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sE)ÏgPSJÊ

This thesis, which fulfills part of ;he requirements for a

degree of M. Sc. at the University of Ì1an:toba, presents the results

of a study into some aspects of the geomo: phologr of the \^Iilson

Creek ExperÍmental r,'Iatershed. Data that bas been gathered in the

watershed over the past decade has been slud.ied. to deterntine rates

of erosion ín the escarpmental portion of the watershed and rates

of deposition in the l,'/ilson Creek Delta.

Studíes based on sedirnent tlansport r ata v¡ere macle to determíne

the average arurual rate of sediment translrort over the past ten

years which includes the influence of a hladwater detention basin.

Studies were also made to determine the e..'fect of the headwater

reservoir in reducing the average annual ;ediment discharge.

The annual cost of headwater storage in the l{il-son Creek

Experin:ental. \'latershed was d-etermined and compared to the reduced )

annual naín1;enance costs in the artificia i. drain through the hlilson

Creek Delta,. It was found that headr¡ater storage eamot be justified

on sediment discharge reduction alone. H,rwever, evidence Índicates

that reduct'.on in flood damage accniing t:r such storage is probably

significant and warrants further stuCy"
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CHI\PTER I

[his tþesis presents the resu].ts of r preì.iminary study of the

geornorphological processes of streams on ',he Manitoba Escarpment,

in an attempt to explain erosion and sedir entation phenomena of such

streams. Arr estiraate has been rnade of the amount of materÍal that

has been eroded frorn the escarpnental- porl.ion of a watershed since

deglaciatÍon. Existing topographic and sr ratigraphic data have been

examined. in order to determine the quantír y of material that has

been deposited at the base of the escarpmr,nt durj.ng this same tirne.

Data gathered with respect to sedÍrnent discharge has been exaníned

and an estinlate nade of the average annua. sediment load of the

stream. An ad.d,itional study carried out : n the course of this

investigation has been an attempt to anal;.ze the effect on the

average annual anount of sediment transpo:'ted. by the stream of a

flood detention basin Ìocated ín the head.-waters. The reduction

in sediment discharge attributed to the d.r.,tention basin has been

related to 1;he reduction in the average a:rmral cost of maintenance

of land. drainage works at the base of the escarpment in order to

partially airpraÍse the economic feasabili'';y of detention basÍns in

this particrlar environment. The benefit'r of the d.etention basin

considered r¡ere limited to the effects of the flood storage reservoir

in reducing the sedínent infíll in the dr,rins, and no attempt was

made to eva.r.uate the reduction in flood d.rimage that would result



2

from such resr)rvoírs.

In L95?, the !/i1son Creek l^Iatersirecl war; selected for a ttetailed

hydr.oneteorlo ¡ical study to determine if mé¿tsures in the head-

waters of esc irpmental streams could be eff:ctive in reducing flood'

and erosion. The v¡a.tershed was intensively instrumented to measure

rainfall, runrff, sediment production and t.re ground water regime.

Geological, slils, and botanícaÌ surve)¡s weee also camied' out' At

the same time, a number of works vlere constructed to determÍne if

such aeasures as d.etention dams, st:leam bed and bank protection

works, etc., ooul-d be effectjve in controlling the floodíng and

erosion probJ ems. The data gathered since 1959 ín the i'/ilson Creek

ExperÍmental riJatershed were used in this study.



General

The l{ils rn creek Experimental ]¡/atershe,l is located on the

eastern slope¡ of the RidÍng Mountain withi:r the Riding Mountain

National Park,

The drainage area within the National ?ark Í.s J,440 acres.

Downstream of the park boundary the stream is confined in an

artificial drlinage ditch to the point where it enters the Turtle

River. The lrcation of the l/atershed. is shlvn in Fig. 1.

læssrsr 4x

the topcgraphy in the experimental r¡atershed is typical of

watersheds lying on the Manitoba Escarpment. (f) (Z). The upper

catchment area is located on a relatively flat plateau at about

elevation 2rt1OO feet, and from here the l-ani fa1ls rapidly, dropping

about 11300 feet ín four rniles. Fron elevation Lr000, which rouglily

marks the present limit of the alluvial- de¡,csits from the escarpment,

the land fall s gently torvard the northeast to el-evation B!0 at Lake

Dauphin. the middle watershed, between the plateau and the alluvia1

C]ÍAPTER. ]I

THE \,iIT,SON CRûEK EXP¿n]UÐNTAL I'JÁ.TERSHED

(f). G. H. I{acKay and C. R. Stanton--hlilson Creek Study Erosion
and Sediment Control, Proceedings Fourth H:'Cro]ory Symposiun¡

Hydrology Sul,di sisÍon, N. R. C. --1964"

(Z). G, H. Ì,facKa¡r--Wilson Creek Expet imental t¡Iatershed--

unpublished ¡aper presented to the l-966 anrual General Meetingt
E.I.C,, Itfay¡ 1966.
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fan, is deepl;r insizetl and cut b¡r a mrmber of draws and coufees

tributary to 'ihe main water-courses. The main streams are cut

into the bedr,rck shale in deep, v-shaped va1le3-s, four to five

hundred feet leep. These topographic deta{-Is are shown on Fig. 2'

Geolosv rnd Soil-s

A surfac: nantÌe of unconsolidated glacial drift of rock

¡naterials cov:rs the bedrock forrnation throughout most of the

vatershed. B:drock exposures occur in the deeply insized channels

of the nain wrter courses. The rock formations immediately under-

lying the gla:ial drift and those outcropping aLong the vater

courses are shales of the llpper cretaceous peri'od.. ftwo phases

of the Riding }lountain formatíon, the }fillv¡ood and Odonah, occupy

most of the surface contact area. lhese consist of light Sreyr

hard siliceous shales and soft greenísh shaLe cla¡r. Dark grey

shales of the vermillion River and tr'avell- formations underlie

the Riding l'lcuntain

the lov¡er po::tion of

Glacial till in

fornations or;er most

deposits, cotiposed. mainly of shal-e fragmertsr occur on terraces in

the creek va--le¡rs in the lower portion of the watershed. shaLlot¡

peat depositl cover the g1-acial till in el'.closed depressions in

the upper par't of the basin.

A detaiì-ed reconnaisance soil surr¡ey of the watershed was

undertaken írr 1958. Ten soils types r,sere Íd'entified and' mapped

d.uring the srrrvey. The soj-l srlrveJ¡ j.ndicr.ited that the r-ratershed

shales an.L contact the surface deposits in

the r¡atershed.

the form of end. moraines cover the bedrock

of tire watershed. A. narrow strip of alluvial
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may be divÍded. into two segments for consideration of runoff and

erosion probiems insofar as soíls influence these phenomena,

The midcle portion, comprising the steep slopes of the escarpnent

eonsíst of w,ìpus soils and. taLus slopes. '-hese materials are quite

permeable to water a.nd. do not contribute m¿terially to surface

runoff. Ilovrr ver, the shale fragments, whi(h constitute the bulk

of these matr ríals are veTy susceptible to erosÍonr especial-ly

through scou:' on the banks of the creek ch¿,nnels. It is this

portion of tlre watershed that probably con1,::ibutes rnost of the

coarse sedintnts that are found in the str(:am.

The upp,rr portion, which consists of :'iner textured, relatively

impermeable ';oi]-s, probably contributes a rrignificant portÍon of

the surface .mnoff. Ïfgvrever, most of thesc areas are stabilized

by vegetatior and very Iítt1e erosion seemii to occur. A few

recently ero led gullies ma;r be observed on the val-ley slopes along

the south bnrnch of BaLdhill Creek, and. th )ser no doubt, contribute

sone of the finer sedimentso

VeEetation

Both br,¡ad and detailed stud.íes have ',:een made of the exist:"ng

vegetative c)ver in the v¡atershed by Ritchie, 1958. lhese involved

both field studies and air photo interpretrtion studies.

on the upper plateau, the cover is primariì-y an open forest

of har,lwood.; and spï'uces r.¡ith some a¡eas c'f shrub. T|e upper

escarpment slopes hage a aore or less clos:d cover of mixed forestt

made up chiefly of whi.te birch and aspen prplar rvith local stand-s
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of coniferous trees. fhe mid-d-Ie to lower portion of the catchment

is occupied by young stands of deciduous 'l rees dominated by white

birch and aspen poplar. fhe forasted. parl of the lower delta

abutting on the escarpment bea.rs a mixed 'igorous forest with

varied assortrnent of conifers ancl hardwooi s.

Climate and Runof-f

the general climatic conditions prev¿.iling over the area of

llanitoba in rshich the watershed is locatet., are sub-hunrid with an

average annual precipítation of about 18 :.nches, and a nean annual

temperature of about J5 6egrees Fahrenhei;. Approximately 14

inches, or about BO/" of the annue.l precip:.tation falls as rain

tturing Apri1 to October, and the remainin¡1 four inches as sno\^'

during the r.¡jnter months.

Throughout the general escarpmental .'egion, the summer

precipitation often occurs during sharp, intense thund-erstolÛìs¡

îhese are usually centered ot'er the highe:: portion of the

escarpment and often are extremely local. Rainfall intensities of

.up to four .inches per hour for short peri?ds of time have been

ueasured in the watershed-.

Runoff fron the watershed occurs as å result of the meLti'ng of

the winter snorl/ pack, precípitation from; frontal storms in the late

spring and. ear1y surnrner, convective stoTms during the early and.

míddl-e sulflrÌirir', and mild frontal storm ac.'ivity in the late summer

and. faIl. Ihe average annual runoff fron the watershed during the

period 1959 to 1968 has been about four inches, Boy'" of r'¡hj-ch occuÏs

during the months of Þlay and Jnne.



General

It is general-ly accepted that the las t of the thick continenta'l-

ice-sheets that covered. the northern part of North America prior

lo IJr000 years ago melted away from the Fiding Mountaín area prior

to 131000 years before present (8.P.) (l)' The ice mass as it

noved over the ManÍtoba escarpment alterec the eristing land'scape

by filling pre-g1acj,al valleys with glacie 1 debris and eroding high

areas. It may be visualÍzed that immediar e1y subsequent to d-eglaciatíor

the escarprnent was plastered with a mantlr. of glacial drift so that

the surface of the eastward facing slope r'iould be relatÍvely smooth

with only very ninor relief. (4).

Glacíal Lake Âgassiz was formed as a result of the wasti'ng of

the continental icelsheet. As varíous our;1ets to Lake Agassiz

were formed the lake reced.ed and- by 11,00i) 8.P., the lake had

receded i¡ 'l;he region of the Riding l{ountain, to v¡hat may be

consíderecl -r;o be the base of the Manitoba escarpment.

GEO}'IORPHOLOGY

CHAPTER T1Ï

or EE_wrlsotl._Ç R.EEK l/ATERSÏftlD

(f). Life¡ Land and 1^/ater--Proceed-ings of the 1966 Conference

on Environm:ntal- stud.ies of the Glacial l,qlçs Agassiz region edíted'

by !I. J. Ila;¡er-0akes, 1966.

(q). ?ersonal cornrm:nication--Dr. R. KLassen, Geologiss] surveyt

Canad.a.
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Wilson Creqk Delt.a

Immediatel¡r subsequent to deglacíaticn, erosion of the sLopes

of the escarpmetlt commenced. The eroded. n aterial was carried do'rm

the sLopes end deposited in the glacial litke. [hese lacustrine

deposits would have been uniformly washed along the lakeshore and'

worked by waves and by littoral dríft" Alter the lake receded, to

below about elevation L1100 (ftrOOO B.P.), the eroded material was

tleposited. in the lagoons and swamps left I ehínd various beach ridges

of the glaciat l-ake. These ridges, which may be readily traced on

present day aerial photcgraphs, (il, ínhilited drainage and the

uaterial was deposited. ín a series of coal escing deltas along the

base of the escarpment. An examination oJ'Fig. 2 shows plainly

the shape of the l,filson Creek delta by the "bulgingt' of the 
"or"tor"

1ines.

From the events described above it rni y be concfuded' that two

distinct sections of the Vilson Creek del''a may be identified'

The base of the delta being the bed.rock slrale surface or the surface

of the glaci.al deposits remainiig after tlre passage of the glacier;

immed.iately on top of the bedrock or tíll surface one r"'ould expect

a Layer of l.acustrÍne deposits overlain b.'a layer of alluvial

deposÍts. ,\rI examination of the logs c¡f ';est holes in the delta

area, as pr()sented in.A,ppend.ix 1-, confirml this sequence of depositj'on'

(¡). ¡i mosaic of one ínch equal-s one mile aerial- photographs
rvas matle fo:: this stud¡r. Because of repr<,ductioir problemst it is
not includeri in this thesis. The mosalc úìa)¡ be examined by request
to the auth.rr.



It may be visualized- that the erosion process on the

duríng the period that the glacÍer was wasting irnmediately

north of the F.iding Ì'lountain region would take place at a

rate. The cl-nate adjacent to the cold- lake and the

the gLacier wc'uld be extremely humid' (6) with annual

rnuch greater 1;han today. It has been postulated that

time weather ¡ratterns were such that moist air was circulated fron¡

the south wes'; area of North America and was brought into the area

immediately s0uth of the front of the glacier. In add.ition,

immediately strbsequent to deglaciation the slopes of the escarpment

woul-d be bare of any vegetation resulting in the opportunity for

rapid erosion, As a result, Ít might be expected that the Lacustrine

tteposits in t.le delta would be mucÌ: thicker than the overlying

alluvial depo:its. These alluvia} deposits occured after the

glacier had r:ceded a considerable distance no"thward so that it

wouLd. probabl ¡ not have a significant effect on the local climate

in the Riding Mountain aTea, hence, annual precipitation would be

reduced and, in addition, a vegetative cov,lr would have developed

on the slope of the escarpment giving some aeasure of protection to

the steep slc,pes. An examination of the test hole logs shown in

Appendix 1 bears out this hypothesis. For example, test tlole 69'5

(see Appendi> 1) indicates that the lacustrine deposits are thirty-

fíve feet thjck, while the alluvial deposjt is only about'eleven

feet thick.

(6). L5 fe, l,and. and l{ater--opp. cit.

9

escarpment

to the

rapid

front ofcold

precipítation

during this
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In order to determine the amount of material deposited during

the alluvia1 J,hase of the 
.forrnation 

of' the del-ta the existing

topography as shovm on Fig. 2 was examined carefully along r^¡ith the

stratigraphic information presented Ín Appundix A. As shor'¡n in

Fig. 2, an apProximation of the pre-alIuvial phase topography was

made. The pr,rviously rnentioned aerial mosaic-was extremel-y helpful

in d.elineatin,¡ the periphery of the al-Iuvial phase of the delta.

As will be se:n on Fig. 2, t)he pre-alluvial surface llas assumed to

have a west-e¡st slope simiLar to the existing slopes adjacent to

thedelta.TrÍsassumptionagreesquitewel]-withthestratigraphic

d.ata, It nill be noted that the depth of the alluvial ¡naterial-

as plotted on Fig. 2 agrees general-l.y r¿ith the pre-alluvial surface

as shown by the dashed contour lines.

In order to determine the volume of the alluviai rnaterial,

the area betv een the pre-al}uvial surface and the present surface

r¡as estimateC at thousand foot intervals acToss the de1ta. It is

interesting 1 o note that a buried beach-ridge of glacial Lake

Agassiz was (bserved on the lower portions of the cross-sections

made to d.ete:'mine thesê âTeåso From the elevation of the beach it

is suggestetl that the buried beach was formed during the campbell-

Phase of laku Agassiz, flr000 B.P. (Z).

The tot 11 volume of alluvial mate::ia:. determined as outlined

above amount:td. to 140 nillion cubic ¡rards. If it is assumed, based

(Z), Life, Land and Water--opp. cit'
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on the stratigraphic da.ta presented in Appendix Â, that the lacustrj.ne

phase of the delta is approximately twice as thick and has about the

same aerial extent as.the alluvíal phasô, ühen it rnay be estinated

that the total volume in the Wilson Creek Celta above the post-

glacíaI surface is between 400 million anc 500 million cubic yard.s.

Erosic¡n of the Upper I{ategshed

Numerous creeks have devel-oped on the upper watershed, particu-J-arily

in the escarpnental portion and. are disec'l Íng it by headward erosion.

These creeks first d.owncut into the tillr and when enough tilI is

exposed, it slides into the creek (B) ana is carried away, but the

boulders, being too large to be easily tre,nsported, remain in the

creek bed. Continuous do,n'n-cutting expos(js the bedrock and when

sufficient bedrock is undermined. j.t too w: 11 slide into the valley.

fn this case, the overlying tiII and the l,edrock slÍde into the

creek as an amorphous mass leaving isoJ-atr,d buttes like Baltlhill.

The creek soon cuts dor+n through the tíIl and forms a terrace.

The determi.nation of the amount of mr'terial eroded. frorn the

escarpmenial portion of the v¡atershed requ.ires that many assur,rptions

be made. Tire tu¡o primary assumptions usecl in the estimate made for

this study rrere:

1. Thc surface subsequent to deglac:'l-ation v¡as rèlative1y smooth,

' 2. Erosion of the rim of the drainaile basÍn has been insignifican';o

(A). I'ers. Comm.--Dr. P. A. Carr, Geological Survey of Ca.nada.
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Cross-sections at Lr000 foot intervals of ihe existing surface were

rnacle from the uppermost portion of the vrat >rshed to the Wilson Creek

delta utilizing the best evailable topogra:hic maps of the vratershed.

These maps r{.lre prepared by photogrometric means and are considered

to be reliabl-e and accurate. Based on the two above mentioned

assu-mptions the post-glacial surface was superimposed on the cross-

sections of the existing surface.

It was noted that the southern rim of the watershed is generally

higher than the northern rim. It was poslulated. when drawing the

postglacial surface that a general south 1 o north slope prevaÍled

on the escarpment after deglaciation. The' areas between the ti'¡o

surfaces Here conputed for each cross-section and the volume between

the two surfaces was cal-culated to be 450 mittion cubic yard's. It

was therefore concluded that during the pr:rriod betr¡een deglacíation

and the present, about 131000 years, a to';al- voLume of 450 million

cubic yards of til} and shale bed.rock has been eroded from the

escarpmentaS- portion of the Wilson Creek'ratershed.
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CHAPTER IV

SEDN'IûNT TRÂNSPORÎ

Measurelents of the sediment discharge of 'l{ilson creek were

initiated. in L962. At that time a program of suspended sediment

measurements v¡ere initÍated at the maÍn hyd.rometric station at the

boundary of 'lhe national park (see Fig. 2).

The sed: ment load of a river is composed of ¡naterial that is

moved along ihe bed of the stream, along v¡ith finer material that

is carried b¡ the stream in suspension as a result of the turbu.lence

of the flow. The suspended. loadr as measured þy accepted rnethods

and using thr; avaiLable instluments, does not include the bedload.

Visual obserations niade of the sedirnent transported by hrilson Creek

indicated thirt a significant anount of material is transported along

the stream b,rttom as bedload. Instruments have not been developed

to measure qrrantitatedly the bed,load transport of a stream and since

an indicatio:,1 of the total sedj.ment tratisport of ililson Creek was

necessaty it v¡as decíded to adopt a methocì. of estimating the total

sediment loa,I. In 1962, .a small in-channoL weir vras constructed' a

short distan':e downstream of the hydromet::ic station at the

Park boundarr in order to "trap" the sedi;:tent carried by the strearn.

The reductio,r in stream velocity resultin¡5 from the backv¡ater caused

by the smal1 dam causes materiaÌ in suspelrsion and moving as bedload-

to be deposited.. Ileasurements of the vof¡me of material d-eposited

in the reseryoir over a gíven period of time are made and the volume

compared to the amount of sedÍment measur:d as suspended l.oad at the
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hydrometric station for the sa.me tÍrne period" trr¡hen the reservoir

behind the "sil-t trapf is nearly filled, tre deposited material is

¡nechanically removed from the reservoil 'ar I further measurements

of sediment infill are made.

During period.s when the I,/ilson creek \^/atershed produces large

flows as a result of heavy precipitation, the 'rsilt trap" becomes

filled and a portion of the sediment load is transported through the

reservoir and over the daur and ís depositr,d somewhere downstrean'

The volume of sediment deposited during srich flood periods is not

measured. The following table ghows the :,.'esults of the calculations

nade of the vofume of material deposited ''n the "silt trapil as compared

to the voLurne of suspended. sediment measu:ed at the hyd'rornetric station;

PERÏOD

June 2l-Sept. 9
t65

Sept. 14-Se1rt. 20
,65

April ll-taay 16
166

May 2J-Sept. 12
t66

June 6-Âug. 20
r6B

MEASURED SUSPENDED

sEDri'rENT (roNs)

798.)5

9r9.5r

850.26

)50.46

7r4,70

SHA],]Ì DEPOSIT
(cu . ms. )

tl]-þ.2

1Ðr3.1

L)66,65

?65.73

58r.62

sI{Àl,E DEPOSTT (rOUr;)
(based on a weigh; of
105 lbs. per cu. ..t. )

IT53

1440

I525.30

r0g4.gg

831. ?1



the "silt trap" represents the total sedin':nt 10ad. of the stream

during the measurirrg period and the'vol-üme of seCiment measured as

suspended. lcad at the h¡ldrometric station is the suspended l-oad of

the stream during the same period. 'Ihe a\ erage of the values shown

in the above table indicate that the susp€ nded sedinent load' as

measured at the h¡rd.rornetríc station repïesents about 55/" of 1,he

total sediment load of the stream.

3ed1oat1.

there are many imperical relationshil's that have been developed

over the ye¿ìrs to calculate the amount of sediment moved as bedload

by a stream. llost of these relationships are based on the following

paraneters:

Í. the composÍtion of the streambed

ii. the flou conditions near the bed

iii. the sloPe of the.streamb:d'

T,wo comnonl¡r used. formulae were emplc¡red to calculate the

bedload of bhe l,/iison creek at the park bcundary to compare the

results to bhose obtaÍned by the ¡leasuTem?nts described- above for

'the ftsilt trap". These two form-rlae usEd were the Schoklitsch

Formula and the shield.rs Equation. (g) (io) rn order to use the

It nay be considered that the volume of sediment deposited

t5

in

(g). Computation of Total Sedime't Ðisc¡arge Niobrara ftller
near iãay, llebraska, u.s.G.s. ,[,/ater suptrly Paper N.o. 1357-1955.

(fO). Handbook on the Prínciples o1 Eydrolog;u-Editor-i'-
Chief, D. I'r. Gray-fn Press.
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bedLoad. formuLas it is necessarJr to know the particle size

distribution and the unit weight of the material in the strearn

bed at the point where the bedload is to t: estimated. Accordinglyt

bed rrraterial samples were obtained and arurlyzed. The results of

the particle analysis are shown in Fig. l. (ff) the Schoklitsch

Foruula is:

Ín which

o = ( rv) ( r:'5 ) ( e - o.oofiz

G

D5o

s"

}T

a

= discharge of bed. material, in lbs. per second

= median diameter of bed part: c1esr ín inches

= slope of energy gradient (ta'.ken as bed slope)

= width of stream at measurin¿; sectíon, in feet

= water d.ischarge, in c'f .s.

The results of the cal-culation usÍng the Scholclitsch Formula

are shor¿n ilr the follovring table i

,.þr
e

(tf ). Pers. Cornm. Ilr. C. R. Ifil.19r, U.S.D.A. ' Sedimentation
htoråtor;, Oxford, l{ÍssissippÍ, 1964, (d:ceased)



Q (cfs)

1

5

10

ci lf /sec/tt.

.0000120

.000134

.000326

.00194

.00399

.00805

50

100

200

similar values r,¡ere found usÍng the s}'ield.rs Equation. Both

of these equ;.tions were developed for rount. quartz particles. The

bed.load carr:.ed by 1^/i1son Creek is prirnari-,y shale, vrith a specific

gravity of o:rly about ?O:/, of granite. The shale particles are

round, flat ihin plates. observations ind:-cate that because of

their shape, these flat shale particles aTí) moved rnore easily by

the moving wrter than are round particles. It can be observed

that the shale plates tend to.be set in mltíon easier and once in

motion are c:rried at a greater distance b;r saltation. In order

to correct the vafues calculated from the,rboge forntulae, a shape

correction factor based on the tnedian particle dianreter and the

ratio of the volurne of a sphere conpared tr the rrolunle of a thin

plate was calculated. Applying both the ueight coffection factor

and the sha¡,e correction factor, the value of the bedload transpor:t

of 16 tons 1,er day for discharge of 100 ":f'.". 
was determined.

This compart:s with the value of about B0 1,ons per day calculated

from the vo-;ume deterrninations made from the "silt traptt data'

Gt Tons/day

0,01296

0.144

0,)52

2,09)

4.Jtz

8.688

L?
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It was found in the Ìdiobrara River study (fZ), that "at low discharges

of sediment the measurecl and computed tonnrges agree fairly rvell;

'.:but at higher sedinent discharges the bomprted. tonnages are much

Lower than the measured tonnagest'. Ihe c¿,lcu1atÍons outlined above

indicate the same type of dÍscrepancy for iúilson Creek. For this

study, the results of the measuïements maôe on the sÍ1t trap have

been used in order to determine total sedjment transport.

Avelase Annual Seêiment Transport

It is possible to predict or estinrate the probable long term

sedíment yield of a drainage basin with a fair degree of confidence.

the flow duration-sedÍment rating curve mt,thod has proved a reliable

means of determining long term sed.Íment y::.e1ds from watersheds.

ThÍs procedure involves the plotting of a water-sed.iment relationship

and the developement of a flow duration clirve using availa-ble

stream flow and. sediment sampling records. Fig. 4 shows the relation-

ship between sediment discharge and. water díscharge that was d.eveloped

for the Wilson Creek h¡atershed. This rel,rtionship was based on aLl

the suspendr:d sediment data that has been accumulated since 1962.

The majorit;l of the measurements were mad:: during the period May

to October ,rnd very few measurenents were made during the spring

freshettes. The sed.iment measurements in,:lude onl-y the suspended

load and r¡ere obtained by conventional suspended sediment samplers

using the Cr:pth intergrating method with a few determinations using

(fZ). Computation of Total Sec1iment Discharge, Niobrara River
near Cody, Nebraska--opp" cit.
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the point int.:rgrating sampler. No bedload estimates are included.

in the sedime:t discharge. The following trble Índicates the re-

lationship thrt was d.eveLoped based on at'straight line least

squares"determínatÍon of the logarithms of èhe ind.ependent and

dependent variabLes, the water discharge in c.f.s. and the sediment

discharge ín tons per day respectively:

ÌIeter-Se{imer t-Eel{Lion For hrilsg4

Number of Obs ervations

Dependent Var íab1e

Independent r ariable

Intercept

Slope of the line

Correlation (ioeffi.cíent

Adjusted Cor:'elation Coefficient

Std.. Error o:rl Estinate

Ad. justecl Std. Error of Estirnate

Creek 
-Ex 

pecimental t./ateÄghed

tn6
Susperded Sediment-Tons Per DaY

Ifean c aily d.ischarges c. f . se

-1. L9(,12

r,67i'o)

0.901 64

0.)Ot,'55

0,49'-t68

0,49'.'¡68

It will be noted that the corrected c,refficient of correlation

i.s fairly hi ¡h being above 0.90. [lhis ind icates that a good

correlation nas been developed. The coeff 'Lcient of determination

Ís about 0.Bc indicating that 80y', of the v.lriation in sediment

discharge ma¡ be explained by variations ir water discharge.

Hoi.rever, it rvill be noted. that the standalrl error is fairly large

being 0,49368 log units. rhis indicates trat tliere is a fair

degree of scatter of the Points.
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In order to determine the change in tht: v¡ater sediment

relationship lrom ¡rear to ¡rear, the d.aily srldiment versus daily

discharge wer ) plotted for each year fór th,-' period. l-962 Io 1968

and are shov¡t on Figrs J and 6. In each ca;e attleast squares best

fit linet'of tle logarithms of the variables was made. Ït will be

noted that th )re is a shift from year to ye rr of the relationship

between sedim-.nt d.ischarge and v¡ater discharge. This is probably

due to rnany f:ctors, such as; time of the y:ar of storn producing

rainfa1l, int,.nsity of storn producing rainfa11, antecedent noÍsture

conditions on the basinrand mar¡y others. I{rwever, the indications

are that thera ís not a signifi.cant shift ir one d.irection

indicating a progressive change in the water sediment discharge

relationship.

flow curation curve using average daily discharges l'as

prepared for the discha::ge data obtained. at the hydrometric statj-on

at the ?ark toundary. The flow duratÍon celculatíons vlere mad'e by

lir. M. sydor of the university of l"lanitoba, cívÍ1 Engineering staff

on the Unive:.sity 360 I.ts.M. computer. The computer program and

.calculations are described ín Appendix 2.

lhe inc:.emental combination of the tr¡c curves i.e., the flow

duration cur1,e and the r,¡ater sediment disclarge cuTve produces an

estimated 1ot:g term sediment yield as showt, on the tables j'n

Appendix l. 'fne average annual suspended l'editnent transport is

4.68 tons pe.;,day and thís is based on a s¿ìmpling períod for the

suspended serÌiment of seven years, 1962 to L96B and the sampling of
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the dail-,v discharges over the period 1959 t'o 1968. This figure

does not include the bedload portion of the total load.

If the figure that was d.etermiired.'from the "silt trap"

measurements for the suspended sediment po"r:tion of the total l-oad.

fs applied tc this figurer a val-ue of B.Jl tons per day is

obtaíned. If it Ís assumed that the sediment prod.ucing periorì. each

year is 200 iays, thetr an average annual totat sediment transport

of 1rf00 tons is obtained. Based on a d.ensity of the sediment load

of 105 lbs. 1,er cubic foot (f3) the average annual long term

volume of ser iment carried by l'Iilson Creek under existing

conditions is 1r200 cubíc yards.

Total St,tlimen-t Transport duríne Al-Iuldal Phase of lel-ta ForrnatÍon

As outl:.necL previously, the alluvial phase of the WÍlson Creek

Delta ¡u" þeon in the formation stage since about 111000 B.P.

Bdsed on the above.calcul-ated average annue.l total sediment

tra.nsport (s'rspended sediment load plus bedload) and a foruation

period of lL,000 yearsr a total amount of material- of 13r2001000

cubic yards ls obtained.

It will be noted that this figure is considerabl¡r less than

the anount of material that was estimated previousl.v to be in the

alluvial porbion of the tt¡ilson Creek De]t,r. Thj-s descrepancy is

probably due prirnarily to changes in clim,lte over the last 11r000

years. As noted. above, the figure of 13r2001000 cubic yards is

(ti). Pers. Cornm. C. R. l4i11er--op,c. cit.
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baseà on a sempling perÍod of onl-y ten yeals. Thê cl-Ímate over the

regÍon has v¿ ried. d.rastically si.nce the beE'inning of the formation

of the alluv:aI phase. For example, it is stated in "life, l,anrl

and h'ater" (.'4) that since JJ¡ B.C. there i ave been seven climatic

epísodes ove:,the region occupied by glacizl Lake 'A'gassiz that are

readily iden;ífiable. Each of the clirnatic spisedes is characterizerl

by a definit,r precipitation regime varying from extremely wet to

arid. Becau;e of changes in the climatic :.'egime during these

periods, the:e woul-d be vast differences i¡r the rate of annual

sediment trarsport by the creek and theref,rre the rate deposition

would alter flrom climatic episode to clima;ic episode. This

variation in the rate of d.eposition may be seen in the photographs

accompanying this thesis. Photos / and. B ¡hor¡ exposed banks of

the creek through the delta area and. definLte ind-ications of

changes in the rate of deposÍtion may be saen by obvious change in

particle size and the color bands.

(ft+). T,ife, Land and Water--opp. ci';.



CHÄPTÛR V

SALDHIIL RIISEIìVOIR

.Description

In 1960, studies were initiated to determine if it would be

feasibl.e to develop storage in the headv¡alers of ''"/ilson Creek. (t¡)

lhe studies indicated' that careful develoJ;ement of adequately observed

storage reservoirs in the headwater areas would Serve a twofold

purpose, namely, controlling a potential rrource of flood- prod-ucing

rr¡n-off and furnishing necessary informat:'on to clarify conclusions

with regard to the physical feasibility o'' the construction of

detention basins ín the headwaters of esc,rrpmental streans. A

stud.y of ae::iaL photographs and topograph i-cal maps of the upper

portÍons of the watershed Índicated a num ¡er of potential sites

for headwater storage developement. Thes,¡ sites were verifíed by

field reconnaissance. They were open bog;y rneadows locatecl in the

upper part of the watershed Ín the area wlere forest cover llas

minimal. T1e meadov¡s had at some tlme in the past been flooded

by now brea:hed beaver: dams. lopographical surveys of the d'am

site a.nd. reservoir were completed. and the design of the Baldhill

Dam was undertaken.

Construction of the Ba}dhill Dam ancl Reservoir was completed

in 1961. lhe drainage basin tributary tc the reservoir has an area

(r5). G. H. Macl(a¡r, G.

Wilson Crer'k !/atershed , 1960|
T. Forsyth, lleadwater Storage Proposalst
Unpublished- RePort r P.F.R.Ao
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oî SB4 acres and is dividerl into north a'rrd. south sections by a low

ridge. The two sectj-ons aTe connected thrrugh the ridge by a srnall

channel. The location of the dam and reservoir is shown in Fig. 2,

The dam is an homogeneous earthfill with ¿ maxirmrm height of

twenty-six feet. rhe embanknent has J']-:t side sropes on the

upstream side and l:L síde slopes on the downstream side' An

uncontrolled twelve inch diameter corregat ed metal pipe serves as

the main outlet for the r+ater stored in tL e reservoir' The d'esign

críteria ,¿ith regard to rainfall and assur ed runoff coefficients

indicated that the design flood would reac h an elevation tv¡enty-two

feet above the bottom of the reservoir, bt,sed. on the assumption that

the reservoir would be empty at the beginiling of the flood. .An

uncontrolled earth spillway is constructeri at this elevation to

allow for the passage of rare flood-s through the reservoír without

encroachíng on the safety of the dam. Th: storage capacíty ai the

elevation of the emergency spillr'ray ís )3'r acre feet'

The cost of the Baldhill Dam and Res,:rvoir was approximately

$Z0rO00 excLusive of engineering costs. -the operation and maintenance

costs since the d.am and reservoir were cotpleted have amounted to an

average of 14OO a yeat. Based on an interest rate of 6y'" and- an

assumed. l-ife for this structure of fifty years, the Ínterest and

amartízation charges amount to $1,2f0 anrnal1y. The total annual

cost, therefore, for the d-evelopmeut of':3? acre feet of storage

is approxinately $1,670.
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ïnflow E¡¡<lroeraphs

In order to determine the inflow hydrcgra.ph to the reservoir

an aut,omatic stage recorder is incoipoiated into the da¡n. This

makes it possible to have a continuorrs rerord of the change in

stage in the reservoir wíth respect to tir,e. As mentioned abovet

the outflor,r during the passage of ordinarX floods is through an

uncontrolled tt¡elve inch conduit. Measurements have been made of

the discharge through this conduit for va:'ious reservoir stages and.

a reservoir l.evel-discharge rating curve l,as been prepared" By

combining the storage-elevation curve and the outffow-elevation

curve and by knowing the rate of change o..' water level in the reservoir

it is possible to determine, for a given r;torm, the shape and size

of the infLow h¡rdrograph.

The stage and discharge data that ha.: been obtained on the

reservoÍr since it was completed in 1961, were progra'mmed by l'Ir.

M. Sydor, University of }4anitoba, Civil Ergineering Department on

the I.B.Inl. )60 computer and all of the storm events were routed

through the reservoír and the inflow hydr:graph for eacli storm event

determined. (fe). The rouiing program ani routing calculation

details rna¡r be found in Append.ix 4.

(f6). The ind.ividual ínflorv hydroglaphs are not included herein.
However, tliey are available upon request to the author.



the llatersh* Outl.et

In order to determine the effect of the storage reservoir in

the upper po:.tions of the watershed on flov s at the watershed outl-ett

it is necess¿ ry to determine the shape of the hydrograph at the outlet

if the reser,.oir had. not been in existence. This was accomplished

by routing tl e calculated inflor¡ hydrograpl s through the stream

cl¡annel, dow:rstream to the Park bound.ary. The tlifference between

the resultin,; inflow hydrograPhr. as would lrave been measured at

the Park bou'rdary and the actual reservoir outfLow hyclrograph

routed to th I outlet, llere then added. to tlre recorded discharges

at the maÍn irydronetric station' The resur.ting hydrograph thelr

represents t,le hydrograph that woul-d have 'reen observed at the main

h;rdrometric station if the reservoir had. n rt been in existence.

Fig. ? shows the hyd.rographs resulting fron the storm of Mlay If, L962.

The calculated inflow h.vdrograph to the 3a LdhÍll Reservoir is shown

aLong with the calculated inflorv to Baldhill Reservoir routed to

the tr¡i}son creek outl-et. fhe resulting th:oretical hydrograph

at the wilscn creek outlet is shor+n on the sarne fígure. It will

be noted thet the peak discharge at the main h;rdrometric station

which was m€,asured at 56 c.f.s. would have been 73 c.f.s. if the

Baldhill Reservoir had not been in existerce.

rn orcr:r to route the inflow h,vflr6g¡r:ph th::ough the strearn

channel to ';he outlet of the watershed se','eral símplifyíng assumptíons

were necessir.ryo The most important assurnJrtion made in this study

Calgulat!o¡s of the Effec-b of Ba1dhil1 Reservoir on Flogs at

26
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!¡as that the hydrograph would be translated, but there would be no

attenuatÍotl as a result of channel storage. This assumption is
- .'1

thought to be relatively valid since the ! ilson Creek is extremely

steep and a veqf slight change in stage c,-iï'¡s"nonds to a large

- -.r ! - -- ^---^1increase in discÌrarge; therefore, ít is rr;âsonabLe to expect that

a significant amount of r.¡ater does not ha''e to go Ínto channel

storage ín order to pass the flood wave tlrrough the system.

The tínre of travel of the hydrogra.ph through the channeL

system was based on data obtained during,rn experirnent in the

watershed carried out during the summer o1' 1968. At that time,

v¡ater stored behind a beaver dan in the u rper portions of the

watershed vas released suddenly by rapid removal of the beaver d'am

and the resulting flood Ì{ave was measured as it moved dor.¡nstream.

The tine of travel from the upper part of the r¿atershed to the

hydrometric station at the park bourrdary fas approximately two and

one-half hours. This figure was used as bhe time of travel of the

hydrograph fron the Baldhill Reservoir to the outlet. It may be

argued that the expeliment conducted in 1968 in the watershed was

'superimposel on a relatively smaIl flow in tbe creek and that during

larger flools the flood wave woul-d mcve ucre rapidly. This may be

the case, hcwever, Ín view of the short travel time compared to

the duration of the peak of the h;rdrogra¡'h at the niain outlet, it

is not considered. that the assunrptioïr userd wil} sígnifícantly effect

the resuItt," For each of the 18 storm e"ents for wh.ich inflov¡

hyd.rographli were calculated ancl routed tti the outlet, the effect

on the ave:'age d.ai-Iy discliarge of the Bar.dì1i.Il Reservoir was calculateri.
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Based on these nevl average daily discharges, a flotr duration cuTve

was preparea (f?). Fig. I shows the flow luration curves under

exísting conditions, that is, wíth the Batlhill Reservoir in operation

and, under rratural conditions. the diffelence between the two

curves ind.icates the effect of the reservc ir. It will be noted

that flows below 4 c.f.s. occur more ofter with the reservoir than

without as a result of the release of floc,d water from storage.

It will also be noted- that the higher discharges occur less frequently

wÍth the reservoir in operation than they would have under natural

cond.itíons.

Effect of Baldhil-} Resegvoir on ¡tver¿ ge itnnual Sed.iment TransÞort

Üsing the relationship between water discharge and sedinent

discharge as previously developed and. as rrhown in Fig. 4, the average

annuaÌ sediment discharge based on the f1t:w duration cnve under

natural conditions lras calculated. The v¿,lue for the average

annual suspended sediment transport under natural conditions ís

J]) tons per day. (See Appendix l). Basocl on the assumption t'hat

the suspend<:d sediment discharge under natural conditions of flow

represents ';he same proportion of the totil1 sediment discharge as

was measurerl under the control conditions since 1962, the average

annual totaL sediment transport under nat'lral conditions is 9.69

tons per da;.. Based on a sediment proclucing periocl of 200 d"ays

per year then the average annual total se'liment discharge is Ir93B tons,

(fZ), The fl-ov-duration curve for n'tural conditions was

caLcuiated by Þ1r. I'f" Sydor. (opp. cit.)
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Ilsing a unÍt weight of 105 Ibs. per cubic foot, the number of

cubic yards of material transported under naturaÌ conditions v¡ould

be 11365 per yearr . This compares with'a total average annual

dÍscharge of 1r200 cubic yard.s under contrrll"ed conditions. lhe

difference, 16J cubic yards per yea?, is the benefit that may be

attríbuted tc the Ba1dhill Reseryoir in the reduction of sediment

transportecl ¿nd deposited in the charrnel dovrnstream of the national

park boundar¡.



CEA?TER VI

MATNTEIIåJíCE COSÏS FOR THE I/TI-SC )T C4EEK DRArN

Agricultural developement of the Wilscn Creek Delta began in

1908 in a .homestead in the S. E. å - 3l-2c-15 I{.P.M. In 1908,

the t{ilson Creek had no formed channeÌ thrcugh section 31 and such

water as came into this section emptied irto peat bogs and marshy

areas and any out-flov¡ contÍnued in a general northeasterl;r direction,

like1y joining wíth sirnilar type of flow from l4cKinnon Creek and

thence to the Turtle River. Very shortl.y after the initial home-

steading took place in the area, there warì a concentrated. effort on

provid.ing land. d.rainage Ín order to lower the water table and to

reclainl some land. that was in jackpine svI¿ mp and in low marshy

meadows

lüilson Creek Delta r¡as initiated about lgi.6. (rg). The drain

i.ntercepted. the creek at approximately onc-half mile east of the

national park boundar¡r and ran north-t+estr.r'1;r to the corner of the

section and then directly easi to the Turtle River'

Srief His'!gg of Drainaee in the Wil.rlon- Creek Delta Area

(fe¡. C. R. Stanton, 'li,/ilson Creek 't/¿rtershed. A report
Background. -l-nformation. 1958" Unpublished mms.
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Maintenance Costs

There was no further work on drainagr until about 1929, at

which tÍne reconstruction of the originät drain was carried out.

The total c¡st of the reconstruction amourLted to $L0r000. From

I9)5 fo 1957 a periodic maintenance of th,i drain was, carried outt

prima:rily cJ.eaning out sed.iment which was deposited. after every

freshette on the creek. During this pericd a total of $131500

was spent otr the nain drainage channel. ¡rom 1950 to 1957, which

represented, a relatively wet period, some $29r600 was spent on

perÍod.ically cleaning out the draino As ihe cleanouts continue,

more and more of a problern is encountered in the disposal of

materiaL clredged out of the drain. As th.: spoí} bank ad.jacent to

the drairt becomes larger it is necessary Èo purchase more Lancl in

order to d.ispose of the ma.terial. Not Ín,:luding the original cost

of the d-rain, a total expenditure of some $431000 has been spent on

¡naintenance since L929, Based on these flgures an average annual

naintenance cost of approximatel¡r $tr5OO il J¡ear ís attributable

directly to the seciiment aspect of the prcblem caused. by the \'trilson

Creek as it moves through the !/ílson Creeic Delta.

A comparison of the average annual c¡st as computed from the

drainage records with the cost calculated fron the figures for

average'ann¿al sediment transport reveals a relatively close

agreement. As noted above, the average annual sedirnettt transport,

uncler natulal conditions, is app:roximately I1365 cubic yards" Tf

is is âssur:ed that all of this mate::ial js deposited in the drain

betr+een th€: National Park bouriclary ancl tÌ:e Turtle River, then at a
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unit cost of $1.00 per cubic yard. to remove this material, a

total annuaÌ cos'b of fitr)65 is arrived. at. The cost figure of

$1.00 per cul ic yard is not consideied.'excessÍve if it includes

the cost of right of way purchase, spoil di sposalr as well as

removal of rn¿'terial frorn the drain, and otler costs that are included.

in the figurr of $431000 total maíntenance costs of the d.rain.

, Based or the same unit costs the value of the 3a1dhi11 Reservoir

in reducing the sediment discharge of the ¡tream may be calculated.

As noted pre'iously, the Baldhill Reservoir reduces the long term

average annu.¿,L transport by f.8l tons per (ay. AgaÍn, based on a

200 day per l-ear sediment transporting period, an average annual

reduction in the sediment deposited in the drain of 165 cubic yard s

could be att:ributed to the Ba1dhill Reserv<'j.r. Based on $1.00 per

yard, the beliefit that could be attributed to the 3a1dhill Reservoir

ín red.ucing 'ihe a.verage annual rnaintenance costs of the l{ilson

Creek Drain uould be $165 per year.



cottrJRISON 0r RESERVpTR CoSTS AIID SEDII'qNTAU.N E¡'IECT BENEFTTS

Costs

The avelage annual costs of the Bald.hi11 Reservoir include

interest on the initial investment, anortization of the initial
I 

and mainterance costs. One of theinvestment ard annual operation and mainterance

purposes of rhe l,{ilson Creek Experimental ìratershed Project was to

determíne thr cost of developing and. maint¿ ining an experimental

watershed, atrd. for this reason an elaborate, slrstem of cost

accounting w¿rs establishea (fg). By refertnce to the cost figures

in the annua-. reports of the project, the:'ollowing detailed cost

break-down f'.rr the Ba1dhill Reservoir ís a"ailable;

CHAPTEF- VIÏ

A.CrW

1. Baldhill Dam íncluding
foundation Preparation t

conduít, and comPaction
of fill materiaf

2. Filts associated with
Ba1dhill Reservoir

T()TA], CÂPITAL COST

Total maintenance cost
of Dam and fills during
period 196I-1968

T)TAL COST TO DÀTE

(fl)" see annual reports for pe::iod L959-I968 on the l/ilson
Creek Watershed prepared b¡r P.F.R.A. and. auaílable frorn the author.

$r2 , 068. BB

7 
'970.50

#zo ro39.3B

$ 4,t5o.oo

$24,r-s9.34



B. ANI.ìUAI. .COSTS

1. Interest at 6"/"

2. Amortizatíon at 6/*
J0 years

J. Average operation
and maintenance

TCIAL ANNUÀL COST

.Average annual cost per
acre foot of usable flood
control and sediment
reduction storaoa

.Senefits Resul-tine frog Reduce-d_9ediment Load

As outlined. previously, the average annual total sedíment load

under natural conditions, ba.sed on a sampling period. of seven years,

196Z to 1968 is 11365.cubic yards. Tf it is assumed that none of

the sediment load moves through the Vilson Creek Delta area, but

is all d.eposJted Ín the i{ilson Creek Drain, then the maximum benefit

that could be obtained would be to reduce the sediment load. carried

out of the es carpnental portÍon of the watershed. to zero. If a

unít cost of removal of the sedÍment deposited. in the drain of $1.00

per cubic ya:d. is adopted, then the maxirmrm annual benefÍt that

would be attr'ibutable to artrv type of sedinent reduction works would.

be $1 ,365. lhe unit value of one dollar tr er cu'l>ic yard. is considered

a reasonable figure based on the actnal cost of naterial removal

of $0.2J per cubic yard, the cost of spreading the removed spoil

material of Í'0.2J per cubic yard, the cosl of obtaining cultivated

land on r¡hicl to dispose the material of f0.30 per cubic yard and

#trzoz.i6

69.00

518.00

#tr7B9,j6

34

r789.i6& =
)37

fi 5,30



)5

other rniscelLaneous costs such as clearrilrg out culverts, vegetation

control on spoil banks and contingencies cf {$0.20 per cubic yard-.

The benefit that may be attributed tc the Ba1dhill Reservoir

to the reduction in the cost of drain mair,tenance is the reduction

in the average annual amount of materÍal c eposíted in the drain

resulting from the construction of the 3al dhill Reservoir. As noted

previously, this amounts to 165 cubic yarfs per year. At a unit

value of $I.00 per cubic yard the benefitl accruing to the Ba1d.hill

Reservoir ar:e then :St65 per Jrear.

Commente on Ec,onom:Lcs of Headwater S':orage

. It rnust be ernphasized that the only lrenefits that were considered

in thís stucly were those of reduced maintr)nâïlcê. resu.l-ting from

reducecl average annual sediment load in tlre lJilson Creek Drain

which caries the trrrilson Creek through tho tr'/ilson Creek delta. Tt

is obvious if the average annual benefj.t '.n this regard ís on3-y

$165, while the average annual cost as no;ed previously is $1r800t

the Baldþill ReservoÍr could not be'justii'ied on the basis of

reduced sed:lment alone

It will be very obvious from consideration of reduced flow

resul.ting from the Baldhill Reservoir ttra b the maín source of

benefits to headwater storage along the escarpment is. in the

reduction of flood d.arnage. For example, 'åuring the flood of I95),

in which thousands of acres of agricultulal land were flooded along

the base ol the escarpaellt, direct flood danage to agricultural

land and tc public r.¡orks, such as roads, brídges, etc., averaged
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about ten dollars per acre (ZO). îhe average annual- direct fiood

darnage is estinatecl to be about fif.OO per acre. Before a conclusÍon

may be reachel regard.ing the economi-cs'öf the flood detentíon

basins, detaj led. studies in the reduction i-n flood d.amage resuJ-ting

from such res:rvoirs are required. "An ind.ication of the significant

reductíon in flood flov¡s that result fronr headrvater storage na¡r be

found in the following table!

DATE

natural
(c.f.s,)

L?/5/62 ?3

30/5/62 29t

4/6/6) 4:

to/6/63 24(

4/ S/et+ )t
t9/6/64 22

6/ s/e s rT:^

za/6/65 1.5

lz/es r.B

le/es r:.0

t/g /65 rz(,

L5/5/66 B:

)0/6/66 2'i

a/a/ee rz'.,

IT'ISTANTANEOUS PEAK

with
reservoir reduction
(c.f.s. ) (c.f.s. )

56 t7

2)7 6r

3L t2

202 44

18 2I

11 11

!26 47

2,0 2.5

2.7 2.1

4.5 6.5

11r. t5

56 25

183
114 .7

AVERAGE N,{ÏtY PEAK

natural
(c.f.s. )

3t

258

2?

200

30

v
Ð6

ll.0

3.5

?.5

e5

6o

with
reservoir

(c. f. s. )

27

218

2T

ß5

r5

I

9e

reductíon
(c.f.s.)

4

40

6

35

r5

7

)B

(zo). l'ers. comm.

and. Forestry Ottawa.

r.5 2.5

2.0 r.5

3.5 l+.0

46 )9

47 13

94
764

C.R. Stanton, Carada Department of Fisheries

t)
BO
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A few co¡lments on the cost of headr+ater storage are worthy of

mention. The Baldhill Reservoir was located in a particularily

advantageous r;ite. The storage per' foot of tlan height l¡as vely

significant b rcause of topograph¡r. Ad.ditic,nal storage sites in the

l'/ilson Creek llatershed are not nearl¡r as attractj.ve as the Ba1dhill

site and it mrry therefore be concluded that the cost of storage

¡¡iIl be far i:r excess of the $5.30 per year per acre foot for the

3a1dhi11 Reservoir. other studies (zr) in¿icate that the unit

cost of stora3e will likely approxi.mate $f5.00 per acre foot per

year in the u¡per portíons of the watershed and far in excess of

thís.figure ir the escarpmental portions.

Detaí1ed studies on other escalpmental water sheds have not

been mad.e, but it Ís reasonabl"e to expect iha.t at least one sitet

similar to tha Baldhill siter nay be found for each watershed. Ïf

it is assumed that the chances of locating a good to exceflent

storage site are proportional to the size of the plateau portion

of the watershed, and that the pì-ateau poïtion of the watershed is

at a relative 1y constant proportion of the size of the total

'watershed, tlen it may be'estimated that reservoirs as effective

as the Bald.hj 11 Reservoir may be constructed- along the escarpment

at a cost of about $0.60 per )¡eal per squ¿re mile of drailrage area

above the bar:e of the escarpment. Each w¿tershed should have a

r.eservoir sí'ie which nay be developed at'lhis cost that will control

lOy'" to I5:,4 oî the v¡aterslied.

(ef). ';hese studies were made by thri author on the cost of
storage deve'iopement in Ì.fanitoba as part r'f another project.



CTIAPTER VTII

DISCUSSJON,,

The results of thís study may be disr ussed uncler two maín

sections 3

1. Geomorphologr and

2. Economics of Headr¿ater Storage.

Geomo{phol.o¡rr

The estimate made on the anount of m¿ terial deposited in the

!'Iilson Creek Delta at the base of the }lani toba escarpment above the

post glacial surface indÍcated between 40t million cubic yards and

500 niíllÍon cubic yard.s. The majority of this materiaf was deposited.

in the lacustrine pliase of the delta form¡ition, L)r000 B.P. to

111000 B.P. During these two thousand ¡rei'.rs it is postulated that

extremely wet conditíons prevailed, and tire steep slopes of the

escarpìlental portion of the watershed werc void of any vegetation

and for these reasons erosion wag rapid a:rd sustained throughout

the v¡hole perÍod..

During the alluvial phase of the for,ration of the.deltar 11r000 B.r'.

to present, a total of L40 nillion cubic J¡ards were deposited. This

figure is b¡rsed on volurne determinations :lade betr+een tho present

surface and the surface assumed to exist :rt 11r000 B.P. imrnediately

after the d:'ainage of Lake Agassiz. This latter surface r^ras inferred

fro¡¡i existir-rg topography, stratl¿;raphic +ost holes, and an examÍnation

of small sclle aerial photographs.í-
During the alluvia1 phase it Ís most likeIy that the area has

experienced wet periods of rapid alluvial fan developetnent interspersed
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with longer pertods of quescence. Ðuring an inspection of the

delta of Henderson Creek, a short distance to the north¡ the author

observed. an artificial cut through the' äe, ta ín which five courplete

topsoil profiles interspaced with alluvia.L shale deposits overlay

the glacÍal surface. This indicated perit ds of rapid eroàion,

followed by period.s of small erosion duril'g which time soil profiles

had a chance to develoP.

An atternpt was rnade to estimate the itmount of material that

has been eroded from the escaïpmental por;ion of the uatershed' d'uring

the period since deglaciation. Based on l-,he assumption that the

glacíer covered. the preglacial topog::aphy with a layer of glacial

debrÍs and that the renaining surface l{as relatively smooth and,

further, based. on the assumption that durLng the past 13r000 yeaTis

the northern and. southern rims of the watershed have not been eroded,

it was estiniated that about 430 millicn c':bic ¡rards of material has

been eroded from the face of the escarpìn€nt withÍn the l'/ilson Creek

watershecl.

Calculations 1¡eïe mad.e on the avera6.e annual sediment discharge

of the uilson creek using the data from n,easurements made on the

sediment anrL water discharge as part of i'he Vilson Creek Experiurental

Watershed.Basedonthesamplingperiod.1962todate.,itwasdetermined

that the ayerage sediment load. that is Íl: suspension ancl noving

along the tred as bed.load is B.J1 tons pe:" d.ay. \'Iith a unit weight

of the tra:rsported. material of 10J lbs. iler cubic foot a total

amount of ;ediment transport of 1r200 culric yards per year was found'

This fígur,r includes the effect of the B¿lldhill Reservoir" The
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average annìraÌ sediment transport under natural conditions was

found. to be 1 1365 cubic yards per yearr

On the e ssunption that the rate uirder natural conditions was

maintained. c.':nstant over the period of allr vial developement of the

fan, 111000 l.P. to date, a total amount of 15r000r000-1;-ubic yards

has been rnovr d. by the stream into the delt¿' area. It was found,

that it is uv.likely that the average annual transport calculated-

on the data i;athered during the past decadt is equal to the average

annual- sedimr:nt tra.nsport over the past 11r000 years.

From thc above, it may safely be conc.,uded that the rate of

erosion over the past decade is less than t,uring previous times and

there is no ,::vidence to indicate that the ::ate of erosion is increasing

with time. i)n the contraryr'every evidenc,t points to a reduction in

average annurI sedirnent load. of the stream, fndications also are

that the ero,;ion and depositj-on processes 'reing observed are geological

processes anl works of man have had, or cat have, little Íf any effect

on the rate 'rf this process.

Economi¿s of Hgadwate-r S-t,oraqe

This pcrtion of the thesis was lirnite'l to the determinati.on of

the benefits that can be attributed to the Baldhill Reservoir in

reCucing the average annual cl-ean-cut costs on the artificial water-

way carq¡in¿: Iulilson Creek through the i{ilson Creek Delta. The

effect of tl,e detentíolr basin on aveïage daiJ.y flows at the outlet

of the watelshed were calculated and from this the red.uction in

average annrral sedíment transport computec c

It was found that a reduction in eve:'arEe annual total sedi.ment
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Load of 16J c;rbic yard.s could be attributed to the Saldhill Reservoir.

The average annual cost of the BaLdhill Reservoj-r was calculated

to be approxinately $1,800. Based òn an annual benefit of $16J and

an annual cost of $freOO it is obvious that the Baldhill Reservoir

cannot be justified on the reduction in drain maintenance costs

alone.

The incremental cost of storage devel-opement was calculated- to

be $5.J0 per year per acre foot. The ¡naxirmtm benefit that could-

accrue to reiuction in drain maíntenance would ¡e $1,365 if the

annual cost vere reduced to zêroe ,A't an annuaf unit cost of

storage of $j.30 not more than 2JB acre feet could, be d.eveloped

to achj.eve ti is total elimination of maint;enance costs if the entire

reservoir cof t were to be al-located to reduced maintenance of the

Wilson Creek Drain.

Ït shou. d be strongly emphasized that without the data that

has been gafl,ered and accu.mulated as part of the \liilson cr:eek

Experimental tr{atershed. project none of the calcuLations used in

this thesis could have been madeo

tr\Fther work with re.ga:'d.s to the quarttitative geomorpholory

of watershed; that flow across the l'fanitoba Escarpment should be

und.ertaken" Carbon d.ating techniques cou.'.d be emplo¡red to better

understand trre developernent of the delta i'ind to appraíse the varyíng

rates of dep:sition. Add.itional studies on the economics of head *

water storage are waïranted. It is likelr that much larger benefits

will accrue bo reduction ín flood damage bhan accrue to the reductÍon

in annual ccsts cf draÍn clean-out" Add,itional studies on the
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translation cf the flood hydrograph through the eècarpmental

drainage system should be undertaken as the next step in appraising
- .'1

how headr.¿ater storage modífies the flood hyJrograph at the outlet

of the waterrhed. Data is available from ihe infornlation being

collected in the ifilson Creek Experimental l^/atershed to undertake

all these str dies and. the author recomrnends that immediateJ.¡r competent

manpower beci'mes available such studies shculd be put uniler vra¡r.
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FIGURE 2: Escarpment por t ion  of watershed 
w i t h  bare sha le  banks. 
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FIGURE 3:  Middle escarpment por t ion  of 

watershed w i t h ' c o a r s e  s h a l e  
- 'on bedrock su r f  ace. 

- , - - 
''FIGU@ -. Source a;,- ~f weathered shale. 
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FIGURE 2: Escarpment por t ion  of watershed 
with b a r e  shale banks. 
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FIGURE 7 

Middle p o r t i o n  of 
d e l t a  wi th  bur ied  
t r e e  stump and 
bedded d e p o s i t s .  

FIGURE 8 

Upper d e l t a  a r e a  
w i th  r e c e n t  d e p o s i t s  
of coa r se  s h a l e  and 
g r a v e l  on win t e r  i c e  
cover .  



APPE}TDÏX 1

STRATTGRAPI{ÏC DATÁ.

I¡IILSON CREEK DELT.A,



69 -1. O-t3r
I3r - 51r

511 - 800

0-gr
9¡ - 22t

22t - 591

59t

69 -2.

WITSON CREEK TEST }iOT3S

Brown sllty and pebbly alluvt-run .- shale pebbles predorninate.

Iacustrine sediments.

Bedrock.

Buff silty alluvium with shele pebbles.

I¿custrine sediments.

Glacial Till.
Bedrock.

Sandy shaley alluviu¡r gravel size material.
I¿-custrine sediment,s sil-ts.
Glacial Till.

Brov¡n sandy gravely alluviur¡,
Iaôustrine sedi¡nents.

Bedrock.

Brov¡n sandy gravely alluvi.urn,
Làcustrine sediments (silt,).
Bedrock.

Sandy si1-ty alluviun abundan; shale fragments - poorly
sorted, soft and not very stlff.
Iacustri¡re deposlts with occrsional shale pebbles present.
1i11?

Coárse very stoney alluviaf naterÍal (sha1e) ana cobble
and pebble size material- - vlty difficult drilling -
almost like gravel.

Lacustrine? sediments and oc:asíonal- shal-e fragments.
Bedrock.

Buff brown stoney silty allu¡iu¡r mosttry shale pebbles.

Brown Lacustrine silt with s rale pebbles.

Brown very shaley and si-Ity rlluvial type of material -
slightly washed appearance i; that of a shal-ey gravel.
Gravely material Í
sancl and. graver I Aetuatry glaeial till

Bedrock.

69 3. 0

2l+r

33?

o

t7l
381

0

15r

50r

69 4.

2l+r

33r

651

17r

381

501

69- 5.

iJnli, I?óy.

69-6. 0

- 15r

- 50f

- 80?

- 321

32t -
5l+r -

69-?. 0 -

5l+r

65ì

231

351

501

1l_r

351

50r

23t -
35t -

6g-s. o -
llt -
351 *

50?

6j,
65r



-?-

69 - 9. O - 20f Very coarse gravely alluvia,n - with shale fragnents.
Unable 5o conti-nue.

69- 10. O - 37r Stoney silty alluvial material with shal-e fragments.

37t - 7h1 ClaYey silt.
?Lr Bedrock.
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A/VÐ

-Êtßo/r/v /t/Ð Gfi€r c/.Ar

5e-

-s//4/.FSrA/V€5 , Gg4rËl .4/yÐ
ClA Y

cz,4f

-sl/4¿Ë

PFIOVINCE @,F MANITOBA
DEPARTMENT OF M¡NES AND NATURAL RES.)URCES

WA,ER CÛNTROL ANÐ CONSERVATIOf{ BRANCSI

LOG OF TEST HOLË # I ¡

S.Vr,.30-2O-15W

PREPAiIED 8Y:

DRAV{:{ BY: J. fu1 .

D,{rE: JULy /g5r
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Sn/VÐ, ?ñA /ã¿
ZNÞ C,:.AY

, -SH4¿8.57-o/VE-s

Gn€f -17o/vl ClAf

-St/A L ã

PROVIÈ{CE Oñ MANITOBA
- DEPARTMENT OF MINES AND NATURAL REIìOURCES

hATER Ctr.{TTÐL AND CONSERVP.TÍCS I B+ìÊ.NCf{

LOG OF TEST HOLE 4i 22

s.E.30-20-¡5W

JP.ARED BY¡

DF:AÞJH BY: T. M.

DÅTE: JU LY / ij9



o
/o/5/g20
30

46

'6?
70

\

N

\

N

\

's//ÅL I P€BALE OñA l/€/-
st/A¿E ptgBL€ Gn4//â/- /4//r,!, DOLOtT/TE
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6ß€r-SA'4 ¿E
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il// r// L//v)€s79N€ ßEDS

Gã€T s,qAIÊ

B€/V7O4'/Tã

25C

GßET.^ :iA/A ¿ F

PROV¡NCÊ OF MANITOB,(
DEPARTMENT OF MINES AND NATURAL RESOURCES

YfÁ rER CONTRC¡ú¡- lU\D CONSERVATIû\ BR'ANCH

LOG OF P ¡E ZO M ETER *þ 6

s.E.24-?O-l6W

PREFT.TRED BY:

DRA\TN BY: ]

DATE: ¡g¡y
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BE/Vro/V/7-€ -57Æ//VG€Æ 5

â,40t1¡¡t/ -5;,4A¿E GñAD/NG 70
¿//'/E 5fo/v€

PROV¡NCE OF M/{NIIOB/\
DEPARTMENT OF MINES AND NATURAL RsìSOURCES

V'ATER CO{\TF${- AI'dÞ CO N SERVATIO;.'I BRAhI CH

LOG OF P¡EZOMETER ,* II
N.E. ll - 20-l6w

PFÊPARED BY:

DflA\¡/N BY: T. M.

DATE! JULY /6T}
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-F7/r'8 Gß 4 r€L

SHA¿E AND BE/VTO/V/rt

PROVII{CE Gtr &ÍANtTOBA: Dep¡nrNenr oF MINEs AND NATURAL RiìsouRcEs

VC.ETER CÛÎ.{.IRû[. AITÞ CONSERVATIO N BRAF{C}|'I

LOG OF TEST HOLE

N.W. 29 - 20 -15w.

IXTE: J U LY



70,Þso/L

K

N

\

N

t
i

2t)

.FnAcTuñ €o SHA/-E

-50F7 5,441€

-/w/E¿>. ,qAâA -57/A¿I

F'ROVI¡{GE: OÞ' MAN'ITOBA
DEPARTMENT OF lllNES AND NATURAL REI;ìOURCES

WITËR CONTROT AI{Ð COSISERVATIO$I BRA[.{U-|

LOG OF TEST HOLE +þ 8

s.E.25 -20 -¡6W

PRE¡AREÐ BY:

DR,r,l/N BYr T.M.

D¡'TE: JULY /69
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GãAt/Ë/- , 81,'4C/t C/Af

Yr/¿ow Sra/vf C/At'

SHA/E

PROVINCE ÇF MAN,¡TOAA,
'DEPARTMENT OF MINES I\ND NATURAL RísOURCES

V1'ATËR CÐNTROL ANÐ (þNSERVATIG'T EfiANQ{'

LOG OF TEST HOLE 4+ 17

s.w.29.- 20 - l5W
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DfllìSlN tlf ¡ T. M.

I)ÂTE: ¡gLy/ 69
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SA/VÐ A/VÐ
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ClAY l'YfH SHÁ/f S7ß€A/<9

SgÃlf S;roNãS ,4/1/Ð GÊÅ /â¿
HÁ'qD S4/ÅLE Sfß€á/<ç
soFr ct4Y
'SA/YAn:, G4A/â¿ /4/VO CZÅY

5//4¿f ::TR€A/(ç /42/YSTO/V€

r 'F_@t--

PROV¡NCE Gtr' E{ANÍîOÊA
DEPARTMENT OF MINES AND NATURAL RTSOURCES

rSATËR CÕi{TRffi" Af{þ CÛf\ISIRVATK ì\ BRAÎ'{ÇF¡

LO G OF TEST HOLE # IO

N.W.20- 20-15w
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PROytrÌCE O¡F MANTTOSA
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DEPARTMENT OF MINES AND NATURAL RI''SOURCES
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-Sr4Z Ls
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APPEI{DIX 2

FLOI¿í DURTI,TIOII CURVI

CATCULATÏONS



PROGRAI,ü û TO CAICUIA T,I

I.JTLSCÞ{ CRIIEI ÛMIR

FLOI.I DURATION

FÏOd CFIART

START

NEÂD Tß/tR

READ DATE, cfs.

GO TO 1 UMTL ATt D¡ \ READ

cAtt. rrsoRT Iil suBRouI n',lE

},TRITE '¡SORTED DÀTÂ FOI I,ìTLSON

CNEEI( I'J-]ITR¡¡

}IRTTE''CFS. PERCEI.'II''?

}TRITE C)i}T SO}ìTED VÂÏU|S AS PER

END

1.

2.

3.

l+.

5:



PROGRA}T.M TO CAICU],ATE }/IISON CREBK FLG\I

DURATTON CT]RVIì

]ÁST CARD l- -t t" ,,,* ,
r-
Ir-

IDATA

cAnD 3

CARD 2

CARD r (

NEPEAT DATA

'* Real UÌ:

DATA, cfs.
FoHyiAT (e (r3,.f7.t]))

READ YBAR
FoIìr'rAT (gx, 15 )



wrr

I. Subroutine Sorb I (M, ìlNr YT)

XX - Points, or values to be scrted'

NN - Nturber of Points - r¡T'Xtstr

fÏ - Percenù greater than - associa.ted r¡ith each
poirit Ð( over the int,erval length of III'I inclusive.

2. Find L,rgest value over interval- lüN.

3. Place ìargest value at the end of tt,e interval and replace
end of iniervaÌ point for largest XÏ value posit,i-on

4, Inter'v¿,I IIN reduce by I to ltttn-f)

5._ Go to il until j-nterval = I

6. Assocí¿.te each value XT with a perccntage over the int'erval NN'

nEn,ff'l



70 eo 3fl r$g 50

JUNE 195C

EÐ 70
oc T . 1967
B0 g0 1,4$



APPEI{DIX J

SEDT}ÍEI{T DTSCIIARGE

CAICULATÏOI{S



z
Time
Exc.

100

99

98

97

96

95

94

93

92

91

90

89

88

.87

86

85

84

83

82

81

SUSPENDED SEDIMENT

(Bald Hill Reservoir

0
(cfs)

l,lI LSON

0

0

0

0.0r

0.01

0.01

0.03

0. 03

0. 03

0.05

0.08

0. 10

0.10

0.10

0. 17

0. 17

0.18

0. 18

0.18

0.18

Sed. Ld.*
(Tons/

DEIY')

0

0

0

0.000029

0.000029

0.000029

0.00018

0.00018

0.00018

0.00042

0.00093

0.0014

0.0014

0.0014

0.0033

0.0033

0.0036

0.0036

0.0036

0.0036

CREEK

CALCULATI ONS

in Operation)

'z

Time'ïnterv.

I

Avg.
Sed.
Load

t
I

0

0

0.000014

0.000029

0.000029

0.000075

0.00018

0.000r8

0.00030

0.00067

0.0012

0.0014

0.0014

0.0024

0.0033

0.003s

o. oo36

0.0036

0.0036

I

iontrib.
To
TotaI

I

I

0

0

0.00000014

0.00000029

0 .00000029

0.0000007s

0.0000018

0.0000018

0.0000030

0.0000067

0.000012

0.0000r4

0.000014

0.000024

0.000033

0.000035

0.000036

0.000036

0.000036

I

I

I

I

I

I

I

T

t_

I

I



z
Time
Exc.

80

79

78

77

76

75

74

73

72

7l

70

69

68

67

66

'6s

64

63

62

61

WTLSON CREEK

SUSPENDED SEDIMENT CALCULATTONS

(Bald Hill Reservoir in Operation)

o
(cfs)

. 0.27

0.29

0.30

0. 30

0.40

0.42

0.48

0. 50

0. 56

0. s8

0. 60

0. 63

0.70

0.77

0. 80

0. 80

0.88

0.92

0.9s

1. 00

Sed. Ld.*
(Tonsr/
D.Y)

, 0.0072

0.0081

0.0086

0.0086

0.0139

0.015r

0.0188

o.o2o2

0.0244

0.0259

0.027 4

0 .0297

0.0356

0.0417

0.0444

0.0444

0.0444

0.0561

0.0593

0.0646

z
Time'InterV.

.I
I

I

I

I

I

T

1

I

I

I

I

I

I

I

I

I

I

I

I

Avg.
Sed.
LOAO

a.**
0.0076

0.0084

0.0086

0 .0113

0.0145

0.0169

0.0195

0.0223

0.0251

0.0267

0.0285

0.0327

0.0386

0.0430

o.0444

0.0444

0.0502

0.0577

0.0620

Contrib.
To
Total

0.000054
0.000076

0.000084

0.000086

0.000113

0.00014s

0.000169

0.000195

0. 00 0223

0.000251

0.000267

0.000285

0.00 0327

0.000386

0.000430

0.00 0444

0.000444

0.000s02

0.000s77

0 . 00 0620



9o

Time
$xc.

60

59

58

57

56

55

54

53

52

51

50

49

48

47

46

,tís
44

43

42

4t

. 
WTLSON CREEK

SUSPENDED SEDIMENT CALCULATTONS

(Bal.d rlil1 Reservoir ín Operation)

o
(cf s)

1.04

1. 15

1. 15

1. 15

L.20

t.25

1. 30

1. 36

1. 40

t.46

1. 60

I. 60

l. 70

1. B0

1. 8s

1. 90

2. 00

2.00

2. 00

2.00

Sed. Ld.*
(rons/
PgY)

0.0690

0.0817

0.0817

0.0817

0.0877

0.0940

0.1002

0.108

0.1I4

0.L22

0.143

0.143

0. 157

0.173

0.181

0.190

0.206

0.206

0.206

0.206

o-7
Time '"
InterV.
-i.-

I

1

I

I

1

T

I

I

I

I

I

1

I

I

T

I

I

I

I

I

Avg.
Sed.
LOaO--T-

0.0668

0.0753

0.0817

0.0817

0.0847

0.0909

0.0971

0.104

0. 111

0.118

0. 132

0. r43

0.150

0.165

0.L77

0.186

0.198

0.206

0.206

0. 206

Contrib.
To
TotaI

0.000668

0.000753

0 . 000 817

0.000817

0.000847

0.000909

0.000971

0.00104

0.0011I

0.00118

0.00132

0.00143

0.00150

0.00165

0.00177

0.00186

0.00198

0.00206

0.00206

0.00206



z
Time
Exc.-

40

39

38

37

36

35

34

33

32

31

30

29

28

27

26

25

24

23

22

2l

WILSON CREEK

SUSPENDED SEDTMENT CALCULATTONS

r (Bald Hill Reservoir in Operation)

o
,ls!€I

2.t0

2 .20

2.37

2.40

2 .50

2.60

2.7 4

2.95

3.00

3 .20

3. 30

3. 60

4.00

4.00

4.30

4.40

4.70

5. 00

5. 50

6.00

Sed. Ld"*
(Tonsr/
Dav)+

0.224

0.242

0.27 4

0.280

0. 300

0.321

0. 350

0.396

0.407

0 .454

0.478

0. 553

0.661

0.661

0.7 45

0.77 4

0.865

0.959

t. 13

1. 30

z.
Time
,Inferv.-

I

1

I

I

I

I

I

I

I

I

I

I

t_

I

I

I

I

1

I

1

Avg.
Sed.

'.T,Oad

0.2I5

0.233

0.258

0.277

0.290

0.310

0. 335

0.373

0.401

0.431

0.466

0. s17

0. 607

0. 661

0.703

0.760

0. 820

0.9r2

0.986

L .2L

Contrib
To
Total _.

0.00215

0.00233

0.00258

0.00277

0.00290

0.00310

0.0033s

0.00373

0.00401

0.00431

0.00466

0.00s17

0.00607

0.00661

0.00703

0.00760

0.00820

0.00912

0.00986

0.0121



z
Time
Exc.

20

t9

t8

T7

16

15

L4

13

L2

1t

10

9

I
7

6

,5

4

3

2

1

WTLSON CREEK

. SUSPENDED SEDTMENT CALCULATTOI'{S

,(Ba1d HilI Reservoir in Operat,ion)

o
.(cf s)_

6. 50

7.00

7. 50

8. 20

9. 10

10. 10

11.75

12.50

12.90

15. 50

17 .44

19.00

22.15

25. 50

28.50

31. 50

36.65

42.40

54.40

63.00

Sed. Ld.*
(tons/
D.Y)

L.49

1. 69

1. 89

2.20

2.62

3.r2

4.02

4.46

4.70

6.38

7.80

9.00

11.64

14. I
17. I
2I .0

27.L

34 .6

52 .6

67 .I

z-
Time
ïnterv.

I

I

1

I

I

I

I

I

I

I

I

I

I

I

I

T

I

I

1

I

Avg.
Sed.
.LOaCl

,

r.40

1. s9

L.79

2.0s

2.4L

2 .87

3 .57

4.24

4.58

5. 53

7.09

8.40

10.32

13.2

16.3

L9 .4

24.L

30.9

43 .6

59.9

Contrib.
To
Total

0.0140

0.0159

0.0179

0.020s

0.024r

0.0287

0.03s7

o .0 424

0.0458

0.05s3

0.0709

0.0840

0.1032

0.132

0.163

0.194

0.241

0.309

0.436

0.s99



z
Time 0xxc. l9lÐ

0 158.00

WÏLSON CREEK

SUSPENDED SEDTMENT CALCULATTONS

(Bald Hill Reservoir in operation)

Sed. Ld. *
(Tons/

Ðav )

314. I

SEDTMENT LO.êD IS CATCULATED USTNG THE EQUATTON:

Sed. = Antilog II.67703(Log Q) 1.190121

e.g. if Q = 1 cfs; Sed. = Antilog [-1.19012]

= Antilog t Z. s09g8l

. = 0.646 Tons/Day.

90'

Time
ïnter.v.

I

TOTALz 4.67879 Tons/Day

AYg'
Sed.' T,oad

190.6

Contríb.
To
Total

1.906



z
Time O
Exc. (cf s )

100 0.0

SUSPENDED SEDIMENT CALI]ULATIONS

(Natural Conditio¡rs)

99

98

97

96

9s

94

93

92

91

90

89

88

87

86

85

84

83

82

81

l.ll LSON CRETI(

,ied. Ld.
(Tons/
;)ay)

,J.0

lro

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.01

0.01

0.01

0.02

0.03

0 .03

0.04

0.08

0.08

0.10

0. 10

0. 17

0.17

o_
'o

Time
Interv_.

I

I

I

I

I

0.0

0.0

0.0

0,0

0.000029

0;000029

0.000029

0.000091

0.00018

0.00018

0.00029

0.00093

0.00093

0.0014

0.0014

0.0033

0.0033

.\vg.
Sed.
'üoad

Ìl
ü

I

r
ä
tI
sI
t¡

I
ô
ü1

r
$

f¡t-
Í
f
rt
þ

t
å'i
,À*

f
r
ç

Ë

É

g

Ë
È

IÍ
I
I
f,
i.

i.
l:
l¡

0.0

0.0

Contrib.
To
TotaI

0.0

1

0.0

0.0

0.0

0.000015

0.000029

0.000029

0.00006

0.00013

0.00018

c.00022

c.00061

(, . ooo93

0.0012

( .0014

(.0024

(,.0033

I

0.0

T

0.0

0.0

0.0

0.0

0.0

0.0000001s

0.0000 0029

0.00000029

0.0000006

0.0000013

0.0000018

0.00 00022

0.0000061

0.0000093

0.000012

0.000014

0 . 00 0024

0.000033

I

1

I

I

I

I

I

1

I

I

I



z
Time O
Exc. (ifs)

80

79

78

77

76

75

74

73

72

7L

70

69,

68

66

65

64

63

62

61

WÏLSON CREEK

SUSPENDED SEDT¡4ENT CALCULATTONS

(Natura1 Condítiol rs)

Sed. Ld. Z Avg.
(Tonsr/ Time Sed.
Day) _ Interv. __toad_

0.18

0. r8

0.18

0.2L

0.27

0. 30

0. 30

0.32

0.41

0.45

0. s0

0. 5s

0. 58

0.60

0.63

0.70

0;77

0.80

0. 80

0.88

0.0036

0.0036

0.0036

0. 0047

0.0072

0.0086

0.0086

0.0096

0.0145

0.0169

o .0202

0.0237

o.0259

0 .027 4

0 .0297

0.0356

0.04L7

0.0444

0.0444

0.044

u.0035

I r).0036

I ü.0036

I r).0041

I ,).006

I ').0079

1 iJ.0086

r 1.0091

I 0.0120

I 0.01s7

I 0.0185

I 0.0219

r 0.0248

I 0.0267

I 0.0285

1 0.0327

I 0.0386

I 0.0430

1 0.0444

1 0.0444

Contrib.
To
Total
0.000035

0.000036

0.000036

0.000041

0.00006

0.000079

0.000086

0.000091

0.00012

0.000157

0.00018s

0.000219

0. 00 0248

0.000267

0.000285

0.000327

0.000386

0.000430

0.00 0444

0.000444



z
Time
.F.;xc.

60

59

58

57

56

55

54

53

52

51

50

49

48

47

46

45

44

43

42

4L

,WÏLSON CREEK

.SUSPENDED SED]MENT CALCULATIONS

,(Natural Conditions )

o
(cf s)

0.92

0.95

1.00

1. 10

1. 15

1. 1s

r.20

t.25

t.25

r. 36

1. 40

1. 40

1. 60

1. 60

1.66

1. 80

1. 85

1.90

2.00

2.00

Sed. Ld.
(Tons/

'ìevl-_---

1.0s61

J.0593

).0646

0 .07 57

0.0817

1.0817

0.0877

1.0940

0.0940

0.108

0.114

0.114

0. 143

0.143

0.151

0.173

0.181

0.190

0.206

0.206

z
Time'Interv.

t
I

I

I

1

I

I

I

1

I

I

I

I

I

I

I

1

I

I

I

''' Ayg.
Sed.

' LOAd

t rt-
0.0s77

0.0620

0.702

0 .07 87

0.0817

0.0847

0.0909

0.0940

0.101

0.111

0.114

0.L29

0.143

0.L47

0.L62

0.L77

0.185

0.198

0.206

Contrib.
To
TotaI

0.000502

0.000577

0.000620

0.000702

0 . 0007 87

0 . 000 817

0.000847

0.000909

0.000940

0.00101

0.00111

0.00114

0.00129

0.00143

0.00147

0.00162

0.00177

0.00185

0.00198

0.00206



%

Time O
Exc. (cfs )

WÏLSON CREEL

çUSPENDED SEDïMENT CALCULATïONS

(|üatural Conditions)

40

39

38

37

36

3s

34

33

32

31

30

29

28

27

26

25

24

23

22

2T

2.00

2.07

2.20

2.37

2.37

2.50

2 .60

2.7 4

2.96

3.00

3.20

3.32

3.66

4.00

4.0s

4.33

4.50

4.90

5. 10

5. 50

Sed. Ld.
(rons/
pry)

0.206

0.2I9

0.242

0.27 4

0.274

0.300

0.32t

0.3s0

0.398

0.407

0 .4s4

0.483

0. 569

0.661

0.67 4

0.753

0.804

0.927

0.991

1. 13

z
Time
Interv.

I

I

1

I

I

I

I

I

I
I

I

1

t
I

I

T

I

I

I

1

Avg.
Sed.
T,oad

0.206

0.2r2

0.231

0.258

0.274

0.287

0.311

0.336

0.37 4

0.403

0.431

0 .469

0.526

0.61s

0.667

0.713

0.778

0.86s

0.959

L.O7

Contrib.
To
Total

0.00206

0.002t2

0.00231

0.00258

0.0027 4

0.00287

0.00311

0.00336

0.00374

0.00403

0.00431

0.00469

0.00526

0.0061s

0.00667

0.00713

0.00778

0.00865

0.00959

0.0107

t.

Ì.

i



z
Tinre
Exc.

20

19

18

T7

T6

I5

L4

13

L2

11

10

9

I
7

ç

.5

4

3

2

1

0

.WILSON CREEK

SUSPENDED SEDÏMENT CALCULATIONS

.(Natural Conditi-ons )

l-clEl-

6.00

6. 50

7 .40

I .20

9.00

9.7s

11. 20

L2.50

12. 90

14. 80

16. B0

18. 80

22 .00

24.60

28. 50

32.40

35.75

42.40

55. 0

66 .20

193.0

Sed. Ld.
(Tons/
Ueyl--

1. 30

L.49

r. 85

2.20

2.57

2.94

3.7L

4.46

4.70

5.92

7.33

8. 85

11. 51

13. 9

17. I
22.0

26.0

34.6

53.6

73.L

439.5

go ' ,'-:

Time
.ïnterv..

I

I

t
I

I

I

I

I

I

1

1

I

t
I

1

1

I

1

I

I

I

Avg.
Sed.
.1,oad

T.2L

t. 40

I.67

2.01

2.39

2.76

3.33

4.08

4. s8

5. 31

6 .62

8.09

10.18

12 .7 05

I5. 85

t9.9

24.0

30.3

44.L

63. 35

256 .3

Contrib.
To
,Total __

0.0121

0.014

0.0167

0.0201

0.0239

0 .027 6

0.0333

0.0408

0.0458

0.0531

0.0662

0.0809

0.1018

0.I2705

0. r5g5

0.199

0.24

0.303

0 .44r

0.6335

2.563

LOG SEDIMENT = L.67703

TorAL: 5 ._22_ç rons/Day

x Log Discharge ; 1.19012
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A?PEND]X þ

RESERVOIR ROUTÏNG

CAICUTATIONS



PROGRAMME TO CALCULATB
BALD HILL RESETVOIR

INFLOT{ HYDROGTAP.H

Read Storage Tabl<' Values

Read Number of Points per Month & Month

Read Dalr Time, Well Elevation

FLOW CHÀRT

Start

Calcul.ations

1. Outf low from Card (ti17+02) c - .185

2. Storage Using Sub Rt>utine Tab Par

3. Average .f nf loiv
4. Accumulated Inflow

Output
1 . Heading Date , Tima, Gauge lI* r

Outflow, Inflovr, Accumulate Iñflow
2. Month & Units
3. Output as Per I

Last Card Bla¡ k

End



PROGRAI{T4E TO CALCULATE
INFLOW TO BALD HTLL DAM

END CARD B];,ANK

CARD Í+2

CARD N+I

DATA, DATE, TIME, I^trE];L WATER ELEV.
FORMAT (2T5 t r10. 2)
i.e. bbb23 b 2461bbb233l.05

CARD , 
/

CARD , 

I

NUMBER OF ELEVATIONS, AND MONTH
FORMAT (r5, A5)

CON I T.

.CARD , 

{t-
TABLE VAT,UES X, UNEQUAL SPACED'

Y - EQUALLY SPACED
FORMAT (2F 10.2)

coN I T.

NUMBER OF TABLE VAIUES FOR STORAGE CURVE
FOtu'4AT (15)

/

* NOTE: P:'ogramme {}I has calculatcd
f or the pe::i.od. :

P::ogramme #2 has calculated
t:,.me period

Average inflorvs

inflov¡ c,n the



LIMTTATIONS:

1. Each calc'rated rnonth must ,,ot'rave exceeded rr000calculations.

2' Be.fore each period exceeds any ncrmal interval(1 hour, 2 hours, etc.) it müst have the 24 hourreading beginning a new day. iioä--ii*u ,o.rta--- --become negatíve as the valüe of (Tz - rli r" used
' and it cÌranges when (T., ) becomes 24 hours to (T^ )only). once rhe 24 hoür period ,rr" t.;;-p;;"àå2'any fo11,>win?^?4 l?gr periods wirh any hoür may beused (i"e. 800, 800 hõurs).



Outflow (cfs) - ct A (IGIÛU

ar I otr r, i 1 ¡l'l ¿ ''
ù.185 x i.1416 x Q)-/4 x (2 x

L
92.L74 (Blev - 232I.02))'

-Storage inierpolation ry the continuous parabola

method - llillard M. Snyder, Journai- of the Hydraulics Division

Inflow (avg)cfs = Outflo,'r(avg)"¡" + Storage chan9e.t"

AStorage"r" = Astorageacr:e-ft 43 1560/86400 x 24/ (T2-TI)

BASIC EOUATTONS I]SED:

I acre-ft

I cfs-day

Tr;T, are

= 13r560 cu.ft.

= 36 r 400 cu. ft.

in hours



SUBROUTINE TABPAR

Ref: Vol-. 8J, No. HY 4, Juþ 1961.

'UOURNA,L 
OF TI]E TIJDRAUITCS DIWSTONI!

by

Uillard l'f. SnYder

Start

Subrou.tine Tabpar (o, y, tx, ty, n I tlo<tl - Entry point'

Itytt - Ínterpolar ed value, rrtxr tytr - table va. -ues coruesponding to

:oc and. y, ilnr? - nurnber of table values. Note - TX?s nrust be equaLly

spaced. on its r,,sPective axis.

Check XX v'åth lol¡er interpolaiion p r5'nt

. Check )LT lrith upper interpclation p rint

Iocat ¡ XX on the interval

CalcuLate Tø1

Ca1cu Late Ï

Retur r

End

subrputine Tabpar. (XI. T,J'L-U-N)
:-

Var:Lqbles:

xx - knov¡n vahre for x, or Y for ¡û lch interpola{,ed value of

t or X is reoP-ired

T-jrterpol.atedvalu.eforcorresprndingvalueofXX

TX - bable value X, or T, equalþ i pa.ced on the ínterval

(al-so correspond-s to Ð( valuel )

TY - bable value of T or X, unequa:þ spaced on the j¡terval

(also corresponds to Y - inte polatecl value)

N - riumber of table val-ue poÍuts oí (tx, ty); (NrN)



Ranrze of Interpc.lati-on:__---_.:_ _ :_ _

Inter¡,olal,ion is camied out above the second lowest point

and belot¡ the st,cond hÍghest point.
.. ':'

Messages:

If in';erpoLatÍon is requi.red' above x

ls no atteropt m¡,de to interpolate but the point

statement !tPoin'; X - above (or belo'¡)

Reference

ItJourrral of the Hydraulícs Divi-sÍontt

rr0on'L Lnuous Paraboli.c Interpol-ationtt

-2

Exanrrle.i

Datar

bbbbA
bbbbb 2.5bbbbbb4o.obb
bbbbL 2.6uuuu¡¡60.0¡u
bbbbb2.?bbbbbb9o.obb
bbbbb 2. Bbbbbbl3o.obb

anshr€ n l-8.56

For e xample check 3RR Ref. - M Srycrer P. 107

below the range; there

is l¡ritten out and the

table value r(U-f), (or 2)

- July ]961

- by Willard M. S4yder



ELev.

(fe. )

2323.0
2324.0
2325.4

2326.0
23?"7.0
2328 .0
2329.0
2330.0

2331.0
2332.0
2333.0
2334 .0
2335 .0

2336 .0
2337.0
2338.0
2339.0
2340.0

23ttL.0
2342.0
2343.0
2344.0
2345.0

A rea

(a;res)

).c
I .07
0,16

0,40
0 .60
c. 83
r.25
L.73

2 .65
3.80
5.80
g .50

12.52

I9.0
27.5
31.7
3 5.0
37.65

40.3
42.(',
44.9
47 "L
{ g.7c

BALD HILL Df{¡'t

Storage Curve

Dam Inc1udecl

Avg.

(acres)

0.04
0.11

0,28
0.5
0.7
1.0
1.5

2.2
3.2
4.8
'1 .2

10.5

15.8
23,25
29.60
33.35
36 .3

AS

(ac.lr. f g. )

0.04
0"11

0.28
CI.5
0.7
I.0
I.5
2.2
3,2
4.8
'l .2

10"5

15.8
23.25
2g .60
33.35
36.3

39.0
4.[.5
4].8
45.0
47.9

E^S

(acr. ft.)
0
0.04
0. L5

0.43
0.93
1.6
2.7
4.2

6.4
9.6

L4.4
2L.5
32.1

4'l .8
71.1

100.7
134 .0
L70.3

209.3
250 .8
294.5
340.5
388 .4

39 .00
4L.45
43.?5
46.00
47.90

ifune 12, 1969

M. Sydor





0'90'5
SJ..r 'HCIf Jf n0

0'+' 0't

0'9¿ÊA

0' BeÈe

r'oÊEe

r'eÈÊeln
rffl
:D
-tH
cl
2¡
î
-l

0' f,EÊe

0'5ÊÊ:r

O. BEEF

0'0rÊe

0'E{ìÈA



sJc 'H0-lltn0
0't' 0'g

0" freËe '

0'gðÊa

0'BeÊe

0'oÊEa

0'eÈeerrl
rrl'
=¡ -l H
çl z.

..ìrl

l
0' f'ÊeA

0'58¿a

O. BÊÊA

0'0l'BA

0' A+'ÊA



;r
u

'0
) cÐ cl .c
f

È
.L

E
V

R
T

IB
N

, 
F

T
.

ru &
l

¡-
u

a tf

cl Íu a (f

,A
a

: 
Ë

cl
;-

l
r 

.r
l

(:
)

:e

å
(.

.¡ ü;
o u¡ a o (r

¡ cl



0'i'eee '

0'oeÊe

0' eeeeF¡
rrr¡
:n
{H
(f
z,

'lrt
{

O. BÊÊE

0' ofiÈa



sJJ 'Fl0-t-{Jn0
0't' 0'E

0'fieÊe'

0' geee

0'oeÊe

0' eeearEl
f-
flt

=t -lH
Cf
¿,

-Ì
l

0'f'EÊe

0' gÊeA

O' BÊEA

0' osga

0'afiÊe



eSqe -0

e3'l0 .0

Ê339 - 0

e336 - 0

;
l¡-

2
tf,Ht-fr
t¡JJ
t¡J

e33{ .r

Ê33e.0

e330 .0

e3eË - 0

e3e6.0

. e3e,+ - 0
. 1.0 e-ß 3 "0 rt.o

OU TFLOI{, CFS

5.0 6.0



PtsFfOD: Fron l\r)r> .S -
É-4uGE D--6.rü,f EIÃ:V. - t) g:EFc Il01{ _ 

-7.8.åt 2)

)AES
&

m¡[E

fiIG
iN19R-
vår
Ifin, '

Pating.

14 00 c. s -r-'

Rt'ìüOTF PJCORD

G/*uGE irù**
i:dIcliTl¡rü]{o-1:1

RAÎE 03 Rüif0!3

t'.8¡-! , ooo?-4

i;a'cle N nrt. .

D.-{. SSS 7. O

!o- 4,rr-o.. lS- 24 o? c. s .-r . :.9:6t ?¡ '.
TL0-d1 AT liST -7o.3o

3.,'r..SE 
I

=5 
6;rf I

a cres--$.:Élg- so-.ml .-
riLe: âL-n* |

In./hr
,ôooLÇ-l ,OOôOo l.

SUFSCE
RîiNo35'
rn./þ3

]e6 L

A\JER¡.GE

...-'' .':"ë 
¡= {¡

.R{TE

FOR
:Ii]iB

liNTn¡a'/¡J.

3) rôr.gsr rlrÆß.JlL(.

ÏcR..
55i\iE

TNTERV¡¿

T0TåI, Riii.io:",l' ll

ACCI¡: iI-
ï,¡.t'EÐ

oooLl

-t3OL l.oooLl
17,9L l. oooul

. ooo.l S

C.íS

, ooor-l l.

.ooo'7L

Convorslon fac'vor for D.A. L cfs =.ocolì6 in'./h¡.

.ôo

t q3t, \\ò . lloo..oo €-r.''1--a ALt e *.r.,'d *{;tg Hl.S .

.o
.o

-7 3, 8z- I ,ooozl

. ooor*l

y,.

oooo o

. ooc'oz-
.oôd.c

, oo=.-3

ô.:o 9c i-ì 3.8?-

- oooo-1

.oõ2

,òôCf

OoO'l I I .<rô(¡fl.

'. Õcì2 ì

.6oAZ7

.ootsl

ôOrl l2

côLl I "ooo2J
.ooo-t | ..o.,

.oooão

cz il f ,20

;i-'.*"
I l.¿o

,oôô4-1

theet No. -/ r€



d.(IIGE DAfiIf EÏ,ilif .

DÂ18
&:

Eii[E

m\G
INER-
vår
Min.

- r) z¡to ry,,,¡ -li.Êl 2) J'ryAr ¡.r.RESr7p.=o . 3)

o
ô

GAU-GE ¡

¡iBiGrIri
F'it. !

Zoô

NATE

10'a{r
RijiqOllr
Tn,/b.a

.. Ratins .tabLa- - ñ\ oY.- - ß 6h - '. - ;

1,,
I , .r

r, :I'iLe: G/.-g-'t
D.-4.r 555_?_.O acros B. 6-7 Þ_ sq.m1

7 4-oz

o

c3

| ,'

oo

14,o5

I ,'

Rüi{o!5

oo

14.?,4

¿6oS1

¡TOl'í

! \¡¡

l,l

14.40

oooG6

|,

14,59

, oo2$l

'| r'

-u..sg

ì a.qì-

. ls- z<?-o .-<.S.:f- t9-&.

Þ¿.cE

SEOiT

In./Ìrr

oo/.råR

o

r 3.B?-

t ¡l

1A:74

.¡r9fl

I.r

73. 82-

t 4.Bo

.orz5l

J3.ø r-

oôoL

l¡

aA.16

strg'AcE
P,IX,ir)rt5"

.In./ nr

.o rl efl

s ttas

.ooot- I

-Ì2,,9,2-

14.-l+

. o'z-o3l

Ar¡5R¡.G3
.Þô|T¡Él

. FOR,

TTI'il
INTES/ÂÏ,

.c\o oL I

I ?- gr-

1lL-1c.

nl Ø94

2- rr

,ooô!l

13,9'2-

1Á.-f.o.

; rrl ÂL3

3rt

.oco.'! 5

.oôoLl

1ì?-

7?BL

ì 4.f"

o
lvr

. ooTL

73-qs

TOT¡ú

-l
roR 

IîfliB I

ITITER\T.ü ]

org<A

14.S r

IO1'TE5T TNTA1ce 13,61

oô}t

. nl l4-c-

lÒ ¡t

.ao'o3L

3

-t 4 -oo

-14.5o

.on oåo

I ¿l¿

ol 4i9

L4

-o

1Ç,oC

r 6ô ôt(

1 +39

Å- tLp\

.oo 11 4

.ooo36

. nl ooS

14:tt'

.ol

2

Rürioi 1 i[

il
J.ccüi'rJ- llq .r4 S,r¿tg_llj__

14 3to

.oo41 4

.o@SL

, oo9 /,S

qtr

r ooo46

r4,/g

.ol

14-Za

, oOo/cO

74 ,i

, oo9ha

ooLll

.o2c

14.2O

ooo1 I

1+"71

lt +.r-z

z4 ,,

'o lÇrS.3

' .,r',14-

.ool¿o

.ol>1i

ooS6î"t

1+.5?-:.oo49l

ù
L4,,

, olSl Q

ooSgÁ

, oo4-?

"o-A¿t ll = ""

oot Bb

14 .>9

o t-111

\)

14 z-1

. ooSB,6

74- "

.c) lgoq

,oo2-14

. o (-i6:1

oogçit L3."o

ooQ /^O

1+.3 6

.nl9t-'1,

-r d.l-l

2+ .,

.nl)-51

' . Õe, l¿3

. o l¿,-è5

1 4.31

/t-

!

-14.(o I'ooo$P,

? roj;s. ll.rs, e o

7?,,

.D r ô58

b

t:
n +.3 j.oo r25

,oO339

.ol:,-53

.oo3 ß *

.c\

14 -\1

ts:.q. ll-3l.so

u-'

,¡tB4L

no l-?3

.oz+ D-ll 7o .i

. a¿r Ç4.C'r

()t q Òq

1 4.1\-

.Convorslon facior for .0.4.
I

s 43 L \\0 I loo.o,: F-T

DQ- 1q I

1À.12-\.ctollh

c¡

.o I -T5?-

.otQhL

1+.L1

oB-?.tô llln.z"

'oo ? oq

ooSß/-

14.1Õ i ,oon9ß

. o, ròsø

ffiil.".1

. oO7-Ç-1

ooS6L

o szdLçp--a o

ot€4L

14 -11

' ol 84"

, oo*S-?

'5

qt¿,s ll t ta..to

14'to

,¡lt-LL

. ooooo

.o g1 60

, ooJ3 q

oo98Ç

1+.t3

.oo8o4-

ALT

, o\ ôø+

, oô tl3

-1+-lL

":lrs ll¿.ò ¿.<¡

.o2+ + 4

.,o Á oz-

: r:-s 3o'll/ 04.4o

1Ç'to

ooó9 C

. oo(-13

,oolL6-

.zrslo,ll qz.¿o,

-?1.93

zq5

tsìa ôr

.O ÒSBá

.o5¿, zB

.>4(r4ll so .ss

oo I lln

, ôô q 7-?-

.o6oZo

.>-rrrs llsa.4s

st-Ê ô

'oo o9 ?¡

I
T

. oo51 3

.t'¡o ?'Q

. ¡.

.3 Õcil L iiSq 'qo

oooti-1

cfs =.seql-?ù In./h.r.

, oo?-Çl.

.3s? >+ll.saq.z

rqqtì!-

.oALq B

R

À¡-..t,..t

Þ,

++ l.++J+ t llE¿ q-s-

f,oo I l?-

I
rl
J

Þ..-: q Èuqs' ...+lerÇ.Ê.f.s :

: o 9652-

' go(rO O

. +2:,jïjl 3 ¿. e s
: z+l!: r..+s

- ¡Q¡ 44-

' oo ILO

I
I

IFEL!-

L."=.e g-

. c;o lô-?

¡t',49739 llZ5.70

I .or-as$ 'l.tbee-r ll z.oo

,.secqrli iq."s.

ooo-lB

. oz-b30

.6scvs ll q ro

-

lr" Ar:

.6øz rg ll -sr.so

. o)-( I
otAr2-

ft4i1jlsse-
',jjlás,-

r63c 1 l[ :'i "
tZ¿ t

ll. . _
i!



ii,FLi..

CF:

/

ia _.

t avJ

i).it1
22.i)

L-. a, \-

3 3!¡, o9
))¿ -..4L¿

at.-
!!'f i a rìJ'722.+2
76?_,)6
'l:ì fi ;--tv)a -.¿

d,4.ii
':!-tij
.--t1 IÃ

ò43,1 ,)

at::ú+ ) a L L
:ii1 '-:J,tl aü/

ó)ét21

eULaJU

v--a'J)

913n1+-r
t L r a ¿J

)I3.23
tLia-.,...
,lrr) :.a

s ió . I1

vILaJ+

vvJa,u

a)11 .r I2 !- a ,' L

LJ:

-l-:'

f :ì'l
La ))

¿. ri
'\ f,.)La))': :)
-.i)
2.2:
L -11

-:r2.
!+.4i
î caLe),

ó. ó6,' ::, /

2,J 2
2.4=-
-. J..'

'- .'>: I
- .,-ì ó
;.11.
'¿ .'i I
+.17
).?1
a ,3L
' )1r a )L
.; ¡3 :

_ .4t
- .J:¡
) .7 5
I.i)
+. - )
2 . .,ì,-'

La))

2.13
{¡))
.La¿-

?- ri i
: :tJ'JJ

'+.2]
1 

" 
!+l

/+ . =-, ).

/+r))
4 ..;1
4,i4

1a):)

+ .'.+')
/, ^t :

+ .24
l+. i7
4. L1
4. ?2
4.23
4,Ij
/+.Ll
: ai--
-ta ¿ç

3,9 -

3.1 .t
') 11
JaV)
î 't¿
J' AU

L.)J

La ),:

STÙRÅú:.

ACiT.f-FT

I

1

't

Z

1

232:.74 u.34
232:.74 u,3+
ZJZ: .1+ v,14
232'..1+ -. j-
23 ,.l- 1-.--,
ZJ'l t.)= 2c. t-)
23 '- ¡3) 3o.'t\
233: .i) 45. a1
23 (.li i-.32
233( .2r 5 l. ó7
23'Á-(.2¿ 51.E7
233{.7t ,j.à2
2'i (.1- 4t,'i)
Z 2 )E c ¿ ¿ + / r ri.,
¿) i ob- *,t i )
233'-.u- 32.i-
¿) L tl) ¿-). i0

213:.t" \>.c2
2i i.rl- I).tL
2i.3L.i- 22.i,,
2-"-x-1,2¿ 2i,3\
233=.9t 2 i. Jó
2'i : .4i I i- .24
23a2.1j i2.i¿¡
23 2.2- IiJ.¿¡2
lJiJoi¿ oooi
2 j ur-7¿ ).5i+
232t.3i I.)+
2i24..14 -,i+
2i2),1t+ -.i+

7U¡\ 7 i- nl'

6i

DAT: T Ii\lI

AUG 65HR

ó 1200
6 19u0
6 lSust
6 2lcv
6 24u0
7 3 ûij
7 6At)
7 t20û
7 180u
7 24AO
I 500
I 12u0
8 180i
B 2¿çv ¿'9 

24Aü
1ù 24v¿
11 24'ju
l2 14..¡ù
I2 15v.
72 1óuù
r2 170ú
12 240C
13 72ç-t;)
13 24'J0
14 ór'v
14 12ûv
14 1Büu
I4. 24úv
I 5 4i'.;
1 5 24v¿



90

)

2

)
J

i




