
Modeling for Combined Sewer Overflow 
(CSO) Control 

in the Murray Basin 

DRAFT for DISCUSSION 

August 3,2010 

I. Introduction 
This memo was prepared by the Murray Basin CSO Beach Project Team for the 
Murray Community Advisory Group (CAG). The Murray Basin CSO Beach Project 
(IBIS 423608) is a King County Wastewater Treatment Division capital project 
whose scope is to design and implement the measures necessary to reduce CSOs at 
the Murray Pump Station to no more than one event per year in accordance with state 
and federal requirements. The Murray CAG is a citizen group formed to represent 
the diverse interests of the community and to advise King County on the best CSO 
solutions in the Murray basin. 

The purpose of this document is to describe why and how hydrologic and hydraulic 
modeling was used to evaluate and predict frequency of combined sewer overflows 
(CSOs) in the Murray basin, and to size CSO control approaches to meet CSO control 
objectives for the basin. This memo is intended to do the following: 

1. Provide an overview of the Murray basin for purposes of understanding how 
storm flows impact the wastewater system. (Pages 2-5) 

2. Describe building, calibrating, and running the hydrologic and hydraulic models. 
(Pages 6- 1 6) 

3. Describe how a calibrated model is used to predict flow response over a long-term 
rainfall average and why there are differences between reported overflows and 
model output. (Pages 16- 1 9) 

4. Describe the steps required to determine the control requirements for the Murray 
basin and how hydrologic and hydraulic modeling was used to calculate the 
required storage volume for CSO control in the Murray basin. (Pages 19-20) 
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Modeling for CSO Control 
A model is a formal set of relationships that attempts to represent processes of the 
real world and to estimate or project the results of those processes. Hydrologic and 
hydraulic models are created by using mathematical equations to describe how water 
moves across the land and through different kinds of pipes and equipment over 
varying topographies. Models enable us to predict how a system will react under 
possible future conditions that we may not have measured, and they allow us to do 
control scenarios and predict how effective these control scenarios might be. A 
model is a simulation of a system. It is only as good as the information that goes into 
it. 

Description of the Murray Basin 

The Murray basin is located in West Seattle, north and east of Lincoln Park. The 
basin has 1,07 1 pervious and impervious acres. Of these 1,07 1 acres, one hundred 
and eleven (1 11) are sources of stormwater that are likely connected to the combined 
sewer system based on GIs data'. One hundred (100) acres, or 90%, of the sources 
of stormwater in the combined sewer are located on private property. 

The combined sewer system in the Murray basin converges at the bottom of the basin 
at the Murray Avenue Pump Station in Lowman Beach Park. The Murray pump 
station also receives flow from the upstream Barton Street Pump Station, located 
south of Lincoln Park. 

Table I. Estimated Number of Acres of impervious Surfaces in the Murray 
Basin Connected to the Combined Sewer System 

1 The areas were estimated by analyzing the city of Seattle's GIs data, which closely matched the 
impervious area estimated in the hydrologiclhydraulic analysis. 

Impervious Surfaces 
Residential roof areas 
Residential impervious 
Non-residential roof areas 
Non-residential impervious 
Streets 
Total 
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Acres 
48 
16 
16 
20 
11 

11 1 
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How are Murray Sewage and Stormwater Flow Conveyed? 

During dry weather, wastewater from residences and commercial, industrial, and 
institutional buildings in West Seattle is collected and conveyed in City of Seattle- 
owned pipes to King County's regional system. The regional system is designed and 
maintained to convey the flow to the West Point Treatment Plant where it receives 
secondary treatment prior to discharge in Puget Sound. 

When it rains, stormwater is added to this equation and is conveyed in two ways: (1) 
through the combined sewer pipes; or (2) through a separate storm sewer system that 
collects rainfall from streets and buildings. The Murray Basin has a partially 
separated system, i.e., in most of the basin, storm sewers collect rainfall runoff from 
the street. In approximately 10 percent of the basin, the rainfall runoff enters the 
combined sewer. 

Combined sewer pipes converge at the lowest point in the Murray basin at the 
county's Murray Avenue Pump Station, located in Lowman Beach Park. Under 
normal conditions, the collected flow is pumped by the Murray Avenue Pump station 
north along Beach Drive where it is conveyed at 63rd Avenue to the West Seattle 
Tunnel. Flows in the tunnel are pumped to an interceptor line and conveyed through 
downtown Seattle via the Elliott Bay Interceptor to the West Point Treatment Plant 
for secondary treatment and discharge into Puget Sound. During storms, if flow 
exceeds the tunnel's capacity, the flow can be diverted at 63rd Avenue to the Alki 
Wet Weather Treatment Plant, which operates only during periods of heavy rainfall. 
At the Alki plant, the flow receives primary treatment prior to discharge off Alki 
Beach. In extreme storm events, when flow exceeds the capacity of the Murray pump 
station, an overflow occurs at the Murray pump station through an outfall off 
Lowrnan Beach Park. Figure 2 shows conveyance of flows in, through, and out of the 
Murray Basin. 
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Figure 2: Murray Conveyance System 
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II. How Are Control Requirements Determined? 

Determining the amount of flow that must be stored or reduced in order to control 
CSOs to no more than one event per year involves four steps: 

1. Measuring existing flows using Barton & Murray pump station flow meters. 
2. Performing hydraulic/hydrologic analysis and calibrating the data to measured 

flows. 
3. Using the analysis to predict flow response over a long-term rainfall record 

(30 years). 
4. Calculating storage/conveyance capacity needed for regulatory compliance. 

King County WTD uses a computer modeling program called RunofflTransport. It 
incorporates both a hydrologic and hydraulic model and uses geographic information 
(GIs) about the Murray drainage basin provided by the City of Seattle. This 
information includes basin area, slope, impervious area, pervious area, basin width, 
pipe lengths and sizes, soil parameters, and land use and other parameters which 
affect sewage flow and stormwater runoff. 

Step I :  

Measurement of Existing Flows 

Rain Gauges 

Rainfall gauges located near the Murray basin were used to collect rainfalllstorm 
information (time, volume, duration). Usually one to three years of rainfall and flow 
data were used to calibrate the hydrologic model. Within the city limits of Seattle, 
rainfall records were obtained from the City of Seattle. These records were compared 
with data collected at WTD facilities to check for malfunctions of the gauges. The 
closest rain gauge is normally used for model calibration. Since there are more city 
gauges than county gauges in Seattle, the Seattle gauges usually were used for 
calibration of the combined system for purposes of the CSO Beach Projects. 

City of Seattle rain gauges # 5 and #14 were used to calibrate the Murray basin, 
which lies between the two rain gauges. See Figure 3 for the locations of the rain 
gauges. The rainfall data from the gauges used for the Murray basin model is located 
in a supplemental document, Murray Calibration Hydrographs (attached CD #I). 

Flow Meters 

The flow meter data used in calibrating the Murray model was from two magnetic 
flow meters located in the Murray Avenue Pump Station force mains. These meters 
were installed in early 2007 and are regarded as providing the best flow information 
available. Magnetic flow meters are generally more accurate than "open channel" 
meters placed in gravity sewer pipelines. 
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Six additional meters were placed in the Murray basin between December 2007 and 
June 2008, to assess flow coming from each sub-area of the Murray basin. This 
information was used to evaluate how much flow could be captured if storage were 
located upstream in the basin. It provided information on how much flow could be 
removed if sewer separation were done in an upstream sub-area. 

Figure 4 shows the location of the flow meters in the Murray basin. 

The data from the pump station flow meters that was used to calibrate the model is 
located in the suppiemental document, Murray Calibration Hydrographs included 
here in CD #l .  The data from the flow meters in the Murray basin is located in a 
supplemental document, Murray Basin Flow Meter Data included with this document 
in CD #2. 
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Figure 4: Murray Basin Flow Meters 
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Step 2: 

Hydrauliclhydrologic analysis and model calibration 
Once the basin parameters (basin area, slope, impervious area, pervious area, basin 
width, pipe lengths and sizes, soil parameters, land use, etc.) are entered into the 
computer model, hydraulic/hydrologic analysis is performed using existing historical 
rainfall and flow data. The model creates an output that is composed of a 
hydrograph, which is a record of varying flow over a period of time. The model 
output is compared to measured flow data. 

Model parameters are adjusted (calibrated) until there is a good match between the 
model output and the measured flow. This is an iterative process of adjusting the set 
of model parameters that optimize statistical measures of fit between observed data 
and modeled data. It is important to match what is going on in the field in order to 
gain confidence that the long-term (30-year) model response will adequately simulate 
what will happen in the field. The procedure for selecting parameter values to 
calibrate each flow component is complex. It requires a detailed understanding of the 
relationship between parameter values defined in the RunofYTransport model and the 
resulting simulated flow response. 

Figure 5. The Model Calibration Process 
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Dry Weather Calibration 

The first step in the calibration process for each model basin is to match simulated flows 
with flows measured during dry weather. The dry weather flows measured during an 
extended dry period of the monitoring period (preferably in the summer) are used to 
define and calibrate dry weather flow input into the model. Dry weather flow is 
composed of raw sewage and base infiltration2. 

Dry weather calibration is a key step in the overall calibration process to determine 
what portion of the measured flows are due to a rainfall response and what portion is 
a result of water use patterns from day to day. 

Dry weather diurnal patterns are established for the weekdays. Diurnal means that 
there are two peak wastewater flow periods during a typical dry day. See below for a 
graph depicting 30 days of this pattern (look at the black line). The first peak occurs 
when large numbers of people rise in the morning, use the bathroom, shower, fix 
breakfast, etc. and then head for work. This is high peak period for water usage. The 
second peak occurs when people return home, fix dinner, etc. Each day has this 
diurnal pattern, with weekdays a bit different than weekends. To calibrate the Murray 
basin to existing conditions, the amount of dry weather flow is derived fiom the 
available measured flow data. 

Infiltration. Groundwater that seeps into sewers through holes, breaks, joint failures, defective 
connections, and other openings 
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