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Abstract , o :
| ' ' - g . 0
The potenual effects of urbanizatron of the Ellcrshe Subdrvrsion on stormwafcr runoif' :

and the recervmg stream hydrology” is investigated Several stormwatet managcmcnt lCChl’HQllC\

T Wthh may be used to allewate the negative effects are drscussed ;

4t

Previous studies have shown that urbamzatron Tesults in increases :to annual runoflf

.

)1e1d_‘\Usmg clrmatic data over a ten year period and the Thornthwaitc watcr balance proccdurc

it was found that urbanrzation of the Ellerslic Subdrvrsion wrth conventronal technoloyc

~would result in' an average mcre__ase in anrfual stormwaterv yicld ‘of over 7 times - the

—

~

pre- development rate. The tradrtronal curb and gutter technology would also result in- thc

stormwater contaming 400 krlograms of phosphorus 1300 kilograms of mtrogcn and 270, ()OO

.

' kilograms of sediments (and associated pollutants) per year with- complete urbanization.

The stormwater management scenario- proposed by the author would Teduce both the
total annual yield and the total yearly pollutant load by at least 50 pereent. The author contcr_‘ids
that the most appr_opriate alternatives are those techniques which are low or,noii-strtictura] and

w ' . . o . ~ )

incorporate. or replicate the natural environment. This wouid be accomplish'cd through detailed

- P
desrgn ‘early in the planning stage and with conscrcnuously app‘tie\d construction tcchmques

v

‘EXistmg tree-_stands, wetlands and watercourses are recommendcd for prcservation and

.incorporation into the new urban area. -

Wetlands, in the form of marshes, are discussed as natural treatrent and sLorage.

facilities, and are recommended for use within thc’ Subdivision. At"ter trcatment ihc' runoff
could be- used wrthin the Ellershe Subdrvrsion for recrealion in a stormwater lake, irrigation,.
mdustrral supply and groundwater surchargmg This use of the stormwater would transform thc
runoff f rom a waste product into a respurce.

a

The legal aspects of stormwater management are also discussed, including liablity,

‘maintenance responsibility, riparian rights and institutional r‘e’quirements,’\

B
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1. INTRODUCTION

1.1 Objectives
"We are molded, we say, by the conditions and surroundings in which we live; but we

too often we forget that the environment is largel\ what we make it" (Bliss Carmen,
The Kinship of Nature 1904:83). Py

‘ S .

Water services are an integral part of the urbah infrastructurc and environment. Urban
water management is responsible for the provisidu of water services to residents including
supplyr collection and treatment of wastewater, flood control, drainage and becoming
increasingly important, the provision of water-based recreation and open space (Koelzer and
Biglér. 1975). Stormw‘ater‘ runoff drainage, tradilionaily, has been ‘acco_modnlud within the
urban water services bys a SCI‘ICS\ of underground sewers in which the runolf Ilows and is
eventuallv disposed of, untreated )mto a receiving water body or strcam. The runoff in this
system is not usef_ul; but simply, refuse. However, proper management of the s(brmwalcrd can
result in the runoff being a useful water service and an attractive part of the urban community .
A large portion of the runoff‘is then no longer sdmcthing 1o be disposed of but rather, an assct
to bé used by the community, a resource. o

The objective in this thesis is to produéc a stormwater management scend®io for, the
Ellerslie Subdivision, Edmo-mon, Alberta, which will minim;ze negative cffects @Purbanization
on the natural environment and, at the same time, have a positive effect on a new urban
" environment. Alternative futures are provided so that the final management choices can ‘bc

made from a range of alterw ¥ .

%

1.2 Tue Problem

The Ellerslie Subdivision is located on the southern marginqog the southceast part of
Edmonton, a location that until recent®¥ has been an area of high growth (Fié. 1.1). The study
area was, at the time of research, predominantly agricultural with small portions in woodland,
wetlands and country residential land use. The majority land owner, Daon Development

Corporation, has provosed that the area be developed into urban industrial and residential Jand

1
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" L 2
A Ve &
uses. ) :
Traditionally, as an area becomes urbanized the volume of stormwater i:ncreases as a
result - ';rgycr amounts of impervious cover being”introduced into’ the drainage basin. The .

»*

increased annual yield fofms a sup’p‘lly of water which may be used for recreation, improved
aesthetics, irrigation, and toiaugment municipal' supplieg. This idea is not ne&'although little
has been done in Canada to put the theory to use. In 1969, Waananen intr'oduced}h&doncept‘\
of urban runpff bcihg useful jn a watershed. Later, Laycock and MacKenzie (1984) showed
how increased yields from the city of Edmonton, Alber_ta contributed an ad‘diti_orial 40‘rr;i11ion
cu_bic metres yearly to basin supply.

Urbanization results in maior changes in the hydrologic cycle as land use ¢hanges and
as infiltration ‘is reduced. Evapotranspxi;ation Tates are éreafly reduced as concrete ‘z‘md
pavcmém rcp‘lace grain {ields, forest and natural water bodies (Gleason, 1952). Thé
combination of reduced infiltration and lessened evapotranspiration results in increased runoff
from the %ewly urbanized areplacemém of nauﬁ_ral first order streams, which are often
ephemeral, by conventional underground sewer systems causes the enlarged volume of water to
lcave the area more quickly and with more energy. This results in increases of '2-4 times the
average peak flow (Whipple, 1977) arid‘inc'reases in annual yields of 1.5-10 times the
pre-development levels (Laycock and MacKenzie, 1984). Incieased ’energy also results in
eroston and channel morphol;)gy changesl inTﬁceiving streams and watér bodies,

The incregsed volume‘of water carries with it the numerous pollutants which line our""
“streets. These include bird and pet faeces, leaves and seéds, road salts, soil eroded dur‘ingA
construction, oii and greése from vehicles, road’ “surface materials loosened by traffic, toxics

o . b : .
such as zinc, asbestos and PCB’s from industrial areas or road spills and particulate fallout

from manufacturing and vehicles (Lazaro, 1979;\Novomy and Cheélers, 1981; Krenkel and
. Novotny, 1980; Roesner, 1982).
The problem discussed in this thesis, thérefore, is how the Ellerslie Subdivision can be

developed imogban land uses with minimal disruption and optimal use of the hydrology of

»
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the arca.-Consideration must be given not onl'y to the qua..ty and quantity of the stormwater

but also to the co$t- involved in the various alternatives, the legal and institutional aspects,

* aesthetics, recrédtion and the design of the subdivision. . .

1.3 Thesis Qutline |

The approach for creatmg a stormwater management plan for the Ellerslie Subdmsmn
will follow the formula for the Master D{amage Plan (Flg 1.2; Environm: it Canacaz, 1980
Poetner, 1981; Bishop, 1974). Th1§ involves the identification of changes to vasions hiydrologic

characteristics with urbanization. . 1 understanding of the alternatives and recognition of the
)

. legal implicétipns involved in the management methods that may be used (Chapters Two and

| Three). Alsb, site specific work on existing and proposed land use is required, as well as a study

of the climate of the Ellerslie Subdivision (Chapter Four). The next stepis{hznodelling of

. potential quantitative and qualitative changes in the stormwater runoff as a result of

u'rbénizatibn (Chapter Five) are combined with -the stormwater management alternatives
information to produceite specific, phy‘sical systeﬁs and "Best Manégement Practices" for the
control of runoff \}olume and polluiion in the Ellerslie Subdivision (Chapter Six). The focus is
upon .thc ﬁse of wetla_nds, in the form of marshes, fvor the biological, chemical and physical
treatment of the stormwater.

" The final stages of the Mast‘er"Drainage Plan involk\_/ing detailed e_cﬁfxomic and design
analysis and staging will not be covered in lthis thesis. What will result in this ihesis, however, is

a provision of alternative futures from which the most viable approach can be selected.

- /

-1.4 Stormwater Management Studies in Geography

The reason for the study of urban stormwater runoff management by a gedgrapher is
twofold: a) to study the full impact on the environment and; b) to provide a synthesis of the
information available from many disciplines, including geographers. A significant part of the, R

background studies. in planning, mapping, w..er resources, environmental impacts, etc. related
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to stormwalcr managemem have ‘been conducted by geographers including Douglas 1974;
Hollis, 1977, Leopold, 1969; Muller, 1967' Laycock and MacKenzie, 1984 Pope, 1980;
Thornthwaue and Mather, 1955; and Walling, 1979)

Many studies have been done on the impact of stormwater runoff volumes on a per

storm’ basis. Whlle few have been written on the impact of increased annual flows. ‘However,

the large amount of polluiamsf ound in urbén‘ stormwatg‘; are proportionel to the vohime of
runoff (Ran‘dall and Grizzard, 1983). Therefore, the calculation of the annual flow yield is
important to f rrlly undersiand the extent of therimpacr that a new urban development may’ ha\}e
on a receiving stream.

Annual runoff yield will be calcula‘fed, in Chapter Five, ‘u"sing climétio data.ond
Thornthwaite water balance procedures (with modif ications) for the Ellerslie Subdivision study
site, incorporating before and af te_r development land uses. From the yield data; estimates of

the potential pollutant loadings will be calculated using concentration levels from physically .

rsrmllar areas. It will thcn be possible 10 assess the impact of the urbamza%on on the

environment and to recommend magiagement strategres which .will alleviate the effects of
mcreased runoff. , 3 v

There are many professionals mvoJ{dm/the study of urban tormwater rnanagemem
including civil and hydraulic engineers, landscape archrtects planners, hydrologists, lawyers, N
chemists, . biologists and geographers, In addition to the provision of an understanding of the
effects on the environmern, the geographer caft work with the various professionals involved to
produce alternative futures scenarios. which will be practical, control runoff in terms of both

quantity and quality, and benefit the residents. As scientists generally "have a certain

 professional myopia, ‘they tend to be rather disinterested in human problems" McHarg,

1971:125) the role of the geographer ma-y also be to synthesize the specific knowlege of other

professionals with the needs of people and with strong regard for the environment.



1.5 The Purpos

The pu pose of the' author in wrmng this the51s 1s to produce a managemcm stratefy

‘ ‘N

that w11} meet the ‘practical needs of flood TCdUCUOﬂ erosional conlrol, runo_f f Qualil:_v

« &

B .

improvement, cost control, reduced v.olumes and velocities as well as mect the human needs for

aesthetics, recreation, natural environments and a's_ex_lse of commun_itf;. Therefore, ‘within the

management scenario the: : :
aims would be multxple and consc1ously recogmzed as evolving in public prciertnc(‘s
which themselves would be partly shaped by the process followed. 11s means would be -
multiple, and would take account of & full range of alternatlves (WhllC 1971 IOS)

The alternatlve futures that will be suggested for the Ellerslie Subdwmon will le\ldC Q
. R

general analysis of the env1ronmental and 1nst1tut10nal aspects oI the mclhods l,ess

conventional alternatlves which are low or non-structural ‘and which reflect or incorpomlc the -

 natural hydrological features and processes will be discussed .

Problems may arise in the acceptance of a non-traditional “system ("rbm the various

government agencies involved. Therefore, a further, purpose of this thesis is to illustrate how

\
Lt

other non-conventional systems have succeeded and under what institutional incentives or

constraints. . ;



2. THE EFFECTS OF URBANIZATION ON STORMWATER HYDROLOGY -
| . | |

2.1 Impacts. of Urbanization on Stormwater Quantity

ey

2‘.1).1 lUrbanization and the Hydrologic Cycle '
The world stands like a patient child while the rain pours, drenches, washes, soaks
rotten things back to the earth to start all over again (Emily Carr, 1913).

"¥ithin théhydrdlqgic c_:y.ile of a natural environment each step is a continuatioh»ﬁ,_of the
one before. With urbanization, the .movemént of moisture in thé hydrologic cycle is
redistributea. A; ngtural’ land uses are replaced with buildiﬁgs, pﬁrking lots and streets, the
prccipiLation cannot infiltrate the soil to become interflow or groundwater. And, the
precipitation is no 1bnger used by? pl‘ams and transpired intq the atmosphere nor held in small
depressions for ‘cil'aporation. |

The‘iperccntége of impervious surface cover increases according to the lané uses of an
urban‘ area. An industrial or corﬁmercial. site with the majority of land taken up with buildings

»and pafking lots will have an impervio of 80-90 percent. In contrast, a single family residemja_l
area . will havv‘e a smaller‘f aﬁount of impefvious cover, 30-50 percent. A ﬁatural landscape
generally will have only 5-20 percent imperviousness (Pope, 19§O).

Th;c ambu'nt of impervious .surface cover affects the streamflow (a portion of the

- "hydrologic cycle)‘ by refd~ucing the infiltration to the sub-surface. Also because thé rainfall runs

off the soil quickly, _vplam use and evaporation of the precipitatio;l is ‘reduced.\ With an
impervious surface the aeration zone is minimized resulting in reduced evaporation and
transpiration Ito the atmosphere and li_rpilt_ed. soil moisture storage. Also, un‘der urbanized

' conditiohs. interception and depression storage will bé significantly smaller;_thereby Teducing

cvabofaﬁve losses (Hollis, 1977).

As a site is graded, i)aved and built ubon, the surface storage anc.i"in'filtration are

reduced thus leaving a larger amount of precipitation to runoff. In the study area, under

existing conditions, the runoff vield is very small, if any, because of the balance of



precipitation and potential evapotranspiration corx;bined with sizable soil moisture ste"rag‘e 1o
moderate seasonal dif’ ferenees. With urbaniiatidn the soil moisture storage function is reduced
and both surpluses and def icits/are increased. i :

Traditionally, urbanization results in the nafural, f irst-order streams, which are often
ephemeral being replaced with an underground series of storm sewers,

The net result is the virtual expurgauon of many first or even second-order channels,
each of which played its part in-delaying movement of flgod peaks, providing channel
storage and slowing the average speed at which watercggs delivered to the larger
stream channels (Dunne and Leopold, 1978:694). -

Without the first-order streams, flood peaks'are earlier vand higher and crosion. is
increased as the energy of the runoff is elevated. The drainage network becomes more efficient
in removing precipitation from the areé., which results in more runoff in less time flowing into
.the receiving water body. At present, there are many ephemeral strecams in _Ellcrslic Subdivision
(see Figure 4.6). The loss of these stream‘s to underground scwers will incrcesc runel'l’
downstream »in Blackmud Creck and eventually Whitemud Creek. Excessive crosion in
Blackmud Creek has already necessitated reinf orcemcht of ‘the streambed.

Th‘é"area of lana which drains intow a r‘ecei'viné stream and is impervious'ha‘s been
termed the "hydraulically effective impervious area by Miller and Matthew" (1982). Novotny
and Chesters (1981) eoined the term "hydrologically active ageas" which includes all surfaces,
ichcluding the impervious sites that contribute to surface runoff. Both sources comment,

however, that it is important to identify areas of potential or existing impervious cover to be

able t‘ov best study the quantity and quality of the urban rur_loff..

2.1.2 Peak Flow

| As stated above", as.an area is erbanized the Trc!,lcquction -bf' infiltration results ih the
stormwaeer flowing more quickly aﬁd in larger volumes off the site. This appears on the storm
hydrograph as higher peaks and a steeper, shorter, time to the peak (Eig. 2.1). Generally, as
the percentage of impervious cover increases The peaks are greater and the rise 10 peak is more

‘abrupt (Lazaro, 1979). The consensus of hydrologists is that the increase in peak flqw, with
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<4 urbanized area

Discharge (volume)

Time

-

Figure 2.1 The Effects of Urbanization on the Storm‘Hydrograph. This illustrates a heavy
storm in which the urban storm hydrograph rises quicfer and higher than the natural area.

(Sources author). _ o



11

urbarvliz-évtion, is 2-4 times the non-urban vélue (Whipple, 1977; Bras and Perkins, 1975; Espéy.
Winslow and Morgan, 1969). : k
In studying the lag between rainfall dnd runoff, rescarchers have found the time to
peak of urban areas to be approximately one-third of the rural time (Novom‘y and Chesters,
1981; Dunne and Leopold, 1978; Waananen, 1969). Bras and Perkins (1975) found a §-40
- percent reduction in time to peak in new urban areas; with the effects on peak and time to pcal\\\
* being more marked for shorter, less intense stofms. |
The more e’fficieﬁt drainage of stormwater in an urban area, ‘wilh the larger, quicker
- peaks may cause ﬁash flooding. Urbanization is coﬁsidercd 10 be a major contributor to the
frequent floo..ing within Chicago (Olson, Macaitas and Vanakojis. 1982). H‘o'llis (1975) found
that the recurrance of small floods may be increased 10 times by urbanization. The level of
influence of urbanization on flood recurréncc and $ize decreases as the severity of the flood
increase (Walliné, 1979; Hollis, 1975; James, 1965). |
The explanation of this finding is that during severe and prolonged rainstorms a rural
catchment may become so saturated and its channe! network so extended that it
responds hydrologically as if it were an impervious catch ment with a densc nctwork of

. surface water drains and so it produces floods of a type and size similar to Lhosc of its
urban counterpart (Hollis, 1975) '

Howgyer, in sub-humid regions such as the Edmomoﬁ area, severe rain storms of this type are
rare,

When creating a drainage plan for a new urban devslopmcnt the 'imm'cdiaté concerns
are for increased peak flow and the-associated flooding possibilities. For this reason, engincers
have generally limited their involvement to designing according to ’pcak discharge for a single
event. However, the total annual yields, produc‘ed by differing land use, should also be studied

- .
to gain a full understanding of the urban runoff. problems.

{
2.1.. otal Yields
As discussed above, urbanizatioh results in iﬁcreased peak flows 'and ih‘ércascd volumcs
of runoff per storm event. The more efficient drainage network does not allow for i’rifiltration

over time. This results in vearlv total stnrmwater rinaff valiiee alen infreacins in 2 new nirhan
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arca. The level of increzse in .rupoff is dependent upon the climate of the area, the ratiovof
impervious to permeac!- zround cover and the-efficiency of the drainage system. Figure 2.2 is
‘used to illustrate how the loss of infiltration as a site becomes impervious resulis in more rain
waler moving dircétly to surface runoff within the hydrologic model.

Also, the more concrete, asphalt and buildings that replace the natural environment the
less cvapotranspiration will take place. A change from natural cohditions to i;avem:em and
asphalt has been fdund to reduce evapotranspiration by 86 .percem (Gleason, 1952). The )
reduction in evapotranspiration results, directly, in an increase in surface runoff. Urbanization
of an area around Moscow reduced evapotranspiration by 62 percent which resulted in an
increasce in total runoff, or yield, of 155 percent (L'vovich and Chernogaeva, 1977).

| Generally, the urban stormwater yields are 2 times the pre-urban development levels
(Waananen, 1969). In studying the area around Sacremento Creek. California, James (1965)
reported an increase of 2.29 times accompanying the change from rutal to urban land use.
Wilson .(1967) found that urﬁanization increased thé aﬁnual yield by 2 times. This general
figure is, however, depcndcnfupon many factors _

For exa'mplel,,' the level of increase inr yield' is a bref lectance of tge amount of
urbanization in a study area. Hollis (1977) found that whenvthe Canon's Brook catchment
became 15.8 pcrcént paved an increase of 30 percent in ‘total yield r'esulted. Hartman (1972)
calculated a 17 percent increase in ar;nual yield following a 7.2 pefcent increase in impervious
cover. While Muller (1967) found that 50 percent of the basin being impervi(;us resulted in a 48
percent increase in annual yield. In 1969, Muller reported an annual increase of 29 percent with
als perc‘cnt.‘increése in the impervious surs7 éée. ‘ .

Also, the general yield increase f igure‘ (;f two times. resulting f rorﬁ urbanization will be
more or less dependent upon the climate of the study Hollis (1977:63) wrote that "urbanizatién
in a moist_climate’may produce minimal changes in yield, whilst the saﬁme t-ypé of develolpment

\

in a drier climate would increase the total stream flow significantly". Laycock and MacKenzie

(1984) ranfirmed Hallic' hunathacic - Tleine umatar halanca nracadurac tha anthare ralaniatoed
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Figure 2.2 Pervious vs. Impervious Area Stormwater Runoff Movement. This 'diagram is used

to illustrate flow within a natural land use site and an urbanized site using conventional
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that Ottawa and Vancouver, with iheir humid climates, hz;d increases of oni. and 13.3
pereent, r‘cs:pcctively, in annual yield with urbanization. In- the sub-humid climate of the
Prairics, increase in ;nnual yield ov\er 10 years of urbaﬁizaiioh rénged from "163% in Winnipeg
.-to almost. 1000% or 10 times in Medicine Hat (Laycock a- 1 M= Kenzie, 1984:86).

In studying Edmonion.'s stormwater y'x‘eAlds iaycock and MacKenzie. (1984) found that
runoff has increased by 454.4" percent or 4.5 times in a ten year period, 1971-1980. "This would‘
represent an addition of approximately 40 million cubic meters (32,000 acre feet) annually to
the basin supply from the City of Edmorf&)n" '(Laycock and Mac-Kenzie, 1984:89). The authors
g0 on 1o say Lhat's.uch- yicld‘ increases "constitute a resource that may be used more effectively”
(Laycock and MacKenzie, 1984:89).

l'n 1969, Waananen thought that stormwz‘uer runoff may be of some benefit to a city.
After noting the problems 1nvolved with increased runoff ylelds he wrote that: "However,
increase in yield is not a]w;ys adverse i: 1s effects. In'some instances the increased dlsbha\rge
of water to urbaﬁ lakés and streams may scrve to offset increased water losses resulting from
water supply development, irrigatic;n‘ and air cbnditior_xing" (Waananen, 1969:181). Pﬂroper}
f)lanm’ng and management of stormwater. can vresult in the runoff becoming. usable andb
therefore, a resource. The extent to which the sto. nwater becomes a res()uvrce is limited by

{ \ .
water quality, treatment (if any), water quantity and a large number of institutional problems.

>

S ; ‘
Urbanization of Ellerslie Subdivision will result in larger and more dependable summer yields;

improving the quality will give the stormwater runoff enhanced value and gréater management

potential.

2.1.4 Baseflow

Baseflow. is generdlly believed to decrease with urbanization. As an area becomes
urbanized the infiltration to interflow and groundwater is reduced as the ground cover i$ made

impermeable. This leaves more precipitation forming runoff and less water, .
available for 'soil replenishment and-for ground-water storage. An increase in total
runoff from a given series of storms as a result of 1mperV1ousness results in decreased
. ground- water recharge and decreased low flows. Thus mcreased 1mperwousness has

3 . Ve
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the effect of 1r1creasmg flow peaks dufing storm periods and decreasing low t"lom
between. (Leopold 1965). %

J_ames (1965) found summer baseflow/i/n an urban arca'to be 71 percent of the earlier rural
- value. L'vovich and Chernogaea (1977)‘found that urbanization caused a 50 pereent reduction
in groundwater yields. Tennant (1975) recorded a summer basellow decrease of 30 percent with
65 percent impervious surface cover; Furthermore, Klein (1979). in a study of Baltimore City,
Maryland, found that as watershed imperviousness increased the baseflow diminished.

However, not all studies have concluded that baseflow decreases with url;aniz:uion. "1
appears that the direction’ basefl_ow\ changes is dependent upon the particular physiographic
provincev a stream is located :vithin" (Klein, 1979:955). MacKenzie <1985), in slud_ving‘
Edmonton, Alberta, showéd that baseflow has_not decrcased significantly with increased”
urbanization. This is likely»Lhe tesult of excessj.ve lawn watering, vechicle washing and other
outdoor uses of the domestic water supply supplcmcmir‘ivg the bascflow levels between storm
events (Laycock, 1985). Waananen (1969) attributed a réised groundwater table, which causcd
an initiallly ephemeral stream to becomi‘: a permanent stream, also 1o the over irrigation of
lawns. The existance of contaminants from lawn fe'rtilizers in groundwater (Novolny and
Chesters, 1981) confirms that the water used in ey-essive lawn irrigation is_inf'iltraling to the
groundwater.

It seerﬁs then, that baseflow may or may not be altered by urbanization. However, the

source of the water changes from natural.rainfall 1o municipal supplies.

2.1.5 Stream Channel Morphology

- Urbanization, in maost cases, involves storm sewers which are used to quickly remove

a

runoff from the city streets. This stormwater often runs directly into a receiving stream. The
increases in peak flow, sediments (especially during times of construcuon) -annual yields and-
shortened time to peak, all result in an altering of the stream morphology (rom its pre-urban

ey

" state. ' &
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In a study of stream channel cross-sectional area Whipple, DiLovie and Pytlar (1981)
" found that in New Jersey the urban stream beds were two times wider than the predevelopment
strcam beds. Robinson (1976) alsp for “d that the urban stream had a cross-seétion twiée the:
width of its }carlier rural value. While Hammer (1972) ih a study of 78 wzlatersheds" near
Phila'dclphia, reported gains in width of 2419 to 5.95 times with urbanization; dependent upon
land yse. Douglas (1974:700) studied the Arak Ayer Batu in t*2 Kuala Lumpur, area, before
and ah\cr bcéoming urban and found a change "from a deeb winding channel ... toa straighter,
shallower, widef and steeper chunnel” ..

Work by Leopold (1973) is counter to the above findings. In a study of a tributary to
the Potomac River, Maryland, Lhé author found that urbanization altered the cross-section into
a more rectangular, smaller, deeperyand nariower shape. Dunne and Leopold explain such
discrepancy to be the result of the Lir;le. In the first decade the channe! narrows through
sedimentation then in the second decac’f;the progressive enlargements begin. This culminates in
a "net enlargement resulting from urbanization" (Du_nne and Leopold, 1978:699).

Robinson (1976) in his Mary]and study also found that the substrate of urban streams
tends to be made up of coarser particles than rural streams. The coarser material may protect
the bed frou. decr;ening thus partially explaining the wider,_shallower channel cross-section
found by many of the authors. |

Dunne and Leopold (1978:701) observed that where the outfall reaches a natural
channel or slope "the banks of' the latter tend to erode back in bulbous, caving re-entrants,
making the channel exceptionally large for a short' distance". The authors noted that such

_ crosiqn to banks may require structural reinforcement. "And-so each action creates the need for
further construction and more concrete” (Dunne and I‘,eopoldv, 1978:703). Asdiécussed earlier,
Blackmud Creek has required structural reinf orcement of its banks‘ because of the increased
runoff being channeled into it. This may result in strict peak flo.W limits being applied to the
outfall, from the urbanized Ellerslie Subdivision, by the Alberta regulating body, the Standards

.

<
and Approvals Division, Department of the Environment.
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2.2 Impacts of Urbanization on Water Quality

In the - ..t fifteen years there has been an abundance of literatuge pllgblishcd relating to
the quality aspect of urban stormwater runoff. The sudden interest was lrhc result of the
treatment of point sources not ending water pollution problems,’ something else was centering -
the system (Pope, 1980). Also, in the United States, institutional Igsponses Lo urban runoff as
.a water pollutant ne,cessitated .the investigation of the prle’em..Thc U.S. chcrﬁl Walter
Pollution Contro! Act Amendments of 1972, PL 92-500, and the Clean Water Act of 1977, PI.
95-217, prpvided incentives and often funding fer the study of water quality as affected by
urban runoff. ~Especially important to tlie study of stormwater arc Séctiéns 201 and 208 of PI.
92-500 which provide direction in the management of urban runoff. fhc federal U.S.
involvement extencis to support of the Enviromental Protection Agcncy (EPA) in their
extensive research into stormwater runoff (Field, 1980).

In Canada no legislation exists specifically relating to stormwater runoff. Those acts
which may have some connection to urban runoff will be discussed in Chapters Three and Five.
Research is done on stormwater quality, however, in Canada (on a limited basis) by the
Ontario Ministry of the En;/ironmenl and by Federal-Ontario joint commissions (Environment

. Canada, 1980; International Joint Commiséion, 1978)

2.2.1 Stormwaier Runoff as Non-point Pollution
‘ Asq urbanization continues the volume of storm runoff increases. Larger volumes of
runoff result in an ‘increase in total pollutants entering the receiving syslcm'.' As discussed
earlier, the quantity of runoff increases as the percent of impervious cover increases. Randall
and Grizzard (1983) found in their study that the same relationship applies to water quality.
Stormwafer ruﬁoff is called "non-point" source because the pollutants are a result of
accumulation over time and -enter the system anonymously. This term différpmialcs runoff
pollution from specific sources of pollution {point sources) such as industrial or wastewatcr

treatment plant outfalls (Wanielista, 1983). Non-point pollution is now understood as a major
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clement in the reduction of stream quality. In the United States, the Environmenial Protgction
Agency has found that 50 percent of that nation's water pollution is supplied by storm ru'noff
(Maloney, Hanmann and Cantor, 1983). This statistic includes both rural and urban runoff
non-point sources. In this thesis, however, the concentration is upon urban stormwater
pollution. 5 ' . . |

The majority of pollulai']ts found in stormwater are off the land surface, especially the
impervious area$ *(Roesner, 1982). The non-point sources of pollution in runoff are as
numerous as the types of land use and activities which are I:ound within a city.‘ The pollutants
include: bird and pet facces, leaves, road salts, soil eroded during construction, oil and grease
fr_om vchicles, road surface material loosened by traffic, toxics such as zinc, asbestos and
PCB's from industrial areas.

Also cnterrin\g the runoff are airborne pollutants including hydrocarbons and gaées from
manufacturing and ~ Hon, sulfur and lead from vehicles which reach the surface through dry
or wet (;‘Jrccipitat. v fallout (Lazaro, 1979; Novotny and Chesters, 1981; Krenkel and
_Novo‘my, 1980, Roesner, 1982). Atmospheric inputs of particulates by both-dry and wet fallout

7 can bc considcrable over urban surfaces. For large urban areias deposition rates range from 7.0
~ tonnes/km? per mc;nth_ to more lthan 30 tonnes/km? per month, with the greater portion of this
being removed from the atmosphere by precipitation (Novotny and Chesters, 1981). |

Most authors .agree that the highest concentrations of pollutants are fo_und in the
runoff which first reaches- the réceiving water body. This concept is called "first-flush". The
pollutants listed above are washed from the streets and form a first-flush of pollutants yvith the
inilival runoff 1o reach the outfall. The catch basin itself can also be a source of pollutio(n that is
found in the first-flush as materials that have been in the bsystem- since'the previous storfn eveﬁt
are flushed out with the runoff (American Public Works Assoc., 19695. Once the majority of

the pollutants are removed from the streets and have formed the first-flush at the reééiving

stream, the level of pollutants in the runoff decreases rapidly. For this reason, as will be

Alnnivnan A le Ahacmtar theann cmnma ane hmwn Fanl thhae tonntannmt AF tha Flone Flaiank cmmnsr lha cdAanurata
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to reduce the negative impact of urbaﬁ stdrmwater on receiving water quality.

The pollutants listed above will be expanded upon in the following discussion within the
seven categories 6f : |
1. Nutrients- Nitrogen and Phosphorus - -
2. Sediments
3.‘ Toxic Metals.

v 4, Petroléum - 'Hydrocarbons
5. Organic Chemicals
6. Chlorides

7. Oxygen Demand

2.2.2 Nutrients- Nitrogen and Phosphorus
Nﬂutrients, nitrogen and phosphorus, enter the urban runoff mostly as street rcf'u:c.
The major’ sources of nutrients are fallen ieaves and seeds, grass .clippings, fertilizers and pet
and bird faeces. The accumulative effect can be substantial as the fallout from one tree can
amount to 14.5 to 26 kg/year of leaves (Carlisle,“%%tcrmaﬁ and Whilc;, 1966). The materials
often break down to become part of the dust and dirt fraction (less than 3.5 mm) ;'which is
regarded as having the greatest pollution potential of the street refuse materials” (Krenkel and
Novofny, 1980:215). In a study of a lake near the Cily of Ames, lowa, AnLgsch (1984) found
the nutrient content, especially phosphorus, to be ihe dominahl factor controlling water quality
@
in the lake.
_iA minimum level of nutrients is necessary for 'plam production.. However, ovérsupply
of nutrients cabn lead to ﬁx—;overproduction of algae and large plants; which may result in
eutrophication:of the water body. Both nitrogen and phosphorus afc viia] 10 p.lam gfowth ir

either is missing the plants will not grow. This is according to J. Licbig's Law of the fdclor in

‘minimum in which the yield limiting factor is whether the nutrienit is available in inadequate

A * T AnAN
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plant growth, especially algae. Although there ére exceptions, the general rule applies that
inland waters are pho'sphorus limited, while coastal waters and their estuaries are nitrogen
limited (Novotny and Chesters, 1981). The Michigan lakes 'studied by Glandon, et al.(1981)
were phosphorus limited with excesses of nitrogen. Fine and Jensen (1981) found, in their
study of lake water, tha phosthrus was the controlling factor in‘ihe overproduction of .algae
and usca northern lignite fly ash to reduce the effects orf‘ the pﬁ(.)sirinho‘rAus_..A study on Lake
Erola, F‘lorida.concauded that except under e);treme phosphorus condition\é; algal production is‘
limited by phosphorus alone (Harper, Ypusef and Wanielista, 1980).

There is some acbaie over which major land use category, agricultural or urba.n) has the
highest loadings of nutrients in the surface runoff. Hill (1981) and Ostry (1982)..f0und
agricultural lands 10 be the largest. contributor of nutrients to receiving waters. Wpereas
Weibal, Anderson and 'Woodwa;d' (1964) found urban stormwater nui;iem levels tb be
secondary only to untreated sewage. Glandon, et al. (1981) found phosphorus loadings in
urban tunoff to be 3.2 times hig{ﬁer than agricultural runoffllevels. However, the same study
found total nitrogc'n loadings to be 1.6 higher in the agricultural stormwater than the ufban
runoff.

Both nitrogen ahd phosphorus are aésociated with soil particles in runoff (Krenkel and‘
Novontny, 1980). This is illustrated by increases is nutrient loadings during times of urban

construction or agricultural activity (Glandon; et al.,1981). Because of the close association

~with scdiments, the nutrients share many of the sediments physical attgibutes including

S
first-flush effects and sedimentation. ' k(
p .
2.2.3 Sediments é

As discussed above, soil particles are the primary carriers of nutrients into receiving

" water bodies. The particulates are also -carriers of toxic elements and pesticides (Krenkel and

Novotny, 1980). The sediments alone can be a problem as water clarity is affected, étream
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plants wére constructed at Lake Tahoe to proiect its almost pristing. Siatc “but Slill the
eutrophication process continued. The major source was attributed o 'sedimcﬁl pollulior; from
unrestricted developmem around thelake (Zwick and Benstock, 1971).

- Construction in urbanizing areas results in extremely high erosion rates. Scientists with
the US Environmental Protection Agency (1973) found convstruction arcas eroding at a
representative rate of 170 fons/ha/year; compared to a grassiand at 0.085 tons/ha/year. Most
of this eroded soil would beAwashed into receiving. streams by runot"vf. The portion of the total
.suspended solids in urban stormwater that is not from- construction sites is mostly in the form
of particulate solids from roads and other paved surfaces (Mancc and Harman, 1978). Pirner
and Harms (1‘978) found that 96-percent of the total suspended solids were from urban ruhol'l'.
This is in close aéreemem with Pitt and Fields (1977) who ‘_concl-udcd that, if the sewage is
treated, that 97 percent of the total suspended solids rcs_uiled from urban stormwalcr.v

I'ncreased sediments resulting from urbanization can seriously affect I'i.sh population by
disrupting the stream habitat. In the streams of the Aﬁacostia Riycr Basin, Maryland, the
sediments entering the streams increased from 15 tons/sq. mile to 45 tons/sq. mile during ten
years of urbanization within the watershed. This resulted in a decrease in the number of specics
of fish and a "major shift" towards less sensitive species (Ragan and Dicteman, 1975:59). Fox
(1974) found that urbanizing watersheds were generating 9 times the level of ‘sediments as rural
or natural drainage areas. She éoncluded that 10-50 yea'rs would be required for a stream 1o
recover from the coﬁstruction phase and in some cases hundreds of ycars may be required
(Fox, 1974). |

Because of the energy required to remove sediments and'particulatc pollutams from the
surface, the concentration of sediments reflects the flow pattern of the storm ecvent.
Cdnéenirationé are high when flow is high then "after the rain. lcrminétcs, the scdimcﬁl
carrying capacity is reduced and the sediment concéntration decrease is related to the reduction

of flow rate on the recession portion of the surface runoff hydrograph"i (Novotny, 1981:82).
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of being stirred _up later, along with the accompanying nutrients and toxics (Novotny and
Chesters, 1981).

Sediments may limit the life of a reservoir or lake as deposition continues.
Understanding of the physical cﬁaracteristics and bioloéical effects of sediments allows for

effective management of the pollutants in urban runoff.

2.2.4 Toxic Metals

Urban stormwatef runoAff is é major source of toxic metals or trace elements in our
watcr bodies ‘(Ostry, ‘1982).»Like nutrients, toxic metals are closely associated with sediments in
runoff. Study into Lhi§ relationship has shown that 50-99 percent of toxic metals are related to -
sediments (Pope, 1980). This relationship extends to the timing of entry into the receiving
water body. Mancc and Harman’(l978) found heavy metals to be linearly related to suspended
solids which were, in turn, linearly r‘;lqted 1o tﬁe rate of discharge.

As the sediments enter. streams and lakes the associated metals may undergo
mcthylalidn by bacteria and change into a potent, toxic organometallic compound. A lowering
of pH by humic acids (from leaves and grass) increases the process and then more is available
1o aquatic life (Novotny and Chéstcrs, 1981). A drop of pH in Ontario lakes, due to acid rain,
resulted in increased mercury content in fish (Schneider, Jeffries and ;)illon, 1979).

The toxic metals that may be found in -runoff are; arsenic, cadmium, chromium,
copper, lead, manganese, mercury and zinc (Novotny and Chesters, 1981). Lead and zinc are
usixally thc melals in highest'concemratioﬁ, generally, 80-90 percent of the total metal load
(Poﬁc, 1980). Wilbur and Hunter (1975) confirmed the abové statement; their resﬁlts show
lead and zinc to be 84 percent of the total total metals wth copper being the next highest
concentration. Also in their ‘study Wilbur and Hunter (197'5) compared runoff with sécbn-dary

- treatment effluent and precipitation and found the stormwater to "account for as much as 86%

~ . . .. . ~ « o~ . -~ - v s e aow « .-
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manganese being the next hxghest with 18 percent. Copper zing, Iead and arsenic were found in
urban runoff frorg;Orlando Florida, into Lake Erola, by Harper, Yousef and/&amchsla
(1980) to levels that were toxic to algal growth. These toxic metals are absorbed by algac and
passed up through the food chain. |

- As discussed earlier, the toxic metal concentrations mirror the sediments on the runoff
histogram,ﬁ@s is logical as the metals are associated with the sediments. Most smdfcs havc.
confirmed this relationship and like sediments, show a marked first-flush of toxic metals
(Bryan, 1974; Brown and Green, 1979; Harper, Yousef and Wanielista, 1980). Revitt, Ellis and
Oidfield, 1982:56) in their study of norlhwést London, England found the mz;ximum metal
values "all located towards the recessional tail of the hydrograph and this is paflicularly the
case for Cd" (cadmium).

. From a management perspective, some of the important characteristics of the' toxic
metals of u‘rban runoff are that the metals are closely associated with sediments and as result,
most often,_show a firstv-flush effect. Also, loadings of zinc and lead have been shown to
increase with a‘rise in Lhe.percen_tage impervious cover (Kl‘ein, 1979). And that urban arcas,

especially highways and city streets, are major contributors of heavy metals to receiving water

bodies (Pope, 1980).

2.2.5 Petroleum Hydrocarbons

The amount of petroleum hydrocarbons entering receiving water bodies via stormwater
runoff is, at present, quite substantial and is growing as drbanizagion continues. For cxample,
the runoff from Philadelphia was f&hd to contain an average of 3,600 kilograms of oil per day
(Whipple, Hunter and Yu, 1975).

As with man‘y of the pollutants in urban runoff, hydrocarbbns are gcﬁcrally sediment

3

related. Various studies have found associations of hydrocarbons with particulates ranging from ’
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hydrologists ‘haQe yet to reach a consensus in terms of Afirst-flush. Hunter, Yu and Whipple
(1975) did find a f irst-f.lush of hydrocarbons, .while Stenstrom, Siiverman and Bursztyns}cy
(1984) fouwhid only a modest first-flush. Whereas, Soderlund and Lehtinen (1972) did not fiﬁd
any first-flush effect. This ragge may be explained by the worknof Hoffman, et al. (1982)
where the researchers found a first-flush, which they related to particulate hydrocarbons (63.5
percent of the toLal),‘[hen measured a smaller.secbnd peak thirty minutés later, which they
attributed to soluble h‘ydrocarbons with slower transport rates. h

After completing gas chromatograms on samples, reséarchers have concluded that the
petroleum by-prdducts found in urban runoff is either crank case oil or polycyclic aromatic
hydrocarbon§ (PAH). Crank case oil is, by far, the largest hydrocarbon pollutant. defman, et
al. (1982) found that a very small watershed which had a high proportion of parking lots
produced 105 grams of hydrocarbons. crapk case oil, per storm event. Stenstrom, Silverman
and Bursztnusky (1984) cc‘mclud‘ed that h)'dfoca‘rbons; especially crank case oil emissions, form
a maj(')r' contribution to urban‘runoff pollution. Klein (1979) reports another source, the
person who does a home oil change and thén disposes of the used oil by "pouring it into the
storm drains ar gutlers”. In a survey, in Balltimore, Maryland, 9 .percent | of the
do-it-yourselfers, listed the storm sewers as their disposal point (Klein, 1979). The actual
percentage of those who use _tﬁe storm sewers for oil disposal is likely higher as this figure
inclhdcs only those people whb have admitted to the dumping.

Another pollutant, the polycylic aromatic hydrocarbons (PAH) are emitted by vehicle
'eﬁhausts and‘ac_'cordiné to Pope (1980:103) "constitutes a major environméntél input”. The
extremely toxic nature of the PAH, some are_knoWn to be carcinogenic and cause mu[atibns,
rcqui?es that special attention be given thém (Pope, 1980; Gravens, Revitt and Ellis, 1981).

Because of the nature of hydrocarbon sources; land use has been established. "as the

most important parameter affecting oil and grease concentration” (Stenstrom, Silverman and
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‘Residential areas, as expected, have the lowest loadings of hydrocarbons; 9.80
kilograms/km?*/cm of precipitation.  While commercial areas have 3 times this rate and parking
lots have 25 times the residential rate (Stenstrom, ct al., 1984). -
2.2.6 Organic Chemicals

Like most of the pollutants in’ gtormwaler pollution, the organic chemicals are,
generally, associated with the suspended solids. Pesticides in urban arcasb collect on the
materials in the streets; especi‘ally the dust and dirt fraction (Novotny and Chesters, 1.981). The
pesticides emsrir_lg a teceiving water body from a city can be sizable. Bryan (1972) found that
concentrau‘ons of pesticides from urban runoff was 1.16-1.70 ug/l. This was higher than the -
pesticide concentration in rural runoff (méan of 0.43 ug/l).

Of particu]arv interest to Novotny and Chesters (1981) 15 the .cohlribulion of
polychlorinate biphenyls- (PCB) intp our waters via surface runoff. Colléclcd on the surface as
leaks, spills, dry faliout and disposal sites for capacitors, Lhe PCBs are now finding their way to
receiving streams and lakeié,tfflrough surface runoff aﬁd interflow. A map of distribution of
concentrations, in Ontario and the northeastern U.S., shows urban arcas with the highest
valUés. Novotn)* and éhestcrs (1981:64) réfer to urban areas asa "primary source” of PCBHs in
runoff. In studying Lake Michigan, _the authors found that most large fish‘s‘pccics (trout and
salmon) contain over 5mg/kg of PCB (Novotny and Chesters, 1981). The tolerance levels set
by the U.S. Food and Drug admiﬁisuation is 2 mg/kg for PCB in .fish.’ PCBS are highly

insoluble and are found in the particulate matter in water.

2.2.7 Chlorides

In cities with sewage treatment and without combined sewers, the application of: salt'10

streets and highways is the maior source of chloride in the watershed (Klein 1979) Haffman
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on aquatic life. The salts may create a saline layer in a lake which reduces vertical mixing and
lcads 10 a shortage of oxygen in the lower levels (Pope, 1980).

The- Canadian gUideiine for chorides in the water supply is that concentrations not
exceed 270 mg/l (McNeely, Neimanis aﬁd Dwyer, 1979). -Yet, various studies have found
cxlrcmciy }\igh chloride levels in 'receiving streams during the Lhan pe‘riod. For example, Scott
(1976) measured 2600 mg/l; while Hawkins and Judd (1972) found 11,000 mg/] in their study
streams. Although this is not a constant yearly measurement, damage }na}' be done to aquatic”

life and to runoff infrastructure and municipal supplies downstream are affected.
N .

\
2.2.8 Oxygen Demand

) @ygen demand tests are used tomeasﬁre the water quality as usable by aquatic \life.
The lﬁs/.';Envirorimemal Protection Agency (1974) identifies the reference level of dissolved
' oxygen to be 4.0 mg/l. Often, urban stormwater entering a water body has a much hiéher
oxygen demand than is met by the d'irssolved—oxygen in the watef\; The water body tﬁen t;ecomes
stressed. Whipple's (197‘5) results showed that it tooklan estuary six days to recover, to normal
levels of dissolved oxygen, after an extreme rai@all event.

“Among the oxygen demé;nd tests, the biochemical oxy.gcn‘ demand (BOD) parameter is
often uscd in studyiﬁg runoff. Ixzieister and Kefef (1981) found urban stormwater BbD values
of 3.0 mg/l to 2400 mg/l compared to non-urban values of 3.7- 7.0 mg/! and also found a
first-flush effect for BOD. Melanen and Larkanen. (1980) found BOD levels of 11-24 mg/lin a
Finnish study. ‘ »

It has been. gstimated that 0.45 mvillﬁon téns/year of BOD is supplied to surface waters

in the United States by urban runoff (Loehr, et al., 1979)>~ Also,.for cities with secondary ,

sewage treatment, runoff accounts for 40-80 percent of the annual BOD load. This value may-
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However, Swain (1985:65) cites several researchers as indicating that measuring BOD
levels may not be suitable for stormwater runoff and that "the COD [chemical oxygen demand])
test may provide better estimates”. The reason for this was that levels of copper, cadmium,

lead and zinc were found to have toxic effects on certain aquatic organisms.

) 3 _
2.3 Literature on Urban Stormwater Management in the Edmonton Area

Tﬁefe has been little s'tudy done on urban storhlwatcr quantity in Alberta. Lavcock and
MacKenzié héve piovided some insight into quamity aspects, as diéct155cd carlier, spcéi['ié 1o the
Edmonton area and for ‘the _Prairies, in general. Also, work has been done by Stanley and
Associ_ates (1980, 1981) for the Ellerslie Subdivision on peak flow of stormwater quantity. The -

study by Stanley and Associates will be discussed in Chapter Four. |
| Som_e_ of the publications on stormwater quality speific 1o Alberta or Canada include
(Environment Canada, 1980; Ostry, 1982; Pearse, Bertrand and 'Macl.arcn. 1985).

Thei limited amour'u of.work produced on ur’ban‘stormwatcr qﬁélily n Albcrta (and
Canada), is the result of many factors. Among the reasons is that, until. rcccmly urban runofi . .
“has not been consxdered a Sserious form of water polluuon Following that, no mumu;;dl
provincial or the Federal government has set up minimal standards for th(. quality ol" water

flowing into stream or lakes from stormwater outfalls. Further discussion on the issue of

standards can be found in Chapters Six and Seven,

2.3.1 Summary
‘With urbanization comes an increase in the percentage of imperviousness as buildings,
concrete and -asphalt replace natural conditions. This results in increased quantitics of runoff

-and decreased quality of stormwater. The runoff reaches the recciving water body or stream
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imperviousness in the new urban'area. Laycock and MacKenzie (1984) found that jn the
~sub-humid Prairies that increases in runoff yield, with urbanization, ranged from 1.6 times in
Winnipeg to almost 10 times in Medicine Hat. The increase in annual stormwater yield for the

Ellerslic Subdivision is discussed in Chapters Five and Six.



3. STORMWATER MANAGEMENT: LITERATURE REVIEW

-

3.1 Introduction Management- Objectives

StormwaterA m'anagemer'li is desc_ribed as "ail activities » uhdcrlékcn in studying,
regﬁl’ating, controlling,. using and diéposing of storm(vatcr" (Poctner.198Q:59‘). Ideally, a
stormwater mananagement program’ will involve not only the physical conirol of runoff but
also the "éﬁdminstrative, technical and legal‘ means 16 evgluatc. design qnd implement
stormwater management measures. Thus, the program allows for a comprchonsivc-c\{ulﬁalion
and solution to stormwater management problems” (Debo, 1980:654). ™

TheArjlatu'rve of ;tc;;mwater ménagcmeni has phangcd in the past few years and continues
to change. Stormwater management is now a multi-objective praéti.cc' (Fok, 1981). No longer is

the single-means of whisking the runoff off the streefs enough to meet changing needs.

However, in reality, the quick removal of stormwater remains the prime concern of developers

)
t

and municipal governments. Nevertheless, stormwater management objc'ctivcs have now been
expandec'i' (in many areas) to include:
1. minimize damage and hazards due,to flooding,
2. reduce erosion and sedimentation in streams, :
3. maintain natural infiltration and groundwater recharge,
4, reduce non-poini pollution in urban runoff maintain surface watcr quality,
3. imprqye the visual and aesthetic iin>pact of the drban'chvironmcnl,
6. provide Tecreation opportunities,
7. integrate into natural environment- combine with forest or wildlife preserves,
8. use of stormwater and,
9. achieve multiple objectives at reasonable costs <
(Environment Canada,1§80; Grigg,1978; Poetner, 1980).

_ Site specific objectives ' could be met _thrdugh various alternatives. Potential

combinations of methods could be reviewed as alternative futures from which the cods,

K4
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benefits and enviromental impacts of each scenario could be assessed

The bcsi way4lo address the multi-objective framework is thrbugh thg multidisciplinary
approach; where specialists -from different disciplines wbrk toget'hér_ and communicate their
ideas to one ’another (Lazafo,1979). Numérous | disciplines Working togéthér Within a
multi-objective framework allow f or tradeoffs to be made between those concerned with
cn‘vironAmAental protcclion-_and the interests of other sectors (Duckste’in‘,1980).l

The mullidisciﬁlinaly approac.. vas used to'reduc;: impac't of development on r'efceiving
streams bin the\z:L)ake.Taho'e area. Professionals from a number of disciplines worked together to
carfy out a défe;ilcd physical analysié of the‘*s\ite, a market analysis (including public needs and
inl?:rcsls), an economic ar;alysis and an evalu;agion of regulatory requirements. The result was a
well ‘planned dévr‘wpmént which has limited negative effects (in*terms of both volume and
quality) on the 'rcceiving streams; at a very low per lot cost (Finnemore, 1982).

The multiple objectives (or purposes) can be established prior to or as part of the

Master Drainage Plan.

3.2 The Master Drainage Plan

| The Master Drainagé Plan is the principal tool for the analysis of existing and future
stormwater runoff situations and for the establishhent of drainége solutions (Bishop, 1974).
As with the idemiﬁcatiém of the 6bjectives, the writing of the Master Drainage Plan is best
.accomplished by the multidisciplinary team. Ideally,-tﬁe Master Draiﬁage Plan is“done ona
regional basis with the watershed level being thé next desirabie. Although the benefits of having
a Master Drainag_e Pl.an are numerous, most urban areas do not have them (Poetner, 1981). As
a result, the majority of 'Més_ter Plans that are pro‘duced are done at the watershed lervelv OT even
2 portion of the watershed, as dictated by the size of the development parcel. Nevertheléss.
whatever the scale of study, the production of a Master Drainage Plan in the early stages of the
planning of a new urban area, is vital to the efficient and economical development of thé site -

(Stanley-Associates, 1978).

X,
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The first and multi-faceted step inithe.p‘)rcparation of a Master Drainage Plan is the
collection and analysis of hydrologic data for existing and future land uses (Environment
Canada, 1980). Of importance, at this stage, is that the analyses be donc_vﬁlh a holistic
approach (International Joint Commission, 1978) in which the cntire hydrologic cycle is
considered. Future land use and associated amounts of impervious cover have a direct
- rtelationship to the quantity z;nd quality of thé stormwater runoff from the newly developed
lsite. Proper planning will result in less impact upon the environment. Planning within the
hydrologic cycle is, however, easier said then done because of the complex mechanisms involved
in the natural cycle (Weils, 1974). )

\/The ;elationship between land use plannivng.and vs}atcr quality 1s also- becoming.
important (Whipple, Hunter and Yu, 1978). Becausc as land use affects water quality, water
quality in turn affects land use and housing prices (-Shubinski, 1974) "The creation of the
interdisciplinary team during the carly stages of production of the Master Drainage Plan is,

a 3 . . . .
therefore, vital as balance can be created between objectives, benefits and multiple uses

(Bishop, 1974).\

3.3 Design Alternatives- Introduction
Many design alternatives exist for the control of stormwater runoff volumes and
non-point pollution. Ti’le options range from non-structural to high-structural and from site
h N .
specific to watershed level methods. Whatlwill not be discussed in this thesis is the highly
structural, conventional, option of Towing the ruﬁoﬂ" from strect grates to sewer pipes to
concrete outfalls at receiving streams. This traditional type of system is decribed in numerous

introductory engineering textbooks (Hitch, 1972; Barre, 1980)

B
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3.4 Best Management Practice

Best Management Practice (BMP) refers to site specific m_ethod§ incorpoated by the
stormwater management specialists into an urbﬁn area fdr the purpose of controlling non-point
pollution. (Finnemore‘aﬁd Lynard, 1982; Minton, 1978). The Best Ménagément Practices
should be included in the pre-development planning process with the intent of preﬂs:erving'
n‘atural land conditions as much as possible (Finnemore, 1982). To properly develop BMP's
"requires an extensive understanding of wet-weather flow characteristics, pollutant
¢haracteristics, and the relationship between land use and pollutant mass dischargé"
(Stcpstrom, Silverman and Bursztynsky, 1984). Also importgnt to the development of the Best
Managcmem Practices is an understanding of the technologies available.

The objective in Best Management Practice is to decrease the amount of pollutants
generated by areas insteadd of treating the polluted flow‘ (Minton, Anderson and Coburn,
1978). BMP's are made of non- or low-structural management alternatives (Finnemore and
Lynard, 1984) or of devlelopment activities (Poetner (1980). Non;structural alternatives
include land use planning, legislation and maintenance practices, and the use of natural

features. Low-structural alternatives involve the use of natural land features with small, simple

o

structures to control runoff pollution (Finnemore and Lynard,1984).

3.5 Land Use Plnning
In 1975, Koelzer and Bigler, felt that water resources management had failed to
recognize the potential of urban design in water resources planning. Howe?er, in the past
decade, gains have been made in the understgnding of how urban design and planning affect
water resources and in the knowledge that land use planning must be integrated with water
services planning.
x Imperitive to improving the water bquality of runoff is the creation of standards or ‘

)

environmental -goals that would be similar to the common standard for runoff quantity, which

g

is that the runoff volume (usually peak flow) be maintained at pre-development levels. Once
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the water quality goals are set "'the future amounts and distribution of population, economic
~dévelopment, and land use must be balanced and limited to permit the achievment of the goals"
(Powell, 1975:98). This may result in the housing densitics or design, the placement of
commercial sites or the choice of surfacing material being altered to accomodate water quality
requirements.

‘Maintaining runoff water quality at pre-development levels may rtot be realistic, for all
new subdivisions, at the present‘ time. Just as many arcas do not meet stormwater quantity
Tequirements. However,- developers do not, ;pncrally. make investments or introduce new
technologies without reason, therefore the creation of cnvironmemai standards will be
necessary. Such legislation does exist. Rice Creck Watershed District, Minnesota, requires
approval from the Boafd of Managers for any land development (small or largc).‘Thc Rice
Creek Watershed District requirememé i‘nclude Stormwalter. Management Plans in which the
"ger.oral iment of the plan is td ens_ure..that the stormwater runoff from a developed site will

at no greatér or lesser quality than the slorﬁnwatcr runoff from the site in an undcvclbpcd _
cundition . (Rice Creek Watersh.ed District, 1984:1). Further discussion on the use of standards
and ordinances will féllow in Chapter Seven.

Stenstrom, Silverman and Bursztynsky (1984) found Iﬁal in a small, urban watershed .
in Richmond, California that contro’lliné the runoff from the approximately 10 percent of land,
in commercial and‘parking land use, could result in a 50 percent reduction in hydrocurbun
pollution. Lgnd use planning and drainage professionals, then have the opportunity to reduce
‘non-point pollution by controlling the commercial and parking lot runofT at the source.

8

Multi-family housing has been found to produce more runoff poliution, per housing
unit, than single family housing. The authors credit the open spavcc component, in the single
family areas, for making the difference as pollutants are held in the lawns and gardens

(Whipple, Hunter and Yu, 1978). It may be appropriate then to plan parks or treed areas

adjacent to multi-family housing for the purpose of controlling stormwater pollution.
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L.and use planning could also be used to restrict development on erosion prone sites or
in flood plains (Finnemore and Lynard, 1982). But, the conservation of natural features and
drainage patterns is the most important way that land use planning can be used to attenuate the
effects of urbanization on stormwater. Maintaining natural areas, for infiltration and
cvapotranspiration, is-essential to minimizing change in the hydrologic cycle.

Land use planning, however, can not be used to solve all of the stormwater
management problems associated with urbanization.

*  Rgal world situations will often require the application of several pracuces in
mbination to provide a comprehensive contrdl system. In these cases, the total
system may be more effective than the sum of its component parts. It must be kept in

mind that it is not the land use, per se, that affects water quality [and quantity], but
rather how the land is managed (International Joini Commission, 1978:72).

- 3.6 Natural Drainage
Using natural drainage, instead of conventional storm sewers or concrete channels
wherever possible, will result in the water balance of the hydrologic cycle being less effected.

This involves the identification of natural drainage patterns (general slope, permanent and

cphemeral streams) and incorporating the natural conditions into the new urban environment"

with as few changes as possible (Environment Canada, 1980). Open natural channels are
bcconiing popular with the development ih'dustry not only becat?se of the fipancial savings but
also because of the reduction of pollutants, runoff volumes ané erosion and the aest_het‘ic value
(Urban Land Institute, 1975; Ficld, 1980). B
Natural drainage reduces peak flow because the tation decreases velocity of the
ru_noff {Wanielista, 1978). As the velocity is reduced so is the energy fo_r erosion. Total runoff
volumes and peaks are also reduced because infiltration and evapotraﬁspiration takes place in
the natural watercouse. ’
Non-point pollution is also reduced by assimilation (plant use of nutrients) and

sedimentation in the natural stream or channel (Patrick, 1975; Field, 1980). Natural drainage

systems and open grassed ditches can "reduce the delivery ratio of pollutants to a few percent,

while areac cerved hv ctarm ar comhined cawere will chow almoct 100% deliverv” (Natanv and

o
.
(,o’
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Chesters, 1981:410).

”fhe Woodlands development, just outside Houston, Texas, was "the first city Iplan
produced by ecologicil planning" (McHarg and Sutton, 1974:73). Within the forested site the
natural drainage pattern was incorporated along with -the vegetated swales, irhpdxmdmcms,
green space storage in the golf course and berms to replicate the non-urban water balance

system. The result yas an increase in peak discharge of orily S5 percent (rather than the 180

o

» s

-percent as was calculated for. traditional drainage) and ‘a reduction n cxpcétc_d runoff
pollutants of up to 30 percent (Jﬁneja and Vcltman, 1979). All at a cost of $4,200,400 for a
savings of $14,478,900 over a con\./ent.ional systeni. "Such figures [should] accelerate conversion
to ecological principies. There is no better union than virtue and profit” (McHarg and Sutton,

1974:77).

3.7 Grass Pavers/ Porous-Pavement
Grass pavers and porous pavement are slightly different technologies which have
similar results. Both provide on-site infiltration, therefore, stormwater volumes, pcaks and
' pdllu‘tants are significantly reduced at the source. Because both are used as surfacing materials
grass pavers are often included as a type of porous p‘aveme;n in the iiteraturc.
Grass p/a:vers are ceramic brick or congrete blocks structured in a lattice form (Fig.
3.1). They pro'vide a hard protective surface but from a disténce_ appear as a grassed area. The
pavers are laid on soil, then spaces in the blocks dre filled wit il, mulch and fcrlilizcr and
then the grass is seeded (Robinette ar;d Sloan, 1984). Durin;,zanal] event the grass and soil
absorb the runoff, as percolation and evapotranspiration takes place. Grass pavers are
appropriate for parking lots, residentiai driveways, bikeways, access roads, slope stabilization,
walkways‘ in cemetaries and for recreation vehicle parking areas (Heritage Conservation and
Recreation‘ Service, 1980). |
| Grass pavers were first used in Stuttgart, Wesvt_ Germany, és a method to introducc

o

- green space into the inner city. The green space was used for increased aesthetics and to reduce
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the "urban heat island" effect through decreased levels of concrete. The reduction in
stormwater runoff was an unintentional bonus. Since then grass pavers have been used
throughout Western Europe and are becoming popular in the United States (Hcritage

: - -
Conservation and Recreation Service, 1980).

Porous pjvemem is an alternative to conventional asphalt which is impervious to
precipita‘tion. Instead of quickly running off the rdadway or parking lot the rain filters through
the porous pavement into a sfbrage layer, A filtéf layer or fa}pc/'conld also be incorporated to
reduce the pollution to groundwater or interflow (Fig. 3.2 ). The basic difference between
conventional and porous asphalt is that no fines ‘are used in the mix and a slightly Ligher
amount of asphalt is used for binding. A course material is used for the base which h‘as a large
void space for the storage of runoff until it infiltrates into ihe soil (Ciay. 1974). For more
,details on porous pavement construction see Field, Masters and Singer (1982).

Grass pavers have been found by Clay, (1974) to greatly reduce runoff volumes and
- successfully remove signi‘ficant quantities of pollutants. While work done at Virginia Tech hag
found- grass pavers to reduce runoff volumes by 50 to 80 percent (Hcritage Conservation and
Recreation Serviée, .1980). The use of poroﬁs pavement in Woodlands, Texas, resulted in a 26
percent reduction in 1unoff peaks 'and water quality improvements of 10-30 percent (Juncja
abnd Velfman, 1979). Murphy, et al. (1981) found, during a study in Roéhcstcr, Nc;v York,
that peak runoff rates were reducgd by as much as 83 perceni ih arcas where porous pavement
was used. Whatever the redlféiion rates, the result is that the road or parking lot is no longer
impervious and therefore, storm drains and sewers may not be needed for that site.

Cloggihg from sedimentaion has been found to be a problem with porous pavement,

particularly during times of construction. However, this is remedied by occasional flushing

(Field, 1985; Environment Canada, 1980). ‘ '
The costs of constructing a porous pavement parkifig lot or roadway are equal to, or
. \

less than, conventional pavement with stormwater drains and underground sewers (Ficld,

e X 2
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to conventional pavement with curb/gutter storm drainage at 150 pounds/m®. In Stuttgart,
Germany, (the first and most extensive user of grass pavers) "littic emphasis has been placed
upon measurements of the total costs and béhéfits; a qualitative perception of benefits to urban
amentity and Elimate a_pparantlS' serves as sufficient rationale” (Heritage Conscrx}ation and

Reéreation Service, 1980:5).

3.8 On-site Storage

Other methods which reduce runoff volumc (and thercfore, reduce peakflow and
pollutant loadings) by controlling the stormwater on-site are green belt sloragc.\ roof -top
storage and parking lot detention. With on-site storagcf the runoff is ‘rcl'aincd on-site for.
evaporation, infiltration.and/or evapotranspiration or.is held for a shofl time and then
disposed of into th,e storm sewer system.

Green belt storage involves the temporary storage of stormwaler in open space arcas.

Golf courses and parks are the most used sites for green belt storage. Green belt storage arcas

" are most effective when combined with open, natural drainage channels (Environment Canada,

1980). The storage is provided only for the §hort‘tirﬁc it takes for the runoff to be temoved
through infiltration and evapotranspiratidn.

A park in Marlgham, Ontario, was designed to include temporary storage of r.unof.f".
Green belt storage was combined with an underground superpipe (designed to handle up to the
5 year storm events) to provide control up to the 100 year storm. The depression for the 100
year storm had a mean depth of approximately one metre. The total arca required for the green
space storage was 2.5 perent of the total development parcel size. The advantages of the park
space storage was a) that ip was inexpensive as the land used was part of the 5 percent park

dedication, b) was low in maintenance costs and c) the basement flooding due to storm sewer

_surcharge was eliminated (Wisner, Mulherjee and Keliar, 1979; Wisner, Kassen and Cheung,

1981). Such provision of green storage as part of a multi-use stormwater management plan



-agencies and p_rivate developers ( Tourbicr, Westmacott and Goedken,.l979).
. ) i .
Parking lot storage (assuming the conventional fully impervious asphalt or .concrete

surfacing) merely provides detention for runoff during extreme stqrm events. The stormwater
is held, for a short time, and Lhéq released into the storm sewers at a controlled rate, thereby
reducing f‘ﬁ\c peak flow.

For the detention of storm@ater, parking lé)ts are designed with a gentle slope to é
slight depression in the least used portions of the lot; to min?ﬁize incon\‘/enience 10 users.
Detention parking lots are usually designed to detain runoff .t'o an overall s-torage depth of only
6-7 cm; at the depression site, with a controlled release rate of lcm/hour. The five year storm
ponds to only 1 cm (Stanley Associates Engineering Ltd., 1974).

A Lrucking firm -in St. Louis, Missouri used parking lbt storage as part of ;heir
stormwaler management system.al their truck terminal. The‘total cost of $115,000 was $35,000
lower than the estimates for a system without on-site detention (Poetner, 19;/6).

Conventional parking lot-storage can be designed to provid¢ some méasure of runoff
volume and pollution coril-rc)l by the inclusion of grass strips into the parking area. The. grass
strips work as a filter for sediments and other bollupants as well as providing small sites for
runoff infiltration (Poetner, 1974a). Alternative types of curb confiéurations could be used to
allow runoff to reach the grass strips. These include cuts in the curb, rolled curb or dragon
. tooth curbs (Fig. 3.3; Robinette and Sloan, 1984).

As discussed_ in section 3.5, controlling the runoff'pollution from parking lots can
greatly reduce pollutant loadings, in particular the hydrocarbons, from t‘he entire developmént
parcel (Stenstrom, Silverman and Bursztynsky, 1984). B

Rooftop sgprag@uinvblves holding thc stormwater on a building roof top and later sldwly

depositing it into the drainage system. Most Canadian industrial and commercial buildings have

flat roofs which ar-é deéigned for heavy snow loads. This design requirement'means that a roof
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stormwater. A rainfall detention pondiné ring will be required‘at the roof drain (Environmeni
Canada, 1980; Poetner, 1974a). |

Roofs may consist of 50 percent of the impervious surfaces in an urban area
(Environment Canada, 1980; Lazaro, 1979); retaining s_tor'mwater. on even a portion of the
" roof's will reduce peak flo‘v;/. If the stormwater is held for long periods of time, or uséd on site,
then rl;ﬁoff volumes are also reduced. Pgetner (1974 ) writes that gravel barriers on fhe roof .
will also reducé peak flow. ‘

In residential areas, as most houses do not haveyflat roofs, other on-site measures
' cquld be used. Putt and Johnson (1978)' suggest the retaining of runoff in an on-lot drainage
" unit made of porous and crushed media. Ther%by, each house/lot provides its own immediate
rclcmiioh.'The -authors felt that the on-lot retention would reduce peak ﬂovs; from an urban
. area by 30-40 percent. On-lot deteniion was also proposed by Schilling (1982) in the form of
cisterns or rainwater barreujg’& reduce peak flow by 20 »ercent. Schilling writes that it may be
pgssible reduce peak runoff volumes of frequent events by up to 80 percent. In’ downtown.'
“ Denver, Col'orado; the Denver Urban Renewai Auihority required developers to detain,
on-site, ‘prccipitation falling directly on their properties. This was accomplished mostly through

4 .
rooftop storage, with some on-site ponding, "at extremely low cost and with little

‘inconvenience to land developers and the public” (Poetner, 1974b:392,)-\"

Whether at the large commercial buile}}ng scale or a small residence there are measures
to hold the stormwater on-site. Because mcé& of th e runoff pollutants are not yet in

ot

stormwater at the roof level, this water is relatively clean and has large pot‘ential for use within

the urban area. : | - '
. . . - & ,:/
Large underground storage tanks may also be used to |, rovide on-site stc.age. Tanks
2
may be economical if land costs render above ground storage rest'- 2. Runoff is detained in

the underground tank and then slowly released into the c~we- . stem (Stanley’Associates
vEngineer‘ing Lid, 1974). Undergrouvnd tanks were used successfully in Scarborough, Ontario, to

eliminate basement flooding (Environment Canada, 1980).
. R

] ;go.'
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3.9 Erosion Control

Thc{ majority of erosion in urban areas takéé place in two types of silcsbz construction
and receiving streams-. The easiest way to reduce erosion from construction areasis 1o keep the
runoff sediments on-site. Then the particulates are reslric‘tcd from moving too far as well as

protecting the receiving waters from:sediments and the accompanying pollutants. The amount

of soil erosion that takes place is. a function of the precipitation and runoff energy, soil-

] .
characteristics, vegetation cover and the size and slope of the watershed (Krenkel and Novotny.

. 1980). Management practice is un;ble to change the energy of the rainfall or the size of the

watershed. But, proper management can attenuate¢ erosion by reducing the runoff cnergy,
providing vegetative cover and by keeping the change of slope to a minimum. As discussed in
Section 3.6, maintaining the natural drainage patiérns, as much as possible, is an important

factor in reducing runoff energy.

The techniques available to reduce erosion during times of construction include

vegétation strips, filter materials, revegetation, traffic control at construction sites. and
Lemﬁorary filter berms. Also, avoiding the baring c’>f the surfaceg;#hcncver possible durin’g the
heavy rainfall seasons as muc‘}h as possible, is useful in reducing sediments in stormwater ypnoﬂ'
(Laycock, 1986, personal comxﬁunication).

1

Vegetation' strips, around the construction sites, are effective in slowing down and

5 : ' ¢
absorbing runoff as well as being sediment and pollutant traps. "A minimum of §5% scdiment
removal can be achieved with a 2.5 m grass strip during shallow (non-submerged) overland

flow" (Novotny "and Chesters, 1981:442). Filter materials at construction sites produce the

same reults as grass strips with more immediate-results but can be more costly. The simple use

of hay bales, directly around the site, may work well with some limitaions as there are many
—~p

small spaces between the ground and the material. Also, the the bales sometimes are no‘t‘ iightly
bound. Commercial products are also available which produce excellent results. These grvc. filter
materials which are buried to a depth of approximately 15 cm and held above ground for ab;)ul
30 cm, around the periphery of the construction site (Torpe, 1985). |

<8
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Rcvegetatxon refers to the 1mmed1ate and often temporary grass seeding or soddmg of

lurge opcn sp‘aces m a subdlvxsxop under construction by the developmem company (Wamehsta

A
1979). Thls is often necessary as the construcuon period, for a large develoment may be spread

-

over many years. Mulches of jute, fiberglass or plastic, chemlcal stabilizers and netnqgs could
‘also be used as a replacement for grass (Poetner, 1974a). Rawls and McCuent (1978) showed
how revegetating open areas immediately after disturbance with grass lowered drainage costs
because runoff volumes were reduced. N(l)vomy' ahd Chesters (1981:410) wrote that in urban
arcas soil conservation practices, in ﬁarticﬁlar good grass cover ”rﬁay be the best method to
reduce pollutant loads”. =~ - 3 ) |
Controlling LAraf fic in constructiog areas by reducing speed, using crushed stong fo'r.
roads and the use of berms on the construction site can reduce sediment pollution (Wanielista,
1979). The’ berms’for traffic control could be filter berms whicﬁ are temporary gravel or
cr)ushcd r.ock ridgeé,\constructcd across a right-of -way. "They are designed to detainvand filter

the runoff while, at the same time, allowing traffic to use the right-of-way" (Poetner,

1974a:154) .-

123

e
The most import’annt method in th‘eé‘r‘éduc;ion of erosion at recciy;ing streams is to
replicate the natural drairiage conditions. Whi-pplel, DiLouie ani-ljytlar" (19§1) found that the
land use of the land immediately adjacent to the receiving stream d,é;‘lt‘err;;ines the quantity and
quality of thé rux‘mof f. The authors fecdmrﬁended the use of a treég:':i)uffér strip between urban
land -uses and the strcam Lo‘crcate mhore a more natural runoff sﬁxation.

Channels prbtected with grass,“‘/stone or wire m'eét‘f;\a'/ith stone, will also have slower
velocity of f léw 1o receiving streams (Novotny andChesters ‘1\981). Also, Whipple, Dilouie
and Pytlar (1981) ‘suggest theé use of boulders m,ayre;s Qf;ﬁigh flow to dissipate energy, and the
use of water-loving trees along streams 1o pryol‘g;iéléx‘stablle banks.

. AT
.' Whatever the technology or ideas available to reduce erosion, most developers will not

. incorporate them ‘into a.construction site or new urban area if it is not mandatory. Such

. requirements do exist in many parts of the United States. And in Ontario’ "certain projeéts are

\
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subject to MOE [mestry of the anxronmeni] revxcw ol the adequacy of proposcd

" - \‘

erosion -sediment control praclxces" (Envxromcm Canada 1980: 158) chcrthclgss gcmra}f\ in

Canada and certainly in Alberta the creauon of construcuon site erosion and scdnmcm Lomrol
regulations are iccided. Thesé could take‘ihe form of "locql initiatives, institute ordinances
and/or by-laws 1w ring erosion aﬁd‘ sedimenti control plabnts for land disturbing activities"
| (International Joint Commission, 1978:78).
. N .

3.10 Street Cleaning

Street cleaning, tréditionally, is done for‘éesthetics, to remove the visible ré{'usc and
large particulates and to keep the stor_rﬁ sewerfé flowing. The fine solids fraction remains on the
street to be swept away by\phe slorx‘nlwater ru‘hoff. Howevér fhc m‘ajority of rui'x-o‘I‘I' ‘pbllulam\
are assoicated with the street fines. SarLor and Boyd (1972) found Lhat the fine, lruuon from
street surfaces, was only 6 percent, by wexght of Lhc total sohds but assocmud wuh the Imc

was 35-50 percent of the nutrients, over 50 percent of the heavy metals and ‘nCarly 75 pereent

of the pesticides. For this reason many cities are combining vacuum strect cleaning with A

IS

conventional broom sweepers (referred to as advanced léchniqucs)_. Vacuum strect sweeping is

one of the few management alternatives available to apply to existing urban areas for the

reduction ‘of non-point pollution (Park and Shabman, 1981).

-~

The removal effectiveness of street sweeping is, ncvcthclcss dcpcndcm upon the street

il

surface conditions (Finnemore, 1982) Also important 1o thL effectiveness of street cleaning is’

-,

% .
the interval between cleaning sessions. In a study done in Washington, D.C.. Sutherland and

McCuen (1978) found that the frequency of street sweepirig had the greatest eff'ccl on rcmdva]
efficienies. In their study the most effective street sweeping operation was a vacuumized street
sweeper operating at 3 mph every two days. This resulted“in a removal efficiency of 69.6
percent of the total solids; although the authors point oui that Lhcﬁ removal of fines was

aproximately 25 percent which they felt was a poor removal of pbllutams,

-~
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In’s/{.‘s‘tud.y of*San Jose, California, Finnemore (1982) found frequent street s@eeping,
once or twice per day, on streets in good condition had_r‘;émoval efficiences of up to 50 percent
for total solids and héagy metals. The é‘uthor compared this to the more typical street sweeping -
programs which clean once or twice a month and remove less than 5 percent of the solids.

In a recént Zlmmary of United States EPA research, Field (1980) déécribes a study of
street s_wccping inn-»\;ﬁich 50 percent of the solids were removed by conventional sweepers and 93

percent by;;:;{i-he employment of advanced techniques. Finnemore‘ (1982) lists the benefits of

street sweeping as_lower total solids and heavy metals, less need for sewer cleaning, reducing

'
3

J particulates in air pollution and increased aesthetics and public nsafety’.
Problems do exist, however, as street cleaning, stréel maigtenance, water quqlity issues
and city a‘\c§thctics are handled by various departments in civic gov'ernment.s, often resulting in
' .
"seriols e;ldmin’istrative and jurisdictional difficulties" (Ellis; 1§82:3-46). Therefore, the street
“swccpirig ‘that is done is often incomplete as a result of diff‘ering management perspg;tives.
‘A“nd;, bcc‘aus'e.of the inability of street éweeping, except'under optimum conditions, to remove
most of the [ines and becausc of the institulio’ﬁal problems, Collins and Ridgeway (1980) feel
‘ lhét alternatives which reduce the volume of rurioff through infiltration or detention should be

considered to aid in the removal of the fine fraction.

"
ey -
“ &
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3.11 "l‘reatnlent,:by Structural Methods .
. The treatment methods aﬁp,licable to stormwater runoff fall into three basic éategories:
physical, biological and disinfection; al'though -often the techniques are combinations of these.

Physical treatment methods include sedimentation, fine mesh screening, high rate

~ filtration, regulators/concentrators and air floatation (Environment Canada, 1980; Wanielista,

1979). Sedimentation in tanks or impoundments: (see also section 3.13 ) have average removal
efficiences of approximately 30 percent for BOD and 50 perceht for solids. These efficiences
can be improved upon by the addition of chemical coagulants. Most of the treatment methods

require storage before or during treatment so that sedimentation is usually part of the



treatment system, if not the entire system (Field, 1985: Wanielista, 1979).
’ P F)
Fine mesh screening of runoff c_gxﬁfj?emox'e 40-50 percent of BOD and up to 70 percent
. !\.‘:‘h‘ "y » ¢ .
of the suspended solids. High rate filtration"is finer than screens and often involves a dual

media filter such as coal over sand. These filter units cﬁrcmovc 60-80 pereent of the BOD and

90 percent of the suspended solids (Field, 1985; Wanielista, 1979).

,
-d

Regulators/concentrators - function by "concentrating the solids and sending the
concventrat'éd‘ flow to sewage treatment plants and sending the rclativc,;ly clean water to the
storm drainagelsysiem. Swirl regulators/concentrators have removal efficiences of 25-60
percent for BOD and 50 pérceﬁt for suspended solids. An advantage of concentrators over the
other physical treatment alterna‘tives is the amount of flow il can treat in a short time; 60-
gpm/ft?, compared to 0.5 gpﬁl(ft’ for sedimentation and 24 gpm/ft* for high-'ratc filtration
(Field, 1985).

Air floatation separates solids from the runoff by imroducing fine air bubbles into the
water which attach themselves onto the particulates and bring them ’lo the top. The floating
particles are then skimmed off. This procedure is usually combined with chemical coagulants
for higher removal efficiencies. Air floatation can remove 50-60 percent 61‘ the BOD and 80

oY e
AT

percent ,Qf the 'rv,lfpended solids (Environrﬁé}%&{};eanada, 1980; Ficld, 1985). Disinfcction
involves contact with a disinfectant, which is Js;ally chlorine, to reduce fecal coliform levels,
Field (1985) foUnd that adequate reductions of coliform_'can be obtained with contact times of
tWo minutes or 1es§. The fecal material in storrﬁwaLe,r is primarily from animals but the
_ stormwater may be contaminated through illegal cross-connectons to sanitary sewer pipes
(Environment Canada, 1980)

‘Conventional biological treatment, as is used successfully for wastewater, is not as

effective for stormwater treatment. This is because of problems with overloading and shock

conditions during periodic storms. For this reason pre-treatment storage is essential for the usc
of biological treatment beds (Field, 1985). Natural biolbgical treatment, in wetlands, will be

discussed in Section. 3.12.
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To improve water quality for recreation the city of Boston treats jts stormwater with a
. f -

combination of screens, detention storage, hydrochlorination and an interceptorwhich sends
@ 3

the concentrated runoff and solids to a domestic wastewater treatment plant. The plant has a

removal efficiency of 45 percent for suspended solids (Field and Fan, 1981).

Because of the concentration of pollutants in the first-flush. of stormwater runoff

*many authors -feel that the treatment of, at least, the first-flush is important to the-

improvement of receiving water quality. Also, with limited fﬁndg available for stormwater
treatment many municipalities have decided to just treat the first-flush of rﬁhoff. The city of
Vancouver has used an interceptor‘to send thewfirst-fl_ush to the sanitary seWerage plants
(Swain, 1985). In a Florida test case, the f irst-f‘lu;h was treated by a combination of detention
and a soil filtration unit with very shccéssful results. The authofs-_fgalt that by using a coupling
of sand and alum sludge in the filtration system it could remdve 8(;:90 percent of the first-flush
of runoff (Wanielista, et al., 1981), Also, in Orlando, Flofida, Wanielista and Yousef (1978)
tested the treatment of first-flush by a pércolation/detentiop basin which allowed for
infiltration. The peréolation ponds had an average removal eff igiency rate, for total nitrogen,
phosphorus, BOD‘ 'and suspended solids of 88 percent. One negative result was that slightly
higher levels of nitrogen and phosphorus were‘ found in the groﬁndwater.

Test use of swirl regulator/conceatrator in Syracruse, N.Y.,I resulted in approximately
50 percent removal rate for suspended solids (Field, 1985). Whereas, ir Billing Brook,
England, a gasoline imerceptor is used to float off the hydrocarbons from stormwater \omith,
1974).

Whatever the treatment used, operation, maintenance, capital and land costs will be
lower if: a) the storage basins are large and centralized and b) if natﬁral feature; afe used

(Finnemore and Lynard, 1982).

R
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3.12 Treatment b& Natufa] Methods- Wetlands

After documenting many studies, van def Valk, et al. (1978:464) concluded that
"wetands are excellent nutrient traps and are, as a result valuable because they are acting as
natural treatment plants removmg nitrogen (N) and phosphorus (P) frgm polluted walcr
passing through them". The wetlands accomplish this by physxcal bxp(gncal and (.hcmual
mechanisms. For example, the phospho,rus from urban runoff is hcld in soils by adsorbuon gnd
prec1pltat1ve reactions with alummum iron, "calcium, and clavy mincrals (NlChOlS. 1988).
Nitrogen is also be removed from the water passing through a wetland, primaril& by
sedimentation’and through the process of denitrification (Willenbring, 1984). Denitrification
takes place only in anaerobic conditions by cerl;iin bacteria that use nitrate in place of oxygen
to facilitate respiration in the oxidation of organic compounds; the final end - ucts a‘rc the
gaseous N, (nitroﬁé oxide) and N, (‘Gersbe.rg, et al., 1983; Willenbring, 1984).

Vegetation also aids in the nutrient and solids removal processes by acting as a physical
filter; reducing the flow velocity and allowing inorganic and organic pérlicu]alcs with associated
nutrients (and other pollutants) to settle out. The vegetation also provides a substrate in which
decomposer microorganisms can attach ﬁhemselves. These microorganisms assimilate pollutants
from stormwater runoff as they grow and reproduce. The wetland vegetation also removes

);\ht from the soils in the wetland and incorporates them into its vegetative mass as it

@ -,' .'-é,

gr‘

Willenbring, 1984). Hickok, Hanﬁaman and Wenck (1977) wrote that the microbial

activity is the most important mechanism influencing the improvement water passing through

the wetland, with rapid increase in microbial populations directly following a runoff event. The
' “

microorganisms remove the nutrients for growth resulting in a decrease in the concentration of

nutrients. y

The large plants in a wetland area are, however, important for aesthetic appcal But

they too provide assimilation of nutrients. According to Westlake (1973) wetlands dominated

. by cattails and other emergent macrophytes are amoung the most productive biological systems

in the temperate zone. The aquatic and semi-aquatic plants also absorb heavy metals from the
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runoff water and incorporate them into leaves roots and s@ (Kadlec and Kadlec, 1978).

(

L N
e '
This concept of improving the qualxty of polluied wat@gﬁ)y passmg thr natural
4“ v I ? ¢ . °
wetland has been applied in many locauons Docgmentatlon includes examples ; ’#oo“

Sweden, Hungary, Britain, Poland and many places in the United Slates (van der Valk‘ 1978)
For example, Saw Grass Lake in Pinellas County, Florlda is a 138 hectare wetland that has.
‘been used for runoff_ water quality improvements and to provide flood protsoﬁtion; as well as
being an environmental a“nd rec‘reational amenity (King, 1983). W &

A wetland (marsh) was used as a non-structural treatment method for urban runofé in
the Minnesota Watershed District of Minnchal;a with successful results. The wetland was found
to remove 78 percent:of the total phosphorus and 94 percent of the susper}ded solids. ’The
authors concluded thét "this project has domonstrated the treatability an.d effectiv;ness of
non-structural methods to improve the quality of stormwater runoff from urban ‘areas using
natpra] wetlands (Hickok, Hannaman and Wenck, 1977:1\/).

Fetter, Sloey and Spangler (1978) in studying a natural marsh in Wisconsin, which
rgoexvcs wastewater from a city sewage treatment plant various mdustrlal wastes, as well as
agricultural and urban runoff also found that water quality was improved as water passed
through the wetland. Removal efflcxenmes were 80.1 percent of BOD, 51.3 percent mtrogen
13.4 percent total phosphorus and 29.1 percent of suspended solids.

Gersberg, Elkins and Goldman (1983) found high rates of nitrogen removal by
artificial wetlands; rangi'ng from 50-95 percent. In the study, the authors noted Lhat for energy
efficient treatment the natural wetlands were preferable to artificial wetlands.

A great deal of work is being done with natural treatment of runoff by wetlands in the
Rice Creek Watershed District in Minnesota. The Minngsota wetlands were visited” by the

\research done by the Rice Creek

author as part of the field research. The field observations an

"Watershed District will be discussed in Chapters 4.5 and 5.2.
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3.13 Stormwater Lakes

 Stormwater lakes were first designed as an inexpensive altcrnative to an extensive
qnd.erground system of large and small storm sewers. The impoundments are used 1o provide
detention storage of the runoff untilt the smaller storm sewers are { rez to handle the floe. The
expensive large trunk sewers‘are theﬁ%ot reqﬁired In many areas. Thercforc. the initial - (and
remaining primary) purpose of stormwater lakes is the storage of surfacé runoff. Today
stormwater lakes range from ‘siﬁgle purpose (storage) 1o multiple purposes. The multiple
purposes that are the most common in stormwater impoundments include acsthetics, reuse,

recreation, wildlife habitat and treatment of runoff. Therefore, stormwater lakes are attractive

to developers because of the capital savings for drainage and the urban residents approve

0

because of the amenities that the Jake provides. K

[

-

The number of uses that a stormwater impoundment cén have is‘dcpcndcm upon the
amount o.f ti that the runoff is held as well as the o;/e'rall design. Detention lakes (also
referred to as dry ponds) are those which store water {or only a short period of time; until the
runoff is directed into the drainage system. Retention (in wet ponds) involves the storing of

‘ water for an indefinite period of time releasing the water into the drainage system very slowly,
if at all. |

Detention lakes reduce peakA flow ‘but do not substantially affect total volumes.
Retention lakes';‘réduce peak flow a;md lower total runoff yields as the water is held in storage,
witﬁ a portion lost to evaporation {and if not lined, to’ infiltration) (Poctner, 1‘976).

Deten.tion fécilities provide tempofary storage but do not replicate natural conditions;
in terms of :timing of volumes. This may result in jncreased downstream flooding as delayed
peaks accumulate downsteam (McCuen, 1979; Hawley, Bondelid and McCuen, 1981; Dur{n,
1981). Mein (1980) fgund, in his Melbourne, Australia; stu_dy that upstream stormwater basin‘s
did not cause highér p.eakis downstream. Alt\hough the author did agree that the possibility exists

and that each case should be studied for potential downstream effects.
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McCuen (1979) felt that detention facilities should be cer . lemented with other
stormwater management alternatives which more closely duplicate natural conditions (see
Sections 3.5 to‘ 3.7). Whipple (1981) wrote that detention lakes should be comt;ined with a
small retention outlét to form a dual purpose detention basins which would reduce peak ffow
and runoff pollutants.

The City of Winnipeg, Manitoba, Waterworks, Waste and Disposal Division has had
experience in both wet and dry multi-purpose ponds and has recommended that all future
developments be retentioh (wet) lakes (Environment C: ~ada, 1980). Grizzard, Weand and
Randall (1978) agree that retention facilities are better because the wet basins improved water
quality. The retention l‘akes and ponds were successful in removing almost.70 percent pf the

.phophorus, 45 percent of the total nitrogen and ugsto 87 percenf of the suspended solids. The
authors éttribute,d the difference 1o the active biological populations and quiescem water
columns in the wet ponds.

Permanenily wet stormwater lakes are also pref erlalble as they can be built to "form the
core of blue-green areas in open space developments, parks and other planned urban .
Ao ~nts" (Poetner, 1976:3). Iﬁ ‘a study of the recreational potential of an Edmonton
stormwater 1a.  3eaumaris Lake in Castle Downs Subdivision, Hinch (1984) found that the
develope: was s <sful in making the stormwater ‘lake a recreation amentity .in the
community. Throuz: .he use of a survey, the author found that 69.3 percent of the
respondents were sztis. od with the recreation function of the lake. Of the residents 90.3 percent
of the respondents fo (hat "Beaumaris Lake made a positve contributién to the overall quality
of the urban envi-  ment" (Hinch, 1984:110). However, the recreation f;inction of the lake is
.cduced by poc  .ter quality. Not only is the stormwater runoff entering the lake withogt ban}.' ”
treats .. upon visiting the lake, the author found that the visual evidence of illegal

ss»-connections is obvious. |

~

In Edmonton, as in most municipalites, the primary functioq of wet ponds remains the
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»aield and¥pollutants to receiving streams as the runoff is held on-site. The improvement of

i

ri‘ianf quality, through storage, is accomplished mostly througvh sedimentation. Two
stciri‘i%si'aiéi retention lakes in Winnipeg, Manitoba, were very effective in removing suspended
solic itroge‘n, total phosphorus and lead from the water (Chambers and Tottle, 1980).
The auc...:s did, however, note a problem with concentrating the lcad into a lake; especially if
it is to be used for in-water recreétion. In Orlando, Florida, slormwéq'ier is coagulated with
alum before it is entered imo‘ Lake Erola. As a result, the nutrients are not available to plantlife
and the increase of algal production had not been significant (Harper, Yousef and Waniclista.
1980). Retention lakes were also used in a New Jersey housing complex; with the priorty bcing
the minimizing o-f effects upon the receiving waters. It was found that with retention basins, .
planned into a natural setting, that peak flow and water quality werc nZ)l substamiall\ effect ui

post- deveIOpmenL (Hughto and Harley, 1981)

As discussed above, one of ‘the main attractions of stormwater lakes, to developers, is

‘the lower cost compared to.conventionaf drainage. Work by Stanley Associates Engincering Lid. -

(1978) found that cos&for' d,raiﬁage which inciudcd\a stormwat‘cr lake cost $1720/acrc, wh"cr‘czis

conventional dramage would have cost $§3L07a(cre a savings of 71 percent. (,hambcrs and
Tottle (1980) found that costs varied accordmg to: distance to the reccivmg ercam staging of
developmem size of* developmem, land use in the developmem and Lhc relationship between

g

the developer and the comtractor In their study of Wmmpcg impoundmcms the savings ranged

from 0 percemo@r a development adjacent.to the receiving stream (0 79 percent, over
% -t /

P
’

conventional drainage, for a development far from the a receiving stream.

Det%ils on the design of stormwater lakes in a new urban arca will be discussed in
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{
3.14 Legal Aspects of Stormwater Runoff- Legislation

Legislaticn related to .stormwater runoff is.dictated aa? the provincial level and is
administered by the province and lthe city municipality. Federal involvement is minimal. The
Fisheries Act (1970) (section 33.2) ‘did provide a definition for the pollutants whicn Alberta
used for its Clean Water Act. - |

The Canada Water Act (1971) does not have influence on provincial water resources
because of the 1930 .tutal Resources Trans(ér Agreement Act which gave constitutional right
to the control of natural resources to the province. The Canada Water Aet does allow for
Federal involvement whe_n (section 9.a) "water quality management... has become a matter of
urgent national concern”. |

¥

At the provincial level (A‘l'b;ena) various statutes arc or can be applied to stormwater
runoff. The Clean Water Act (1971) dees:not makﬁ direct reference to stormwater runoff.

Inferences could be made, however, and run"off ‘Cbl_‘l'id ne jneluded under the Act. Section 1(k)
defines "surface runoff" as including any water in a watereourse (a discernible .bed) mcludmg '
artificial equivilents. Stormwaterrm@,}\ be then covered by the Clean Water Act , provincial
jUIlSdIC[lOH if itis collect;:d mt‘o\&t su#’ace facility or: dramage system

Urban runoff a a soﬁ}tde of pollnuon may then be covered by the Clean Water Act.
The usual destination for stoana{efr@f is into a stream The Act states that nothing

v

harmful’ may be put into a watgr course.

Section 17.1 Subject to sub-section (2) no person shall deposn ar permlt the deposn

of a deleterious substance of any type in a watercourse or in surface water or in any

“ place under conditions where the deleterious substance that results from the deposit of

the deleterious substance may enter any watercourse or. surface water. -
Actuall\ using the Act for prosecutlon may be a problem because of the clause relating to
being deposited by "a person” as the off enders are usually anonymous and numerous..
However, the city or mun1c1pahty may be tonsidered the responsxble party for the deposmng of

. . the deleler_lous substance as they have ownership of the storm sewer System and thejoutfalls.

The definition of deleterious substance was based on the Federal Fisheries Act. Section
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the pro®ss of degradation or aiteration of the quality of that water so that it is
rendered deleterious to f 1sh wildlife, livestock or domestic animals.

Section 17(2) states that subsection (1) does not apply to pollutants dcpdsitcd b\ a

I
persons with a licence or permit to do so. These list quality limits and terms fo:ri deposition
specific to each licence. Non-compliance with the terms dictated by the pcrmit or licence can
result in fines of up-to $25,000 or' three months in prison or up‘ to $§0,000 and/or 12 months in
- prison, once a stop order is' issued and the deposition continues (Pvcrcy, 1984). Again, because
of the anonymous nature of non-point pollution it m'éy be impossible to prosecute of‘fcﬁdcrs. '

Alberta's legislation is consistent ‘wit.h the conclusions of Poetner (1974), who found
that the most common use of ordinances involving stormwater runoff are thosc governing
subdivision regulauons The Alberta provincial Planning Act {1980) TCQUIICS that slormwaur
-runoff/drainage plans be included in the Area Structure glan application for a new subdivision.
This is through section 1.(2) which describes stormwater drainage f'aéilitics as a utility and
sectxon 64.(n) which requires the ge*xu al location of "major Lranspor{auon routes and public
utilities" information be provided by the developer.

The Subdivision Regulations of the Planning Act (1977) makes specific reference to
storm runoff."Section 8.(c) states that "the subdivision approving authority shali "é:onsidcr,. with
respect to the anat is the subject of the application ...stérmwatcr collection and disposal”. In
Edmonton, fo_r,example, before a new subd?vision is approved by the City of Edmonton the
stormwater system will be analysed by the civic departments of Engineering, Plénning and, il
on-site storage of any type is included, Parks and Recregtion. The basis for apbroval is cnliré]y
site specific with stormwater drainage plans being depéndem upon the location of the site in
relation to the closest receiving stream and/or available trunk line space.

: e . “
The Province of Alberta also must appro;/e the drainage plan fopthe new urban arca.

The basic requirement by the province is that pre-development peak flows are not increascd.

- There-are also differing runoff volume and peak flow regulations depending on the receiving
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Blalckmgd Creek and peak flow must be kept at pre-devlopment lekls.
» ,

3.15 Private Rights

The ability of a land owner to defend himsglf/}iersel( against non-point pollution or
incrc%scd water volumes from urban areas is ’aependent'upon which definition of_ water applies,

diffused or in a watercourse. Once the stormwater has entered a stream via Storm sewers or an

hd -

artificial drainage stream bed or lake, it can be assumed that riparian rights would be relevant.
As discussed-earlier, the Clean Water Act (section 1.k) includes. artificial eguivalents under its
definition of a watercourse, theréfore, lhe’owneré abutting a stormwateur\_laké may have riparian
rights. @
] Before the runoff enters a watercourse or drainage system, riparian rights do not apply.
At this point the common law rules for drainage apply. These involve the common enemy
doctrine, civil law rule and the reasonable"use tule. The common enemy doctrine considers t'he'
diffused surface water an enemy and gives land owners the riéht tc; restrict or remove runoff
from their land (Maloney, Hanman and Cantor,1980).’

Reasonable use rule allows for changes in the drainage pattern of diffused water so long
as the change is "reasonable”. "fhis is the most used application of drainage law in the U.S.

. v . .

(Poetner, 1974a). Judgement on the "reasonableness” is based on:
the nature and importance of the improvements sought to be made, the extent of
interference with the water,... the amount of injury done to the other landowners as
compared with the value of such improvements, and ... whether such-injury could or
could not have been reasonably foreseen (Swett and Cutts, 1870).

“In a recent Ontario case the ju_dge—ruled that the City of Scarborou‘gh was liable for the
rerosion of the Highland Creek and extensive flood damag; to the grqunds of the Scarborough
Golf and Country Club. Judge Cro‘m.arty‘ru'led that the piaintif fs ripariaﬁ rights.‘wére yiolated
as th_e substantial increase of flow !wiih ﬁrbani_zétion was not considered to be natural or
) réasOnable apd did cause damage to the plaintiff. The .j%dgernem was. that the City of
Scarborough is to pay the Scarborough Golf and Country Club $3,076,146.24, as well as couﬁ

costs, for damages (Ontario Reports, 1986). The'City of Scarborough is appealing the decision.



‘Alberta, unique in Canada has adopted civil law rule (Percy, 1984). le rule 1aw ’

states that a landowner must receive water dlscharged over-his/her land..The precedent set b\"

e

the Makowecki v Yachimyc case provides that a lower propery owner muslt accept the natural ™

surface flow from the upper owner. Percy (1985) wrote that this approach was used because it

~ did not discourage drainage, as does the common enemy rule and, therefore, histggically was

more suitable to Alberta geograpRy with its many sloughs in the agricultural areas.

In Alberta the Makowecki principle may not be applicable to stormwater, runoll cvcnr"
g’w
before it reaches a watercourse. Because urbamzauon results in increased total ruroff, it is

B

Al

>1ikely that the stormwater will we! be considered natural flow. Therefore, the uppcr landowner

does not have the right to force an artificially increased volume of runofT onto the lower land

7‘

owner. This has been the seen in the cases of McCord v The Alberta and Great Watcrways
Railroad Co. (1918) ;md. Hamilton and Hamilton v Carson and Carson (1976). «,

The downstream riparian owners also have the right to consistent, natural flow le'+ls in
the watercourse abutting their land. Riparian rights alsb include the right 1o usc the water and

have it undisturbed in quality and well'as quantity (Cook v Vancouvcr;v 1914).

The ripariah rights of a landowner for unimpaired water quality, frec of stormwaler
runoff pollutants has precedent in Alberta. In Groat v City of Edmonton (1928) the judge,

Justice Duff stated that: . .

I agree that the making of streets by macadamizing or paving or otherwisc, is a natural
use of the land owned by the municipality; and, morcover, that the municipality is
under no duty to intercept rain water which, having fallen from the clouds, is pursuing
its way under the impulsion of gravity or othér natural forces towards a watcrcourse.
But the municipality is net at common law entftled, in its quality as riparian owner, to
collect and discharge the filth of the streets though an artificial channel into a
watercourse, where it is to settle and ‘rémain ‘until the currents generated by the spring
thaws carry the mass of it-to the lands of lower riparian proprictors. I can see no
warrant for this | under the common law. v

This precedent is applicable to cases.involving one defendant. It méy be useful, in lt;c
future, if the deﬁositor of the offending stormwater runoff can be isolated to one such party -
including the City %g_Edmonton or other municipalities or even one subdivision dcvclopcr;
HoWever, the City of Edmomqn rri‘ay be solely responsi'blc because ownership of storm sewer

L3

system and the outfalls is dedicated to the City. Such is the case in the Groat v City of
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deohlon@se where the judge ruled that riparian rights were infripged upon and the plaintif f
/

o $

was cnutlcd to the remedies sought (McLaren, 1972). Also, in @ntario the City of Scarborough
was found to singularly resporis%le |
Neverthelcss, more than one municipélity or devloper may be respnsible for the
infringement on riparian rights. With-multiple pc')lluters.the ’problem of providing evidence of
g_uilt mayubc lessened by the use of joint and several liabl_ity. "Joint and several liabilty"'ls
defined és the condition in which liablities are §hared among a g?gup of persons collectfvely and
also individually (Yogis, 1983). With this doctrine it becomes the -responsibility of the
defendants to apportion the damages. Suuch was the situation in Landers v East Texas S-allt
Water Disposal Co. (1952). In the United States,r"th-is approach has ‘éince beén adopted in

several other states and appears to represent a trend in cases involving pollution injury" (Cox

and Walker, 1975). )

. / ~ .
McLaren (1972) also wrote of the usefulr.ess of multiple defendant suits in

environmental disputes.-The author felt that the nuisance multiple suits were appropriate for

v"

certain pollution probléims. "Because it allows the plaintiff to bring several polluters into court

together, and if he [sﬁé] is uncertain of the potential liabity any o them perrﬁits him [her] to
: &+

avoid the expense and frustration which he [she] might experiepce is he [she] chose an

mappropnale single defendant” (McLaren 1972 520).

In summary there is potentlal for litigation involved with stormwater runoff.
Limitations are found in that often the number of parties involved in stormwater non-point
pollutiont or increased quantities are large and each individual contribution may.be small. But,
as seen, it is/ possiblé for a downstream riparian owner to demonstrate his or her rights againét

a city, municipality or other depositor of runoff.

v & N
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3.16 Legal Aspects of Stormwater Lakes .
, - Bty
Stormwater lakes vary in scale from well under a hectare to hindreids of hectares. The

y

size,? and location, of the stormwater lake will usu"'zi]l'y dictate the responsibility -for

maintenance. A small lake that is accessible only to a | limited number of users may be
maintained by a community league which collects fees for that purpose. On the opposite end of
the spectrum is a large lake, which may draw its users from the entire city. In such a case the
civic government would likely be responsible&Tor maintenance. Mainlcnan'cc responsibility s,
hoWever, not always obvious and conflicts may arise. One possibility is Tor the developer to bé
held responsible for a f,ew years, which could be a requirement for subdivision approval, until
the community is stablé and organized (Maloney, Hanman and Cantor, 1980).

Also, 1f the housing development extends to the green space. (grassqd) surrounding the
lake, then those owners abutting the lake would have bripa'rian rights of access and usc. :l‘lui.\
problem could be alleviated by dedicaliné the riparian land to public use.-"Whether this coﬁl’érs
rip;arian righ}ts in gross ow merely permits limited waterl’rom»a.clivitic's.such as ljo‘ﬁn.gié]‘g ot
picnicking is deteTmined by the scope of the dedication" (Barke and Patton :1'9791.) ; D_c,vglopéw :
are avoiding a confrontation between riparian owners and other users by ﬁcpz;fating q._péni'(}n ()r"_ .
all of the stormwater lake from the nearest land owner with a road of palh‘..ThCHI‘l:fC.a’ then
becomes available for public or community use. | o

The level of use of ihe stormwater lé}(g, whether merely I'o_; acslhculcs "Q‘r' for
water-based récreation, may be dependcm on the decision to fence ,L}fc lake, pf,’r"lot. ‘;ﬂni
decision is based upon the quality of the water, the slope and the sho;clinc olf. 1h‘cwr1"m‘oﬁ' lékc.
It is also made on the perceived problem of liability by the dcvelo‘per and or LhE municipality.
Fencing may be put up to redute the "attractive nuisance” aspect of the la:kc or "allurement
doctrine": "the presence, a f requentéd place, of some iject of attraction, tempting a child 10
meddle where he [she] ought to abstain™ (Yogis, 1983). However,-in Cook County, Illinois, it is

-the "opinion of the legal counsel of the sanitary district that the use of fencing does not reduce

. the liablity' of the detention facility owner” (Poetner, 1974a:126).

-

. &
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Liability for injury or death will depend upon the jurisdiction involved in the dispute.

‘A precedent has not been set in Canada, although deaths in stormwater lakes have occured. In
Winnipeg, Manitoba, two children have drowned but litigation was not sought. In Sherwood
Park, Alberta, a child drowned but, charges were not laid.
a 11@ ges W —_— i

Whatever the size of a stormwater lake it would be casiest for all parties involved in

terms of mamtenancc access and liability if regggmb@nygs decxded upon at the plannmg stage

of the new urban area. This will be dlscussedzciﬁ:Chapwr f,ux - : .
3.17 Summary

The literature_review reveals that stormwater management initially dealt only with peak
flood rcducuon This is changing as many stormwater management professionals are concerned
with runoff quality, erosion, mamtammg natural conditions, recreation, re-use and aesthetics.
The writing of a Master Drainage Plan, by a group of diverse professionals, is a way of dealing
with the above concerns. There are many low and non-structurgl rnethods available for control
of urban stormwater: flows and pollution. These include land usé planning‘, natural drainage,
grass pavers, on-sile storage, erosion control Le@‘hnioql}es'; ;s,‘tlr‘eet‘ c_leaning, treatment, and

¥ LR S
stormwater lakes. The type and’size of stormwater lake dependant on the developmiet parcel size

and the multi-use req;iirements.

. Legally, stormwater could be included under various Acts in Alberta. However, in
reality only the regulations for subdix'zisions are, as yet, applied to urban stormwater runoff
(Planning Act, 1980; The Subdivision Regulgtions of the Planning Act, 1977). Water quallity
of runoff is not regulated, at the time of wriiing. There is potental for litigation surroimding
urban runoff if riparian rig;ns to unimpaired water, quality and quantity are disrupted. Legal
problems associated with storm\v‘ate£ takes are maintenance reéponsibilit“y, Iight‘of access and
liability. |

The existing stormwater- impoundment; in Edmonton are disappointing from a water

quality perspective but meet the needs of the- municipality and the developers and meet the

©

<&



“expectations of most of the residerits.
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4. STUDY SITE

4.1 General
N .
The study site, referred to as the Ellerslie Subdivision, is a 2024 hectare parcel (5000 .

A%

acres) located in the January, 1981 annexed land of southcast Edmonton Alberta (53 25'N,

113 30'W) (see Figure 1.1). The Ellerslie Subdlvmon is bounded to the north\by the Restrlcted
Development Arca (RDA) and it extends»south; 4.0 kilometres to the Edmonton, c1ty limits.
Highway Two forms the western boundary, with five kilometres between it aod,the éastem |

boundary; a country road which is an extension of 50th Street. The study area is in Tp 51, R 24,.

W. 4M and mcludes sections 13-16, 21- 24 and portlons of 17 and 25-28, inclusive.’

The parcel is predommamly e agricultural” land t’vhlch has a Canada Land
Inventory rating of Class. 1 (no restrlcnons) An agrxcultural conservation study Wthh was
conducted for the City of Edmonton Planning Department shows a rating of good for
agriculture, for the study'site,ion a five tiered scalo of uosuitable to excellent. Li‘mitations were
'notcd because of small patches with drainage proolems in the Western and central portion and
some ‘hilly sites in the ‘_eastern fraction of the Ellerslie Subdi\'dsi()n. Because of these small
agriculturally limi’ted areas, McKinu'on, Allen and-Asoociates (1981) felt the Class 1 rating ‘
| should be changed to 6w in the poor]y drained sites and 2t in the hilly area. Tﬁe poorly drained
arcas contain wetlands.. | |

Air pholography analysis, with field checks, resulted in a breakdown of existing land
uses into four general categories: Agricultural- 75 percent, Aspen-Poplar Woodland 12
,ocrconl, Wetl'ands- 8 perceot, and Country- Residentidl (City of Edmonton, 1985)- 5 péfcent
(Figures 4.1, 4.2) - |

The landscape of the study area consists of glaciai deposits bevé!led by lake wave action
and mantl_ed by laoustrine sedimems.JThe -eastern portion of the Ellefslie Subdivision exhibits

hummocky disintegration moraine including many prairie donut features. The western part has

a more subdued topography with smoothly bevelled swells and swales (Figures 4.1, 4,3).

P _ v R
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Fxgure 441 Aerial Photograph of the Ellerslie Subdmsxon Taken August 9, 1983 scale 1:60,000

(Source: Alberta -Energy and Natural Resources avallable for public use). -
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The general slope of the Ellerslie Subdivision is higher in elevation in the east (725m)

with a gradual drop to 680m to the west-north-west.(Fig. 4.3). As written-above the far

(

castern portion of the study site includes a limited number of small hills; while the majority of

~

the study area is flat, lake bed, topography.

4.2 Existing Hydrology

The small amcunt of natural ri%bff from Ellerslie Subdivision finds its way to the
North Saskatchewan River via the Blackmud Creek. Blackmud Creek, Irvine Creek and
Clcarwatgr Creek fprm the Blackmud Creek Watershed (see Fig. 1.1). Blackmud Creek flows
into Whitemud Cf;ack which, in turn, is tributary to the North Saskatchewan River. Whitemud

Creck enters the Mprth Saskatchewan River within the Edmonton city limits.

\

The ma josiey of the suvrfa‘ce runoff drains west and west-north-west, flowing into_ -
Blackmud Creek (Flg44) A small portion (225 hectares) in_ the souitheast corner gontributes
“to the Blackmud Crcek.vvsoutﬁward from the study site, via Cayves Lake and Irvine Creek. The
north-south drainage patiern i; interrupted by Ellerslie Road and agjoining ditches to the far
north of the study area. The other draingge paths flow along natural drainage divides (Stanley
Associates Engineering Ltd., 198(@.

Within the Ellerslie Subcii;ision most years, and seasons, have Aonly limited runoff. Tpis
is hc‘x]*d in\ghe many permanent and seasonal w;atlaAnds: which have overﬂpw only during tl}e
weller seasons in the wetter years (Fig. 4.5). Much of this overflow runoff is from snowmelt,
some is from heavy rains, especially in the spring before soil moisture from the snowmelt has
been depleted. |

Channelization and bank reinforcement has already been done on Blackmud Creek;
indicating prior erosion of the banks. Therefore, any new discharge from Ellerslie Subdivision
must be regulaﬁed to ensure that there will be no increase in downstream erosion "above th;t

which would normally occur™ (Stanley Associates Engineering Ltd., 1980b:2). Consequently, -

stormwater managcmenf techniques which will reduce the peak flow and total yield will be
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" required at the Ellerslié Subdivision.

, ~_ ~

4.3 Climate

The Ellerslie Subdivision is part of the northerq, cool temperate i‘onc which is affected
By mild air masses from the Pacific Ocean and éooler, 'drjer air frox'n the Arctic and (mT)
tropical marine air via the mi‘d-western’United States. This zone is characlcrizedAb_\' cold winters

and relatively short, cool summers. Over the ten year period®studied, the months of January,

- @

February, March, November and December all had mont 5"' . & under {reezing, with

January (-13.5 °C) being the coldest month, on a.vcrage. Jy?i» b'.c;st month with an
average temperature, over the ten years, of 16.3 °C (Téble :
- Based on the small a;mual prccll‘p‘itaion, the Ellerslie SSdivisiori, consistent wﬁn much
of the prai_r_gbéﬁ, is in the sub-humid climatic category. Over the ten ycar period \sLud_jcd’, the
study site received an average of 468.7mm of precipitation per year With over halj falling
“"during the summer months of June, July and Auéust (Table 4.2).

Evapotranspiration is the combination of the use of walcrvby plams?ﬁg snbscqucnl
transpiration to the atmosphere and the evaporation of water from- the surrounding area
(Ward, 1975). In the study area, under exisitiné conditions, the pdtcmial evapotranspiration
exceeds precipitation during the growing season which results in little or no runoff during the
low intensity, high Ifrequency' summer rainfall events (Table 4.3).

The average precipitation and potential e;'apotranspiration rates were compared to
show how, in a sub»—humid environment and with cxtensive vegetation, precipitation does not
meet the potential need by the crops and trees and therefore little rainfall is available to runoff.
The average total annual precipitation of 468.7mm docs not meet the potential
evapotranspiration need of 511.1mm. However, the largest amount of precipitation fall; during

the summer months when evapotransplrauon demand is the grcatcsl so that dcﬁuls are usually

not extreme (average annual defxcu of 42.5mm). The relauonshlp of average p’aupna*n to
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Urbanization will substantially reduce the amount of vegetative cover, pervious soils
and wetlands ‘which will result in large decreases in evapotranspiration, which will, in turn,
result in large increases in stormwater tunoff if appropriate management alternatives are not

‘used 1o accommodate the increased yield (see Chapter 2.1).
A}

3

. ’ v
4.4 Potential Future Land Use

[y

The Ellerslic Subdivision is intended for urban deve opment by the maJomy land owner
in Lhe -area, Daon Developmem Corporanon Various consulting I}rms have been retained to
study th% f easxbllny of the development and the, physlcal'f Testraints ‘a]nd plan potential land uses
‘(most notably Mackenzie Spencer Associates and Stanley Associates Engineering Ltd.).
| Figure i7 is used to illustrate in a very general fashion, the potential-f u_ture land uses
of Ellerslie Subdivision. The subdivision will be, approximately, one third lndustrial and

two-thirds residential. The industrial area is used as-a“buffer zone between the residential area

and Highway Two and as an extension of existing industrial uses north of the RDA. The
A .

. l

industrial area wlll be a mixture of Business Industrial (IB) and Medium Industrial (IM). The
‘aproved'Area rSt‘fuclure Plan for the lndustria'l portion of the study site, entitled Ellerslie
lndusmal also 1ncludes‘a reglonal acu\nty and busmess centre. as concewed by the plannmg
“consultants. as the focal point for the commumty Mackenue Spencer nssocmes (1984) have

planned a stormwater lake to form a poruon of thlS activity centre.

<

The residential poruons remain in the planmng phase The developmem concept for the

: morc westerly thrd of the subdlvxslon (Ellershe West Re31dent1al ) 1ncludes a m1x of residential .

.

typcs though domma.ted by smgle farmly hous1_ng (approx1mately 70 percent). The namber of
* é

proposed housmg units is 7687 Other land uses mclude parks churches schogls,

nelghbol?rhood commercxal areas and roadways (Mackenue Spencer Assocxates 1985) It has

been_aSSumed thal the, yet to be produced, ,development concept for Ellerslie East Resxdenual

will be similar to Ellerslic West. )

.
’
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Unfortuately for Daon Development Corporation, a recent and abrupt downturn in the Alberta
. N 1) .

ecohomy has resulted in little demand for new ‘ivnjus'tﬂrial or residential sites.AAlso, Bell Canada
has rcccntly purche§ed Daon Development Corporation and it intends to reduce Daon's land
holdmgs This has necessitated a stoppage of all plannmg for Ellerslie Subd1v1510n Itis thought
that the actual development of the study site may be twenty years in the future (Spencer

1986). However, an equally abrupt improvement in the economy may brmg unexpected

!

demand.

Because of future uncertainty the Potential F uture Land Use Map (Figure 4.7) remains .

gencral as-future demand may altet the residential and industrial plan structure. Also,_l one third .
of the study 'site remains without a DeveIOpmen_t‘Coincept. The location of ‘the stormwater lakes -
given in the plans ﬂfor Ellerslie Industrial and Ellerslie .West Residential‘are not final and,
therefcrc, are not included. Suggestions tc place{p’ent’of stormwater lakes will be given in

3

‘Chapter Six.

4.5 Instittxtionél Aspects
To begin. a-dev.clopmen[,’ in the Edmdpton area,‘approvat must be\’.gainegr _frorﬁ‘ve'rx;ous .
. dcpa}tmcnts in the City ot" Edmonton and the ‘p-rox'rbincial Department of the, Environmeht An
Area Structure Plan is written for this purpose by either the mumc1pa11ty plannmg authority or

the dcvcloper (Alberta Mumc1pal Affairs, 1980) Daon DeveIOpmem Corporat10n retamed

3

~Mackenue' Spencer Associates to write the Area Structure Plans for the the Ellershe

-

2

. Subdivision. T : .

AR
"ml“"
v

i

Inf ormation on. stormwater management 1s reqmred to be part of ASP as dlctated by

“the Provmcxal Planning- Act In the Plannmg Act (1980 31 sectlon 642 1v) stormwater :

“

dr.amage is consxdered a utthty and that the genera} locatxon of all ¥ maJor transportaxon Toutg

-and pubhc uulmes be included in the. proposal W1thm the SUblelSlOﬂ Regulatlo

Plannmg Act (1977 13, secuon 8.c) it lﬁated that the subdxvmon approvmg a thcrtty shall

consnder w1th respect to the land that is the subject of the water collection

%
AN
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and diéposal ". In Edmonton the ba‘sis for dpproval is emircly; 'Qite specific -and dependent upon
location relativ.e 1o trunklines, the North ~Sas'kalc.he'w'aﬁ Rivér 'o’f any of its tributaries, Ellerslic
Subdivisio‘n Area Structure Plans will be rcv}ewed by the City I)cparlm.cms‘ of Planning,
| Engineering and Parks and Recreation. )
| The VProvince of Alberté. Department: of the Environment, Standards and iApp.ro'vals
Division, has approval authofity for the étéirhv&ater Tunoff plans of new urban arcas under the
Water Resoﬁrces Act (1982); The Teview by t};e étandards and Approvals Division is also done
on a project by projeqi system. General ‘guidelines exist, however, as runoff is expected to
remain at pre-development cdnditioﬁs, as ‘nll‘eésufecci in terms of peak flow, unless an adequate
. outlet stream exists. The North Saskatchewan:River is considered adequate and therefore, does

not require control of increased flow. Placérnem of outfalls at Blackmud Creek does require

control of flows as well as assurance th;lt the development will not cause harm o the strgarﬁ
‘banks (Herminutz, 1985). - . ,. . f ] '_ B

Stormwater frdm the Ell'erélie Subdivision .Eould, therefore, ‘b‘c pipcd into lhc North
Saskatchewan R1ver wuhout controls of any type but would requirc massive sewers and
.expenswe contrucuon through eflstmg communities. Ano her alternatlvc is to route the runor f
into the Blackmud 'Creek at pre-developmem_t levels ‘ovcr longer pcn'ods ‘of time through the usce
‘of stofage énd othef management-'alternéti?es. Stanley Associates Enginecring Lid. ¢1980b:2)
studled the two basic alternatlves dl’ld concluded that dlschargc into Bleckmud Crcck Lombmcd~
W1th storage, was the "most favourable system '

A complication in the approval process, with the City: of Edrhc m‘on is land dcdicatio"n
Wﬂen a stormwater lakc; 1s mcluded in a Area Structurc Plan thc faci my 1$ ccmmdcrcd Public
Utility land with no land dedlcatlon value, Therefore the Iake is not part of the land lhat must
be dedlcated for parks, schools and environmental teserves. Th_is present system assumes-a
single purpose for the stormwater lake, the'utility'of‘; storm .d;ainagc. Allowances are not yet

made for developers who would like to make their stormwater lake into a multiple pu'rposc

facility. To create a multi-purpose stormwater lake will require more capital spent on design,



78

w, \

water quality.improvc,mem- systems and on saf ety, and recreational features. If the developers
were able to rgéoup a portion of the finanacial investment in the form of reduced land
dedications. T fom mher,par‘ts of Lhe'suvbdivision, it is likgi')": ;éﬁat better quality, multi-use
stormwater lakes would be built, Tﬁis will be further discussed in Chapter Six. ?

The City 6f Edmonton's experience” with stormwater lakes, however, I?;s not been
“wholly- positive. Beéumaris Lake, for exémple, has very limited use because it was: planned

: ‘ : w HN%

_ p{imarily 10 be a stormwater storage facility and has dangerously abrupt and unnaturaf edges as

well as very poor water quality. Numerous accidental cross-connections from sanitary sewage

lines into the lake further reduce the water q'ualify to the extent that even canoeing on the lake - h

s no longer approved by the Parks and Recreation Department.

Therefore, the ability to demonstrate how the urban runoff water quality can be

2,

improved, to allow for multiple uses of the facility, will be vital in encouraging the City of
Edmonton to include the stormwater lake as a portion of the reserve dedication. from the

developer to the City. ,
R ‘ A - S: :';’ \n .

4.6 Rice Creek Watershed District/ Minneapolis, Minnesota
The Rice Crgek Watershed District became a portion of the field study because there, .
fhrough a stormwater management team of a Board of Managers, consulting engineers, legal

counsel, concerned citizens and funding from the U.S. Environmental Protection Agency, -
_runoff is successfully, controlled and treated through the use of natural treatment (and storage) -

in wetlands. and other low and non-structural ‘methods. In Minneapolis, large multi-purpose

!

urban iakes énd wetlaan are {Jéed to store runoff as well ;'15 provide water-based re”c_’re;tio\ﬁ;

aesthetic interest, water fowl and small wildlife sanuiar?es and educational nature Viewing sites. b
Rice Creek',Watershed Disirict aﬁd Minneapoli;. although not’ part of the actual

Edmomovn study si'te. are nonetheless,~ important as prototype stormwéter management systems

that will be incorporated, as a concept, into the stormwater management scenario for Ellerslie

Subdivision. Field investigations of the Minnesota sites were conducted during an early spring
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runoff period- Febuary 27 to March 3, 1985.

The experience of the Rice Cregk Watershed District's Board ol‘-‘Managcr'g'_“,wiu'\

stormwater runoff is useful to the study as, alfhough the Minnesota. sites have slighlly\highcr
., monthly temperatures and levels of precipitation than Ellerslie Sﬁbdfvision_. the sites arc also -
i)art of the pr‘a‘irie zone and the topography and' runoff patterns arc similar.
.A five year period was used to'study mean monthly temperatures and total monthly ';md
-annual brecipia[ion (Table 4.§). Of the four momhs with average mcah.tcmpcrfmxrcs bd(’“}.
freezing, January was the coldest (-10.3°C). July, as with Ellerslie Subdivision, was ,5.1“"
warmest month (23.4 °C).\ -

The average yearly total precipitation was 778.0mm with the highest nionthly
prebcipitation in Juné (Table 4.5). The total annual p'recipitalion is more than sufficient to meet
the potential evapbtranspiration demand (annual surplus of 115.4mm). Howcvcrv;"ﬁom Figure
4.8 it can be seen that the precipitation is spread Lhroughqut the ycar'morc‘so ‘than in Pllerslic
Subdivision (Fig. 4.6). This results in higher surpluses during the spring snawmelt runoff
period in the Rice Creek area than m the Ellerslie Subdivision. Also from Fiéurc 4.6°it can be
seen that duriné the growing season-the Minnesota sites have a deficit situation, albeit not as
lengthy a time as in the Alberta study slite_.

| 'Therefbre, the climates of the Eilerslie Subdivision and Rice Creck Watershed District
sitesl are generally similar. Also, there is a strong similarity in-Lhc"-;Natcr balance paltc‘;r‘hs'
- between "thz;_tw’_o sites. ) ) , R e :

[ .
5 ' - . . ; .
The Rice Creek Watershed District' (the  District) is located just north of the
w L o ; o , o :
Minneapolis-St.Paul division. The District includes parts o" four counties: Ramsey, Anoka,
. . N :

Washington and Hennepin,, encogipassiné 291 squarte miles (52,060 hectares). Creation of the

Distfict in 1972 by thé Water Resources Board under the State Watershed act "provided local

:

" citizens with a legal and financial authority with which to act i;pon projects initiated within the

District, aimed at finding solutions to water problems” (Rice Creck- Watershed District,

. 1984:1).
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Stormwater management is a major focus 61“ tlvme Rice Creek Watershed District's Board
of Mana’gers..To build any scale™of development in the Districtz approval must be gained from
the Board of .‘Managers [hrog‘gh provision of a_dct;iled stormwater managcmént plan which
"must.inc;lude methods to be@}nployed to control the rate o'f diéchargc and protect 1:1‘1'0 quality

B o

of stormwater runoff" (Rice Creek Watershed District, 1984:1). The developer must show that

<
pSs

runoff will not be increased in volume nor decreased in quality. The Board's purpose is to
protect the many lakes and wetlind areas in the Disjrict.
Rice Creek has also incorporated the Long Lake Chain of Lakes Impfovcmcm Project.

"This project gwas/is cost shared with the U.S. Environmental Protection Agency for the

d dem_:bnstrating new or improved methods for the prevention,

9 N~ M

y t.pro '\e.nt_ projects included the divefsion of urban stormwater runoff
‘ ‘in16 a 12 ‘ecvt.are wetlaﬁd (marsh) for pretreatment before its discharge into lake .loscphinc.
The wetland has been ‘effect,ive in impro‘ving the water quality of the runoff. In the first yc.ar'
the treatment system had removal efficiences of 61 percent for total phosphorus, 31 pereent ol
total kjeldahl n'itrogen and 80 percent removal of the total suspended solids. The Jos%‘c'phinc‘;
wetland study authors concluded that the wctlénd diversion isan effective way to limit nutrient
flux into Lake Jbsephine {Weidenbacher and Willénbring, i984~). L\ |

The impro‘vémerﬁ of the stormwéter quality using v)etlands, in <th Rice Creek
Watershed District , is almost entirely natural. A few hand operated weirs arc used to regulate
flow and to keep runoff in the weﬂ'and for extended periods of time. A simple skimming and

[

holding device is also used to remove floatable trash and oil.
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P ) . . v
total nitrogen and 67 pércem total suspended solids. I'n the study, nutrient removal efficiencics

were observed\;é be over 60 percent ar];d syspended solids Jo exceced 95 pc‘vrccm in ;omc of the
wetl_ands’ (Willenpring,_ 1984). The water in many lakes w}ilhiny the Dislricl.ﬁ Which receive
h’wetland treated I_Il;loff, is of sufficient qualify to allow for in-water récrcalion such s
swimming. -+ a i . -
In-water recreation isn also bossible and very popular’al the many lakes includé&l in the
: v ¢ - '
Minnepolis Chain-of Lakes. Although .wa‘tc‘ar'quality has been somewhat diminished by urban

ru'nofff;‘ which is piped into the lakes, most of the lakes remain swimmable and fishable. A

marsh’ between Lake of the Isles and Lake Calhoun is being used for natural treatment and n

experimehial area of .peat bog wetlands, -al Pake Wirth, is being testgd for potential

improvements in runoff and'lake water quality (Hamilton, 1986).
‘ - o -

The field investigations in Minnesota were important fgr the author to witness, [irst
hand, . the wetland treatment systems working c_lufing ‘the spring runoff. The author also

‘attended meetings with the Boatd of Managers, the lawyer and the engincers involved with the
: T L. ’ ) ‘

! .

i | -\ . ' ) i : .
Rice Creek Watershed District to gain iffformation on the wetland treatment systems and

stormwater management methods. o ,@

Y

LTI



5. METHODOLOGY, WATER BALANCE RESULTS AND DISCUSSION
A\ o ¥

5.1 Study Site Mapping Procedures

\

Many sources were used to produce the maps included in this thesrs These 1nclude
1:1000 topography maps with 1 ‘metre contours produced for Daon Development Corporatron
of - the Ellerslie Subdmsron by Stanley Associates Engrneermg Ltd document mapping

(Mackenzie Spencer Assocrates 1984 Stanley Assocraaes Engmeermg Ltd 1980a 1980b) and -

. 1980 1: 50 000 topography . map sheets 83H/5 angv 83H/6 (Department of Energy Mines an‘d_

Resources, Government of Canada).
Qther. mapplng'sources'were ref erenced for specific t0pics For geologic inf ormation the

Urban Geo[ogy of Edmonton (Kathol and McPherson, 1975) was, used The,1979 soil maps were

_ -also consulted (Alberta Energy and Natural. Resources Provmce of Alberta) Data on the
' su_itabilityof the Ellerslie Subdtvrsron for - agriculture was obtamed from thev Agrzcultural '

' Conservau:ort Study for the Urban Growth Strategy’ (McKinnon, Allen and Associates, 1981).

Mapping.in“ the .Cityiof Edmonton Planning»'Department (1981) ‘report‘ was useful . for

1nf ormatron on. the general future mfrastructure

The panchromattc aerial photograph mcluded in thrs thesis (Frgure 4.2) was taken

‘August 9, 1983 and is at scale of 1 60 000 (Alberta Energy and Natural Resources) Other

-

years = ' ...l of aerial photography were used as references rncludmg the Clty of Edmontoh, ;

“¥Pl: . I©  .ment's air photos a_t_.1.2000, dated ,1983.and Alberta Energy and ‘)Natural:

L,
v

Res - imager: at 1:12000, dated 1982. -

5.2 Study Site Field Investig’ations

Bre initial field mvestrgauon o[ the Ellershe Subdrvrston site was conducted in the early

sprmg of 1984 At thauttme it was noted that many of the ponds and marshgs had recerved

substantial volumes of surf ace runof f although none appeared to. be reachmg bankfull Also no' "

water was observ’ed flowing in the ephemeral streams at thrshtrme. April, l984,~had_ been a dry



S
‘;.,»‘

36

month, as is normal in the' Edmonton region. Therefore, the high water levels in the wetlands

were a result of the spring melt of the the November to March accumulated Snow (see

Appendix ;A; Tables 9 and 10). As well, during the intial site visit the general gc(rmorpholog)' of
the study site, as discussed in Chapter'4' 1, was eslablished'

Freld mvestrgatrons to the Ellerslie Subdrvrsron site conunued throughoul the summer

< /“J

and fall of 1984 and durmg the ramfall months of 1985 The aulhor aucmplcd o makc as, mam .' .

2

\observatrons as possible, durmg the high flow perxods For cxamplc Incld mvexumuons wcrr

conducted in the late afternoon of J uly 6, 1983 when the total _‘24 hour preerpnauon rcachcd
38.0 mm. Also, t‘he study site was observed September 7, during the second day of an intensive

rainfall period when 68.8 ‘mm of precipitation fell in 48 hours (Environment Canada, Annual

. Meterological Summary for the Edmonton International Airport). Less extrerhe rainfall cvents

were also witnessed. Nevertheless, the important observation made ~during many -sitc

investigations was that at no time did the wetlands or intermittent and permancnt ‘§l‘f'cams break

’

bank full le'{lels Therefore, under existing conditions lhe maJomy of thc prcupnanon

infiltrated into the soil and the remammg surface runoff was collectcd in Lhc numc.rous ponds .

marshes and watercources without' ﬂoodrng However thc wettest yeat of the ten ycar s(udy :

1980 whreh followed an aboVe average winter snowf all was not observed. - ‘, e

,’V,

-

5 3 anesota Fleld Study e . Yoy ‘ L .
. V. e S

The field work done in Minnesota, as drscussed in sectlon 4 S, was conduclcd lo"j- 15

©

inve’snéate the use of wetlands for the treatment of stormwater runof f by’ lhc chc Creck

. Watershed Di‘strici'and City-of‘ Minneapolis The field investigations were done during }-'cbuary

27 to March 3, 1985 Thrs mcluded the attendance ata Rh.e Creek Warcrshcd Dnsmcl Board of

Managers Meeting (Febuary 27 1985) and a half day tour of the R:ee Creck welland/lakc )

system provided by the Watershed District's Administrator, Bonme Torpe. Also, mccungs w_erc' _ N

‘held with the personnel at the engineering firm of E.A. Hickok and Associates in Wayzata,

Minnesota' (who provide technical expertise to the Dist'rict's Board of Managers). rndividUal:

Ty "\-4
s . B

5 B
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field - investigations to the Tacilities in Rice Creek Watershed -District’ and the city. of . -
Minncapolis were also conducted by the author. - * " ' f* "?
a . 6 . . . 1 . IA ° . . ¢ +

, 5. 4 Methodology- Ul'ban Stormwater Hydrology

. o
.

At the present trme, the maJorrty of mathematrcal modelltng done by urban hydrology _

practmoners f alls in the category of hydrogt‘aph modelhng The models are used to produce

: peak f low estrmates for mdrvrduaL ramf all events (the desrgn storm) One procedure used is the
. » stmplc and f requently used Ratronal Method Other common procedures are, ,the Stormwater '.

: .Management Model (SWMM) and the Urban Storm Runoff Model (STORM) both of whrch

" include runoff quahty parameters (Wamehsta 1983) However popular this type of modellrng

: may bc it does not provrde estrmatg:s of’ total annual runoff volumes whrch are necessary in

-~

the predtctron of the potentral ePfects of an urbamzrng area on the recervmg streams and water

‘-

bodres Also these models mclude many complex varrables and consténts a number of whrch

are crude estrmates and weaken the ftnal results as, "the 1ndex varra,bles are too vartable

Lo

f.(chell 1980 in Black 1983 18)

For these reasons/a water balance procedure was chosen toeproduce runoff volume
. ‘,cstrmates the Thornthwarte Method‘ (Thornthwarte 1948 Thornthwarte and Mather, 1955,;

3

- 1957) The Thornthwarte Method whrch rnoorporates clrmatrc mformatron over many years is .,

) ~used to estrmate p0tent1al evapotransprratton (PE) and resultmg surpluses (runof f) for various

storaget depths Sch procedures Wanrelrsta (1983 15) deflnes as stochastzc models whrcb are:

' usel’ul ln desrgn and operatton of mui’m usc large water resourCes systems Therefore the o

.'tfv-"_,sthem Thts system should rncludes water supp’ly.'. recreatro _f‘
’ ‘f":stormwater runoff (Urbangnd Clarborn 1983) ' |
ln the Thornthwarte Method the potentral evapotransprratron is strrctly a functmn of e

‘ ‘clrmate and is. mdependent of sorl types vegetatron and land use,.practrces (_Macl(enzre,

Soa . oy

. e . . N . B &3 e o
L . R G R . o ’ .
- . g L . : . v, PRSI
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. 1981: 6) HoweVer sorl type, vegetauon and land use af feet the depth and dtstnbuuon of so:l :

, F{ .
moisture storage Therefore changes in land use, land assoerated soil moisture capacrty are-

‘ reflected 1n water surplus (runof ) esttmates ( Machnzre 1981)

l i ' ‘
In thrs study, ‘the Thornthwarte water balance procedure was tomputed f or a ten year )

' penod, \1975 1984 usrng darly temperature and precrpttatton rnformatton for the months of

Aprrl to October (1nelusrve) and monthly temperature and prec1p1tatton tnlormauon for

v

- November to March (see Appendrx A) The chmauc 1nf ormatton ‘from the weathcr stauon at

Q:

the Edmonton Internatronal Arrport was used The productron of darly data created mort.‘
\ Z

- -accurate rnf ormatron to be used in annual runof f yleld prOJectlons than is normally computed :

‘.wnh the Thornthwarte procedure done on. a monthly basrs

'

" The resuﬁs of the refmement of the technique, to mcorporate»datly data is most’ o
‘-_evrdent in the lower storage depths (re the 2mm and 13mm storage capactty) A comparrson ol v i

- jprevrous work by the author (Hurley,'l983) whreh rncluded monthly Thornthwartc data for the:_-;,.ri-:“

"_.‘;r_vEllerslte Subdwrsxon wrth the darly data generated it [hlS study r’eveals that thc surplus‘
ik-.(surface runoff ) values are hrgher rrt the darly, notably m the lower storagc eategones l~or".

example m comparmg surplus yalues at the storage depth of’ 13mrn for the month of August ;f.‘-"' B

BRI

) 'b; ) durrng the years 1975 1982 it Was found that the datly data resulted in surplus values 2 6- ttmcs .

- mformauon (see Appendrx A Tablesl 8 Hurley 1983)

'the data generated usrn&the monthly clrmate rnf ormauon At the 100mm storage dcpth f or the -
‘same trme perrod all years had 0 surplus f0r both monthly and darly gencrated data exccpt for- :

’ '1980 whrch hadB Smm of surplus usmg monthlyﬁata and 16 lmm (] 9 trmes) wrth thc darly

W

B

.

'l-‘he darly data have a hrgher surplus than the monthly data because thc monthly"' |

b "-?.potenttal eVapotra,nsptrauon camouflages the monthly precrpttatron values and it appcars thatf_ .

T surface runoff would not take place The mcreased accuracy of generatmg the data on a darlyv i

«fbasrs allows for those days when"the precrprtatron was | htgher than the potential-‘ '

ol

"bnei trme pertod o .. ‘.

«
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a0

; (T hOrnthwatte and. Mather 1957) Thts ch?nge mvolved adaptmg the monthly constant mto ten‘ '

day segments to more accurately represent the mean duratron of sunhght f or the darly chmatrc o

;“data

PRI SRR

Theref ore after the Thornthwarte prOeedure Wés used 1 generate data through the

- - «
N 5.

The use of datly data in the Thornthwarte procedure requrred a refmernent to Table 6", ', o

f_mampulatron of’ the datly chmatrc mformatron data are then mserted into the frnal equatron

‘-'resultmg m surplus (runof f) mf ormatron f or the selected storage depths The equatron rs as,_ B

W
.

- ffollows:‘-. ' _. j"‘_i_' . Ppt (PE D). + S +/ SC where

>

‘tP pt = precrpttauon

g a;‘ PE = potentral evapotransprratron ;:'
o D = defxcrt K g -
b = surplusﬁunpf’f} U
: SC = storage change

- - v _'[
,r. .'.‘f‘"

' (Thornthwatte 1948 Thornthwarte and. Mather 1955~ 1957)

‘and stormwater lake portrons of the— st

e 1ncreasrng the potentlal evapotransprratron (PE) by one half of the averape def 1crt of adJommg

i The reVrsrons mvolve assumrngno defrcrt and__;f S

areas The addmon to PE rs related to the lower albedo and greater heatmg of water bodres andul"f'.-l"_""

the one half of the def 1c1t 1s m recognmon of the level of advected heat whrch may be aVarlablef-.-:

"v‘f or mcreased qvapotransprratron (Laycock 1985 Park 1979) Therefore for the wetland and:‘

| . _stormwater lake portrons of the study the f maI Thornthwarte equatton used was
Ppt (PE + 1/213) £3 +/ sc wh\:re
Ppt ; pree_tprtatroh

< » PE = potentral evapotransptranon '

o f'D'.- def:crt

dS-— surplus ’,, S 3

T



(Laycock,“f9_85v; Park; 19795_. This refinement assuntes thé wetlangds and™s drmwater lakes arcr

~ continually wet.

The corn'detton of the Thornthwarte procedure results in runoff (surplus) data given in

-

mrllrmetres for various depths of st0rage (see Appendm A) To calculate the study arca runoff
yrelds for both existing and potenttal land uses, the depth of surplus for each GCTLbClUmVL land
- use stoarge capacrty was multrplred by the number of hectaresv in cach categorv

4

The exrsgng "Aspen Poplar Woodland" and Agncultural" land uses werc assrgnt(l ‘

o storage depths of 150rnm and 100mm respectrvely The open space component of th luturt

land use was also assrgned a IOOmm storage depth (Table 5 l) The "Agrrcultural ' category Was
desrgnated the 100mm storage depth because the exrstmg agrrcultural land use i 1s dommatcd by
' cereal crops in whtch wheat appeared durmg fi reld the mvestrgatrons to be the prcvalent trop ‘
%ccordmg 0 a prevrous study by Laycock (1967) the storage depth capacmes of various
‘f 'agrrcultural land uses ﬁe fc orage crops 150mm cereal grams 100mm and fallow at SOmm |

The presently burlt up areas as well as those sites proposed fi ar developmcm wcre

assrgned combmatxons of storage depths accordmg o the percentage of tmpervxous cover wrthm~ _

R _;each land use A storage depth of 2mm was assigned to impervious areas in accordance wnth,u E

. prevrous works (Macl(e zie, 1981 Vressman 1968 Muller 1969)

5 Re51dent1al srtes with large lots were glven a combmauon of 25

The e;Zti‘sting"C'o I

By ?‘_"ﬂ percent 1mperv10us cover (2mm) and 75 percent open space (100mm). The future residential

' ,'areas were grven a-50:50 ratlo of 1mperv1ous cover (2mm) and green space (lOOmm) The .
-.J:speerfrc ‘future resrdentral housmg types is, as yet, uncertain but will lrkely be dommatcd by .
. ,srngle famrly units wrth small areas bemg dedrcated to two-family’ umts townhouscs-and‘
.} ’5f,iapartments (Chapter 4.4).

. . ’7
‘The mdustnal/commercral srtes W1th a hxgh percentage of concrcte and asphalt to

green space were assrgned storage depth values of 75 percem rlnpcrvrous cover (2mm) and 25 .
gr’een space pcrcent (lQOmm) (see Table 5 l) Vo “ - g ‘

T,

£
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-

“The Municipal Reserve areas (schools and parks) were assigned 10 per\c\cm impervious cover.

\ o : ,
(2mm), -as some development in the form of schools and/or community buildings and
o

sidewalks was assumed. The remaining 90 percent of the area was designated the open space

- category (Table 5.1)..An additional category of 13mm may have ' been appropriate for

-

intensively used, largely bare soil (ie. school playgrounds areas, gravel parking arcas).t

However, the author bélieved that these particular land uses were 100 small a category relative,
7 . .

to the total 2024 heciare study area, 1o warrant a separate storage depth category.”

The above storage depth combinations are similar to those used in other studics, for

o

example: ‘Kent (1973) used impervious rates of 20 60 percent in- resrdemml arcas- and 75

percent impervious cover-in mdustrral areas. Also Ellrs Mulamootil and McBean (1983) used

“rates that averaged 47.3 percent 1mpervrous f or a suburban residental developmcm
!;)

The wetlands (marshes, in this study) comprise 12. percent of the smdy site at present

(measured during the spring melt period). The stormwater lakes and wetlands in thc proposcd

development make up 5 percent of the potential land use. For both the -wetlands and the .

stormwater lakes, the SOmm and 100mm storage depths were averaged into-the revised water

N

balance equation ‘as discussed abo‘ve ’
The data generated by the Thornthwaue Method, for various. storage depthe (in

’mrllemetres) were then combmed with the land us€-information (in hectares) lo protduce annuaf

stormwater yield pIOJecnons (in cubrc ‘metres) for both the existing and p_roposcd land wses,

The annual yields and discussion of" the runoff”v(siurpllus) values follows in section 5.3.
R i N . '.‘,

The annual runoff yield data were then used ‘in estimations of the nutrient and
mr_

.sedrment loads whrch could be found in the urban stormwater from the poLcnUal future land )

~

uses Thrs approach is drscussed by Shahane (1982) where monthly or yearly runoff yields arc‘

'1mu1uphed by poll‘utann concentrations to .reach_ loading values in kilograms/ heclare/ year. The
‘data 'pro‘duced' are, admittedly, rough projections as -thcl concentralion ‘data -comes from

‘.Minnesota (Rice Creek Watershed District 1979)' Neverthelcss the-info’rmalidn remains

; useful as a guxde in design consrderauons because of the srmrlar gcography and chmatrc

?

C

©



wetland -that wouM be Tequired to treat the runoff, to be made available for multiple use

projects, accordmg to the Rice Creek Watershed District (1979) Wetland Preservauon
Guideline. This information is dlscussed below, while the mulu -use projects are discussed in
:'\

Cha-pter Seven.

) 3

5.5 Water Balance Results and Discussion’
‘As wril_ten above, the water balance procedure 'was done to project runoff increases as a
result of urban'iza;ioln. It was found that, on an auerage, of the ten years studied, that
urbauization of the Ellerslie Subdivision, to the proposed land uses, will Tesult in an incrﬁa’se of
over 7.limes the existing. runoff yiellds.r In Tablev51.2 the annual yields for each land use are g
‘given; as well as the difference b.elweeny.the exisitng and proposed, urbanized, land uses.

.On average, f rom.ihe exisling‘area'of Ellerslie Subdivision, dominated by agricultural
land uses, only 486 000 cubic metres of surplus precrprtatron runs of f;annually. However, from
‘Table 5.2, it can be seen that four of the ten years studied had zero annual runoff Vreld

The potentral runoff from proposed future land uses averaged 3,000,000 cubic mcires.

This is Tepresents an .avcrage increase in stormwater rtunoitr i 2,700,000 cubic metres -

.‘_accornpap)"ing urbanization of the Ellerslie Subdivision. Figure 5.1 has been included to
diustrate this comparlson of annual: runof f yields. |

| The largest pomon of thrs increase in runoff is f Tom the burlt up ‘areas of the study :

site, with a storage capacity of only 2mm. The total area of this storage depth increased from

26 hectares, at the present time, to 1057 hectares in the proposed development (Table.5.1). The

Thorrithwaite »'v'ater balance procedure revealed that this shallow storage depth' of 2mm,

representmg 1mpermeable cover had- surpluses in- all months but with the largest surpluses e

durmg the growmg season Therefore, .of the3 OOO 000 cubic metres that could on average run

of f the new subdrvrslon nearly 1, 900 000 cubrc metres (or 65 percent) would run off during the

v
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9

- summeramonths.

| Whereas the surpluses from the agricultural (100mm storage dcpth) and woodcd arcas
(150mm storage depth) were small, 1f any durmg the summer months, with surpluses l"ound?
followmg the w1nter resulting from snowmelt when the potential ¢ potranspiranon is mmimal

It is rmportant to note that in the production of the watcr balance data lor the

urbanized areas, it was assumed that the conventional ¢

th and guttert_echnology would bc used
with some storage in the ‘v‘vetland.s .and stormwater la ib‘es'.v Curbs and gutters may beused in
portions of subdrvrslon but it 1s hoped tlrat use, of the- managemcm techniques disctlsscd in
Chapter Six will reduce the dependancy on this traditional technology The extensive use of

_7 rooftop storage, wetland‘and stormwater lake storage, n?«nral SLream bed drainage, grass .
: pavers,'etc‘.,'may‘ make the_ use of curbs, gutters and storm sewer's redundent in, parts of the
new urban area..In addition to storage the altern‘atives will increase the amount of permeable
' t;-'cover. thereb)'f’reducing the total runoff yiel_d

_Also, in a conventional urban area, the large arnount_s of concrete and asphalt increase
the advected heat. Therefore. the ev'apor’ation rates in the stormwater impoundments would‘ be
/increased resulting in Jless‘ total yield to the receiving watercourse. This alone may result in a
decrease in-annual yield f Tom over 7 times to below 7 times the pre-developmen/L!levels,

5 6 Runoff Quality Pro;ectlons

The rungff yield values AwWere combined w1th pollutant concentration valucs 1o producc :
loadmg values in kilograms/ hectare/ year and l"or the entire Fllerslie Subdnvrsion (Shahanc
1982) Thrs resulted ina. pro;ection that, if conventional curb and gutter technology is used thc .
‘d.'2024 hectare parcel, would produce 400 kqlograms of phgsphorus per year 1300 kilograms of :

. hitrogen and. 270 000 kilograms of suspended SOlldS (sedtments) on an annual basrs (Table 5. 3) )

St
AR

The knowledge of sediment production is imﬁortant in thc design of storage f‘amlitlcsv .

for stormwater runof f. But the understandmg of the total sediment load is vrtal also because of

the pollutants that are associated _'with the sed‘lments, many of which are'harmful to people (see
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Table 5.3 Annual Loadings of Pollutants in Stormwater Runoff From Ellerslie Subdivision as a

New Urban Area. (Squrcé: adapted fro.in Hickbk, Hannaman and Wenck, 1977; Author).

-

5

Pollutant Loads’ Total Phosphorus Total Nitrogen Total Solids

(kg/ year) * (kg/ year) (kg/ year)
A-Loads per hectare 0.2l <« 0.64 133.8
* B-Loads for study . 425.0

: 129,5_.0 270,810.0
site » - )

~




9%

/.
(5

‘Chapter Four). Therefore, the design options which reduce the sediment load (and associated

. * .
pollutants) to receiving streams and water bodies, including stormwater lakes, would be

desirable.

An understanding of the amount of nutrie.ms thgt will be affecting the receiving walc.r
bodies is aiso important to the design of multiple purpose facilities, and chatmcml [acilities, to
limit eutrophication processes and associated water quality problems.

According to the Ricg Creek Wratershed District (1979), as indicated in their guidelines,
" it would talie 127 hectares of we.tlands‘ o treat the total annual nutrient load estimated at ]7(5()
kg/year. However, not all of the smal}, stormwater lakes rieed be connected to a wetland but
certainly a large, artificial lake would h;ve increa’éed usefulness with improved water quality.

Also, many non-traditional stormwater management Lcchniqués are proposed for usc in
‘the 'Ellerslie Subdivision which would reduce the runoff volumec and total pollutant load. If

these techniques are incorporated into the Subdivision the total annual .nutrient load will be

reduced thereby reducing the volume of wetland treatment required. v d
o +
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6 STORMWATER MANAGQEMENT FOR THE ELLERSLIE SUBDIVISION
Water is constituted by hydrogen and oxygen, but water's properties are ndt- reducible
to those of it's constituents. It has what realls[ philosophers call emergenz powers
(Blaskar 1975 in Sayer, 1983:55). . ‘
- .7 _~
6.1 Objectives in the Stormwater Management Proposal ’ /

The objectives in the stormwater management proposal for the Ellerslie Subdivision, as

t
Jd

addrcsséd in this thesis, are to:

i. Minimii‘e changes to the hydrologic cycle with urbanization,
2. Reduce total yields and peak fhlo'w, |
3. Reduce total pollutant load,

4, Produ%‘recreational and aesthetic amenties for hovmeowners..

The objective of mmnmlzmg the negatwe changes in the hydrologlc cycle is the most
1mporlam because if the infiltration, evapotransplranon and dramage processes are allowed to
continue with some similarity to the pre-urban rates then the water balance will be affcted less
and stormwater vyield and pollutant load will not be drastlcally increased. Many of the
allergatwes discussed below ¢ould be used in the Ellerslie Subdmsmn t6 provide areas for
~inf iltration and/or evapotr’anspiration. Othér alternatives could be used to prqvide storage
.and/or treatment or n‘xake»use of the urban runoff.

To meet the above objectives, members £Lrom many disciplines will work together to‘.
form an integrated stormwater manageme%n system. In actuality this was being done, as edrly
in the author's involvement witﬁ the project (as a geographer) regular meetings with the
develd’ber, urban planner, drainage engineer an'a land'sca'pe : archi,,tectv were taking place.

'-Ho'viever, as written in Chapter 4.4, planning of the Ellers]ibe Subdivision was curtailed in the
spririg of 1986..When the planning of the Subdivision resumes it is assumed that the above
: dlscxplmes dll again be represemed as well as, at some tlme an archltect (e.g. to contribute
‘mformauon on rooftop storage) a lawyer, maintenance and safety specialists and a biologist

(for wetland design). o : . I :

99



N

oI 100

N

B rechnolog) in Ellerslie Subdivision will- result in an averagc annual runoff yield of 3,000,000

cubic metres of tunoff or over 7 times the pre-ubaﬂ volumc and annual pollutaqt rates of 1700

kilograms of numents and 270,000 kilograms oi susﬁended solids (and associated pollutams)

Use of the management alternauves discussed below will rcduee mml runoH ncld peak - tlow '

and total po]lurant load. . '. N

PR

A . A

6.2 Stormwater Management Alternativ'es for the Ellerslie S_ubdivision . -

A

Stanley Associates Engineering Ltd (1980 a c“) has eonc'i’udcd that the stormwater lakes

for storage of rainfall will be the most cost-gffective alternalive for conlrol of stor‘mwatcr once
the Ellerslie Subdmsion is-urbanized. The' desrgn specrf 1cauons for the stormwater lakes havc

not been finalized, therefore it is intended that the suggesuon for dcsxgn and plaecmcm of the.
stormwater lakes an%wétlands as well as the other managemem alt’crnauves given in this thesis I

~will be considered in the final design. It is assumed that natural dramage, opcn vcgclalcd

channels, will be incorporated into the stormwater lake-wetland system as much as is lcasible.
. . - . . é N :

The planning consulting firm, Mackenzie Spencer Associates Limited (1984,19%5) in

association with Stanley Associates Engineering Lid (for Daon Dcvc]opm’ém »Cornoralion)

assigned 21.3 hectacres (52. 7 acres) of land tg stormwater lakes in the industrial areay(sec Table .
6. 1) and 17.9 hectares (44.2 acres) in one-half of the resrdenual area. It has been assumed that

“the other half of the resrdenual area would have been alloled a‘srmilar amount of land for a

total of 5'1 1 hectares (141.1 acres). This includes a 15 5 hectare lake, Wthh had been plannedi

as part of a large community park, Wthh was to be augmented thh water f rom the mumcxpal

supply (Spencer, 1986)..In addition to the space for stormwater lakes, 6.0 hectares.(14.8 acrcs)

<

has been alloted to park space around a portion of the retention ponds: including the la:ke/park-. 4

~ Other stormwater lakes are part of larger park sYsterns which amount to 702 hectares (P74

acres) of open space, including a large community level park and an athletic park. Combined

. N
park space totals 76.2 hectares (188.45 acres) as assigned by Mackenzie Spencer Associates Ltd

As discussed in Chapter Five ‘the use of conventional curb and gutter and storm: sewer . .

-
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Table 6.1 Total Arca in Each Sub group of the Open Space Category (Source Adapted from :

Mackenzie Spencer Assocxates 1984 1985: author) : @y : >
Total Area‘ .Stormwater Parks, ‘Wetlané ' Total
’ Lakes N . Open Space
(hectares; ‘hectares)/\ (hectares (hectares):
Proposal & 57.1 . 70.2 0’ S 127.3
Proposal B~ 57.0 31.3 - -39 So127.3
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(1984, 1985). This is infaddition_fto the 1§ige amount of land dedicated-to schools, whtch is
“ofteft nost bujlt upon, and Which‘ could be useful within the stormWater man'agemen”t system.

‘ In this study the 57 hectares of land dedicated to stormwater lakes in prwious work
by Mackenue Spencer Assocrates Ltd (1985 1986) ds described abovc wrll also bc dedlcatcd as

-lake detention storage. The wetland portion (39 hectares) wuh “its high acsthctic and

educational value, will be mcluded a,s part of the park dedicat on resultmg m a total of 102

hectares of open water in the Ellerslie Subd1v151on The 102 hectares’ of open watcr is a

minimum assxgned area which could be mcreased by. the use of linear, shallow basm wctlands as

portions of the open channel, natural drarnage system It 1s hoped that mstitutional restrictions

.

régarding detention facﬂities and land dedicati,ons w1ll be lessened by the time the Ellerslic

Subdivision is urbanized. 'Consequently, more land may be available to wetland and stormwater
lake development on what was park or school land dedication. This concept is expanded upon in
B o ’ T A o s -

Section 6.4.1 The stormwater management system for the Ellerslie Subdivision, as described in

-

'the following text, ‘will be dominated by the use of natural, open channel drainage, wetlands,
and retention ponds (stormwater lakes) but w1ll also mclude many other alterich will serve 1o =~

o

reduce runoff volumes and pollutan] loads ' o o

i

f
~6.2.1 Environmental Plannmg/ Natural Drainage
The less that the exlstmg hydrologic cycle is altered the less the level of. mcrcases in
. o
’runoff volume and pollutant load The natural system is not perfect but sigmficantly less
stormwater runoff and accompanymg pollutants flow from it than would from a new urban
area developed with conventional stormwater manager_nent technology. Minimizing change in -
the water balance 1‘will féquire planning the Ellerslie Subdivision around'existing natural
features. Therefore, the preservation of the wetlands streams and tree stands is important in
r‘ )

the reduction of potential stormwater runoff quantity and non- pomt pollution especially

durmg the construction phase



. coe 103

The sxtes wh‘vich. are recommen'ded f or preservation are.included in Figure 6.1. The tree
stands mdlcated on themap’ could form a f ocal pomt in a new urban park area "or school yard
whtle provrdmg an area for mflltratxon and evaptransprratton The wetlands will be useful as
treatment and storage portions of the stormwater management system as well as for aesthetic
.*'appeal (see ‘Sections, 3.3.8 and 6. 2 2) Parts of the tree stands, wetlands and/or the natural
?ramage courses may be requtred by the City’ of Edmonton as envxronmental reserve dedrcatlon
accordmg to the Planmng Act (1980) secfion 98.a. 3 " . ' | -

Fi 1gures 6.2 and 6 3 are, exrstmg XQnarshes in the Ellerslie Subdtvrslon Both these

marshes, i preserved, will _v:sually enhance the t'he urban area as well as provrdmg storage and "

“treatment of stormwater. N ' L

As multi-f amtly housing has been f ound to produce more runoff pollution per umt that
smgle f amrly housmg because of the smaller open space component (Whtpple Hunter and Yu,
E 1978) the exrstmg tree stands could be mcorporated mto these hlgher densrty s1tes to provxde
‘ "Tareas of inf 1ltratton Placement of the multiple family housmg around the wetlands would also'
' be appropriate as the marshes are usef ul for treatment and storage Either the tree stand or the
wetland could form the f ocal point of the'open's_pace area in the multi-family site.

o Also, as discussed in Chapter 3.3.1, a.majority of the hydrocarbon ‘pollution comes

f rom the small percen’tage of land used in commerCial sites, parking lots and gas stations
D

(Stenstrom Stlverman & Bursztynsky, 1984) Therefore, care should be taken in the placement
of these land uses relattve to the stormwater lake and the drarnage system. into it. Pollution

. \
A f rom - parkrng lots and gas stations could be reduced through varrous on -site measures as

dlSCUSSGd in Sectton 6.2.5.

LN

Natural dramage for the collectron transportatton and temporary storage of runoff is
dtscussed m Chapter 332 By mcludmg natural channels ‘and vegetated swales in the Master |
- Drainage Plan for Ellershe Subdmsron the planners will be reduemg the changes in the
hydrologic cycle whrch normally accompany the urbamzatron of an area The open channels will.
_also provnde space for infiltration and evapotransplratton (vegetatron w1lé growf( n ¢hannels

P \\, B )\ 1‘, ‘ .‘."\.“r‘fh

N
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- Figure 6.1 Wetland ltcrservation Sites in the Ellerslie Subdivision. (Source: author).
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Figuig 6.2 Existing Marsh in the Ellerslie Subdfvisiqn that is recommended for preservation and

incorporation into the new urban area. (Sourct: author).
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’

Figure 6.3 Existing Marsh in the Ellerslie Subdivision that is recommended For preservation and

in{orporatio'n into the new urban area. (Source: author). o 4
B He v _
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l)etwecn rainfall events) resulting';in reduced pollutant loads, total yields, peak {lows and
erosion. Therefore, it is suggested that the permanent and ephemeral streams (see Figure 4.5)
be - preserved, and .new‘ open channels be.created‘ for the drainage of runoff in Ellerslie
Subdivision.- Extensive use of natural drainage will result in substantial savings for the
developer of the site as expensive deep trenching, and reinforced concrete and ceramic pipes will
not be . cquired in many areas. Convenuonal storm sewers would be necessary in some locatlons

but thcrl.u/s/should be kept to a rmnrmum. ' .
' ‘ y = replicating natural dra,inage patterns and providing -treed areas for

N

evapotranspiration and infiltration, the water balance is altered less than with traditional

drainage. Also the small pockets of trees and shrubs in the urban areas can employ more water

than the regional PE (potentlal evapotransprratton) levels for Sxmrlar specres because of th

advected heat which is avallable for use - of the extra surface flow Therefore, the indicated

potential increase in annual yield, with urbanization, from the Ellerslie Subdivision of seven

-

times the pre-urban level may be grefatly reduced. And; less storage in new stormwater lakes

would be required. Also. on-site storage and infiltration measures in-the built-up portions of
the subdivision will be used to rednce the total yield and storage requirements (see 6.2‘.5);

According to cst_inﬁates, given in a- jolnt study by the Urban hand Institute (1975),
American Society of Civil Engineers and "the [U.S.] National Association of Home Builders,
properly designed open channels (street swales) can provide up to 19,000 M’ of runoff storage
per km2 of developed area. Tl?rerefore in the Ellerslie SUblelSlOl’l 380,000 cubic metres, of
more rt"lzan 10 percent of the annual yield, could be stored in the natural channels. However in
the Ellerslle Subdlvrsron except for extreme events, the natural drarnage channels would be
‘utrlrzed for the transport of runoff to- the wetlands and stormwater lakés with rnrmmal
stormwater held in the open channels at most times.. |

Natural (or natural design) drainage channels can provide interest and. aesthetics to an

urban developmem if planned properly. Frgure 6.5isa photograph of an open channpel in a new .

N

urban area in the city of Sherwood Park, just east of Edmonton durmg a sprmg thaw perrod

~
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The use of fencing is slightly 'ha‘rsh but as the houses are on higher ground the open space with -

trees and natural drainage is- strll vrsrble from the structure Frgure 6.6 15 an e\amplc ‘of open

drarnage in the Rice Creek Watershed Drstrrct Thrs photograph is ol" nalural dramagc in an

mstttutronal. park-lrke settrng.of a -small unrversrty. The Rice Creek example also illustrates .

how natural drainage without fencmg can be mcorporated into a urban area. Note also how m

both the Sherwood ,Park and Rice Creek Watershed District examples the natural dtslgn
channels curve and bend over relatrvely short drstances a’ natural stream, has bcen reolmtttl
Such is not the case. with the channel alteratrons provrded bv the Governmcnt ‘of Alel’lr’t

Mmrstry of the Environment for the Blackmud Creek just south west of the study sttc near’

Highway Two (Frgure 6.7; see also the aenal photograph in Chapter Pour Ptgurc 4, l)
- In the Manual of Practice for Urban Dramage (En\nronment Canada 1980) a wnrnmg

is given on the necessity of Tegular prtvate and publrc mamtenance of channels lor Lhe propcr

’

functioning. This should not prove to be a problem l”or the Ellerslre Subdrvrsron as mamtenancc

responsrbrlrty should be established early in the development process (Secuon 6.5.2): Also
h ) v Ye

public awareness campaigns should be conducted to educate homeowners on the personal mcrrts

“of their involvement in the stormwater management system (see sectron 6 5. 3)

In summary the preservatron and use of natural dramage mcludrng naturalrzed 0pcn

-

- channels, and wetlands as. well as the preservatron of treed areas are central lo. stormwater
4. i
management for the Ellerslre Subdrvrsron to minimize changes rn the water balance Such

techmques whrch closely duplicate or enhance the original 'drainage pattern of the vSitc"a‘rc _

'used n‘ order to enable runoff to be managed as a resource f'or aesthetrc and recrcatronal
;
enJoyr 2n (Envrronment Canada, 1930 164). The natural charrnels themselves could bc

-
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..;Fi'gure 6.4"?‘An‘ open channel in Sherwood Park Alberta’ during the spring melt. (Sourcé:‘

. L EEEN . . I



Figure 6.5 Use of natural open channels for transportation of urban stormwater runoff in the

Rice Creek Watershed District, Minmesbta. (Source: author). -
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Figure 6.6 Channelization of the Blackmud Creek; an éxample of an alteration to a stream bed

which,will cause downstream erosion’ problems. (Source: author). -



6.2.2 Wetlands for Siorage and Treatment of Storm“"ater.Runoff :

As discussed in sections 3.3.7 and 4.5 the use of wetlands for treatment of runoff has
resulted in high removal eff iqiencies of phosphorus, nitrogen, and sixspcndcd solids, Therefore,
the incorporation of wetlands,lin the form of marshes, for storage and trcatment of urban
runoff is suggeéted for Ellerslie  Subdivision. Potential 1oqalioxis of the wctltand
storage/treatmgnt sites can*be seen in Figure 6.4. Tpc final locali'on and number of blhc
wetlands will_' be dependent upon “decisions made by the various professionals involved in the
planning of the subdiviéion . As discﬁssed in Chapter §, to treat Lh'c entire annual runoff volume
would require 127 hectacres oflmar'sh wetlands. However, the caléulaliop assumed the use of
conventional technologies tﬁrougﬁout.the subdivision, while the drainage plan proposcﬁ' by t.hc
author will result in much lower pollutant levels. Therefore, less wetland would be required.

The various methods of treatment, including wetlands, combined with the on-silc measures

~
L]

should reduce thg poltutant load from the urbaiuzed Elierslie Subdivision by at lcast 50 percent.

Although it is ideal.that éllxo‘f the runoff‘ be treatled it is not necessary and the runoff
should be cleaner that is traditionally found in urban areas. Neverthcless, treatment of
stormwater that will be flowing into the main stbrmwater/rccréation_lakc is vital. The minimum-
amount of land proposed to be dedicated to weflarxds will b;z 39 hectares. Any increase in this
allotment, resulting from the ue of linear wetlands in the _natural drainage systm of from
increased d‘ediéalion would be acivamageous to the water quality in the stormwaicr lakes.

The -nalural wetlands that are now being used, in ;Lher locations, for water treatment
are simple systems with limited strﬁctural design requirements. In the Ellcfslic Subdivision, use”
éhould be made ‘91" existing wetlands (see Figure 6.2 & 6.3), ihcluding enlarging the existing
marshes or creating new ones. The town of A#ata in Northern California is successfully using
marshlands for wastewaiér treatment that have al§o beééme popula; recreation areas for the
public. The Arcata mgrshes were maae on abandoned, heglectcd land. The area was cicarcd, a

few islands created, and groundv -ter and surface runoff was routed into the arca. No

‘vegetatio‘n was introduced into the wetlands as "nature did the rest” (Price, 1987:52).

&>
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Figure 6.4 Potential Location of Stormwater Lakes,
Wetlands, and Open Space Storage cilities in.the
Ellerslie Subdivision (Source: author).

l 2
b\ ‘ N
Figure 6.7 Potential Location of Stormwater Lakes, Wetlands, and Open Space Storage .

Facilities in the Ellerslie Subdivision. (Source: author).

\ . ot
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Rice Creek Watershed District uses existing wetlands for treatment of runoff. The lakes
which the treated runoff flows into have sufficient water quality for swimming. The
wetland/lake system is very naturél with minimal structures. These include culverts undcr roads
to comodate the natural movement of runoff frem wetland to lake, a simple structure for
collectign of floatables and hand op’erated weirs to ‘increase exposure time of the stormwater 1o
the soils and veéetation in the wetlands (Figure 6.8).

| A weir with hand operated gates, is also used in Sawgrass Lake, Florida to cont-ol the
water in the “wetlands. There they use the weirs to replicate the natural floodings during the wet
season (King, 1983). '

Weirs could also be used in the Ellerslie Subdivision to regulate the time that }hc runoff
is treated in the wetland. The collecting of runoff in the wetlands for treatment als; serves vlo
detain the runoff either for eycntual flow into a stormwater retention lake or to the receiving
stream (Blackm\ud Creek) at a controlled, slower rate thereby redpciﬁg»thc peak flow to

"Blackmud Creek. |

The successful treatment 01; stormwater in the wetland which drains into Lake
Josephine, in ;he Rice Creek Watershed District, results from approximately 45 days of
retention time (Hickok, Hannaman and‘Wenék, 1977). Such 'extendcd amounts of time of high

. water does not cause damage to the trees on the periphery of the marsh, especially if species are
established under a natural, ephemeral, flooding regime (Carter,ct.al, 1978; {(ing, 1983).
Therefore, the Ellerslie Subdivisio‘n wetlands could also include trees for \visual cnhancement,
and to strengthen the shoreline, without concern for loss of trees during times of high water

X
directly after rainfall events.

: .

The type of marsh.  hat presently exist in the El}erslie'Subdivision arc categorized as
a) deep basin, permanently wet (Figure. £ or b) moderately 'de_cp basin, only'occas‘ionally dry
(Figure.6.3). The author proposes that vith urbanization the 1afgc wc;iandé Bc of the deep

basin catagory. The smaller marshes, some of which may be lincar and form a portion of the

- natural drainage system through the residential or industrial development, may be moderately
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Figure 6.8 A hand operated weir on a wetland in the Rice Creek Watershed District, Minnesota.

{Source: author). —_———/
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deep dry or shallow basin {dry much of the time).

In addition to the ﬁrimary benefit of the wetlands, tt‘le treatment and storage of Lhé
runoff, the marshes will also add recreation and aesthetic Qalue tothe Ellerslie Subdivision. In a
study of visual, recreational and educational values by Smardon (1978) wetlands, especially
fresh water marshes, rated highly relative td other landscapes. Visually, the marshes were
judged as having highéf visual a-esthetic value than other landscape types inciudi'ng oﬁ‘cn water
or river vistas. As well, the diversity of vegetation an;j ‘wildlife make them important for
educational purposes. The author found that even small-wetlands, in an urban environment,
were useful for creating a sense of openness. "Wetland systems can scrve 1o structure
development or provide needed solitude for wilderness or semi-wilderness experiences for urban
dwellers"” (Smardon, 1978:541). | |

The marshes in Arcata, California have become a valuable re.source for approximately
112,800 people each year visit the wetlands for hikig, bird watching and picnicks. "The
sanctuary'§ beauty and utility have united the communiiy in ips support. ,Péoplc who had‘ncvcr
loovked at birds before are proud of Lhé marsh” (Pricé, 1987:53). \ |

The Ellerslie Subdivision may then, if plans for wetlands are executed cérly in the
" development process, include marshes which will be valuable in many ways. D;JCkS Unlim.ipcd
""Canada and their biologists may be interested in providing :xpcrli_sc for the wetland
development in new subdivisions. However, the personnal from Ducks Unlimited would be
expected to wérk within -the multi-disciplinar* planning team .for 'Lhe I:‘j]lérslic Subdivision.
Ducks Unlimited has not been involved in an'urban devclopment scheme before but they are
willingto consider the project, depending on the quantity and quality of permanent manageable
marsh land habitat in the subdivision. If Ducks Unlimited became involved in the wetlands in
"Ellerslic Subdiyision they may- be willing to provide financial assistance to "péy for all, or pa-rt
of, the. potential wetland(s) devéloﬁrﬁent costs (outlet control structures, ditching, etc.‘.A.)

- interpretive features such as marsh boardwalks and signage to encourage public appreciation

and education...assume future maintenance cost and undertake the necessary design work”
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(Russell, 1985) of the relevant marshes.

As the marshes will be used for treatment of urban runoff, e‘spécially thé removal of
phosphorus, nitrogen and suspended solids, there may ~b.‘e concern Witﬁ the possibility of
creating a long term nutricnt sink. However, especially in moderate to cold ‘clim.a‘tes like that of

s

the Ellerslic Subdivision, only a small portion of the total vegetative prqduction._i's'actually
-collected in the organic soils (Nichols, 19;3; Reader & Stewaril, 1978). Also, the wetlands in the
Rice Creek Watcrshed District have not yet shown vany signs of“long term accumulation of
pollutants (Willgnbring, ‘1985)'. Harvesting of the large plants (cattails) in the fall may reduce

nutrient sink generation.

As the use of wetlands will serve to replicate a portion of the pre-urban hydrology of

the arca the effects of urbanization will be lessened. Continued percolation from the organic .

soils in the wetlands to the groundwater will result in baseflow levels not being substantially - -

reduced. As well, the open water and plant life will add to the evapotrahspiration from. the

- urbanized Ellerslie Subdivision. Therefore, the hydrologic cycle will be less affected less than

under normal urban development conditions. Also, runoff will be stored in the wetlands for

extended periods of time before entering into a stormwater retention lake or Blackmud Greek

thereby reducing the expected increases to peak flow and total annudl yield. And, the quality of

the water flowing into the retention impoundments and Blackmud will be improved because the ‘

wetlands will capture in its seils and plant structure much of the nutrient, sediments and

associated pollutants which, if conventiona¥Brorm sewers had been used, would have been

deposited into the receiving stream.

Urbanization of the Ellerslie Subdivision, as proposed would then include marshes with

visual, recreational and educational value while providing treatment of runoff for- the

stormwater lakes within the subdivision and for ou’tput to the Blackmud Creek. The removal .

efficiency of the wetlands will be a minimum of 50 ‘percent for nitrogen and phosphorus as well

as.the suspended solids,

s



6.2.3IStopmwrater Lakes ‘

The}e is no doubt that the use of stormwater lakes for the detention of urban runoff is
ap inexpensive alternative to .large trunk sewers. The design challenge is 1o produtc a
stormwater lake whxch is multi- purpose in naturc a [acility with varlcd reercalion
opportunmes and beautiful to view. General discussion on stormwater lakes can be found in

- Chapter 3.13. \

The Ellerstie Subdivision will havg at least 57. hCCla.IICS of sloeraLcr lakes at perm:ﬂlcn(
water level (i’WL) when urbanized (Seption 6.2; Mackenzic, Spencer Associatey lid.;
1984,1985). Potential locations of the stormwater lakes can be seen ip Figure 6.4. The atithor
récommends that these lakes all be retentiop impoundments for aesthetic and water gtality
reasons. The lakes will be as large as possible with preference given to a Sysiem of a few large
lakes over many small ponds distributed throu’él{out the subdivision (Debo, 1977; Mein, 1980;
Wisner, Mukerjee and Keliar, 1979). Also, wherever possible, wetlands are o be cnnjbihcd
(upétream) from the stormwater lakes to provide treatment of runoff.

Ma.ckenzie Spéﬁcer vAssociates (1985) include a large recreation lake in the weslern
residential poruon of the study site, Lo glve additional appeal to potential home buyers.. This
ldke, as proposed by Mackenzxe Spcnéer Assoc1ates (1985), would receive minimal StormWater:
runoff and yvill be filled largely ‘with municipal supplies. This approach does 1ot rccogni’€ the

‘ resource potén;ial of urban runoff. |
< : - :

The author agreés with the inclusion of a large recreational lake in the Eflenslic
’ 'Supdi\}ision but recommends _fhat it'be a stormwater impoundment downstream. {rom a large

Wetland. .The system would ,a\ﬂso irllcl'ude a limited number of low stryctura] allcrnﬂliivcs
'including an aeration device (vx;aterfall/. sculpture)‘and possibly the chlorinaiion of the runoff
 from the wetland. This would be more cost effective than the exduswe use of murllclpal
| supplies. However, augmentmg the lake with mumc1pal water Or Jocal groundwm@r (if

~ available), may be necessary. occasionally. Neévertheless, if managed correctly the stormWater

“could form the greater part of the water supply"for the recreation lake. Field observation$ and

K
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discussions with residents i‘n the Rice Creek Watershed District assured the»author that
swimming did take place in one of their larger_lakes (Lake Josephine) which ' receives’
considerable volumes of runoff via a wetland. |

Care should be taken ‘in the planning and development stage to ensure that the lakes are

as natural looking as possible. In doing so, the developer l)VOUld be c~reating rnult.i-lpurpose

amernitics. The use of asymetrlcal curvmg shorelines will result in stormw;ter lakes that ﬁppear
natural-and are pleasmg to the eye (Untermann 1978). Also shallow embankments (1 7 slope)' ‘
will add .to the natural appearance of the lake (Chambers and Tottle, 1980) This gentle slope '
would also bc safer than the 1:4 slope common Lo stormwater 1rnpoundrnents
—  Also, the depth of the lakes. should be a minimum of 3. metres to enable f 1sh to live,
year round, in the stormwater lake (Gil and Kelly, 1978' Poetner, 19‘74a~) "The lake could be ,
stocked with sport fish for recreauon and others for mosquito control. Such is the case ‘in
Arcata, California, where salmon were, rarsed in the wetlands and stlckleback were mtroduced
l" or mosquuo comrol (Pnce 1986), In a new urban development in England beam tench and
- calp wcre stocked in the stormwater lakes 10 counteract flres (Smrth 1974) Wh1pple et al
(1983) found thaL the common goldfish is often recommended to control mosqurtos The '
blolOgrst who will be assisting in the planning’ of the wetlands for the Ellershe Subdrvrslon'
should also be consulted as to whrch type of fish would be the most, approprlate for mosquno B
conlrol in the stormwater lakes and wetlands, in the Edrnonton area broreglon

The safety of the stormwater lakes is also an 1rnportant design’ '.considerat_lon. ‘As
discussed above, the use of a gentle slope makes the lake sal er. In addition, care must he'g_iven_
to the location and lype of input and dischargq outlets. Marcy and Flack ('1981'\ -SU;‘zgest the use .
‘of lattice grids over the entrances to lakes to reduce flow velocmes and float ng. mlets to
dlscharge the runof f water at the surface to limit undertow currents in the 1mpoundment Such
low structural featu‘res may be useful in the Ellerslie Subdivision. However, in most casi the -
runo.f' f would be Aflowing initially into t‘he wetlands, therefore, the lattice grids mayll.not\qe A

necessary. The lattice grids rna_\‘l be useful over the outlets into the wetlands to dissapate runoff = -
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eriergy4 Also, movement to the runoff from the wctland to the stormwater lakc‘will be delayed
after the rainfall event,' for extended periods of time, therefore, the flow will be slow and likely
to pass through an open, vegetated channel which will further diffuse the energy of the water.
Many jurisdicdon§ roquirc fencing around stormwater management facilities as ‘thcy
feel .it reduces their liability. It is pronosed that fhe féncing of the siormwater lakes and
| wetlands will be kept to a minimum within thc Ellerslie Subdx;yision. Where fencing in
necessary, the author suggests that inconspicuous chain link or light coloured cast iron be nncd
as these maierials will not interfer with 'the_ view to the waterbody. Other less structural
alternatives may also be appropriate for incorporation into the Subdivision. For example, the
City"of Dartmouth, Nova Scotia used rose bushes to rcsuicf access to a stormwater lakc while
providing interest (Micheals, McBean .an‘d Mulamootil, 1985).

The amount of community opon épacc surrounding the stormwater lakes is dependent
upon the extent of private -ownership of the waterfront and ‘the land ‘ use around the~
unpoundment The author rocommcnds that private ownerstup of the shorchnc be limited.
Preference should be gwen to stormwater lakefront and wctland shorc ownership bcmg entirely
i public. Extcndmg access to the water amcnmes to alt mcmbcrs of the Ellerslxc Subdmsxon is
‘ 1mportant for thc creauon of commumty responsnblhty and approcxanon rclatmg 1o the facility
(see section 6.5. 3) " ‘

Also from the devclopcr and markeung perspectxvc Wexcher and Zerbst (1973) fourd
o that housmg pnces mcrcased more when the homcs faced thc park wnh a water body, than

houses wmch backed onto the pubhc spacc (as is the case. in .most Edmonton stormwater lake

2 sxtuanons) 'I'o most Canadxans the backyard is a more pnvatc spaoe Lhan the front yard,

’I’hereforc 1t may bc prcferablc to havc thc space du'ectly around the lakes as pubhc park »

o ’"remdences

Cornplete pubhc ownershxp of the land adJaccnt o lhc stormwatcr lakes will also

’ vsxmphfy mamtcnanoc f uncnons and rcsponsxblhues “This is expanded upon in sections 6 s, 2 and
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6.6.1. | &

- The primary purpose of stormwater lakes is in the detentron of stormwater for gradual
entry into a recervmg stream thereby reducrng the peak flow. The retention facilities also result L
in the reduction. of total annual yield. Nonetheless recreatron is now often cited as an
additional primary purpose' of large stormwater lakes. Generally, however, prrmary contact
recreation is not per-mitted in Canaclian. stOrmwater lakes because of impaired wateriquality..“' l
" The water in the large recreation/ stormwater lak'es._ in the lillerslie Subdivision,‘which will have '
been treated in the wetlands, will be of sufficient quality for primary' contact water based
recreation. On-going water testing will be part of the regular maintenance program to monltor
_ the lake water ‘quality. As drscussed above, augmentrng the treated Tunoff may be necessary
' during extended dry periods. Theref ore, recreation wrll be a addmonal prrmary functron of the
stormwater lakes in ‘the Ellerslie Subdrvrsron The recreatronal aspect of the Subdrvrsron wrll
also be a marketable amenity’ to potentral home buyers | ‘

Many people are willing to pay mote f or property near recreation areas and/ or srtes ‘

w:th aesthetic appeal as envrronmental benefrts are caprtalrzed as rncreased property values

(Poudel. 1978:i). Numer

commumty around Lake Beaumaris in. Edmonton ' Alberta found that 90 3 percent of the
‘residents felt that the stormwater lake rmproved ‘the overall qualrty of the urban envrronment
) Althougb as in the’ ‘Bav\l (1968) study poOT water qualrty was crted as a negatrve value |

Tiie recreatron and aesthetrc value of the storrnwater lakes in the Ellerslre Subdivision
' _ should be high as the water will be clear and clean The 1mpoundments will appear to be natural o

lakes and: wrll be surrounded by szreen space recreatron facilities,. natural desrgn vegetatron
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.areas and walking/ paths. The paths could be used to link up the recreation, space around the

stormwater lakes to that surrounding the wetlands. ' ’

The Stormwater lakes and recreation areas will require continuous maintenance. This

1

will be discussed in section 6.5.2.

- N * ’ . . 7
In summary, the stormwater lakes in the Ellerslie Subdivision will contain tunoff of
high wuter « ality because it has been previously treated in wetlands. If a stormwalter
impoundmen. cannot be down‘strearnf—rqm a wetland the runoff will be, nc‘vcrlhelcss,ii'rnprovcd

. $ ! ] . a . .
# through other treatment Lechniq\ucs (6.2.4), on-site storage (6.2.6) and other best management

practices. . ~
- 3 o v :
» The author recommmiends—that no housing have direct waterfront lots but tather that
. Y i . )
public space be adjacent'vto the _lf’il(eﬂ.. The front of the houses’ will- then face the lake, scparzlled

from the publ1c open space ; bv a road or pathway. The complete publrc ownership will

e

encourage community mvolven‘lent in the stormwater managemem for the Ellerslic Subdivision
and provide extensive access for maintenance. ,

6.2..4’-Non-wetland 'freatmént |

"In some locatrons it may not be feasible to treat runoff in a wetland bcforc entry into'a
stormwater rmpoundmem and other types of treatment may be necessary (see Chaplcr 3.3.7).
Such cases may include parts of the industrial portion of the. Ellerslic Subdivision or high use

commercral parking lot, areas. These are. land uses which carry high pollutant loads, especially

T
<

hydrocarbons and suspended solrds and would require treatment. Therefore, the author
suggests that instead of, or in addition xo‘,' weilahd trearment that one of two options be. utilized
in the indnsrrlnl and’comnfercial aress. i}
| Orne option involves using an interceptor to send ‘thc first-flush of runofl”, or the solids.
collected by a ;s_wirl -regulator'/’ concentrator, 10 the sa'nitary sewerage plams via a carcf.ully

.constructed sanitary sewer connection. Vancouver, B.C. uses an interceptor system to treat the

highly polluted first flush (Swain, 1985). This method combined with an acration device, such

@
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as a watcr fountain for visua) interest, will produce relatively clean stormwater lakes though
. not- usef ul for primary contact- recreatron Also, a smali amount of sedimentation will take
: ‘place in the stormwater, lake f~urther 1mprov1ng the runoff before gntry 1nto Blackmud Creek.

The other option-is to have ponding in the parking lot, .temporary storage, combined

with fine mesh screening (Chapter 3.3.7). As above, sedimentation will continue in the

’Stormw'ater lake. '

~ The remova] efficiences of both Opttons would be {urther 1mproved by the use of grass

<

strips; or porous pavement bemg mcorporated into the parkmg lots, as well as extensive use of

roof—J§j storage. ~Neverthe1ess,, either combination of methods would result in removal
- efficie fes of at least 50. percent for suspended solids and associated hydrocarbons.

St'eet sweepmg and pubhc awareness in relation to leaf collectron (nutrrents) and the

N

/hazards assocrated wrth dumpmg of toxic substances into the stormwater system would also be

eff_cc_uve in reducmg the pollutant. load. _Th_e5c issues are discussed in Sectrons 6.4.2 and 6.5,
Tepectively, R

EE

On site Storage/ lnfrltratton

-

‘ On-site storage and mftltratron are best rmanagement practrces as they are used to
reduce non-point pollution 1o the.receiving streanr’ by keeping the runoff at the location where
it fallsi,T_hese are ‘rnelrp.ensive -techniques -whjch, when incorporated early in the planning
- ‘process, ' ca‘n_saye on ;storrn ‘water drarnage costs by reducrng thetotal‘ runoff yield. Some
‘aJternatives_ also pro'yide" treatmentthrough infiltration into the soil or through filtering (see

' Chapter 3:3. 3)

The author proposes that grass pavers be used for the hard surface Tecreation areas in '

the l:llershe_ Su‘bdtvrston wherever‘ possrble. Grass pavers create. the 111usron tha‘t the hard

sur'fa'c'e s grassed‘ therefore it would be- cspecrally apprOpnate to- use thern in the high

pedestrran traf f ic; hrghly vrsual areds, around commumty burldmgs and main recreation areas.. .

The dcveloper could also encourage and of fer the option to-home and business owners for grass

&
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paver private driveways and parking areas at minimal cost increasc over a traditional asphalt

’

surface (Figure 6.9).

For roads and bike paths porous pavement is recommended in the Fllerslie Subdivision.
The production costs would be higher than with cgnvemional asphalt but curbs and gutters
would not be‘necessay’sq that the total constructien costs would be equal to or less than a
traditional system (see Chapter 3.3.3).

If the City of Edmonton insists on conventional technology with curbs andgmtiers then E
cuts in‘the curb, rolled curbs or dragon tooth curbs (see Figure 3.3 and 6.9) could be uscd
_(Robinette and Sloan,1984). These curbs would allow runoff to flew into vegetated swales
i)arallel to the street- or grassed areas around parking lots. Grass strips could also be

incorporated in large parking areas alone or combined With parkirig lot storage to reduce total -
runoff volumes: : | |

Temporary on-site storage and infiltration could also take place in the’ grasscd park
areas and school yards Slight depressions would detam stormwalcr from the surroundmg
vegetated and impervious areas. The stored runoff should not be large in vo'l'umc'assuming the
,parking lots will be of’ porous pavement with grass strips, and the buildings. would include rooI'
top detention storage Shallow  areas of depressxon storage should also bc encouraged . in
resuiemxal grassed yards In industrial and commercial areas saucers eould be constructed -
-around trees (o collect water from Lhe surrounding area Lo provide moisturc and save on
irrigation costs (Robinette and Sloan, 1984)

{ Because flat topped roofs are designed for heavy snow loads, in Canada, the addition
of a determon pondmg ring at the drain would make the roof’s available for the storage of up to
15 cm (6 mches) of rainfall (see Chapter 3.3.4). Therefore, with little mcrcascd ﬂnanua]
investment ‘Substantial amounts of storage would be available in the mdusmal/ commcrual
parts of the Ellershe Subdlvxsxon This watc will thzn be available - for- use within the

i Subdmsmn (see section 6.3): o ' ' o
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Figure 6.9 Examples of On-site Alternatives: a) curb cug'?, "’b)’"‘g’rass. strips,‘c) tree sau'ce,rs., d)

stormwater lake, e) rooftop storage, f) grass pavers, g)" _éorous pavement. (Source: author).
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The author proposes that Daon Dgyelopx'ﬂgpt Corporation make roof top stor‘agc mandatory
fof the owners of flat topped buildings at both the industrial and commercial sites. ‘
On-site storage in the residential aréa; will consist of rain barrels, cisterns, grass paver
or porous pavement driveways or an on-lot drainage unit (sce Chapter 3.3.4). These
alternatives could be provided by the developer or,‘With possible financial incentives from the:
community league or/the City of Edmonton, vby the homeowner.
Therefore_, with minimal capital costs L;e.various types of dn-sitc allcrnatfvcs could be
used to providé storage and/ or infiltration thereby .reducing the peak fMow, total yicld and

pollutant load to Blackmud Creek. The level to what these parameters will be reduced s

difficult to estimate because of the involvement of individual land owners.

6.2.6 I;Z(_rosion Control
The _constfuction phase of development results in extensive surface crosion.lll“would be
in Daon Development Corporation's best interest to practicc erosion control during the
construction phase of the Ellerslie Subdivision as without it runoff volumes arc high and
erosion and sedimentation will be pro_blerns.‘ Therefore, the methods described in Chapter 335
are ‘recommended for construction erdsion conl"rwol.' In particular the developer may be
.interested in ,the- low cost use of reinforced hay bales or grass strips or thc more cf ficient filtqr
fabric, held*in place by large stones, around me‘ constfﬁction site. I't will be especially impoﬁanf
~ that the filter cloth:method be used ‘around thc circurnference of the wetlands and along the
watercourses, which are being prcservéd. Also, the Metropoli’lan Toronto épd Region
Conservation Authority requires the use of filter traps, made of fivltcr cloth and rip-rap slqpcs,'
during the constfuction period, upstream of an outfall to.a receiving stream, when surface

. . . : . i ) J) - i
flows are concentrated (Aitken,.1987). The author recommends that similar sediment trapg be

— .

¢

-used during the construction phase.
Because the study site is so large the author proposes that the grading of the surfakc be

“staged so that vast amounts of bare soil are not left exposed for extended periods of time,/No
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.

" more land sho'uld be graded that can be built upon iﬁ one construction season. This may require
slightly more organization during the construction phase but would be worthwhile as drainage
costs would be reduced. Also, as dis.  sed in section 6.2;1, the guthor recommends that grading
be kept to a mimmum. |

If any large aréas must be graded Laycock (1986)?suggests that the developer wait until
af'ter the often heavy Jung rains have cecasey.

The outfall to ia ackmud Cre(ﬁ@ the Ellerstic Subdivision will be slow and
coﬁtrollcd. Theref ore, a great deal of bank prote€tion will not belneeded. Nonethgless, the bank
could _bé_rcinforced with grass and willows.’

The Ellerslie Subdivision will contain an extensive network of natural open channels for

the transportation of runoff. It is important that the new channels are grassed as soon 'as@’

-

possible and that -existing stream beds are protected. Cattails and willows will invade the
channels with time and provide further bank reinforcement.
The above erosion control methods will reduce the total suspended solids, peak flow

and annual y'ield that reach the Blackmud Creek from the Ellerslie Subdivision especialiy during

B~ .
the construction period.

6.2.7 Summary of ghe Design Alternatives and Best Ma_nagement Practices

The basic dcsign approach to urban stormwater Irianagement for the Ellerslie
) . ' ™
Subdivision, as proposed by the author, is to replicate the pre-development landscape as closely

as possible. This will result in less change to the hydrologic regime relative _lo that which

\

e

[5%

normally ac. ompanies urbanization.
It was estimated in Chapter Five (5;4 and 5.5) that with the use of conventional
‘ tcchnologiis, the Ellerslie Subdivision would produce an average annual yield of 3,000,000 cubic
“metres of flow per year as well as 1700 kilograms of nutrients and 270,810 kilograms of
suspended solids per yeaf. This represents an ov&r 7 times increase over existing runoff values.

A

However, if all the altefhatives described in this chapter are incorporajed into the stormwater

%
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management system the combination would reduce the total anhual vicld and pollutant load..
with urbanization, by at least 50 percent. Therefore, the total annual yicld flowing into the
Blackmud Creek from the Ellerslie Subdivision, would be appfoximalcly l,SOQ.OOO cublic metres
or less than fdur times the present-runoff value. The peak flow at Blackml.xd Creck will be .
controlled at.pre-development rates. The pollutant oad to the recciving stream will also be
. ~ .
reduced by one-half, at least, to 860 kilograms of nutrients and 135,400 kilograms of suspended
solids per year. R

>This efficiency in reduction of total annual yield from the Ellqrsl_ie Subdivision may
resﬁlt in insufficient flows reaching the retention ponds to maintain optimum water depth
during low fl_{)w periods. For example,‘assuminvg that the author's proposal is incorporated into
the S\ubdivision, a dry year such as 1976 could resulit in less than 750,000 cubic metres of runoff
for supply to the stormwater management lakes and wetlands. Therefore, during the extreme
dry years the Iak;as, most noteably the large recreation lake, may require supplemental wa
from the municipal supplies or local groundwater. However, located in Regina, Saskatchewan
(which has a a drier climate than Edl'j;onton) is 'Wasca.na Lake‘which is made up almost
entirely from surface runoff and Has been maimaincd vety well.

. The high flow periods should not require special attention. Although there 1may be
limitations on the recreational use of the stormwater lakes during such periods. The proposed
stormwater management system could accomodate larger volumes with little effect on ihc
system. For example, the time that the runoff is detained in the wetlands could be shortened to
ensure space for incoming flows. HQwever, this will result in the runoff not being fully treated.
Therefore, the weirs should be opéned prematurely only when absolutely necessary. Also, the
treatment time of the runoff ﬂowin‘g into the large r;acréalion lake r‘nu;p noi be reduced. |

As discussed in section 6.2.1 the open cvhannel‘s could also be used to store ub 10 380,000 .

cubic metres of flow during high flow periods For safety reasons, ‘the runoff should be |

detained in the open channe.s “c- the shortest ti. ,ossible.
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Also, care must be taken, during the high flow periods to ensure that the stormwater is
not allbwcd to flow into the Blackmud Creek too quickly after an unusually large rainfall event -
to avoid the possibilit)j of downstream flooding. ,

Nevertheless, in all but the most extreme périods, the stormwater management
proposed by the author should reduce annual runoff yields and total annual pollutant loads, to
Blackmud Creek, by at ieast 50 percent.

The design solutions that are recommended to produce these reductions in yield and
pollutant load are dominated by the use of wetlands, for treatment and storage, stormwater
lakes for storage; and the use of natural channels for transportation of runoff.

‘The best management practice of preserving the natural land uses as much as possible
to reduce potefnial pollutant increases with urbanization is important i.nb the pr.oposa]s given in
this thesis. Other best management practice alternati?es are recomrﬁended, which should be
incorporated early in the\planning process, for example: roof top storage, parking lot and green
space infiltration (see Figure 6.10). "

Beét management practice als_p includes institution based alternatives suc'h ,as tax

changes (6.5), street sweeping (6.4.2) and public awareness (6.5) which. will be discussed

below.

6.3 Use of Urban Stormwater Runoff Within ghe Ellerslie Subdivision
The term often used in.the literature for the use of runoff is reuse . However, reuse’
implies a connection with sanitary sewerage and, therefore, is not adopted here.

1

’x The stormwater runoff from the Ellerslie Subdivision that will be held in the
stormwater lakes, wetlands, rooftops and rainbarrels will be available for use within “the

Subdivision. Th collection of runoff into the large stormwater/ recreation lake makes use of

the runoff for recreation purpgses. Other possibilities include using the runoff for fire fighting,

irrigation, industril supply and groundwater recharging (Dean and Lund, 1981).
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Debo (1980:655) referred to stormwater runoff as a "resource out of place”. Laycock and

MacKenzie (1984), Urban and Claborn (1983) and Waananen (1969) have also discussed the

potential of stormwater as a resource. This potential has been realized in the Republic of -

Singapore where urbag stormwater is harvested, stored and treated t supply 36 million gallons

r

.

‘(V{S() cubic metres) of water supply 10 the easternalf of the city (Hydata, 1984).
To make use of the stormwater within the Ellerslie Subdivision, treatment may be
required. Treatment alternatives have been discussed in scctiéns 6.2.2, 6.2.4 and 3.3.7. Rainfall
harvested directly from the rooftops will not requi.re additional treatment assumi"ng the rroftops
are kept free of debris. |

Also, stormwater ponde-d in residential or park areas can be used for irrigation without
treatment, as the water has not come in contact with the impervious areas inA which the
majority of the pollutants are accummulated. The runoff coliected in the stormwater lakes,
which has undergone treatment, could also be available for municipal uses such as irrigatioﬁ
and fire éontfol. -

The wetland treated runoff held in stormwater impoundments and the on-site retained

runoff could be useful in the industrial portion of the Ellerslie Subdivision if water is required

for cooling and processing. Field and Fan (1981a,b) showed, if a hypothetical case study how

the use of reclaimed, treated stormwater combined with{municipal supplies would result in a

savings of $900,000 per year to an individual ix;idustry. "Further savings are realized when the
multi-purposgs of pollution control, drainage and aesthetics are considered " (Field and Fan,
' 198]b:34)>. The opportunity for such savings would be an additional, marketable, benefit to
offer potential industrial companies.

Nevertheless, the most important use of runoff in the Ellerslie Subdivision is in the
multi-purpose r'ecreatiovn/ sto»rmwatér_laké. The'funoff will be treated by various techniques,

_most noteably wetland treatment (section 6.2.2). Additional treatment with chlorine may. also

?

be'appropriate as primary contact water recreation is one the purposes in the provision of the

lake (DeCook and Foster, 1984). This could be done at the aeration site as the water flows

2
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. _from the wetland into 'Lh¢ lake." A hvpochorination fjacility 1s used in the cityfcﬁ Boston,
combined witlﬁ storage a"nd‘vscree‘riling of the stormwater o improve water quality for fccrcalion
activity (Field'and Fan, 19812).

To have a truly usefu'l ‘re,cr:é"atior{ lake within ;he urban community would be an
attractive amenity to potential residents and a powher\ful selling fedture for Daon Development
Corpofation .

From a hydrological pérspective, the use of"_runoff -within the Ellerslic Subdivision for
Tecreation, visual amenities, irrigation and industrial supply \;vill' keep al portion of the runoff
on-site thereby reducing the 'Lotal yield to the Blackmud Creek. The use of stormwater for
irrigation will result L‘;n the runoff following more closcly the pre-urban hydrologic regime as
the runoff is used by the plants for evapotranspiration and a portion inf‘iltralcs. to become
groundwater recharge. Therefore, the use of runoff within the Subdivision will reduce total
yiéld\ and the accompanying pollutant load, and will aid in fhc partial r'c.plicalion .ol'_lhc
pre-urbanized hydrologic cycle.

The use of stormwater .wit}-xin an urban area will be a non-convcntioha] abproach to
eurban stormwater ménagement. In conventional systems, runoff is drainéd f‘rdm urbﬁn
communities as quickly as possible and depo6sited into a receiving stream or wal'cr body. The-use

. X LY
of stormwater in the Ellerslie Subdivision for recreation and to enhance municipal supplics will
result in runoff no longer being a form of wastewater but rather, it is useful within the
community, i.e. a resource,

However, the extent to which the developer-of ‘the Ellerslic Subdivisipn transposes the
stormwater from what_ is tradiiionally considered wastéwatgr into\a.rgsourc'e is ,.dcpcnd‘cm‘ upon
many factors. The various levels of innovation that could be‘ :introduccd into the stormwater
managemeht scenario for the El\lb{slic Subdivision afe discussed in the f ollowihg section (6.4) :
on alternative futures. The” potcntiall limitations and inccmivcs on the inédrporatioh'of

1

non-traditional alternatives in runoff management are then discussed in section 6.5.
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- 6.4 A_l!ernaiive Futures
The purpose of prowding alternative futures is to ensure that the best management
oo .

. approach, with the most app}opriate technologies, can bevimplememed at the time the actual
developmcni of the site‘takes place.‘The describing of various options also provides for
flexnbiiily in future decmon Jmaking Therefore, listing the alternative. futures of stormwater
managemem for the Ellerslie Subdivision- is- desireable because of the likelihood that
urbanization of the Subdiyisi'on_'Will take not ._Lake place for twenty years (see Chapter 4.4).

Th'.e alternati\ie futnres given below are in the order of decreasing effects on the
recciviné stieam (Blackmud Creek to the Saskatchewan River)-and water body (Cawes f:ake).
A]so the alternative i"utures with the exception of number 1, are combinations of management
mcthods w1th number four being the least Lradmonal and lowest structurally of the

combinanons. The alternative { dtures that are discussed in this section are: 1) Storm sewers to
trunk sewers to outfall, 2) Storm"sewers with stormwater. detention impoundments, 3) Storm

SCWETS with_, wetland treatment and stormwezter detention and retention impounc_iments, 4)

Natural drainage, wetland and other treatment, stormwater reter..ion/ recreztion lakes, on-site

storage, use of runoff. 0

Alternative futures number one involves extensive use of small and trunk sewers for the
quick’ tranportation of runoff to Blackmud Creek. The storm sewers would form the minor
system. Tbe nia jor system, providing protection from the 25-100 year frequency.storm, would
be in the large trunk sewers and' roadways. 'This alternative has, however, been dismissed by
Stanley Associates Engineering, Limited (1980b) as being 100 expensive for tbg\ Ellerslie
Subdivision and the use of stormwater 1rnpoundments was recommended: ,/ :

The second al_temauve involves the use of storm sewers and nume‘rous stormwater
‘retention impoundmems i'orlthe minor system. The major system would consist of sto;age in
roadways and green belt storage‘in playing fields and around the stormwat’eﬁr lakes. The
incorpoi"ation of many single purpose lakes in the Ellerslie Subdivision has been suggested by

Mackenzie Spencer Associates (1984, 1985). The use of stormwater impoundments has become
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conventional and the developer would gain approval relatively casily from the various

- - N
*»  government departments; assuming that maintenance responsibility for thc}\stormwaler lakes is
. o M e

)

ﬁfedeterminéd;—_ o

‘Hc’)wever‘, in“bgth alternatives one and i_wo. stormwater is eventually deposited into the
recei\)i"ng strearﬁ without ever being useful within the community. With the exception of limited
visuél amenity from the stormwater lakes in alternative two. Also, changes with urbanization ir.

—runoff volume and water quality are nOt_ considered. In alternative two, pcak flows are delaved
and reduced but almost the entire stormwater yield _(o’yer 7 times the existing yicld) and
accompanying pollutants karé. Aeposited i‘nto the North SaskatcheWan River via Blackmud Creck.

f Alternatives three and four-are provided to deal with the increased yield and pollutant load in
stormwater runoff with ufbanization.

Alternative'thre‘e includes, in the minor system, storm sewers for the transport of
runoff and%iormwater impoundments 18t storage. This alternative will combine the use ol both
retention and detention impoundments, with retention lakes, downstream from the wetlands.
The wetlands will provide treatment of the runoff as well as storage. Mackenzic Spencer
Associates (1§85) discussed a large fecfea\tigp lake that would be filled entirely with municipally
supplied water. Preferable to this, would be that the lake would be part of the stormwater
management scenario and receive treated runoff from a large wetland. The major system, like
alternative two, would be in the roadways and green belt storage. This alternative wouléi reduce
the total armubal yield a small amount and substantially reduce peak flow and time to peak.

Alternative four is the combination of methods recommended by the author i section’
6.2. This stormwater management Scenario is dbminated 'by wetlands for treatment, rciention
lakes for long term storage and natural channels and roadside swales for the transportation of
runoff. The scenario also includes various other treatment techniques which will be used in
conjunction with the wetlands to treat the runoff toé sufficient quality so that primary contact

water based recreation will 'be permitted. This management system also includes on-site storage

and infiltration through vartous methods. The runoff will also be used within the Ellerslie
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Subdivision for ir‘rigation and recreat‘ion and Qo.augment. municipal supplies. The 25-100 year
storm could be stored in the open channels Wthh under less dramaUC rainfall events will be

.t

used to transport the runoff to a wetland or 1mpoundment

ln alternative f utures number four the effects of urbamzatlon on the recervmg stream

>

are reduced by the rtyphcauon of the pre- urban hydrologic regtme as much as possrble Thrs .
would be accomphshed by retaining the wetlands and tr_ee ‘stands, using natural drainage

systems and .storing runoff on-site -thereby ‘allowing for - continued infiltration and
ey

. -

evapotranspiration and trealifig runoff 1o improve water quality. A rudimentary estimate of the

.

alternative futures number four combination would reduce by 50 percent the annual yteld and
pollutant load that would be' expected to accompany the urbamzauon of the Ellerslie
.Subdivision. |

However, many of the methods incorporated.in alternative number four are not

)
=

conventional and may require the developer to spend extra'vtime in the approval process with

various goverment departments, this will be discussed in section 6.5.4. v f"
e : _ S

r’

»

6.5 Institutional Aspects of Stormwater Management for Ellerslie Subdivision -~

l

6.5.1 Best Management Practlces by Governments

Be‘st‘ Management Practices are those management alternatrves which reduce potential
total pollutant load from urban stormwate.r_by various on-site means. One such method is
street cleaning which can be used {o reduce'the sblids,‘ heavy metals and other associated
.pollutants in the runoff {seeChapter 3,3.6):..v N

The City of-Edmonton’ does n()t have an extensive street sweeping operation and,-as is

the casc in other parts of the city, will provide minimal cleaning of the roadways in the Ellerslie

[

-

Subdivision. The Roadways Operations Section, of the Transportation Depattment, sweeps the

arterials once a week, the industrial collectors once per month and the residential collectors only

2-3 times p.er year (Murphy, 1986). The streets are flushed after every sweeping. This amount
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of steet sweepitig is inadequate. Such a program would result in less that 5 percent removal of
the solids in the runoff (Finnemore, 19%2). Terry Murphy, (1986) Director of the VRoadways
Operigén Section, City of Edmomod realized that the present program is not sufficient but felt
that only public pressure dn"the City council would result in any change to the existing practice.

Therefore,‘it may be neceséary for the Ellerslie Subdivision community league to become

‘ politically involved to xmprove the street cleamng service as provided by the City of Edmonton

Another, less desxreable alternatxve would be that the. commamty hire the City to pro“‘mde

- addx_uonal cleaning at a ‘reasonable cost. It is to the advantage of the residents and their §

stormwater lakes that the total volume of solids Lhatureaéhes the wetlands be kept to a
‘ ‘ . .
minimum,

The City of Edmonton, the Province of Alberta and the Regional Planning
Commission could also be involved a best management practice for the Ellerslie Subdivsion by

introducing and enforcing the use of erosion control methods, e,spctl’aliy-during the

. construction phase (see section 6.2.6).

The Planning Department of the City of Edrpomon could also be;comc involved in
stormwater runoff yield and pollution .ab_atement by requiri;ng that . natural ‘watcr bodics.
iacluding wetlands, exiéfir'l'g drainage channels and tree'stands be prcscrved in new 'urban .arcas

| ~The municipal government could also contribute to the reduction of polluLam loadings
by keepmg the streets in good condmon Roadways that are well kept produce 2.5 times less

total suspended solids than those in need of repair (Krenkel and Novotny, 1980). Also* the usc_

) of hydrophoblc substances mstead of salts for road de- 1cmg will reducc sodium surges durmg

' SBOW melt penods

Reducnon of nutnems in stormwater would also be accomplished if the Cxty of

_’,\v

Edmomon were 1o implement a by -law requmng dog owners to plck up their pet's f aeces. If

B thxs has not been 1mplememed when the{llershe Subdmsxon becomes urbanwcd the community -

lt;a_guc could encourage dog owners to stoop and sc_oop through signage and the local mcdm;

B2l
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The Provmce of Alberta could Jom the federal government in the reduction of lead in

e
stormwater runof f by reducing the taxes on unleaded gas to make it the same price as. leaded
until leaded gas is-no longer available in Canada (Internatronal Joint Commrssmn 1980). This

would encourage people to leave the pollutlon control devrces on thelr -veicles and use the

non- leadcd gas
The local government the Clty of Edmonton, may also be mvolved in the maintenance
of the stormwater lakcs in the Ellershe Subdivision and in commumty awareness thrs will be‘

discussed below. R e

6.5.2 Maintenance
Loeal governments are usually responsrble f or. mamtenance of stormwater lakes and the
surroundmg park areas, after the one or two year perrod of developer respon31b1hty (Poetner

1980). Such is the case in Edmonton where the Parks and Recreatlon Department prov:des- .

upkeep of the stormwater lakes and park areas. This may not be the mamtenance system thatis .~

cestablished for the Ellerslle Subdtvrsron The Daon Development Corporatron may be willing to

provide extended maintenance of approxrmately five years (Wmter 1985) By the end of the ‘

five ycar period the resldenual nerghbourhoods may be suffrcently matured to have a strong :

1

community league whrch would becbme responsrble for mamtenance of the stormwater lakes on
tl}err own oOr in eonJunctron wrth the Crty of Edmonton As noted rn sectron 6.2. 2 Ducks

Unltmrted may provrde mamtenance of the: wetlands

The legal responsrbtlrty for. maintenance of the stormwater lakes and wetlands should be u

o

establlshed early in the planmng de»elo‘pment stages

Regardless of whoever rs eventually responsrhle for mamtenance of the stormwater/
lakes, the Daon Development Corporatron is’ mtral ly responsrble for the desrgn contructlon
and early mamtenance of the 1mpoundments The . wetlands wrll lrkel be developed in
association with Ducks Unltmlted How the stormwater lakes and wetlands are desxgned wrll
affect maintenance procedure The author's design recommendatrons for the stormwater lakes

[ . o

-
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‘are given in section 6.2.3. The recommendation for total public ownership of "land décclly
adjacent to the stormwater lakes and wetlands will ensure easy access for maintenance, as well

asa consiste'm level of service.

N

In- water recreation should be possmle in lhe largc rccreauon/ slorm\\.llu‘ lake |l the

deslon suggestmns given by the author .1mplcmcmed by the devclopcr. Primar\' contact-

'

)
-

_water based recreauon by resmems will necessnale testing of - water qualm on a rc;ull\r basis:
‘This serv1ce 1s provxded by both the Provmce of Albcrta and the Cu) ol l*dmomon lhu l)mn
Developmem Corporauon wxll delermme Wthh procedure 15 the most approprmu or il both -
will lqe necessa'ry. Minimum levels of water quallly for primary contact recreation, enforced by,
the local board of hea'lthx,' will have te be met. ,

Also- ' peoplc active"" in water based recreation will- requxrc sﬁpurvusnon l)ll)ﬂ

Developmem Corporatlon Lhe Clty of Edmonton or. Lhe Ellerslic Subdxvmon comniunity lmguc ‘

w1ll therefo:e be requ1red to provxdé xllfeguard services. Who pays for this service should also

&

be establlshed in-the mamte@aﬁeeh‘gg{'__

T will also be necessay&&u Alsr

" park space surroundmg the stormwatéf.lakes and wetlands.' Extra care by the personnel in

L & , o
keeping the green space free of grass cuttings, seeds End,.leaves will aid in th‘e control of

nutrients in the impoundments.

Occasional maintenance in the form of opening an (losmg Lhc hand opcratcd weirs,

holdmg the runoff in the wetlands, will also be rcqulrec I, the simple structure used for

.

collection of floatables will need to be cleaned periodiéally Tae weLl‘ar.Js themselves will require
.
rmmmal upkeep excepting sporadlc harvesting of the larg) plams in Lhe fall to reduce the

posslbllxty of the creation of a nutrlem sink.

‘The large majority of numents w1ll be kept out of the stormwater ]akcs by Val‘lOUS
J rgethods, especially the wetlands. Neverthelcss*,.‘m_ume, the stormwater lakes and wctlands_ may
require maintenance to dgcelerate the process of eutrephication. The tracitional method l” or this

is dredging. However, dredging is costly and time consuming. Also, dredging, by rcducidg the

~.
S
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macrophytes and the attached algae will result in an increas. i phyt_oplgnktqﬁ (Lee-and Jones,
1980). R
 An alternative 8 dredging has been created and tested by E.A. Hickok and Associates,
in Minnesota. The _proccdure is a sediment harrow methoc}. modelled after a Swedish prototype,
wh_ich ”sAlows the release of phosphorus in the Wate& and reduces nitrogen through
."dcnitrif ic;Lion. with an injection of calcium nitrate into the bottom sediments. The process
which was tested in Long L_'ai(e part of the Rice Creek Watershed District.,_.was suecessful in
imprg;ving the lak(;g)ater quglity. Also, the harrow sediment tfcatment was completed m five
weeks, compared to the six montt.ls_needed for dredging, and ‘at a 75 percent savings in cost
‘ ovcr-tvhe convent’ivonal' dredging metho('a (Willenbring, Miller and Weicén_bach’er, 1985; Hickok
‘ fan'd Associ’ates, 1985). E.A'j Hickok and Associates received an a\;vard from the- Smithsonian
Instititute for the planning, dévelopfne‘m and testing of this method (Hickok, 1985).
B The stormwater lak:e‘s in 'the. Ellerslie Subdivision wili not require work to st-op
‘cugo'phicat’ion for decades. By then, it is likely that the sediment harrow method described
* above will be more common, with a Canadian firm able 16 provide the serJice. The procedufe;
u‘scd will be de'cic’levd upon by whomever is: r;sponsible for mpaintenance at that time.
Re.sponsibility for maimenarilc'e of th multi-pp‘rpose stormwater lakes and wetlands, in .
the Ellerslie Subdivision, will eventually fall with the Parks ana Recreat.io'n Department of the_
City of Edmonton or the community league fnadl_e up of local  -sidents. Either v thg task:of
keeping the lakes clean, water quali‘ty high and the wetlands func ~ming well, willmsened if

. the community members are aware of their role in reducing effects of urbanization on

stormwater.

6.5.3 Community Awareness
Most members of the public hav limited awareness of where the rain and street litter
go after a rainfall event and few realize that runoff usually enters a stream untreated. A public

educated in the function of the lakes, wetlands and other components of the stormwater
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management strategy for the Ellerslie Sudivision and in their role in the scenario, could be
valuable to those responsible for tlle maintenance of the system. 1f.the Subdivision community
members are made aware that their actions are reflected in the quality of the lake, the actions

.

of the residents may change.-

v

Awareness of the stormwate‘r'- managemeht system should bcgiﬁ as soon as a potential
hbme buyer shovl;s interest in the Ellerslié Subdivision. Often the primary function of
As;ormwater impoundments is’ shielded from the public.’ The education can continue into the
building stage as honle owﬁers are encouraged to“use grass pavers or p‘orous pavement for their
driveways, andh'l‘o use rain barrels and other on-site measures (sce scc‘tion 6.2.5). Also, the
residents should be éncour?ged'to plant érass,‘tré’és and other vegetation as quickly as possible.
Inspiration could come from the del/'eloper by vegetating public arcas early in the dcvél’obmcnl

process. -

L

" The education on the responsxblllty of citizens in mamtammg hlgh waler quality in the

lakes and wetlands’ should begm with the introduction to'thc Subdivision and cominuc as an

on-going process. This respon31bllny is t0'not add to the pollutants which collect in lhc streets

L4
and become part of the urban runoff. Aware'less programs in other locauons have had positive

«

results (Poemer "1980; anemore 1980). For example in Madlso?, Wisconsin, ‘a strong
citizen leaf cohtrol program was instigated, af ter the public showed concern for water qualily'

and this was successful in reducmg numem loadmgs in the lakc (Ahcrn Armstrong and

Stanforth, 1981). T

LRI

The awareness prqgram for the Ellerslie SublelSlOD should deal with the refraining

o

-

from durnpmg anythmg into the streets or natural dramage courses including leaves, seeds,

grass cllppmgs ammal d\Bppmgs used vehicle oil, paint, household cleaners, c1garcttc butts

.and other litter. Encouraging the residents keep the streets as clean as possible is especially
imp“or'tant in Edmonton where . lreet sWeeping is not done as often as it should be. Residents

must be showr Lw theit actions directly affect water quality. -
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Résidems can also have an effect on runoff yield. The, increasingly popular prgctice.of
using impérvious inter-iocking concrete ypavers in large areas of private ;ards should be
discouraged in the Ellerslie Subdivision as'the stormwater yield would be increased by such
methods. The more positive ‘on_-sitc hard égrf ace inf’ iIfration alternatives should be encouraged
in the public awareness process (see Section 6.2.5. and Chapter 3.3.3 .

Who provides the education 'prog'rar'.ns for the Ellerslie Subdivision is closclydinked to
maintenance rcéponsibilily. Therefore, the devéloper, Daon Development Corporation, will
provide Lﬂe information ear]y in the life of the subdivvisic.m . After a few years, as maintenance
rcsponsibil}iy shifts, so will the educat‘ion responsibility-of either the City of Edmonton, the
‘cpmmun.ity league or a combination of both. ‘

The education process will invol\ve the productioh‘ of literat_’ure, workshops, signage and
personal cxchange of - mf ormauon Field- (1980) writes that government sponsored films
(v1dcos) on urban stormwate_r gontrol shoﬁld%‘; magle available to community groups.

An extension of ';he concept of residents taking respo@ility.fof;runof f from their

property is that they feel T manc1a11y responsxble for high quahty mamtenance of the recreation

arcas, including the recrcauon/ stormwater lake. This will be dlscuss‘.ed in the f ollowmg section.

e
P i

e
v

6.5.4 Acccptance of Non-conventional Aﬁproaches to Stor'mWatér Management
' Lhanges are taking place in ‘the. approach of developers and government agencies to
W
urban drainage and stormwater management. Max}y ‘of the alternauves tecommended above for

the -Ellerslie Subdivision are non-tradmonggand will require change 1_n the way that Daon

Developmeént Corpofation develops the site and in the approval precess by the City of

s Edmonton.

After .citing many problems associated with a stormwater lake (Beaumarls) in the city
of Edmomon Hmch (1984 175) wntes that: "Assuming that all parties involved have learned
from the problems assocnated w1th the earlier lakes such as Beaumaris, the current trend toward »
the developmt;nt of ‘u?rhan slésrmwaper lakes should continue with the recognition that the lakes

&' .

H
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can play ar. imn rtant role by prbviding richness and variety withimkthe urban environment".
M . * Y, N A o
From the Beaumaris example it is hoped that the City of Edmontor. has’ understood the

importance of water quality in a recreation/ stormwater lake and maintgnance of the lakes and
@ ' . Y-

surrounding areas. Also, it is important Lh:'at the City recogniz}é‘l‘ﬁc potential. of stormwater

lakes to be multi-purpose facilit_jés. Change is required from the way t}{él. at present, all

o4

: * . - :
stormwater lakes are generalized into one type of land .use category. The existing zoning
procedure does not reflect the potential for.multi- purpose lakes.

¢

The Daon Development Corporation would be providing a uscful prot‘o’l.ypc' should they '

- develop the multi-purpose stormwater/ recreation lake and wetland treatment system. The role .

of the City of Edmonton could be to €ncourage the development of multi-pufpdsc Facilitics

through land dedication allowances.

.

The present interpretation of The Planning Act, 1980, used by the City of Edmonton, -
3 ,

assumes that a stormwater lake is useful only for the single purposc of the utility of Tunoff-

drainage and is assigned the land use zoning of Public Utility Lot (PUL).:fEThc PUL arcé is not

part of the 10 percent of land that is required as dedication from the developer to the City.

' Many people including the author, Stanley Associates Engineering (1984) and the Edmonton
- . A

Regional Planning Commission (1979) feel that some flexibility is ‘needed in land usc poliéiés B

S

which are relevant to stormwater lakes. .

In the case of the Ellerslie Subdivision it would be more appropriate to zone the main
recreation/ stormwater lake and somé of the smaller stormwater lakes as Municipa{ Reserve
(MR) becéuse they will fof;ﬁ rﬁajor recreation sites within the community (The Planning Act,
1980; section 99(1)). The ’City- of Edmonton will not "‘vz‘.readily agree to,‘thi.s because df’ s
exlp‘erience with stormwater impoundments; most of which have been single purpose lakes wilﬁ
no treatment of runoff. Daon De’veIOpmcm,CorpératiOri will be ‘requircq 1o QCrﬁonslratc how
the wetlands and other alternatives will‘, be incorporated into the rhanagement sySLcm to improve

>

the runoff quality. The work in this thesis will, hopefully, be uscfal in the vcxplanali‘on of the

wetland treatment system by Daon "?evelopment Corporaffon 1o the City' of Edmonton.
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The wetlands, natural drainage s{stems and some of the stormwater lakes, which

Sp

incorporate existing ponds, would be suitable for classification' under the Environmental

Reserve .zoning (The Planning Act, 1980; section 98). To gain' approval for these as

Environﬁaenta] Reserve dedication the Daon Development Corporation must take precautions
gt R

4

'

in tﬁc grading of the site to ensure that these features remain in their natural state.

The issue of land dedication is importaﬁt to Daon as the ’10 percent of the development
(0} money in lieu of ) that must be'given to the City representg a substantial amount of c_a’pital.
IT the- gcvszloper were able to include p;;ts of the stormwater system under the reserve

re&uirgments then additional funds would be available for the creation of recreational

amenitics. All those involved in the Ellerslie Subdivision would gain from a more progressive

~ arrangement. The City of Edmonton would gain a low maintenance multi-purpose lake-

wetland recreation system within its boundaries. Tuc Daon Development Corporation will save

a .portion of the large investment reqﬁired for an urban drainage system and they will have a
series of amenities to offer potential buyers. New residents will gain from the easy access to
water based recreation and educational wetlands. Also, professionals involved in stormwater
managem‘em will hgye a Canadian state-of -'the—a_rt stormwater management prototype to
observe. | |
‘ As discu‘s'sed above, community awarenéss will be imp((r’tant in the optimal unctioning.
“of the stormwater hanagement system. And once the urban drainage system and its relation to
recreation is‘ understood it is likely that residents will be willing to pay for maintenance, as has
been found in other studiés (Baxter, Mulamootil ahd Gregor, 1985; Debo, 1977). Therefore,
whoever finally becomes responsible for maintenance could irhplement a system.of payment for
-the service. This éould be in the form of a membership to the community league or a utility
payment to the City. Such a system has been successfully used in Boulder, Colorado where an
equity tax is applied for use of drainage facilities. Incentives are availablé for reducing runoff
from a private site or. to a developer for ,i)roviding' extra storage ("fhompson, 1982). Other

authors have found that once educated on the subject of urban stormwater management,
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people generally accept the drainage utility fee asif’% do other utilities which are provided for
them (Poetner, 1980; Finnemore;1980).

W Therefore the residents of the Ellershe Subd1V1310n will have to accept changg, as will

the City of Edmonton and the Daon Development Corporauon, to have a successful

multi-purpose stormwater management system.

6.6 Legal Aspects of Stormﬁater Management for the Ellerslie Subdivision

As discussed in Citlapter 3.4, legal issues affecting stormwater management include
riparian rights, liablity ancirrnaintenance.

llhe issue of riparian rights will not affect the Ellerslic Subdivision (assuming l‘hc
recommendations given in this thesis are incorporated) as there will be ﬁo privatcly owned landl
abutting the water bodies (excepting the natural drainage channels). The land surrounding the
lakes will oe public park land, maintained mmally by the Daon Dcve]opmcm Corporation and
then by the Ci.y of Edmomon or the commu.ndy.league

w‘ o :

Daon Development along with whomever is responsible for long term maintenance,
will be expected to provide extensive safely measures to ensure no accidents take placc. _Liabilily
for accidents in stormwater lakes has_ yet to be assigned to any party in the Canadian courts.

Responsibility for maintenance of the stormwater lakes, natural chanric]s and wetlands
in the Ellerslie Subdivision should be established - 'early in the planning process. A legal
agreement outlining the responsibility of the developer in the building and maintenance of the
facilities with requirememe for safety should be made between the Daon Development |
Corporation and the City of Edmonton. Also ;'ncluded in this'document should be a recognition

~of where maintenance responsibiltiy falls once Daon's: time period is over. By initiating such an
' A

agreement, Daon Development Corporation would be expressing to the City of Edmonton their

long term committment to the Ellerslie Subdivision.
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6.7 Summary
By meeting the objective of minimizing negative changes to the hydrologic cycl¢ to as
little change as possible, the alternatives given in this chapter, if used by the devéloper, will
substantially reduce the runoff yield and pollutant load that would normally accompany the
urbanization of a new urban area. Thié in not to say that the natural system is perfect.
Flooding ¢an take place in a natural environment, as it did in the Ellerslie Subdivision area

during 1974, However, significantly less runoff flows.from the Ellerslie Subdivision under

existing conditions than would if it were urbanized using the conventional drainage

technologies, Theref ore, the developers of the new urban area ‘should incorporate alternatives™

which are the least damaging to the environment and make the most use of the resource. Also,
the alternatives proposed should, 'to some degree, lessen the intensity of the high flow periods
and drought conditions. |
Usin}g}'ragiitional technologies, the Ellerslie Subdivision would generate, on average,
j
3,000,000 cubic metres of urban runoff annually, as well as 1700 kilograms of nutrients and
270;‘000 kilograms of | suspended solids and associated pollutants, per year (see ’Chapter 5.5,
5.6). Usc of the management alternatives di_scussed would reduce these values by at least 50
percent. The management alternatives include wetlands and opher mei'ms for treauncnt of
runofl f , stormwater retention impouhdments, nz\atural 'dralinage channels and various on-site

storage and infiltration methods.

The use of the treatment methods outlined will enable the runoff to be used within the

Subdivision for recreation and irrigation and to augment municipal supplies. The recreation

component of the management system is another primary use of the multi-purpose stormwater

a0

lakes. '

g



7. SUMMARY

7.1 7.1 Summary and Conclusions~,_ | .
' * / y o
As an area becomes urbanized, forests fields and wetlands are rcplaccd with burldmgs
]

and roads. Under tradmonal development condmons this change woild drastrcally reduce ‘

‘infiltration and evapotransprratlon rates and result in mcreascd yrcld and pcak llow lhc '

alterations to the hydrologic cycle also result i m changes’m the rcccrvmg stream morphologv and.

. baseflow as well as 1n mcreased erosion levels Also accompanymg the increagegn total volumc ‘

of runoff, with- urbamzatron are numerous pollutants including mtrogcn and phosphorus

sediments, toxic metals, petroleum hydrocarbons, organic chemicals and choridcs'. -Mo'st ol the

pollutants are assocrated wrth the total suspended solids. N oo

~

Stormwater management techmques are. mcorporated mto a subdrvrsron desrgn to dcal

‘with the changes in qunoff as an area becomes urbamzed.. Convenuonally, only peak flow is

regulated by municipalities in Canada so it is only peak flow that has been considered in

mvolves the use of gutters and storm sewers to rush the ‘stormwater from the area as

quicldy as possible. Nevertheless, ‘change _is underway.vin the stormwater managemcnt ficld.
Urban stormwater management ls evolving into ‘a. ‘multiplc objective v‘practlcc. A
v multidisciplinary team approachwto urban drainage will ensure that the numerous objectives are
considered. These objectives incluoe the 'reduc_tion of.total flow volumes and pollutant loads,
preservation of highly - pervious a'reas's_uchu as forests and natural channels, provision of
Tecreation and aesthetic areas and the use of runoff within the new urban arca as well as the

traditional objectives of minimizing property damage and providing f lood contral.

In this thesis, annual runoff yield data were used to form the basis for the stormwater -

management proposal. The runoff yield modelling was\chosen because of the projcct

-

requrrernent for an overall impact of urbamzatron of the Ellcrslrc Subdivision on the rcccrvrng

N

streams and water bodies. The Thornthwalte water balance proccdurcs K¢ Thornthwalte 1957,

<
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e plans. ThlS has resulted in a general approach to urban runoff that managcmcnt

et

I \7;—
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modelling revealed that the 1ncorvggrauon of conventlonal technologies in the
Subdivsion would result in an average increase of over 7 times the existing awal water yield.
The runoff yield data were then utilized to make projections of thé annual pollutant
load in the surface r{moff. It was found that the potential average annual volume of 3,009,000 -
cubic metres of urban runoff would be accompanied by 1700 kilograms of nutrients and 270,000 .
kilograms of sediment and -associated pollutants. ’ N -

" The data were then used in.the production a stormwater management proposal for the

Ellerslie Subdivision. The use of annual runoff yield data in the design of a stormwater

‘ management system is what sets this study apart from previous works. Numerous studies have

;:-zpcen cohduéted dn increases in annual runoff yield with urbanization (Waananen, 1969; James,
v‘196'5; Hol.lis, 1.977: Muller,1967; Hartrﬁan,, 1972; Laycock and MacKenzie, '1984). However, |
thc’:s.é author; do not diséuss design alternat‘ives to accomodate the potentia! stormwater yields.
Also, stormwater _maha-gement proposals for' new urban | developrﬁems are submitted on- a
regulgr basis across Canada but the engineers writing the reports use peak flow data f or various
design storfns to create the management scenartio (Stanley Associates Engineering Ltd., 1980$,b;'
Paul Theil Asgociates Ltd.),' 1983; Fred Schaeffer and Associates Ltd., 1987). Therefore, the use

of annual yield data and runoff quality projections, which demonstrate the effects of
v , &

> urbanization on receiving streams and water bodies, to propose stormwater management

alternatives is inﬁovati\}e. This is not to suggest that peak flow data should not be used but, if

storage is priovided to the degree noted for peak flows then monthly and annual values become
more important ih facilities design.. |

The pr‘opo'sal discussed in detail, in Chapter Six, is. thé author's preference of the four -

alternative futures outlined.The .stormwater management scenario proposed by the author

} wpula reduce '{.he total annual yield and total yearly ppllutant load by at least 50 percent. This

- would be accomplished through careful design early in the plannning stage and with
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conscientiously applied construction techniqu.es. Eiistiné treed sites “;ill be incorporated into
park areas. Wetlands and natu£a1 drainage channels will be preserved and linked to form part of

: : 2 '
the runoff storage and transportatioﬁ system. Pre-urbanized infiltration rates would be
repliéated'through the use of grass pavers, porous pavémcm and vegetated swales. Various
erosion control methods are proposed for use durin-g the construction phase. And, recreation
+ and aesthetic requireomems will be met through the provision of multi-purpose stormwater lakes

and wetlands.

L The stormwater management .proposal includes n%néroui ireatmcm techniques,
. s .
noteably the the use of wetlands, that could be incorporated into the system to treat the runoff
so it would be useful within the community.Also, after treatment the runoff wQuld be less
‘detrimental to the receiving stream, Biackmud Creék and the major water body present, Cawes
Lake.

As well, after treatment and/ or storage the runoff could be used within the Ellerslic
Subdivision for recreation, irrigation, ihdustrial supply and groundwatér recharging. This usc of
urban runoff will tranform the stormwater into a resource, within the Ellerslie Subdivision.

Substantial financial savings may be made by the use of the non-conventional approach
to sporrﬁwater management in the Ellerslie Subdivision. Urban drainage is the largest servicing
cost supplied_by the developer. The wutilization of natural and oper channels, m most arcas, 10
supplement of underground sewers would feduce these costs significantly. "Furthc;morc, the
many tecl{niques employed to reduce total volﬁme and increase infiltration would result in less
runoff flowing into the stormwatgf transportation system. And, thc use of stormwater to

- augment r_nuniéipal ‘stupplies, would also contribute ‘to the financial savings within the
Subdivision. The various-alternatives including the wetlands and clean stormwater lakes would
?)e f inancially positive as the developer would have marketable amentities to offer potcmial‘_
hom¢ owners. "

As proposed, the new residents of the Ellerslic Subdivision would be made aware of the

effects of urbanization on stormwater runoff and their role in the optimum functioning of the
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runoff management strategy.
Also, méimenance and liability responsibility for the wetlands, open channels and*the
stormwater lakes would b- established carly in the planning process through legal agreements.
In summary, the developer of the Ellerslie S'ubdi(v'};ion, Daon Developmtent
Corporation, by using the stormwa£er ;nanagement system recommended by the author in this
' lhcgis, has the opportunity to create a subdivision that would:
1. a) havc"é\;lcast 50 percent less total runoff yield and pollutant load than would normally
acéompari;fvurbanization,
2. b) encompass multi-purpose stormwater lake€®that would be of sufficient water quality to
allow for primary contact water-based recreation,
3. «¢) include wetlands that would be highly aesthetic, provide treatment of runoff and be

. educational sites, and,

4, \save substaritially on drainage costs.

7.2 Fatre Koesen
Stormwatcr  inagement and urban hydrology are relatively new topics of research, a
great ¢zal of which i “one at the practitioner level, Nevertheless, there is a lack of published

Canadian inforruat’ n. As most Canadian jurisdictions respon51ble for stormwater

nanage” .ont, ai ' . of the Albertan mumc1palmes do not yet l{ave regulations or policies
@ .

requiring deve > to consider runoff yield or quality, little research has been done on these
ir corainat octs of urban drainage. Therefore, the author recommends that the' various

v :volved in stormwater managemem continue to consxder runoff yield and quallty
regulauons and related policies to protect oxg{ water resources. .

The production of regulatlons controllmg stormwater volume and quality from new

subdivisions, and smaller develop/mcms', will be the most cost effective approach to reducing.

-the effects of urbanization on receiving streams. The Metro olitani Toronto -and Region

~ Conservation Authority is, at_the time of writing, considering the possibility of stormwater

T
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yield a lity control policies.

~ 2y, Hanman and Cantor (1980) suggest the usc of local ordmanccs 10 comrol 1hc
stormwater volumes and quahty from a-mew~urban arca. The ordinance would also bc used 1o
protect natural systems and establish maintenance responsibility carly in the subdivision _
approval process. Axline (1982:200) agrees with the creation of ordinances for the control of
runoff pollution and volumes and suggests that L_hcy be: "regulations that are politically
acceptable to local governr{lents, yet are strong and specific em.)ugh‘lo be enforceable™.

Howevef, the policy makers will require regionally“specific informatipn on stream flow

to ensure that quality and volume re'gulations are not unrcasonablc. Also ncccsearv 18

additional research into multi-purpose facxlmes especially those whxch will reduce non- point

'

\Eollutlon

ncouragement for research ahd practice of multiple means, multiple purpesc, -

alternatives could be irgg'the“fmm‘ of g/ovemme‘nt grants (Goldfarb and King, 1982; Picciich,

1983). The grants program could be from enﬁc,r fﬁderal or provincial g0vcrnmcms Although it

is likely that the funds would be dlstrlbuted and projects monitored by the province because

. ,y.l; .

water resources and related land management fall largely under provmaal jurisdiction. Or
~

N
T

areas where the local mummpalmes are respon51ble’ for stormwater managcmcnt the

mumc1pahty may ¢ #oose 1o monitor the rant program.
B grant prog

Ix =

-Funding should also be made available. to universities 1o study annual yicld and

pollutant loag. in urban runoff for the policy makers. Also, as urban stormwater is, ideally, a
i
multidiset#linary issue, non-engineering faculties should be provided with financial incentives

7
to cor_,ijgl‘ct research in this engineering dominated field.

' . .
As well, further research is required concerning the individual pollutants in urban

Tunoff (eépecially PCB's and petroleum hydrocarbons), the total annual yield (which carry the

pollutant. load), long term value of wetlands in urban areas, use of %unof f, legal aspects of -

stormwater, long term studies on natural drainage systems and in the management techniques

which simulate pre-urban infiltration rates.

~



151
.& N

The vstormwatervrflanagemem system proposed by the author, if ‘incorporated into the

Ellerslie Subdivision, .could be a prototype for a long term ,sthdy of ‘natural drainage systems.
N . . . . ’ . . :

The study could be a test how of _effectively the effécts of urbanization could be reduced

through the low and non-structural alternatives which are recommended. The water quantity

and-quality levels ot” Blackmud Creek,,,: Cawes Lake and the wetlands could be monitored bef dre,

during and at various intervals after the construction period. Should the monjtoring of the

1',". :

strcam flows and water quality reveal that the stormwater management proposal discussed in

this thesis. is as successful as is anticipated then other developer: may incorporate the proposed

techniques in their new urban areds, o - ' S
LR N S

. \ G
The stormwateg manager‘neﬂt ;

,::rg,iVJAleéis prlded by the author, if.developed, could be -

used to demonstrate.that when the processes of nature are considered, the resulting design is of
: ‘ ¢

value to both the members of the community and the environment. * | [ '
' .- . j::‘ .
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Thornthwaite Data (1975- 1984) Tables 1- 10.
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Month Ppt PE - Surplus f Deficit
mm cmm . Zmm 13mm  50mm 100mm 150mm 250mm SOmm IOOmm

April 29.8° 19.2  20.4 17.1 17.1 0 0 0 0 0

May 52.5 73.2 24.6 8.9 8.9 0 0 0 0 0

June 99.7 +102.6 63.0 37.6° 0.6 0 0 0 29.6 0

July 68.7. 127.9 32.7 [ 11.6 0 0 0 0 13.4 0

August 98.5 86.0 46.3 23.9 0 0 ~ 0 0 25,6 24.9

Sept. 11.4 63.1 0 0 0 0 0 0 14.8 14.8

October 24,1 24,3 9.8 0 A 0 0 o] 0 11.9 11.9
" Nov-Mar. 75.1 0 87.8 54,87 42.2 . O 0 0 0 0

Total 462.7 496.3 264.6 153.9 68.8 0 -0 0

95.1 51.6

o

Appendix Table 1. 1975 Thornthwaite data for various storage depths
for the Ellerslie Subdivision. (Source: author; Environment Canada,
~Annual Meterological Summary for Edmonton International Airport).

J
-/
- U
Month Ppt .PE . . Surplus Co Deficit
* mm o omm 2mm 13mm  50mm- 100mm 150mm 250mm 50mm 100mm -

April  11.7 4%.8 5.5 0 o o -0 0 .0 0
May - 30,2 82.2° 8.1 0 0 0 0 0 . 33.1 0.
June 90.8  89.6 42.5 21.97 .0 .0 0 0 ..2277 -22.7
July 74,7 112,40 35.3% 13:.3 0 0 -0 0,7 40,1 4001
August’ 111.1 109.2 65.4 31.4 0 0 0 0 0
Sept., . 43.0 70.2 26.8 7.2 0 0. 0 0 3.1 3.1
October 9.9  24.5 2.4 0 0 o * o0 0 14.6, 14.6
Nov-Mar, 86.6 0 - ~48.5 48.5 33.6 0 O 0 0 0
Total ASS:O 529.9 T234.5 122.3 33.6 0 0 o}

113.6  80.5

"Appendix Table 2. 1976 Thornthwaite data for various .storage depths
for the Ellerslie Subdivision. (Source: author; Environment Canada,
Annual Meterological Summary for Edmonton Internatiomal Airport).
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Month Ppt PE ’ Surplus Deficit
am mm 2mm 13mm  50mm 100mm 150mm 250mm SOmm 10Omm
April 18.9 0 0 0 0 0
May 131.9 0 0 o -0 0
June 12.5 0 Q 0 ° 50.0 8.2
July 90.7 0 0 0 35.3 35.3
August 86.5 L0, 0 0 10.7 10.7
Sept. 38.0 0 0 0 Q ' -0
October 0.4 -0 0 0 16.2 16,2
‘Nov-Mar. 56.8 P ips 0 0 0 0 0
§ o D _
Total * 435.7 513.7 252.5 153.ﬁ Y6 0 00 0 112.2 70.4

Kppendix Table 3. 1977 Thornthwaite data for various sctorage depths
for- the EZllerslie Subdivision., (Source: author: Environment Canada,
Annual Meterological Summary for Edmonton International Alrport).

?
” . L~
. ‘ ' | :>'
Month Ppt PE - (\\“fg Surplus - . Deficit
mm -~ mm 2mm & mm  SOmm 100mm HSOmm 250mm 50mm 100mm
- Apri: 16.1  36.1 5.7 0 0 o o 0.0 . 0~
 May’ 64,2+ 74.1 3.0 10.6™ 0" - *0¢ 0 0 o .0
June ... 40.6 1112.7 . 6.6~ - 0O - ] 0 .0 0 51.2. 26.6
July % 63.6 120.8 31.7 . 19.2 -0 0o -0 0 s7.2° 57.2
August 11l.4 "96.9 770 . 64.0-27.0 . 0 0 0 44.7 44,7
Sept. , 141.5 °**60.1 106.2 . 87.5 71.2.48.2 0 0 0 0
Qérober 17.3 °35.9 8.1 0 0 0 0 0 0 0
- Now<Mat. 88.9 = 0. 63.2 52.2 18.8 0 0 0 0 0
' Totdl - 540:6  534.6 331.5  233.4 117..0.48.2 0 0 153.1 128.5

s

\

Appeﬁaix Table 4. "1978 Thornthwaite data for various storage depths
for vhe Ellerslie Subdivision. (Source: author; Environment Canada,
Annual Metefological Summary for Edmonton Internat}ohal Alrport).
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. A

.

»
Month Ppt 'PL Surplus c Deficit

. mm mm 2mm 13mm  530mm 100mm 150mm 250mm 30mm 10Cmm

April - 31.2  17.8  27.3  26.3 26.3 ,26.3 .2gj3 0- 0 0
May { 36.4 3.0 23.9 5.6 0 "0 . 0’ 0 0
June 70.2 104.0 .35.2- 10.4 0 0 0 0 23.2 0
July 111.0 123.1 65.7 32.7. 0 0 0 0 27.0 0.3
August 40.9 102.7 12.7 1.7 0 0 0 0 46.6 46.6
Sept. 50.2° §0.9 » 20.6 6.3 0 0 0 0 21.1 21.1
October %2.7 4.2 2.3 0 0 .0 0 o ,-21.1 21.1
Nov-Har., 76.8 0 85.8 80.1 61.6 61.6 59.8 0 0 0

Total - 429.

ANV}

s1s.7 207.¢ 163.1 87.9 87.9 86.1 0 139.0 - 89.1

Appendix Table S. 1979 Thornthwaite data for various storage depths
for the Fllerslie Subdivision. (Source: author; Environment Canada,
Annual Meterological Summary for Edmonton Internatiogal Airport).

- oo
——

i

ﬁ M *
L
Month Ppt PE . Surplus ' Deficit
’ mm mm ‘2mm 13mm SQmm 100mm 150mm 250mm 50mm 100mm.
april. . 4.0 53.6,, ‘1.4 1.5 1.5 0 o 0 1.9 0
C May ¢ 43.0 B85.0&724.0 ‘13,0 G .0 ‘0. 0 60.8 - 16.6
< June. - 131.9 -108.2  68.20 46.0. 1.6 -0 . 0. 0 .0 o
-July 69.2- 116.3 «»30,3" 9.0 0 . -0 O0n .0 . 8.2 =. 6.6
August 194.8  86.5 -150.1 125.7 #46.1 16.1° .0 0 1. 0
Sept. .+ 55.6. 54.9 36,9 23.3- 12.0 12,0 O " 0. 0 0
October 11.2 33.4 - 6.1 0O 0. .0 .0 0.~ 0~\< 0
‘Nov-Mar.105.2 -0 86 Lk 81,7 44.7 0 .0 0 o'/ o0
Total  614.9 537.9 403.1 .300.2 125.9 .28.1 0O 0 .0 " 23.2

)
0

Appendix TaPle 6. 1980 Thdrnthwaite data for various storage depﬁhs
for the Ellerslie Subdivision. (Source: author; Environment Canada,
Annual Meterological Summary for Edmonton International Airport).
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Month . Ppt

Surp¥us CDeficit

mm 13mm 50mm 100mm 150mm 250mm -5SOmm  100mm
! . . '\.‘_ ~
sApril - 18.3 8.8 5.5 5., 0 i 0
May . 10.2 .3 %W 0.6 0 0 @O 0 0 .6
June , 15¢.1 100.7, 109.1 93.3 .s4.3%®4¢.3 o 0 2
July, 104\5. 121.0 "~ 56.3 -~ 32.6 32.6 32.6 0 [0 <,
August 129 114.5 0 0 0 0 0 - o0 73y .9
ept. 36.2+ 49.5 15.8 0 0 o8 0 0 13.5 13.5
gctober 12,2 25.8 6.1 0 0 0 0. 16.5 16.5
‘Nov-Mar .%64.7 0 40.7 40.7 14.1 0 0 0 0 0
Total 409.4 5'}.9 237.4 170.1 106.5 36.09. 0 0 215.3 145.7
. T
E-g [+ 2 Bl

Appendii Table 9. 1983 Thornthwaite data-for var
for the Ellerdlie Subdiwision. (Source: author;

3 storage depthyg
Enivironment Canada,

Annual Mqterological"Sunma}y for Edmonton International Airport).

)

"o

. N : J'i‘x!"{i. .
S . §§%' . '?E - :
o . ‘7 e =
R D o .
Month Ppt - PE Surplus Deficit
- mm mm 2mm 13mm  SOmm 100mm 150mm 23Cmm SOmm 100mm
April 6.6  39.9 1.1 0 .0 0 o .0 0 o0
May . 55.9 66.7 27.7 2.8 0 0 0 0 10.1 0
. June | 66.2. 104.1 . 34.9 48.0- 0. -0 0 0192 10..0
July ' 48.2 122.0 - 24.8 7.8, 0 0 -0 0 68.4 ° 68,4
August 30.5. 114.2 1.3:7 .0~ .0 0 -0 0 88.7. A8.7
Sept. “116.3 46.2°  96.0 74.6 0 0 9 0 9.2 9.2
October 6.6+ ,29.5 1.1 0 0 .0 0 0 0 ] )
Nov-Mar.118.2 0 64,8 58.7 21.7" 0 -0 N 0 0
Total  448.8 522.6, 251.7. 161.9 21,7 0 d e 0 195.6 176.3

Lo

Appendix Table 10. 1984 Thornthwaite data for various storage Hepchs

for the Ellerslie Subdivision. (Source: author;

Environment Canada,

Annual Meterological Summary for the Edmonton International Airport),

‘
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{

Month Ppt PE Surplus : Deficit
mm mm 2mm 13mm  50mm 100mm 150mm 250mm SO0mm 100mm
April 9.8 34,7 3.2 2.8 0 0 0 0 0 -0
May 46.9 83.5 19.53 0.8 0 0 0 0 24,7 0o . )
June 42.3  93.1 12.3 0 0 0 0 "0 37.0° 14,8 v
July 157.6 116.3 97.3 60.5 2.8 0 0 0 11.5 11.5
August 10.5 123.7 3.2 0 0 0 0 0 62.0 58.9
Sept. 33.4 70.7 18.3 7.1 0 Oy 0 0 46.8 46.8
October 30.0° 24.1 21.6 9.9 0 0 0 0 0 0
Nov~Mar., 40.1 0 68.5 61.8 33.0 33.0 11.1 0 o . 0
. Total 370.6 546.1 243.9 142,09 Si,é 33.0 11.1 0

182.0 132.0

4

Appendix Table 7. 1981 Thornthwaite data for various storagé depths
tor the Ellerslie Subdivision. (Source: author; Environment Canada,
Annual Meterological Summary for Edmonton International Airporc).

) T
\‘ -
\
”
Month Ppt PE . Surplus . Deficit
, . mm mm 2mm 13mm  50mm 100mm 150mm 250mm SOmm lQQmp
Capril 164 22,7 T11.5 11.S 11.5 1105 0.6 0 0 0
May 27.9 ~76.6 15,0 2.9 6o~ 6. o0 0 17.5 0
June 25:1 113.2 2.0 o:: 0. 0~ 0 0 88.0 34,6
July 204.6 119.1 154.5 _126.9 75.3 25.3- 0 o> 4.4 bob
"August 43.2 89.7 14.4 0 ‘0 <0 < 0 0 39.0 0o -
Sept. 35.6 65.0 17.0 5.3 0 0 0 0 21.3 10.3
" *October. 39.1 29.3 33,4 11,4 0 0 0. e 1.6. 1.6
aNov-Mar.124.5 (o) 126.1 118.9 96.2 46,2 0 0 0 Q
Total  516.4. 515.6 422.6 "278.4 183.0 83.0 ' 0.6 O 171.8  70.9
. . . v : ’
. Appendix Table 8. 1982 Thornt ite data for various storage depths

for the Ellerslie Subdivision.¥{Source: author; Environment Canadd#,
Annual Meterological Summary for Edmonton International Airport).
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