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Executive Summary
This technical memorandum summarizes the findings of the West Saint Paul Analysis to investigate the
extent of infiltration and inflow (I/I) reduction in the West Saint Paul sanitary sewer system.
After being identified as an area with high I/I rates, the City of West Saint Paul performed rehabilitation on
several City pipelines and manholes, and property owners performed lateral repairs subsequent to City
inspections as part of a community effort to reduce I/I. This work was done in the area tributary to flow
meter M058 over a period of about 10 years. There was also some rehabilitation done in the other two West
Saint Paul metershed basins, M056 and M057, but this work has not yet been completed. After the work in
the M058 basin was completed, Metropolitan Council Environmental Services (MCES) invited Brown and
Caldwell (BC) to perform an evaluation to quantify the effectiveness of the rehabilitation for reducing I/I
rates.
BC used MCES flow meter data to build and calibrate a model that represents how wet weather flows in the
M058 metershed basin respond to rainfall and snowmelt events. Calibrating the model to monitoring data
gathered before and after rehabilitation allowed BC to observe whether there was any reduction in I/I for the
M058 basin. BC used statistical analysis to validate the I/I model calibration and quantify changes in peak
flow.
Results of the evaluation revealed that I/I reduction was found in the M058 metershed basin, which is the
largest of the three basins in West Saint Paul. Basin M058 showed a 28% reduction in total flow, which is a
33% reduction in the I/I component of the flow for this basin.
The extent of I/I reduction in the two smaller metershed basins, M056 and M057, is inconclusive because a
significant amount of rehabilitation work was completed in these basins in 2014 and later. I/I models were
calibrated for M056 and M057, but these models currently do not provide insight to possible I/I reduction.
These models can be recalibrated again in 2020 to include the work completed from 2014 through 2017 in
the M056, M057, and M058 basins.
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Section 1: Project Background
Metropolitan Council Environmental Services (MCES) initiated this project to evaluate the impact of recent
sewer rehabilitation performed in the City of West Saint Paul. MCES requested that Brown and Caldwell (BC)
perform a modeling investigation to find out whether there was any reduction in inflow and infiltration (I/I) as
a result of the rehabilitation performed between 2004 and 2014.

1.1 West Saint Paul Study Area
The City of West Saint Paul was previously identified as an area that could benefit from I/I reduction. Flows
from the City of West Saint Paul enter the MCES interceptor sewer system in the City of Saint Paul. This area
is south of the Mississippi River. Flow from both communities is conveyed through a siphon to the MCES
interceptor on the north side of the river.
The majority of sewer flow in the City of West Saint Paul is monitored by MCES flow meter M058. In Figure 11, the M058 metershed (1,880 acres) is shown in blue. Additionally, there are three nearby rain gauges
shown: RG04, RG09, and RG20. None of the rain gauges are in West Saint Paul. The airport rain gauge
(RG20) is 7 miles west of the City of West Saint Paul. RG04 is 6 miles northeast of the City.

Figure 1-1. GIS map of flow meters, nearby rain gauges, and MCES interceptors
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1.2 Sewer Rehabilitation
To reduce I/I, the City of West Saint Paul performed local sewer and manhole rehabilitation and inspected
private laterals over a period of about 10 years. To identify the areas that required rehabilitation, the City of
West Saint Paul used closed-circuit television (CCTV) to inspect lateral sewers to locate non-compliant
properties and defects within the laterals. Compliant properties based on the CCTV inspection results are
shown in Figures 1-2 and 1-3. In the figures, properties shown in green were identified as compliant through
2013, and properties shown in tan were identified as compliant from 2014 through 2017. Properties that
were non-compliant had observed defects within the lateral or were identified during the inspection as noncompliant, meaning the inspector found drain-tile or a sump pump directly connected to the sanitary sewer.
The City of West Saint Paul made lateral repairs as needed and installed I/I barriers in certain City-owned
manholes and lined certain City-owned sanitary sewers.
The work completed during the mitigation period of this study was mostly completed within the M058
metershed, and this analysis focuses on flow reductions in that metershed.

1.2.1 Background
In 2008, the City of West St. Paul enacted an ordinance prohibiting the private property discharge of clear
water drainage into the sanitary sewer system. This ordinance gave the City the ability to conduct private
property inspections and repairs. The following month, the City completed an I/I study that ranked the
different sanitary sewer districts within West St. Paul based on amount of I/I. Using the data to prioritize
areas of concern, City staff and consultants began private property inspections. During the first year of the
private property inspection and repair program, the City of West St. Paul received a Metropolitan Council
grant. This grant was aimed at helping private property owners offset the cost of the required I/I repairs.
Given the prioritization and arability of grant funding, the City focused efforts from 2008 in the M058
metershed.
After the expiration of grant funding, the City reduced efforts to complete private property inspections and
repairs. On June 19, 2014 the West St. Paul area received just over four inches of rain in a 24-hour period.
The resulting I/I from the storm event overwhelmed two sanitary lift stations and caused basement flooding
in over 100 homes. After the event, the City restarted its private property inspection and repair program with
the focus now on the area most affected by the 2014 storm. After the event, more private property investigation and repair occurred, and included work in all of the City metersheds- M056, M057, and M058.
Figure 1-4 shows the manholes with I/I barriers and Figure 1-5 shows the sanitary sewers that were lined.
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Figure 1-2. Map of compliant properties through 2013
(Provided by City of West Saint Paul)
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Figure 1-3. Map of compliant properties through 2017
(Provided by City of West Saint Paul)
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M056
M057

M058

Figure 1-4. Map of manholes that received I/I barriers
(Provided by City of West Saint Paul)
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M057
M056

M058

Figure 1-5. Map of sanitary sewers that received liners
(Provided by City of West Saint Paul)
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1.3 Modeling Tools and Calibration Parameters
Hydrologic flow generation models predict how wastewater flows respond relative to metershed characteristics and the rainfall intensity of wet weather events. Model calibration is the process of modifying model
parameters and comparing modeled results to actual measurements.
The flow generation models for this study were constructed using the Capacity Assurance Planning Environment (CAPE) software (version 3). Within the CAPE model the continuous hydrology was simulated using the
Hydrologic Simulation Program-Fortran (HSPF). HSPF is a public-domain regional hydrologic model currently
supported by the U.S. Geological Survey (USGS) that uses local rainfall and other meteorological data to
simulate the general rainfall response of the watershed environment. The HSPF model generates runoff in
four components: pervious land active groundwater, pervious land interflow groundwater, pervious land
surface runoff, and impervious land surface runoff. The hydrologic calculation in HSPF accounts for soil
moisture storage and seasonal factors like snow melt. The input to the model includes not just rainfall, but
other metrological data like evapotranspiration and temperature.
Using CAPE, the general rainfall response (from HSPF) was applied to the meter basins to predict flows
attributed to I/I flow in the sanitary sewers by adjusting the parameters that control the balance of flow from
the HSPF components. The total modeled flow into the sewer system is the sum of the base sanitary flow
and the various I/I flow components.
CAPE provides a flexible method that can be used to calibrate events with a wide range of antecedent
moisture conditions.
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Section 2: Model Calibration
MCES provided BC with flow data from permanent MCES flow meters M056, M057, and M058 and rain data
from MCES rain gauge RG04 and three virtual rain gauges derived from radar rainfall data (one for each
metershed).
BC imported the 15-minute time step flow data into the West Saint Paul sewer flow model workgroup (CAPE
software) and reviewed the data. Satisfied with the quantity of measured flow data, BC created I/I models in
CAPE for each metershed.
BC also imported the hourly rain gauge data into CAPE data for the pre-rehabilitation period (from 2000
through 2004) and the post-rehabilitation period (from 2014 through 2017).
Rain data at the Minneapolis-Saint Paul International Airport Weather Station (RG20) was downloaded from
the National Climatic Data Center (NCDC). The airport weather station (RG20) has a 68-year record of hourly
meteorological data. BC created a hybrid rain dataset consisting of RG04 data when available and RG20
data when RG04 data was not available.
Calibration was attempted using all of the rain data sources: the hybrid RG04 data, the virtual radar rainfall,
and the RG20 data. The RG20 data was chosen for final calibration because the results had a stronger
correlation for more events (compared to the results with the hybrid RG04 data or the radar data).
The simulations used an hourly time step, so the results are the hourly peak flow values.

2.1 Calibration Events
The model was calibrated using multiple wet weather events in the pre- and post-rehab periods. The largest
events were June 24–26, 2003 and June 17–20, 2014. The rainfall hyetographs and depth duration frequency (DDF) curves for the June 2003 and June 2014 events are shown in Figures 2-1, 2-2, 2-3, and 2-4.
Pre-rehabilitation events:
•
June 12–16, 2001
•
June 19–22, 2002
•
August 3–5, 2002
•
August 20–22, 2002
•
October 4–9, 2002
•
May 10–12, 2003
•
June 24–26, 2003
Post-rehabilitation events:
•
April 26–May 2, 2014
•
May 19–20, 2014
•
May 31–June 3, 2014
•
June 17–20, 2014
•
November 11–13, 2015
•
November 16–19, 2015
The June 2003 event, shown in Figure 2-1, was a short-duration, high-intensity summer rainfall. The most
intense part of the storm accumulated 3 inches of rain in a three-hour period. This rainfall has a 10-year
recurrence interval for the three-hour duration, as illustrated in the depth-duration-frequency (DDF) curve in
Figure 2-2.
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Figure 2-1. Rainfall Hyetograph for June 2003 Event

Figure 2-2. Rainfall DDF Curve for June 2003 Event
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The June 2014 event, shown in Figure 2-3, had a moderately sized 2-inch rain on June 15th followed by a
larger 3.7-inch rain on June 19th. The most intense part of the storm was a 12-hour period on June 19th
that accumulated 3.5 inches of rain. This event has a 5- to 10-year recurrence interval for a 12-hour duration, as illustrated in the DDF curve in Figure 2-4.

Figure 2-3. Rainfall Hyetograph for June 2014 Event
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Figure 2-4. DDF Curve for June 2014 Event

The most effective way to check the consistency between measured and simulated flow is to plot the sewer
flow hydrographs. Model parameters that influence the simulated flow rate were adjusted to get a reasonable match to the measured sewer flow values. Hydrographs for the M058 I/I model are shown in Attachment
A for the most important events listed above. The simulated hydrographs should match the measured flow
for peak flow, volume of flow, and the overall shape and timing of the hydrograph.
The post-rehabilitation events were evaluated for evidence of flow reduction following the rehabilitation
work. Measured flows at M058 were generally less than the simulated flow during the post-rehab period
when the model was run with the pre-rehab parameters. Therefore, the M058 basin was recalibrated in the
post-rehabilitation period from 2014 to 2017.
The quality of the calibration for M058 is summarized in Figure 2-5, which is a graph showing the goodnessof-fit of the calibration. Ideally, the data points would fall along the 1:1 line, which would correspond to a
perfect calibration, but this is not the case for all the M058 data points. There are several reasons for the
variation in the calibration results. Flow meter data generally has a range of uncertainty in the range of +/20%. The accuracy of the metering technology is usually a small source of variation. A bigger source is the
complexity of flow conditions in real sewer systems with debris, sediment, flow oscillations and the like.
Additionally, the rain gauge data used in the calibration represents the rain at the rain gauge site, but that
may not be equivalent to the rain distributed over the tributary area.
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Figure 2-5. Scattergraph of the M058 metershed calibration

The HSPF modeling approach accounts for four components of flow and the influence of antecedent moisture, but there are still limitations on how the model captures the complex dynamics of hydrology. Consequently, a calibration is considered adequate if most of the data points fall within +/-20% of the 1:1 line and
if the data points are generally evenly distributed on either side of the 1:1 line.
These criteria can still be difficult to meet, which is why many of the data points in Figure 2-5 fall outside of
the +/-20% margin of error. However, most data points are within +/-20%, and the number of data points on
either side of the 1:1 line is generally balanced. The calibration is usually better for the larger events, but
there is more variability during the smaller events.

2.2 Results
The model calibration process is used to establish an accurate modeling representation of how wet weather
flows in sewer systems respond to rainfall events. Once calibrated, the models can be used to simulate the
response for a wide range of wet weather events.
Long-term simulations were run in each basin using the 68-year record of rainfall data from 1949 to 2017 at
the airport rain gauge RG20. These simulations are not a reconstruction of past events but are, instead, a
way to estimate the response of the current system to rainfall conditions that have happened in the past and
could happen now.
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A statistical evaluation of long-term simulation results is called a “flow frequency analysis”. One tool for
evaluating the flow frequency in hydrologic systems is the Log Pearson-Type 3 (LP3) probability distribution.
The LP3 method was used for West Saint Paul to define the peak hourly flow rates for a range of event
recurrence intervals.

2.2.1 Statistical Analysis
The LP3 flow frequency curve for peak hourly flow at M058 is shown in Figure 2-6. Before rehabilitation, the
peak hourly flow of a 10-year event was 9.9 mgd. After rehabilitation, the peak hourly flow of a 10-year event
was reduced to 7.1 mgd. The rehabilitation removed 2.7 mgd of flow for the M058 metershed during a 10year event. This is a 28% reduction in total flow.
Removing the dry weather wastewater flow from the total flow yields the I/I component of total flow. The I/I
component of the peak hourly flow is also shown in the figure. The 10-year recurrence interval I/I flow was
reduced from 8.3 to 5.6 mgd (a 33% reduction).
LP3 curves are most accurate between the recurrence intervals of 1 and 10 years. Beyond that, the estimates are more uncertain because there are no calibration events with peak flows of that magnitude.

Figure 2-6. LP3 distribution curve for the M058 metershed based on simulated total flow
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2.2.2 Cost of Rehabilitation
The City of West Saint Paul invested in targeted sewer rehabilitation from 2007 through 2013 within M058.
This period of rehabilitation occurs within the time frame when no flow monitoring data was provided by
MCES. A time series graph of flow monitoring data for M058 is shown in Figure 2-7. Between 2007 and
2014, the City performed rehabilitation in all three metersheds and invested more in the M058 metershed
than the other two metersheds. Data supplied by MCES shows the amount of investments reported by the
City for rehabilitation costs for each metershed incurred from 2007 through 2013, and are summarized in
Table 2-1. A total of $3,298,378 was spent on rehabilitation for the M058 metershed.

Figure 2-7. Time series graph of M058 flow monitoring data
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Table 2-1. Total Rehabilitation
Cost for M058
Year

M058

2007

$128,443

2008

$543,237

2009

$2,270,302

2010

$151,942

2011

$6,260

2012

$45,805

2013

$152,389

Total

3,298,378

Figure 2-8 is a graphical representation of the 5-year unit cost for many I/I projects around the nation. Each
data point on the graph is an I/I project. The horizontal axis is the initial 5-year peak hourly I/I component of
flow for the project areas before rehabilitation. The vertical axis is the unit cost to remove 1 gpd of peak
hourly flow (at the 5-year recurrence interval). A protocol was established by the Water Environment Research Foundation (WERF, 2003) to define how to report I/I reduction results in a consistent manner. The
protocol specifies that the 5-year peak hourly I/I component flow be used for reporting the initial flow rate.
This figure is included to show the format for how the West Saint Paul result can be compared to other
projects as a unit cost per gallon removed.
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Figure 2-8. Unit cost graph for past and ongoing I/I studies

In the M058 metershed basin, the 5-year peak hourly I/I component of flow was 5.47 mgd before rehabilitation and 3.83 mgd after rehabilitation. The peak hour I/I per unit area was 2900 gpad, and the amount of
flow removed was 1.65 mgd.
Using the total rehabilitation cost for M058 ($3,298,378), the unit cost for the West Saint Paul I/I evaluation
was $1.99/gpd ($1,990,000/mgd) in basin M058. This value, shown in Figure 2-8, is relatively low compared to other projects in this category.
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Section 3: Summary
After the City of West Saint Paul performed rehabilitation targeting I/I, BC performed an evaluation to
determine the effectiveness of the rehabilitation for reducing I/I rates.
BC created an I/I model that represents how wet weather sewer flows in the M058 metershed basin respond to different rainfall events. After calibrating the model to measured flow data, BC evaluated whether
there was any reduction in I/I because of the rehabilitation. BC used statistical methods to validate the I/I
model calibration and quantify changes in peak flow.
Results show I/I reduction in the M058 meter basin, which is the largest basin in the West Saint Paul
sanitary sewer system. The total peak hourly flow of meter basin M058 was reduced 28% for the 10-year
recurrence interval event. Considering only the I/I component of the flow, there was a 33% reduction in the
I/I component of M058.
The extent of I/I reduction for the two smaller metershed basins, M056 and M057, is inconclusive because
rehabilitation has not been completed for those basins. However, based on the results of this evaluation,
sewer rehabilitation is considered effective for the M058 basin, and the results for M058 are summarized in
Table 3-1.
Table 3-1. Flow Reduction Summary
Flow
Monitoring
Site

Tributary
Areas
(acres)

M058

1,880

Base Flow, mgd

10-year Peak Hourly I/I, mgd

10-year Peak Hourly Flow,
mgd

10-year Peak
Hourly Flow, gpad

PreRehab

PostRehab

Reduction

PreRehab

PostRehab

Reduction

PreRehab

PostRehab

Reduction

PreRehab

PostRehab

1.6

1.4

-8%

8.3

5.6

-33%

9.9

7.1

-28%

5,300

3,800
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Attachment A: Hydrographs of Model Calibration Events
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Hydrographs from M058 I/I model (pre-rehabilitation events):
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Hydrographs from M058 I/I model (post-rehabilitation events):
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The sharp spike in the measured data on 8/10/2016 occurs before the rainfall. Therefore, the model does
not show a corresponding peak flow in the simulation results. Perhaps there was a localized cell of high
intensity rainfall over basin M058 that created this first peak, or there may have been something wrong with
the flow meter data.
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