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INTRODUCTION  
 
Background 
 

The Ypsilanti Communities Utilities Authority (YCUA) sanitary service district 

encompasses a 36 square mile area, which includes the City of Ypsilanti, Ypsilanti 

Township, portions of Superior Township, Pittsfield Township, Augusta Township, and 

Sumpter Township as shown in Attachment A. YCUA also collects sewage from the 

Western Townships Utilities Authority (WTUA). As part of the maintenance and 

operation of the sanitary collection system, YCUA developed a Sanitary Collection 

System Master Plan in 1999, in which recommended improvements were prioritized to 

meet required capacities and MDEQ requirements. Due to a sanitary sewer over flow 

(SSO) at the South Golfside Pump Station in 2003, YCUA was required to enter into a 

District Compliance Agreement (DCA) in 2003 with the Michigan Department of 

Environmental Quality (MDEQ) in order to continue receiving Part 41 sewer permits. 

The DCA required that YCUA implement inflow and infiltration (I/I) studies to support 

the various improvements in the Master Plan.  In the past 6 years, YCUA has 

implemented most of the high priority recommendations from the Master Plan.  

 

YCUA has indicated that they are not comfortable with the basis of several of the 

medium and low priority recommendations including the Martz and Snow Road Pump 

Stations, and feel that the sizing of these improvements may have been overly 

conservative. For this reason, YCUA retained Orchard, Hiltz, and McCliment, Inc. 

(OHM) to update the Sanitary Collection System Master Plan in an effort to evaluate the 

recommendations of the 1999 Master Plan using a new hydrologic model of the YCUA 

sanitary sewershed. 

 

OHM utilized a new technique for modeling sanitary collection systems called the i3D 

antecedent moisture (AM) model. This model accurately simulates the variations in wet 

weather flows that can occur from seasonal and antecedent rainfall conditions. The 

accuracy of the model can reduce many of the conservative assumptions that are 

typically made in wet weather models of collection systems. The AM model was 

calibrated and then used to perform a long-term continuous model (18 year period of 



 2

available spatially varied rainfall) to perform a frequency analysis to determine the 10-

year frequency flows in the system. The policy statement of the MDEQ allows for such a 

frequency analysis as an alternative to designing for the 25-year, 24-hour storm. 

 

MDEQ Policy 

 

In December of 2002, the MDEQ released a new policy statement on Sanitary Sewer 

Overflows (SSOs) as provided in Appendix A. MDEQ policy states that it does not 

authorize the discharge of raw or partially treated SSOs; however, enforcement 

discretion will be considered for communities experiencing SSOs that are implementing 

a corrective action program that is equivalent to the remedial design standard of the 25-

year, 24-hour storm (a rainfall that occurs with an expected 25 year frequency), using 

growth conditions and normal soil moisture. An alternative approach is also allowed 

based on a performance criterion of no more than one overflow per 10 years during the 

growth season, recently defined by MDEQ as April 1 – October 31. 

 

Previous Modeling 

 

An existing model of the hydrology of the YCUA system was available prior to this 

study. This model used regression analysis techniques to simulate the flow response from 

a particular event. In addition, a HYDRA model of system hydraulics also was available.  

These models were developed by another consultant in the late 90’s to predict 

performance of the system for the 25-year-24-hour design storm event, which is required 

by the new MDEQ policy statement on SSOs.  In a previous study, an attempt was made 

to use design event modeling for evaluation of the sizing of upgrades based on a 25-year-

24 hour design storm, but, as stated earlier, the results did not match field conditions as 

observed by YCUA staff. This was primarily due to the fact that the model was 

calibrated to a rather wet April storm event, and this wet condition was then used to 

extrapolate to the 25-year, 24-hour storm event. Additionally, high dry weather peaking 

factors were used for future base flows. YCUA did not have sufficient confidence in the 

results for sizing upgrades to the system. The use of the design event model to size 

upgrades to the system was determined to be overly conservative. 
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Antecedent Moisture Modeling 

 

This study utilizes a method, referred to as the i3D Antecedent Moisture (AM) Model, 

which is a continuous hydrologic model that can more accurately account for antecedent 

moisture and its affect on sanitary sewer wet weather response. Antecedent moisture is a 

term that describes the relative wetness or dryness of a sewershed. Since this 

methodology is relatively new, a stepped approach was utilized with interim review 

meetings with YCUA to evaluate results. The AM model was then interfaced with the 

existing hydraulic model to calculate the system hydraulics. 

 

Purpose and Scope  

 

The purpose of this study is to develop an antecedent moisture model of the YCUA 

System, demonstrate that the model accurately reflects observed flows in the system 

based on historic flow and rainfall records, use the model to perform a long-term 

continuous model (18 years) to perform a frequency analysis to determine the 10-year 

frequency flows or design flows in the system, and then develop a hydraulic model to 

route the design flows through the system to determine areas with capacity issues.  

Below is a summary of the specific scope items performed to accomplish this task. The 

complete scope for this study is provided in Appendix B of this report. Several interim 

review points were identified in the scope to allow interim findings to be presented and 

discussed throughout the course of the project in order to provide confidence in results.  

The scope was developed around these review meetings, which were conducted after 

Tasks 3, 4, and 5.  Below is a summary of the specific scope steps: 

 

1. Collect background data & data processing – The purpose of this task is to gather the 

existing system model and historical flow data in order to develop the AM model.  

Rainfall data was also collected from regional and cooperative rain gauges such as 

Southeast Michigan Council of Governments (SEMCOG), Eastern Michigan 

University (EMU), and University of Michigan (U of M) rain gauges. GIS and sewer 

maps were obtained to create existing and future service maps. Historic flow data 
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from the YCUA pump stations and from the 1999 Master Plan temporary flow 

meters was reviewed and processed   

 

2. Technical Approach Evaluation – This task was aimed at evaluating the use of HYDRA 

versus EPA-SWMM to perform hydraulic computations. The HYDRA model was 

translated into SWMM 5.0 and was used to perform the hydraulic simulations for 

this study. Because the YCUA sewershed covers such a large area, this task also 

involved evaluating methods for accounting for spatially varied rainfall within the 

sewershed. In addition, this task also involved evaluating this 18-year rain period 

relative to a longer period of record to determine that the storm intensities are 

similar to that of a larger sample size.   

 

3. Develop Hydrologic Model – This task requires the AM model to be calibrated to 2000-

2001 meter data and validated to 2002-2003 meter data for all 4 major pump stations. 

The hydrologic model was then used to perform a long-term continuous model (18 

years) to perform a frequency analysis to determine the 10-year frequency flows in 

the system.   
 

4. Develop the Hydraulic Model – The first part of the development of the hydraulic model 

involved updating the model for any upgrades completed since 1999. Once the 

upgrades had been added to the model, null modeling was performed on the system 

for the largest storm in the 1999 Master Plan metering period. The purpose of the 

null modeling was to simulate the observed meter flows for a large event in the 

hydraulic model, and verify that the hydraulically routed flow depths match the 

meter depths for a known metered flow. Once the model was updated and the 

hydraulic model was verified to the largest storm in the 1999 metering period, the 

flows from the hydrologic model were distributed throughout the system based on a 

Rainfall Dependent Inflow and Infiltration (RDII) analysis that was performed based 

on the flow meter data for a large storm from the 1999 flow metering. The 

hydrologic flows were then routed through the hydraulic model and the hydraulic 

results were then compared to the hydrologic inputs to determine where travel time 
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or attenuation were impacting the hydraulic results. Corrections were made to the 

hydrologic inputs if travel time or attenuation effects were apparent.  

 

5. Evaluate the System Performance and Improvements – The purpose of this task was to 

identify the locations with capacity issues during the hydraulic simulation and 

develop improvements to handle the 10-year frequency flows. Once the areas for 

needed upgrades were identified, improvements were input into model and re-

simulated for the 2-3 largest storms to verify that the proposed improvements are 

adequate to convey the 10-year frequency flows. 

  
6. Report  – The purpose of this task was to document the findings of the study; 

evaluate and provide recommendations; and provide cost estimates for the 

recommendations. The impact of the schedule and the DCA were also discussed. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 6

HYDROLOGY AND FLOW ANALYSIS  
 

Antecedent Moisture Modeling Approach 

 

Since the antecedent moisture (AM) modeling approach is a relatively new tool available 

for sanitary sewer modeling, a description of the modeling is included below. 

 

Rainfall Dependent Inflow and infiltration (RDII) into sanitary collection systems occurs 

through a very complex series of mechanisms that include direct and indirect inflow, 

infiltration into manholes and sewer defects, infiltration into footing drains and 

numerous other sources.  Because of the complex transport mechanisms of these flow 

sources, they are heavily dependent on variables that are not normally included in 

traditional stormwater-based models for I/I such as soil moisture conditions and ground 

water levels.  These variables continuously change during storms and in between storms 

in response to antecedent moisture conditions. Antecedent moisture is a term that 

describes the relative wetness or dryness of a sewershed, and is a function of recent 

rainfall, temperature, seasonal variations, evaporation, soil types, topography, ground 

water depth, snow/ice effects and other dynamics. The AM model used for this study 

takes into account the overall antecedent moisture condition of the sewershed and 

therefore can more accurately model the sewer system’s response to wet weather.   

 

In order to account for the effects of antecedent moisture, the AM modeling technique 

is based on system identification theory. The technique utilizes tools from the fields of 

digital signal processing; control systems; and time series analysis to more accurately 

model variable I/I using data-based models. System identification is the approach of 

identifying the most appropriate and simplest numerical model that accurately describes 

the observed data and then gaining insight into the physical characteristics of the system 

through interpretation of the resulting model structure. A block diagram of the resulting 

antecedent model structure is depicted in Figure 1. Note that the model structure 

contains an antecedent moisture block that is automatically modified based on the recent 

rainfall and temperature conditions. This allows the model to simulate the variation in 

capture coefficients that occur as a result of antecedent moisture conditions. The system 
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identification modeling process differs from purely black-box modeling, because the 

resulting numerical model structure identifies physical phenomenon manifested in the 

data such as fast dynamics (inflow) and slow dynamics (infiltration), and responses to 

previous rainfall and temperature (antecedent moisture). In some cases, the system 

identification process also uncovers other phenomenon such as river inflow or system 

deterioration. A more detailed overview of the AM model and a technical paper 

presented at the Water Environment Federation’s WEFTEC conference in 2001 is 

contained in Appendix C. 

Inflow 

temp   tk 

rain   rk 

Antecedent 
Moisture 

 pf 

Lf ( rk ; pf ) 

Infiltration 

Ls ( rk ; ps ) 

N ( rk , tk ) 

flow  qk 

 ps 

 
Figure 1.  Antecedent Moisture Model Structure 

 
 
 

Development of Antecedent Moisture Models  

 

A system schematic was developed to simplify the system and provide a visual 

explanation of the AM hydrologic models that were developed.  This schematic can be 

seen in Figure 2.  The system was divided into 4 pump station sub-areas.  AM models 

were developed for all 4 pump station sub-areas.   
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Figure 2.  AM Model Sub-areas 

 

Existing flow metering data was used to develop hydrologic AM models. Table 1 

identifies the metering data used to develop each sub-area model. A map showing the 

pump station districts and the communities tributary to each pump station is shown in 

Figure 3 on the following page. 

 

Table 1. Pump Station Metering Data Summary 

Sub-area 
Designation 

 

Community Served Available Meter 
Data 

Martz Road 
Pump Station 

Ypsilanti Twp, 
Sumpter Twp, 
Augusta Twp, & 
Pittsfield Twp 

MARTZ PUMP 
STATION 

Snow Road 
Pump Station 

Ypsilanti Twp, 
Sumpter Twp, 
Augusta Twp,& 
Pittsfield Twp 

SNOW PUMP 
STATION 

Willow Run 
Pump Station 

Ypsilanti Twp & 
Superior Twp 

WILLOW PUMP 
STATION 

Factory Street 
Pump Station 

City of Ypsilanti  FACTORY 
PUMP STATION 

 

Once the observed data for each sub-area was obtained the daily diurnal flow pattern 

was filtered so that the resulting observed flow signal only contained inflow and  

Snow Road PS+Martz Road 
PS  

Area tributary to the Snow 
Road and Martz Road Pump 

Stations

Martz PS  
Area tributary to 
the Martz Road 
Pump Station 

Factory PS+Willow 
PS+Snow PS  

YCUA Waste Water 
Treatment Plant 

Factory PS  
Area tributary to the 
Factory Road Pump 

Station 

Willow PS  
Area tributary to the 
Willow Run Pump 

Station

WTUA  
Not Modeled 
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Merritt Road Rain Gauge

Legend
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Future Factory Street PS

Existing Martz Road PS

Future Martz Road PS

Existing Snow Road PS

Future Snow Road PS 0 6,100 12,2003,050 Feet

 
Ypsilanti Community Utility Authority
Sanitary Sewer Master Plan
June 2006

Figure 3:  Existing and Future Pump Station Service Areas

±
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infiltration. As will be described in the Hydraulics Section, the diurnal flow that was 

filtered was accounted for as a constant input of the average base sewage flow in the 

hydraulic model. The diurnal flow pattern was filtered by determining the daily nighttime 

minimum flows for a period of time.  This was assumed to be the base infiltration.  It is 

acknowledged that there may be some nighttime users or minimal nighttime sewage 

usage; however, this is accounted for in the average base sewage flow.  The daily 

minimums were then subtracted from dry weather flow data to estimate a dry diurnal 

pattern and an average base sewage flow was calculated.  This dry diurnal pattern is 

replicated during wet days based on the day of the week. The inflow and infiltration flow 

signal is then estimated by subtracting the continuous estimate of the diurnal flow from 

the total metered flow.  An example is contained in Appendix D. 

 

Both temperature and rain data were used in developing the AM models.  The 

temperature gauge used was located at Detroit City Airport. Higher intensity storms 

(often thunderstorms) are generally not uniform in nature and are highly spatially varied.  

Because of this, multiple rain gauges were used to build the AM models.  The rain gauges 

used were located at Eastern Michigan University (EMU), University of Michigan 

(UofM), City of Milan, Willow Run Airport, SEMCOG A-04, and SEMCOG A-05 as 

shown in Figure 4. The rain gauge districts were determined using the Theissen Polygon 

Method. When a rain gauge failed or was missing data, the data was replaced by the 

nearest gauge.  For example, when the gauges A-05 or EMU experienced a failure, A-04 

was used to substitute rain data during these periods. The City of Milan Gauge provided 

daily rain data, which is inconsistent with the hourly data, provided at other gauges.  

Therefore, it would be necessary to interpolate the hourly data based on an average rain 

pattern. In addition, the City of Milan Theissen polygon encompassed a very small 

portion of the YCUA sewershed. Due to these reasons, the Milan Gauge data was 

omitted from the analysis. A detailed comparison of the rain gauge data to a longer 

period of record as Detroit City Airport, can be found in Appendix E.  A summary can 

be found in the Table 2 on the following page. 
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Table 2. Summary of Theissen Polygon Rain Weighting 

Pump Station 
Sewershed 

Percentage 
Distribution 

Rain Gauge 
1988-2000 

Martz 71% SEMCOG A05 
 22% UofM 
 7% Willow Run Airport 

Total 100%  
Willow 76% EMU 

 24% Willow Run Airport 
Total 100%  

Factory 53% SEMCOG A05 
 47% EMU 

Total 100%  
Snow 16% SEMCOG A05 

 12% EMU 
 72% Willow Run Airport 

Total 100%  
 
  
Calibration and Validation 

 

The first step in calibration process was to ensure that the dry weather flows in the 

model match the measured dry weather flows.  The timing of flows and flow per capita 

parameters were adjusted until the model flows compared well to measured flows during 

the 2000-2001 calibration period. Upon calibration to dry weather flows, calibration to 

wet weather flows was performed.   

 

Wet weather flows were modeled by superimposing a rain-included infiltration 

hydrograph and rain induced inflow hydrograph onto the dry weather flow hydrograph.  

The wet weather models were adjusted until the predicted I/I flows matched the 

measured flows.   

 

Two years, 2000 and 2001, of meter data were used initially to build the AM models.  

The AM models for these years were first checked against filtered metered data (filtered 

for diurnal base sewage flow) and then were input into the hydraulic model to compare 

to actual meter data. Calibration adjustments were made based on these observations. 

Once calibrated, the AM models were then validated.  Validation tests the model 
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performance for years not included in calibration.  It is necessary because it is possible 

for an incorrect model to be calibrated such that it fits specific observed data to a 

reasonable degree of accuracy, yet in general is an inaccurate model of the system.  

Consequently, the ability to adequately fit a model to a given data set during calibration 

does not solely validate the model.  A more confident evaluation lies in the ability of a 

model to fit a set of data that was not used for calibration.  Two years of additional data 

not used in calibration (2002 and 2003) were used to validate the AM models.  This 

validation was successful and provided confidence in the model. The calibration and 

validation results for each pump station district are found in Appendix F of this report. 

 

Accuracy of Fits 

 

To give an indication of how well the hydrologic models could predict actual flows, 

yearly plots were made of the model output flows for 2000-2003.  These plots can be 

found in Appendix G. Comparisons were made at the pump stations. The plots show 

both the model output and the actual observed data. The plots show visually that the 

models predict observed data quite well. 

 
To quantify the percent error of peak flows and volumes for the largest storm events in a 

given year, “accuracy of fit” plots were created for 2000-2003.  Plots were made for the 

largest observed storms that occurred each year. For each plot, peak flow and volume 

errors were calculated. Comparisons were made solely on the RDII and did not 

incorporate base flow, which can artificially lower the error. Events were not included in 

the analysis when observed data was obviously flawed due to meter malfunction. Both 

net error and total error were calculated. Net error is the average of all the errors and 

allows positive and negative variances to offset each other. Total error is the average of 

the absolute value of the errors. However, because of outside factors that contribute to 

model performance, the focus of the error analysis was on the net error because these 

factors should cancel out. Some of these outside factors include spatially varied rainfall, 

meter accuracy, and rain gauge accuracy. The goal of this study was to have a net peak 

flow error of 10% or less and a net volume error of 20% or less. This is considered 

excellent model performance, especially considering that the model is predicting the 
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variations in capture coefficient with no additional input from the modeler once 

calibrated. Research was performed to determine the most accurate way to measure 

model performance based on error analyses done for several other studies. Comparing 

these accuracies to other studies was done very carefully. This is because it was found to 

be common practice in other studies to use calibration data rather than validation data, 

to use observed capture coefficients for simulations, to selectively include or exclude 

events for analysis and to include base flows in the volume, all of which tend to 

artificially minimize error percentage.  A summary of the findings can be found in 

Appendix H. Accuracy-of fit plots as well as error calculations were made at the 

following locations:   

• Martz Road Pump Station 
• Snow Road Pump Station 
• Willow Run Pump Station 
• Factory Street Pump Station 

 
Accuracy-of-fit plots and more detailed error calculations can be found in Appendix I.  

A summary of the calculated net errors is found Table 3 below.  Negative values indicate 

that the modeled peak flow or volume was less than the observed while positive values 

represent modeled values that are greater than observed.  As the table shows, the net 

peak error is in general well under the 10% goal and on average is about 8.73%.  The net 

volume error is below 20% in all but one location and on average is 6.38%. 

Table 3. Summary of Model Errors 

 

 

 

 

 

 

 

 

 

 

 

 

Location Net Peak Flow 
Error (%)

Net Volume 
Error (%)

Factory Pump Station 
District 5.10% -0.40%

Willow Pump Station 
District 15.60% 16.80%

Martz Pump Station 
District 7.30% 6.30%

Snow Pump Station 
District 6.90% 2.80%

Average 8.73% 6.38%
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Peak Flows Analysis Methodology 

 

In order to define the peak flow in the system, the existing and future base flows had to be 

estimated, and the 10-year frequency RDII flow had to be estimated based on the 18-years 

of continuous modeling in which the 10-year frequency flow was determined using the Log 

Pearson Type III Distribution. The design flow for the system corresponds to the sum of 

the ultimate build-out base flow plus the 10-year frequency I/I flow. Tables 5 through 8 

summarize the analysis and outline the peak design flows for each pump station district. The 

following is a detailed discussion of the methodology to determine the design flows for 

pump station district. 

 

Base Flow Summary 

 

The existing and future base flows were computed based on existing and future 

population estimates that were provided in the 1999 Master Plan. Table 4 shows the 

results of the existing and future base flow calculations.  

 

Table 4. Summary of Existing and Future Base Flows 

 

 

 

 

 

 

 

 

 

Peak Flow Summary 

 

A summary showing the largest peak flows in each year for both existing and future 

models was tabulated for each pump station district. The highest annual peak flows that 

occurred during the growing season for 18 years of modeled flows were used to  

Existing 
Population

Future 
Population**

Population 
Growth

Factory Pump 
Station District 24800 24800 0

Willow Pump 
Station District 22200 27800 5600

Martz Pump 
Station District 37300 83100 45800

Snow Pump 
Station District 57500 106200 48700

** - Based on Year 2020 Population Estimates
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(All Flows in MGD)

Existing Base Flow Computations

Item Description
Existing 

Calculations in 1999 
YCUA Master Plan

Revised 
Calculations Based 

on New Analysis

Formula for 
Revised 

Calculations
A Average Dry Weather Flow NA 3.4 metered

B Dry Weather Daily Peak Flow 
(Base Flow) 4.0 4.3 metered

C Dry Day Peak Factor NA 1.25 B / A

Future Base Flow Computations

Item Description
Existing 

Calculations in 1999 
YCUA Master Plan

Revised 
Calculations Based 

on New Analysis

Formula for 
Revised 

Calculations
D Estimated Population Growth 45,800 45,800 1999 Master Plan

E Additional Average Dry 
Weather Flow at 100 gpcd 4.6 4.6 100 * D / 1,000,000

F Additional Dry Weather Daily 
Peak Flow 14.0 5.7 E * C

Design Peak Flow Computations

Item Description
Existing 

Calculations in 1999 
YCUA Master Plan

Revised 
Calculations Based 

on New Analysis

Formula for 
Revised 

Calculations
G Existing Base Flow 4.0 2.6 B - 1.7
H Future Base Flow 14.0 5.7 F

I Projected Design  Wet 
Weather Flow 26.6 14.1 From Statistics

J Future Design Peak Flow 44.6 22.4 G + H + I
K Net Peaking Factor NA 2.8 J / (A + E)

Notes:Existing base flow (item G) for the revised calculations reduced by 1.7 MGD to account for
base infiltration flow included in the projected wet weather design flow (item I)

Table 5. Martz Road Pump Station Design Flow Summary
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(All Flows in MGD)

Existing Base Flow Computations

Item Description
Existing 

Calculations in 1999 
YCUA Master Plan

Revised 
Calculations Based 

on New Analysis

Formula for 
Revised 

Calculations
A Average Dry Weather Flow NA 7.1 metered

B Dry Weather Daily Peak Flow 
(Base Flow) 9.7 9.7 metered

C Dry Day Peak Factor NA 1.38 B / A

Future Base Flow Computations

Item Description
Existing 

Calculations in 1999 
YCUA Master Plan

Revised 
Calculations Based 

on New Analysis

Formula for 
Revised 

Calculations
D Estimated Population Growth 48,700 48,700 1999 Master Plan

E Additional Average Dry 
Weather Flow at 100 gpcd 4.9 4.9 100 * D / 1,000,000

F Additional Dry Weather Daily 
Peak Flow 13.8 6.7 E * C

Design Peak Flow Computations

Item Description
Existing 

Calculations in 1999 
YCUA Master Plan

Revised 
Calculations Based 

on New Analysis

Formula for 
Revised 

Calculations
G Existing Base Flow 9.7 5.8 B - 3.9
H Future Base Flow 13.8 6.7 F

I Projected Design  Wet 
Weather Flow 32.6 21.0 From Statistics

J Future Design Peak Flow 56.1 33.5 G + H + I
K Net Peaking Factor NA 2.8 J / (A + E)

Notes:Existing base flow (item G) for the revised calculations reduced by 3.9 MGD to account for
base infiltration flow included in the projected wet weather design flow (item I)

Table 6. Snow Road Pump Station Design Flow Summary
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(All Flows in MGD)

Existing Base Flow Computations

Item Description
Existing 

Calculations in 1999 
YCUA Master Plan

Revised 
Calculations Based 

on New Analysis

Formula for 
Revised 

Calculations
A Average Dry Weather Flow NA 3.4 metered

B Dry Weather Daily Peak Flow 
(Base Flow) 4.2 4.2 metered

C Dry Day Peak Factor NA 1.24 B / A

Future Base Flow Computations

Item Description
Existing 

Calculations in 1999 
YCUA Master Plan

Revised 
Calculations Based 

on New Analysis

Formula for 
Revised 

Calculations
D Estimated Population Growth 5,600 5,600 1999 Master Plan

E Additional Average Dry 
Weather Flow at 100 gpcd 0.6 0.6 100 * D / 1,000,000

F Additional Dry Weather Daily 
Peak Flow 2.1 0.7 E * C

Design Peak Flow Computations

Item Description
Existing 

Calculations in 1999 
YCUA Master Plan

Revised 
Calculations Based 

on New Analysis

Formula for 
Revised 

Calculations
G Existing Base Flow 4.2 3.7 B - 0.5
H Future Base Flow 2.1 0.7 F

I Projected Design  Wet 
Weather Flow 16.9 8.6 From Statistics

J Future Design Peak Flow 23.2 13.0 G + H + I
K Net Peaking Factor NA 3.3 J / (A + E)

Notes:Existing base flow (item G) for the revised calculations reduced by 0.5 MGD to account for
base infiltration flow included in the projected wet weather design flow (item I)
Projected Design Wet Weather Flow increased by 15% to accommodate statistical fits. 

Table 7. Willow Run Pump Station Design Flow Summary
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(All Flows in MGD)

Existing Base Flow Computations

Item Description
Existing 

Calculations in 1999 
YCUA Master Plan

Revised 
Calculations Based 

on New Analysis

Formula for 
Revised 

Calculations
A Average Dry Weather Flow NA 3.3 metered

B Dry Weather Daily Peak Flow 
(Base Flow) 5.1 5.1 metered

C Dry Day Peak Factor NA 1.55 B / A

Future Base Flow Computations

Item Description
Existing 

Calculations in 1999 
YCUA Master Plan

Revised 
Calculations Based 

on New Analysis

Formula for 
Revised 

Calculations
D Estimated Population Growth 0 0 1999 Master Plan

E Additional Average Dry 
Weather Flow at 100 gpcd 0.0 0.0 100 * D / 1,000,000

F Additional Dry Weather Daily 
Peak Flow 0.0 0.0 E * C

Design Peak Flow Computations

Item Description
Existing 

Calculations in 1999 
YCUA Master Plan

Revised 
Calculations Based 

on New Analysis

Formula for 
Revised 

Calculations
G Existing Base Flow 5.1 3.4 B - 1.7
H Future Base Flow 0.0 0.0 F

I Projected Design  Wet 
Weather Flow 17.3 12.9 From Statistics

J Future Design Peak Flow 22.4 16.3 G + H + I
K Net Peaking Factor NA 4.9 J / (A + E)

Notes:Existing base flow (item G) for the revised calculations reduced by 1.7 MGD to account for
base infiltration flow included in the projected wet weather design flow (item I)
Projected Design Wet Weather Flow increased by 15% to accommodate statistical fits. 

Table 8. Factory Road Pump Station Design Flow Summary
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determine the expected 10-year frequency peak flow. A summary of the peak I/I flows 

used for the frequency analyses are shown below in Table 9.   

 

Table 9. Peak I/I Flow Summary 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Frequency Analyses 

 
Frequency analyses were performed for future conditions in order to determine the 

expected 10-year frequency peak flow.  Frequency analyses were performed for the peak 

flows at the: 

• Martz Road Pump Station 
• Snow Road Pump Station 
• Willow Run Pump Station 
• Factory Street Pump Station 

 

Peak flows for all 4 pump stations were analyzed; however, the discussion in this report 

focuses on the Martz Road Pump Station, in order to explain the process by which the peak 

flows to each pump station were calculated. The analysis for all 4 pump stations can be 

found in Appendix J. At the request of the MDEQ, the following probability distributions 

were used to analyze the peak flows to the pump stations: 

Year Martz PS District 
Max Flow, MGD

Snow PS District 
Max Flow, MGD

Willow PS 
District Max 
Flow, MGD

Factory PS 
District Max 
Flow, MGD

1988 8.41 14.73 6.83 8.22
1989 8.31 15.49 5.17 7.45
1990 11.69 19.78 6.25 9.76
1991 6.96 10.52 3.67 5.73
1992 5.80 10.70 3.96 5.80
1993 5.72 10.57 3.57 6.09
1994 7.27 10.90 8.93 7.61
1995 6.01 10.34 4.12 6.64
1996 10.01 17.41 7.57 8.43
1997 9.87 14.22 4.98 10.29
1998 15.29 20.37 7.88 14.62
1999 8.77 13.86 4.00 9.35
2000 14.89 22.49 6.68 11.41
2001 11.19 13.93 6.38 8.74
2002 8.27 12.88 4.88 11.94
2003 7.11 11.57 5.10 8.37
2004 10.08 15.80 6.37 9.48
2005 6.24 10.09 3.07 6.41
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• Normal Distribution 
• Log-Normal Distribution 
• Exponential Distribution 
• Gumbel Distribution 
• Gamma-3 Distribution 
• Log-Pearson Distribution 

 

The results of the statistical analysis indicate that the 10-year peak flow estimates to the 

Martz Road Pump Station generally range from 12.65 MGD to 12.82 MGD. One 

distribution, the exponential, resulted in a 10-year peak flow estimate of 20.71 MGD; 

however, this distribution does not fit the data well, and for this reason, the exponential 

distribution was disregarded. A summary of the distributions and the results of the statistical 

analysis for the Martz Road Pump Station are shown in Table 10.  

 

Table 10. Comparison of the Peak Flow Estimates by Probability Distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Log Pearson Type III probability function was used to describe the peak flow data 

for two reasons: (1) Because the data fits the Log Pearson Type III distribution as well as 

any of the other distributions and (2) the Log Pearson Type III distribution plays an 

important role in hydrology because it has been recommended for application to flood 

 

skewness g = 1.33 for Gamma-3; 0.59 for LogPearson-III 

std-dev ó = 2.86 MGD; 0.30 for Lognormal 
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flows by the U.S. Interagency Advisory Committee on Water Data1.  The parameters of 

the distribution are functions of the mean, variance, and skewness of the data set. The 

plots of the different probability distributions are shown in Figure 5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Plot of Six Probability Distributions for Martz Pump Station 

 

Figure 5 shows the frequency analysis that was done for future conditions.  This figure 

shows the peak I/I flow versus the annual probability of that flow.  As shown on this 

figure, the Log Pearson III distribution can be used to determine the 10-year frequency 

peak I/I flow (indicated by the magenta line). 

 

                                                 
1 Bedient, Phillip B. & Huber, Wayne C. (1992) Hydrology and Floodplain Analysis.  2nd ed.  
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The 10-year peak flow has an annual probability of 0.10, which is shown on the y-axis.  

For this probability, the 10-year peak flow is determined from the Log Pearson III 

probability distribution.  This value is indicated on each graph.  Table 11 below 

summarizes the results given by the frequency analyses: 

 

Table 11. Design Peak Flow Summary 

 

 

 

 

 

 

 

 

 
Table 11 indicates that the future peak flows to the Martz and Snow Road Pump Station 

exceed the current capacity of each station with the assumed roughness coefficient for 

the station force main of 100. This is assuming that no I/I removal occurs, and the 

system behaves from a hydrologic perspective, as existed during the 

calibration/validation period of 2000-2003. YCUA collection system operators have 

indicated that the pumps in the Snow Road and Martz Road Pump Stations have more 

capacity than is shown in Table 11. This finding indicates that the force main may be less 

rough than designed; thus, the roughness coefficient is actually higher than 100. Table 12 

shows the peak flows to the stations along with the range of capacities with different 

roughness coefficient values.  

 

Table 12. Design Peak Flow Summary with Different Roughness Coefficients  

 

 

 

 

 

Location 
Existing 

Design Peak 
Flow, MGD

Future Design 
Peak Flow, 

MGD

Pump Station 
Capacity with 

"C" value of 100

Factory Pump Station 
District 16.3 16.3 20.2

Willow Pump Station 
District 12.3 13.0 21.2

Martz Pump Station 
District 16.7 22.5 14.5

Snow Pump Station 
District 26.8 33.5 24.8

Note: Red numbers denote stations that are over capacity for future design peak flows

Location 

Existing 
Design 

Peak Flow, 
MGD

Future 
Design 

Peak Flow, 
MGD

Pump Station 
Capacity with 
"C" value of 

100

Pump Station 
Capacity with 
"C" value of 

110

Pump Station 
Capacity with 
"C" value of 

120

Pump Station 
Capacity with 
"C" value of 

130

Pump Station 
Capacity with 
"C" value of 

140

Martz Pump 
Station District 16.7 22.5 14.5 15.34 15.91 16.56 16.92

Snow Pump 
Station District 26.8 33.5 24.8 25.92 26.78 27.65 28.51
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The Snow Road Pump Stations could reasonably be within existing peak flow capacity 

given the range of roughness coefficients shown on Table 12. Field tests were performed 

at the Martz Road and Snow Road Pump Stations and the results of the tests indicate 

that the roughness coefficient is approximately 100. This finding confirms that the 

capacities for Martz Road and Snow Road Pump Stations are 14.5 MGD and 24.8 

MGD, respectively.  
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HYDRAULICS  

 

OHM received the existing HYDRA model of the YCUA System from YCUA.  The 

model had been previously run as part of HYDRA.  The HYDRA model was translated 

into SWMM 5.0 and was used to perform the hydraulic simulations for this study.  To 

ensure that the translation was successful, the same data was run for both versions and 

simulations results were approximately the same for both models.  

 

Description of EPA SWMM  

 

The EPA Storm Water Management Model (SWMM) 5.0 was used to perform the 

hydraulic simulations for this study.   

 

SWMM is a dynamic rainfall-runoff and hydraulic simulation model used for single event 

or long-term (continuous) simulation of runoff quantity (and quality, if desired) from 

primarily urban areas.  The runoff component of SWMM operates on a collection of 

subcatchment areas that receive precipitation and generate runoff.  The routing portion 

of SWMM transports this runoff through a system of pipes, channels, storage/treatment 

devices, pumps, and regulators.  SWMM tracks the quantity and quality of runoff 

generated within each subcatchment, and the flow rate, flow depth (and quality) of water 

in each pipe and channel during a simulation period comprised of multiple time steps. 

 

SWMM contains a flexible set of hydraulic modeling capabilities used to route runoff 

and external inflows through the system network of pipes, channels, storage/treatment 

units and diversion structures.  These include the ability to: 

 

• Handle networks of unlimited size 

• Use a wide variety of standard closed and open conduit shapes as well as natural 

channels 

• Model special elements such as storage/treatment units, flow dividers, pumps, weirs, 

and orifices 
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• Apply external flows and water quality inputs from surface runoff, groundwater 

interflow, rainfall-dependent infiltration/inflow, dry weather sanitary flow, and user-

defined inflows 

• Utilize either kinematic wave or full dynamic wave flow routing methods 

• Model various flow regimes, such as backwater, surcharging, reverse flow, and 

surface ponding 

• Apply user-defined dynamic control rules to simulate the operation of pumps, orifice 

openings, and weir crest levels1 

 

For this project, SWMM 5.0 was run using Dynamic Wave routing, which takes into 

account both the continuity and momentum equations for conduits and a volume 

continuity equation at nodes.  With this form of routing it is possible to represent 

pressurized flow when a closed conduit becomes full, such that flows can exceed the 

full-flow Manning equation value.  Dynamic wave routing can account for channel 

storage, backwater, entrance/exit losses, flow reversal, and pressurized flow. 

 

Modeling Procedure 

 

The existing HYDRA model provided to OHM consisted of the YCUA network system.  

The prior study was conducted in 1999 and portions of the sewer system have been 

upgraded since 1999. The two interceptors that were upgraded since the 1999 were the 

Clark Road Trunk Sewer and the Willow Run Interceptor. After the HYDRA model was 

converted into SWMM 5.0, these sewer upgrades were incorporated in the model, and 

several analyses were performed, which included the following: 

 

1. Perform Flow Distribution based on RDII analysis of 1999 Flow Meter Data 

2. Perform Null Modeling on the April 23, 1999 storm (Hydraulic Model Calibration) 

3. Perform Steady State Average Flow Modeling 

4. Perform Steady State Peak Flow Modeling 

5. Perform 18 Years of Continuous Modeling using A.M. model flows 

                                                 
1 http://www.epa.gov/ednnrmrl/models/swmm/index.htm 
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Once calibrated, the steady state and continuous models would be used to identify 

locations with capacity issues and develop improvements to handle the 10-year 

frequency flows. The proposed improvements were input into model and re-simulated 

for the 2-3 largest storms to verify that the proposed improvements were adequate to 

convey the 10-year frequency flows. Below is a detailed description of each step. 

 

Flow Distribution based on RDII analysis of 1999 Flow Meter Data  

 

The first step in developing the hydraulic model was to identify the approximate location 

of where flow entered the trunk sewers. For each flow input location, a sub district was 

developed. Typically, the flow inputs were located at points along the interceptor where 

large subdivisions or clusters of development occurred. The sub-districts that were 

developed as part of the flow distribution process are shown in Figure 6.  

 

The next step in the hydraulic modeling was to develop a protocol for which the 

hydrologic model inputs could be distributed upstream of the pump stations. The 

average flows in the system could simply be distributed evenly throughout the system 

based on population; however, the peak flows, which include wet weather flows, had to 

be distributed based on areas that are known to have high RDII. It was necessary to 

prepare an RDII analysis based on the flow meter data that was part of the 1999 Sanitary 

Collection System Master Plan. The RDII analysis focused on the three largest storms 

that occurred during the 1999 metering period: April 23, 1999; May 17, 1999; and 

January 22, 1999. The results of the RDII analysis can be found in Appendix K.  

 

Once the RDII analysis was complete, it was possible to distribute the RDII among the 

metering districts; however, since the flow inputs were divided into smaller sub-districts 

within the metering districts, it was necessary sub-divide the RDII volume into sub-

districts within the metering districts based on acreage. Once the RDII percentages were 

assigned to each sub-district, it was possible to distribute the hydrologic inputs upstream 

of the pump stations. 
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Figure 6:  Existing and Future Sanitary Sewer Subdistricts
 

±
0 4,900 9,800 Feet

September 2006

Pittsfield Township

Sumpter TownshipAugusta Township

Ypsilanti Township

City of Ypsilanti

Superior Township

City of Saline

Ann Arbor

Belleville

Legend
Existing Willow Run PS

Future Willow Run PS

Existing Factory Street PS

Future Factory Street PS

Existing Martz Road PS

Future Martz Road PS

Existing Snow Road PS

Future Snow Road PS

Pittsfield Township served by Ann Arbor

Va
n B

ur
en

 To
wn

sh
ip



 29

Null Modeling for the April 23, 1999 Storm (Hydraulic Model Calibration) 

 

After developing the flow distribution based on the RDII analysis, the flows for the 

April 23, 1999 storm were input into the hydraulic model to verify that the flow 

distribution was accurate and to check the system for routing and attenuation effects 

within the Martz, Willow, Snow, and Factory Pump Station Districts. The Willow, Snow, 

and Factory Pump Station Districts were found to have flows that accurately represented 

what was observed in the meter data, which indicates that the flow distribution is 

accurate, and that there is very little travel time or attenuation effects. Figure 7 shows the 

results of the analysis of the April 23, 1999 storm for the Willow Pump Station District 

as an example. However, within the Martz Pump Station District, there are both travel 

time and attenuation affects as shown on Figure 8. Because of the apparent routing 

effects within the Martz District, it was decided to analyze the meter data further 

upstream to determine if the hydraulic model was accurately representing the Martz 

District.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Routed versus Metered Flows at Pipe Upstream of 
Willow Road Pump Station
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The analysis involved comparing the 1999 Martz Road Pump Station District meter data 

at meters YCUA 1, YCUA 2, YCUA 3, YCUA 4, YCUA 5, and YCUA 10, as shown on 

Attachment A, to the hydraulic model data to verify that the flow distribution was 

correct within the District and to provide a guideline as to how the hydrologic model 

inputs should be adjusted to account for the travel time and attenuation effects. The 

results of the meter data analysis indicated that the hydrologic flow inputs should be 

increased to account for the attenuation effects. This adjustment was performed as a 

second-cut calibration to the Martz Road A.M. model. Figure 9 shows the adjusted 

hydrographs without routing effects. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Routed versus Metered Flows at Pipe Upstream of 
Martz Road Pump Station
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Figure 9. Routed versus Metered Flows at Pipe Upstream of 
Martz Road Pump Station without routing effects
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In addition to the comparison of hydraulic model flow data to metered flow data, it was 

also important to check hydraulic model depth outputs to the actual metered depths in 

the system to ensure that the water surface profile in the hydraulic model accurately 

represents the actual system. In order to compare depths between the hydraulic model 

and the meter data, a method referred to as null modeling was used to compare the 

meter and model depths. Null modeling involves entering the observed meter flows into 

the model to check the model hydraulic performance. This is done by comparing the 

modeled depth to the observed depths at the flow meters.  All meter depth comparisons 

for the Martz District are provided in Appendix L. 

 

In the case of the Martz Road Pump Station District, the modeled depths matched the 

metered depths except at meter YCUA 5 as shown in Figure 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The model depth comparison indicates that the metered depth is approximately 6 inches 

higher than the modeled depth. Because the Martz-Paint Creek Interceptor was 

oversized to potentially be part of the super-sewer project, low velocities may occur 

within the sewer now. It makes sense that there may be some settling of sediments 

within the pipe in this section. This discrepancy could be an indication of a blockage or a 

pipe with 6 inches of sediment downstream of meter YCUA 5. YCUA should investigate 

the Martz-Paint Creek Interceptor and determine if maintenance activities are required to 

Figure 10. YCUA 5 Depth Comparisons

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

4/21/1999
0:00

4/21/1999
12:00

4/22/1999
0:00

4/22/1999
12:00

4/23/1999
0:00

4/23/1999
12:00

4/24/1999
0:00

4/24/1999
12:00

4/25/1999
0:00

4/25/1999
12:00

4/26/1999
0:00

Se
w

er
 D

ep
th

 (f
t)

Routed Depth
Metered_Depth



 32

remove any sediment in the sewer. In general, the model depths were consistent with the 

meter depths at the remaining locations and the hydraulic model is well calibrated such 

that the model is an accurate representation of metered conditions. 

 

Steady State Modeling  

 

After the model was calibrated, it was used to analyze pipe capacities during existing and 

future base and peak flow conditions. The base flow model was analyzed to check for 

system continuity and to check the model for errors prior to analyzing the peak flow 

scenario. The peak flow model simulates the design flow (ultimate build-out base flow 

plus the 10-year frequency I/I flow in the system). Attachment B summarizes the 

findings of the future peak flow model. The model shows that there are two areas where 

there is more flow than pipe capacity: 

Paint Creek Interceptor 

The future peak flow model results indicate that the flows through the Paint Creek 

Interceptor exceed that of the interceptor’s capacity. It is important to note that 

YCUA has recently located a broken pipe along the Paint Creek Interceptor, which 

may be a source of river inflow. Because it is likely that this problem was occurring 

during the 1999-2003 period, upon which much of the analysis is based, it may have 

elevated the flow estimates for the Paint Creek Interceptor as provided in this report. 

In addition, a Sanitary Sewer Evaluation Study has been completed to identify 

further sources of inflow and infiltration into the sanitary sewer and that these 

sources of inflow and infiltration will be corrected in the short-term. For these 

reasons, it is recommended that the Paint Creek Interceptor be re-metered after all 

rehabilitation activities along the Paint Creek Interceptor have been completed. The 

new meter data will provide a better estimate of the flows through the Paint Creek 

Interceptor for the post rehabilitation condition. 

Textile Road Trunk Sewer and Ford Lake Interceptor 

The model results also indicate that the flows through the Ford Lake Interceptor and 

the Textile Road East Trunk Sewer exceed the capacity of these interceptors. It 

should be noted that the flows within the Snow Road Pump Station District, which 
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include the Ford Lake Interceptor and the Textile Road East Trunk Sewer, were not 

directly metered and the flows from this area were determined through a meter 

subtraction. In this case, the incremental flows for the Snow District were 

determined by subtracting the metered flows at the Martz Pump Station from the 

metered flows at the Snow Pump Station. The meter subtraction method could 

produce high errors depending on the accuracy of the meters, thus artificially 

elevating flows within the Snow District. Subtraction meter error occurs when one 

deals with a relatively small incremental subtraction. For example, consider the 

schematic shown in Figure 11:   

 

 

  

 

 

 

 

 

   Figure 11. Meter Subtraction Error Schematic 

This schematic shows the actual average flows for the Snow Road Pump Station 

District scenario whereby incremental flow contribution from the Snow Road 

District is relatively low. For the purposes of this example, let’s assume that Qa 

denotes the actual flows from each of the sub-districts. The incremental area is 

unmetered and is estimated with the use of meter subtraction (Snow - Martz). If the 

meters had a 10% meter error, Martz would measure a flow of 2.88 MGD and Snow 

would measure a flow of 4.29 MGD, producing an incremental flow calculation of 

1.41 MGD, when the actual flow is 0.70 MGD. Due to a relatively small meter error, 

the flow calculation for the incremental area will have a 101% flow error (0.70 vs. 

1.41). Additional meters could be installed where the red line is located to directly 

measure the incremental area flows. 

 

The high flows at the Ford Lake and Textile Road Interceptors within the Snow 

Road District may be caused by such a meter subtraction error. The possibility of 
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meter subtraction is further supported by the analysis of the flows to the Snow Road 

and Martz Road Pump Stations. Table 13 shows the monthly flow rates for Martz 

and Snow Road Pump Stations from September 2004 to April of 2006. 

 

Table 13. Summary of Flows to the YCUA Plant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:  Units are 1000’s of  gallons 

The ratio of Martz Road flows to Snow Road flows varies from 64% to 85% over 

the observed period, indicating that there may be some error in either the Martz 

Road or Snow Road Pump Station flow meter. However, the comparison of the total 

YCUA Plant flow to the total YCUA flow (Factory + Snow+ Willow + WTUA) are 

roughly equal over the observed period suggesting that the flow meters that measure 

the pump stations that directly outlet to the Treatment Plant, which include Snow 

Road Pump Station, are measuring the total flow rate accurately. This suggests that it 

is likely that the Snow Road Pump Station meter is recording flows accurately. If this 

is correct, it suggests that the incremental flow error in the Snow Road District may 

be caused by an under estimation of flows at the Martz Road Pump Station. This 

finding is significant in that many of the recommendations in this report are based 

on Martz Road flow meter measurements, and if these measurements are inaccurate, 

Month YCUA Plant Factory St. Martz Rd. Snow Rd. Willow Run WTUA Total Flow (sum of Martz/
Total Flow Flow Flow Flow Flow Flow upstream meters) Snow

September-04 655,941 80,600 127,200 190,200 113,900 282,803 667,503 66.88%

October-04 644,577 77,300 131,400 188,100 98,300 288,193 651,893 69.86%

November-04 621,888 79,600 128,000 190,200 89,600 262,445 621,845 67.30%

December-04 722,870 95,500 148,500 224,300 104,400 298,658 722,858 66.21%

January-05 793,490 113,030 161,630 250,050 115,450 314,960 793,490 64.64%

February-05 700,146 105,414 146,915 194,527 100,198 241,273 641,412 75.52%

March-05 720,540 111,320 154,820 203,800 116,220 291,450 722,790 75.97%

April-05 634,680 96,540 137,230 178,970 101,560 261,870 638,940 76.68%

May-05 644,930 80,641 136,444 175,702 97,299 283,191 636,833 77.66%

June-05 615,630 71,490 134,360 175,320 101,710 262,033 610,553 76.64%

July-05 639,110 76,250 143,980 185,400 96,560 278,530 636,740 77.66%

August-05 642,120 70,440 135,220 172,600 102,900 289,580 635,520 78.34%

September-05 601,754 71,240 131,553 154,498 91,253 280,357 597,348 85.15%

October-05 607,900 67,740 130,290 158,160 77,470 299,340 602,710 82.38%

November-05 598,900 70,590 128,760 159,190 79,030 291,730 600,540 80.88%

December-05 633,910 73,612 140,543 171,858 83,963 298,828 628,261 81.78%

January-06 719,777 97,800 160,692 202,228 112,104 304,870 717,002 79.46%

February-06 685,403 96,480 148,134 187,046 111,844 278,912 674,282 79.20%

March-06 735,449 103,771 160,951 204,192 114,789 306,806 729,558 78.82%
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the recommendations at the Martz Road Pump Station may need to be revised.  The 

additional metering discussed below will address this. 

 

Additional metering is recommended to eliminate subtraction meter error within the 

Snow Road District of the YCUA system. In addition, YCUA should check the 

accuracy of the meters at Snow Road and Martz Road Pump Stations.  Prior to 

recommending any improvements on the piping system within the Snow District, it 

is recommended that temporary meters be placed on each of the two Snow Road 

branches and also at the upstream point of the Ford Lake Interceptor to meter the 

bypass flow from the Willow Run district to verify the flows in the Snow Road 

District and to eliminate the potential for meter subtraction error.  

 

Continuous Modeling - 1988 to 2005 

 

The next step in the hydraulic modeling process was to continuously model the 

system for the period of 1988 to 2005. This period of time was selected because it 

represented the period with readily available spatially varied rainfall records. The 

continuous model was used to perform a statistical analysis to estimate the 10-year 

frequency peak flows. The peak flow model was used to determine bottlenecks 

within the piping system, whereas the continuous modeling and resulting 10-year 

frequency flow was used to develop improvements to meet the design flows to meet 

the MDEQ SSO policy. The findings from this simulation are described below.  

Martz Road Pump Station Upgrades 

Of particular interest was the analysis of the Martz Road Pump Station, which 

according to Table 11 of this report would experience peak flows that would exceed 

the capacity of the station. It should be noted that based on the analysis of the 

roughness coefficient values and capacity of the Martz Road Pump Station, it 

appears that the existing peak flows to the station exceed the station’s capacity; 

however, YCUA should perform draw down tests on the Martz Station to verify that 

an accurate value for the roughness coefficient has been used to determine the 



 36

capacity of the Martz Road Pump Station. If it is found that the station is undersized, 

two alternatives for the upgrade of this station are as follows: 

 

• Increase the capacity of the station and forcemain from 14.5 MGD to 22.5 MGD to 

accommodate the future design peak flows to the station. This option would likely 

include the installation of new pumps within the station and the upsizing of the 

forcemain.   

 

• The second upgrade option involves increasing the pump station capacity to 

approximately 18.1 MGD by installing one pump identical to the existing pumps in 

the open pump bay of the station and relying on the storage in the pipe upstream of 

the station to offset the difference between the future peak flow of 22.5 MGD and 

the proposed station capacity of 18.1 MGD. This option was evaluated by routing 

the top six peak flow hydrographs from the 18-year period through the pump station 

to determine how much surcharging occurred in the Martz-Paint Interceptor 

upstream of the station. If the surcharging is limited to well below the inlet pipes to 

the Martz-Paint Interceptor, this option may be considered a viable option. Figure 12 

shows the Martz-Paint Interceptor during dry weather flow conditions and Figure 13 

shows the Martz-Paint Interceptor during the peak flow conditions. A summary of 

the six largest flow hydrographs that were routed through the Martz Road Pump 

Station is provided in Table 14. The detailed analysis of the largest six storms is 

provided in Appendix M.  
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Table 14. Summary of Six Largest Flows Routed Through the Martz Pump Station 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Storm Event
Unattenuated 
Future Peak 

Inflow, MGD

Maximum Hydraulic 
Grade Elevation 

within Martz-Paint 
Interceptor, feet

Attenuated 
Future Peak 

Outflow, MGD

Storage Utilized 
in Martz-Paint 

Interceptor, MG

April 20th, 1996 19.07 668.00 17.93 0.090

August 19th, 1990 20.92 669.75 17.97 0.359

August 6th, 1998 24.90 673.20 18.06 1.002

October 16th, 2001 20.22 670.35 18.01 0.561

May 9th, 2000 22.90 670.75 18.01 0.546

September 10th, 2000 19.70 668.75 17.93 0.239

The 10-year frequency future peak flow is 22.5 MGD (unattenuated)
The crown of the downstream portion of the Martz-Paint Interceptor is 670.81
Most closely represents the future design flow as required by MDEQ

Indicates that the Martz-Paint Interceptor is submerged.
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Figure 12. Profile of the Martz-Paint Interceptor During Dry Weather Flows 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 
 
 

 

 

Figure 13. Profile of the Martz-Paint Interceptor During Future Design Flows  
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The model results indicate that the future design storm event resulted in the Martz 

Road Pump Station operating at capacity during the peak flows with storage in the 

upstream pipe. The summary table indicates that the Martz-Paint Creek Interceptor 

does not surcharge during the storm event (May 10, 2000) that most closely 

represents the future design storm event. These results indicate that upgrading the 

pump station to a capacity of 18.1 MGD will be adequate in handling future peak 

flows for the 10-year frequency provided that the storage available in the Martz-Paint 

Interceptor is utilized and that there are not any back-up problems in the Sumpter 

Trunk Sewer as a result of the use of storage in the Martz-Paint Interceptor for the 

design peak flow. It is recommended that YCUA field verify the elevations of the 

pipes and basements upstream of the Sumpter Trunk Sewer to determine if this 

upgrade option is feasible.  

Martz Pump Station Operation During Flow Conditions that exceed the Future Design Flow 

The 10-year frequency flow is the design condition as required by the MDEQ SSO 

Policy, but in reality there will always be a larger storm. For this reason, the following 

discussion was provided to help YCUA plan for flow conditions that may exceed the 

future 10-year frequency design flow. 

 

The model results also indicate that during the largest modeled future storm 

response, which was the August 5, 1998 storm event, there is surcharging in the 

Martz Paint Interceptor in which the Sumpter Trunk Sewer is completely 

submerged. Figure 14 shows the profile of the Martz-Paint Interceptor during the 

largest storm event with the Martz Road Pump Station operating at future firm 

capacity (3 pumps running). In order to prevent excessive surcharging during the 

high-flow conditions, it is recommended that YCUA operate the back up fourth 

pump. The Martz Road Pump Station was analyzed with the backup (fourth pump) 

in operation. The model results are shown in Figure 15 and indicate that the Sumpter 

Trunk Sewer is only partially full in this scenario.  
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Figure 14. Martz-Paint Interceptor during Flows Exceeding Design Flows (3 pumps) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Martz-Paint Interceptor during Flows Exceeding Design Flows (4 pumps) 
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Snow Road Pump Station Upgrades 

Based on the analysis of the roughness coefficient values and capacity of the Snow 

Road Pump Station, it appears that the existing peak flows to the station (33.5 

MGD) exceed the station’s capacity; however, YCUA should perform draw down 

tests on the station to verify that an accurate value for the roughness coefficient has 

been used to determine the capacity of the Pump Station. If it is found that the flows 

to the station are within 90% of the station capacity, the pumps should be upgraded 

to handle the future peak flow of 33.5 MGD. The hydraulic analysis indicates that 

five (5) new pumps, each having a pumping rate of 9.3 MGD, need to be installed 

within the station to replace the existing pumps. The pumps should be equipped 

with a control valve or a two-speed motor in order to accommodate the range of 

flows to the station from the existing base flows of 7.1 MGD to the future peak 

flows of 33.5 MGD. In addition, it will be required to upsize the station piping, 

electrical equipment, and instrumentation within the station in order to meet the 

projected flows to the station. 

Summary of Pipe Capacities 

The hydraulic analysis indicated that there were several other isolated pipe segments 

that were shown to be over capacity. These pipes that were shown to be over 

capacity included a stretch of pipe tributary to the Factory Road Pump Station along 

the Huron River Interceptor and also some pipe along the West Willow Trunk Sewer 

tributary to the Willow Run Pump Station. The hydraulic model analysis indicates 

that although the design flows exceed the pipe capacities in these areas, several of 

these are caused by isolated flat pipes and the backwater or surcharging as a result of 

this is minimal. Profiles of these areas with the resulting hydraulic grade line during 

design flows are provided in Appendix N of this report. A summary of all collection 

system facilities is shown in Table 15 on the following page.  
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Table 15. Summary Capacities within the YCUA Collection System 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

Collection System 
Facility Location Capacity, 

MGD
Future Design 

Flow, MGD
Design 

Flow/Capacity
Golfside Interceptor Michigan & Munger 15.5 7.6 0.49
Golfside Interceptor Morgan East of Munger 15.5 7.6 0.49

Paint Creek Interceptor Mansfield and Paint Creek 5.0 11.1 2.21
Martz-Paint Interceptor Whittaker South of Merritt 60.7 14.8 0.24
Huron River Interceptor Cross and Huron River 10.1 15.8 1.56
Sumpter Trunk Sewer Rawsonville South of Martz 13.6 1.4 0.10
Northwest Interceptor Clark West of Hewitt 3.7 0.4 0.11
Willow Run Interceptor Willow Run Bypass 20.0 7.1 0.36

Clark Road Trunk Sewer Wiard South of MacIntosh 12.2 1.3 0.11
Clark Road Trunk Sewer Stamford West of Wiard 12.2 1.2 0.10

Golfside Interceptor Golfside North of Washtenaw 1.6 1.4 0.88
Golfside Interceptor Golfside and Packard 6.8 2.2 0.33

Factory Pump Station Factory West of Grove 20.2 16.3 0.81
Willow Pump Station Willow Run North of Tyler 21.2 13.0 0.61
Martz Pump Station Martz West of Rawsonville 14.5 22.4 1.54
Snow Pump Station Snow South of Huron 24.8 33.5 1.35



 43

RECOMMENDED IMPROVEMENTS  
 
The YCUA collection system has adequately transported all sewage to the wastewater 

treatment plant, without any known occurrences of sanitary sewer overflows (SSOs).  YCUA 

has moved forward with implementing the high priority improvements identified in the 1999 

Master Plan.  However, due to the uncertainty about the need for some of the additional 

improvements specified in the 1999 Master Plan, an update has been performed using a 

continuous modeling technique that accounts for varying antecedent moisture conditions. 

 

Several trunk sewers and pumping stations have been identified as having inadequate 

capacity for existing or future conditions based on the MDEQ’s policy.  An outline of the 

action plan is provided below for each element for which further work is recommended.  In 

general, the level of improvements is significantly reduced from the 1999 recommendations.  

Partly this is due to a more accurate projection of the design I/I flows based on the new 

model, but they are also reduced due to a proposed framework of more aggressive flow 

management of existing flows and flows from future growth.  Elements of aggressive flow 

management are included in the action plans for individual trunk sewers and pumping 

stations and are summarized after the individual action plans.  Discussions with YCUA staff 

have indicated that the aggressive flow management work items appear to be reasonable and 

could likely be successfully implemented.  A comparison is also made to the projects 

originally proposed in the 1999 Master Plan to ensure that there is a common understanding 

of the status and need for further action on each item.  Below is a summary of the 

recommended improvements: 

 
1. Paint Creek Interceptor 

 I/I Source Removal 
 Re-monitor and re-evaluate capacity, including effect on downstream pump 

stations. 
 If further source removal is required, YCUA should consider one of the 

following options: 
a. Pilot footing drain disconnection program (source control). 
b. Relief Sewers. 

 
 

2. Martz Road Pump Station 

 Install new pump and motor in open bay. 



 44

 Evaluate existing force main “C” factors 
 Calibration and verification of Martz Road Pump Station meter 
 Evaluate revised operational protocol prior to Snow Road Pump Station 

improvements in which the maximum storage in the Martz-Paint Interceptor is 
utilized to attenuate peak flows to the Snow Road Pump Station.  

 Improve the available flow monitoring in the Martz Road Pumping Station 
District to better understand where the flows are being generated and how the 
flows are changing over time. One way to accomplish this is to consider 
installation of the following meters: 

a. Improve monitoring program to evaluate increased base flows due to 
growth within the Martz Road Pump Station District by installing a semi-
permanent flow meter downstream of the Golfside Interceptor. 

b. Improve monitoring program to evaluate RDII flows within the Martz 
Road Pump Station District by installing a semi-permanent flow meter 
along the Paint Creek Interceptor. 

c. Improve monitoring program by installing three new rain gauges at the 
Pittsfield Township Hall, the Merritt Road Pump Station, and the Martz 
Road Pump Station. 

 Compare i3D A.M. model to the new rain gauge and flow data to measure 
system performance and effectiveness of I/I removal.    

 
3. Snow Road Incremental Area Sewers 

 Install temporary flow meters along the Ford Lake Interceptor, Textile Road 
East Trunk Sewer, and State Street Pump Station overflow to directly measure 
flows within the Snow Road Pump Station District and determine the design 
flow from the Snow Road Pump Station District.. 

 Perform a flow balance to check the Martz Road Pump Station design flows. 
Adjust recommendations as necessary. 

 Develop recommendations for improvement based on system performance with 
design flow as determined by the additional evaluation 

 Implement recommended improvements. 
 
4. Snow Road Pump Stations 

 Verify design flow rate as part of the Snow Road Incremental Area analysis 
 Calibration and verification of Snow Road Pump Station meter 
 Evaluate existing force main “C” factors 
 Develop a schedule for improvements based on tracking growth and “C” factor 

evaluation which will determine the deterioration of the force mains.   
 Implement recommended improvements 

 
5. Implement Advanced Tracking Tools 

 Integrate Part 41 tracking tool and model to ensure that the model is updated to 
reflect growth 

 Periodically compare metered flows to hydrologic model to better understand 
system performance and provide feedback to collection system operators and 
new development team members 
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 Monitor the discharge pressures at the Martz Pump Station and Snow Pump 
Station to track actual valves of force main “C” factors 

 
Additional Recommendations 

There were several additional recommendations contained in the 1999 report beyond 

improvements to manage peak flows.  These were reviewed with YCUA and the applicable 

items are summarized below: 

 

 Several areas presently dispose of wastewater by septic tank and leach fields 
including River, Gable, Troy and Twin Tower Streets, Sweet Road and the 
Sherman Oaks subdivision in Ypsilanti Township.  The 1999 study 
recommended developing a plan for providing sewer service to these areas with 
an opinion of probable cost of $1,714,000. 

 
 The southwest portion of Ypsilanti Township continues to experience new 

development.  The 1999 study recommended developing a plan for the 
infrastructure needs caused by this new development, including trunk sewers 
along Bemis, Merritt, Textile and Ellis Roads.  These areas without sewers 
should be addressed on a case-by-case basis through YCUA’s engineering 
department, as development occurs. 

 
 The 1999 study recommended developing a formal procedure for sewer system 

O & M, physical condition assessment and staff training.  YCUA has recently 
acquired a new sewer televising system and plans to continue to perform these 
activities. 

 
 
Aggressive Flow Management 

The recommended improvements include an aggressive flow management plan to minimize 

the amount of improvements required as a result of high I/I flows and future growth. The 

main emphasis of the aggressive flow management is to remove I/I where it is cost effective 

and to minimize additional I/I from new development. This will avoid the “cascade” of 

capacity upgrades required downstream. The example of this cascade effect can be seen with 

the Paint Creek interceptor upgrades. If it is found through re-metering after the initial 

improvements that upgrades are needed to accommodate the flows to the Paint Creek 

Interceptor, the additional flows conveyed by the Paint Creek Relief Sewer will also require 

larger upgrades at the Martz Road Pump Station and Snow Road Pump Station.  
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Another focus of the aggressive flow management is to calibrate and verify hydrologic 

models for existing conditions that reduce conservative assumptions through the use of the 

i3D Antecedent Moisture Model, which was addressed as part of the 2006 Master Plan 

Update. These models can then be used to track the effectiveness of the aggressive flow 

management plan. 

 

Additionally, the aggressive flow management would implement the Martz Road interceptor 

storage/control scheme in which the flows are limited from the Martz Road Pump Station 

and storage is utilized in the Martz-Paint Interceptor, thus reducing the peak flows to the 

Snow Road Pump Station and Wastewater Treatment Plant.  

 

In addition, YCUA should utilize current flows and “C” factors to determine timing of 

Martz PS and Snow PS upgrades. As discussed in the flow analysis section of this report, the 

analysis of “C” values indicates that the Martz and Snow Road Pump Stations may have 

adequate capacity to handle existing peak flows, and flow measurements discharge and 

pressure monitoring should be performed to determine the current actual capacity of the 

pump stations. Periodic testing will need to continue to track performance of the pumps and 

force main.  

 

The long-term focus of the aggressive flow management plan involves improving YCUA 

tracking tools to assist with managing capacity improvement needs. Using less conservative 

assumptions will require increased tracking to ensure that the system continues to perform 

as expected, even with aging of the infrastructure and growth of the service area. 

 

In order to track the long-term performance of the system, some additional semi-permanent 

metering and rain monitoring will be necessary.  For example, the recommendation in this 

report for the Paint Creek and Golfside interceptors are largely based on the flow split 

between these two interceptors observed during the 1999 study.  Additionally, the flows in 

the Paint Creek interceptor may have been affected by a significant sewer break beneath the 

creek.  System monitoring is needed to verify the flow splits and detect such changes in flow.  

This is accomplished by the recommendations for rain gauges and flow meters on the 

Golfside and Paint Creek interceptors. 
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Comparison to the 1999 Master Plan Recommendations 
 
The recommendations from the 1999 Master Plan were divided into three priority groups: 

lowest priority, medium priority, and highest priority and are as follows: 

Highest Priority 

1. Paint Creek Interceptor Replacement Sewer The 1999 Master Plan Study 

identifies the Paint Creek Sewer as being undersized during future flow conditions of 

17.33 cfs. The Paint Creek interceptor consists of parallel sewers and the 1999 

Master Plan recommends that the older of the two sewers be replaced with 4,550 

feet of 18-inch; 3,550 of 24-inch; and 3,650 feet of 30-inch sewer.  

 

The model prepared as part of the 2006 Master Plan Update indicates that the future 

flows of 15.95 cfs through the Paint Creek Interceptor exceeds its current capacity.  

 

Based on SSES findings, it appears that the flow meter data, upon which the 

hydraulic model was based, was recorded during a period when of high inflows into 

the Paint Creek Interceptor as there was a broken pipe along the Paint Creek 

Interceptor that was experiencing a high amount of river inflows. The broken pipe 

has since been repaired. SSES and Master Plan updates recommend re-metering of 

this area to determine the peak flows through the Paint Creek Interceptor after I/I 

removal.  

 

2. Clark and Willow Run Sewers The Clark and Willow Run Sewers were both 

identified by the 1999 Master Plan to be undersized and were upgraded since the 

1999 Master Plan. The improved sewers have been determined to be adequately 

sized for future conditions. 

 

3. North and South Golfside Pump Stations The North and South Golfside Pump 

Stations were both identified by the 1999 Master Plan to be undersized. It is our 

understanding that the South Golfside Pump Station has been upgraded since the 
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2003 DCA.  The 2006 Master Plan Update indicates that both the North Golfside 

and South Golfside Pump Stations have firm capacity to handle future peak flows. 

Medium Priority 

4. Martz Road Pump Station The Martz Road Pump Station is identified by the 

1999 Master Plan to be undersized. The 1999 Master Plan recommends upgrades of 

the pump station to handle an additional 5.5 MGD in pumping capacity and a 2.4 

million gallon equalization tank. The 2006 Master Plan Update indicates that this 

pump station is still undersized; however, the analysis indicates that the only 

upgrades required would be to install one additional pump into the empty bay of the 

pump station to handle the future peak flows. 

 

5. Snow Road Pump Station  The 1999 Master Plan identifies the Snow Road 

Pump Station to be undersized and the 1999 analysis indicates upgrades to the 

station should include installation of 5 new pumps with a total capacity of 56.1 

MGD; and the installation of a larger force main. The 2006 Master Plan Update 

indicates that this pump station is still undersized; however, the 2006 analysis 

indicates that the upgrades to the station should include 5 new pumps with a capacity 

of 33.5 MGD and no force main improvements to handle the future peak flows. 

Lowest Priority 

6. Huron River Interceptor, West Willow Trunk Sewer, and Wismer Trunk 

Sewer These sewers are identified by the 1999 Master Plan to be undersized. The 

Master Plan Update analysis indicates that they have adequate capacity to handle 

future peak flows.  

 

7. State Street Pump Station The State Street Pump Station was identified by the 

1999 Master Plan to be undersized. The State Street Pump Station was not analyzed 

as part of this report; however, the flows to the station were reduced by almost half; 

therefore, it was determined that the State Street Pump Station has adequate 

capacity. 
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Table 16 shows the comparison of the 2006 Master Plan Update recommendations to the 

remaining 1999 Master Plan recommendations, which have not yet been implemented.  

 

Table 16. Comparison of Recommendations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Impacts on the District Compliance Agreement (DCA) 
 
The DCA should be revised based on the recommendations in the 2006 Master Plan 

Update. Even though the work plan may change in the DCA, it is expected that the 

completion date for the activities in the revised DCA will remain the same as the amount of 

work within the revised DCA is expected to decrease as a result of the findings and 

recommendation in this report. Table 17 on the following page shows a draft schedule for 

implementation of the recommendations that could potentially be incorporated into the 

DCA.  

 

 

 

1999 Master Plan 2006 Master Plan Update
"Aggressive Flow Management"

Item Recommendation Recommendation

Paint Creek Interceptor $2,670,000.00 $1,500,000.00
Martz Rd. Pumping Station $9,700,000.00 $600,000.00

Snow Rd. Incremental Area $0.00 $1,200,000.00

Snow Rd. Pumping Station $7,260,000.00 $3,200,000.00
Low Priority Category Projects $7,740,000.00 $0.00
Advanced Tracking Tools $0.00 $200,000.00

$27,370,000.00 $6,700,000.00
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Table 17. Draft Schedule for Implementation of 2006 Master Plan Recommendations 

 

 

 

 

 

2007 2008 2009 2010 2011

a. I/I source removal
b. Re-monitor & re-evaluate (concurrent with 2b)
c. Further action (if needed)

a. Install new pump
b. Improved flow metering (if necessary)
c. Evaluations (if necessary)

a. Calibrate pump station meters
b. Temporary metering and evaluation
c. Recommended improvements
d. Implement improvements (if needed)

a. Determine design flows (concurrent with 3b)
b. Implement recommended improvements (if needed)
    - Existing conditions
    - Future conditions (Schedule to be determined)

a. Advanced tracking tools
b. Continued evaluation

1. Paint Creek Interceptor
Aggressive Flow Management Activity

5. Implement Advanced Tracking Tools

4. Snow Road Pump Station

3. Snow Road Pump Station Incremental Area

2. Martz Road Pump Station


