
QlUS 

=un 
Ql- 

giasm 
mrjlb 

QQOl- -_ 
QODI 

am 
QQO~ 

QQOl 

QOOl 

am4 
m 
OmG 

QQOl.. 

QQ# 

mm 
QdOl 

am 
am. 

4lW 

418 

410 

an 
NQZ 

ItO 

M Y  

«a 
na 
am7 

4 1  

4 1  

go0 

QDi 

QOP 

4003 

QJO 

030 

a0 

0.m 

O S  

0.m- 
o s  
~ 5 0  

QQ 

QU 

Q I  

QG 

QI 

Q 4  

Q I  

Q I  

Qa 
44 

as7 
as7 

OS7 

0.s 

Qs 

OS1 

Qll 

0 . ~  

QY 

as 
as 
o s  
as  
QJI 

QSii 

as 
0 s  

as2 

Wa 

ma 
Q51 

-1 

0.m 

QS( 

am 
0.m 

am 
DJI 

DJI 

ml 
QSD 

as 
Qa 

Qa 

aq 
@a 
~ 1 )  

a2# 

0.1s 

0.4 

Q S ~  

451 













m . 1 ~  s l a s s  am QO~S a4  aa 0.n lu) 10.6 124 

m m s  m m  401 au aa ~ t r  m. a.0 a 
6#7#.m3 3tl- mm QQQl QU QI W O 75 50 

srtsl1.r~ slm 4610 QOO~ QQ a46 0.n 2s id 1.8 

U7Srl.125 sl- 1 Qo0l 44  a 1  1 1  1.8 12 

m 7 a a a t S  ~ i a a ~  a s  QQbi a43 Q I  O S  1- 144 *.O 

m . 1 ~  snoss rsrr 0.œ4 0.0 0.1 w 24 2.71 2.8 

847m.lS Sn- 415 m a42 O46 a s  @.O 1QS 7.1 

m . 1 ~  fn- -10 am4 AQ am as u 4.7 3 5  

wnaomts maa~  a l 7  am1 a42 am as4 2s 20 1-0 

m.*= 3xloLs7s -16 QO#' au aa a s  @.O 10.3 7s 
#mr.i* mun 410 û.œ4 a e  am 0.36 u 4.7 as 

I 
0mrl.lS Q'IasS m a  a0ai a41 a47 0%. 8.4 7.4 $3 

m a s  ~ i a a o  a QQW 0.41 an 0% u lai 7.5 

m . 1 ~  s ~ a s s  a m  a41 a47 m tt;l t4.l las 







- - - - - - - - - - - - - - -- - - - - - - - 

u73ao.m~ asis um 0.m~ ao 
m . 1 2 ~  m m  OSJ 0.025 am 
m . 1 2 S  SlaSn am O m s  a a  
m . 1 2 5  m6 4005 Q Y  

srtlaans' maas w oms a* 
d c ~ l - t s  

an71-1~ 

6CMtlSS 

p- - -  

, 

-- 

amr 
am 
O-m 
4 4  

0.48 

am 
am 
a& 

ma5n 
j01asn 
SnaSS 

73  

7 4  

- - - - 
27  

7s 

10.2 ------ 
la 

14.0 

a7 

tao 
0.6 

a32 

QS~ 

0.33 

455 

am 
QI) 

~9 

QI 

0.14 

QS 

0.34 

a s  
o s  
a% 
o s  
o s  
0s 

0s 

~m 

- - -- 
OÎD 

QID 

QSO 

QSO 

QSO 

m 
0.m 

ml 
MS10MS10811 

m. ia  
64737t.12S 

L 

64737l.lZS 

srnaarts 
ortYn.125 

6çnti.i~ 

647371,125 

~7320.n3 

6m11.1~ 

m i . r 2 s  

smri.ia 
647ao.m~ 

m.lis 

- ams QIS 

Lt 

&O 

- 

21 

ao 
la@ 
lS.3 

lso 
50 

1v.a 

10.2 

32l8,aO 

ftrm 

ftr- 

fZl8.375 

m m  
324- 

f2i- 

maso 
~iass 
~ i m  
rn8.s~ 
 laa as^ 

snr jn, ,  

m 
Sa 
51 

1.7 

4.7 

a7 
L4 

0.4 

3-2 

124 

124 

55 

50 

au 
7.1 

51 

$2 

a4 

13 

7.3 

s.5 

las 
u 
s.5 

as 
2.0 

20 

20 

4m 

WL 

a, 
Ya 

1111 

QO~S 

W 

72 

4.0 

11.2 

@.O 

4.2 

aa 
4 2  

m 
u 
a4 

12s- 

a4, 
4.t 

II 
- - - -  

21 

2~ 

22 

wsi.ia 
6 ~ m l . m  

wmams 
6 ~ m l . l ~  

m . 1 ~  

aa 
QU 

&O 

4.4 

12s 

1QS 

4.8 

75 

4.7 

ta1 

10-1 

7.4 

14.1 

7.4 

a7 

4.7 

2s- 
20 

za 

wtr 

llls 

1111 

rn 
cn 

m m  
: m m  

? =l- 

m o n  
=un 

QOlO 

QO~O 

QOlO 

Q00 

QO~O 

aaai 

QQS~ 

odar 

aaar 
0.m 

oaw 
am- 

a44 

aa 
OQ 

QU 

0.43 

a42 

QQ 

m. 
a 
an 

0.S 

am 
Q U  

a48 

QQ 

QY 

0.11 

QQ 

ao 
a a  

am4 
w 
am 

a41 

a« 
ml 
o.* 
om 

a- 
am 
am 

Q~I 

aa 
a47 

au 
au 

a47 

ait 

am 
en 
IR 

4n 

QQQ~ 

am 
9.4 

C41 - a41 

a41 

ail 
art 









ro 50 m - > 
Lsw &Sw œQ mon 1I1 SLCwba ÇfruUio 

CD so sa rn mu QPO m m  aa SLCWUS ~frusm 
ro SP S'b rn ICO QfD mm - ~wcm 
90  60 WU =O mm 090 rOOO El) - SLOoffLn 

80 r0 CO oC-0 OPD a6b POU0 EC S S W i a  e L ' K U W  

1-0 m Sm m op0 QI: rn L a P  s#wzc RL-KUW 

,O sa KO an OQO am rn aa m m  SZL-uuio 

1'0 CO QO m S u  go rOO0 Ua O5Z-D- r rereuro 
?-O r0 Io  150 wo mm 1" am mz-km mrv- 
BO CO ID rn pro am i000 WI OU-UUL ~OLWLLK 

10 FO PD rn S'-a V'O 1000 W )  rParr WVmU 

90 90 9D QID fFO mm OQQO ' S m  VWm SUIOP 

OZ sz 22 op0 mn or0 ~ 3 0  tu wos R L ~ ~  

Q'S 1'1 OP Or0 1ID QI'o mQ U), ÇLCms SZbuSLW 
- - -  

Br I V  O* op0 0 3  mu ieOP UI, wrs SzL-uUn 

O S  VL 13 4PO LIU L t O  MQO Usr S f n a  SZL-LLCLW 

QEL f O L  CSb 9PO 110 b.'o rtOO OU, Q5tOUC CIOOLPLn 

SUL LVb S L L  SPD LID L I D  iepQ a, UfBm S Z L ~ ~  

sr 13 L V  Sc0 LID &PD va0 O), EICBra SZL'CLUIS 
- 

O F  KA '3  oc0 am L* O rtDO LDs, sam2C aruun 
S'E VL 13 s.0 Da LV'D PmB W Q5fOm C LUOEPUO 

S-S LV L V  ,O LPD Bm.0 - Sic%= Ç t L - U W O  

r-c QI LV e-o WB 4v-0 1-a rsir PUOIEP Ç t L - L L c m  

FS SA 93 sa a a  a-0 m a  w EUOLZC SZL- LLUI) 

CS SA 81 rn QCD &D mu EO) OsZWba C W O Z K m  
1 

FE TL a* wco a n  ao mm L Q ~  sirem sr-u~ls 
L*I CD) os CTO sCD m-0 m'O aei, ~ U P  aL-UUlrO 

6.6 VVL 8th C ~ D  la3 un m a  o m ~  %sera: QL-LLUR 

OP nr QU fco au 'c)'o m a  a) mue CLOO~FL~O 
v 

 TL^ O' LS OLL CTO IIB 00 moa LEI, UPILOP arum 
SPC su eu cc0 mu a m  m a  am f~coiff  SZL-LLUPB 

CS 03 CL EEO WB a0 'OiQD 99) UcOIs 5LL-1LU10 
- 

va n b  FLL LFO m a m  m m  VSP ~ C L P  s r o o ~ ~ 1 9  
VL b S U  0 3 L  EFO U B  Fa Omm PO, S E W a  SfC'UUfO 

0 3 2  0.S @ff ZC-0 0 0  90  OWD ma SfSYm SLL'UUn 

L 1  O'CL OVL w-0 8'0 W-0 m'O &On SfCWUC RL'UUfO 

~1 SSL OVL w-0 a m  PD m g) m m  EIO~OLEL~O 

SZL PBL t l C  rn I D  EI'D StOD m a  SfSWrZL gL‘UU)) 

C I 
I 1 I 

tl r) Ca EED go wm dDD IOI cm- 
Zt 03 #* tPD 090 8P'O - rpir - SVL- . 
Y bL -L 8 3 b  rn HD fP'0 Omo m -a E t L u C U B  

s's 00, m zca L E 0  m'O ]a00 oar rOCOllt ORQDeE 















Archer, Dougias. (1996). personal commUnication Mayor of City of Regina, 
Saskatchewan. 

Armstrong, Brnd (1997). pcrsod communication. Senior Rural Pianner, Rural 
Municipaiity of Edenwold, Saskatchewan- 

Ashley, JO. (1 997). persona1 communication. GIS Technician, McMaster 
University, Hamilton, Ontario. 

Bradley, U (1 970). U v p  ReJpome Co f m  on Hedand Non-Med(Eo.sS 
14th Annual Manitoba Soü Science meeting. 

Camemn, DR, LS. Ctosson, and D.H. PoUock (1992). Amde8 C d  &&nent 
PLbt Shrdy NORMAC AES. Ud, Swift Cumnt, 

Saskatchewan. 

Canada/Manitoba. (1 997). Wafeï - O-Jr httur - A AMIS on WCT QudYty h 
Mmit& Canada-Manitoh Agreement on Agricuîtursil Sustauiability, 
Winnipeg, Manitoba. 

Canada/Saskatchewan. (1995). tan-p* - Ariur'e Stye. canada- 
Saskatchewan &ricultural G w n  P h  Agmement. (nrblic Education 
Pamphlet). Queen's Pninttr of Saskatchewan, Regha, Saskatchewan. 

Canadian Wheat W [CWBI. (1955-95). Cmp SacdadAaqge S&iir'h5ï. Wheat 
Board L i ,  Winnipeg, Nhnitoba. 

Ctnk of the M s ,  Canvention Centre and Auditorium. (1997). personal 
oommuni~tion. AdmlluAdmllustrative Services. Rcsino, Saskatchewan. 

C o b ,  Betty. (1996). personai cornmunicilth. Dkrctor, Watershed Strate*, 
Sask Water, Marse Jawt Snskatchewan. 



DcIange, Peg. (1997). p c d  comm1U\icafion. VWitor Services. Royal 
Sukatchewui Mustuni, Regina, Suhtchewan. 

Ebiin, Ruth A. and W h  R E b h  (1 9%). The Encyclopedia of the 
Envimonment. Houghton Mifflin Company? New York 

EIliott7 M g  H. (1997). p e d  communication Saskatchewan Trends Monitor, 
Regina, Saskatchewan. 

Ellis, JG., D.F. Acton, and J.S. Chyton. (1965). lbis of the Rcguia &p Azwa [721 
Siark;8f&ewm,L Sitshtchewan ïnstitute of PedoIogy- University of 
Saskatchewan. Modtm Press? Saskatoon, Spskatchewan. 

Foster, GR, D.K. McCoa17 KG. Renaud, and W C  MoIdenhauer. (1981). 
Conm&on of the Um*temd &il Lns Equsfr'on do SI Mefnc Umb. 
Jd of Soi1 and Water Conservation Society of Amenca. v.36, n0.6: 
355-359. 

Fria7 Arnold (1997). pe~sorud communication. Sewage Trritmcnt Plant, City of 
Regina, Sashtchewan. 

Wrgia Basin Initiative, Minishy of Municipai Mhy Minisüy of S d  Business, 
Tourimi and Culture, Pnwuice of British Columbia Urban Sslmon 
Habitat Rugram, and the R d  Estate Faundation (1995). I\hvCpat&g 
for SWk&&X@. Cuudiui Cataloguing in Publication Data 



Govemment of Sahtchtwan. (1996). JWar;Jiemn Wdlud Mdnrrlgwnmf 
ib&cy&& @uen9s Rinier dSasLatchcwan, Regina, SuLntchcwaric 

Hay, Andrew- (1997). persona1 communication. The Intemfiod u t i o n  for 
iand/Water S t e d p  in the Red River Basin, Winnipeg, Manitoba. 

Hek, Rod. (1997). p e d  communication. AdmuustR . 
br, Rural Municipaiity 

Herstein, H.H., ïJ. Hughes, and R C  hrbystm. (1370). CZkRqge and 
nie Hktayof clwda Prtntict-Hidi, Scarborwrgh, Ontario. 

Hogan, DL, T.P. Rollerson, and S.C. Ch*  (1994). G u l l y ~ m f  M n  
for BA%& COI&& fbm& (lirf- Meth&). Watershed Restomation 
Ptpgkn. Minishy of Envimnment, Lands and Parlu and Minuhy of 
Forcsts. Province of British Caiumbia. 

Hogg, W.D. and D A  A.. (1986). &hziZaU Rmpacncy Atks fm ClnnsCira, 
CPMdinn Clùnatc Rogroms, DoWllSYiew, onfario. 

Hudson, Norman. (1995). &il C ' ~ I I S R F ) ~ P ~ ~ O ~ ,  3rrdariI Iowa Store University Press, 
Ames, Iowa. 

Hutchkn, Bill. (1996). persona1 communication. Coundm7 City of Regha, 
Saslrafchewan. 

Kemn, Claude. (1997). pcrmd communication. 0 .  Admusmttor, Rud 
Municiflty of Francis, SsslcPtche~ 

Keeky, E.R and CJ. Walters. (1 994). 2 % ~  BnBniW GOIUlttbk WatRtShad Resmt3'on 
Rqpm: Summaty of the npaYncntsl Lks&n, Mom'f-, und 
Momtim P'-@JCS WmM-. MinUhy of Envhnmcnt, iands and 
Park and M h b k y  of F m .  Phvhce of British Columbia. 



kwis Jr., W i b m  M., James F. SIwurders D i .  W. ûmmpaeker St., and Charles 
B m d e c L t .  (1984). & ~ h r h r à t i i i  a d  knd Cs - M e  mon, 
& I d o z  -1- Studits Series #46. Springcr-Verhg, New York 

Mots7 HOC. (1965). A dD Un-- Suihfche~~n &ik Depsritment of 
Sail *cna0 University of Saskatchewan. Modern Pkess, e t o o n ,  
Sasbtchewan. 

Newton, Bob. (1 997). personal communication. Tourka Re& Ssskatchewan. 

Parsons, Anthony j. and Athol D. Abrahams. (1993). Owrikndtlow - H y h u l i a  
a n d W o n  M i =  Chapman & Ha& New Y& 

Paterson, j B k .  (1996). p c d  communidon Executivc Director, Wascana 
Cenh Authority, Regina, SPckatchewam 

Pentland, RS. (199 1). W-u Wlfer Muqgemmt Sfudy Water Resouk 
Consultants, Ud Regina, Saskatchewan. 

Pentland, ES. (1992). W-B Uk Wala Supply Eillhanc~nenf~ Water 
ksourcc cmsultants Ud Regina, !hsJlrtchewano 

Peterson, Arthur E and James B. Swan. (1 9 7  (IhÏYWSB[ &il Las &palion: Plesf, 
Rwmh and SSSA SpcciPl PubIication Numbcr 8. Soil Science 
Society of AmcriCa, Madison, wisoonsur, 

PFRk (1983). l u r d ~ î f o n r n d I S o l i l ~ t i m l r a r c r a n  rhec'slnadr'm 
Mi. Soil and Water Conaemtion B~rinch, Agriculture Canaàa. 
MC Farm Rithabilitation Admuustra . . tion Regina, SnsIcotchewan. 

PFRk . (1992). S h d  Ikm and Cb!ttsfnrdrdr~ Mimuil. Ptiairie Fann 
; Rchabîlitatim Administration, Regina, Saslrptchtwan 



PIRk (1996). & ~ I % T a i r V r r r ~ Q a c ~ - B % ~ f d ~ W I f e T ~ ~  
RrutatT M-&?an i tob r t  SoiI CarwcNOfion -ment- 
H y d m w  Report #I42. RMe F u n  Rchabîfitation Administrnton, 
R g t y s d m t c h e ~ ~ l l  

RiddeU, W A  (1992). ??ie OPIqrir md &irCJimenif d W~pavu 
SsslPitchewan T a r h ,  Regina, Saskatchewan 

Ripley, P.O., Wülwi  KnfMLcisch, S J. Bauget, and DJ. Coaper. (1961). &J 
WRR Ciy Wu-. Rabfication 1085, Agriculturt Cuiedr Minisüy of 
Supply and Servru, Ottawa. 

. Ritchie, Kenh (1997). pcmmd communication Admuustrator, Rural 
Municipaiity of BmVs LLe, WiIcox, Saskatchc~ 

. -  RoIlie, Danna. (1997). p e d  cornmunicatioh Adminishntor, RUAS 
Municipaiity of Sherwood, CMd Coule, Saskatchewan. 

Royal Commission on the Etturc of the T-to Wattrfirnit. (1992). R e g u d i :  
T~f~nfo's  Wut&fbzf .nd the iQ&zhbIe C Ï i  Minbhy of Supply and 
Sentices, Ottawa. 

Saskatchewan Deputment of Agriculture. (1964). BehhrmiiSry & ,  OH 
Cmpl~vi~;mmt uf lcgc Amv. Water Dcvebpment Division, 
conservation and Development Bmch. Regi~,  !hkatchtwan. 

Saslrntchew~n Department of lsgncdture. (1965). & p p I w ~ c ~ t d a y  an 
Impvvem~11f d Wlswu &tk  Arra Water Development Division, 
Consetvation and tkvclopment Bruich- Re,, Saskatchewan. 

Saskatchewan Science CentdIMAX. (1997). pianul c~mmuniuation. 
Communication S~MCCS and Vidor Tracking, Sahtchewan Science 
Cene, Rcgh 

Saskatchewan Whcat P d  (1997). personal oommunicatian - k h i e  Eiffcrt. 
Komsack, Sukatchewan 

SaskWatcr. (1987). Wdkr Co~a id  Ashhu~œ - ArE(PYn -le. 
1 Saskatchewan Water Corporofion, Mocae Jaw, Sasîmtchcwan. 



Sopuck, T k  (1997). p c d  communication. HabitPt HentagefG=nbanér 
RosRm, Depmtment of FIshencs, Winnipeg, Manitoba. 

Spncc, Linda (1997). p d  coramuni- Visitor Toun and Se1Yiccs. 
Saskatchewan lcgisiativt AsscmbIy, Reginr, Suhitchewan 

S U ,  J.E. and JL Este. (1989). &qpzirphic htikn~tian c ( L s i  An &n#ducft'on. 
mntia-Hnll. hgkwood Cliffs, New Jersey- 

Tanner, Edward W. (1 997)- ptrsonai communication. SoiIs and Cmps Ag~4@, 
Extension s e ~ a ,  Department of Agrîcuîtuze and Food, hdian Head, 
Saskatchewan, 

Tomlinson, RF. (1 976). C o n p u f ~ ~ ~  of Gugzaphii Dtk UNESCO. 

Tmeh, Frederick R, J. Arthur Hobbs and Roy L Donahue. (1991). 3Wmd Wofer 
m t i m  a d  rd Renticc Eqgiewood a s ,  New Jersey. 

Van der Rm Sim, and Sîuart  Cowan. (1 996). Ebftgid &S&R. Island b, 
Washington, D.C. 

Waïte, Don T- (1 992). Sfrrt- Water Suppfies - Alf~111318fe T ' i l - - G S  md 
SfigfMes. E b c d h g s  of the Seventh Biennial PlpihC Aquatic Rescarch 
Conference, CwdiPn PSains Rescarch Cene. University of Ritsino, 
Saskatchewan. 

W d ,  G.J., W.T. Vickrm and J. Grmel. (1983). Akbiirrlll Dauin hr;u'ks for 
Cima& eiLct of the Mounfi. Jd Soil Sciena vol. 
68. 



Wharf, Brion. (1979). ~ u n i u l l l l y  WonR h &sa& McClelland and Stewart 
LMited, TOtOnto, Ontario- 

Wischmeier, W.H. and D-D. Smith (1965). A.edlr'ï RainEatl W o n  L ~ Z V  
h m  û o p h d  &W of the Race  Mowtû&s United States Department 
of Agricuihur Handbook No. 282. 

Wkhmeier, W.H., C.B. Johnson and B.V. Crus. (1971). A - &il BzxiVbilrfy 
Nom-ph fm tannlinnd and ColtSIFrUcft'o~ S e  Jounial of Soil and 
Water Cansc~ation. v.26: 189- 193. 

Zale, Alenuder V. and David M. kl ie ,  Jr- (1989). n e  l%*achd-, Hors, 
md Aswu of litfetm&mf Arire S m  Unitcd States Deparhncnt of 
the Interior, Fiih and Wildlift Semce* BioIogicpl Report 89(5). 
Washington, D.C. 




