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SYNOPSTIS

This tresis, which fulfills part of‘bhe requirements for a
degree of M. Sc. at the Univeréity of Manitoba, presents the results
of a study into some aspects of the geomoiphology of the Qilson
Creek Experimental Watershed. Data that ras been gathered in the
watershed over the past decade has been siudied to determine rates
of erosion in the escarpﬁental pbrtion of the watershed and rates
of deposition in the Wilson Creek Delta.

Studies based on sediment transport cata were made fo determine
the average ammual rate of sediment transport over the past ten
years which includes the influence of a headwater detention bésin.
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 Wilson Creek
Exﬁerimental Watershed was determined and compared to the reduced
anmual maintenance costs in the artificia: drain through the Wilson
Cfeek Delta. It was found that headwater storage cannot be justified
on sediment discharge reduc£ion alone, However, evidence indicates '
that redﬁction in flood damage accruing t» such storage is probably

significant and warrants further study.
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CHAPTER I

- INTRODUCTION

This thesis presents the resﬁlts of 1 preliminary study of the
geomorphological processes of streams on :he Manitoba Escarpment,
in an attempt to explain erosion and sedirentation phenomena of such
streams. An estimate has been made of the amount of material that
has been eroded from the escarpmental portion of a watershed since
deglaciation, Existing topographic and s'ratigraphic data have been
examinéd in order to determine the quantity of material that has
been deposited at the base of the escarpment during this same time.
Data gafhered with respect to sediment discharge has been examined
and an estimate made of the average annua. sediment load of the
stream. An additional study carried out :n the course of this
investigation has been an aftempt to analy'ze the effect on the
average annual amount of sediment transpo:ted by the stream of a
fidod detention basin loéated in the head-waters. The reduction |
in sediment dischérge attributed to the detention basin has been
‘related to the reduction iﬁ the average amnual cost. of maintenénce
of land drainage works at the base of the eséarpment in ordexr to
partially avpraise the economic feasabili’y of detention basins in
this particrlar environment. The benefit~ of the detention basin
considered vere limited to the effects of the flood storage reservoir
in reducing the sediment infill in the druins, and no attempt was

made to eval'uate the reduction in flood damage that would result




from such res:rvoirs.

In 1957, the Wilson Creek Wafershed was selected for a detailed
hydrometeorlosical study to determine if measures in the head-
waters of escirpmental streams could be effictive in reducing floéd
and eroéion. The watershed was intensively instrumented to measure
rainfall; run>ff, sediment production énd the ground water regime.
Geological, s»>ils, and botanical surveys were also carried 6ut. At
the same time, a number of works were constructed to determine if
such measures as detention dams, stream bed and bank protection
works, etc., could be effective in controlling the flooding and

erosion problems., The data gathered since 1959 in the Wilson Creek

Experimental Watershed were used in this study.




CHAPTER II

THE WILSON CREEK EXPERIMENTAL WATERSHED

General

The Wilson Creek Experimental Watershed is located on the
eastern slopes of the Riding Mountain withiia the Riding Mountain
National Park,

The drainage area within the National 2ark is 5,440 acres.
Downstream of the park boundary the stream is confined in an
artificial drainage di£ch to the point wherz it enters the Turtle

" River., The location of the Watefshed is shown in Fig. 1.

lippograpgl

The topcgraphy in the expefimental watershed is typical of
watersheds 1ying'on the Manitoba Escarpment. (1) (2). The upper

| catchment arca is located on a relatively flat plateau at about

elevation 2,400 feet, énd from here the 1ani falls rapidly, dropping

.about 1,300 feet in four miles. From elevation 1,000, which roughly

marks the present limit of the alluvial deposits from the escarpment,

>fhe land falls gently toward the northeast to eleﬁafion 850 at Lake

Dauphin. The middle watershed, between the plateau and the alluvial

(1). G. H. MacKay and C. R, Stanton--Wilson Creek Study Erosion

and Sediment Control, Proceedings Fourth Hydrology Symposium,
Hydrology Sulbdivision, N.R.C.--196k.

(2). G H, MacKay--Wilson Creek Experimental Watershed--

unpublished japer presented to the 1966 anrual General Meeting,
E.I.C,, May, 1966.



fan, is deeply insized and cut by a number of draws and coulees
tributary to the main water-courses. The main streams are cut
into the bedrock shale in deep, V-shaped valleys, four to five

hundred feet leep. These topographic details are shown on Fig. 2.

Geologv ind Soils

A surfac2 mantle §f uﬂconsolidated glacial drift of rock
materials covars the bedrock formation throughout most of the
watershed., Badrock exposures occur in the deeply insized chamnels
of the méin water courses. The rock formations immediately under-
lying the glacial drift and those outcropping along the water
courses are shales of the Upper Crétaceous period. Two phases
of the Riding Mountain formation, the Millwood and bdonah; occupy
most of the surface contact area. These consist of light grey,
hard siliceovs shales and soft greenish shale élay. Dark grey
shales of the Vermillion River and Favell formations underlie
the Riding Mcuntain shales and contact the surface depoéits in
fhe lower portion of the watershed.

Glacial ﬁill in the form of end moraines cover the bedrock
“formations over most of the watershed. A narrow sffip'of alluvial
deposits, coriposed mainly of shale fragmerts, oceur oﬁ terraces in
thé creek valleys in the lower portion of the watershed., Shallow
peat deposits cover the glacial till in erclosed depressions in
the upper part of the basin.

‘A detailed reconnaisance soil survey of the watershed was
undertaken in 1958. Ten soils types weré identified and mapped

during the snurvey. The sojl survey indicuted that the watershed
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may be divided into two segments for consideration of runoff and
erosion probiems insofar as soils influenég these phenomena.

The mid¢le portion, comprising.theméteep slopes of the escarpment
consist of wepus soils and talus slopes. 'hese materials.are quite
permeable to'water and do not contribute metgrially to surface
runoff. How¢ver, the shale fragments, which constitute the bulk
of these materials are very susceptible to erosion, éSpeoially
through scou:’ on the banks of the creek chennels. It is this
portion of the watershgd that probably coniributes most of the
coarse sedimonts that are found in the strcam.

The uppur portion, which consists of :'iner textured, felatively
impermeable s0ils, probably contributes a uignificant portion of
the surface runoff. However, most of thesc areas are stabilized
by vegetation and very-little erosion seem: to occur. A few
recently eroled gullies may be observed on the valley slobés along
the south branch §f'Ba1dhill Creek, and.thqse, no doubt, contribute

- gome of the finer sediments.

Vegetatigﬁ
Both broad and detailed studies have “een madé of the existing
© vegetative cover in the watershed by Ritchie, 1958. These involved
both field studies and air photo interpretition studies.

On the upper plateau, the cover is primarily an open forest
of hardwoods and sprucas with some areas of shrub. The upper
escafpment slopes have a more or less clos2d cover of mixed forest,

made up chiefly of white birch and aspen poplar with local stands
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of coniferous trees. The middle to lower porfion of the catchment
is occufied by young stands of deciduous 1rees dominated by white
birch and aspen poplar. The'forestéd p;ri of the lower delta
abutting on thg escarpment.bears a mixed “igorous forest with

varied assortment of conifers and hardwoo( s.

Climate and Runoff

The general climatic conditions previiling over the area of
ﬂanitoba in which the watershed is locatec., are sub~humid with an
average annual precipitation of about 18 :-nches, and a mean annual
temperature of about.35 degrees Fahrenheii. Approximately 14
inches, or about 80% of thé annual precipmtation falls as rain
during April to Cctober, and the remainin;; four inches as snow
dufing the winter months.

Throughout the general escafpméntal wegion, the summer
precipitation often occurs during sharp, intense thunderstorms.
These are usually centered>over the highe:» portion of the
escarpment and often are extremely local. Rainfall intensities.of
up to four inches per hour for short periods of time héve been
measured in the watershed.

Runoff from the watershed occurs as a result of the melting of
the winter snow pack, precipitation from; frontal stofms iﬁ the late
spring and early summer, convective storms during the early and
middle sumrer, and mild.frontal‘storm ac:ivity in the late summer
‘and fall. The average annual runoff fror the watershed during the
period 1959 to 1968 has been about four iaches, 80% of which bccurs

during the months of May and June.



CHAPTER I3II

GEOMORPHOLOGY OF THE WILSON CREEK WATERSHED

General

It is generally accepted that the last of the thick continentsal
ice-sheets that covered the northern part of North America prior
to 15,000 years ago-melted away from the Fiding Mountain area prior
to 13,000 years before present (B.P.) (3). The ice mass as it
moved over the Manitoba escarpment altere( the existing landscape
by filling pre-glacial valleys with glacisl debris and eroding high
areas. It may be visualized that immedia‘ely subsequent to deglaciatior.
the escarpment was plastered with a mantle of glacial drift so that
the surface of the eastward facing slope would be relatively smooth
with only very minor relief. (4). |

Glacial Lake Agassiz was formed as a result of the wasting of
the continental ice-sheet. A4s various ou’ilets to Lake Agassiz
were formed the lake receded énd-by 11,000 B,P., the lake had
receded in the region of the Riding Mountain, to what may be

‘considered %o be the base of the Manitoba escarpment,

(3). Life, Land and Water--Proceedings of the 1966 Conference
on Environmantal Studies of the Glacial Lake Agassiz region edited
by W. J. Mayer-Oakes, 1966. ‘

(4). Personal Communication--Dr. R, Klassen, Geological Survey,
Canada. '



Wilson Creek Delta

Immediately subsequent to deglaciaticn, erosion of the‘slopes
of the escarpmeﬁt commenced. The eroded ﬁéterial was carried down
the slopes end deposited in the glacial luke. These lacustrine
deposits would have been unifofmly washed along the lakeshore and

worked by waves and by littoral drift. After the lake receded, to
vbelow about elevation 1,100 (11,000 B.P.), the eroded material was

deposited in the lagoons and swamps left tehind vérious beach ridges

of the glacial lake. These ridges, which may be readily traced on

present day aerial photographs, (5), inhitited drainage and the

material was deposited in a series of coalescing deltas along the
base of the escarpment. An examination of Fig.AZ shows plainly

the shape of the Wilson Creek delta by the "bulging" of the éontour

lines, o

From the events described above it my be concluded that two
distinct sections of the Wilson Creek del-a may be identified.

Thé base of the delta being the bedrock shale surface or the surface
" of the glacial deposits remaining after the passage of the glaciers;
~immediately on top of the bedrock or till surface one would expect
a layer of lacustrine deposits overlain b a layer of alluvial
deposits. .n examination of the logs of %est holes in the delta

area, as prosented in Appendix 1, confirms this sequence of deposition.

(5). i mosaic of one inch equals one mile aerial photographs
was made for this study. Because of reproduction problems, it is
not included in this thesis. The mosaic may be examined by request
to the author,. .
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It may be visualized that the erosion process on the escarpment

during the period that the glacier was wasting immediately to the
north of the Fiding Mountain regionAwoulé take placevat a rapid
rate. The cl;maté adjacent to the cold lake and the cold front of
the glacier wculd be éxtremely humid, (6) with annual precipitation
much greater than today. It has been postuiated that during this
time weather patterns were such that moist air was circulated from
the south wes’ area of North America and was brought into the area
imﬁediatély south of the front of the glacier. In addition,
immediately subsequent to deglaciation the slopes of the escarpment
would Be bare of any vegetation resulting in the opportunity for
rapid erosion, As a result, it might be expected that the lacustrine
deposits in tie delta would be much thicker than the overlying
alluvial deposits. These alluvial deposits occured ;fter the
‘glacier had raceded a considerable distance northward so that it
would probably not have a significant effect on the local olimaté
in the Riding Mountain area,‘henge, annual precipitation would be
reduced and, in addition, a vegetative cover would have developed
‘on the slope of the escarpment giving some measure of protection to
‘the steep slcpes. An examination of the test hole iogs shown in
Appendix 1 bears out this hypothesis. For example, test hole 69-5
(see Appendix 1) indicates that the lacustrine deposits are thirty-

five feet thick, while the alluvial deposit is only about eleven

feet thick.

(6). Life, Land and Water--opp. cit.
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In order to determine the amount of material deposited during
the alluvial vhase of the formation of the delta the existing
topography as shown‘on Fié. 2 was eiamiﬁéd carefully along with the
stratigraphic information presented in Appendix A, As shown in
Fig. 2, an approximation of the pre-alluvial phase topography was
made., The priviously mentioned aerial mosaic- was extremely helpful
in delineating the periphery of the alluvial phase of the delta,
As.will be se:n on Fig. 2, the pre-alluvial surface was assumed to
have a west-eist slope similar to the existing slopes adjacent to
the delta. Tais assumption agrees quite well with the stratigraphic
datas It will be noted that the depth of thé alluvial material
as plotted on Fig. 2 agrees generally with the pre-alluvial surface
as shown by the dashed contour lines.
- In order to determine the volume of the alluviai material,
the area between the pre-alluvial surface and the present surface
was estimatec at thousand>foot intervals across the delta. It is
interesting 1o note thét a buried beach-ridge of glacial Lake
Agassiz was c¢bserved on the lower portions of the cross-sections
made to determine these areas. From the elevation of the beach it
is suggested that the buried beach was formed during the Campbell
Phase of Lake Agassiz, 11,000 B.P. (7). |
The totil volume of alluvial material determined as outlined

above amount:d to 140 million cubic yards. If it is assumed, based

(7). Life, land and Water--opp. cit.
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on the stratigraphic data presented in Appendix A, that thé lacustrine
phase of the delta is épﬁroximately twice as thick and has about the
same aerial extent as the alluvial phase, then it may be estimated.
that the total volume in the Wilson Creek delta above the post-

glacial surface is between 400 million an¢ 500 million cubic yards.

Brosion of the Upper Watershed

Numerous creeks have developed on the upper watershed, particularily
in the escarpmental portion and are disecting it by headward erosion.
These creeks first downcut inté the til1l, and when enough till is
exposed, it slides into the creek (8) and is carried away, but the
boulders, being too large to be easily trensported, remain in the
creek bed. Continuous down-cutting exposes the bedrock and when
sufficient bedrock is undermined it tob w:1l slide into the valley.

" In this case, the overlying till and the bedrock slide into the
creek as an amorphous ﬁass leaving isolat«d buttes like Baldhill.
The creek soon cuts down through'the till and forms a terrace.

The determination of the amount of muterial eroded from the
escarpmental portion of the'watershed requires that many assumptions
be made. The two primary assumptions used in the éstimate made for
this étudy‘were:

l. The surface subsequen£ to deglaciation was relatively smooth,

2. Erosion of the rim of the drainage basin has been insignificani.

(8). PYers. Comm.--Dr. P, A, Carr, Geological Survey of Canada.
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Cross-sections at 1,000 foot intervals of %he existing surface were
made frém the uppermost portion of the wat:arshed to fhe Wilson Creek
delta utilizing the best available fopééﬁaghic maps of the watefshed.
These maps ware prepared by photogrometric means and are considered
to be reliable and aécurate. Based on the two above mentioned
assumptions the post-glacial surface was superimposed on the cross-
sections of the existing surface.

It was noted_fhat‘the southern rim of the watershed is'generally
highef than the northern rim. It was posiulated when drawing the
postglacial surface that a génerél south fo north slope prevailed
on the escarpment after deglaciation. The areas between the two
surfaces were computed for eaéh cross-section and the volume between
the two surfaces was calculated to be 450 million cubic yards. It
was therefore concluded that during the period between deglaciation
and the present, about 13,000 years, a to’al volume of 450 million
éubic yards of tiil and shale bedrock has been eroded from the

escarpmental portion of the Wilson Creek watershed.




CHAPTER IV

SEDIMENT TRANSPORT

Measurerents of the sediment discharge of Wilson Creek were
initiated in 1962. At that time a program of suspended sediment
measurements were initiated at the main hydrometric station at the
bogndary of ihe national park (see Fig. 2).

The sed:ment load of a river is composed of material that is
moved along ihe bed of the stream, along with finer material that
is carried by the stream in suspension as a result of the turbulence
of the flow. The suspended load, as measured by accepted methods
and using the available instruments, does not include the bedload.
Visual obserrations made of the sediment transported by Wilson Creek
indicated that a éignificant anount of material is transported along
the stream bottom as bedload. Instruments have not been developed
to measure quantitatedly the bedload transport of a stream and since
an indicatiol of the total sedimént transport of Wilson Creek was
necessary it was decided to adopt a méthod of estimating the total
sediment loal. In 1962, a small in-channel weir was constructed a
short distanse downstream of the hydromet::ic station at the
Park boundars in ordef to "trap" the sedinment carried by the streaﬁ.
The reductioa in stream velocity resﬁlting from the backwater caused
by the small dam causes material in suspension and moving as'bedload
to be deposited. Measurements of the volamé of material deposited
in the reservoir over a given period of time are made and the volume

compared to the amount of sediment measurs:d as suspended load at the
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hydrometric station for the éame time period. When the reservoir
behind fhe "silt trap" is nearly filled, tae deposited material is
mechanically removed from the reser#oirfari further measurements
of sediment infill are made.

During periods when the Wilson Creek Watershed produces large
flows as a result of heavy preciéitation; the "silt trap" becomes
filled and a portlon of the sediment load is transported through the
reservoir and over the dam and is deposit«d somewhere downstream.
The volume of sediment deposited during such flood periods is not
measured. The following table shoﬁs the wesults of the calculations
made of the volume of material deposited in the "silt trap" as compared

to the volume of suspended sediment measu-ed at the hydrometric station:

PERIOD ' MEASURED SUSPENDED SHALZ DEPOSIT  SHALE DEPOSIT (TON:)
- SEDIMENT (TONS)  (CU. YDS.) (vased on a weigh' of
105 lbs. per cu. ft.)

June 21-Sept. 9 798.35 Rk, 2 1153

'65
Sept. %Z-Sept. 20 919.51 1913.1 1440
p .
April 12;May 16 850,26 1)66.65 1525.30
\J
May 25:22pt. 12 350,146 765.73 ' 109%.99

June 6:gug. 20 714,70 581.62 831.71
8 .
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It may be considered that the volume of sediment deposited in
the "silt trap" represents the total sedinent load of the stream
during the measﬁring period and the volume of sediment measured as
suspended lcad at the hydrometric station is the suspended load of
" the stream during fhe same period. The average of the values shown
in the above table indicate that the suspended sediment load as
measured at the hydrometric station represents about 55% of the

total sediment load of the stream.

Bedload

There are many imperical relationships that have been developed
over the years to calculate the amount of sediment moved as bedload
by a stream. Most of these relationships are based on the following
parameters:
i. the composition of4the.streambed

ii., the flow conditions near thg bed
iii. the slope of the‘streambed.

Two commonly used formulae were employed to calculate the
bedload of the Wilson Creek at the park boundary to compare the
lresults to those obtained by fhe measuremants descfibed above for

“ the "silt trap". These two formilae used were the Schoklitsch

Formula and the Shield's Equation. (9) (10) In order to use the

(9). Computation of Total Sediment‘Diécharge Niobrara River
near Cody, Nebraska, U.S.G.S. Water Supply Paper No. 1357-1955.

(10). Handbook on the Principles ol Hydrology-Editor-in-
Chief, D. M, Gray-In Press.
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bedload formulas it is necessar& to know the particle size
distribution and the unit weight of the maberial in the streém
bed at the point where the bedload is to tz estimated. Accordingly,
bed material samples were obtained and anulyzed. The results of

the particle analysis are shown in Fig. 3. (11) The Schoklitsch

Formula is:

WD
_ ¢ 86.7 1.5 _ 0
G = ( D1/2 ) ( se ) ( @ - 0.00532 x /3 )
50 : e

in which G discharge of bed material, in 1lbs. per second

i}

D50 median diameter of bed part:cles, in inches

ft

S, = slope of energy gradient (tsken as bed slope)

W

width of stream at measuring; section, in feet

Q

]

water discharge, in c.f.s.

The results of the calculation using the Schoklitsch Formula

are shown in the following table:

(11). Pers. Comm., Mr, C. R, Miller, U.S.D.A. "Sedimentation
Laboratory, Oxford, Mississippi, 1964, (dsceased)
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Q (cfs) Gy #/sec/ft. ' Gy Tons/day
1 . .0000120 0.01296
5 .000134 IR W Y78
10 .000326 ' 0.352
50 .00194 2.093
100 .00399 ) 4,312
200 .00805 | 8.688

Similar values were found using the Skield's Equation. Both
of these equ:.tions were developed for rounc quartz particles. The
bedload carried by Wilson Creek is primarily shale, with a specific
gravity of only about 70% of granite. The shale particles are
round, flat thin plates. Observations ind:.cate that because of
their shape, these flat shale particles ares moved more easily by
the moving witer than are roundvparticles. It can be obsérved
that the shale plates tend to be set in motion easier and once in
" motion are carried at a gfeater éistance b7 saltation. In order
to correct the values calculated from the above formulaé, g shape
- correction factor based on the median particle diameter and the
ratio of the volume of a sphere compared to the volume of é thin
plate was czlculated. Applying both the weight correction factor
and the share correction.factor, the value of the bedload tranéport
of 16 tons per day for d;scharge of 100 c.f.s. was determined.

This compares with the value of about 80 {ons per day calculated

from the voiume determinations made from the "silt trap" data.
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It was found in the Niobrgra River study (12), that "at low discharges
of sediment the measured and computed tonniages agree fairly wellj;
. but at ﬁighef sédiment discharges the ééﬁp#ted tonnages are much
lovwer than the measured ténnages". The culeculations outlined above
indicate the same type of discrepancy for Wilson Creek. TFor this
study, the results of the measurements mace on the silt trap have

been used in order to determine total sediment transport.

Average’Annual Sediment Transport . . ' -

It is possible to predict or estimate the probable long term
sediment yield of a drainage basin with a fair degree of confidence.
The flow duration-sediment rating curve method has proved a feliable
means of determining long term sediment yields from watersheds..

This procedure involves the piotting'of a water-sediment relationship
and the developement of a flow duration curve using available

-stream flow and sediment sampling records. Fig. 4 shows the relation-
ship between sediment discharge and water discharge that was developed
for the Wilson Creek Watershed., This relationship was based oﬁ all
the suspended sediment data that has been accumulated since 1962.

>The ma jority of the measurements were mad: during tﬁe period May

to October and very feﬁ measurements were made during the spring
freshettes. The sedimént measurements inzlude only the suspended

load and-were obtained by.conventiqnal suspended sediment samplers

using the depth intergrating method with a few determinations using

(12). Computation of Total Sediment Discharge, Niobrara River
near Cody, Nebraska--opp, cite
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the point intergrating sampler. No bedload estimates are included
ih the sedimeat discharge. The followingvtable indicates the re-
lationship that was developed based>onﬂéhstraight line least
squares"determination of the logarithms of the independent and
dependent variables, the water dischérge in c¢.f.s. and the sediment

discharge in tons per day respectively:

Water-Sedimert Relation For Wilson Creek Experimental Watershed

Number of Observations : 1136

Dependent Variable Susperded Sediment-Toné per Day
Independent variable | Mean c¢aily discharges c.f.se
Intercept -1,19(¢12

Slope of the line 1.67703

Correlation Uoefficient 0.90L 64

Ad justed Cor:ielation Coefficient 0.90L-55

Std. Error o’ Estimate 0.497168

"Adjusted Std. Brror of Estimate R 0.49:568

It will be noted that the corfected coefficient of correlation
is fairly hish being above 0.90. This ind'cates tﬁat a good
correlation nas beén developed. The coefficient of determination
is about 0.8) indicating that 80% of the variation in sediment
discharge méy be explained by variations i1 water discharge.
However, it will be noted that the standard error is fairly large
being 0,49368 log units. This indicates that there is a fair

degree of scatter of the points.
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In order to determine the change in the water sediment
relationship ‘rom year to year, the daily sediment versus daily
discharge wer: plotted for each year for the period 1962 to 1968
and are showr on Fig's'5 and 6. In each case a'least squares best
fit 1line'of tie logarithms of the variables was made. It will be
noted that thsre is a shift from year to yeir of the relationship
between sedimsnt discharge and water dischacge. This is probably
due t§ many factors,'such as; time of the y2ar of storm producing
rainfall, intansity of storm producing rainfall, antecedent moisture
conditions on the basiﬁjand many others. However, the indications
are that there is not a significant shift ia one direction
indicating a progressive change in the water sediment discharge
relationship.

A flow ¢uration curve using average daily discharges was
prepared for the discharge data obtained at the hydrometric station
at the Park toundary. Tﬁe flow duration ceslculations were made by
Mr., M, Sydor of theAUniversit& of Manitoba, Civil Engineering Staff
on the University 360 I.B.M. computer. The computer program and
calculations are described in Appendix 2.

The inc:emental combinatioh of thé twe curves i.e., the flow
duration curve and the water sedimeht disclarge curve produces an
estimated long term sediment yield as showr. on the tables in
Appendix 3. The average annval suspended rediment transport is
4,68 tons per day and this is based on a sumpling period for the

suspended sediment of seven years, 1962 to 1968 and the sampling of



the daily discharges ovef the period 1959 to 1968. This figure
does not include the bedload portion of the tétal load.

If the figure that was determihed'from the "silt trap"”
measuremenfs for the suspended sediment portion of the total load
is applied tc this figure, a value of 8.51 tons per day is
obtained. If it is assumed that the sediment producing period each
year is 200 ¢ays, then an average annual total sediment transport
of‘1,700 tons is obtained. Based on a dgnsity of the sediment load
of 105 1bs. yer cubic foot (13) the average énnual long t;rm
volume of seciment carried by Wilson Creek under existing

conditions is 1,200 cubic yards,

Total Scdiment Transport during Alluvial Phase of Delta Formation

As outl:ned previously, the alluvial phase of the Wilson éreek-
Delta has becn in the fofmation stage since abbut 11,000 B.P.

Based on the above calculated average annual total sediment
transport (snspended sedimght logd plus bedload) and a formation
period of 11,000 &ears, a total amount of material of 13,200,000
cubic yards is obtained.

It will be noted that this figure is considerébly less than
the amount of material that was estimated previously to be in the
alluvial portion of the Wilson Creek Dglta. This descrepancy is
probably due primarily to changes in climite over the last 11,000

years. As roted above, the figure of 13,200,000 cubic yards is

(13). Pers. Comh. €. R. Miller--oppo. cit.
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based on a sempling period of only ten years. The climate over the
region has veried drastically since the beginning of the formation
of the alluv:al phase. For examplg; ifwis stated in "Life, land
and ther" (’4) that since 550 B.C. there lave beep seven climatic
episodes ove:' the region occupied by glacisl Lake Agassiz that are
readily iden:ifiable. BEach of the climatib episodes is éharacterized
by a definit: precipitation regime varying from extremely wet to
arid. Because of changes in the climatic egime during these
periods, thee would be vast differences in the rate of annual
sediment traisport by the creek and tﬁerefmre the rate deposition
would alter from climatic episode to climasic episode. This
variation in the rate of deposition may be seen in the photographs
accompanying this thesis. Photos 7 and 8 show exposed banks of

* ¢he creek through the delta area and definite indications of

changes in the rate of deposition may be szen by obvious change in

particle size and the color bands.

(14). Life, Land and Water--opp. ciie




- CHAPTER V

BALDHILL RESERVOIR

Description

In 1960, studies were inifiated to determine if it would be
feasible to develop storage in the headwalers of Wilson Creek. (15) _
The studies indicated that careful developement of adequately observed
storage reservoirs in the headwater areas would serve a twofold
purpose, namely, controlling a potentiallnource of fléod producing'
run-off and furnishing neoeséary information to c¢larify conclusions
with regard to the physical feasibility o’ the construction of
detention basins in the headwaters of esc.rpmental streams. A
study of aerial photographs and topographicaltmaps of the upper
portions of the watershed indicated a numder of potential sites
for headwater storage developement. Thes: sites were verified by
field recomaissance. They were opén bogzy meadows located in the
ﬁpper part of the»watérshed in the area waere forest cover was‘
minimal. The meadows had.at some time in the past been flooded
‘:by now breached beaver dams. Topographical surveys of the dam
site and reservoir were completed and the design of the Baldhill
Dam was undertaken.

Constiuction of the Baldhill Dam and¢ Reservoir wés completed

in 1961, The drainage basin tributary tc the reservoir has an area

(15). G. H. MacKay, G. T. Forsyth, Headwater Storage Proposals,
Wilson Creck Watershed, 1960, Unpublished Report, P.F.R.A.
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of 584 acres and is divided into north and south sections by a low
ridge. bThe two séctions are connected through the ridge by a small
channel. The location of the dam aﬁd }ééervoir is shown in Fig. 2.
The dam is an homogeneous earthfill with‘a maximum height of
twenty~six feet. The embankment.has 3%:1 side slopes on the
upstreém side and 3:1 side slopes on the downstream side. An
uncontrolled twelve inch diameter corregated metal pipe serves as
the main outletnfor the water stored in tre reservoir. The design
criteria with regard to rainfall and assuted runoff coefficients |
indicated that the design flood would reach an elevétion twenty-two
feet above the bottom of the reservoir, besed on the assumption that
the reservoir wouid be empty at tﬁe beginning of the flood. An
uncontrolled earth spillway is constructed at this glevation to
allow for the passage of rare fldods through the reéervoir without
encroaching on the safety of the dam. Th: storage capacity at the
elevation of the emergency spillway is 337 écre feet.

The cost of the Baldhill Daﬁ and Reéervoir was approximately
$20,000 eiclusive of engiﬁeering costs. The operation and maintenance
costs since the dam and reservoir were completed have amouhted to an
average of 3400 a year. Based on an interest rate of 6% and an
assumed life for this strﬁcture of fifty years, the interest and
amartization Qharges amount to $1,270 anrually. The total annual
cost,‘therefore, for the development of %37 acre feet of storage

is approxinately $1,670.
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Inflow Hydrogravhs

In order to determine the inflow hydrograph to the reservoir
an automatic stage recorder is incofpoiéted into the dam. This
makes it porsible to have a continuous record of the change in
stage in the reservoir with respect to tire. As mentioned abo&e,
the outflow during the passage of ordinary floods is through an
uncontrolled twelve inch conduit. Measurements have been made of
the discharge through this.condﬁit for various reservoir stages and
a reservoir level-aischarge rating cur?e l.as been prepared. By
cpmbining the storﬁge-elevation curve and the outflow-elevation
curve and by knowing the rate of change o water level in the reservoir
it is possible to determine, for a given stérm, the shape and size
of the inflow hydrograph.

The stage and discharge data that ha3s been obtained on the
reservoir since it was completed in 1961, were programmed by Mr.

H. Sydor, University of Ménitoba, Civil Eigineering Department on
thé I.B.M, 360 computer and all of the storm events were routed
through the reservoir and the inflow hydrograph for each storm event
" determined. (16). The routing program and routing calculation

details may be found in Appendix L,

(16). The individual inflow hydrographs are not included herein.
However, tliey are available upon request to the author.
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Calculations of the Effect of Baldhill Reservoir on Flows at

the Watershe¢ Outlet

In order to determine the efféét ;; the.storage reservoir in
the upper poitions of the watershed on flovs at the watershed outlet,
it is necessiry to determine the shape of the hydrograph at the outlet
if the reservoir had not been in existence. This was accomplished
by routing tl e calculated inflow hydrograplé through the stream
channel, dowistream to the Park boundary. The difference between
the resultin;: inflow hydrograph, as would lave been measured at
 the Park bouidary and the actuai reservoir outflow hydrograph
routed to th: outlet,.were then added to the recorded discharges
at the main hydrometric’station. The resu.ting hydrograph then
represents tae hydrograph that would have heen observed at the main
hydrometric station if the feservoir had not been in existence.
Fig. 7 shows the hydrographs resﬁlting froa the storm of May 17, 1962.
The calculatzd inflow hydrograph to the Baldhill Reservoir is shown
" along with the calculated inflow.to Baldhill Reservoir routed to
the Wilson Creek outlet. The resultinglthaoretical hydrograph
at the.Wilscn Creek outlet is shown on the samebfigure. It will
be noted thet the peak discharge at the main hydrometric station
which was measured at %6 c.f.s. would have been 73 c.f.s. if the
Baldhill Reservoir had not been in existerce.

In order to route the inflow hydrogreph through the stream
channel to “he outlet of the watershed several simplifying assumptions

were necessury. The most important assumption made in this study
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was that the hydrograph would be translated, but there would be no
attenuation as a result of channel storage. This assumption is
thought to be relatively valid sincé th;‘Vilson Creek is exfremely
steep and a very slighf éhange in stage corresponds to a 1argev
increase in discharge; therefore, it is rvasonable to expect fhat
a significant amount of water does not ha'e to go into channel
storage in order to pass the flood wave thirough the system,

The time of travel of the hydrograph through the channel
systém waé based on data oﬁtained during an experiment in the
watershed carried out during the summer o? 1968. Af that time,
vater stored behind a beaver dam in the usper portions of the
watershed was released suddenly by rapid wremoval of the beaver dam'
and the resulting flood wave was measured as it moved downstream.

. The time of travel from the upper part of the wateréhed to the
hydrometric station at the park boundary vas approximately two and
ong-half hours. This figure was used as the time of travel of the
hydrograph from the Baldhill Resérvoir to the outlet. It may be
argued that the experiment conducted in 1968 in the watershed waé

" superimposel on a relatively small flow in the creek and that during
larger-floCis the flood wave would'move nSre rapidly. This may be
the case, however, in view of the short‘travel time compared to

the duration of the peak of the hydrograph'at the main outlet, it

is not considered that the assum?tion used will significantly effect
the resultu, For each of the 18 storm events for which inflow
hydrographs were calculated and routed to the outleé, the effect

on the average daily discharge of the Baldhill Reservoir was calculatedt,
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Based on these new average daily discharges; a flow duration curve
was prepared (17). TFig. 8 shows the flow Yuration curves under
existing conditions, that is, with %heféélihill Reservoir in operation
and, under natural conditions. The difference between the two
curveé indicates the effect of the reservcir. It will be noted
that flows beiow L ¢,f.s. occur more ofter with the reservoir than
without as a result of the release of flocd water from storage.
It wili also be noted that the higher discharges occur less frequently
with the reservoir in operatidn than they would have under natural |
conditions. |

Effect of Baldhill Reservoir on Aver:ge Annual Sediment Transport

Using the relationship between water discharge and sediment
discharge as previously developed and as rhown in Fig. L, the average
annual) sediment discharge based on the flow duratioﬂ cuve under
natural conditions was calculated. The vilue for the average
annual suspended sediment transport under natural conditions is
%.33 tons per day.‘(See AppendixlB). Bascd on the assumption that
the suspended sediment discharge under natural conditions of flow

"represgnts ~he same proportion of the totul sediment discharge as
was measured under the control conditions since 1962, the average
annual tofai sediment transport under natiral conditiens is 9.69
tons per da;r. Based on a sediment producing périod of 200 days

per year then the average anmal total sediment discharge is 1,938 tons,

(1?). The flow-duration curve for natural conditions was
calculated dy Mr. M. Sydor. (opp. cit.)
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Using a unit weight of 105 lbs. per cubic foot, the number of

cubic.yards of material transported under natural conditions Qould
be 1,365 per yéar.‘ This compares with'é.total average annual
discharge of 1,200 cubic yards under controlled conditions. The
difference, 165 cubic yards per year, is the benefitithat may be
attributed tc the Baldhill Reservoir in the reductioﬁ of sediment

transported =nd deposifed in the channel downstream of the national

park boundary.




CHAPTER VI

MAINTENANCE COSTS FOR THE WILSCY CREEK DRAIN

Brief History of Drainage in the Wilson Creek Delta Area

Agricultural developement of the Wilson Creek Delta began in
1908 in a homestead in the S. E. & - 31-2C-15 W.P.M. In 1908,
the Wilson Creek had no formed channel through section 31 and such
water as came into this section emptied irto peat bogs and marshy
areas and any out-flow continued in a general northeasterly direction,
likely joining with similar type of flow ifrom McKinnon Creek and
thence to the Turtle River. Very shortly after the initial home-
steading took place in the area, there vas a concentrated effort on
providing land drainage in order to lower the water table and to
reclaim some land that.was in jackbine swemp and in low marshy
meadovs.

_Original plans indicate that.tﬁe firet land drainage in the
Wiison Creek Delta was initiated ‘about 19:.6. (18). The drain
intercepted the creek at approximately one-half mile east of the
,natiénal park boundary and ran north-westerly to the corner of the

section and then direétly east to the Turile River.

(18). C. R. Stanton, Wilson Creek Vatershed. A report on
Background ‘nformation. 1958. Unpublished mms.
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Maintenance Costs

There was no further work on drainage until ébout 1929, at
which time reconstruction of the oriéihél drain was carried out.
The total crst of the reconstruction amounted to $10,000. From
1935 to 1957 a periodic maintenance of th: drain was carried out,
primarily cleanihg out sedimeht which was deposited éfter every
freshette on the creek. During this perind a total of $13,500
was spent on the main drainage channel. “rom 1950 to 1957, which
represented a relatively.wet period, some $29,600 wés spent on
periodically cleaﬁing out the drain. As the cleanoﬁts continue,
more and more of a problem is encountered in the disposal of
material dredged out of the drain. As th: spoil bank adjacent to
the drain becomes larger it is necessary %o purchase more land in
order to dispose of the material., Not insluding thé'original cost
of the drain, a total expenditure of some $43,000 has been spent on
maintenance since 1929, Based on these figures an average annual
maintenance cost of approximately $1,500 a year ig attributable
directly to the sediment aspect of the problem caused by the Wilson
Creek as it moves throﬁgh the Wilson Cree't Delta.

A comparison of the average annual cost as computed from the
" drainage records with the cost_calculated from the figures for
average  annazal sedimént transport reveals a relatively close
agreement. As noted above, the aversge annual sediment transport,
under natural conditions, is approximately 1,365 cubic yards. If
is is assured that all éf this material is deposited’in the drain

between the National Park boundary and the Turtle River, then at a
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unit cost of $1.00 per cubic yard to remové this material,‘a
total annual cost of $1,365 is arrived at. The cost figure of
$1.00 per culic yard is not considefed‘éxcéssiveAif it includes
the cost of right of way purchase, spoil disposal, as well as
removal of m:terial from the drain, and otﬁer costs thét are included
in the figure of $43,000 total maintenance costs of fhe drain,

Based or the same unit costs the value of the Baldhill Reservoir
in reducing ‘he sediment discharge of thé ctream may be calculated.
As noted previously, the Baldhill Reservoii reduces the long term
average annu:l transpoit by 1.81 tons per cay. Again, based on a
200 day per ;ear sediment transporting period, an average énnual
reduction in the sediment deposited in the drain of 165 cubic yards
could be attributed to the Baldhill Reservcir., Based on $1.00 per
yard, the benefit that could be attributed to the Baldhill Reservoir
in reducing *he average annual maintenance costs of the Wilson

Creek Drain would be $165 per year.




CHAPTER VII

COMPARISON OF RESERVOIR COSTS AND SEDIMENTATION EFFECT BENEFITS

Costs

The aveiage annual costs of the Baldhill Reservoif include
interest on the initial investment, amortization of fhe initial
invéstment ard anﬁual operation and mainterance costs. One of the
purposés of ‘he Wilson Creek Experimental Vatershed Project was to
determine tht_eost of developing and mainteining an experimental
Qatershed, and for thié reason an elaborate system of cost
accounting wis established (19). By refer¢nce to the cost figures
in the annua.. reports of the project, the i{'ollowing detailed cost
break-down fuor the Baldhill Reservoir is available:

A, C.PITAL COST

1. Baldhill Dam including
foundation preparation,
conduit, and compaction

of f£ill material $12,068.88

2. Fills associated with
Baldhill Reservoir , 7,970.50
TOTAL CAPITAL COST ' $20,039.38

Total maintenance cost
of Dam and fills during
period 1961-1968 $ 4,150.00

TOTAL COST TO DATE $24,189.38

(19). S3ee annual reports for period 1959-1968 on the Wilson
Creek Watershed prepared by P.F.R.A. and available from the author.
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B. ANKUAL COSTS

1. Interest at 6% L $1,202.36
2. Amortization at 6%~
50 years : 69.00
3. Average operation
and maintenance 518.00
TCTAL ANNUAL COST A $1,789.36

Average annual cost per

acre foot of usable flood

control and sediment

reduction storage lzggélé = $ 5.30

Benefits Resultine from Reduced Sediment Load

As outlined previously, the average annual total sediment load
under natural conditions, based on a sampling period of seven years,
196? to 1968 is 1,365 cubic yards. If it is assumed that none of
the sediment load moves through the Wilson Creek Delta area, but
is all deposited in the Wilson Creek Drain, then thé maximum benefit
that could be obtained would be to reduce the sediment ioad carried
out of the e:scarpmental portion of the watershed to zero. If a
unit cost of removal of the sediment deposited in the drain pf $1.00
per cubic yard is adopted, theh the maximum annual benefit that
would be attiibutable to any type of sediment reduction works would
be $1,365. ‘he unit value of one dollar rer cubic yard is considered
a reasonable figure based on the actual cost of material rémoval
of $0.25 per cubic yard, the cost of spfeading the removed spoil
material of £0.25 per cubic yard, the cost! of obtaining cultivated

land on whicl to dispoSe the material of EO.BO per cubic yard and
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other miscellaneous costs sﬁch as cleaning out culverts, vegetation
control on spoil banks and contingencies cf $0.20 per cubic yard.
The benefit that may be attribﬁteﬁftc the Baldhnill Reservoir
to the reduction in the cost of drain maivtenance'is the reduction
in the average annual amount of ﬁaterial (eposited in the drain
resulting from the construction of the Baldhill Reservoir. As noted

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

value of $1.00 per cubic yard the benefit: accruing to the Baldhill

Reservoir are then 3165 per year.

Comments on Economics of Headwater S'orage

It must be emphasized that the only benefits that were considered

in this study were those of reduced mainteonance resulting from

reduced average ammual sediment load in thie Wilson Creek Drain

‘which carries the Wilson Creek through the Wilson Creek delta. It

is obvious if the average annualﬁbenefit in this regard is only
$l§5, while the average ammual cost as nosed previously is $1,800,
the Baldhill Reservoir could not~be’justified on the basis of
reduced sediment alone.

It will be very obvious from consideration of -reduced fiow
resulting from the Baldhill Réservoir that the main source of
benefits to headwater storage along the escarpment is.in the
reduction of flood damage. For example, during the flood of 1953,
in which thousands of acres of.agricultural land were flooded along
the base of the escarpment, direct flood damage to agricultural

land and tc public works, such as roads, bridges, etc., averaged



36

about ten dollars per acre (20). The average annual direct flood

damage is estimated to be about $1.00 per acre. Before a conclusion

may be reachel regarding the economics of the flood detention

basins, detajled studies in the reduction in flood damage resulting

from such ressrvoirs are required. An indication of the significant

reduction in flood flows that result from headwater storage may be

~found in the following table:

DATE

17/5/62
30/5/62
4/6/63
10/6/63
4/5/64
19/6/64
6/5/65
28/6/65
1/7/65
1/8/65
3/9/65
15/5/66
30/6/66
8/8/66

(20).

7'3
-

1z.

Yers.

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

56
237
31
202
18 -
11
126
2.0
2.7
L,s
111
56
18

114

Comm.

and Forestry. Ottawa.

INSTANTANEQOUS PEAK

17
61
12
bl
21

1

R

2.5

2.1

605
15
25

(c.f.s.)

AVERAGE DAILY PEAK

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

31 27 ly
258 218 40
27 21 6
200 165 35
30 15 15
15 8 7
136 98 3
k.0 1.5 2.5
5.5 2.0 1.3
7.5 3.5 L,o
85 L6 39
60 L7 13
13 9 b
80 76 b4

C.R. Stanton, Carada Department of Fisheries
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. A few corments on the cost of headwater storage are worthy of
mention, The Baldhill Reservoir was located in a pafticularily
advantageous ﬁite. The storage per.foééAbf dam height was ver&
significant b:cause of topography. Additiunal storage sites in the
Wilson Creek Vatershed are not nearly as attractive as the Baldhill
site and it may therefore be concludgd that the cost of storage
will be far in excess of the $5.30 per year per acre foot for the
Baldhill Resecvoir. Other studies (21) indicate that the unit
cost of storaze will likely approximate $15.00 per acre foot per
yvear in the ujper portions of the watérshed and far in excess of
this figure i1 the escarpmental portions.

Detailed studies on other escafpmental vater sheds have not
been made, but it is reasonable to expect that at least one site,
similar to thz Baldhill site, may be found for each watershed. If
it is assumed that the chances of locating a good to excellent
storage site are proportional to the size of the plateau portion
of the watershed, and that tﬁe piateau portion of the watershed is
at a relatively constant proportion of the size of the total
‘watershed, tren it may be estimated that reservoirs as effective
as the Baldh:1l Reservoir may be constructed along the escarpment
at a cost of about $0.60 per year per squere mile of drainage area
above the bare of the escarpment. Hach wstershed should have a
reservoir site which may be developed at this cost that will control

10% to 15% of the watershed.

(21). "hese studies were made by the author on the cost of
storage deveiopement in Manitoba ds part «f another project.




CHAPTER VIII

DISCUSSIONJM
' The results of this study may be discussed under two main
sections: |
1. Geomorphology and
2. Economics of Headwater Storage.

Geomorphology

The estimate made oh the amount of me¢ terial deposited in the
Wilson Creek Delta at the base of the Man:toba escarpment above the
post glacial surface indicated between 40C million cubic yards and
500 million cubic yards. The majority of this material was deposited
in the lacustrine phase of the delta formation, 13,000 B.P. to
11,000 B.P., During these two thousand yecrs it is postulated that
extremely wet conditions prevailed, and the steep slopes of the
escarpmental portion of the watershed_weru void of any vegetation
and for these reasons erosion was rapid and sustained throughout
the whole period.

During the’alluvial phase of the formation of the delta, 11,000 B.",
to present, a total’of 140 million cubic vards were‘deposited. This
figure.is bised on volﬁme determinations aade between the present
surface and the surface assumed to exist at 11,000 B.P. immediately
after the drainage of Lake Agassiz. This latter surface was inferred
from existing topography, stratigraphic *est holes, and an examination -
of small scale aerial‘phofographs.

During the alluvial pﬁase it is most likely that the area has

experienced wet periods of rapid alluvial fan developement interspersed
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with longer periods of quescence. During an inspection of the
delta of Henderson Creek, a short distance to the north, the author
observed an artificial cut through fhe'aelté in which five complete
topsoil profiles interspaced with alluvial shale deposits overlay
the glacial surface. This indicated pericds of rapid.erOSion,
followed by periods of small erosion durihg which tiﬁe soil profiles
had a chance to develop.

An attempt was made to estimate the nmount of material that

has been eroded from the escarpmental poriion of the watershed during

the period since deglaciation. Based on the assumption that the
glacier covered the preglacial topography with a layer of glacial
debris and that the remaining surface was relatifely smooth and,
further, based on the assumption that during the past 13,000 years
the northern and southern rims of the watershed have not been eroded,
it was estimated that about 430 million cabic yards of material has
been ercded from the face of the escarpment within the Wilson Creek
watershed. |

Calculations were made on the average annual sedimeﬁt dischérge
of the Wiléon Creek using the data from measurements made on the

sediment ard water discharge as part of ihe Wilson Creek Experimental

Watershed., Based on the sampling period 1962 to date, it was determined

that the average sediment load that is in suspension and moving
along the bed as bedload is 8,51 tons pex day. With a unit weight

of the transported material of 105 1bs. per cubic foot a total

amount of sediment transport of 1,200 cubic yards per year was found.

This figur: includes the effect of the Baldhill Reservoir. The

o
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average anmual sediment transport under nétural conditions was
found to be j,365 cubic yards per year.

On the zssumption that the rate unhder natural conditions was
maintained c-nstant over the period of allvvial developement of the

fan, 11,000 1.P. to date, a total amount of 15,000,000 cubic yards

has been moved by the stream into the deltz area. It was found

that it is urlikely that the average annual transport calculated

on the data ;:athered during the past decade¢ is equal to the average
amual sediment transport over the past 11,000 years.

| From the above, if may safely be conciuded that the rate of
erosion over the past decade is less than curing previous times and
there is no avidence to indicate that the ate of erosion isrincreasiﬁg
with time. On the contrary, every evidencc points to a reduction in
average annuil sediment load of the stream. Indications also are |
that the erosion and deposition processes Heing observed are geological
processes anl works of man have had, or cai have, little if any effect
- on the rate of this process..

Beonomizs of Headwatexr Storage

This pcrtion of the thesis was limitel to the determination of
the benefite that can be attributed to the Baldhill Reservoir in
reducing the average annual clean-out costs on the artificial water-
way carrying Wilson Creek through the Wileon Creek Delta. The
effect of the detention basin on average daily flows at the outlet
of the watershed were calculated and from this fhe reduction in
average anmial sediment transport computec.

It was found that a reduction in average ammual total sediment
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loéd of 165 cuabic yards could be attributéd to the.Baldhill Reservoir.

The average annual cost of the Baldhill Reservoir wés calculated
to be approximafely.$1,800. Based on an annual benefit of $165 and
an annual coct of $1,800 it ié obvious that the Baldhill Reservoir
caﬁnot be justified on the reduction in drain maintenance costs
alone. |

The inciemental cost of storage developement was calculated to
be-$5.30 per year per acre foot. The maximum benefit that could
accrue to recuction in drain maintenance would be $1,365 if the
annual cost vere reducéd to zero. At an annual unit cost of
storage of $:.30 not more than 258 acre feet cquld be developed
to achieve tlis total elimination pf maintenance costs if the entire
‘reservoir cost were to be allocated to reduced maintenance of the
Wilson Creek Drain.

It shou’d be strongly emphasized that without the data that
has Been gatl.ered and accumulated as part of the Wilson Creek
Experimental Watershed project none of the calculations used in
this thesis could have been made.

Further work with regards to the quantitative:geomorphology
of watersheds that flow across the Manitoba Escarpment should be
undertaken. Carbon dating techniques cou.d be employed to better
understand the developement of the delta and to appraise the varying
rates of deprsition. Additional studies on the economics of head -
water storage are warrantéd. It is likely that much larger benefits
will accrue to reduction in flood damage than accrue to the reduction

in annual ccsts of drain clean-out. Additional studies on the
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translatién cf the flood hydrograph through the escarpmental
drainage system should be undertaken as the next step in appraising
how headwater storage modifies the fldé&bhydrograph at the outlet
of the waterihed. Data is available from the information being
collected in the Wilson Creek Experimental Watershed to undertake

all these stidies and the author recommends that immediately competent

manpower becimes available such studies shculd be put under way.
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FIGURE 1: Upper plateau area of watershed
with tree cover and meadows.

AUG

FIGURE 2: Eséarpment portion of watershed :
' with bare shale banks. ’



AUG

FIGURE 3: Middle escarpment portion of
watershed with coarse shale
‘on bedrock surface.

FIGURE 4: Source area ofwweatﬁéred shaie;



FIGURE 1: Upper plateau area of watershed
with tree cover and meadows.

FIGURE 2: Escarpment portion of watershed
with bare shale banks.

69

U AUG



FIGURE 7
Middle portion of
delta with buried

tree stump and
bedded deposits.

FIGURE 8

Upper delta area
with recent deposits
of coarse shale and
gravel on winter ice
cover.




' APPENDIX 1

STRATIGRAPHIC DATA

WILSON CREEK DELTA




69 -3. 0 - 241
69 4. 0 - 17

69-5- 0 - 150

69-6. 0 - 321

69-7. 0 - 23t

23t - 35¢
351 - 50¢
69-8. O - 11
111 - 351
35¢ - 501

50¢
657
65¢

WILSON CREEK TEST HOLIS

Brown silty and pebbly alluvium - shale pebbles predominate.
Lacustrine sediments.
Bedrock,

Buff silty alluvium with shele pebbles,
Lacustrine sediments. '
Glacial Till,

. Bedrock.

Sandy shaley alluvium gravel size material.
Lacustrine sediments silts.
Glacial Till,

Brovn sandy gravely alluvium,

Lacuistrine sediments.
Bedrock..

Browm séndy gravely alluvium,

Lacustrine sediments (silt).

Bedrock.

Sandy silty alluvium abundan’ shale fragments - poorly
sorted, soft and not very stiff.

Lacustrine deposits with occasional shale pebbles present.
Til1? ‘

Coarse very stoney alluvial material (shale) and cobble

and pebble size material - very difficult drilling -
almost like gravel.

Lacustrine? sediments and oc:asional shale fragments.
Bedrock,

Buff brown stoney silty allusium mostly shale pebbles,
Brown Lacustrine silt with siale pebbles.

Brown very shaley and silty 1lluvial type of material -
slightly washed appearance is that of a shaley gravel.
Gravely material ' '
ial till
Sand and gravel i Actually glacial ti

Bedrock.




69 - 9. 0O -~ 207 Very coarse gravely alluvian - with shale fragments.,
Unable o continue. |
69- 10. 0 - 37! Stoney silty alluvial material with shale fragments.
37 - T4t Clayey silt.

oL%  © Bedrock.
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/73

&7/

4

£3.

Y-S

FET

TOLSO/L
CAREY CLay
G/S’E bl 54//0 Y S/LT

. _S///ué‘s_ro/\/fs,, CAAVEL AND CLAY

T GAREY CLAY

H

SOF7 (LAY ANLD SAHALLSTONVES

BoL T L4y

SANG , GLRAVEL ,SHALLES JONES |,

_ p//?r)/ AL 5/1. 7Y SAND

STON Y LAy

SHGLE AriD. BENTON/TE

PROVINCE GF MANITOBA
DEPARTMENT OF MINES AND NATURAL RELOURCES

WATER CONTROL AND CONSERVATION BRANCH

LOG OF TEST HOLE #2l

S.W.29-20—1I5W

‘Fﬁﬁ‘f’.RED BY: . ) DATE: JULY / 69

FILE NO.

DRAWN BY: T. M.




DOFPTH WY FEET

/g A

29 4—

35 +

52

T TORPSO/L

SHALESTONES AND. GRAVEL DIRT Y .

SOF 7 GAEY. CLAY

SHALESTONES ANO GRAVEL.

SOF T GREY CLAY

CGAND AND CRAVEL N CLAY

SAND Y . CLAY™

SHALE . .

PASRTIE "
PROVINCE OF MANITOBA
DEPARTMENT OF MINES AND NATURAL RESOURCES

WATER CONTROL AND CONSERVATION BRANCH

LOG OF TEST HOLE 19

SW.29-20-15W

PREPARED BY: DATE: JULY / G9
FILE KO,

DRAWN BY: T. M.




LERPTH 1Y FEET

TOL SO L

TCLATEY SAND AND SHALESTONES

/67 4

TBOFT. BROWHY CLAY AND
LSTREAKRS. OF SHALE

26—

TSHALESTONES AND CLAY
ZAYERS

30

TSHALESTONES , CLA }/’A/VO GCARALEL

- T BROMY AL GREY CLAYT

37 +4—

SHALESTCNVES | GRAVEL AND
TTLAY

Z3 -

TGCHREY LA ps T
T SAHALESTONES '

52—

SAHALE

58 -

PROVINCE ©F MANITOBA
CEPARTMENT OF MINES AND NATURAL RESTMURCES

WA ER CONTROL AND CONSERVATKON BRANCH

LOG OF TEST HOLE #:11
s.w.3o—-20—15'w |

PREPAHED BY: DATE: JyLY /6%

FILE KO.

DRAWHN BY: T. M.




CDEPTH  IN FEET

NN Q

/3

43

4=

ez

TSSO/,
' SANDY  CLAY .

BAND, GARAVEL AND SHALESTCNES

GCREYT TLAY

SAND, FRAVEL .Sn///z £57‘c>/v£5
AND CIAYT

CBREY STONY CLAY”

SHALE

I

PROVINCE OF MANITOBA

DEPARTMENT OF MINES AND NATURAL REJOURCES

WATER CONTROL AND CONSERVATIONH BRANCH

LOG OF TEST HOLE 4:22
S.E.30-20 -15W

§ PREPARED BY: DATE: JuLYyY /59

FILE RO.

DEAWN BY: T. M.




DERPTH /N FEET

98

/35
/36

25¢

SHALLE RPEBBLE GRAVEL

T SHALE FEBBLE GRAVEL WITH DOLOATITE..

BROWN SOF7 S/ILTY.CLAY
BROWSY T7LL

GREY TILL

C BREY SLAALE : T

GREY SHALE WITH LIMESTONE BEDS
BEN TOAY 7E ,
GAREY 544,

GREY SYALE

BENTOATTE

BREY. SHALE

PROYINCE OF MANITOBA
DEPARTMENT OF MINES AND NATURAL RESOURCES

WATER CONTROL AND CONSERVATION BRANCH

LOG OF PIEZOMETER 4k 6

S.E.24 —-20 —|6W

PREFARED BY: DATE: JuULY /6%

FILE NO.

DRAWN BY: T. M.




_DEPTH N FEET

&7

co

&7,

SHALE PEBBLE AND GAAVEL

GCAREY SHALE

GREY SHALELE AND L/GHT
BROWYN LINESTONE

i

 CHREY SHALE @ 877

BENVIONITE. STRINGER

BENTONITE CLAY
CREY SHALE @ /70 55/&/7“0/\//7f

S 7"/?//\/6514?

GREY SHALE @ /7S AND /80
BENTON/TE  STHANGERS

BROWVN SHALE GAALDING 7O
L IMESTONE

PROVINCE OF MANITOBA
DEPARTMENT OF MINES AND NATURAL RJI30URCES

WATER CONTROL. AND CONSERVATION BRANCH

LOG OF PIEZOMETER # I

N.E. Il -20—16W

PREPARED BY: DATE: gULY /6%
FILE NO. ”

DRAWN BY: T. M.




DELTH N FEET

Vi

/5 e

&/ -

BROKEN SHALE O GRAVEL'

TSOL T GRETY CLAYT AND

SHALESTONES

SOFT CLAY W/TH SAND AND .

 FINE GAAVEL

SHALE  AND BENTOAN/TE

U SET

PROVINCE OF BMARITOBA

" DEPARTMENT OF MINES AND NATURAL RISOURCES

WATER CONTROL AKD CONSERVATION BRANCH

LOG OF TEST HOLE # 9
NW.29—20 —I5W.

‘PRPARED BY: DATE: JULY/€9
FILE HO. o

DRAWN BY: T. M.




CDELTH N FEET

20

. se

7TOLSC/L

FRACTURED SHALE

L SOF 7 SHALE

IED., HARD SHALE .

PROVINCE OF MAMNITOBA
DEPARTMENT OF MINES AND NATURAL REGOQOURCES

WATER CONTROL AND CONSERVATION BRANCH

LOG OF TEST HOLE 4: 8

S.E.25—20—I6W

* { PREPARED BY: DATE: JULY /69

FILE RO,

DRENN BY: T.M.




DEPTH IN FEET

D

77

/3

26 -
27 -

4z

) _3/744[5‘57‘0'/1/55, GRAVEL

7OPSO/L -

BROWrYy CLAY

CGREY T CLAY.

GREY CZA Y, ODLO STHREAKS

| BAHALESTONES.

CARAVEL | BLACK CLAY.

YELLOW S70NY CLAY

SHALE

PROVINCE QF MANITOSA
‘DEPARTMENT OF MINES AND NATURAL RESOURCES

WATER CONTROL AND CONSERVATION BRANQH '

s

LOG OF TEST HOLE # 17

S.W.29—-20-1I5W

PRPARED BY1 DATE: JULY/ 69

FILE NO.

DEAWN BY: T. M.




L DERTH N FEET

G NQ

0

8

c7

33

37

39

Z7. T

534

- JOPRSO/L
GREY SHNDY CLAY

SHALE STONES , SAND ANOD.
GRAVEL

GREY CLAT

SHALF SIONES. AND
CLAT

CLAY Wi7H 576/'/415‘57'/1"54/(5” )

SHALE STONES ANO GRAVEL

HARD SHALE STHREAKS
SOF 7 CLAY ‘

CAND. , GRAVEL AND CTLAY

| SHATE STREAKS IRONSTONE

PROVINCE OF BMAMNITORBA
DEPARTMENT OF MINES AND NATURAL RESOURCES

WATER CONWTROE. AND QONSERYATH N PRANOH

LOG OF TEST HOLE # 10

NW.20—-20-I5W

PREFPARED BY ' DATE: JULY 7 69
FILE Ko,

oRAWN BY: T. M.




DERTH /N FEET

NQ

My

N

N N
N 9

N
0

7TORPSO/L
BROWN CLAY
SHALES TONES..

SO GLEY CLAY

SHALESTONES , SOF7 CLAY AND

 GRAVEL

BBOWN L4y

SOF 7™ SAILE

SHALE.
PROVINCE OF MANITORA
DEPARTMENT OF MINES AND NATURAL RESOURCES
WETER CONTROL AND CONSERVATION BRANCH
LOG OF TEST HOLE 418
SE.29—-20 -15W
PREFARED BY: . DATE: JuLy / 69
FILE NO. ’
“DRA‘.‘.’N BY: T. M.




DERPTH /N FEET

b Q

37

39
a4/

L5
P 4~3

5z

7OLSO/L

5/4(/;’4[570/}/552' SAND AND GRAVEL

SOL T GREY CLAY

Sl ESTONES | GRAVEL AND BROWAN

GHREY CLAYT

BROWA CLAY STALALS | SHALE
CARAVFL

S LSTONES  GRAVEL  CLAY

SHALESTONES | SAND ANO GRAVEL

ERACTUAED SHALE

L SHALE

PROVINCE OF MANITOBA
DEPARTMENT OF MINES AND NATURAL RUSOURCES

WATER CONTROL AND CONSERYATIO BRANCH

LOG OF TEST HOLE #20

N.W. 20 ~20 —15W

"PREPARED BY: DATE: JULY / 69

FILE NO.
DRAWN BY: T. M.




I

DELTH Y Fz.f"f'f

N

\I b §
RN

Ga

TORPSOIL

SN D, Gﬁ’AVé‘é SHALESTONES AN.D
CLAY ..

GCAREY CLlay _

C‘[A Y SHAALES TONVE S, G/M//é‘l
AND SANO

CLAY , SHALESTONES ANO

L GRAVFEL

STONY " CLAY

prar

PROVINCE COF MANITOBA

DEPARTMENT OF MINES AND NATURAL RESOURCES

WATER CONTROL AMD CONSERVATIOH BRAMCH

S.E.30-20—-1I5W

LOG OF TEST HOLE #22A

PRZPARED BY: DATE: guyLY / €9

FILE NO.

DEAWN BY: T. M.




DEPTH IN FEET

NG

7/ 4

/5

7OPSOL”
SO f GREY CLAY
SHALESTONES AND GRAVEL

SOLET GREY CLAY
SHALESTONES ANO CLAY

GREY CLAY , STHREALKS OF
SHALES TONES

STON Y GRLY CLAY

SHALE
PROVINGCE OF MANITOBA
. DEPARTMENT OF MINES AND NATURAL FESOURCES ¥
WATER CONTROL AMD CONSERVATICN BRANCH
- ]
LOG OF TEST HOLE #i6
S W.29—-20—-15W |
FREPARED BY: DATE: JULY /69 7
FILE RO.
| PRAWN BY: T M. B




OFEPTH N FEET

AR

77
/L

JORPSO/L

SAHALESTOWES. ) SAND AND
GARAVEC

<lay

BAND G 8 VEL AND SHALESTONES

CLAY, SAND, GRAVEL AND
SHALESTONES

BROKEY SHALE , CLAY AND

- GEArEL

BHALE

e

PROVINCE OF MANITOBA
DEPARTMENT OF MINES AND NATURAL RZSOURCES

V/ATER CONTROL AMD CONSERVATIO { BRANCH

LOG OF TEST HOLE :¢22B
S.E.30-20~15W

PKEPARED BY: DATE: JULY /69

FILE NO.

pRAWN BY: T, M,




APPENDIX 2

FLOW DURATION CURVE

CALCULATIONS



PROGRAM{E TO CALGUTLADS
WILSCN CREEE YEIR

FLOW DURATION

FLO4 CHART

START

READ YEAR

READ DATE, cfs.

GO TO 1 UNTIL ALL DAT.\ READ
CALL-"SORT I SUBROUT (WE

WRITE MSORTED DATA FOU WILSON
CREEK WEIR™ :

WRITE ®CFS. PERCENT'

WRITE OUT SORTED VALUIS AS PER 4.

END




PROGRAMME TO CALCULATE WILSON CREEK FLOW

DURATION CURVE

JAST CARD / , -1 in Colwm 10

REPEAT DATA

CARD 3
crp 2 [ DATA, cofs.
FORMAT (8 (I3,£7.3))
(/
: » READ YEAR
CARD 1 / | - FORMAT (9%, I5)



SUBRCUTINE “SORT I

Subroutine Sort I (XX, NN, YY)

XX - Points, or values to be sorted
NN - Number of points - WX{tsh

YY -~ Percent greater than - associated with each’
point XX over the interval length of NN inclusive.

Find lsrgest value over interval NN.

Place -argest value at the end of the interval and replace
end of interval point for largest XX value position.

Intervsl NN reduce by 1 to (NN-1)
Go to 22 until interval =1 | |

Associzte each value XX with a percentage over the interval NN.

RETURN
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APPENDIX 3

SEDIMENT DISCHARGE

CALCULATIOKRS




WILSON CREEK
SUSPENDED SEDIMENT CALCULATIONS

(Bald Hill Reservoir 'in Operation)

dontrib.

3 ‘ ~ 'Sed. Ld.* 5 Avg.
Time Q .. (Tons/ Time Sed. To
Exc. = (cfs) "Day) Interv. ~  TLoad Total
100 0 0
1 0 0
99 0o 0
1 0 0
98 0 0
' 1 0.000014 0.00000014
97 0.01 0.000029
' 1 0.00002¢% 0.00000029
96 0.01 0.000029
1 0.000029 0.00000029
95 0.01 0.000029
1 0.000075 0.00000075
94 0.03 0.00018 ‘
1 0.00018 0.0000018
93 0.03 0.00018
1 0.00018 0.0000018
92 - 0.03 0.00018 '
. 1 0.00030 0.0000030
o1 0.05 0.00042 _
1 0.00067 0.0000067
90 0.08 0.00093
o 1 0.0012 0.000012
89 0.10 0.0014
1 0.0014 0.000014
88 0.10 0.0014
. 1 0.0014 0.000014
87 . 0.10 0.0014
. 1 0.0024 0.000024
86 0.17 0.0033
1 0.0033 0.000033
85 0.17 0.0033
1 0.0035 0.000035
84 0.18 0.0036 o
: 1 0.0036 0.000036
83 0.18 0.0036
1 0.0036 0.000036
82 0.18 0.0036 '
1 0.0036 0.000036
81 0.18 0.0036 ,



Time 0
Exc.  (cfs)
80 <0.27
79 0.29
78 0.30
77 0.30
76 0.40
75 0.42
74 0.48
73 0.50
72 0.56
71 0.58
70 0.60
69 0.63
68 0.70
67 0.77
66 0.80
"65 0;80
64 0.88
63 0.92
| 62 0.95

61 1.00

WILSON CREEK
SUSPENDED SEDIMENT CALCULATIONS

(Bald Hill Resexrvoir in Operation)

Sed. Ld.* % Avg. Contrib.
(Tons/ Time Sed. To
"Day) Interv. ~ Tioad =~ _ Total -
. 0.0072 1 0.0054 0.000054
1 0.0076 0.000076
0.0081
1 0.0084 0.000084
0.0086
1 0.0086 0.000086
0.0086
1 0.0113 0.000113
0.0139
1 0.0145 0.000145
0.0151
1 0.0169 0.000169
0.0188 '
v 1 0.0195 0.000195
0.0202
1 0.0223 0.000223
0.0244
_ 1 0.0251 0.000251
0.0259
1 0.0267 0.000267
0.0274
1 0.0285 0.000285
0.0297 '
' 1 0.0327 0.000327
0.0356 ‘
1 0.0386 0.000386
0.0417
: 1 0.0430 0.000430
0.0444 o
1 0.0444 0.000444
0.0444
1 0.0444 0.000444
0.0444
1 0.0502 0.000502
0.0561
: 1 0.0577 0.000577
0.0593 _
1 0.0620 0.000620
0.0646




WILSON CREEK
SUSPENDED SEDIMENT CALCULATIONS
-« (Bald Hill Reservoir in Operation)

% : Sed. Ld.* % R Avg. Contrib.
Time’ o] (Tons/ Time ' Sed. To
Exc. = (cfs) "Day) . " Interv. =~ TLoad ' Total
1 0.0668 0.000668
60 1.04 0.0690
1 0.0753 0.000753
59 1.15 0.0817
1 0.0817 0.000817
58 1.15 0.0817 :
: 1 0.0817 0.000817
57 1.15 0.0817 ‘
1 0.0847 0.000847
56 1.20 0.0877
1 0.0909 0.000909
55 1.25 0.0940
1 0.0971 0.000971
54 1.30 0.1002
' 1 0.104 0.00104
53 1.36 0.108
’ 1 0.111 0.00111
52 1.40 0.114
1 0.118 0.00118
51 1.46 0.122
' ' 1 0.132 0.00132
50 1.60 0.143
' 1 0.143 0.00143
49 1.60 0.143
1 0.150 0.00150
48 1.70 0.157 .
1 0.165 0.00165
47 1.80 0.173
1 0.177 0.00177
46 1.85 0.181 )
) 1 0.186 0.00186
45 1.90 0.190
' 1 0.198 0.00198
44 2.00 0.206
: 1 0.206 0.00206
43 2.00 0.206
: 1 0.206 0.00206
42 2.00 0.206
1

0.206 0.00206
41 - 2.00 0.206




WILSCN CREEK
SUSPENDED SEDIMENT CALCULATIONS
v(Bald Hill Reservoir in Operation)

% Sed. Ld.* B L Avg. Contrib.
Time Q (Tons/ Time Sed. To
Exc. ‘<(cfs) "Day) ;Interv. " Load " Total
: 1 0.215 0.00215
40 2.10 0.224
: 1l ' 0.233 0.00233
39 2.20 0.242
' 1 0.258 0.00258
38 2.37 0.274
' 1 0.277 0.00277
37 2.40 0.280
1 0.290 0.00290
36 2.50 0.300
. 1 0.310 0.00310
35 2.60 0.321
1 0.335 0.00335
34 . 2.74 0.350 .
1 0.373 0.00373
33 2.95 0.396
1l 0.401 0.00401
32 3.00 0.407
1l 0.431 0.00431
31 3.20 0.454 '
' ' 1l 0.466 0.00466
30 3.30 0.478
l 0.517 0.00517
29 3.60 0.553 .
1 0.607 0.00607
28 : 4.00 0.661
1 0.661 0.00661
27 4.00 0.661
1l 0.703 0.00703
26 4.30 0.745 - -
- 1 0.760 0.00760
25 4.40 0.774
1 0.820 0.00820
- 24 4.70 0.865
‘ 1 0.912 0.00912
23 5.00 0.959
1 0.986 0.00986
22 5.50 1.13
1 1.21 0.0121

21 6.00 1.30




WILSON CREEK
+SUSPENDED SEDIMENT CALCULATIONS
(Bald Hill Reservoir in Operation)

% Sed. Ld.* L Avg. Contrib.
Time 0 (Tons/ Time Sed. To
Exc. "(cfs) " Day) Interv. ~  Load " Total
1l 1.40 0.0140
20 6.50 1.49
1 1.59 0.0159
19 7.00 1.69
1 1.79 0.0179
18 7.50 1.89
. 1 2.05 0.0205
17 8.20 2.20
_ 1 2.41 0.0241
16 9.10 2.62
1. 2.87 0.0287
15 10.10 3.12
i 3.57 0.0357
14 11.75 4.02
1 4.24 0.0424
13 12.50 - 4.46
1 4.58 0.0458
12 12.90 4.70
1 5.53 0.0553
11 15.50 6.38
. 1l 7.09 0.0709
10 17.44 7.80
1 8.40 0.0840
9 19.00 9.00
_ 1 10.32 0.1032
8 22.15 11l.64
1 13.2 ' 0.132
7 25.50 14.8
o 1 16.3 0.163
6 28.50 17.8
: 1l 19.4 0.194
"5 31.50 21.0
1 24.1 0.241
4 36.65 27.1
1 30.9 0.309
3 42.40 34.6
_ : 1 43.6 0.436
2 54.40 52.6 :
1 59.9 0.599

1 63.00 67.1




WILSON CREEK
SUSPENDED SEDIMENT CALCULATIONS

(Bald Hill Reservoir in Operation)

*

4.67879 Tons/Day

SEDIMENT LO2D IS CALCULATED USING THEFEQUATION:

Sed. = Antilog

e.g.

if Q = 1 efs;

Sed.

n

[1.67703(Log Q) - 1.19012]

Antilog [-1.19012]
Antilog [ 2.80988]

0.646 Tons/Day.

3 Sed. Ld.* R Avg. Contrib.
Time Q (Tons/ Time Sed. To
Exc.  (cfs) “pay) Interv. ' Toad Total
1 190.6 1.906
0 158.00 314.1
TOTAL:




Time Q
Exc. (cfs)
100 0.0
99 0.0
98 0.0
97 0.0
96 0.0
95 0.0
924 0.0
93 0.01
92 0.01
91 0.01
90 0.02
89 0.03
88 0.03
- 87 0.04
36 0.08
85 0.08
84 0.10
83 0.10
82 0.17
8l 0.17

SUSPENDED SEDIMENT CALCULATIONS

Sed. Ld.
(Tons/

2.0

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

WILSON CREEK

(Natural Cdndiﬁions)

[
o

Time

R e e

N i

L T T I e T

Avg Contrib.
Sed. To
- Load Total
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
6.0 0.0
0.0 0.0
0.000015 0.00000015
0.000029 0.00000029
0.000029 0.00000029
0.00006 0.0000006
06.00013 0.0000013
0.00018 0.0000018
€.00022 0.0000022
¢.00061 0.0000061
€.00093 0.0000093
(.0012 0.000012
(.0014 0.000014
(.0024 0.000024
(.0033 0.000033

-y




Time Q
Exc. ~ (cfs)
80 0.18
79 0.18
78 0.18
77 0.21
76 0.27
75 0.30
74 0.30
73 0.32
72 0.41
71 0.45
70 0.50
69 0.55
68 0.58
67 0.60
66 0.63
.65.’ 0.70
64 0.77
63 0.80
62 0.80
61 0.88

Sed. Ld.
(Tons/

WILSON CREEK
SUSPENDED SEDIMENT CALCULATIONS
(Natural Conditions)

Time

0.0086
0.0086
0.0096
0.0145
0.0169
0.0202

0.0237

0.0259

0.0274
0.0297
0.0356
0.0417
0.0444
0.0444

0.044

=

T T S = T R R I S

Avg. Contrib.
Sed. To

" Load - ~Total
0.0035 0.000035
n.0036 0.000036
J.0036 0.000036
1.0041 0.000041
3.006 0.00006
2.0079 0.000079
).0086 0.000086

- 2.0091 0.000091
0.0120 0.00012
0.0157 0.006157
0.0185 0.000185
0.0219 0.000219
0.0248 0.000248
0.0267 0.000267
0.0285 0.000285
0.0327 0.000327
0.0386 0.000386
0.0430 0.000430
0.0444 0.000444
0.0444 0.000444



3 Q

‘Time (cfs)
Exc. '

60 0.92
59 0.95
58 1.00
57 1.10
56 1.15
55 1.15
54 1.20
53 1.25
52 1.25
51 1.36
50 1.40
49 1.40
48 1.60
47 1.60
46 . 1.66
45 1.80
44 1.85
43 1.90
42 2,00
41 2.00

WILSON CREEK

_‘SUSPENDED SEDIMENT CALCULATIONS
(Natural Conditions)

Sed. Ld. % oo Avg. Contrib.
(Tons/ Time Sed. To
'“Jaz)" e " Interv. Load " Total
1 0.0502 0.000502
)..0561 .
1l 0.0577 0.000577
J.0593 : :
1 0.0620 0.000620
).0646
1 0.702 0.000702
0.0757
1 0.0787 0.000787
0.0817
1 0.0817 0.000817
J.0817 '
1 0.0847 0.000847
0.0877 '
1 0.0909 0.000%909
3.0940 ’
1 0.0940 0.000940
0.0940
‘ 1l 0.101 0.00101
0.108
1 0.111 0.00111
0.114
1l 0.114 0.00114
0.114 _ _ ‘
1 0.129 0.0012¢9
0.143
1 0.143 0.00143
0.143
1l 0.147 0.00147
0.151
' 1 0.162 0.00162
0.173 '
1 0.177 0.00177
. 0.181
1 0.185 0.00185
0.190
1 0.198 0.00198
0.206 :
1 0.206 0.00206
0.206




[

Time 0

Exc. = (cfs)
40 2.00
39 2.07
38 2.20
37 2.37
36 2.37
35 2.50
34 2.60
33 2.74
32 2.96
31 3.00
30' 3.20
29 3.32
28 3.66
27 4.00
26 4.05
25 4.33
24 4.50
23 4.90
22 5.10

21 5.50

Sed. Ld.
(Tons/

pay)

0.206
0.219
0.242
0.274
0.274
0.300
0.321
0.350
0.398
0.407
0.454
0.483
0.569
0.661
0.674
0.753
0.804
0.927

0.991

WILSON CREEL

SUSPENDED SEDIMENT CALCULATIONS

(Natural Conditions)

3 Avg. Contrib.
Time Sed. To
" Interv " Load - } " Total

1 0.206 0.00206

1 0.212 0.00212
1 0.231 0.00231
1 0.258 0.00258
1 0.274 0.00274
1 0.287 0.00287 -
1 0.311 0.00311
1 0.336 0.00336
1 0.374 0.00374
1 0.403 0.00403
1 0.431 0.00431
1 0.469 0.00469
1 0.526 0.00526
1 0.615 0.00615
1 0.667 0.00667
1 0.713 0.00713
1 0.778 0.00778
1 0.865 0.00865
1 0.959 0.00959
1 1.07 0.0107

L

e
H




WILSON CREEK

SUSPENDED SEDIMENT CALCULATIONS
(Natural Conditions)

3

% : Sed. 1Ld. g 7 Avg. Contrib.
Time Q (Tons/ Time Sed. To
Exc. " (cfs) “Day) Interv - Lioad - " Total
1 1.21 0.0121
20 6.00 1.30
1 1.40 0.014
19 6.50 1.49
1l C1.67 0.0167
18 7.40 1.85
1 2.01 0.0201
17 8.20 2.20
1 2.39 0.0239
le 9.00 2.57
1 2.76 0.0276
15 9.75 2.94 '
1 3.33 0.0333
14 11.20 3.71
' 1 4.08 0.0408
13 12.50 4.46
1 4.58 0.0458
12 12.90 4.70 :
1l 5.31 0.0531
11 14.80 5.92
1 6.62 0.0662
10 16.80 7.33 '
1 8.09 0.0809
9 18.80 8.85 ,
1l 10.18 0.1018
8 22.00 11.51
1 12,705 0.12705
7 24.60 13.9
1 15.85 0.1585
6 28.50 17.8
‘ : o 1 19.9 0.199
5 32.40 22.0
1 24.0 0.24
4 35.75 26.0
1 30.3 0.303
3 42.40 34.6
1 44.1 0.441
2 55.0 53.6
1 63.35 0.6335
1 66.20 73.1 -
1 256.3 2.563
0 193.0 439.5

TOTAL: 5.3283 Tons/Day

LOG SEDIMENT = 1.67703 x Log Discharge - 1.19012
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APPENDIX 4

RESERVOIR ROUTING

CALCULATIONS




PROGRAMME TO CALCULATE
 BALD HILL RESEEVOIR
INFLOW HYDROGEAPH

FLOW CHART

Start
Read Storage Table Values'

Read Number of Points pex Month & Month
Read Day, Time, Well Elevation

Calculations

1. Outflow from Card (:#17+02) C = .185
2. Storage.Using Sub Routine Tab Par
3. Average Inflow

4. Acéumulated Inflow

Output

1. Heading - Date, Time, Gauge H_,
' Outflow, Inflow, Acgumulate Ihflow

2. Month & Units
3. Output as Per 1

Last Card Blark

End




PROGRAMME TO CALCULATE
INFLOW TO BALD HILL DAM

END CARD BILANK

/ MORE JOBS

/ DATA CON'T,

‘ DATA, DATE, TIME, WELL WATER ELEV.
CARD N+2 / FORMAT (215, F10.2)

i.e. bbb23 b 2469bbb2331.05

CARD N+1 ///, NUMBER OF ELEVATIONS, AND MONTH

FORMAT (IS5, AS5)

. . ¥
CARD 3 // DATA CON'T.

CARD 2 TABLE VALUES X, UNEQUAL SPACED,
Y - EQUALLY SPACED
FORMAT (2F 10.2)

- CARD l////m" NUMBER OF TABLE VALUES FOR STORAEE-CURVE

FORMAT (I5)

* NOTE: Programme #1 has calculatcd Average inflows
' for the period.

Programme #2 has calculated inflow on the
time period.



LIMITATIONS:

1.

2.

Each calculated month must not rave exceeded 1,000
calculations.

Before each period exceeds any normal interval
(1 hour, 2 hours, etc.) it must have the 24 hour
reading beginning a new day. (The time would
become nagative as the value of (T2 - Tl) is used

-and it changes when (T ) becomes 24 hours to (T.)

only). Once the 24 hotr period nas been passed
any following 24 hour periods with any hour may be
used (i.e. 800, 800 hours) .




BASIC EQUATIONS USED:

I

Cl'Al(ZGH)%

0.185 x 3.1416 x (1)°/4 x (2 x

outflow (cfs)

n

32.174 (Elev - 2321.02))%
.Storage - inferpolation “y the continuous parabola
method - Willard M. Snyder, Journa® of the Hydraulics Division
- July, 1761

Inflow_(avg)cfs = Outflo:v(avg)cfs + Storage changecfs

AStorageCfS = Astorage 43,560/86400 X 24/(T2~Tl)

acre—-ft

1 acre-ft = 43,560 cu.ft.
1 cfs-day = 36,400 cu.ft.

Tl;T2 are in hours



SUBROUTINE TABPAR
‘Ref: Vol. 87, No. Hy 4, July 1961.
MJOURNAL OF THE HYDRAULICS DIVISION"
by
Willard M. Snyder

Start

Subroutine Tabpar (xx, ¥, tx, ty, n) mx® - Entry point,
ﬁy“ - interpolal ed value, "tx, ty" - table va.ues éorresponding tQ
Scx and y, ™" ~ number of table vélues. Note - TXts must be equally
spaced on its n :s.pective.axis.

Check XX with lower interpolation piint

Check XX with upper interpolation print

Iocat : XX on the interval

Calcutate YAl

Calcutlate ¥

Retura

End

Subroutine Tabpar (XX, Y, T%, TY, N)
Variai)ies: | T k
| XX - knﬁvm value for X, of Y for wrich interpolated value of
I or X is required |
Y3 aterpolated value for correspr nding value of XX
TX - table value X, or ¥, equally :paced on the interval
' (also corresponds to XX value:) |
Y - bablé value of Y or X, unequa,"ﬂ‘.fly spaced on the interval
(also corresponds to Y - inbe:polated value)

N - pumber of table value points of (TX, TY¥); (N,N)



Range of Interpclation:

| - Interpolation is carried out abo&e the se;ond lowest point
' and below the.sccond highest point. | |
Messageé:

| If inserpolation is required'ab§Ve »r below the range; there
‘is no attempt m:.de to interpolate but the point is written out and the
statement "Poin: X = above (or belos) table value T(N-1), (or 2)
Reference: | | '

Jourial of the Hydraulics Division" - July 1961

ﬁConthuous Parabolic In’oex‘pola‘bion'-t -~ by Willard M. Snyder

Example:
Data:
bbb ,
bbbbb 2. 5bbbbbbL0.0bb
bbbbt 2. 6bbbbbbb0.Obb .
bbbbt 2. 7bbbbbb90.0bb

bbbblk 2. 8bbbbbl30.0bb
answer 18,56 .

For example check 3RR Ref. - M Snycer P. 107



Elev.
(£t.)

2323.0
2324.0
2325.0

2326.0
2327.0
2328.0
232%.0
2330.0

2331.0
2332.0
2333.0
2334.0
2335.0

2336.0
- 2337.0

2338.0

2339.0
2340.0

2341.0
2342.0
2343.0
2344.0
2345.0

Area
(a>xes)

J.C
.07
0.16

0.40
0.60
.83
1.25
1.73

2.65
3.80
5.80
8.50
12.52

13.0
27.5
31.7
35.0
37.65

40.3
42.6
44.9
47.1
48.7¢C

BALD HILL DAM

Storage Curve

Dam Included

Avyg,

(acres)

0.04
0.11

-

* - ® L]

SN =HEHEOOO

oM N o~ UnN

Pt
w»
-

[eo)

23.25
129.60

33.35

36.3

39.06
41.45
43.75
.46.00
47.90

ASs

LAS

(acr. ft.) (acr. f£t.)

0.04
0.1l

.

*« @ & @

~Nd Wi =t ODOO

L] - L 3 - -

(=
[

15.8

23.25
29.60
33.35
36.3

32.0
43.8
435.0
47.9

nNvoNN IO
[+

June 12, 1969

M.Sydor
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ELEVATION, FT
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