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INTRODUCTION

The Rouge River National Wet Weather Demonstration Project (Rouge Project) has
developed a suite of modeling tools which are being used for watershed management planning in the
highly urbanized Rouge River watershed. The Rouge Project, which began in 1992, is sponsored by
the U.S. Environmental Protection Agency (USEPA) and is charged with developing a watershed
plan to manage wet weather pollution to the Rouge River. The project is a cooperative regional
effort involving three counties, 48 communities including the City of Detroit, the USEPA, the
Michigan Department of Environmental Quality (MDEQ) and a number of other private and
government agencies. The Rouge Project is being lead by the Wayne County Department of
Environment with assistance from a team of consultants.

This paper presents an overview of the Rouge Project modeling approach and a brief
description of the various models being used by the Rouge Project, which include sewer system
models. Three examples are then described to illustrate how the models are used as analysis tools
and predictive tools for decision-making. One example shows how the models are used to predict
future combined sewer overflow (CSO) basin performance. A second illustrates how the models are
used to evaluate instream impacts for two different levels of CSO control. The third example
involves the use of models to develop a preliminary subwatershed plan for the Lower Rouge River
and how the findings of the plan were conveyed to a wider audience.

THE ROUGE WATERSHED

The Rouge Watershed, shown in Figure 1, encompasses 467 square miles in Southeast
Michigan and is home to 1.5 million residents. The Rouge River flows into the Detroit River several
miles downstream of downtown Detroit and is a source of pollution to the Great Lakes system . The
Lower, Middle, Upper and Main Rouge River branches total 126 miles in length, and comprise one
of the state's most publicly accessible rivers.

Although the Rouge Watershed is predominantly of urban land use, there are remaining rural
areas in the west and northwest areas of the watershed. The most dense urban areas in the watershed
are the older communities in the southeast portion of the watershed. Approximately 20 percent of
the watershed is served by combined sewers, 50 percent by separate storm sewers and the remaining
areas having natural surface drainage. As can be seen in Figure 1, the sewer systems in the older

Sewer System Modeling to Predict Water Quality: Edward H. Kluitenberg
Wayne County’s Rouge River Project 88 Vyto P. Kaunelis



communities have eliminated virtually all the natural tributaries in the southeast portion of the
watershed.

Some of the major uses of the Rouge River include (MDNR, 1988 and MDNR, 1994):

Fish and Wildlife Habitat

Water Contact Recreation

Recreational Fishing

Canoeing

Commercial Navigation (in the lower Main Rouge only)
General Aesthetics

Industrial and Agricultural Water Supply

Several major pollution sources have led to the gradual degradation of water quality and
habitat and impaired the above uses in many reaches of the Rouge River. Over 160 combined sewer
overflows frequently discharge a mixture of storm water and untreated sewage into the Rouge River.
Storm water runoff from urban areas with separate storm sewers is also contributing pollutants to the
Rouge. Increased flow variability also has a significant impact in the Rouge as the increased flows
and runoff volumes have accelerated bank erosion, increased wet weather solids loadings and
impaired fish habitat. Finally, raw sewage is entering the river from failing septic systems and illicit
connections from sanitary leads or sewers to storm drain systems.

THE ROUGE PROJECT MODELING APPROACH

There are three primary objectives of the Rouge Project modeling effort. First, to develop
models capable of predicting river water quality and quantity in response to wet weather events
(existing and future) under various CSO and non-point source (NPS) control alternatives. Second,
to simulate the poliutant loads and concentrations (existing and future) under various CSO and NPS
control alternatives. Finally, to provide modeling tools, documentation and training which are
transferable to future watershed planning nationwide.

The modeling effort is using a three-tiered approach as shown in Figure 2. Tier 1 consists of
several small area models used to simulate flows and pollutant loads and concentrations from specific
pilot projects or localized areas of study such as wetlands, swales, wet detention ponds and individual
CSO basins. The models used include various blocks of the USEPA Storm Water Management
Model (SWMM) (Huber et. al., 1992) a modified version (TRTSTORM) of the U.S. Army Corps
of Engineers Storage, Treatment, Overflow, Runoff Model (STORM) (HEC, 1976), and the P8
Urban Catchment Model (Palmstrom, 1990). The results of the Tier 1 models are, in some cases,
used to extrapolate to the watershed-wide Tier 2 models.

The Tier 2 models consist of a simple pollutant loading model and a detailed sewer system
model which both simulate pollutant generation by subarea for the entire watershed. The Watershed
Management Model developed by Camp, Dresser and McKee, Inc. (CDM, May 1994) is the pollutant
loading model which is used to generate annual pollutant loading estimates and can be used to
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perform load allocation analyses. The detailed sewer system model has two components as follows.

A SWMM RUNOFF storm water model was developed to simulate flow routing and pollutant
generation from all the major separate storm sewers and natural channels which convey storm water
to the Rouge River. This model simulates runoff from the 181 unshaded storm water subareas in
Figure 3, which have an average size of 2.1 square miles. A previously developed SWMM RUNOFF
and TRANSPORT sanitary and combined sewer system model is used to simulate the flow and
pollutants which enter the Rouge from CSOs. The sanitary and combined sewer quantity model is
the Greater Detroit Regional Sewer System (GDRSS) model developed by the Detroit Water and
Sewerage Department (DWSD) (CDM, June 1994), with water quality simulation added by the
Rouge Project. This model simulates CSOs induced by runoff from the 154 shaded combined sewer
subareas in Figure 3. Together the stormwater and CSO models are used to develop loads and flows
for input to the Tier 3 river model.

The Tier 3 models are the river models which simulate instream flows and concentrations
based on the inputs from the detailed sewer system models. The SWMM TRANSPORT block is
used to simulate the river hydraulics and the USEPA Water Quality Analysis Simulation Program
(WASP) (Ambrose et. al., 1993) is used to simulate water quality. The four main branches of the
Rouge River are simulated with the Tier 3 models, with the total extent of the river system covered
by these four submodels as shown in
Figure 4.

An extensive watershed monitoring program has been part of the Rouge Project since its
inception, and has provided the required data for model calibration. The monitoring program
included rain gages, stream flow measurements, continuous dissolved oxygen and temperature
recording stations, and water quality sampling stations. Calibration of the TRANSPORT river
quantity model (with its associated Tier 2 model inputs) is complete while the river quality model
(with its associated Tier 2 model inputs) has undergone a preliminary calibration. A final calibration
of the river quality model will be completed in the Spring of 1996.

MODEL PREDICTIONS OF CSO BASIN PERFORMANCE

There are 11 demonstration CSO projects, ten basins and one tunnel (collectively referred to
herein as basins), in various stages of construction within the Rouge Watershed. While these basins
were in the early design stages a Rouge Project model was developed and used to provide some early
predictions as to how these basins would perform (Kluitenberg et. al., 1994). The model projected
how the basins would measure up to the USEPA CSO policy issued in April 1994. Specifically,
percent treated, as defined in the CSO policy, and the number of overflow events per year were
calculated on an average annual basis using model simulations with 33 years of hourly rainfall data.

The 11 demonstration CSO basins in the Rouge Watershed were designed according to
several different criteria, depending on the basin. The basis of design for each of the facilities is given
in Table 1. Hydraulic/hydrologic specifications for the demonstration CSO basins were obtained from
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the basin designers and are summarized in Table 2. All the facilities are designed to provide settling,
skimming, and disinfection to overflows. These 11 facilities, along with several sewer separation
projects, will control more than one-third of the combined sewer drainage area in the Rouge
Watershed. The remaining combined sewer areas are all required to be controlled by additional
projects implemented by the year 2005.

In general, there are two types of CSO basins under construction. The three DWSD CSO
basins and the Wayne County - Redford Township basin are being designed with a shunt channel, as
shown schematically in Figure 5, which will allow the facility operator to route a portion of the
combined sewer overflow around the basin during certain peak flow conditions. The main purpose
of the shunt channel is to prevent resuspension of settled solids in the basins during peak flow
conditions by "shaving the peak" off of the influent hydrograph. The portion of flow diverted through
the shunt channel will receive skimming and disinfection, but no settling.

A shunt channel is not included in the design of the other seven CSO basins as shown
schematically in Figure 6. All combined sewer overflows at these seven facilities will receive settling,
skimming and disinfection. However, during certain peak flow conditions, velocities in the basin may
be high enough to prevent complete settling or cause resuspension of previously settled solids.

The USEPA CSO Policy issued in 1994 (USEPA, 1994) allows for a demonstration approach
or a presumption approach to CSO control. The presumption approach specifies that a CSO control
facility must meet any one of three criteria. One of these criteria is to provide treatment to 85 percent
of all combined sewer flows during wet weather events. Another is to allow no more than four
overflow events per year which don’t receive the equivalent of primary clarification.

The Tier 1 model used in the CSO basin analysis uses a mass balance approach to represent
a combined sewer system, regulator, and basin as is used in the STORM model. However, a modified
version of the program, named TRTSTORM (developed by the Rouge Project), was used to account
for several operational options of the proposed CSO basins. Each CSO basin was analyzed on an
individual basis and assumed that all overflows receiving at least two hours of hydraulic detention
time have received the equivalent of primary clarification.

The predicted percent treated and number of overflow events per year for each CSO basin
is shown as Scenario 3 in Figures 7 and 8, respectively. In each figure the Scenario 3 results are
compared to the existing combined sewer capture for the same tributary combined sewer areas, which
is labeled Scenario 1. The results indicate that all of the basins except the Hubbell-Southfield (whose
size was limited due to site constraints) will meet the 85 percent treated criterion in the USEPA
presumption approach and that seven of the basins should also meet the 4 overflows per year
criterion.

The model simulations gave assurances to the various stakeholders that the performance of
the Rouge Watershed CSO demonstration basins would exceed the presumption approach
requirements in the national CSO policy, except for the Hubbell-Southfield basin. The results also
gave some early indication of the differences in basin performance which could be expected for the
various basin sizing criteria reflected among the demonstration basin designs.
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INSTREAM IMPACTS OF VARIOUS CSO BASIN SIZES

For many years there has been much debate in Michigan as to what is a reasonable design
criteria for sizing CSO basins. An early unofficial criterion (Criterion A) used by the MDEQ required
that a basin be sized to provide complete capture of a 1 year, 1 hour design storm and provide at least
30 minutes of detention for a 10 year, 1 hour design storm. A number of the demonstration projects
in the Rouge Watershed were sized to a smaller criterion (Criterion B) of providing 20 or 30 minutes
of detention for the 1 year, 1 hour storm. Depending on the particular site, a basin designed to
Criterion A could be more than double the size of a basin designed to Criterion B.

The Rouge Project Tier 2 sewer system models and the Tier 3 river model are currently being
used to shed light on the CSO basin sizing debate by evaluating the instream impacts of the two
different basin sizing criteria. The simulations are being conducted on the Main Rouge north of 8
Mile Road, referred to as the Main-1 Subwatershed. The model simulations are based on six months
(May through October of 1994) of measured rainfall at multiple rain gages in the watershed.

The Main 1 Subwatershed shown in Figure 4 is 78 square miles in size and contains 7 square
miles of combined sewer areas located in the center of the subwatershed. These combined sewer
areas discharge to the Main Rouge River through more than 30 individual combined sewer overflow
locations. All these CSOs will be controlled by 1997 by three CSO basins and one sewer separation
project which are currently under construction. Each of these three basins was sized using Criterion
B.

Simulations of the sewer system and river model within the Main-1 Subwatershed were
conducted for three conditions listed below.

° Existing Conditions
° Alternative 1 - After Implementation of All CSO Controls as Designed to Criterion B
° Alternative 2 - Hypothetical Increase of CSO Basin Sizes to Criterion A

The total CSO basin storage volume provided under Alternative 1 is about 20 million gallons
while the comparable storage volume provided under Alternative 2 is about 40 million gallons.

Although these simulations are still being refined, some preliminary results are available based
solely on the capture provided by the basins, i.e. not accounting for the treatment ability of the basins.
Alternative 1 will decrease CSO volumes discharged to the Main Rouge River from these combined
sewer areas by at least 50 percent, and Total Suspended Solids (TSS) by at least 70 percent. By
comparison, if Alternative 2 would have been implemented instead, it would have decreased CSO
volumes discharged to the Main Rouge River from these combined sewer areas by 70 percent, and
reduced TSS by 80 percent. Once the pollutant removal ability of the basins is accounted for, the
TSS removal for each alternative should be even greater.

The preliminary model results have been used to generate predicted cumulative frequency of
occurrence curves for wet weather conditions and time series plots for the Main Rouge River just
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downstream of the CSO areas. An example time series plot for flow is shown in Figure 9 for existing
conditions and the two alternatives. The model results demonstrate the incremental instream impacts
which result from the two different levels of CSO controls. Note that Alternative 2 shows no impact
on the small storms since they were captured by the Alternative 1 basin sizing. Further refinement
of these model simulations will serve as a useful tool in making decisions about the most appropriate
sizing of future CSO basins designed in the watershed and around the state.

PREDICTIVE ANALYSIS OF LOWER ROUGE WATERSHED MANAGEMENT
BUILDING BLOCKS

The Tier 2 sewer system models and Tier 3 river models are currently being used as a tool for
analyzing the existing condition of the river and predicting the response of the river to various
watershed management strategies. A good example of this model application is a recently conducted
analysis on the Lower Rouge Subwatershed to demonstrate the general types of improvements and
programs, and their expected impacts, which may be needed to restore uses of the Lower Rouge
River. Specific recommended improvements and programs will eventually be presented in this same
format.

The analysis was conducted by evaluating existing conditions and four progressive steps of
watershed management activities, referred to herein as alternatives, as follows:

Alternative 1 - After Onset of YCUA Discharge (Fall 1995)
Alternative 2 - Full Implementation of CSO Control (2005)
Alternative 3 - Implementation of Stormwater Controls
Alternative 4 - Full Watershed Plan for Lower Rouge

The alternatives considered should be viewed as building blocks which stack up to a complete
watershed plan for the Lower Rouge River. The alternatives are not a group of choices from which
one can be chosen. In this analysis, each alternative is compared to the sum effect of all previous
alternatives. The order of analysis is not important -- many of these watershed management activities
could occur concurrently during implementation.

Although the analysis relied on the Rouge Project models, it also made use of monitoring data
collected by the RPO, MDEQ and others and the Rouge River Indices. The indices are a simple tool
developed by the RPO for analyzing and graphically displaying the condition of a river. The Rouge
River Indices are in a development stage and currently include an Aesthetic, Biological, Chemistry
and Health Index, each based on a number of criteria as shown on Figure 10. Each index has its own
scoring and evaluation system for ranking the condition of the river. For purposes of this analysis,
the index rankings were simplified to the point where each reach of the Lower Rouge River could be
classified as being in good, fair or poor condition for existing conditions and for each of the four
alternatives.
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Existing Conditions (1994)

Figure 11 depicts the Lower Rouge Subwatershed and a summary of 1994 conditions on the
Lower Rouge River. The Lower 1 subwatershed is the headwater area of the Lower Rouge which
is one of the few predominantly rural areas left in the Rouge Watershed. The Lower 2 Subwatershed
is highly urbanized and contains a number of combined sewer areas which discharge to the most
downstream reaches of the Lower Rouge.

The 1994 monitoring showed the entire Lower Rouge has significant bacteria levels during
dry and wet weather, and the more downstream reaches also have odor problems and unsightly
debris. Sediment oxygen demand combined with low dry weather flow depths results in periods of
low or zero dissolved oxygen (DO) levels in the dry summer periods, and these DO levels sometimes
undergo even further transitory drops in response to wet weather events. Increased flow variability
due to urbanization has accelerated bank erosion and caused increased wet weather solids loadings,
increased velocities, impaired fish habitat, and increased the number of log jams from fallen trees.
Fish consumption advisories exist on portions of the Lower Rouge due to the presence of PCBs in
bottom sediment in several locations.

Alternative 1 - After Onset of YCUA Discharge (Fall 1995)

In the Fall of 1995, the Ypsilanti Community Utilities Authority (YCUA) Wastewater
Treatment Plant began the permanent rerouting of its effluent to the Lower Rouge near Beck Rd.
The plant discharges an annual average flow rate of 13.5 mgd at a point where the Lower Rouge’s
annual average flow is 3 mgd, and summer flows are much lower. The minimum allowable DO
concentration of the effluent specified in the discharge permit is 6 mg/], but the levels are typically
higher.

As summarized in Figure 12, The YCUA discharge significantly increases base flows in the
Lower Rouge and improve dissolved oxygen levels, which should allow for a wider diversity of
aquatic life. Potential drawbacks of the discharge are surfactants in the effluent, which introduce
foam at the point of discharge and at points of turbulence downstream, a slight odor created in the
river, and increases in nutrient (nitrogen and phosphorus) loadings to the river. Selected model
simulation results were used to generate predicted cumulative frequency of occurrence curves for
existing conditions and Alternative 1. The model results graphically display the dramatic changes in
dissolved oxygen levels expected as a result of Alternative 1.

Alternative 2 - Full Implementation of CSO Control (2005)

Figure 13 depicts the predicted impacts of full implementation of CSO control on the Lower
Rouge River. This alternative includes all CSO control projects currently under construction on the
Lower Rouge, and the assumption that all remaining CSOs are completely controlled by diversion
to the Dearborn Tunnel CSO control project. This assumption is for analysis purposes only, and is
not necessarily a future course of action.
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The CSO control projects eliminate transitory DO drops and significantly reduce peak flows
in the downstream reaches of the Lower Rouge. They also eliminate virtually all “raw sewage” which
enters the Lower Rouge, causing significant reductions in wet weather bacteria levels in the
downstream reaches. The model simulations predict, that in comparison to Alternative 1, Alternative
2 will eliminate 20 percent of the total wet weather runoff volume and 10 to 30 percent of the wet
weather pollutant loads entering the Lower Rouge. A wet weather frequency of occurrence plot and
time series plot for BOD; at the mouth of the Lower Rouge illustrate the expected instream impacts
of complete CSO control.

Alternative 3 - Implementation of Stormwater Controls

The next building block in the watershed plan for the Lower Rouge is the implementation of
a moderate stormwater control program and an aggressive illicit connection and septic system failure
identification and remediation program. The benefits of this alternative over Alternative 2 are
graphically depicted in Figure 14.

This alternative significantly reduces dry weather bacteria levels and reduces to a smaller
amount, the wet weather bacteria levels. The alternative also further reduces wet weather loads to
the Lower Rouge. The model simulations predict, that in comparison to Alternative 2, Alternative
3 will eliminate 10 to 20 percent of the wet weather pollutant loads entering the Lower Rouge. Wet
weather frequency of occurrence plots and time series plots for BOD; at several locations along the
Lower Rouge illustrate the model predictions of instream impacts of these controls.

Alternative 4 - Full Watershed Plan for the Lower Rouge

The last alternative analyzed consists of the various types of programs and measures which
will most likely be required to implement a full watershed plan. One of these measures is the
construction of regional stormwater impoundments at the outlets of several major tributaries to the
Lower Rouge River. The Tier 2 models were used in an iterative fashion, sizing the impoundments
to cut peak flows from these areas by 50 percent. This alterative could have smaller but more
numerous impoundments that could act similarly. Pollutant removal rates due to the impoundments
were assumed for each pollutant simulated. Alternative 4 also includes a number of other measures
and programs as described in Figure 15 including stream bank stabilization, habitat
restoration/creation, trash and debris removal, elimination of abandoned dumps, addition of a
recreational corridor along selected reaches, and possibly some localized sediment remediation.

If all the above projects were implemented, most of the major uses of the Lower Rouge river
could be restored due to significant improvements in aesthetics and fish and wildlife habitat, further
reductions in peak flows and velocities, and further reductions of pollutant loads to the river. The
model results indicate a 20 percent reduction in wet weather runoff volume and a 30 to 40 percent
reduction in total wet weather loads can be expected in comparing Alternative 4 to Alternative 3.
The models are also useful in demonstrating the expected instream peak flow impacts from the time
series plots and wet weather frequency of occurrence curves for flow.
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CONCLUSIONS

In summary the three tiers of models developed and used by the Rouge Project are proving
to be a very useful tool in analyzing existing river conditions and predicting the expected impacts of
future alternative CSO and NPS control strategies being considered. The models are useful in
estimating expected pollutant load reductions, expected impacts on instream concentrations, and in
generating frequency of occurrence statistics for various alternative watershed management strategies.
The model results are an integral part of graphical tools being used to communicate to various
audiences the problems and potential solutions to water quality problems in the Rouge Watershed.
Lastly, the models are playing an important role as a decision-making tool in the process of reaching
consensus as to what is a reasonable level of control for future CSO control projects.
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Figure 3
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Figure 4

ROUGE RIVER WATERSHED
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Table 1
BASIS OF DESIGN FOR
DEMONSTRATION CSO CONTROL FACILITIES

Design Storm(s)*
lyr,1hr lyr,1hr lyr,1hr | 10yr, 1 hr Size
w/20 min. | w/ 30 min. w/ Full w/ 30 min. Limited
Basin Name Detention Detention | Retention | Detention By Site
River Rouge X X
Wayne Co. - Dearborn Heights X
Wayne Co. - Redford Twp. X
Wayne Co. - Inkster X
DWSD - Hubbell-Southfield X
DWSD - Seven Mile X
DWSD - Puritan/Fenkell X
Dearborn - Tunnel X X
Oakland Co. - Acacia Park X
Oakland Co. - Birmingham X
Oakland Co. - Bloomfield Village X

* The 1 year, 1 hour storm is 1 inch of rain.
The 10 year, 1 hour storm is 1.7 inches of rain.

Table 2
SPECIFICATIONS OF
DEMONSTRATION CSO CONTROL FACILITIES

Drainage Basin Dewatering
Shunt Area Volume Time
Basin Name Channel | (acres) (mg) (in) (hours)
River Rouge N 929 52 0.21 235
Wayne Co. - Dearborn Heights N 340 2.7 0.29 12.2
Wayne Co. - Redford Twp. Y 551 1.9 0.13 49
Wayne Co. - Inkster N 833 3.1 0.14 88
DWSD - Hubbell-Southfield Y 14,431 22.0 0.06 17.3
DWSD - Seven Mile Y 463 22 0.17 8.6
DWSD - Puritan/Fenkell Y 649 2.8 0.16 55
Dearborn - Tunnel N 2,057 28.5 0.51 42.5
Oakland Co. - Acacia Park N 816 4.0 0.18 14
Oakland Co. - Birmingham N 1,185 55 0.17 45
Oakland Co. - Bloomfield Village N 2,326 10.0 0.16 24
Sewer System Modeling to Predict Water Quality: Edward H. Kluitenberg

Wayne County’s Rouge River Project 101 Vyto P. Kaunelis



COMBINED
SEWER

— * > —p INTERCEPTOR
TO WWTP

v CSO REGULATOR

CSO SHUNT
BASIN CHANNEL

Yy

RECEIVING WATER

——_——_—\_’—___
FIGURE 5: TYPICAL CSO BASIN WITH SHUNT CHANNEL

COMBINED
SEWER
( * » g INTERCEPTOR
TO WWTP
CSO REGULATOR
CSO
BASIN

— Y

RECEIVING WATER

——-'__—_—_\—_—_——_____
FIGURE 6: TYPICAL CSO BASIN WITHOUT SHUNT CHANNEL

Sewer System Modeling to Predict Water Quality: Edward H. Kluitenberg
Wayne County’s Rouge River Project 102 Vyto P. Kaunelis



Acacla Park

I

Tumnel

Z.
Puitan/Fenkel  Dearborn

CSO Control Facility Name
i % Scen. 3 - Basin with treatment

=
L
<
S
]
L 3
o
~ S ,
G
.y o
=~ @ |
S 14
§ T T P 2
o
P =
> T Z
=W A1 AIHHHIEHHHHHMHIHIMIIDMIDI0uKN § 2
: &
‘C_J (s o) © < N
Pajeal], JuadIsd
Sewer System Modeling to Predict Water Quality: Edward H. Kluitenberg

Wayne County’s Rouge River Project 103 Vyto P. Kaunelis



JUSUGEIN M UISE - € 'UDS |

wiseq ON - | ‘u90§ [ ]

aureN ANide [onuo) OSD
»-._l>so=.=8_n_ weydugusg A ned Py __u.-:...:e...!n_r -s._.uE..qa-&_ WA UIAIS _.._o_...!ou.-zi:_ B | [ -du] paojpay | "NIH Woqmaq atnoy saapg
I 1 I | § I ! \\\& | § I 4 I ez O
N /| 1 W\\ 7 | W
_
_ S
]
= <
T+ 0V o
o || =
Q
— =
......... - -+ 09 &
— (¢}
=
08 8
|| L | L] <
Q)
=
001

uonedIJLIe[) AlewiLiJ SUIAIINY JON
83X J3d SJUIAT MO[JIIAQ) JO *ON
g dIngI1y

Edward H. Kluitenberg
Vyto P. Kaunelis

104

Sewer System Modeling to Predict Water Quality:

Wayne County’s Rouge River Project



v6/£0/01

[01U0D OSD JO 19AST JOYSIH - T NV -
pauBisa( se [o3jU0) OSD - [ WY —— suonipuo)) Sunsixg

¥6/20/01 ¥6/10/01 v6/0€/60 ¥6/62/60 v6/8¢/60 ¥6/LT/60

_ } __ | | ] ] |

Ly

SWI], "SA MO[] [SPOIN

PBOY JIIA €1 @) JIARY 933N0y uleA
6 2In31 g

0

001

o [
o (=
on (q\]

(]
(]
(s_;o)vmo[ J JOATY

00¢

009

0oL

Edward H. Kluitenberg

Sewer System Modeling to Predict Water Quality:

Wayne County’s Rouge River Project

Vyto P. Kaunelis

105



(%00°0L) uondunsuoy) yst

(%600°0€) oD A

Buyysiom pue BUSNID
Xapuy PedH

(%600°01) samgeisdwia ],
(%00°01) saod

(%00°01) sruoydsoyd [ejo .

(%00°L1) 0D 'q
(%00°01) BIUOWUTY.

(%600°L1) UsBAXQ paAjossI(l ~ (%00°91) spyjos “dsng [ejo],

SunySo | pue eus)
xopuy AnsiuRy)

(%E€ €£) SOIBIGOLIDAUIOIIBA.

(%gE€E) USLING : (%€€ €€) 1enqey

3unysop pue eu)
Xopuj [edngojorg

(%00°0¢€) StgaQ 2[qisIA

(%00°0€) f0pO

(%00°02) LB,

SunySopm pue eLs)I)
Xapuf J1JPYISAY

SUNYSII A PUE BLIIILL) SAPUJ JIARY 93N0Y

01 2an31y

Edward H. Kluitenberg
Vyto P. Kaunelis

106

Sewer System Modeling to Predict Water Quality:

Wayne County’s Rouge River Project



T s
ocsame— 2

P

peoy A3[JIT 1B JoARY 93n0Yy 19m0]

(%92 €) [enuapisay ‘suaQ Mo’

[%F9'2€) PIS3Y 'SUSQ ‘PO

(%8€2) uedo uequ
%1 Z) ‘PIsay ‘suaQ ybiH
% 18'2) [elosawwWo)

%Z ) 8) [euisnpu|
%80'}) AemybiH

(%¥Z'12) uadQ (einyAsao,

%2t 0) SPUBiBMIRIEM

paysiajemqns z 41amo 1o}
Kiobajen Ody Aq umopeasg asn pue]

SeAV O8O
PaYsSIaEMG NG T Jamo] D
paysiaemqng | Jamo| D

‘Buioourd 0] WILANS Y} JO N EW DIAHSIUL UO

'Sg0d Jo souasaxd oY) 01 anp 1ALy
2BNOY JONO7] A UO ISIND SILOSIAPE UoldWnsuoa yst.j
'SIDIEMPEAY UL U3AD “S[2A0] LYo YT

‘1oz 1o Butmp spijos popuadsns y3ip|
SYIUOW! JOUWILINS UL UDBANO PAAOSSIP MO"[

o[
Ajdane[as 218 s3urpeo] jusLynp

‘a1 anenbe Jo Aystoatp
apin ¢ utoddns wogy 194U A soadId smoy yeod
Y3ny pue o JaYIpas P MO JO UOHBIEQUIOD U]

-2J1f auenbe payiury spoddng

(%60 tP) aimsed/esnynouby

(%20'62) uadO [einypsaioy
(%45'1) lesswwod
(%.1'6) |euisnpu
(%6€" 1) Kemybiy
(%65 0) SPuERRANIRIEM
‘paysiajemqng | Jamo- 10}
KiobBajen Ody £q umopyealg asn puer

—(%0L'2) [euapisay 'susq mo7

(%26'6) Pisay 'suaQ ‘PoN
(%EE 0) ‘Pisay susq ybiH

“$oYoedl

1a:0] Ul swd|qoid sHGOp PUB AT ‘J0po jus
SORAL J[PPUL Ut swaqoid AR pur Jopo juvdayudig

“10)EM JB[D puB
SHY2P JO SIOPO JuBdLIUILS Ou L
UOLIPUOd Pood UF 218 SIDEMPEDF]

SISSAUBIA

syi3uang

10y s YU
i Ty
-3 [
st
L_YO s
Anp) uagien.
ST wogmag]
yesH
Ansmay)
B Ko i NG 5 BiHoE -
—No—wo~o~m 0 1 T 3 3 quhmuaf 9 E.n Sn 3 EM...B 1 ki € w.:_ 51 S.w,ms_um: v».uu_ ' uﬁ ot u w s vy
LAY
ta qIERH
O.—uoﬁ—uw0< MM Ansnuayy
xapu[ P—
— BB
1004 ey pooD)

Ateurung Napuf Anpend) 199eA

($661) suonipuo) Sunsixy

L1 dan3yy

PaysaajeAy A3n0Y JIMOT]

o g
£ 3
.mK
M A
. ©
2
o
8
3
=
m

107

Sewer System Modeling to Predict Water Quali

Wayne County’s Rouge River Project




“JoySy Ajpeotd£s si

Inq ‘[/Sw 9 1 JUIN[YS JO UOHBIUIIUOI USTAXO PIA[OSSIP J[GBMO[[8 WNWIUIN
‘(s)o1Z=) pBw G €] JO 91v1 MO}) S5RIAAE [ENUUY .

S661 JO

[jed SuuwiSoq Py Yoo Jeau 38n0Y 19M07] Y3 OJul PITIBYISIP JUINYS Jueld
Juswieal ], so1emarsepy (VIDA) Aioyiny sanyuin) Anunwwo)) nuepisdy -

I dAnBwIdY|Y jo uondrsaq

| uopuog bunspg — — =

8B18Y2sIq YNOA O 19SUO 10Uy - | ‘WY

dwip 191

6

t1/bwy

e

(i/bs

&
0§

VTN

e 7 B

=t 0

e A 3uR0pND
WADA - L IV 34 SUOIPWOD BuRspa
Mo)4 aseq ‘OAy jenuuy aBnoy Jamo

paysfaemqng 7 10M07 D
paysIaEMGNg [ 1amo] D

-asn
[VUOLEDIAL 19}DP ARUL JUIN([JD 1DIBMIISEM
0D WLANS Juip d3pa[aouy atjgn g

“Buraouwd doumy
-uz ([ sidop wopy 1oyieoam p pasealou|

PYO

SBIBYISIP V(1DA O) PRI 1N ‘5661

01 b6 1 WOLJ S[A3] BUDdRY UL JuawWasoxdw]
“uonN|IP 0} NP PISEAII

-ap SUOLIENUIUOD BLIDI0BY JIYIBIM AI(]

yijesy

AND uagie
SIH Woqr(]

anouid(qoid £|LesSa03U 10U INq ‘suot)
-BIU20UOD JUALHNN UY 581U Wyl

‘s[oad| uddixo
POAJOSSIP JoIeam 1om pue p pasosdus]

Anstuy)

‘'sptjos
papuadsns d5LAIOUL PUB UOISOID NUBY UIBINS

2J1y onenbe
JO XNSIDAIP 19PLA B JO JUSUNYSHQEISD 30}
MO[[e [fLw s[oadf uadixo paajossip paaorduit

w3bheg 20195810 19] 22uaD10330 JO £3uADI | a5, nuny

ey

oy sukeny

VIO - | W 1A suoupuo) Bupsuy

Mmo|4 9seg ‘BAY jenuuy a6noY JemOT

i m s p st le...l‘l. .,,

WNOA® | B¥ 34 suopuop Bugany

Mo|4 9seg ‘Bay (€NUUY 36NOY Jamo™

WIUnEN L PIEMIBR Y VLA

3N .Hs._. ._o:ua.:m

Id

ISUOIIUT ABUI SWO[J JOITOM AIP PIseaLat] puE SUOTIIPUOI MO[} JOYIBom AIp paseasa] _No._wO—o_m . i . o - R R BT BN -
o 1 < € v B 9 3 6 o0 1% il £ rn s o nl 3t 61 ot 1t4 24 NI PAY

a31estp Jo niod e Juangys o) Jopo WEIS - . i
JURN{D VDA Ul Siueepns VDA JO 1RSal 132Ip B Jou g ey |

Aq POSIED ‘WEINSWMOP 22U NI Jo s1utod nq ‘t66 1 01 DANEIE §661 0] SAYIWAI Jam0] " — . -

1210 18 puw 23arYdsIp Jo Juiod 1B weo | pue d[ppiw ul swaiqoid 10po ul ISeDINN] ousYIsaY o a E._u._:s__v

sydegmelg syjauayg Xapuj
S—— EDr S RN
1004 ey poop

71 3an3y

PIYSI)BAA A3N0Y JIMO]

(S661 11ed) 3s16ydsiq V(1D A JO J3suQ YV

Arewumg xapuf Aijend) 101em

1NV

Edward H. Kluitenberg

Sewer System Modeling to Predict Water Quali

Wayne County’s Rouge River Project

Vyto P. Kaunelis

108



'S00 4q feuoneiado aq 0} ponpays ase syafoad I aseyq
959y |, "sisjeue feonayiod4y sy jo sasodand 10§ UOKSUOIXD
[oUUN L, 110GIE3(] 34} BIA 3q O) POUISSE SI SOSD) 534} JO [oI)
~U00 L], “UMOUY 13K 10U SI 19)SYU] PUe SIYSISH wIogredq uf
paswaidiuy 3q ) o100 OSD 11 3seyd Jo adA Y ‘swofosd
[01U00 OSD) SISISH WIOQIES(] PUE JSISYU] S PUE ‘UOISUIIXD
fpuun |, wogreaq i :spoford onuoe) OSD 11 3seyd sapnjouf
‘6661 4q pard

-0 3q 0) JuAe us 1efard uoneredss 19mas & pue ‘L66] Aq
uoniesado ut q 0) uiseg QSO JAISYUJ ) Pue PURPSIA UI 193
-0ad uonesedas somas @ :s)00foxd j0Ju0) QS | 9SEY SIPNYUY
"L00T 4q paysidjemqng 33n0y 1m0 3y} UL SOSD [[€ S[IU0)

7 dApBwId)Y Jo uondudsaQq

8T sruoydsoyq

41 fON+ZON

8¢ NML

11 SSL

9T sagod

1z awnjoA gouny
uonINpIyY % JPweseg

T ")V uo paseg 3dnoy
JIMO] 3Y) 0) SPROTT JIPIBIA
1A [BIO Ul UOHINPIY I

‘PRAOWIAL  3FRMIS MBI,

11e P 19a0 Jo uondaoad anqnd poscsdwy . PO

“UOLI3ILID {iEsY UBUmY padoXa [INs [{im S[2ad]
BLI}0BQ IEaM Jom YSnoip[e ‘SaYoeal 13mo]
UL 5]349] BL2J08q ISLNEIM JOM UT SUOLONPSY -

JiesH

‘q0d Jo suot 1 U} suononpoy -

.8:82.6?0_
up P U3BAx0 1pas Ul suononpyy -
*S9Y2ERI JamO] UT §91X0) Pu spijos popuadsns

w

Ansnuay)

“Jusn[e
UL SULIO[YP [ENpisal 0} oNp S[EJINO WIsEq OSD
eou 3y} onenbe 0 sjeany pozijedof jenusiod -

“SUYIBAX JOMO] UL Jif drjenbe
JO AYISISAI J9PLM B JO JUSUISIIQEISS 10] MOJR
Tim smopy yead w1 suonanpar soypmy pue sdosp

uaBfxo pasjossip Asopsuen jo vonpunmyg |  [EQISO[OIH

Wi o
L O T

TofeIesy - 3
201042510 ¥AdA 40 13500 134N - § NIV,

W marst st ML

(1/6w) 5008

t

1

1

1

!
ey
ol
]

6008 104 23ua11032Q JO

134103

seay’oso [}

poysIammq
poysITmAM

‘SIH uloquag

1aM0T] D
[ 1amo] D

Juanbaiy antjonuny

19
3Wi| "SA MO

o, s e

1/ wml
\b_o uags

(5)3) 80y

"$3Y[IBIU JOMO]

UL $HQIp puB AjuB]o Jojem ut juswasouduy .| OWIYISAY

&a YeoH

syoeqmei(]

sygouag Xapug

eBoloid

€1 dan3yy

Haglad

(S002) 10mu0D OSD Jo uonEUBWdW] ] - T NV

PaysIojep aSnoy 1omor]

—— L ae—
2004 g poop

Argurumg xapuj itjend) 1ojepm

Edward H. Kluitenberg
YesrkAan D ¥ arvenalla

100

Sewer System Modeling to Predict Water Quality:

Wavne Conntv’e Ranoce River Praiart



‘uonaafoid onsiundo

KI9A € S1YOIYM “04Q7 JO SUOHONpaI Peo] juein]
-jod u1 JjnsaJ 01 PIWNSSE S|ONU0D 13JBMULIOIS
‘wredoid uone

-Ip3W3s PUB UONBIYIIUSPY AIn[ie] wasAs ondas
PUB UOIIOAUUOD IOIfJI FAISITTe Ue sapnjou]
‘wresdoud Suidooms 1ang -

‘Buysixa jou

g ‘uswidojeasp mau Joj pasinbal sgNG -
‘wesSoid Suyueapo uiseq yoyg) -

‘wresBoi1d uoneosnpa olqng -

:smojjoj se weidoid

[O1JUOD J3JEMULIO]S 3jBISpO € sjudsaiday

€ dApewId)|V jo uoydudsaqg

81 stuoydsoyd

14 €ON+ZON

L1 NIL

€1 SSL

8l saod
uonINPIY % JPURIRS

€ NV uo paseq Idnoy

JIMO] ) 0) SPBOTT JAPIBIN

J9AA [BI0L, Ul UOKHINPIY JUAING

LT
“UoLI2ILID Yifeay weumy Suipaaoxa [Ins IMq
‘S[9A3] BLI2}ORY JOUFEIM JOM UI UOTIONPAI JWIOS -
‘S[oAd]
Bu2)8q soymam Asp up suopompos weognadis - | UIEOH
"QOd ut suononpas ewdne
“sywenjjod 1210 PUE GO ‘SpHj0s popuadsns
Jo suot 1w suoponpas fews - | ATISTWSYD
_— povtoddns aq
B2 gomye 3] onwabe Jo Aisaatp ot Fseasout
Hiu sprjos popuadsns wt suononpe: soqmy - | [EOI30[0IE
-
-op pue Ajuep 1oem W sjusmasoidun jewg - | ONOYISAY
syoeqmex] s)yousg xopu[

1 3un3yy

[ SIOHICO WIBMLOLS 10 WARW-EW — — — ©4wo0S0R W(ind oW -2 U ———
e g e s g
L) " H oW s nou won 1] N "o " 13 L L] N »mon " 3 L LU " L 1] .
Pal WA i
2 . S A . fl =
T s § [T =71 8
..... . s E s ' g ST o s 7
Il n = D S Dl s =
S N 14 " B .
\ v 91 Nn 1
J04iSoM 1M - STO8 04 0P 2 )
iy sl L) W e s e ---:: nuriy s s :-:-__
) - | :
J};__ % N ' g Y g ¥ ! Y I g
MM | | s L . — ¥ 5 g
—ln i ws
N O o
seary 05O Ji3H
paysiom/qng 7 somo1 [ ]
pausigamang [ somo[ ]
bﬁm i
&y | _— s
ER Ol | |
~y [ v e ~
~ .
PN
AnD uapreny
‘SIH Woqmag
LY [ SLTh P PGS, I Bpmod,
° ] T 13 ’ s £ i L] 6 ol n un £ " st ” i 8l & (21 1w a SN BARY
e B LY
kg qUwH
G Ansmusyd
e——— woBojoig
T ——————
2004 neq pooD

PaYSIaeA| 93Nn0Y J9MOT]

sjoqjuo)) Iajemunols jo Somumaaoaoﬁnsm -¢ NV

Areumumg xopuj Anfend) 198

Edward H. Kluitenberg

Sewer System Modeling to Predict Water Quali

YX7axren s Finrvevtvr’ca D Artreve Diviar Dentant

YVt P K armmelic

110



i POURIGIBIA W) 10 USIISWeNdUR g 00V - ¥

gy g LTHLEY TN LEY
L O U | [ S S ) L )

o - !
‘Sz P il
PAIOJI2S MIJ B JOJ UOTIBIPAWAS JUSWIPSS 1ONpUcd Kjqissod - 4
‘Rag i
31j) 3uofe 10pLLICO [EUONEAIAI J0/pUE WIsAS Yied € s 6/ pi
~1J0 153m 9310y om0 3]} JO 35N Puk 0} AIqISSIc0E | 17 i R I s
‘sdump ¥E sruoydsoyq TRD)

POUOPUEQE SE YONS $301n0s 1uiod UMOW JoyI0 JjeUNT - B0)§ 10} 33ua1In2dQ jO Adudnbaig anijoyoun)
“PuuRYd J3AU 2y) Suole pue ul 8¢ €ON+ZON
w—.—ﬁﬂ —EEN—- ﬂ:ﬁ OEEI—-.N—E 0-@—-—-_—-—0 O~ Agmaﬁxg Wi ranesd o :-::-_ W WSt arg :!_:_a " Haesd A Z-._:e

*8-9) weaSod [eaowas SUGOP pue ysen k ouRyud J0 LAY - [43 NML h & el |

001

{103
of

(543} @)y
s U
(83} a0y
($43) #oyy

'SLIGIP 0} AINqU)
U0 YOIYM $321) UB[[E] JO JOqUINU ) ONPAI PUE LOISOID ov SS1
FUeq 30NP3I 0} SAGOLAI POIRISS Suope sUEq Urean)s SzijIqels 8z <aog "

‘sayoeas
enqey jdwy - 61 SuiNjoA gouny

!
|

(8)3) w0y
{53) w0y
{552) wory

%06 £q SS.L 20Mpal U %0 4q snosoydsoyd
T€10) 20134 ‘%0¢ 4q ‘ON+°ON PUE NDLL ‘Od 20npas 0} uonIMpIyY % JRPWBIBY
pownsse aom sjuswpunodus Y I, 2405 4q Seare asay) wosy

PaIRs Suore

oo

smoyy yead Ind 0} pazis asem syudpunoduir aiy sisKfeue s .
10 “JOARY 2810y 19M0T YY) 0) SaUEINGLI) Jofews -Mgom_wu ¥ NV uo paseg a3noy
SIOINO 3y} 1€ susurpunodu 151eMULIO)S [euordal pansuo) - JIM0T] AY) 03 SPROTY IYIEIN
19ATY 2500y 19MOT ) IO [BIOL UL UOHINPIY JUIIIG
103 ueyd poysialea ajo[dwioo e o) sdols [euyy ay) spuosaxday -

¥ AneuIYY jo uwondudsa(g

"J9SSB ON2Y)Sor pue Jeuor
© 5q o syuauspumodun jouoidsy . B0
YijesH
‘syuawpunodun
1318muLI0}s Ul swajqosd uonworydonna [enusjod
‘siuswpumodiu J2)BMULIOIS SU) JO UBIRS ‘syrenijod Jotpo pue spijos popuadsns
-umop amyeiaduia) Iojem Ul 55BAIUI [BHUDI0G - Jo suor 1 g suononpal Ymy - Emévsu
"NISISAIPOIQ 2oUEYUS
TI1M SIE)IQRY JO UONBIIO/IONBIOISDN PUE ‘SPI{oS
popuadsns pue smojj Yead w suononpas oyumg - —mo._MO—o_mm
‘e wem ul wawasoxduyy .| JNOYISAY . e —— — . : — . ka WWH
»
syoeqMeI(] sigouag xopuy Kooty
—— reoBojorg
ooy
————— —
004 3 PoOD
Arqurumg xapuy Ajpeng) 1918 m

Edward H. Kluitenberg
Vyto P. Kaunelis

111

93n0Yy 19MO 10} Ue[d paysiatem [N - v NV

S1 2an31g PAYSIAEA) ATN0Y Jomo]

Sewer System Modeling to Predict Water Quality:

Wayne County’s Rouge River Project



