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AG ENDA ITEM NUMBER 

Consideration of Proceeding with the Wastewater Treatment Plant 2 
Project 

BACKGROUND : 

Brief details regarding the Oregon Department of Environmental Quality (DEQ) approved 
Wastewater Treatment Plant #2 (WWTP2) Sequencing Batch Reactor (SBR) project are 
provided in the attached white paper. This project was approved by DEQ last spring. The 
City Council approved a zero cost contract with the Contract Manager/General Contractor 
(CMGC) in March 2016. The DEQ 1% loan package financing the project was approved 
by the City Council May 3, 2016. Progress on the project was halted by Council in June 
2016. In September the Council authorized the CMGC to bid most of the SBR project. 
Bidding is complete and the project can be under construction within six weeks of Council 
authorization to move forward. 

Should the Council desire to move forward with the DEQ approved plan , Council would 
need to approve an addendum to the zero cost contract with the CMGC. This addendum 
would authorize and approve the cost of constructing the new plant, construction of the 
sludge pipeline between the City's two treatment plants, and the demolition of the existing 
WWTP2 

On October 27 , 2016 D.B. Western Texas (DBWT) provided a response (attached) to the 
Council advertised Request for Proposal (RFP) for WWTP2 services. Not a lot of details 
were provided in the proposal as they are intended to be worked out through future 
negotiations. Per their proposal , DBWT would lease the WWTP2 land site from the City, 
finance the construction of the new plant, own the new plant, and operate the new plant. 
The DBWT proposal package also includes processing sludge to create Class A biosolids 
and dispose of them. The DBWT proposal also includes the use of Membrane Bioreactor 
(MBR) technology. 

Should Council desire to move forward with the DBWT proposal , or something similar, a 
new and robust RFP consistent with local and state regulations should be developed and 
advertised to ensure adequate opportunity for competition . If Council desires to move 
forward with the present DBWT proposal (without advertising a new RFP), then Council 
needs to direct staff to start the negotiations. In either case , discussion with the State will 
be required as this would be the only privately owned municipal wastewater treatment 
plant in Oregon. There would be several permitting issues to hammer out with the State. 
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ADVANTAGES: 

Moving forward with the DEQ approved SBR project plan will provide excellent water 
quality benefit to the receiving waters. The approved plan has been vetted by numerous 
wastewater design and operations professionals and is the most cost effective plan for the 
City of Coos Bay. The DEQ approved SBR plan is expected to meet DEQ/EPA water 
quality requirements for the next 20 years. Engineers thoroughly familiar with the City's 
WWTP2 plan and the City's privately operated & maintained wastewater system, have 
determined that the SBR at WWTP2 will actually save rate payers $24 million (present 
value) over DBWT's proposal for the same time period provided in DBWT's October 27, 
2016 proposal. The project can be under construction soon and minimize potential DEQ 
fines to City for failure to meet deadlines in the City's Mutual Agreement and Order with 
DEQ. Additionally, the City has been awarded an excellent DEQ loan package of 1% 
including a $500,000 grant plus as much as $2 Million to address stormwater quality 
issues. 

The DBWT proposal includes the use of MBR technology. This technology provides 
improved water quality performance over the SBR. This proposal is expected to meet 
DEQ/EPA water quality requirements for the next 20 years. The proposal also proposes 
private operations and maintenance service to the treatment plant similar to the services 
currently provided by CH2M/OMI. The DBWT proposal also includes demolition of the 
existing WWTP2 and the manufacture of Class A biosolids which can be more widely 
applied than Class B biosolids. The DBWT proposal for outright ownership of the plant 
may or may not be advantageous to the City. The recent investigation by attorney's 
specializing in wastewater matters, did not recommend the outright ownership, but were 
supportive of the privatization of the operations and maintenance of the treatment plant, 
which the City already does. 

DISADVANTAGES: 

There are really no disadvantages to the DEQ approved plan. It has been thoroughly 
vetted and is ready for construction. 

The DBWT proposal cost over the life of the project is expected be substantially more than 
the cost for the SBR plan. There are still several unknowns related to the proposal that 
must be vetted out with DBWT and the State. It is difficult to predict when the DBWT 
proposal could be completely designed and approved for construction. As private 
ownership is new to the regulatory agencies, there will likely be an additional 6 months to 
one-year delay over the time it would take to approve a publically owned plant. 

Should the Council choose to advertise a new RFP for services similar to the proposal 
offered by DBWT, it will take at least six months for the RFP and selection process. 
Because of the complexity of private ownership and financing, the City would need to 
contract with financial experts and attorney's specializing in these matters to assist the 
Council and staff craft the RFP and contract documents to ensure the best interest of the 
City are met. 

Should Council move forward with the existing DBWT proposal without doing a new RFP, 
the City could face potential litigation. The previous RFP did not meet City or State rules. 
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Private ownership of the wastewater treatment facility could limit Council's control of 
wastewater rates. It could also hamper Council's ability to control quality of service. These 
shortcomings may be somewhat minimized with a very tight contract agreement and a 
thorough scope of work. 

BUDGET: 

The CMGC's Guaranteed Maximum Price (GMP) to the City for the construction of the 
DEQ SBR plan, construction of a sludge pipe between Wastewater Treatment Plants 1 
and 2, and demolition of the existing WWTP2 is $26.1 Million. The City Council authorized 
bidding of the SBR project this past summer and bids came in less than estimated. The 
actual cost to the City will be less than the GMP. Details on the City's actual costs (based 
on the bids) are being generated by the City's CMGC as this report is being prepared. 
The details will be provided during the Council meeting. The 16 year (2019 to 2034) 
present value cost for DEQ SBR plan (not WWTP1 or collection system) is $36,294,000. 

Per the proposal submitted by DBWT, the 16 year (2019 to 2034) present value cost for 
WWTP2 proposal (not WWTP1 or collection system) is $61,112,000. If the RFP is re­
advertise, there will be additional cost this fiscal year to bring on consultants to assist with 
preparation of documents. The cost for consultants is expected to be at least $50,000 
and quite possibly much more. 

RECOMMENDATION: 

If it pleases the City Council, direct staff how you wish to proceed with construction of 
WWTP2. 

ATTACHMENTS: 

White Paper on WWTP2 
DBWT October 27, 2016 Proposal in Response to Council's Request for Proposal 
City Review/Response of DBWT June 10, 2016 Proposal 
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WHITE PAPER 

BRIEF HISTORY OF WASTEWATER TREATMENT PLANT #2 

The City of Coos Bay owns two domestic wastewater treatment facilities. Wastewater Treatment 
Plant #2 (WWTP2) serves the western portion of the City of Coos Bay and the Charleston Sanitary 
District. WWTP2 was constructed in 1964, and initially performed only primary treatment. 
Secondary treatment was added in 1973 under an EPA construction grant. In 1991, the facility 
was extensively refurbished and upgraded to provide Class I mechanical and electrical reliability 
up to an instantaneous peak hydraulic flow of 4.84 Million Gallons per Day (MGD). The upgrade 
in 1991 was 50% grant funded. 

In the early 2000's, the City Council and staff anticipated that WWTP2 would need to be upgraded 
once again around 2011. This was based upon the fact that several portions of the original 1964 
plant were still in operation and that many components refurbished in 1991 have a 20-year life 
cycle. Additionally, in 2003 the Oregon DEQ mandated the City work on upgrades to WWTP2. 

In 2004 the City embarked on creating a Facilities Plan (FP) for WWTP2 meeting DEQ criteria. 
The FP is a plan that presents the results of broad brush planning efforts conducted/prepared for 
the City by the City's wastewater consultant, West Yost and Associates. The plan summarizes 
the service area, wastewater characteristics and the components of the existing wastewater 
treatment system. The plan also evaluates the performance of the treatment system with respect 
to water quality and regulatory standards, and analyzes alternatives for improvements that will 
remedy the systems deficiencies and accommodate future growth over the next 20 years. The 
plan includes capital improvement project (CIP) recommendations and a proposed schedule. The 
recommended alternative in this 2004 plan was phased refurbishment and component 
replacement of the existing WWTP2 including expansion onto City property to the south of the 
existing plant. 

After receiving DEQ approval for the WWTP2 FP in 2008, DEQ required the City do a wastewater 
collection system wide Inflow and Infiltration (I & I) investigation and report. This effort included 
smoke testing all portions of the collection system, along with flow monitoring and televising 
problematic portions of the City's wastewater collection system identified by the smoke testing. 
After completion of the I & I the City investigation and report, the City moved forward with pre­
design of the recommended alternative in the FP. The pre-design plans are 30% of final. The 
pre-design plans are a more thorough look (than the FP) at the recommended alternative. As the 
City's consultant for the pre-design, Civil West Engineering, started working on the details in 2010. 
Civil West determined very quickly that the proposed plan to upgrade the existing facility and 
expand capacity utilizing the property south of the project would not be feasible. This was in part 
due to new regulatory limits were identified for ammonia and nitrogen levels in sewer effluent. 
The completed facilities planning did not consider or address these levels. Therefore, the 
recommended approach did not adequately meet these new requirements. Additionally, as part 
of the pre-design work, a wetland delineation was completed on the City-owned property to the 
south of the plant. The buildable land on this property was found to be too small for the expanded 
facility. Additionally, many costs were not identified or included in the recommended approach. 
The planned budget was not going to be adequate for the required project. As a result of these 
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discoveries, the pre-design work was put on hold. Staff and consultants explored other 
alternatives. 

Alternatives: 

1) Expand WWTP1 and pump all sewage from WWTP2 site across town to Wastewater 
Treatment Plant #1 (WWTP1) for treatment and disposal. 
a) This concept would require significant investment in pumping and piping to transmit 

sewage from WWTP2 to WWTP1 
b) WWTP1 would require significant expansion to accommodate all of the City's (plus 

Bunkerhill and Charleston) wastewater at the single plant 
c) Cost is prohibitive. 

2) Pump all sewage from WWTP2 to the North Spit (under the Bay) and upgrade the existing 
Weyerhaeuser Paper Mill lagoon treatment facility 
a) This concept would require significant investment in pumping and piping to transmit 

sewage from WWTP2 to the North Spit 
b) The existing Weyerhaeuser facility would require expansion and updating in order to treat 

wastewater and discharge effluent in the ocean 
c) Complicated by regulatory issues, ownership issues, costs, and the inability to combine 

WWTP1 
3) Purchase additional property near WWTP2 and construct a new facility 

a) This concept would require the purchase of additional properties around the existing 
facility location. 

b) New treatment facilities would be constructed on a new parcel and utilize the existing 
outfall 

c) This alternative would provide for all of the current needs at WWTP2 as well as provide 
room for growth and expansion in the future beyond the current 20-year planning cycle 

In 2011, alternative #3, which includes the purchase of additional property, was selected as the 
most cost effective course of action for the City. Because this option had not been considered in 
the Facility Plan approved by DEQ in 2008, DEQ required the City complete a Facility Plan 
Amendment (FPA) to do an alternative analysis including the Alternative #3. The FPA also 
included alternative analysis of various treatment processes that might be used on the new site. 
To ensure we fully exhausted the City's options, the City engaged a third party consultant to 
provide Value Analysis services to evaluate the FPA proposal and other potential process 
alternatives (including Membrane Bioreactor technology). 

Upon DEQ approval of the FPA in December 2012, the City contracted with the team of SHN & 
CH2M to prepare the pre-design of the recommended treatment process on the undeveloped 
property at the northeast corner of Empire Boulevard and Fulton Avenue. 

As the pre-design plans were nearing completion, in December 2013 the City Council selected 
the Construction Manager/General Contractor CMGC method for the construction of WWTP 2. 
The chosen CMGC (Mortenson Construction) was selected using a competitive process based 
on a combination of cost and qualifications. In addition, the City contracted with a third party firm 
to perform Value Engineering (VE) on the proposed design of the selected treatment process. 
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The third party consisted of engineers each with particular expertise in some portion of 
wastewater treatment (design, process, structural, etc .... ) from throughout the western United 
States, including personnel from the City's recently selected CMGC contractor. These engineers 
and professionals did an exhaustive review of our pre-design consultant's plans. The VE resulted 
in several recommendations for consideration. Some were simply to save costs. Others were to 
make improvement on the process and extend the life-expectancy of the new WWTP2. 

After successful completion of the pre-design plan and confirmation from DEQ staff, the City could 
move forward. In early 2014 the City contracted with the team of SHN & CH2M Hill to complete 
the final design plans for WWTP2. City Staff worked with the design team and the CMGC 
contractor through all the phases of final design. This unique process integrated the CMGC 
contractor into the review process of the final design. The result of this consisted of valuable 
money saving recommendations for the design. The final design plans were completed in 
December 2014 at which time the City could then submit application for the environmental permits 
and approvals from federal agencies having jurisdiction over the project. This process took over 
a year to complete, with final environmental approvals coming in March 2016. 

Current Status of DEQ Approved WWTP2 Project: 

On June 21, 2016, the Coos Bay City Council halted further progress (bidding the construction) 
of the DEQ approved WWTP2 project. The City Council wanted to explore the viability of 
privatization of the treatment plants and further explore the use of Membrane Bioreactor (MBR) 
treatment technology. The City Council posted a thirty-day advertisement Request for Proposal 
(RFP) to provide Wastewater Treatment Design, Construction, Finance, Ownership, and 
Operation services for the City's WWTP2. 

In September 2016, the City Council authorized staff to advertise bids for construction of the DEQ 
approved WWTP2. This would reduce the time necessary to start construction should the Council 
not move forward with MBR plant and decide to move forward with the SBR project. The City 
may be subject to fines from DEQ if construction does not begin by November 23, 2016. While it 
now won't be possible to meet the deadline, having bid the SBR project will potentially reduce the 
number of days the City is in violation of the deadlines and thus reduce the total amount of fines. 

COST HISTORY OF THE DEQ APPROVED WWTP2 

The City of Coos Bay contracted with a consultant to prepare a Facility Plan (FP) for WWTP2 in 
2004. The consultant for the FP estimated the cost for construction of phased improvements to 
WWTP2 to be $11,403,500 in 2004 dollars (which is $16,450,000 in 2016 dollars using RS Means 
Index). The FP consultant assumed that construction would start in 2006/07 and be phased over 
a 15-year period. The consultant assumed that the existing WWTP2 site would be reused and 
parts of the existing major structures would be repaired or replaced over the 15-year period. 
Unfortunately, the review process of the FP documents and required plan/design process did not 
allow for immediate implementation. The FP was approved by DEQ in 2008. 

The City's consulting engineer finished a Facility Plan Amendment (FPA) in 2012. In the FPA, 
the estimated construction cost for WWTP#2 was $21.0 to $22.5 million ($22.3 to $24.0 million in 
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2016 dollars). After DEQ approved the FPA, a more thorough pre-design process was initiated. 
The engineers for the pre-design plans estimated the cost for construction for WWTP2 in 2013 
dollars to be $14.97 million with a low range (-30%) of $10.48 million and a high range (+50%) of 
$22.46 million (note this kind of spread is typical for preliminary designs). These cost estimates 
do not include the cost of demolition or the cost of piping of sludge from WWTP2 to WWTP1. So 
while the dollar number for upgrading WWTP2 had risen, in actual dollar value, the price (through 
2013) remained relatively unchanged. With completion of the final plans for WWTP2, the City's 
contractor (CMGC) provided an estimated construction cost including demolition, the sludge 
pipeline, contingency costs, construction management costs, and CMGC contract costs bring the 
estimate to $26.2 million. 

The City Council approved, advertisement (not award) of bids for the DEQ approved SBR 
WWTP2 project. The City's actual cost will be based on the bids the CMGC receives through a 
competitive bid process. The bids received to date indicate the full cost will be less than $26.2 
Million. 

Because waste from the Charleston Sanitary District (CSD) is 25% of the total flow into WWTP2, 
the District is responsible for 25% of the total costs to construct the plant. Thus, if the $26.2 
million cost is accurate, the City's rate payers will be responsible for $19.65 million of the total 
cost. The CSD received an $8.5 Million grant and loan package to pay for wastewater projects. 
Of that $8.5 Million, $6.5 Million of the packaged is for CSD's portion of the WWTP2 project and 
of that $6.5M, $3.5M is a grant and the remaining is a low interest loan. 

The City is approved for a DEQ sponsored State Revolving Fund loan to pay the full construction 
cost of the SBR. The loan term is 20 years with a 1% annual interest rate. The City also received 
a $500,000 grant as part of the package. The City also received approximately $2 million as part 
of the loan package for stormwater quality related projects. 

DESCRIPTION OF THE DEQ APPROVED FINAL PLAN PROPOSED FOR WWTP2 

The Oregon Department of Environmental Quality approved plan for the replacement of the 
existing WWTP2 is proposed to be constructed on approximately two acres of vacant property 
across the road (Empire Boulevard) from the existing facility. The new site is northeast of the 
intersection of Empire Boulevard and Fulton Avenue in the Empire District of the City. The new 
plant will be a Sequencing Batch Reactor (SBR) made up of two large concrete basins along with 
a new influent pump station. Disinfection would be accomplished using ultraviolet light. The site 
will also include a small electrical/mechanical building and office/lab building. The existing 
WWTP2 would be demolished as part of the project. 

A Biosolids Analysis was completed by the Dyer Partnership in May 2014 and updated April 2015. 
The recommended solution for handling biosolids, which has a significant cost benefit, is to pump 
Waste Activated Sludge (WAS) via a new pipeline (it is currently trucked) from the new WWTP2 
to the digesters at WWTP1. The pipeline is to be completed as part of the WWTP2 project. Most 
of the piping will be installed using horizontal directional drilling technology that will minimize 
digging into City streets. The City's system will continue to produce Class B biosolids that are 
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pumped from WWTP1 to a sludge lagoon in Eastside. The biosolids are then land applied on 
farm land just east of the City. 

DB WESTERN TEXAS PROPOSALS: 

In January 2015, right after the final plans for the SBR were completed, DB Western Texas 
(DBWT) submitted its first of several proposals to provide wastewater treatment services in lieu 
of using the City's existing plan. DBWT's first plan provided two options either DBWT would 
design and build a new plant, or design, build, and operate a new plant on the North Spit. The 
plant would use the same (SBR) technology in the City's existing plan. Sludge generated at the 
North Spit plant would be transported to WWTP#1 for processing. Influent would be pumped in 
a pipe under the bay to the North Spit plant. The effluent would ultimately discharge through an 
existing ocean outfall on the North Spit and use the existing bay outfall at existing WWTP#2 until 
the connection could be made to the Ocean outfall. This first DBWT proposal has several hurdles 
that would make it difficult to start construction without several years of efforts. 

In February 2015 some modifications were proposed including an alternate proposal for an ocean 
outfall from the North Spit and creating Class A biosolids at the North Spit site. Disinfection of 
effluent is to be done with chlorine. 

In May 2015, the City learned that DBWT's proposal was modified and now included the use of 
Membrane Bioreactor (MBR) technology to treat the influent rather than a SBR. Disinfection 
would be done using ultraviolet (UV) light in lieu of chlorine for disinfection. DBWT also proposed 
zero discharge to the Bay or ocean. The proposal suggested that the Cities would own the facility. 
Additionally, DBWT would build and operate an EPA certified "Exceptional Quality Class A 
Biosolids Plant at their own expense, and handle all transportation to and from the WWTP". 

In spring of 2016 City staff learned that the DBWT proposal includes discharge of effluent into the 
ground on the North Spit. In May 2016, DBWT presented to the Council another alternative to 
the DEQ approved plans for WWTP2. The alternative is for DBWT to privately build, finance, 
operate, maintain and own new MBR (Membrane Bio Reactor) plants along with new Class A 
lime stabilized solid fertilizer plants at each location of WWTP1 and WWTP2. The first plant, 
WWTP2 could be operational within 3 years from the City Council's vote of approval. WWTP1 
could be operational within 5 years. All DBWT's cost for permits, DEQ approvals, design, 
engineering, construction, operations, and maintenance will be paid by DBWT for 20 years. This 
includes future upgrades which may be required by DEQ to be implemented within this time. 

The Class A water produced by the MBR plant would initially be given to the city to be discharged 
into the Bay through the City's NPDES permitted outfall. The beneficial reuse is to "clean up the 
Bay''. Other beneficial reuse opportunities were being considered by DBWT at the time. 

Per DBWT, the WWTC (Waste Water Treatment Cost) to the city would be $40 per month for the 
"average" residential unit and this rate is guaranteed for the 20-year period along with a 1% 
increase per year. This rate would initiate upon DEQ approvals and commencement of 
construction. This cost covers the cost of construction, operation and maintenance of the 
treatment plants as well as cost of disposing of the City's sludge/biosolids. The cost does not 
include needed capital, operation, and maintenance costs for the City's wastewater collection 
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system (24 pump stations and 90 miles of piping) and the two outfalls that serve the two respective 
treatment plants. The following are options from DBWT to include collection system maintenance: 

1. Remote Input/Output (1/0) panels at each remote pump lift station with fiber optic 
communication to central control and monitoring tied into the Distributed Control System 
for the WWTPs. 1/0 would be pumps amperage, basin level, generator alarm, and 1/0 for 
future Ethernet cameras. This will add a $1 per month to the wastewater treatment cost. 

2. Future Operation & Maintenance on all pump stations throughout the city on a negotiated 
wastewater treatment cost. 

On October 27, 2016 DBWT provided a response the Council advertised RFP for WWTP2 
services. Not a lot of details were provided in the proposal as they are proposed to be worked 
out through future negotiations. The DBWT proposal states that staying the course with the SBR 
proposal and City ownership would cost the City's rate payers $18 million more (over the time 
period of 2019- 2034) than the DBWT proposal. The figures and assumptions used by the DBWT 
for the cost of the SBR and City ownership are incorrect. When done using the correct figures 
and costs for the SBR at WWTP2, DBWT's proposal will actually cost rate payers $24 million 
more (present value) over the approved SBR plan for the same time period. These are the figures 
provided by engineers thoroughly familiar with the plan and the City's rate consultant. 

MBR TECHNOLOGY CONSIDERATION 

During development of the current DEQ approved WWTP2, the City's consultants did consider 
(amongst other technologies) MBR treatment similar to what DBWT has proposed. Below is an 
excerpt retrieved from the Facility Plan Amendment prepared in 2012 by Civil West Engineering 
Services, Inc. The paragraph is the summary of their evaluation of the Membrane Bio Reactor 
technology for the City of Coos Bay. The City then further vetted the MBR option in the Value 
Analysis (VA). Both the FPA and the VA, which were prepared by two different engineering firms 
came to the same conclusion based on the professional experience and cost analyses. Following 
the summary is a table of engineering cost provided by the Value Analysis that led the City to the 
SBR decision. 

Membrane Bio Reactor (MBR) - The MBR process, while perfect for smaller installations such 
as golf courses, casinos, and resorts, does not stack up well on small municipal projects where 
Ill (inflow and infiltration) and peak hydraulic capacity issues are paramount. In fact, some of the 
suppliers of the equipment elected not to provide a proposal because they felt they could not 
compete with other available technologies. While the MBR system can provide unparalleled 
effluent quality, the costs of providing capacity and redundancy in these systems simply make 
them impractical for this project. For these reasons and others, an MBR will NOT be reviewed 
further as an option for the City of Coos Bay. 

Item SBR MBR 
Capital Cost (include $22,219,000 $27,344,000 

contractor markups and non-
construction cost) 
O&M Cost $584,000 $838,000 

Life Cycle Cost $24,701,000 $32,232,000 
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Response to DBWT's Proposal 

1.0 BACKGROUND 

The City has two wastewater treatment plants commonly referred to as Plant 1 and Plant 2. 
Plant 1 is located off of Highway 101 at 680 Ivy Avenue. Plant 1 was originally constructed in 
1954 as a primary treatment plant. Secondary treatment was added in 1973. The plant was 
extensively upgraded in 1990 including extensive mechanical and electrical upgrades. 
Additionally a new headworks, primary clarifier, and secondary clarifier were added to the plant. 
The existing secondary clarifier was converted to a chlorine contract basin and the existing 
primary clarifier was converted in to a sludge thickening tank. Plant 2 is currently located at 100 
Fulton Avenue, west of Empire Boulevard. The plant was originally built in the 1960s and was 
updated to secondary treatment in 1973. The last significant upgrade to Plant 2 was in 1990. In 
1990 a new headworks and a second secondary clarifier were added to the plant. Additionally 
influent pumping, primary clarification, activated sludge secondary treatment, disinfection, de­
chlorination and anaerobic digestion of sludge were added. 

Because the City has two wastewater treatment plants, the City has two National Pollutant 
Discharge Elimination System (NPDES) permits. The Oregon Department of Environmental 
Quality (DEQ) regulates and enforces these permits. The permit outlines wastewater effluent 
limits, penalties if those effluent limits are not met, reporting requirements, and testing 
requirements. Because of the aging infrastructure, the plants were not meeting permit. As a 
result DEQ issued each plant a Mutual Agreement and Order (MAO). Plant 2 was issued an 
MAO in 2003 and Plant 1 was issued a MAO in 2008 

An MAO is a legally binding enforceable document that sets out settlement terms 
on which a City and the DEQ agree. Often, the MAO provides that DEQ agrees 
to reduce the penalties that can be assessed along with a reduction in permit 
requirements until agreed upon plant improvements are made. The MAO may 
a/so modify the actions or deadlines in the existing permit. In signing an MAO, 
the City waives their right to appeal, but obtains the benefit and protection of the 
agreement. 

A condition in each of the MAOs was to update the treatment plants and perform improvements 
in the collection system to reduce inflow and infiltration (1/1). 

Inflow and infiltration or (Ill) are terms used to describe the ways that 
groundwater and stormwater enter into the sanitary sewer system through 
deficiencies, bad (leaking) joints, and cracks in the sewer pipe. The Ill comingles 
with the wastewater and is ultimately conveyed to the treatment plants. Ill 
impacts the collection system, lift stations, and treatment plants. It causes 
Sanitary Sewer Overflows (SSOs) because the collection system is over 
capacity, and it causes cities, including Coos Bay, to build larger and more costly 
lift stations and treatment plants to handle the increased flow that Ill causes. 

As a result of the MAO and the requirement to perform sewer improvements, the City contracted 
with a local engineer to create a 20-year list of projects to meet the goal of the MAO to reduce 1/1 
and update the plants to meet current water quality requirements. This list is commonly referred 
to as the Takedown List. This list contains critical projects that must be completed to satisfy 
regulatory requirements and protect the health of our bay, including construction/upgrades to 
both plants and the collection system. 
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Response to DBWT's Proposal 

It may seem that DEQ is over regulating . It may also seem that the MAO is placing an unfair 
burden on the City by requiring these upgrades. However, the MAOs have provided the City 
with more time, protection from the regulators and others , and a structure to work with DEQ to 
make the necessary upgrades. If the MAO was removed, the City could be immediately facing 
penalties and/or fines and potentially be open to third-party law suits. In short, improvements 
are needed whether the City has an MAO or not. It is important to note, that if the City loses the 
protection of the MAO, DEQ could place a moratorium on sewer hook ups on the City as they 
have on other jurisdictions. 

At this time, the City has made enough improvements on Plant 1 to raise the effluent quality and 
get the MAO removed. However this does not mean that Plant 1 does not need an upgrade nor 
does it mean that the projects on the Takedown List that are tributary to Plant 1 do not need to 
be constructed . To further improve the effluent quality and overcome the deferred maintenance 
of the collection system, the Takedown List must be completed which includes upgrades to both 
Plants. 

Recently a third party, B Western Texas (DBWT), has presented a proposal to the City stating 
that they want to lease land within City Limits, update/construct both plants using Membrane 
Bioreactor technology with ultra violet (UV) disinfection, and own and operate them for a 20 year 
contract period . DBWT further states that they will construct Class A Biosolids facilities at both 
plants and own and operate those as well. They make the statement that they will do this for 
$40 per Equivalent Dwelling Unit (EDU) per month. (This cost is only for treatment. The 
citizens of Coos Bay will still be responsible to maintain and update the collection system which 
is approximately $39/EDU/month.) The following pages discuss the feasibility of DBWT's 
proposal along with discussions and comparisons of DBWT's proposal to the approved DEQ 
plans for the proposed wastewater treatment Plant 2 (using Sequencing Batch Reactor 
technology and UV disinfection) that, to date, council has approved. 
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2.0 DBWT'S PROPOSAL 

DBWT is proposing to upgrade/construct Plant 1 and Plant 2 to a Membrane Bioreactor 
process with UV disinfection, construct a Class A Biosolids stabilization facility on each plant 
site and own, operate and maintain the plants for 20 years. DBWT has proposed that the City 
lease the land to DBWT. The proposal further states that this privatization of wastewater will 
cost the City $40 per EDU per month and the "City can wash their hands of wastewater". The 
proposal did not provide any backup information to support the $40/EDU/month calculation, 
provide how the City could do this and bypass the public procurement process required by law, 
nor did it provide how the City was to deal with DEQ and the potential fines and legal fees that 
the City will face should a sizeable delay to the current Plant 2 construction timeline occur. This 
section deals with DBWT's proposal and the challenges the City will need to face should 
Council decide to pursue DBWT's proposal. The information in this section has been 
formulated by DEQ, consultants with extensive experience in wastewater, white papers from the 
United States Geological Survey (USGS) and the Environmental Protection Agency (EPA) , and 
input from staff. 

2.1 TIMELINE 

The DBWT proposal states that they will have their version of Plant 2 online in three years. 
However, it seems that this is an insufficient timeframe that does not take into consideration the 
agreements that need to be in place not only between the City and DBWT, but also the City and 
their stakeholders such as the Port of Coos Bay, Charleston Sanitary District, and Bunkerhill 
Sanitary District. Additionally, the City cannot sole source or direct appoint a project of this size 
and cost per Oregon state law. As such, a request for proposals (RFP) process will need to be 
followed. 

At the June 10, 2016 work session Ranei Nomura, DEQ representative, stated that if the City 
decides to privatize their wastewater DEQ will require that that they review and approve any 
request for proposal or bid. Ms. Nomura also stated that they will have the Department of 
Justice (DOJ) review the RFP. This is an important step because DEQ/DOJ wants some sort 
of certainty that the contract that is presented in the RFP will be robust enough to protect the 
City's interest. This process alone could take months if not years to complete. At the same 
work session Major Shoji also questioned the DBWT three year timeframe and stated that it 
might take three years just to come to agreement with the stakeholders and create a contract 
that would be agreeable to all parties. Should Council pursue privatization of the treatment 
system a timeframe of five to six years for Plant 2 to be online seems more reasonable to City 
Staff. 

The City could be facing major fines and penalties should a delay occur to the construction of 
Plant 2. If the City loses the protection of the MAO, the City could be facing $250 per day until 
Plant 2 is upgraded, which is approximately $90,000 per year. Additionally for each permit 
violation that the Plant would experience the City could be assessed a fine of $10,000 per day 
per violation . Based on the last three years, if the City did not have the protection of the MAO, 
the City would have received on average a total of $80,000 per year in fines. This number is 
only expected to go up as the existing Plant 2 is past its useful life. This means that between 
the $250 per day and the permit violations, the City could be facing fines of $170,000 or more 
per year until the DBWT proposal is implemented. In conclusion, should the Council move 
forward with DBWT proposal a realistic time frame for Plant 2 to be online is 5 to 6 years which 
would result in a total of $1,000,000 in fines and penalties. DEQ has worked with the City for 13 
years on the Plant 2 project and scrapping it now will cause the City to lose credibility with DEQ 
staff. While this may not seem critical, to date DEQ has been very collaborative with the City, 
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losing this collaboration will have negative impacts for years to come working with the City's 
infrastructure and new economic development. Additionally, if the City loses the protection of 
the MAO, DEQ may place a moratorium on sewer hook ups which would significantly hinder 
development in not only Coos Bay but Charleston and potentially Bunkerhill as well. 

2.2 PLANNED UPGRADES AND RATE COMPARISON 

The main concern for staff and the City's consultants in regards to construction of a membrane 
plant is the cost. Membrane Bioreactor plants cost more than standard activated sludge both to 
construct and to operate. And Class A Biosolids treatment is an additional cost above and 
beyond the Membrane Bioreactor cost. City consultants have conducted multiple studies, 
prepared by various engineers, on which type of plant to build and the finding for each study, 
regardless of the engineer, was that membrane bioreactor plants were eliminated due to both 
the upfront capital cost and the higher ongoing operational costs. 

A comparison was made of the costs to the citizens of Coos Bay for proceeding with the 
recommendations in the approved facility plans for upgrading Wastewater Treatment Plants No. 
1 & 2 as compared to the flat $40 per EDU per month offered for construction and operation of 
two private membrane plants by DBWT. The graphs below shows the total annual cost. The 
charge to the City for the membrane bioreactor option increases with time and with the addition 
of new population. Over the 20 year contract period, the new proposal costs the City $42.3 
million more than the existing plans for plant upgrades. And that is if you accept that DBWT can 
in fact build the plants for the proposed $40/EDU/month. The costs below represent treatment 
only, the planned upgrades for the collection system are not included. 
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The charge to the City for the membrane bioreactor plant is based on $40 per EDU, with a 2018 
EDU count of 12,434 and a cost per EDU increase of 1% per year and population growth 
(increase in EDUs) of 1% per year. The costs shown for membrane bioreactor also include the 
fixed costs that the City would still be required to pay for existing debt service for both treatment 
plants, payment to the Coos Bay North Bent Water Board for billing and collection services for 
sewer service, upgrade costs for the Plant 2 outfall, and the administrative and legal costs for 
City staff and consultants. No costs are included for planning for future improvements at the 
end of the contract. Additionally, no costs are included for the collection system . The graph 
below shows this cost per EDU comparison for treatment. , regardless of the path foF\vard for 
treatment, the citizens of Coos Bay will still have an additional $39/EDU/month for the collection 
system . The collection system costs ($39/EDU/month) have been included in both options. 
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The costs for the planned activated sludge upgrades include operating costs, based on the 
current 2016 wastewater fund budget with an increase of 2. 7% per year for the CH2M-OMI 
contract, which matches the past 10 year average, and 4% per year for staff time (associated 
with managing the utility) . Other costs include loan repayments to SRF for constructing Plant 2 
that will be paid off in 2038, and anticipated loan costs for Plant 1 that will run from 2020 to 2040 
at interest rates of 1% per year. Design and planning costs for Plant 1 are included in years 
2017 and 2018 and new facilities plan costs for Plant 1 and Plant 2 in years 2038 and 2036 
respectively . It is important to note that a new facility plan does not mean a new treatment 
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plant. Treatment plants can be designed to last for over 50 years provided the foresight has 
been done at the planning stage. However, it is anticipated by DEQ, that every 20 years a 
"new" facility plan be completed to evaluate the plant for the next 20 year period and identify 
existing and future needs and capabilities. 

In the above graph, costs are also included for periodic replacement of pumps and other 
mechanical equipment and for upgrades to the plant outfalls and realignment of gravity sewers 
feeding the plants. The fixed costs for existing debt service, invoicing by the Coos Bay North 
Bend Water Board, Staff administration time, and the Plant 2 outfall upgrade are also included 
in this option with the same escalation of cost rates. Revenue of $55,000 per year for outside 
sludge (Coos Bay North Bend Water Board) receiving is included, escalated at 1% per year for 
inflation. The average cost per EDU per month for the membrane system is higher than the 
current planned improvements, with the difference ranging from $8 in 2018 to $19 in 2038. 

2.3 COST INFORMATION FOR MEMBRANE P LANTS 

Jan Kerbo, Professional Engineer (PE), Plant 2's Resident Project Representative for the City, 
contacted Christopher Allen at GE Power: Water & Process Technologies on June 6, 2016, the 
same firm that DBWT has recommended to provide the membranes for his plants . She has 
requested information on budgeting for membranes for Plants 1 and 2 and a recommended 
layout. Mr. Allen responded that they have not received any information describing anticipated 
wastewater design loads and flows from DBWT, information GE needs to select and size the 
membrane bioreactor system, and so he has not prepared any budgetary or layout information 
for a membrane bioreactor plant for the City facilities to date. On that same day, Ms. Kerbo 
forwarded the DEQ approved flows and loads from the facilities plans to GE with a request for a 
budget cost and requested that the same budget information be copied to DBWT. She 
anticipates receiving this information from Mr. Allen in one to two weeks. 

Craig Massie, PE of CH2M has indicated that they have been involved in several municipal 
membrane bioreactor plants and that the driving force behind paying the premium for 
membranes is typically regulatory requirements for removal of BOD and TSS components from 
the effluent required by the receiving stream water quality limitations. One such plant is the 
Clovis WWTP in California, which is a 2 million gallon per day (MGD) plant with a peak capacity 
of 4 mgd, the MBR plant closest in size to that annual average capacity of Plant 2. The cost for 
the 2 MGD membrane bioreactor was $30M in 2010. Escalated to 2016 dollars this would be 
$35 million. This facility has a raw sewage bypass to take excess flows to another conventional 
treatment facility , avoiding the cost and footprint of a surge basin, and keeping the peak 
capacity to the plant limited to 4 MGD. An MBR plant must be designed for the peak flow 
anticipated unless some form of additional wet weather flow treatment or surge capacity is 
included in addition to the MBR treatment system. 

The only membrane bioreactor in Oregon large enough to be of a comparable size to the Coos 
Bay plants is the Tri-City Service District plant in Clackamas County. The Tri-City membrane 
plant is sized for 10 MGD, slightly larger than Plant 2 and about half the flows for Plant 1. That 
facility uses their pre-existing activated sludge plant for high flows, which eliminates the need for 
a surge basin , but requires operating two plants side by side with the associated increased 
operating costs. This project cost $90M in 2011 and did not include biosolids treatment or a 
surge basin. Escalated to 2016 dollars this cost would be $100 

Based on the plant costs presented above, a lowest cost estimate could potentially be $120 -
$150 million to replace both Plant 1 and Plant 2. Public procurement rules and prevailing wages 
may contribute to a 30% premium for the labor portion of construction that a private firm may 
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avoid . Typical labor to equipment cost rat ios for this type of construction could be 
approximately 50/50. With private construction , the cost could be reduced to as low as $1OOM. 

The $40 per month per EDU rate proposed by DBWT would generate a present value of about 
$90 to $11OM, of which about $33 to $45M would be needed to cover operating costs (based on 
the current plant operations costs). Only $57 to $65 million would be left to construct two 
complete membrane bioreactor facilities , surge basins and biosolids facilities . The staff and the 
city consultants do not believe that DBWT can build the facilities for even $100 million and are 
concerned that pursuing a project that is not financially feasible will delay needed upgrades to 
the plants and cost the City financially, cause friction in the relationship with DEQ, loss of 
credibility with DEQ, and force the City to rely even longer on deteriorating components that 
may break and cause a sewage spill. It also important to remember that the costs discussed in 
this section deal with treatment only. Regardless of how Council proceeds forward with 
treatment, the citizens of Coos Bay will still be responsible for an additional $39/EDU/month for 
the collection system. 

2.4 W ATER Q UALITY 
There are two camps. The DBWT camp is stating that their membrane proposal will remove 
pharmaceuticals, period. The City's camp (licensed professional engineers with decades of 
experience) have designed and constructed several membrane filtration plants and state that 
membrane filtration does a better removal with some pharmaceuticals and a worse job with 
others but does not significantly remove pharmaceuticals better than other conventional 
activated sludge processes, including the SBR process designed for Plant 2. If a person were 
to research this on the internet they would find product literature that talk about the efficient 
removal of pharmaceuticals which is supplied by membrane manufacturers. This information is 
a sales pitch and is not supported by DEQ, EPA, or the City's consultants. 

DBWT makes the statement that if Council should move forward with the DBWT proposal that 
the treated effluent will be contaminated by the bay water. That same statement can also be 
made should Council make the decision to move forward with the DEQ approved plans to 
construct a Sequencing Batch Reactor (SBR) with UV disinfection. 

CH2M has shown evidence that an SBR with UV disinfection can typically achieve up to a Log 4 
disinfection removal , which is 99.99% removal of viruses and bacteria. DBWT claims, and 
research literature supports up to a Log 5 disinfection removal , which is 99.999%, for membrane 
bioreactors . Both levels are much cleaner than the background contamination in the bay from 
agriculture and wildlife. A study in 2011 by United States Geological Survey titled , Quantifying 
Viruses and Bacteria in Wastewater, in Ohio found that two of the membrane plants studied and 
the activated sludge plant with UV had close to non-detect levels for viruses and bacteria. A 
third membrane plant in the study was malfunctioning and contaminated the effluent with raw 
sewage. Both types of plants (Membrane and SBR) produce good effluent with the membrane 
plant effluent usually being slightly better. 

Dennis Beetham of DBWT is not a licensed engineer, Bill Boger of Civil West presented 
drawings at the workshop that he did not prepare nor was he familiar with . Additionally, the 
drawings did not have an engineering stamp on them . Without having engineering drawings to 
refer to, City staff and the City's consultants have nothing to use for comparisons. DBWT has 
had sufficient time to get drawings formulated to the City for review. What they have given us 
does not approach an engineering standard and leaves us guessing as to the design of their 
proposal. 
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3.0 PROS AND CONS 

The Council has two proposals on the table for the pending Plant 1 and 2 upgrades. One 
proposal has been recently submitted by DBWT. The other proposal is in the City's DEQ 
approved Facil ity Plans and Facility Plan Amendments for Plant 1 and 2. With respect to Plant 
2, the City's Facility Plan Amendment was also coincidentally prepared by Bill Boger of Civil 
West. The document was approved by DEQ in November 2012 and it analyzed several 
treatment alternatives including Membrane Bioreactors. Nothing has changed since that date in 
the technologies. Mr. Boger, at that time, recommended construction of an SBR system. Now 
Mr. Boger is coming to the City, presenting information that was prepared by somebody else, 
and stating that the City should approve the private construction of a Membrane Facility. Staff is 
confused over the reasons behind the change of recommendation from the same consultant. 

That 2012 SBR recommendation for Plant 2 was vetted by many certified engineers with 
experience with water treatment plans during the Facility Plan Amendment (by Civil West) , 
Value Analysis (By CH2M), Value Engineering (By Robinson, Stafford and Rude) , and Pre­
Design (SHN/CH2M) stages. All four steps validated the SBR for Plant 2. The following is a 
table that compares the two options on the table: 

COMPARISON OF CITY'S CURRENT PLAN AND DBWT'S PROPSOAL 

EMPIRE SITE SEQUENCING BATCH REACTOR (SBR) EMPIRE SITE M EMBRANE 8 IOREACTOR 

Environmental 

Reduces viruses, chemicals and drugs but does Better Reduces viruses, chemicals and drugs but 
not completely remove does not comj>letely remove 

Viruses, chemicals and drugs may pass through Viruses, chemicals and drugs may pass through 
treatment treatment 

Produces low ammonia levels in effluent Produces lowest ammonia levels in effluent 

Discharges to the lower estuary of Coos River Discharges to the lower estuary of Coos River 

Meets DEQ discharge requirements Cleaner effluent than DEQ discharge requirements 

Land application of Class B biosolids Land application of Class A biosolids 

Economic 

Treatment costs over 20 years total $124M Treatment costs over 20 years total $166M 

Lowest cost option to build ($26M) Highest construction cost 
DEQ loan agreement for construction has been 

The City will lose the 1% loan for construction and the 
executed and an additional $2 .2M of storm water 

$2.2M of storm water projects. 
projects can be constructed at no extra charge 

Lower cost to operate Higher cost to operate 

Commitment for 1% interest offer is on the table Unclear if DBWT has capacity to fund project due to 
and $2M in SRF Stormwater Funds lack of detail in proposal 

Project is subject to prevailing wage rates Project is not subject to prevailing wage rates 

The wastewater treatment plants will be owned and The wastewater treatment plants will be owned and 
controlled by the City controlled by_ a _Qrivate entity 
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Economic (Continued) 

Charleston Sanitary District is willing to pay 25% of 
Charleston Sanitary District will lose grant and is 

the costs of construction and has a $3.5M grant 
unwilling to pay more than they would under current 

plan 
City has already incurred debt for project that will City has already incurred debt for cancelled project 

need to be paid back that will need to be paid back 
City will have an ongoing cost to convey sewage City will have an ongoing cost to convey sewage and 

and maintain collection system in addition to maintain collection system in addition to treatment 
treatment costs costs 

City will own plants that can be expanded and DBWT will own plants and City will not have facilities 
upgraded in 20 years when contract expires 

City will bear the costs to upgrade outfalls City will bear the costs to upgrade outfalls 

City pays fines when the City's plant exceeds City pays fines when DWBT's plant exceeds permit's 
permit's effluent limits effluent limits 

Treatment costs vary between $25 and Treatment costs vary between $42 and 
$38/EDU/month over the next 20 years $49/EDU/month over the next 20 years 

City will repay the loan obtained to purchase the 
City will repay the loan obtained to purchase the land 

land for Plant 2 conventionally 
for Plant 2 within 90 days of entering into an 

agreement with DBWT 

Planning and Site Issues 

Planning documents complete and approved by No planning documents are required with private 
DEQ funding, but DEQ must approve final plans 

Environmental Assessment approved by agencies No Environmental Assessment has been approved 

All plans are complete and approved by DEQ 
Final plans have not been submitted to DEQ for 

review 

Ready to bid and break ground by August 2016 Estimated 3 to 4 years needed to break ground 

Land is already owned by City City would lease land to DBWT 

Design in accordance with the Oregon Structural Tsunami and earthquake resilient 
Specialty Code 

DEQ loan agreements are signed and in place 
Would require DEQ and Department of Justice input 

to negotiate agreement and navigate permitting 

SBR vs Membrane 

Flexible in responding to changes in flow Very sensitive to high flows, may require surge basin 

Requires grit removal and coarse screening Requires grit removal and fine screening 

Grit and sharp objects that get past headworks go Grit & sharp objects that pass headworks may 
to sludge damage membranes 

Aeration diffusers inexpensive to replace every 10 Membranes expensive to replace every 5-7 years 
years 

Produces stable sludge that is easy to dewater Lower sludge quantities, but harder to dewater 

Uses moderate amounts of electricity Uses high levels of electricity 

Requires a moderate amount of land to build Requires a fairly small amount of land to build 
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4.0 CONCLUSION 

There has been a large amount of information that has been provided by DBWT in the form of 
proposals, editorials, and opinions. Unfortunately, for a true analysis, the information has been 
lacking detail or has simply been untrue. The proposal that DBWT has provided is very light on 
information. It does not provide detail or backup for their proposed numbers. Knowing the 
regulatory requirements, it has been very difficult for Staff to provide information or a 
recommendation for DBWT's proposal due to the lack of information in the proposal. DBWT 
asked for a work session with council in which they could discuss the proposal in more detail. 
Mr. Dennis Beetham did not present at the presentation, but rather he hired a local engineer, 
Mr. Bill Boger of Civil West , to present. Mr. Boger stated that he was not the engineer for the 
DBWT proposal. Mr. Boger did present drawings that appeared to look "engineered" however 
he stated that they could not provide us with the drawings because they contained "proprietary 
information". Staff observed that the drawings were not signed and stamped by a licensed 
professional engineer nor did they include the typical detailed information that engineered 
drawings contain . Any analysis is difficult to complete because of the lack of details at this 
point. 

The one new piece of information that was stated in Mr. Boger's presentation that was not in the 
proposal was that DBWT wants to reevaluate how the City calculates an EDU. He went on to 
further state that they want to develop EDU standard as part of the privatization proposal. A 
question you have to ask yourself is how did DBWT come up with $40/EDU/month if they did 
not use the City's current standard for calculating an EDU? This is just another red flag that 
should not be ignored. 

Another item for consideration is the City's stakeholders. Discussion should occur with them 
before any major decision that result in changing ownership of the wastewater system occurs. 
For instance, if Council approves moving forward with the DBWT proposal, the Charleston 
Sanitary District will lose their loan and grant that they were awarded to fund 25% of the 
construction of Plant 2. This loan and grant ($7M funding package including a $3.5M grant) was 
based on the proposal in the approved DEQ plans to construct a SBR with UV disinfection. 
While it is conceivable they would be able to reapply and obtain another loan and grant from 
United States Department of Agriculture (USDA), USDA has informed Charleston that funds for 
grants would be significantly reduced. 

Plant 1 was built in the 1950s and Plant 2 in the 1960s. Each had their last upgrade in the 
1990s. While basins and piping have a long life, the equipment and controls for both plants are 
more than 1 0 years past the replacement point. They are both more than 15 years past the 
capacity they were built for. Avoiding upgrading the plants has kept sewer rates low, but at a 
cost to the systems that has come due. The current Council is bearing the heavy burden of 
making the difficult decisions that affect wastewater user rates to pay for this delinquency. 
Progress has been made and the plans are in place and DEQ supports the decisions the 
Council has made to move forward . 

These decisions are now being called into question by a third party with no municipal 
wastewater experience that has mounted a political campaign to sway public opinion with 
misleading information and promises based on poorly developed planning. The glossy pictures 
of dead trees and brown sludge pouring into our bay bear no resemblance to the bay you can 
see standing at either wastewater plant or the clear effluent leaving the plants, much less the 
effluent that the upgraded facilities will produce. The numbers don't support their claims and 
they do not have a business plan or engineered plans to present for review. But the advertising 
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campaign and letters to the editor from their employees are very effective at getting the public's 
attention. 

Over the 20 year proposed contract, the DBWT proposal will cost the ratepayers $42 million 
more than the current plans . Yes membrane plants produce better effluent. But how much 
better and can the City afford it? Is a removal rate 0.009% better worth the cost? And can 
DBWT actually build it? The evidence says "No" for the proposed rate of $40/EDU/month and 
based on the information presented in the proposal and at the June 10, 2016 Work Session. 
There are no privatized municipal sewer systems in Oregon. In fact, based on Staff's research , 
we were only able to find one municipal system located in Georgia that was privatized. This is 
not a common endeavor and should the City move forward with the privatization , a robust 
contract should be negotiated that protects the City's best interests. 

Page 11 of 11 

Agenda Item #9



RFP (Request for Proposal) for the provision of wastewater and related services for the City of Coos 
Bay. Proposals must address the following: 

1. Services shall be provided in the Empire district of Coos Bay on Cape Arago Highway on land 
presently owned by the City. 

2. The proposal shall address options regarding the relative responsibilities of the City and the 
service provider regarding the design, construction, finance, ownership, operation, and control 
of any land, plant, and equipment that may be necessary to provide the services during and 
after the service term. 

3. The service term for all services shall run 20 years from the first date of service, with options by 
the service provider to renew for a subsequent 20-year term at the conclusion of each 20-year 
term, including renewed terms. The proposal shall identify the deadline for the start of the first 
20-year term and any criteria that may adjust such deadline. 

4. Services shall be based upon DEQ's stated in flow criteria (8.2 MGD), quality specifications, and 
other relevant criteria. 

5. Services shall be based upon providing Oregon Class A water effluent. 
6. Services shall include the production of EPA certified Class A Biosolids and their disposition. 
7. All questions and proposals should be in writing and addressed to the City of Coos Bay, attention 

of the Coos Bay Wastewater Sub-committee. 
8. Proposals are due to be received within 30 days of advertisement. 

The Coos Bay Wastewater Sub-Committee will be solely responsible for the evaluation of proposals and 
the qualifications of the respondents. 

RECEIVED 
j: 0 d-~rt~. OCT 2 7. 2016 

City of Coos Bay 
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DBWT 
D.B. Western Texas, Inc. 

New Business Development, Design, Engineering, EPC Contractor 
ASME Fabrication, Finite Analysis, ASPEN Heat Exchanger, API Tanks 

Technology, Chemical Process Development, Chemical Production 

 
           October 27, 2016 
COOS BAY CITY COUNCIL 

The Coos Bay estuary is classified by EPA for “Recreation and Shellfish” and is listed as 303 (d) “Impaired” 
primarily due to three waste treatment plants discharging effluents containing infectious virus waste from the 
community. Oysters, clams, mussels, scallops, are filter-feeders and are known to be a measurement of pollution 
by EPA and the FDA. Viruses found in filter-feeders reveals that we have a serious viral health problem. DEQ is 
incorrect, stating that fecal coliform is the pollutant of concern. The oyster meat tested by the FDA shows 20 
times the number of viruses than fecal coliform (Exhibit 16). High virus accumulation is the problem as shown 
in Exhibits 14 & 15. ISSC and FDA have already published viral testing recommendations for shellfish harvesting 
areas. In 2017, EPA will draft new criteria for viral testing regulations for shellfish harvesting areas (Exhibit 20). 
The City’s current plan for Empire (CB2) will not resolve virus pollution. City’s management’s answer is to wait 
until they are told to add a membrane and UV system, which will happen in the next 10-15 years at over 35 million 
dollars. DBWT’s Plan A, which solves the virus issue now, is a comparison to city’s current CB2 project (City’s 
Plan A) 

If the Coos Bay City Council chooses to proceed with DBWT’s wastewater services plan, then a letter of intent 
will allow further details to be worked out with council, staff, and attorneys. DBWT is prepared to provide 
performance bonding for both completion and performance. 

If the Coos Bay City Council chooses to proceed with their plan, will this become the same 13-year path for the 
downtown plant (CB1)? CB1 is 2.7 times the size and will be required to be rebuilt or replaced in the next 10-15 
years. Does DEQ and City management have a plan for these rebuilds and related costs for the next 10-15 years? 
DBWT presents the cost projections for the expected upgrades in the City’s Plan C and DBWT’s alternate Plan 
C.  

Privatization of wastewater services has been used negatively; however, please consider that all of our city’s 
wastewater services including plant operations, maintenance, design, engineering, and consulting are provided by 
private companies. Even metering and payments are managed by the CB/NB Water Board. Garbage collection 
and disposal is managed by Waste Management, a private Chicago, IL company. Contracting with DBWT for 
wastewater services will keep the jobs and money within our community, and also provides health and 
environmental benefits. 

DEQ has clouded the issue by threats of fines if the City does not hurry up (DEQ has allowed 13 years on CB2’s 
MAO) and long delays for DBWT to implement an alternate plan. DBWT will present drawings and application 
requirements to DEQ within 4 months after a letter of intent from the City is received. CB2 can be operational 
within 1.5 years from approved permits to proceed. DEQ even states there are no statues preventing this path.  
The city will still own the wastewater inflow, and DBWT is merely processing this wastewater to a DEQ Class 
A product and returning this product to the ownership of the City. This Class A product can be beneficially reused 
or flow through the City’s owned NPDES permitted outfall. DEQ fines received by the City for any NPDES 
noncompliance will be reimbursed to the city by DBWT. DEQ’s policy goal is clean Class A water, so why would 
they fine a city who has the same mission? 
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INTRODUCTION 

Coos Bay’s wastewater treatment plants (CB2 and CB1) will be required by EPA and DEQ to be replaced due to 
bypassing and EPA’s viral testing requirements for coastal estuaries classified for “Recreation and Shellfish” use. 
DEQ’s 2003 MAO required the City to replace CB2. Replacement of CB1 will be required in 10-15 years due to 
new EPA NPDES policy. The City’s CB2 (Plan A) will stop bypassing waste, however this will only minimally 
reduce wastewater pollutants from entering the bay. This plan does not stop virus contamination of the bay 
(Exhibit 5).   Effective virus kill requires a membrane process to filter out fecal solids and viruses and only then 
can a highly efficient UV kill (Exhibit 12) be accomplish. The City announced they would add this membrane 
process later when required by DEQ. We offer DBWT’s Plan A which uses a GE Membrane Bioreactor or MBR 
which removes 99% of the viruses through filtering then we use ATS’s high efficiency UV system to kill 
99.9999% of the 1% remaining viruses. The GE MBR process is also better at removing nutrients, which create 
destructive algae growth in the bay. The City’s plan, using SBR, has demonstrated inconsistent performance and 
poor efficiency at higher flows. This inconsistency can be seen easily on the log sheets from Coquille’s new SBR 
plant, which is the same technology the City plans to use for CB2. (Exhibit 6) 

DBWT’s Wastewater Services Optional Plan C provides a long range and transitional plan for replacing CB1 and 
CB2 using the same GE MBR process producing DEQ Class A water effluent. DBWT’s Plan A and C will help 
the commercial oyster growers now by installing the membrane process (GE MBR) at the beginning for a lower 
cost to ratepayers. We propose planning for the future rather than waiting for DEQ to make the City (MAO) go 
through the same 13-year process like CB2 which increased the price tag over 2 times. We will provide this 
wastewater service at a lower cost and produce results sooner, which will improve water quality in our estuary, 
and benefit business and tourism. 

DBW and DBWT are both Oregon corporations, located out on the North Spit of Coos Bay, and owned by the 
Beetham family since 1975. DBW manages the design/build of plants (licensed Oregon Contractor) and is ASME 
code certified. DBWT manages the training and 24-hour operations of the company’s heavy industry, and is ISO 
9001 certified. 

SUMMARY PROPOSAL TO THE CITY’S RFP 

DBWT is presenting two proposals, DBWT Plan A and an optional DBWT Plan C, in response to the City’s RFP.  
DBWT’s Plan A is a direct alternative to the current city plan for CB2 (City Plan A). DBWT’s Plan C replaces 
both CB2 and CB1 in a step wise plan, along with additional wastewater services for the city. We have also 
provided projected cost for a City Plan C as a comparison to demonstrate all the rebuilds expected for Coos Bay 
in the next 10-15 years.  
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Plan A Summary 

DBWT is presenting DBWT’s Plan A in comparison to the City’s proposed new CB2 and upgrades to CB1’s 
anaerobic digester system (City’s Plan A). DBWT’s Plan A is in response to the RFP directly and is summarized 
as follows: 

1. Replace CB2 with a new GE MBR technology plant with full management, Operations and Maintenance 
(O&M) responsibility producing Class A water effluent and be in operation 2019. 

2. DBWT’s lower costs are presented in Exhibit 3, and supported by spreadsheet detail in Exhibit 8. 

3. DBWT’s Plan A versus City’s current plan (City Plan A) are presented in Exhibit 3 and spreadsheet detail 
in Exhibit 7. 

4. Provide a new Class A Fertilizer plant on the North Spit to process all waste sludge from both CB1 and 
CB2, thus providing savings to the city as follows: 

a. Eliminate all Anaerobic Digestion 

b. Eliminate pumping sludge from CB2 to CB1 

c. Eliminate pumping to the Eastside Lagoon 

d. Eliminate need for Eastside lagoon 

e. Eliminate costs for transporting and spreading Class B solids on farms 

f. Be in operation 2019. 

5. Major differences between DBWT and City Plans are shown in Exhibit 5, DBWT is providing: 

a. Virus removal 

b. Class A fertilizer 

c. Design for Cascadia Tsunami inundation. 

d. Promote tourism, commercial oyster growing, and economic recovery 

6. A comparison of DBWT’s GE MBR technology to the City’s SBR process is shown in (Exhibit 5).  

7. Our services should result in a significant reduction of the City’s administrative cost for wastewater, and 
will reduce the projected 378% increase (Exhibit 11) for administration cost presented in the City 
management’s projected waste water budget through 2034. These savings are the following: 

a. City will no longer have capital cost, management, operations, maintenance, upgrade 
responsibilities, and liabilities for CB2. 

b. City will no longer have upgrade capital cost, management, operations, maintenance, upgrade 
responsibilities, or cost for anaerobic digestion, sludge piping from CB2 to CB1, pumping sludge 
to Eastside lagoons, transporting and application of sludge to farmlands and forests, and liabilities. 
DBWT will transport all raw sludge to DBWT’s new plant on the North Spit and process to EPA 
Certified Class A fertilizer. 
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8. City will have option to purchase all facilities after 20 years. 

9. Guarantees DBWT’s cost to the City through 2034 and savings of approximately $18,000,000 (Exhibit 8) 

10. City will lease necessary property and equipment to DBWT for minimum costs during the term of DBWT 
providing Wastewater Services. 

11. Under Plan A, DBWT will own only the CB2 facilities and the Class A fertilizer plant. The City will have 
option to purchase all facilities after 20 years. 

12. DBWT will provide a performance bond to guarantee completion and performance. 

13. DBWT will provide and install a new lift station for CB2 and demolish the old CB2 plant. 

14. At its own cost DBWT will acquire all permits for facilities under it’s control. 

15. City will remain responsible for the DEQ NPDES permit and own the outfall. 

16. DBWT will transfer ownership of the Class A product to the City and deliver to the existing outfall owned 
by the City. 

17. Wastewater Services agreement shall be for 20 years with 20-year renewable options.  

18. City’s Plan A costs are directly from city management’s own projected budget and are not guaranteed. 

 
Plan C Summary 

Coos Bay, in the next 10-15 years, must rebuild CB1 and CB2 to new EPA standards which include no 
bypassing, virus removal, and improved tertiary treatment. The GE MBR process technology provided by 
DBWT will provide all the above. The current path by the city will do none of the above. The cost for the city 
to accomplish these goal over the next 10-15 years will be staggering, thus we are presenting DBWT Plan C and 
are projecting the city’s cost and the basis, in City’s Plan C.     

Our Wastewater Services Plan C is financed by DBWT, provides a step wise lower cost plan through 2055, and 
guarantees costs presented through 2034. We will also guarantee costs presented though 2055 and beyond, 
providing EPA or DEQ do not require major effluent changes. In order to provide these services DBWT will 
provide the following: 

1. Replace CB2 with a new GE MBR technology CB2 plant with full management, Operations and 
Maintenance (OM) responsibility producing Class A water effluent and be in operation 2019. 

2. Provide a new Class A Fertilizer plant on the North Spit to process all waste sludge from both CB1 and 
CB2, thus removing all Anaerobic Digestion, pumping sludge from CB2 to CB1, pumping to the Eastside 
Lagoon, eliminating need for Eastside lagoon, and transporting Class B solids to farm and forest, and in 
operation 2019. 

3. Provide full (OM) service for existing CB1 and collections to replace CH2M starting in 2020. 

4. Replace CB1 with a new GE MBR plant with full management and O&M responsibility producing Class 
A water effluent and be in operations in 2022. 
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5. Provide full management of wastewater for the city in 2024 with city oversight. 

6. Costs for these Wastewater Services are provided in spreadsheets Exhibits 9 & 10 and Graphed in Exhibit  

7. Comparative Costs for the City to provide the same services are presented in Exhibit 9.           

8. Please note the lower cost to ratepayers and the slower rate of growth past 2050. 

9. Two major difference between the two plans is DBWT is providing Class A fertilizer, CB1 and CB2 are 
designed for Cascadia Tsunami inundation, and virus removal. 

10. The savings of $168,000,000 for our long-range plan C with step wise implementation eases ratepayer 
costs gradually without sudden spikes due to DEQ’s MAOs. “Doing it right the first time” generally 
provides a better result. 

11. A comparison of GE MBR over a SBR process is shown in Exhibit 5.  

12. DEQ is short of money for other cities upgrades and can use the Coos Bay and Charleston loan funds to 
help other cities. Should the decision be on use of government loan funds or lower cost to ratepayers and 
environmental quality? 

13. Our services should result in reduction of the high cost of city government administration in Coos Bay for 
wastewater, and should reduce the projected 378% increase in administration presented in the city 
management’s projected waste water budget through 2035. 

14. City will lease necessary property and equipment to DBWT for minimum costs during the term of DBWT 
providing Wastewater Services. 

15. DBWT will own the CB1 and CB2 facilities and the Class A fertilizer plant. City will have option to 
purchase all facilities after 20 years. 

16. DBWT will provide a performance bond to guarantee completion. 

17. DBWT will provide and install a new lift station for CB2  

18. DBWT will demolish both CB1 and CB2 old plants 

19. DBWT will acquire all building permits. 

20. City will be responsible for all items listed for City in Plan A. 
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Basis of City’s Plan C 

City’s Plan C includes projections of cost which are escalated to the projected years shown in the Exhibits above. 
These projected costs for the City’s plan C are as follows: 

1. New CB1 in 10-15 years will cost $98,000,000 which will require full secondary treatment at 21-22 MGD, 
high efficiency UV virus removal, and addressing their Class B sludge issues. 

2. CB2 in 10-15 years to add membrane filtering and high efficiency UV to meet EPA’s virus removal which 
will cost $ $35,000,000. These upgrades will still not achieve the efficiency of the GE MBR with ATS 
high efficiency UV virus kill provided now by DBWT. 

3. As DBWT’s Plan C is implemented and DBWT assumes larger management responsibilities, the City’s 
administration costs should decrease. 

 

For purposes of comparing all plans of both parties, see Exhibit 21. 

 
VIRUSES 

Infectious human viruses are the primary pollution issue and health threat to the Coos Bay estuary and the 
community. Bi-valve mollusks which include oysters, clams, mussels, scallops are used as a measurement of 
pollution as they filter waste pollutants including bacteria and viruses from the estuary water. Shellfish are also a 
food source for humans, fish, crabs, birds, animals, and most other marine life in and around this estuary. 
Commercial oyster harvesting is a major business supporting our economy along with recreational shellfish and 
crab harvesting. The health of our estuary greatly effects tourism and the economy of this area. 

EPA has designated our Estuary for “Recreation and Shellfish.” FDA’s study (Exhibits 15, 16, 17) and testing of 
the bay shows shocking viral accumulation in oysters as a direct result of the effluents from our wastewater 
treatment plants. Their recommendations for 21-day prohibition from harvesting on bypassing and upset events 
are not being followed (Exhibit 17), as it would eliminate the oyster industry. Current testing for pollution is for 
fecal coliform counts, which has little relationship to viruses, as now acknowledged by both EPA and FDA. Fecal 
coliform has been used for years as an assumed marker for viruses and has now been proven to be invalid in 
wastewater effluents. Normal disinfection with chlorine and low mJ/cm2 UV effectively kill fecal coliform but 
not viruses (Exhibit 17). DEQ continues to push the invalid notion that fecal coliform is the problem! Please look 
at Exhibit 16 showing what the main toxic pollution in our bay and in our oysters, is human viruses, not fecal 
coliform! The proof is in the meat of the oysters which FDA found contains 20 times more virus units (Exhibit 
16) than fecal coliform! FDA only tested for 3 viruses and there are thousands more that are entering our food 
chain! 

DEQ’s misunderstanding of the real toxic pollution to our estuary has guided the design of City’s plan for Empire 
CB2. EPA has advised DEQ of their pending viral testing policy and DEQ still threatens and pushes the city 
forward to build a plant knowing it should be upgraded within 10-15 years at a higher cost than the original plant. 
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TSUNAMI 

Mayor Shoji wrote a very good article in the World about her planning knowledge and experience. She presented 
the recommendation that cities need to start considering their infrastructure vulnerability to a Cascadia Tsunami. 
We believe she was correct, and designed both CB1 and CB2 for a Cascadia Tsunami.  Unfortunately, the City 
management followed DEQ’s allowances stating that waste treatment plants have an exception from the rules. 
DBWT has listened to Mayor Shoji and has designed for a Cascadia Tsunami. This means that all equipment, 
including the emergency generator and fuel storage must be built within a wall structure a minimum of 40 ft above 
low tide. Our design is shown in a design rendering in Exbibits 1 and 2 and are shown in drawings enclosed with 
our proposal 

DRAWINGS and TECHNOLOGYS 

We have been working with GE on their MBR membrane bioreactor technology and ATS with their high 
efficiency UV technologies for more than a year. We have access to their proprietary drawings and technologies 
and have included the GE Biological design in Exhibit 14. We also have enclosed proprietary design drawings in 
Exhibit 12. These include proprietary drawing information from GE and ATS. These drawings are stamped with 
a requirement for honoring the confidentiality of this information and is not allowed to be copied or reproduced 
without DBWT’s written permission. These drawings are provided to the city to exhibit DBWT’s professional 
approach to solving wastewater issues and our progress over the past year. DBWT, General Electric and ATS are 
ready to proceed quickly. 

We have secured an agreement with PE Dale Richwine to be a project engineer, who is immensely qualified 
(Exhibit 20). 

CONCLUSION 

This toxic viral pollution to our bay has led DBWT’s scientists and engineers to find the best technological 
solutions and present this proposal to the city council. DBWT’s wastewater services will provide a lower cost to 
ratepayers and protect the health of our estuary and our community. 

If the Coos Bay City Council chooses to proceed with DBWT’s wastewater services plan, then a letter of intent 
will allow further details to be worked out with council and staff. DBWT is prepared to provide performance 
bonding for both completion and performance. 

 

Thank you 

Dennis Beetham, family, and employees. 

Agenda Item #9



 

 

 

 Phone (541) 756-0533  Fax (541) 751-9837 Mail to: 95084 Larson Ln. 90418 Trans Pacific Lane North Bend  OR  97459  
www.DBWT.us  mail@DBWT.us 

DBWT 
 

INDEX OF EXHIBITS 
 

Exhibit 1 – CB2 Visual Drawing 

Exhibit 2 – CB1 Visual Drawing 

Exhibit 3 – Graph Comparison Sewer Rates City’s Plan vs DBWT Plan A 

Exhibit 4 - Graph Comparison Sewer Rates City’s Plan vs DBWT Plan C 

Exhibit 5 – Comparison GE MBR vs City’s Sanitaire 

Exhibit 6 – Coquille Sanitaire Plant Log Sheets 

Exhibit 7 – City Plan A - Spreadsheet Costs for CB2 and CB1 Sludge Processing 

Exhibit 8 – DBWT Plan A - Spreadsheet Costs for CB2 and processing CB1 and CB2 Sludge 

Exhibit 9 – City Plan C – Spreadsheet Cost to Replace CB1 & CB2 + Upgrade CB2 

Exhibit 10 – DBWT Plan C – Spreadsheet Costs to Replace CB1 & CB2 

Exhibit 11 – Bar Chart Graph on City’s Projected Cost thru 2035 

Exhibit 12 – Norovirus and Adenovirus % Kill Comparison City vs DBWT 

Exhibit 13 – Simplified Flow of GE MBR 

Exhibit 14 – GE MBR Biological Design and Proposal 

Exhibit 15 – FDA Red Map of Prohibited Shellfish Growing due to WWTP 

Exhibit 16 – FDA Bar Graph of Virus and Fecal Coliforms in Coos Bay Oysters 

Exhibit 17 – FDA Quotes on Coos Bay Study 

Exhibit 18 – Email - EPA - Ambient Water Quality Criteria 

Exhibit 19 – EPA Viral Testing using MSC 

Exhibit 20 – Dale Richwine Bio 

Exhibit 21 – Graph Comparison Sewer Rates for City’s Plans A + C and DBWT’s Plans A + C 

Exhibit 22 – FDA Full Study 

Exhibit 23 – DBWT Brochure 

Agenda Item #9



Agenda Item #9



Agenda Item #9



$50

$60

$70

$80

$90

$100

$110

$120

$130

$140

2
01
3

2
01
6

2
01
9

2
02
2

2
02
5

2
02
8

2
03
1

2
03
4

Graph 2 ‐ CB2 ‐ Sewer Rate
*based on 559 cf / month

See Exhibits 7 & 8

 Wastewater Services Plan A  City Plan A

Savings of $18,000,000
through 2034

Agenda Item #9



$50

$70

$90

$110

$130

$150

$170

$190

$210

$230

20
13

20
18

20
23

20
28

20
33

20
38

20
43

20
48

20
53

Graph 1 ‐ New CB1, New CB2 ‐ Sewer Rate
*based on 559 cf / month

See Exhibits 9 & 10 for details.

 Wastewater Services  C ‐ Total Wastewater Management + New CB1 and CB2

 City Plan C ‐  New CB1 and CB2 + CB2 Upgrade

City's Plan

CB1 Paid OffCity's Plan

CB2 + Upgrade Paid Off

Wastewater Services

CB1 & CB2 Paid Off

Savings of $168,000,000
through 2055

Agenda Item #9



Wastewater Services City

GE Sanitaire
GE Sanitaire

Dale Richwine Jan Kerbo
Experience 43 years ?
Wastewater Projects > 20 ?
Operations Certification Level 4 ?

ISO 9001 ?

Yes No

GE MBR 500D Sanitaire
.04 microns None

Class A None
Yes No
< 1 3 ‐ 51 *
< 60 3400
< 1 3 ‐ 7 *

< 100 1.2 billion
< 100 546 million
Clear Tan
Yes None

FKC Anaerobic
Class A Class B
No Yes

Guaranteed None
Lower Higher

Jan 2016, showing average of 6 samples in 24 hrs

Beneficial Reuse

Quality Certification

Table 1

Engineering

Project Engineer

Biological Design
Equipment

Ratepayer Rate

Solids ‐ lbs/day

* Based upon Data from Coquille Sanitaire Plant Log Sheets, Dec 2015 and 

** FDA Coos Bay Study (2011) and EPA Certification

Guarantee

Sludge Process

GE's MBR vs City Sanitaire Process

Effluent

Biosolids

Cost To City

Quality Classification

Solids TSS ‐ mg/l

BOD5

Clarity
Potential for Drinking

Quality
Pathogens

Norovirus Units / Day
Adenovirus Units / Day

Tsunami Protection

Process
Membranes
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1 Basis of Design 
 

The proposed ZeeWeed Membrane Bioreactor System for City of Coos Bay WWTP No.2 
project is offered based on the design parameters summarized in the following sections. 

 
1.1 Influent Flow Data 

 
The influent design flows are summarized in the table below. The system, as proposed, has been 
designed to treat the flows shown below within four membrane trains, with a fifth train installed 
for standby purposes. 

 

Average Day Flow, (ADF) 1.25 mgd 
Maximum Month Flow, (MMF) 2.10 mgd 
Maximum Week Flow, (MWF) 3.51 mgd 
Maximum Day Flow, (MDF) 6.31 mgd 
Peak Hour Flow, (PHF) 5,694.45 gpm 

 

 
• (ADF) – The average flow rate occurring over a 24-hour period based on annual flow rate data. 

 
• (MMF) – The average flow rate occurring over a 24-hour period during the 30-day period with the highest 

flow based on annual flow rate data. 
 

• (MWF) – The average flow rate occurring over a 24-hour period during the 7-day period with the highest flow 
based on annual flow rate data. 

 
• (MDF) – The maximum flow rate averaged over a 24-hour period occurring within annual flow rate data. 

• (PHF) – The maximum flow rate sustained over a 1-hour period based on annual flow rate data. 
 

1.2 Influent Quality 
 

The design solution proposed is based on the wastewater characteristics detailed below. The 
below concentrations are specific for the flow used for the biological design (MMF) as listed in 
section 2.1 below. 

 
Influent Parameters Concentration Unit 
Minimum Design Influent Temperature 12 ºC 
BOD5 223 mg/L 
TSS 280 mg/L 
VSS 1 224 mg/L 
TKN 1 35 mg/L 
NH3-N 23 mg/L 
TP 1 8 mg/L 
Alkalinity 1,2 250 mg/L as CaCo3 

Note 1:    Parameter value assumed 
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Note 2:    GE is assuming that sufficient influent alkalinity is available to ensure proper performance of the 
biological system. If influent alkalinity level is not sufficient, chemical addition by Buyer will be required. 

 

 
 

1.3 Effluent Quality 
 

The following performance parameters are expected upon equipment startup and once the 
biological system has stabilized based on the data listed in sections 1.1 and 1.2. 

 
BOD5 <1 mg/L 
TSS <1 mg/L 
TN 1 <6.5 mg/L 
NH3-N <1 mg/L 
TP <1 mg/L 

 

Turbidity < 0.2 (95% of time) 
<0.5 (100% of time) 

 

NTU 

Note 1:    TN ≤ 6.5 mg/L corresponds to a minimum design temperature of 10ºC and <1.5 mg/L recalcitrant 
dissolved organic nitrogen in the influent. 

 
1.4 Influent Variability 

 
Influent wastewater flows or loads in excess of the design criteria defined above must be 
equalized prior to entering the MBR tankage. In the event that the influent exceeds the 
specifications used in engineering this proposal, or the source of influent changes, the ability 
of the treatment system to produce the designed treated water quality and/or quantity may 
be impaired. Buyer may choose to continue to operate the system, but assumes the risk of 
damage to the system and/or additional costs due to increased membrane cleanings, 
potential for biological upset and/or increased consumable usage. 
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2 System Design and Scope 
 

The ZeeWeed Membrane Bioreactor (MBR) process consists of a suspended growth biological 
reactor integrated with a membrane filtration system, using the ZeeWeed hollow fiber 
ultrafiltration membrane. The membrane filtration system essentially replaces the solids 
separation function of secondary clarifiers and sand filters used in a conventional activated 
sludge process. 

 
ZeeWeed ultrafiltration membranes are directly immersed mixed liquor. Through the use of 
a permeate pump, a vacuum is applied to a header connected to the membranes. The 
vacuum draws the treated water through the hollow fiber membranes. Permeate is then 
directed to downstream disinfection or discharge facilities. Air, in the form of large bubbles,  
is introduced below the bottom of the membrane modules, producing turbulence that scours 
the outer surface of the hollow fibers to keep them clean. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The proposed MBR design utilies LEAPmbr, GE’s latest technology for wastewater treatment, 
which offers the lowest cost of ownership in the industry. LEAPmbr incorporates several 
innovations, including the latest ZeeWeed 500 module with increased membrane surface 
area, increased productivity through proven MBR design flux improvements, an optimized 
membrane tank design, along with a more efficient membrane aeration system (known as 
LEAP Aeration Technology) that simplifies the aeration system and reduces aeration 
requirements. These innovations combine to offer: 
• 15% productivity improvement 
• 20% footprint reduction 
• 50% reduction in membrane aeration equipment 
• 30% membrane aeration energy savings 
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The use of LEAPmbr offers some of the most important benefits of ZeeWeed MBR systems – 
simplicity, reliability, and lowest life-cycle cost. 

 
 

Simplicity 
 

Over the years, GE has continually improved the design of ZeeWeed MBR systems, making 
them the simplest MBR systems in the industry to operate and maintain. The system is fully 
automated, with operators having the ability to review operation, adjust set points, or 
schedule operating tasks through the easy-to-understand HMI graphical display. 
Membrane cleaning procedures are automated and do not require any manual handling or 
removal of the membranes from the tanks. 
The LEAPmbr system uses no moving parts within the membrane aeration system. A single 
air pipe and a single permeate pipe (per membrane train) provide the connection between  
the immersed membranes and the ancillary pumps and blowers that comprise the rest of the 
ZeeWeed system. 

 
 

Reliability 
 

GE’s reinforced ZeeWeed hollow fiber membrane incorporates a patented internal support to 
which the membrane is bonded, creating the most robust membrane in the industry. In 
addition, GE’s automated manufacturing processes ensure a consistent membrane product 
meeting the highest standards of workmanship and quality. This exceptionally strong and 
reliable membrane forms the backbone of ZeeWeed MBR systems, which consistently meet 
and exceed the toughest regulatory standards around the world. 
GE is the world leader in MBR technology, with the majority of the industry’s largest and 
longest-operating MBR plants. GE now has over two decades of experience with the well- 
proven ZeeWeed membrane. The earliest MBR plants using the ZeeWeed-500D membrane, 
GE’s current standard for MBR applications, have now been in operation for almost 10 years. 
GE’s long-term and wide-ranging MBR experience ensures that plant operators can count on 
many years of successful operation of proposed ZeeWeed MBR plant operation. 

 
 

Lowest Lifecycle Cost 
 

LEAP Aeration is a significant innovation for ZeeWeed MBR technology that offers a 30% 
reduction in air flow versus GE’s previous air cycling technology. When combined with 
LEAPmbr’s other features, membrane aeration energy savings are almost 50% compared 
with the previous generation of ZeeWeed MBR. In addition to the substantial energy savings, 
LEAPmbr requires fewer membrane modules and cassettes, smaller membrane tanks, fewer 
valves and pipes, and lower connected horsepower. In many cases, using LEAPmbr 
technology, a ZeeWeed MBR system has an equivalent lifecycle cost to conventional 
treatment options. 
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2.1 Biological System Design 
 

Flow Basis for Biological Design (MMF) 2.10 MGD 

Total Pre-Anoxic Tank Working Volume 1 230,000 US gallons 

Total Aerobic Working Volume (excluding membranes) 1 658,000 US gallons 

Total Reactor Working Volume (excluding membranes) 1 888,000 US gallons 

Total Design HRT (excluding membranes) 10 hours 

Total Design SRT 17 days 

Waste Sludge  46,000 gpd 

Design MLSS Concentration in Bioreactor 8,000 mg/L 

Minimum Design Water Depth 18 ft 

Alum Dosing  400 gal/day 

AOR 4,900 lb O2/ day 

Note 1:    Tank volumes are preliminary only (GE recommended based on the feed information) and may change 
once final detail design commences. 

Note 2:    The biological system is designed for installation within concrete tanks supplied by Buyer 
 
2.2 Ultrafiltration System Design 

 

Number of Membrane Trains 5 

Number of Cassettes Installed Per Train 5 

Number of Cassette Spaces Per Train 5 

Number of Modules per Cassette 48 x 4 + 26 x 1 

Total Number of Cassettes Installed per Plant 25 

Total Number of Modules Installed per Plant 1090 

Spare Space 9.2% 

Membrane Tank Internal Dimensions (L x W x H) 35 x 9 x 12 ft 

Note 1:    Tank dimensions and volumes are preliminary only and may change slightly once final detail design 
commences. 

Note 2:    The ultrafiltration system is designed for installation within concrete tanks supplied by Buyer 
 
2.3 Scope of Supply by GE 

 
ZeeWeed Membranes and Associated Equipment 

 

• ZeeWeed 500 membrane cassettes and modules 
• Membrane tank cassette mounting assemblies 
• Permeate collection & air distribution header pipes 
• Membrane tank level transmitters 
• Membrane tank level switches 
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Permeate Pumping System 

 
• Permeate pumps supplied loose (VFD by Others), complete with required isolation valves, 

pressure gauges, and flow meters 
• Vacuum ejectors and associated air release valves 
• Trans-membrane pressure transmitters 
• Turbidimeters 

 
Membrane Air Scour Blowers 

 
• Membrane air scour blowers supplied loose, complete with required isolation valves, 

pressure gauges and flow switches 
 

Backpulse System 
 

• Backpulse pumps supplied loose (VFD by Others), complete with required isolation valves, 
flow meters, 

 

• Backpulse water storage tank, with isolation valves and level transmitter 
 

Mixed Liquor Recirculation 
 

• Mixed liquor recirculation pumps (VFDs by Others) used to transfer mixed liquor from 
aerobic zone to membrane tanks, supplied loose, complete with required isolation valves, 
pressure gauges, and flow meters 

 

Membrane Cleaning Systems 
 

• Sodium hypochlorite chemical feed system 
• Citric acid chemical feed system 

 
Electrical and Control Equipment 

 

• PLC complete with touch screen HMI 
 

Miscellaneous 
 

• Air compressors and refrigerated air dryers for ejectors and pneumatic valve operation 
 
General 

 

• Equipment general arrangement and Process and Instrumentation Drawings 
• Operating & Maintenance manuals 

• Field service and start-up assistance2 - 42 days support over 3 site visits from GE Water 
field-service personnel for installation assistance, commissioning, plant start-up and 
operator training 

 

• Membrane warranty – 2 year cliff 
• Equipment mechanical warranty – 1 year or 18 months from shipment of equipment 

• InSight Pro – Process Consulting Service and 24/7 Emergency Telephone Technical 
Support Service – 1 year 
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Notes: 
 

1 Additional man-hours will be billed separately from the proposed system capital cost at a rate of $1,300 
per day plus living and traveling expenses. Detailed GE Water service rates are available upon request. 

 

2 All GE supplied equipment is designed for installation in an unclassified area. 
 

3 A further customized package of post-commissioning Field Service support can be provided upon 
request. The package may include additional years of GE’s Insight Remote Monitoring & Diagnostics or 
24/7 services or site visits by GE Field Service personnel, 

 

4 To receive complete 24/7 Emergency Telephone Technical Support Service a suitable, secure remote 
internet connection, by Buyer, is required. 
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3 Buyer Scope of Supply 
 

The following items are for supply by Buyer and will include but are not limited to: 
 

 Overall plant design responsibility 
 

 Review and approval of design parameters related to the biological process and/or 
membrane separation system 

 

 Review and approval of GE-supplied equipment drawings and specifications 
 

 Detail drawings of all termination points where GE equipment or materials tie into 
equipment or materials supplied by Buyer 

 

 Design, supply and installation of lifting devices including overhead traveling bridge 
crane and/or monorail crane able to lift 5,000 kg for membrane removal, lifting davit 
crane and guide rails for submersible mixers and pumps, hoists, etc… 

 

 Civil works, provision of main plant tank structures, buildings, equipment foundation 
pads etc. including but not limited to: 

 

 Common channels, Housekeeping pads, Equipment access platforms, walkways, 
Handrails, stairs etc. 

 Equalization tank – as required 
 Bioreactor tank – complete with pre-anoxic and aerobic zones 
 Membrane tanks c/w tank covers or grating, and their support over membrane 

tanks. Note: cassette beams provided by GE are designed to provide structural 
support for tank grating/covers. 

 Treated water storage tank, as required 
 HVAC equipment design, specifications and installation (where applicable) 

 

 UPS, power conditioner, emergency power supply and specification (where 
applicable) 

 

 2-mm Pretreatment fine screens 
 

 Biological process equipment – including process blowers, diffusers and mixers 
 

 Acoustical enclosures for membrane and process blowers 
 

 VFDs and MCC for all GE supplied equipment 
 

 Plant SCADA system 
 

 Process and utilities piping, pipe supports, hangers, valves, etc. including but not 
limited to: 

 

 Piping, pipe supports and valves between GE-supplied equipment and other plant 
process equipment 

 Piping between any loose-supplied GE equipment 
 Process tank aeration system air piping, equalization tank system piping, etc. 
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 Interconnecting pipe between GE-supplied skids and tanks (as applicable) 
 Electrical wiring, conduit and other appurtenances required to provide power 

connections as required from the electrical power source to the GE control panel and 
from the control panel to any electrical equipment, pump motors and instruments 
external to the GE-supplied enclosure 

 

 Supply and installation of suitable, secure remote internet connection for 24/7 
Emergency Telephone Technical Support Service and InSight Remote Monitoring & 
Diagnostics Service 

 

 Design, supply and installation of equipment anchor bolts, brackets, and fasteners for 
GE supplied equipment. Seismic structural analysis and anchor bolt sizing. 

 

 Receiving (confirmation versus Packing List), unloading and safe storage of GE- 
supplied equipment at site until ready for installation 

 

 Installation on site of all GE supplied skids and loose-shipped equipment 
 

 Alignment of rotating equipment 
 

 Raw materials, chemicals, and utilities during equipment start-up and operation 
 

 Disposal of initial start-up wastewater and associated chemicals 
 

 Supply of seed sludge for biological process start-up purposes 
 

 Laboratory services, operating and maintenance personnel during equipment 
checkout, start-up and operation 

 

 Touch up primer and finish paint surfaces on equipment as required at the 
completion of the project 

 

 Weather protection as required for all GE-supplied equipment. Skids and electrical 
panels are designed for indoor operation and will need shelter from the elements. 
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4 Commercial 
 

4.1 Pricing 
 

Pricing for the proposed equipment and services, as outlined in Section 2.3, is summarized in 
the table below. All pricing is based on the design operating conditions and influent 
characteristics detailed in Section 1. The pricing herein is for budgetary purposes only and 
does not constitute an offer of sale. No sales, consumer use or other similar taxes or duties 
are included in the pricing below. 

 

Price: All Equipment & Service 
ZeeWeed Membrane Bioreactor System, as per Section 2.3. USD$ 3,300,000 

 

4.2 Freight 
 

The following freight terms used are as defined by INCOTERMS 2010. 
 

All pricing is CIP designated City of Coos Bay WWTP No.2 project site. Delivery to the project 
site is conditional upon provision of access roads of a nature that will permit access by 
tractor-trailers. Off-loading and positioning of equipment at the job site is not included. 

 
4.3 Bonds 

 
Performance or Payment Bonds are not included in the system price. These bonds can be 
purchased on request but will be at additional cost. 

 
4.4 Annual Power & Chemical Consumption Estimates 

 
The data presented below is for information purposes only and is based on the design 
information provided by the Buyer and presuming that the equipment is operated according 
to the design basis and in accordance with Seller’s Operations and Maintenance manuals. 

 

Annual power consumption estimate 1 
 

Equipment kWh/year 
Permeate Pumps 2 24,100 
Membrane Blowers 319,500 
Recirculation Pumps 210,100 
Air Compressors 30,400 
Total 584,100 

Note1: Annual Power consumption estimate is calculated at ADF condition 
Note2: Assumes membrane relaxation mode used 

 

Annual chemical consumption estimate 
 

Chemical USgal/year 
Sodium Hypochlorite (10.3% w/w, SG: 1.168) 4,060 
Citric Acid (50.0% w/w, SG: 1.24) 3,210 
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Note: Cleaning chemical consumption estimates are based on the frequencies and concentrations 
summarized in the table below. Frequencies are typical for ZW-MBR operation, actual frequency of 
maintenance and recovery cleans may change with final design, or may change once system is in 
operation. 

 

Basis of chemical consumption estimates 
 

Chemical  Maintenance Clean Recovery Clean 

Sodium Hypochlorite solution 
(10.3% w/w, SG: 1.168) 

Frequency 2 times per week 2 times per year 

Concentration 200 mg/L 1,000 mg/L 

Citric Acid Solution (50.0% 
w/w, SG: 1.24) 

Frequency 1 time per week 2 times per year 
Concentration 2,000 mg/L 2,000 mg/L 

 

4.5 Equipment Shipment and Delivery 
 

Equipment Shipment is estimated at 26 to 35 weeks after order acceptance. The Buyer and 
Seller will arrange a kick-off meeting after contract acceptance to develop a firm shipment 
schedule. 

 

Typical Drawing Submission and Equipment Shipment Schedule 
 

   

8-12 weeks 
 

2-3 weeks 
 

16-20 weeks   

2 weeks 

Acceptance of PO       
Submission of Drawings       
Drawings Approval       
Equipment 
Manufacturing 

      

Equipment Shipment       
Plant Operations 
Manuals 

      

 
 

The delivery schedule is presented based on current workload backlogs and production 
capacity. This estimated delivery schedule assumes no more than 2 weeks for Buyer review 
of submittal drawings. Any delays in Buyer approvals or requested changes may result in 
additional charges and/or a delay to the schedule. 

 
4.6 Pricing Notes 

 
 

 All prices quoted are in US Dollars 
 

 Any applicable sales or value added tax is not included, 
 

 The Buyer will pay all applicable Local, State, or Federal taxes and Duties 
 

 The equipment delivery date, start date, and date of commencement of operations 
are to be negotiated. 

 

 Commercial Terms and Conditions shall be in accordance with Seller’s Standard 
Terms and Conditions of Sale. 
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4.7 Conditional Offering 
 

Buyer understands that this proposal has been issued based upon the information provided 
by Buyer, and currently available to Seller, at the time of proposal issuance. Any changes or 
discrepancies in site conditions (including but not limited to system influent characteristics, 
changes in Environmental Health and Safety (“EH&S”) conditions, and/or newly discovered 
EH&S concerns, Buyer’s financial standing, Buyer’s requirements, or any other relevant 
change, or discrepancy in, the factual basis upon which this proposal was created, may lead 
to changes in the offering, including but not limited to changes in pricing, warranties, quoted 
specifications, or terms and conditions. Seller’s offering in this proposal is conditioned upon 
a full Seller EH&S, and Buyer financial review. 

EXHIBIT 14

Agenda Item #9



E
X

H
IB

IT
 1

5 

F
ig

u
re

 3
 

C
oo

s 
B

ay
 P

ro
h

ib
it

e
d

 S
he

llf
is

h 
G

ro
w

in
g

 A
re

as
 (

20
11

) 
--

P
ro

h
ib

it
e

d
 d

u
e

 t
o

 p
ro

xi
m

it
y 

to
 w

a
st

e
 t

re
a

tm
e

n
t e

ff
lu

e
n

t 
F

in
a

li
z
e

d
 2

0
1

5
 

N
 +
 

0 
Q

5 
1 

2 
3 

4 
• 

• 
M

ile
s 

()_
 

S
ta

ti
o

n
 L

o
ca

ti
o

n
, 

W
W

T
P

 O
ut

fa
ll

s,
 a

n
d

 C
la

ss
if

ie
d 

G
ro

w
in

g 
A

re
as

 in
 C

o
o

s 
B

ay
 

Agenda Item #9



Figure 15:  Indicator Microorganism and Human Virus Levels in Oyster Sentinels Vs. Estimated Dilution 

Values Based on Impact from Both WWTPs in Combination at Stations 1 – 6 
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Quotes from FDA Report 
 

“The oysters were deployed on February 4, 2012 and retrieved on February 28, 
2012.  A three week deployment time was used to allow time for virus and 
microbiological contaminant…” – Page 15 

 “It is recommended that anytime that either the Coos Bay #1 or North Bend 
Wastewater Treatment Plant (WWTP) goes into bypass or split flow event or 
experiences a malfunction, including a loss of disinfection, the entire Conditional 
growing area, encompassing the area east of station 2 and north of station 6, 
shall immediately close for a recommended 21days.” – Page 4  

Note: ODA only requires 5 days of closure. 

“However, human enteric viruses such as noroviruses and hepatitis A virus are 
more resistant to disinfection and thus are not reduced to the same degree as the 
coliform bacteria group.” – Page 6 

“The results of the shoreline survey did not indicate any major contributing 
source of pollution to the growing area other than the WWTPs.” – Page 25 

“However, the ability of shellfish to bioaccumulate viruses up to 100-fold 
(Seraichekas et al., 1968; Maalouf et al., 2011)…” – Page 27 

“Based on these findings, FDA recommends that either Coos Bay be re-classified to 
conditionally restricted, with conditional management based on the WWTPs’    
performance, or as conditionally approved with the following conditions as 
recommended in FDA FY-2014 and 2015 PEER:” 

 

 

Note: The varying levels of viruses in the influent are a direct reflection on Viral 
Infections in the community. 

EXHIBIT 17

Agenda Item #9



Note: Fecal Coliform is easily killed, Viruses are not. 
 
 
Figure 15: Indicator Microorganism and Human Virus Levels in Oyster Sentinels Vs. Estimated Dilution 

Values Based on Impact from Both WWTPs in Combination at Stations 1 – 6 

 

Note: This graph shows how Fecal Coliform levels can be low while Infectious Virus 
levels are dangerously high. 
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From: David Petrie
To: DBWT WW; Dennis Beetham
Subject: Fwd: EPA - Ambient Water Quality Criteria
Date: Tuesday, October 25, 2016 12:18:16 PM

Sent via the Samsung GALAXY S® 5, an AT&T 4G LTE smartphone

-------- Original message --------
From: "Nappier, Sharon" <Nappier.Sharon@epa.gov> 
Date: 10/25/2016 11:38 AM (GMT-08:00) 
To: David Petrie <davidp@dbwt.us> 
Subject: RE: EPA - Ambient Water Quality Criteria 

Hi David –

 

We are hoping to publish DRAFT Recreational Water Quality Criteria for Coliphage (for
public comment) in late 2017.  The ISSC/FDA have published recommendations that use
coliphage for shellfish harvesting areas.

 

Hope this helps.

Sharon

 

 

 

From: David Petrie [mailto:davidp@dbwt.us] 
Sent: Tuesday, October 25, 2016 1:12 PM
To: Nappier, Sharon <Nappier.Sharon@epa.gov>
Subject: RE: EPA - Ambient Water Quality Criteria

 

Good morning Sharon,
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Do you expect EPA to adopt a requirement for viral testing of recreation and
oyster growing waters that receive effluent discharge by 2018?

 

Hope all is well…

 

David

 

From: Nappier, Sharon [mailto:Nappier.Sharon@epa.gov] 
Sent: Friday, July 22, 2016 7:34 AM
To: David Petrie
Subject: Re: EPA - Ambient Water Quality Criteria

 

Hi David -

 

EPA just published a fact sheet outlining the overall conclusions from our Coliphage Experts
Workshop.  We plan to publish a meeting proceedings report in early 2017.  The draft criteria
will likely not be available until 2018.

 

Fact Sheet:

https://www.epa.gov/wqc/microbial-pathogenrecreational-water-quality-criteria

 

I will also forward you information on an upcoming (free) webcast where I will be discussing
the criteria development updates on August 3rd.

 

Thanks,

Sharon
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Office of Water 

EPA 823-F-16-001 

July 2016 

2016 Coliphage Experts Workshop:            
Discussion Topics and Findings
Summary 

EPA is developing Clean Water Act §304(a) Recreational Water Quality Criteria (RWQC) for coliphage, a viral 
indicator, to ensure public health protection when recreating in water bodies that may be affected by human 
fecal contamination. On March 1-2, 2016, EPA convened the Coliphage Experts Workshop to engage twelve 
internationally recognized experts on the state of the science of coliphages and their usefulness as viral 
indicators in recreational waters. Experts represented a spectrum of perspectives from academia, the 
wastewater industry, and other federal agencies including the Centers for Disease Control and Prevention and 
the Food and Drug Administration. Experts addressed charge questions related to five topic areas over the 
course of the two-day meeting.  

Background 

Viruses cause the majority of illnesses associated with primary contact recreation in surface waters impacted 
by human sources. While EPA recommends coliphage as an option for evaluating fecal contamination in 
groundwater, the Agency does not currently have a recommended indicator of viruses in surface waters that is 
protective of human health for primary contact recreation. Coliphages, viruses used to indicate the presence 
of a health risk, are not themselves dangerous to human health. Coliphages are useful for evaluating surface 
water quality because they exhibit numerous desirable indicator characteristics. For example, they: 

 are of fecal origin and present in high numbers in sewage;  

 are physically similar to viruses causing illnesses associated with primary contact recreation;  

 do not re-grow in surface waters, thus their presence specifically indicates fecal contamination;  

 are non-pathogenic;  

 can be counted cheaply, easily, and quickly;  

 show correlations to gastrointestinal illness; and  

 are similarly resistant to sewage treatment and environmental insults as enteric viruses of concern. 

Discussion Topics 

 Topic 1: The Need for a Viral Indicator - Workshop participants were asked to comment on EPA’s 
conclusion that the literature (including epidemiological, risk assessment, outbreak, and microbiological) 
indicates that viruses are an important cause of illnesses associated with exposure to ambient recreational 
waters and that coliphages can be used as an indicator of fecal contamination. The participants also 
identified the most important advantages and disadvantages of using coliphage for assessing fecal 
contamination in surface waters compared to traditional fecal indicator bacteria (FIB). 

 Topic 2: Coliphage as a Predictor of Gastrointestinal Illnesses - Workshop participants were asked to 
comment on the overall strength of the association between coliphage and human health illness in 
epidemiological studies conducted in ambient recreational waters, identify specific characteristics that 
influence the association between coliphage and human health illness, and identify specific conditions 
under which traditional FIB are not adequate to protect public health. 
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 Topic 3: Coliphage as an Indicator of Wastewater Treatment Performance - Workshop participants were 
asked to comment on EPA’s conclusion that human pathogenic viruses are entering surface waters via 
wastewater treatment effluent. Participants summarized the most important reasons coliphages are useful 
models of the behavior of enteric viruses in wastewater treatment and disinfection processes. 

 Topic 4: Male-specific versus Somatic Coliphage - The participants identified the most important 
advantages and disadvantages of using these two types of coliphages as predictors of human health illness 
in recreational waters and as indicators of wastewater treatment performance. 

 Topic 5: Systematic Literature Review of Viral Densities - EPA has conducted systematic literature reviews 
to understand and document densities of key viral pathogens (norviruses and adenoviruses) and 
coliphages in raw wastewater. Participants reviewed the approach and information collected to date. 

Workshop Findings 

Topic 1: Need for a Viral Indicator 

 Individual experts agreed that viruses are a source of illness in recreational water exposures.  

 Viruses can enter surface waters via wastewater treatment plant (WWTP) effluent. Especially during wet 
weather and when WWTPs exceed design flows. 

 Coliphages are more similar to human pathogenic viruses than the traditional FIB and they mimic the 
persistence of human pathogenic viruses. 

 Coliphages have been shown to be useful in evaluating individual wastewater treatment processes, 
disinfection efficacy, and shellfish harvesting waters.  

 Currently available, inexpensive coliphage test methods could be developed into simple kits. Rapid, 
commercial methods (results under eight hours) exist, which could be useful for swimming advisories at 
beaches. 

Topic 2: Predictor of Gastrointestinal Illness 

 Future epidemiological studies should specifically include coliphages as measured indicators. 

Topic 3: Indicator of WWTP performance 

 Coliphages are consistently present in municipal sewage and provide a baseline for looking at different 
WWTP processes under varied conditions. Experts indicated the literature suggests coliphage and human 
viruses have more similar log-reductions during wastewater treatment, compared to traditional FIB. 

Topic 4: Male-specific vs Somatic Coliphages 

 Opinions ranged on whether somatic, male-specific coliphage, or both would be better for various 
applications. There is evidence for both showing relationship to gastrointestinal illness. Male-specific 
coliphage behave more similarly to RNA viruses under some conditions and are currently used successfully 
by the Interstate Shellfish Sanitation Conference and Food and Drug Administration for shellfish waters. 
Somatic coliphage may persist longer than male-specific coliphage and may be present in greater 
concentrations in raw sewage. Laboratory bacterial hosts exist that can detect both coliphage types. 

Topic 5: Review of Viral Densities 

 Individual experts supported how the systematic analysis was structured and conducted. 

Where can I find more information? 

EPA plans to publish more detailed outcomes of the workshop in a peer-reviewed workshop proceedings 
document in early 2017. For additional information on EPA’s efforts to develop recreational water quality 
criteria for coliphage, please visit EPA’s water quality criteria website at: https://www.epa.gov/wqc/microbial-
pathogenrecreational-water-quality-criteria or email Sharon Nappier at nappier.sharon@epa.gov. 
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1.0 EXECUTIVE SUMMARY 

FDA and the Oregon Department of Agriculture conducted two studies in February 2011 in Coos 
Bay, OR - one at the North Bend wastewater treatment plant (WWTP) and one at the Coos Bay 
#1 WWTP. Cages fi lled with oyster sentinels were dep loyed between the two plants and 
fluorometers were attached to the cages. Rhodamine WT dye was injected into the effluent of 
the North Bend WWTP on February 7, 2011 and into the effluent ofthe Coos Bay WWTP on 
February 15, 2011. The cage-attached fluorometers measured the dye-tagged effluent received 
by each cage. Boat tracking fluorometers were also used to measure the leve l of dye-tagged 
effl uent near each cage and in other parts of Coos Bay. A new mobile geographic information 
system (GIS) tool was employed to assist in co llecting the boat tracking data in real-time. 
Microbiological analyses of feca l co liforms (FC), E. coli (EC), male-specific co liphage (MSC), 
norovirus (NoV) genogroup I (GI) and genogroup II (Gil), and adenovirus (AdV) were 
conducted in the WWTPs' effluent and in the oyster sentinels. Extensive shoreline survey work 
was conducted with microbial ind icator analysis performed on potential pollution sources. The 
results of the microbiological analyses and the dye study are presented in this report. 

Based on the findings of this study it is recommended that ODA reevaluate the 1000:1 and 
100,000:1 WWTP dilution zones for these areas, as well as collect bypass information from 
WWTP operators. If Conditionally Approved areas are determined to be within the affected area 
ofthe 100,000 :1 recommended dilution zone, then those areas should be closed during bypass 
events . WWTP operators should report any bypasses of primary or secondary treatment, to 
include any split flow or flow blending events as well as exceedances of design flow fo r 
sustained periods. Procedures for timely notification of WWTP upsets need to be suffic ient to 
ensure those areas can be placed in a closed status prior to the pollution reaching the harvest 
area. 

It is recommended that anytime that either the Coos Bay #1 or North Bend Wastewater 
Treatment Plant (WWTP) goes into bypass or split flow event or experiences a malfunction, 
including a loss of disinfection, the entire Conditional growing area, encompassing the area east 
of station 2 and north of station 6, shall immediately close for a recommended 21 days. If another 
bypass event occurs during the 21 day closure, it is recommended that the growing area will be 
closed for an addit ional 21days from that event. However, the growing area could potentially be 
re-opened sooner through sample collection, where the analytical sample results shall not exceed 
background levels or a level of 50 male-specific coliphage (MSC) per 100 grams from shellfish 
samples collected no sooner than 7 days after contamination has ceased and from re resentative 
locations in each growing area potentially im acted. 

1.1 INTRODUCTION 

Two hydrographic dye studies of treated wastewater effluent from the North Bend WWTP 
facility and the Coos Bay #1 WWTP fac il ity, as we ll as a shoreline survey of the area, were 
conducted between the dates ofFebruary 2 - 18, 2011 in Coos Bay, OR. The hydrographic dye 
studies assessed the di lution, t ime of trave l, and dispersion of effluent from the two tested 
WWTPs. In addition to the hydrographic dye studies, the microbiological impacts of the 

4 

Agenda Item #9



wastewater on molluscan shellfish were assessed by testing oyster sentinels placed in cages 
located along the anticipated paths of both WWTPs ' effluents. Levels ofFC, EC, MSC, NoV GI 
& GII, and AdV were determined. The Oregon Department of Agriculture (ODA) requested 
technical assistance and training from the FDA and the Coos Bay site was chosen because of 
mutual interest. These studies were led by FDA in conjunction with the ODA. FDA was 
interested in assessing the combined impact from multiple WWTPs, and Coos Bay has three 
WWTPs impacting the same growing areas; the two with the impacts of most concern were 
chosen for this study. As sanctioned under the Public Health Act, FDA provides technical 
assistance to State Shellfish Control Authorities (SSCAs). For over 30 years, FDA has assisted 
SSCAs by conducting hydrographic dye-dilution studies, such as the studies conducted in Coos 
Bay, as a means to assess the impact of WWTPs on shellfish growing areas. 

1.2 Study Objectives 

The general objective of this study was to provide highly technical applied field training to a 
cadre of federal and state shellfish specialists. Other objectives of this study were to: I) 
determine the sanitary water quality conditions in the estuary that could arise under a short term 
lapse in treatment and disinfection; 2) determine the steady state bacterial conditions in the 
shellfish growing waters that could arise in the event of a long term elimination or lapse in 
disinfection; 3)__provide guidance to the ODA regarding WWTP closure zones· and 4) establish 
the necessary minimum zone of dilution of wastewater needed to achieve a sufficient reduction 
in viruses to ensure the safety of shellfish. The findings of these objectives are intended to 
inform FDA' s recommendations for growing area management in Coos Bay and its dilution 
guidance for establishing_prohibited zones around WWTP outfalls. Finally, an additional goal of 
this research was to determine the impact of combined effluents from different WWTPs on 
microbial bio-accumulation in shellfish. 

1.3 FDA Guidance on Establishing Closu re Zones for WWTP Discharges 

In consideration of Section II, Chapter IV @.03 E(5) (Prohibited Classification- Wastewater 
Discharges) of the National Shellfish Sanitation Program Model Ordinance, which notes that the 
determination of the size of a prohibited zone around a WWTP outfall shall include "the 
wastewater's dispersion and dilution, and the time of waste transport to the growing area where 
shellstock may be harvested" (iii) , FDA has provided guidance to state shellfish control 
authorities to size prohibited zones around WWTP outfalls according to the following scenarios: 

Scenario 1: In consideration of effluent discharged from a WWTP under failure conditions 
(such as a loss of disinfection), the prohibited zone should provide a sufficient 
amount of dilution to dilute the effluent discharged under failure conditions to the 
fecal coliform standard of 14 MPN/1 00 ml within the prohibited zone 

OR 

Scenario 2: In order to reduce the size of the prohibited zone, a conditionally approved zone may 
be operated if a factor of at least a 1000:1 dilution of effluent is achieved within the 
prohibited area to mitigate the impact of viruses, and there is a sufficient amount of 
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time to close the conditional area to the harvesting of shellfish before the effluent 
discharged at the onset of a failure can travel to the boundaries of the prohibited zone 

Note: the additional area beyond the prohibited zone to be closed under WWTP 
failure conditions should provide a sufficient amount of dilution to dilute the effluent 
discharged under failure conditions to the fecal coliform standard of 14 MPN/1 00 ml 
within the closed (due to failure) zone (consistent with Scenario 1 ). 

Over the years, wastewater treatment technologies have improved. However, FDA has 
maintained a conservative position recognizing that a WWTP may still be subject to failure 
regardless ofthe type of treatment system used . FDA does recognize that with the advancement 
of technologies such as improved monitoring and alarm systems, it may be possible to operate a 
conditional area as outlined in Scenario 2 above. This allows additional shellfish growing areas 
to be harvested under certain conditions. 

When a WWTP is operating normally, disinfection has been shown to be effective in reducing 
the coliform bacteria groups (fecal coliform and total coliform) to levels below shellfish 
harvesting standards as can be seen in WWTP permit records kept in accordance with the 
Environmental Protection Agency (EPA) National Pollutant Discharge Elimination System 
(NPDES) Program. However, human enteric viruses such as noroviruses and hepatitis A virus 
are more resistant to disinfection and thus are not reduced to the same degree as the coliform 
bacteria group. In an effort to mitigate the risk of contaminating shellfish with viruses, FDA has 
recommended a 1000:1 dilution as described in Scenario 2 as the minimum zone of dilution 
needed when the WWTP is operating under normal conditions. 

1.4 Description of North Bend WWTP and Coos Bay #1 WWTP 

Figure 1 shows a map of Coos Bay with the locations ofthe three WWTP outfalls. Growing area 
classifications are also shown on the map, with approved areas del ineated in green and 
prohibited areas delineated in red . 

The North Bend WWTP was constructed in 1954 and was last renovated in 2008. It serves a 
population of 9855 in the North Bend, OR area. It has primary and secondary treatment with 
activated sludge and gas fed chlorine disinfection. The design flow is 2.0 MGD and the 
hydraulic capacity is 8.3 MGD. The average daily dry flow is 1.0 MGD, and the average daily 
wet flow is 2.5 MGD. The peak hourly dry flow is 2.0 MGD and the peak hourly wet flow can 
be up to 8.5 MGD. The WWTP has a 27" outfall with a 128ft. multi-port diffuser that is 10 feet 
deep. According to a 1991 mixing zone study, the estimated dilution at the outfall was predicted 
to be in the range of53:1-107:1. 

The Coos Bay #1 WWTP serves a population of approximately 11,000 in the Coos Bay, OR and 
surrounding areas. It has primary and secondary treatment with activated sludge and chlorine 
disinfection. Flows up to 7 MGD receive both primary and secondary treatment, but flows in 
excess of 7 MGD bypass primary treatment and receive secondary treatment only. The design 
year peak flow is 20 MGD. Data provided in a May 2008 facilities plan indicated that the 
average daily dry flow is 1.6 MGD, and the average daily wet flow is 3.2 MGD. The peak dai ly 
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flow is 10.0 MGD and the peak wet weather flow is 15.0 MGD. The WWTP has a 42" outfall 
with a 715ft. , 5-port diffuser. 

1.5 General Description of Study Design 

Prior to the comprehensive dye study, a drogue study was conducted with oranges. The GPS 
coordinates of the drogues were marked in a new mobile GIS application developed for FDA's 
Shellfish and Aquaculture Policy Branch called the Real-Time Application for Tracking and 
Mapping (RAFT-MAP). The drogue study provided information about tidal cycles, tidal 
velocity, and wind speed and direction in Coos Bay. The drogue study was also used to assist in 
the placement of oyster sentinel cages in order to maximize the oysters' exposure to the effluent 
plumes and to viruses. 

The six oyster sentinel cages were equipped with submersible WET Labs fluorometers (WET 
Labs, Inc. , Philomath, OR) and were placed at various distances between the North Bend WWTP 
and the Coos Bay #1 WWTP along the path of the effluent plumes from both plants for a three 
week period . Figure 1 shows the locations of the six cage stations. Each cage was also equipped 
with a Star-Oddi miniature CTD (Star-Oddi Ltd ., Iceland) to monitor conductivity/salinity, 
temperature, and depth/pressure during the course of the comprehensive dye study. 

The dye for each of the two comprehensive studies was injected over half a tidal cycle (12.4 
hours) and was tracked by boat in the Coos Bay system for at least two days. Boat tracking with 
towed fluorometers was conducted to find the edges of the dye plume during daylight hours, in 
addition to the continuous dye readings recorded by the cage-attached submersible fluorometers . 
The submersible fluorometers were collected from the cages on February 18, after dye readings 
had fallen below detectable levels. 

The oyster sentinels from the six cages were shipped to FDA ' s Gulf Coast Seafood Laboratory 
(GCSL) in Dauphin Island, ALto test for FC, EC, MSC, NoV (GI and Gil), and AdV. Water 
samples taken from the influent, final effluent, and post-disinfected flows at the North Bend and 
Coos Bay #1 WWTPs were also analyzed for FC, EC, MSC, NoV (GI and Gil) and AdV to 
compare with the levels found in the oyster sentinels . The results of these microbiological 
analyses were compared with the level of dilution of the dye found at each of the cages to 
determine the relationship between effluent dilution and viral impacts on shellfish. 

2.0METHODS 

2.1 Dye Standard Preparation and Fluorometer Calibration 

The dye tracer used in this study, Rhodamine WT, was purchased from the Keystone Aniline 
Corporation and had a specific gravity of approximately 1.12 (20% as dry dye). Ten (1 0) 
standards were prepared from the stock solution of Rhodamine WT dye and distilled water by 
serial dilution, ranging from I 00,000 parts per million (ppm) to 0.1 part per billion (ppb). 

The Rhodamine WT dye was detected and its concentrations in Coos Bay were obtained using a 
combined total of nine fluorometers. Six ofthese were WET Labs FLRHB submersible 

7 

Agenda Item #9



fluorometers (WET Labs, Inc., Philomath, OR) that were attached to the shellfish cages deployed 
at stations along the anticipated path of the effluent throughout the course of the study. Two were 
WET Labs FLRHRT fluorometers that were pulled behind a boat and used for tracking the dye on 
the ebb tide for each day of the study. The final instrument was a WET Labs FLRHB fluorometer 
with a built-in pressure (depth) sensor that was used for taking depth profiles to determine the 
vertical distribution of the dye within Coos Bay. This instrument was on loan from Mr. Mark Toy 
of the Washington Department of Health, who received training during the study and was an active 
participant of this study. 

The dye standards were used to develop calibration curves for FDA's WET Labs FLRHR.T-586 
and 2040 tracking fluorometers, the six moored, submersible fluorometers - WET Labs FLRHB 
units 585,913,915, 1730, 1731, and 2032, and the profiling fluorometer- WET Labs FLRHB 
2153- in distilled water. With the subtraction ofbackground fluorescence levels in Coos Bay, 
these curves were used to calculate part per billion (ppb) levels of dye based on the WET Labs' 
measured fluorescent units (FUs). 

They-intercept of the calibration curve was adjusted so that a "0.1 ppb" result read as a perfect 
"0.1" on the curve. The slope and x-axis values for the curve remained the same, but this 
adjustment introduced only a slight addition of error to the higher concentrations on the curve, such 
as 1, 10 and 100 ppb standards. For example, for the 585 unit calibrated for the North Bend study, 
the intercept was increased from 0.025 to 0.047 to produce a 0.1 ppb reading for the 0.1 ppb 
standard. The increase of 0.022 in the intercept would mean that a 1 ppb reading would increase to 
1.022 (2.2% difference) and a 10 ppb reading would read 10.022 (0.22% difference) and a 100 
reading would read 100.022 (0.022% difference). Thus, the accuracy at the lower end of the curve, 
0.1 ppb, is more vital in order to optimize accuracy in dye concentration readings at low 
concentrations, as important data tends to fall within the 0.1 - 1 ppb range during FDA dye studies. 
Using a calibration curve adjusted in this manner is necessary when converting raw FU readings to 
ppb values if sensitivity in the 0.1 - 1 ppb range is critical for the study. 

On February 6, 2011, background fluorescence levels in Coos Bay were assessed using the WET 
Labs FLRHR.T-586 tracking fluorometer and WET Labs FLRHB-2153 profiling fluorometer. 
Background levels were subtracted from the calibration equation when performing the conversion 
from fluorescent units to ppb. 

2.2 Drogue Study 

Approximately thirty drogues (oranges) were used on Feb. 4, 2011 to access the timing of tidal 
cycles (i.e., slack high/start of ebb tide), tidal velocity, and the influence of wind to estimate the 
velocity and direction of the effluent leaving the outfall of the Coos Bay #1 WWTP. The drogues 
were released on the surface of the water, and were influenced in part by surface winds. 

A portion of the drogues were thrown in a horizontal line near the outfall just prior to the turning of 
the tide from flood to ebb tide. The timing of the tum to ebb tide was noted and used to help plan 
the timing for the dye studies. The drogues were marked with drop points in FDA's new RAFT­
MAP GIS mobile application, and the time at which each drogue was released was recorded. After 
the tide switched to ebb, the movement of the drogues was tracked and the new locations of the 
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drogues were marked in RAFT -MAP about 41 minutes after the initial release. This information 
was used to determine the velocity and direction of the tidal movement in ArcGIS 10.0. To 
calculate the general velocity of the drogues, the median values for the times of release and the 
times of re-marking were used, as well as the central locations for the first drogue cluster and the 
second drogue cluster. 

2.3 Dye Tracer Injection 

For the first study at the North Bend WWTP, a total of 4.4 Gallons of dye was injected into the 
WWTP effluent over a 12.4 hour period at a constant rate. The injection began around 1: 16 AM 
on February 7, 2011. To facilitate the pumping of dye, 4.4 Gallons of deionized water was 
added creating a 1:2 dye dilution mixture (-9 Gallons). A Masterflex model 7553-20 variable 
speed peristaltic pump (Cole-Palmer Instrument Co.) was used to withdraw the tracer dye 
solution from a large plastic holding bin, using Masterflex Tygon L/S-16 tubing. A pump head 
size 7016 was used with a constant pumping rate of 46 ml/min which was maintained at about 58 
revolutions/minute (rpm) head speed. The tracer dye mixture was fed continuously into the 
effluent following the chlorine detention tank over the half tidal day period. The initial 
concentration of the dye in the effluent was determined using the WWTP's flow average over the 
course ofthe dye injection period. 

For the second study at the Coos Bay #1 WWTP, a total of 10 Gallons of dye was injected into 
the WWTP effluent over a 19.5 hour period at a constant rate. The period of the dye injection 
should have been 12.4 hours, but a problem with the tubing (discussed more below) resulted in a 
lengthening of the overall injection period. The injection started at 4:00AM on February 15, 
2011. To facilitate the pumping of dye, 10 Gallons of deionized water was added creating a 1:2 
dye dilution mixture (20 Gallons). A Masterflex model 7553-20 variable speed peristaltic pump 
(Cole-Palmer Instrument Co.) was used to withdraw the tracer dye solution from a large plastic 
holding bin, using Masterflex Tygon L/S-16 tubing. A pump head size 7016 was set at a 121 
revolutions/minute (rpm) head speed which maintained a constant pumping rate of 101.88 
ml/min (38.6 gal/day). The tracer dye mixture was fed continuously into the effluent following 
the chlorine detention tank. The initial concentration of the dye in the effluent was determined 
using the WWTP's flow average as described below. 

During the second study at the Coos Bay #1 WWTP, the dye injection pump was placed inside a 
cooler to protect it from heavy winds and rain from a strong storm. A piece of foam was placed 
under the cooler lid to elevate it so that the Masterflex Tygon LIS 16 tubing could be threaded 
under the lid and into the final effluent chamber of the WWTP. However, the lid of the cooler 
crimped down on the foam and the tubing and thereby decreased the rate ofthe dye flow. 
Because the dye was still flowing (albeit at a much lower rate than 101.88 ml/min) and was still 
visible in the final effluent, and it was initially picked up at low concentrations of 0.1 ppb near 
the outfall, this problem was not discovered until hours later at 12:50 PM. At that time, the lid of 
the cooler was lifted and the dye flowed through the tubing freely at the proper rate. The dye 
injection continued until 11:33 PM on February 15, at which time the entire dye/water mixture of 
20 Gallons had been injected. Therefore, the bulk of the dye injection actually took place over 
10.7 hours from 12:50 PM to 11:33 PM. The WWTP flows from this time period were averaged 
and used to determine the initial concentration of dye injected into Coos Bay. However, the low 
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levels of dye injected prior to 12:50 PM were still detected and recorded by the submersible 
fluorometers located closest to the outfall and were factored into the calculations when 
determining the dye levels at those stations. 

2.4 Dilution Analysis - Dye Readings from Submersible Fluorometers 

The fluorescence readings recorded by the submersible fluorometers at each of the six oyster 
sentinel stations were downloaded, converted to ppb using each fluorometer's calibration curve 
chart, and plotted in SigmaPlot alongside tidal depth charts and salinity readings from the Star­
Oddi CTD for the period of the study. 

A five-point moving average was applied to the dye concentration data to smooth out any false 
high or low readings in the data. Dilution was calculated by dividing the initial concentration of 
dye injected at the WWTP by the final (five-point moving average) concentrations detected in 
the estuary. 

Since only half tidal day dye injections were conducted- rather than full tidal day injections- an 
improved variation on the superposition method (Kilpatrick, 1993) was used to estimate the 
steady state condition for dye at each of the cage stations using data collected during the two 
study periods, from 2/7/2011 - 2/10/2011 and from 2/15/2011 - 2/17/2011, respectively. In the 
past, FDA would typically conduct a 2 - 3 day injection of dye to determine the build-up of 
WWTP effluent in a system and to determine the steady state condition, in which the rate of 
effluent flowing into a system is equal to that being flushed out by tides. However, Kilpatrick 
(1993) demonstrated using the superposition principle that a shorter dye injection period could 
be used and the steady state condition estimated if remaining dye in the system on the second 
tidal day after an injection is added to the dye detected on the first tidal day, and if the remaining 
dye detected on the third tidal day is added to the dye found on both the first and second tidal 
days, and so on. FDA has successfully employed the superposition method, even with only a 
half tidal day (12.4 hour) injection, and used this method in the Coos Bay study. 

For example, for the day of the injection for the North Bend study, 2/7/2011, the superposition 
dye concentration was plotted based on the first half-tidal day. For the second day of the study, 
2/8/2011, the remaining dye level in the system from the first day was added to the levels 
detected on day 2. Following the superposition principle, remaining dye levels found in the 
system on days 3 and 4 of the study were also used to determine the steady state condition at 
each cage station. 

To determine the combined impact of the effluents from the both the North Bend WWTP and the 
Coos Bay #1 WWTP, FDA applied a new method to calculate the "combined dilution" at each 
cage station, factoring in the decrease in dilution combining the impact caused by both WWTPs 
based on the area under the concentration-time curve method described in Gob lick, et al.,20 11 ). 
Dilution of effluent from each WWTP can be determined separately considering the impact from 
a single WWTP described as follows: 
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Where: 

D 1 = Dilution of effluent discharged from WWTP I 
A1 =Area under the concentration-time curve produced by injecting dye into WWTP 1 effluent 
SA 1= Area under the concentration-time curve measured at Station in growing area in response to 

the area under the concentration-time curve A1 

Similarly, the dilution of effluent discharged from WWTP 2 can be determined as follows: 

Where: 

D2 = Dilution of effluent discharged from WWTP 2 
A2 = Area under the concentration-time curve produced by injecting dye into WWTP I effluent 
SAr Area under the concentration-time curve measured at Station in growing area in response to 

the area under the concentration-time curve A2 

Both the steady state average dilution as well as the steady state peak I hour dilution may be 
determined based on the area analysis as described in more detail in Goblick, et al. (in press). 
The steady state average is based on the cumulative area under the concentration-time curve for 
each half tidal day whereas the steady state peak I hour is based on the cumulative area under the 
concentration-time curve for each half tidal day during the peak I hour timeframe which 
produces the highest concentrations. 

However, in consideration of the impact from both WWTPs the area under the concentration­
time curve method can also be utilized to determine the dilution of effluent relative to WWTP I 
and WWTP 2 and considering the combined impact from both WWTPs. It should be noted that 
FDA's long standing minimum dilution recommendation of IOOO:I is with respect to a "single" 
WWTP discharge. Thus, the "combined" dilution analysis method presented below is made 
relative to one WWTP discharge (and adding the impact of the second discharge) such that the 
dilution results can be compared against the FDA minimum dilution recommendation based on a 
single discharge. This will enable the determination if adequate dilution is achieved at each state 
with respect to the recommended I 000: I. 

Thus, to find the dilution with respect to with respect to either WWTP I or WWTP 2 but 
combining the impacts from both, the dilution can be presented as follows: 

Dilution relative to WWTP I (and adding the impact from WWTP 2): 
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Where: 

D = Dilution with respect to WWTP 1 but combining the impact of both WWTP 1 and WWTP 2 
A1 =Area under the concentration-time curve produced by injecting dye into WWTP 1 effluent 
SA1= Area under the concentration-time curve measured at Station in growing area in response to 

the area under the concentration-time curve A1 

A2 = Area under the concentration-time curve produced by injecting dye into WWTP 2 effluent 
SA2= Area under the concentration-time curve measured at Station in growing area in response to 

the area under the concentration-time curve A2 

Thus, in the equation above, the additional impact of (SA2) caused by WWTP 2 are added to the 
Station. However, in order to make the impact of SA2 relative to the impact of SA1 a scaling 
factor A2/A1 is needed such that they can be combined. 

The dilution equation could also be expressed relative to WWTP 2 which would yield similar 
results. If expressed relative to WWTP2 the dilution equation can be expressed as: 

Where: 

D =Dilution with respect to WWTP 2 but combining the impact of both WWTP 2 and WWTP 1 
SA1 =Area under the concentration-time curve produced by injecting dye into WWTP 1 effluent 
SA1= Area under the concentration-time curve measured at Station in growing area in response to 

the area under the concentration-time curve A1 

A2 = Area under the concentration-time curve produced by injecting dye into WWTP 2 effluent 
SAr Area under the concentration-time curve measured at Station in growing area in response to 

the area under the concentration-time curve A2 

Dilution analysis using either equation will produce results that make relative the impacts from 
both WWTP 1 and WWTP 2 such that the impact from both WWTPs can be combined. 
However, it is important to note that the dilution analysis is made relative to one discharge 
(although combining the impact from both) such that the dilution result can be compared against 
the FDA recommended minimum dilution of a 1000:1 which was in consideration of a single 
discharge. 

2.5 Dye Tracking Via Boat 

The dye was tracked and the outer edges of the dye plume were located via boat using FDA's 
WET Labs FLRHRT-586 and FLRHRT-2040 fluorometer units linked to either a Trimble GPS 
unit operating with Terrasync software or an Itronix Duo Touch II operating FDA's new custom­
made mobile GIS software RAFT-MAP. 
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RAFT -MAP allowed FDA and ODA to see the dye concentration results plotted in real-time on a 
GIS map with colors like red, yellow, and green representing high, medium, and low 
concentrations, respectively. The slope and intercept values of the calibration curves for the WET 
Labs FLRHRT units were programmed into RAFT-MAP so that the program could automatically 
convert the fluorescence units recorded by the WET Labs into part per billion (ppb) concentration 
values, which were the values plotted on the map in real-time. RAFT -MAP was also able to 
identify maximum and minimum detected concentrations and calculate estimates of dye dilution as 
well. RAFT-MAP was field tested for the very first time in Coos Bay, and the results of this beta 
test with the new tracking system are discussed more in Section 2.7 below. 

The dye plume was followed during the beginning ofthe North Bend WWTP study on 2/7/2011 
as it moved through Coos Bay on an ebb tide using FDA's WET Labs FLRHRT-586 and 
FLRHRT-2040 tracking fluorometers and with the FLRHB-2153 profiling fluorometer. Three 
boats were used, with each instrument on a different boat. Dye readings were also taken on 
successive days (2/8/2011 and 2/9/2011) for high and low tides. Traverses were done on all the 
days of study from west to east and east to west, and dye readings were also recorded at each of 
the station locations (via boat and with the submersible fluorometers fixed to the stationary cage 
stations) to show changes in dye concentration and build-up with time at the fixed locations. The 
same boat tracking methods were used for the Coos Bay #I study on 2/15/2011-2/17/2011. 

A five-point moving average was applied to the dye concentration data to normalize the range 
and variability of the readings. Dilution was calculated by dividing the initial concentration of 
dye injected at the WWTP by the final (five-point moving average) concentrations detected in 
the estuary. As previously noted, since the injection only lasted a half tidal day, the build-up and 
steady state concentration of pollutants at the station locations were estimated using the 
superposition principle (Kilpatrick, 1993). 

For data recorded with the Trimble GeoXM data logger, the fluorometer dye readings (in 
fluorescent units) with the associated GPS readings were later downloaded and converted into ppb 
units using the calibration curve for WET Labs FLRHRT-586. These values were then imported 
into a geodatabase in ArcGIS v.10.0 (ESRI, Inc., Redlands, CA) to create a color-coded map 
representing the presence of different dye concentrations along the path of the effluent during the 
North Bend study. The concentrations in ppb were converted to dilution values by dividing the 
initial concentration of dye in the effluent with the final concentration of dye in the estuary. The 
dilution values were also plotted in a color-coded GIS map using ArcGIS v.10.0. 

For data recorded with FDA's new RAFT-MAP program, concentrations in ppb were 
automatically plotted on a GIS map in real-time on the boat. 

2.6 Beta Testing of FDA's Real-Time Application for Tracking and Mapping (RAFT-MAP) 

During the studies in Coos Bay in February 2011, FDA beta tested for the first time a new 
mobile GIS application called RAFT-MAP, which was developed with ESRI, Inc. RAFT-MAP 
allowed FDA to plot the dye concentration results in real-time on an electronic map tagged with 
latitude and longitude coordinates. High levels of dye were mapped with red points, average 
levels were mapped with yellow points, and low levels were mapped with green points. In this 
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way, it was easy to visualize the concentrated center ofthe dye plume and find the edges of the 
plume. 

RAFT -MAP also performed calculations in real-time, including the conversion of fluorescent 
units (FUs) from the WET Labs fluorometer into parts per billion (ppb) dye concentrations and 
then the calculation of dilution levels (e.g., 1000:1 dilution). The conversion of FUs into ppb 
units was performed by subtracting out background FU levels and by using the slope and 
intercept of the calibration curve for the instrument. The dilution calculation was determined by 
using an estimate of the initial concentration of dye injected into the effluent based on a 
theoretical calculation; the estimate used was 1000 ppb. Once the actual WWTP flows for the 
dye injection period were known, the accurate initial concentration was determined and the 
dilution values were re-calculated after the study. However, by using an estimate of 1000 ppb, 
FDA was able to show ODA in RAFT-MAP approximately where the 1000:1 dilution line could 
be found. 

Errors observed in RAFT-MAP during the beta test (discussed in section 3.9) were noted and 
reported to ESRI, Inc. for correction. 

2.7 Shoreline Survey 

A shoreline survey of the growing area was conducted during wet weather at every identified 
potential pollution source that was accessible by land. Pollution source water samples were 
collected and poured into 3.0 ml Whirl-pak bags, with a new bag for each sample. The sample 
number, date, and time were written on the bags. This date was also recorded in a notebook 
along with a description of the location that the sample was collected and the GPS coordinates. 
The GPS coordinates were recorded with a Trimble GeoXM data logger. A photograph of each 
sample site was taken and the number of the photograph was recorded in the notebook as well. 

Pollution source samples were analyzed for FC, EC, and MSC in the same manner that WWTP 
influent and effluent samples were assessed for these criteria as described in Section 2.8 below. 
Sample sites for which FC or EC were high or for which MSC was above the limit of detection 
were re-sampled to confirm results and investigate the source waters further up the catchment if 
possible. Since MSC is used as a microbiological tool that indicates the presence of human 
sewage, whereas FC and EC can be attributable to other sources as well, articular attention was 
paid to samples that had detectable levels of MSC. 

2.8 Microbiological Analysis of Wastewater and Oysters 

Shellfish Sentinels at Station Locations 

Local oysters (relocated from Netarts Bay) up to 3 inches in size were used as sentinels at each 
of the six station locations. A total of 200 oysters were used in the study. There were 
approximately 30 oysters per cage for each of the six FDA station locations with the other 
oysters used as controls. The oysters were distributed evenly throughout the cages in a mono­
layer. The cages were weighed down with cement and stationary on the bottom of the estuary. 
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The oysters were deployed on February 4, 201 2 and retrieved on February 28, 2012. A three 
week deployment time was used to allow time for virus and microbiological contaminant 
accumulation and to cover the span of both the Notih Bend WWTP dye study and the Coos Bay 
#1 WWTP dye study. Each sample set was analyzed for FC, EC, MSC, NoV GI and Gil, and 
AdV. 

Indicator Microorganisms 

FC and EC densities in the shellfish and in the WWTP influent and effluent were determined 
using a conventional five-tube , three-dilution MPN procedure. In the case of the shellfish, the 
procedure was done with minimal modifications to the FDA Bacteriological Analytical Manual 
(BAM) and American Public Health Association (APHA) (1970) recommended procedures for 
the examination of shellfish. Modifications to this procedure included blending of the shellfish 
meats and liquors without dilution buffer; this was necessary due to the multiple microbial 
analyses performed on each shellfish sample. Following homogenization, a 1:10 dilution of 
homogenate (10 g) was prepared with phosphate-buffered solution (PBS). Ten ml of this dilution, 
a 1-g equivalent, was transferred to five tubes of 10 ml of double-strength Iaury! tryptose broth 
(LST; Difco Laboratories, Sparks, MD). One-milliliter aliquots (0.1-g equivalent) were also 
transferred to five tubes of single-strength LST, while five 1-ml aliquots of a 1:100 dilution were 
also transferred to single-strength LST. Presumptive positive tubes were confirmed for FC and 
EC using EC-MUG (Difco, Sparks, MD) medium . 

MSC densities were determined by using a modified double-agar-overlay method initially 
described by Cabelli (1988); the E. coli strain HS(pFamp)R(ATCC 700891) was utilized as the 
bacterial host strain. 

Virus concentration and RNA extraction 

Viral analysis for the sewage utilizes elution with an alkaline buffer followed by 
ultracentrifugation (Williams-Woods, eta!. , 2011) . Concentrates were extracted for RNA with 
RNeasy Mini Kit (Qiagen, Valencia, CA) utilizing 6M guanidium isothiocyanate as a lysis 
solution. Extracted RNA and DNA was tested by real-time reverse transcription (RT)-qPCR and 
qPCR respectively. 

For the shellfish concentration and extraction, a modified protocol was used (Williams-Woods, 
eta!. , 2011). Four to six whole oysters were shucked and the digestive diverticula were removed 
to obtain a 4 gram sample. An aliquot of murine norovirus was added as an extraction control 
prior to homogenization of the digestive diverticula with 40 ml of sterile milli-Q water. Viruses 
were absorbed onto the particulates and were then centrifuged at 4°C on low speed. The pellet 
was eluted with 0.75M glycine and 0.5 M threonine . The eluates were ultracentrifuged at 170, 
000 x g for 1 hr at 4°C . The pellet was resuspended in tissue culture grade phosphate buffered 
saline (tcPBS) and extracted first with chloroform, and 0.5 M-threonine. Both aqueous phases 
were combined and 50ml oftcPBS was added to each sample, balanced, and ultracentrifuged at 1 
hr at 4°C. Concentrates were extracted for RNA with RNeasy Mini Kit (Qiagen, Valencia, CA) 
utilizing 6M guanidium isothiocyanate as a lysis solution. Extracted RNA and DNA was tested 
by real-time RT-qPCR and qPCR as described below. 
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RT-gPCR 

Positive controls used for NoV GI and Gil were in vitro RNA transcripts of sequences cloned 
from positive clinical samples previously identified as NoV (Burkhardt, et al., 2006). Primers and 
probes for NoV GI and Gil targeted the most conserved region of the open reading frame 1 
(ORF1)-0RF2junction. Real-time RT-qPCR for detection ofNoV GI and NoV Gil with an 
RNA lAC was performed in a 25-J.I.l reaction volume by using a one-step RT -PCR kit (Qiagen). 
The primer concentrations for the NoV targets were 300 nM each, and the concentrations for the 
lAC primers ( 46F and 194R) were 75 nM each. The 5' nuclease probe concentrations for NoV 
and the lAC target were 100 and 150 nM each, respectively. The final concentration ofMgCh in 
the real-time RT-qPCR was4 mM. Thermal cycling was run using the SmartCycler II system 
with the following conditions: 50°C for 3,000 s and 95°C for 900 s followed by 50 cycles of 
95°C for 10 s, 53°C for 25 s, and 62°C for 70s. Fluorescence was read at the end of the 62°C 
elongation step. Default analysis parameters were used, except that the manual threshold 
fluorescence units were set to 10. Samples positive with the initial primer and probe sets for NoV 
GI and/or NoV Gil were subjected to a secondary detection assay. Amplification of the original 
RNA extract was performed with primers from the B region by conventional RT-PCR (see Table 
1 in DePaola, et al., 201 0). Amplification of a second region of the genome is non-contiguous to 
the first and serves as an indication that the RNA was not degraded. 

Adenovirus 

The positive control used for Adenovirus (AdV) was serotype 41 isolated from a clinical stool 
sample, propagated in-house by utilizing the A-549 cell line. Real-time PCR for the detection of 
AdV was performed in a 25-mL reaction volume by using Platinum TAQ DNA Polymerase (Life 
Technologies, Grand Island, NY) as previously described with slight modifications (Williams­
Woods, et al., 2011). A DNA lAC utilizing the 46F and 194R primers and the TxRed-labeled 
probe as previously described was added with final primer and probe concentrations of0.75 mM 
and 1.5 mM, respectively (DePaola et al., 2010). Cycle parameters were slightly adjusted as 
follows: 95°C for 120 s followed by 50 cycles of 95°C for 3 s, 53°C for 10 s, and 65°C for 70 s. 
AdV primers and probe were previously described with slight modifications to the probe (Heim, 
2003) whereby probe was F AM-ZEN labeled as a fluorescent dye on the 5' end and an Iowa 
Black quencher dye labeled on the 3'end. Fluorescence was read at the end of the 72°C 
elongation step. Default analysis parameters were used except that the manual threshold 
fluorescence units were set to 10. 

Murine norovirus 

The positive control used for murine norovirus was purchased from ATCC PTA-5935 and 
propagated using the RA W264. 7 cell line. Real-time RT -qPCR was utilized for the detection of 
murine norovirus (the extraction control virus) with an RNA lAC in a 25-J.I.l reaction volume by 
using a one-step RT-PCR kit (Qiagen). Primers and probes were utilized as described in Hewitt, 
et al., 2009. Thermal cycling was run using the SmartCycler II system. Fluorescence was read 
at the end of the elongation step and the default analysis parameters were used except that the 
manual threshold fluorescence units were set to I 0. 
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3.0 RESULTS AND DISCUSSION 

3.1 Drogue Study 

The orange drogues were released on the flood tide shortly before the predicted change of the tide 
from flood to ebb based on NOAA's Crescent City, CA tide station. However, the movement of 
the drogues indicated that the tide did not actually tum from flood to ebb until over an hour later 
than predicted. This observation assisted with the timing for the dye injection. 

The drogues were tracked using RAFT-MAP and the locations of the drogues were tagged with 
GPS markers. The results were uploaded into ArcGIS Desktop 1 0.0, and the distance and travel 
time between the drogue clusters was ascertained. Figure 2 shows the movement and velocity of 
the drogues. The drogues traveled north from the Coos Bay #1 outfall site, moving 0.42 miles in 41 
minutes (0.68 hours), moving at a velocity of0.62 mph or 1.0 krnlhr. 

3.2 Background Readings 

Background levels of fluorescent units (FUs) for the WET Labs FLRHRT-586 tracking 
fluorometer were measured as 82.8 FUson average. A background level of 82.8 FUs is typical of 
average background levels for other estuary systems that have been evaluated with the FLRHR T-
586 fluorometer. This background level was subtracted from the fluorescence readings during the 
dye studies. 

Background levels were also assessed with the WET Labs FLRHB-2153 profiling fluorometer and 
for that instrument were determined to be 50.2 FUs on average. The background levels remained 
the same from the surface down to 10 foot depths in the water column. Background levels 
recorded in air were higher than those recorded in water, but this was thought to possibly be due to 
radio signal interference from the nearby North Bend airport. 

3.3 Dye Injections 

The dye injection began at the North Bend WWTP on February 7, 2012 at I :16 AM and ended at 
approximately 1:40PM. The injection was continuous for a total of 12.4 hours. The average 
WWTP effluent flow rate during the injection was 1.27 MGD, with a high flow of 1.75 MGD 
from 8:00AM-9:00AM. Based on the continuous flow rate out ofthe dye container, 17.65 
gal/day, a 1 x 108 ppb concentration factor for the Rhodamine WT dye, and an effluent flow rate 
of 1.27 MGD, the average dye concentration in the effluent was calculated to be 1393 ppb using 
a mass balance equation. The initial dye concentration of 1393 ppb was used for calculating the 
dilutions for the readings taken on each day of the dye study. 

The dye injection began at the Coos Bay #1 WWTP on February 15, 2012 at 4:00AM and ended 
at 11:33 PM. The injection was continuous for a total of 19.5 hours, but due to a crimp in the 
tubing that was not discovered and repaired until 12:50 PM, the bulk of the injection took place 
over 10.7 hours from 12:50 PM- 11:33 PM. The average WWTP effluent flow rate during this 
10.7 hour injection period was 5.82 MGD with a high flow of7.52 MGD from 1:00PM- 2:00 
PM. Based on the continuous flow rate out of the dye container, 38.80 gal/day, a 1 x 108 ppb 
concentration factor for the Rhodamine WT dye, and an effluent flow rate of 5.82 MGD, the 

17 

Agenda Item #9



average dye concentration in the effiuent was calculated to be 667 ppb using a mass balance 
equation. The initial dye concentration of 667 ppb was used for calculating the dilutions for the 
readings taken on each day of the dye study. 

3.4 Travel Time 

Travel time of the dye on the ebb tide of the first day of the North Bend WWTP study (2/7/2012) 
was determined. The dye injection began at 1:16 AM on a flood tide but did not reach Station 1 
until the following flood tide. Based on data obtained from the submersible fluorometers 
(Figures 3 - 8), the dye first reached Station 1 around 9:17 AM and first reached Station 2 
around 10:12 AM (55 minutes later). Stations 1 and 2 were approximately 1.7 km apart, so the 
dye travel time from Station 1 to Station 2 was about 1.9 km/hr or 1.2 mph. The distance from 
the North Bend WWTP outfall to the nearest border ofthe approved growing area is 1.9 km, so it 
would take approximately one hour for effiuent to travel from the outfall to the growing area. 
This is a just slightly longer than the 55 minutes it took the dye to travel from Station 1, which 
was close to the WWTP outfall, to Station 2, which was just south ofthe area border. 

Travel time of the dye on the ebb tide of the first day of the Coos Bay # 1 WWTP study 
(2/15/2012) was also determined. Based on data obtained from the submersible fluorometers 
(Figures 9- 14), the dye first reached Station 6 (nearest the WWTP) around 2:24PM and first 
reached Station 5 around 3:58PM (94 minutes later). Stations 6 and 5 were approximately 2.2 
km apart, so the dye travel time from Station 6 to Station 5 was about 1.4 km/hr or 0.87 mph. 
This compares fairly well with the travel time determined by the drogue study (1.0 km/hr), since 
the drogues were released in the same vicinity as the Coos Bay # 1 WWTP and traveled in the 
same direction as the dye-tagged effiuent from the plant. However, dye typically travels faster 
than drogues, and the more conservative value of 1.4 km/hr based on the velocity of dye 
movement should be used for determining the response time needed for a WWTP failure. The 
Coos Bay #1 WWTP outfall is 1.3 km away from the nearest border ofthe approved growing 
area, so it would take about 56 minutes for effiuent to travel from the outfall to the growing area. 

3.5 Dye Readings at Cage Stations 

One significant advantage of the submersible fluorometers attached to the cage stations was that 
they could detect dye every ten minutes over the entire multi-day period of the study and could 
pick up dye readings during hours when boat tracking was not possible. These continuous dye 
readings could then be used for a steady state analysis as discussed below. 

Dye readings recorded by the submersible WET Labs units at each of the station locations for the 
North Bend study (2/7/2011- 2/10/2011) are shown in Figures 3-8 and for the Coos Bay #1 
study (2/15/2011- 2/17/2011) in Figures 9- 14. The tidal depth in feet is also plotted, and the 
peaks in the Rhodamine WT dye concentration follow closely with the tidal cycles. Any readings 
at or below background levels, such as readings measured by the submersible WET Labs units 
prior to the dye injection, were removed from the graphs. Steady state conditions were estimated 
using the superposition method (Kilpatrick, 1993) described in the "Methods" section. 
Superposition dye concentrations at each station are also plotted in Figures 3- 14. 
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Figure 3 shows the dye concentration levels at Station 1 over the course of the North Bend study. 
As expected, the peak dye concentration occurred during the low tide following the dye injection 
period on 2/7/2012. The 5-point moving average concentration at the peak was 3.78 ppb, which 
equated to a dilution of 369:1. During the North Bend study, the maximum 5-point moving 
average concentration detected near Station 1 via boat tracking (not including depth profiles) was 
27 ppb, with a dilution of 52:1. The majority of the dye during the study was detected right near 
the surface of the water, whereas the cages were placed at various depths of about 10 - 30 feet 
deep. Therefore, Station 1 and the other cages received much lower concentrations of dye than 
those levels detected by boat tracking at the surface. However, unlike the boat tracking data, the 
build-up of dye at the stations could be assessed using the superposition method to determine 
steady state dilution values. The maximum dye concentrations at Station 1 for successive study 
days were added to ascertain the superposition concentrations, and the (half tidal day) steady 
state dilution was determined to be 319:1. The peak one hour steady state dilution was 1080:1, 
and the average steady state dilution was 2731:1. 

Figures 4 - 8 show the dye concentration levels and steady state dilution values for Stations 2 - 6 
over the course of the North Bend study. For Station 2, the peak one hour steady state dilution 
was 17415, which represents a 16-fold increase in dilution from Station I. The peak one hour 
steady state dilution for Station 3 was 13930, which was actually lower than the dilution at 
Station 2. The maximum and average steady state dilution values were also lower at Station 3 
than at Station 2. This indicates that there was some build-up of dye at Station 3, which was 
stationed within Haynes Inlet. Even though Station 3 was located farther away from the North 
Bend outfall than Station 2, it had lower levels of dilution, because dye-tagged effluent was not 
well flushed from the inlet. 

Station 4 had higher levels of dilution than both Station 2 and Station 3, with a peak one hour 
steady state dilution of 10715:1. As seen in Figure 6, significant levels of dye were detected at 
Station 4 over a two day period from 2/7/2011 - 2/9/2011. On the other hand, Stations 5 and 6 
had very high levels of dilution save for a single high peak that occurred at each station over two 
days after the start of the dye injection. Even with consideration of these peaks, the steady state 
peak one hour dilution levels at Stations 5 and 6 were 139300:1 and 1906478:1, respectively. 

Figures 9 - 14 show the dye concentration levels and steady state dilution values for Stations 1 -
6 over the course of the Coos Bay #1 WWTP study, which took place a week after the North 
Bend WWTP study. Station 6 was actually the station closest to the Coos Bay # 1 WWTP 
outfall, and Station 1 was the station farthest away. 

As previously noted, the dye injection at the Coos Bay #1 WWTP started at 4:00AM on 
2/15/2011, but a crimp in the dye tubing impinged the free flow of dye into the final effluent and 
prevented dye from reaching Station 6 at significant levels. Although Station 6 was located very 
close to the outfall, the first peak at Station 6 was not observed until after the crimp in the tubing 
was resolved at 12:50 PM. Thereafter, dye reached Station 6 at significant levels, with the 
maximum steady state, peak one hour steady state, and average steady state dilution levels 
calculated as 526:1, 834:1, and 1754:1, respectively (see Figure 14). 
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Although Station 6 was located close to the outfall, the dye reached Station 5 at much greater 
levels - the peak dye concentration at Station 5 was over 300 times higher than the peak dye 
concentration at Station 6. For this reason, the dilution values at Station 5 were very low, with 
the steady state peak one hour dilution calculated to be only 74:1 (see Figure 13). 

Dilution levels varied from Station 4 to Station 1. Dilution did not increase with increasing 
distance from the outfall in a linear fashion. As shown in Figures 12-9, the steady state peak 
one hour dilution values at Stations 4, 3, 2, and 1 were 1332:1, 933:1,2880:1, and 807:1, 
respectively. Once again, there appeared to be a build-up of dye at Station 3 in Haynes Inlet, as 
was observed during the North Bend study. This same trend was observed via boat tracking, and 
it appeared that dye gathered within the inlet and was not flushed as well from the inlet as from 
other parts of the estuary. However, it is not clear why the dye built up at Station 1 and why 
dilution was lower at this station than at Stations 2, 3, and 4, which were closer to the Coos Bay 
#1 WWTP outfall. 

During the Coos Bay #1 study, Stations 2, 3, 4, and 6 received more dye on the third day of the 
study, 2/17/2011, than on any of the preceding days. These findings further indicate that 
significant concentrations of dye-tagged effluent can remain in the Coos Bay system and build 
up, even after the input has stopped. It's possible that effluent from the North Bend and Coos 
Bay #1 WWTPs may be insufficiently flushed from the bay on the ebb tide and may return back 
to the bay on flood tide. 

Since dilution did not increase in a linear fashion with increasing distance from the outfall during 
either study, a linear regression analysis to estimate the location ofthe 1000:1 dilution line could 
not be performed. However, it was possible to combine the dye concentration levels from both 
the North Bend and Coos Bay #1 WWTPs to determine the combined half tidal day peak one 
hour dilution and average dilution at each station. The maximum dilution values could also be 
determined, but this value was considered to be overly conservative for a comparison with the 
microbial data collected at each station. Figure 15 shows levels ofNoV Gil, and MSC in 
comparison to the combined dilution values from both studies at Stations 1 through 6. The NoV 
Gil and MSC results will be discussed in more depth later in this report, but it is important to 
note that the highest levels of dilution were seen at Station 2, where the NoV Gil levels were the 
lowest, whereas the lowest levels of dilution were seen at Station 5, where the NoV Gil and 
MSC levels were the highest. These findings demonstrate that dilution is a more significant 
factor in regards to the impact of viruses than the distance of shellfish from the WWTP outfalls. 

Figure 15 also shows that at levels of 1000:1 dilution or less at Stations 1, 3, 5, and 6, NoV Gil 
levels were higher than 1000 RT -PCR/1 OOg. The reason for this finding will be discussed later 
in the report, but this result demonstrates that the establishment of a 1000:1 dilution line for 
growing area classification purposes may be insufficient to mitigate the impact of viruses in 
Coos Bay, unless used in conjunction with other mitigation strategies. 

3.6 Dye Readings by Tracking Fluorometers during the North Bend Study 

While the submersible fluorometers determined the dye levels reaching the oyster cages, boat 
tracking was conducted with two towed fluorometers (the WET Labs FLRHRT-586 and 
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FLRHRT-2040) and one profiling fluorometer (WA State's WET Labs FLRHB-2153 
fluorometer) to track the dye past the cages and to determine the shape and edges of the dye as it 
traveled through Coos Bay. Figures 16 and 17 represent the 5-point moving average 
concentration values and the corresponding dilution levels for the first and second day of the 
North Bend study (2/7/2012 and 2/8/2012). Data collected with the Trimble and the FLRHRT-
586 fluorometer on one boat was combined with data collected using RAFT -MAP and the 
FLRHRT-2040 fluorometer on a different boat to create these figures. The raw data used to 
create these figures (in Excel sheets) can be provided upon request. 

The WET Labs FLRHB-2153 instrument was used to conduct profiles ofthe dye at different 
depths in order to determine the vertical distribution of dye in the water column. It was observed 
that the dye primarily remained near the surface of the bay as it moved farther away from the 
WWTP diffuser, with less dye detectable at depth. This observation makes sense in that the 
wastewater effluent with the dye consisted of freshwater, which floated on top of the salt water. 
There were no other obvious freshwater inputs that could create a salt water wedge and push the 
dye towards the bottom of the water column. However, very close to the diffuser, which was 
located near the bottom of the bay, the dye levels were far higher as detected by the profiling 
WET Labs at depth than by the other fluorometers near the surface. 

It was observed after the study that the depth data collected with the FLRHB-2153 fluorometer 
did not match the observations of the profiles made during the study. For example, some profiles 
recorded negative or very low depth readings (based on the WET Labs conversion equation for 
the sensor) when the profiler instrument was suspended deep in the water column or recorded 
high depth readings when the profiler was at the surface. There was no correlation between 
increasing or decreasing values recorded by the profiler and the notes/ observations made of the 
depth of the instrument during particular profiles. Based on the values recorded by the profiler, 
FDA was unable to determine the depth of the fluorometer at any given point in time. Further, 
there did not appear to be any relationship between increasing or decreasing dye concentration 
data and the pressure values recorded by the profiler. Therefore, the profiler data described in 
this report are based on field notes written during the study as profiles were being taken. 

The highest 5-point moving average concentration of dye detected by the WET Labs FLRHB-
2153 right over the WWTP diffuser on the first day of the North Bend study was 727 ppb. Since 
the initial concentration of dye at the WWTP was 1393 ppb, this equates to a very low dilution 
factor of 1.92: I. At least 40 dye readings in the area were over 450 ppb as determined with the 
profile data. However, the tracking WET Labs FLRHRT-2040 fluorometer used near the surface 
only detected a maximum dye concentration of 27 ppb. This indicates that the diffuser might not 
have diluted the dye significantly but that dilution did increase significantly as the dye traveled 
up from the bottom to the surface of the bay. 

As can be seen in Figure 17, dye concentrations in the range of 1.0-5.0 ppb were detected as far 
away from the North Bend diffuser as Station 6 on the second day of the study. Comparing 
Figure 16 with Figure 17, it can be seen that the dye traveled farther and at higher levels to 
Station 3, 4, 5, and 6 on February 8th than on February 7th. 

21 

Agenda Item #9



1 
Figure 18 shows the locations of<= 1000:1 dilution based on boat tracking data for both days. 
Because the initial concentration of dye at the North Bend WWTP outfall was 1393 ppb, a dye l 
concentration in the bay of 1.393 ppb would represent a 1000:1 dilution ofthe North Bend il 

WWTP's effluent. Dye concentrations in the bay greater than 1.393 ppb represent levels of 
dilution less than 1000:1. This observation is important when viewing the boat tracking data and 1!.,·.· 

assessing instantaneous dilution, but it does not factor in the steady state dilution analysis or 
build-up of dye over time that was discussed earlier. In fact, the submersible fluorometers 
attached to the stations showed that some were still receiving dye on 2/10/2012 -three days after ,,

1

··.,· 

the dye injection- and that two of the stations (Stations 5 and 6) received more dye in the days 
after the injection than on the day of the injection. 

3. 7 Dye Readings by Tracking Fluorometers during the Coos Bay #1 Study 

Figures 19 and 20 represent the 5-point moving average concentration values and the 
corresponding dilution levels for each day of boat tracking for the Coos Bay #1 study (2/15/2011 
and 2/16/2011). The raw data used to create these figures (in Excel sheets) can be provided 
upon request. The GIS data shown in Figures 19 and 20 was taken solely from the RAFT-MAP 
program. 

As can be seen in Figure 19, dye concentrations were in the range of 1.0- 50.0 ppb between 
Stations 6 and 5, but decreased below 1.0 ppb around Stations 2 to 4. The concentrated dye 
plume tended to stay close to the shoreline. Dye was not tracked around Stations 1 and 3 on this 
day, but was detected at these stations on the second day of the study as discussed below. 

Figure 20 shows the RAFT-MAP data gathered on the second day ofthe Coos Bay #1 study, 
2/16/2011. As shown on the map, dye levels in the range of0.50- 1.0 ppb were detected from 
Station 6 up to Station 4. Lower levels of dye, in the range of 0.10 - 0.50 ppb, were detected at 
the stations farther from the Coos Bay #1 outfall- Stations 3, 2, and 1, but dye levels of0.50-
1.0 ppb were also detected north and south of Station 3 within Haynes Inlet. Since the initial 
concentration of dye at the outfall was 667 ppb, a dye concentration of 0.667 ppb in the estuary 
would equate to a 1000:1 dilution. Even on the second day ofthe study, 84.5% ofthe dye levels 
recorded throughout the estuary were> 0.8 ppb, including dye levels detected near Station 1. 
The lowest dye level recorded in RAFT -MAP on 2/16/2011 was 0.32 ppb. The dye levels 
detected in RAFT -MAP using the boat tracking fluorometers compared well with the dye levels 
detected by the submersible fluorometers attached to the cage stations, e.g. dye levels recorded 
by both the boat tracking fluorometers and submersible fluorometers were in the range of 0.1 -
1.0 ppb at all the stations. Overall though, dye levels tended to be higher at the surface, where 
all dye concentration readings were greater than 0.32 ppb, than at the bottom of Coos Bay, where 
many dye readings were less than 0.32 ppb. 

Figure 21 shows the locations of:S1000:1 dilution based on boat tracking data for both days. 
Because the initial concentration of dye at the Coos Bay #1 WWTP outfall was 667 ppb, a dye 
concentration in the bay of0.667 ppb would represent a 1000:1 dilution ofthe Coos Bay #1 
WWTP's effluent. Dye concentrations in the bay greater than 0.667 ppb represent levels of 
dilution less than 1000:1. As seen in Figure 21, :S1000:1 dilution levels were seen from Station 6 
all the way to Station 2 and a little past that station. 
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3.8 Overall Boat Tracking Results for Both WWTP Studies 

Figure 22 shows the boat tracking results for both the North Bend WWTP study and the Coos 
Bay # 1 WWTP study combined. This map demonstrates that significant levels of dye-tagged 
effluent from one or both WWTPs reached all six stations and other parts of the bay, such as 
locations east of Stations 4, 5, and 6. The dye mostly concentrated along the shoreline, but also 
reached Station 3 at high levels (1.0- 5.0 ppb) and accumulated in Haynes Inlet. 

This map only shows dye readings taken at a single point in time at the surface level at each GPS 
location (or in some cases 2 or 3 points in time if the same location was traversed by the boat 
more than once). It does not represent a continuous stream of data from a stationary location 
like the data recorded by the submersible fluorometers. It's important to note that the dye-tagged 
effluent from both WWTPs would have a cumulative effect on the locations in between the 
plants. This map does not show the effect of adding effluent levels from the North Bend WWTP 
to effluent levels from the Coos Bay #1 WWTP, but the map does show the minimum level of 
dye-tagged effluent that could be expected to reach each station and location in Coos Bay by 
simultaneously displaying the boat tracking data for both studies. 

Figure 23 shows the :S1000:1 dilution estimates based on both studies' boat tracking data in 
relation to the conditionally approved growing area in between the WWTPs. As can be seen in 
the figure, levels of:S1000:1 occur near all the shellfish stations and throughout much ofthe 
growing area. It's also important to reiterate that the :S1000:1 dilution estimates shown in Figure 
23 (and in Figures 18 and 21) and determined using daily boat tracking data do not represent the 
steady state dilution condition. In other words, this data does not show the build-up of dye that 
occurs over time, typically two to three days, before the steady state condition is reached, 
whereby the rate of effluent entering Coos Bay from one of the WWTPs is being flushed out of 
the bay by tides at the same rate, so that no further build-up of effluent occurs. This principle 
was demonstrated by the analysis of the station fluorometer data using the superposition method. 
The maps with the boat tracking data show where locations of:SIOOO:l are known to occur, but 
there could be even more locations within the bay where :SlOOO:l dilution occurs ifthe build-up 
of effluent from both WWTPs and the steady state condition are factored. 

3.9 RAFT-MAP Beta Test 

Having the ability to both map the GPS-tagged dye results electronically and perform 
calculations for concentration and dilution in real-time using RAFT-MAP proved to be a 
valuable asset. For the North Bend WWTP study, Figures 16 to 18 show data collected using 
RAFT-MAP. This data can be directly compared to data collected the past way of using Trimble 
units and post-processing the results. During the North Bend study, the Trimble was attached to 
a different fluorometer operating on a different boat that did not traverse the same locations at 
the same times as the boat operating with RAFT-MAP, but the RAFT-MAP results compare very 
well to the Trimble results. Whereas it took months to create the GIS maps with the Trimble 
results, the RAFT -MAP results were obtained in real-time out on the boat. Then post-processing 
with ArcGIS Desktop could be conducted back at the office. 
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One immediate benefit from the use of RAFT-MAP was that FDA and ODA noticed on the map 
that Station 1 was originally positioned outside the most concentrated portion (centerline) of the 
dye plume during the North Bend WWTP study. Because of this observation using the RAFT­
MAP system, Station 1 was picked up and moved to a better position directly within the dye 
plume's centerline. This ensured that the station would detect the highest levels of dye in the 
area and that oysters in the cage would have the highest exposure to the dye-tagged effluent. 

Figure 22 shows the RAFT-MAP results from a geodatabase for the entire Coos Bay project, 
including both the North Bend and Coos Bay #1 WWTP studies, over the entire time span that 
boat tracking data was collected. Data for each individual day of the study is located in ArcGIS 
" layers" within the collective map. When viewing the ArcGIS .mxd file for this project, each 
layer can be turned on and off to see how the dye-tagged effluent behaved on a particular day or 
how it behaved for the entire length of the study. 

While the RAFT-MAP program performed very well during the beta test in Coos Bay, there 
were a few features that were noted for improvement. The program shut down a few times in the 
middle of data collection. This was thought to be due to a memory cache issue, since it tended to 
happen towards the end of the day after a lot of data had been collected. However, data collected 
prior to the shut downs was not lost. A related issue was that each track file took longer and 
longer to save towards the end of a day of data collection. These issues were partly resolved by 
sav ing data in multiple projects within RAFT-MAP, rather than trying to save all the data from 
Coos Bay in a single project. There were also other issues related to exporting files, re-loading 
calibrations, labeling markers, and error messages. Due to the calibration issue, many data 
readings had to be post-processed and corrected in ArcGIS Desktop after the study. All of the 
observations made during the beta test were discussed with ESRI, Inc. to improve the RAFT­
MAP system. Once further improvements are made, FDA plans to distribute RAFT-MAP at no 
cost to state shellfish control authorities who are interested in using this new technology. 

3.10 Wastewater Treatment Plant Flows and Performance During the Studies 

The studies were conducted in February 2011 during a time of high flows and cold temperatures, 
which are conditions conducive to viruses. For the North Bend WWTP, the average flow during 
the 12.4 hour dye injection period on 2/7/2012 was 1.27 MGD based on flow data provided by 
the plant. The maximum flow rate during the dye injection period was 1.75 MGD. The North 
Bend WWTP performed within its design capacity during the study and did not ex enence any 
bypasses, loss of disinfection, or other interru tions. 

The average daily wet flow for the North Bend WWTP is 2.5 MGD, with a peak hourly flow up 
to 8.5 MGD- close to the hydraulic capacity of 8.3 MGD - and a design flow of2.0 MGD. 
Since flows of 2.5 - 8.5 MGD can be expected at the North Bend WWTP in the winter months, 
such flows would be 2.0- 6.7 times higher than the average recorded during the dye study. This 
would result in lower dilutions of effluent, approximately 2.0-6.7 times lower, than those 
previously discussed in this report using the study data. 

For the Coos Bay #1 WWTP, the average flow during the dye injection period on 2/15/2012 
(after the problem with the tubing was fixed) was 5.8 MGD based on flow data rovided by the 
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plant. The maximum flow rate during that period was 7.52 MGD. It should be noted that earlier 
in the day, prior to detection of the tubing problem, a WWTP flow level as high as 1I.61 MGD 
was recorded. 

The average daily wet flow for the Coos Bay #1 WWTP is 3.2 MGD, with a peak daily flow up 
to 10.0 MGD and a peak wet weather flow up to 15 .0 MGD (values obtained from document 
"City of Coos Bay Facilities Plan for Wastewater Treatment Plant No. I", May 2008). The 
average daily wet flow is lower than the average flow calculated for the dye injection period (5.8 
MGD). In fact, a significant rainstorm event occurred during the dye injection period for the 
Coos Bay #1 study and this event not only resulted in higher flows at the WWTP, but it also 
caused a bypass of primary treatment to occur. The higher flows and the bypass of treatment 
resulted in the detection of high levels of enteric viruses and MSC in the effluent, as discussed 
more below. This is believed to be the reason that even stations that experienced greater than 
I 000:1 dilution during the studies, as determined based on the steady state combined dilutions, 
still had shellfish sentinels test high for levels of viruses and indicator microorganisms. 

3.11 Shoreline Survey Assessment 

The results of the shoreline survey did not indicate any major contributing source of pollution to 
the growing area other than the WWTPs. Most of the samples collected had low levels ofFC, 
EC, and MSC. Two of the samples, collected in the same location, had MSC levels above the 
limit of detection. This area was re-sampled, but the results were not replicated. The samples 
were collected near large homes with run-off. Soap bubbles were seen in the run-off, which are 
consistent with laundry detergents or other household items often present in gray water. The 
homes were far from the location of the growing area and the run-off flows were very small. 
This source was not deemed to have any significant impact on the growing area. ODA indicated 
that it would follow up with the home-owners about the run-off issue. Thus, the shoreline survey 
results indicate that the most dominant and significant source of MSC comes from the WWTPs. 

3.12 Microbiological Analysis of WWTP Influent and Effluent 

Tables 1 - 4 show the FC, EC, MSC, NoV GI and Gil, and AdV results for the North Bend and 
Coos Bay WWTPs ' influent and final effluent for both study periods. 

Table 1 -North Bend WWTP Influent Data 

Date Time GI RT-PCR Gil RT-PCR Adenovirus MSC/100 ml EC/100 ml FC/100 ml 
units/100 ml units/100 ml units/100 ml 

2/6/20 II I :00 to 6:00 < 17 14,400 1,270 76,800 1,500,000 2,000,000 
2/6/2011 13 :00 to 18:00 < 17 71 ,860 7,380 I, 176,000 1,500,000 1,500,000 
2/7/20 II I :00 to 6:00 24 47,330 1, 120 212,000 600,000 600,000 
2/7/2011 13 :00 to 18 :00 80 6,9 10 1,540 306,000 660,000 695,000 
2/8/2011 1:00 to 6:00 < 17 6.570 4,680 346,000 785,000 845,000 
2/8/20 II 13:00 to 18:00 < 17 13,000 15,590 280,000 745,000 750,000 

NO- Not Determmed 
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Table 2 -North Bend WWTP Effluent Data 

Date Time GIRT-PCR GIIRT-PCR Adenovirus MSC/100 ml EC/100 ml FC/100 ml 

units/100 ml units/100 ml units/100 ml 

2/6/20 11 I :00 to 6:00 < 17 1,970 1,560 3,840 7.0 8.5 

2/6/20 11 13 :00 to 18:00 NO ND ND ND <0.5 <0.5 

217/20 11 1:00 to 6:00 <17 3,260 530 NO <0.5 <0.5 

2/7/201I I3:00 to 18:00 < 17 1,890 63 12,200 I2.0 I7.0 

2/8/201I I :00 to 6:00 <17 2,500 470 4,000 2.5 3.0 

2/8/20 11 13:00 to 18:00 < 17 <10 1,680 2,000 <0.5 <0.5 

ND- Not Oetermmed 

Table 3 - Coos Bay #1 WWTP Influent Data 

Date Time GIRT-PCR Gil RT-PCR Adenovirus MSC/100 ml EC/100 ml FC/100 ml 
units/100 m1 units/100 m1 units/100 ml 

2/10/20 11 I :00 to 6:00 <17 5,580 4,580 92,000 925 ,000 955,000 
2/11 /201 1 1:00 to 6:00 < 17 3,3 10 2,731 154,000 850,000 865,000 
2/11 /201 1 13:00to 18:00 < 17 780 6,260 128,000 1, 185,000 1,190,000 
2/ 12/2011 1:00 to 6:00 < 17 13,610 5,600 108,000 105,000 I 15,000 
2/12/201 I 13:00to 18:00 <17 77,000 25,900 128,000 ND NO 
2/13/20 II I :00 to 6:00 <17 840 990 136,000 I ,600,000 1,700,000 
2/ 13/2011 13:00 to 18:00 <17 2,007 890 76,000 2,400,000 2,800,000 
2/1 5/20 I 1 7:28 (grab) NO NO NO 25,400 300,000 360,000 
2/15/2011 12:08 (grab) NO ND NO 62,000 I,500,000 1,650,000 
ND- Not Oetermmed 

Table 4 - Coos Bay #1 WWTP Effluent Data 

Date Time GIRT-PCR GIIRT-PCR Adenovirus MSC/100 ml EC/100 ml FC/100 ml 
units/100 ml units/100 ml units/100 ml 

2/10/2011 1:00 to 6:00 <17 2,810 720 8,600 <0.5 <0.5 
2111/201 I I :00 to 6:00 <17 1,140 2,360 12,400 1.50 1.50 
2/11/2011 I3:00to 18:00 <17 130 560 8,000 0.50 0.50 
2112/2011 1:00 to 6:00 < 17 82 430 9,200 <0.5 <0.5 
2/12/2011 I 3:00 to 18:00 <17 600 460 10,400 NO ND 
2113/20II I :00 to 6:00 <17 < 17 < 10 12,800 1.50 2.50 
2/13/2011 13 :00 to 18 :00 <17 < 17 146 17,200 1.50 1.50 
2115/20 11 7:28 (grab) NO NO NO 4,400 <0.5 <0.5 
2115/2011 12:08 (grab) NO NO ND 2,200 3.50 3.50 
ND- Not Oetermmed 

FC and EC levels in the fina l effluent were low, in accordance with the WWTPs ' discharge 
permits, but average MSC leve ls in the fi nal effluent ranged from 2,000 to 12,200 MSC/100 ml 
for the North Bend WWTP and from 2,200 to 17,200 MSC/100 ml for the Coos Bay #1 WWTP. 
NoV GI was not detected in the final effluent of either plant during the studies. 

NoV Gil levels detected in the North Bend WWTP influent ranged from 6,570 to 71,860 RT­
PCR units/100 mi. In one case, NoV Gil levels were reduced to <10 RT-PCR units/100 ml in 
the final effluent after treatment by the WWTP. However, in most cases virus levels detected in 
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the WWTP final effluent remained high- ranging from I ,890 to 3260 NoV Gil RT-PCR 
units/1 00 mi. 

For the Coos Bay #1 WWTP influent, levels ofNoV Gll in the influent ranged from 780 to 
77,000 RT-PCR units/1 00 mi. In two cases, NoV Gil levels were reduced to <17 RT-PCR 
units/ 1 00 ml in the final effluent, but as with the North Bend WWTP, the majority of final 
effluent samples tested had detectable levels of viruses, ranging from 82 to 2810 NoV Gil RT­
PCR units/1 00 mi. 

Adenovirus was found in all North Bend influent samples and ranged from 1,120 to 15 ,590 
units/1 OOml. The effluent samples ranged from 63 to 1,680 units/1 OOml. As with the North 
Bend WWTP, the Coos Bay# 1 WWTP had AdV positive results for all influent samples, with 
AdV values ranging from 890 to 25,900 unit/lOOm!. The effluent had one sample below the 
detection limit of < 1 0 units /1 OOml and the rest ranged from 146 to 2,360 units/1 OOml. The 
AdV removal through treatment seemed consistent w ith the other virus analyzed. 

A 1000:1 dilution ofthe WWTPs ' outputs in the bay would reduce the highest NoV Gil levels 
detected in the North Bend and Coos Bay # I final effluent down to 3.3 and 2.8 NoV Gil RT­
PCR units/100 ml , respectively. However, the ability of shellfish to bioaccumulate viruses up to 
1 00-fold (Seraichekas et al. , 1968; Maalouf et al. , 2011) should be considered in determining 
whether a 1000:1 dilution is sufficient, particularly since the viral impacts from both WWTPs on 
the approved growing area is cumulative. The elevated levels ofNoV GII in the shellfish 
indicate that the combined impact from both WWTPs and bioaccumulation play a critical role. 

3.13 Microbiological Analysis of Oysters at Cage Stations 

Figure 15 shows the FC, EC, MSC, NoV Gil , NoV Gil, and AdV results from the oyster 

sentinels at the station locations . These stations are located within the approved area 

Some overall trends seen in Figure 15 are: FC, EC, and NoV GI levels were generally low andJ 
did not appear to be directly correlated to the distance from the WWTP outfall, the level of 
dilution or the NoV Gil results· the stations positioned in between the two WWTP outfalls but 
closer to the Coos Bay #I outfall (Stations 5, 4, and 3) had the highest NoV Gil results; and 
MSC levels increased and decreased in a similar manner to NoV Gil levels. MSC and NoV Gil 
results were also related to dilution levels, as shown in Figure 15 and previously discussed. 

For the North Bend WWTP study, Station 1 was. closest to the diffuser and Station 6 was farthest 
away. Dye concentrations were highest near Station I , up to 27 ppb, and were still detected at 
significant levels ( 1.0 - 5.0 ppb) near the other stations (see Figures 17 and 18). For comparison 
with the microbiological findings , levels ofMSC and NoV Gil at Station 1 were high (1630 NoV 
Gil RT-PCR units/lOOg), but decreased at Station 2 (1080 NoV Gil RT-PCR units/ IOOg) . The 
level ofNoV GII (but not MSC) increased at Station 3 and Station 4, but this finding may also be 
due to the influence of the Coos Bay #I WWTP on these stations. Based on the microbiological 
results in Figure 15, it appears that Stations 3 and 4 were more impacted by NoV Gil from the 
Coos Bay #1 WWTP than from the North Bend WWTP. However, dye detected by the 
submersible fluorometers at these stations during the North Bend study (2/7/2011- 2/10/2011) 
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indicates that effiuent from the North Bend WWTP reached Stations 3, 4, and 5 at levels up to 
0.4 ppb, 0.12 ppb, and 0.4 ppb, respectively. Therefore, the NoV Gil levels in the shellfish are 
partly representative of inputs from the North Bend WWTP, even though the Coos Bay # 1 
WWTP appeared to have a larger impact on the results. The viral impacts from the effiuent 
from both WWTPs on all six stations were cumulative. 

For the Coos Bay #1 WWTP study, Station 6 was closest in proximity to the WWTP outfall and 
Station 1 was farthest away. Interestingly, as shown in Figure 15, Station 6 had lower levels of 
NoV Gil than Stations 5, 4, and 3 and lower levels ofMSC than Stations 5 and 4, even though it 
was positioned closer to the WWTP outfall. Dilution was lower at Station 5 than at Station 6, so 
this could explain why NoV Gil levels were higher at Station 5, i.e. Station 6 was closer to the 
outfall but was not as well positioned within the concentrated dye plume. However, it does not 
explain why virus levels were higher at Stations 3 and 4 than at Station 6, since those stations 
had higher dilution levels. One possible explanation for the observations about Station 6 is that 
the station was positioned so closely to the Coos Bay # 1 WWTP outfall that the freshwater 
effiuent may have adversely affected the pumping ability of the oyster sentinels at that station 
and hindered the uptake ofNoV Gil and MSC. During the North Bend WWTP study, Station 6 
has normal salinity levels relative to the other stations ( -18 - 24 ppt). However, after the major 
rainfall event that occurred during the Coos Bay # 1 study, the salinity levels at Station 6 dropped 
below 8 ppt on 2/15 and 2/16 (see Figure 14). The salinity levels at the other stations also 
dropped during the second study, but Station 1 was the only other station that experienced a 
salinity level less than 8 ppt for a brief period on 2/16 (see Figure 9). All the other stations 
maintained salinities greater than 10 ppt throughout both studies. Station 6 was so close to the 
Coos Bay #1 WWTP outfall that the shellfish were likely impacted by the freshwater influent. 

NoV Gil levels in shellfish at Stations 5, 4, 3, 2 decreased in a stepwise fashion as the stations 
moved farther away from the Coos Bay # 1 WWTP outfall. MSC levels increased from Station 3 
to Station 2, which can most likely be attributed to the contribution ofMSC from the North Bend 
WWTP. However, NoV Gil levels were lower and dilution levels were higher at Station 2 than 
at Station 3. Therefore, we are unable to determine which WWTP had the biggest impact on 
Station 2. 

Adenovirus was detected at Station 6 (395 adenovirus PCR units/1 00 g) and at Station 5 ( 498 
adenovirus PCR units/1 00 g), but was not detected at the other four stations farther away from 
the outfall. Adenovirus was only present in oyster sentinels near the Coos Bay # 1 outfall, and 
not in sentinels near the North Bend diffuser. 

In summary, the Coos Bay #1 WWTP appeared to have a greater viral impact on Stations 6, 5, 4, 
and 3, whereas the North Bend WWTP appeared to have a greater viral impact on Station 1 and 
possibly Station 2. Nevertheless, based on dye tracking results recorded in RAFT -MAP and 
results from the submersible fluorometers, all six stations were impacted by effiuent from both 
WWTPs. The cumulative estimated dilution values from both WWTPs are shown in Figure 15, 
along with the microbiological findings at each of the oyster sentinel stations. NoV Gil levels 
ranged from 1080 Gil RT-PCR units/100 g (at Station 2) to 4730 RT-PCR units/100 g (at Station 
5). These levels are very high and should be considered in conjunction with the dye study 
results. 
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3.14 Short Term Failure Scenario- Dilution and Anticipated Fecal Coliform 
Concentrations in Surface Water 

A short-term raw sewage failure at either the North Bend WWTP or the Coos Bay #1 WWTP 
could result in deteriorated water quality in a single ebb tide. Dilution is physical and is 
computed by dividing the dye concentration added to the WWTP effluent by the dye 
concentrations found at locations in the estuary. The initial concentration at the North Bend 
WWTP was 1393 ppb and at the Coos Bay #I WWTP was 667 ppb. Once dilution is calculated 
in this manner, the FC counts detected in the influent can be divided by the dilution level 

· achieved at a certain location within Coos Bay to estimate the FC counts that would occur at that 
location in the event of a raw sewage failure. For example, we can estimate the anticipated fecal 
coliform concentrations at the I.5, I.O, and 0.5 ppb contours in Coos Bay in the event of a short­
term raw sewage failure. The FC counts in the pre-chlorinated effluent can also be divided by 
the dilution levels to determine what would happen in the event of a loss of disinfection failure. 

Tables 5 and 6. The following tables provide the dilution values for 0.5, 1.0, and I.5 ppb 
concentrations in the estuary and the anticipated fecal coliform (FC) concentrations if a short 
term failure should occur at the North Bend WWTP or the Coos Bay #I WWTP (single ebb tide 
and assuming no decay). When influent data for a WWTP is unavailable, a typical literature 
based value of 1.4 x I 06 FC MPN/I 00 ml can be used to represent the anticipated fecal coliform 
count for untreated wastewater in the event of a worst-case, total failure scenario. However, 
actual influent data for the North Bend and Coos Bay #I WWTPs is presented in Figures 22 and 
23 and was used in the analysis. Average FC levels in the influent at the North Bend and Coos 
Bay #1 WWTPs were 1.1 x I06 and 1.2 x 106 FC MPN/100 ml, respectively. FDA testing also 
found FC levels as high as 2.0 x I 06 FC MPN/1 00 ml in the North Bend WWTP influent and 2.8 
x 106 FC MPN/100 ml in the Coos Bay #I WWTP (twice the literature value). 

Table 5: Dilution and Theoretical Fecal Coliform Concentrations for a Raw Sewage Failure 
at the North Bend WWTP 

Dilution Estimated Cone. in Bay Estimated Cone. in Bay 

Dye Contour with (FC/100 ml) (FC/100 ml) 

(ppb) Respect to 
With 1.1 x 106 FC/100 ml With 2.0 x 106 FC/100 ml FCwith no 

decay (average level in influent) (max level in influent) 

1.5 929:I 987 1794 
1.0 1393:1 658 1196 
0.5 2786:I 329 598 
0.1 13930:1 66 I20 

0.01 139300:I 7 I2 
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Table 6: Dilution and Theoretical Fecal Coliform Concentrations for a Raw Sewage Failure · 
at the Coos Bay #1 WWTP 

Dilution Estimated Cone. in Bay Estimated Cone. in Bay 

Dye Contour 
with (FC/tOO ml) (FC/lUOml) 

Respect to 
With2.8 x 106 F'C/100 ml (ppb) With 1~2 x 106 FC/100ml 

FCwithno 
decay (average level in influent) (max level in influent) 

1.5 445:1 2247 5243 
1.0 667:1 1498 3496 
0.5 1334:1 749 1748 
0.1 6670:1 150 350 

0.01 66700:1 15 35 

Since typical literature values for FC counts in raw sewage are around 1.4 x 106 FC MPN/1 00 
ml, FDA has often recommended that a 100,000:1 dilution needs to be achieved for a raw 
sewage failure prior to the sewage reaching the boundary of an approved growing area, since the 
goal is to achieve 14 FC MPN/1 00 ml within the approved area. Any growing areas within the 
100,000:1 dilution zone should be prohibited, restricted, or conditionally managed based on the 
WWTP operation. 

As shown in Tables 1 and 2 above, dilution levels close to 100,000:1 would be needed to reduce 
FC counts to acceptable levels in the event of a raw sewage failure at either WWTP. The limit of 
detection ofthe tracking fluorometers in the Coos Bay estuary was around 0.03 ppb. Since 0.01 
ppb is below the limit of detection, approved areas should not be established anywhere that dye 
was detectable during the first ebb tide of the study. Dye was detectable in every location that 
boat tracking was conducted with RAFT -MAP and at every station location in both WWTP 
studies. The dye tracking results are shown in Figures 16 - 23 and the station fluorometer data 
results are shown in Figures 3- 14. Based on these figures, there is no location in Coos Bay 
where an approved growing area could be established, since significant levels of dye were 
detected throughout the bay. 

3.15 Determination of 1000:1 Dilution 

Under Scenario 2 for sizing prohibited areas (see Section 1.2), the size ofthe prohibited zone can 
be reduced and a conditional area can be established if a 1000:1 dilution zone is achieved and 
other conditions are met. 

The 1000:1 dilution line changes throughout the course of the tidal excursion, so the steady state 
condition of the estuary should be assessed to estimate where the 1000:1 dilution line will be 
when the rate of effluent entering the system from the WWTP outfall is the same as the rate of 
effluent being pushed out be the tides. To do this, we need to rely on the data collected from the 
submersible fluorometers attached to the station cages, since this data was being recorded on a 
continuous basis throughout the study. The superposition concentrations and steady state 
dilutions were calculated from the submersible data as described in Section 2.4. These results 
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should then be compared with dilution assessments based on the boat tracking data to determine 
which dilution levels are the lowest at the station locations. 

As seen in Figure 4, the peak 1 hour steady state dilution at Station 1 was 1080:1. If only the 
submersible fluorometer data is considered, the 1 000:1 dilution line for the North Bend WWTP 
should occur right near this location, which is about 0.14 km from the outfall. Dilution at the 
bottom ofthe bay increased rapidly past Station 1, as the peak 1 hour steady state dilution at 
Station 2 was 17415:1. This station was 1.9 km from the outfall. However, the dilution 
assessment based on the boat tracking data (Figure 18) shows that dilution levels ~1 000:1 
occurred as far away as Stations 5 and 6 during the North Bend study. This is because dye 
concentrations were higher at the surface than at the cages down below. Although the steady 
state dilutions at the surface are unknown, it is known that they would be less than 1000:1 at 
these locations. Typically steady state dilutions at the bottom of an estuary are lower than single 
time point dilutions determined at the surface since they accumulate the dye readings over time, 
but in this case the single time point dilutions calculated based on the surface readings were 
lower. FDA recommends considering the lowest dilution values seen at a particular location 
during a dye study as part of a conservative assessment, since wastewater at the surface could 
potentially reach the shellfish down below on low tide, in strong currents, or in other conditions. 

For the Coos Bay #1 study, the peak 1 hour steady state dilution values at Stations 1-6 were 
807:1, 2880:1, 933:1, 1332:1, 74:1, and 834:1. Although dilution increased above 1000:1 at 
Stations 2 and 4, dilution was less than 1000:1 at Stations 1 and 6 which were within the 
prohibitive near the WWTP outfalls and at Station 5 which was located along the edge of the 
prohibitive conditionally approved area in the Coos Bay. Station 3 which was located within the 
conditionally approved area also showed dilutions slightly less than 1000:1. Station 1 was the 
farthest from the Coos Bay #1 WWTP but still had dilution levels less than 1000:1. Since this 
station is also impacted by effluent from the North Bend WWTP, the cumulative dilution would 
be even lower than 807: 1. As seen in Figure 21, dilution levels based on boat tracking data were 
similarly low, with ~1 000:1 dilution levels observed from Station 6 to Station 2 within the 
channel along the western shoreline. 

Figure 15 shows steady state dilution values based on the combined impact of effluent from both 
WWTPs. As shown in the figure, the peak 1 hour steady state dilution values (or "1/2 tidal day 
peak 1 hour dilution" values) were less than 1000:1 at every station except for Stations 2 and 4. 
The dilution level at Station 4 was slightly above 1000:1. Because the combined dilution levels 
fluctuated between the stations, it's not possible to create a regression line to estimate where the 
1000:1 line may occur beyond Station 1 or Station 6. It's also not possible to factor in the impact 
of the Coos Bay #2 WWTP (shown in Figure 1), since a dye study was not conducted at this 
plant. However, the studies that were conducted at the North Bend WWTP and the Coos Bay #1 
WWTP show that the dilution levels achieved in the growing area between the two plants were 
insufficient to mitigate the impact of viruses during the time ofthe study during which a bypass 
occurred at the Coos Bay #1 WWTP. In addition to the low peak 1 hour dilution values seen in 
Figure 15, the figure also shows that NoV Gil levels in oyster sentinels from all six stations were 
greater than 1000 RT-PCR units/1 00 g. It should be noted that the shellfish were harvest during 
a period in which the conditional area was closed due to rainfall. However, shellfish were 
harvest on the day prior to re-opening and it is questionable whether there would be sufficient 
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time to purge these high levels of enteric viruses to an acceptable level of risk (e.g. MSC below 
50 PFU/100 g) in less than 24 hours during which the area re-opened. The high level of viruses 
occurring in the shellfish less than 24 hours prior to opening suggests that additional length of 
closure time is needed to address the high risk of enteric viruses posed by partially treated 
effluent during bypass events. 

3.16 Bypass in Treatment at the Coos Bay #1 WWTP 

Due to a large rainfall event, the Coos Bay # 1 WWTP bypassed primary treatment during a 
portion of the study and this likely had a large impact on the NoV Gil levels detected in the 
shellfish. However, NoV Gil levels in the WWTP effluent were high prior to the bypass- 2810 
RT-PCR units/100 ml on 2110/2011 and 1140 RT-PCR units/100 ml on 211112011 (see Figure 
23). The large rainfall event and the bypass in primary treatment did not occur until several days 
later, on 2/15/2011, when the dye injection took place. Nevertheless, the oyster sentinels were 
still in the water during the time of the rainfall event and may have bioaccumulated virus 
particles that were higher in level due to the bypass in primary treatment. FDA research has 
found that MSC and NoV levels increase when treatment is bypassed, and in some circumstances 
may be higher when flows are higher than the WWTP's design capacity, or when other 
interruptions in treatment occur. Therefore, FDA recommends that the growing area be closed, 
at a minimum, during bypass events or when interruptions in full treatment occur including "split 
flow" events. During split flow events, in order to avoid becoming hydraulically overloaded, 
the waste stream entering the WWTP may receive primary treatment and bypass secondary 
treatment but then combined in the disinfection step. Although a disinfection step may occur 
during split flow events, human enteric viruses such as Norovirus and Hepatitis A are more 
resistant to disinfection and partial treatment further reduces the effectiveness of disinfection. 
Therefore any bypasses of primary or secondary treatment, to include any split flow or flow 
blending events as well as exceedances of design flow for sustained periods, should be 
considered a significant event. In addition to rainfall, these situations should be addressed in the 
Conditional Area Management Plan in addition established for Coos Bay. 

4.0 CONCLUSIONS 

Shellfish growing area considerations and recommendations are discussed in Section 5.0 below. 
This section discusses some general conclusions can be drawn from this study. 

As previously noted, the results of the dye studies indicate that there is sufficient dilution in the 
southern-most conditionally approved growing area, located at the entrance of Coos Bay, with 
respect to effiuent discharges from the North Bend and the Coos Bay #1 WWTPs. However, the 
Coos Bay #2 WWTP located closest to this area was not assessed due to limitations in time and 
resources. Although the two dye study results indicate that the rate oftidal flushing and dilution 
significantly increases closer to the mouth of the estuary, the level of effluent dilution in this 
growing area from the Coos Bay #2 WWTP is unknown. Therefore, the Coos Bay #2 WWTP 
may need to be assessed via a separate dye study or computer modeling assessment if ODA 
requires additional information for the conditional management of this growing area. 
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The combination offluorometers towed by boat and moored to cages provided for a complete 
and extensive determination of the dispersion and dilution of effluent discharge from both the 
North Bend WWTP and the Coos Bay #1 WWTP into Coos Bay. In addition, new mobile GIS 
technology, the Real-Time Application for Tracking and Mapping (RAFT-MAP), was beta 
tested during this study for the first time and successfully provided dye concentration and 
dilution results in real-time while the data was being collected. 

Significant flow data and influent and effluent microbial data was collected at the North Bend and 
Coos Bay #1 WWTPs during the dye studies. This data can be used to assess the WWTPs ' 
efficiency and to contribute to FDA 's research on WWTP performance. The data demonstrates 
the presence ofNoV Gil, AdV, and MSC at significant levels in the WWTPs' final effluent, both 
for the North Bend WWTP operating under normal conditions and for the Coos Bay #1 WWTP 
o erating under a bYJ?ass of rimary treatment. The MSC results followed the same pattems as the 
NoV Gil results, demonstrating that MSC was a good NoV Gil indicator for this study. FC, EC, 
NoV GI, and AdV did not follow the same patterns as NoV Gil and MSC. The same observations 
applied to the microbiological findings in the shellfish sentinels as in the final effluent. 

NoV and MSC data collected from the shellfish sentinels demonstrate that viruses in the WWTPs' 
effluents can be detected in shellfish located in proximity to the plants, with a trend of higher levels 
of viruses at sentinel stations with low dilution and lower levels of viruses at stations with high 
dilution. The microbiological results in the WWTP effluents and in the shellfish support the 
relationship between dilution and mitigation ofviruses. 

5.0 SHELLFISH GROWING AREA CONSIDERATIONS AND RECOMMENDATIONS 

When considered collectively, the data from the hydrographic dye studies at the North Bend 
WWTP and the Coos Bay #1 WWTP and the microbiological assessments of WWTP effluent 
and shellfish suppot1s the following conclusions and recommendations: 

• Both WWTPs are very efficient at removing FC and EC bacteria but less efficient at 
removing MSC, AdV, and NoV Gil. 

• Steady state dilution values (peak 1 hour) within the vicinity ofthe Stations were less 
than 1000:1 in most circumstances. It should be noted that Stations 1 and 6 were located 
within the prohibited areas. Stations 2,4, and 5 were located on the edges of the 
prohibited area and conditional area extending along the western shoreline. Within this 
channel the most concentrated dye tagged effluent levels were recorded with the boat 
tracking collecting a significant amount of data with dilutions levels of <1 000:1 within 
approximately Y:z mile of the shoreline. Thus, based on the Station data and the Boat 
tracking data it is suggested that the prohibited area along this section be widen to Yz mile 
to account for most concentrated dye path. 

• Station 3 received higher levels of dye and had a lower combined peak 1 hour steady 
state dilution than Stations 2 and 4. Dye levels were observed to increase near Station 3 
during boat tracking as well. Dye-tagged effluent accumulated at this location, which 
was within Haynes Inlet. Although the peak 1 hour steady state dilution and tracking 
values were less than a 1000:1 they were relatively close to I 000:1 (approximately 900:1 
range). 
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• MSC and NoV levels in the oyster sentinels were high- presumably the largest impact to 
sentinels was caused by primary bypass event that occurred at the Coos Bay # 1 WWTP. 

• FDA recommends closing the growing area when this type of bypass occurs, since it can 
result in an increase in viruses similar to a raw sewage of loss of disinfection failure. Any 
bypasses of primary or secondary treatment, should include any split flow or flow 
blending events as well as exceedances of design flow for sustained periods, should be 
considered a significant event. 

• Dye-tagged effluent remained detectable in the growing areas for at least 3 days in both 
studies and a "build-up" of effluent was observed at some stations. 

• Estimated travel time of the effluent from the North Bend WWTP was 1.9 km/hour and 
from the Coos Bay #I WWTP was 1.4 km/hour. For both WWTPs, it would take 
approximately one hour for raw or untreated sewage from a failure to travel to the nearest 
border of the growing area. In the event of a failure, or bypass/split flow event, the 
current growing area would need to be closed within an hour. This may pose to be a 
considerable challenge. Although, other strategies could be explored with lease owners 
regarding notification and certification of any product before released to market. 

• Over 100,000:1 dilution would be needed to dilute raw sewage from a failure at either 
WWTP down to acceptable levels for an approved growing area adjacent to the WWTP 
prohibited zone. FDA was unable to identify any locations within Coos Bay where this 
level of dilution would be achieved. 

• Levels of 1000:1 dilution primarily occurred within the narrow channel that extends 
along the western channel of Coos Bay. As previously indicated, it is recommended that 
the prohibited zone within this section is expanded approximately Yz mile from shoreline 
to include dilutions <1000: 1. Although, sporadic dilutions of < I 000:1 occurred 
throughout the growing area during the Coos Bay #1 study it is recognized that these 
occurred during higher WWTP flow rates (more than double the average daily wet flow) 
corresponding to the bypass event when rainfall reached a level that the area closed. 
Under lower WWTP flows the level of dilution in the growing area would have more 
available water for dilution likely resulting in an increase in dilution when the WWTP is 
operating normally during dry weather and under average flows. Although it may be 
possible in theory to operate Coos Bay as a conditional area based on the dye study 
results alone (assuming that provisions can be made to adequately address the short time 
of travel/response time and close the area during any failure, bypass/split flow event) the 
microbiological results suggests that further shellfish collection and MSC analysis 
(during the open status) may help to validate if the area is of acceptable sanitary quality 
(including viruses) when in the open status. Currently not a requirement under the NSSP 
it has been recognized that Male-Specific Coliphage (MSC) is a useful indicator of · 
enteric viral risk posed from WWTP effluents (ISSC MaleS ecific Coli hage Meeting 
Report, 20I4). 

Based on these findings, FDA recommends that either Coos Bay be re-classified to conditionally 
restricted, with conditional management based on the WWTPs' erformance, or as conditionally 
approved with the following conditions as recommended in FDA FY-2014 and 20I5 PEER: 

• Each time the Coos Bay #I or North Bend Wastewater Treatment Plant (WWTP) goes 
into bypass, the entire Conditional growing area, encompassing the area east of station 2 
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and north of station 6, shall immediately close for 21 days. If another bypass event occurs 
during the 21 day closure, then the growing area will be closed for 21 days from that 
event. 

• The growing area may be re-opened sooner through sample collection, where the 
analytical sample results shall not exceed background levels or a level of 50 male­
specific coliphage (MSC) per 100 grams from shellfish samples collected no sooner than 
7 days after contamination has ceased and from representative locations in each growing 
area potentially impacted. 

• Increased communication between ODA and the WWTP operators in the event of a 
bypass. According to the study, the time of travel to the growing area is approximately 
one hour. Prompt notification to ODA in the event of a bypass will allow for prompt 
closure ofthe growing area. 

Based on the findings of this study it is recommended that ODA reevaluate the 1000:1 and 
100,000:1 WWTP dilution zones for these areas, as well as collect bypass information from 
WWTP operators. WWTPs should report any bypasses of primary or secondary treatment, to 
include any split flow or flow blending events as well as exceedances of design flow for 
sustained periods. If Conditionally Approved areas are determined to be within the affected area 
of the 100,000:1 recommended dilution zone, then those areas should be closed during bypass 
events . Procedures for timely notification of WWTP upsets need to be sufficient to ensure those 
areas can be placed in a closed status prior to the pollution reaching the harvest area. 

Additional guidance on classification of growing areas affected by WWTPs is described in ISSC 
Proposal 13-118 Dilution Guidance for Prohibited Zones Associated with Wastewater 
Discharges, as well as proposal 15-102 Using Male-Specific Coliphage as a Tool to Refine 
Determinations of the Size of the Areas to be Class[fied as Prohibited Adjacent to Each Outfall. 
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Figure 1: Station Locations, WWTP Outfalls, and Classified Growing Areas in Coos Bay 
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Figure 2: Drogue Study Results 
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Figure 3: North Bend WWTP Study- Station 1 WET labs Data 
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Figure 4: North Bend WWTP Study- Station 2 WET Labs Data 
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Figure 5: North Bend WWTP Study- Station 3 WET Labs Data 
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Figure 6: North Bend WWTP Study- Station 4 WET Labs Data 
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Figure 7: North Bend WWTP Study- Station 5 WET Labs Data 
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Figure 8: North Bend WWTP Study- Station 6 WET Labs Data 

ib 
..c ...... 
0. 
Q) 

0 
""iii 
""0 

i= 

c 
<U 

(f) 

Dye Injection at North Bend WWTP 
Station 6 - 913 

24 .----------------------------------------------------. 

22 

20 

18 

16 

14 

~- - - --y 
I 

Dye injection period 

12 ~------~------------------------------------------~ 
26 

24 

22 

20 

18 

16 +-----------------------------------------------,.,
1 
-------1 Dilution = 28959 

I 

c 
._g 0.03 
~ 
+-' c 
Q) 
u 
c 
0 u 
Q) 0.02 
>. 

0 

Q) 
c .E o.01 

I 
I 
I 

I 
I 
I 
I 

I 
I 

I 
,& - ---- .£-----& 

/ 

I 
I 
I 
I 

I 

I 
I 

I 
1 Dilution 33740 
I 

<U 
""0 
0 

..c 
0::: Dilution = 1566307 

o .00 +---~-o-...,.-----.--o~--.Jcu,....--(i>-->----.----(:r-,..-.......----!.,...,..-='--"i';..;;;;~--~____J Dilution = 17 80 3594 

02/07 02/08 

--£. - -
- ... _ 
--'V-

* 

02/09 02/10 
Date 

Continuous readings su bm ersible fluorometer 
Stead y state maximum concentration 
Steady state peak 1 hour concentration 
Steady state average concentration 
Peak Concentration 

Agenda Item #9



Figure 9: Coos Bay #1 WWTP Study- Station 1 WET Labs Data 
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Figure 10: Coos Bay #1 WWTP Study- Station 2 WET Labs Data 
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Figure 11: Coos Bay #1 WWTP Study- Station 3 WET Labs Data 
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Figure 12: Coos Bay #1 WWTP Study - Station 4 WET Labs Data 
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Figure 13: Coos Bay #1 WWTP Study - Station 5 WET Labs Data 
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Figure 14: Coos Bay #1 WWTP Study- Station 6 WET Labs Data 
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Figure 15: Indicator Microorganism and Human Virus Levels in Oyster Sentinels Vs. Estimated Dilution 

Values Based on Impact from Both WWTPs in Combination at Stations 1- 6 
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Figure 16: Dye Tracking Results on Feb. 7, 2011 for North Bend WWTP Study 
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Figure 17: Dye Tracking Results on Feb. 8, 2011 for North Bend WWTP Study 
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Figure 18: Dilution Assessment for North Bend WWTP Study 
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Figure 19: Dye Tracking Result s on Feb. 15, 2011 for Coos Bay #1 WWTP Study 
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Figure 20: Dye Tracking Results on Feb. 16, 2011 for Coos Bay #1 WWTP Study 
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Figure 23: Dilution Assessment for Both Studies in Relation to Shellfish Growing Area Classifications 

Classified Growing Areas in Coos Bay and WWTP Outfalls 
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DBWT 
--

Construction and Installation 

DBWT- A recognized global business leader and chemical engineering corporation providing advanced 

technology and support to customers through business development, engineering design, planning, contract 

administration and construction. 
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DBWT --

Left- DBWT- 2 Train Plant built in New York State that 

produces formaldehyde used in pyridines, automotive resins 

and specialty plastics. 

Above- DBWT- Triazine Tank assembly in Texas. 
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Right - Completed 

China Plant. 

DBWT 
~ 

Left- DBWT- Technology, Process Design, 

Engineering, Training and Start-up. Tianhua, 

China Plant under construction. 

e n 
Completed on Aug-20 1 2 
Locatiun: Henan Provirl • Virna, P.R. of Chin;:~ 
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DBWT --

Facility 

DBWT- 32 acre site located at the Oregon International Port of Coos Bay. Modern 100,000 square foot 

facility with advanced automated technology fabrication capability adjacent to a heavy lift dock in a 

deep draft port with 1,600 linear ft of water front. 

Right- Aerial photo ofDBWT 

Oregon International Port of 

Coos Bay. 
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DBWT ---

100,000 square ft . building with direct concrete heavy lift road to heavy lift dock, 

plus 32 acres of laydown area. 

Below - 16ft wide Dock approach, 50ft x 150ft Lift Dock with a 200ft floating 

dock, and 240ft shipping containers for additional storage. 

I 
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DBWT ---

Fabrication 

100,000 square foot high bay shop, ASME Code Certificates , U & R with the latest welding and man­

ufacturing equipment. 3 Bays with overhead cranes 40 ft @ hook. 

Q UALITY ASSURANCE 

DBWT, Inc. has an excellent Quality 

Assurance Program and trains its employees on 

the company's quality performance standards. 

These Include: 

• A.S.M.E. Certification for Section VIII, " U" & 

"R" stamp for design, fabrication and re­

pair of boilers, heat exchangers, and pres­

sure vessels. 

• Oregon CCB # 150463 

MAJOR EQUIPMENT 

• CNC Control Quickmill Machining 

and Drilling Bridge for materials up 

to 16" high and 15' wide while 

maintaining 0.001" accuracy 

• Radial Drill Presses: 12' capacity 

• 90-ton Piranha Iron Worker 

• Beveler: Plate and Pipe 

• Plasma Cutting 

• Break: Y." x 12' using a 320-ton 

Hydraulic Press 

• Shear: W' x 12' 

• Roll: W' x 10' 

• Pipe Bender: 2" diameter 

• Pipe and Angle rolls 4" Cap . 

• 6 Automatic tube welders 

• 2" to 6" Automatic pipe welders 

• Phone (541) 756-0533 • Fax (541) 751-9837 Mail to : 95084 Larson Ln . • 
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DBWT ---
PRESSURE VESSEL, HEAT EXCHANGER AND TANK EXPERIENCE LIST I 

,-

r 1 Pressure Vessels I 
Carbon- A-36, 516-70, 2 ' 

Materials Stainless - 304 and 316 285 r 3 
Thickness !Gauge through 2" - ---

r 4 s· ~.iameter- I ' 0" thru 15'Length- I' 0" thru 130' 

+-~ - 10 0" 

10 psis thru 500 psig 
5 Pressures 

[ - -
6j Temperatures -20° F thru 1100° F 

[ 7 1 
I 

Heat Exchangers 
I 

sl Carbon- A-36, 516-70, 

r Materials Stainless - 304 and 316 285 

-91 
-- -

!Gauge through 2" Thickness 

[ 
- -

10 ~iameter - 1" thru 15' Length- I' 0" thru 80' 
Size 10 I 0" -

[ 11 Pressures 0 psis thru 500 psig 
1- -
121 __ Temyeratu_res -20° F thru 1100° F 

l Tanks- Shop Tanks - Field 
131 

Fabricated 'Fabricated 

[ 141 

Stainless- 304 and 316 Stainless - 304 and 316 
- Carbon- - Carbon-

I Materials A-36 & 516 A-36 & 516 

r -t- ---

15 

-~--Thickness 10 Gauge thru 5/8" 10 Gauge thru 5/8" 

[ 
Piameter- 2' 0" thru ~iameter- 12' 0" thru 

16 15' 0" Tall 2' 0" Tall 
Size 14' 0" thru 41' 0" 0' 0" thru 40' 0" -

~ psig thru 2.5 psig [ 17 

t Pressures 0 psig thru 2.5 psig -

[ [j Temperatures IN/A 

Codes and Standards used and followed: A.S.M.E. {U} Certified- National Board {R} Certified- API 650- API 
650 Designed and constructed for operating at less than 2.5 psig 

• Phone (541) 756-0533 • Fax (541) 751-9837 Mail to: 95084 Larson Ln. • 8 
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Right- DBWT- Heavy duty 

stainless steel Filter Modules 

for the chemical industry. 

DBWT 

Left- DBWT- 200 GPM all stainless steel Water Softener 

System designed to remove calcium and magnesium. 
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DBWT ---

DBWT- 15,000 tube Reactor and related vessels design, engineered, 

fabricated and installed. 
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DBWT --

DBWT - Polysoude Pulse Tig - Computer controlled tube to tube sheet welding for fabricating 

Reactors and Heat Exchangers. 

• Phone (541) 756-0533 • Fax (541) 751-9837 Mail to: 95084 Larson Ln. • 
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15,000 Reactor 

tubes in place 

DBWT can build Reactors to 

16ft diameter, 100 mt 500 psig 

and 750° F. 

• Phone (541) 756-0533 • Fax (541) 751-9837 Mail to: 95084 Larson Ln. • 

15,000 
Tube 
Reactor 
Assembly 
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DBWT ---

Above- DBWT- Fabrication and Installation of 45ft Diameter Stainless Steel Tanks with 

insulation and piping in a chemical plant. 

Left- DBWT- Cad Cam Bridge Crane drilling and 

milling technology producing up tol5 ft diameter 

precision to within .00 I of an inch. 

• Phone (541) 756-0533 • Fax (541) 751-9837 Mail to : 95084 Larson Ln. • 
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DBWT --

Above- DBWT- Patented and proprietary technology for Catalytic Converters with Platinum 

Catalyst for 99.99% Vol. reduction with closed loop heat cycle and 15 ,000 SCFM. 

Above- DBWT- Sections of Distillation Columns with Sulzer Structure Packing 

for the New York State plant construction. 

• Phone (541) 756-0533 • Fax (541) 751-9837 Mail to : 95084 Larson Ln. • 
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DBWT --

Right- DBWT- 12ft x 24ft & 12 

ft x 36 ft Diameter Stainless Steel 

Tanks erected within customer 

building. 

Above- DBWT- Stainless Distributers with Johnson screen takes 

for polish filters used in water treatment plant construction. 

• Phone (541) 756-0533 • Fax (541) 751-9837 Mail to: 95084 Larson Ln. • 
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DBWT 
~ 

DBWT- Skid mounted sand filter and polish filter system prior to shipment. 

Right- DBWT- ASME 40 

ton high pressure waste heat 

boiler @ 30,000 btu/hr. 

Design, engineered, fabricated 

and installed. 

• Phone (541) 756-0533 • Fax (541) 751-9837 Mail to: 95084 Larson Ln . • 
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Above - DBWT- Gear 

pump skid for Methanol 

with "zero" emission 

valves. 

Above- DBWT- Pump modules on cast concrete 

skids ready for over seas shipment. 

Left- DBWT- Field piping systems designed, 

fabricated and installed in field. 

• Phone (541) 756-0533 • Fax (541) 751-9837 Mail to: 95084 Larson Ln. • 
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DBWT 
--

Tube Bundle Assembly 

• CNC machining/drilling-the QuickMill 

can accommodate materials up to 15 feet 

in width, 16" high, while maintaining an 

accuracy of .001". 

• Orbital, Tube-To-Tube sheet welders 

increased quality and speed by 200% 

Orbital Tube-to-Tube sheet 

welders increased quality and 

speed by 200% with state ofthe 

art welding process 

• Phone (541) 756-0533 • Fax (541) 751-9837 Mail to: 95084 Larson Ln. • 
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DBWT ----

ABSORBER COLUMNS 

Above: Absorber Tower Assembly process 

Right: Standing up an Absorber 

Column in La Porte, TX 
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I WfAWf\TrR 

lXPOR l SI~M 

BOLER FEED WATE R 

DBWT 
---

Technology 

REACTlON ABSORPTION CATAlYJlC 
INCI ERATlON 

DBWT- Process, chemical , air quality process diagram for chemical plant operations. 
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DBWT ---

;. 

/ 

., ' 
~ 

/ 

DB WT - $1 00,000,000 chemical plant in Texas design, engineered, fabricated and installed in 2001. 

This facility suppl ies 100% of raw material for Dupont "Spandex" and is owned and operated by 

DBWT. 
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DBWT ----

' -~~~-:~ .. - =:~ 
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11 

DBWT- Developed and patented chemical manufacturing process designs, detailed 

engineering, and provided turnkey facility installations globally (see list of installations). 
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DBWT ---

DBWT- Designed the programs, technical formatting, and developed the algorithms for 

process control. We provide our customers with custom DCS Control Systems including: 

Emmerson Delta V 

Siemans 

Allen Bradley 

Honeywell 
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DBWT --

DBWT- Supplies our customers remote 110 in 316 stainless steel panels for distribution throughout 

the process control systems via either Mod-Bus, Ethernet, or fiber optics. 

Left- DBWT- Developed 

several designs for control 

systems through protective 

- elements and control logic 

- SEL3. 
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DBWT ---
Design Engineering 

DBWT- Incorporates a broad range of customized computer software programs to enhance its ability in 

design, engineering & drafting to ensure best value for our clients. Our customized software includes: Auto­

Cad 2014, PlantCad 3D, "Compress" for pressure vessels, MasterCam X2 for CNC programming, ChemCad, 

BJAC/HTRI Heat Exchanger Design, Emmerson Delta V, Honeywell 900, Allen Bradley. 

• Phone (541) 756-0533 • Fax (541) 751-9837 Mail to : 95084 Larson Ln . • 
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DBWT ---

DBWT- Chemical plant constructed in 2000 and retrofitted in 2013 from Honeywell to an 

Emmerson Delta V system while plant was in operation. New chemical processes were 

added and implemented in 2011. 

Left - DBWT- Improving process 

technology from product chemistry 

through process development, design, 

fabrication , installation, and start-up. 
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DBWT ----

· . ~;·,:~: 
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0.8. WESTERN. INC. 

Property of DBWT 

Design for fabrication of2000T Floating Modules in Graving Dock used for a Wind Energy project. 
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DBWT --

New Business Development 

DBWT- A recognized global leader in the petrochemical industry with a culture of innovation promoting 

advanced technology, economic sustainability, modeling employee safety, community involvement, 

education and development. Above is a 3D rendering of a state of the art export Container/Coal Terminal. 

DBWT- Top view of 3D rendering of export Container/Coal Terminal. 
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1 

DBWT ---

0.8. WESTERN, INC. 

Property of DBWT 

DBWT- Design engineering for a new terminal on the West Coast with 3D rendering in 

AutoCad. Adjacent container dock with 50,000 mt/yr Powder River Basin coal export. 

DBWT- Technology 

design Coal Terminal 

with rendering. 
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DBWT 
~ 

------ ......__ 

--- /-

DBWT- Engineering design of 250ft x 850ft Graving Dock with 24ft 

draft for barge manufacturing, repair, sandblasting and painting. 
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D. B. WESTERN, INC. 

Property of DBWT 
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DBWT ----

DBWT - AutoCad 30 Modeling, design and engineering of a chemical polymer 

plant in the south east US. 
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DBWT 
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SAWMILL 2 (FUTURE)- 300 MM Bd fUyr TOTAL: 600 MM Bd fUyr 

100% KILN DRIED 
17 MM Bd ft ON SITE STORAGE 

(21 DAY PRODUCTION) 

"'i-·-

i · 

SAWMILL 1 - 300 MM Bd fUyr 

' I 

0 .8 WESTERN, INC. 

• . "ff,. ,.l,W.,;:~ 

.. . '..: r.l"' •11.• n• .;~ " 

DBWT- Engineered design for a new 600,000,000 bd ft/yr, 100% kiln dried 

metric lumber for sawmill for China markets utilizing USNR newest advanced 

technology and engineering. 
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