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Results - Overall System 

The following is quoted from the MDEQ Project Planning guidance (underlining added):  

“An evaluation of I/I should be completed for each existing collector system in the study area. Both 
private and public sources of I/I must be included in this evaluation. If any of the following conditions 
exist, then an I/I analysis must be performed during project planning: 

1) Wastewater flow during high groundwater conditions is greater than 120 gallons per capita per 
day (gpcd). For a calculation of this threshold number, look at the metering data for the spring 
months of March/April/May and the fall months of September/October/November (non-
precipitation days); 

2) Wastewater flow during the design storm event or when any smaller storm event is greater than 
275 gpcd. For a calculation of inflow from the WWTP records, use flow metering data for the 
period April 1 through October 31.  Select at least six of the largest storm events for analysis. 
Extrapolate the data to the recommended remedial design standard (25-year/24-hour storm 
event during growth conditions and normal soil moisture) using the longer duration storms; or 

3) Storm events cause backup problems, overflows, or poor treatment performance due to 
hydraulic overloading” 

 

2015 to 2017 WWTF flow data was reviewed as a preliminary I/I evaluation to gauge whether additional 

data generation and analysis would be appropriate.  The results are summarized in Table 3.3 which follows: 

 

Table 3.3:   March 2018 I/I Evaluation 

COLLECTION SYSTEM 
Description: Entire to WWTF  Existing Flows 
Population: 12,616  Annual Avg. Day: 1.76 mgd 

Tot. 
Footage: 

400,098  Maximum Month: 3.31 mgd 

Tot. In-Mi: 865.5    
      

INFILTRATION DURING HIGH GROUNDWATER CONDITIONS 

Year 
Non-precipitation Days 

(7-14 day worst case avg) 
Number of 

Days 
Avg. Day 

(mgd) 
Per Capita 

(gpcd) 

Per Inch-
Mile 

(gpd/in-mi) 
2015 Mar-Apr-May 9 1.76 140 2,035 
2015 Sep-Oct-Nov 12 1.67 133 1,931 
2016 Mar-Apr-May 10 1.82 144 2,101 
2016 Sep-Oct-Nov 8 1.70 135 1,969 
2017 Mar-Apr-May 9 2.02 160 2,329 
2017 Sep-Oct-Nov 9 1.63 129 1,881 

 Guidance Limits   120 2,000-3,000 
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INFLOW DURING STORM (RAIN) EVENTS 

Year 
 Minimum 6 Highest 

Rainfall Days 
Date 

Precipitation 
(in) 

Flow 
(mgd) 

Per Capita 
(gpcd) 

2015 Apr 01 – Oct 31 09/02/15 2.58 1.94 154 
  10/28/15 0.98 1.72 136 
  05/29/15 0.70 1.96 155 
  08/17/15 0.66 1.32 105 
  06/08/15 0.64 1.58 125 
  08/02/15 0.53 1.27 101 

2016 Apr 01 – Oct 31 06/25/16 2.12 1.82 144 
  09/16/16 1.49 1.66 132 
  07/01/16 1.21 1.77 140 
  08/22/16 0.89 1.78 141 
  10/17/16 0.83 2.08 165 
  10/12/16 0.81 1.59 126 

2017 Apr 01 – Oct 31 05/22/17 1.80 2.28 181 
  06/11/17 1.57 2.44 193 
  05/17/17 1.22 1.94 154 
  06/17/17 1.19 2.68 212 
  06/18/17 0.90 4.78 379 
  08/16/17 0.86 2.30 182 
 Guidance Limits    275 

 

Total system flow during high groundwater periods (infiltration impacted) routinely topped the 120 gpcd 

infiltration guidance figure, however gpd/in-mi data which considered sewer size and length was very 

reasonable (all under 2,400 gpd/in-mi). 

Flow during the largest precipitation periods (inflow impacted) exceeded the 275 gpcd guideline once (in 

June 2017). 

Secondary treatment by-pass was necessary once in 2014 and once in 2017.  Both occurrences were 

during severe precipitation events.  This meets the third item in the MDEQ I/I criteria.  The mid-June rain in 2017 

has been used to develop 25 year 24 hour storm flow estimates. 

System-wide average base flow is estimated at 1.3 mgd which is approximately 100 gpcd.  Escanaba’s 

2016 Water System Asset Management Plan put average annual billed potable water at 1.1 mgd.  The base 

sewer flow can be expected to be 10%-20% higher than billed water to account for the smaller quantities of un-

avoidable infiltration. 
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Results - Subsystems 

2017 Flow Monitoring 

As part of the City’s SAW Asset Management Plan (AMP) development, four flow monitors were 

installed in the wastewater collection system from Aug 14 to Nov 10, 2017.  See also the report in Appendix ‘D’ 

(primarily Tables III-2 & III-3 on pages 10 & 11 of the report).  Results are summarized in table 3.4 below: 

 

Table 3.4:  2017 Flow Monitoring 

METER LOCATIONS AND TRIBUTARY AREAS 

No. Location 

Trib. Area 
Mainline 

Sewer 
Footage 

Trib. Area 
Mainline 

Inch-Miles 

Trib. Area 
Est. Service 
Population 

(a) 

 

#1 
Genes Towing – 

Stephenson south of 7th 
Ave No 

76,433’ 154 in-mi 2,397  

#2 18th Ave So – 1,100’ west 
of M-35 (So Lincoln Rd) 177,737’ 349 in-mi 5,552  

#3 Ludington St  
at So 2nd St 54,238’ 90 in-mi 1,766  

#4 
Trailer Court Esmnt. – 

100’ east of Willow Creek 
Rd 

84,221’ 239 in-mi 2,649  

na Not Metered – Airport 
Area 7,469’ 17 in-mi 252  

na Not Metered – 36” Cross 
Country Interceptor     

TOTALS  400,098 849 in-mi 12,616  
(a)Estimated equivalent population based solely on sewer footage percentage of whole multiplied by total 
population of 12,616 
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7-Day Average Dry Weather Flow (Infiltration) 

Meter Period 
7- Day Avg. 

(gpd) 

Per Capita 

(gpcd) 

Per In-Mi 

(gpd/in-mi) 

Guidelines 

(gpd/in-

mi) 

#1 Sep 23-29, 2017 224,000 93 1,455 3,000-
6,000 

#2 Sep 27 – Oct 03 881,000 159 2,524 2.000-
3,000 

#3 Sep 25 – Oct 01 373,000 211 4,144 3,000-
6,000 

#4 Sep 27 – Oct 03 493,000 186 2,063 3,000-
6,000 

WWTF Sep 29 – Oct 05 1,383,000 110 1,629 2,000-
3,000 

   (guide=120)   
      

Maximum 7-Day Wet Weather Flow (Inflow) 

Meter Period 7-Day Avg. 
(gpd) 

Per Capita 
(gpcd) 

Per In-Mi 
(gpd/in-mi) 

Guidelines 
(gpd/in-

mi) 

#1 Aug 16 – 22, 2017 302,000 126 1,961 3,000-
6,000 

#2 Aug 16 – 22 1,189,000 214 3,407 2.000-
3,000 

#3 Aug 17 – 23 500,000 283 5,556 3,000-
6,000 

#4 Oct 22 – 28 622,000 235 2,603 3,000-
6,000 

WWTF Aug 16 - 22 1,800,000 143 2,120 2.000-
3,000 

   (guide=275)   
 

Dry weather infiltration produced the higher per capita flows in Tributary Area #3 and to a slightly lesser 

extent in Areas #4 and #2.   Area #3 is the oldest area (75-100 yr. sewers) of the City (downtown business district 

and residential) and many of the sewers are also downstream/deeper with greater groundwater impact 

potential.  Area #3 is much of the Ludington Street Pump Station Tributary Area.  Areas #4 and #2 are a mixture 

of approximately 25% older (75-100 yr.) made up of primarily residential customers and 75% of moderate age 

(50 yr.) with a mix of commercial and residential.  “Older” also typically means short length clay pipe with often 

inadequate or less reliable joints. 
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Wet weather flows pointed toward area #3 again, the only area/events exceeding the 275 gpcd 

guideline. 

2018 Flow Monitoring 

As part of this I/I evaluation, six flow monitors were installed in the wastewater collection system from 

Mar 15 to Jun 15, 2018.  See also Appendix ‘E’.  Results are summarized in table 3.5 below: 
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Table 3.5:  2018 Flow Monitoring 

METER LOCATIONS AND TRIBUTARY AREAS 

No. Location 

Trib. Area 
Mainline 

Sewer 
Footage 

Trib. Area 
Mainline 

Inch-Miles 

Trib. Area 
Est. Service 
Population 

(a) 

 

#1 MH# S0840 – 23rd Ave S 
east of M-35 (Lincoln Rd) 17,705 31.4 558  

#2 MH# S8195 – 18th Ave So 
west of M-35 (Lincoln Rd) 39,716 71.2 1,252  

#3 MH# S0096 – 18th Ave So 
at So 22nd St 84,938 173.2 2,678  

#4 MH# S2636 – 7th Ave So 
at So 11th St 67,766 109.9 2,137  

#5 MH# S7895 – No 30th St 
at Credit Union 22,797 69.3 719  

#6 MH# 10099 – 12th Ave No 
at Fairgrounds 32,400 73.1 1,022  

TOTALS  265,322 528.1 8,366  
      

Total System  400,098 849 in-mi 12,616  
(a) Estimated equivalent population based solely on sewer footage percentage of whole multiplied by total 
population of 12,616 

      
Average Dry Weather Flow (Infiltration) 

Meter Period 7- Day Avg. 
(gpd) 

Per Capita 
(gpcd) 

Per In-Mi 
(gpd/in-mi) 

Guidelines 
(gpd/ 
in-mi) 

#1 March 16-22, 2018 47,000 84 1,497 5,000- 
7,000 

#2 May 11-16, 2018 135,000 108 1,896 4,000- 
6,000 

#3 March 18-24, 2018 517,000 193 2,985 3,000- 
5,000 

#4 April 27 – May 03, 2018 352,000 165 3,203 3,000- 
5,000 

#5 March 15-20, 2018 14,000 19 202 5,000- 
7,000 

#6 March 30 – April 05, 2018 86,000 84 1,176 4,000- 
6,000 

WWTF March 12-18, 2018 1,430,000 113 1,684 2,000-
3,000 

   (guide=120)   
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Maximum Wet Weather Flow (Inflow) 

Meter Period Peak Day 
(gpd) 

Per Capita 
(gpcd) 

Per In-Mi 
(gpd/in-mi) 

Guidelines 
(gpd/in-

mi) 

#1 06-20-18 172,000 308 5,478 5,000- 
7,000 

#2 06-20-18 480,000 383 6,742 4,000- 
6,000 

#3 06-01-18 758,000 283 4,376 3,000- 
5,000 

#4 04-13-18 391,000 183 3,558 3,000- 
5,000 

#5 06-19-18 45,000 63 649 5,000- 
7,000 

#6 03-17-18 144,000 141 1,970 4,000- 
6,000 

WWTF June 16-22, 2018 2,200,000 174 2,591 2.000-
3,000 

   (guide=275)   
 

Dry weather infiltration produced the higher per capita flows in Tributary Area #03 and to a slightly 

lesser extent in Area #04. 

Wet weather flows pointed toward area #02 

 
Pump Stations  

Also, as part of the SAW AMP program, the City’s wastewater collection system pump stations were 

inventoried and draw-down tested in 2017 to estimate pumping rates (most are not metered other than run-

time hour meters).  Hour meter readings for Feb-Mar-Apr 2017 were then used to approximate flows for the 

pump station tributary areas to assist in identifying problem areas.  Results are summarized in table 3.6 below: 
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Table 3.6:  Pump Stations Estimated Flows 

PUMP STATIONS LOCATIONS AND TRIBUTARY AREAS 

Number/Asset 
ID 

Location 
Trib. Area 
Mainline 
Footage 

Trib. Area 
Mainline 

Inch-Miles 

Trib. Area 
Est. Service 

Pop. (a) 
 

PS001/PLUD Ludington St 66,689 107.5 2,103  
PS002/PLSD Lakeshore Dr. 4,415 6.7 139  
PS003/P9TH No 9th St 793 1.2 25  

PS004/PCNW RR at Danforth Rd 28,018 61.2 883  
PS005/P23RD 23rd Ave So 17,758 31.5 560  

PS006/PSP Sand point – na - WTP 500 0.8 -----  
PS007/P5TH No 5th St – na – City Hall 200 0.3 -----  
PS008/P0167 na – Park Bathroom Only 50 0.1 -----  

na Gravity Service   -----  

TOTALS  400,098 849 in-mi 12,616  

Based solely on sewer footage percentage of whole multiplied by total population of 12,616 
      

Dry Weather Flow (Infiltration) 

Meter 
Non-precipitation Days 

(7-14 day worst case 
avg.) 

Avg. 
(gpd) 

Per Capita 
(gpcd) 

Per In-Mi 
(gpd/in-mi) 

Guidelines 
(gpd/in-

mi) 

PS001/PLUD 02-24-18 to 03-05-18 398,280 189 3,704 3,000-
6,000 

PS002/PLSD 02-28-18 to 03-09-18 19,350 139 2,888 5,000-
9,000 

PS003/P9TH 02-28-18 to 03-09-18 1,620 65 1,350 5,000-
9,000 

PS004/PCNW 02-27-18 to 03-08-18 79.980 90 1,307 3,000-
6,000 

PS005/P23RD 03-01-18 to 03-10-18 59,130 106 1,877 3,000-
6,000 

   (guide=120)   
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Wet Weather Flow (Inflow) 

Meter 
6 Minimum 

Highest Days 
Avg. 
(gpd) 

Per Capita 
(gpcd) 

Per In-Mi 
(gpd/in-mi) 

Guidelines 
(gpd/in-

mi) 

PS001/PLUD In April 403,000 192 3,749 3,000-
6,000 

PS002/PLSD “ “ 33,000 237 4,925 5,000-
9,000 

PS003/P9TH “ “ 1,400 56 1,167 5,000-
9,000 

PS004/PCNW “ “ 90,000 102 1,471 3,000-
6,000 

PS005/P23RD “ “ 145,000 259 4,603 3,000-
6,000 

   (guide=275)   
 

Dry weather infiltration from the pump stations data again points toward the Ludington Street Pump 

Station service area. Wet weather inflow indicates potential in the 23rd Avenue Pump Station service area.  

Pump timings are not an acceptable substitute for flow metering but are an additional indicator of potential 

problem areas. 

 
Downtown Business District Roof Drains 

City of Escanaba staff inventoried (interior and exterior) downtown business district roof drains as part 

of an earlier study in 2005-06.  That data was reviewed, and limited follow-up exterior area inspection made, as 

part of this 2018 study.   

The area reviewed includes the Ludington Street business district from Lincoln Road (US-2+41) east to 

Ludington Park.  A total of 231 buildings with 983,000 sq. ft. of roof area are included.  9 buildings with roofs 

totaling 66,000 square feet were identified positive connections to sanitary sewers, 719,000 sq. ft. to storm 

sewers or surface drainage, and 198,000 sq. ft. unknown.  Assuming 25% of the unknowns are connected to the 

sanitary system, the total cross connected area is estimated at 116,000 sq. ft.   

It is estimated that up to 273,000 gal of flow during a 25 year 24 hour event (3.78”) could be contributed 

as part the I/I totals.  Continued pressure by City administration and code enforcement is necessary to mitigate 

these sources.  A Private Property Inflow Removal Program is warranted. 

The following is an example to illustrate the potential impact of private property inflow sources: 

Assuming an average 3,000 square foot (30’ x 100’) roof collecting the City annual average of 30 

inches precipitation and directing it to roof leads feeding to a sanitary sewer.  Inflow from this 
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one example building alone over a one-year period would total over 56,000 gallons.  This 

exceeds the flow contribution from a typical City household over 6 months. 

Peak flows from these rooftops during rain or snowmelt events can have a much more dramatic effect 

on system capacity.  This can be compared to having parking lots with storm drain catch basins connected 

directly to the sanitary collection system. 
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CHAPTER 4  - COST EFFECTIVE ANALYSIS 

General 

The following excerpts are quoted from the MDEQ Project Planning guidance (from MDEQ website - 

current as of May 2018):  

“I/I removal may be cost-effective compared to the operational costs for transport and 

treatment of the clear water. However, projects proposing I/I removal solely to reduce 

operational costs are not eligible. In order to be eligible for SRF funding, a proposed project must 

demonstrate that the I/I is resulting in a capacity problem that can be addressed either through 

new construction to alleviate the capacity problem or through removal of I/I.” 

“If the costs to construct necessary facilities to relieve capacity problems and the costs to treat 

the extraneous water exceed the costs to remove the water by rehabilitating the system, then 

the I/I is considered excessive. Where a portion of the I/I is determined to be excessive, the 

recommended alternative must include a sewer system rehabilitation component to eliminate 

the excessive I/I, which will require the completion of a Sewer System Evaluation Survey (SSES).”. 

The general background for costs basis used to compare treatment capacity improvement vs. sewer 

rehab/replacement (I/I removal) can be found in Appendix ‘F’.  The costs typically represent a 2018-2019 project 

start with construction taking place in 2019-2020. 

The general MDEQ required design standard for addressing extraneous I/I flow is an estimated 25 year, 

24 hour precipitation event (approximately 3.78” rainfall for Escanaba). 

 
Treatment Capacity 

The Escanaba WWTP was upgraded in 1972 to treat a peak sustained rate of 5.0 mgd.  Portions of the 

plant were designed to accept peak hydraulic rates of 10 MGD and 15 MGD respectively.  Plant influent flows, 

treatment capacity, and individual unit process capabilities are most thoroughly addressed in the Process and 

Overall Facility Evaluation Report (POFER) conducted under the SAW program.   Table 4.1 summarizes WWTP 

design flows and characteristics based on the POFER.  For this I/I Study it is assumed that tributary flow from 

Wells Township will be planned for, but future flows from Gladstone will not be considered probable. 
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Table 4.1:   Current and proposed WWTF Flows 

 Current 
Future 

Escanaba Only 
Future Total 

Tributary 
Annual Average (MGD) 1.76 2.20 2.83 

Maximum Month (MGD) 3.31 3.70 4.72 
Maximum Secondary Treatment Rate (MGD) 5.00 7.00 7.25 

 Current Records Peak Hydraulic (MGD) 7.00 7.00 7.25 
25 Year, 24 Hour Peak Flow Model 17.0 17.0 17.0 

Biochemical Oxygen Demand, BOD5 (mg/l) 146 146 146 
Total Suspended Solids, TSS (mg/l) 170 170 170 

Total Phosphorus, TP (mg/l) 3.7 3.7 3.7 
 

The proposed future 25 Year, 24 Hour peak hydraulic flow is 17.0 MGD, and this has not been seen in 

recent years.  Peak flow rates through Raw Sewage pumping in the 2017 event year were 7.0 MGD.   As recalled 

by operators that interceptor backups have not resulted in reported basement flooding.  This goes back 25 years 

which is the employment duration of the current wastewater staff.  Because of this we have interpreted that 

some equalization of the short during peak flows is resulting from the relatively large interceptor volume.   

Equalization by mean of the relative small interceptor reserve volume is feasible because of the very short, 

peaky nature of the 25 Year, 24 Hour flow hydrograph as computed per the EPA methodology.  We estimated 

the available storage volume in the interceptor above the 5.0 MGD design flow to be 0.25 mgd.  Based on the 25 

Year event hydrograph, it is estimated that 0.25 MG of interceptor volume has potential to buffer peak flow 

from 17 MGD to 7.25 MGD.  We propose to verify this by means of the SAW Sanitary Model in the near future. 

For this study it is assumed that in-pipe storage is adequate to limit the peak hydraulic flow under 

conditions of the 25 year, 24 hour runoff event to 7.25 mgd.  To upgrade the existing WWTP to accept this peak 

hydraulic rate the following unit process improvements are recommended.   

1. Primary Settling, Incremental costs from 5 mgd to 7.25 mgd 
2. Grit Removal, Incremental cost from 5 mgd to 7.25 mgd 
3. Secondary Treatment, 1 new Aeration Tank and 1 Final Clarifier, Incremental cost from 5.0 mgd 

to 7.25 mgd 
4. Outfall Capacity increase, Outfall Booster Pump Station 

WWTP upgrade capital cost included in the evaluation of Chapter 5 are those required to allow 

treatment of the flow increase from 5.0 to 7.25 mgd.  Present Worth Alternative costs do not include 

improvements recommended to enhance efficiency or reduce operating labor. 
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The City plans to replace the primary settling tanks due to age and structural concerns.  Evaluated costs 

include only the addition costs estimated to result from a capacity increase from 5.0 to 7.25 mgd. 

Improvements to grit removal factored in to this evaluation are the estimated incremental costs to 

increase from 5.0 mgd to 7.0 mgd.  

Alternative costs include one new aeration tank and one new final clarifier.  This is the minimum 

required. Aeration Blower improvements will be complete in 2019 (under construction in 2018) and are not 

factored into the evaluation. 

The present hydraulic capacity of the outfall sewer is approximately 6.0 mgd. The material is prestressed 

concrete pressure pipe which is continuous to the outlet in Lake Michigan with one cleanout.  Evaluated costs 

include an outfall booster pump station to increase hydraulic capacity to 7.25 mgd. 

 

Equalization 

Although conventional thinking has focused on infiltration as the leading component of clean water 

entering the sanitation station, 2017 and 2018 flow monitoring suggested a shorter duration to major events 

than had been considered previously.  This leads to the possibility that equalization of peak flows to reduce 

WWTP capacity improvements may be a cost effective option.  Because of the very short duration associated 

with the 25 Year, 24 Hour event, this evaluation has proposed that a covered and fused glass coated, steel  

equalization tank be constructed downstream of grit removal, and upstream of  secondary treatment.  This 

would receive raw sewage flows above 5.0 mgd by gravity and return flow by means of pumping during periods 

when income sewage flow was reduced. 

Based on flow monitoring conducted in 2017 a hydrograph of flow to the WWTP, associated with the 25 

Year, 24 Hour runoff event has been developed.  Results are contained in the MSA Report in Appendix H.  A 

summary of flows and volumes resulting from the monitoring analysis is provided in Table 4.2. 

 

Table 4.2:   Summary of 25 Year / 24 Hour Flow Analysis 

Description Recommendation 
25 Year, 24 Hour Peak Flow (MGD) 17.0 MGD 

Peak Event Duration (Hrs.) 4.25 Hours 
Treatment Capacity – Base Flow 

(MGD) 
5.0 MGD 

Event Excess Flow Volume (MG) 0.3 MG 
Design Equalization Volume (MG) 1.0 
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From the analysis the storage volume recommended to equalize the 25 Year, 24 Hour event in Escanaba 

is 1.0 million gallons (MG) including a factor of safety. 

The evaluation of the Store and Treat option to handle excess flows includes the capital cost of the 

Equalization Basin, piping, and support systems along with estimate operation and maintenance.  This is shown 

in Chapter 5. With this alternative an additional aeration tank and an effluent pump station is not proposed.  

One additional final clarifier is considered necessary under this option. 

 

I/I Removal 

General 

Sewer separation experience in other UP communities has shown that I/I removal via a public 

infrastructure project should only be expected to remove 50% or less (historically closer to 30%) of the I/I when 

it is predominantly caused by infiltration and rain enhanced infiltration such as in Escanaba.  Some additional I/I 

likely is caused by ponding water leaking through castings during storm events in areas of inadequate storm 

drainage facilities.  Storm and sanitary sewers are already separated (per City records) with remaining inflow 

coming from leaks (ponding over castings, cracked or leaking sewers influenced by rainfall/snowmelt, etc.) and 

private sources (footing drains, yard drains, roof leaders, etc.). 

I/I removal assumptions used to evaluate Escanaba include the following: 

a) 50% of infiltration is private and removal via a planned construction project is not cost effective 
or politically feasible (public education and code enforcement are more likely avenues). 

b) 50% of infiltration is from sources under public (City) control and able to be addressed via 
construction replacement or rehabilitation. 

c) 60% of public source infiltration removal is a realistic goal (translates to 30% of total infiltration), 
however high cost of rehab/replacement of all sewers is typically not economically feasible. 

d) As Escanaba’s sanitary and storm systems are already separated, finding and removing inflow 
sources is much more difficult (leaks rather than major cross connections).  30% removal is also 
estimated. 

I/I removal estimates and related costs target the older, deeper portions of the collection system where 

2017 and 2018 flow monitoring along with pump station pumping rate reviews indicate I/I potential problem 

areas are concentrated. 

Sewer Costs 

Projected costs for sewer replacement and sewer rehabilitation are based on the following: 

a) Sewer replacement size is intended to match existing size unless otherwise noted 
b) Replacement mainline sewer includes environmental mitigation measures along with trench 

width street gravel base and asphalt pavement restoration (no extra pavement, curb, sidewalk, 
or pedestrian ramps) 
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c) Replacement sewer service laterals are assumed to be 6” and include environmental mitigation 
measures plus related disturbed pavement, curb, and sidewalk (approximately 10 ft each) 
replacement 

d) Manhole replacements are included at approximately 300 ft intervals (one block plus turn & 
connect to existing) 

e) Sewer rehabilitation includes the following: 
1) Clean and TV inspect the sewer 
2) Spot dig-up repairs & broken-in wye branch replacements 
3) Second thorough cleaning 
4) Temporary plugging and by-pass pumping 
5) Lining mainline sewer 
6) Service lateral replacement or lining 
7) Installation of lateral access point (clean-out) 
8) Manhole rehabilitation (lining or sealing) or replacement 
9) Surface restoration as needed 

f) General unit pricing used can be found in Appendix ‘F’ 
 

Present Worth Analysis 

The design 25 year 24 hour storm event flow is 17 mgd.  In-pipe storage is expected to reduce needed 

WWTF capacity to 7.25 mgd.  See Table 4.2. 

An initial I/I removal program aimed at removing 200,000 to 250,000 gpd of I/I from the worst case I/I 

tributary areas as indicated by flow monitoring, TV inspection, and City Staff knowledge is being used for the 

Cost Effective Analysis.  This initial I/I removal project components would include the following: 

a) Approximately 8,100’ of 8”-12” collector sewer replacement at $3,046,000 or rehabilitation at 
$2,285,000 

b) Approximately 7,350’ of 15”-18” interceptor sewer replacement at $2,954,000 or rehabilitation 
at $2,215,000 

Evaluation of costs to remove 0.20 to 0.25 mgd of I/I concentrates on the Ludington Street Pump 

Station, Lakeshore Drive Pump Station, and 23rd Avenue Pump Station service areas.  Data generated during 

2017 and 2018 flow monitoring points to their having highest potential of I/I flow during high groundwater 

seasons and precipitation (or snowmelt) events.  All three are well developed areas with asphalt streets plus 

concrete curb and sidewalk throughout.  Public Right-Of-Way (ROW) is typically 66’ width with some major 

streets being 80’ width (affects public accessible service lateral lengths for rehab/replacement). 

Sewers considered for rehab/replacement generally proceed from oldest and deepest, then continuing 

upstream. 
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Table 4.3:   Present Worth Analysis 

Alternative 

Alt. #1 

WWTF Addl. 

Treatment 

Alt. #2 

WWTF 

Equalization 

Alt. #3 

Sewer 

Replacement 

Alt. #4 

Sewer 

Rehabilitation 

1)  Initial Capital Cost $2,559,000 $3,414,000 $6,000,000 $4,500,000 

2)  Annual OM&R Costs $17,055 $33,000 -$2,000 -$2,000 

3) Future Salvage Value $779,000 $1,000,000 $3,600,000 $1,500,000 

4)  Present Worth of 20 yr. O&M $334,041 $646,341 -$39,172 -$39,172 

5)  Present Worth of 20 yr. Salvage $748,485 $960,828 $3,170,732 $1,441,242 

Total Present Worth (1+4-5) $2,144,556 $3,099,513 $2,790,096 $3,019,586 

Using 2019 real discount rate of i = 0.2% for n = 20 yr. (MDEQ SRF Website 05-25-18) 

1) Total project cost including construction, engineering, legal, administrative, permits, testing, environmental 

mitigation, and contingency 

2) Estimated increase or decrease (-) due to alternative being considered 

3) Based on following estimated useful lives: land = permanent, sewers/piping = 50 yr. facilities/structures = 40 yr., 

rehabilitation = 30 yr.  equipment = 20 yr. 

4) = Annual * (1+i)^n-1 / i*(1+i)^n   [Present Value of Future Payment Series] 

5) = Future * 1 / (1+i)^   [Present Value of Future Value] 
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CHAPTER 5  - RECOMMENDATIONS 

 
Treatment Facility 

A cost effectiveness analysis is included in chapter 4.  It suggests that upgrading the sustained flow 

treatment capacity of the WWTP is the cost effective alternative to eliminate overflows or bypasses of 

treatment. 

WWTP Improvements which have been proposed for the near future are detailed in the SAW Process 

and Facility Evaluation report.  All proposed WWTP improvements, including those not related to the I/I analysis, 

are listed below. 

 

Table 5.1:   Treatment Facility Recommendations 

Unit Process Description of Improvement 
Opinion of Capital 
Cost to Implement 

Raw Sewage 
Screening 

Refurbish Newer Coarse Screen, 
Replace Older W/Fine Screen 

$554,000 

Raw Sewage Pumps 
Refurbish Existing 3 Pumps, Install 

new Pump No. 4 
$204,000 

Grit Removal Replace Existing with Vortex type. $917,000 

Primary Settling New Primary Treatment Facility $6,761,000 

Secondary Treatment  Aeration Blower and Control Completed 

Secondary Treatment Replace Air Diffusion System $50,000 

Secondary Settling 
New Aeration Final Settling Tank 

(For Flows Above 5.0 MGD) 
$2,200,000 

Chlorination  System 
Complete Chlorine Feed Equipment 

Upgrade 
$78,000 

Final Effluent 
Pumping 

New Booster Pump Station on 
 Outfall Sewer 

$332,000 

Miscellaneous SAW Related $500,000 
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Collection System 

 
Private Property Inflow Removal Program 

Implement a Private Property Inflow Removal Program with the first step or stage being a Public 

Information campaign.  Footing drains and to a lesser extent, roof/yard drains, continue to be a significant 

contributor of I/I to Escanaba’s wastewater system.  Basement sump pump locations should be identified as part 

of the program with perhaps inspections as part of the City’s water meter replacement steps. 

Suggested first steps budget: 
a) Informational Documents Prep - $5,000 
b) Database and Forms Development - $6,000 
c) Initial Informational Campaign and Mailings - $4,000 

 
Perforated Castings Replacement 

Utilizing data gathered through the City’s asset management program, document and plan/budget for 

replacement of all perforated (storm type with holes) sanitary manhole castings in the wastewater collection 

system.  This is a relatively inexpensive positive step in inflow removal. 

Suggested initial budget: 

a) 10 per year at $2,000 each (using City staff) = $20,000 / year 

Sanitary Sewer Replacement 

Wholesale replacement or rehabilitation of the Collection system to remove I/I is not practical or cost 

effective.  The recommendation is to tackle the areas of highest I/I first, gauge the benefit, then continue if such 

rehabilitation proves to be cost efficient.  The recommended initial project includes 8 to 10 blocks of sewer 

replacement in the older downstream segments of the Ludington Street Pump Station Tributary Area (2017 

Metering Area #3).  See Figure 5.2 at the end of this report section #5. 

 

Table 5.2:   Collection System Recommendations 

Item Description 
Project Area East end Ludington St., 1st Ave. North, & 2nd Ave. North 

Project Length Approx. 2,700’ or 8 to 10 Blocks 
Capital Cost $1,000,000 

Schedule Coordinate with WWTF SRF Funded Project 
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EXECUTIVE SUMMARY  

The City of Escanaba wastewater collection system is in need of improvements to mitigate infrastructure degradation 

and aging. Ongoing monitoring of pipes, manholes, pump stations and their performance have identified large areas of 

infiltration and inflow, particularly in the oldest neighborhoods and low lying areas. This report details assessments from 

flow monitoring, televising, hydraulic modeling, and roof drain inventory and recommends cost effective consideration 

of mitigation efforts, including vented cover replacement, inflow redirection, direct replacement, and wastewater 

treatment plant improvements.  

 

Two years of flow monitoring indicated high inflow in central and southeast Escanaba. Televising has confirmed the 

deterioration of vitrified clay pipe and is being used by the City to monitor and prioritize lining efforts. The roof drain 

inventory from city records was updated after smoke testing and in-person survey to identify 65,926 sq. ft. to 215,325 

sq. ft. of potentially contributing roof area in Downtown Escanaba. Hydraulic modeling for a 3.9” storm event has been 

performed by MSA and C2AE. MSA suggested a cumulative total volume of 7.3 MGD with 17 MGD peak to the WWTP. 

The more detailed C2AE model (which includes pipe storage, orientation, and pump station data) anticipates a peak flow 

of 10 MGD to the WWTP. Under this scenario, lightly surcharged pipes will likely occur adjacent to the plant, and in the 

Ludington Street pump station service area more significant surcharging is likely in sewers and low-lying structures.  

 

Mitigation of infiltration and inflow can be approached in several ways. Replacement of priority vented covers would 

provide small, but permanent, inflow reduction in several areas of concern. Disconnecting the limited number of catch 

basins identified during smoke testing has already begun and any additional roof drain removals can be considered 

permanent inflow reductions. Based on flow monitoring, Downtown and southeast Escanaba are priority areas for 

rehabilitation and direct replacement of pipes as access and funds are made available. However, the amount of 

replacement needed to mitigate 200,000-250,000 gallons per day of inflow and infiltration in south Escanaba would 

require as much as $10 million investment. Continued televising efforts will inform prioritization and investment.  

 

After evaluating the conditions of sanitary sewers in the City of Escanaba, the Sewer System Evaluation Survey confirms 

the conclusions of the 2018 Inflow and Infiltration Report that capital improvements at the Wastewater Treatment 

Facility are the most probable means of preventing bypass overflows and basement flooding in the near future. 

Increased capacity at the treatment site will allow for the possible additions of flow from Hannahville Shoreline 

Development and Gladstone and provide a safe margin to anticipate and address deteriorating pipes city wide.  
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INTRODUCTION AND PROJECT HISTORY 

Project Background    

Since 2015 Escanaba Wastewater managers have targeted an important Wastewater Treatment Plant (WWTP) project 

to upgrade primary treatment. Existing structures were deteriorating at a very rapid rate and major plant equipment 

was at the end of its useful life. In 2014, 2017, and 2019, high flows and secondary treatment bypasses demonstrated 

the need for system improvements to avoid further violations of state law. Major investment in a WWTP project was 

delayed until the 2015 Stormwater and Wastewater (SAW) Asset Management planning project could be completed.   

Between 2016 and 2018, Escanaba completed a Michigan Department of Environmental Quality SAW Asset 

Management Plan, which has contributed valuable knowledge of the entire wastewater system. Through the SAW 

program, an ArcGIS database was prepared to organize storage, retrieval, and use of the data in system operational, 

maintenance, and capital improvement planning. Hydraulic modeling was performed with ACAD Civil 3D Storm and 

Sanitary Analysis (SSA) software to evaluate containment of the 25 year, 24-hour storm event. In 2018, an Infiltration 

and Inflow (I/I) Study quantified clean water contributions and sanitary sewer flow monitoring was conducted at six 

locations to improve the confidence in the I/I Study results and aid in model calibration. 

 

This voluntary SSES report summarizes priority improvements and budgetary costs, including an inventory of manhole I/I 

problems and specific inflow sources in the downtown area. Sewer televising and smoke testing efforts are also 

described in this report.  

 

This survey report is intended to complement the State Revolving Fund (SRF) Project Plan to evaluate needs and 

alternatives for improvements to the Escanaba Sanitary Collection System.  

 

Summary of Infiltration and Inflow Report 

Manhole inspections, sewer televising, hydraulic modeling, and flow monitoring were conducted on the Escanaba 

sanitary sewer system under the SAW program. This contributed important information regarding the capacity and 

condition of the system plus indicating potential sources for clean water entrance. Additional flow monitoring was 

completed in 2018.  The following summarizes the current Escanaba wastewater system: 

• The total system infiltration during high groundwater periods routinely exceeded normal guidance limits (>120 

gpcd) but remained relatively low for an older collection system (under 2,400 gpd/in-mi). 
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• Flow during the largest precipitation periods increased beyond 275 gpcd occasionally and secondary treatment 

by-pass was necessary during events in 2014, 2017, and 2019.  

• The I/I study assessed and compared the cost for the primary overriding options to handle peak flows: 

o Collection system improvements to reduce infiltration and inflow 

o WWTP improvements and the associated operations and maintenance cost to treat excess clean water 

o Equalization facilities to store peak flow until treatment is possible 

 

To access SRF funding it is necessary to demonstrate that the most cost effective strategy is proposed. The I/I study 

indicates that the most cost effective strategy to manage excess flow is to upgrade specific WWTP process capacities. 

However, collection work in priority areas should be planned to maintain the overall integrity of the sanitary sewer asset 

and further reduce maintenance costs. 

 

Sewer System Evaluation Survey Scope and Methods 

The Sewer System Evaluation Survey (SSES) references existing data and includes new information in order to address 

the State’s framework for evaluation: physical survey, rainfall simulation, preparatory cleaning, internal inspection, and 

survey report.  

 

The existing Inflow and Infiltration (I/I) Report summarizes the following data: 

1. Six months of flow monitoring in two separate years (see I/I Appendix D and Appendix E). 

2. Hydraulic simulation of peak flow (see I/I Appendix H for 25-yr, 24-hour flow scenario). 

3. System manhole inspection (see Figure: “Manhole Wall Condition” in 2019 SRF Project Plan). 

 

The SSES examines potential infiltration and inflow sources identified in the SAW program and I/I Study to estimate flow 

from each source and the costs required for rehabilitation. The SSES includes:  

1. Assembly of manhole infiltration data from the wastewater SAW/GIS system (see Figure 3 and Appendix B of 

this SSES report). 

2. Assembly of manhole inflow (perforated cover) information from the SAW/GIS system (see Figures 3 and 4, 

Tables 2 and 3, and Appendix B from this SSES report). 

3. Detailed hydraulic model with unrestricted and restricted storm flow scenarios (Appendix C). 

4. Partial smoke testing of City (see Figure 5 of this SSES report) and city inspection to assign a discharge location to 

Ludington Street roof drains which have not been assigned a discharge location (see Appendix D). 

5. Additional sewer televising (see Figure 6 in this SSES report).  
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DATA COLLECTION AND ASSEMBLY  

Aboveground Inspection  

During the SAW program in 2015 through 2017, an extensive inventory of stormwater and wastewater collection and 

treatment facilities was performed. Collection system and pump station locations are shown in Figure 1, summarized in 

Table 1 below:  

 

Table 1: Aboveground Inspection Summary 

GRAVITY SEWER 

Size Footage Inch-Miles  Size Footage Inch-Miles 

48” 244’ 2  12” 36,535’ 83 

36” 7,925’ 54  10” 32,815’ 62 

30” 12,187’ 69  8” 244,073’ 370 

27” 2,914’ 15  6” 3,449’ 4 

24” 7,464’ 34  Total Mains 391,902’ 842 

21” 8,395’ 33     

18” 23,409’ 80  4”-6” Svc (a) 17,000’ 16 

15” 12,492’ 36  4”-6” Svc (b) 183,000’ 173 
(a) = connected to structures, (b) = est. connected to sewers  
(a) + (b) = (5,700 customers @ 35’ each) 
FORCE MAIN 

Size Footage  Size Footage   

16” 4,278’  6” 937’   

10” 0’  4” 0’   

8” 0’  1.5”-3” 4,633’   

PUMP STATIONS 

No / Asset ID  Name Location Pumps 

PS001/PLUD Ludington St Ludington St at Lakeshore Dr 1,100 gpm 1,100 gpm 2,000 gpm 

PS002/PLSD Lakeshore Dr Lakeshore Dr at 16th Ave So 400 gpm 400 gpm  

PS003/P9TH No 9th St No 9th St at 1st Ave No 95 gpm 95 gpm  

PS004/PCNW CNW RR RR at 26th St & Danforth Rd 750 gpm 1,500 gpm  

PS005/P23RD 23rd Ave So 23rd Ave So at So Lincoln Rd 150 gpm 350 gpm 350 gpm 

PS006/PSP Sand Point Sand Point at Water Plant Rd 300 gpm 300 gpm  

PS007/P5TH No 5th St No 5th St at Ludington St 95 gpm 95 gpm  
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Figure 1: Aboveground Inspection Map 
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SAW funded manhole inventory included the following data:  

• Survey grade coordinates and rim elevations 

• Assessment of condition and relative characteristics in accord with National Association of Sewer Service 

Contractors (NASSCO) criteria  

• Drop-down measurements of pipe elevations for all connections  

 

A compete assembly of infrastructure assets is included within the SAW geodatabase.  

 

All pump stations were visited and pumps were draw-down tested. In the absence of co-located flow meters, pump hour 

meters and pump output rate data were used to aid in identifying potential I/I problem areas. A complete record of 

pump drawdown for eighteen pumps in the eight stations is included in the I/I report, pages 3-4.  

 

Groundwater 

Groundwater was not monitored separately for this study. The majority of the sewers over 10’ depth are affected by 

groundwater and typical groundwater depths are noted in the soils reports contained in appendices for the flow 

monitoring reports prepared for the I/I Analysis.  
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Flow Monitoring  

Flow monitoring was performed by MSA out of Rhinelander, WI for a thirteen-week period in 2017 (August 14-

November 10) and a fourteen-week period in 2018 (March 14-June 20). View metering areas in Appendix A.  The table 

below identifies the metered areas and exceedance from MDEQ guidelines for gallon per capita day (gpcd) flow. Figure 2 

summarizes flow monitoring data from both years, showing several average 7-day flows exceeding the 275 gpcd for 

storm inflow (blue dotted line), and several meters exceeding 120 gpcd average 7-day flow for dry weather infiltration 

(orange dotted line).   

Figure 2: Per capita flow exceedance 

 
Dry weather infiltration produced the highest per capita flows between Ludington Street and Lakeshore Drive, including 

the downtown business district and oldest residential areas where sewers are known to be 75-100 years old. Infiltration 

in west Escanaba, Willow Creek toward Danforth, exceeded recommended flow in 2017 but not in 2018.  

 

Inflow exceeded recommended per capita limits downtown in both years, and the smaller metering area showed high 

inflow conditions from Willow Creek neighborhood to Lakeshore Drive, as far north as Lemmer recreation complex.  

  

2017 Flow Meter Area Infiltration Inflow 2018 Flow Meter Areas Infiltration Inflow
#1 Northeast, Northtown to Wells #6 North to Wells

#1 Lakeshore south of Lemmer recreation complex >275
#2 from Lincoln Road to Willow Creek >275
#3 Residential between Ludington and Lakeshore >120 >275

#3 Downtown to Sand Point and Ludington Park >120 >275 #4 Downtown to Sand Point and Ludington Park >120

#4 West side to Danforth and Willow Creek >120 #5 North 30th to Danforth

#2 Southeast to Lakeshore >120 
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Hydraulic Modeling of 25 Year, 24-Hour Storm 

In order to anticipate hydraulic performance under extreme conditions, Ten State Standards recommend a model of the 

25 yr, 24-hour storm, based on regional data or 3.9” depth for Michigan generally. Climate data for Delta County 

indicate a range from 3.5-3.9” for a 25-year storm event and the higher, more conservative estimate was assumed. 

During the I/I report, MSA used SSOAP software to forecast a cumulative storm volume of 7.3 MGD with a peak rate 17 

MGD, approximately 500,000 gallons of volume being beyond the complete treatment capacity of the WWTF. (Complete 

record of MSA simulation is included in I/I report.)  

 

C2AE has created a detailed model using Autodesk’s Storm and Sanitary Analysis software. This model incorporates the 

pipe network extent detailed through SAW inventory, including pipe sizes, wet wells, and pump station performance. 

Once the model was calibrated to the August 17, 2017 wet weather event (0.89”), C2AE was able to explore several 

different scenarios. Using 3.9” precipitation depth, the cumulative storm volume is likely 7.3 MGD with a peak rate to 

the plant of 10 MGD. This model incorporates the best knowledge and information regarding current conditions and 

probable future performance. However, it should be noted that not all collection system characteristics are available for 

reference in the model and real-life collection system conditions are dynamic. 

 

Using the existing 5.0 MGD WWTP capacity, the 25-year storm surcharges sanitary sewers and leads to flooding in south 

Escanaba near Lakeshore Drive and in the Ludington Street Pump Station service area. When influent to the plant is 

limited to the proposed SRF design capacity of 7.25 MGD, the sanitary pipes between the WWTF and the nearest homes 

provide an equalization volume of approximately 200,000 gallons and only the Ludington Street Pump Station service 

area experiences sanitary sewage overflows. Increasing WWTP capacity beyond 7.25 MGD did not eliminate downtown 

SSO concerns, indicating the need to reduce infiltration and inflow or increase pump station capacity. Storm scenarios 

are illustrated in the following figures, and a detailed memorandum describing modeling methodology and results is 

included in Appendix C.  
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Figure 3. Model results 25 yr, 24-hr Rainfall Event with Unrestricted Flow to WWTP 
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Figure 4. Model results 25 yr, 24-hr Rainfall Event with 7.25 MGD Flow to WWTP 
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Manhole inspection: Assembly of Manhole Infiltration Data 

Each manhole in the wastewater system was examined for quality and connectivity. A detailed listing is available in the 

SAW geodatabase. A summary table of manhole structures deemed “unserviceable” according to NASSCO inspection 

criteria is included in Table 2.  

 

 

Table 2: Manhole Condition Summary 

Unserviceable Chimney 32 Vented covers 153 

Unserviceable Cone 4 Observed infiltration features 217 

Unserviceable Wall 3 Unique manholes showing infiltration 68 

Unserviceable Channel 7 Manholes with multiple concerns 101 

Unserviceable Step 270   
 

During the complete inventory of the sanitary collection system, 1,379 manholes were evaluated according to NASSCO 

criteria. Weeping, running, dripping, or staining on the chimney, cone, wall, or bench channel was visible in 68 

manholes. Two manholes were not found and ten were buried or marked. An additional 51 manholes were not opened, 

(at least 18 of those had been installed in 2016).  

Infiltration was observed in 5% of sanitary manholes, as shown in a system map in Figure 3 and listed in Appendix B. 

   

Vented Manhole Covers 

Examination of the SAW wastewater GIS system has revealed 153 sanitary manholes with perforated/vented castings, 

125 of these with four or more holes. Based on MSA flow meter collection, C2AE I/I analysis, and approximate numbers 

of manholes per area, 2018 areas 1 and 2 in south Escanaba are contributing disproportionally to elevated wet weather 

flows. The 21 vented covers located in those areas are priorities for inflow mitigation.  

  



Sewer System Evaluation Survey 
Wastewater Improvements 

City of Escanaba 
 

C2AE Project # 19-0039 12 September, 2019 

 

Table 3: Inflow Priority Manholes 

Meter Average 7-day  
Dry (gpd) 

Max 7-Day  
Wet (gpd) 

Manhole 
number 

Per MH  
Inflow 
(gpd) 

Rainfall 
Per MH 
Inflow 

(gpd/inch) 
2017-1 224,000 302,000 272 287 1.16 247 
2017-2 881,000 1,189,000 533 578 1.16 498 
2017-3 373,000 500,000 237 536 1.16 462 
2017-4 493,000 622,000 329 392 1.16 338 

2017-WWTF 1,383,000 1,800,000 1,371 304 1.16 262 
2018-1 47,000 172,000 68 1,838 3.04 605 

2018-2 135,000 480,000 140 2,464 3.04 811 

2018-3 517,000 758,000 310 777 3.04 256 

2018-4 352,000 391,000 244 160 3.04 53 

2018-5 14,000 45,000 67 463 3.04 152 

2018-6 86,000 144,000 111 523 3.04 172 

2018-WWTF 1,430,000 2,200,000 940 819 3.04 269 
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Figure 5: Manholes with Infiltration 
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Figure 6: Infiltration and Inflow Priority Areas 



Sewer System Evaluation Survey 
Wastewater Improvements 

City of Escanaba 
 

C2AE Project # 19-0039 15 September, 2019 

Roof Drain Inspections 

The City inspected 105 buildings along Ludington Street in 2005 to identify buildings with roof drains and sewer 

connectivity. Fifty-six roof drains were identified and catalogued, including whether or not they connected to the 

sanitary sewers or storm sewers or directed to the alley. Twenty-six buildings reported a history of back-ups. 

 

In 2018, C2AE performed drive-by observation of surface discharges and a tabulation of tributary roof areas. A summary 

of 231 Ludington Street buildings with 983,000 sq. ft. of collection area was included in the I/I report. Nine (9) building 

with an area of 66,000 sq. ft. were known to be connected to the sanitary; 719,000 sq. ft. of roof area was reported as 

connected to the storm sewer; 198,000 sq. ft. of roof area was noted as unknown in terms of the location to which it 

discharged.  

 

Rainfall Simulation: Smoke Testing 

Smoke testing was conducted inside the top priority collection improvement area, approximately 120 square city blocks 

between East 1st and 20th Streets and between 3rd Avenue North and 7th Avenue South. This is an area characterized by 

high infiltration and inflow and old, clay pipes as described in previous reports. Smoke testing was completed by City 

crews with guidance from the Michigan Rural Water Association (MRWA) on November 7-8, 2018.  

 

Testing reached 212 properties with 151 showing smoke (indicating appropriate venting). Eleven issues (including smoke 

in parking lots, sump pumps, and roof drains) and six follow-up requests were identified. Smoke test results are mapped 

in Figure 5 and a complete listing of property details and inflow assessment is included in Appendix C. 

 

The existing roof drain inventory data was merged with the smoke test results. Properties where no roof drain smoke 

was recorded during the smoke test were cleared from concern. The final summary based on roof drain inventory, 

runoff observations, and smoke testing suggests that 65,926 sq. ft. – 215,325 sq. ft. of roof area are contributing directly 

to the sanitary sewer. For each inch of rain, the area could contribute up to 134,237 gallons.  
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Table 4: Roof Drain Summary 

Destination  Approximate Area (sq. ft)  

Total Draining to Sanitary (city inventory) 65,926 

Total Draining to Storm (city inventory) 33,148 

Total Draining to Sewer (city inventory) 30,255 

Total Draining to Alley (city inventory) 23,278 

Total which may drain to Sanitary 215,325 

Total Roof Area 1,018,481 

Inflow per inch of rain (gallons) 134,237 
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Figure 3: Smoke Test Results 
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Internal Inspection: Sewer Televising 

Televising of the sewer pipe interior was divided into four priority areas during the initial SAW Project. Flow monitoring 

revealed infiltration concerns in areas marked in brown and inflow concerns in areas marked in blue in Figure 6 on the 

following page. Approximately 6,300 feet of Priority 1 area (2nd Avenue South) was televised in 2018 and incorporated 

into the SAW database.  

 

Since 2016, nearly 10,000 feet in Priority areas 3 and 4 have been televised by the City and put to bid for relining. The 

remaining area, Priority 2, was identified during preliminary SAW planning because of a high observed dry weather 

infiltration, but a SAW review of manhole deterioration, infiltration, and flow monitoring did not identify extraordinary 

cause for concern.  

 

As the City continues to televise and assess sewer conditions, a complete record of progress in the GIS database can 

prevent redundant investments.  
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RECOMMENDATIONS  

The following items are recommended to be worked into future infrastructure projects where appropriate, representing 

areas of direct impact on I/I removal with relatively low capital cost impact.  

a. Isolation of sanitary flow by replacement of up to 153 vented manhole covers, prioritizing 21 in southern 

Escanaba to remove up to 265 gpd/inch of rainfall per manhole.  

b. Redirection of remaining roof drains with sanitary connections, reducing up to 134,000 gpd/inch of rainfall.  

c. Replacement or rehabilitation of manholes in central and south Escanaba; including 22 manholes greater than 8’ 

depth, 29 manholes 8-15’ depth, and 16 manholes greater than 15’ depth.  

 

An initial I/I removal program aimed at removing 200,000 to 250,000 gpd of I/I from the worst case I/I tributary flow 

distribution as indicated by flow monitoring, TV inspection, and City Staff knowledge is being used for the Cost Effective 

Analysis. The 2016 I/I Report detailed the costs associated with the sewer system in the downtown business district. A 

similar quantity of infiltration volume could be removed from 2018 Meter Area 3 by pipe replacement. This initial I/I 

removal program components would include the following: 

a. Replacement of approximately 66,100’ of 8”-12” collector sewer replacement at a cost of $16,491,000 or 

rehabilitation at $6,175,000 

b. Approximately 15,871’ of 15”-30” interceptor sewer replacement at a cost of $7,196,000 or rehabilitation at 

$3,817,000 

 

Evaluation of costs to remove 0.20 to 0.25 mgd of I/I concentrates on the Ludington Street Pump Station, Lakeshore 

Drive Pump Station, and 23rd Avenue Pump Station service areas. Data generated during 2017 and 2018 flow monitoring 

indicates these areas have the highest potential of I/I flow during high groundwater seasons and precipitation (or 

snowmelt) events.  All three are well developed areas with asphalt streets plus concrete curb and sidewalk throughout.  

Public Right-Of-Way (ROW) is typically 66’ width with some major streets being 80’ width (affects public accessible 

service lateral lengths for rehab/replacement). 

 

Sewers considered for rehab/replacement generally proceeds from oldest and deepest, then continuing upstream. 
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Cost of Rehabilitation 

Flow monitoring has identified areas of elevated infiltration and inflow and SAW asset management inventory has 

assessed manhole and pump station conditions. Results suggest that collection asset deterioration is widespread, and 

system rehabilitation will need to be addressed.  

 

Sewer Costs 

Projected costs for sewer replacement and sewer rehabilitation are based on the following: 

a. Sewer replacement size is intended to match existing size unless otherwise noted 

b. Replacement of mainline sewer includes environmental mitigation measures along with trench width street 

gravel base and asphalt pavement restoration (no extra pavement, curb, sidewalk, or pedestrian ramps) 

c. Replacement sewer service laterals are assumed to be 6” and include related disturbed pavement, curb, and 

sidewalk (approximately 10 ft. each) replacement 

d. Manhole replacements are included at approximately 300 ft. intervals (one block plus turn and connect to 

existing) 

e. Sewer rehabilitation includes the following: 

1. Clean and TV inspect the sewer 

2. Spot dig-up repairs and broken-in wye branch replacements 

3. Second thorough cleaning 

4. Temporary plugging and by-pass pumping 

5. Lining mainline sewer 

6. Service lateral replacement or lining 

7. Installation of lateral access point (clean-out) 

8. Manhole rehabilitation (lining or sealing) or replacement 

9. Surface restoration as needed 

f. General unit pricing used can be found in SAW Replacement Costs Guidance, Appendix D 

 

Present Worth Analysis 

The Present Worth Analysis below compares improvements to the wastewater treatment facility detailed in the 2018 I/I 

Study Report. The collection area replacement or rehabilitation includes neighborhoods in south Escanaba from 

approximately 10th Street to 10th Avenue South, minus Ludington Street to Ludington Park (which was detailed in the 

2018 I/I Study Report.  
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Table 1:   Present Worth Analysis 

Alternative 
Alt. #1 

WWTF Addl. 
Treatment 

Alt. #2 
WWTF 

Equalization 

Alt. #3 
Sewer 

Replacement 

Alt. #4 
Sewer 

Rehabilitation 

1)  Initial Capital Cost $2,559,000 $3,414,000 $23,687,500 $9,991,800 

2)  Annual OM&R Costs $17,055 $33,000 -$2,000 -$2,000 

3) Future Salvage Value $779,000 $1,000,000 $14,212,500 $3,330,600 

4)  Present Worth of 20 yr. O&M $334,041 $646,341 -$39,172 -$39,172 

5)  Present Worth of 20 yr. Salvage $748,485 $960,828 $13,655,765 $3,200,133 

Total Present Worth (1+4-5) $2,144,556 $3,099,513 $9,992,562 $6,752,495 
Using 2019 real discount rate of i = 0.2% for n = 20 yr. (MDEQ SRF Website 05-25-18) 

1) Total project cost including construction, engineering, legal, administrative, permits, testing, environmental 
mitigation, and contingency 

2) Estimated increase or decrease (-) due to alternative being considered 
3) Based on following estimated useful lives: land = permanent, sewers/piping = 50 yr. facilities/structures = 40 

yr., rehabilitation = 30 yr. equipment = 20 yr. 
4) = Annual * (1+i)^n-1 / i*(1+i)^n   [Present Value of Future Payment Series] 
5) = Future * 1 / (1+i)^   [Present Value of Future Value] 

 

CONCLUSIONS 

In order for the City of Escanaba to stabilize and improve the wastewater treatment system, investments will have to be 

made. The collection system is an expansive network of pipe with widespread, moderate deterioration. The SAW 

inventory and flow monitoring have identified individual components and large areas of infiltration and inflow, 

particularly in the oldest neighborhoods of town, and it should be anticipated that infiltration and inflow will continue to 

increase. Systematic maintenance should include relatively inexpensive improvements such as replacing vented 

manhole covers and redirecting roof drains and sump pumps. The direct replacement of pipes and manholes should be 

considered in conjunction with road work, but is so widespread as to be cost prohibitive on its own.  

 

After evaluating the conditions of sanitary sewers in the City of Escanaba, it is our conclusion that capital improvements 

at the Wastewater Treatment Facility are the most probable means of preventing bypass overflows and basement 

flooding in the near future. Increased capacity at the treatment site will allow for the possible additions of flow from 

Hannahville Shoreline Development and Gladstone and provide a safe margin to anticipate and address deteriorating 

pipes city wide.  
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