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Hy4rologlc ao4elinq i. u •• tul tor l~l co .. unitie. to evaluate the 
ettect. ot planned loninq on .tre .. tlow vithin a vater.hed. 
Urbanization, it left unchecked, can cau.e detri .. ntal i.pacts to a 
vatercourse. The.e i.pact. include increa.ed peak flow., reduced 
baseflow, channel erosion, eliainatlon of pools and riffle., le •• 
4iver.e fish and aquatic co.aunitie., increase4 vater teaperature., 
increa.ed .011 ero.lon and increa.ed pollutant load. to the 
watercour.e. So.e of the.e iapact. are 4ue to the increaae4 V01UM 
ot runoff vhich re.ults fro. urbani.ation and ita assooiated paving 
and land QH obang... Ot:ber blpacts are due to the increased 
pollutanta anet aedi .. nt. whieb vallb ott iapervloua ereas and 
conatructlon .ite •• 

A hydrologic .odel va. developed which divided the Bear crHlt 
Water=hod into 37 .. ~terehede. Based on lL'\d use and soil 
inforaation fro. each .ul:Ivater.hed, the aodel develop. flow. frca each 
area. The.e flow. can be coabined at various location. to repr_ent 
a coaposite runoff by4rQ9l'apb. With thie aocSel, the land ue for a 
aubwaterllhed can be changed and the potantial iapact on clcND8tr ... 
flova ~ .. evaluated. tbe 1IOdel can alao be uaed to evaluate 
HC)ional retention ait_. 

The .odel va. uaed to eva lute wbat affect potential urbanization 
vould bave on. ~ak streaaflova iIl·s.&r creek. 'I'br_ aoenarloe -..re 
evaluateda 

1) BxistlDtJ land use conditions usinq 1978 land us. 
inforaaUon; 

2) FUture land use assuainq \ acre residential 
develop .. nt throughout the water.hed; 

3) PUture land ue aeauai.JI9 75. .. acr. residential 
developaent, 25' open apace. 

The scenarioa vere llOdeled a.suainq no retention/detention 
require.ents. The 2-year, 25-year and 100-year 24 hour rainfall 
events vere used with the aode1. Model re.ults down to Waddell creek 
(da • 29 square aile.) are .uaaarized below: 

1978 Conditions 

2-yr. lOO-yr. 
Bear Creelt 
u/s ot Waddell 
creek, DA • 29 ai2 360 cta 1750 

1 

~ Acre 
Qeye1 Qp1I.nt 

2-yr. lOO-yr. 

560 2300 

75\ ~ Acre 
254 Open Space 

a-yr, lOO-yr. 

420 1950 



It no retention/detention requir ... nta were iapoaed with the full ; 
acre davelopMnt, tha above coapariaon indic.ta. that there would ~ 
a 30' increaae in peak flow. produced by the lOO-year rdntall and • 
60\ increa.e in flow. produced by the :Z-year rainfall. 'l'bi. increase 
in !lov would c.u •• additional flooding and channel .courift9 Vhich 
would aftect the quality of the creelt. 801M of the individual 
.ubWater.he4e which v.r ... adow had flov increa ... of 2-3 ti.... The 
rea.on for thi. i. that with aandy .oil. in a .. adow condition .oat 
of the :z-y.ar rainfall infiltrat .. into the .oil. Th. Mjority of the 
aoil. in the Bear cre.k vater.hed. ar. aandy or .andy loaa. which •• ana 
that adding iapervioua aurface will cauae a INch biqh.r perc.nuge of 
runoff. 

'l'be 75\ ; acre, 25\ open .pace scenario ruulta in a 10' inc:r .... in 
peek flow. produced by the 100 year rainfall UId a 1 n 1ncr.... in 
flove produced by 2 year rainfall. Jven though th ••• increa.e. are 
l.a. than the full dev.lopaent .cenario, they .. y .till be lar9. 
enouqh to cau.. channel ero.ion. A atr... tends to r.ach a .table 
condition baaed on a qiven flow r~i... Once thOM flowa are altered 
4\1.. to dev.1Op8ent, the atre .. will becoae larqu to handle the 
incr.aaed flows. In thi. low denaity d.v.lopaent ac.nario, the on­
aite and upland .roaion control practice. are iJIportant in keeping 
additional aediaent out of Bear cr.ek. 'l'bue ie currently a lot of 
aediaent buileS up in the vicinity of B9YPt Valley Itoad. Ita aow:ce 
is WIknown. KaintainiftIJ a tJreenbelt alcmg tbe·atreaa YOuld alao help 
to keep additional .-cIJaant out of the au ... , a. vall a. h.lp 
pr ••• rv. habitat value. and water taaperatur .. . 

Co ... rcial or 1nclwatrial davelopllel\t would c.use • hiqher 1nc:r .... in 
flova because of the ~t4tr GIOWlt ot 1..,...,1CW1f'.... In thou area. 
a gr .. ter aJIOQIIt of retention/detention voal4 be needed. 

so.. atat.. anc:l c:a.aunitie. acrOil. the country have 
r.tention/detention raquir ... nt. to ... t both vat.r quantity and 
quality concern.. Many Michiqan co_unities have regulations dealing 
with increased water guantity caused by urbanization, but very fev 
have addre •• ed ret.ntion/d.tention requireaent. to deal with vater 
quality i .. u... In order to a4drea. both COIlCKNI, a cowprebenaiw 
approach 1. n •• dad. Water quantity concerns are waually cSealt with 
by requirinq that retention/detention be used to lieit peak runoft 
rates aft.r urbanization to what th.y v.re before c1evelop .. nt or l.ss. 
'1'b1s raquir .. ent is usually applied to the entire eo_unity even 
though det.ntion at the dovnstre ... nd of the wat.rshed could actually 
increase flo",. due to delaying of the peaJt (Piqures 6a, b, c}. 
Modelinq can be used to address this pot.ntial problem, at least on 
4 reqional scale. 
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In order to addre •• vater quaUty concern., •• veral thinq. can be done 
which are otten called ... t Mana9 ... nt Practic •• (BMP'.). Soae of 
the.e ar. U.ted. ~lov. 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10} 

11) 

12) 

Provid. a buff.r or ~ •• nbe1t a10nq all .tr .... , 
drain., vetlanta and laJte.. RequireMnt. for 
buff.r vidtba vary trca 25 to 200 t .. t (on ... 11 
.tr .... , vat.r t_peratur .... y incr •••• 1.50 r per 
100 t •• t wb.n flovinq through un.haded. r.ache.). 

Maint.in •• auch v~.t.tion and. ~ •• n .r •• a. 
po •• ibl.. (Str ... te.peratur .... y incr ••••• 140 F 
per l' iaperviou.ne •• ). 

O.e ~a.ae4 ..,.1_ iMitead. of c:u.rb anc1 CJUtter. 

Di.connect down.pout. fro. .ever •• 

Provid. shade for ret.ntion/detention ponds and 
their inlets and outl.t.. 

Restrict deve1os-ant in .nvironaentally MMltive 
ar .... 

Pos.ible u .. of clust.r d.v.lopaent wbich ainiaiz •• 
the disturbed. area. 

0.. atrict .011 ero.ion control. at ocmatruction 
aites. 

Avoid cl.ar cuttiDCJ a dev.lopaent .it. all at once. 
Do the construction in • staged .. nnar, stabilize 
on. ar.a before »eving on. 

Use a sed.iaent basin .t construction .it... A 
recent Jlarylancl atudy aUCJIJ"tecl that a baain volu.e 
sheel at 3100 tt3/aer. be und. 

Provide r.t.ntion/detention for s.all raintall 
event. up to the 2-year stora. 

It .. nuaber 12 deals with retention/detention require.ents to address 
vater quality concerns. 8aa11 runoff .vents pick up and deliv.r the 
_jority of the pollutants to a watercourse. Nationally, the aJIOunt 
of runoff to be treated vari •• froa .5 inches per iap.rvious acre up 
to the _aunt of runoff provided by a 2-year 24 hour stant. The 
runoff vol~e can be treated in two ways: 
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1) Th."runoff 1. dlrected to an infiltration ba.in or 
trench with no outl.t. Th. water infiltrat •• into 
the qround within 72 bour.. In order for thia 
.ethod to be u.ed; the infiltration r.t. of the 
und.rlying .011. should be .52 inch •• /bour. Mo.t 
of th. soih in the leu creek 1a.1n are .and. and 
.an4y loau Which &bO\lld ... t this requir .. ent. 
The botto. of the basin •• hould be 4 feet above the 
•••• on.lly h19h gTound vater table. Infiltration 
provide. for the hi9h.st ruoval of pollutant. in 
the runoff and cau... the l.a.t i.pact on 
incre •• ing .tr ... t .. peratur ••• 

2) The runoff 1a directed to an extended detention or 
vet retention pond. ftM \101 ... of runoff &bould be 
filtered wt over a 24-41 bour period to allov for 
.ettling of .0 .. of the pollutant •• 

Typical dry detention be.in. with an open pipe .t the botto. which 
allow. everything to flov out doea very little for water quality. 
Infiltration ba.ina and retention/detention ponda can be de.iqned to 
handle both vater quality and water quantity conc:erna. 

It leu creek 1. a uni~ and valw.bl. reeou"C4l in this area, then the 
local 90VU'111Mntal ~i.. in the vaterabed need to develop policies 
and quidelinea to protect it. 
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lat;rp4y,t;ig 

Thla r.port evaluat •• the .xiatinq hydroloqy tor the Bear Cr •• k 
wat.r.hed and .n.lyz •• the ettect. on tlood flow. du. to the 
incr •••• d urbanization which h •• and will take pl.c.. It i. the 
intent of the report to ahow how a04eling can be u •• d to docum.nt 
th ••• eUect •• nd how aod.Unq c.n be u .. d a. part of the coaaunity 
planninq proc.... t.oc..l ofUcial. w111 be provided the Bear cre.k 
w.tershed aodel to aid th.ir decidon aakinq proce •• reqardinq land 
u.e chanq ••• 

Unrequlated developa.nt can lead. to incr.a •• d flows and have 
d.aaginq iapact. on the wat.r quality of a .tre.. .y.t ••. 
Urbanization t.nds to flll 1n an .. which provide .toraqe, and p.ve 
ov.r other ar.a. which prev.nt infiltration. The •• action. produc. 
high.r runoff volUII.. with greater flood peak. that oc:c:ur aor. 
quickly. Schu.ler (1987/90) in4icatu that increa.ed urbanization 
ha. the follovinq iapact. on a .tn ... y.t .. : 

P.ak di.charge. are incr.ased 2-5 tia.s ov.r 
predevelopaent peaks. 

Th. frequency of .bankfull floodinq events .. y 
incr.... fro. once every two year. to 3-5 tiae • 
•• ch year. A .tr ... that over the ysar. has 
a.turally .-pted to hand1. baIIlttull tloo4inCJ 
vill nov be HlIbapeddu to 1Dc:rea .. quanti ti .. 
(Sot .ore runoff) and velocity of vat.r. There 
vill be channel down cutting and wideninq (2-4 
ti .. s wider), str.aabank erosion, falling tre •• 
and .luaplnCJ banIta. 

Runoff vill reach the .tr ... aaeb. ta.ter (up to 
sot). 
Reduced ba •• tlow because less infiltration is 
takinq place. 

Pools and. riffl.. .r. .liainated due to 
aediaenution and chang.. in channel 
characteri.tic.. 'l'hi. has a dir.ct atf.ct on 
the aquatic coaaunity and the nuaber and types 
of organi.a. found there. 

Fi.h coaauniti.s beco.e less diverse with a 
sharp decrease or elimination of sensitive fish 
species. 

The aaounta ot pollutants entering the stream 
.yst .. during .nd. .fter development increase by 
.n order of aaqnitude. 

The teaper.ture of an urban stream .. y increase 
linearly .14 degrees Fahrenheit per 1\ increa.e 
in iaperviousne •• (Galli, 1990). 



80ae .. at: ,..n.tg ... nt Practice. (BlIP'.) will be 41acu.aed which 
help control 110M of the nove btpacta. A publication ~titled 
"stor.vatv ·Jlanag ... nt Gu14e})ook", IIDMR 1991, provide. acre 
detailed de.ign conaieSeration. for aMP'. related to .torawater 
det~tion/ret~tlon. 

Thia report ia deaigned to ~ourage local oflichl., planners and 
engineers to evaluata watar quaUty i.au_ ralated to urbanhation. 
MAny co..unitia. in KichiC)an have started to addra.a watar quantity 
concern., however, vary faw have taken the next .tep to addra •• 
vater quality. S01la atata. have adopted lava to addre •• thia 
concern, but Michigan currently haa none. 

The Bear creak .aterehed La locatecl in ltent CoQnty n.ear Grand 
Rapida, Xichi9U (Pi;ure 1). '1'be "1ority ot the vaterued ia in 
cannon Tovn.ahip. Baall portion. of the vatar.heel are al.o vithin 
the Tovn.hi~ of Grattan, Verg~, Ada and Plaintield. The 
hndvatera ot Bear creak atart neer ao.twick Lake. Proa there, the 
creek flowa aouth approxiJllltaly 2 all .. , betore turning ve.t 
through cannonsburg toward the Grand River (Figure 2). There are 
.everal ... 11 tributeri_ which drain into Bear creek along ita 
aaln cour... 2'.I:1e .... tern end of the vater.ahed contains .everal 
vetland ar ... and a faw IM_, tM l~t of ¥biob i. Bo.twick 
Lake with a surface area of about 210 acr_. The average .lope of 
a..ar creek i •• 35' (11.6 ft/aile). 'ftua tributeri .. in the ... tern 
portion of the vatershed have .lopea .!ailar to thia or flatter. 
The tributaries in the vestern end are auch steeper vith slopes up 
to 2.8' (150 tt/aile). 

In order to evaluate the affects of land use changes on flows in 
Bear creek, a HEC-l .adal vas .et up. B2C-l is a eoaputer model 
developed by the U.S. ArIIIy Corps of Engineers vhich saulates 
runoff for a given design stora. The llOde1, which can be run on a 
personal coaputer, i. able to develop runoff froa .. veral subba.ins 
and COIIbine thea to develop • C"~aeite hydrCCJrapb at various 
locations. on. c.n ch.nc)e the land u •• tor a subwatersheel and 
deteraine the affect. on flows at so .. downstre .. point in the 
vatershed. 

The Bear creek watershed vas divided into 37 subwatersheds (Figure 
3) ranqinq in size fro •• 06 square Ailes (38 acre.) to 2.78 square 
Ailes (1780 acres). The dovnstre .. end point for this .odel is 
just upstreaa of Waddell creek vhich is approxiutely 300 feet 
upstreuL of the Grand River. The contributing drainage area is 
29.0 square .iles. Land found to be noncontributing (in teras of 
storm runoff) either throuqh up inspection or visual inspection, 
was not included in the aodel. Noncontributinq area is usually 
isolated fro. the vatershed because there are no or very 
restrictive road culverts or it is an area vhich drains to a large 
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pothola with no outlat. Tha aaount of ftODOOntribv.tiftIJ ar .. 18 
.stl ... ted to,be .1 ~ara alla.. Th ••• are 8bown a •• haded .ra •• 
In Piqura 3. 

Input. into th. DC-I 1IOC!.1 for .. ch .Ubb&aln inc Iud •• curv. 
nllJlber, which relat •• runoff to .011. and land ua tor a P4rticular 
raintall, and. la9 (.6 x tu.. of concentration). othar required 
inforaation for th. .od.l ara reach lenqtha and slopas fro. on. 
aubbasin to the next and ata9a-atora9.-diachar9a ralatlon.hipa tor 
any culverta or .tructure. whlch _y attenuate (lower) flood. ~aJta. 

toil. 

Th. .oil. in thi. area are prl_rily .and., loaay a.n4, aandy loa. 
and loaa with ao.e IlUclc .oil. in the low lyi.n9 ar.... '!'be Soil 
Conservation .... 10. groupe all .oU. into four ... in cate90d .. A, 
B, CandO related to t.belr runoff potential. The Type A .oil. 
hava a low runoff potential and hl9h infiltration rata., while the 
D .oil. bave • hi9h runott poUntial and very low infiltration 
ratea. '!'be follovinq tabla incUcat .. the texture cIa •• , the 
ainillwl infiltration rate and the hydrologic: .oil groupift9 for 
various .oil. (Rawl., 1982): 

.."WLS 1 

'fM1jUn C1 ... va Infiltration va soil Grouping . 

Sand 
Lotmy sand 
sandy Loam 
LoaII 
silt Loaa 
s.ndy Clay Lout 
Clay Lout 
Silty Clay LoU 
sandy Clay 
Silty Clay 
Clay 

IliniJauJa 
Infiltration 

/ lag 
inchU per hour 

8.27 
2.'1 
1.02 

.52 

.27 

.17 

.09 

.06 

.05 

.04 

.02 
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Soil Grqgping 

A 
A 
B 
B 
C 
C 
D 
D 
D 
o 
D 



 

The percentage breakdown for the eo11_ 1n the Bear creek 
Watersbed ar,: 

A 43' 
8 37t 
C 3t 
J) ..m 

100' 

Secause of the high percentage of A and 8 .oil. in the Bear Creek 
waterahed, the runoff potential 1a very low when left und.v.loped.. 
Urbanization with ita a •• ociated paving and .tora .ever. will 
qreatly incr.... the runoff potential frOil th •• e .oil type.. As 
noted on Table 1, the infiltration rate. of th. A and B aoU. 1a 
very high. '!'he.e bigh rat .. of infiltration are ben.ficial vIlen 
c1esiqninq retention/detention sy.tau to rad\1ce the ~teota of 
urbanisation. Infiltration bUina ue ~ wen trutinq 
runoff fro. developed .it... In order to be effective, this type 
of BKP .uat have underlying eoils whicll bav. intiltration rat •• of 
.52 inche. or acre. Th. _jority of the .oil. in this _tar.bed 
appear to _t this criteria. 

MRA Ose 

I.and \ISS inforaation vaa 4eriv.c! fro. the KichigUl Resource 
Inforaation Syatea (JllRI8). 'l'bue data ue baMCI on interpr.tation 
of 197' ~u.ri&l pbotGtJraptw. 1'h1. va. then UM4 a. the ba.is of 
e.tablishing exi.ting conditions prior to aignificant d.velop.ent. 
Table 13 (Appendix A) li.t. the land u... which are contained in 
tbe JIl:RIS data bUs. For this study savard of the .... were 
grouped top1:ber ... tr .. t:ecI atailarly a. ·far .. runoU potential. 
'or .... wpl.,~l Cit the 1aad __ Usted under foreat (411-429) 
vue grouped together. 'l'aJ)le 2 Uata the 1978 land u.e in the Bft.r 
ereu Wat.rshed down to Wad4ell ereu. 

'l'DLB 2 

1978 land u •• data 

Por •• ted 
Herbaceous 
Crop 
Shrub 
Pasture 
Urban-Residential 
All Oth.r 

35t 
.t 

37t 
14t 
2t 

-..U. 
-..U. 
lOOt 

Cannon Township is currently cr .. ting a Kaster Zoning Plan which 
will establish qoals for future land use development. Por this 
report, two future develoPMnt scenarios were looked at. One 
assumed ~ acre residential develop .. nt throughout the watershed, 
and the other assuaed 75t would develop as ~ acre residential and 
25t would reaain aa open space. 

7 



 

· The curva nWlber is a tara which ralat.. the runoff potential for 
a given rainfall to the Ril. and land UN for a given alta. 'fable 
3 liat. .0.. ot the curve nuaber. Vbicb vere u.e4 in this report. 
To convert the curve nuaber to a runoff value for a 9iven rainfall, 
figure " can be u •• 4. The following oaquationa can alao be u.e4: 

S - (1000 tCHI-10, CJf • curve r" .. Nr 
Runoff (SRO) • (P-.2S)2/(p •• 8S), p. d •• ign rainfall 

~.s 

14M uM Y' SOil 'l'yM D P'rve ember 
)(IRIS lAnd. JlDtIS Land. C\1rva lIu.be DI &gil 'l'VDe 
u •• Cod. tJa. 2'vpe A a C D 

111,112 MIllti - .... Uy 77 85 90 92 
113 Single hally (Is acre) 61 75 83 87 
115 Mobile Ho.e Park 77 85 90 92 
121,122 Co..ercial 89 92 94 95 
138 Induatrial 81 88 91 93 
21 croplMd 65 77 84 88 
22 ~ 43 . 65 76 82 
23 COntifte4 •• ..sill9 68 79 86 89 
24 Pasture 49 69 79 84 
32 Shrub 30 58 71 78 
31 Berbaceoua 49 6' " 84 
411-429 roraat " 10 13 7t 
51-54 Watar 100 100 100 100 
193,194 Open Lancl It U 74 80 
611 WoodlMSwetliIM 45 60 73 79 
612 Shrub, SCrub Wetland 30 58 71 78 
621,622 Aquatic, Eaergent Wetland 100 100 100 100 
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1U1;1., 

oaterain. the runoff for a rainfall ot 4.45 inch •• , B .oil. and ~ 
acr. r .. idential lot. 

Froa Tel. 3 OM - 75 for \ acr. lot on a B .oil 

S - (1000/75)-10 - 3.331 
SRO - (4.45 - .2(3.33»~/(4.45+'(3.33) - 2.01 inches 

The runoff UIOUnt would be 2.01 inche •• 

The following enapl. Aova bow to coapute tile runoff froa a •• 
• quare aile (512 acre) ar_, and how to cSetera1ne an average curve 
nUllber for that area. 'ftle rainfall aaount i. 4.45 inche •• 

SoU. 
Group -L IU.! I.e"" PH -1 IL1!. CI S.R.O. sa, li·ln 

A 30 .a. 20 .05 45 .28 .01 
30 .07 155 1.30 .09 
30 .07 89 3.25 .23 
20 .05 49 .44 .02 

B 70 .56 For .. t 10 .06 60 1.00 .06 
crop 25 .14 77 2.17 .30 
vnu 

(a, Acre) 50 .28 75 2.00 .56 
aerbaceoua 15 .08 69 1.56 -o.ll 

1.41 sq. 
ai-in 

The total voluae of runoff for thi ••• aquare aile area is 
1,41 IQ. wi-in - 75 acr.-teet. 

The average aaount of runoff over this are. i. 
1.41 aq. ai-in/.8 sq •• 1 - 1.17 inch ... 

The averag_ curve nHWb4r tor 1.77 inch .. of runoff fro. a rainfall 
of 4.45 inche. 1. 72 (froa Figure 4). 

'1'10 of CoppgtntioA 

The tiae of concentration is defined as the tise it takes for 
rainfall to travel fro. the hydraulicallY aost distant part of the 
wat.rshed to the outlet of the subbasin. Por this report the time 
of concentration (Tc) was deterained a8 follows: 

Tc - Length (feet)/(V x 3600) 
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v ia a velocity tan (ft/.eo) ¥bieb ia detined by the equation, 
V • KS· 1 , Were • • dope 1n percent for a particular .~t and 
It varie. accordinq to tha folloviftCI flov r~iMtI: 

The 

V - 2.11.1 

V - 1.2S·1 

V - .4IS·5 

tollovinq 
.ubvaterabed. 

(for ... 11 tributari .. , and 8VaIIPl vith cbannela) 
(vaterway., flov thrOU9h .vaapll without cbarulel. 
and vallay. vell defined by contour.) 
(.beet flov) 

18 an exaaple on bow Tc can be c01iputed for a 

nRA J1ngth ltt) Ilay. Slope , It V-U,S Tc -T100pt13§OOY 

•• trib 2520 128-692 1.U 2.1 2.51 .::a. _ trib 4800 826-128 ::a. 04 2.1 3.00 .44 
vaterway 3010 934-826 3.59 1.2 2.21 .37 
waterway 1660 954-934 1.20 1.2 1.31· -&..U 

1.44 bra. 

The 'l'c for thl8 aubvater.hed i. 1.44 hour •• 

The n' ..... r of .~nta uaed to d.teraine the total Tc vithin each 
aubvaterahed ia dependent on the alope. &egaent lenqtba ahou.l.d be 
pl~ ldlieb ba.,. anUon .l~. ID lookin9 at future conditiona, 
it ia ~ that the !'o would be 8hcn1:anacl du. to 4eve1OSIlnt a • 
.. renlt of parln9, curb and pttera and Rora MVer.. For this 
report, tha Tc for future conditione va •• hortened by a •• uaiftCI that 
all of the aegaent. vere ... 11 tributary wher. It • 2.1. With the 
aboVe axaapl., the futura '1'c would be 1.ll hoUrS. Shorter!'o' a 
r_ult in higher flood pMka. 

't;aga-tt.onat=pita"'rne 

Por the purpo .. a of this 1Iode1, outflow from Bostwick, Ratigan and 
Pickeral Lake. va. liaited to 1-2 cfa for all condition.. It va. 
a •• u.itd that ii05t ot th. rw"ioff draining to the lakes ¥o-.J.ld be 
.torad in the laJtaa vith very l1tUe outflow. In order to better 
approxiJlata laka outflows, .. aore detailed ataga, storage, outflow 
ralationahip would !)e needed tor each of the lak_. No routing va. 
done through any of the road. cro.ainga ):)ecauae they appeared large 
enough or had ... 11 aaount. of road fill which would prevent auch 
attenuation. 
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grOI •• 'Ut.'U, 1M. '4wt" 
Reach lenqtha troa one aubbaain to the next were ... aured ott the 
USGS quadr&n9l.. A uniton croaa-aection ahape fta eat1uted troa 
field o))servation and ia .mown l:Ielow. '!'hie va. uaed tor the upper 
areaa. 

100' 22' I 100' I 
- --2' 

V!- -
h~ 

I 100' 100' I 
- --~---- -;:-V.!- -

hJ 
cron-section uaecl in lover reacbea 

194.144 '9'p' r lo. 

To evaluate the etfect on flows due to future development, three 
scenarios were .taulated. 

1) Exiatinq conditions based on 1978 land use inforaation 

2} Developed conditions - AIIsu:ainq \ acre residential 
developaent throuqhout the vatershed. 

3) Developed conditions - AIIsuainq 75' l:; acre residential 
develop.ent and 25' open space. 

Once Cannon Townahip tinalizes their MAster Zoninq Plan, tho.e land 
uses could be input into the .odel and evaluated. 



 

The 24 bour duration rainfall frequenci .. for th1s arM are li.ted 
1n Table 4 below. The.e vere taken troa 'l'echnical Paper 40 (TP40, 
Reference 13). 

hltle 4 
lainfall PrlQUlDqi •• 

1 year 24 hour -
2 year 24 bour • 
5 year 24 hour -
10 year 24 bour • 
25 year 24 hour • 
50 year 24 hour • 
100 year 24 hour • 

2.2 incbu 
2.45 inche. 
3.15 inch .. 
3.65 inch .. 
4.15 inch .. 
4.55 trv:b .. 
4.9 inches 

For thia lIOdel, a 'type 1 rainfall di.trUiutiaft (Appendix 8) ... 
WJed vith the 2 year, 25 year and 100 year raifttaU frequenci ••• 

Table 5 list. the .ubba.ins an4 drainaqe areas alon9 with the curve 
liil.;"'!"a il11d ti... of concentration for .. ch of the 3 .cenario.. 
AI thouqh the noncontrf.butinq area va. DOt inclQdell in the future 
scenarios, an ~t could be .. de that theae area. would be 
connected or draine4 and would contribute additional runoff to the 
watersbed. 

Table 6 lbta flow. at four location. in the vatenbe4 for the 2-year, 
25-year and lOO-year frequency storM for each of the thre. scenario.. 

All shown in Table 6, increased develop.ant without any ret.ntion or 
detention requireaents will incr.... tl0W8 thrOUCJhout the 
watershell. Tbe full • acre residential devel~nt vill cause a 
60' 1DcreaH 1ft ... flow. for the 2-year hiatall event and a 30' 
1norNae in pea flow. for the lOO-year ninfall event. Tbe 
percent&ge 1Ilcr.... would be h1CJhar if there vere co.aercial and 
indwJtrial developaent. Por exa.ple, when looking at Subbasin 9 
the curve nuaber is 74 tor existing conditions and 76 with tu11 % 
acre residential deve1opaent. It the subblulin were to develop 
co.aercia11y, then the curve nuaber would be 92. A co.parison of 
flows for th .. e thr .. conditions 18 listed below. 

Subbasin 9 
pA - 1". ai2 

Bxbtinq 
Of - 74 

2 yr •• 50 cts 
100 yr. - 250 cfs 

is Acre 
CH - 76 

2 yr. - 65 
100 yr. - 280 

Co ... rcial 
Qf - 92 

2 yr. - 200 
100 yr. - 500 

The commercial land use represents a condition which is 85\ 
impervious. As a result ot this high degree of iaperviousnes., 
there is substantially JIOre runoff which in turn will produce 
higher flows. 

Table 7 lists the 2-year, 2s-year and 100-year flows for each 
subwatershed tor the thr_ modeled scenarios. So.. of the 
individual subbasins have a 2-3 fold increa .. in flovs for proposed 
versus existing conditions with the 2-year rainfall. 
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When usinq a 2-yar 24-hour rainfall with the ~ mIWbu­
proc.dure, wry little runoff 18 produced When tile curve mmber 18 
low. Thia .. thodoloqy 18 okay if it i. beiDv u..d .. a 4eai9f\ 
criteria. Bovever, the actual 2-year flow .. y be hi9ber t.ban thia 
coaputed value bec&uae the 2-year flow 18 often dependent on 
sprlJ\9tl.. .ftOVMlt conditions and not necessarily a rainfall 
event. A draina",e ara ratio to a ",aqed .treaa of .iaHar 
hydroloqlc character18ti~ .. y be a IlOre appropriate way of 
•• tiaatinq an actual 2-year flow. 



 
 
 
 
 

 

DBa • 

Coaparillon of curv. JCWIbu, aM TUIu of concentration 

Drainag. loot 7" ~ Acr. 
SUb- i!ifl 1978 Condition. If Acre Davel. 25' Open 
Jlatutbed s:tl Tc <br" ) s:tl Tg (hr •• 1 s:tl Tg 'bra,) 

1 1.59 16 5.08 79 '.96 74 ".96 2 2.72 68 3.65 76 3.4' 70 3.48 
3 1.24 66 3.15 72 2.91 69 2.91 
4 1.17 70 14.78 74 3.01 71 3.01 
5 .31 6. 1.40 61 1.01 65 1.01 
6 .12 70 1.'0 70 .76 " .76 
7 1.40 76 .5 • .58 76 '.23 74 4.23 
8 .15 13 1.06 73 . ., 70 .. , 
9 1.54 74 4.88 76 4.14 72 '.?' 10 2.77 78 7.47 80 1.14 77 7 .14 

11 .58 76 1.69 76 1.30 72 1.10 
12 1.07 74 2.34 76 1.'8 73 1.88 
13 1.37 59 1.73 67 1.57 63 1.51 
14 .06 51 .31 65 .25 60 .25 
15 .89 71 1.n 75 1.U 71 1.U 
16 .17 53 .5' " .39 62 .39 
17 1.13 66 6.86 74 6.40 71 6.40 
18 .83 56 1.21 66 .90 61 .90 

-.19 ''' ... ''~ 66 .60 72 .51 69 .51 
20 1.3 62 2." 71 1.'0 68 1.90 
21 .22 61 .66 65 .&5 60 .45 
22 .25 49 .61 64 .48 60 .48 
23 .68 n 1.30 64 .91 60 .91 
24 .18 U .27 61 .23 57 .23 
25 .33 51 1.29 65 1.16 61 1.16 
26 .63 47 .63 63 .50 58 .50 
27 1.01 64 1.89 70 1.85 66 1.85 
28 1.15 51 1.88 67 1.42 63 1.42 
29 .23 56 .76 68 .58 65 .58 
30 .48 51 1.20 63 .97 59 .97 
31 .10 60 .55 67 .49 63 .49 
32 1.39 53 1.75 66 1.39 62 1.39 
33 .32 64 1.05 68 .54 64 .54 
34 .24 63 .41 71 .34 67 .34 
35 .11 73 .67 78 .63 75 .63 
36 1.1 .• ~~ .74 72 .74 72 .62 68 .62 
37 ~ 66 .65 73 .60 69 .60 

29.0 
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'l'UU • 

Co.parison of Flows for Thr.. SOenari~ 
(Plows 1n ofs) 

1t78 Con4itlona " Acre o..,.lopasnt 75' " Acre, 25' Open 
2-yr. 2S-yr. 100-yr. :L-vr. 2!-vr. _100-Yr~ 2-vr. 25"'Yr. 100"'Yr. 

(A) Bear cr. u/s 7.2 100 430 640 200 640 910 130 no 700 
of trib fro. 
McCarthy Lake 

(B) Bear Cr. dIs 14.7 260 860 1240 360 1110 1580 260 860 1250 
of Trib. 
fro. Ratigan 

.... Lake 
J\ 

(C) Bear creek 22.9 310 1070 1510 470 1390 19.0 350 1140 1610 
u/s of 
Araetronq Cr. 

(D) Bear creek 29.0 360 1250 1760 560 1640 2290 420 1370 1940 
u/e of 
Waddell cr. 

A, B, C, 0 - Locations indicated on Figure 2. 



 
 
 
 
 
 
 
 

 



 

LoY .1. 'M\ul, 

Plow .. a.ureaent. were _eS. .t 10 locatioaa (Pi~e 5) in the 
w.ter8bed 4llr1n9 the atudy an4 are li.ted in'rUle'. The dr~u.,. 
ar.a ahown at each .lte 18 the total drainage ar .. lnolu4inq 
noncontributing ar.... It 18 ••• uaecS that the .. ar ... contr1l:lute 
qroundvater to the .y.t_ ¥bieb .uppU.. the ba.eflow in the 
.tr..... LoV flow .teti.Uca vere •• Uut.d by coaparing thue 
.. a.urecS flove with flowa .t various USGS 9ag1"9 .tation. on other .tr..... The USGS 9a9ing .tations are operated continuously for a 
period of year.. The e.tiuted 50t an4 95t ItOnthly exceecSance 
flove for Bear Creek at 29.6 ai2 are li.ted below in cf •• 

fI 
50' 24 
95t 16 

Bear Creek v./. of .... ell Creek (la • at •• ail) 

.. 
25 
18 

• & 
42 U 
22 25 

• fI fI 
29 24 21 
18 15 11· 

• 19 
11 

• 20 
12 

o 
23 
13 

• 26 
16 

D 
28 
20 

The 95\ exce.ct-noe flow ..ana that w. wouleS expect that aw:ta or 
.or. water in the .treaa 95t of the tille ¥ben averaged over a long 
period of tille. The •• tiutecS annual flow c!uration for Bear crMlt 
at 29.6 ai2 in cf. are: 

10\ 51 
25' 39 
50\ 30 
70t 26 
75t 24 
90' 20 
95' 17 

The •• tiuted average annual flow 1. 28 cf •• 
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DaLa. 

Me •• ur .. ent. Made tly DMR 
(flows in ct.) 

Yleld 
~ Q (ct.) (cC,/ai21 

1) Bear Cuek , Krueter Road, 6/27/91 3.9. .sa 
OA • 5.7' 1/21/fJl 3.11 .5. 

2) Bear Creek , Gn .. Road, 6/18/91 8.56 .56 
DA • 15.4 

3) Bear Creek • .. ·.eSell Road, 6/11/91 10.' .63 
DA • 16.5 1/21/91 7.39 .4!S 

.) Bear Creek 
• Bgypt Valley Rd. 6/18/91 11.' .80 

DA - 22.9 ./2'/91 12.0 .52 

5) Bear Creek • C4nn0nsburcj 
Road, 6/18/91 28.7 1.02 

DA • 21.1 

6> Bear Creek • CbaQDCey Dr., 6/18/91 27.2 • SI2 
or. - 29.5 ./2./91 20.3 .69 

7) ArJIatrOll9 creek 
• Egypt Valley Rd. 8/28/91 1.68 .80 

or. • 2.1 

8) PiCkeral Lake Outlet 
, C&nnon.burcj Rd., 6/18/91 1.43 .7. 

OA .. 1.94 8/28/91 .93 .48 

9) HcCarthy Lake OUtlet 
• Tiffany Road, 8/28/fJl .13 .10 

DA - 1.33 

10) Trib. to Bear Creek 
t! Tiffany Road, 8/28/91 .69 .13 

OA - 5.36 
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Urbanization can cau ••• ~tantial iner ..... in the voluae and rate 
of runoff fro. a vatu.heel. Thoa. iner .. • .. tend to eau .. pbydcal 
chanq •• and clevradation to the ctrMa'. _ter quality. Incr ... ed 
flow. l .. d to cbann.l acour and .lJIcrM..s ."UMntaUon. 
Urbanization can lead to incr .. c~ .tr ... t.-peratur. and incr •• sed 
pollutant l.v.l. due to ~. pa~ area. wbiell collect oil, 91' .... , 
•• dis.nt and other pollutants. The .. are thu transported via curb 
aM 9Utt.r and stor. sewer. to the str ... ayat_. }fitrQ9.n and 
pho.phorou. lev.l ... y incrsa.e in urban ar ... tr..... Tbi ... y be 
critical if there are laku or pon4s in the .y.~ or .low aovinq 
reache. in the .tr.... COncentrations of .. tala and peatieid .... y 
increase d.p.ncUnq on the land un in th. watenhed. aaoteria 
l.vela .. y alao incr .... whieb bAv. eauaed ac:ae .tr .... and laltN 
in Miebi9an to ~.. UNnIita1tle for h\IMD COIIlt&c:t for perioda of 
tiM. 

"pt., liM 10" -'IE """"'9 I" Qpl.lig !reG. 

Traditionally, urban dra1Dag. probl ... ba". been solved by gettiNJ 
rid of the water aa quic:Jtly as pota.1ble and tranaportinq it 
down.tre... 'l'b1. was clOM by .. ld.Dq tile conveyance systea larve 
and efficient either vith larver culverta, dUcb .. or both. Wbile 
this Mthoc! .. y ave t .... Durlly solved the upRr'" probl., it 
only paned on and 1ncnuecl tM probl_ downstr.... 'l'bi. IM4 to 
regulations call1NJ for 4etention ponds to be built whieb are 
d •• igned to rel .... flow. at a apecified 1'.1 .... rate, usU&lly the 
predevelopaent rate. Tbis can reduce tile increas. in downatr ... 
flow if clone properly. otteD tM 4etantion policy ia applied to 
the eDtire ~,even t ...... ·Cliltatloft in 80M portions of the 
vatenbed MY cau.e an lncr .... in non clUe to the t1aincJ of the 
hyclroCJrapba (... 1'19U1''' 6&, tI, c). Detention 1n downatr ... 
portions of the vaterahed .. y delay the peaks froc tho.e area. .0 
such that wh.n added to upatre.. peaks the coabination is hiqher 
than if there wasn't any detention in the downstrea. areas. This 
is where sodelinq can be beneficial. It can be used to cOlIPre­
hensively evaluate the entire vaterabed. 

In addition to potentially causing downatr ... flooding probl ... , 
the traditional techniques do not addre •• the probl_ of water 
quality deqradation caused ~ the increased pollutant levels of the 
urban •• tting. Tbe traditional techniques are usually sized for 
d.s1qn storu ranqing fro. 5 year to 25 year frequencies. If there 
are detention ponds they usually have an outlet at the bottom of 
the pond Where everythinq eventually drains out with little or no 
settlinq. The.e detention ponds .. y reduce the peak outflows to 
pre-.xistinq rates whieh will help in preventing increased channel 
erosion due to increased !lows and velocities. They do not, 
however, address the concerns ot additional pollutants, includinq 
sediment beinq deliv.red to the str ... due to urbanization. Most 
ot the.e pollutants are picked up and transported to the strea. 
durinq the ... 11 rain events which produce runoff. From a water 
quality standpoint, the •• s .. l1 rainfall events, up to 2 year 
rainfall, need to be desicp\ed for USing infiltration, extended 
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detention or vet ponds wbare .. ttlin; can occur over a 24-41 hour 
period. Thl. 1a in .Mitton to aalntainil'l9 pre4evelopaant flow 
rate. for the hiqher frequency .to~. 

Th. UIOW\t of runoff vollae wbiCb 18 4Mi9Jled for uaing 1n.flltrat 
ion, extendecl detention or vet ponda vari .. aDrotl. the county. 
So •• of the criteria ere It-ted below: 

- runoff V01U1le equal to \ Incb per acre of iapervioua ar.a 
- runoff voluae equal to ~ 1ncb per acre of contributing 

erea 
- runoff volu:.. ~l to UIOW1t generated by OMI inch .tora 
- runoff volu:.. equal to the aaount gena-aUd by a 1 year 

or 2 year 24 hour .tora 

In Michigan it ~lly raina \ Lncb or aQre about 11-24 tip·, a 
yur. A rainfall of 1 1bCb or PlClCe rill OCCNr apprmrf-tely 7-8 ti... a yMl'. A 1 YMl' 24 hour .ton ruges frca 1.. 1ncbN in 
northern Michigan to 2.4 incb .. in aoutJMm Michigan, vbil. the 2 
yur 24 hoUr .ton ranq.. frca 2 inchaa to 2.1 iDob ••• 

Wben fead])1., ~!ltration eould be th. prat.rred _tbod for 
water quality 4.&1qn. Tb. infiltration rat.. of the undulyinq 
11011. llUIt be .52 incb .. /hour or greater. Thi. rate ia noraally 
found vith A and B type 11011. ('!abl. 1) • 'l'yploal clNi4)n 
oonfl9URtlon tor extendacl cIry datQtloa bu1na and -.t 1l00'e are _own 1D l'i9U1"" 7 and •• A Ut! 8tot=.tar ...... Z ••• t GUdeboOJt 
by the IliCbipD DIiputMnt of •• tur.l Jtuourcaa ducr1bea various 
de.iqn coMidar.tiona for .xtencSecl ".t and dry. detention, 
infiltration ba.w, qra .. ed ll¥ale. and 011 and graa.e aeparator •• 

Pigure t ", .,...l. 11.t. vu1aiu ..... rith dra1na9a ar ... for 
which t!Mir are Nt_bod to be .1't.ctiw for. 1'14)Ur' 10 abO by 
SChu.ler lbta varioua 1!IIIP'. and the typaa of IIOU. ror which th.y 
aay be effectiv •• 

Soae other types of BMP's which can help in the urDan setting are: 

1) BuLf.r or gr_nl:Ielt area. along all .tr .... aDCl 
vetlanda. .0 qrCNftd uy be dbturbad 1n tbJ.. 
area. Buffer vidtlua requireMDts vary ac:roa. 
the COUlltry fro. 25 f.et to 200 f_t. 

2) Se4iaent aUPpa in stora •• wers - should be 
cleaned out When they are 60\ full. Cleaned at 
least twice a year, ])efore first snowfall and. 
after spring snowaelt. 

3) Maintaining as auch vegetation and qreen area as 
po.sible. 

4) Using grassed swales instead of curb and qutter. 

5) Disconnecting downspouts from the stora sewers. 
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aiqh quality .tr .... are u.ually very t-.perature dependent. 
slight iner..... in water ta.peratur. ..y aarioualy deer.... or 
.11ainat. MNliti". fiall apeci .. web u trout. ~ .tUdy by o.lli 
(1990) done in llaryland found that the taperatur. of an urban 
.tr ... iner .. ae({ linearly .14° r pu' 1t incr.a .. in 1Jtperviou.nua. 
Thu., • 60' iner .... in 1aperviouan ••• within a wat.ralled wculd 
rai •• the .tr ... t-.peratur ••• 40 r. Tbe atudy alao noted that 
veqetation and canopy cover along .tr .... belpe to control the ria. 
in water taper.tur. clUJ:iftC) the .'JWMr. R-.oval ot thia vtl9.tation 
and canopy cOQld cauae a ri.. in teaperatur. at 11-20° r 1n the 
." ... r w1th ... ociated cooler wtnt_ te.wperatUz"". On ... 11er 
.u .... , water t-..ratur .. _y 1ncrea .. 1.,0 r per 100 fNt wen 
flowing thrOUCJh ~ded area.. ft. atudy indicat .. that trout and 
other cold water biota aay hOt .. abl. to survive wbeD the 
wateru.d PpuvJo ... .,o .. uo .. t. 12-15t. If t ~atur. OOIltnl 1. 
a critical .leRsM with a atreuI, then land UN controla, str ... 
buffer requiraenu and other .'s which lWt t-.peratur. 
increa ••• are Uiportant. Galli found. that infUtration t. th. ~t 
alternative wbu teaparatur. 1. critical. SbadiDq ot the pond aftCI 
th. inflow and ~lov Cbannels of the atention/retention ponds 
was al.o found to be iJIportant. 

Soil ~1on fr. ,..., COMtruction aita, 1nclUIJing roads, appear. 
t.o be • ..jar conc.rn in -.ny ar.a. of th. .tat.. Critical 
w.tland. and .tr.... reach.. have been d .. troy~ du. to poor soil 
uo.ion practic:ea. Adequate 80il .-oaion control, anfor~ abC! 
follow-up are no."" tn wa~ wber. avel..,...nt pr-.ure 18 
oocurr1ftlJ. . 

A 1990 study by Sch.uler and LUqbill on ·Perforaanca of CUrrent 
Se41aent Control .... ur •• at Maryland Construction Sit •• " had the 
rollowinq flncSiftC). and reco ... ncSations. 

V~etativ. .tabilization and other aroaion 
control aaaaur.. are the tiret and aa.t 
iaportant ur-ct in preventinq off-ait. JaOVaent 
of .ed1Mnt. Tb ....... ur_ auat be •• tablishe4 
quickly I aaintainecS and iJUIpected. 

Th. ~for1l&ftc. ot the se4iaentation .rosion 
controla is qr.at.st in the early part of 
construction when the aaount of t.perviousness 
is still aini .. l. 

When possible do the construction in a staged. 
aanner. Avoid clear cuttill9 and qradinq the 
.ntire .ite at once. Work on one area and let 
it stabilize before .oving on. 
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ae.trict develop.ant 1n .nvironaantally 
a.n.ltlv. are.. and poaaibly uae cluster 
4evelop.ent whlch .lniaiae. the di.turbed ar.a. 

'!'be study recODMMSa a aediMnt b .. ilI voluae of 
'600 cuble f .. t/acre with a coabination of wet 
and dry .toraqe. '!'be vet .torage helps aqainat 
reauspan.ion of ae4t.enta. 

60\ of the .ediaant va. reaoved 1n , bour., 90' 
va. r_oved atter 48 hour.. Settling velocities 
are listed 1n Table , (Ref. 7). Detention ti_. 
of at least 6 hour. ehwld be provlde15. 

a ... , 

•• ttllD9/Jartiole-.l.. "1ati0a8~pa 

PARTICLE SUB 
CLASSIFICATION 

PAIt'f'Ic:LB 
DIAIlirt'BR 
INgrAM) 

811'r1'LI1fG 
VELOCITY 
(ttlbr) 

SAND 
very Coane 
coer .. 
JleCSlUJI 

1000-2000 
500-1000 
250-500 
125-250 

128 
65 
34 
16 Pine 

Very rine 62-125 6 

SILT 
CO&rM 
lledi_ 
Pine 

1.4 

very Fine 

31 ... 2 
16-31 

8-16 
4-8 

.4 

.1*** 

.02*** 

CLAY >4 .055*** 

(***Dlscret. partiel .. in atill vater. Actual velocities JUly be 
1.5 to 6 ttae. Ie •• rapid.) 

At a 1991 Stor.water Conterence at Grand Valley state University, 
so.e of the folloving ideas vere presented by Oouq Sporte of the 
City of Kentvood on enforcing soil erosion (Ref. 10). 

Don't accept site plans unless they contain 
adequate .oil erosion and stor.BVater controls. 

Require a perforaance bond for coapletion of 
soil ero.ion controls and .ite .tabilization. 
contact bond coapany if vork is not coapleted. 

Make sure the contractor is working with the 
.ost recent set o~ ~l.ft •. 



 

I •• ". a .top work o~er if violation 1a bad 
enou9h. 

ReqUire a ~lt buffer alon9 all .tr .... , 
drail\8 , pond and v.tl&nd. •• 

Li.it floodplain activity. 

Stonrvater and .oil erodon control should· lie 
the first thiJl9. built. Any paraanent .tructure 
should be able to han4le the entire dte evan it 
only a portion 18 being constructed now. 

Deny occupancy it tinal job 1a not stabllhed. 
and probl ... are not corrected. 
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Figure 6b 

location 2 

16 28 

TiIH Hours 

Figure 6c 

Location 3, Q • 3200 cfs 

LOCItton 1 

location 2 

8 12 

Explanation 

figure 6a 

Figure 6b ahovs three hydroqrapba for und.v.loped conditions at 
locations 1, 2 and 3 in Figure 6a. 'l'he hydroqraph at location 3 
vith a peak diacharqe of 2500 cf. repre.ent. the collbine4 flows 
of hydroqraphs 1 and 2. Figure 6c .bows three bydroqrapbs 
assuainq area 2 vas dev.loped and had a d.tention pond 
constructed. Even thouqh the peak frow. area 2 is the .... , it' s 
tilain9 is delayed enouqh so that when it is added to hydroqraph 
11, the resultant peak at location #3 incr.a.e. to 3200 ct •• 
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BeST MANAGEMENT PRACTICE 

ExtencIMI 0..111011 pond 

w.tpond 

...... ....,NIch 

IIIIIInIIatI bIUI 

PotouI pevemenl 

0nIaecI ... 

F ..... 

SOIl nK 

SAND LOAMY· SANDy LOAM SIlT SANDY Q..IW .. lY SANDY SUY aAY 
SAND lOAAf LOAM CUV-lOoW lOiW aAV-lOloM CLAY CLAY 

a.v 

LEGEND: 

'1IIIIIIIftllllUlij 

.......... ~ .... , - (InaIIII per..., 
2.<1, 1.02 0" 0.27 0.17 U' 0.De 0.05 

• FEASIBlE rangelorlWJll!'CdJRDf ..... Pldl!'** • 

• MARGINAl ,...101' 1ft lPPkal'-on 

FIGURE 10 RESTRICTIONS FOR APPlICATlOH OF ... BASED ON SOlI. PERIotE~9.1TY 

(Ref. 6 & 14) 
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UUIIDIZ. 
'fULl 11 

ses 24 HOUR TYPE I RAINFALL 30 MINUTE INTERVALS 

.000 .008 .017 .026 .035 .045 .055 .065 .076 .087 

.099 .113 .135 .140 .156 .174 .194 .219 .354 .30 

.515 .583 .624 .654 .682 .705 .727 .748 .767 .784 

.800 .816 .830 .844 .857 .870 .882 .893 .905 .916 

.926 .936 .947 .955 .965 .974 .983 .992 1.000 
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