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· · · · Exhibit A, "Roads and Freeways in Metropolitan Detroit" 

WIKIPEDIA 

Roads and freeways in 111etropolitan 
De.troit . . 

The roads and freeways in lllettopolitan Detroit 
comprise the main. thoroughfares in the region. The 
freeways consist of an · advanced network of 
fnterconnecting fi:eeways which include Interstate 
hJg!!~!Y.~- The M~t1::2.]?-!tr<>.!t region's extensive 1:ofi~free · 
freeway system:, together with its status as a major port 
city, provide advantages to its location as .a global 
business centerJ2 lThere are no toll roads in l\1ichig~n.[3] 

Detroite:rs may ref~r to free:w~ys by the formal name 
more often. where on.e has. bee11 designated rather than 
route· number. Othe:rJreewa.ys with()Utformal names are 
known by the nmnber such as J .... 275 and M .... 59. M-53, 
while not officially designated may :be locaily~referred to 
by its · name 0Van Dyke''. Detroit area freeways ate 
typically sunken below ground level to permit local 
·traffic to pass over the freeway a-ndfor appearanee.I41 

FollQwing a historic fire in 
1895, Judge Augustus -B. 
w,;oo'2lward . devise·cf'·' a ' plan 
similar · to Pierre Charles 
L'Enfant's ... design . - . for 

Roads and Freeways in 
Metropolitan Detroit 

Highway markers for 1-75 and M-10 

Oakland Macomb 

,~:r .... , , 

, .... 
··-" 

' 

Wash~gton, D,C .. Detroit's 
rtiono:mental avenues .and 
traffic ,circles fan out in a 
baroque styled. radial 
fashfoii'. -from Grand Circus 
Park in the h~ai-t Of 'the 
c;1iy's theater district1 which 
facili.tates traffic· patterns 
along.- the city's tree~lined 

\ l ' 

Iii ., .. , __ -., ( 

Augustus, Wooowardis plan 
following the 1'805 fireJor 
Detroit's b;woque styled 
radial c\venues. and Grand 
Circus Rark. 

boulevards and parks.U5l 
The 'Woodward plan' 
proposed a system of 
hexagonal street blocks, 

with the Grand .· Gireus at its center. Wide avenues, 
alterliatively.iioo't'eet (61 fll) and 12Qteet (37 m), would ,• r:·~ . 
httpst//en,wiki1>edhi,ort1/wiki/Roads..,andJreewa~;;Jn2.metropolitan_Detroft ·A 

• Wayhe ! •L-···· ·-·· .fiil '• 

Mao of Detroit Metro Area freeways 

; Formed 

} .. 
'. Interstates 

l US Highways , 

'. State 

1aos[11 

Interstate nn (1-nn) 

US Highway nn (US nn) 

M-nri 

Page 1 of 27 
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emanate from large circular plazas like spokes from the 
hub of a wheel. M the .city grew tbesewo'Uld spread in all 
directions from the banks of the Detroit River. When 
Woodward pr€'sented his prop.as-al, Detroit had fewer 
than 1i<'.>Otl r$idents. Elements QI the plan were 

.; 

/ Michigan State Trunkttne Hlgtaway System 
· Interstate • US • State • Byways 

hnplemented, Mo$t prominent of these, are the five main 1•spokes" of Woodward, Michigan, Gratiot, 
Grand River and' Jefferson Avenues~ ·· · ·· · · 

The Mil~ Road System in Metro Detroit and Southeast Michigan facilitates ease of navigation in the 
region. It was estab1fahed as~i :waj/ tci'"clelineate.:·east:::wes'fi·oad~ through the Detroit area and the 
surrounding rural rim. The Mile Road syst~m, and its most famous ·road, 8 Mile-Road, came about 
largely as a result -of th.e Lam;I Ordinance .·of 1785, which established the basis for the Public Land 
survey System in which land-tiiroiigficiuTtlieNorthwest Territory was surveyed and divided foto 
~~!Y~r ... ~ID!~ by reference to a J?~~~j!!,~ (east-=westline)and !!!~rj~~~. (north-south line). In 
Southeast 'Michigan,: many toads would. be developed parallel to the base line and the meridian, and 
many of the east-west roads woU,ld be incorporated into the Mile Road System. 

The Mile Road System extended easterly into Detroit, but is interrupted, because much of Detroit's 
.early settlements and 'fanns were based on ~arly· French land grants that were aligned northwest-to­
southeast with frontage along the-,Q~t!:9.!!.~!~t and 011 la:ter development along roads running into 
downtown Detroit in a star pattern; such as Woodward,. Jeffers~n, Grand River, Gratiot, and Michigan 
Avenues, developed by .Augustus Woodwarcf"fn''fmitation·-of°Washlngton; fi.C.;s · system. As Detroit 
grew, S'ever,al ,Mile &oad$ ' w~te:·'gtien ''n~w names within the city borders, while some roads 
in~orporated as part ofth~ Mil~ Road System have traditionally been known by their non-mile names. 
It is ®clear ifthey, ever bore mile :numbers formally:. · 

The baseline used in the survey of Michigan lands runs along 8 Mile Road,, which is approximately 
eight miles directly norfh of the Junction of Woodward Avenue and Mich.igan Avenue in downtown 
Detroit As a result,, the direct east-west portion of .Michigan Avenue, and M::.:153,(Ford Road) west of 
Wyoming Avenue, forms the ... zero tnile'"baseline for this:m.ile road system.-··- ·····-

The precise point of origin is located in Camp.us Marti:ns Park, marked by a medallion [61 embedded in 
the stone . walkway. It is situated in the western pofui 'of' the diamond $Urrounding Woodward 
Fountain,t7l Just in 'front of the f o~t~p. Bistro. (htti&/JVWW~~usmai:tlp§p!1tl<·~rgjall!ef!_ca£e.htm 
J. 
r 
t 

rcontents 
·! .... . .. .. . , .. - .. . 

f Freeways 
· Other 'Selected major roads. 

l Mile rqads traveling north 
;, Mile roads within Wayne County 

' Mile roacts withJn Washtenaw County 1 
' .. 

htt1;>s:lftan.wikipedi'a,o'r(!/wikf/Roads..,artd~tteeway$.'.in:.:i11etrol)o1itart.:Detroft A Page 2 of 27 

~. 
'(JI: ' 
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MUe roads withln Livingston County 
Mile ro.ads within Oakland County 
MUe road$ within.Mac.omb County 
Mile roads within St. Clair County 
Mile roads within Lapeer County 
8 Mlle Road 
16Mi1eRoad 
AddteS.SElS 

i 

I Mlle roads traveling south 

i The north-eouth mue grid 
i ExeeptJons to tbe grldllne alJgnment 

East...,west 
Mutual 

seea1so 
R.tfer-e,nc~ 

Further reading 

External llnks 

Freeways 
• e J-75 fknown as the ·w~1ter_p. Chrysler Freeway·from Downtown Detroit to Pontiac in 'the north 

and FiSh~r Freeway though southern and central Detroit) is the region's main north-south route, 
servlngf:lfot {and pofnts ;n~rth to Sault Ste. Made}, P<:>nfiacl Troy,. and Detroit, before eonJinuing 
south (as the Detroit~ Toledo and S~~way Freew~ys) to serve the !?,2-~D.fiV~f commu~ities and . . 
further south,. maay of the commumtte.s along the .shore of Lake Ene, most notably loledo; Ohio 
beforecontihUingto Flqrida, ,.-----"-··--~~ · ····~· _,,_ . -- --

• t, 1-94 (Edsel ·F.ord Freeway & Detroit lndustri.al Freeway) runs east-west through Detroit and 
serves Ann Arbor to the west {where it continues to yte&M!ohJ!aan and CQJCa._gO) and Port Huron 
to ·the r1ortheast The ,stretch of the e.urr,ent 1 ... 94 freeway from Ypsilanti to Detroit was one of 
Americ.a1s earliertimited,.access highways. Henry Ford built it to lihk his factories at Willow Run 
$Od Oe.arborn during World War lL It also serves th.9' North Ac~ess to the Detroit Mefro'ATrport 'in 
ffot@!~:Kporticm was-:-knowniis the ~m2~ Run E!B~~~~~~· ---·····- .. , . --

• e, J:~~ runs east-west through Livingston, Oakland and Wayne counties and has its .eastern 
term'inusdn downtown Detroit The portion east of 1-275 ls known and Signed as. the Jeffrie$ 
!:t~~~E!~1 named: for !§fL~¥d, :~~ff!!!~ (a former mayor of Detroit): howev~r, this portion of l-96 was 
offrciaUy renamedbythe state legislature as.the BPP~ .. E~!.~~: Memorial Highway ·in December 

· [81 , 2005. ···· 
• S,+·275 runs north--s<;>uth from 1-75 in the south to ttleJunction of J,.:9t,u:1od· 1 . .:696 in the north, 

providlng a pyp~s~ tnrotJgh the we.stern suburbs of Detroit. Originally-intended to travel north 23 

"'· 
httpsi//en,w[~lped!!l,0[9/wikl/Road;;..;11nd_t reewaysJ tLmi!tropolitart_Detroit · A . 

Page 3 of 27 
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mile.s{originauy as 1~215 and tater changed to 
M.,.275) from the f.;696/1-96/1-275/M-5 Junction 
to the l-7SfUS 24 (Dixie Hwy.') Junction in 
Waterford Twp.). where I-75's median was 
signifieantJy widened in its initial ccinstruction to 
accommodate the future. intercbange. The 
planned M-275 has essentially been scrappedt 
with th$ northward ,extension of M.-5 utilizing 
the original M .. 275 right-.of-way but termjnating 
afterJustsb( rttHes at Pontiac Trail in West 
Sloomfield. • "! ... ~7"5 is a short spur route i.n downtown 
Detroit, '.~u, extension of the Chrysler Fre.eway. 

" 91:~~-9. {VyJl!~r I? .. Be~!~~! Freeway) runs 
east:-west from tne juoction of f-96 and 1.-275 
on the west to l".94 .on the east, providing a 
route through the northern suburbs ·Of Detroit. 
Taken together, 1 ... 275 and f.:69.6 form a beltway 
around: Detroit The Lodge Fteeway was 
pr~vlo'lJ$1_y de$ignated a Business Spur of 1-:696 
before ·it was redesignated as part of us 10 
and la.teras M-10. 

• DJ rv'I:§· Thts freeway begins; as the stub left 
over {rorn the Brighton .. farmington 

::~!Fi:~ g::fJu~(f ~~:~a::'i:~~~rnf 
IE:tt~r as Qt1 txte,n~ion of M-1 Ott From 1994 to 
2002, it wa$ ·e~ended north as the Haggerty 
connector. l91 

• C,.kJ .~~-~-is the P~Yj!9fl .F,ree.~~y. Opened in 
1'942, thi.s was the irrst modern depressed 
limUed-aoee,ss freeway in America. Ori_g_i11at1y 
supposed to run ~s a freeway from 1·96 east to 
Mound Rd~ and th.en north to join the already­
existin.g M-53 :freew~y :at van Dyke Ave. i'n 
Sterling Heights·. In t996, the Davison was 
closed for ,a yeat and a ha.If' to r.e(l}onstrµct it to 
Interstate Highway standards wlth an additional 
through travel.lane and a wider left snou1Qer tor 
improved safety and. traffic handling as well :as 
a new :intercha11ge wifh Woodward Avenue. Tha . 
r-eco.m~truct.ed freeway was reopened 1 s 
months later 0n Ootober e, 1997' 

• ·~ • ~-_19 (~9h~:9;: ~b~Jl~ Freeway) runs largely 
parallel to 1-75 from Downtown ;Detroit to 

A n-

View 0,f southbound lanes of Northwestern Highway in 
Metro Detroit passing beside Jobn c. Lodge Fr~eway 
M-10 which cis sunken below street level in frrmt of the 
Southffeld ·Town Center 

Satellite image of the termin\1S at 1-275 nicknamed the 
''mixing bowl'' 

Page 4 of 27 
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Wyoming Ave., where it turns northwesterly and largely ma,intains this trajectory throu9h the 
1-896/Telegraph Rd. interch.ar;ge in Southfield and then continues as a surface boulevard as 
NorthW$Stem Highway, terminating, at Orchard Lake Rd. in Farmington Hills. 

• ~ M.;14 runs ea:st--west from 1 .. 275 in Livonia to Ann Arbor. 
• 9 M:~:~ (Southfield· Freeway) runs north-south from Southfield to Allen Park. North of 9 Mile 

Road and .south of l-94r the ,freeway ends and continues as Southfield Road into Birmingham and 
Ecotse respectively, · 

• 9 M:5-.~ (:Christopher Co1umbus Freeway from ~terling_ Heights to Washington}, more commonly 
known as the Van Dyka Expressway or Van Dyke Fre.eway. Continues as, Van Dyk,e Road or Van 
Dyke Avenue north to Port Austin and south through Y'!!r_rel} to ~~~!i()!, ~~~nlJ.~ in Detroit. • a-~=~~ (Veterans Memorial: F'reeway fron, ~t!~~ to Pontiac}, continues east as HaU Road to 
qJJ!.!!~-~_Iq\!!!!~h!P and west. as Hu.rQn. Ro~d throug.h Pontrac a,nd Waterford, and as Highland Road 
further west thrQUQh Highland and Milford to 1 .. gs near HQY'!en. Otigi11ally intended to be a limited­
access freeway between us .23 on the west and 1:.94 on the east. 

Other selected majo'r roads 

" m~ M;.1Q2 {a Mile-Road), known by many through the film ~1v1i~t!!_, forms the dividing line between 
·oe.trait on the south and the $Ubu:rbs of Macomb and :Oakland counties on the north. Outside of 
Detroit it is also known as Base Une Road, bacause it coincides, with the baseline used in 
sU.hl,eyJng Michigan~ that baseline is also a boundary fo.r several other Micliigan counties. 8 Mile is 
ctesignated :as M .. 10~ tot much of its length in Wayne county. For several years the M-102 
designaflon co.nimued, from its current terminus at Grand River Ave. and followed the old t-96 
freewaytotfae F96/l-698/J-27S interchange; this stretch, along with the rest of Grand River 
southeast to Downtown Detro.it, 'iS rtow signed a$ M-5. The portion of M,.102 from Grand River 
Ayen:ue east to M..;S (Gratiet Avenue) 'is designated as the "Columbus Memorlal Highway". 

• [BJ M.:~ {Gntttot Avenue) i$. a :major road that runs from Port Huron to downtow.n Detroit, 
• Jeffetl:IQl'.l.Av~nu.e is a scenio 'highway whose .northern :1eg runs between M-1 o ln Downtown 

Defroif aiorigftie betreit Rlv~t and Lake$ St. Clair to New 'Baltimore. The portion is also the 
principal thoroughfare f.or the.Grosse. Poinfes,· where it is tallact Lake Shore Drive. Another 
lmp,oriant dwiding U:ne between Oetroff ancf the atty of Grosse Pointe, Park is Alter Road, where 
portions of some intersecting .streets have been reoontlgiired or walled-off jn order to thwart 
vehicular amfpedestrian movement from Detroitinto Grosse Pointe Park. As a major 
thoroYghfare, Jetterson's southern leg (sometimes designated as Biddle Rd.. in .some Downriver 
communities). runs, from Dearborn St. 1h Detroit south .(again, running mostly adjacent to the 
Detroil FUver) to a point just north of Huron River Dr. in Newport, where its name changes to U.S. 
Tµrnp'ikE3' Rd. and then Dixie Hwy., (both s~gments of which parallel the Lake Erie shoreline) to 
terminate in Monroe., :In Oetro'it north ol Dearborn St,. Jefferson is reduce-d to twa~Jane road that is 
disjointed at Clark St. Jt resumes one block north at Scotten St. as a side ,street north to 21st St 
(at the Ambassador Bridge, ove-r-crosslog), at which point a, gate frequently prevents traffic from 
proce.edfng:l=rom-,rlfsfSL"to 'Rosa Parks Blvd., Jeffers.on ls largely unpaved. And between Rosa 
Parks and M~10_. Jefferson is a four lane. road, al.though this segment ·is not nearly utilized as 
.much' as,the portion r,orth ~t M-1Q. The portion of Jefferson between the Rouge River over- . 
-crossing and Rosa.Parks Blvd. is heavily indusrrial and bucks the avenue's otherwise-consistent 

· hlfpS~//e:n .Wlkipi<\<fil!c;Qtgiwikl/Rqi,,:d;;._'l!ttd..fr<i~Way"_i ri_metropoittan_;_Oetroit 
. ~ 

'"' 
Pa_ge 6 of 2.7 
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WIKIPEDIA 

L. t · r··· ·t t t .. · ·Id· · h . . h · . · M. h. 1s,_ o sae ·•run ·_-•.1ne .1g.·_ ways1n -1c _- 1ga~ 
The state trufildine highways in Micltig~ ~e th~ $egments of the State 
'.!):~11!<!~~- ~!gtt~~x ~§~~!e~ mainta'ined by the Mi<!~g-~11 ... !?e.1>,8:IJIJl~!lf of 
~8:~J?Cli,!,P~Ilandnumbered with the ~M-" ptefix:officially .. 

I .... 

1Contents i ·. . . . 

f Maln~lne :highways 
1. Specm~I rQqj~s 

i Connectore I ... -
!See also 
I References 
t Foot~otes l . . . . 
! Works ctted 
l 

l External. H"ks 

n:tti1-~://.~n:wlkipe):t(a;,qr9ZWlki/P,st,,of~state,Jrunkllne.,hi~hways.,,ln~Michlg4n 

B 

State Trunkline Highway 
System ·· 

+<v~ 
n 

Highway markers ftorn different 
'. years for former M-12 (1919),. former 

; M-7'(1926}, fqrmerM-76(1948). and 
current M-28 

MaintaJnea by MOOT 

i Lengtti 5,976.147 mi13J 
(9 •. 617.676 km) 
Ph..1s- 14. 775. mi t31 

(23.776 km) of special 

rout~$ and 24.07.9 mi 13l 
(38. 751 km) of unsigned 

connectors 
t Formed May t3, 1913,111 signed 
' by Ju1y 1, HH9l21 

•State M-nn 

Special Alternate M-nn (Alt M~nn 
Routes: or M-nnA) 

Bt,1$iness M-nn (Bus. M­
nn) 

:Bypass M-.nn (Byp. M,nn) 

Connector M-nn (Gonn. 
M-nn) 

Truck M-nn (Truck M-nn) 

( MJchl~an St~te Trunkllne·Hrghway 
System 

Pag.e 1 of 3.6. 
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Mainline highways 
~---·-~~~~~--r~I-··'"·-.. -- _____ ,..,.,.:,-,u ,, . 

j Number ' LJtrgm I leng~ti $r>:uthero: ,r For.med I . _ , 1rn1>c~1 J <ttml . t we.-m·te,m1nus 
1 ·m-M~~ -~.~~·:;;~r-···-----·;:;·~·. -_ r ~;~;;en ... u~e-=i-n' _ ___ ..,., .. _,_.~-~•------·--r-·-,-

97
--
0
·--(4_} __ 

!-- , _ .,.; J_. --- , , o,tl'dJt lac 

I 

! 
I 

i 
t 

- ! 
j 
i 

•••• ""•?• ... .. v• 

Never·assig_ned 

I Cortant.Av¢nue 
1 near Hamtramck t ......... ".~"""'"' 

' .· -----t-, . - ·"· .. .,. 
i 
i 

l'.l\!f'S!//~n .. wildpadfa,oro/wlk.1/UsLofc,State;;;'trUnkfln.lLhi'QhWaYSJ!t.MltJlig~o B 
. " ...... - - - ·-

t9ael81 

1979[)0j 

1933£121 

1977llS] 

;.99~[2$1 

6/22/20, 3;11 PM 

Interstate • US • state • Byways 

; Removed 

current 

19,39[9] 

..- ,7~ ... 

19aer111 

1939l13] 

current 

1979(181 

current 

1940£221 

Note& 

; Woodward Avenye 

May·have been 
· assigned to 
_ service drives 
, along 1·96 Iii 
' Livonia, but not 
, marked on official 

state maps as 
such 

( Became M:[~. 
l now ~-134: 

, Northwestern 
, Highway; now part 
; of M•10 ' .··, ..... · 

Became M·129 

Grand River 
Aven~~ 

, Became M-111 
; (now· part of¥-26' 
i S(gned along the 
; serviee drives-for 
, the eastett'i 
: section of 1·696[19] 

; Paul 8; Henry 
; Freeway, South 
' Beltline freeway 

Replaced by M:..S6 

: Davison Freeway; 
; built in the 1940s 
, as the first urban, 
( depressed 
i freewa,y in the 
; world · 

; Replaced by M,64 
• (became M-129. 

Pag~2 of3\S 
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! ' 
268.616 l M:gJ in f:'ort,l-lyrg[f l M:20 in l3E!Y (2ity f 

t 

httt>&_://en,wll(i.~edia.org/wikl/UsLo.Ls.tate_t_r_unkline_highwaysJn..'Miehigili'I B 
.... , 1("--

1919[2'61 

1919[261 

l9t9l31l 

1919!261 

193.0(351 

1919[26] 

1959[451 

·1919[i61 

t9HJ!26J 

1919!2fll 

1925[tSJ 

current 

current 

current 

t9sol3~1 

current 

curr.ent 

19511411 

(:IJJr&ht 

1937[431 

current 

current 

current 

cufrent 

6/22/20, 3:11 PM 

: (this section now 
'M~25} iihd :M-8:3 
(this sectfcm now 
M-142) 

Formerly part of 
: M-$5 

' B~camean 
1 extension of M-43 

. So_uthfie.ld 
Freeway, 
Southfield 
Highway; roadway 
continues as 
Southfield Road at 
northern end 

1 Replaced 1n part 
; by M-20, M.W M· 
' 120 ···· ··· 
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Exhibit B, "List of State Trunkline Highways in Michigan" 
21.882 j 35.'216. 1 _1"7?:near ~ogkwo9q l Detroit 1955[73J 

) 

B 

1e21l74l 
l.. -.. 

cµrrent 

current 

1927121] 

1940[761 

1962l781 

current 

current 

cur.rent 

1939(821 

current 

6[22/20, 3:11 PM 

Fort Street 

ReP;laced by M-66 

Replaced by M-44 

Repla,ced M-7 

ReJ5laced by M-69 

· RepJaced: by M-35 

, Replaced. by 
r US23 

· Replaced by tiA:52 

Replai;:ed by M­
- 211 

Leif Sr.i~.kson 
i Highway; replaced 
'. M-45 ·1. . ,_ 

·. Replaced fill~,9 

Pa11e 9 of 36 
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https:t/~n.wiJs.lP!!.~i11,c,rg/wlfd/llsCot,stata_tronldine.chighwaysJn:..Mfchlgl!n B 

c.196ol841 

1927(21) 

1928[56] 

1929(56] 

19ao1e11 

curreht 

current 

C, 1960£841 

current 

1939(851 

current 

1939(871 

-current 

woal89l 

~010(92] 

1940 

6/22/20, 3 ,11 PM 

a Mil~Road 

Replaced by 
us 1~~; 

Replac!3(1 p1;1.rt ot 
us 131 

Replaced part of 
US16 

• Replaced by 1-94 

Page to of 36 
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Exhibit B, "List of State Trunkline Highways in Michigan" 

j 
l Connector a 
j 
i 
l 
i 
l 
!·- ······· . 
:! 

1 
j 

1 Connec.tor 5 
., 
l 
1 !- ,,. .. ,. 

Conpectqr lS t 

Conne.Qtor 24 

0.836 

2.41'4 

,. 
·' 
j 
1 

0.265 ( 

i 

1 34. . .5 M~5 .... · in Fliri:nirig1on 
· · · n.ills 

US 24in 
:erQwo13t9wn 
Township 

! 

'--~{-- -~----. 

1 

lr696in 
Farmington Hills 

l 1-75in 
l etowristown: 
j Township 

I 
j 

~- •• · •-··c ,-.. ···••.· .. ,. ••• ·M ••··' ··t•·•·• · .. ,.~.,· h . i,·., - ,. ... -..- ·1"· ··--~·--· -····· ••••·"···-······"''• J'•·· ..... '<··•· ''"'"·-""" ,., ., ·, 

I, Connectorao: } 0 .. 629 f. ·1.'01:2 J l-94 .-JO ~A;Q-$8YH.1~ } M~a in .Rosavine l 

1968[2341 current 

1954(2351 current 

... -~ ,.-.··<-· -· . 

19&7(198] current 

current 

1973(2371 c1,1rrent 

c1,1rrent 

6/22/20, .3:11 PM 

Pattof the Fisher 
Freeway without 
a post(td llighway 
number; 

•. previously 
, Connector sl231l 

; Connector ramp 
; between l-696 

and M-S in the 1-
, 96ll-27;i/l-696/M~ 

5 interchange 

Signed as Conn. 
M·l3; pt&VIOU$1Y . 

•. Connector 14[231] 

: Part of mx.,.. 
- Toledo Highway; 
; labeled ''1•75. 

connector" on 
; state maps; 
: previously part of 
1 US 25 and later 
i Conriector 3[a31J 
' 
'. Labeled "1-94 
• connector cm 
· state maps~ 
; previo1,1sly part of 
· US 25l237l and 

later ' .. , 
, Connector 13[2311 

, Previously 
• Connector 1()[2311 !-,-,.,,.,,_,. ,, .. ,., . .. , -~"""····: -! ,., .... j .. ~ .. =.: . , ., .. ,, ___ .j"' " 

t.~ -~;~~:_:!~!: .L:::~~-L ···. '0,589~:~H !~:4d:~=.._J..~:g2.3, in Adrian l_:~~~~39J-L-~-i:lr_re_n~-.. J .. ,~~~~~~~~-~~:'7~--- -· ... 
t . i ' { 

·,· c .. · ·· · j '. in i 1 c21a1 ' :. $1gnedasCQnn. . ;}?fl!J!JJJ~I~ , 4. 1 $$ ! 6.-735 . 1 ! 19691 . ! Ci,!rrent I M-44 
~---·»· .. - ·----- ... ______ -! _ ···--- ... I- _ :r~\\Yneih_i~ -+- __ .... _ _ "' _ .. 1 . . I Co........,,. I Ml57 I o.- !!'.~ in ~!'!!'!!!Ill' j t<!!~ 10 $<,ghlaw ' 1971 l"l 
1·~-• ,., .,~~ ,• • ,,.,.,.-"·..,_, ,. :t ·'-~- --·, ·• •• .... ,- .,~.,· ,, ... ; .. , • t' ·· .. .. , ,.·,'••:•·v..-· ---

1 i 

conne.otqf ij9 
j 

0.935 J 

.-.,--,.o,•,•· , .•.v.-, f ,.,,., .. ,.,.._., .. ..• 

1-.505' 
Lapeer Road in 
Port Huron 
f:9~~-~~if ' 

B 
)I! . .... ~ -

196612401 

current 

current 

current 

Part Of HjU Street 
. and Michigan 

AYElfl.Ul:l 

Labeled as 
''Lapeer 

: Connector'' on 
maps; replaced 

• M,146;12401 
. previously 
, Connector 9[2311 

: Aeplaced part of 
: US 24A·I241l ' ..... . , I 

, previously· 
' Connector 2f2311 

' S~haefer 
1 Highway 

connector ln the 

Page 19 of ·35 
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l 

I 
' 

Connector 98: : 
' 

l 

Exhibit B, "List of State Trunkline Highways in Michigan" 

B,806 t Township ! Town$hlp ' 19841243) r .. , ..... , 2,365 

! 
.0,201 i · : a l M-1 o iii Petroit 

T ~ ~-- - -~- _,., .. 

M•t02onthe 
rietroit..Soufhfield 
cityline · -

i ~ i 
~-- ...... ._ . ._............,....._ ... ~-~-- --.. ,.,-+.-,,.,~ ..... ~-"7' .......... ~w,;,i. ... ~~-~~ .. I'l:!::~!;I:_ ;..--~- ~ .. ~...:.,,,._ - - .:.;· =-=· .. -, ..... .;,.' -~=-::::=::::::::::::~. 

. . '. M-104 in 1 US31 ln Connector 104 : 0;32'6 ; 0·525 ' F- ,., ,b ;,-. Ferry·_ sburg· 196112451 
i ~- ·~}~~rys_. ~I]: 

~---,,,.., ______ .,,...,i~-~;;.........f~ 1-hc~'--'·""""----f~, .. -m-....... ..,,,.....,..;;,,._._..,...,.~.,-¥-"'- ..,,.,;.~ ·-•·"¥"""'- ·'""'" ' ___ ,,,,,,, .. - . • 

1

Jll l t 
C- 25 1 · 1 .... _921 l_ ·!J(t.2i In Eri~ 1 M-125 In l:rle onneytort _·.·. f o·:m~ , v , ·· · - · ~- - · · , 

1 
· • ·· · ,t · · · 1 Township i Township 

J . l' .~ . ~-- ,, : 
!_ Connector 240 ; 1.589 l i U.$' g1 iii. Tayl()r 
} I I , 

I 90nn~~;~~T 2-f 
' L.... ...... .. ....... .. , _ .. . 

1965(2461 

i 1953(2441 
t 
{ .... . 
; 

l 
196912471 

6/22/20, 3:11 PM 

currant · 1~9G/l-69 
, interchange 

Part of Greenfield 
· Ro~(! ~nd 

current Green lodge 
• Street; previously 

, , Connector 2312311 
1--···~--·· --· .. · .. --, .. ·->-~· ... . . · --·· 

current 

current 

current 

current 

Part of. Pine 
· Street and 3rd 

Stree.t 

· Luna Pier Road, 
replaced part of 

_ M-151 ;1246] 
. previously 
1 Connector 112311 

: Previously 
; Connector 4[2311 

' Signe,cl as the 
' Capitol Loop; 

pr8viously 
: Connector81I231I 

; 
; Part of Clark 
l i \ ' Street; r~la<;ep l Connector 850 l Q. t27 0.204 j 'IY'~!i in Q~tro,i~ · t t!?: irt Detroit l 73(2361 currant . part of VS 25; 
-1·. 

1 ! ! ; previously 1 l ' , Conriecfpr 7l231 l 
· ·-- ___ ,,. - '"_,,.,,_ .. ______ ,,, _ ___ ,. ""'""""-' '•.;;•·~,_t::' :::- :;:···::·-::·::::;.:@·::::· :;;;- ;;;:;i- :a;;a-...!l__ _ .... :::::.__,_:;::::: _______ __,__ . ., ........... --.' . ............ ,,,., _ _ __ ' . • " .... -- - ... ., " 

See also-
• ["] Michinan Highways portal . . ' · .... ~-·-.... ::;,_..._ ...... ,. .,._..,~,..:. , .. .. ~ ........ ~ ... ,- .. -, ... ., .. , .... ..•.. ~ ... -.. , 

References 

.Footn;otes 
1. .~-i~~!SJ!'!b~~~J~tYf~ .(191 ~) (~na~ted M_ a_ y :r_ 3, 1:913]' .. ~9_· .h~H!~:gh_.~!~!~: .flde.~~r~ T:_ry~_k ~ir~-High~~-ys" (https:// 

P<?oks.~1S9J~~~9?:~.oks?td::7kX1A¥,A~~~~~=P-~~8~fil· 'nSh1~la.s, E mund C.; ~lack, Cyrenius P:: 
Broom,ed, A.rchlbald:{eds:);. Th~ Ciimp11~d.Laws-oftfle.State of M1ch1gan.Vot, I, Lansing; Ml: Wyrikoop, 
Hallenbeck, Ci:a\/Vfor~:t pp .. ,rsee~72, ·QQ~Q :44?2455~Jt1,!!Qs:fh11vw~~~~!.:!?f~~~l.c/44721-§.98.). Retrieved 
January 2:4:, 2012. 

2 _ _MSHD {1.9J9},, U~per·Peninsula .and Lower Peninsula s.heets~ 

a. ~~b.~~M~~~~J~!NJJ~~=;~~~-;~~~~~~~~~~~s~~§~~~~d~~31fa~~;Mi6~i~lfns 
Department of Trat\'.$,l;)OdatiQll, Retri'~ved August 1$, Q019. ·· · · 

4. Baulch, Vivfan M .. (June -ta., 199~)- :;t{qqct~~'""Avemr D~troit's G.~rtd _ QL<!~M!.lrl_§!r~~r :Jhttp~/l~-we~cita 
tiory~rg?6A4h,t\~~\1¥~1~rl==tittp:f {~s;~et!}eW~~S9 '. •· ... '' -·· ____ tory?f~~~ .. p~p_Ji~~2Q5). Th_~ petr,01t N~ws. . 
1§5,/ JQ?5:?71.Uh~~:f{~!Vt·~~ CE!b9f9fi~~lOA~271fil. oqs. __ t37-34871~(tltt~s;/~~~ worldc~t.org/oclc/1 
~?a,~~16);- Arct,nved frQrn:t~.e~~n91,n~t (h!!p:1!aPP!·:~~,~~~~:~~R.1!~Pf?~/~1sto.tY!ind8:x '.php. 1d=205) on August 21:, 
2012. netne-vedJune 6.,20 ,2. 

'https://en.:~ll<lp·edia ,org/wiki/Ll:1Lot.sta.te.,ttunkliM_hi9hw'\ys_in_1i,1le1iig;m. 
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Michigan Highways: Unsigned state i runk.linesUst 

· · Exhibit C, "Unsigned State highways and Trunklines" 
r,(22/'l.O, $:07 PM 

,, :: : ~ : ':~ -' > •• ~I>. . 

Sine~ 1~97 
www.Mich1qanHi9hways.org 

Unstgn:ed State Trunklines & Connectors 
Unsigned: State Trunldines- I Sj~ned & Unsigned C:onnec.tors I Jump to Bottom 

When peoplethlnk. of'tl'\e state trunkllne system; most immediately· think of'the Interstate; us and State-numbered. highwayi;c whish crts!icross 
the i:tate. F~!W,. howevet, reali:zs'.·thera :)t Q -many miloc of :Unsigned ctate• trilnklinei: .and connectors .(both i:igned and 1.msigned) maintained by 
-MDOt but e.trryfnQ n.o route--number-or other identifyrng markings. 

Of the unsigned stllte· tronklln.es, tf\ere are two types: numbered but unslgn¢d toutes; of Whl.ch there are only a few, and formerly numbered 
routes Which have be~n sul)!:!rce.eded by other highways.or are earmarked for being turned back to IOC<!I control. The former are. included with 
the-·regular route listing~· elsewh,ere oo;thls· site, whlle the .latter are usually ct~lgnated as -''Old M-nn" -0r "Old. us-nn." officially by MDOT. Th.e 
·1ntormation on uns1gned state trunRllnesJs taken from MOOT sources and is. beUeved,to be .accurate and correct to date. 

Uns,;igned State TrunkUnes 
l 11mp.to, 
01;.i:);QS•l.2 
OLDIH4 
OLP .!'1' 20-
0 LO,M-21 (Wyoming} 
QJ.:O'J,1-,21,(East GR) 
O~IHl-':24: 
om usm {Ea~ n)· 

·11· .· 1 ·. ,W .. es. t.ernTetminu.·s? 
' . . Eastern terminus: 

. L•nr,th: 
Mi,p: 

jl,9"''; · 

History:. 

II. · · · · · We. s.te. rn. "T. · ·.e.· rm. ]nus: 
Ea~rn Terminus: 

. Len_gtt,: 

M11p: 

Notes: 

{)l:P lJS·;r?'(Cli~tpni 
Ql;.Q osc27 (S0otino} 
OU) lJS·J.J. .{Oi:l!ahil} 
OLP-1JS,:}1 {liartl 
n ~o,0$•31e1t 
oun~-4z 
QU)M-43· 
DLbs M415 (Oti:awa) 

OLD 11'$$:(Wexiqr<l'VI) 
QLP M· SS (Wextonl-t,) 

ou, M-55 (Rosc,'Ogem} 
OtPM·59 
OLOM-65 
OLD l-69· 

.OU:>I-MN 
orn l>94BL (Kroo) 

OLD 1;~4/()U> tJ5;t3lBR. (!<Zoo) 
0!.Di-96!'1. 

OLD_ 1,9sss· 
OLD M·9!HSOUUi) 
OLD' M.,99 (Nort:I\) 
·oLD M·l Oo 

91,,P US• t27 {J;lC~S<!n} 
OLD. US-127 {Ingham} 

OLD VS•l3t (Me<Psta) 
Ol.O US• 131 ·(Mec-Osc) 

OLD US·l3J,,(Wex(ord) 
OLD US-131BR (Gr Rapjds) 
Oil) M-1$3 
OLO M•154 
OJ;D1'HS$· 
OLD llS-223 

E .Main St atthe Berf'ien/,Cass Co iine, 1-3/4 rriiles·soothea-st of downtown Niles 

Jct USd2 & M·GQ, :t:Wo miles .s()Utheast of downtown Nlles · 

·Q.346 rrilles 

.~<iute, Map Of OLO us.:1:2 

Bell~ Isle ROoQS 
E. Mich Ave·(K200) 

~ttom or Page 

Th)IJ··o1.t:>· 1;($·:1.il roui;)ng :is a v¢rY sm,ill r¢mnafit of what was once part of the BUS L!S· 12' ro,µ.tirig. through d9wntown 
Niles f.rorn January 1962, until January -1994. f>riOr to t hat it was part of BU$ US-11'2 from the late-1950s and even 
-earfler, it was designated as mainline US·112. Interestingly, OLD us-1i was never slg_ned as mainline US·l.2. 

OLD l,IS--12 is kn.own as E Main St. 

1994. (,Jan .3') - The portion of BUS US· 12 'from-BUS 114-60/0ak St southeasterly via Main Stto. the US-12 &: M·60 
.lnterthange southeast of Niles· Is removed from this' routing ·and tran.sf'erred onto the:- llth .st alignment, jotnrng a.us 
.l:JS-:H ttJer~ and supplanting the QS·33 de.si{lnatio/1 Jo the process. US-3~ ls scaled b.i.Jt;k tQ a terror m,s at the. us-ti 
Jnterchaoge so1;1th o(ttJ.e .. . c;fty at th,:i new e~~tern terrninvs .r:1f e:t/S l,i!:M2· as wel l, l'll111n St from J'(OS M·60/0.-k ·st 
sdµtheasterly to the Berrien/Cass Co line Is turned back roJOcill cot1trol, while the (very) short portion of the former 
:BUS; tlS~12' from the county line to tite vs012 & M·60junction remains as a short unsigned state highway stub. it has 
been r.eported, howeveri.t ti:at thJs,-i;hange mc1y have been made. in l967 in: terms. of signage in the field wfth the actual 
j4rlsdict(on0Hr1:1nsrer t13klRg-p!ace In 1994· . ..,. Thanks M<1r:c! 

Washtenaw/Wayne Co lioe along Ann Arbor Rd (at cnr Napier Rd) 

ReqfOro lwp/Clfy df Detroit boondary a)ong .Plymouth Rd { 1/2 block el:ist of Hazelton St) 

li,75 i;rijles. 

·ftoute· M.ip Qf.OU;> M-14 

11:ils former allgnrnent. of M014 was bypass.et! lfl 1977-1979 when the .Mf:i/Jeffries Frwy and the M· 14 tree way 
connecting Ann Arbor with Detr9it via 'Liv9nh~ w,as completed anq opem:d tQ traffic. While the portions of the .tormer M··· 
14 within Washtenaw Co to the-west and-the City ,of>Dettoltto the east were turned back to local control, this segment 
.lo p1ymoutl) & Rec!fotd TWps and, the City of uvonta was never transferred. 

Whl)e Ol.:D M-·14 ha_s npt il¢en a $)gn'¢d state tru.likl)ne since the late-1970s, that has not prevented the posting of 
.so~e· M~l4 roµ_te mar~ers, ;,Jong_ .of near Plymouth Rd· 10 the Redford area .. In addltic;m,. even though the· ro,ute does not 
-apfiear oh an.y official state highway maps; a few commercial mapmakers. have either continued to label i-H4 as 
ronntng-along Piymouth Rd east of i•:275 or hav.e shown the route as BU$ 'M· l4-'a designa~ion which_ has never 
existed,. · 

1.97'1. - Wlth .the. completlorr .of the. final s.:grneht pf the H)6/Jeffries Fr'wy In DetroJ~ and Livonia betw¢en. M­
;39/Sb\Jthfield Frwy and l-l'l5i M-14 IS. scaled. back to e.nd at Ic215,. shortening th!!. route.' by more than 14 miles. The 

http:l/w.wW,mlchlf:janh.lj:/hWay,..or g/ otl:il>r/ur,si.11!rl!ld.html. C 
Pa ge 1 of 17 
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II' Westtirn 'terminus: 

•• : ~astern Tc.,rminus: 
.... ,,,ttt: 
Maj): 

No~ 

.Fmt. 
W.:stter.minu;; 
F,:nr"' l!i,st T•rm 

: Forn111r .Length: 

M11p; 

Exhibit C, "Unsigned State highways and Trunklines" 

2019 ,(\Ja.n 7) Ntlut - The Kalaroa;100 Ci!¥ eommlss!Qn, .agrees to tj'lie Memorandum of Understanding from MDQT on 
the cohditlohs at the ttasfer of the affected streets 111 the city, thereby remoVln'g them from the state trunk!lne highway 
system and transfetrtn9 them tOthe city primary street system. l'or 6L H~4, this. affects the en.tire route 'from 
RarnbJind .Rd ·west of'downtown. to the intersectron ofMills St east of downtown, Including the one-way pair of Michigan 
Ave(eastbound). a·mJ Kalamazoo Ave/Mlchikal St {Wei'ltboontUthrough the hearl: of the city. 

'2019 (June .J-7) Ne:Wr - MDOT crews remove: the state trunkline route markers from both the transferred roadways 
I n dqwf:qy,I!) l,(alamazoQ. as weU as al.Qn!iJ th(!se segments Which will remain as unslgned state trunkline routes. Thus, . In 
the fletd, SU·94 ls designated-as ss 1•94 (Business Sl'UR :t-94} beginning at 1·94 at Exlt.81 ea$!: of the city and 
terminating at Mills St and the portldi1 froni MIHs St westerly through downtown to Rambling Rd is now a city street. 
'rile portion qf wh,at h?tcl been design!lted a_s BL M.l4 and E\VS VS· 1J1 along S~dilm:i Dr from Rambling Rli westerly to 
lJSd3J. at .Exit 3.61:lecomes an unsigned state trunkline highway as OLD I-94Bl/U&-131BR. 

cnr 'Grand River Ave & 10 Mile RC!, 2/10 ,mue west Pf'ttre M-5 & Grand River Ave. 1nti::(cha'ri9e .rn Farmington Jctllhi (we:;t 
'Qf downtQWI'! Farrrilngj:Ol'l) . 

Mi-S at the ,eastern end of the M:-5 freeway in .Farmington Hills (southe.ast of downtown Farmington) 

4 •. 34 mtles 

Rbu.te Map of OLD SL Hi5 

One -can tra<;e this history of famiingtonts OLD Hl6flL back to 1933 when the State Highway Department constructed 
the first byp111ss of the city vra Fr.i'!edom Rd: Thi$ t;;ypass i'or us-.1.& traffic; was, od<:liy enough, i'o,.. eastboun<:l tral'i'ic only, 
whiJe ,exlsting !;JS.16 along Grgnd River throt.(gh the City r~mained available for both dire¢tlcms oftrafflt .. Ih 1957, the 
preseril:•day M~s freeway oypass of Fal"nilngton Was completed and signed as part of US·l6 with the former route 
through the. dty becoming J!illS OS·:16. Within a few yea.rs, !;he bypass was co-signed 11s Hlo and in 1961 BllS US·l6 
though downtown Farmington wasreoesignated as BL 1•96, Then in. October 1977 wnen the final portion ofthe Jeffries 
,Frwy thr6ugh LivQnla was comj:ilefed, I•.96 was transferred to its present routing and the FarminQton bypass was 
lntegtated into M01(l:l ancf the ,BL 14.16 routing. through the city was removed and Grand River between the M'-102: (ni:!w 
M-5,) ~unctions became the unsronect trunkline it rE?mains to .thls day. 

t1111 " Six miles ofl·27f, 11re ~ompleted between thHuture 1~96/jeffries Frwy near Plymoth and the Jct of I-96. & l· 
696 in Fatmrngtoii Hlris. sources show thls,stretch offreeway, ls desigt,ated only as, H7S pending compfetion of the 
Jeffti.es rrwy,through Redford 'TWP .and l,ivor\ta., H)9 ls ~l!I signecl ·along the "Farrnlhgton Cl.ltoff," while ss l-~6 is still 
i;:lgned alon(f Grand :Rf\ier from Farmington into downtown Detroit. 

Ut17 - The' blgge,S!; ch;;mgei;: to the route, of !-96: in 14 years occur as the .Jeffries frwy is completed from M-
39/Southfield Frwy ln Oef,tolt; t hrqug)l Reclford Twp and Livonia, to I·27S near Plymouth'. The l-96 .desi911ation Is 

:runs ndtfherly oonclJrrently with i ~275 to the former route of 1·96 in FarmingJ:on Hills, ThE! 
· . , s an extension of M·lOZ (present-day M-5}. f.\L. 1•96 

k!SiesJ~:gosts. •fed:!_. !3fO~. Ute rnar~.ers; but nep i)S 80 UnSIQnep state ti'llnkfine designated 

This:µn!ilgnE\4/olG! :st.ite trun'l<,lin!! was the route,along Grand River Ave in 'Detroit was formerly the route of M-16 illto 
·ti,~ <:;ity fro.m: the .nqr!;hwest .until 1926; the route oHJS-16 from 1926·19.62 and then was designated. BS· 1·96 from 
1962 'Olitll l ,977. At that i)Otnt;, 'thE? we$1:em h.itf of as h9G became mQdem,.day 'M· S while· the remainder from r~ 
!l6/lel'frle.s- Frwy at Exit :1,_()5. southeasterly into'do.wntown t>etrqjt became ·an unsigned trunkline as OLD I •96BS. 

llpDAteb1 Tliere had bel!i'I conslderatloll to re-sign this trunkline as, a. southeasterly c;ontinuatJon o.f M· S into downtown 
Detroit over the years, however as thetrunkilnl! had J:! ''dangling iand," meaning i\i does not connect with i!OY qther 
trutikline rciu:tes at it.s eastern eoo :anq would Jikely need s1Jch a i;onnett1on oetore it route markers were ag.a1n Posted 
along 'Gntnd RIYer here-,, it didn't happ·en for ~ome t1nie. While MD.OT could've signed Grand Rive Ave as M·5 · 
southt!'aster1v from M16, at Exit 185 to the J~75/FIS:h~t Ftwy l:rOlltatlf:f streets (a "trur/kline connetj:Jon,'' lfyqu will) 
fe;iving only·the last; few J)lotks as an u 11slgned trunk1ine until any future jurisdlctlonal transfers can be effected, it 
chose not td for se\1.erat years~ 

IJl!QflT1::b1 ln .c,2000, MOOT moved tb more directly control the re9ul<;1t ma1nt,;nance qn the ~$µrface" s~.~ · tt1,1nklines ln 
the City of betrolt • . Regular maintenance on all non-freeway st<1te highways within Detroit had lopg been contracted to 
tJ:ie City, l>yt hl!d tiegwi to c!ecll ne over the yea~. When MOOT re0took c:onfrol of mainteMnce, a few trunkline 
deslgn;,tlon chi'lnges. within the city were made as•Well, some actual and some on paper. Beginnln~ with: the '.2001 
Official Transportat1or1 .Map, ft seemed as if MDOT was inclicatiOg that M· 5 continued soutf)eas.terly aJo(lg' Gran~ .River 
Ave all the way li:lto doWnt-0.wn O.etroit, su:pptanttng the :OL:D BS 1~9& unsfgned trvnJ<ltne designation. However; the state 
made no attempt at sfgrUng this portion Qf Grang ,P.lver Ave i:IS M-S lll'.ld, I~ wa~ illter learned that while the department 
has a general nile to .not rnark. lJOSigned ·$1:ate tnmkllnes on its official transportation iiiap, the Oi.O BS Is96 extension 
c,f M-~ ~<!~ inch.ided as a red line (tndli:atlng state'trunklliie status) tnto downtown Detroit for unJ<nown (possibly 
po!itlciil) re,u,ons. Th'en durfng Aprli.-May ioiu, as Pilrt .of11 slgnlhg.and. streetlighting upgr;fde, MOOT erected M-5 
route :mi:irkers along the entite OLD BS M:G portion of trand River Ave from !~96/leffireS frwy {Exit 185) southeasterly 
into f;lowntQwn_ Detn:,lt ~~ tt,11 cnr of Qr~11d Riv~r Ave 1k Coss Ave, thus slQnalllrig the erii:I of unsigned OlD BS 1•96 as a 

, .. .,,_."'"'"''''"""""""'"""""•··•·"""' t~ I Jc. ._ ,; ,,,. ,.,, " 
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· · Exhibit C, "Unsigned State highways and Trunklines" 

History; 

hlc:lden ~fi.m.kl)n.e desi!matlon. 

1962 - Tbe .final 59 mites of i-96 freeway from tt,e Eagte/,Gr;ind ledge area past;· Lansing· and Howell to Brighton are 
completed and opened to-trc:1ffh:,-~s ofthi.s time, ~fl. of US-J.6 in the state Qf Michigan IS "decomm1ssiot1ed" and all· US· 
:L6 li:>ute markers ,are: t.;iken down, end.Ing a 36 .. year run.for t;tiat route deslgnatiort in the state'. However, .since 1·96 has 
not bee'n· completed into the City of Detroit, the portion .of Grand Rivet Ave from the .end oi'the: freeway southeast of 
downtown Farming_tM Into downtown O~it ls tle,iiignatett .as BS. 1-96 ("Business Spur 1-96''). 

1977 · ihe jefft'ies Frw.y tscompleted from 'M-39/Southfield l'rwy in t>etrolt, through Redford lwp and l.ivonia, to l-275 
near PJymo.uth. t11e -Hl6, de-slgnatlon 1:r appiled to this .fr.~wcty; then runs. nort/:rerly concurrently with 1-275 to the 
former route of H )6 in Farmington: t:tlllll, the former sp1.1r-route of H>6 around Farmington Is re•deslgMted as an 
exttnsioo -of M.,102, :(prese.nt-.day M-5). BS I-96 .from the former end of I -96 to M-102/Eight Mile Rd becomes part of 
the.-extenslort bf M-l02 (rfOW Part of M-5), )Ntiile. the portion of !!S 1·91,i from E;ight Mile Rd to 1·96 at Exit 18$:li; 
des{goated as M•.5 . . from tile ~<Mheast~rn eli<:I of M,~, .es 'M)6/Grand River Ave Is retained as an unsigned state 
trunldine as OLD BS I-96. 

20~4 (1'pt ,1) - The ec1sternmo~sjx or so. blocks of OLD 8$ 1-96 are transferred to ci.tY control, truncating the 
tr.un~m,e back to a new terminus at the cnr of Grand River.Ave, Middle St&. Cass Ave in downtown Detroit. Tra·nsferted 
are Grand RiYer Ave (Cass Ave .to Washinl)ton Blvd), Washington lllvd (Michigan Ave, to Clifford-St). Mlctdle St (Grand 
River Ave J;O Clifford St) and CJJffQrd ·$t (!'llddle St to W<1shin9J:on Slvd). · 

20:lti :(A,pr•M111y) N£Wt - As par£cif:a signing and streetU9htin9 replacement project, M-5 route markers al'.E! Installed 
at,m9 Grani! Riyiar Ave, in Detroit from t!J!al preyiQu_s ei;lstern terminus of. M-5 at !·96/Jeffrles Frwy ( at Exit 185) along 
the unsigned stat:¢ trunkllnertoute (Qtl5 as J0.~6) tp_ the: termlnus of OLP BS 1-96 at the tnr of Grand River Ave &., c~ss. 
Ave in c_lownto · ·· Qt ; · · s now no lotrger a hidden or iAtemal MOOT route designatlon. 

D0wntow1t:Oetrolt Tttinklines Map · PD ap-sbowlng the official routings and_ termfni of-all state trunklines In 
do - · .Many oftbese · ~ome, of the trunklln_es themselves are unslgnecl, making thls. map 
·partlcularly help.fur.. · >c' • .--- · .... -----------------·---------.......... .-..... ,___,,_._,,..._,,,.... ...... _. ____ ..,..._~,.._ ..... .....,..__...,_.,__,.._.....,,..,, __ _ 

II•_ So-uth_•_ -r-_ 11 te-rm~nus: cnr M0 99/Carieton Rd & BedG Rd C-ne.ar lndustnal Dr) in northern ftlllsdale 

Northern terminus: Cnr W·99/CarleJon Rd ;ust southeast of ttie M-99 & Moore 'Rd Intersection In Hi.llsdale 
. 

_ _ ; a...n,.th; 0,61U .rn1Jes 

M•p} Route· Map.of 0 1.0 M-99-(South Portion) 

Note.st Tt,is .segment of 1.1.nsigned/Old sJ;{lte tnlJ)k(ine is one of a pair of OLD. M-99 rO'Utlngs between Hillsdale and'Jonesville· 
.resuttllig from the Improvement of M-'99 between those commtinlties In the mid-1970s, This section Is ,the southern of 
the tw6 porttOM or OLD i>MW, thi:I ottier Jyii'!g ;ippro>!lmately iit mile north of thls one, on the oppo:;ii:e si_de of the 

'.h[ghway. · 

History! 1975 (Mar $) - M--!t9 betwe.etl HOl$dale and Jonesville; is completely recon!;l;ructeq, l;irgely on a new, modern 
'aligr:iment with fess sharp turns aod .a new sweeping curve on t _he soµth slc;le of Jonesville. Two segments Of the .former' 
c;11i'gnr:nent:to -surive-e,g: that we,re not obliterc;1ted by"the new highway-remain .as unsignedfoJd state trunklines, both 
t:iffi<iialJy des,l_gn,ated lnternauy as OLD M-99. ihe segments Include- Beck Rd on the north side of Hf!lsdaie, looping west 
.of the lie\Y highway, and Beck RdlSt from south of Jonesville :northerly Into the. village; to the east of the new ·highway .. 

II SQ __ uth- e- ri'i !ermlnus~ .Cnr M.-99/taneton Rd:& Beck Rd souttieast of the M-99' &..~ke_ wuson Rd tnte~e.ction b.etween .Hillsdale and Jonesville 

Nqr:ti,ern Terrnh1us: Cnr M-99/0lds St & Beck St iri Jonesville 
. 

· L•nath': 1Ai·mnes 

Map: Route Map ~f 9LQ, M·9!l' ( r-for,th 'Portion) 

Notes: This segment of unsigned/old state tr,unkline. is one of a pair 9f ow M-99 routings between Hill~dale and Jonesville 
resulting fror:n the lmprovemeot of M,99 between those ,communities lrt tlie mld-1970s. This section is the northern of 
th~· two ,portion_S; of OLP M-9~~ th¢ otherMng approxima~ly 1/2 mile sooth of this orii? .on the opposite side orthe 
h.lghway; 

History~ 1975 (Mai' .IS) - M· 99 between Hiffsd.a.le and 1o)iesvllie is completeJy r~onsi:Ncted, largely on a. new; modern 
aj1gnme11~ wlfh less sh.irp turns ancl -a new sweeping curve oh the south side of Jonesville. Two segment$ of the former 
.ilignmeotto. surive-e,g:. that wer:E! ro~ Obliterated by ttie new higliwav-remaln as ·'unsigned/old state truokllnes, both 
offkl:a!fy· designatecl Tnternally as,OLD M~99. The se11ments inth.ide seek Rd on .the north side of Hillsctale, tooplr)'g, west 
ofthe new hiohwav; and Beck Rd/St from sooth of Jonesvflle northerfy Into the vtHage, to the east· of the new !'Jlghway • 

.• .. • .. -_ $- cM .. h, " __ rn Ter~.1-nu,,. Bl l.s\l4/eU$ US- ,t.l7/M'· !?O ijbthe,cnr ot Francis (formerly Cooper} St -& LPuis .Gue Hwy In dQWntowrt ::Jackson 

Northern TermlnuiJr M~t 06 at i::nr .Cooper st & Ftanl'lts St north of downtown Jac:kson 

LeliQth: o,S'st mlies 
, .. . ' .... 

. Map!. Route Map of OLP M-1Q6 

N4)1:es: In 2004, both stre.ets. corrrprlslng the tQrmer one-way pair couplet of JVl4 Q6; on-the north side ,of downtown Jackson 
we(e -converted to two~way traffic:. The former northb.ound sii;le ~Jong <;qoper (formerly Milwaukee) St from Michigan 
-Avrt. 1:9. fr.lMl~ (fqr111erlvCoqperJ $t ;reta_lned the M-106 designatioi:I' while' the former southoound side_ along Francis 
(formerly C.!lQp~t') :s.t from c;Qoper (formerly Mlh.vaukeeJ southE!rly to Gl.lck Hwy became an UJ1$1gned trunkllne route, 

-......... 
t,ttp:/1www.inlchlgaiihliihWai1s;ot~/othertunslgne:d.htmi C Page 11 ~t 17 
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· · Exhibit C, "Unsigned State highways and Trunklines" 

·signed, :such as·GONN liif.J..j 1;1t &ay C,ty,. CONN M-44 at (irand Rapids and Lqn!;lng's capitol Loop, m11st are not or simply feature rol.\te i.ignage 
p(\intlng. to, the wunldfnes at either end that ~hese connectors "connect." 1n c.2006-'0S, MDOT redesignated most or the Internal connector 
.deslgnatlons to make them. more closely match one of the h'rghways·they COl'inect with. For example, 1.nternal •connector 13" was the BL I-
94/M-2S i:onnei;tor iri Ppr!; Hurqn, but.wc1s 9iven the new i;lesignation of"Conncetor 25." (This allowed CdJ\l!''l' ~H3 to be lnl:!lrniilly cteslgnated 
,as "Conhector 13" .as well.)' For completeness sake, the: signed connectors iire also listed. below; howl!!ver links'to their foll rnute listings 
,elsewhere in the·site are included in boldfac::e:;.'· _..,,..-..--.--------........... --...... ---,....--_,.._ _ _ 

!ND 
M-3/Gtattot ~ve 

Sl:CONDAltY NA .. E/N.QTES 
(Formerly "Connector 8") 

eo'ime:a:/:~r1Ta'111mn:.ri-ti9t!rtlt'IIT!!'T-'96,;t,.~~".59i(f]iM;j'.-~ Mj:.55". ·111n[ ttthiee:'J, t='·96i!f..1~/l:-~J;1DeGtQi:-~n M-5 ro1.1t 
5 interct,an:ge 696/M-.5 JQterclJ. 

Connector 13 Bay H :S/VS·23 at exit 163 west o.F M•l3 south of .Kawkawun 
Bay City 

Co'nnectot>Z4 Wayne US-24 at t ni' Telegraph Rd & Dix 
Toledo Hwy ··· · 

connector'25 St aa1r BL I•94/BL I-69 at Hancock St in 
Port,Hqron 

Conne.d:or 30 Macomb I~94 at ex(t 23i 10 Roseville 

Cohnector '34 Limawee M·34/Beecher Rd west of Adn!in' 

t-15 at Exit 34 rn 
Brownstown Twi:> 
M·25/Plne Grove Ave In 
Port Huro11 
M-3/Griitlot /we north of 
13 Mi(efld 
US-223 "Adrian .Bypass" 

tONN l"'l"l~ (formerly ·connector 14!'} 

CONN us~N {Wo.odhaven), 1·75 Connector 
(formerly "Connector 3") 
1· 94 C6r\riector (fOrmerly "Connectot 13") 

(Formerly "Connector j,0") 

Ind'ustrlal Dr 

X,91:ifMc~? at fu<lt. 33 In 'Grand 
Rapids 

Mc44/Eai;t Seltlipe Ave. COf\lfi& M-44 
Northland Dr 

Conne®r 58 Sa9inaw H.ill SNV!Jchlgan Ave at M-
58JStatiH?t . 

HUJ st-Michigan Ave atl- HIii St, Michigan Ave 
675 ramps 

Conneptor ,()9 St .. cJair Li:lpeer Rd between 32nd .& 
Botsford St$ 

Is94/I-69 at Exit 274 in 
Port Herr.on 

(Formerly ".Connector· 9") 

C,mn:ector 75 Monroe I-7S att:EX1f 2 n~r Erle M-125/tlixle Hwy at tc>NNU$w24 (Erie), HS/M-125 Connector 

CoMector ,96 Cllntcin 

Co'nnector· 
102 
Ccmnil:ci.or 
1:04 
connector 
1,2$ 
Conn_eotor· 
240' 
-Connector 

Monroe 

WE!yne 

.Ingham 

wayn.e 

summit St (f0rmer1y "connector 2") 
M-85/Foit St '& Schaefer Hwy ln 
$Ollthwei.t P'etroit 

I ~7S/Flsher Frwy at .Exit 43 Schaefer Hwy 

I~96 at 1:x1t· S9 northwest of 
Lansing 
M-10/J C Lodge Expwy at 
Greenfiel(I 
~-:LQ11S'!viqge St in. l'err;ysb1.1rg 

I-69 at Exit $:I. northwest 
of Lansrng 
M-102/Etght Mfie Rd at 
Greenn.eld 
US~31 at 3rd St 
Interchange 

US-24/Tele~raptr Rd at Luna Pier M-125/bixle H.wy .at l1.1ha 
ltd Pier Rd 
f-75aat Exlt,.3ff!n Taylor tJS-24/Telegraptl Rd south 

o.f liw:eka Rd 
Jct l-4\16; ~ W99,: t.;ansln9 Jd; 1-4\16 S. Bl J,,~n', 
, ·· . ~ Lansing · 
M-85/Fort St .it Clark St.in- ·---'!Mif".I" Xlt 47 (Clark St 
1,etr.olt int erchanse) 

Heme I Jump to Hi9hWct\f 1.istings, 

Greenfield/Greenlodge (formerly "Connector 
23") 
Pine St, 3rd St 

CONN us~24 (Erie), Luna Pier Rd (formerly 
"Connect:Or :t ''') 
C!)NH U.$.,,24 (tay!or} (Formerly •connector 
4 ) 
t.t.PX1'0t LO~f:i {formerly"Ci;mnector at") 

tlark St (formerly ''Connector i") 

U1 4Ch49 80-89 i40-fS9 
1oi 19 50-5'9 90•9S i60·179 
20"2? 60•69 100-119 180-199 
30,39. 70:-79 U!H3.9 . 200-229 

230-249 
250,696 
Bus 2-31 
Bus:32·94 

$us9$-496 
A-2,-C-81 
0 ~19-·H•l5 
11· i.G---t1,e3 

httP:Jfwww,mfoh1gl!hhl$1:iWays.ors/o.th:er/unsisn.Efd;htrni C 
lE a-

LENG.TH 
0.724 
mile 
1.334 
mile 
2,435 
miles 
2.379 
miles 
0.273 
mile 
0,630 
mile 
0.399 
mlle 
4,205 
miles 
0.464 
mile 
0,910 
mile 
2.992. 
miles 
0.219 
mlle 
2,365 
miles 
0.201, 
mile 
0.326. 
mHe 
0,572. 
mile 
1.514. 
miles: 
2.243 
miles 
O.i27 
mlle 
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NOetnilt l'l'ap,~f'O..ner's Giid•tollio,a-llo~· 
v,,r$Jon .1~.Su~o;·2.o,~, 

lntrodl.J~tion 
V\'hl) ·fs this gui~efort 

• 
Have y.ou tried to ,u'iderstand st()rl'tlwater 
management i.n Detroit'? Are you interested 
in installing: a Green Stormwater lnm:.tstructure 
(GS!) ·practice Q.n your properfyi • but need 
more information :about how·to get the 
project done? Wou•d you like to invest ·io a: GSI 
proctice that t:Quld, beautify your property and 
potentially imprc;ve y~ur bottom line through 
d DWSD dr~ir-iagecredit? ltso, this 9:u1de is 
fqr you. 

Th.e lnfbrrnotion here will be pdrticulorly useful 
for smaU business owners, :nonprofits and 
faith-based o~ganizations ,in ~roit who, 
are !Qpking to retrofit or .add a. GSJ p.ractice to 
their exjsting <1>ro~.rty. ThJs guide wm provide 
detaUs on how to pkm fo1 and lmplement o 
'bioretention basin 'On y<>J.Jt non-resi.dential 
p.roperty to better mon.agec Sleirrnw<1ter runoff. 

n ~tsc:LAl'MER: Theinformatfori In ·th11 doeiJft'l*1,.t 'Na5' created'os a 'getlerat guldeline 
~ .• ~ucatfonol :ii\ l\oture'.·Ond t9 h•fJ>. peop.le -betttr 14od1rs«1"!d fmt·DWSO Drc:i_n~gf. 
ffl~~. ond'l'heO'#e~cil!. pr~.o-f ~p:t:in_g ·10 ~ -cred'its,. ~W.,conditia~~· 
,tc',t,"1W<rtll~.mcM9ame.ttt. , bl0n,,ten~i~n ·proeti~s1>hlt1n9-c;:o:u~ltof\~-~~ i:::on~~~rs. 
~t~•Th!) i6'1?miQ:tkl1l·c:ontolo_ed.h.itfe!"" J,· ,notii'.\'teride4'to ff~4t:e, ·di~Ut'e, o:r c,o_l'J'Uadic;t 
~y .~St>.pt09rcm doeu~•n~-.cnd-.r.&g\JtQtloni.,.Jrt:alJ instonGts.-. ony,(l~~µ~~s:°' 
dol'ificotion~ r.egG!dl.n9: :()WS.Opoi~s on~ ptogr~mu:hout(.h dlr•cte<i.J:_o _OWSb 
dlr_ectJr,· ~.r-'!-heir ;oc:_1,1~,:oti.on o"n.cfguld•t' pu~l{shed on their ·we,Q.site, 1his cfoc:9rn•n~-
·1s Qnly $U?P.1~.~a!_t _o ony OWSO dQCVffitn.~~op. · 

4 

Combin~~"Yf>rOverffow pipes 
dlr~~d.into·tfle Detroit. River' 

i.ctiil: + W<lbar WORKS tour !ii,ltiog 
.'1 b,oretentiol') prac:iic:eJnstalled 
l!y m. City~ Detroit ct Viola 
Liuuo Parle in Northwest Detrqlt ' 
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What is Stonnwoter Runoff 
ai,d Green Stormwt1ter 
Infrastructure {GSI)? 

0 
Sto(oiW(lter runoff Is roln dnd $nowme!t th¢t1'!ows QV<:i: toads, CJ 

p¢itl<ing l<rts, bt.Iili:linsi rootsqnd,otherhord ~4tfo~ that,d<m't Q. 
q\1¢,iv W®!r' tl:I $,<)'Ilk into tt)e ground, P!.tJiPS ti~.I(}' t<1insto$ S° 
!!Vents end spnn,g $now rn.elts, thi$ water con flow i.mo near-J,y ::!. 
botiies of wo~t withoultjf'id~going treotment. tlle.rut\o.ff §f 
eon cause '/'loo,;!i.ng <1nd, when untreat,ed, i.t can flcv,, into our -
riven;, .;~ulting In poil,,.~'01' of our rivers an,;Hhe t3reot L<1k¢5. I 

~ Detroit hos a eombinedsewer system, meqr,ing bothsewqge 
and ,stormwcrter runofffiow1:hroug!;t its tr~ment;ptants. · o 
Ac.eordfog to 1:he O<etroit W:~er (Ind ~erq,ge !Jepc,rtrnent f 
{DY/$0), "Owing w:et we-other; t110 much storm,v<!ter <;on 15 
OVf!r!oad th-e cqmblne:1· system. This might eaµse 1>17,semen( cg 
,ba'*ups, .streetfjo.odmg~ ·and pollutedwostewotert:o :i'low (J) 

into the Rouge. River, the Oetroit Rive,; and eyentually, Lake 0 
/;tie,. Thes:e overflows of b<ith' storm water and sewage waste 3 
o~e cal/ecJ combined sf!wer overlt,owsr or CSOs. CSOs are .. a.fast ~ 
resort fa prev(lnt sewer!:>q,ck4ps and basemimt ffoc,ding;" ~ 

In th.e post,. we hove .used,' costly "gray'~ or c.onventional 
storrnwater infrastructure ·,to .move, store olld treat 
stormwater, but·.thereis a 'better woy, Groen St.ormwoter 
lnfrastructure.oliows .us to. manag.e ·starmwatet where it 
fairs, using vegetation, soils, and other elements ta filter, 
absorb and slow down rtormwater runoff. GSI can be l:l cost-

0 
:::J 

ti 
C .., 
:::J 
0 
1 
CD 

eff\\ctive, iesilient approo,:h-to l'nQn.ogfng roin more notur(llly !!!. 
while .also delivering. el'.lvironmentol, liOciol. ood ~coMmic g-
benefits. GS! can hetp reduce the.combined s.ewe.r overifO"fS ~ 
into the P~troit Qnd Roug~ Riv.ers, keeping the~e important !!!. 
l,odies of W<J~er h¢:o1thy ond sofe for peppl!l and wildlife. a 
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Ai>,,i:l'Oi~•Pi'~~~r'sGuidotc!!~on 
•V••~l¥,t ;1.i<loti"!••·•iP19 • 

The PetroitWoter and SewercigeDepottroent IDW,SQ) has 'bi;ti!t, 
$1;5 billion in wet weci.ther mana9elrlent sys:te.ms to keep oti-'r 
woter sc,'fe and recl11.~ CSOs. The,.dtdll\?~it~ tfli:tt rt chatg¢s 
to property l:lwners supports t.hJ;i i6stoll.,tion ond ma.ihtenoneie 
of that syste'm. Detroit.p.rape.rty owners. ~n ,:iow get a •<:relli, 
on their dToir\oge chorge for insta!lk,g cert<lfrrtypes of <5$! 
on 1:hei;r properties. This gt.i!dewl!J giYl!1 boi:ic frifQr~tion ()r\' 
impl¢rnMting.GS1 prc,etice~ ,{with more det<llils~cifieoJly on 
bioreteo:tion prq¢tiais) ·for PWSD dro.fooge chorgl! ctedlt, A Ml 
mcpJ9ritict;ic;,t, 9f drcii))<lge fells on<ltredrt!lfa on QWSD's website 
a~; www.detroitmt.so'lldrQino,se 

We c¢1n. all do oorpon:.to.help)M~lntofo. the heo!th OT ®r 
wg'te.( re,our<;:• by brstol!i.ng GSI, 

6 

WhP't hapPtn!i; 
t Water !\ins .<iif;·?f 

imper;vious •hord" 
su;fll.ces :(r,1#:.;,.pal'l(.ing 
IQI:$, ,$f~ts} to 1$6ft" 
surfaces (pf<:mts,. gr-0ss, 
t•!!l1!$} 

i :pe,vious ''~'' .$\.lrt'2<:l'l's 
st\<!~ up the -W.c.ttil't 

3, Wltt,.IOtgej )q)Jil.lmS 
·oH!'lir,:wow; l"<>i:its.of 
:pianti,, grass, and-trees 
.\w,lp 'Y!l~trel;\lrn ti> the. 
ground by 1ni:reosini.r 
porosity; 

4, Green info:istrudure 
RE!lf!Pi. rwn wQ'J:llr''<>ut ,cif 
the. S!i>WEir.~y'steW, Qi:ld 
frorn ·overl'towi119, 

5. Thus the:t,;eatn:ienl:' 
tocilit:, j:loesn!tcc,;,;e 
ov~fl<!ws <:>I' ticckup$ 
into bi>mes. 

Constructed we:tloncii 

m 
>< :::r 
c' 
;::;: 

p 
,:j 
a 
'O 
CD 

~ • lnt.,,du,;tlqn~ 

:::, 

~ 
(J). Type$ Of GSI ~ractic~s 
G) 

WhE1F1 tnqktil'.lg o plan to manage stormwoter runoff from your ~ 
ptllpl:!rty, yQ;U stwuld !:le OWQt<!l .of·ondeensiderafl'ty.pes of CD 

Green Stormwc,ter lnfra,trucl:'l.ltE! {GSO practices,. including: 8' 
bio~ete,itl:on, ~,E!rns a11d rain borrets to S:tore. and reuse; ~ 
n;iinwa~r, 9reei, raofp, permeoble pavement, permaib!e al 
pavem,.and.:StJJ:,surtaee storage systems. Deciding whrch co 
ofthe.se 1$$1 prQetiee~ VH'l".lQSt .iuitat,111,! depen<l!i.on your ~ 
site (11:>nditi(ln's and e<>nstralrits, bu<;lget,. and,·gaals for your g 
Qulfdlng and londsc9pe. 

See the DWS0"J3S1. Stocter ,GuJdesH'or more inform?tion oh 
these ,other types of GStp,octices. 

S\lbsurfa<:e ,rto;.,9e' 

S: 
~ 

~ ,;J-,ari:,on :pqge\Zi sh9wing the p.otenti,;1 PV/$0 dr((lnqgE! 
credits ovoilable f,;,r ,trfferelit tYPe• ;,fGSi ptoci;ices, 

Bi<>retet>tltm ls<:i~· of just thr"'1 GSI prq¢th:e types that />live 
~he P¢'1!l:IJ)<1f to· 9<;hieve bo.t~ volul'l')e ooli Pl'Qk flO>N •credit,s., 
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A De1:tlil1: P<op"'tj(.OWMi's.Guldet,rBi...temlon 
vers1i,,, .1f~ ... ~1m 

.. 
Whot ctre lropervk>u:s and Perviovs 
Su:rf<:u::.es? 
A11 rmperyicit1s {>Urrocl!l l$ P!1Y t\lrfil.~ tl:ic:rt pr6Y!!oi$ .pr 
signiflclltltl)' $}4.w$ ~Prmvv(t~r from '(iowjng i!'l\9 tt)E! !';oil qnd 
taus¢.$ th:e Yf~t 1:0 "fll!!I :<J;ftu the, !,urfo~ r<it~r tpQt\. .~!)Q~ 
int¢i i1:, :&;i,ch $<Jrf\icy'$ ii\ciµ~ rooft<>t:if, cc.n,pqcted gr!lvel, 
q~pha'ft qr e1>n,cr~e 1?9'<'.ing, cftiv,eytoy$·ond par!dng 1¢:ts, 
Wol\ways l::ii:@$ldeW!l1~, p~,o a~!!$; $l'Ol'¢9.e Qreos, <>r ot!:>er 
i;\.iefaaf!li 1:t,Qt;,$jniiJorly afhct th•!'•"'1ay t:6otwoter is Qi;)sQiped 
into ~e gri:>!ltiil, 

Examples of fmpervi<iu.S: Surfaces 

RqQft'c!p~ ,:ypi<:dl pa'rki"l! ,~ii 

Corn;pacted gr<ivel parking IW' Pcet..e:rs~~ 

a 

y 

$u\iiQc~ il.!Ch <;t$ f<l\/'.ini i~ndscaped beds, pqn<;ls. green "90fs, 
$Wi.mmfl)g. Rl)'cils, qrlil rio.rkcompoli:ted gr.cive1 .walJ<s o,re 
¢~ntidllf!?c(peryilitf$sqtfqcE$, 'Pe.o,:/(jOS siJtfO~llSQl(oW'·tt,e 
!:t<>(ooWo~r tli infiltrate iot9 ~ uruletlying $C!iJ rathe~ ~h<im 
tPn:flir>g off ~he su,rfq<:1,lotl) th!/ City se)!«!r i:y~tel'.rh 

tExomples of Pervi.ous S.urfo(.es 

~ssm t;tulcned g<ird~n .be~" 

Stdne pat)n;la y" 
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'8ioreteotion Basics 
• 

Tols g.\Jide,isf~s,.d/1,ln bioret\mtion be;a.~ it ls typically the 
ma.st ~~.tf~tiw :~ proctlce·tci:lirlplernent wid· n,ttihioir,; 
over \;i~. It ols.o i$:tl:lfi'm9st comm°"fyirniilementiKt ty~ 
r:1· <3~1 pr<1~ iit tie.trQrt; fn pllrtheca1Jse W!l h,;ave mare 
9p~1:r'~poee avail,;ib)e 1:hcin mi:/ny <?~her cl~!!~, Siol\etention 
,proeti~ can,be' re(l:1,ivety eosy al'.'~ le~ ~pe!'$ive to. 

·co~tlct thQn o'ther:fypes of G$1_ pr<tctices, e!lor~errtion also 
hQs 11tl)e_r impqrt<lnt berwfits. for EKample; its pklnte:<f Ot~5. 

con l>ei::IJ.itify y~r prori,erty and in~r~~11thiar e,.olog_lcQI 
b41'1<!ftt, fot l!i.rds QncJ pl'lltnato~. It cqn cifso b!l \J~.d w 
'C!'eOte or enhqr,ce eo,,.,munity gathering ,f)Q(:ll!S, 

Tnfs ~uide will go i.ntq detail on 'the proc.ess 
to-plan, build and m.ointain a bioretentfon 
basin to manelge, runoff from o tton-reside.nti<:il 
pr-operty; 

Jaioretemlon is a typ,e,of GS! prac;tice that use~ $i::>ils.qn~ 
,pf ants to collect, n~r, and slQW d<>WJi steirmwciterc runoff. 
fr_o.m roofs, poi;ki ng !qt$, or roadwoys. It -cli/9;,.s_wote, by usiog 
plant mo1;eriots:·1;0 filJ:er things like oil end ¢.d.fr6rri th<: rain 
wa~r pi.:ke.~ lip from, roofs an.d drJviiwdys. ili,;,retention refers 
tb how the GSl prdctice retains, o.t ~eps. $rmw4tet f111m 
leaving the ~ite by' holding 1t ood:oll<>wing-tl>e ,t6!1'(1WQter to 
infiitrQtednto thia ground on°site, Addition~ly, a .l:ilo.reterrtion 
pr:octice. can <dsi:i be-deslgned t<! d~oin, .9rttl'mp;>rorilykeep, 
rtormwoter on-site al'ld slowry release it ·lntaotlie '$ewer ,sy$tem 
vi<J o controiled coone.ction pipe. this odd-ilionol ,component 
wl!>uld techni¢c:iUy tum it jnto Q Bior~rlfoo with Detention 
practice, ond ¢otl in-creas, t;he st9;1111waterroot1<:19ement 
~ap<u::ity ofthepr.octiC<'l. However, lld(!il'lg o c<mr>ectioo to 
thEi $e~rsYsterii <il$t>inereases the tomplftl<ify ond cost to 
im.plerrientthe practr.:e, 

10 

• 
'Bas,ic. Compeoents of o Bi<>retention Prctc.tic:e 
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J\P,.volt ~y.0wn,1,1s,cwodet .. llio«lte•1""', 
·veg;li>~ li ~111!\m<!< ~11'19· • 
~xornples 9.f' Bi'oretentioti :Praettces 

Park bias.wale" Street'bitis~ale"' 

1i 

P~rkingJot 'bil>f:etention"'. 

l\iq,r~eritio~ 
1bqi;\n is 

• Biol'etention_;ksics · 

A·t-cth~ertd of iOl& .. ovei. 100 biore'tentie.n 
pt<ic.tic:es were dq,c;Wnente,f in Detra~. The 
'three mostcommimtypes found in Detroit 
on\ .i'bifl. 9ilr,d~ns; biotw,inti<>n bbsins dnd' 
bloswales. 

R.a'in Gord~n 

Rdfrr ~arde1ns0re an e)<c1mple of a small 
blareti!fn,1:Jon~ro~ii::e, usually instoll~d.on 
teSi(le·ntiol ·properties, A~·:the,.name suggests, 
it can also (loi,ible as c bedutffloil f;!ar~et1, 

Bioswale 

A .bioswole.hos the,same function -os o 
bioretentionhos'in, but is mor.e linear in shape 
and is usua.1.ly· instolle<:l along public,.S:tceets 
and· in porkin9.fots. lt con also be used to 
move. stormw.ater runoff from,ane place to· 
another, while. filtering and obsarbinQ it along 
thewc.y~ 

Biotetention Basin 

A ,bior,;~eil1;ion b9$in.is essenti<l'lly a larger 
and mare highly designed and engineered 
r<iin garden ~hqt h9s il)ere<is.ed $tormwa.ter 
rncmag"ment ~op.o<;ity, B\oretentic;,n ba~ins 
arl! typii:;ally ln.staUecl an. cammerclol <;11:11:l 

insnt!;ltion~I sc;ales. 

!J1 
::r 
a= 
;:;: 

p 
"ti a 
'O 
CD 

~ 

~ 
:::, 

~ 
u,-

G) 
C: 
C: 
CD 

0 
co 
c5' 
CD 

~ 
g 
_::J 

l 
0 
s: 
Ill 
:::, 
Ill 

(C 
CD 
(/) 

0 

~ 
~ 
0 
:::, 

~ 
!:; 
:::, 
0 
=t 
CD u, 

~ 
;:?. 
~ 

'O 

.g 
CD 

~ 
Ill 
:::, 
C. 

(C 

m. 
0 
~ 

13 ~ 
C. 
iil 
5 · 
Ill 
(C 
CD 
(1 

CD 
C. 

~ 



RECEIVED by MSC 6/23/2020 9:42:31 PM

_ .. 

·t:J 
N 
r .n ,. 

41?•.ito:~t ·~9ttt'0~1s·.Guide··to-·.Bi0ret.-t1tiein: 
V~i<!~ 1: ~l>""'lf'r:~JJ,1,t • 
This, guide will 90 into more .detail <>n tha 
process to. plan,. build and main\:gi~ a 
bfo~ttntion !;iasin on non~~sidentiat 
pTo~rty, ttis for;used on practices that 
manqge,stQrmwawr n:imiff. from tlle same 
·propert;y, ro.~her than·hstreet ·or 
neigh~riiig p~~~es. However, here is 
some inform<rtion to help you if you just 
\1/QOt'to ,do a •sirr>ple rain garden, Of ifyou 
ore.·planning a,more.complex bioretention 
project:J; 

R.&sident.ic:11 R'Oih .Gardens 

lf :youore ir\tetested in sitrfptybuildins orgln, 
gqrden, on•_,,,,.,, Ji<>$l<leotiaf prQpe/:ty, '!ih11re·~re· 
many.•resoutces·a,tollabl.<>:tocsupj)ort~u; Ago~d 
ploce to start;fs. with :the,Friends of the' Rouge and 
Sitrro Cl'ub'.s Rqin Gordet1Sto·the Rescue pr.ogram. 
f~r more.,nforrr,atlOf\,·ple'ase vi'sit: 
tn~r.Quge .. Q~S,lr~in:::sordeos-~~~t~-~·:'~~IJ.e/" 

Pleq~e note thPt o::resklentfol rain g_o!den 
.v,itl typli:Olly ,tot be la,ge enqugh. to c!low .a 
.f>omeo,\oif\E!(tO rei::e,~ ony drqinogAcredit 
frim> PWSD peyorid the '2~%, t~.sldtiitio.1 cr,idit 
that DWSD oW:oniirticolly 9;ves:to tE!!;id!!ritial 
J>roperties, 
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• Blo ....... ntloli Bail<:• 
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~qo'Qging Run9ff'From The Stre.et 
.11: is. pos~'b/l!,to ins1;i;iii Ii GSl pi'a¢!ii:e ~ ';'JM 
~ivii:t:e prop,,rty,thot•mana11i>$ st'i>rmW<ttet' 
r\if\Qff fiom <i'p,uQttc sire.et ,o,, othi:r public. right• 
of•way, b11tthese types of projects can be rnore 
. co.mplicoted·to design, acqufre permits.:<md· 
potentiolly obtpin .drainoge,credits: t<ir, 

The Eostside Community Netwotlnecently 
inst.0Jfed'9.<JSI pro~ that,mo,11oges:.r<1~fr<>l'l) 

· <1 t,1.1b!ic'm;reet, · a$ pgn of the l-lorniftoJ'l Q\ltd\ll;>r 
~e;:iming L<,1b.l\1>tmore.,1nfotma,idh ol\ ll'>is 
proji;ct,. pll'!'se .vis~; 
1VWw:ecn-detti>it,or9/horri'ilton.o.ut<loo1-
1earniog-lal> 

,ia't 

;> 

S'hareci Stormwa:ter Pto<;tic:e$ 
ft is.also.possible for rn111tiple property owners 
to ,direct ru:nofffrom.fkeir imperviOl.ls. surfoces: 
il'\to .(1 ~t,9red greerut<>rmwo~r pt\:ictke. In 1hls 
Situatlol!, t.he property owners rnlght $hare the 
c,;i'$t :ofimplementotior\ ,;indm.oiot~oce, Eoch 
proMOrtY own\lr wouhfre~eive dr.ainogecredit 
fr<>-m DWSD.Qccardiogto how mo.rthpf.their:t,Qtol 
stiilrmwater runoff is being ditected into the GSI 
practice. 
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~ The Detroit ·Coll<1b.orative Design C.enter (OCD.C) 

recently did an in-depth study an shored !; 
stormWGter management practices .. For more .g 
information an this study, plea'!' ,visit: . (1) 

www.dcdc,u'dm.org/~omm!lnity/stormwoter.html ~ 
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A;-o.ttort!'PrqefttyiOwhttids Guide to. 81Crat:~tlon 
Ve,:,;..,;, 1:,59n>m,ir~ • 
WiU Bforetention Work On My Site? 
!P detetmiM if bi9re~er,tionJs,.1;t:,e ideo1'G$J -pri:t¢tic,,fPn·~r 
1,1rope,,fy, fi:llli,>w this si!11~1e ;lied9i,$t tp_ ~t sto,tec;!: 

0 Does_ your building ~f have exterrJol downspcrut's? 

i;J mo yoµ ho,ye Qfi_O~n, ul'\pa,v~-areq ~m fQUr lot, ot I~ 11l 
f ... t from your ~Jld)p51_ {or on o'~q·,v'her¢ pqvemeot;c-an 
be-_remlived)1 

tl Cah,woter be easil.y directedifrOlil the down$~oi:it$-ot 
poved swfaces :t<l'ivotds ,the op!!II are,a?' 

ti Woul,cl ,you EinfC\Y having o ;pl<mtced g!=!rden are9 on y1><,1r 
property, orn:1-aneyou wiilin:9 to:mc:dntqin it? 

Thete ote mote de;1:qiled site_ conoitiom c n'dl:Ohsideta:1tons 
tMt~ 1C1hds~pe Qt<:ii1Jett i:iJ er$lne$WUI ~vle:w before 
d~erminini!:the -~$t-GSI pi:Octite f<>r your prO~rty-and the 
i:iotentiii:lt cost on<l_ ~h~S:.of thesieprpttJc!ls, but tjie!;e pre 
Cl go,i:ic;!,)itart, 

8lo""umt1ao ryeeds to-~ -loco1;e9 ~., a dowospQlffi ·or 
wo~ ne~fd$.-to :l)f!•able ~o be directe~towards it ln S?l'l'le 
woy, \\(h$ther thr<>t19h sroding or r<>uit1tl1;Jt!te. wq'!,er thri:,ugh 
o gutter or pipe,11ys:i:1lrn, lf'y!)u have a pci;rki~g, lot:on,your 
proper,fy ar,d ther'°' ore-alreoc!y catch bosins in the ~nter pf 
it,, lt ','ft!I be.more, expensive (bu~ not impossible) to disconn"c,t 
them end d1tee:tthewoter towordsa: bi.:.r:eteotion,procti,;e,_ 
It is possiblf1t,> ~route and re-pitch g~tten, and odd-trench 
·dro iiis or pipes 10 -direct water· tow4rds o bioretention 
pl'.ClCtl~. 

16 

Know your sitoaf 
;t:)raj.ist 

l :ttyouJ:taveioteroal 
-d~nSpotits, yoyl, ~hoqldtiav._, 
<i <:oii;i~e«;lqf'.~\lil:lb!/i'IO:O!< 
p:t,t'\ie 'bulldi!igJ01a~ h\lw 
m\li!t, ~Wllld,(fc,ott:~ ~l'.!1-~ 
sor/le'.Ot <1U clfthe~ll$pciW 
1:0-th!i ·!l)(terior. lflt !5,,very 
:exp,ensive, nmay,not moke 
senff, 'to-do a·bioi:etention 
proj~. Y,;,u ,could·focµs ~ 

'' ,;aplfUr/f!g rµnoff fi'<>rr, your 
pqrkin9 fo:t or oth¢r p,i;lve/(1 , 
,s4rf9¢e);,u~il)9 l:!1Cirewntioo a< 'l 
Pl'!,«her typiftif' GSl f>'i:¢ti®:, j 

111~0,~ldowi:>~" 

• lli<,r,,uritliSn-ao.i.. 

m 
X 
:::r 
6' 
;:;: 

0 

,j 
a 
"O 
(1) 

~ 
0 
::E 
:i 
(1) r---------------------------------------, ;;;-

J{i;..tA5-t ·~OJ:£l :\,. 

You,neced:to ret)'lpVe -Cit 
le,~'4$S C$qugre fel!t:df 
imper-vi.04s surfo,ce in orde<' 
t9<l'llolify 'fpr Q ,dmil'\Qge 
chi;,(ge :pdJµstmeo,t from 
DWSO. 'fhis _is,abpunl\e size 
of -otwo-cor goroge. 

'\'."'-1 ca1Jld simply <!Q o 
dep<:wlng, projectond, 
estoblish,gron_or other,site 
material in the,depoved 
orea, oryo« could also 
incorpora~ o biotetentiol)­
propt,igein'the d~pa~ areo_ 
for <:i :droinqge ihwge cr,edft, 

De:pa.vi:09J .A Gui<:'k Fbd 
))p,y()UhllV~'E!XC<!$$ ~rklrig Qr !>'th:<'1, pc:!Ye!:l ~tfOf;:llS 'OO 

,yoi,ir prop,erty tlilltYP\,tdCirii''tr,eed? 'tbinkobQ,;it r;le~poying 
'I~! Jfy9.u te1;n<:>_vee:ir.npervlq11s sudoc~;'fr.<m1 yo,ur prsopi:r1;y, 
you·swill:rE!d~ yl:i4r qtai'n~~~ ctx,rg~;; fflls. opp;(ogch is 
ript ,t:9r1sj'de{\'l9 o \:;reedit~ pµt ,;il)"lply <;iri odj1.1~t~enttQ t~E/ 

<u11ciuntpf 111"fpf,!rv1!i1JS sut!a,:e tr<>mW~ich -~~ ,<i_rolnoge 
tj}<,ttgeJs ;;,alc,ull:l~d. 

:owso t)os a -U~ful s1;orter i;;iui~ fpr prq~rty ,qwn!l.rs 
interested in doing a depol(1ng, ·w '' lmpervii:\us1CQVer 
-Re~IIOI,"' project,Theorgoriizqtiqo DE!pove;, ~st!d in 
Portland, Oregan, ho~ o qe'toile<j guidt, trtl'ec! "How to, 
Depove: The Gulae,to'FraeingY1>~r SQH'!'' ova,ifable-for free 
on its webs}te; Detroit f:i:l'Nre City Olfcf:~e f.aolf + Water 
WORKS Coalition ore, planriihg Q pilot depi:ivlog project in 
:Oetrolt im, 2019. 

Pepavlng prt)j~' 
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. ,11,·o.,~Pr,>!"'rtr.Q~r!•,Guld, toalofitentlon 
Version tfS\irnrnedOO~ • 
DWSO Ot:d.i'll<Jge Cha rg:e <:ind 
Credit Pra9rctm: Basics 

"· t)"\fllS:iJ .~ ~Jttc::h'·'d~~:'~ ol'td: 
~~~~r~;;i~ .ti.~:'!irt,n.Cf.flil 

All pqrcefs. t'hro1-;19hout the city· .Qr,e subject to 
dtc:tjoqge ¢h<:1(9es, regdtdl«!l$s ,of the.ir z9nin9, 
l()t1<f .. 9se,. sjz~, pr ¢l<IS,sing:itlQ'.n, Dtoio.<ig~ 
chCJtges a.re hilled oo (di pcrce.fs ~gcurcll~.$!:; of 
wh~thertbe pr'¢petty has cctivew«<er·service. 

How does DWSD taleu1ote hbw m1;1ch ei:lc::h 
parcel is charged:? In simple terms, it ls the 
to:tol area ~In acres} of .impervious surface 
on the property multiplied by ,a rote per 
''impervious gcre;'' The- po.rt .of thl$•equation: 
th At ls imp<>rtant to •uru:lerst(;lr,d is that-the 
aft\Quntthat eqch :porcel b being ·<:horge.d js 
directly proportiqnal tq th~ tQtolimpervious 
surfs:,,ceqreo that is q:r, the pr();perty. The rn,;,re 
il"np~tviCl\.ls svrface, we<1 Jm th¢ proJ)(;irty; th~ 
higber the drdinag~.charg~ i>n, the w~tet b(ll. 
Als\l, tl:\e irnperv!t>Ull d.cr~ fcite is.approve~ 
cthn\Ic,fly by the Boord of WatE:\r Commissi<;iners 
and is subject te'. chcrn9e each yeor, d~pending 
o.n J)WSD's· revenue requirements. In DWSO's 
fisoa.l year 2019 (July 2018-June 2019), tbe 
impervious acre rate was.$598,; in fiscal:yeor 
202(); the impeTvlous acre ra.tEl Js,$602~ 

io'tl~l!_ in:this:d~.~s.c;r~,os::.9 ser,.etal ~i<!,~Ul.le~o,bft 
- ;opfe.bett_eni;nit&1~.tof\4_~ ~D Croi~~· ;Ch'argese. 

· . .. .,_ · •• · C<:1riditiai'ls,, .stoi-m~er 

Pl'Q~m: _d~\ffi.'l.,.n" 
ihOutd b4f'dit'fflild*o 
._.&site, This do.cument fioti!y.-,u~iement:01 to.llny OWS'D; d<>W 

l& 

Yo.µ ¢on d\etkl:<> •"'I tww 
m®hlmpeMous i.U.rft:lee 

' OWSD hos estimo'ted on any 
p,_arcel li:t·Oetrolt throujjh t he 
Parcel Viewei'l, 

Vislt:the web.site to ,confirm 
.thot-fhe irnper.vious ,wrfoee 
de® ·for yoor -property 1$ 
<:Qrt~t. If ijjs "i¢i s"!;,mit a 
!)fgil)qg~Chqrg~ ll,dju,;tmojn1; 

. Appticdtl(ill''l:,:iPl,VS!). 

FQr rt,,ote:-:<tei:oii"!d 
in:forJi\ption,. ~ tt,e,.f:li>tri,it 

I W<:ltiiir q'nd Si;;wen:ig~ 
· D.eportrnei:it's (t>W5D) 
A'Gui~tofhe On:dnose 
Q>otw" 

m 
>< 
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O" 
;:;: 
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~ • DWSDpriilt..a~•~feditJ'>ogri,~, ~ 
::::J 
CD 

How are, Dra.inoge Charg;es 
Cofcukited for' Each Property? 

d.l:s.Acr;i !M!dlng: + •O ,05 Acre, Fi:!!>ci!-;g tot ,::, 11.2 Acre, finarim,~011$ A,..,. 
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Oc2;<>;cre.1betal !mperviousAr•o + D.1 Ao:e Grossy-#.:l)C;O ,: : 0,3.A¢re,:to'tu1S"it•Ateo ~ 

To eakuklte.o pl'Qpert,'s -'>!y,<1.ralnogs c:horge,· multiply· 

Tole,! lmp.ervl""" Anu,,, in a~re, X 0\1/SO !rni,,"'rvi<>u• A<;re. 'li,rte ( currently $59&) 

~thls•_ptQp..,.ty'5·mQ1\tn!ydroinoge·chorge, . . -·---·-· - ."·---· ·- · .. ..., ___ , 
lUAcr•, Tot<:il lmp•rvfous Aceo X $5911 =~9.®monthlt<!ro11)~ 
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·" ot!'t...,t ~rtJiQ"P"'''~G•i!'!•·-t,o!''*1~~iro~ 
Y=1Qi,!;S1ll!1nm40l~ . • 
Dralnt:19e Chgrg~ Cr~dlts 

·The·Oetr0Lt-W<11:er a .Ad Sewerage;Oepori:metrt {DWSO) nf,b:!rs 
·on 'Opporiuriity f;,1"cusfomers'to reduce ·the·draino.ge charge 
foe fhelr ·property though Dr<ilnoge<:harge Credits. Ctedfts ore 
Q reduction in the droinqge cihor_ge-'based on the StJccessful 
·Jm,plementotfon. o:nd operatfon,of <tGreen Stormw<tter· 
Jnfr,astructJJre {GSIJ practice. These practices, if pr(!perly­
ir'lstalled and-operated, •are intendeifto.,reduce stormwa~er 
flow into·the sewer system and therefore ,protect o,9oinst 
·fli>oding>o.nd sewer overflows. 

•S.e·DWS.O's."AGulde ti:i-Pr<1ir1ageCbatge Credits ... f!ir 
som-. examples ond idescnptionsi:>f t:ommQri Stormwirter 
MaJiqgement Prac::tit:es'. 

l.;li;o see,~c;-fa:lrti'Dr~h!ige¢Zredits}orG$1 Praaetic¢.s'' in ,fie 
ap:pet1~ix pqge,2i, "!:l>-~ wliJtb G:$1 practi'ces ote eltgibie for 
. v~lµtne '1tldl~r peqk fiOVJ ¢teliits. e1~reteajio:n 1.s !'h¢ 9f tb;ee 
difrer'E!nt'G~i pr<;1.cti,c1,ft:)'pe!>'tbat.~ve th~Jiqtel\tjcil to recelve 
l;ioih volJJrn«,ond peolc; flow cr,:d.its~ 

Two •diffE!rent~pe$of ,frt.inoge,;:redihcon'~ ac:hil!!.ved, ar,,cl 
whe11 added·tpgether co,4ld' potent/ally resyft,'iri o m~irrw,m 
-of e0% to1:ot site credit; A ,;;ite ,;:fe/3.il is i:q11fv.oleotto tt,e 
pereerit ot which <i property's drcilnage charge i.s· red\l,;:ed. 

The·twa types of credit -are cotled ''Volume Credits" and "Pe.ak 
Flow Credits." Volume-based drainage charge credits are 
dwt:etmined•based, on .the .avera9e onnual stor,rowciter volume 
red.udiC1ns that result from monoging stormwoter or,.,-si'ie. 
In _other w:ards, the hlghehtolume of wOter a pr<icti¢e keeps 
on. the, property 0cnd' ou't<>f the sewer system on -an onnual 
ba siS', the high et the <:\'edit that will be,owarded. T)'pi¢olly, 
the maximum credit thdt cdn be o~ieved,tl'.\(oughcvolumetric 
c:on:trol ts:-40°,I, {octe-halfof-1:he potiintiai,809.4 tre_ditthat cQn, 
be earned). 

21) 

Cr~dit:B'reokdown 

" 

11111' AoflllOIVQluroe of Flow 

aleasecosis 
• Peak Flow.Rate 
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F'eakflow-reloted cred.its 'In! based on the obil~y qf'the s)te 
to control peak flows.{he(l'.<>,< rtiin ev~n~} by;1'~u¢lng the rate, 
or speeq, at wh1ch·the: st9rmwatern:n1;ers thJ!,s~rsystem. 
.Proclices that control peo~,-flows receive cre<lih by co.ntrollfng 
the w.ater ·on•s1te,.ond.-sloY1ly releasing the water· into. the· 
sewedhraugh :a contr.olted.- outlet. Typically; the maximum­
credit-that con 'be achi.~.ecf,"thro4gh peak-flow ·control:ii; 40% 
(one;haWof the potential &0% credit-tha:t ,,caro be e1:1med}. 

Eaeh.prl:i;:;tiCe, whethervolumefric, peak:,flow; or both; 
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r,eceilles or\ individual credrt in.the form ofcc:1 pereentcige. 
£i,,::hptoctice credit op~lies tothe<irea:that,is dr;:;folng tcrthe :i: 
storm.Water mllnagement pr.actice •. Wheti added fogether, the ~ 
-sum ofcoJI the.proctice creclits equals the toti:lls:ite credit for 8' 

s:: o :property. The to.to I $ite cre.dlt is the,pe.r.:;entQge at,wnich a. 
ptoperty's,clralr:iag!! :charg~ Is re<:i.uced. D) 

::i 

P!eo!!e n11.te, an'olJO%,sTte, credi~ 'is ror1;1, and qtilypo;;slbie ~ 
if 11.lllo/~ of ci pr<>f>!!~y's imptii,vJ.~s;suriQc.e is mC116.C119l?d by co 
GS_i tt,oti$ de_si~necl t~me&po.gi, th!! <1mpu~ i>f s;to~mwater ~ 
runoff·cr,1tot:ed i;om o JOCJ,.yec,r ,S,t<il'l\'I •went. In mooy cose.s, 3 
itls v~ylfiffi<ult to redire!¢t'"!:heft<>w ofs1:¢'m>;vdtoar ruri,~ ::E 
to the ,:Je:sir'ecl greos o.l'\:Qn ,e1<1~tiog 'sl1:e, Also, d~slgol.ng tor o * 
10!!-~qrstor~ eNent'-doeu)'.t al~y~ r,,cikli! ~n$1;1be~u~of ~ 
t!1e hl!ll;I c~ o~ build)ng,wch !l p(oc;~ce a~ the a<fi!rtjonol 

0 
::i 

spoce-required to dp so. 

See Tables 2 ond 3 in "AGuide .to,P,raino9.e Cho~gl! C(edits'~ 
for mare information OI\ d1tculatin9 .droin,:ige credits-. · 
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A/.betroit\Propert)(.OW.,er.'s.Guide1to'8iombirtion 
11ers_1~,1;,'l;~~io1~ • 
1\his c;hqrj:;~h<!w$ die p.~trth:d cred~ .oy,;rilople.fi;,r d~~m; 
typ~ at G$i pro~ices, ai<>r~r'ltJcmJs,one <e>IJuft 1:hree !SS! 
prq~j;/1'.;e. types. that hove tbe P!>\entiat to ,ochl~ve: both vd,lume 
¢!11d ~1!1'i '1'1lW credi~ .• 

This chart is based off Tc,ble 1 fu .O's "A G1;1id'e-to Dr0inoi1e 
Chor~e:C~e\lit$'; fQr .crelcii'ts 'for c'oinm'only- u;ed st<irmwo~r 
mona9;~ni Practices. 

Proinoge C.tedijs-fQr·GSt Pr~tk;es 

'""F¢-;:- Wqter.>hoN~~ti~ig, poOk·ttcw·V¢i1JJ#:~vdJiJ-cr.tl.ld:·qt! fl cate··~y:.ca~-btiGfa .• 
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Transition Credits ;;;­
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'Tbis cha.rt shows heiw D'N'SP is pl:ti:isin/tin thed.toino~e.chotg¢ 
r1>,t11$' ~er fiw yeQrs:for-ptQper~y qwner$, that -verec previo,:,sly 
not b/11119; blifedfl)r <iroioQge .(~ui;h os ,1n)o,r!dng lot Wi#I no o 
Wi:l~( ~r-vicl!) <Wth~ tl:,<lt wete f)rey)p~sly l:iilled bas~ ~ 
tin \htk ~ti1.r ;~e, T!\isfofor:rn\',l~on ,ts 1:?<1s.,i:to.n ¢ OWSO al 
prl(sefitoti\ln :fi:t>m Jqr1u;:,rr ;?Q191; 1;>1;1t p.S;ojec~<I ta'!;~$ tire ro 
,tl!iject ,o ~~d,of Woter<:;otonnlsslorter 0!)?~011ot for offlckd a: 
inf~t,!'f(Qflo11, c!)ri'.toot D~t>. $ 

¥we' Year Retta Phase-in-for MJter .. Sill~d and N~fy Bilte~Customers 

,Rote blHed will be oose<:! onptevious bi!lli\9 method, ckssificotion,ond tax staus. 
~Fcir dtscU.l~ton PvtPQ~es.:~niy. ?r,e~"t&I r.a;e$ ~r~: $UPJ~¢ to eQord of ·v·.fat;e, C()11).mis~i9her,s., opin:o.Ycd 
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A!)<;Oit<>11:•~rt\<'P,..,.,.i's,Guldet<>fllcrotoi1-
'i/,!~!i,,\ ,, .$v.it1m ... ~'l • 
St1.r'l,p1e Credit C<:dcuiot1on 

EQ:ch .pr<.'1¢tice .:;qr, ?cihi1s1<<il up t* M.tv.,yo!v!!lE! 
on,;! up ~o 40'4 rieak fjo,-,y crec:lrt ;fotihe 
rmp:,rviP!.IS i,urface qr¢q it •s rru:a1>o~i"ll··A 
prcciic!;I ~hpJ has lPQ% .. yolume pra\'.:~Cf! 
pe"fr:>n:n¢1,;.q1,an<t 100~ pe<:ik flow prac~¢'!l 
pel"fprrf,1¢1;,i;e.(meaoif'lg tt: ii. si:ze<l ·tcnet;;iln ~n<:! 
c;!e,tain ci 100-yecir, 24,!\ciur storm}, fot \\l~Ol'.)lple 

Yfill have o 4-0%: volu~ <:re<J,t o,1c;! a 4d'/& peok 
ffow, crec:litforthe proctic.e. 

Valume?rcctice Cred!t = ·9V x.4 =•39.6% 
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Exhibit E, DWSD, "A Guide to Drainage Charge Credits" 
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A drainage charge credit is a reduction in the drainage charge to a property based on the 
implementation and continuing proper operation of a stormwater management practice, also referred 
to as Green Stormwater Infrastructure {GSI). Customers are encouraged to adopt sustainable methods 
of stormwater management practices that reduce stormwater flows to the drainage system, enhance 
the natural environment, and protect against flooding and sewer overflows. The installation of 
stormwater management practices that result in a measurable reduction in volume and/or peak flow 
rates will qualify the property owner for a credit to their bill. 

This guide provides an overview of the types of credits available for common stormwater 
management practices. 

:; } n ·1 , ~ r; :.,, , ,, •., ,. , /.i ·: {i ." __ ; ·7· :·, fi :· i ! '.• ·.' ;:; '.: • ,; ' .' ' .:' ,} f_;. ·.,I ,.\ 0 ' ' •,: () :;. •: :; ':• •.' ) ::, ··.' ,') '~• .; ,) ~-• ,; ·,, ' ) ;._. :,=·· ; .• ·:··;:.. 

What is a Stormwater Management Practice? .•.•.••.•.........••.•••.••.•••••••..•..........•.•... 2 

Removing Impervious Cover ..................................................................................... 3 

Drainage Charge Credits ...................................................................................... 3 

Volume-Related Costs ............................ ;: ................................................................... 4 

Peak Flow Rate Related Costs .................................................................................... 4 

Base Costs ......................................... ............................................................................ 4 

Volume Credit ......................................... : ................................................................... 4 

Peak Flow Credit .. , .. 11,,, •• , ., ... o.,11,,,,o,,,,. ,,.a,,1,,01,,, •••••••••••••• lillllll'IIIIIIIIOeo,,111,,, ••••••••• 11,,, ............... s 

How Much Credit Will Various Practices Accomplish? ......................................... 5 

Full or Partial Site Credits ........................ ~ ......•....•..................•...............••••.•...... l 0 

Multiple Credits ............... "" ... 0,aee••e•.,••o•c•••••io•e••a•••oao•••••••••••"····•a••••••••••o•••e••e••••••••••• 11 

Shared Sto:rmwater Management Practices •.••••••••••••••••••.•••••••••••.••.•••..•••••.••.••.... 12 
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Stormwater management practices, also referred to as Green Stormwater Infrastructure (GSI), are 
designed or constructed to reduce or control the volume and rate at which stormwater leaves a site. 
Stormwater management practices can be structural or non-structural. Stormwater management 
practices may use vegetation, soils, and other elements to restore some of the natural processes that 
reduce runoff. Examples of stormwater management practices include disconnected downspouts, rain 
gardens, bioretention practices, permeable pavement, green roofs, and detention ponds. 

- ·-····-··-····· ·· ··- ···- ... ·-···--... , ...... ,.,,,.,-, .. ,.-·•.-.. ,:::,._· -·-· ·-· · :........., 
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Reducing a drainage charge does not necessarily require implementation 
of a structural stormwater management practice. By simply reducing 
the impervious cover on a property, customers reduce the amount of 
stormwater leaving t heir property and thus reduce their drainage charge. 
Examples of impervious cover reduction include removal of asphalt or 
concrete parking spaces and replacing the impervious cover. 

Note: Because the drainage charge is calculated using the amount of 
impervious cover on a site, the removal of impervious cover is not 
considered a drainage charge credit but rather an adjustment to the 
impervious area. 

i_ '- _ . __ ___ · • • :.'£' .. ... ..:· . ... ·. 

The amount of the drainage charge credit is determined based on how well a customer can control the 
volume and peak flow characteristics of their runoff. Credits of up to 80 percent of the total drainage 
charge bill may be earned for reductions of: 

r;.; Annual Volume of Flow (40%) 

1> Peak Flow Rate (40%) 

The maximum total drainage charge credit is 80 percent. 

, 
E 
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The vast majority of stormwater that enters Detroit's 
combined sewer system reaches the wastewater treatment 
plant (WWTP). Detroit's share of the cost associated with 
running the regional WWTP is based on the tota l volume of 
flow from the City. In addition, some components of the cost 
associated with combined sewer overflow control {CSO), 
facilities such as chemical use and power use, are also related 
to flow volume. Efforts that customers make to reduce the 
total volume of flow that is handled by the sewer system over 
the course of the year helps to reduce these costs to DWSD. 

Detroit has invested approximately $1 billion in CSO facilities 
since the 1990's. These facilities treat overflows caused 
by large storm events. Detroit faces the prospect of being 
mandated to invest up to $2 billion in additional costs (based 
on 2010 reports) to control additional CSO points along the 
Detroit and Rouge Rivers if stormwater management practice 
measures prove insufficient to prevent overflows. 

When customers implement measures to limit the peak rate 
of flow from their properties to the sewer system it helps to 
reduce the need for these facilities. The majority of peak flow 
related costs are for the construction and ongoing operation 
expense of the CSO facilities. 

In addition to the costs associated with the WWTP and the 
CSO facilities, DWSD operates an extensive system of sewers 
and pump stations. These system elements are necessary to c ~1,rtr:{~:r <Creek cso 
make centralized sewer and stormwater management practice 
services available. The systems must be maintained in order to be ready to serve each property in the 
City. In addition, there are various costs associated with administering the drainage charge system such 
as data management, billing, customer service, and credit administration. 

Volume-based drainage charge credits are determined based on the average annual volume reductions 
that result from managing stormwater on-site. The annual runoff volume is computed prior to and 
after construction of the stormwater management practice. The volume credit is calculated as the 
fraction of average annual runoff volume that is reduced as a result of Implementing stormwater 
management practices on-site. 

Averaoe Annual Runoff Volume Retained % Volume Credit= __ .;;,_ __________ _ 
Total Avera9e Annual Runoff Volume 

As the maximum credit that can be earned for volumetric control is 40 percent, the result of the above 
equation is multiplied by 40 percent. The site credit is pmrated based on how much of the site is managed. 
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Peak flow-related drainage charge credits are based on the ability of the 
site to control peak flows of stormwater. Generally this credit is earned by 
the construction of an above or below ground detention system. In order 
to qualify for a peak credit, the detention system MUST have a controlled 
outlet. Once the 5Y5tem ha5 a controlled outlet, the peak flow credit is 
calculated as the fraction of the volume associated with a 100-year, 24-hour 
rain event that is detained. 

k l d 
Storage Volume Provided 

%Pea F owCre it= . 
100 - yr, 24 - hr Storage Volume Required 

As the maximum credit that can be earned for peak flow control is 40 percent, the result of the above 
equation is multiplied by 40 percent. The site credit is prorated based on how much of the site is managed. 

Various types of stormwater management practices are able to control either annual volume, 
peak flow or both. Table 1 identifies anticipated ranges of credit that various common stormwater 
management practices can earn. The credit applies to the area draining to the stormwater 
management practice. Common stormwater management practices are described in the following 
sections. 

t· 
1·'.r 

·,· .· . . :, ··:,. 

•:~1~;_?~,f ij~:,;~:~~~;~·-i_~~~i~:~;:K~t;~;i~f li~:t~:i~ii0::,· ······ .,,, 
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. . ··~. . · ---~~ -:_~:.: ;~·( \.!f:.~:f1t~i·: . : ~ (\i.~i:, 

j Downspout disconnection :: / I I 0-40 

!-~i~c~~,~9.~:~-~mje~io_~~~r~~. _: __ ._, ___ --·~ -
1 _ .. f:=~~~t=-~~~ -· 1· -- . 0•40 · ·~a-, 

!-Bioretention -- ,,J ,_ ,, ,.,.,./.,,- . L .. --O.:so 
! Detention basins 1 ·· ./ ; 0-40 
rs~~~ti~~ sic;.:a'S;·· .,..... ·( -- '"I~-- "' -1 o-io·--~--; 
~- . . .. .,... ·--·=---· - - - -· --- --·-· ' .. ,, ... -~- ·-·· .... ,---~-----·· - ~~-- .. . ~---- ~_,'""'.~ .... .-.... ;j 
! Permeable pavement ; ,/ ; ./ 0-80 rG~~~~-;~r - · - .. --·--··- --·,-·· -·- ··· ,. _. _____ T ______ .. __ ~;- ·-·--r- -- -- -------.i ·-------0-40 i 
~ -- ...... ~ ... ·~-~. ... .... , _ ....._ , ,,_;:,._¥ 1'--~--.,_,,.... " .. .. ... --\ 
I Water harvesting* l ./ _ ./ 0-80 I 

l:!~; ;;i~~-~~;vesti_~g;E!~k-fl~~.~£l~;~;~~/11;i:!-;/~~;;~;;:b;,:;~;;7;~;;~-~--j --~ · · -·--~.:,, .. j 

Downspout disconnection is the process of disconnecting roof 
downspouts from the sewer system and redirecting thJc! roof runoff 
onto pervious surfaces, most commonly a lawn. This reduces the 
amount of directly connected impervious area in a drainage area. 

Typically an existing downspout is cut above ground level. An elbow 
and an extension are then added to the downspout in order to divert 
rainwater and snowmelt away from the building or structure and 
onto the ground. The abandoned drain pipe is then capped. A splash 
pad may also be attached at the end of the downspout extension to 
prevent erosion in garden areas and help direct the flow of water. 

Required: Disconnected downspouts must be directed to pervious or 
lawn areas that will not result in flooding, icing hazards or discharge 
to public right of ways and/or neighboring properties. They must be 
properly extended away from the building foundation. 

Increasing a credit: The credit for downspout disconnection is directly 
related to the size of the lawn area or the type of outlet location {lawn 
or bioretention area). Larger lawn areas and more highly designed 
stormwater management practices will result in a larger credit. 

--
E 
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When impervious surface areas such as roofs, driveways, sidewalks, and parking lots are directed to 
pervious areas that allow for infiltration, customers may qualify for a disconnected impervious area 
credit. The pervious area to which stormwater is directed may be a grass lawn or vegetated landscaped 
area. 

Required; Disconnected impervious areas must be directed to pervious or lawn areas that will not 
result in flooding, icing hazards or discharge to public right of ways and/or neighboring properties. 

Increasing a credit: The credit for disconnected impervious areas is directly related to the size of 
the pervious vegetated area where the stormwater is directed. Larger ratios of pervious area to 
impervious area will result in higher credit percentages. 

Bioretention is typically sited in an area of natural or constructed 
depression and consists of vegetation, a ponding area, mulch layer, 
and planting or engineered soil media and released through an 
underdrain. The vegetation may include perennials, grasses, shrubs, 
and trees. It typically incorporates a vegetated groundcover or 
mulch that can withstand urban environments and tolerate periodic 
inundation and dry periods. Runoff intercepted by the practice is 
temporarily captured in the depression and then infiltrated into the 
underlying soil. Flow that doesn't infiltrate is filtered through the soil 

.Biorete1iti1tn i~ ~Jn Op.r.ittt Sf.;:fli,CE 
(often engineered soil) media. Pretreatment of stormwater flowing 
into the bioretention area is recommended to remove large debris, trash, and larger particulates. 
Pretreatment may include a grass fi lter strip, sediment forebay, or grass swale. Ponding areas can be 
designed to provide detention. 

Required: Bioretention systems must promote infiltration and evapotranspiration. However the system 
must also be able to drain below the ground surface within 24 hours. 

Increasing a credit: The credit for bioretention systems is most directly related to the size (area and 
volume) of the bioretention relative to the tributary area. Examples of bioretention can include 
bioretention planter boxes, bioretention islands in parking lots or parking lot aisles. 

i1-iv~"~d(:'f.1:f.i: 1D?~ l!}:J)'i-1.1:; frr;;. 
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Detention is a stormwater management practice that 
temporarily stores runoff volume and slowly releases it.to 
the sewer system with a controlled outlet. Detention systems 
include dry detention and wet detention where the control 
structure is.offset from the bottom of the basin which create:s 
a landscape feature such as a permanent wet pool. 

Required: Detention basins must have a controlled outlet to 
be eligible for a credit. 

Increasing a credit: The credit for detention basins is based on 
the volume of the detention basin relative to the volume of a 
100-year, 24-hour event storm. The larger the basin, the larger the credit. Water stored in a detention 
basin can also be reused for irrigation, which would result in a volume credit. 

Underground detention performs the same function as 
a detention basin. Stormwater (and snowmelt) is routed 
to underground vaults or a system of large-diameter or 
low-profile storage pipes. Pipe or manufactured systems 
can be used. As with detention basins, a controlled outlet is 
required. In some cases where soils have available infiitration 
capacity, these systems can also function as an infiltration 
practice for a retention credit. Alternatively, they can function 
as cisterns for water reuse. 

Required: Subsurface detention basins must have a controlled 
outlet to be eligible for a credit. Pretreatment is required to 
prevent a buildup of solids and other debris in the subsurface 
detention. 

Increasing a credit: The credit for subsurface detention is based on the volume of the detention 
relative to the volume of a 100-year, 24-hour event storm. The larger the detention, the larger the 
credit. 

Permeable pavement is sometimes used in highly impervious 
areas to help infiltrate stormwater runoff that would 
otherwise enter the sewer system. This practice includes 
an aggregate stone layer to provide both structural support 
and volume storage, and a porous pavement layer that 
allows runoff to infiltrate. Because it can replace traditional 
impervious pavement, permeable pavement is an effective 
option for parking lots in urban areas. 

Required: A stone/aggregate layer to control stormwater. 
To be eligible for credits, installations must follow important 
design considerations. "!I 
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Increasing a credit: The depth of stone under a parking 
area significantly affects the volume available to manage 
stormwater. The more storage volume, the larger the credit 
will be. The stone storage area, if properly sized, can also be 
used for roof drains and other impervious surfaces. 

Green roofs are used to introduce vegetation onto sections 
of roof tops to absorb and filter rainfall. Between rain events, 
some of the rain water is held in the plants and evaporates. At 
a minimum, a green roof consists of a waterproof membrane 
and root barrier system to protect the roof structure, a 
drainage layer, filter fabric, a lightweight soil media, and 
vegetation that filters, absorbs, and retains/ detains the rainfall. The overall thickness of a green 
roof commonly ranges from t wo to six inches. A green roof may be connected to other stormwater 
management practices such as a bioretention, bioswale, or cistern. 

Green roofs are most often applied to buildings with flat roofs, but can be installed on roofs with 
slopes with the use of mesh, stabilization panels, fully contained trays, or battens. 

Increasing a credit: The credit associated with a green roof is dependent on size of the green roof area 
and depth of the media. The larger these two are, the more significant the credit. 

Water harvesting practices are generally used to collect stormwater runoff from impervious areas 
and store it in large cisterns or ponds. Runoff can then be used in non-potable applications such as 
watering vegetation or greywater systems. Cisterns as well as smaller rainwater harvesting systems can 
be constructed above or below ground depending on the space constraints of the site. 

Required: Any water reuse system must include a means of using the water on a routine basis and a 
meter to measure the water used OR measure the residual flow to the sewer system. 

Increasing a credit: Reuse systems are only as effective as the ability to use the water. The credit will 
be increased if more uses for the stored water are identified. For example, some industrial customers 
are reusing stormwater for the facility's industrial processes. This likely requires sufficient treatment of 
the water for the desired purpose. 

..tl ,; 
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DWSD does not require stormwater from the entire site to be managed in order to take advantage 
of the credit system. However, drainage charge credits will be calculated for only that fraction of 
a property that is "managed", meaning the area from where stormwater runoff is directed to a 
stormwater management practice. Runoff from an "unmanaged" area of a property will not be eligible 
for a drainage credit. Figure 2 represent:> these concepts. 

For the example in Figure 2, the portion of the site that is tributary to the stormwater management 
practice would be eligible for a credit. The unmanaged portion (shaded area) would not be eligible for 
a credit. 

Example for partial Site Credits: Due to the layout of the site, 6 of the 10 impervious acres drain to a 
detention basin. The basin is sized to detain 70 percent of the 100-year, 24-hour storm event's runoff 
volume for the impervious acres draining to it. This makes it eligible for a peak flow credit, however 
the practice has no infiltration capabilities, so it cannot earn a volume credit. 

E 
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The credit is calculated as shown in Table 2: 

·t"ftii:~ t~_::/::1fft~r .iti;/~ . \ ·f . -~; · ·i~" .;.; -~-;- _,, 

i. .· .. · .. .. ,.·: .. . li'.f!i / ·. '"'·\'\~\;'.iJ{' : :':~~-. 
!< .. : .. ::::.~ . ... .: .: ·"'"" ! .• . . . . ., j • . ·• ·••· ,..... ·- . • • . 

,. Managed Area · Volume j 70 6 I· (6/10) * 0.7 * 0.4 n 17 
~- - ·· --! -- ------- -~----+- ----- - ·· -····- · -······· .......... . . L. . ·· ·-· --.·~--· - - :'-·--· ---. 

I Non-managed : None O O . N/A , O ; r .... ,., ·-· "'T"_ ..... , , ......... --- "-• • , .. ....... . , • - ,_., '• •• ... . , • • • , .5~ .. , - ,-.-,.· ... , __ ,, ., ..• ,•,:-,;-, , .. -; .-. ·--~ - ~- -.....,.~--·.-,-•.,: - -- -- -~~ ........ ~-~~-- -- k;;· -~'"""- - -""- ·~· -- -"' aa- o.--..- · -··. 

i .• . , " , .. .. . ...... - - ....... _, ______ . . . .... , ... , .•. ·-·--··· · .. , . ., .... ............ ... :._ .. ,_.. ·-u,.. ···---~-· --··· --· -- To~-~-L-.~~!_, ., .: 
~ ~ lf ,. " r1 .. -, .. r " , 
j\•tl: 111; i1frfft•, f!<'·· 'i . .'1''tP'•<':il, Jz:, _., ____ .t,:.j,..,._!1:' -~·-' .••.• .c. ···~- .)< <.,. 

In cases where more than one stormwater management practice is present, the credit will be 
determined based on the total site's potential to manage stormwater. The customer can earn multiple 
drainage charge credits. 

Note: While multiple credits can be given to eligible properties, the total drainage charge credit to any 
property cannot exceed 80 percent for that property. If customer is receiving a transition credit, they 
get either the transition credit or the stormwater management practice credit, whichever is greater. 

E 
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Example for Multiple Credits: A site with 8.7 impervious acres drains to 3 different locations. Of the 
8.7 impervious acres, 2.3 drain to a detention basin that can detain 80% of the 100 year, 24 hour 
storm even volume making it eligible for a peak flow credit. Then 2.4 acres of impervious area drain 
to a separate bioretention practice t hat retains 90% of the annual rainfall volume; making the second 
practice eligible for a volume credit. The remaining 4 impervious acres drain to a DWSD sewer and are 
not managed. 

The credit that this site can earn is shown in Table 3: 

i~~.:~~~./-: o::·_ ::: i<-:: ·•· \~>::t(: irr:t'~:;,?~:2~1}(j_J~:t!:i;:~;1t:.· .... · .. · ____ --·--· .. _ ._ 
! Detention Basin l Peak Flow l 80 j 2.3 i (2.3/8.7) * 0.8 * 0.4 ., 8 
?-· -· ,. . -.~ ... , .... .. - ~- -· · . ·· '/~--· ....• ~.. . l - ""'· ... ·--· --- - -~i --~-· -·· .. . . . . -·- ·- --~- --
. Bioretention . Volume 90 t 2.4 : (2.4/8.7) * 0.9 * 0.4 ; 10 

i Not M~n;~e~ .r.·=:~one . 0 j 4.0 __ . . ; --·· N/A _ . ,.;, . . Q__ ; 

L._,, _ !°.!a~ J. .... -,---- ,, .-, -····- -·-·····-' .. • _ !·? ______ _ -·-·- •w•- -n--, ____j ___ __ 18 ... . l 

DWSD allows the location of the stormwater management practice to be on a separate parcel from 
where the stormwater is generated. There are two cir(:umstances where this may happen: 

1> A single property owner owns multiple parcels 

6 Multiple property owners construct a shared stormwater practice 

Required: A single property owner with multiple adjacent parcels must: 

(h Have consistent owner names and addresses on each parcel 

Required: A legal agreement between the property owners documenting that this is a shared 
stormwater management practice. 

DWSD will assess the practice performance and, if credit requirements are achieved by a joint practice, 
each property owner will be granted a credit for their contributing impervious area. 

Note: DWSD encourages cost-sharing to support the design, construction, and maintenance of shared 
stormwater management practices. DWSD will not intervene in private transactions associated with 
financing and maintenance. DWSD will apply credits to the properties whose flow is managed. 
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EXAMPLE: Four individua l properties have entered into an agreement whereby a single detention 
basin will control peak flow from each of their properties. The detention basin is sized to detain 
60 percent of the 100-year, 24-hour event storm runoff volume from all impervious cover on each 
property. Therefore, the properties are eligible for the peak flow rate credit. Because the detention 
basin has no infiltration capabilities, no property will receive volume credits. With the information 
below, the total credits allocated to each property are calculated. 

! t<Lo,:,,,, ·• }'t,iif,•\l);;;; \ ~,,.,;,,;..;;;;;;; ":•ii ~!ir~ - -~ ---------, ·:: ' ' .. · .·. 
1 .,s.,. • . · _ Peak j 60 . ] . . 3 _ _ . J . (3/3)_ * ~.6 *_0:'!_ 1 . 24 L · · ~ ·-c~_J______ p~~k~-=r=,.-· 60-----~---c· .. ~--~ .. 2 -···=-T··-,2,2,·;;·0~6 ; 0.4 -1 - 24 __ _ 

! 3 1 Peak i 60 1 2 j (2/2) * 0.6 * 0.4 24 : --·--·--·-·r "·······-----·---..l ..... ··- ····'"·· -·· ·-- , ·.--........... .. - ., .. _."~~ -·· · .. , 
1 4 Peak l 60 ' 2.1 J (2.1/2.1) "' 0.6 "' 0.4 1 24 :. : .. .. ' ... ' . . . .. . .•. . ,. ~ .. -, .•. ~,. - -· .,... . .. --··· .. ...., .,, ..... , . 

Note: All impervious area on each site is controlle~ 

E 
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In order to be eligible for a drainage charge credit, the stormwater management practice must be 
approved by DWSD. To obtain a drainage charge credit, the property owner will need to meet eligibility 
requirements, apply for and receive an approval front DWSD, and fulfill on-going operations and 
maintenance (O&M) requirements. The customer's name must be on the account. 

To be eligible for a credit, the stormwater management practices must: 

() Reduce annual runoff volume and/or control peak flow rate; 

,} Be documented in terms of design and performance in a manner acceptable to DWSD; 

,,; Comply with all applicable city, county, state, and federal construction, building, and stormwater 
codes and permits; 

b Be fully installed and functioning properly; 

,b Not create a safety hazard or nuisance; and 

If Be located on a property that is geographically located within DWSD's Drainage Service Area. 

E 
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Exhibit F, United States Geological Survey, "Surface Runoff and the Water Cycle, 
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Surface Runoff and the Water Cycle 6/22/20, 11:39 AM 

Exhibit F, United States Geological Survey, "Surface Runoff and the Water Cycle, 

EUSGS 
science far a changing world 

Water S::ience Sr:hool 

Surface Runoff and the Water Cycle 

Runoff is nothing more than water "running off" the land surto.ce. Just o.s the water you wash your car with runs off 

down the driveway o.s you work, the rain that Mother Nature covers the landscape with runs off downhill, too (due 
to gravity) . Runoff is an important component of the natural water cycle. 

Nole: This section of the Water Science School discusses the Earth's "natural" water cycle without human 

interference. 

Water cycle components » Atmos~ • G:;;nct@1sati.QD • t:_yg;:.~_:mUiQLl • f.·au21:1t§Il§P.iWtic·n • frl;;"§hwater la~.e;s and ri\."c·rs 

Grour_1(iw3.ffi[ fiow • Grrn)_aj\o'aTer stcraa~ · jc&. and sn0.w · ~D.T}JJ@ti.~1n. • _O(~ati~ · r:.r€-.. "":_i_p!V~ti~n • ~1~1wm~i\ • ;$.Qrlo.9§ • 
.su~:r1tiifio~ • Sut)iimgtjo:i • Srnf2t_c~ rtiJJc~·1;· 

Surface runoff is precipitation runoff over the landscape 
In our section about ?,•<lt~r :,.~,~r~g~ in 1lti~ o..;J:J:~ry~_wa describe how the 

oceans act as a large storehouse of water that ~,)[i'.i,1."'1'.'1~.§ to become 

si:pn1,a~1he.[fr; n:0!1~~yr(:':. The oceans are kept full by pre,·'ofiDjV:a·t;t·11, and also 

by runoff and discharge from rivers and 1illiSiHi®.>;1. Many people probably 
have an overly-simplified idea that precipitation falls on t he land, flows 
overland (runoff), and runs into rivers, which then empty into the oceans. 

That is "overly simplified' because rivers also gain and lose water to the 
ground. Still, It is true that much of the water in rivers comes directly from 

runoff from the land surface, which is defined as surface runoff. 

When rain hits saturated or impervious ground it begins to flow overland 

downhill. It is easy to see if it flows down your driveway to the curb and into 

a storm sewer, but it is harder to notice it flowing overland in a natural lmpeNious areas cause excessive runoff. 
setting. During a heavy rain you might notice small rivulets of water flowing 

downhill. Water will flow along channels as it moves into larger creeks, 
streams, and rivers. This picture gives a graphic example of how surface runoff (here flowing off a road) enters a small creek. The runoff 
in this case is flowing over bare soil and is depositing sediment into the river (not good for water quality). The runoff entering this creek 

is beginning its journey back to the ocean. 

As with all aspects of the water cycle, the interaction between precipitation 
and surface runoff varies according to time and geography. Similar storms 
occurring in the Amazon jungle and in the desert Southwest of the United 

States will produce different surface-runoff effects. Surface runoff is affected 

by both meteo~ological factors and the physical geology and topography of 

the land. Only about a third of the precipitation that falls over land runs off 

into streams and rivers and is returned to the oceans. The other two-thirds is 

evaporated, 3£l'.!~~~E!l'.sl, or soaks Q!:1!'iJl.!:'fi~!.lgJ into groundwater. Surface 

runoff can also be diverted by humans for their own uses. 

The small creek shown in the picture above will merge with another creek, 
eventually fiowin9 into a larger river. Thus, this creek is a t ributary to a river 

somewhere downstream, and the water In that river will eventually f low into 

an ocean. The concept Is not that much different from the small capillaries in 
your body carrying blood to larger arteries, eventually finding its way to your 

heart, analogous to the ocean. 

Meteorological factors affecting runoff: 

o Type of precipitation (rain, snow, sleet, etc.) 

• Rainfall intensity 

• Rainfall amount 
• Rainfall duration 

• Distribution of rainfall over the drainage basin 

• Direction of storm movement 
• Precipitation that occurred earlier and resulting soil moisture 

• Other meteorological and climatic conditions that affect 
Much or the water ;1nvers comes directly from rainfall 

Status - Completed 

Contacts 

https://answers.usgs.gov 

Explore More Science 
!"Uil<Jfi" 

V\fa.t~w Cyc:ie 
hydroi,:,gio cyd1:.' 

Vl/3.t~F Cy(·!e Ciornr.-(:r,-;5:1tr:: 
VVster 

https://www.us9s.9ov/special-topic/water-sclence-school/science/sy rfa ... na-wate r-cyE t-~clence_center_objects~O#qt-science_center_obJects Page 1 of 4 
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Surface Runoff and the Water Cycle 

Exhibit F, United States Geological Survey, "Surface Runoff and the Water Cycle, 
evapotranspiration, such as temperature, wind, relative humidity, and 
season 

Physical characteristics affecting runoff: 

• Land use 
• Vegetation 

• Soil type 
• Drainag?. area 
• Basin shape 
• Elevation 
• Topography, especially the slope of the land 
• Drainage network patterns 

runoff from the landscape. (Credit: Galen Hoogestraat, 
USGS) 

• Ponds. lakes. reservoirs. sinks, etc. in the basin, which prevent or delay runoff from continuing downstream 

Human activities can affect runoff 
As more and more people inhabtt the Earth, and as more development and 
urbanization occur, more of the natural landscape is replaced by Impervious 
surfaces, such as roads, houses, parking lots, and buildings that reduce 
infiltration of water into the ground and accelerate runoff to ditches and 
streams. In addition to increasing imperviousness, removal of vegetation and 
soil, grading the land surface, and constructing drainage networks increase 
runoff volumes and shorten runoff time into streams from rainfall and 
snowmelt. As a result, the peak discharge, volume, and frequency of floods 
increase in nearby streams. 

Urban development and flooding 

Severe erosion can occur when people manipulate the 

landscape without regard to how flowing rainfall runoff 
will erode exposed soil. (Credit: Howard Par/man, 

USGS) 

Urbanization can have a great effect on hydrologic processes, such as 
surface-runoff patterns. Imagine it this way: in a natural environment, think of 
the land in the watershed alongside a stream as a sponge (more precisely, as 
layers of sponges of different porosities) sloping uphill away from the stream. 
When it rains some water is absorbed into the sponge (infiltration) and some 
runs off the surface of the sponge into the stream (runoff). Assume a storm 
lasting one hour occurs and one-half of the rainfall enters the stream and the 
rest is absorbed by the sponges. Now, gravity is still at play here, so the 

water in the sponges will start moving in a general downward direction, with most of it seeping out and into the streambanks during the 
next day or two. 

Next. imagine that roads and buildings have replaced most of the watershed 
surface. When that one inch of rainfall occurs, it can't infiltrate these 
impervious surfaces and will runoff directly into the stream, and very quickly, 
too! The result is a very quick and short-lived urban flood, rather than a 
gradual rise and fall in the river. Still, a flood lasting even 10 short minutes is 
enough to ruin your basement. 

This concept is illustrated by this hydrograph of a rural (Newaukum Creek -
blue line) and an urban (Mercer Creek - green line) creek in Washington State. 
If you measured the area under both curves (the total volume of water that 
flowed by the measurement location for the time period shown on the X axis) 
in the chart, they might be the same. But in the urban stream, the water at the 
measurement site rose at a much higher rate and reached a much higher 
stage (height) than the rural stream did. The tall, steep curve of Mercer Creek 
showed that much higher streamffows occurred in the urban stream. Tha 

urban stream stage fell back towards baseflow much quicker, too, indicating 
that it wasn't receiving much seepage from groundwater. "Base flow" is the 
sustained flow of a straam in tha abs.anee of dimct runoff. It includes natural 

and human-induced streamflows. Natural base flow is sustained largely by 
groundwater discharges. 

The rural stream rose much slower and reached a lower peak, meaning it may 
not have flooded at all. It took longer to fall back to baseflow as groundwater 
slowly seeped into \he streambanks over the next week. 

More topics and other components of the water cycle: 

~. . J 
5 

l'If..flUM'!" d.ll 

• . J 
:\ 

Streamflow in Mercer Creek, an urban 
stream in western Washington, increases 
more quickly, reaches a higher peak 
discharge, and has a larger volume during 
a one-day storm on February 1, 2000, 
than streamflow in Newaukum Creek, a 
nearby rural stream, a nearby rural stream 
that drains" basin of simlar size. 

..,.. 

F 
https://www.usgs.gov/special-topic/water-sclence•school/science/surfa ... nd-water-cycle?qt-science_center_objects=O#qt-science_center_objects 
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Surface Runoff and the Water Cycle 6/22/20, 11:39 AM 
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Exhibit F, United States Geological Survey, "Surface Runoff and the Water Cycle, 

Date published: JULY 1 o. 2019 
Status: Active 

Thie Furn:-Jam~nl'al:/3 cf i:iw W.;;1ter Gyd~ 
Earth's water is always in movement, and the natural water cycle, also known as the hydrologic cycle, describes the continuous movement 
of water on, above, and below the surface of the Earth. Water is always changing states between liquid, vapor, and ice, with these 
processes happening in the blink of an eye and over millions of years. 

Contacts: Ask USGS 

Date published: NOVEMBER 6, 2019 

Status: Completed 

Tho Wa-,ar C'.,'cl;:,, kli' J,.du!ts ~r,,:J Jtdvam:,ed S'iucierrts 
Earth's water is always in movement, and the natural water cycle, also known as the hydrologic cycle, describes the continuous movement of 

water on, above. and below the surface of the Earth. Water is always changing states between liquid, vapor, and ice, with these processes 
happening in the blink of an eye and over millions of years. 

Note: This section qi the Water Science School. .. 

Contacts: Ask USGS 

Date published: SEPTEMBER 8, 2019 
Status: Completed 

f1r:·cci~ia1iti~)-n :;:nrJ ·ii:~1e V.'\J;;at~;·;r ( ;yck~ 
The air is full of water, even if you can't see it. Higher in the sky where it is colder than at the land surface, invisible water vapor condenses into tiny 
liquid water droplets-clouds. When the cloud droplets combine to form heavier cloud drops which can no longer "float" in the surrounding air, it 
can start to rain, snow, and hail ... all forms of precipitation, the superhighway moving water .•. 

Contacts: As:< U!:H3S 

Date published: JULY 16, 2019 

Status: Completed 

l~i. (;ornpr~ht7nt~B·:f~· ~~tvdy cf ·~~·~rr.; N~t~.wa~ \Nater Cycle 
Earth's water is always in movement, and the natural water cycle, also known as the hydrologic cycle, describes the continuous movement of 

water on. above. and below the surface of the Earth. Water is always changing states between liquid, vapor, and ice, with these processes 
happening in the blink of an eye and over millions of years. 

Note: This section of the Water Science School... 

Contacts: Ash liSGS 

Date published: JUNE 12, 2019 

Status: Completed 

What is streamflow? How do streams get their water? To learn about stream/low and Its role in the water cycle, continue reading. 

Note: This section of the Water Science School discusses the Earth's "natural" water cycle without human interference . 

Contacts: ,;,1k USGS 

Date published: JUNE 12. 2019 
Status: Completed 

~;n~,-,v,t~Ttfiit RilJnc.1ft and th:; \1Virt6?rr ()1f~)~,e 

Perhaps you've never seen snow. Or, perhaps you built a snowman this very afternoon and perhaps you saw your snowman begin to melt. 
Regardless of your experience with snow and associated snowmelt, runoff from snowmelt is a major component of the global movement of water, 

possibly even if you live where it never snows. 

F 
https://www.usgs.gov/special-topic/water-science-school/science/surfa ... nd-water-cycle?qt-science_center_objects=O#qt-science_center_objects Page 3 of 4 
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Surface Runoff and the Water Cycle 

Exhibit F, United States Geological Survey, "Surface Runoff and the Water Cycle, 
Note: This section of the Water Science Schoo/ discusses the ... 

Contacts: :\sk USGS 

Date published: JUNE a, 2019 

Status: Completed 

··r-ht& _J.\tfnnsphere ~ind thtJ.:r> '1¥ater (;~.hJ':& 

6/22/20, 11:39 AM 

The atmosphere is the superhighway in the sky that moves water everywhere over the Earth. Water at the Earth's surface evaporates into water 

vapor which rises up into the sky to become part of a cloud which will float off with the winds, eventually releasing water back to Earth as 
precipitation. 

Note: This section of thfi Water Science School discusses the Earth's "natural" water ... 

Contacts: As,, USGS 

Date published: JUNE 8, 2019 

Status: Completed 

()ond:;1ns;1t~on anf...i th:e ·vvater Cyc~io 
The air is full of water, as water vapor, even if you can't see it. Condensation is the process of water vapor turning back into liquid water, with the 
best example being those big, fluffy clouds float ing over your head. And when the water droplets in clouds combine, they become heavy enough to 
form raindrops to rain down onto your head. 

Note: This section of the Water Science ... 

Contacts: Asf: USGS 

Date published: JUNE 6, 2019 

Status: Completed 

!nfiiiT;;@:m ~,nd thg Wa1!i!f' Cidc,; 
You can't see it, but a large portion of the world's freshwater lies underground. It may all start as precipitation, but through infiltration and seepage, 
water soaks into the ground in vast amounts. Water in the ground keeps all plant life alive and serves peoples' needs, too. 

Note: This section of the Water Science School discusses rhe Earth's "natural" water cycle without human ... 

Contacts: . .:\s!< USG$ 

Date published: JUNE 6, 2019 

Status: Completed 

Stu·tace i l\Jrtt.jff .?.nd the VV~ter (:;yrJ~!· 
Runoff is nothing more than water "running off" the land surface. Just as the water you wash your car with runs off down the driveway as you work, 
the rain that Mother Nature covers the landscape with runs off downhill, too (due to gravity). Runoff is an important component of the natural water 

cycle. 

Note: This section of the Water Science School discusses the Earth's "natural" ... 

Contacts: /\sl< USGS 

Date published: JUNE 8, 2019 

Status: Completed 

A spring is a place where water moving underground finds an opening to the land surface and emerges, sometimes as just a trickle, maybe only 
after a rain, and sometimes in a continuous flow. Spring water can also emerge from heated rock underground, giving rise to hot springs, which 
people have found to make a delignttul way of soaking away their problems. 

Note: This section of the ... 

F 
https://www.usgs.gov/special-topic/water-:;cience- s<;:hool/ecienc.e/surfa ... nd-water-cyde'?qt-science_center_objects=O#qt-science_center_objects 

'.d,;' ... -
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Exhibit G, United States Geological Survey, "Runoff: Surface and Overland Runoff' 
6/22/20, 11:30 AM 

musGs 
scieflCII for a changing world 

Water Science Schou! 

Runoff: Surface and Overland Water Runoff 

When rain falls onto the landscape, it doesn't just sit there and wait to be evaporated by the sun or lapped up by 
the local wildlife- it begins to move (due to gravity}. 8ome of it seeps into thll ground to refregh groundwater. but 
most of it flows down gradient as surface runoff. Runoff is an intricate part of the natural water cycle. 

Runoff: Surface and Overland Water Runoff 
When rain falls onto the earth, It just doesn't sit there, it starts moving 

according to the laws of gravity. A portion of the precipitation seeps into the 

ground to replenish ~9C9Madwa;lc:r. Most of it flows downhill as 
runoff. Runoff is extremely important in that not only does it keep rivers and 
lakes full of water, but it also changes the landscape by the action of erosion. 
Flowing water has tremendous power- it can move boulders and carve out 

canyons; check out the Grand Canyon! 

Runoff of course occurs during storms, and iiw~c h rnore water ~!otri1s irt 
illlfil]\ (and as runoff) during storms. For example, In 2001 during a major 

storm at Peachtree Creek in Atlanta, Georgia, the amount of water that 
flowed in the river in one day was 7 percent of all the streamflow for the year. 

Some definit ions of runoff: 
1. That part of the precipitation, snow melt, or irrigation water that appears in 
uncontrolled (not regulated by a dam upstream) surface streams, rivers, 
drains or sewers. Runoff may be classified according to speed of 
appearance after rainfall or melting snow as direct runoff or base runoff, and 

according to source as surface runoff, storm inter/low, or groundwater runoff. 

After a heavy rainfall you might see sheets of water 

running downhl/1 ... a/ways seeking a stream it can run 
into, so it can continue to participate in the natural 

water cycle. 

2. Toe sum of total discharges described in (1 ), above, during a specified period of time. 

3. The depth to which a mten,:hed (drainage area) would be covered if all of the runoff for a given period of time were uniformly 

distributed over it. 

Meteorological factors affecting runoff: 

• Type of precipitation (rain, snow, sleet , etc.) 

• Rainfall intensity 
• Rainfall amount 

• Rainfall duration 
• Distribution of rainfall over the watersheds 
• Direction of storm movement 
• Antecedent precipitation and resulting soil moisture 
• Other meteorological and climatic condit ions that affect evapotranspiration, such as temperature, wind, relative humidity, and 

season. 

Physical characteristics affecting runoff: 

• Land use 
• Vegetation 
• Soll type 

• Drainage area 
• Basin shape 

• Elevation 

• Slope 
• Topography 

• Direction of orientation 

• Drainage network patterns 
• Ponds, lakes, reservoirs, sinks, etc. in the basin, which prevent or alter runoff from continuing downstream 

Status - Completed 

Contacts 

AskUSGS 

https://answers.usgs.gov 

Explore More Science 
runoff 
Surface runoff 

overland flow 
Surface Watar 
Surface-Water Basics 
Types of Surfaue Water 

Wc1.ter 

https://www.usgs.gov/special - topir;/water-sr;ience-school/science/runof ... d-watQnoff?qt-sci once_contor_objact•-Oitqt-•cianee_eenter_l'.lbjects Page 1 of 3 
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Exhibit G, United States Geological Survey, "Runoff: Surface and Overland Runoff' 

Runoff and water quality 
A significant portion of rainfall in forested watersheds is absorbed into soils (irtfiltrai:ion)_ is stored as groundwater, and is slowly 
discharged to streams through seeps and l!ru:itl.9§, Flooding is less significant in these more natural conditions because some of the 
runoff during a storm is absorbed into the ground, thus lessening the amount of runoff into a stream during the storm. 

As watersheds are urbanized, much of the vegetation is replaced by im~MlUli!rt<lc;f;~. thus reducing the area where infiltration to 
groundwater can occur. Thus, more stormwater runoff occurs-runoff that must be collected.by extensive drainage systems that 
combine curbs, storm sewers {as shown in this picture), and ditches to carry stormwater runoff directly to streams. More simply, in a 
developed watershed, much more water arrives Into a stream much more quickly, resulting In.an increased likelihood of more frequent 
and more severe flooding. 

A storm sewer intake such as the one in this picture is a common site on 

almost all §!tM!Q. Rainfall runoff, and gom11timcis gmoll kids ' toys loft out in 
the rain, are collected by these drains and the water is delivered via the 

street curb or drainage ditch alongside the street to the storm-sewer drain 
to pipes that help to move runoff to nearby creeks and streams. ; storm 
sewers help to prevent flooding on neighborhood streets. 

Drainage ditches to carry stormwater runoff to storage ponds are often built 
to hold runoff and collect excess sediment in order to keep it out of streams. 

Runoff from agricultural land (and even our own yards) can carry excess 
nutrients, such as !liim.\'!lilll and mtlliiR.lliii.:Ulil into streams, lakes, and 
groundwater supplies. These excess nutrients have the potential to degrade 
water quality. 

Why might stormwater runoff be a 
problem? 
As it flows over the land surface, stormwater picks up potential pollutants 
that may include sediment, nutrients (from lawn fertilizers), bacteria (from 
animal and human waste}, pesticides (from lawn and garden chemicals), 
metals (from rooftops and roadways), and petroleum by-products (from 

What if the street you live on had only a curb built 
a.round it, with no stormwater intake such as the one 
pictured here. Any low points in your street would 
collect water when it rained. And if your street was 
surrounded by houses with yards sloping uphill, then 

all the runoff from those yards and driveways would 
collect in a lake at the bottom of the street. (Credit: 

Robert Lawton) 

leaking vehicles). Pollution originating over a large land area without a single point of origin and generally carried by stormwater is 
considered non-point pollution. In contrast, point sources of pollution originate from a single point, such as a municipal or industrial 
discharge pipe. Polluted stormwater runoff can be harmful to plants, animals, and people. 

Runoff can carry a lot of sediment 

When storms hit and streamflows increase, the sediment moved into the river by runoff can end up being seen from hundreds of miles 
up by satellites. The right-side pictures shows the aftermath of Hurricane Irene in Florida in October 1999. Sediment-filled rivers are 
dumping tremendous amounts of suspended sediment into the Atlantic Ocean. The sediment being dumped into the oceans has an 
effect on the ecology of the oceans, tioth in a good and bad way. And, this is one of the ways that the oceans have become what they 
are: salty. 

Florida, Oct. 14, 1999. When Hurr1cane Irene passeel G 
http~e/Jwww.uogo.gov/special-topic/water-science-sehool/seienee/runof ... d-water-runoff?qt-seience_center_objects=eO#qt.seienee_eenter_objoets 

6/22/20, 11:30 AM 
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Exhibit G, United States Geological Survey, "Runoff: Surface and Overland Runoff' 

over Florida in 1999, the heavy rainfall over land 
caused extensive amounts of runoff that first entered 
Florida's rivers which then dumped the runoff water, 
containing lots of sediment, into the Atlantic Ocean. 
(Credit: NASA Visib,e Earth.) 

hllpolt.i:lib)ldllrihn;,it:jjovMer~e?!\'!"~~ 

Florida, Dec. 16, 2002. The east coast of Florida is 
mostly clear of sediment from runoff. The shallow 
coastal waters to the west of Florida are very turbid 
(sediment-filled), perhaps from a storm that passed 
over a few days earlier. 

(Credit: .NASA Visible Earth) 

Below are map products associated with surface and overland runoff. 

Date published: NOVEMBER 20, 2017 

6/22/20, 11:30 AM 

GU~I Urban Stom,wat.er Mc.mitoring: Assessing stormwater reduction using green infrastructure (story map) 
The GLRI Urban Stormwater Monitoring effort brings together the expertise of the USGS with local and national partners to assess the ability of 
green infrastructure to reduce stormwater runoff in Great Lakes urban areas. This story map discusses the problem with stormwater, the potential 
benefits and challenges of green infrastructure, and how thi~ effort is evaluating its effectiveness. 

Attribution: Groat Lakes Restoratic,n Initiative, Upper Midwest Water Science Center 

https://www.usgs.gov/special- topic/water-science-school/science/runof ... d-water-runoff?qt-science_center_objects=O#qt-science_center_objects Page 3 of 3 
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htws:l,tonUueUhrary.wiley,com/doi/full/10.1111/1752-1688.12814 

Full Wate.r-Cycle Monitoring in an 
Urban, Catchment Reveals 
Unexpected Water Transfers 
(Detroit Ml, USA) 
Christopher J. Hoar.cl 

A goal in urban water management is to reduce the volume of storm water 
runoffi_n urban systems a_nd the effect of combined sewer overflows into 
receiving waters. Effective management of stormwater runoff in urban 
systems requires an accounting of various components of the. urban water 
balance. To that end, precipitation, evapotranspiration (ET), sewer flow, 
and groundwater in .a 3.40-hectare sewershed in Detroit> Michigan were 
rnonttored to capture the response of the sewershed to stormwater flow 
prior to implementation ofstormwater control measures. Monitoring 
resultsindfcate that stormflow in sewers was not initiated unless rain 
depth was 3,6 mm or greater. ET removed more than 40% of the 
precipitation in the sewershed, whereas pipe flow accounted for 19%-85% 
of the losses. Flows within th:e sewer that could not be associated with 
direct precipitation indicate an unexpe(:ted exchange of water between the 
leaky sewer and the groundwater system, pathways through abandoned or 
failingreside:ntial infrastructure, or a combination of both. Groundwater 
data indicate that groundwater flows into the leaky combined sewer rather 
-than out. This research demonstrates that urban hydrologic fluxes can 
modulate the local water cycle. in complex ways which affect the efficiency 
of the wastewater system, effectiveness of stormwater management, and, 
ultimately, public h~alth. 

Introduction 

Like -all water cycles, the urban water cycle is composed of inputs and 
losses, yet the manner in whkh typical hydrologic fluxes are activated and 

:,i · -.... ,_ 
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otherwtse regulcJ.ted are quite different than their undisturbed 
counterparts. The main reasons for differences in water cycling arise from 
wastewater collection and treatment systems that provide critical public 
health services; address the runoff generated from increased impervious 
area; generate hydrologfc s.egmentation ofthe urban landscape; and impact 
hydrologic: processes-due to how socio-economic forces trigger 
development, demolition1 and then either re-development or fallowing of 
urban landscapes. It is these forces of urban change in land use that have 
had great imp~ct on how water moves through cities. Additionally, the 
decline ofpostindustria,l economies has cascadi.ng em~cts, leaving large 
swaths of land vacant and fallowed, yet still underlain by extensive 
wastewater· collection and. conveyance infrastructure. Stormwater flows in 
combined sewers are a driver of combined sewer overflows which typically 
discharge untreated wastewater directly into surface-water bodies and 
degrade water quality, thus they are the focus of regulatory actions. For the 
purpos.es of this work, we define the catchment area of the local 
stormwater and wastewater collection and the underlying conveyance 
system to constitute a sewershed. Effective manag.ement of system 
functioning and compliance can benefit from accounting for all fluxes 
within a given sewershed. 

Interestinhow stormwaterrunoffis generatedin urban settings has driven 
complementary research regarding how runoff management affects other 
aspects of the urban hydrologic cycle (see Gobel et al. ; Fletcher et al. ; 
Hamel et aL ; Schirmer et al..; Barron, Barr, and Donn ). Model simulations 
of stormwt;1.ter management systems such as those described in Gobel et al. 
Q,.Barr and Barron O, Endreny and Collins (), Barron., Barr, and Donn O, 
and Bclrto.11, Donn, an.d Barr O exami:ne how various parts of the urban 
water balance mc.ly be intlu~nced by stormwater control measures (SCMs), 
but these. modeling efforts typically lack calibration data. Monitoring and 
real-world examples of quantitative evaluations of urban water balances 
are few. Locatelli et al. () used 40 years of continuous groundwater-Jevel 
data to examtne urbanization in Perth; Australia to demonstrate that 
stormwater infiltration affeets ne~rly all aspects of the local water cycle. 
Andres et al D, Bhaskar et al.(), and Edwards etal. () note that influences 
on groundwater resources are poorly understood, especially with respect ,. 
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to groundwater mounding and ,potential changes in baseflow 
characteristics. Their results suggest that, if rainfall is coupled via 
infiltration .and percolation to groundwater, changes in groundwater levels 
may incr1;?~$e inflows or infiltration i.nto leaky sewer conveyances during 
both dry-weather and_ stormflow conditions. 

In 2014,. the UnitedStates (U.S.) Geological Survey (USGS), .in cooperation 
with the U.S. Environmental Protection Agency, began several studies to 
characterize the hydrology at urban sites, including Detroit, Michigan; 
Cincinnati, Ohio; Cleveland, Ohio; Omaha, Nebraska; Buffalo, New York; and 
Gary, Indiana 
(b.tt.1!$• Llwim.usgs_.pv lgeomu:mtbmLGLRI urban_..n9rmwarerL) where 
SGMs were implemented to reduce the impact of stormwater flows on 
street flooding, water in basements, and excessive inflow into the 
centrauz,ed wastewater collection system. The objective of those studies 
was to document stormwater volume reduction attributed to SC Ms. This 
paper presen~ baseline data collected at Recovery Park, Detroit, Michigan 
prior to the implementation of SCMs to identify and scale the impacts of 
posturban lands,ca.,pe and subsurface conditions on the urban water 
balance. Specificall,y, we collected hydrologk data to evaluate rainfall, pipe 
flow, and groundwater levels in a postresidential setting where houses 
we:re abandoned lecaving infrastructure in decay. These data will serve as a 
baseline for future research as restoration and rejuvenation efforts 
commence. 

Methods 

The approach utilized in this study was to characterize various parts of the 
urban water cycle by making high-frequency measuremEmts of the inflows 
and outflows into and out of the sewershed starting in late 2014 through 
early 20.17. Additional hydrologic site characterization information 
collected during th'is study includes a soil survey and review of relevant 
_geologic descriptions. Data sources included meteorology (air temperature; 
humidity; rainfall, wind speed,, wind direction; net solar radiation, and 
calculated potential eva.p,otranspiration [ET]); groundwater ( water levels 
and temperatures); and volumetric pipe flows within the combined sewer. 

H 
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For the purposes of this study, the study area is defined as the sewershed 
within a six-blockatea bounded by Ferry Street on the north, Farnsworth 
Street on the south, St. Aubin Street on the west, and Chene Street on the 
east (Figure 1). Within the stµdy area, drainage areas to the combined 
sewers (and pipe flow meters therein) were reported by Pieschek () and 
were confirmed through field reconnaissance. Pieschek () did this by 
observing directions of flow of surface runoff during rainfall events. 
Additionally, different segments of the sewershed were individually 
flooded durin;g dry-weather conditions by discharges from a local fire 
hydrant at flow rates exceeding 150 L/min. Based on observations by 
Pieschek O, the area of drainage to p.ipe-flow monitoring location E (the 
most downgradient monitoring location shown in Figure 1) is estimated to 
be 3.40 hectares. 

Figure 1 
RecoveryPark study area Detroit, Michigan. 

Setting 

The City of Detroit grew into an industrial center in the mid- to late-1800s 
lc3.rgely because of access to water and train lines which fostered 
transportation and shipping throughout the Great Lakes region. As the 
automobile industry grew in th.e early 1900s through the early 1950s, 
metropolitan Detroifs population increased to a maximum of about 
1.85 million people (Sugrue ; World Population Review ). In the 1960s, 
decreases in population and housing density paralleled similar declines in 
Detroies a.utomohile industry which was· related to decentralization of th-e 
au-tomobile a.ssemblyplct:UtB and relocation of parts manufacturers to areas 
outside of Detroit. By 2015, the population of Detroit dwindled to 677,000; 
however, all of the old infrastrqcture{specifically combined sewers) 
remained. Between 195:8 and 1985, housing prices declined approximately 
67%; anq, as estimated ·in 201&, were only about 20% of their adjusted 
value based on 1958 valuations (Detroit Free Press). This shift in valuation 
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was a major factor i,n large-scale abandonment of residential and business 
properties. 

Within the City of Detroit, Michigan, CO!'llbined sewers convey dry-weather 
tlowand a large portion of the wet-weather flow to the Detroit Wastewater 
Tre~tm.entplantin acco·rdance with their National Pollutant Discharge 
Elimination System permit (City of Detroit J. During regular operations, 
effluent from sewers and stormwater fl:ow is treated and discharged either 
into the Detroit or Rouge Rivers. However, when conveyance of any given 
partof the combined sewer system is exceeded during stormflow, 
combined sewer overflows may occur at up to 56 sites in the service area. 
The volume .of combined sewer overflows are declining .in Detroit, from an 
estimated 85._2 :M·m3 in 1993, to 15.9 Mm3 between July 2010 andJune 2011, 
to agoal of<S.7 Mma.in 2019 (City of Detroit; Michigan Department of 
Environmental Quality J. To deal with these remaining overflows, the City 
of Detroit's Stormwater Management Program Plan (City of Detroit) 
includes. implementation of green infrastructure, one ofmany SCMs 
available to city planners. 

The study site is within an area named Recovery Park, which lies within an 
urban,.,residentfal area about 4 km northeast of downtown Detroit 
(Figure 1). From a,erial photographs (available through Google Earth 
atbliJa~;'L/ww:,«.11901I1M;om/earth/), we estimate thatthe housing 
density 1n the. late 1950s at the study site was approximately l ·S houses per 
hectare, but this declined to <3 houses per hectare in 2014. As the 
population diminisheil, demolition of houses-in_ blighted ne-ighborhoods 
often involved filling in the old foundations with demolition debris and 
covering With fill (Nolan; City of Detroit). However, beginning in the early 
2010s; this practicecwas no longer followed and removal of all debris 
(jncluding the foundations) started to he the accepted practite. Prior to 
demolition~ w~ter supply and sewer lines were sealed off or removed to 
separate the abandoned properties from the main lines beneath streets and 
a11eys1 yet this practice was rtot always followed, and otherwise, the long­
term condition oftheseseals remains unclear. Abandoned house 
foundations fifled with construction debris may serve to store water 
infiltrating fr.om the surface. Seepage and drainage of water accumulated in 
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these below .. grade structures through cracks and fissures in foundation 
materials may contribute additional flow into the combined sewe.r .system. 
Abandoned foundations that were covered by backfill soil are known to be 
present in the R~coveryPark area, but there was no additional information 
available re:garding their locations or extent. During the course of this 
~tudy, several open building foundations along Chene Street were observed 
to be partially filled with construction debris and accumulated large 
volumes of water during rain events. 

The combined sewer and storm-drain system was initially built in the late 
1800s -and, based on accounts,reported in Pieschek O, consists of vitrified 
clay pipe and brick pipe. In 2016, compromised sections of the pipe 
network were lined with a polyvinyl -chloride product; however, much of 
the combined. sewer system remains in varying states of disrepair. Based 
on examination C)f aerial photographs and site reconnaissance, there were 
only two households within the sewershed that might have been 
contributing domestic wastewater to the combined sewer during the 
co1;1rse· of this study. 

Climate 

Detroit and the rest of southeastern Michigan have a humid continental 
climate irtfluetrced by the Great Lakes (National Weather Service Forecast 
Office}. The monthly daily mean air temperature ranges from -3.6°C in 
January to 23.l°C in July; Mean airtemp_erature fro·m 2000 to 2017 was. 
9.86°C. The average growing season is approximately 180 days with 
tempercJ:tures'below freezing occurring from late October thru late April. 
Precipitation averages about 78-81 crn/yr and is evenly distributed 
throughout the year. Snowfall averages 1.08 m per season. 

To,pQgl"~phy and Local Drainage 

The topo:graphic: setting of the study area is characterized by relatively flat 
to gently sloping surfaces toward the southeast, eventually tertnirtating at 
the Detro:it R'i'ver 4 km to the south-southeast at a gradient of less than 
02 m/km. The land surface ranges between about 191 ~4 193 ni above - · . H 
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mean sea level. Stage at the nearby Detroit River (USGS Station 
04165710 https://waterdata.ysgs.pv.tnwis.{uv?$it~ no;;Q4!6571Q) 
averages about 174.8 m above mean sea level. Information regardingthe 
natural, ancestral drainage is sparse; however, historic maps show a small 
tributary named Parent',s Creek to the southeast Through urbanization, it 
appears as though most of Parent's creek was filled in (presumably with 
local fiU materials], but the. stream still daylights at Elmwood Cemetery, 
abQu.t 2.8 ktn south-southeast of the RecoveryPark study site. The upstream 
trace of p:arent's Creek at the cemetery isat an elevation of about 182 m 
abovem-ean sea level. Which is approximately 6 rn below the surface of the 
surroundintrrestdential develo,p,ment. Further exploration of LiDAR 
elevation data from U$. Geological Survey O indicates that there is no 
surface· expres.sion of the streqm or any other surface-wa.ter drainage 
featnres -tn or near the. study area. · 

Througti examinati'on of aertaJ photography ofRecoveryPark from April 
:2016 (available through Google Earth 
athttps~//www.googlv.ca1niearthLl,·we estimate that approximately 
29% of the 3'40-hectare sewershed was covered by impervious surfaces 
that included roads, sidewalks, alleys, and houses. Roads, ( comprising 
approximately 15°A,. of the study area) were generally in fair condition; 
however, sidewalks (comprtsing approxh:nately 60/o of the study area) and 
alleys (com·prisi:ng approximately 8% of the, study area) were tn poor to 
extremely poor condition. The two houses within the study area comprised 
le:ss than 1.% of the land cover. In comparison, Piescbek () used an estimate 
of 22% impervious cover in model simulations and accounted for poor 
condition :or absence o.f sidewalks and alleys as disconnected impervious 
surfaces. 

Using the terminology of Bell et al. O, the effective imperviousness (portion 
of the watershed covered,by {mpervious surfaces directly connected to the 
sewer colle·ction-,drainage network) was lim.ited to the roads and houses 
[15o/o) unless clo.gged sewer drains p:revented flow into the drain or 
residential downspouts wer,e disconnected, plus about half of the sidewalk 
area{3%) for a total ofl8%. E~amination of aerial photography from June 
2011 provides an estimated 23% tree cover at the site,, whtch is defined as .... 
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the extent oftree. cano.pyduring leaf-on conditions. In addition to the 
impervious areas and tree. cover, field surveys of the study area indicated 
much of the o:pen,. permeable area was occupied by tall grasses, dense 
shrubs; trees; and numerous trash and debris piles. 

Soils 

Soils inthis sewershed were characterized as Shebeon-Urban land complex 
(loamy human-transported material over loamy till; Natural Resources 
Conservation Service J, which is the be~t-known, preurbanization soil 
series for this area. The different phases of urbanization (development 
demoliti.on-hackfiU, fallowing) has impacted these native soils, leaving 
behind a complex .set of soil profiles observed as representative s(jil borings 
taken in: the northern and southern parts of the study site (Figure 2J. 
'Increased, complexity in these urban so·ils ts due to anthropogenic activity, 
which ts: characterized by demolition activities, subsequent soil excavation, 
and placementofimported backfill material (ca; l98S-2008). Soil texture 
ranges .fro,m fine sandy loam to, ~iltyday Ioa,tn. (Figure 2), with relatively 
permeable loam lenses interspersed between less•permeable horizons 
constituted from clay and day-loam soils. Deeper within the profile, the 
soils transition to hydraulically restrictive glacial and lake-bed ~lay-rich 
sediments with sporadic fine sand lenses. The most significant differences 
between pre and posturbanization soils are an increase. in number of 
horizon;s from post to preurbanizationprofiles, and that more coarsely 
textured luamy.sofI lenses are inters:p,ersed between lower-permeability 
clayey layers. 

F:igure 2 
Soil--core de·scriptions with horizon breaks identified by Munsell soil color 
and soil texture fr.om. two well sites at Recovery Park, Detroit; Michtgan and 
a prearbanization reference site as described in Natural Resources 
Conserva.tion S:etvice (l. 

We measured both infiltration and drainage rate of soils in permeable areas 
of the study area as described i'n Shuster et al. () and reported in Hoard et 
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al. O, Infiltration rate was measured at 6 .. m intervals along two parallel s 5 .. 
m transects ofpetmeable, fallowed areas with tension infiltrometers set to 
ap,proxitnately 2 cm of suction head. Drainage rate was measured as 
saturated.hydraullc conductivity with a compact, constant-head 
permeameter at a single location each with several borehole_s augered to 
different depths separated by o. 91 m. The measured, average infiltration 
rate ofp:ermeableareas was 1.9 cm/hr(±std. err. 0.2 cm/hr; n = 18; with a 
range-of 0.4-4 cm/hr). Drainage ( saturated hydraulic conductivity in 
subsoils J at the site declined with increasing depth of measurement, from 
0.9 cm/hr at 25 cm below land surface to 0.1 cm/hr at 60 cm below land 
surface, 

s:urficial and Bedrock Geology 

Surficial and bedrock geology of the De.trait area are summarized by 
Motola (land Howard(). Surficial geology is dnminated by glacial, 
facustrine,.and glacio,.,fluvial sediments predominantly comprised of clay­
and silt .. sfaecl sediments. The glacial till is known as the River Rouge Till of 
Wi:sconslnan age with thicknesses ranging from 27 to 45 .m (Howard]. 
Devonian-ag.e Hmestones and shales including the Dundee Limestone, the 
undifferentiated Traverse Group (consisting oflimestones and ~b,ales), and 
the Antrim Shale underlie the unconsolidated .glacial and lake sediments. 
Based on the thickness and clay ... rJch character of the overlying sediments, 
bedrock formations are decoupled from the local flow system and do not 
impart any effects (e~g~t de.ep drainage influences) on hydrology at the study 
site~ 

lnstru. rnentation . . . . .. . , .. . 

A Campbell ET .. 107 weatherstati:onwas installed in 2014 to measure 
precipitation, wind speed, Wind direction, air t.emperature, relative 
humidity, and net solar radiation. Although it would have. been ideal to 
locate the weather station directly at the. study site, there were concerns 
about vandalism and theft, therefore, the station was installed 
approximately 1.45 km northwest of the study site at a secure location 
(Figure 1]. Calibration, installation, and maintenance of the instruments ,., 
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equaled or exceeded manufacturer's sp,ecifications. Potential ET (combined 
evaporation and transpiration) was calculated using the modified Penman­
Monteith equation that indude'S measurements of solar radiationJ air 
temperature,, wind speed, and relative humidity ( American Society of Civil 
Engineers J. Tbis cakulatlon proVide~ estimates of the ,maximum amount of 
ET available if there were nonhmiting soil moisture content. 

An exploratory well-drilling program was begun in 2014 to characterize 
the local groundwater at the site, Initially, four core holes were driUed. at 
the corners ,ofthestudysite at well locations SE 01D, SW 02'0, NW 03D,and 
NE 041) (Figure 1 and T·able-1) with target depths of about 6 m from land 
surface using a Geoprobe Model (Geoprobe Systems®, Salina, KS) 5400 
seri.es direct-push probing machine. Depth of coring was dictated by the 
relatively shallow· depth ofcombined sewer lines (3:-4.5 m from land 
surface}, and the, first appearance of saturated sediments defining a shallow 
or perched water table. Small-diameter (2.5 cm) wells were installed within 
each remaining core hole ,(Tqble 1). After .ex:amination of the cores and 
recording water levels for several monthih a second round of drilling added 
16 more wells to fill in gaps between the corners. Additionally, wells C OSS, 
C 05D,,CQ4S, C03S, S07S, andS 06S were .installed within a few meters of 
known combined sewer pipes to evaluate the extent to which leaking pipes 
might interact with the groundwater system (Figure 1). All wells were 
outfitted with Schh1mberger Diver pressure transducers that recnrded 
wate-r leveJs every 15 :min with a reportedaecuracy of±2,0 cm. 

Table 1.. Monitoring"well location and description at RecoveryPark, 
Detroit, Michigan. 

~tation 
name 

COTD 

USGS station· 
number 

422202083023702 42.3'6729 -83.04371 

Land surface 
elev~tion (m) 

192.28 

C .OfS 422202081023'701 42.36729 - 83.04372 192.28 

C 02D 42220308302'.1602 42.36746 - 83.04326 192.11 

-•.. 6~ c.. 

Date 
drilled 

Oct-14-
2015' 

Oct-14-
2015 

Oct-15-
2015 

Well 
depth 
(m) 

6.16 

2.50 

6.16 
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.Station USGS station Land surface Date 
Well 

name .number Latitude Longitude elevation (m) drilled depth 
(m) 

-CO2$ 42.2203083023<i0 l 42.36746 -83.04324 192,09 Oct-14- 2.45 
2015 

C 03S 422203083023.101 42.3()736 -83.042tH 192.1) 
Oct•16~ 

2.47 
2015 

C04S '422403'0310.23401 42.36750 -$3.04270 191.94 Oct-16-
2.46 2015 

C 05JJ 422203083023403 42.36762 -83.04279 191.95 
Oct-16-

6 .. 14 2015 

:COSS 42220}083023402 42 .. 36763 '-83,04278 191.96 Oct-16- 2.50 2015 

NOSD 422209083023602 42.369li -83;04323 192.02 
Oct•l7· 

6.05 
2015 

NOSS 422209083023601 42.36911 __;83.04322. i92.04 Oct-17- 2.52 2015 

N06D 422207083023502 42.36865 -83.04302 191.g6 
Oct-t9·-

6.16 
2015 

N06S ·4222070&3023 501 42.3.68li7 --83 '.04299 191.89 
Oct-19~ 2.46 
.2015 

'NEQ40 42220708302'4102 42.36.853 --83.04464 192.14 
Nov-15-

6.04 2014 

NE04S 422201083024101 42.16853 -83.04464 192.15 Nov-14· 2.46 2014 

NW03I) 422206083024402 4236824 -83.04544 192.33 Nov~13- 5.97 2014 

NW03S 422206083024401 42.3682-5 -83.04545 192.37 Nov-14-
2.41 2014 

:S 05D 422202083023102 42.36718 -83.04193 l91.67 
Oct-15-

6.14 
20i5 

S 05S 422202083023101 42.315713 -83.04193 191.65 
Oct-15- 2.44 
2015 

S06S 422202083023301 42.36113 -8:1.04248 192.24 Oct-JS-
2.46 

2015 

S07S 42220208302:l'.302 42.16727 -83.Q4256 192.23 Oct-15- 2.19 2015 

SBOlD 422201:08.1023702 42.3.6686 --83.04355 1.92.50 
Nov-13, 

4,81 
2014 , 
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Station USGS station Land surface Date Well 

n,me nu.rnbet Latitude Longitude elevation (in) drilled depth 
(m) 

SEOlS 422201083023701 42.36685 -83.04354 192.51 Nov-13-
2.35 2014 

SW02D 4;i22QQ033.Q23902 42.36654 -83.0443i 192.62 
Nov-14-

6.09 2014 

SW02S 422200083023901 42.36655 -83.04431 192.67 
Nov-14~ 

2.40 2014 

Temper~tu:re also was measured ln wells using Schlumberger CTD Divers, 
With tempetature.accuracyof ±0.16°C. Temperature monitoring of 
groundwater was done to determine whether changes could be observed 
because of water leaking out ofthe co~bined sewer and into the 
surrounding sed.iments. 

Pipe-flow measurement was done by the Detroit Water and Sewerage 
Departlh~nt at several locations in and around the study area. 
Measurements were made through a combination of velocity and stage 
sensors installed. within the pipes behind v-notch weirs. Combined sewer 
conveyances were generally i..u poor condition, such that flow was often 
-impeded due to dogging.from sediment-and debris. The pipe-flow data are 
available:in Hoard et al. Q. 

TQ expl<>re tbe flow characteristics in the combined sewer, a hydrograph­
s.eparatfon te,chnique developed by Lyne and HolUck O was used to 
estimate basetlowtn the pipe~flow record. The term "baseflow~1 is most 
often. associated with perennial streamflow during dry"weather conditions 
that can be attributed to groundwater seepp.ge into stream channels; 
however, for the :purposes of this study, we use the term to describe flow 
within the combined sewer during dry".weather conditions when no runoff 
from prm:;ipitation or snowrnelt is directly contributing to pipe flow. This 
usage is.similarto that of Kaushal and Belt O who describe itas "buried 
baseflow:' The Ecol:ly:dRology library (Fuka et al.) for the R statistical 
computing environment (R Core Team J was used to perform hydrog:raph 
separatio;n,. The filter parameter used fc;r the separation was 0.99 a,nd the 
number of passes done by the filter was set to .3, An aggressive filter 

H . 
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parameter was used thatis outside th.e range of suggested filter parameters 
(0~90-0.95) to ensure that we could remove the storm.water runoff . . 

component from the flow observed in the sewer. Flows within the 
combined sewer were compared to precipitation records to explore the 
relation between rainfall and pipe flow at the study site. When runoff 
events were separated. from their baseflow component, we calculated peak 
unit·discharges at pipe flow· location E and ·compared them to rainfall 
amounts. 

Summa:ry _precipitation data and potential ET calculations from October 1, 
201S through S·eptemher 30; 2016 are shown in Figure 3. These and all 
other weather data for this study are available throug_h USGS National 
Water lnfo.rmation System at btw$;/l1«u1,ldLJNNDfg,G,. Precipitation 
totaled 1;.253 mm for October 1, 2015 through Septemb.er 30, 2016. 
Precipitation during. thi~ period was higher than the long-term averag,e of 
786~6 rrtm re.ported in U.S. Climate Data (J for the period 1961-1990. 
Maximum precipitation fell in August and September 2016 with monthly 
totals of2:32.4 and 260.4 mmtrespectively.; Air temperature averaged 
t2.,2h°C during the period from October l, 2015 to September ao, 2.016. 
Potential ET followed seasonal patterns with ma~imum of 
139.1 mm/month in June 201.6, and minimum potential ET of 
21.2 m'.m/month in January 2016.. No attempt was made to convert the 
reference ET determined fr.om th.e weather station to an actual ET estimate; 
The uncertainty in the amount and type of vegetation required for 
determining appropriate crop coefficients to estimate the actual ET was 
likely on the order of the uncertainty in the reference-measurement itself: 

Figure a 
Meteorological conditions at US:GS weather station 42 2 23908303 2401 for 
October 2015 through September 2016 for (a) precipitation; (b) air 
temperature.: and (c) pot~ntial evapotranspiration (ET). 
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Groundwater levels in wells a~ross the site responded in varying degrees to 
precipitation events and exhibited discernable seasonal patterns. (Data are. 
available through the US.GS National Water Information System (NWIS) 
athttps;l/a~oagUWJYDFQG) Waterlevelsin shallow wells C 03S, S 06S, 
and S 07S all behaved. similarly with a more ,gradual response to 
predpitation than other wells· in the s~dy area (Figure 4). Water levels in 
other wells also responded to these same events, but water-level rise was 
typically <10 cm .. Perimeter wells, including NW 03S, NE 04S, and S OSS 
were consistent in that they responded to precipitation events with more 
than 30-cm rise between M.arch 1, 2016 and March 30" 2016. Thes.e three 
wells were set in the more permeable soils and sediments facilitating 
downward flow. Vertical gradients between all of the shallow and deep 
nested wells were downward during the majority of the study period. 
Hori2:ontal gradient,s indicated groundwater flow was from the southeast to 
northwest. -

Figure4 
Groundwater levels in wells at RecoveryPark, Detroit, Michigan for October 
2015 through September 2016. 

Water levels in wells situated neat the southeast part of the study area and 
clos.estto the .combined sewer (induding,wells COSS, C OSD, C 04S, C 03S, S 
07S, and S 06S) showed a similar response to precipitation events 
consistent'with other wells. Based on groundwater levels, we did not 
discern exfiltratio:n from the combined sewer pipes which would have been 
evident if rapid rise:s in groundwater Je.vels coincided with large flow 
events i'n the combined sewer. Within a majority of wells, groundwater 
levels were consistently higher th.an the combined sewer approximately 3-
4,5 m below land surface. This would suggest that the combined sewer 
pipes-· if made permeable by separation of pipe joints, cracking, and (or) 
collapse ,over their long servtce life - could be a sink for excess soil 
muistureand groundwater, In addition, preferential flow within and 
through more structure:d higher-permeability lining-bedding materials laid 
into the combined-sewer excavation ( whi~h may have included gravel, 

... 

H 

.'l .. , .,. -



R
EC

EIV
ED

 by M
SC

 6/23/2020 9:42:31 PM
Hoard, et al., "Full Water-Cycle Monitoring in an Urban Catchment Reveals Unexpected Water Transfers (Detroit, Ml, USA) 

brick$, local soils,. and fill materials) could bypass the surrounding clay-rich 
sediments. 

We, used groundwater temperature as an additional indicator to identify 
exfiltration, and in this case, confirm the absence of ,exfiltration as a major 
component of the sewershed water cyde. Groundwater temperatures from 
wells follow the anticipated seasonal sinusoidal res pons.es, with more 
dampened amplitude in the deeper than shallower wells (Figure 5). As 
compared to average air temperatures, htghest and lowest groundwater 
temperatures lag behind due to the therm.al properties .of the s,urrounding 
sQtt:s. Shallow groundwater temperatures were highest in late September, 
with a lag between peak air and groundwater temperatures of about 1 .... 
2 months, whereas deep groundwater temperatures peaked in November 
-and Decembecr with a cotre.spondingly longer lag of about 4-S months. Well 
SE. 01D (shown in magenta coloring on Figure 5) was 1,3 m shallower than 
the other deep wells and responded with a s,horter lag time to atmospheric 
,changes. During site r~conna.issance, water temperatures hi the combined 
sewer wete measured during dry-weather conditions at monitoring 
location E (data available through NWJS 
at htms; lJwaterdata .. nsgs.ggv/nwis} and, during a rain event. In both 
cases, water temperature in the sewer was within 0.56°C of ambient air 
temperatures. We found, that groundwater tem,petatures for wells closest 
to the sewer conveyances were similar to those farther away indicating no 
apparent exchange of water flowing out pf the sewer, which would present 
themselves as warmer temperatures in the summer and cooler 
te.mperatures in the winter compared to the adjacent groundwater 
temperatures. 

Figure S 
Groundwater temperature in (a) shallowwe.lls ( <252 tn deep) and (b) 
deep wells (>4.81 m ;dee.p) at Recovery:Park, Detroit; Michigan for October 
2015 through September 2016 .. 

Pipe:flows normalized to sewershed drain<\ge area at monitoring locations 
within the combined s,ew~r during the study period are shown in Figure 6. 
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For the mo.s:t part, flow within the combined sewer responds rapidly to 
rainfall events. Hydrograph separation (Lyne and J;f ollick J was used to 
estimate baseflow in the pipe--flow record at monitoring location E from 
October 1, 2015 toAugust31,2016. Pipeflowloc.ation.Ewas chosen 
because-itincorparat:ed the largest drainage area (,3.40 hectares) of the 
different monitorlJ1g locations, tllUs better repre$~nting the sewershed as a 
whole. The period from October 2015 through August 2016isshown in 
Figure 7 to illustrate the p_ortion of the pipe flow discharge estimated to be 
baseflow. 

figure 6 
Pipe flows, no.rmalized to drainage area, in the combined sewer at 
monitoring locations B (a)( C (b), and E (c)atRecoveryPark,, Detroit~ 
Michigan forUctoher 2:015 through~August2016. 

Figure 7 
Bos:plots, ofesamate.d baseflow by .mo'nth.in, the combined sewer at 
m·o:nitoring location EatRecovetyPark,, Detroit~ Michigan for October 2015 
throt\gh August 201'6.. 

Linear regression of rainfall v-s. peak unit discharge within the co:m.bined 
sewer showed two characteristic flow regimes (Figure BJ. The breakpoint 
at which rainfall appeared to cause sewer;.,discharge events was 
determined using the segmented package in R (Muggeo). The rainfall and 
peak unit discharge. data were log transJorrned prior to a linear model 
being appMed. The linear model was then used as input to the segmented 
J>ackage Whi.ch estimated a new segmented model that identified one 
breakpoint at 3.6 nun of rainfall, where the linear relation between rainfall 
a·nd peak unit dtsch~rrg~ cb~nged. The relation between rainfall and peak 
unit discharge was: .relativelyJiat for rainfall amounts less than 3.6 mm 
within a 24--hour period. For events tha,t exceeded 3.6 mm of rainfall within 

· a given 24-hour period, the peak unit discharge increased monotonically 
with increasing rainfall volume. 
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Figure8 
Relation between pe,ak, unit discharge and.rainfall at RecoveryPark, Detroit, 
Michigan for October 2015 through August 2016. 

Discussion 
• . 

We interpret oll:r results in the contextual setting of urban karst - as a 
un.iquely urban lithology dissected bylea~y convey~nces and sediments 
wttha Wide-ranging permeability- which has been described by Sharp et 
al. O, Kaushal and Belt O, and Bonneau et al. Q. This term appropriately 
describes. the shalla,w subsurface at RecoveryPark. In addition to 
perforation of urbanized substrata bythe co.mbined. sewer pipes, the 
findings of Shuster et al. O sug_ gest that vacant parcels have highly variable 

. . 

fill rnaterial that can affe~t lateral and vertical water movement. Vacant 
parcels in the study cat,hment present as ,one oJ sev,eral morphologies: (1) 
unfinished demolitions: as open pits, enclosed by a perimeter .of cracked 
concrete, stone, or brickfoundations, (2) finished demolition sites that had 
been backfilled 'With soils and a variable amount of debris as rock 
fragments', and (.3) finished demolition sites with unconsolidated debris 
possessing· structural macroporosity as a high pto_portion of void space or, 
as megapore networks as described by Bonneau et al. (). 

The layering,of soils in this area are a strong influence on patterns of water 
movem,ent 'The soils and unconsolidated materials overlying bedrock in 
Detroit are characterized l>y a relatively shallow layer of topsoil 
transitioning to finer, hydraulically restdctive layers at t--2 m below 
gpound surface whkh may extend up tq 45. m down to bedrock. This 
circumstance indicates a propensity to~ard ·shallow and (or) perched 
water tables.Yet, the.in.tersperston of the so:ils with fine sand lenses :and 
highly va.riable fill material u11derlyit1g demolished parcels presents 
tradeoffs· it1 terms of how water cycles through the subsurfa<:e. 

The conditions described above provide multiple opportunities for 
transfers: of water between elem-en ts of the urban water cycle. We 
conceptualize the urban water .cycle at ReeoveryPark starting with rainfall 
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and snowmelt that infiltrates the surfa~e flowing through the unsaturated 
and saturated zo,n,es within soils and sediment with nonzero condu.,ti.vity. 
Wenneasured infiltration rates in the shallow soils that averaged 1. 9 cm/hr, 
which was slightly higher than Pieschek O who estimated a value of 
1.3 cm/hr. The clay-rich sediments at depths >1.8 m from ground surface 
shown in Figure 2 act as a hydraulically restrictive surface. Water that 
infiltrated and percolated dow11w~rd through .layers with low (though 
nonzero) hydraulic conductivity eventually reached this restrictive layer. 
Attbe top,ofthis layeri it is likely that water ,moved laterally <)Ild (or) into 
coarser textured loamy lenses interspersed among the clay~rkh sediments. 
Any further downward movement of water would have been facilitated by 
higher:-permeability {from legacy disturbance and enhanced soil structure) 
soils and bedding around the combined sewer pipes. 

Water als"o may flow along preJerential flow paths that include natural 
fracb,lres.andvoidspa~ces within construction, demolition, and other d~bris 
and hotizotltallY, Within fine sand lenses. Vertical flow within the 
unsaturated zone· may encounter discontinuities that can limit or delay 
-s.ubsurface flows or lead to accumulation and .retention of soil moisture (as 
in the: diffetent k.inds of vacant lot parcels} .. Yet, some portion of the total 
-water flux can and does (as observed in open foundations) accumulate in 
foundations ,or backfilled excavations_. This arrangement creates a positive 
hydraulic head at the invert elevation of the excavated area. In addition to 
variants on vacant fand, poor se~ling of residential sewer lateral pipes 
c:=ause illflow and infiltration into the combined sewer. Overall, the 
posturban landscape can facilitate as .m~ch as li111it water movement in the 
subsurface. WeJind that this highly modified landscape facilitates increased 
volume irtputs - and at faster or more direct routes_ of delivery-. to the 
systeJ'll,, increasing the degree to which water is available for inflow and 
infiltration to the conveyance system. 

In this study, we leve,raged extensive water-cycle monitoring· to understand 
the linkages between seasonal precipitation and h_ow it was redistributed 
into ET, groundwater storage, and pip:e, flow~ These relations have 
implications for s:coping the management of sewer systems with a focus on 
minimizing inflow and infiltration lntQ the sewer collection and conveyance 
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system, which otherwise depletes system capacity and leads to subsequent 
nnxlfunction. In addition to rainfall that feU on impervious surfaces and 
ended up as runoffthat entered storm drains at RecoveryPark, rainfall that 
feil on pervious surfaces percolated downward and entered the sewer 
system as rainfall-derived infiltration and inflow CRDIIJ. Infiltrated water 
eventually reached the sewer conveyances where it would accumulate and 
form a positive ·head around and over the pipes. 

Pipe-flow time series for the combined sewers showed that dry"'we.ath.er 
flows were substantial (:f'.igures 6 and 9). Pi,eschek () attributed 0:.4S3: L/sec 
{7.18 gpm) of this flow to a leaking potable water supply pipe. Dry-weather 
flow did not come from domestic wastewater because, during the study 
period, there were orily two occupied houses connected to the combined 
sewer within the sewershed. Ifwe estimate that 37R5 L (100 gallons) of 
water was used ,per person. per day multiplied by an estimated 4 people per 
house, as suggested by U.S. Envlronmental Protection Agency O and U.S. 
G.eo:lo,gical Survey O, we would expect about 3,028 L of water per day 
(0.0351/secJ flawing in th.e combined sewers at monitoring location E. 
However, flow in pipes measured at 'monitoring location E during dry .. 
weather conditions averaged about 0.44 to 0.63 L/sec, which is more than 
ten times greater than the estimated household use. Additionally, there did 
not appear to be any dhJrnal pattern.s (Figure 9b J that would otherwise 
suggestincteasedsanitarysewage inputs dudngpeak usage hours from 
ordinary household use as clescribed by Lerner (). Although the sources of 
thiS water w:ithtn the combined sewers ·were not identified, it is possible 
that a combination of factors may be contributing to this flow, including 
water .inflow from broken. potable wa.ter pipes (ofwhich there were at least 
one duringthe course ofthis study], groundwater contributions into leaky 
.cmnbrned sewer plpes, and,. as we pointed out earlier, -slow release of 
rainfall accumulated ln abandoned foundations. Inspection of the data from 
one·weekin March 2016 (Figure <J) illustrates the varied response of the 
grcrQn:dwater and sewer network to a precipitation event. As previously 
described; some shallow wells (NW 03S, NE 04S, and S OSS, Figure 9c) 
respond quickly, whereas others have alm.ost no response (S 07S and C 
05S)to precipitation events. The hydrQ-graph of pipe flow within the ,sewer 
at monitoring lo,c:ation E (Fig11re 9b) illustrates how the flow in the sewer 

H , 

".., -, - 7f ..... 



R
EC

EIV
ED

 by M
SC

 6/23/2020 9:42:31 PM
Hoard, et al.; "Full Water-Cycle Monitoring in an Urban Catchment Reveals Unexpected Water Transfers (Detroit, Ml, USA) 

quickly recedes after a predpitation event but that some baseflow is 
maintained even when no rainf~ll is occurring. Water levels in shallow 
wens, that responded to precipitation events also recede, but at a slower 
and more gradual rate. As shallow groundwater levels recede, water is 
slowly released from ~torage intP the sewer, which acted to maintain the 
relatively high amount of base flow in the sewer ptpes. 

Figur.e9 
Plots of (al precipitation; (b) pipe flow at Sewer monitoring location E; (c) 
groundwater lev~ls in shallow wells (<2.S2 m deep J; and ( dJ deep wells 
(>4.81 m deep) at RetoveryPark! Detroit~,Michigan, March 2'4-29, 2016. 

As shown on Figure 7; estimated monthly b;3.seflow varies during the year 
and tends to be larger during the late winter and early spring months and 
.smaller and less variable in the summer months. The estimated volume of 
base:now in the ,eomhined sewer at monitoring location E exceeded 
17,900 mJofwater for the period from October 1, 2015 to August 31, 2016. 
The seasonal component of bas,eflow is likely related to snowmelt and 
overall in,cr.eased precipitation crnd runoff during the spring. Although 
snowfall and sn,owmelt data were not colleeted as part of thi,s study, a 
weather station at Detroit Metropolitan Airport (approximately 29 km 
west~s.outhwest from, the study site) record.ed 897 mm of snow during this 
p·eriud (National Oceanic and Atmospheric Administration J, Given 
evidyanc~ ofRDU, additional rain and snnwme,lt would lead to higher 
groundwater levels and a steeper gradient between groundwater and the. 
combined sewer, thus prom.oting greater -groundwater flow into the 
compromised sections of sewer pipes presenting its'elf as baseflow. 

The rain.fall - runoff [represented by peak unit discharge) graph .shown in 
Figure 8 shows; that 3 .. 6 mm of rainfall are needed before increased flow is 
observed at pipe flow monitoring site E. the c,ha:nge in slope between the 
two regress.loft Une.s represents a change in how thesewershed responds to 
rainfall, with the first line ·with relatively flat slope representing total 
catchment .detentio·n; capaeity, and the second. line with much steeper slope 
illustrating average catchment response after catchment detention capacity 
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ts exceeded. Whe,n we performed the segmented regression analysis, the 
threshold of 3.6 mm rainfall was found to be significant and is within the 
range ofless than l to over 30 mm reported by B'ell et.al. () for 16 sites in 
Charlotte, North Carolina. 

At .rainfall amounts <3.6 mm, the slope is: relatively flat because detentio.n 
capacity is in th-e process of being filled by rainfall, and only small amounts 
ofrunoffare generated. Sewershed detention capacity·affects this first 
s'egment andtndudes: 

• infiltration capacity of the perv1ous urban soils and is averaged 
over (untneasured) anteced.ent soil moisture conditions. We 
n1-easuredihfiltration to average 1.9 cm/hr, which is 
considerable. Infiltrated rainfall would be captured as soil 
moisture, and thereby detained. Not all ·pervious surface are 
.contiguous; nor are they all connected to the stormwater inlets. 
Thts spatial arrangem.e11t imposes further r.egulation on source 
areas, a·nd o,nce a i,ervious surface is saturated and runoff is 
initiated,. routing to :~ewer tnlets is apparently·minimal at 
rainfall depth below an average qf3.6 mm, which would be the 
early-term of a given storm. 

• Detention capacity of impervious areas can range between 1-
2 mm in rou:gb asphaltic road s11rface._Atthis s-tudysite, the 
amountoflmpervious area was relatively low as compared to 
other urban sites. Most paved surfaces were generally in po:or 
condition1 with larger depressions and _potholes. Detention 
would be higher in these areas .• Again1 the spatial distribution of 
these p,oth~les and the crowned .cross section of the roads 
would route direct runoff from the road into surface depression 
storage. 

• Condition of infrastructure; including combined sewer pipes, 
connecti-ons., and junctions all contributed toward transient 
t~xchange and storage. -Combined sewers were in poor condition 
and a small amount of storage could occur within cracks, seams, 
and behind debris and s.ediment jams. Additionally, leakage out 
of the: combined sewer could oce:ur in cases where groundwater 
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levels. were below these cracks, loose joints, or other damage to 
pipes. 

When rainfall exceeded overall catchment storage capacity, the flow 
characteristics, in the combined sewer display a steeper slope that .·- on 
ave.rage ·- scales linearly With addition:tl storm rainfall depth above the 
threshold d,epth of 3.6 mm. 

Bell etal. 0 note that as total imperviousness ofa sewersh_ed increases, the 
value ·at the lntersectton decreases; so conceptually,. the intersection of the 
two lines shown on Figure 8 should shift to the right after a decrease in 
impervious area and. implementation of SCMs, such that larger rainfall 
even ts would b:e required to initiate flows within the combined sewer. 
Water directed into the SCMs and leaving through, underdrains, overflows, 
or infiltratio.n would have to be isolated from the sewer system so as to not 
supply any further increase in ROH. 

Ad.dititlrtal. understanding of the h;ydrofogic setting is provided in the form 
oftwo water budgets {Table 2). Water-budget components included 
pre.cipitationand potential ET computed from parameters recorded at the 
weather station, estimated domestic potable water usage/ pipe flow at 
se-wer monitorlng location E, and groundwater storage repre:sented by 
chariges :in groundwater levels in shallow groundwater monitoring wells 
through(lUt the, ,sewershed are.a .. water budgets were. developed for two 
separate one-month periods representingfaH conditions{October 15-
N.ovember HI, 2.015) and summer conditions (June 1-July 1, 2016]. These 
time periods were selected pri.rr1arily beca,use of availability ofreliable data 
from all data sources and exclusiun of periods of snow accumulation and 
sub-f:re.e.zing temperatures (December and January), for which we did not 
have reliable snowpack and snowmeU data. It was assumed that 
groundwater :inflow from upgradient areas outside the sewershed was 
equalto groundwater outflow toward downgradient areas, thereby 
cancelling out this potential change in groun.dwater storage~ 

Table 2. Waterhudg,ets forthesewershed draining to monitoring location 
E during o-ne . .-.menth periods with and without hasetlow in fall 2015 and 
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summer 2016 at RecoveryPark, Detroit, Micnigan. ·Potable water supply 
was estimated, by multiplying four people per house by two houses:by 
-0·.38 m3 per day by number of days duringthe period. Gains or losses from. 
groundwater storage were esti.mated by multiplying the groundwater level 

. . . 

.change by 25% .effecti,ve porosity by th~ 3~40-hectare sewershed. Runoff 
coefficien:t'is calculated.as pipe flow divided by prectpitation (m:-i, cubic 
meters; pct, percent (calculated as percent of total inflows); n/a, not 
applicable). 

Inflows 

P..re~jpitation 

Potable water supply 
(estimated} 

Outflows 

Potential ET 

Pip-e flow at Jo¢atkm E 

Differe11ce (unaccounted 
outflows) 

Gained '()dost from 
groundwater-storage 

Runoff coefficient 
(dimensionl~.ss) 

Fidl (32 days) 

With 
basetlow 

Without 
basetlow 

Summ4'r (31 days) 

With 
baseflow 

Without 
baseflow 

{m3) (pd) (m3) (pct) (m3) (pcO (m3) (pct) 

470 83 

97 17 

--'240 42 
~2so 49 

47 8. 

-53 tl 

0.60 n/a 

470 

97 

~240 

-110 

220 

.. 
110 

0,24 

83 

17 

42 

19 

39 

23 

·n/a 

210 69 

94 31 

-640 210 

-260 85 

-6.00 2:00 

-690 330 

l.3 n/a 

210 

94 

-640 

-98 

-430 

-530 

0.47 

69 

31 

210 

32 

--'140 

250 

nla 

For the fall ·conditions in 2015, precipifation voJum.e was 470 m3 and 
e$timated d.omes-tic potable water supply was 97 m3 (Table 2). Losses 
induded .ET and pipe flow that accounted for 240 and 280 trP, respectively. 
The difference between input and output loss terms produce a net gain of 
47 m1 (about fl% of the total tn:flow) which could be within the level of 
uncertainty of ot,1r mea,surements or attributed to a change in storage in the 
groundwatet system or other surface storage {based on site surveys, 
surface storage was likely only a very small contribution to this budget). If 
we assume a 2:So/o effective porosity (a conservative value for clay-rich 
s,ediments~ as tepor.ted in Driscoll) over the 3.40-hectare sewershed, that 

H 



R
EC

EIV
ED

 by M
SC

 6/23/2020 9:42:31 PM
Hoard, et al., "Full Water-Cycle Monitoring in an Urban Catchment Reveals Unexpected Water Transfers (Detroit, Ml, USA) 

would equate to an approxitnate grotmdwater elevation rise oJ 4.0 cm. 
Ilowever, we observed a dedine in water;,level elevation of clpproximately 
30 cm during'the same time period indicating fos.s of storage from the 
groundwater .system. 

To. examine the ·relative proportions of.the ·Water budget within the 
combined sewer withoutbaseflow (as it was designed to function), we 
re.moved 0.453 L/sec [165 fll3] a:s estimated by Pieschek Q. The calculated 
volume ofwatet from the pipe-flo,w recotdatJnonitoting location Ethen 
becomes 110 m~ for the fall period) which is approximately e.qual to the 
esth:na.ted potable water supply of 97 ml. With all other. things remaining 
tb:e sarn,e,, and a$ described above, this circumstance would result in an 
even greater positive residual than for the case where baseflow was 
retained. With baseflow removed from the waterbalance, we find that 
water moves into storage increasing groundwater levels by an estimated 
18.4 cm. This. is notwhat we see, in the groundwater record, so it is: possible 
that this eKcess wat~f could be infiltr~ting into the soils, but not fast enough 
nor deep enough to influence the groundwater levels at the site. 

For the summer period in 2016, precipitation amounted toa volume of 
210 ma artd estimated domestic potable· water- supply was 94 ma. ET and 
p __ · ipe flow, accounted for 640 and 260 m3, respectively; Balancing these 

,. < •• 

terms produced a difference of 60D tn3.-With the s~me assumption as a,bove 
of2:5% effective porosity, this would be an approximate groundwater 
elevation decline of 52, 7 cm. Water-level elevations monitored tn wells 
during the suinm:er period display a range ofresponse,s: so0me ate 
consistent with that level of decline, whereas others did not respond at all. 
lf w:e-subtract baseflow in the ·Combined sewersi the residual becomes · 
430 fl'P which is equivalent to a decrease in groundwater level of 38. 7 cm 
and also is co_nslstent with water-level changes observed in the area. The 
majority of our grou:ndwater-data, :including water levels (and· the gradient 
between water levels and the combined sewer) and temperature, indicate 
thatgroundwater Ukely flows into the cmnbined sewer rather than pipe 
flow flowing out of the sewer. 
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As witb any hydrologic study, the question of re,presentative hydrolo.gic 
conditions in the context of a short-term study must be considered. There 
w:ere:nQ changes in the dis.tribution.ofhous.es, buildings, or paved surfaces 
'Within the study period; therefore, land use and land cover remained 

constant. Weather conditions during the study period as measured at our 
meteorological station were slightly wanner and wetter tha,n long-term 
average conditions reported bythe National Weather Service Forecast 
Office Q for Detroit. This could resµJtin higher than average ET (greater 
transpiration from vegetative cover:) and higher than average pipe flow 
( due to a pro:portional increase fn dire:ct runoff entering. the collection 
system fro:in impervious surfaces) within the combined sewers during 
warm ·Season storm events. 'Within our water-budget estimations~ other 
sources of potential error include· unequal groundwater inflow or discharge 
from outs.ide the study area, actual ET values that are less than our 
computf!d pot~n'tial ET! and. storage and evaporation in abandoned 
foundations. 

The; predominant souree of water into the groundwater system at 
Re.coveryPark ls. precipitation and th.e predoml.nant sinks are ET and pipe 
flow con.v.eyed off sit~. In contrast to othe.r settings., groundwater leakage 
into the combined sewe.r provides a ·sink for ~percolating water. Overall, . . . 

chan.ges in storage occurring within the ground.water system are 
dominated by rela.tivelylarge groun.dwater-1evel rises and decline$, which 
apparen.tly translate to corresponding rises and dedines in pipe flows. 
Indeed, the rise and fall of monthly baseflow estimates shown on 
Figure 7 approximate-the rise and fall of groundwater levels shown in 
Figures 4 and 9 . Similar to the observations of Lerner (), the depth -of the 
sewers :relative to the. water table . .is probably a major control on leakage 
rates into sewecrs and, as described by Kaushal and Belt (J, leaky combined 
sewers ,maybe behaving sittlilat to tile dratns in an agricultural setting by 
conveying gr:oundwate:r downgradient within the combined sewer system. 

Gonclnsion,s 

The approach taken here represents a unique opportunit:y to evaluate 
diffetent _parts of the-urban water cydeand improve out understanding of 
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the sources and sinks of water in an urban catchment. The combined 
meteorologic and hydrologic data provide information toward the extent of 
potential ET, infiltration, pip'e flow, and pip.e leakage that are not commonly 
measured in urban s:ettings. At RecoveryPark~ an urban-residential site in 
Detroit Mi, our ,conceptualization or the urban hydrologic sy8-tem includes a 

. complex: interaction betWeen impemo.us surfaces, pervious surfaces, and 
flowwithin well-developed soils, clay-rich sediments, and poor condition 
local wastewater infrastructure that includes abandoned foundations (as a 
discontinuity in surface runoff along the subgrade] and leaky combined 
sewers .. These interactions change with seasonal conditions as 
demonstrated hy ,comparison ofwater budgets computed for fall and 
summer conditions. 

'The hydrologic system responds to rainfall events; however, continuous 
flows within the sewers from a variety of potential sources re,present a 
Jar:ge volume of water when compated_with water derived from rainfall 
alone .. Our results show that change in groundwater storage can play a 
major role .in increasing the dry~we.ather flow in.sewer conveyances due to 
high groundwater tables relative to the elevaticm of thesepi.pes, which 
allow asubsta:ntialamountofinflow and infiltratio·n. The estimated volume 
of'baseHow in the combined sewer exceeded 14,300. nv of water per,year in 
botb 2':tltS and 2016, most of'w:hich ended up being treated by the City of 
D'etrolt at their wastewater facility. While this research suggests a 
correlation hetw.een higher g,rou.ndwat~r levels and higher pipe flows, 
more work should be done to account for these water transfers. These 
relations wiUgui'di1 the design and implementation of green infrastructure 
a~ SCM~, and $Uch that they wm not contribute to flows Within the 
combined sewer (i.e., return flow). This study aids in scoping efforts to 
eventually minimize the amount of baseflow· in the conveyance sys tern, 
with anticipated savings through maintaining system volume capacity and 
not treating relatively "dean'' groundwat'6r that was conveyed to the 
wastewater treatment r>lant. 
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