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CSO CONTROL IMP ACT AT WEST POINT AND WEST
POINT ENHANCEMENTS

CSO control using storage or CSO treatment will increase flows to West Point. CSO stored in
the tanks will be drained back to the interceptor as capacity becomes available. Management of
the tank drainage will be an important issue to examine, both to minimize storage tank size
requirements and to minimize impacts of high flows at West Point. In development of the CSO
control Groups for the Task 5 report, it has been assumed that storage tank sizes required are
equal to the overflow predicted for the once per year design storm (Design Storm #6). Further, it
has been assumed that after filling completely, these would be drained over a 48-hour period, and
that drainage would not begin until after the storm has passed. If drainage of the tanks began as
soon as there were room in the interceptor, there is the chance that drainage from upstream tanks
could result in the need for larger tanks further down the interceptors.

The total volume in storage to be returned to West Point (both in storage tanks and treatment
structures) following the once per year design storm ranges from 40 MG for the CSO control
combinations of Task 5 Groups 1, 2b and 5 to 110 MG for the combination of Groups 1, 2b, and
7a (deep tunnels). If drained during off-peak hours over a period of2 days, the smaller volumes
could be provided with secondary treatment without increasing the peak secondary flow at West
Point. The larger volumes associated with deep tunnel storage would need to be drained over a
period of 3 days.

Return flow from CSO storage/treatment structures will raise the average flow during wet
weather (WWF) and maximum month flow (MMF) at West Point. It is estimated that the annual
return to West Point will range from about 900 to 1,500 MG/yr. The annual average flow will
thus be increased between 2 and 4 mgd. Assuming that most of the return flow occurs in the wet
season (November through April) and that it occurs with the same monthly distribution as
rainfall, the estimates of increases in WWF and MMF are shown in Table 4-35. Note that the
WWF is the average of all flows (storm and non-storm) during the 6-month period November
through April. This is higher than the average wet weather non-storm flow rating of West Point
(i.e., 133 or 159 mgd A WWF). The flow increments shown are additive to the 159 mgd West
Point design flows as well as the 133 mgd design.

By increasing the general level of flows during wet weather, prolonged CSO return flows could
lead to a deterioration in the settleability of the activated sludge in the secondary treatment
system. An increase in effluent suspended solids and biological oxygen demand (BOD) could
occur as a result. If such periods occur, they can be addressed by chemical addition to the
secondary, or by blending of secondary and primary effluent (a portion of the CSO return flow
would only receive primary treatment with chemical addition as an option) to some degree.

CSO return flows could increase maximum month solids loading to West Point from 4 to 6 dry
tons per day. The impact on the solids handling system is defined, but the relative impact is
small.
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Table 4-35. Impact of Return Flows from CSO Storageffreatment on West Point Design
Flows.

~~

Task 5 CSO
Groups

~

.Base case refers to current West Point 133 mgd average wet weather non-storm flow.
b WWF is the average of all flows entering the plant including storm-related flows.
C MMF is the maximum monthly average flow.

The above issues indicate that there will be some cost associated with CSO return flow from
storage/treatment units and that plant enhancements will be necessary to accommodate these
flows. There is uncertainty as to the final additions that must be made. After consideration,
Mark Poling, Dick Finger, and Bill Burwell agreed on the following approach as representative
projects for the West Point enhancements included in the Task 5 report:

1. For the 133 mgd current West Point expansion, assume that the two secondary
clarifiers identified for the next expansion will be added to the 133 mgd plant to
deal with CSO return flows. This will permit the peak secondary overflow rates
to be reduced from 1,500 gpd/square foot to 1,300 gpd/square foot. This will
mitigate the difficulties associated with CSO return flows prolonging high flows
at the plant. A project cost of allowance of $15 million was added to Task 5 CSO
Group 1 to construct these clarifiers.

2. For the 159 rngd expansion or as an alternative for the 133 mgd plant, the same
allowance ($15 million) will provide upgrades for CSO return flows. The exact
upgrades are uncertain at this time, but might include:

...

Conve]~sion of the existing anaerobic digesters to secondary clarifiers if future
solids handling facilities were constructed offsite.

Addition of dissolved air floatation equipment or other modifications to the
existing primary clarifiers to improve removals at peak flows.

Addition of a storage facility to intercept any small overflows that might occur at
the influent control structure (plant bypass) as a result of running West Point at
440 mgd peak flow without throttling the Interbay pump station.

Implementation of a Real Time Control system to provide operators with
improved forecasting of inflows to the plant. This could include Doppler Radar to
enhance flow forecasting.
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ADDITIONAL ISSUES AND PROJECTS

The following section discusses several issues involved with CSO control, and other project
approaches that were examined as part of the CSO alternative generation process.

ONGOING COSTS ASSOCIATED WITH SEWER SEPARATION PROJECTS

Source control and other BMPs are required for stormwater separation projects. Metro's Water
Resources section has budgeted funds for source control and monitoring of the Densmore and
Lander projects amounting to about $60 per acre per year. This does not include catch basin
cleaning that will likely be required, or periodic inspection and maintenance of new storm drains
(both functions are currently a responsibility of the city of Seattle Drainage and Wastewater
Utility [SDWUD. Incorporation of these factors could result in an annual cost associated with
separation of about $110 per acre per year. Based on experience in the Lander project, source
control efforts can be expected to significantly reduce pollution associated with stormwater
separation projects, but do require long-term follow-up programs. However, the annual costs are
comparable to that of other options.

IMP ACT OF GARBAGE GRINDERS ON CSO PROJECTS

Increasing use of garbage grinders could result in increased loading of floatable materials in the
sewerage system. This would include particles of vegetable matter (e.g., lettuce and peelings) as
well as additional plastic materials. The CSO Control program must address floatables removal
pursuant to the nine minimum controls of the federal CSO policy as well as to protect receiving
water aesthetics and possible damage to aquatic species. An increase in floatables due to
increased garbage grinder use is not expected to impact what must be done as part of the overall
CSO Control Program.

Increased garbage grinder use may increase the biosolids production at the treatment plants.
CSO-related biosolids production would increase slightly but would remain a small fraction of
the normal treatment plant production. For example, the largest CSO-related raw solids
production at West Point (Groups I + 7a +2b in the Task 5 report) amounts to about 370 dry tons
per year compared to projected thickened raw solids production at West Point in) the year 2000 of
about 41,500 dry tons per year. CSO related raw solids production is less than 1 percent of the
normal on an annual basis. .

ROOF DRAIN DISCONNECTION

Partial separation projects in the 1970s and 1980s did not include the separation of roof drains
due to the difficulty and expense of working on private property. The early separation efforts
were directed at preventing basement flooding rather than CSO control. Additional CSO control
by the city of Seattle in these areas was accomplished by adding storage. The city relies on their
drainage ordinance to result in roof drain disconnection as properties are re-developed in
separated sewer areas. This ordinance is a specific part of the city's CSO Control Program and is
referenced in Metro's 1988 CSO Control Plan.
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In areas where storm drains were installed in previous partial separation projects, the opportunity
exists to further reduce CSOs by removing roof and area drains where cost-effective. Removal
of roof drains can in some cases double the volume of rainwater removed from the system and
have a significant impact on the size of CSO Control facilities required. Identifying these
'targets of opportunity' should be a part of Metro's CSO planning in areas already partially

separated.

Inflow removal by disconnecting roof drains has been successful in other areas of the country.
Successful programs for Dallas, Texas; Tulsa, Oklahoma; South Portland, Maine; and Cincinnati
and Fairfield, Ohio were reported on in the recent EP A Sanitary Sewer Overflow Conference.
In Cincinnati, it is viewed as the most cost-effective program for infiltration/inflow removal in a
separate sanitary system. Cost estimates for contracted disconnection work range from less than
$1,000 per unit to about as high as $2,500 per unit. A figure of $1,500 per unit is often assumed
and is consistent with city of Tacoma experience. Cincinnati has established a program that
reimburses homeowners for the cost of removal including side sewer rehabilitation. Cincinnati
will reimburse up to $3,000 per unit; actual experience has been about $800 per unit, including a
$50 payment to homeowners above their costs to 'sweeten the pot.'

For CSO control, roof drain disconnection programs would be most effective where storm sewers
exist, and where the community can be enlisted to assist the program by participating in a
removal program. Based on experience elsewhere, a public outreach program coupled with
economic incentives may be effective. Community desires to avoid construction of CSO control
facilities in their neighborhoods could be part of the impetus as well as reduction in sewer
charges and direct payment to property owners. Alki is a notable example where the community
activism might make such a program successful. The participation is expected to be increased by
offering homeowners reimbursement of expenses plus a small 'grant' to make it worth their
while. BMPs in the form of homeowner education programs to decrease the use or modify
products used for moss control would be necessary. In addition, roof drains may be a significant
source of weathered asphalt from roofing materials and zinc from galvanized downspouts. These
contributions would need to be assessed before pursuing roof drain removal as a CSO control

technique.

The following paragraphs describe approaches used by other municipalities in addressing
infiltration and inflow from private property.

East Bay Municipal Utilities District (EBMUD), California

EBMUD was the lead agency (as wholesaler for wastewater treatment) for an extensive
infiltration/inflow analyses and correction program. It was determined that at least 50 percent
was attributed to sources on private property. Archeological-like 'digs' were conducted to
examine the state of building sewers-virtually every sewer examined had open joints or crushed
pipe. Implementation of the correction program is the responsibility of the member
communities, and private sources have been addressed in different ways.

The Stege Sanitary District rehabilitated mainlines, manholes, and a relatively small portion of
building sewers (less than 10 percent) identified as cost-effective. Building sewers were
rehabilitated by the agency at no cost to the property owner on the theory that infiltration/inflow
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reductions are a benefit to the whole community. Considerable effort was required to convince
some property owners to participate in the program. Overall, Stege achieved a 75 percent
reduction in infiltration/inflow.

The city of Alameda passed a city ordinance that requires laterals to be tested and rehabilitated if
necessary, when a property is sold. The lateral is tested from the house to the back side of the
sidewalk. This approach two major advantages. First, money is available to test and fix laterals,
roofs, and termite damage when houses are sold. Second, the program will continue indefinitely.
Although this approach delays rehabilitation of many building sewers for many years, it ensures
that private sources will actually be corrected. It turns out that the ordinance costs the city a fair
amount of money to administer since the city assists homeowners in locating laterals and
inspecting tests and new lateral construction. Some of these costs are reimbursed through
construction permits.

The other communities that are part of the EBMUD infiltration/inflow program choose not to
pursue private lateral infiltration. Generally, infiltration/inflow is reduced about 50 percent by
rehabilitating mains, manholes, and the portions of the laterals within the public rights-of-way.
In some communities, even these portions of the laterals are privately owned; however, this issue
is ignored when an area is being rehabilitated.

Nashville, Tennessee

The city of Nashville undertook a comprehensive rehabilitation of the manholes and mainline
sewers in an area subject to severe infiltration/inflow. After completion, it was found that the
peak flow rates during heavy rains were essentially unchanged. Further review indicated that
private sources, particularly building sewers were the source of these peaks. The city was then
going to undertake further rehabilitation to repair the portion of the building sewer in the public
right-of-way, between the mainline sewer and the cleanout at the property line. Results have not
been reported in the literature.

Vallejo, California

The Vallejo Sanitation and Flood Control Pistrict decided after extensive SSES work that at least
70 percent of the building sewers in the highest infiltration/inflow areas had to be rehabilitated.
The district decided to rehabilitate these at public expense, including both the public and private
portions of the lateral. The district provided a I-year warranty on the corrected lateral and then
turned the lateral back to the property owner for long-term maintenance. The district also
established a rebate program for private owners who have repaired or replaced that upper lateral
at their own expense. Following the rehabilitation, covenants were added to the property deeds
stating that if further rehabilitation were found to be necessary by future inspections, that the cost
would then be born by the property owner.

North Tahoe Public Utility District, California

The North Tahoe Public Utility District instituted a mandatory lateral inspection program in the
late 1980s that is connected to the sale of a home. Where a home is sold within 1 year of a test
no additional testing is required. If the lateral is found to be defective, the seller is required to
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repair and pass an air test on the lateral. Funding is either through escrow or paid directly by the
property owner. Initial reaction from the real estate community was that the testing would hurt
sales. Since the program has been in effect their was no discernible change in property value or
sales that can be attributed to the lateral testing ordinance.

Tacoma, Washington

The city of Tacoma has an ongoing program to eliminate roof connections. This program is
conducted by city staff. A specially equipped van was purchased and outfitted with pipe, a turf
cutter, a trencher, a concrete saw, and other equipment. As time allows within other sewer
maintenance priorities, a special crew undertakes rooftop disconnection, including the initial
informational contacts with property owners. The roof leaders are intercepted with plastic pipe
routed to the nearest street for drainage disposal. Cuts are made in sidewalks and curbs as
necessary and then patched. The reported cost for this program ran about $1,400 per dwelling
unit in 1995.

Portland, Oregon

The city of Portland Bureau of Environmental Services (BES) is currently targeting 20,000
residences for voluntary downspout disconnection. The goal is to disconnect at least 50 percent
of the roof area in the target zone, making simple modifications to downspouts which can be
safely routed to yards. BES provides financial incentives ($53 per downspout) for homeowners
who do the work themselves. Homeowners can also opt to have BES complete the work free of
charge. BES employs both private contractors and local community groups to do the work.
There is a strong emphasis on public involvement; the program pays local organizations for their
work canvassing and doing disconnections. The program is in its second year and has completed
approximately 20 percent of its goal. The average program cost per downspout disconnected
(including administrative costs) is about $150.

BES is also targeting 2,500 residences for mandatory disconnection in five sewer basins where at
least 75 percent of the roof area must be disconnected from the combined sewer to meet CSO
control goals. Downspouts are disconnected to surface drainage systems. In some cases, gutter
modification is required. As in the voluntary areas, homeowners can opt to have BES do the
work at no charge, or to do the work themselves and receive reimbursement of $53 per
downspout disconnected.

Scarborough, Ontario, Canada

The city of Scarborough began a voluntary program for roof leader disconnection in June 1994.
The program was started using students hired under a Canadian federal grant to educate the
public on the program and its benefits. The students made visits to residences to explain the
program, obtain background information, and leave brochures.

Where feasible, residents who offered to participate were offered the basic materials required to
perform the work. This included piping, splash pads, and plastic rain barrels. Residents were
responsible for the actual work. As of June 1997, more than 260 residences had participated.
Another two summers of contact activities are planned to cover the entire combined sewer area.
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Macomb County, Michigan

The Detroit News reported that Macomb County began a program of inspecting residences to
enforce a roof drain ordinance. Inspectors walk the streets visually checking for improper
drainage. Residences found with roof drains connected to the sewage system were notified that
they had 30 days to comply with the ordinance (disconnect or extend the roof leader). Violations
could result in fines ranging from $40 to $500.

The ordinance covers roof drains that discharge within 5 feet of the building envelope as well as
those directly connected to the sewer. Drains to close to the house or yard grading that leads
water back to the building line are covered to prevent water from discharging on the ground from
reaching the sewer indirectly via draining down the basement wall or in the crawl space.

MODIFICATIONS IN STREET CLEANING PRACTICES

Street sweeping has been variously cited as a significant and not significant practice to reduce
stormwater pollutant content. U.S. EPA paper studies have suggested that street sweeping up to
10 times per year would be cost-effective as a BMP. A paper analysis in Portland suggests that
the ability of street sweeping machines to remove the fraction of street dust actually containing
the major pollutant fraction is limited. Sweepers tend to remove the larger particle sizes leaving
the fine dust to either fall back to the street after the sweeper has suspended it in the ambient air,
or leaving it trapped in the small crevices that exist in street surfaces. Street sweeping in the fall
ahead of significant rain may be of particular benefit to remove leaf litter and accumulated dust
from the dry period.

Street sweeping is most effective in commercial core areas where street parking is limited in the
evening. In high density residential areas, the presence of vehicles at the curb at any hour limits
the coverage that can be achieved. Street sweeping is a useful BMP to control litter (floatables)
and to assist in control of street dust that enters stormwater runoff. However, it should not be
viewed as a significant control mechanism.

All of the approximately 30,000 catch basins in the city of Seattle are connected to a common
trap manhole, which functions to hold solids and floatable materials, and oil and grease. These
are emptied on a varying schedule by the SDWU. SDWU inspects each of these on an annual
cycle and cleans them when trapped solids approach 50 percent of the holding volume available.
Actual cleaning frequency is about once each 5 years on average. The liquid and solids are
separated in centralized facilities with the liquid discharged to Metro and the solids and
floatables disposed of in landfills. The effectiveness of such programs in pollutant removal is
uncertain. Paper studies in Portland suggest that cleaning on an 8-month cycle could achieve
very high removals of pollutants from stormwater. Other studies have suggested only modest
removals. The material trapped is generally the coarser fraction of the solids, which may contain
a small fraction of stormwater pollutants. The SDWU program focuses the cleaning efforts on
catch basins that accumulate solids at the most rapid rate--some of these are cleaned on an annual
cycle where historical experience indicates a problem. This is an appropriate approach. Little
evidence exists to suggest more frequent cleaning cycles would be cost-effective.
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A BMP program might be better focused on specific pollutants that drive the WQA results rather
than the broad spectrum as addressed by street sweeping or catch basin cleaning. Thus, if silver
were a major contributor to high water quality/sediment indices in the WQA, then a focused
program to reduce silver concentrations in commercial or industrial effluents (air and water) , and
to identify and reduce stormwater sources would be the most beneficial approach. Silver
concentrations are a significant contributor to the computed WQA indices, and recent silver
concentrations measured in Denny CSOs exceed the value used in the WQA calculations. Zinc
is contributed by highway runoff and may be associated with galvanized metal downspouts.
Programs to encourage alternatives such as plastic downspouts may be appropriate.

WEST POINT BYPASS AS A CSO DISCHARGE LOCATION

The emergency discharge outfall at the West Point plant is listed among the CSOs in the NPDES
permit. As a CSO, its baseline is zero events per year and zero annual volume. Increased
discharge above baseline is prohibited by state CSO regulations. This outfall's intended use was
described to stakeholders (including the city of Seattle, Corps of Engineers, Department of
Natural Resources, and the tribes) during the construction permitting as limited to emergency
bypass discharges associated with mechanical or electrical failures at the plant to prevent severe
damage to equipment and loss of life. Such a bypass is not a permitted discharge in the NPDES
permit (it must be reported immediately to Ecology and other agencies). The circumstances of
each bypass will be reviewed after the fact by Ecology for any needed enforcement action. This
is in contrast to the CSO reporting system where discharges are reported in an annual summary
report with which Ecology assesses compliance based on decreasing frequency and volume of
discharge compared to each site's baseline, and timely progress toward the regulatory goal of
'greatest reasonable reduction' (one discharge per year per outfall).

The current NPDES peffilit renewal application expands upon the above expectations. There are
concerns that West Point may not be able to accept the peak flow of 440 mgd in situations where
there is a sudden and rapid rise to that flow. These conditions may trigger a computer-controlled
plant shutdown in which all plant flow would be bypassed during the time it takes to get the plant
operating again. Such a shutdown is designed into the system to protect against severe damage
to the plant and danger to workers. One way to avoid these potential shutdowns is to throttle
flow at the Interbay pump station so that the peak flows to West Point are limited to about 400
mgd. This increases discharge into Elliott Bay, especially at Denny Way, but reduces discharges
along the Ship Canal. Another alternative under consideration is to use the emergency outfall for
'peak shaving' wherein some of the flow from sudden and rapid peaks would be diverted out this
outfall as necessary to peffilit the plant to assimilate the 440 mgd peak avoid plant shutdown.
More flow would likely reach the plant under this alternative than would with a limit on the peak
of 400 mgd. The peak shaving approach is being considered in current NPDES negotiations.

Analysis suggests that the tradeoff in CSO discharge volume is about equal system-wide for the
two alternatives discussed above. Using the West Point bypass for peak shaving would result in
an annual discharge at this location of about 90 MG/yr and an increase in Ship Canal discharges
of about 33 MG/yr, for a total of 123 MG/yr. At the same time, additional Elliott Bay Interceptor
(EBI) discharges of about 116 MG/yr (96 MG/yr at Denny Way after construction of the
preferred Denny Alternative) would be avoided. If the West Point peak flows were limited to
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400 mgd on the other hand, EBI discharges would be increased about 116 MG/yr while Ship
Canal discharges would be reduced and discharges from the emergency bypass would be
minimized (these increases in Elliott Bay or the Ship Canal would not cause annual discharge
volumes to exceed baseline values). Thus, use of the emergency bypass to facilitate acceptance
of 440 mgd peak flows at West Point as Metro committed to would result in a small increase in
the system-wide annual CSO volume after the Denny project is in place. In addition, it would
result in greater frequency and volume of discharge to the site near the emergency outfall where
Metro has planted eel grass as mitigation for the West Point project. Through the RWSP and
work with the stakeholders to the West Point construction permitting, Metro needs to address the
relative benefits of these two approaches. Ecology and other stakeholders would need to accept
reducing the peak flow limits to 400 mgd from 440 mgd or the peak shaving concept for future

operations.

If CSO treatment at Denny is included in final R WSP configurations, it is logical to assume a
400 mgd peak flow limit at West Point. Resulting discharges from the Interbay pump station
would receive primary treatment at Denny rather than West Point, Ship Canal discharges would
be reduced, and discharges from the emergency outfall would be minimized. There is also the
potential to reduce 3rd Avenue West CSOs by treatment at Denny.

Consideration has also been given to more frequent use of the emergency outfall as a component
of the CSO program. This would move discharges from a theoretically more sensitive receiving
water (the Ship Canal) to the nearshore area off West Point. By opening the discharge gate
structures, the level in the influent tunnels could be lowered allowing some additional flow to
reach the structure from the North Interceptor, particularly from 3rd Avenue West and the
Ballard regulator. This represents a transfer of CSO and not control. The sensitivity of the
alternative locations has not been compared. An assessment of the resulting CSO volumes and
frequencies (as well as the impact on the ability to pump 440 mgd through the plant) has not
been made. This proposal in not included in the current NPDES permit application.

WEST POINT SECONDARY CLARIFIERS USED FOR CSO TREATMENT

Two additional 142.5-foot diameter secondary clarifiers are scheduled to be added at West Point
when the plant is upgraded from 133 to 159 mgd A WWF capacity. The question has been raised
about installing these early to be used for treatment of additional CSO above the 440 mgd design
point. Together, these clarifiers could treat over 100 mgd of additional CSO flow if operated in
excess of 3,000 gpd/square foot (total peak flow to West Point of 540 mgd). Together, CSOs at
3rd Avenue West, Ballard regulator, and 11th Avenue NW produce a combined peak discharge
rate of about 63 mgd. The following considerations apply to this approach:

1. The internal sludge removal mechanisms that would likely be used for primary
CSO treatment are fundamentally different than those that would be used for
activated sludge. Thus, the mechanisms would likely have to be completely
changed out when the clarifiers were converted to use in the upgraded secondary

plant.

2 The plant hydraulic structures would need to be modified to use these clarifiers in
this application. A separate new pump station would be needed to deliver CSO
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flows from the influent tunnel to the clarifiers. A new effluent pump station
might also be required to discharge treated effluent. Because the existing outfall
would not be capable of accepting flows above 440 mgd, this discharge is
assumed to occur out the emergency outfall. Discharge to this location may
damage eel grass planted as part of mitigation for the West Point project as
discussed in the previous topic.

3.

Increasing the flows to the plant above 440 mgd will require that a new parallel
relief sewer be provided from the 3rd Avenue West overflow structure to the
bifurcation structure at the upstream end of the two existing tunnels. At the same
time, new siphons under Salmon Bay could be installed to deliver overflow from
the 11 th Avenue NW and Ballard regulator overflows. The facilities and
approximate costs are shown in the following table. The total cost for this
approach is about 80 percent higher than that of the storage tanks identified for
these CSOs in Group 2b.

4. After conversion of the two clarifiers to secondary treatment use, the relief sewer
could be used to convey additional flow to the plant for discharge via the
emergency overflow (see previous discussion of this topic), or would provide
storage of about 1.8.MG (sufficient for 11th NW). Additional costs would be
necessary for control at Ballard and 3rd Avenue West.

Current projections in WW2020+ have the West Point upgrade to 159 mgd occurring as early as
2010. In these scenarios, the new clarifiers for CSO treatment would only be available for about
5 years (2005 to 2010). The dollars to take advantage of these clarifiers for CSO treatment
would be largely lost after only a brief period of use. Other WW2020+ alternatives could delay
the secondary upgrade.. to 2020 or later. Given the above considerations, use of these clarifiers
for CSO treatment is not particularly attractive.

Table 4-35. Capital Costs to Use West Point Clarifiers for Additional CSO Treatment.

SEASONAL DISCHARGE TO THE DUW AMISH RIVER

CSO Group 3b in the Task 5 report combines CSO primary treatment with a new secondary
treatment plant in the WW2020+ alternative Dl. A stand-alone version (3c) is also included that
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provides centralized primary treatment of CSO flows from the Lander CSO south. In both cases,
a new outfall to Puget Sound is included in the cost estimates. The CSO program estimate for
the outfall capital cost (102-inch including CSO flows) is $51 million. To reduce capital needs
early in the program, consideration has been given to joint use of the existing EDRP Effluent
Transfer System (ETS) outfall. The WW2020+ secondary plant in alternative Dl would treat up
to 80 mgd of flow (2.25 times A WWF). Peak CSO flows would add up to 140 mgd through
2025 for a total outfall flow of 220 mgd. The existing ETS capacity is on the order of 350 mgd.
If the Duwamish peak flows were pumped to the existing ETS for disposal, there would be a
remaining allowance of 130 mgd for EDRP flows. EDRP flows in excess of 130 mgd would be
discharged to the Duwamish River via the old outfall or a new short outfall near the river mouth.
Flows discharged to the river would receive secondary treatment at the EDRP .

The foregoing configuration has water quality and structural facility implications. Because the
ETS structural strength is low near the outfall, special surge protection measures would be
needed to avoid structural damage to the pipeline. Discharge to secondary effluent at the EDRP
has water quality issues. Review of the plant flows and the historical river flows indicates that
river flows will not usually be high when these discharges would occur. Initial dilution of the
effluent in the river would thus be restricted. The water quality impacts of these discharges are
being reviewed in the WQA. It is expect~d that ammonia toxicity may be a problem. The
frequency and more importantly ,the periods when such discharge would occur, will be important
considerations. Discharge after about the middle of February will probably not be acceptable due
to use of the estuary by Salmon fry. It is anticipated that discharges to the river at the EDRP
would need to be dechlorinated.

This approach has merit in reducing the rate of capital expenditures by delaying a new outfall for
the Duwamish plant, or a parallel of the ETS. There is insufficient infonnation available to
completely characterize the impacts of this alternative. The feasibility will depend on the rate of
increase in flows at the EDRP and thus the WW2020+ alternative configuration considered.
Water and sediment quality impacts are currently being estimated in the WQA. This concept
was presented to Ecology in 1994. Their first reaction was that it is not out of the question, but
that a secondary outfall for excess EDRP flows to the mouth of the estuary would be needed.
This could involve addition of 9,OOO-ft of new 84-inch outfall from a new connection of the
Duwamish plant outfall with the ETS to just outside the mouth of the estuary. This line could
have a capital cost of up to $34 million.

CSO Group 4 includes a WW2020+ transfer of up to 80 mgd from the West Point SSA to the
EDRP. This is a secondary treatment transfer and the option to associate seasonal discharge to
the river would be subject to cost considerations in the WW2020+ alternatives. The frequency of
discharge may be less than discussed above, but the same considerations apply.

NEW TECHNOLOGIES

Conventional CSO control technologies consist of storage separation and treatment in primary
sedimentation like structures. Alternative technologies that have been used are discussed below.
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Vortex Separators

Vortex separators are a technology that uses vortex motion in circulating fluid to assist the
gravity settling of suspended solids. Studies elsewhere have indicated removals of TSS above 50
percent at loadings above 7,000 gpd/square foot. By comparison, primary sedimentation has
required overflow rates on the order of 1,000 gpd/square foot to achieve 50 percent suspended
solids removal.

Metro decided to conduct a pilot study of this technology at West Point and Denny Way based
on the potential for this technology to provide both capital cost savings and operational
simplicity. The West Point tests indicated 50 percent removal of TSS or greater at surface
overflow rates of 4,000 gpd/square foot or less. Removals at West Point would be higher than
would be expected in actual CSO conditions because the influent suspended solids were
generally above 200 mg/L. At influent suspended solids concentrations representative of CSOs
(100-150 mg/L), 50 percent TSS removal would be expected at 2,000 gpd/square foot. Due to a
number of factors, the pilot plant was operated on only a single event after it was moved to
Denny Way. The surface loading in this event was in excess of 9,000 gpd/square foot (a range
where little TSS removal would be expected based on the West Point experience).

The CSO Control Groups containing CSO treatment have been developed assuming vortex
separation operated at peak overflow rates of 7,200 gpd/square foot. The pilot studies and
literature indicate that chemical addition will be required at the surface loading rates assumed in
cost development to achieve Ecology's 50 percent TSS removal and 0.3 mL/L/hr settleable
solids discharge standards for both vortex separators and primary sedimentation units. At higher
surface loading rates, even chemical addition might not achieve the removal standard due to low
influent TSS concentrations (less than 100 mg/L). If the permits can be written in terms of an
agreed on effluent concentration, the chances of meeting the limits will be improved.

Microsep or Actiflo

This is a proprietary technology that uses a mixture of very fine sand and polymers in plain
sedimentation units. The polymer is used to flocculate wastewater solids and attach them to the
sand particles. The high specific gravity of the sand increases the settling velocity of the
resultant particles so that plain sedimentation units can be operated at very high surface loading
rates while achieving high solids removal.

The sand must be separated from the solids for recycling and to keep it out of the sewers. It is
not know how effectively the sand can be removed, but this has been expressed as a concern. If
the s-and is not effectively separated prior to sending the solids back to the sewers, heavy deposits
may form in the interceptors. Some experience with this technology exists in western Canada
and is also marketed by Kruger. The vendor has a fully equipped pilot plant trailer available for
rental.

Fine Screens

Fine screens have been applied for CSO treatment in some areas. These devices will principally
remove floatables and larger solids. Experience varies and expectations are for relatively low
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suspended solids removal. Recent experience on sanitary sewers in Deerfield, Illinois reported
on at the U.S. EPA SSG Conference indicated effluent TSS concentrations of 60 mg/L may be
achievable. The reported experience did not indicate the influent TSS concentration. In general,
attainment of 50 percent suspended solids removal should not be expected.

Direct Filtration

This technology involves high rate filtration of CSO flow using shallow bed granular filters or
new technology know as the fuzzy filter. Good performance on primary effluent (TSS
concentration near that of CSOs) has been reported. Metro tested this technology briefly at Alki
in the 1980s. Brown and Caldwell has tested this technology for attainment of secondary
effluent standards on aerated lagoon effluent. TSS removals of 50 percent and minimal
settleable solids concentrations have been reported at surface loading rates up to 7,200
gpd/square foot or greater with chemical addition. Commercial units have built in cleaning
systems that reduce operator attention. The units would be preceded by fine screens or other
mechanisms to remove debris. However, compared to primary sedimentation or vortex
separators, this technology is significantly more complex.

Dissolved Air Floatation

Dissolved air floatation (DAF) has been demonstrated for treatment of wet weather flows in
Oregon. The U.S. EPA sponsored full scale testing in the 1970s. DAF technology with
chemical addition is also being added to vortex separators in designs for Columbus, Georgia.
Performance in pilot tests has been excellent. Again, this is a complex process by comparison to
the basic vortex separator or primary clarifier.
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Ylraterfront/lndustrlal CSO Control Element: 4.5 MG Rectangular Storage Faclli1y (Brandon Street)-~- -.-,

Alternative Description: Industrial Area CSO ~aQe

Drainage Basin:
Revised: 5/3/94

Ifem Description Quant.

9.365
40.925
62.979
5.084

20.334
57.896
68.800

9

Unit

Cy
SF

Cy
Cy
Cy

Cy
LF

EA
LS

SY

SY

Unit Cost

$380

$11.0

$14.0

$9.0

$29.0

$10.0

$16.5

$50,000

$138,835

$56.5

$100

Total Cost

$,3.558.700
$400.175

$881.706
.$45.756

$589.686
$578.960

$1.135.200
$400.00)

$138.835

$289.275

$511.991 1

5.120
5.120

Concrete

Temporary Sheeting and Shoring

Excavation

Backfill-Native

Backfill-Imported

Disposal of Excess Excavation

Piling
Sluice Gates

Pumps. Associated Piping and Mechanical Equipment

Street Restoration

Utility Interference/Relocation

SUBTOTAL:

$258.909

$431.514

$431.514

$flJ.CXXJ

$215.757

$1.001.798

$1.001.798

$8,630,284

$258.909

$431.514

$431.514
$50,00)

$215.757
$1,001.798

$1.001,798

$12,021,573

$3,606,472

$1.281.500

$16,909,545
I

$5.918.341 I

$783,346

$23,611,231

Aeration (3%)

Mechanical Washdown Sy:!tem (5%)

Odor Control (5%)

Traffic Control

Dewatering (2.5%)

Mobilization/Demobilization (10%)

Contractor's 0 & P (10%),

30%

8.2%

35%

$17

1 LS

1 LS

1 LS

1 LS

1 LS

1 LS

.1 LS

ESnMATED CONSTRUCnON COST:

Contingency (On Estimated Construction Cost)
I Sales Tax (On Construction Cost and Contingency)

I TOTAL ESnMATED CONS7RUCnON COST:

Design and Owner Management

Iproperty Acquisition (Inc. ~ (;ontlngency & 15% Management) 46.079 SF, 

..~O",. TOTAL PROJECT COST:



'Naterfront/lndustrlal CSO Control Element:
Alternative Description: Industrial Area CSO Stgrape

13.1 MG Recta\{l.Jlor Storo~ Facility (MichIQan Street)Drainage Basin:
Revised: 5/3/94

Item Description Quant.

25.106

65.981

165.112

11.427

45.707

153.685
191.070

15

1

13.713

13.713

Unit

Cy
SF

Cy
Cy
Cy
Cy
LF

EA
LS

Sy
Sy

Unit Cost

$380

$11.0
$14.0
$9.0

$29.0
$10.0

$16.5
$50,00)

$272,494
$56.5
$100

Total Cost

$9.540.280
$725.791

$2311.568
$102843

$1.325.503
$1.536.850
$3.152.655

$750.00)
$272494
$774.770 i

$1.371.274

Concrete

Temporary Sheeting and ~;horing .
Excavation .

Backfill-Native

Backfill -Imported

Disposal of Excess ExcavationI 
Piling

Sluice Gates
Pumps. Associated Piping and Mechanical Equipment

Street Restoration

Utility Interference/Relocoltion

$21,864.027

$655.921

$1.093.201

$1.093.201

$W.OOO

$546.tJJ1
$2.530.295
$2.530.295

$30,363,541

$9.109.062
$3.236.754

$42,709,357

$14.948.275

$2.098.049

$59.755.681

SUBTOTAL:

$655.921
$1.093.201
$1.093.201

$fJJ.OOO
$546.601

$2,530,295
$2.530.295

Aeration (3%)

Mechanical Washdown System (5%)

Odor Control (5%)

Traffic Control

Dewatering (2.5%)

Mobilization/Demobilization (10%)IContractor's 

0 & P (10%)

30%

8.2%

35%

$17

1 LS

1 LS

1 LS

1 LS

1 LS

1 LS

.1 LS

ESTIMATED CONSTRUCnON COST:

"
I; Contingency (On Estimated Construction Cost)

,";;v;, Sales Tax (On Construction Cost and ContIngency)

TOTAL ESnMATfD CONSTRUCnON COST:

Design and Owner Management

t"roperty Acquistt1on (Inc. 30%, Conttngency & 15% Management) 123.415 SF

TOTAL PROJECT COST:



Item Description Quantity

30,490
72,900

171.540
8,496

33,984
163.044
215.200

10

1

15,600
15,600

Unit Unit Cost Total Cost

Cy
SF
Cy
Cy
Cy
Cy
LF
EA

LS
SY
SY

$377.9
$11.0
$14.0

$9.0
$29.0
$10.0
$16.5

$50,000.0

$11.523.cm
$801.900

$2.401.5ro
$76.464

$985.536
$1.630.440
$3.550.800

$500.cm
$382366
$936.cm

$1.5ro.cm
$0

$24,348,066

$1.217.403
$730.442

$1.217.403
$1.217.403

$50.cm
$608.702

$2.938.942
$2.938.942

$35,267,303

$60.0
$100.0

Concrete

lemporary Sheeting arId Shoring

t:xcavation

l1ackfill-Native

~ackfill -Imported

Disposal of Excess ExcavationI 

PilingIISluice 

Gatesiurainage 

Pumps and }\ssoc. Mech./Elect. Equip.I

IStreet Restoration

IUtllity Interference/RelocationI

:)pecialty Items

Subtotal

5.0%
3.0%
5.0%
5.0%

$50,00)
2.5%

10.0%
10.0%

Subtotal

L.S

L.S

L.S

L.S

L.S

L.S

L.S

L.S

Miscellaneous 

Mecharlical/Washdown SystemAeration

LandscapingOdor 
ControlTraffic 

Control

LJewatering

Mobilization/DemobilizationContractor's 

0 & P

Contingency
Sales Tax

30%

8.2%
$10,580,191

$3,759,495

ESTIMATED CONSTRUCTION COST $49,606,989

Ueslgn and Owner MolnagementIf'roperty 

Acquisition
35%
$17

$17,362,446
$2,635,00)15500) SF

TOTAL PROJECT COST $69.~10.000

Brown and Caldwell Hanfst Pagel 10/9/97



Industrial Below Grade Rectan-g-ular Tank Storage HanfOrd #2

CSO (;ontrol Alternative: Storage -Below Grade Rectangular Tank Storage
Data Input Form and Unit Cost Data Input Form

LL Input Data_In Shaded Cells

Assumptions

Cover Dlepth. ft
Side Water Depth. ft
Top Slat), ft
Bottom :Slab. ft
Freeboard. ft
length/Width Ratio
Target Stage Width. ft
Actual ~;tage Width. ft

Over Excavation

Bottom ft
Sides ft

Wall Thickness

Exterior ft
Interior ft

Tank Width ft
Tank length 612 ft
Excavation Depth 33.0 ft

Calculated Quantitie:s

ConcreteReq'd
Storage
Volume!8

Hours

Req'd
to Drain

Tank

Req'd

!ijyrr;;ili;' Sluice
Piles Gates

(No.) (eo)

2,690 10 4$

I 

Req'd

Storage
Volume

(MG)

Backfill

Native

Marl

(CY)

Backfill

Imported
Material

(Cy>-

ViHaul

Excess

Material

(CY)

lemporary

Shoring

(SF)

72,9(X)

Street

Restoration

(SY)

~.~

15,600

Estimated Costs

ENR Basis 5630 Quantity Unit Unit

Cost
Total
Cost

14650
8510
7330

171.540
33.984
8.496

163.044
72.900

Cy
Cy
Cy
Cy
Cy
Cy
Cy
SF

$4.395.00> I

$3.829.500
$3.298.500
$2.401.560

$985.536
$76.464

$1.630.440
$801.900

Storage Tank Construcflon
Concrete -Slab on Grade

Concrete -Walls

Concrete -Elevated Slab

Common Excavation

Backfill -Imported Material (Including Compaction)

Backfill -Native Material (l1"\Cluding Compaction)

Disposal of Excess Excavation

Trench Support -Soldier Pile/Sheet

15.600
15.600
15.600

0

Sy
Sy
Sy
Sy

$226,200

$85,800
$624,00)

$0

street/Surface Restoration
Removal and Disposal of Jl.sphail
,6" Thick Bose Course -Miru~ral Aggregate Type 2if'avement.cemconCCL6(1-1/2).I2"If'ovement. 

Cern Conc CL6 (1-1/2).8" w/2" Asphalt Wearing Course

Pumps. Associated Piping and Mechlcal/Electrical Equipment
Pumps and Associated Pi~)ingMisc. 

Mechanical Equipment
Electrical Systems

9.40
1
1

MGD
LS
LS

$255.763
1$76.729

$49.874

30.0%
15.0%

$0
$0

Brown and Caldwell Hanfst Page 2 10/9/97



Drainage Basin: Industrial

ENR for estimate

Item Descriptic~ Quantity Unit

29.800 CY
63.800 SF

151.690 CY

8.258 CY

33.032 CY

143.432 GY

219.200 LF

11 EA
1 LS

15.cxx) SY

15.CXX) SY

Unit Cost Total Cost

$374.9
$11.0
$14.0
$9.0

$29.0
$10.0
$16.5

$50,000.0

$11.173.500
$701.800

$2.123.600
$74.322

$957.928
$1.434.320
$3.616.800

$550.00)
$318.837
$954.00)

$1.590.00)
$0

$23,495,167

$1.174.758
$704.855

$1.174.758
$1.174.758

$50.00)
$587.379

$2.836.168
$2.836.168

$34.034,011 I
I

$10.210.203 i
$3.628.026

$60.0
$100.0

Concrete

femporary Sheeting al1d Shoring

txcavation

tlOckfill-Native

tjackfill -Imported

Disposal of Excess Excavation

PilingSluice 
Gates

urainage Pumps and It..ssOC. Mech./Elect. Equip.

Street Restoration

Utility Interference/Relocation

:>pecialty Ite:ms

Subtotal

5.0%
3.0%
5.0%
5.0%

$50,000
2.5%

10.0%
10.0%

Subtotal

LS
LS
LS
LS
LS
LS
LS
LS

1

1
1
1

1

Miscellaneous Mechanical/Washdown SystemAeration

Landscaping
Odor Control

Irafflc Control

Dewatering

Mobillzation/Demobill,~ation

Contractor's 0 & P

Contingency
Sales Tax

30%

8.2%

ESTIMATED CONSTRUCTION COST $47,872,240

$16.755.284
$2.669.(X:x)

Design and Owner Management

fJroperty Acquisition
35%
$17157003 SF

TOTAL PROJECT COST $67,300,000

Brown and Caldwell Landerst Page 1 10/9/97



Below Grade Rectangular Tank Storage Lander Street

CSO C:ontral Alternative: Storage -Below Grade Rectangular Tank Storage
Data Input Farm and Unit Cost Data Input Form

~ Input Data_'n Shaded Cells-

Assumptions
Cover Depth. ft
Side Water Depth. ft
Top Slab. ft
Bottom Slab. ft
Freeboard. ft
length/Width Ratio
Target S;tage Width. ft
Actual ~;tage Width. ft 18.3

Over Excavation

Bottom
Sides

Wall Thickness

Exterior ft
Interior ft

Tank Width ft
Tank Length 616ft

Excavation Depth 28.72 ft
Calculated Quantities

Req'd

Storage
Volume. Concrete Req'dt1il!ili;ir1

Base

Slab

(Cy)

"""Y""",1
Walls

(C~

"V""'"",,

"48

Estimated Costs

ENR Basis 5630 Quantity Unit Unit

Cost
Total
Cost

14910
7430
7460

151.690
33.032
8.258

143.432
63.800

Cy
Cy
Cy
Cy
Cy
Cy
Cy
SF

$4.473.00)
$3.343.500
$3.357.00)
$2.123.660

$957.928
$74.322

$1.434.320
$701.800

:Storage Tank Construction

!Concrete -Slab on GradeI

iConcrete -WalL$I

Concrete -Elevated Slab

Common Excavation

Backfill -Imported Material (Including Compoction)

Backfill -Native Material (lI"lCluding Compaction)

Disposal of Excess Excavation

Trench Support -SOldier Pile/Sheet

15.900
15.900
15.900

0

SY
Sy
Sy
Sy

$230.550
$87.450$636.(xx)

$0

Street/Surface Restoration
Removal and Disposal of J\,sphalt
6' Thick Bose Course -Mineral Aggregate Type 2

Pavement, Cem Conc Cl 6 (1-1/2), 12"
Pavement, Cem Conc Cl6(1-1/2), 8' w/2" Asphalt Wearing Course

Pumps. Associated Piping and Mechlcal/Eleclrlcal Equipment
Pumps and Associated Pir:>ing
Misc. Mechanical Equipment
Electrical Systems

7.60
1
1

MGD
LS
LS

$213,269
$63,981
$41,587

30.~
15.~

$0
$0

Brown and Caldwell Londerst Page 2 10/9/97



Kingdome Industrial CSO Control Alternative: Below Grade Rectanaular Tank Storaae

location: Conneticut
Sizing:

Drainage Basin:

ENR for estimate 9.5MG

Item Descriptio'" Quantity

18,06()
63,400

116,400
9,334

37,336
107,066
128,800

8

Unit Unit Cost

$377.6

$11.0

$14.0

$9.0

$29.0

$10.0

$16.5

$50,(XX).0

Total Cost

Cy
SF
Cy
Cy
Cy
Cy
LF
EA
LS
Sy
Sy

$6.819.00)

$697.400

$1.629.600

$84.006
$1.082744
$1.070.660
$2.125.200

$400.00) i

$218.249

$570.00)

I$950.00)

$0

$15.646,859

$782.343
$469.406

$391.171

$782343
$50.00)

$391.171

$1.851.329

$1.851.3291
$22.215.952

9,500
9,500

$60.0
$100.0

Concrete

(emporary Sheeting and Shoring
t:xcavation
tlackfill-Native

~ackfill -Imported

Disposal of Excess Exc(wation

Piling
Sluice Gates

Drainage Pumps and I\ssoC. Mech./Elect. Equip.
Street Restoration

Utility Interference/Relocation
Specialty Items

Subtotal

5.0%
3.0%
2.5%
5.0%

$SO.(xx)
2.5%

10.0%
10.0%

Subtotal

I.S
I.S
I.S
I.S
I.S
I.S
I.S
I.S

Miscellaneous Mechanlcal/Washdown System
Aeration

LandscapingiOdor 
Control'Ilraffic 
Control

Oewatering
Mobilizatlon/Demobill2:ation
Contractor's 0 & P

ContingencySales 
Tax

30%

8.2%
$6.664.786
$2,368,221

EST/MATED CONSTRUCTION COST $31.248.959

$10.937.136
$1.598.(xx)

uesign and Owner Management

f'roperty Acquisition
35%
$1794cx:xJ SF

Conveyance New re.gulator station 1 LS $732.00)

TOTAL PROJECT COST $44.520,000
Brown and Caldwell Connstor 10/9/97



II/;nror!"""""nr!"~""-1 n ~ ._~ .-.

Assumptions
Cover Depth, ft
Side Water Depth, ft
Top Slab, ft
Bottom Slab, ft

Freeb<>ard, ft
Length,rwidth Ratio
Target :Stage Width, ft
Actual Stage Width, ft 19.2

Over Excavation

Bottom
Sides

Wall Thickness

Exterior ft
interior ft

Tank Width ft
Tank Length 472 ft
Excavation Depth 37 ft

Estimated Costs

ENR 

Basis 5630 Quantity Unit Unit

Cost
Total
Cost

8720
4980
4360

116.400
37.336
9.334

107.066
63.400

Cy
Cy
Cy
Cy
Cy
Cy
Cy
SF

I
$2.616.CXXJ

$2.241.CXXJ

$1.962.CXXJ

$1.629.600

$1.082.744

$84.006

1$1.070.660
$697.400 !

Storage Tank Construction
Concrete -Slab on Grade

Concrete -Walls

Concrete -Elevated Slab

Common Excavation

Backfill- Imported Material (Including Compaction)

Backfill -Native Material (Including Compaction)

Disposal of Excess Excavation

Trench Support -Soldier Pile/Sheet

9.500
9.500
9.500

0

SY
Sy
SY
Sy

$137.750
$52.250

$380.000
$0

Street/Surface Restoration
Removal and Disposal of Asphalt6' 

Thick Base Course -Mineral Aggregate Type 2

Pavement, Cem Conc CI.6 (1-1/2),12"

Pavement, Cem Conc CI. 6 (1-1/2),8' wI 2" Asphalt Wearing Course

Pumps, Associated Plplngl and Mechlcal/Eleclrical Equipment

Pumps and Associated Pil:>ing

Misc. Mechanical Equipment

Electrical Systems

4.75
1
1

MGD
LS
LS

$145.986
$43.796
$28.467

30.0%
15.0%

Specla~ Items -Description

$0

$0

Brown and Caldwell Connstor Poae 2 10/9/97



II ,/"

Overflow
Weir

.,
Sluice Gate

CSO Influent

IDrainage 

Basin:I King Dome/lnd CSO Control Alternative: Below Grade Rectangular Tank Storage; Location: King Street -IENR 

for estimate Sizing: 2.2 MG

Item Description Quantity

4.820
34.100
32.320
3.066

12.264
29.254
32.00)

4
1

2.500
2.500

Unit Unit Cost Total CoST

$1,849,500
$375,100

$452,480
$27,594

$355,656
$292540
$528,000
$200,000
$89,567

$150,000
$250,000

$0

$4,570,437

$228,522
$137,113
$114,261
$228,522
$50,000

$114,261
$544,312
$544,312

$6,531,739

$1,959,522
$696,283

Cy
SF
Cy
Cy
Cy
Cy
LF
EA
LS
SY
SY

$383.7

$11.0

$14.0

$9.0

$29.0

$10.0

$16.5

$50,CXXJ.O

$60.0
$100.0

l:oncrete

temporary Sheeting and Shoring

txcavationIBackfill-Native

tSackfili -ImportedI

Disposal of Excess Excavation

Piling
Sluice Gatesiurainage 

Pumps and II.SSOC. Mech./Elect. Equip.

street Restoration

Utility Interference/Relocation
:;pecialty Items

Subtotal

5.0%

3.0%

2.5%

5.0%

SOO.!XX3

2.5%

10.0%

10.0%

Subtotal

LS
LS
LS
LS
LS
LS
LS
LS

1
1
1
1

IMiscelianeous 

Mechar1ical/Washdown System]Aeration

ILandscaping
Odor Control

l'raffic Control

uewatering
Mobilization/Demobilization

IContractor's 0 & P

ContingencySales 
Tax

30%

8.2%

ESTIMATED CONSTRUCTION COST $9,187,544

$3,215,641
$425,00)

Design and Owner Management

property Acquisition

35%
$1725(XX) SF

Conveyance New Regulator Station $732.00:>

TOTAL PROJECT COST $13,570,000 I

Brown and Caldwell KingstOf Page 1 10/9/97



K.ing Dome,lnd Below Grade I~ectangular Tank Storage King Street

CSO IControl Alternative: Storage -Below Grade Rectangular Tank Storage
Data Input Form and Unit Cost Data Input Form

.~ Input Data In Shaded Cells

Assumptions

jpjCover Depth. ft
Side Water Depth, ft

Top Slab, ft
Bottom Slab, ft

Freebclord, ft

Length/Width Ratio
Target ~;tage Width, ft
Actual :5tage WIdth, ft

;:!~
(23*$

~
~.1

Over Excavation

Bottom
Sides

Wall Thickness

Exterior

Interior

Tank Width

Tank Length 234 ft

Excavation Depth 39 ft

Req'd

Storage
Volume~

2.2

Backfill

Native
Marl

~CY)

Backfill

Imported

Material

(CYL

Haul

Excess

Material

(CY)

j;t
lemporary

Shoring

(SF)

34.100

Street
Restoration

(Sy)

32.320 15,330 I 3.066 2,500

Estimated Costs

ENR Basis 5630 Quantity Unit Unit

Cost
Tolal
Cosl

2130
1620
1070

32.320
12.264
3.066

29.254
34.100

Cy
Cy
Cy
Cy
Cy
Cy
Cy
SF

$639.00)
$729.00)
$481.500
$452.480
$355.656

$27.594
$292.540
$375.100

Storage Tank Construction
Concrete -Slab on Grade

Concrete -Walls

Concrete -Elevated SlabCommon 

Excavation

Backfill -Imported Matericil (Including Compoction)

Backfill -Native Material (I;ncluding Compaction)

Disposal of Excess Excavallion

Trench Support -Soldier Pile/Sheet

2.500
2.500
2.500

0

Sy
SY
Sy
Sy

~J4.~" $36.250

$13.750
$100.CXX>

$0

Street/Surface Restoration
I~emoval and Disposal of l\sphalt6' 

Thick Base Course -Minerai Aggregate Type 2
Pavement. Cem Conc Cl6 (1-1/2). 12'
pavement. Cem Conc Cl 6 (1-1/2). 8' w/2' Asphalt Wearing Course

$9;9

pumps, Associated Piping and Mechlcal/Electrical Equipment

Pumps and Associated Pir>ing

Misc. Mechanical Equipment

Electrical Systems

1.10
1
1

MGD
LS
LS

$59.911
$17.973
$11.683

30.0%
15.0%

$0
$0

Brown and Caldwell Kingstor Page 2 10/9/97



Correct Mich/Brandon/Conneticut Separation/Storage Pre-Design Costs
-."

Brandon Separation/Storage
Item Pre-design

ENR 5074
Regulator Raw construction $335,290

Inflate to ENR 5630

CSO Est.
5630

$279,408 Correct for 20% Contractors O&P in unit costs

$310,025

Separation Raw construction
Inflate to ENR 5630

$835,971 $696,643 Correct for 20% Contractors O&P in unit costs

$772,979

Required
3.00

MG tank

1.00 MG tank

$1,860,250
$60,000

$1,800,250 $1,800,250
$1,997,518

5.00 MG tank

$5,037,000
$150,000

$4,887,000 $4,887,000
$5,422,509

Storage Tank Raw construction
Subtract mobilization
Raw Construction
Inflate to ENR 5630

$3,343,625
$3,710,014

Sanitary trunk Raw construction
Inflate to ENR 5630

$1,110,920 $925,767 Correct for 20% Contractors O&P in unit costs

$1,027,211 -

Project Cost by Element
$310,025
$772,979

$3,710,014
$0

$1,027,211
$5,820,229

$582,023
$582,023

$6,984,275
$2,095,282

$744,524
$9,824,081
$3,438,428

Summary
Raw Regulator Station
Construction Separation (52 acres)
Cost Storage tank (3 MG)

Storage Pump Station
Sanitary Trunk (alt. 1 B)
Subtotal
Contractors O&P
Mobilizatioru'demob
Subtotal

Contingency
Sales Tax

Estimated Construction Cost

Design/management

$1,761,382
$3,047,149
$9,022,122

Separation
.Conveyance

Storage

.Includes Regulator

10.0%
10.0%

30.0%
8.2%

35.0%

$17/sq-ft $568,144 0.77 acresland Cost for Storage Tank

Includes 30% contingency and 15% Management

Total Project Cost $13,800,000 Brandon Regulator

Ind. Area Separation/Storage Page 1

Assumptions
0.3 Contingency

0.35 Design+Owner Management
0.1 Contractors O&P
0.1 Mobilization/demobilization

0.082 Sales Tax
5630 ENR value for CSO estimate

Costs taken from KCM Pre-design Studies



Michigan Separation/Storage

Pre-design
5134

$337,290Regulator

Item
ENR
Raw construction
Inflate to ENR 5630

CSO Est.
5630

$281,075 Correct for 20% Contractors O&P in unit costs

$308,230

Separation
Level C

$4,349,341Raw construction
Inflate to ENR 5630

$3,624,451 Correct for 20% Contractors O&P in unit costs

$3,974,612

Required
5.50

MG tank

5.00 MG tank

$4,427,000
$150,000

$4,277,000 $4,277,000
$4,690,205

9.00 MG tank

$7,446,600
$210,000

$7,236,600 $7,236,600
$7,935,734

Storage Tank Raw construction
Subtract mobilization
Raw Construction
Inflate to ENR 5630

$4,646,950
$5,095,896

Pump station Raw construction
Inflate to ENR 5630

$499,809 $416,508 Correct for 20% Contractors O&P in unit costs

$456,747

Sanitary trunk Raw construction
Inflate to ENR 5630

$3,495,774 $2,913,145 Correct for 20% Contractors O&P in unit costs

$3,194,586

Project Cost by Element
$308,230

$3,974,612
$5,095,896

$456,747
$3,194,586

$13,030,071
$1,303,007
$1,303,007

$15,636,085
$4,690,825
$1,666,807

$21,993,717
$7,697,801

Summary
Raw Regulator Station
Construction Separation (238 acres)
Cost Storage tank (5.5 MG)

Storage Pump Station
Sanitary Trunk (alt. 1 C)
Subtotal
Contractors O&P
Mobilization/demob
Subtotal

Contingency
Sales Tax

Estimated Construction Cost

Design/management

Separation
* Conveyance

Storage

$9,056,917
$7,981,839

$13,694,359

.Includes Regulator

10.0%
10.0% Store+Reg $14,396,720

30.0%
8.2%

35.0%

$17/sq-ft $1,041,597 1.41 acresland Cost for Storage Tank

Includes 30% contingency and 15°/', Management

Total Project Cost $30,700,000 Michigan Regulator

Page 2Ind. Area Separation/Storage



Pre-design
5066

$353,170Regulator

Item
ENR
Raw construction
Inflate to ENR 5630

CSO Est.
5630

$294,308 Correct for 20% Contractors O&P in unit costs

$322,742

Separation
Levell

Raw construction
Inflate to ENR 5630

$771,834 $643,195 Correct for 20% Contractors O&P in unit costs

$705,335

Required
6.00

MG tank

8.00 MG tank 15.00 MG tank

$6,500,400 $10,635,050
$161,000 $275,000

$6,339,400 $6,339,400 $10,360,050 $10,360,050

$6,951,855 $11,360,943

Storage Tank Raw construction
Subtract mobilization
Raw Construction
Inflate to ENR 5630 $5,190,643

$5,692,115

Pump station Raw construlction
Inflate to ENR 5630

Included in Storage Tank

$0

Sanitary trunk Alaska to Ailrpt Wy
1 st to 4th A~'e S.
Subtotal
Inflate to ENR 5630

$4.391,936
$2.399,933
$1,992,003

$3,659,947 Correct for 200/0 COntractors O&P in unit costs

$1,999,944 Already Constructed

$1,660,003

$1,820,377

Project Cost by Element
$322,742
$705,335

$5,692,115
$0

$1,820,377
$8,540,568

$854,057
$854,057

$10,248,682
$3,074,605
$1,092,509

$14,415,796
$5,045,529

Summary
Raw Regulator Slation
Construction Separation (128.5 acres)
Cost Storage tank (6.0 MG)

Storage Pump Station
Sanitary Trunk
Subtotal
Contractors O&P
Mobilization/demob
Subtotal

Contingency
Sales Tax

Estimated Construction Cost

Design/management

Separation
.Conveyance

Storage

$1,607,240
$4,883,507

$14,106,865

.Includes Regulator
10.0%
10.0%

30.0%
8.2%

35.0%

Land Cost for Storage Tank $17/sq-ft $1 ,136,288 1.53 acres

Total Project Cost $20,600,000 Kingdome/lndustrial Area

Cost with 8.5 MG tank (includes King St.) $24,700,000 not including King St. conveyance

Ind. Area Separation/Storage Page 3



Drainage Basin: Induistrial

ENR for -3stimate

Item Description Quantity

6.278
77.376
58.197
8.128

32.512
50.069
27710
2.304

11
11
11
75

Unit Unit Cost Total Cost

Cy
SF
Cy
Cy
Cy
Cy
IF
SY
EA

EA

EA

LS

$363.5

$11.0

$14.0

$9.0

$29.0

$10.0

$16.5

$60.0

$328,985

$10,(xx)

$53,576

$1,53Q,(:xx)

$2.281.934

$851.136

$814.763

$73.151

$942.837

$500.694

$457.215

$138.240

$3.618.837

$110.CXX)

$589.331-

$1.530.cxx)
$0 I

$11.908,138 !

$178.622

$119.081

$595.407

$297.703

$1.309.895

$1.309.895

$15,718,743

$4.715.623

1$1.675.618

$22,109,983

$7.738.494

$323.000

$30,_200,000

Concrete

Temporary Sheeting and ~)horing

Excavation

Backfill-Native

Backfill -Imported

Disposal of Excess Excavation

Piling
Street Restoration

Mechanical Equipment (\Iortex units and pumps)

IFlow Control Gates

Miscellaneous Mechanical/Washdown System

Chemical Feed, Incl Chlolnnation/Dechlorination

Specialty Items

Subtotal

1.5%
1.0%
5.0%
2.5%

10.0%
10.0%

Subtotal

30%

8.2%

LS
LS
LS
LS
LS
LS

Landscaping
Odor Control

Utility Interference/Relocation

Dewatering
Mobilization/Demobilizatil:>n

Contractor's 0 & P

ContingencySales 
Tax

ESTIMATED CONSTRUCTION COST

Design and Owner Management
Property Acquisition

35%
$171900) SF

TOTAL PROJECT COST

Brown and Caldwell Mlchvrtx 10/9/97



Industrial Vortex SeparatorTreatment

CSO Control Alternative: Vortex -First Stage Treatment Plant

Data Input Form and Unit Cost Data Input Form

~ ~ut Data In Shaded C!!1ls

IENR 

Basis 56~IO Quantity Unit Unit
Cost

Tolal
Cosl

2963
1.418
756

47.616
26.600
6.650
40.966
52551

Cy
Cy
Cy
Cy
Cy
Cy
Cy
SF

$888,934

$637,941

$340,235

$666,624

$771,412

$59,851

$409,659
$578,()63

Storage Tank Construction

Concrete -Slab on Grade

Concrete -Walls

Concrete -Elevated Slab

Common Excavation

Backfill -Imported Material (Including Compaction)

Backfill -Native Material (Including Compaction)

D~posal of Excess Excavatiol'\

Trench Support -Soldier Pile/Sheet

2.304
2.304
2.304

0

Sy
Sy
Sy
Sy

$33.408 I

$12.672
$92160

$0

Street/Surface Restoration
Removal and Disposal of Asphalt

6' Thick Base Course -Minerai Aggregate Type 2

Pavement, Cern Conc CL6 (1-1/2),12'

Pavement, Cern Conc CL6 (1-1/2),8' w/2' Asphalt Wearing Course

Underflow Pumps and Assocc Mechanical Equipment 7.ro MGD $315.307

SE!!;;i~_llems -Descripllorl

~

$0
$0 I

Brown and Caldwell Mlchvnx 10/9/97



Industrial Vortex Seporotor Treotment Michigon

0

CSO Control Alternative: Vortex -Second Stage Treatment Plant
Data Input Form and Unit Cost Data Input Form

~ Input D~ In Shaded Cells

Percentage flow from Primary UnitC~
Flowrate (mgd) 8 Surface LoadinQ Rate (gpm/sq ft) arget
Assumed Diameter of Vortex Units l -.Actual

]8J

2 63

2

Max WS elevation -GS elevation

Height above ground -21
E~ig~ated Depth of ExCaVa!io!::!(ft) 62 -
Req\d Backfill Backfill Haul

:;Torag1 Native Impoltea Excess
Volume Marl Material Material

~ (CY) (CY) (CY)

2

14 7

remporarv

Shoring
(SF)

Street

Restoration

(SY)

I

t:xcavotton

(CY)

ENR Basis 5630

Quantity Unit Unit

Cost
Total

Cost

658

315

168

10.581

5.911

1.478

9.104

24.825

Cy
Cy
Cy
Cy
Cy
Cy
Cy
SF

$197.541

$141.693

$75.569

$148.139

$171.425

$13.300

$91.035

$273.073

Storage Tank ConsfNclion

Concrete -SkJb on Grode

Concrete -Walls

Concrete -Elevated Slab

Common Excavation

Backfill -Imported Material (1rlCludlng Compaction)

Backfill -Native Material (1nckJding Compaction)

Disposal of Excess Excavation

Trench Support -Soldier Pile/Sheet

512

512

512

0

Sy
Sy
Sy
Sy

$7.424

$2.816

$20.480

$0

~treet/Surfoce Restoration

~emoval and DIsposal of Asphalt

16" Thick Bose Course -Mineral Aggregate Type 2I",avement. 

Cern Conc CL6 (1-1/2). 12"IPavement. 

Cern Conc CL6 (1-112). a" wi 2" Asphalt Wearing Course

Underflow Pumps and Assoc. Mechanical Equipment 1.50 MGD $103.544

$0

$0

Brown and Caldwell Mlchvrtx 10/9/97



Drainage Basin: Industrial CSO Control Alternative: yortex Separator Tr~ment
location: Hanford/Lander
Sizing:ENR for estimate 14Smgd @ 4.9 gpm/sq ft

7 .1MG available storQge

Item Description Quantity

12.376
108.601
112.828
15.542
62.170
97.285
55420
4.608

22
22
22

145

Unit Unit Cost

$364.4
$11.0
$14.0
$9.0

$29.0
$10.0
$16.5
$60.0

$323,422
$50,000
$53,576

$2.958,000

Total Cost

Cy
SF
Cy
Cy
Cy
Cy
IF
SY
EA

EA

EA
LS

$4,5()9,909

$1,194,608

$1,579,588

$139,882

$1,802,921

$972,853
$914,430

$276,480

$7,115,293

$1,100,(XX)

$1,178,662

$2,958,(XX)

$0

$23,742,625

$356,139

$237,426

$1.187,131 I
I

$593,566
$2,611,689

$2,611,689

$31,340,265

$9,402,080

$3,340,872

$44,083,217 I

I$15,429,126

$646,(XX)

$60.200,000

ConcreteTemporary 

Sheeting and Shoring

Excavation,Backfill-Native

!Backfill- Imported

Disposal of Excess Excavation

Piling
Street Restoration

Mechanical Equipment (Vortex units and pumps)

Flow Control Gates

Miscellaneous Mechanic':JI/Washdown System

Chemical Feed, Incl Chlorination/Dechlorination

Specialty Items

Subtotal

1.5%
1.0%
5.0%
2.5%

10.0%
10.0%

Subtotal

30%
8.2%

LS
LS
LS
LS
LS
LS

1
1

! 

Landscaping

Odor Control

Utility Interference/ReloccJtion

Dewatering
Mobilization/Demobilization
Contractor's 0 & P

Contingency
ISales Tax

ESTIMATED CONSTRUCTION COST

Design and Owner Management

Property Acquisition
35%

$1738cm SF

TOTAL PROJECT COST

Brown and Caldwell H-LVrIx Page 1 10/9/97



Industrial Vortex Separator Treatment Hanford/Lander

CSO Control Alternative: Vortex -First Stage Treatment Plant
Data Input Form and Unit Cost Data Input Form

Input Data In Shaded Cells

ENR Basis 5630 Quantity Unit Unit

Cost
Total

Cost

~

5.779
2.835
1.512

92.314

50.866

12.717
79.597

77.817

Cy
Cy
Cy
Cy
Cy
Cy
Cy
SF

$1.733.720
$1.275.882

$680.471
$1.292.390
$1.475.117

$114.449
$795.971
$855.992

l :$l!4lQ{L

~

Storage Tank Construction
Concrete -Slab on Grade

Concrete -Walls

Concrete -Elevated Slab

Common Excavation

Backfill -Imported Material (Irlcludlng Compaction)

Backfill -Native Material (lnckJdlng Compaction)

Disposal of Excess Excavation,

jTrench SUpport -Soldier Pile/Sheet

4,608
4,008
4,608

0

Sy
Sy
Sy
Sy

$66.
$25.

$184.

Street/Surface Restoraflon

Removal and DIsposal of Asphalt

6' Thick Base Course -Minerai Aggregate Type 2

Pavement, Cern Conc CL6 (1-112), 12'

Pavement, Cern Conc CL6 (1-1/2),8' wI 2' Asphalt Wearing Course

Underflow Pumps and Assoc. Mechanical Equipment 14.50 MGD $562.365

Syeclalty Items -Description

$0
$0

Brown and Caldwell H-lVr1x Page 2 10/9/97

8161

344
320

$0



Industrial Vortex Separator Treatment Hanford/Lander
0

CSO Control Alternative: Vortex -Second Stage Treatment Plant
Data Input Form and Unit Cost Data Input Form

Inp~_Data in Shaded Cells

Percentage flow from Primary Uni
Flowrate (mgd) 15 Surface ate (gpm/sq ft) arget
Assumed Diameter of Vortex Units .ctualggj

336 4
Max WS elevation..j GS elevation

Height above ground'--- -19.1
E~ti~~ed Depth of Excavation (ft) 60.1
Req'd Backfill I Backfill Haul

:)Toroge Native Ilmportea Excess

VokJme .r:: Marl Material Material

(MG) (CY) (CY) (CY)

12.1

7

lemporarv

Shoring
(SF)

Street

Restoration

(SY)

Excaval1on

(CY)

14.129 11.304

ENR Basis 56~IO

Quantity Unit Unit

Cost
Totall

Cos!

1284

630

336

20.514

11.304

2.826

17.688

30.783

Cy
Cy
Cy
Cy
Cy
Cy
Cy
SF

$385.271

$283.385

$151.139

$287.198

$327.804

$25.433

$176.882

$338.615

Storage Tank ConstNclion

Concrete -Slab on Grade

Concrete -Walls

Concrete -Elevated Slab

Common Excavation

Backfill -Imported Material (Including Compaction)

Backflll- Native Material (lncudlng Compaction)

Disposal of Excess Excavation

Trench Support -Soldier PIIe/:5heet

1.024

1.024

1.024

0

Sy
Sy
Sy
Sy

$14l.§ $14.848

$5.632

$40.9ro

$0

Street/Surface Restorallon

Removal and Disposal of ~)hall

6' Thick Bose Course -Minerai Aggregate Type 2

Ipovement,CemconccL6(1-1/2),I2'

Pavement, Cern Conc CL6 (1-1/2), S" w/2" AsphaliWearing Course ~o;q
Underflow Pumps and Assoc. Mechanical Equipment 2.90 MGD $152.955

specialty Items -DescrtP~~

$0
$0

Brown ond Coldwell H-lVnx Page 3 10/9/97



Drainage Basin: Industrial CSO Control Alternative: Vortex Separat~Jreatment
Location: Connecticut/Kino

Sizing:ENR for estimate 80 mgd @ 4.9 gpm/sq ft

3.9 MG availaple storaqe

Item Description Quantity Unit

6,849 CY
77,376 SF
63,488 CY
8,867 CY

35,467 CY
54,621 CY
30230 LF

2,56() SY
12 EA
12 EA
12 EA
75 LS

Unit Cost Total Cost

$363.5
$11.0
$14.0

$9.0
$29.0
$10.0
$16.5
$60.0

$327,577

$10,(XX)
$53,576

$1,632,(XX)

$2.489.391
$851.136
$888.832
$79.801

$1.028.549
$546.212
$498.795
$153.600

$3.930.922
$120.000
$642.906

$1.632.000
$0

$12,862,144

$192.932
$128.621
$643.107
$321.554

$1,414.836
$1.414.836

$16,978,031

$5.093.409
$1.809.858

$23,881,298

$8.358.454
$357.000

$32,600,000

ConcreteTemporary 

Sheeting and :,horing

Excavation
Backfill-Native

Backfill -Imported

Disposal of Excess Excavation

Piling
Street Restoration

Mechanical Equipment (Vortex units and pumps)

Flow Control GatesII

Miscelianeous Mechanic()I/Washdown SystemI

Chemical Feed. Incl Chlorination/Dechlorination

Specialty Items

Subtotal

1.5%
1.0%
5.0%
2.5'X,

10.0%
10.0%

Subtotal

30%
8.2%

LS
lS
lS
LS
LS
LS

LandscapingOdor 

Control

Utility Interference/Relocation

Dewatering
Mobilization/Demobilization

Contractor's 0 & P

I

Contingency
Sales Tax

ESTIMATED CONSTRUCTION COST

Design and ONner Management

Property Acquisition
35%
$1721(xx) SF

TOTAL PROJECT COST

Brown and Caldwell connvrtx Page 1 10/9/97



Industrial Vortex5eparator Treatment Connecticut7King

CSO Control Alternative: Vortex -First Stage Treatment Plant
Data Input Form and Unit Cost Data Input Form

c Input Data I~Shaded Cells

Flowrate (mgd) Surface Loadinq Rate (gpm/sq ft) f
Assumed Diame er 0 ortex Units I

$';0: Target
4.90 Actual

~

10 1,575 I
Max WS elevation t

840 315
GS elevation

HeiQht above ground
41.4

Esti!!!~ed Dept~ of t:xcavation (ft) 621

I:xcavollon

(CY)

10 2,56()

ENR Basis 56~IO Quantity Unit Unit
Cost

Total'
Cost

3.292
1.575
840

52.907
29.556
7.389

45.518
52.551

Cy
Cy
Cy
Cy
Cy
CY
CY
SF

$987.704 !

$708.8241
$378.039
$740.693
$857.124
$66.501

$455.177
$578.063

Storage Tank Construction

Concrete -Slab on GradeI

concrete -Walls

Concrete -Elevated Slab

iCommon Excavation

Backflll- Imported Materlol (lnchJdlng Compaction)

Backfill -Native Material (lncRJdlng Compaction)

Dispasal of Excess Excavation

Trench Support- Soldier PllefSheet

2.560
2.560
2.560

0

SY
SY
Sy

Sy

$37.120
$14.080

$102.400
$0

Street/Surface Restoration

Removal and Disposal of Asphalt6' 
Thick Base Course -Minerai Aggregate Type 2

Pavement. CemConc CL6 (1-1/2). 12"
Pavement. C&m Conc CL6 (1-1/2). 8' wI 2" Asphalt Wearing Course

Underflow Pumps and Assoc. Mechanical Equipment 8.00 MGD $332.954

ISpeclalty Items -Description,

$0 !

$0

Brown and Caldwell connvrlx Page 2 10/9/97
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Industrial Vortex Separator Treatment Connecticut/King
0

CSO Control Alternative: Vortex -Second Stage Treatment Plant
Data Input Form and Unit Cost Data Input Form

Input Data In Shaded Cells

Percentage flow from Primary Uni
Flowrate (mgd) 8 Surface ate (gpm/sq ft)
Assumed Diameter of Vortex Units

~

Target
.Actual

Max WS elevation GS elevation

Height above ground -21
Estimated Depth of Excavation (ft) 62

Req'd Backfill Backfill Haul

Storage Na11ve Importea Excess

Volurne Marl Material Material

~ (CY) (CY) (CY)

2

-14

Street

Restoration

(SY)

lemporarv

Shoring

(SF)

txcavatlon

(CY)

10,581 7,389 1.478 5.911 9,104 24.825 512

ENR Basis 5630

Quantity Unit Unit

Cost
Total

Cost

658
315

168

10.581
5.911
1.478

9.104
24.825

Cy
Cy
Cy
Cy
Cy
Cy
Cy
SF

$197,541 !

$141,6931
$75,569 !

$148,139

$171,425

$13,300

$91,035

$273,073

Storage Tank ConstrucUon

Concrete -Slab on Grade

Concrete -Walls

Concrete -Elevated Slab

Common Excavation

Backfill -Imported Material (Including CompacUon)

Backfill -Native Material (lnclJdlng Compaction)

Disposal of Excess Excavation

Trench SUpport -Soldier Plle/~;heet $1!@

512

512

512

0

Sy

SY

Sy

Sy

$7.424
$2.816

$20.480

$0

Street/Surface Restoration

Removal and DIsposal of Asp'halt

6' Thick Base Course -MineraI Aggregate Type 2

Pavement, CemConcCL6(1-1/2), 12':Pavement. 

Gem Conc CL6 (1-1/2).8' w/2' Asphalt Wearing Course

Underflow Pumps and Assoc. Mechanical Equipment
i I.W MGD $107.073

$0 !

$0

Brown and Caldwell connvrtx Page 3 10/9/97



Drainage Basin: KJngdome Industrial CSO Control Altemative: Rectanaular Pri~ary Sedimentation
location: Hgnford/Lander- R~qulators

ENR for estimate Sizing: 145.0 mgd

Item Description Req'd Quantity Unit

7.730 CY
26.300 SF
37.940 CY
2.494 CY
9.976 CY

35.446 CY
N 0 LF

5 EA

1 L.S

2.950 SY
5.900 SY

0 MGD
145 MGD

4.8 MG Volume

Unit Cost Total Cost

$347.5
$11.0
$14.0
$9.0

$29.0
$10.0
$16.5

$50.000.0

$2,686,8))
$289.300
$531, 160
$22.446

$289.304
$354.460

$0
$250.000
$219.496
$177,000
$295.000

$0
$2,958.000
$7,420.853

$15.493.519

$774.676
$929.611
$774,676
$50,000

$387.338
$1,840,982
$1.840.982 !

$22,091,783

$60.0
$50.0

$30.000.0
$20.400.0

Concrete

lemporary Sheetllr1g and Shoring

Excavation
tjackfill-Native
~ackfill -Imported

Disposal of Excess Excavation

Piling
Sluice Gates

IJralnage Pumps and Assoc. Mech./Elect. Equip.

Street Restoration V

Utility Interference/Relocation V
Grit Removal N

Chern. Feed/Chlorination V

:ipecialty Items:

Subtotal

5.0%
6.0%
5.0%

$50,0CX)

2.5%
10.0%
10.0%

Subtotal

1

1
1

1

1

1

LS
LS
LS
LS
LS
LS
LS

IMiscelianeous 

Mechanical/Washdown System

Landscaping
Odor Control

Traffic Control

Dewatering

Mobilization/Demobilization

Contractor's 0 & P

Contingency
Sales Tax

30%
8.2%

$6.627.535
$2,354.984

ESTIMATED CONSTRUCTION COST $31.074.303

I

DeSign and OwnE3r Management

Property Acquisition
35%
$17

$10.876.006
$986.0005800) SF

Conveyance 

72-in force main discharge LS $5,022,240

TOTAL PROJECT COST

!L47.960,OOO
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Kingdome/lndustria CSO Control Altemative: Circular CSO Treatment
Location: Co!)necticut-Kinq

Sizing:
No. ofUnitsf

Drainage Basin:

ENR ~ for estimate 75.0 m@- 2.1 MG

Item Descrllption Unit Quantity

1.390
11.300
8.430

268
1.072
8.162

o
1

Unit Unit Cost Total Cost

2
2
2

2
2
2
2
2
2
1
2
2

Cy
SF
Cy
Cy
Cy
Cy
LF
EA

LS
SY
SY

$331.3
$11.0
$14.0
$9.0

$29.0
$10.0
$16.5

$10,000.0

$921.!XXJ

$248.600

$236.040

$4.824

$62.176
$163.240

$0

$20.!XXJ

$175.460

$66.!XXJ

$110.!XXJ

$6.849.425

$8.856.765

$442.838

$265.703
$531.406

$442.838

$50.!XXJ

$221.419

$1.081.097

$1.081.097

$12.973,164

1.100
1.100

$60.0
$50.0

ConcreteTemporary 

Sheetin!J and Shoring

Excavation
Backfill-Native

Backfill -Imported

Disposal of Excess Excavation

Piling
Flow Control Gates

Drainage Pumps and Assoc. Mech./Elect. I

Street Restoration

Utility Interference/Relocation

Specialty Items

Subtotal

5.0%
3.0%
6.0%
5.0%

$50,(XX)

2.5%
10.0%
10.0%

Subtotal

1
1

1

LS
LS
LS
LS
LS
LS
LS
LS

1
1
1
1

Miscellaneous Mechanicai/Washdown System

Aeration

LandscapingiOdor 
Control

Traffic Control

Dewatering
Mobilization/Demobilization

Contractor's 0 & P

ContingencySales 
Tax

30%
8.2%

$3.891.949
$1.382.939

ESTIMATED CONSTRUCTION COST $18,248,052

Design and Owner Management

Property Acquisition
35%

$17
$6.386.818

$442.(xx)2 1300) SF

L.S

L.S

$2.511.120
$732.718
$732.718

$2.099.665

Conveyance lCXJO-ft of 72-inch forcemaln
New Regulator Station-Connecticut
New Regulator Station-King
1800-ft 3&-ln pipeline King to Connecticut

TOTAL PROJECT COST $31;160,000
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Kingdome/lndustrial Circular CSO Treatment Connecticut-King

CSO Control Alternative: Storage -Below Grade Rectangular Tank Storage
Data Input Form and Unit Cost Data Input Form

f~ Input Data In Shaded ~lIs

Assumptions

pd/SF Design Flow
Over Excavation:

i\\\l,l!;J$ Bottom
Sides

Wall Thickness

mgd each unit

;:]1:$1

Peak Overflow Rate
Cover Depth. ft
Side Water Depth. ft
Top Slab. ft
Bottom Slab. ft
Freeboard. ft

Tank Diam. ft

Excavation Depth. ft

Calculated Quantities

storagelVOIU

jper unit

(MG) ,

Hours

Req'd
to Drain

Tank

Base

Slab

!E:!2--
1,100

Sluice

Gates

(eo)

1.1 ~4

Backfill

Native

Mat'l

(CY)

Backfill

Imported

Material

(~y>

¥Haul

Excess

Material

(CY)

I emporary

Shoring

(SF)

Street

Restoration

(SY)

I;omp'd
Stor~Volum Excavation Backfill

~G) (CY) (~

1.1 8,430 1.340 268 1,072 8,162 11.300 1,100

tstimated Costs

56;~OENR Basis Quantity Unit Unit

Cost
Total
Cost

1100

260
0

30

8.430
1.072

268

8,162
11.300

Cy
Cy
Cy
Cy
Cy
Cy
Cy
Cy
SF

§~.Q:::::;; $330.001
$117.001

$0
$13.500

$118.020
$31.088

$2.412
$81.620

$124.300

;:$~.~.:'"':~4~;(jj;ili:;1

t':$:4$.(jj;;%..
;;:;;;~;(,:;.:;\:;;;;
;;j;;$lQ~~;j;;!;;

&\$11~b};:;;(

Storage Tank Conslruc:tlon

Concrete -Slab on Grade

Concrete-Walls

Concrete -Elevated Slab

Concrete -Columns

Common Excavation

Backfill- Imported Material (Including Compaction)

t3ackfill- Native Material (Including Compoction)

Disposal of Excess Excavation

trench Support -Soldier Pile/Sheet

1.100
1.100
1.100

0

Sy
Sy
Sy
Sy

$15.950
$6.050

$44.(ro

$0

Street/Surface RestorationI

I,<emoval and Disposal of Asphalt
6" Thick Base Course -Mineral Aggregate Type 2

t'avement. Cem Com: CL6 (1-1/2). 12"

Pavement. Cern Conc CL6 (1-1/2).8" wI 2" Asphalt Wearing Course

I'umps, Associated PIJ)ing and Mechlcal/Eleclrlcal Equipment

f'umps and Associate.j PipingMisc. 
Mechanical Equipment

I:lectrical Systems

1.05
1
1

MGD
LS
LS

$58.682
$17.605
$11.443

30.0%
15.0%

:;~Iatty "ems -Desc;riplion

IR~o ~t~ q n~ Q ~ fuj§g\A~itf66 c\:~~;;ro~c..!$!4Q,400.~J
.j[,'{1)$1roOd:;

$1.530.(xx)
$1.672.999

$221.714
$0

1I.t)~n(@mPsc,;;;;iiliili:\ffii:m!i:
96211:

cll~

$~.*J
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CSO Control Altemative: Circular CSO Treatment
location: Brandon ~eQulator

Sizing: 25.0 mgd 0.7 MG

Item Description Quantity

970
9,440
5,880

220
880

5,~
0
1

1

800
800

Unit Unit Cost Total Cost

Cy
SF
Cy
Cy
Cy
Cy
LF
EA

LS
SY
SY

$335.6

$11.0
$14.0

$9.0

$29.0

$10.0
$16.5

$10,(XX).0

$325,flX)
$103.840

$82.320

$1,980

$25,520
$56,&X)

$0

$10.000
$62.979

$48,000
$40,000

$3,064,040

$3,820.779

$191.039
$114,623
$229,247
$191,039
$50,000
$95,519

$469,225
$469,225

$5,630.695

$60.0
$50.0

ConcreteTemporary 

Sheeting and Shoring
Excavation
Backfill-Native

Backfill-Imported
Disposal of Excess Excavation

Piling
Flow Control Gates

Drainage Pumps and Assoc. Mech./Elect. Equip.
Street Restoration

Utility Interference/Relocation
Specialty Items

Subtotal

5.0%
3.0%
6.0%
5.0%

$50,00)
2.5%

10.0%
10.0%

Subtotal

LS
LS
LS
LS
LS
LS
LS
LS

iMlscelianeous 

Mechanlcal/Washdbwn System
Aeration

Landscaping
Odor Control
Traffic Control

Dewatering
Mobilization/Demobilization
Contractor's 0 & P

1
1

Contingency
Sales Tax

30%
8.2%

$].689.209
$600.232

EsnMATED CONSTRUCTION COST $7,920,136

Design and Owner ManagementiProperty 

AcquisitionI

35%
$17

$2,772047
$l53,CXXJ9(XX) SF

Conveyance 

New Regulator Station LS $732.CXXJ

TOTAL PROJECT COST $25,300,000
Brown ond Coldwell Branstrt Pagel 10/9/97
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Drainage Basin: Industrial CSO Control Altemative: Circular CSO Treatment
Location: Michiaan

Sizing:ENR for estimate 75.0mgd 2.1 M-C;--

Item Description Unit Unit Unit Cost Total Cost

Cy
SF
Cy
Cy
Cy
Cy
LF
EA

LS
SY
SY

$331.3

$11.0

$14.0

$9.0

$29.0

$10.0

$16;5

$10,(XX).0

$921,(XX)

$248,600

$236,040

$4,824

$62176
$163,240

$0
$20,(XX)

$175,460

$66,(XX)

$110,(XX)

$3.503,428

$5,510,768

$275,538

$165,323

$330,646

$275,538

$50,(XX) I
I$137,769 I

$674,558

$674,558

$8.094,700

Quantity

2 1,390
2 11,300
2 8,430
2 268
2 1,072
2 8,162
2 o
2 1
2 1
1 1,100

1,100
$60.0
$50.0

ConcreteTemporary 

Sheeting and Shoring

ExcavationBackfill-NativeBackfill 

-Imported

Disposal of Excess Excavation

Piling
Flow Control Gates

Drainage Pumps and Assoc. Mech./Elect

Street Restoration

Utility Interference/Relocation

Specialty Items
2
2

Subtotal

5.0%
3.0%
6.0%
5.0%

$50,CXX)

2.5%
10.0%
10.0%

Subtotal

LS
LS
LS
LS
LS
LS
LS
LS

Miscellaneous Mechanical/Washdown System

Aeration

Landscaping
Odor ControlTraffic 

Control

Dewatering

Mobilization/Demobilization

Contractor's 0 & P

ContingencySales 
Tax

30%
8.2%

$2,428,410

$862,895

ESTIMATED CONSTRUCTION COST $11.386,004

$3.985.102
$442.003

Design and Owner Management
Property Acquisition

35%
$172 ]3(X:K) SF

!Conveyance 

See Page 3 LS $13,023,620

TOTAL PROJECT COST

~8.837 

,ODD

Brown and Caldwell Michstrt Page 1 10/9/97



Industrial Circular CSO Treatment Michigan

CSO Control Altemative: Storage/Treatment -Above Grade Circular Tank
Data Input Form and Unit Cost Data Input Form

Input Data In Shaded Cells

Assumptions

Design Flow

Over Excavation:

Bottom
Sides

Wall Thickness

Peak Overflow Rate
Cover Depth, ft
Side Water Depth, ft
Top Slab, ft
Bottom Slab. ft
Freeboard. ft
Tank Diam. ft
Excavation Depth. ft

Calculated Qualntities

Estimated Costs

ENR Basis 5~)30 Quantity Unit Unit

Cost
Total
Cost

1100
260

0
30

8.430
1.072

268

8.162
11.300

Cy
Cy
Cy
Cy
Cy
Cy
Cy
Cy
SF

$330.
$117.

$13.
$118.
$31.
$2.

$81.
$124.

Storage Tank Construction
Concrete -Slab on Grade

Concrete -Walls

Concrete -Elevated Slab

Concrete -Columns

Common Excavation

Backfill- Imported Material (Including Compaction)I

'BaCkfill- Native Material (Including Compaction)

Disposal of Excess Excavation

Trench Support -Soldier Pile/Sheet

1,100
1,100
1,100

0

Sy
Sy
Sy
Sy

$15.950
$6.050

$44.00)
$0

Street/Surface Restoraflon
Removal and Disposal of Asphalt6' 

Thick Base Course -Mineral Aggregate Type 2Pavement. 

Cem Conc CL 6 (1-1/2), 12'Pavement. 
Cem Conc CL6(1-1/2). 8' w/2' Asphalt Wearing Course

Pumps, Associated Piping and Mechlcal/Eleclrical Equipment
Pumps and Associated Piping
Moc. Mechanical Equipment
Electrical Systems

1.05
1
1

MGD
LS
LS

$58,682
$1 7,605
$11,443

30.0%
15.0%

Specialty Items -Description

tp(Sebfec tioo Qn~ Q~ffiJCQIA~ m9R '::;;c:~t;$COCCOC'CCC%
"""""cccc"""c""cc" "cc
C'",cCOcCOC"C" "'c

!c':':A~m ""

$~!400!QJ $1,530,

$221,

1"':fl'~nCtP cu '""'.:
'!"~""'cc"ccc!'~"

::;p~:;;:;:
$Z~

$2$:$

Brown and Caldwell Michstrt Page 2 10/9/97

000
000

$0
500
020
088
412
620
300

(XX)

$0
714

$0
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APPEND IX B

Offline Storage Tank



METRO CSO 5- YEAR UPDATE
ALTERNATIVE INFORMATION SUMMARY

Alternative Name: Magnolia Storage.

Alternative Type: (e.g., treatment, conveyance, separation) Storage

Affected CSOs:

* Values in parentheses are with West Point set point at 440 mgd.

Alternative Description:

This alternative involves the construction of a 1.3 million gallon tank south and west of the
intersection ofW. Lynn St. and 32nd Ave. W., in the Magnolia neighborhood. Sewage flow
would be intercepted in a new diversion structure, located in 32nd Ave. W., and would flow by
gravity into a underground storage tank. The tank would empty by gravity into a new sewer line
which will connect to an existing manhole approximately 340 feet to the south, on 32nd Ave. W.

Major problems/barriers/issues to be resolved: (e.g., permitting, optimization)

Major issues associated with this alternative include obtaining the site designated for tank
construction, and disruption to traffic in the vicinity of 32nd Ave. W., W. Lynn St., and Clise Pl.
W.

Capital Cost (1994 $): @illiOn (Attach cost summary spreadsheet and detailed cost estimates.)

~~

May 3,1994 2:30 PM Page 1 of3 316A \metrocso\magnolia.doc



Briefly describe the alternative's characteristics in each of the following categories:

CATEGORY CHARACTERISTICS

Impact on Natural
Environment

This alternative will affect receiving water quality by reducing the discharge of untreated
sanitary sewage to surface water.

Impact on Social
Environment

This alternative will result in some traffic disruption along 32nd Ave. W

Impact on Public
Health and Safety

Possible slight negative safety impacts due to traffic disruption during construction
Public health impacts equivalent to all other I-year CSO reduction alternatives.

Fairness and Equity This alternative will place several underground facilities along 32nd Ave. W. The land use
in this area is predominantly commercial.

Economic Impacts The capital cost of this alternative is $5.8 million

Flexibility This alternative does not preclude the implementation of other CSO control measures.

Page 2 of3JuneI7,19943:20PM 316A \metrocso\magnolia.doc



Drainage Basin:
Revised: 5/2/94

l~orth Interceptor CSO Control Element: ---
J,"lternative Description: Maqnolia Storaqe

1.3 

MG Below Grade. Clrcul~Storage Facility

Item Description Quant. Unit Unit Cost Total Cost

2.063
19.200
19.113
2.140
8.5W

16.973
0

1.440
1.440

1

Cy
SF

Cy
Cy
Cy
Cy
LF
Sy
Sy
LS

$360

$11.0
$14.0
$9.0

$29.0
$10.0
$16.5
$56.5
$100

$73.533

$742,680

$211,200

$267,584

$19,260

$248,243

$169,730

$0

$81,360

$ 144,CXXJ

$73,533

Concrete

Temporary Sheeting and Shoring

Excavation

Backfill -Native

Backfill -Imported

Disposal of Excess Excavation

Piling

IStreet Restoration

[Utility Interference/Relocation

Pumps. Associated Piping and Mechanical Equipment

SUBTOTAL: $1,957,590

$58.728

$97.879

$97.879

$00.000

$48.940
$231.102 I

$231.102

LS

LS
lS
lS
LS
LS
LS

$58.728

$97.879

$97.879

$50.000

$48.940

$231.102

$231.102

1

,Aeration 

(3%)

Mechanical Washdown System (5%)

Odor Control (5%)

Traffic Control

Dewatering (2.5%)

Mobilization/Demobilization (10%)

Contractor's 0 & P (10%) 1

$2.773.220 I

$831.966 !

$295.625

$3.900.811

$1.365.284

$96.500

3()'x,

8.2%

ESTIMATED CONSTRUCTION COST:

Contingency (On Estimated Construction Cost)
Sales Tax (On Construction Cost and Contingency)

TOTAL ESnMA TED CONSTRUCnON COST:

35%

$10

Design and Owner Management

Property Acquisition (Inc. 30% Contingency & 15% Management) 9.655 SF

TOTAL PROJECT COST: $5.362.645



Drainage Basin:
I Revised: 5/2/94

£p~~~~1 

Sfructure for 3rJ' InterceptorJ,'.Jorth Interceptor CSO Control Element:

Alternative Description: MoQnolio StorOQe

Item Description Quant Unit Unit Cost Total Cost

32

757

221

30

119

191

Cy
SF

Cy
Cy
Cy
Cy
EA
SY

LS

LS

SY

LS

$410.0

$11.0

$14.0

$9.0

$29.0

$10.0

$44,(XX)

$56.5

$5,577

$ffi,(XX)

$100.0

$3,658

$13. 120

$19.327

$3.094

$270 I

$3.451 iI
$1.910

$44,00)

$2.017

$5.577

$&).00)

$3.571

$3.658 :

36
1

1

36

Concrete

iemporary Sheeting and ShoringI 

Excavation

liackfill-Native

tiackfill -Imported

Disposal of Excess Excavation

Sluice Gates

,Street Restoration

Demolish Existing Interceptor/Construct Temporary Bypass

Iraffic Control

Utility Interference/Relocation

LJewatering (2.5%)

$149.996SUBTOTAL:

I

MObilizotion/DemObiliZatiOn (10%)

Contractor's 0 & P (10%)

1 LS

LS

$15.CXXJ

$15.CXXJ

$15.000
$ 15.(xx) ~

EsnMATED CONSTRUCnON COST: $179,995

$53.998
$19.187

~
8.2%

Contingency (On Estimated Construction Cost)
Sales Tax (On Construction Cost and Contingency)

$253.181TOTAL EsnMATED CONSTRUCnON COST:

$88.613Design and Owner Management 35%

TOTAL PROJECT COST: $341,794
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Drainage Basin:
Revised; 5/2/94

~orth Interceptor CSO Control Element:
Alternative Description: Maqnolla Storooe

30 LF of 12-lnch RCP

Item Description Quant. Unit Unit Cost Total Cost

LF

LF

LF

LF

Sy

$6.870
$0
$0
$0

$3.360

~_.- --~ 'i,i

12 -Inch DIameter RCP

Street Restoration 60 $56.0

$10.230

$1.023
$1.023

$12,276

$3.683
$1.309

$17,267

$6.044

$23.311

SUBTOTAl:

$1.023.0
$1.023.0

Mobilization/Demobilization (10%)
Contractor's 0 & P (10%)

30%

8.2%

1 LS

1 LS

ESTIMATED CONSTRUCnON COST:

Contingency (On Estimated Construction Cost)
Sales Tax (On Construction Cost and Contingency)

TOTAL ESTIMATfD CONSTRUCnON COST:

Design and Owner Management

TOTAL PROJECT COST:

35%
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Drainage Basin:I 

Revised: 5/2/94

_North Interceptor CSO Control Element:
Alternative Description: Maqnolia Storaqe

340 

LF of 12-lnch RCP

Item Description Quant Unit Unit Cost Total Cost

LF

LF

LF

LF

SV

$86.700
$0

$0

$0
$38.080$56.0

SUBTOTAl.:

$12.478.0
$12.478.0

$124,780

$12.478

$12.478 I

$149,736

$44.921
$15.962

$210,619

$73.717

$2~335

iMobilization/Demobilization 

(10%)
Cpntractor's 0 & P (10%)

1 LS

1 LS

ESnMATED CONSTRUCTION COST:

Contingency (On Estimated Construction Cost)
Sales Tax (On Construction Cost and Contingency)

TOTAL ESTIMATED CONSTRUCnON COST:

Design and Owner Management

TOTAL PROJECT COST:

~
8.2%

35%



APPEND IX C

All CSO Deep Tunnel Storage
University to 6th Ave. Deep Tunnel Storage

Near Surface Storage Tanks
CSO Treatment

Individual CSO Control Alternatives



Deep Tunnel Cost Estimates

The following pages contain a preliminary estimate for the Deep Tunnel System included
in the RWSP Service Strategy 4. All final estimates for Deep Tunnel storage construction
included in the Tasks 4 and 5 report were made by projections from these estimates by
use of unit costs on an inch-diameter-foot basis. The total estimate from the following
pages was converted to a unit cost which was then used to develop estimates for different
diameters and lengths.














































































































































































































































































































































































































































































































	Table of Contents
	Executive Summary
	Introduction
	Hydraulic Analysis
	Onsite CSO Treatment
	Cost Development
	CSO Control Elements: Implementation and Impact
	Alternatives Development
	Duwamish CSO Control Alternatives
	Denny/Lake Union CSO Control Alternatives
	Centralized Duwamish Area CSO Treatment
	Southern Service Area Deep Tunnel Storage Alternatives
	South Magnolia CSO Control Alternatives
	North Interceptor Basin
	Alki Basin
	West Seattle Basin
	Norfolk Basin
	North Beach Pump Station
	CSO Control Impact at West Point and West Point Enhancements
	Additional Issues and Projects
	Appendix A  Duwamish Basin CSO Control Alternatives
	Appendix B  South Magnolia CSO Control Alternatives
	Appendix C  North Interceptor CSO Control Alternatives
	Appendix D  Alki Basin CSO Control Alternatives
	Appendix E  West Seattle CSO Control Alternatives
	Appendix F  Norfolk Basin CSO Control Alternatives
	Appendix G  North Beach Pump Station Overflow Control
	Appendix H  Potential Joint Metro/City of Seattle CSO Projects
	Appendix I  Separation Alternatives Denny Regulator Station
	Appendix J  Transportation-Related Risk of Spills
	Appendix K  Separation Alternatives, Ballard Regulator and No. 1 Weir Basin No. 3



