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" ———infrequent sampling unteliable: Though the variation of*

~ period of flovember 13-14, 1979, qnd the outlet was

iifer quahty

from non-point Source urhsn areas can be d'e‘zer‘mined Wit frequent

¥ snmpl)ng. the extent of change dué to the urbamza:m s poen-—in

Erequinity detetnined” Nistig-6F ustin storm funofE with ‘uater fron
other. source avass nay be deleterious because of high Yield rates of
dissolved and suspendéd solids. The sarpling prngramms of this
research was deslgned for frequent sampling of three. dlfferent urhan
-and tuo ion-urban. sub-catchiments' and the outlet of “leary's Brook  in

St; -John's, Newfoundland, Subirban r'esidentiai, comrciax;indusmn],'

ntchmenr_s vere sampled rotationally

porking lnt,'rural and. forested sub.

by hand on- an hourly schedule for sxxteen hours dur)ng the storm runoff

atomatically sampled
hoyrly over 24 hours’ for the sané rainfall event.< Sampling of all

sités for the sane storn allowed comparison between-the contributions

_in quantity and quality of stoth zuhoff for the five land use types

and the basin as'a.whole For gffectively the same precipitation and

antecedent mo;’\stxjre conditions. Tempera(ure and conductivity of hand

" collected samples, Were deteimined ‘in the field, Discharge was,

Teasured by stage and later calculated by the Manningequition’ or.by
fating with current atas edel et Laboratory analysis was also
carried out on all sariples using spectio-photometric techniques fyr"
pH, Lurbxdn.y, phosphate and mtrates " The: response of Leary's

Brook basin to the November 13- 14 ‘storn was domnated by the non-




% urbanized pnr[iuns ofthe basln, alr_hough the urban hlgh fast response

in water, solite and suspended- sedi’ment yield rates ptaduced a cor-

siderible short term e{fac: on ‘the Gytlet The overall rdiponos «of ‘the

busin was an’ ngg:egate nLJ_hE urban and on—urhan camponents. Alth&ug‘\

‘the ditlet solute and sed menz yield rates uere considerably: Tlavger than

i 1
those of the’ faxesced Area,\:he ﬂutle[ yiéld rates were. not’ as high as

sampling proved useful S, single ﬁtq‘zm saripling /of uve sxtes, “but

nay ameliorate urban runoff effects

/ tion dn‘outlet response_

sub=catchments to’ be unabm C

—
harly other” urbaidzed areas.’ Parking Lot runoff demonstrated that not

< u{. urban land use'causes runoff detérioration. ‘Plannxng and management

This uudy darmns:xazed a vatia-

n—-un‘ifor d genevation controlled by’

land-use rar.h:r “than pxecipuacion diseribution. Hourly 'mhational

frequent sampling of urbar runoff vould bé an 1mprnvement. * Dry weather

- sampling.of 3 sites’ in the basin shoved_the nhoic,a of the repre!entativa g




conszderable pat:.ence. Mr J:un Everard to\g was .

: 1nvalpab1é in the ,debien of the automatic ampler
: .

“and the H flume, and constructed both with ¢onsid-

erable skilll. :Both Dr. Yoxall and Mr. Eve rard are

tnénkealro carrylng dut wilth ‘he-the, dry weather il

samplmg ami analysu. Als X
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mmff.’ The objective of £his’study was to comparethe water quality

and its “ariation with TuadEE bf  complete hetéropeeous drathgge basin

with that from several sub—-catchments “within i, pardcular]ylthe urbad

areas. : The sub-catchments were: seiected to represent the confribution ;

g i of diffarent (RN types £ ithe quan:y of the total d:.scharge Erom

" Particular amphasls vas given to T B solute and

[he basin:

: suspended sg‘amenc yield. ratn.s of utban and no‘n—\lrhan tunoff under

E comparable antecedent mo;s:u:e candl{ions and precipicaman 1l|put

In analngy with the hydrngraph, r.he plot of the vapiability (hrough g

:ime of the chemlcarl consti:uents of zunoff has been termed  the ‘chemo-

Vo graph ®avis, 19715 nited in Glover and’ Jphnsnn. 1974). . Recehtly;: the .

IO . controls nfrnatuxxl brein chemographs ‘have heccme better. underr.tuud and; -

'[hese studies have: proved useiul i the: undetstanding of natural rnpte”

processes’(e.g- Toler, 1965; Nakamura, '1971; Walling and Fosr.et, 19759.

.. Many, studies have been maﬂa of the variar.ion of urban r\mo!i qunn:y

- wuh discharge (faz example, Wiebﬁl Andersen and, uondwaxd 19643 Ame'dcan

Pubnc Vorks~ Assuqutinn 1969 weorits, 1q7z Anginoy 1972 Sarr.or and

Buyd, 1974 D:oite and HAtLt 137Sa+h Cnrdezy, 1977; l'k:Cuen, Conk and.

N Pwell ]380)




3 chemograph& has been Limice

. uhich appears to be :ne u

(Cxippeu. 1967"Cherksuet, 1975 Kleh\,

1979) S In :ms study. the simultaneous naasuremen: ofivater ‘quality.

riability vith dlscharge from several’ use’ types vas undertaken'-so

that. direct’ comparison of che ot o

1.2 The chemgraph

This sudy em’.ailsd/z.m nr.r.emp: to. hridge a cnm:eytus]. gap in

the: reseatch of hydrulogy relatiog. t4 urban effects on watet” quah.:y

par(lcular th forest:erl sub—-cac:hment wvas, usgd ‘as 'a "doptrol" ccndltion

“for the assesgment” af urb.ln xunoff “The fores:ed sub—ca:chmenr. vias

condition, and thetefore differences in ;mmsf

dssumed as a natura

fram m;her Lmd-use were considered to te deviaciam from’ that n

"ith chis vievpoint, a revlaw of :he natutai stream chemograph 15 3

. given below, by ‘which natyral smply ‘means’ nnn-urban and furested, and”

rlyfog Pssumptlan in wost. cf the hydre— At

1051'31 literature! ‘review of urban hyarolnglcal

Subsequently

effects is" made.  That’ 1s7to say the extent. ‘ of deviatioi

hydrolngy Fron the stated- r implied

quan:iu:xvely and quali:.!\:ively




chnnn&l with 1“[1: or no- cﬂnuct vll’.h ol\lte auu(ce:. In :hg most

. Fosker; 1975) In tumpaxnte forescs, hwwn, I(:wle;r. and Hibbert

“ocurs ml "qni.ck “£low" without any overlnnd 1oy This, the :eauléun:.’

: (Haiang and lo:lsr, 1975)+ 'l'h:ls has. be:n al (:ibuled to l:o-plet ionic

as djschar;e 1m-.uuu. This. dmp u' ‘largely-a dilutiod effect. with

of "the storm

/ \.-w.n:- of: nfa].l enter. the

sdme terns,; m. is°a. uuuuon of bueﬂw by flood vater (wa.mn; and

(1967) have fuul\d that Subsurface flow is dominant and ‘wost Tunoff

dlscharge and chemng

h u a. cmym hixing of,lrlhqlnmry nou and

bund water now, wM-:h nay be, solll[e udgu, and a variable ‘source area

-uuius of -nhmn .

Sone solutes may. ‘show.a’ vari:

ot are. often in

l:nnplex viour, and

.to muﬂ'

.um;n closely™ spaced storas may résult in potassius dilution

u:encdan with the ou.nmx fn:uon (Hu, 1970)

A Enuhu camle}d:y £ the, chm;rayh of many solutes isa peak in

& start; nf l:nn tunoﬂ. The ﬂ.uslnnz effecz

tées which resaln dL’Lute, since thel do nok come.in contact um. el

S




: - - The trough or peak of solute. 3 s does not al in-

o

- o = c)de with the Elood peak, but_ ofteu lags hzhind. Glover and Jotinson .

'\ T 975) deseribed this chemical 1ag eftec “or dexay, of solute erough.

after Elood peak, and’ expluned it ugui‘m terms of  the- difference in

speed betveen the flood pel.k naumng as @ kin«n:i: vave am‘l the:

g :olule tmugh lnang with ‘the mean ba:ex valou.(y. 'l'hay duemxned that * -

. K /
3 s e pviierbp OF 1g genera:iou was only, noucuue for hrae basins.

mentu umaller than’ .

With hourly’ aampung, no lag yas dekentablz in’ca

- R
the ordu of Hagattude oE 100 kn?: Glnver and Jnhnsun ulso volnt:d ot

_that- xhe 1.; phenomenon - they duuribed is the ‘cause of }\yszexesu frz-

quanzly observed in disgolved snndédﬂdurgl ratings.

A lag dfect.hlu since been observed b} w-n.ing ll|d Fasl:er (1975)

e o occur even ‘ for -small tntl:h-mts (e.g:- Back Btook 2.45kn%) - Also;

‘of the raph_trough p ’ :‘he flood peak n.ye;.beex{'
-+ ‘made (m“, 1965; Walling' and Foster, 1975) Different snmées may

_*even dmsm:; different: :;us for :y, same storm. A similar

(1971) £

S variability of lag time was urun mpn(t:d by Nakamur.
2 h piy

10 kn? basia. %

Idnl-atlc wave gmenuon wich Pmduced a chenical lag effect. Thay

nd’ JO/wun, m: naximn Lag tings ver .ssncmed

dry. Am:ecad:n: conditions and loer Tunb£E . Undex :hus ondi:innu,

the dry gmund and \lppat soil Tevels \ruuld’ -ccu\nulnza readily soluble [ ..

! materfal., nunng the. étorm, .these sources would supply sollizes to

-u.n-:un ‘higher, concentrations past peak Elw, but depletibn of solutes




thus pro_d\u:ing a lag effect: . With higher zn(ecedenl soil velnzss. fev:r

lnlu:es‘ -mu have accusulated and dePletion vould ‘be: more mpu,, resuler

Ie;:)mn n ytodlu:es ‘a hysterJlLs in che rating of saxuu con-;

'cmuau s .gun.: dh:h.rge.

“. trough 1ag after runoff peak| a and' Toler (1965) de cribed the ‘opposite

.
effect by, Vhech s6luté: trouphs:were) advanced before Tunof £ peak; pro-

d\u:ing lnti—clochdne hyi:e:elis. In tha ﬂrm: case, Hendriuksou Hnd

mnoii n\uh 6f ‘accumul ',, ’ nf an.

. idealts

P
bysterecic Toop were the. resilt of spatfal variation nl) solute -

B © . sources and Tainfall. ln[jha other case, Toler descriBed the “advance of-

the cﬁe-axuph :mu;h beforg nak discharge as tha result of dilution of

T . groundwatér un’yi.u[ high solutes conuntrationl on the rising hydro—
" " graph limb, fouana by lncrnued grmmd water :ontrﬂmtim\ on_the: R RTINS

S falling limb. Both of: theue jtudies: were unud out in. large’ basing,

and bath Foiid, greater hystitelic “Looping with lower flows. "

sociated lag of < Lraug‘h

o Eu\md by "ulling and \Hebb 1930), and vere expllined asa ..

routi.ng pmcau con:roned b7, avar bajic ‘Floodigg. Klesy, they, daséribed .. 1

Variations in hjgteretic luoplng and 1 the’ dizection of looping for the.

il 3 =k o
e sy 5 %




Heide;

dxscyarge have lsu heen. Hescrlbed‘

5o
raigs an atea of ’io,cuo e explai d the effect as “the: rasulr_ of

g kil\ematic wave [movenent of flood peak. From"stydics of ‘nuch smaller

basids, Walling' and Té

- “effect.of ‘clock]

fnent: peak before,

usually was,_ref 1ected n the zdvanne uf‘ suspende
)

‘disch&rge pEak. Halling (1978) . suggested bath@u:i&{ubdlfﬁerenﬁ

puuied lauds fzom\ruxluus source nreas and the depla:ion of supply of "

wi;h storm

con| trollins this

H Eurther

as’a 'conttolznf both: sedimert and Solut réshonse; o

%143 urban hydzulag‘icu skfacts

L Quantitazsve efEects

AlEhough ‘urban ateas cover ‘but. 2 small Part nf‘t e Tand

. su:fuce',':he 2 effects ‘of, are extzema.v Legpold

(1968, 5.2) has gone so. far as to-say that

“of"all: the 1andeide.




st forceful”.. Urbanizatton $4C100s% the Shanges \qx land“use fron

TI to suburbnn. indut(iai and_ other utbnn cn-mil:y uses. H

, ninety. tmr. af

cmrm .Ie s than [two

the increase of impervious sreas‘and the alteration of

" pattern by'c

annelization and sewering‘(Leopold, 1568). . The pm’c'ass‘of iioate

inyolves che g of 3

alteration of quo.npny.’

n\n pmn has beea 1\::1; Planned, or

i: plasned .’.”xabun (1972) deseribed it as thnugh lebelopaent vete ‘taking-

graphy

v l phce across a "Voq’,"rhuagn-ukg featureless phin” in vuch o):

and the wter regine’ are dluzegxtded. .

snrface 1- seen as nule mon{ than a




i WY 3 q, Waananen; 1969,-Espey and wx..smw, 1974)_.
T pzbanxzsuon, hwevet, it £FECES of au aspILcts of: the hydrolag:u:al I

regime. Bvapurﬂtian ‘add l’.ranspiration are reduced and infiltration is,
redul:ed or preventei Ovarland £low and xune’ff are dncreased:in quan:ff“‘

. . |
fra ax\d chadged 1n timing. Groundvater levels are affected in various vays’

L SN “a5 outlined’ by Leopold (1968) There are dltect changes in hasin

phclogy. drainage density and chalrmel motphology: However, becauss of ‘the

engineering design requiremen o, iuch attdntion has been given:to daneic
g 3 tg 9

et :A‘:ive studiés of urban peak flow and hy71mgraph prediction:

. o . ‘

A : areas, graded -surfs:es, gutters and st[ %{/g contribute m,xapi\i
9

Peak £low i Very much increased by yatartzackon. " Lawgg ¢ lmpetvicus ;

i tunnff and high péak flovs. Leopold (1968) predicred from the synthells il

vl BE :availsble data- that peak flow coulJ Ye increasdd bj-6 times Hlth mo

1mpetviaus cover and 1002 sever ‘coverage of a basth, for the-mean annu}

\ Eloog. Fox largzr scurms, this urban effec: 15 reducad. The dxfﬁexence R

KT response tine and yield hg:mn_.y.:b-ia—and non-urban, ‘ateas ‘is reduced

Hitn hlgherdm:ensity and longer storms, as larger areas contribu @ m

runoff addvitet yie1d innzéuses for r\mn-urhan urgas (Espéy and Winslow,
Rl <&
197,,) ot N ; o, 5

. 0% R4 It has'been nofed that connectivity bf impervious areas to.the storm

er’ systen.is a wajoricontrol of heightened’ and quickened peak flow.




L : Ba_ s ‘u) r'lenigaﬂon “of stream éhannel’ anlnr;uen; showed |this - <!

v‘effect. Areas with .m..m. and: streats not- .mud lud ur.ug cHannel

‘mp.nd uL:h sewered areat n, T:rsl’.xiep nd suu |

enlarg:un

axeas and d:nmlu the dl.ssolvul axygm 1t was obyiois  some ‘time qo 3




fron lawng (Barton, 1978) . - The supply of these haterinls will vary with -
nafﬁc £1ow;, a

land use, c.nm: sul ’éce terials, and age

of tesldences (Slng , 1975) Uzban runuff msy cor\tain signlflc-m: Toads

faecal -bacteri i"eavy q:gtals and sus—'

c'hm terisr_ica nf urban: runoff outllned in ¢l

distim:uVEIy \l({zan v:hmlogrnphs 5

purged St af the syste ('Ellis, 1976, P 731),

Timing of. urbnn water quality vntiltiun shws some properties’ lik
|

those desznbed for. natiral runoff; alr_ho gh zagnltudes ‘are greater.:

- Ellts (1977) ‘gcind: that uater gudlity of sto ater’ disc"harge in an

area’of London; xngland,_uas dominated’ by E e Load of suspénded sediment

carried The 'so11ds yié1d frequently sho_ d s double peak of a pre-

di chdzge peuk "first Flush -and | a secon?ﬁry lagged eak. The two

lag of serﬂwanc conuan:tnclon, vhich w?(lld plot ﬂ!,_diinim:t ‘anti-clock-

. wise efeti loups 3 ted that: the ﬂ\lshing of ‘an 1nter—

In

examPlas of - sedinént:" : i ‘pregentéd s ed strong=—




They found ‘annual; y!eld ‘rates of 16.3 g Ha 1.5 ok

-1i=1
3

£ron thz equlvalem’ a;ea.

;oF ‘suspended sedmem;s e s(om runoff 'I:ompared with. 10. g mg ha

ay- sanitary seuage f:um the! same; drea: ‘m l:omparisun with sécondary .

r.rea:manl plan: effluenus, the mndsn?—Lsmm Tunoff was. of 't

L;ke the water y;eld effect: af the cm\nec:ivir_y of 1mpe‘rvious areas’

- to- zhe urhnn drainage system, Mnt':raw (1978) found- a rehtionship between

»tban s[nm water qualify and 1mperviuus area’. conneCtivity. Macnvm

heasutad Lhe: runoff md q\mlityv of. runof’f from r.hr e urban’ areas ;ln Flnrida

- !esldenttal hxghway md shupping cem;reA He reparﬁed factots affenung-




able extent From, o1 paiﬂt Sources. -

They also fm.md in

Thex\e h.lve heen _feb &

vudies repurted 1n whlch W diseet cumpatl—

‘son’ of -

rban “and o urhay runoff qua‘[iry over b ghirk oam ing- pe!‘ind

5 blsln under develnpmeut‘"‘kunaff £rop: these basins vas. though[ not: ‘to

include any “point. source t:nmponents s gle stem average yields foi:

;he Tura 1. nnd zeéidential basins dre Hown I Tabla

<l oW hasin»produce 1gn1£lcan[1y hig‘he!‘ ylelds, cf hur_h sugpended and dis-

solved, solidx, hnuever. the cancantrscions "of: dlssulved solids vere |

S generally, doverin. the urban nmoff Dilution, of dfssolved idad yad: 7 e L
b muzh“greecew in-the sub-urban reﬁdentlal TuefE. i g




tommean yield, Milvaukee; W:

" (Cherkauer, 1975 4+ b)

| - .SUBURBAN.
. RESIDENTTAL

.- Suspended”

sediment

Total.dissolve




" -amounts ‘of precipitation.

« Table 2. ' These Values shou)

" thas Erom nediun Jensi

A.more exzensive study of 1diduse sticts on’ storm r\moff quallty
was repnr(ed by Gritfin,- Grizzard “Randall"and Hart1gan (1978) They

measured .discharge and rudoff quality of 2L sub-ca:chmencs within o

large bastns 1 the vxc).nity of ingtor D C. :The-

mpatison’ of. 1“21' use

veTe um‘ler awide Fabge of land uses, anaslen

effect on water qualll:y Sequential dgscrete samples uere collec[ed for

eal:h storm event.: By calcular_inn of yield zates (reported-as vields of

,puunds/acrelda‘y). comparison was. possible be:uecn dlfferent sized

basins ‘groyped as'land uge types; which received varying timing and
y ! /

‘A selection of Griffid- et'al:

suspended solids lnads “tron

rural zm:al phoaphamus and- total nim;gu'a yield rate was found to beé

vdry ‘much less than’frum other land uses, mcluamg agricul:ural

Howevet, the Tural suspended dedimnt 1614 ate vas: snmewhar. larger

asldential aress. . Their data. analysis led

Gt:lfﬁ.n e

al. to ccm:lude that -the present imperv).uusness of an area

"had a highly slgnificant influence on nutrient aad suspended sed),mem:

yields.

v .
jGrizaard, Randall;. Hoehr and Sanders (197&) pubhshed a pnrtion of

the study reported by Griffin et al. (1?78). T‘hey immd ammal yie lrl

ra:es “fox: non-urban Tunoff of

6 g ha L™ 1 total nitrogen, and 0,03

g ha Y7L rotal phogphorous;. and the larger valueg for urban Funoff of

1.07 mg, T and 'o.ob g ha'ls"l fm— toral m:rogen and phcsphurnus

resperxively, demnnsr.rar.ing a doubling of thie nucnen: yxeld rate of .

urban Lang-use" coupared with non—uﬂmn.




. Meanstorm yield

ates for varidus land . uses

ishingtor, ‘D.C

- URBAX

AGRICULTURA

MED. DENSITY... COMMERCIAL
RESIDENTIAL © AND SHOPPING'

Sispended *
. sediment’

0,75 -

.92




3 measurées.

'es’zec).ally in urban afess.

'me lmgha =1, lms'uodzngh..‘

“Another, ‘s tudy in che~Washfngton D.C.y aiéa‘zx Ragan, Dietemann

and Moore (1977) oE runafE quulity of, vzriaus land uses fcund urban

2L supply,of &

The atmosph - may pravide

T wa\s sugge’s ted by cnffm et al.

and ulso fnuﬂd by Be:son (1978) who. measired nn(rients “tnibulk 'precipll:a~

samples. He also faund ‘i the ] noxville, Tennessee area that lirban .

runnff quah.r.y 'was simuar to cumparahle ‘rural areas.
iy

suspended
€

In stxnng contrasl to th! urhan vAlue of 19.3 mg ha

sedimen: ‘yield rate estma:ed by Drosr.e and Hartc (1975b) . thg annual }

&
ine yaai Tiean) sySpenied sedlmnl: yield a(‘ or a faresmx basin neat

St; John's, Newfo\mdland, 'as -L 03 mg b s and £01 - the ‘month pf Huvember

.09 wgha st NAQUADAT 4g0). omr #aer quality ‘aata for Noxr.heast

Pnnd River are pxesented in Tab e ‘3 Yor the mesri.yater yield Tate, for

»Smnted dissolved selids mean yields

S yhosphurcus and o 013

e ha L™t dlssulved m\mgen. Thlsvxphosphuroua 1e!d rate s an orde: ot

o







]
o

. 187 =

‘. smaller but the of the! same order

magnitide 31 for the ‘above .reported

 urban. storm, rnnoff Hd‘wever, bnth ‘the. ....mg.z ield rates calculated

for. Northeae\: Poiid :River. vere lu m'der of. magnitude s than- riral stotn,

xundff nutrient! yield !atzs, and’} two ‘orders of iaga cuds Less than ot

Als'o i the vienity of:Le.ry“s Brook

dolrected £ron fourt £b rivers on the Avalon Pe nvsnla ear st.
Johnis (Jamuson, 1974) . The. mean‘valuea Lof pH, mndumvi‘y and crbidicy .
were siuilar to the median values of Northeast Pond River. Although there
were several tirbidity valus clnse to the Nurtheast Pond Rive

median of!
g.s’ /310, the.mean walue of the ‘fourteen sites’was‘more than tulfe: that

Also, the mean pH value was smneuha\: ‘Wighet than :he medidn for,
‘Pond xiver,

Table 4 gives, Beddan gnd range oF alizee vater quality

values” fot ‘the. foutteen sites.

A Dutuned _above, | uthan “storn Tunoff ‘has ‘been ‘shown to carry signif

dant nutrient leoncenttattons relative to sanhiary sewage, ‘and frequently

much higher, suspended solids.

Compared mn natural ‘waters, urban o)

Tunoft of ten produces higher dissolved and. uspended solids. yleld rates,.

althnngh the timinig of changes in ', ! sédinsnt y is in

urh.‘m runoff may be sinilar to that £rom non-urban areas,  From research

£n other aress, 1t could be expected that: n:bain areas of Leary

Broek

would produce high yield. rates and concentrations Cof atisolved sonas,

5 nu:rienns nd suspended - solids-.

vm con:rqsc "t na:um areas of Lea!y s










= i 0 .SIGNIFICANCE OF UIBAN ‘AND NON-URBAN WATER QBAL[‘I'Y IHLEAKY s HKOGK
B

-1 1 Purpose of muly and contdbubiw to hydrology

& % The greageat emphasisTin tth study was placed m—ﬂim‘runnﬁ

end Funoff auality. menmesj an essential part of the Sempling’ and

snalysts vas mmxon of ‘non-utban -rusoff,. £ which the - sip\lfi.

. cance of urban runoff" vlria‘bles <could be :mlplxed. - Although no. area’

o umm. the Leary's Brook basia has boen mumued .n:hrapogenxcnuy, N

“the farzs:ed component of the basin s runeff wvas. seén ‘as the ‘original.

nd mmul state, upon'whinh the urban and possibly rural develnpunr.

. has mpmd chlnge- With the basin and lub-c-:chmnra selected nnd the

S ampl‘lng me thod \med i.n thi..l study, the auuﬂptinnl af 20

non—u:han

B A
 runoff quality and. poor urban runoff q\ulily fould be assmsad; at both::

* the Ievel of mdxvtdn-l Tand use’- types and as ce-pmn:s of ‘the mwft

sggregate reaching tbe basin oiclet.

The” upeeud ef:egc ©of land use was 'thn ‘rural areas imulrl pmdm

slow rumofs “response, with 1ot suspended and dtssolved. solids. ylaia®

u:a.s ﬂtbaut great v-rtazhm through a storm perlod. - In contrast, e

uiban aréas vere expecied -to produce rapid:Funoff esponse, hi;h sus—

& pend:d nd d.1.nolvcd solids yhl.d -rates and.wide varlntim in these

. vater quuty plhnmnrs Gvér'a Storn runoff peried. ~This co-pltilon of
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trols, bu the ydroj a and" 5 Asgdiment

the basin.

2.2 ‘tseal mporcam of 'study

e

area has’ prumpted constriction of ‘a nvllec(ivn system for szcnndaty

treatient of !anitary sevage (Newfoundlnnd Design Assnnlates Leds),

C2974). “The monipoint. source: of yater pollution ~ urban'storn watet -

will ‘thus bécome rahtively more significant. s smed dviva Ta

Chapte 1; suspended sedient and. solute yields £ron et unotF caa he

suhstantlal Pauicularly withthe ‘flushing effecl: urban Storuuater

runoff pvl!\xtant yield rates | “Can.éxceed that of domestic sanitary sewage g

A (BeFilipvi ‘and shih, 71): ‘— Tn general;, ur‘ban s(;am Tunoff does not.

: carry such heavy conéentrations nf snuds or solutes as seuitary sevage, -

'but when the ‘very: large s:nm water yx:m ratau from urba'n ntess ave.

ansidered suspandeﬂ snnds and snlu

Fov: sanftary isevage Eron the Same ared, ,Amjualrl\y somonstRient

Yields tay exceed those in ‘effluent :from secondary ‘seudge ‘tréatment and

fpé, some yar{ables, may exc

yisia ratas nay be higher than’

ed sanitary:sewage yiclds (Droste'and Hartt,




“should include meadur




LEARY‘ BROOK BAS!N

3. 1\ Locati.on of study urea Ty

+ 'to tha ues«t and nurth of. the city;of: St Jahn s Newfoundlind wlth the




" 3.3 Basin'characteristics, .’

FO 73.31_ 'ro’vo%zravhy ;

% e * ition at theontlet pmured in Figur

2, of 54n abave séa Llevely ‘The

g mderm in slupe.

here Thorburn Road i:roues th:,divjd

3 32 Eeulogy sur(hl

upIand areas, vheré bagrock s ex‘pnied and is. coverdd by i el nxﬁariij:‘

“soils 1n, some: Towland ateas. 'lhemraine foa s:rong :111, 576 m.

thick h - is ptedcminuntly humucky and occaslomally v;-\eared. Some

drind gpo1d mraing oceiirs dni ¢ & nurth of the “basis

The basin 15 under]a: hy the late

. Point: Ynmatlonl of'm'Coneepuon croup.’ The largest pmson, o Lhe

2 bnsin s ur underhin by, the ntook Femtion, ke

uhich

silt joleanteTadrics wiFE of vhits. The MIstakér
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! and* for: the Leary's Brook b'asin ea descrihad, by King (1979 and ¢
‘pe‘tsm{ai‘wmunicaunn) Huwever, v:mnplexity of foldirg-and inadegvate

expasurs make the surface gontact hetveen the Drook aiid; Hiszsken Point

Fnrmations ln the basin area poar}y defined. Far this reason. no

ateempt has- been made to presént’ a map cf ‘the bedrock J{strihutinn £

the study area: Never:heless, it’canbe stated that, the’ Pitcher's.’

Forn 4‘ : -’fhe' Place’s and the’ Hos—, o Vs

ital parking ‘Lot sub»cacchmem s well s ‘fuch of he ‘residertial

“ pnrunn of: ‘the basm are’ underlain By the Mistaken Point esmatton ok e

| Since runoff from urban aréas’is to a great extenf_ cim:zoned by !

the! impervions sufface materlali connecte:

to che charmel Gystems i

‘seens unukely that thé hedrack genlogy would have a slgnificant effgrc:_ b

:he till would be de!ived ‘from the Drook Fomatiuq Henderann R ¢

a to northeast glactal sbvendat which would ot have

imported othek Tobk typas: £o the hastai The short travel dhx:.mces would,

" provide nnly Drank Formation mar.!rials to t'he h-sin *Thus, tha sub-

e cntl:hmentu of the bnsln may reasnnahly ‘e’ com rsd for wuter qu-n:y ¥




2 3.33'véguauon el SV

The natual Sorzst vegetation of the ‘basin is bnzul

A furest, consisting of. black spruce white spruce, balsm‘n Fir,

hrubs. Where the‘

i fr{ encly uinite “bizeh as well as vannus deciduaus

L forest cover has been r]is:utbed By £ire or cutcing,‘rev:gecation by a

hrib verin a'e ceurred.’ Solla under these huren], furests

are. typlcally podzonc. Where soils are poorly developed:on hill tops,

: ‘vegetnclon g’ sparse, and is ar.cxibuted By Henderson (1972) -to the" thin

¥ : - tills. Howevez. foxest or shrub covers 707 or 14 km of Ehe basin. In

n L thie low lying areas of spptnxunate aréa 80 ha organic soils are develnped

_.unnejbogandfen. § s B 3

Excapr for upllnd arens, distal fzom szrum i:halmels, it cuu1d be

bt & expected that the tnres:ed uzeas iof the hasin uoula be highly pemeahle %

o rainfall “and prbv:.de no major sourcés: of suspended sidinents siiside

iy ‘the ‘strean channels. ‘7 < BT y 3 s ¢

of the riral. areas in agricnltlltnl use very Lietle 1 under tillage.

hese ;aTeas can be

*Most .is nsed for pnsmmge “or furnge cutting

which would reach :he stream chznnel Ln quam’.ity ds suspended 1ﬂ.

In cun‘trust the veget.atiun of ‘urban’areds is very limited in

: i extent.” Generally, the natural vegetation ‘and assnciated snus hate; ¢4

g _ heen'stripped away and ré 1aced by asod cover, pavsng or & butlding

' The residential areas are not highly tree cave(_ed. The small lots.d\n

Rot, alloy for ‘dense trae-grouth and there has not been time sinés.

axpected t6 ‘have telar.ively high pemabilicy aid Few. sourFeA of solidsm g




—3'1,~"

development for the feu trees “dn thuse areas to grow to- ma:umy, “There
. was little s1gn of zvailable soil far removal \dl.l:h I noff during \‘.he

study. petinﬂ in the residential afen; - BoEN the 0'Leary Avemue commer-

cial/industrial and the’ Hpsyita‘l parking sub-catchments have isolated:
pe d, e spity : A e {aols
small patches nf'relativaly ‘tgidtsturhed Tonest vegetation; hojéver,'It’;

these ateas contrihuud s:{gnlficam:ly to the

s, imlike;.y ¢hat

edrly area alsu had ExtEnSiVE areas, uf devage-

“runoff ssmpud.- The 0

tated and unpaved s0ils which mayhave’ canl:rihuted slgnifxcanr.ly to the

‘suspanded sidtiknts nf storm runoff.

3.34 Land use

Urban® dévelopment of . the- 'hasin is cuncen[tated to [he east

end arouml zhe outlet, and’ mostly wi(hin the clty limits (see thure 3). .

| A'square ku ter or five pe:l:ent of the basin is residential, and ‘i
a e

mostly .ung1e and o' Fémily- subprban housthg:+: Another 1.3 k. o even

pernen: of the basin is light industrial, al and .ins )

'l'he largest cnmercial uEE is'a 1azge s'hopprng cencre, the

& under which 300 m'of Lesty's Brook is

w i ) Rural develn;ment ‘caverx appraximar_ely 165 ha or eigh: percent nf 3
i

e e the] hssin This land use including n\r&l houﬂing and some’ ugticultut :

o miy
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%0 :
Ji 2 e 2 i & Lanis and Surveys Division i 2
v £, e v . ) - Dept. of Forestry and Agriculture . '
Prov. of Newloundiand -

Vil Land.use and drainage of.Leary’s Brook basin’



éind -construction of, roads.” g ]

£
1
{:

Four roads radiate from the Mall area..’Three are: towards the

outer basin' divide = the Trans<Canada Highway,. Thorburi Road and

"czwe’; Road. * The fourth,” Prince Phillipgfarkvay, passes neat, the

outlet
In the. year prior to the November 13-14 samphng penod major

. imew, develupmn: in’ the basin’was ‘the widening of. the Trans—Can.lda

umghuay to four. lanes and: the preparation”for industrial park use of '

. an area straddling the brook west of the Avalon Mall: 'Preparation i

included femoval of a forest  covér,.'channelization of stream.sections

|

3.4 Description of sampled 'sub—cstu}’;» nts. K \

| 4T Hospital parking Lot

The smallest sub—catchrunt vas 8.1 purking area ear the bssin

outlét, m the vest [of" the Geheral Hospital:Health Sciences Cumplex‘

Locations nf this and other sampled sub—cltch\nents are shown n Figure
4 dad, détail of the.parking 1ot sub-catchaént in Pigure 5¢ The parking - '
b azchment was chosen to deternine the contribution to water: quah.l:y
from'a paved atea vhich vag not affectsd in dny way by housing or

comercial/industrial use, either by surface drainage or pessible spill

1 5
over in' the: ground from sm"dlary‘sevage. The one “hectare larea of the.

sub-catchment -va§ made up of curbed and asphalted parkingu{n two .

segments” (aréa 050 ha), as well as an uncurbed road- section (area

0.07 ha), The reiiaitder of. the area was' partly bounded by, .an uncurbed
1 5 2 b \ B ) e
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5 . Map of hospital parking:lot gub~cg'cllmynl
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Figure




onto a grass <overed

atiing £rom, an upper elevation of §5.2
Thesipper ‘parrki.q area-

* roadway dr
ared, which, included a -uu copse of tred
in’ u.l:v.t.lwn and drathed hrough

car =apacx:y was 60.4 to. 59

e
the curb at the southeast corn_
“The ceatral toaduay dralngﬂ thmu;h a v:];l’.lt!d ditch: .na dt.nined‘ 7,

~ sewer.
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Figure 8 View of Ayreshire Place outfall

and typical housing
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Forty-four full iats were included in' the’ sub—natéhmaht; typically - . + s

0.05” ha in‘area;: althnugh Cotner Lots vers. mger. Twenty-nine partial | ..

16ts ‘als contr'lhnted to. the runnff area,  Runoff was coneued by.the

K separate ‘storm sever system Feom tivo through streets uith sidewalks and

-An escimaud 0.82°ha of impervibn!

“tud doate ‘streets with Cubisi.

hich

paving ’or roefii;g was corinected by gutter. to the sever system, o

£ 9,13 ha vas ‘drivevay cvntributlﬂn and 009 was roofing.

3. |The, separate storn sewer systém drained Lhrough a 0. Aam diameter

concreté. pipe, dltectly fnea the pain nvez channel, | aout 1400, fmm, s

the basin outlet. The sub—-cat:hment surface slopda’ f‘rom 810 tg6s w

S lavationy ahd discharged into the' brosk’ at 62, 5

The basin has been defin:d by the'stoim sewe system dnin g :o

the ‘outfall,

> F ‘. catchoent. s'urme area vas fm‘n‘ @ g

i . |
5 channel to the ‘eas

3.43° O'Leary Avenue,comerc:nl/induscﬂal areu .y

et An aréa on: the south side of O'Lnxy AvenuE, E'hown i\ :

7. Rigire’9, p. 42; was chosen to détermine the watef quality contribution 5

! from 1ight' industrial,’ va and retail 1alland use.

“The area ‘of ten heGtarés vas drained by a ohe metre dlameter pipe

‘eapeying into the main: Leaty's Brook channel, 2.5 kn from the: bagin. -

L2 outlet. Figure 10'46 4 ap of the areal




L2

Figure 9 View of O'Leary Avenue outfall and street
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Contribution to the storm sbspirrol tepee i wtein, totalling
4.3 ha, was -recgived from the snut‘h half of 0'Leafy Aveiue, ‘part of Peet
Stxest, plislirge pived parking afess ‘and large flat bretilmmet
cial building roofs.’ Also storm runoff was probably contributed from a
/i.a‘ ha' unpaved, poorly graded, but.well compacted heavy equipment
iparking area in the'central patt‘ of the sub-catchment. This area and a

‘devegetated area to the west of- it were possible areas of high suspended

‘sediment yield.
“The highest -soutivest extremity of the sub-catchment had an eleva-

tion of 109 s discharge left the outfall ‘at 80 m.

3.44 - Groves Road rural area

A rural érea‘adjacent to Groves Raad vas s for 'sam—

pling, as shown in Figure 11, and was éipected to be unlike either the’
urban ‘areas ot the less dem?e‘d forested sub=catchment in water
\ quan:;ra.- The Groves Road sub-

and bounded on the southwest by

dtchment was roughly triangular in shape,

roves Road and on'the northeast by Gyllies
Pond Road. The western divide Was forested. There werd 19 houses
with farge grassed lots included in the sub-catchment along the lateral’
" peripheries adjacent fo the roads, but'the central area of. the sub-
catchugit wan foraited,, ALl ‘tha houses Vgre l:om\.ecr.ed ‘to septic tanks,
The Sub-catnhnmnt drained through a 0‘63 m diameter nulvert shown

in’ Figure 12, under Groves'Road at.an elevaugn of 118 meters. The . %

highest point in the sub-catchment of 150 m was at the northérnmost

extremity of the sub-catchment divide.
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