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1.0. EXECUTIVE SUMMARY

Salt water is entering King County‘s combined sewer system that carries flows to the West Point
Treatment Plant in Seattle. During high tides, the salt water enters through leaky gates, overflow
weirs, groundwater infiltration, and local sewer connections in the industrial area along the
Duwamish Waterway, the Downtown Seattle Waterfront, and the Salmon Bay area near the
Ballard Locks.

About 3 to 6 million gallons of salt water enter the system each day, amounting to about 1 to 2
billion gallons each year. The salt water is not only causing severe and premature corrosion of
equipment at the West Point plant but also substantially increasing flow to the plant and using
valuable system capacity needed during critical overflow periods. Reduction in capacity both at
the plant and in the conveyance system can contribute to combined sewer overflows in wet
weather and sanitary sewer overflows in dry weather.

King County continues to incur the costs of rehabilitating corroded equipment and treating the
salt water that enters the system. Repairing all damaged clarifiers at West Point after only seven
years of service cost $1.2 million in 2003. Recent repair and replacement of gates at the plant
cost almost $0.6 million. Many small repairs undertaken by operations staff go unreported as
saltwater-related damage. The yearly cost of treating salt water entering the King County
wastewater system has been estimated at $1.64 to $3.16 million.

Since 2003, King County‘s Wastewater Treatment Division (WTD) has been monitoring
locations in the combined sewer system to determine the presence, magnitude, and sources of
saltwater intrusion. The division undertook a more comprehensive study in 2007-2009. The
following sections summarize the methods, conclusions, and recommendations of this study.

1.1 Study Methods and Conclusions

The study area extends as far south as Section 1 of the Elliott Bay Interceptor near the south end
of the Boeing Field—King County International Airport and as far north as Ballard and the North
Interceptor along the north side of Magnolia (see figure on next page). The study targeted areas
near salt water that send flows to the West Point plant. Because conductivity near Elliott Bay
along the Downtown Seattle Waterfront has consistently measured higher than in other areas, the
monitoring focused on this area. Monitoring was conducted by taking grab samples; installing
portable data loggers that measure salinity, conductivity, and temperature; and installing flow
meters at selected sites. In all, 91 sites were monitored with the data loggers, including 27 Seattle
Public Utility (SPU) sites.

The study found that saltwater intrusion is more endemic than anticipated at the start of the
study. Despite King County and SPU modifications and repairs that significantly reduced
saltwater intrusion and infiltration into the Elliott Bay Interceptor, the amount of salt water
entering the West Point plant has remained about the same since initial monitoring in 2003. An
estimated average of 5 to 6 mgd, or 7 to 10 percent, of the West Point influent is salt water.
Maximum corrosion potential occurs at 7 percent salt water. The potential decreases either below
or above this percentage. High conductivities in one portion of the study area are mitigated
downstream as the wastewater volumes increase and dilute the salt water, only to become high
again through intrusion at downstream locations.

Saltwater Infiltration and Intrusion into the King County Wastewater System 1



Saltwater Intrusion Study Area

Saltwater Infiltration and Intrusion into the King County Wastewater System



As in earlier studies, the major contributors are along the Elliott Bay Interceptor, particularly in
the Downtown Seattle Waterfront and south of the waterfront near the East Duwamish
Waterway. About half of the salt water entering West Point enters in the waterfront area. Most of
this salt water enters the system through SPU outfalls and other structures on the waterfront, with
connections to the Elliott Bay Interceptor. SPU plans to restructure much of its waterfront
facilities either through the seawall replacement project, estimated to be completed around 2014,
or its CSO control program.

The relationship between flow, tide, and conductivity found during this study is consistent with
findings from previous monitoring. A noticeable spike in conductivity occurs during or after
tides greater than 11 feet, with some smaller spikes associated with tides over 10 feet. The higher
the volume of flow in the pipe, the lower the spike in conductivity. Temperatures confirmed that
colder sea water is entering the system during these high tides.

1.2 Recommendations

The recommended approach to remedy the problem is to implement a comprehensive program to
identify current and future saltwater intrusion sites and take measures to stop these sources of
intrusion. This work will require coordination with SPU to learn more about their system and
their plans to address intrusion into the County‘s system from SPU facilities, especially along the
downtown waterfront. It will also require coordination with other King County programs and
projects, such as the CSO Control Program and efforts to plan for effects of climate change. The
following recommendations can be folded into the program or, in the absence of such a program,
could be undertaken as individual projects.

One recommendation—a carryover from a 2003 study of corrosion at the West Point Treatment
Plant—is to investigate the extent of the corrosion and damage to the return-activated sludge,
medium-pressure gas, and primary effluent piping at the plant. In addition, the 2003 report
recommended the evaluation, installation, or upgrading, as appropriate, of cathodic protection
throughout the plant‘s piping network, including buried steel process piping.

Recommendations resulting from this 2007—-2009 study are as follows:

e Inspect all King County gates near Puget Sound, Elliott Bay, and the Duwamish River for
saltwater intrusion, and identify and address the causes.

e Make the following repairs to problems indentified at three locations during this study:
— Reseat the gate and install a bulkhead at the Hanford Regulator Station outfall.
— Reseat the gate and install a bulkhead at the King Street Regulator Station outfall.
— Install a new seal on the overflow flap gate at the Lander Street Regulator Station.

e In coordination with SPU, investigate five areas to determine the location of local lines,
gates, lift stations, and connections to the County‘s system. Concentrated conductivity
monitoring should accompany the investigations. The locations are as follows:

— The vicinity of the 8th Avenue South Regulator Station
— Near the Duwamish Pump Station

— The Port of Seattle Pier 91 property near Interbay Pump Station

Saltwater Infiltration and Intrusion into the King County Wastewater System 3



— The Ballard area near Shilshoe Bay that feeds into an SPU line that runs south
under the Lake Washington Ship Canal

— The North Interceptor prior to where the pipeline enters the West Point plant
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2.0. INTRODUCTION

Salt water is entering King County‘s combined sewer system that carries flows to the West Point
Treatment Plant in Seattle. During high tides, the salt water enters through leaky gates, overflow
weirs, groundwater infiltration, and local sewer connections in the industrial area along the
Duwamish Waterway, the Downtown Seattle Waterfront, and the Salmon Bay area near the
Ballard Locks.

About 3 to 6 million gallons of salt water enter the system each day, amounting to about 1 to 2
billion gallons each year. The salt water is not only causing severe and premature corrosion of
equipment at the West Point plant but also substantially increasing flow to the plant and using
valuable system capacity needed during critical overflow periods. Reduction in capacity both at
the plant and in the conveyance system can contribute to combined sewer overflows in wet
weather and sanitary sewer overflows in dry weather.

King County continues to incur the costs of rehabilitating corroded equipment and treating the
salt water that enters the system. Repairing all damaged clarifiers at West Point after only seven
years of service cost $1.2 million in 2003. Recent repair and replacement of gates at the plant
cost almost $0.6 million. Many small repairs undertaken by operations staff go unreported as
saltwater-related damage. The yearly cost of treating salt water entering the King County
wastewater system has been estimated at $1.64 to $3.16 million.

Since 2003, King County‘s Wastewater Treatment Division (WTD) has been monitoring
locations in the combined sewer system to determine the presence, magnitude, and sources of
saltwater intrusion. The division undertook a more comprehensive study in 2007-2009. This
report presents the methods, results, conclusions, and recommendations of this study.

This chapter discusses the relationship of salt water and corrosion, the relationship of saltwater
intrusion and tides, and the history of saltwater monitoring at WTD facilities.

2.1 Relationship of Salt Water and Corrosion

WTD monitors salinity in wastewater flows by measuring either the chloride ion content or the
conductivity of the flows (ability to conduct electricity). The conductivity of sea water depends
on the number of dissolved ions per volume (salinity) and the mobility of the ions (temperature
and pressure). The basic unit of conductivity is the Siemens (S). Standardized measurements are
expressed in specific conductivity units. For this study, WTD uses mS/cm (milli-Siemens per
centimeter). Earlier studies described below used yS/cm (micro-Siemens per centimeter).
Conductivity is affected by temperature: the warmer the water, the higher the conductivity. All
meters have either fixed or adjustable automatic temperature compensation referenced to a
standard temperature, usually 25°C (77°F). Conductivity in a conveyance facility will decrease
as increasing volumes of wastewater dilute the salt water in the flow.

The average conductivity of Puget Sound is about 32 mS/cm. The Duwamish River is considered
an estuary in its lower reaches as it enters Puget Sound. During high-tide stages and periods of
low freshwater inflow, saltwater inflow has been documented as extending as far upstream as the
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Foster Bridge (River Mile 8.7).1 At the river‘s mouth at the northern end of Harbor Island, a
salinity level similar to that of Elliott Bay is typical for the entire water column; salinity
decreases toward the upriver portion of the estuary.

The background conductivity for normal wastewater is 0.65 mS/cm. Conductivity readings over
about 2 mS/cm clearly indicate an influence of salt water in the system. Wastewater flows
entering the South Treatment Plant show an average peak conductivity of 0.590 mS/cm; flows
entering the West Point Treatment Plant show an average peak conductivity of 3.2 mS/cm. Given
the average conductivity of Puget Sound and an average peak conductivity at any location, the
percentage of salt water at that location can be calculated. For example, an average peak
conductivity of 3.2 mS/cm indicates that the flow is about 10 percent salt water. The percentage
of salt water entering West Point ranges from 5 to 10 percent. Maximum corrosion potential
occurs at 7 percent salt water. The potential decreases either below or above this percentage.

The salt water contributes to total dissolved solids, which must be removed in the treatment
process; sulfates, which enhance hydrogen sulfide generation; and chlorides, which accelerate
corrosion and may inhibit the flocculation process and, thus, increase the demand for polymers at
West Point.

2.2 Relationship of Saltwater Intrusion and Tides

Seattle is a large metropolitan city in a low-lying coastal area with over 350 miles of existing
conveyance system pipes. Each of the three identified areas of saltwater intrusion—the industrial
area along the Duwamish Waterway, the Downtown Seattle Waterfront, and near the Ballard
Locks—has hundreds of potential contributing sites and connections. These areas contain
approximately 45 to 50 miles of pipe, or roughly 15 percent of King County‘s total conveyance
system, in addition to a multitude of other wastewater or stormwater lines—owned by the City of
Seattle, Port of Seattle, or private concerns—that may directly connect to the county system.

Both city and county combined sewer systems include outfalls with gates installed at elevations
that allow predicted flows during heavy rainfall to overcome the pressure of the water in the
receiving water body and leave the system without allowing water to enter. If these flows cannot
leave the system through outfalls, the combined flows can back up in the conveyance pipes and
exit through the lowest points in the system—storm drains, homes, and businesses.

Upstream of the outfalls, the elevations of weirs and gates that channel the flows to treatment
plants were designed on the basis of tidal elevations experienced during the twentieth century,
mostly in the 1960s. From the observed NOAA mean sea level trend at the Seattle Tide Gauge,
sea level rose approximately 4 inches from 1950 to 2000.> Forecasted sea level rise resulting
from climate change could exert increased hydraulic pressure at these structures, resulting in
greater saltwater intrusion, reduced capacity, and upstream flooding.

The elevations of outfalls, gates, and weirs on the Downtown Seattle Waterfront range from 11.3
to 11.96 feet. Previous saltwater monitoring efforts found sharp rises in conductivity in relation

" A river mile is a measure of distance in miles along a river from its mouth. River mile numbers begin at zero and
increase farther upstream.

> NOAA = National Oceanographic and Atmospheric Administration.
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to high tides over about 11 feet. Such high tides occur in Elliott Bay approximately 250 times a
year.

2.3 History of Saltwater Monitoring at WTD
Facilities
In 1998, the laboratory at West Point noted high levels of conductivity in the plant. Inspections
conducted by WTD*s Facilities Inspection unit noted saltwater intrusion into the conveyance
system but did not recognize the significance of its role in corroding West Point equipment. At
that time, coatings applied to some West Point equipment failed within the first 2 years of
service. The suction duct piping in the clarifiers was severely corroded. The galvanizing on the
equipment had an expected useful service life of at least 10 years. A number of plant gates,
expected to last around 30 years, also showed severe corrosion within 2 years of service. The
corrosion appeared to be galvanic, suggesting the presence of a highly corrosive electrolyte, most
likely salt water. Similar equipment at South plant, brought online in 1961, did not show the
same corrosion.

In 2002 and 2003, saltwater intrusion was suspected as the cause of localized corrosion,
including a 1-inch-diameter hole in return-activated sludge piping at West Point. A study in 2003
found additional corrosion, including corrosion in the primary effluent piping (Appendix A)?
The study also identified (1) a correlation between high tides over 11 feet, spikes in conductivity,
and increases in flow volume at West Point, (2) acceleration in the rate of pitting corrosion in the
primary effluent piping following high tides, and (3) elevated rates of corrosion in the clarifiers
that correlated with high tides, a correlation not found at South plant. The study concluded that
—# is reasonable to assume that all steel surfaces, coated or not, that come in contact with the
West Point process stream are suffering accelerated corrosion and the a high chloride influx is
largely responsible” and that —even with significant reduction in chloride ion contamination, it
will be necessary to implement active corrosion control in much of the West Point facility
through galvanizing and coating or cathodic protection.”

During the study, conductivity was measured for about two months (May 23—July 20, 2003) in
West Point influent. Tidal and flow data were graphed along with conductivity readings. For
example, peaks in conductivity in West Point influent in the week of July 6—12 ranged between
2.5 and 3.2 mS/cm, indicating that between 8.4 and 10 percent of the flows entering the plant
was salt water (Figure 1). Most of the peaks occurred at night when flows were low. Salt water at
these low-flow peak conductivity times was about 10 percent of the 62 mgd entering the facility,
or about 6.2 mgd of salt water. During the day when flows were higher, conductivity peaked at
1.5 mS/cm. Salt water was about 4.7 percent of the about 100 mgd entering the facility, or about
4.7 mgd of saltwater intrusion.

Concurrently, WTD*s Facilities Inspection unit conducted conductivity, tidal, and temperature
monitoring to identify sources of saltwater intrusion in the conveyance system (Appendix B).
The investigation found that salt water enters the combined sewer system from many locations.
The main areas targeted for monitoring were the Elliott Bay Interceptor along the Duwamish

? King County, 2003, West Point Treatment Plant Corrosion Control Investigation, prepared by Tinnea &
Associates.
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Waterway, Salmon Bay, and through the Seattle Public Utilities (SPU) overflow gates along the
downtown waterfront.
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Figure 1. Conductivity, Tide, and Flows (mgd) in
West Point Treatment Plant Influent (July 7-11, 2003)

The monitoring was done in two phases. Initial monitoring found that most salt water was
entering in the Duwamish Waterway and downtown waterfront areas where the Elliott Bay
Interceptor carries the flow north to the Interbay Pump Station in South Magnolia. The highest
conductivities were in flows from the Downtown Seattle Waterfront (15 to 31 mS/cm, indicating
about 48—98 percent salt water) and in flows from Harbor Island (20.6 mS/cm). Conductivities
were below 2 mS/cm in flows originating in West Seattle and those collected by the South
Magnolia Trunk. Sporadic conductivity was found downstream of the North Interceptor
Bifurcation Structure in North Magnolia near the Ballard Locks where flows split into two
pipelines before entering West Point.

After the initial monitoring, four sites were selected for additional monitoring because of their
high conductivities. All four sites were at SPU manholes: three manholes along the downtown
waterfront and one in West Seattle that receives flow from Harbor Island. Peak conductivities in
flow from Harbor Island were around 5 mS/cm, most likely occurring from infiltration into pipes
of salt water absorbed by the dredge material on the island.

Peak conductivities at the downtown waterfront sites averaged 25 mS/cm. Rapid increases in
conductivity and subsequent decreases in temperature correlated with high tides (all high tides
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above 11 feet, with apparent but less dramatic effects from high tides as low as 9 feet). Results of
monitoring conductivity and temperature at King County‘s Adit Structure on the downtown
waterfront, for example, demonstrates that rapid increases in conductivity and subsequent
decreases in temperature correlate with high tides (Figure 2). The flow-conductivity correlation
at the Adit Structure was apparent with tides as low as 10 feet. The correlations point to an
intrusion of cooler salt water from Elliott Bay.

At the time, it was estimated that about 4 to 6 million gallons of salt water entered the county
system each day, the equivalent of 1.46 to 2.19 billion gallons per year. The study concluded that
most of the salt water was entering through SPU overflow gates along the downtown waterfront.
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Figure 2. Relationship of Tide, Temperature, and Conductivity at the King County Adit
Structure in the Downtown Seattle Waterfront (July 16-17, 2003)

In addition to monitoring efforts, measures were taken in 2003 and 2004 to protect West Point
equipment from corrosion and to reduce saltwater intrusion into the conveyance system:

e  WTD added zinc coatings and sacrificial anodes to the 13 clarifiers at West Point, at a
cost of $1.2 million (2003 dollars) per clarifier.

e SPU raised the level of its downtown waterfront weirs by 6 inches as a short-term remedy
for saltwater intrusion. This strategy reduced the amount of salt water entering from that
area by about 25 percent.
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e The Port of Seattle sliplined local lines in the Harbor Island conveyance system. This
project reduced the percentage of salt water pumped by a local fill-and-draw station to the
county‘s West Duwamish Interceptor from 60 to 9 percent.

In 2004, Facilities Inspection started to collect and analyze grab samples for the presence of
chloride ions as a part of its summer hydrogen sulfide (H,S ) monitoring program. Results of this
routine monitoring also suggest that salt water is entering the Elliot Bay Interceptor and
accumulating at the Interbay Pump Station.

In 2006, staff at West Point requested that a more comprehensive study be undertaken because
plant influent was experiencing high conductivity spikes. The study began in late 2006, with
most monitoring done in 2007—2009. The remainder of this report presents the methodology,
results, conclusions, and recommendations of this study.

Saltwater Infiltration and Intrusion into the King County Wastewater System 10



3.0. METHODOLOGY

This study relied on results of previous monitoring to determine when, where, and how to further
characterize the nature and extent of saltwater intrusion into King County‘s wastewater system.

Monitoring took place from spring 2007 through fall 2009. Sites were monitored during periods
when high tides were between 10.80 and 12.95 feet (maximum verified high tide).* Earlier
monitoring noted a significant drop in conductivity levels with tides under 11.20 feet. A few
conductivity measurements were taken during low tides for purposes of comparison.

Figure 3 shows the study area. The area extends as far south as Section 1 of the Elliott Bay
Interceptor near the south end of the Boeing Field—King County International Airport and as far
north as Ballard and the North Interceptor along the north side of Magnolia. Monitoring targeted
areas near salt water that send flows to the West Point Treatment Plant. Because conductivity
near Elliott Bay along the Downtown Seattle Waterfront has consistently measured higher than
in other areas, the monitoring focused on this area. Areas north and south were also monitored,
particularly areas to the south near the Duwamish Waterway where high levels of conductivity
were recorded in the past, areas in West Seattle including pump stations that send flow to South
plant, and areas to the north to determine whether areas such as Ballard were contributing salt
water to the system and to measure saltwater levels as flows move toward West Point.

Monitoring was conducted by taking grab samples; installing Sondi 665 portable data loggers
that measure salinity, conductivity, and temperature; and installing flow meters at selected sites:

e Grab samples were taken first to identify general locations for further monitoring. The
samples were taken during times of high tides and, if possible, at times of little or no
precipitation. Hand-held conductivity meters were used to measure the level of salinity in
the samples.

e The Sondi data loggers were installed in areas where grab samples showed a conductivity
level of 1.0 mS/cm or greater. These data loggers are very accurate, capable of measuring
conductivity in parts per million. They allow for 24-hour monitoring that can capture a
full 12-hour high-tide cycle. Because there were only six data loggers, all six were
installed for 4-5 days in one area and then moved to another. Some areas of interest were
monitored more than once. The sampling frequency was set to correspond with real time
tide data provided every five minutes from NOAA ‘s website. Additional grab samples
were taken to identify specific locations for Sondi loggers and to verify Sondi readings in
some areas. In all, 91 sites were monitored with Sondi loggers, including 27 SPU sites.

e From November 2008 through June 2009, Flo-Dar flow meters were installed at 12 high-
conductivity sites concurrently with data loggers to measure total flow and instantaneous
changes in flow, and to provide conductivity and flow data for both low and high tides.
The flow meters were programmed to read every five minutes to synchronize with the
Sondi and NOAA data. The flow monitoring conducted for this study was part of the staff
training program for WTD‘s decennial flow monitoring effort.

e Flow volumes at pump stations and at West Point were obtained from records.

* Since completion of the monitoring, a record high tide was of 13.95 feet occurred in January 2010.
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Figure 3. Study Area and Monitoring Sites for the 2007-2009 Salt Water Intrusion Study
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Conductivity, tides, and flow (where available) were graphed over time to identify places that
clearly showed strong correlations and high conductivity peaks. The percentage of the salinity in
the wastewater flow was estimated where flow data were available. Rainfall data were not
included in the analysis because it would have added another level of complexity to already
complex calculations and synchronizations. Each parameter is measured differently: conductivity
in mS/cm, flow in million gallons per day (mgd), tides in feet, and rain in hundredths of inches.
The frequency of measurements also varies.

The scope of the study was limited by budget, staff, equipment, and other factors. Most
manholes are located in industrial areas and can be on private property. Gaining permission from
property owners, other utilities, and the Port of Seattle does not guarantee access because
manholes can be blocked by fencing, covered by machinery and cars, or buried under soil.
Tracking salt water that ebbs and flows with tides, not knowing the existence or location of pipes
and connections owned by others, and synchronizing flow, conductivity, and tidal data posed
further challenges. During the monitoring period, investigations were conducted of suspect
facilities and repairs were made to some of the obvious places of saltwater intrusion. However, it
was not possible to follow-up on every known and unknown source of conductivity.
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4.0. RESULTS

This chapter presents the results of the 2007—2009 monitoring for saltwater intrusion. The results
are given in terms of average peak conductivity. Reporting only peak conductivities could be
misleading because conductivity levels vary with flow levels. The peak conductivities at a
monitoring site were averaged for all monitoring episodes in each year, both from grab samples
and Sondi data logging. Annual averages were then averaged to arrive at the average peak
conductivity. Annual average peak conductivities are discussed, where appropriate, to illustrate
changes in conductivity from year to year, particularly in instances where repairs were made
during the study period to reduce saltwater intrusion. Results of earlier monitoring conducted at a
few sites in 2006 were included in the peak conductivity averages.

Some sites were monitored only once during the three-year period, while others were monitored
a few or several times depending on the findings. The first year of monitoring (2007) focused
mostly on sites in the Upper Duwamish River and North subareas to define the extent of the
study area. Figure 4 shows how conductivity in flows during one day in 2007 moving north from
the area west of the Duwamish River, through the Downtown Seattle Waterfront, and to West
Point via the Interbay Pump Station correlate with tides over 11 feet. The peak in conductivity at
Interbay occurs later, indicating the time it takes for the flows with salt water intrusion at high
tide to reach the station. The chapter includes other graphs depicting the relationship of flow,
tide, and conductivity at representative sites where flow was measured to depict what is
happening inside pipes during high and low tides.

The chapter is organized according to five subareas of the study area (Figure 5): Upper
Duwamish River, Lower Duwamish River, West Seattle, Downtown Seattle Waterfront, and
Interbay—West Point.
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November 14, 2007
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Figure 5. Subareas of the Study Area
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Table 1shows the average annual peak conductivities and the average of the annual averages for
each site monitored. The text that follows describes these results.

Table 1. Average Peak Conductivities

KC or Flow, Average Peak Conductivity (mS/cm)
Site Name gﬁﬁ‘ C°2?‘|‘3‘g;;'ty’ A‘I’,f:lf’e 2000 2008 2007 2006
Upper Duwamish Subarea
8th Ave Regulator Station KC Conductivity 5.03 5.25 4.84 n/a n/a
Chelan Regulator Station KC Conductivity 1.66 1.87 1.459 n/a n/a
Delridge EB7-1 KC Conductivity 0.62 0.75 0.484 n/a n/a
Delridge W14-118 KC Conductivity 2.06 n/a 2.057 n/a n/a
Duwamish Pump Station KC Conductivity 478 342 4.94 5.98 n/a
EBI Section 1 W10-19 KC Conductivity 0.60 n/a 0.56 0.64 n/a
EBI Section 3 MH 6 KC Conductivity 3.62 n/a 3.62 n/a n/a
EBI Section 3 MH 13 KC Conductivity 8.87 4.40 5.59 10.55 14.95
EBI Section 3 MH 13A KC Conductivity 1.06 0.88 0.95 1.35 1.26
EBI Section 3 W10L-01 KC Conductivity 418 n/a 4.26 4.12 n/a
EBI Section 3 W10L-02 KC Conductivity 3.27 1.71 n/a 4.84 n/a
S. Michigan Outfall KC Conductivity 16.78 1.76 9.09 271 29.20
Sea 56-195 KC Conductivity 27.84 27.84 n/a n/a n/a
Siphon Inlet Structure KC Conductivity 20.80 n/a n/a 20.80 n/a
W. Duwamish Int W14-101 KC Both 18.78 nla nfa 18.78 nia
W.Duwamish Int W114-101AA KC Conductivity 473 1.52 7.93 n/a n/a
W. Duwamish Int W14-101C KC Conductivity 345 2.24 4.66 n/a n/a
W. Duwamish Int W14-113 KC Conductivity 1.64 n/a 1.64 n/a n/a
W. Duwamish Int W14-118 KC Conductivity 2.29 n/a 2.29 n/a n/a
W. Duwamish Int W14-201 KC Conductivity 2.38 n/a 2.38 n/a n/a
West Seattle Subarea

53rd Pump Station Wetwell KC Conductivity 1.50 1.66 1.36 n/a n/a
63rd Pump Station Wetwell KC Conductivity 1.76 1.47 2.05 n/a n/a
Barton Pump Station Wetwell KC Conductivity 2.69 3.09 3.50 1.53 n/a
Beach Drive South B-05 KC Both 1.20 1.01 1.30 n/a n/a
Beach Drive North F-1 KC Conductivity 5.05 1.66 8.45 n/a n/a
Beach Drive M-1 KC Conductivity 2.05 2.02 2.01 n/a n/a
Beach Drive South M-18 KC Both 1.62 n/a 1.62 n/a n/a
Murray Pump Station Wetwell KC Conductivity 2.71 3.39 2.04 n/a n/a
Sea 47-127 (30") 54th SEA Both 0.45 0.45 n/a n/a n/a
Sea 47-164 (42") Bonair SEA Conductivity 1.26 0.92 1.59 n/a n/a
SPU P.S. # 76 (Murray Pump Station) SEA Conductivity 0.82 n/a 0.82 n/a n/a
SPUP.S. #70 (Barton Pump Station) SEA Conductivity 2.73 n/a 2.73 n/a n/a
West Seattle Pump Station KC Conductivity 2.84 0.94 3.427 n/a n/a
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KC or Flow, Average Peak Conductivity (mS/cm)

Site Name iﬁﬁ C°';f‘,'3‘:;;'ty’ A‘I’,f:fe 2009 2008 2007 2006
Lower Duwamish Subarea
Connecticut Regulator Station KC Conductivity 0.79 1.021 0.55 n/a n/a
EBI Section 4 MH W10-149 KC Both 6.11 4.934 7.07 6.33 nfa
EBI Section 4 MH W10-151 KC Conductivity 492 n/a n/a 4.92 n/a
EBI Section 5 MH W10-135 KC Flow 7.68 n/a 7.68 n/a n/a
EBI Section 5 MH W10-144 KC Both 11.18 12.24 10.583 nfa n/a
EBI Section 5 MH W10-146 KC Conductivity 11.539 n/a 11.539 n/a n/a
Hanford Regulator Station KC Conductivity 411 2.773 5.44 n/a n/a
Lander Regulator Station KC Conductivity 22.04 n/a 22.04 n/a n/a
Sea 43-93 SEA Conductivity 3.93 3.93 n/a n/a n/a
Sea 43-96 SEA Conductivity 14.96 14.96 n/a n/a n/a
Sea 50-55 SEA Conductivity 1.10 n/a 1.10 n/a n/a
Sea 50-184 SEA Conductivity 32.01 n/a 32.01 n/a n/a
Sea 50-186 SEA Conductivity 31.02 n/a 31.02 n/a n/a
Seattle Downtown Waterfront Subarea
Adit structure KC Both 24.38 20.233  28.54 n/a n/a
EBI Section 5 MH W10-133 KC Conductivity 547 5024  6.628 4.77 nia
EBI Section 7 MH W10-130 KC Conductivity 6.22 nla 6.22 nfa nia
EBI Section 7 W10-129 KC Conductivity 7.90 n/a 7.90 n/a n/a
King Street Regulator Station KC Conductivity 8.08 8.517 7.64 n/a n/a
King Street W10-201 KC Conductivity 213 n/a 213 n/a n/a
SEA 39-008 SEA Both 487 5.544 1.98 nfa n/a
Sea 39-53 SEA Conductivity 0.66 0.66 n/a n/a n/a
Sea 39-257 SEA Conductivity 20.01 16.80 23.21 n/a n/a
Sea 39-300 (Aquarium) SEA Conductivity 19.27 15.51 23.02 n/a n/a
Sea 39-374 SEA Conductivity 1.45 1.45 n/a n/a n/a
Sea 39-376 SEA Conductivity 0.77 0.77 n/a n/a n/a
Sea 39-382 (downstream Madison CSO) ~ SEA Conductivity 1.03 1.03 n/a n/a n/a
Sea 39-482 (Adit) SEA Conductivity 19.95 19.85 20.40 n/a n/a
Sea 43-28 SEA Conductivity 0.78 0.62 0.94 n/a n/a
Sea 43-41 (Jackson St) SEA Both 20.60 20.602 nla n/a n/a
Sea 43-49 SEA Conductivity 11.20 11.20 n/a n/a n/a
University Street Diversion Structure SEA Conductivity 1.24 0.704 1.39 n/a n/a
Vine Street Diversion Structure SEA Conductivity 2.52 2.535 2.52 n/a n/a
Washington Street Diversion Structure SEA Conductivity 14.65 16.312 1298 n/a n/a
Washington Street W10-210A SEA Conductivity 10.63 10.63 n/a n/a n/a
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KC or Flow, Average Peak Conductivity (mS/cm)

Site Name iﬁﬁ C°';f‘,'3‘:;;'ty’ A‘I’,f:fe 2009 2008 2007 2006
Interbay-West Point Subarea
Ballard LU-18-02 KC Conductivity 0.49 0.44 0.51 0.59 0.49
Central LU12-2 KC Conductivity 0.63 n/a 0.63 n/a n/a
Central LU15-8 KC Conductivity 0.70 n/a 0.70 n/a n/a
EBI Section 7 W10-118 KC Conductivity 6.89 nla 3.37 10.41 nfa
EBI Section 7 W10-122 KC Conductivity 1.39 n/a 1.39 n/a n/a
EBI Section 7 W10-127 KC Conductivity 5.61 4.96 6.22 n/a n/a
Interbay Pump Station KC Conductivity 6.01 nfa 8.78 3.24 n/a
Lk Un LU20-2 KC Conductivity 0.48 n/a 0.48 n/a n/a
N. Int MH B20-03 KC Both 2.66 n/a 2.66 n/a n/a
N. Int MH B21-03 KC Conductivity 2.25 n/a 2.253 n/a n/a
N. Int MH B21-10A KC Conductivity 459 4585 nfa nfa nia
N. Int MH B21-13 KC Conductivity 5.25 n/a 5.245 n/a n/a
N. Int MH B21-13A KC Conductivity 1.37 1.33 14 n/a n/a
N. Int MH B21-15A KC Both 7.27 11.24 3.3 nfa nia
N. Int MH N23-1A KC Conductivity 0.56 n/a 0.56 n/a n/a
N. Int MH N23-19 KC Conductivity 0.45 nla 0.45 nfa nia
N. Int MH N23-20 KC Conductivity 0.45 n/a 0.45 n/a n/a
N. Int MH N25-2 KC Conductivity 0.41 nla 0.41 nfa nia
N. Int MH N25-3 KC Conductivity 0.51 n/a 0.51 n/a n/a
Sea 11-243 SEA Conductivity 0.43 0.43 n/a n/a n/a
Sea 39-1 SEA Conductivity 10.16 8.66 11.66 nfa nia
Sea 34-109 SEA Conductivity 0.72 0.72 n/a n/a n/a
S. Magnolia W10-78-A KC Conductivity 0.69 0.85 0.53 n/a n/a
S. Magnolia W10-89 KC Conductivity 0.71 0.67 0.75 n/a n/a
S. Magnolia W10-117 KC Conductivity 10.5 n/a 10.50 n/a n/a
West Point Treatment Plant KC Conductivity 3.20 n/a 3.2 n/a n/a

4.1 Upper Duwamish River Subarea

As shown in Figure 6, the southernmost conductivity monitoring sites near the Duwamish River
were about 5.5 and 4 miles upstream from the mouth of the river on its east and west sides,
respectively. Most of the monitoring in the Upper Duwamish area was done from manholes on
Sections 1, 2, and 3 of the Elliot Bay Interceptor (EBI) that run along the east side of the river
and on the West Duwamish Interceptor (WDI) that runs along the west side. Both interceptors
convey flow to the Duwamish Pump Station, east of the river about 1.5 miles upstream of its
mouth.

The Duwamish Pump Station receives flows from the south via Section 3 of the Elliott Bay
Interceptor. EBI Section 3 extends about 1.5 miles from south of the South Michigan Street
Regulator Station north to the pump station. The South Michigan Street Regulator feeds flows to
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EBI Section 3. EBI Sections 1 and 2 send flows from the south to EBI Section 3. The Duwamish
Pump Station receives flows from the west via the WDI.

The WDI carries flows north from points along the west side of the river starting at 8th Avenue
South Regulator Station and south from the Chelan Regulator Station just west of Harbor Island.
The interceptor sends flows from both directions to the Duwamish Siphon, which carries the
flows under the river to the pump station. The siphon is a two-barrel inverted siphon with an
overflow flap gate located at its inlet and outlet. It connects a large area of West Marginal Way
in South Seattle, the Delridge neighborhood, and a large area of Harbor Island and West Seattle.

At the start of the study, large continuous spikes of conductivity were noted at the Duwamish
Pump Station influent gate. Further investigation found that flows from the EBI and WDI
entering the pump station contained salt water in different quantities at different times. EBI
Sections 2 and 3 south of the station contained salt water at tides lower then 11.2 feet. This flow
arrived earlier than flow with salt water in the WDI coming from the west.

4.1.1 Moving North to Duwamish Pump Station via EBI Sections
1,2,and 3

A total of seven locations on EBI Sections 1, 2, and 3 between the Norfolk Regulator Station and
Duwamish Pump Station were monitored for conductivity. No flow monitoring was done along
this stretch of pipe. Sampling locations and results are as follows:

e EBI Sections 1, 2, and 3 south of the South Michigan Regulator Station. Two
manholes were monitored on the EBI south of the South Michigan Regulator Station:

— One manhole (W10-19) was monitored on EBI Section 1 near East Marginal Way
South north of the Norfolk Regulator Station. This southernmost location on the
east side of the Duwamish River about 5.5 miles upstream of the mouth of the
river showed a peak conductivity of less than 1 mS/cm (0.6 mS/cm). This low
conductivity may be due, in part, to replacement of the gates at the upstream
Norfolk Regulator Station about 10 years ago. Because of the low conductivity,
this location was not monitored again and no locations were monitored farther
south. No sites were monitored north of this manhole on Section 1 nor on the
entire length of Section 2 because flows in these sections are low. Even if
conductivity in these sections proved to be high, the influence on the upstream
system would be minimal given the low flows.

— One manhole (MH 13A) was monitored along EBI Section 3, just upstream
(south) of the regulator station at the intersection of South Michigan Street and
East Marginal Way where EBI Sections 2 and 3 meet. Average peak conductivity
at this site was also low (1.06 mS/cm).

e South Michigan Street Outfall Station. Average peak conductivity just west of the
South Michigan Street Regulator Station was 16.78 mS/cm.

e EBI Section 3, north of the South Michigan Street Regulator Station to Duwamish
Pump Station. Four manholes were monitored on EBI Section 3 between the South
Michigan Street Regulator Station and the Duwamish Pump Station, as described below.
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Figure 6. Upper Duwamish River Subarea
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— A manhole (MH 13) where flows from the Michigan Street Regulator Station
enter the EBI showed an average peak conductivity of 8.87 mS/cm.

— A manhole (MH 6) about 1 mile downstream (north) near the Brandon Regulator
Station showed an average peak conductivity of 3.62 mS/cm. Salt water was seen
entering through the station‘s outfall gate.

— One manhole (W10L-01) about one-half mile downstream and close to the
Duwamish Pump Station showed an average peak conductivity of 4.18 mS/cm.

— Another manhole (W10L-02) closer to the Duwamish Pump Station showed an
average peak conductivity of 3.27 mS/cm.

The average peak conductivity of 1.06 mS/cm just south of the South Michigan Street Regulator
Station at the junction of EBI Sections 2 and 3 indicates that very little salt water is entering the
EBI before flows from the South Michigan Regulator Station enter EBI Section 3 north of the
station. The average conductivity was much higher at the South Michigan Regulator Station
outfall line (12.65 mS/cm). During most high tides, the South Michigan outfall gate is
submerged (Figure 7). Investigation found that the gate was missing and a leaky bulkhead had
been put in place. The gate was replaced in 2008. Average peak conductivity readings at the
outfall after gate replacement dropped about 65 percent from previous readings but were still
high (from 29.20 mS/cm in 2006 to 9.09 mS/cm in 2008). Peak conductivity readings at the
manhole where flow from the South Michigan Regulator Station enters EBI Section 3 (MH 13)
dropped from 14.95 mS/cm in 2006 to 5.59 mS/cm in 2008.

Further investigation found that several large cracks and fill-portholes inside of the outfall
structure were leaking during high tides.” These leaks were sealed via grout injection in 2009
through a work-order contract. After completion of these repairs, the average peak conductivity
at the outfall dropped to 1.76 mS/cm, almost 95 percent lower than the average peak
conductivity measured in 2007 (Figure 8). (The 2009 average peak conductivity shown in Figure
8 for MH 13 is similar to that of 2008 because the monitoring was done before grout injection.)

Old South Michigan outfall gate bulkhead New outfall gate completely submerged

Figure 7. South Michigan Outfall Gate Before and After Installation

> A fill-porthole is a hole on the concrete form where concrete can be injected.

Saltwater Infiltration and Intrusion into the King County Wastewater System 22




35.00

30.00

25.00

N
o
o
S

N
o
o
S

Conductivity (mS/cm)

N
o
o
S

2006 2007 2008 2009
ZEBI 3.13 OMICHIGAN OF

Figure 8. Decrease in Conductivity at Outfall and Downstream Manhole after Gate

Replacement and Grouting at South Michigan Outfall

4.1.2 Moving Along the WDI and East to Duwamish Pump

Station via the Duwamish Siphon

A total of 12 locations on pipes and structures that carry flow from the west to the Duwamish
Pump Station via the Duwamish Siphon were monitored for conductivity. Results of the
conductivity monitoring are described below.

WDI upstream (south) of the Duwamish Siphon. One location was monitored on the
WDI south of the Duwamish Siphon, a manhole at the 8th Avenue South Regulator
Station in West Seattle just north of the start of the WDI and about 4 miles upstream of
the mouth of the Duwamish River. The site showed an average peak conductivity of 5.03
mS/cm. The average peak conductivity in 2008 and in 2009 were similar (4.84 and 5.25
mS/cm, respectively), indicating the ongoing presence of an agent that increases
conductivity. Results of recent flow monitoring at the manhole found flows to be
consistently low, with no increase during high tides. Thus, it appears that salt water is not
entering the system in this area and that other agents, perhaps from industrial discharges,
are at play. Further work needs to be done, in coordination with King County‘s Industrial
Waste Program, to determine the cause of high conductivity at this location.

No other conductivity monitoring was done on this stretch of pipeline because the
pipeline is farther from the river than the EBI. Moreover, there is only one overflow
structure (West Michigan Regulator Pump Station outfall) between the 8th Avenue South
Regulator Station and the Duwamish Siphon and this structure has an overflow weir.
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e At and near Chelan Regulator Station. Two manholes (Delridge EB7-1 and W14-118)
on the Delridge Trunk, which conveys flows from a small portion of West Seattle to the
WDI just before the Chelan Regulator Station, showed average peak conductivities of
0.62 and 2.06 mS/cm. Average peak conductivities at the station and at one manhole
(WDI W14-118) on the WDI just downstream of the station were 1.66 and 2.29 mS/cm,
respectively. The causes for the higher conductivities entering and leaving the Chelan
Regulator Station were not investigated. Recent visual inspection, however, did reveal
salt water entering through the station‘s outfall.

¢ WDI downstream (south) of Chelan Regulator Station and north of the Duwamish
Siphon. Two locations were monitored between the Chelan Regulator Station and the
inlet to the Duwamish Siphon. One manhole (W14-113) just southeast of the station
showed an average peak conductivity of 1.64 mS/cm. Flows from Harbor Island enter the
system at this point. The other manhole (W14-201) just north of the siphon inlet, where
the north and the south legs of the WDI meet, showed a higher average peak conductivity
of 2.38 mS/cm.

e Duwamish Siphon Inlet Structure. One manhole (W14-101) on the WDI just upstream
of the siphon inlet structure on the west side of the river near Terminal 105 registered an
average peak conductivity of 18.78 mS/cm. This location was also monitored for flow
using the flow meter at the structure‘s overflow. Monitoring at the inlet structure itself
showed an average peak conductivity of 20.8 mS/cm.

e WHDI east of river and the Duwamish Siphon. Two manholes were monitored on the
WDI close to where the interceptor meets the Duwamish Pump Station. The manhole
(W114-101AA) farthest from the station showed an average conductivity of 4.72 mS/cm
(at the outlet to the Duwamish Siphon). The manhole (W14-101C) closest to the station
had an average peak conductivity of 3.45 mS/cm. Another manhole (SEA 56-195), an
SPU manhole located where a city line meets the WDI, showed an average peak
conductivity of 27.84 mS/cm. Because the flow in the SPU pipe is low, this high
conductivity would not have a great impact on the county system.

e Duwamish Pump Station. Peak conductivities at the Duwamish Pump Station influent
gate averaged 4.78 mS/cm. The averages for individual years steadily decreased from
5.98 mS/cm in 2007 to 4.94 mS/cm in 2008 to 3.42 mS/cm in 2009. These decreases may
have been the result of the gate replacement at the South Michigan Street Regulator
Station and the plugging of the pipe west of Duwamish (see below).

Even though the Port of Seattle sliplined almost all of its pipes on Harbor Island and stopped the
intrusion of large amounts of salt water into the WDI via the Port‘s trunk line under the West
Seattle freeway just downstream of the Chelan Regulator Station, average peak conductivity at
the Duwamish Siphon Inlet Structure (20.80 mS/cm) indicated that salt water was continuing to
enter the WDI close to the siphon inlet. Further monitoring found high conductivity (18.78
mS/cm) at the manhole just prior to the inlet structure near Terminal 105 and that the manhole
contained a local connection.

Investigation found that an abandoned SPU line tied in from the west from Herring‘s House
Park, a new park built in the vicinity of Kellogg Island at River Mile 2 of the Duwamish
Waterway. This connection carried averages of 1.0 to 2.0 mgd of salt water. A CCTV inspection
found that the line was broken in several places and was crushed at the end. Smoke testing
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located the breaks in a newly restored estuary habitat at Terminal 107 Park, next to Herring‘s
House Park (Figure 9). The cracks are in an area that is submerged by tidal flows of several feet
two times a day. With SPU‘s assistance, the Facilities Inspection unit installed a mechanical plug
at the nearest manhole to the estuary to stop the saltwater intrusion at this location. The work was
completed in 2009. The two WDI manholes that were monitored downstream of the Duwamish
Siphon near the Duwamish Pump Station registered lower peak conductivities in 2009 than in
2008 before the plugging. Conductivity at the manhole closest to the siphon outlet was reduced
from 7.93 mS/cm in 2008 to 1.52 mS/cm in 2009. The manhole closest to the pump station
showed a reduction from 4.66 mS/cm in 2008 to 2.24 mS/cm in 2009.

Smoke testing reveals broken pipe at Terminal 107 The broken pipe is plugged in the next manhole
Park downstream

Figure 9. Discovery and Plugging of Broken Pipe in Terminal 107 Park

4.2 West Seattle Subarea

The Beach Drive Interceptor in the western and northern portions of West Seattle sends flows to
the 63rd Avenue Pump Station south of Alki Point, which then sends flows to the West Seattle
Tunnel that leads to the West Seattle Pump Station just west of the West Duwamish Waterway
(Figure 10). The tunnel continues east from the pump station under Harbor Island and connects
to EBI Section 4 north of the Duwamish Pump Station. The tunnel and pump station are part of a
complex system that stores excess flows during heavy rains for later transport to the EBI. If
storage capacity is exceeded, flows may be sent to the Alki CSO Treatment Plant for storage and
possible treatment.
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Figure 10. West Seattle Subarea
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4.2.1 Moving North via Beach Drive Interceptor to 63rd Avenue
Pump Station

Seven locations were monitored for conductivity along the western leg of the Beach Drive
Interceptor, starting with its southern terminus at the Barton Pump Station:

e At and near Barton Pump Station. Two locations were monitored in this area:

— The Barton Pump Station wet well had an average peak conductivity of 2.70
mS/cm. The most recent annual averages were 3.50 and 3.09 mS/cm for 2008 and
2009, respectively. The lower average of 1.53 mS/cm in 2007 could have resulted
from a greater influx of stormwater during this wet year. A flap gate was installed
at the station in May 2010, which allows only outflow of wastewater from the
overflow. Recent monitoring (not part of this study) found that this installation
has reduced the amount of salt water intrusion at this site. The elevation of the
outflow weir will be raised in 2012, which should further reduce saltwater
intrusion.

— The average peak conductivity at SPU Pump Station 7 near the Barton Pump
Station was 2.73 mS/cm.

e Atand near Murray Avenue Pump Station. Three locations were monitored at and
near the Murray Avenue Pump Station. The locations showed average peak
conductivities as follows: 2.71 mS/cm at the Murray wet well, 1.20 mS/cm just south of
Murray (B-05) (also monitored for flow), and 0.82 mS/cm at the wet well of SPU Pump
Station 76 west of Murray.

e Between Murray and 63rd Avenue Pump Stations. The average peak conductivities at
the two locations monitored in this stretch of the Beach Drive Interceptor were 2.05
mS/cm at a manhole (M-1) about 0.25 mile north of Murray and 1.6 mS/cm at an
overflow point (M-18) farther north (also monitored for flow).

4.2.2 Moving South via Beach Drive Interceptor to 63rd Avenue
Pump Station

Four locations were monitored between the northern terminus of the Beach Drive Interceptor and
the 63rd Avenue Pump Station.

e Atand near 53rd Avenue Pump Station. Three locations were monitored in the vicinity
of the 53rd Avenue Pump Station. Average peak conductivities were as follows: 1.5
mS/cm at the pump station wet well, 1.26 mS/cm at a location on an SPU pipe
downstream of the station (SEA 47-164), and 0.45 mS/cm at another SPU pipe upstream
of the station (SEA 47-127) (also monitored for flow). The pump station upgrade, which
included raising the overflow weir and replacing the gate, was completed early in 2010.

e Between 53rd and 63rd Avenue Pump Stations. One manhole (F-1) about 0.25 mile
north of the 63rd Avenue Pump Station on Beach Drive North showed an average peak
conductivity of 5.05 mS/cm. In 2008, the average of the peak conductivity at this site was
high (8.45 mS/cm). After noting the high conductivity in 2008, staff investigated the
cause and found that the new gate at the 53rd Avenue Pump Station had been installed
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incorrectly and salt water was entering the system until the gate was reinstalled. The 2009
average was much lower (1.66 mS/cm).

4.2.3 Moving East from the 63rd Avenue Pump Station via the

4.3

West Seattle Tunnel to West Seattle Pump Station

There is no access to the West Seattle Tunnel either west or east of the West Seattle
Pump Station. Average peak conductivities were 1.76 mS/cm at the 63rd Avenue Pump
Station at the east end of the tunnel and 2.84 mS/cm at the West Seattle Pump Station.
Average peak conductivities at the West Seattle Pump Station for each year of
monitoring (2008 and 2009) were 3.43 and 0.94 mS/cm, respectively. The high reading in
2008 may have occurred during the period when the improperly installed gate at the 53rd
Street Pump Station was allowing salt water to enter the system.

Lower Duwamish Subarea

Flows from the West Seattle and Duwamish Pump Stations travel north via EBI Sections 4 and 5
on the east side of the East Waterway of the Duwamish River to the King Street Regulator
Station in the Pioneer Square area just north of Qwest Field and south of downtown (Figure 11).
Pipelines convey wastewater from local sewers to the Hanford, Lander, and former Connecticut
Regulator Stations, which direct the flows to the EBI.

4.3.1

Moving North to Hanford Street Regulator Station via EBI
Section 4

Between Duwamish Pump Station and Hanford Street Regulator Station. Two
manholes on EBI Section 4 were monitored. One manhole (W10-151), west of the south
end of Harbor Island upstream of where the West Seattle Tunnel meets the EBI, had an
average peak conductivity of 4.92 mS/cm. The other manhole (W10-149), about 0.5 mile
north just downstream (north) of where the West Seattle Tunnel meets the EBI and
upstream (south) of the intersection of the pipeline that leads from the Hanford Street
Regulator Station with the EBI, had an average peak conductivity of 6.11 mS/cm. This
location was also monitored for flow.

Hanford Street Regulator Station. The average peak conductivity of this station was
4.11 mS/cm. Inspections indicate that the regulator‘s outfall gate located in Terminal 25
is leaking. The gate is currently closed, but sewer flows deadhead against the gate. The
leaking gate allows salt water to enter directly into the sewer through the outfall pipe.
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Figure 11. Lower Duwamish River Subarea

Saltwater Infiltration and Intrusion into the King County Wastewater System

29



4.3.2 EBI Section 5, Including Flows From the Lander Street
Outfall, Lander Street Regulator, and Former Connecticut
Regulator Stations

Ten locations were monitored on EBI Section 5 leading to the King Street Regulator Station.
Three locations were at regulator stations and five were at SPU manholes where local lines
connect to the King County system. The locations, moving north, are as follows:

e Between Hanford Street and Lander Street Outfall/Lander Street Regulator
Stations. One manhole (W10-146) halfway between the two stations was monitored.
Average peak conductivity was 11.54 mS/cm.

e At and near Lander Street Outfall and Lander Street Regulator Stations. Two SPU
manholes (SEA 50-186 and SEA 50-184) were monitored near the Lander Street Outfall
Station. Average peak conductivities at these manholes were 31.02 and 32.01 mS/cm.
The Lander Street Regulator Station and a location (W10-144) on EBI Section 5 just
downstream of the station (also monitored for flow) showed average peak conductivities
0f22.04 and 11.18 mS/cm, respectively. All measurements were taken in 2008. Figure 12
shows the relationship between tide, flow, and conductivity at this downstream location.
Both flow and conductivity increase with high tides over 11 feet.

Salt water is entering the overflow structure inside the Lander Street Regulator Station
through a defective flap and low flow diversion gates (FG-01 and SG-02, shown in
Figure 13) and then spilling into the conveyance system just prior to the first downstream
manhole on EBI Section 5. The salt water enters the outfall line at high tides and then
into the 90-inch-diameter Lander Street Storm Drain that runs through the station. The
gate in the Lander Street Outfall Station is permanently open, allowing water to flow in
both directions (Figure 15). The bypass gate, designed to move the first flush of
stormwater into the EBI, is permanently closed. The height of the interconnect pipe
between the storm drain and the regulator station overflow is only 1.26 feet. This pipe
and the overflow structure fill daily with salt water (Figure 15). Barnacles can be found
inside the storm drain and on the outer walls of the Lander Street Regulator Station.

e From Lander Street Regulator Station to former Connecticut Regulator Station.
Other than the location just outside the Lander Street Regulator Station, the stretch of
EBI Section 5 between this station and the former Connecticut Regulator Station was not
monitored, primarily because of access issues. An SPU manhole (SEA 50-55) west of
EBI Section 5 about 0.5 mile south of the former Connecticut Regulator Station showed
an average peak conductivity of 1.10 mS/cm. The average peak conductivities at another
SPU location (SEA 43-96) just east of Connecticut and at a King County manhole at the
station itself were 14.96 and 0.79 mS/cm, respectively. Saltwater was observed entering
through the station‘s outfall pipe.

e Between Connecticut and King Street Regulator Stations. An SPU location (SEA 43-
93) just north of the former Connecticut Regulator Station and about 0.25 mile west of
EBI Section 5 showed an average peak conductivity of 3.93 mS/cm. Another location
(W10-135) on EBI Section 5 about 0.5 north of the Kingdome Regulator Station showed
an average peak conductivity of 7.68 mS/cm; this location was also monitored for flow.
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Figure 13. Gates in the Lander Street Regulator Station
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Figure 14. Flow Through Lander Street Regulator and Outfall Stations

Salt water leaking through the Lander Street
Regulator Station flap gate

As the tide rises, the overflow structure fills and
spills into EBI 5.

Figure 15. Salt Water Entering and Leaving the Lander Street Regulator Station
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4.4 Downtown Seattle Waterfront Subarea

A total of 21 locations were monitored along the Downtown Seattle Waterfront on or near EBI
Sections 5, 6,and 7 starting at the King Street Regulator Station and extending to the Denny Way
Regulator Station (Figure 16). These locations receive flow from the downtown and Pioneer
Square areas.

Only six of the locations were at King County facilities because EBI Section 6 is in a tunnel with
only one access point. Three sites were on the south end of this stretch near the King Street
Regulator Station and before the start of EBI Section 6; one site was at the Adit Structure on the
waterfront that feeds wastewater to about the mid-point of EBI Section 6; and two sites were at
the north end near the Denny Way Regulator Station and after the start of EBI Section 7.

The other 15 sites were at SPU manholes and structures on local lines that connect to the EBIL.
Instead of trying to monitor all suspect waterfront manholes, the locations were narrowed to
single lines that collect flows from other local lines before entering the EBI. The last local
manhole on each line was monitored to verify the amounts of salt water entering from the
waterfront. Both flow and conductivity were measured at these sites. Much of the flow data,
however, was invalid because the local lines surcharged with flows during high tides.

4.4.1 Moving North From King Street Regulator Station to Adit
Structure

e Atand near the King Street Regulator Station. Conductivities were monitored at a
manhole (W10-133) on EBI Section 5 east of the regulator station and one at the station
itself. Average peak conductivities were 5.47 and 8.08 mS/cm, respectively. Another
manhole (W10-201) between these two locations on the line that runs between the
regulator and the EBI showed an average peak conductivity of 2.13 mS/cm.

The King Street Regulator Station‘s gate and overflow weir are located at the end of King
Street on Alaskan Way. Worn gate seals are allowing salt water to enter directly into the
conveyance system.

e At Jackson Street. SPU manholes (SEA 043-41 and SEA 43-28) on two SPU sewer
lines had average peak conductivities of 20.60 mS/cm and 0.78 mS/cm. Both manholes
were on Jackson Street under the viaduct. SEA 043-41, which is just to the west of SEA
43-28, receives flows from SPU‘s Washington Street Overflow Gate (elevation 6.3 feet).
These flows collect and enter the King Street Regulator Station before entering EBI
Section 5. During high tides, 70 percent of the line from the overflow gate would fill with
salt water and then would peak the flow meter at 1.2 mgd, when the line became
surcharged.

e Near Washington Street. Three SPU facilities near Washington Street under the viaduct
were monitored. Two manholes (SEA 43-49 and SEA W10-210A) registered average
peak conductivities of 11.20 and 10.63 mS/cm. The average peak conductivity at SPU*s
Washington Street Diversion Structure was 14.65 mS/cm. During monitoring, salt water
was seen entering through the structure‘s overflow gate (Figure 17).
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Figure 16. Downtown Seattle Waterfront
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Between Washington Street and Adit Structure. One SPU manhole (SEA 39-382)
under the viaduct at Madison Street showed an average peak conductivity of 1.03 mS/cm.
SPU‘s University Street Diversion Structure at the foot of University Street showed an
average peak conductivity of 1.24 mS/cm.

Figure 17. Salt Water Entering SPU‘s Washington Street Diversion Structure Overflow

Gate on the Downtown Seattle Waterfront

4.4.2 At or Near Adit Structure

Along the waterfront. Average peak conductivities at three SPU manholes (SEA 39-
376, 39-300, and 39-257), moving north, along the waterfront in the vicinity of the Adit
Structure were 0.77, 19.26, and 20.01 mS/cm.

Near the Adit Structure. Average peak conductivities at two SPU manholes (SEA 39-
374 and SEA 39-482) were 1.45 and 19.95 mS/cm. SEA 39-482 is just west of the Adit

Structure.

At the Adit Structure. The King County Adit Structure, near the Pike Street Hillclimb,
collects wastewater from almost all of the central waterfront basins before sending them
into EBI Section 6. The structure receives flows from SPU‘s University Street Overflow
Gate (elevation 6.7 feet) and the Madison Street Overflow Gate (elevation 8.3 feet). It
showed an average peak conductivity of 24.38 mS/cm. Flow was monitored at the
structure. The flows entering the Adit structure were usually 60 to 90 percent salt water
during high tides; the structure would surcharge at times and invalidate the flow data. The
average inflow of salt water was about 1.0 mgd; the peak flow was 1.9 mgd. Figure 18
shows the relationships of flow, tide, and conductivity at the Adit Structure.
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Figure 18. Relationship of Flow, Tide, and Conductivity
at Downtown Adit Structure, June 25-28, 2009

4.4.3 Moving North From Adit Structure to Denny Way

Regulator Station

SPU facilities on the waterfront. Starting at Vine Street, about 0.5 mile northwest of the
Adit Structure, three SPU structures on the waterfront were monitored. The Vine Street
Diversion Structure showed an average peak conductivity of 2.52 mS/cm. One manhole
(SEA 39-53) around 300 feet northwest showed an average peak conductivity of 0.66
mS/cm.

Another manhole (SEA 39-008) in the Seattle Art Museum*s Olympic Sculpture Park just
west of the railroad tracks and near Myrtle Edwards Park showed an average peak
conductivity of 4.86 mS/cm. This manhole receives flows from SPU‘s Vine Street
Overflow Gate (elevation 4.7 feet) before entering EBI 7. Figure 19 shows salt water
entering through this gate. During monitoring, the 24-inch-diameter line started with little
or no flows and then quickly surcharged during most high tides, peaking the flow meter
at 0.63 mgd. Figure 20 illustrates the impact of tides at this location, which is
representative of other locations along the Downtown Seattle Waterfront. Because of
surcharging and fluctuating flows, conductivity, flow, and tides are not as synchronized
as in other locations.

At or near Denny Way Regulator Station. Two manholes on EBI Section 7 were
monitored in this area: one southeast of the Denny Way Regulator Station (W10-130) and
one at the station (W10-129). Average peak conductivities were 6.22 and 7.90 mS/cm,
respectively.
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Figure 19. Salt Water Entering at SPU’s Vine Street Overflow Gate

on the Downtown Seattle Waterfront
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4.5 Interbay-West Point Subarea

The Interbay Pump Station in south Magnolia collects flows from the south along the south side
of Magnolia via EBI Section 7 north of the Denny Way Regulator Station and from the west via
the South Magnolia Trunk (Figure 21). The pump station sends the flows north to the North
Interceptor, which runs west from the north sides of Lake Union and the Lake Washington Ship
Canal, crosses the canal, and runs along the south side of the canal to West Point. The North
Interception also collects flows from the Ballard area via the Ballard Siphon, which also crosses
the canal, and from the Central Lake Union Trunk that runs north and west along the west side of
Lake Union and the south side of the canal to meet the North Interceptor after it crosses the
canal.

Twenty-four sites were monitored in this area—eleven are on the North Interceptor, four are on
EBI Section 7 and at the Interbay Pump Station, three are SPU manholes, one is at West Point,
and the remaining five are on King County trunks.

4.5.1 Moving Northwest to Interbay Pump Station via EBI
Section 7 and East via South Magnolia Trunk

e EBI Section 7. Three manholes (W10-127, W10-122, and W10-118) on EBI Section 7
between the Denny Way Regulator Station and the Interbay Pump Station were
monitored. Moving from north to south, the average peak conductivities at these
manholes were 5.61, 1.39, and 6.89 mS/cm. The low conductivity of 1.39 mS/cm at
W10-122 is likely an anomaly. The conductivity at this site was measured only once.
This one-time monitoring may have taken place during high flows, which would have
diluted the salt water in the pipe. One SPU manhole (SEA 34-109) near EBI Section 7
showed an average peak conductivity of 0.71 mS/cm.

e South Magnolia Trunk. Three manholes were monitored on the South Magnolia Trunk
that leads east from the South Magnolia Pump Overflow Structure to the Interbay Pump
Station. An SPU manhole on a line that feeds into the trunk was also monitored. Average
peak conductivities at the two manholes (W10-78-A and W10-89) upstream of the SPU
connection were low (0.69 and 0.71 mS/cm); average peak conductivities at the SPU
manhole (SEA 39-1), north of the trunk and less than 0.5 mile upstream of the Interbay
Pump Station, and the manhole (W10-117) downstream of the connection near the station
were of 10.16 and 10.50 mS/cm, respectively. The South Magnolia Trunk is a pressurized
pipeline, which makes it difficult to install and monitor the data loggers.
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Figure 21. Interbay-West Point Subarea
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e Interbay Pump Station. The average peak conductivity at the Interbay Pump Station
was 6.01 mS/cm. Figure 22 shows a peak of 3.24 mS/cm and a flow of 42 mgd recorded
on November 14, 2007, at the station. Given that the conductivity of Elliott Bay is around
32 mS/cm, the percentage of salt water in the wastewater flows at this peak would be
almost 10 percent and the average volume of saltwater would be 4.2 mgd. The average
conductivity over the three-hour period shown in Figure 22 is 2.0 mS/cm (6 percent
solution of salt water) and the average pump flow is 40 mgd, which amounts to an
estimated 2.5 mgd of salt water pumped through the station.

A peak of 8.78 mS/cm in 2008 and a peak of 12.96 mS/cm in 2009 occurred during
monitoring at the Interbay Pump Station. A conductivity of 8.78 mS/cm indicates 27
percent salt water in flows at Interbay, which equates to 10.8 mgd of salt water in a 40-
mgd daily average flow during the high tide cycle. The salt water is coming both from
EBI 7 and the South Magnolia Trunk.
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4.5.2 Moving Northwest to North Interceptor via Central Trunk

e Three manholes were monitored on the Central Trunk in the Lake Union area before
intersecting with the North Interceptor: one south of the lake (LU 20-2), one west of the
lake (LU 12-2), and one on the south side of the ship canal near the North Interceptor
(LU 15-8). All three locations are near fresh water and showed average peak
conductivities below 1.0 mS/cm.
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4.5.3 Moving West via North Interceptor on North Side of Lake

Union and Lake Washington Ship Canal

Three manholes were monitored on the North Interceptor before it crosses the ship canal
west of Lake Union through the Fremont Siphon—two at the northeast tip of the lake
(N23-19 and N23-20) and one north of the ship canal at the point of the crossing (N23-
1A). As with the Lake Union trunks, these manholes are near fresh water and registered
average peak conductivities below 1.0 mS/cm.

4.5.4 Ballard Trunk North of Ballard Siphon

A manhole (LU 18-02) on the Ballard Trunk on the north end of Salmon Bay before the
trunk crosses the ship canal through the Ballard Siphon and an SPU manhole (SEA 11-
243) on a line that connects to the trunk, both near fresh water north of the ship canal and
east of the Ballard Locks, showed average peak conductivities below 1.0 mS/cm.

4.5.5 Moving Northwest to West Point via North Interceptor on

South Side of Lake Washington Ship Canal

East of Ballard Locks. Average peak conductivities measured at two manholes (N25-2
and N25-3) on the North Interceptor just west of where the interceptor crosses the ship
canal were below 1.0 mS/cm. These contrast with average peak conductivities at
manholes on the interceptor after the point where flows from the Interbay Pump Station
have entered. Average peak conductivities at these three manholes (B20-03, B21-03, and
B21-10A), moving east to west, were 2.66, 2.25, and 4.58 mS/cm. Flows were monitored
at Manhole B20-03. At Manhole B21-10A, the North Interceptor splits into the two
parallel Fort Lawton Tunnels that bring flow to West Point.

West of Ballard Locks. Three manholes were monitored on the North Interceptor (north
Fort Lawton Tunnel west of the Ballard Locks before the interceptor enters West Point.
Average peak conductivities of two locations just west of the locks (B21-13 and B21-
13A) were 5.45 and 1.36 mS/cm. The average peak conductivity at the last manhole prior
to West Point (B21-15A) was higher: 7.27 mS/cm. Figure 23 shows the relationship
between flow, tide, and conductivity for a 48-hour period (June 24-26, 2009) at this site.
Although the high flows and conductivity lag behind high tides by 4 to 6 hours, the data
clearly show the rise in conductivity following tides over 11 feet. The high conductivity
at the end of the period highlights the impact of salt water during low flow and dry
season periods when conductivity is more concentrated and flow is lower.

West Point Treatment Plant. The average peak conductivity at a manhole immediately
before flow from the North Interceptor enters the plant was 3.2 mS/cm.

Local lift stations along Shilshole and Salmon Bays may be pumping salt water during high tides
into the North Interceptor just prior to West Point. These small lift stations, located in low-lying
coastal areas, pump salt water into the system in locations between manholes. The mid-pipe
connections make tracking the location of salt water intrusion difficult. WTD does not know the
locations of the lift stations and mid-pipe connections. It would be resource intensive to
determine these locations and to conduct monitoring when high tides occur and flows are low so
that conductivity spikes are more visible and easier to synchronize with tidal data.
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Figure 23. Relationship of Flow, Tide, and Conductivity in North Interceptor Flows Prior
to Entering West Point, June 24-26, 2009
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5.0. CONCLUSIONS AND
RECOMMENDATIONS

This chapter summarizes the results of the 2007—2009 conductivity monitoring of King County‘s
combined sewer system and makes preliminary conclusions based on the findings. This
discussion is followed by recommendations for investigations and repairs at the West Point
Treatment Plant and the combined conveyance system that sends flows to West Point.

5.1 Findings and Conclusions

Saltwater intrusion is more endemic than anticipated at the start of the study. Despite repairs that
significantly reduced saltwater intrusion and infiltration in the Upper Duwamish Subarea, the
amount of salt water entering the West Point Treatment Plant has remained about the same since
initial monitoring in 2003. An estimated average of 5 to 6 mgd, or 7 to 10 percent, of the West
Point influent is salt water (Figure 24). High conductivities in one portion of the study area are
mitigated downstream as the wastewater volumes increase and dilute the salt water, only to
become high again through saltwater intrusion at downstream locations. Figure 25 shows the
average peak conductivity at the last site monitored in each subarea before the flows move to the
next subarea. (The last manhole in the Interbay—West Point Subarea is at the West Point plant.)
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Figure 24. Average Peak Conductivities at West Point, 2003-2010
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Figure 25. Average Peak Conductivities at Last Monitoring Site in Each Subarea

As in earlier studies, the major contributors are along the EBI, particularly in the Lower
Duwamish River and Downtown Seattle Waterfront subareas. Completion of recommended
repairs to the Hanford, Lander, and King Street Regulator Station gates (see below) should help
reduce saltwater intrusion in these areas. About half of the salt water entering West Point enters
in the waterfront area. Most of this salt water enters the system through SPU outfalls and other
structures on the waterfront. SPU plans to restructure much of its waterfront facilities either
through the seawall replacement project, estimated to be completed around 2014, or its CSO
control program.

The relationship between flow, tide, and conductivity found during this study is consistent with
findings from previous monitoring—a noticeable spike in conductivity occurs during or after
tides greater than 11 feet, with some smaller spikes associated with tides over 10 feet. The point
at which conductivity spikes occur depends on the site‘s proximity to the source of saltwater
intrusion. For example, spikes and increases in flow occur simultaneously with high tides at the
Adit Structure on the waterfront, while spikes at West Point occur 4 to 6 hours after the high
tides. The timing of spikes at pump stations depends on wet well levels and pumping operations.
The magnitude of the spikes depends on the amount of flow—the lower the flows, the higher the
spikes. Temperatures confirmed that colder sea water is entering the system during high tides.

This saltwater intrusion is already posing problems for the combined system. Forecasted higher
sea levels will further affect the ability of the conveyance system to operate as designed.
Potential impacts to the conveyance system include the following:

¢ Inflow of salt water into the system, causing damage to facilities and taking up needed
capacity

e Increased pressure, resulting in reduced capacity and upstream flooding
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e Increased power consumption and costs to convey and treat saltwater inflow
e Increased hydrogen sulfide generation in pump stations, especially Interbay Pump Station

WTD will identify facilities most likely to experience saltwater intrusion and recommend design
and adaptive operational strategies, implementation schedules, and approaches as part of a
project to analyze the hydraulic impacts of sea-level rise.

The following text summarizes findings in each subarea and draws tentative conclusions based
on the findings. The conclusions should be viewed in light of the limitations of the study. The
study area covers a large geographical area, the existence and locations of many SPU and private
sewer facilities are unknown or inaccessible, and the extent of the problem was greater than
anticipated. One person conducted the entire study with only six Sondi data loggers and limited
access to flow meters. Some sites were monitored only once, either because the conductivities
were too low to warrant further monitoring, the meters failed, or time did not allow for additional
monitoring. Concentrated monitoring in targeted areas, as recommended below, will help verify
these findings and conclusions.

Upper Duwamish River Subarea

Average peak conductivity at the Duwamish Pump Station that collects flows from all
portions of the Upper Duwamish River Subarea has dropped from 5.98 mS/cm in 2007 to
3.42 mS/cm in 2009, likely from repairing the South Michigan outfall and plugging the leaky
pipe near the Duwamish Siphon Inlet. Areas that are still contributing salt water to the station
are in the vicinity of the Chelan Regulator Station, EBI Section 3 south of the station, and
local lines near the station. Salt water does not appear to be entering the EBI south of EBI
Section 3 on the east side of the river nor the WDI south of the Duwamish Inlet Structure on
the west side of the river, although only limited monitoring was conducted in these areas.

West Seattle Subarea

The West Seattle Subarea does not appear to be contributing much salt water to the system.
Most average peak conductivities were below 2 mS/cm. Higher conductivities at and near the
Barton and Murray Pump Stations decrease through dilution as the flows move north to the
63rd Avenue Pump Station, and higher conductivities north of the station decreased after the
gate to the 53rd Avenue Pump Station was reinstalled. The most recent annual average peak
conductivity (2009) at the West Seattle Pump Station, the last site monitored before West
Seattle flows enter the EBI, was below 1 mS/cm.

Lower Duwamish River Subarea

Conductivities were higher in the Lower Duwamish River Subarea than in the Upper
Duwamish River Subarea. Conductivities appear to be higher in EBI Section 4 after flows
from West Seattle enter the pipeline. Average peak conductivity in 2007 at the manhole on
EBI Section 4 downstream of the junction with the West Seattle Tunnel was about 1.5
mS/cm higher than at the manhole in the Upper Duwamish River Subarea upstream of the
junction. Further investigation is needed to confirm this finding because the upstream
manhole was monitored only in 2007. Average peak conductivities decreased over time
downstream of the junction (from 6.33 mS/cm in 2007 to 4.93 mS/cm in 2009.

Investigations found that salt water is entering through King County‘s Hanford and Lander
Regulator Stations. The highest conductivities in the subarea occurred near and at the Lander
Street Outfall and Regulator Stations. The regulator station registered an average peak
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conductivity of 22.04 mS/cm. It appears that salt water is entering not only through the
Lander outfall gate but also through SPU lines in the area. Two SPU manholes near the
Lander Outfall Station registered average peak conductivities of over 30 mS/cm.

The average peak conductivity at the northernmost site monitored in this area, on EBI
Section 5, was 7.68 mS/cm, indicating dilution of salt water as volumes increase moving
north from Lander. Conductivity at three SPU manhole south of this manhole near the
Connecticut Regulator Station ranged from 1.1 to 14.96 mS/cm.

Downtown Seattle Waterfront Subarea

The dilution of salt water continues northward, as indicated by a lower average peak
conductivity (5.4 mS/cm ) at the southernmost site monitored on EBI Section 5 in the
Downtown Seattle Waterfront Subarea. However, average peak conductivities were higher
(7.90 mS/cm) at the northernmost site monitored in this subarea on EBI Section 7 near the
Denny Regulator Station.

King County has only two overflow facilities on the Downtown Seattle Waterfront because
EBI Section 6 is a tunnel with only one mid-pipe connection at the county‘s Adit Structure.
At one of these overflow facilities, the King Street Regulator Station, salt water is entering
through the station‘s outfall gate (8.08 mS/cm at the station); the other facility, the Denny
Way Regulator Station, underwent extensive work in 2004, including a new outfall, to
control CSOs at the site.

The highest conductivities noted in this subarea were at SPU facilities near or south of the
Adit Structure with lines that connect to the EBI via the structure. Average peak
conductivities were around 20 mS/cm at four of these SPU facilities and 24 mS/cm at the
Adit Structure. During monitoring, salt water was seen entering at SPU‘s Washington Street
(almost 15 mS/cm) and Vine Street (2.5 mS/cm) Diversion Structures.

Interbay-West Point Subarea

Most sites in the Interbay—West Point Subarea were monitored only once, and conductivities
varied widely at some sites that were monitored more often. For example, the average peak
conductivity at Interbay Pump Station was 3.24 mS/cm in 2007 and 6 mS/cm in 2009, and at
the last manhole monitored on the North Interceptor before West Point, conductivity was 3.3
mS/cm in 2008 and 11.24 mS/cm in 2009.

Conductivities appeared to hover around 5 mS/cm in EBI Section 7 before flows enter the
Interbay Pump Station. Contrary to findings of earlier monitoring, flows from the South
Magnolia Trunk are carrying salt water to the station, most likely through connection of local
lines on the Pier 91 site.

Average peak conductivities were low in the east and northeastern portion of the subarea.
Conductivities at all sites on the Central Trunk and the North Interceptor north and south of
the Ship Canal around the Fremont Siphon were below 1 mS/cm. Conductivities in flows
from these areas after they move south and west and then combine with flows in EBI Section
8 from the Interbay Pump Station were around 2.5 mS/cm, increasing as the flows move west
to West Point. The sources of salt water intrusion in the area just east and north of Discovery
Park are unknown, but SPU lift stations in the area may be a factor.
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5.2 Recommendations

The infiltration and intrusion of salt water into King County‘s conveyance system and West
Point Treatment Plant are corroding equipment at the plant, considerably shortening the lifespan
of this equipment, and increasing the volume of wastewater to be conveyed and treated. The
yearly cost of treating salt water entering the system has been estimated at $1.64 to $3.16
million, not to mention the cost to repair and replace damaged equipment. Similar equipment at
South Treatment Plant is not experiencing such corrosion.

The recommended approach to remedy the problem is to implement a comprehensive program to
identify current and future saltwater intrusion sites and take measures to stop these sources of
intrusion. This work will require coordination with SPU to learn more about their system and
their plans to address intrusion into the County‘s system from SPU facilities, especially along the
downtown waterfront. It will also require coordination with other King County programs and
projects, such as the CSO Control Program and efforts to plan for effects of climate change.

The following recommendations can be folded into the program or, in the absence of such a
program, could be undertaken as individual projects.

5.2.1 West Point Investigations and Repairs

As recommended in the Tinnea & Associates (2003) study, investigation of the extent of the
corrosion and damage to the return activated sludge (RAS) piping at the West Point plant should
be conducted (Appendix A). There are 8,000 linear feet of RAS piping at West Point. The three
elbow sections of RAS piping that were examined are above ground. Most of the RAS piping is
extremely difficult to access because it is buried underground and encased in concrete. The
majority of the buried pipes measure between 48 and 60 inches in diameter. The Tinnea &
Associates study recommended an examination of all the pipes and subsequent rehabilitation of
any pipes affected by pitting. The original cost of purchasing and installing the RAS piping was
$16.5 million in 1989. Any potential replacement should include the additional cost of removing
old buried pipe and the disruption of plant operations. If only the pipe elbows and severely
corroded piping were replaced and the remaining 75 percent is untouched, repair costs are
estimated at $4.1 to $4.9 million.

In addition, the 2003 report recommended the inspection of medium-pressure gas and primary
effluent pipes at the plant and the evaluation, installation, or upgrading, as appropriate, of
cathodic protection throughout the plant‘s piping network, including buried steel process piping.
No cost estimates have been prepared for this work.

5.2.2 Conveyance System Investigations and Repairs

Outfall Gates

All King County gates near Puget Sound, Elliott Bay, and the Duwamish River should be
inspected for saltwater intrusion and the causes identified and addressed either through repair
or replacement. Such an inspection at the Chelan Regulator Station outfall gate, for example,
could help determine whether the outfall is the source of conductivity noted near the station.

Below are recommended repairs to three gates in the Lower Duwamish and Downtown
Seattle Waterfront subareas that were investigated during this study. Salt water was also seen
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entering through the Brandon and Connecticut Regulator Station outfall gates, but the causes
for the intrusion have yet to be identified.

Hanford Regulator Station. The station‘s outfall gate located in Terminal 25 needs
to be reseated. The leaking gate allows salt water to enter directly into the EBI
through the outfall pipe. In addition, a bulkhead should be installed between the
outfall gate and sewer flows. After the bulkhead has been sealed, the wastewater
should be pumped out of the outfall so that the gate can be opened at low tide. Cost
estimates range from $130,000 to $170,000.

King Street Regulator Station. Worn outfall gate seals are allowing salt water to
enter directly into the conveyance system. The gate and overflow weir are located at
the end of King Street on Alaskan Way. A bulkhead should be installed between the
outfall gate and the wastewater flows. After the bulkhead has been sealed, the
wastewater should be pumped out of the outfall so that the gate can be opened at low
tide. Cost estimates range from $130,000 to $170,000.

Lander Street Regulator Station. A new seal should be installed on the large
overflow flap gate FG-01. Salt water is entering the overflow structure through the
defective gate and then spilling into the conveyance system prior to EBI Section 4.
This work will have to be done during low tides because the height of the
interconnecting pipe off the Lander 90-inch-diameter storm drain is only 1.26 feet.
Cost estimates range from $30,000 to $50,000.

Additional Monitoring

It is recommended that King County, in coordination with SPU, investigate five areas to
determine the location of local lines, gates, lift stations, and connections to the county*s
system. Concentrated conductivity monitoring should accompany the investigations. The
locations are as follows:

The vicinity of the 8th Avenue South Regulator Station
Near the Duwamish Pump Station
The Port of Seattle Pier 91 property near Interbay Pump Station

The Ballard area near Shilshoe Bay that feeds into an SPU line that runs south under
the Lake Washington Ship Canal

The North Interceptor prior to where the pipeline enters the West Point plant
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APPENDIX A

West Point Treatment Plant
Corrosion Control Investigation


















































































































































































































APPENDIX B

Saltwater Intrusion into the
King County Sewer System
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