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Hydrologic modeling is useful for local communities to evaluate the
effects of planned 1z20ning on streamflow within a watershed.
Urbanization, if left unchecked, can cause detrimental impacts to a
watercourse. These impacts include increased peak flows, reduced
baseflow, channel erosion, elimination of pools and riffles, less
diverse fish and aquatic communities, increased water temperatures,
increased s0il erosion and increased pollutant loads to the
wvatercourse. Some of these impacts are due to the increased volume
of runoff vhich results from urbanization and its associated paving
and land use changes. Other impacts are due to the increased

pollutants and sediments vhich wvash off impervious arxeas and
construction sites.

A hydrologic wmodsl was developed vhich divided the Bear Creekx
Watarshed into 37 subvatersheds. Basad on land use and soil
information from sach subwatershed, the model develops flows from each
area. These flows can be combined at various locations to represent
a composits runoff hydrograph. With this wodel, the land use for a
subwatershed can be changed and ths potential impact on downstreas
flows can be evaluated. Ths wmodel can also be used to evaluate
regional retention sites.

The model was used to svaluate what affect potential urbanization

would have on peak -tru-ﬂm in Bear Creek. Three scenarios were
evaluated:

1) Existing land use conditions using 1978 land use
intpmtion;

2) PFuture land use assuming % acre residential
development throughout the wvatershed;

3) PFuture land use assuming 75% % acre residential
development, 25% open space.

The scenarios were modeled assuming no retention/detention
requirements. The 2-year, 25-year and 100-year 24 hour rainfall
events were used with the model. Model results down to Waddell Creek
(da = 29 square miles) are summarized below:

kX Acre 75% % Acre
1278 _conditions Davelopment zB_Qnen_mss
£=YT. 100~-¥yr, 2-¥X. pRaivid's 4% 2=YX. 300-vx,
Bear Creek
u/s of Waddell
Creek, DA = 29 li 360 cfs 1750 560 23090 420 1950



I? no retention/detention requiressnts were imposed with the full %
acre developmant, the above comparison indicates that there would be
a 30% increass in peak flows produced by the 100-year rainfall and a
60% increase in flows produced by the 2-year rainfall. This increase
in flow would cause additional flooding and channel scouring which
would affect the quality of the creek. Some of the individual
subwatersheds vhich wvere meadov had flowv increases of 2-3 times. The
reason for this {s that with sandy scils in a meadow condition most
of the 2-yYear rainfall infiltrates into the soil. The majority of the
scils in the Bear Creek watershed are sandy or sandy loams wvhich means

that adding impervious surface vill cause a wuch highaer percentage of
runoftf.

The 75% % acre, 25% open space scenario results in a 10% increase in
peak flows produced by the 100 year rainfall and a 17% increase in
flows produced by 2 year rainfall. Even though these increases aras
less than the full development scenario, they may still be large
encugh to cause channel erosion. A atream tends to reach a stable
condition based on a given flow regime. Once those flows are altered
due to development, the stream will become larger to handles the
increased flowa. In this low density development scenario, the on-
site and upland erosion control practices are important in keeping
additional sedimant out of Bear Creek. There is currently a lot of
sediment build up in the vicinity of Egypt Valley Road. Its source
is unknown. Maintaining a gresnbelt along the stream would alsc help
to keep additional iment ocut of the stream, as wvell as help
preserve habitat values and vater temparatures.

Commercial or industrial developmant would cause a higher increase in
flows because of the grester amount of impervicusnesa. In thosas areas
a greater amount of retention/detention would be needed.

Some states and communities across the country  have
retention/detention requirements to meet both water guantity and
quality concerns. Many Michigan communities have regulations dealing
with increased water guantity caused by urbanization, but very few
have addressed retention/detention requirements to deal with wvater
quality issues. In order to address both concerns, a comprehensive
approach is needed. Water quantity concarns are usually dealt with
by requiring that retention/deteantion be used to limit peak runoff
ratas after urbanization to what they were bafors development or less.
This requirement is usually applied to the entire community even
though detention at the downstrean end of the watershed could actually
increagse flows due to delaying of the peakx (Figures 6a, b, ¢).

Modeling can be used to address this potential problem, at least on
a regional scale.



In order to addrass wvater quality concerns, several things can ba done
wvhich are often called Bast Management Practices (BMP's).
these are listed below.

1}

2)

3)
4)

-

3)

é)

7)

8)

9)

10)

11)

12}

Provide a buffer or gresnbelt along all streaas,
drains, wetlands a&nd lakes. Requirements for
buffer widths vary from 2% to 200 feet (on small
streams, vater temperatures may increase 1,5° F per
10¢ feet when flowing through unshaded reaches).

Maintain as much vegetation and green area as
passible. {Stresam temperatures may increase .14° F
per 1% imperviousness).

Use grassed swalas instead of curb and gutter.

Disconnect downspouts from sswvers.

= g _

Use sediment sumps in stors severs.

Provide shade for retention/detention ponds and
their inlets and outlets.

Restrict development in environmentally sensitive
areas.

Possible use of cluster development which minimizes
the disturbed area.

U:. strict s0il erosion controls at construction
sites.

Avoid clear cutting a development site all at once.
Do the construction in a staged manner, stabilize
one area before moving on.

Use a sediment basin at construction sites. A

recent Marylamd study suggested that a basin volume
sized at 3600 ft¥/acre be used.

Provide retention/deatention for small rainfall
svanta up to the 2-year stora.

Some of

Item number 12 deals with retention/detention requirements to address

water quality concerns.
rajority of the pollutants to a watercoursas.

Small runcff events pick up and deliver the
Nationally, the amount

of runoff to he treated varies from .5 inches per impervious acre up
to the amount of runoff provided by a 2-year 24 hour storm. The
runoff volume can be treated in two ways:



1)

2}

Typical dry detention basins wvith an cpen pipe at the bottom which
aliows everything to flow out does very littlie for water quality.
Infiltration basins and reatention/detention ponds can be designed to

The runoff is directed to an infiltration basin or
trench with no outlet. The water infiltrates into
the ground within 72 hours. In order for this
method to be used, the infiltration rate of the
underlying scils should be .52 inches/hour. Most
of the scils in the Bear Creek Basin are sands and
sandy loams vhich should meet this requirement.
The bottom of the basins should be 4 feet abova the
seasonally high ground water table. Infiltration
provides for the highest removal of pollutants in
the runoff and causes the least impact on
increasing stream temperaturas.

The runoft is directed to an sxtended detantion or
vet retention pond. The volume of runoff should be
filtered out over a 24+48 hour period to allow for
settling of soms of the pollutants. _

handle both wvater guality and water quantity concerns.

If Bear Creek is a unigue and valuable resource in this area, then the

local governmsental agencies in the vatershed need to develop policies

and guidelines to protect it.

iv
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Intxoduation

This report esvaluates the existing hydrology for the Bear Creek
watsrshed and analyzes the effects on flood flows due to the
increased urbanization which has and vill take place. It is the
intent of the report to show how modeling can be used to document
these effects and how modeling can be used as part of the community
planning process. Local officials will be provided the Basar Creek

watershed model to aid their decision making process regarding land
use changes.

Unregulated development can lead to increased flows and have
damaging impacts on the water gquality of a stresar system.
Urbanization tends to f£ill in areas vhich provide storage, and pave
over other areas vhich prevent infiltration. These actions produce
higher runoff volumes with greater flood peaks that occur more
quickly. 8Schusler (1987/90) indicates that increased urbanization
has the following impacts on a stream system:

- Peak discharges are increased 2-5 times .ovor
predevelopment peaks.

- The frequency of bankfull flooding events may
increase from once every two years to 3-5 times
sach year. A strean that over the ysars has
naturally adapted to handle bankfull flooding
vill nov be reshaped dus to increased quantities
{50% more runoff) and velocity of wvater. There
will be channel down cutting and widening (2-4
times wider), streambank erosion, falling trees
and slumping banks.

= Runoff will reach the stream much faster (up to
50%).

- Reduced baseflow because less infiltration is
taking place.

- Pools and riffles are eliminated due to
sedimentation and changes in channel
characteristics. This has a direct affect on
the aquatic community and the number and types
of orqganisms found there.

- Fish communities become less diverse with a

sharp decrease or elimination of sensitive fish
species.

- The amounts of pollutants entering the stream
system during and after development increase by
an order of magnitude.

- The temperature of an urban stream may increase
linearly .14 degrees Fahrenheit per 1%} increase
in imperviousness (Galli, 1990).



Sone Best Managament Practices (BMP's) will be discussed which
help control some of the adove impacts. A publication entitled
"Stormvater ‘Management Guidebook®™, MNDNR 1991, provides wnore
detailed design considerations for BMP's raealated to storawater
detantion/retention.

This report i{s designed to encourage local ofticials, planners and
angineers to evaluate water quality issues related to urbanization.
Many communities in Michigan have started to address water quantity
concerns, however, very fev have taken the next step to address
water Quality. Some states have adopted laws to address this
concern, but Michigan currently has none.

Raokgxound

The Bear CreeX Watershed is located in Kent County near Grand
Rapids, Michigan (FPigure 1). The majority of the wvatershed is in
cannon Township. Small portions of the vatershed are also within
the Townships of Grattan, Vergennesa, Ada and Plainfield. The
hsadvaters of Bear Creek start near Bostwick Lake. From thers, the
cresk flows south approximately 2 miles, before turning west
through Cannonsburg toward the Grand River (Pigure 2). There are
saveral small tributaries which drain into Baar Creek along itas
main course. The eastern end of the watershed contains several
wvetland arsas and a feav lakes, the largest of which is Bostwick
Lake with a surface area of about 210 acres. The avarage slope of
Bear Creek is .33% (18.8 ft/mile). The tributaries in the eastern
portion of the watershed have slopes similar to this or flatter.
The tributaries in the western end are much steeper with slopes up
to 2.8% (150 ft/mile).

Nodaling i

In order to avaluate the affects of land use changes on flows in
Bear Creek, a HEC-1 mode)l was set up. HEC-1 is a computer model
developed by the U.S. Army Corps of Engineers which simulates
runoff for a given design storm. The model, vhich can be run on a
personal computer, is able to develop runoff from several subbasins
and combine thea to develop a composite hydrograph at various
locations. One can change the land use for a subwatershed and

detarmine the affects on flows at some downstream point in the
watershed.

The Bear Creek watershed was divided into 37 subwatersheds (Figure
3) ranging in size from .06 square miles (38 acres) to 2.78 square
miles (1780 acres). The downstream end point for this =model is
just upstream of Waddell Creek which is approximately 300 fest
upstream of the Grand River. The contributing drainage area is
29.0 sqguare miles. Land found to be noncontributing (in terms of
storm runoff) either through map inspaection or visual inspection,
was not included in the model. Noncontributing area is usually
isolated from the watershed because there are no or very
restrictive road culverts or it is an area which drains to a large
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pothole with no ocutlst. The amount of noncontributing area is

estimated to be .6 square miles. These are shown as shaded areas
in Pigure 3.

Inputs into the HEC-1 model for sach subbasin include a curve
number, which relates runoff to soils and land use for a particular
rainfall, and lag (.6 x time of concentration). Other required
inforsation for the model are reach lengths and slopes from one
subbasin to the next and stage-storage-discharge relationships for
any culverts or structures wvhich may attenuate (lover) flood peaks.

folls

The soils in this area are primarily sand, loamy sand, sandy loam
and loam with some muck solls in the low lying areas. The Soil
Conservation Service groups all soils into four main categories A,
B, C and D related to their runoff potential. The Type A solls
have a low runoff potential and high infiltration rates, vhile the
D soils have a high runoff potential and very low infiitration
rates. The following tabla indicates the texture class, the
minimum infiltration rate and the hydrologic soil grouping for
various soils (Rawls, 1982):

TABLE 1
Taxture Class vs Infiltration ve Soil Grouping

Minimum

Infiltration :

inches per hour
Sand 8.27 A
Loany Sand 2.41 A
Sandy Loam 1.02 B
Loan .52 B
Silt Loam .27 C
Sandy Clay Loam 17 c
Clay Loam .09 D
Silty Clay lLoam .06 p
Sandy Clay .05 D
Silty Clay 04 D
Clay 02 D



The percentage breaxdown for the solls in the Bear Cresk
Watesrshed are:

A 43%
B I
C %
D A2y

100%

Because of the high percentage of A and B scoils in the Bear Cresx
watershed, the runoff potential is very low wvhan left undeveloped.
Urbanization with its associated paving and storm sawers will
greatly increase the runoff potential from these soil types. As
noted on Table 1, the infiltration rates of the A and B soils is
very high. These high rates of infiltration are beneticial when
designing retention/detention systems to rsducs the affects of
urbanization. Infiltration bas are recommended wvhen treating
runoff from developed sitea. 1In order to be effectivae, this type
of BMP must have underlying soils which have infiltration rates of
.52 inches or more. The majority of the scils in this watershed
appear to mset this criteria.

Iand Use

Land use information was derived from the Nichigan Resource
Information Systea (MIRIS). These data are based on intarpretation
of 1978 aerial photographs. This was then used as the basis of
establishing existing conditions prior to significant development.
Table 13 (Appendix A) lista the land uses vhich are contained in
the MIRIS data base. FPor this study ssveral of the uses were
grouped togethsr amd treated similarly as far as runoff potential,.
For example, 31l of the land uses listed under forest (411-429)
veras grouped together. Table 2 lists the 1578 land use in the Bear
Creak Watershed down to Waddell Creek.

TABLE 2
1978 land use data

Forested 5%
Herbaceous 43
Crop 37%
Shrub 14%
Pasture 23
Urban~Residential 43
All Other 43

100%

Cannon Township is currently creating a Master Zoning Plan which
will establish goals for future land use development. For this
report, two future development scenarios were looked at. One
assumed % acre residential development throughout the watershed,
and the other assumed 75% would develop as % acre residential and
25% would remain as open space.



curve Number
The curvse nuibcr is a term vhich relates the runoff potantial for

a given rainfall to the scils and land use for a given site.
31 lists some of the curve numbers vhich were used in this re

Table
port.

To convert the curve nuamber to a runoff value for a given rainfall,

figure 4 can be used.

§ = (1000/CN)=10, CN = curve number
Runoff (SRO) = (P~.28)3/(P+.88),

land Use va Solil Type ve Curve Number

MIRIS Land MIRIS Land

Use Code Ise Type
111,112 Multi-Family

113 S8ingle PFamily (% acre)
115 ¥obile Home Park
121,122 Commercial

138 Industrial

21 Cropland

22 Orchards

23 Confined Peeding

24 Pasturas

32 Shrub

1 Eerbaceous

411-429 Forest
- 31-%4 Watar

193,194 Open Land

§11 Wooded Wetland

612 Shrub, Scrub Wetland
621,622

Aquatic, Emergent Wetland 100

3o

P = design rainfall

The following equations can also be used:
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Exomnle;

Determine th; runoff for a rainfall of 4.45 inches, B scils and %
acre residential lot.

From Table 3 CN = 75 for & acre lot on a B soil

§ = (1000/75)~10 = 3.33,
SRO = (4.45 - .2(3.33))%/(4.4548(3.33) = 2.01 inches

The runoff{ amount would be 2.01 inches.
The following example shows hov to compute the runoff from a .8

square mile (512 acre) area, and how to determine an average curve
number for that area. The rainfall amount is 4.45 inches.

Soils
Group -3  Mi* landUse __ %  Mi* OFf S.,R.Q0. Sg. Mi-In
A 30 44 Forest 20 .05 45 +a8 .0l
Crop 30 .07 65 1.30 .09
Commercial 30 .07 89 3.25 .23
Herbaceous 20 .05 49 44 .02
B 70 .56 Forest 10 06 80 1.00 .06
Crop 25 «14 77 .17 +30
Urban
{% Acre) 50 .28 75 2.00 .56
Herbaceaocus 15 .08 69 1.56 +13
1.41 aq.
mi-in

The total volume of runoff for this .8 sguare mile area is

The average amount of runoff over this area is
1.41 sq. mi-in/.8 s8g. mi = 1.77 inches.

The average curve number for 1.77 inches of runoff from a rainfall
of 4.45 inches is 72 (from Figure 4).

Time of Concentration

The time of concentration is defined as the time it takes for
rainfall to travel from the hydraulically most distant part of the

watershed to the outlet of the subbasin. For this report the time
of concentration (Tc) was determined as follows:

Tc = Length (feet)/(V X 3600)

10



V is a velocity tera (ft/sec) which is defined by the equation,
Vv = KS'S, vhere 8 = slope in percent for a particular segment and
K varies according to the following flow regimes:
Vv = 2.18'F (for small tributaries, and svamps vith channsls)
v = 1,28'% (vaterways, flov through swampe vithout channels
and valleys well defined by contours)
V = .488°% (sheet flow)

The following is an example on how Tc can bsa computed for a
subwatershed.

Type Lepgth (ft) Elev, Slope 3 E ¥=E8° Tc = Length/3500V

sa trib 4530 728-~692 1.43 2.1 .51 +28
sm trib 4800 826-728 2.04 2.1 3.00 .44
wvaterwvay 3010 934~826 .59 1.2 2.27 37
waterway 1660 954-~934 1.20 1.2 1.31° 235

_ 1.44 hrs,

The Tc for this subwatershed is 1.44 hours.

The number of segments usad to determine the total Tc within each
subwaterahed is dependent on the alope. Segment lengths should be
picked which have unifors slopes. In looking at future conditions,
it is expected that ths Tc would be shortened dus to development as
a result of paving, curb and guttars and storm sewers. PFor this
report, the Tc¢ for future conditions wvas shortened by assuming that
all of the segments vers small tributary wvhere K = 2.1. With the
above exampls, the future Tc would be 1.13 hours. Shorter Tc's
result in higher flood peaks. ‘ g

stage-Storage-Rischarge

For the purposes of this model, cutflow from Bostwick, Ratigan and
Pickeral Lakes was limited to 1-~2 cfs for all conditions. It was
assumed that =0st of the unoff dralining to the lakas would be
stored in the lakes with very little outflow. In order to better
approximate lake outflows, a more detailed stage, storage, outflow
relationship would be needed for each of the lakes. No routing was
done through any of the road crossings because they appeared large

enocugh or had gmall amcunts of road fill which would prevant much
attenuation.

11



cxoap-Secticn. RsAoh Langihs

Reach lonqth; from one subbasin to the next were measured off the
USGS quadrangls. A uniform cross-section shape was estimated from
field observation and is shown below. This was used £Or the upper
aress.

100" ! 22 l 100

l 100" I 30 I 100"

lied

cross-section used in lower reaches

¥odaled Sceparios

To evaluate the effect on flows due to future development, three
scenarios were simulated.

1) Existing conditions based on 1978 land use informaticn

2) Developed conditions - Assuming % acre residential
development throughout the watershed.

3) Developed conditions - Assuming 75% % acre residential
development and 25% open space.

Once Cannon Township finalizes their Master Zoning Plan, those land
uses could be input into the model and evaluated.

12



The 24 hour duration rainfall frequencies for this area are listed
in Table 4 below. These were taken from Technical Paper 40 (TP40,
Referencs 13).

Table 4
1 year 24 hour = 2.2 inches
2 year 24 hour = 2.45 inches
5 year 24 hour = 3.15 inches

10 year 24 hour = 3.65 inches
45 year 24 hour = 4.15 inches
50 year 24 hour = 4.55 inches
100 year 24 hour = 4.9 inches

For this model, a Type 1 rainfall distribdution (Appendix B) was
used with the 2 ysar, 25 year and 100 year rainfall frequencies.

Table 5 lists the subbasins and drainage areas aleng with the curve
numbers and times of concentration for each of the 3 scenarios.
Although the noncontributing area was not included in the future
scenarios, an argumant could be made that these areas would be
connected or drained and would contribute additional runoff to the
watershed.

Table 6 lists flows at four locations in the wvatershed for the 2-year,
25-year and 100~ysar fregquency storas for each of the three scanarios.

As shown in Table §, increased development without any retention or
detention requirements will increass flows throughout the
vatershed. The full ) acre residential development will cause a
60% increase ;:rk flows for the 2-year rainfall event and a 30%
increase in flows for the 100-ysar rainfall event. The
percentage increase would be higher if there were commercial and
industrial development. PFor example, vhean looking at Subbasin 9
the curve number is 74 for existing conditions and 76 with full %
acre residential development. If the subbasin vere to develop
commercially, then the curve number would be 92. A comparison of
flows for these three conditions is listed below.

Subbasin 9 Existing ¥ Acre Commercial
2 yr. = 50 cfs 2 yr. = 65 2 yr. = 200

100 yr. = 250 ¢fs 100 yr. = 280 100 yr. = 500

The commercial land use represents a condition which is 85%
impervious. As a result of this high degree of imperviousness,

there is substantially more runoff which in turn will produce
higher flows.

Table 7 lists the 2-year, 25-year and 100-year flows for each
subwatershed for the three modeled scenarios. Some of the
individual subbasins have a 2-3 fold increase in flows for proposed
versus existing conditions with the 2~year rainfall.
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Note

¥hen using a 2-year 24-hour rajinfall with the curve number
procedurs, very little runotf is ced when the curve number is
low. This methodology is okay if it is being used as a desi
criteria. BHowever, the actual 2-year flow may be higher than this
computed value because the 2I-ysar flowv is often dependent on
springtime snowselt conditions and not necessarily a rainfall
event. A drainage area ratio to a gaged stream of similar
hydrologic characteristics may be a more appropriate way of
sstimating an actual 2-year flow.
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TABLE 3
Comparison of Curve ¥umbers and Times of Concentration

Drainage 100% 75% X Acre
sub~ Arcg 1978 Conditions % Acre Deaval. 25% Open
Hatershed (mi‘) N Tec {(hrs.1 N Ic (bxs,) % Ic (hre.}

1 1.59 76 5.08 79 4.96 74 4,96

2 2.72 68 1.65 76 3.48 70 3.48

3 1.24 66 3.15 72 2.91 69 2,91

4 1.17 70 14.78 74 3.0 71 3.01

5 .38 64 1.40 63 1.07 6S 1.07

6 .12 70 1.80 70 .76 66 .76

7 1.40 76 5.58 76 4.23 - 714 £.23

8 .18 73 1.06 73 .87 70 .87

9 1.54 74 4.88 76 4.7¢ 72 4.74
10 2.77 78 7.47 80 7.14 77 7.14
11 .58 76 1.69 76 1.30 72 1.30
12 1.07 74 2.34 76 1.88 73 1.38
13 1.37 59 1.73 67 1.57 63 1.57
14 .06 58 JI1 &S .25 60 .25
15 .89 71 1.39 75 1.14 71 1.14
16 .17 83 .58 66 .39 62 .39
17 1.13 66 6.86 74 6.40 71 6.40
18 - .83 56 1.21 66 .90 61 .90
as (Y 5 66 .60 72 .51 69 .51
20 ‘fif%B‘“ 62 2,78 7 1.90 &8 1.90
22 .25 49 .61 64 .48 §0 .48
23 .68 49 1.30 &4 .91 60 .91
24 .18 4 .27 61 .23 57 .23
25 .33 51 1.29 65 1.16 61 1.16
26 .63 47 .63 63 .50 58 .50
27 1.01 64 1.89 70 1.85 &6 1.85
28 1.1% 57 1.88 67 1.42 63 1.42
29 .23 56 .76 68 .58 &5 .58
30 .48 51 1.20 63 .97 59 .97
31 .10 60 .55 67 .49 63 .49
32 1.39 53 1.75 66 1.39 62 1.39
33 .32 64 1.05 68 .54 64 .54
34 .24 63 .41 71 .34 67 .34
3% .11 73 .67 78 .63 75 .63
36 2.3 T4 12 .74 72 .62 68 .62
37 .27 66 .65 73 .60 69 .60

29.0
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a1

Comparison of Flows for Thres Scenarios
{Flows in ofs)

1978 Conditions ¥ Acre Development 75% & Acre, 25% Open
—R=YE, 25-YI, J00=¥K. = A=yx, _ 25-yr. 100-yX.
(A) Bear Cr. u/s 7.2 100 430 640 200 640 910 130 470 700
of trib from :
McCarthy Lake
{B} Bear Cr. d/=s 14.7 260 850 1240 3sc 1110 1580 260 860 1250
of Trib.
from Ratigan
Lake
{C) Bear Cresk 22.9 310 1070 1510 470 13190 1960 3so 1140 1610
u/s of ]
Armatrong Cr.
(D) Bear Creek 29.0 360 1250 1760 560 1540 2290 420 1370 1940
u/s ot
Waddell Cr.

A, B, C, D - Locations indicated on Figure 2.
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lon Rlow Analyaia

Flov measursmants were nade at i0 locations (Pigure 35) (n the
wvatarshed during the study and are listed in Table 8. The drainage
area shown at each site is the total drainage area including
noncontributing areas. It is assumed that these areas contribute
groundwater tc the systems which supplies the baseflow in the
streams. lov flov statistics were estimated by comparing these
neasured flows with flows at various USGS gaging stations on other
streams. The USGS gaging stations are operated continuously for a
period of years. The sstimated 50% and 95% monthly exceedance
flows for Bear Creak at 29.6 mi? are listed below in cfs.

Bear Creek u/s of Waddell Creek (DA = 29.§ mi2)

J 4 n A ) | J J A s o n D
50% 24 25 423 44 28 a4 21 19 a0 23 26 28
95% 16 18 22 25 18 1s 11 11 12 i3 16 20

The 553 excsedance flow msans that we would axpect that much or
more water in the stream 95% of the time vhen averaged ovar a long
period of time. The estimated annual flow duration for Bear Creek
at 29.6 mi? in cfs are:

10% 51
25% 39
50% 30
70% 26
75% 24
20% 20
5% 17

The estimatsd average annual flov is 28 cfs.
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Measurenents Made by DNR
(Flows in cfs)

Yield
Date Q [(cfs) (cfa/mi2)
1) Bear Creak ¢ Krueter Road, §/27/%1 3.94 .68
DA = 5,78 8/28/91 3.11 .54
2) Bear Creek ¢ Giles Roaq, 6/18/91 8.56 .56
DA = 15.4
3) Bear Creak @ Ramsdell Road, 6/18/91 10.4 + 83
DA = 16.5 8/28/91 7.39 45
4) Bear Creek ‘ :
¢ Egypt Valley Rd. 6/18/91 18.4 .80
DA = 22.9 _ 2/28/91 12.0 .52
5) Bear Cresek & Cannonsburg
Road, 6/18/91 28.7 1.02
DA = 28.1
6) Bear Creek § Chauncey Dr., 6/18/91 27.2 .92
DA = 29.5 8728791 20.3 .69
7} Armstrong Creek '
¢ Egypt Valley RA. 8/28/91 1.68 .80
8} Pickeral Lake Outlet
§ Cannonsburg Rd., 6/18/91 1.43 .74
DA = 1.94 8/28/91 +93 .48
9) MNMcCarthy Lake Outlet
¢ Tiffany Road, 8/28/91 .13 +10
DA = 1.33
10) Trib. to Bear Creeak
€ Tiffany Road, 8/28/91 .69 .13

DA = 5.36
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Urhanination lmpacts on Watar ouality

Urbanization can cause substantial increases in the volume and rate
of runcff from a watershed. Thoss incresases tend to cause physical
changes and degradation to the stream's water quality. Increased
flows lead ¢to channel scour and jincrsased sedimentation.
Urbanization can lead to incrsased stream temperaturs and incressed
pollutant levels due to more pavaed areas wvhich collect oll, grease,
sediment and other pollutants. These are then transported via curb
and gutter and storms severs to the stream system. Nitrogen and
phosphorous levels may increase in urban area streams. This may be
critical if there are lakes or pornds in the system or slov moving
reaches in the stream. Concentrations of metals and pesticides may
increasa depending on the land use in the watershed. Bacteria
levals may also increase which have caused some streams and lakes
in Michigan to become unsuitable for human contact for paricds of
time.

Minimizing Roth Water Quaatity and Quality INDACES

Traditionally, urban drajinage problems have been solved by getting
rid of the water as qQuickly as possible and transporting it
downstream. This was done by making the conveyance gystea large
and efficient either with larger culverts, ditches or both. While
this method may have temporarily solved ths upstream problems, it
only passed on and increased the problem downstrean. This lead to
regulations calling for destention ponds to be built which are
designed to release flows at a specified release rate, usually the
predevelopment rate. This can reduce the incrsase in downstream
flows if donhe properly. Often the detention policy ia applied to
the entire watarahad, svan though datention in some portions of the
vatershad may cause an increase in flows due to the timing of the
hydrographs (see Pigures 6a, b, c). Detention in downstream
portions of the watershed may delay the peaks from those arsas so
much that when added to upstream peaks the combination is higher
than if there wasn't any detention in the downstream areas. This

is where modeling can be beneficial. It can be used to compre-~
hensively avaluate the entire watershed.

In addition to potentially causing downstream flooding problems,
the traditional techniques do not address the problems of water
guality degradation caused by the increased pollutant levels of the
urban setting. The traditional techniques are usually sized for
design storms ranging from 5 year to 2% year frequencies. If there
are detention ponds they usually have an outlet at the bottom of
the pond where averything eventually drains out with little or no
settling. These detention ponds may reduce the peak outflows to
pre-existing rates which will help in preventing increased channel
erosion due to increased flows and velocities. They 4o nhot,
howvever, address the concerns of additional pollutants, including
gsediment being delivered to the stream due to urbanization. Most
of these pollutants are picked up and transported to the streanm
during the small rain eventsg which produce runoff. From a water
guality standpoint, these small rainfall events, up to 2 Yyear
rainfall, need to be designed for using infiltration, extended
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detention or wet ponds where settling can occur over a 24-48 hour
period. This is in addition to maintaining predevelopment flow
rates for the higher fraquancy storms.

The amount of runoff volume which is designed for using infiltrat
ion, extended detention or wet ponds varies across the oounty.
Some of the criteria are listed below:

- runoff volume equal to § inch per acre of impervious area

- runoff volume equal to & inch per acre of contributing
area

- runoff volume egual to amount generated by one inch storm

- runoff volume equal to the amount genarated by a 1 year
or 2 year 14 hour storm

In Michigan it usuvally rauins & inch or more about 18-24 times a
vyear. A rainfall of 1 inch or more will occur approximately 7-8
times a yesar. A 1 year 24 hour storm ranges from 1.8 inches in
northern Michigan to 2.4 inches in southern Nichigan, while the 2
ysar 24 hour stora ranges from 2 inches to 2.7 inches.

When feasible, infiltration should be the preferred method for
wvater quality design. The infiltration rates of the underlying
soils must be .52 inches/hour or greater. This rate is normally
found with A and B typea soils (Tabla 1). TYpical design
configuration for extended dry detention basins and wet ponds are
shown in Figures 7 and &, A 1991 Stormwater Management Guidebook
by the Nichigan Department of Natural Resources describes various
design considerations for extsnded wet and dry detention,
infiltration basins, grassed svales and oll and gresase ssparators.

rigure 9 schusler lists various BNP's with drainage areas for
which are estimated to be effective for. Figure 10 also by

Schueler lists various BMP's and the types of soils for which they
may ba effective.

Some other types of BMP's which can help in the urban setting are:
1} Buffer or greanbelt areas along all streams and
vatlands. No ground may be disturbed in this
area. Buffer widths requirements vary across
the country from 25 feet to 200 feet.
2) Sediment sumps in storm sewers - should be
cleaned out when they are 60% full. Cleaned at
least twice a year, before first snowfall and
after spring snowmelt.

3) Maintaining as much vegetation and green area as
poasible. :

4} Using grassed swales instead of curb and gutter.

5) Disconnecting downspouts from the storm sewvers.
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Taabexature Cansidaxaticons

High guality streams are usually very tamperature dependent.
Slight increasas in water temperature may seriously decrsase or
slininate sensitive fish species such as trout. A study by Galli
(1990) done in Maryland found that the tamperature of an urban
stream increased linearly .14° P per 1% increase in impervicusness.
Thus, a 60% increase in limperviousness within a watershed would
raise the stream temperature 8.4° F. The study also noted that
vegetation and canopy cover along strsams helpe to control the rise
in wvater temperature during the summer, Removal of this vegetation
and canopy could cause a rise in temperature of 11-20° P in the
summer with assoclated cooler winter temperatures. On smaller
streams, wvatar temparatures may increase 1.5° F per 100 feet vhen
flowing through unshaded areas. The study indicates that trout and
other cold wvater blota may not ba able to survive whan the
wvatershed impervicusness exceeds 12-15%. If temperature control is
a critical elsment with a stream, then land use contrels, stream
buffer requirements and other BNP's which 1limit temperature
increases are important. Galli found that infiltration is the best
alternative vhean temperature is critical. shading of the pond and
the inflow and outflov channsls of the datention/retention ponds
was also found to be important.

Construgtien site Rreajon

Soil ercsion from nev construction sites, including roads, appears
to be a major concern in many areas of the state. Critical
wetlands and stream reaches have been destroyed due to poor soll
srosion practices. Adequate soil ercsion control, snforcemant and

tollow-up are needed in vatersheds vhere dsvelopment pressure is
occurring.

A 1990 study by Scheuler and Lugbill on "Parformance of Current
Sediment Control Measures at Maryland Construction Sites™ had the
following findings and recommendations.

~ Vegetative stabilization and other erosion
control measures are the Zfirst and wost
important aspect in preventing off-site movement
of sediment. These measures must be sstablished
quickly, maintained and inspected.

-~ The performance of the sedimentation erosion
controls is greatest in the early part of
construction when the amount of imperviousness
is still minimal.

- When possible do the construction in a staged
manner. Avoid clear cutting and grading the
entire gite at once. Work on one area and let
it stabjlize before moving on.

23



Restrict development in environmentally
sensitive areas and possibly uses cluster
development which minimizes the disturbed area.

The st recommands a sediment basin volume of
3600 cubic feet/acres with a combination of wet
and 4ry storage. The wet storage helps againat
resuspension of sediments.

60% of the sediment was removed in & hours, 50%
was removed after 48 hours. Settling velocities
are listed in Table 9 (Ref. 7). Detention times
of at least 6 hours should be provided.

TANLE 9

settling/Particle-sise Relatioaships

PARTICLE SETTLING
PARTICLE SIZE ‘ DIAMETER VELOCITY
CLASSIFICATION {microns) {LLibx)
SAND
Very Coarsas 1000-2000 128
coarse 500~-1000 3]
Nedium 250-=500 34
Fine 125-250 16
Very Fine 62~125 6
BILT
Coarses 31~62 1.4
Medium 16-31 4
Fine 8-16 clnns
Very Fine 4-8 LQ28ek
CLAY >4 +O55%n%

(***Discrets particles in still water. Actual velocities may be

1.5 to 6 times less rapid.)

At a 1991 Stormwater Conference at Grand Valley State University,
some of the following ideas were presented by Doug Sporte of the

City of Kentwocod on enforcing soil erosion (Ref. 10).

Don't accept site plans unless they contain
adequate scil erosion and stormwater controls.

Require a performance bond for completion of
soil erosion controls and site stabilization.
Contact bond company if work is not completed.

Make sure the contracter is working with the
nost recent sat af plsne.
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Issua a stop work order if violation is bad
snough.

Require a greenbelt buffer along all streams,
drains, pond and wetlands,

Limit floodplain activity.

Stormwvater and soil erosicn control should be
the first things built. Any permanent structure
should ba able to handle the entire site even if
only a portion is being constructed now.

Deny occupancy if final job is not stabilized
and problems are not corrected.
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Discharge 1000 cfs

Discharge 1000 cfs

FIGQURES &a, b; -}
' INCREASED FLOOD PEAK DOUR TO DETENTION
REY. 3 and §

Figure b
L Location 3, Q = 2500 cfs
L Location 1
I

Location 2
I V
[ ) O
0 4 B 12 16 20 24 28
Time Hours
Figure bc
Location 3, Q = 3200 cfs
3' “w—
- Location 1

2F

Location 2

Figure 6a

- e

a8 12 16 30 I

Time Hours

Explanation

Figure &b shows three hydrographs for undeveloped conditions at
locations 1, 2 and 3 in Pigure 6a. The hydrograph at location 3
with a peak discharge of 2500 cfs represents the combined flows
of hydrographs 1 and 2. Figure 6c shows three hydrographs
assuning area 2 was developed and had a detantion pond
constructed. Even though the peak from area 2 is the same, it's
timing is delayed encugh so that when it is added to hydrograph
#1, the resultant peak at location #3 increases to 3200 cfs.



g ouNRJOY ‘2851 RPNYRS - F0IN0§
Puog DOpPEIR( jepwepey - ; undyy

PSR WRiRRY 0N 2oy

27



g BIUSIBLBY /84T ‘4B(BNYDS  182JNOS

PUOg UDTIURLS(C 3B ~ § SInBT4

(yssupy se pojunyy)
‘ ooy juounpeg

O RN NN
N

28



(P19 9 '408)
OFHSHILVM 30 SIVS INFYIIN0 HOJ SIJAL NG TWSVIS ¢ IUNOU

- “vogeogdde ve oy slues JyniDuvn - |2 e
#0goRId PepEOPUY S 40 LOREINDOE 404 OOV TWSYIS = [T W]

JONJOI

INLOVHC INTWITDVNYIN LS30

29



0c

BEST MANAGEMENT PRACTICE SOK. TYPE

~ 1 |
Extended Detention pond 1NN 30000000 080000 10eeiti N0 NN I'"”'““ I SR I J:K'I“‘
Wet pond R E NN VAT T
N .
infration besin {INNRIIIG NN

SAND LOAMY - SANDY LOAM  SUT SANDY  CLAY SATY  SANDY  SATY

SAND  LOAM ~ LOAM CLAY-HOAM LOAM CLAYLOAM CLAY CLAY
minimum infiiralion raie (inohes per hour) '

827 241 1.02 052 o 0.17 0.09 0.08 0.05 0.04

~ FEASIBLE range or appiication of he indicaled praciice
- MARGINAL range lor an appication

FIGURE 10 RESTRICTIONS FOR APPLICATION OF 8MPs BASED ON SOIL PERMEABILITY
(Ref. 6 & 14}
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APPENDIX A
Table ‘10

MIRIS

CURRENT LAND COVER/USE LEGEND

UnaAN
3

RESDENTIAL

~311 WATI-EAMLY, HDH NISE
112 MATI-FAMLY. OV RISE

‘12

14

17

IN

113 SMOLE FAMLY,DUMLEX
118 MORILE HOME PARK



8§C& 24 HOUR TYPE X RAINFALL

. 000
. 099
.515
. 800
926

.008
112
+583
816
. 936

.017
+125
.624
. 830
947

. 026
«140
654
844
. 955

APPRMDIX 3
TABLE 11

035
+156
.682
.857
965

32

30 MINUTE
.045% 055
+174  .194
705 .727
.870 .882
974 .983

INTERVALS

065 ,076
«219 .2354
.748  .767
.893 .905
992 1.000

«087
.30

784
+916
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