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The Coos Bay estuary is classified by EPA for “Recreation and Shelifish” and is listed as 303 (d) “Impaired”
pmnatlly due to three waste freatment plants discharging cffluents containing infectious virus waste from the
community. Oysters, clams, mussels, scallops, are filter-feeders and are known to be a measurement of pollut{on
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 virases 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 wgulatmns for shellfish haivesting areas (Exhxblt 20).
The City’s eurtent plan for Empire (CB2) will not resolve viras pollution. City’s management's answer is to wait

~untii 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 seivices 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-yeat 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
yeats, 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 Plain € and DBWT’s alternate Plan
C.

Privatization of wastewater seivices 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, 1L, 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 pot haurey 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 opétational
withini 1.5 years from approved permits to proceed. DEQ even states thére are no statues preventing this path.
The eity 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
noncorpliance will be reimbursed to the city by DBWT, DEQ’s policy goal is clean Class A water, so why would
they fine a eity 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 2013 MAQ 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 minimatly
reduce wastewater pollutants from entering the bay. This plan does not stop virus contamination of the bay
(Bxhibit 5). Effective virus kill requires a membrane process to filter out fecal solids and viruses and onty 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 retmoves 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, bas 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
wastewaler service at a lower cost and produce results sooner, which will improve water quality in our estuary,
and benefit business and tourism.

DEW 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 CBI 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 o demonstrate all the rebuilds expected for Coos Bay
in the next 10-15 years.

Page 2 of 7




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:

I. Replace CB2 with & 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 eurrent 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
Eliminate pumping to the Eastside Lagoon
Eliminate need for Eastside lagoon

o & 0

Eliminate costs for transporting and spreading Class B solids on farms
f. Bein 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
¢. Design for Cascadia Tsunami inundation,
d. Promote tourisin, 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 Lastside lagoons, transpotting 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 approximatelty $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.

£5. City will remain responsible for the DEQ NPDES permit and own the outfall.

16, DBWT will transfer ewnership 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:

I. 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 CBT 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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Provide full management of wastewater for the city in 2024 with city oversight.
Costs for these Wastewater Services are provided in spreadsheets Exhibits 9 & 10 and Graphed in Exhibit

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

-

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

5
6.
7.
8
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 ratepayets 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. '

L5. 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 reSpc'msible 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 CBI in 10-15 years will cost $98,000,000 which will require full secondary treatment at 21-22 MG,
high efficiency UV virus removal, and addressing their Class B sludge issues.

2. CB2in 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 ate the primary pollution issue and health threat to the Coos Bay estuary and the
community. Bi-valve moflusks 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
foad source for humans, fish, crabs, birds, animals, and most other marine life in and around this estuary.
Commiercial 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 of chlorine and low mJ/em?2 UV effectively kill fecal coliform but not
viruses (Exhibit 17), DEQ continwes 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 oystets 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 niust 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 TECHNQOLOGYS

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 honoting the confidentiality of this information and is not allowed to be copied or reproduced
without DBW'T’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 DBWTs wastewater services plan, then a letter of intent

will allow furtber details to be worked out with council and staff. DBWT is prepared to provide petformance
bonding for both completion and performance,

Thank you

Dennis Beetham, family, and employees,
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Table 1

GE's MBR vs City Sanitaire Process

Wastewater Services City
Engineering
Biological Design GE Sanitaire
Equipment GE Sanitaire
Project Engineer Dale Richwine Jan Kerbo
Experience 43 years ?
Wastewater Projects >20 ?
Operations Certification Level 4 ?
Quality Certification ISO 9001 ?
Tsunami Protection Yes No
Effluent
Process GE MBR 500D Sanitaire
Membranes .04 microns None
Quality Classification Class A None
Beneficial Reuse Yes No
Solids TSS - mg/| <1 3-51*
Solids - Ibs/day <60 3400
BOD5 <1 3-7*
Norovirus Units / Day <100 1.2 biltion
Adenovirus Units / Day <100 546 million
Clarity Clear Tan
Potential for Drinking Yes None
Biosolids
Sludge Process FKC Anaerobic
Quality Class A Class B
Pathogens No Yes
Cost To City
Guarantee Guaranteed None
Ratepayer Rate Lower Higher

* Based upon Data from Coquille Sanitaire Plant Log Sheets, Dec 2015 and
Jan 2016, showing average of 6 samples in 24 hrs
** EDA Coos Bay Study {2011} and EPA Certification
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ZeeWeed' Membrane Bioreactor System
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GE Water & Process Technologies
Confidential and Proprietary Information

The enclosed materials are considered proprietary property of GE Water & Process
Technologies (GEWPT) No assignments elther implied or expressed, of inteflectual property
rights, data, know how, trade secrets or licenses of use thereof are given. All information is
provided exclusively to the addressee ond agents of the addressee for the purposes of
avaluation and is not to be reproduced or divulged to other parties, nor used for
manufacture or other means, without the express written consent of GEWPT. The
acceptance of this document will be construed as an acceptance of thie foregoing.

*The following are tradernarks of General Electric Company ond may be registered in one or more
countries:

+100, ABMet, Absolute.Z, Absolute.Za, AccuSensor, AccuTrak, AccuTrak PLUS, ActNow, Acufeed,
ALGAECAP, AmmCycle, Apogee, APPLICATIONS ATLAS, AquaFioc, AquaMax, Aquamite, Aquaplex,
Aquasel, Aquatrex, Argo Analyzer, AutoSDI, BENCHMARK, Betz, BetzDearborn, BEV Rite, BioHealth,
BioMate, BioPlus, BIOSCAN, Bio-Trol, Butaclean, Certified Plus, CheckPeint, ChemFeed, ChemSensor,
ChernSure, CHEX, Clean8lade, CLOROMAT, CoalPlus, COMP-METER, COMP-RATE, COMS (Crude
Overhead Monitoring System), Continuum, CopperTrol, CorrShield, CorTrol, Custom Clean, Custom Flo,
Cyto3, DataGuard, DataPlus, DataPro, De:Odor, DELTAFLOW, DEOX, DeposiTrol, Desal, Didnodic,
Dimetaliic, Dispatch Restore, Durasan, Duraslick, Durasolv, Duratherm, DusTreat, E-Cell, £-Cellerator,
FLECTROMAT, Embreal, EndCor, EXACT, FACT-FINDER, Feedwater First, Ferrameen, Ferroquest,
FilterMate, Fleet View, FloGard, Flotrex, Flotronics, FoamTrol, FoodPro, Fore4Sight, ForeSight,
FRONTIER, FS CLEAN FLOW, FuelSolv, Fuli-Fit, G.T.M., GenGard, GEWaterSource, Glegg, Heat-Rate Pro,
High Flow 2, HPC, HPD Process, HyperSperse, Hypure, Hytrex, infoCalc, InfoScan, InfeTrac, InnovOx,
InSight, IONICS, IONICS EDR 2020, IPER {integrated Pump & Energy Recoveryl, iService, ISR (Integrated
Solutions for Refining), JelCleer, KlorAid, Kleen, LayUp, Leak Trac, Leakwise, LEAPmbr, LEAPprimary,
Learning Source, LOGIX, LoSALT, M-PAK, MACarrier, Mace, Max-Aming, MegaFlo, Membrex,
MemChern, Memtrex, MerCURKE, MetClear, MiniwWizard, MK-3, MOBILEFLOW, MobileRO, Moedular Pro,
ModuleTrac, MonitAll, Monitor, Monitor Plus, Monsal, MP-MBR, MULTIFLOW, Muni.Z, NEWuter, NGC
{Next Generation Cassetta), Novus, NTBC (Non Thermal Brine Concentrotor), OptiGuard, OptiSperse,
OptiTherm, Osmo, Osmo PRO, Osmo Titan, Osmonics, Pacesetter, PaceSetter, Petroflo, Petromeen,
pHlimPLUS, PICOPORE, PlantGuard, PolyFloc, PowerTreat, Predator, PRQ €-Cell, Pro Elite, ProCare,
Procera, ProChem, Proof Not Promises, ProPAK, ProShield, ProSolv, ProSweet, Purtrex, QSO {Quality
System Optimization), Quickship, RCC, RE:Sep, Rec-Oll, Recurrent, RediFeed, ReNEW, Renewell, Return
on Environment, RMS (Rackless Modular System), ROSave.Z, SalesEdge, ScaleTrol, SeaPAK, SeaPRO,
SeaSMART, Seasoft, SeaTECH, Selex, Sensicore, Sentinel, Sepa, Sevenbare, Shield, SIDTECH, SIEVERS,
SmartScan, SoliSep, SolSet, Solus, Spec-Aid, Spectrus, SPLASH, Stearnate, SteriSafe, Styrex,
SUCROSOFT, SUCROTEST, Super Westchar, SuperStar, TFM {Thin Fitm Membrangl, Therminator,
Thermoflo, Titan RO, TLC, Tonkaflo, Travel.ab, Trend, TruAir, TrueSense, TurboFlo, Turboline, Ultrafilic,
UsedtoUseful, Vape-Sorber, VeriFeed, VersaFlo, Versamate, VICl {Virtual Intelligent Communication
Interface), V-Star, WasteWizard, WATER FOR THE WORLD, Wter Island, Water-Energy Nexus Game,
WaterGenie, WaterNODE, WaterNOW, WaterPOINT, WellPro.Z, XPleat, YieldUp, Z-BOX, Z-MOD, Z-PAK,
Z-POD, ZCore, ZeeBlok, Zeslung, ZeeWeed, ZENON, and Z Plex.
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1 Basis of Design

The praposed 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 instolled

for standby purposes.
Average Day Flow, (ADF) 125  mgd
Maximum Month Flow, (MMF] 210 mgd
Maximum Week Flow, IMWF] 351 mgd |
Maximurn Day Flow, (MDF) 6.31 mgd
Peak Hour Flow, (PHF) 559445 ‘upm

. [ADF) - The average flow rote occurring over a 24-hour pericd based on gnnual flow rate data.
. sMMFI - The averoge flow rate occurring over a 24-hour period during the 30-day period with the highest

low based on annual flow rate data,

based on annudl flow rate data.

»

1.2  Influent Quality

MW - The average flow rate occurring over a 24-hour period during the 7-day period with the highest flow

{MDF} - The maximurm flow rata averaged over o 24-hour period occurring within annual flow rate data.
{PHE] - The mosdmurm flow rote sustained over o 1-hour period based on annual flow rate date,

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
Minimiurn Design influent Temperature 12 °C

BODs 223 mo/l.

55 280 rag/L.
VS5t 224 mg/L

TEN ! 35 ma/l
NH3-N 23 mg/L.
TP} 8 mg/t.
Alkalinity 12 250 mg/L as CaCos

Note 1:  Pargmeter value assumed

GE Confidentiol and Proprietary Information.
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Note 21 GEis assuming that suificient inflyent alkelinity is ovailoble to ensure proper performance of the
biologicel system. finfluent alkalinity level Is not sufficlent, chamical 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 stobilized based on the data listed in sections 1.1 and 1.2.

BODs _ . < mgfL.
s <1 mg/L
o T <65 | mo
N <l mg/L
5 . R - <1 - T mgll
Turbidity fo"sz(i%%?l%ff?u"%i'a NTY

Note 1: TN £6.5 mg/L corresponds to a minimum desipn temperature of 10°C and <1.5 mg/L recalcitrant
dissolved orgonic hitrogen inthe influent.

1.4 InfluentVariability

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, o the source of influent changes, the ability
of the treatment system to produce the designed treated water quality and/or quantity rmay
be impaired. Buyer may choose to continue to operate the systern, 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 consurnable usage.

GE Confidentiol and Proprietary Information S ' Puges



:
|
i
i
E
;

EXHIBIT 14

GE
Water & Process Technologies

2 System Design and Scope

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

sludge process.

ZeaWeed ultrafiltration membranes are directly immersed mixed liquor, Through the use of
a permeate pump, a vacuurn is applied to a header connected to the membranes. The
vaeuurn draws the treated water through the hollow fiber membranes. Permecte is then
directed to downstream disinfection or discharge facilities. Air, in the form of large bubbles,
is introduced below the bottorn 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 lotest 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
areq, increased productivity through proven MBR design flux improvements, an optirmized
membrane tank design, along with a more efficient membrane aeration system known as
LEAP Aeration Technology) that simplifies the aeration system ond reduces agration
requirements. These innovations combine to offer:

« 15% productivity improvement

- 20% footprint reduction

- 50% reduction in membrane aeration equipment
«  30% membrane aeration energy savings

GE Confidentiol and Proprietary Information Paga b
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The use of LEAPmbr offers same of the most importont benefits of ZeeWead MBR systems ~
simplicity, reliability, and lowest life-cycle cost.

Simplicity

Over the years, GE has continually improved the design of ZeeWeed MBR systermns, making
them the simplest MBR systems in the industry to operate and maintain, The system is fully
automated, with operdtors 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 ¢ single permeate pipe {per membrane train) provide the connection between
the immersed membranes gnd the ancillary pumps and blowers that comprise the rest of the
ZeeWeed system,

Reliability

GE's reinforced ZeeWeed hollow fiber membrane incorporates o 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 ¢ consistent membrane product
meeting the highest standards of workmanship and quality. This exceptionally strong and
reficble mernbrane 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 weli-
proven ZeeWeed membrane, The earliest MBR plants using the ZeeWeed-5000 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
raany years of successful operation of proposed ZeeWeed MBR plant operation.

Lowast Lifacycle Cost

LEAP Aeration is o significant innovation for ZeeWeed MBR technology that offers o 30%
reduction in air flow versus GE's previous air cycling technology. When combined with
LEAPmbr's other features, merribrane 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 LEAPmMbr
technology, o ZeeWeed MBR system has dn equivalent lifecycle cost to conventionial
treatment options.

GE Confidential and Proprietary information N Page?
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2.1 Biological System Design

Flow Basis for Bicloglcal Design (MMF) 2.10 MGD
Total Pre-Anoxic Tank Working Volume ! 230,000 Us gallans
Total Aerobic Working Volume texcluding membranes) ! 658,000 Us gallons
Total Reactor Working Volume fexcluding membranes) ! £88,000 us galions
Totol Design HRT {excluding membranes) 10 hours
Total Design SRT 17 doys
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 4900 b 0/ day

Note 1 Tankvolumes ore preliminary only (GE recommended based on the feed informotion} and may chbnge
once final detall design commences.
NoteZ 'The biolagical systern & designad for installation within concrete tanks suppliecd by Buyer

2.2 Ultrafiltration System Design

Number of Membrane Trains 5
Nurnbar of Cassattes Installed Per Train 5
Number of Cassette Spaces Per Train 5
Number of Modules per Cossette 4Bx4+26K1
Total Number of Cassettes installed per Plant 25
Total Number of Modules Installed per Plant 1690
Spare Space 9.2%
Membrane Tank lnternal Dimensions (L x Wx H) BxOx12ft
Note 1: Tankdimensions and volumes are prefiminery only and may change slightly once final detail design
comrnances,

Note 2, The ultrafiltration systern is designed for installation within concrete tanks supplied by Buyer

2.3 Scope of Supply by GE

ZeeWaed Membranes and Associoted Equipment

. ZeeWeed 500 membrane cossettes and modules
. Membrone tank cassette mounting assemblies

. Permeate collection & air distribution header pipes
+  Membrane tank level fransmitters

. Membrane tank level switches

GE Confidential and Proprietary information Page 8
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Permeate Pumping System

-~ Permeate pumps supplied loose WFD by Others), complete with required isolation valves,
pressure gauges, and flow mégters

- Vacuum ejectors and associated air releose valves

- Trans-mernbrane pressure transmitters

- Turbidimeters

Membrdne Air Scour Blowers

- Mermbrane air scour blowers supplied loose, complete with required isolation valves,
pressure gauges and flow switches

Backpulse System

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

- Buackpulse woter storage tank, with isolation valves and level transmitter

Mixed Liquor Recirculation

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

Membrane Cleaning Systems

- Sodium hypochiarite chemical feed system
- Citric acid chemicol feed system

Electrical and Control Equipment
- PLCcomplete with touch screen HMI

Miscellaneous

. Alrcompressors and refrigerated air dryers for ejectors and pneumatic valve operation

General

. Equipment generdl arrangernent and Process and Instrumentation Drawings

- Operating & Maintenance mantals

- Field service ond start-up assistance? - 42 doys support over 3 site visits from GE Water
field-service personnel for installation ussistance, commissioning, plant start-up and
operator training

- Membrane warranty - 2 year cliff

«  Equipment mechanical warranty ~ 1 year or 18 mionths from shipment of equipment

. InSight Pro ~ Process Consulting Service and 24/7 Emergency Telephone Technical
Support Service - 1 yeor

GE Confidential and Proprietary Information Page
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Notes:

1 Additional man-hours will be billed separately from the proposed system capital cost at o rate of $1.300
per day plus living and traveling expenses. Detailed GE Water service rates are available upon request.

2 AllGE supplied equipment is designed for instalation in on unclassified areq,

3 Afurther customized package of post-commissiening Field Service support con be provided upon

raquest. The pockage may inciude additional vears of GE's insight Remote Monitoring & Diagnostics o
26/7 services or site visits by GE Field Service personnel,

4 To receive complete 24/7 Emergency Telephone Technical Support Service o suitable, secure remote
internet connection, by Buyer, is required.

GE Confidential and Proprietary Informeation Poge 10



EXHIBIT 14
GE
Water & Process Tethnologies

3 Buyer Scope of Supply

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

O Overall plant design responsibility
O Review aind 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 oll termination points where GE equipment or materials tie into
equipment or materials supplied by Buyer
1 Design, supply and installation of lifting devices including overheud traveling bridge
crane and/or monorail crane able to lift 5,000 kg for membrane removal, lifting davit
crane and gulde rails for submersible mixers and pumps, hoists, etc...
M Civil works, provision of moin plant tank structures, buildings, equipment foundation
pads etc. including but not limited to:
[Z1 Common channels, Housekeeping pads, Equipment access platforms, walkways,
Handrails, stairs etc.
£ Equalization tank - os required
{1 Bioreactor tank ~ complete with pre-anoxic and aerobic zones
[J Membrane tanks ¢/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 equipmant design, specifications and instaflation (where applicable)
(] UPS, power canditioner, emergency power supply and specification where
applicable)
[l 2-mm Prefreatment 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
O Plant SCADA system
[_3 Process and utilities piping, pipe supports, hangers valves, etc. including but not
lirnited to:

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

[ Piping between any loose-supplied GE equipment
[7J Process tank ceration system air piping, equdlization tank systern piping, etc.

GE Confidential and Proprietary information Page 11
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] Interconnecting pipe between GE-supplied skids and tanks {as opplicable)

] Electrical wiring, conduit and other appurtenances reguired 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 rerote internet connection for 2417
Emergency Telephone Technical Support Service and InSight Remate Monitoring &
Diggnostics Service

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

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

installation on site of oll GF 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 oll GE-supplied equipment. Skids and electrical
panels are designed for indoor operation and will need shelter from the elements.

|1

O o ppogopo o O
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4.2

4.3

4.4

Commercial
Pricing

Pricing for the proposed gquipment and services, as outlined in Section 2.3, is summarized in
the table below. All pricing is based on the design opérating 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.

Freight
The following freight terms used are as defiried 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 equipmenit at the job site is not included.

Bonds

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

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 !

Equlpment _ kWhiyear
Permeate Pumps2 _ 24,100
Membrane Blowers ' 319,500
Recirculation Pumps B 210,100
AirCompressors _ L _-30,400
Totol B 584,100

Notel:  AnnuclPower consumption estimbte is calculated at ADF conditic‘m
NoteZ:  Assumésmembrona rélaxotion modeused

Annual chemical consumption estimate

Chemical N ' USgalfveor
Sodiurn Hypochlarite {10.3% wiw, 5G: 1,168} ' 4,060
Citric ACiH50.0% wiw, 5G: 1.24) . . - 3,210

GEConfidential dnd Proprietary Information . Pc:ge-13
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4.6

Note:

Basis of chemical consumption estimates

Cleaning chemical consumption estimotes are based on the frequencies end concentrations

summarized in the toble helow. Frequencies are typicel for ZW-MBR operation, actual frequency of
rointenance and recovery cleans may change with final design, or may changa once system s in

operation.

Chemical Maintenance Clean Recovery Clean

Sodium Hypochlorite selution Frequency 2 times per waek 2 limes per yeaqr
 (10.3% wiw, SG:1.168) Concentration 200 mg/L 1,000 mg/L.

Citric Agic Solutlon [50.0% Frequency 1time per week 2 times per year
wiw, $G: 1.24) Concentration 2,000 mg/l. 2,000 mg/t.

Equipment Shipment and Delivery

Eguipment 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 o firm shipment
schedule,

Typlcal 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 end production
capacity. This estimated delivery schedule assurnes no more than 2 weeks for Buyer review
of submittal drawings. Any delays in Buyer approvals or requested changes may resultin

Pricing Notes
/
O
O
O
are to be negotiated.
d

All prices quoted are in US Dollars

odditional charges and/or a delay to the schedule.

Any applicable sales or value added tax is not included,

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

The equipment delivery date, start date, and date of commencement of operations

Comrercial Terms and Conditions shall be in occordance with Seller's Standard
Terms angd Conditions of Sale.

GE Confidential and Proprietary Information

Page 14
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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 Environmentol Health and Safety ('EM&S”} conditions, and/or newly discovered
EH&S concerns, Buyer's financial standing, Buyer's requirements, or any other relevant
change, or discrépancy in, the factual basis upon which this proposal waos created, may lead
to changes in the offering, including but not limited to changes in pricing, warrdnties, quoted
specifications, or terms and conditions. Seller's offering in this proposal is conditioned upon
afull Seller EH&ES, and Buyer financial review.

GE Confidentiol and Préprietary Information Puge 15
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EXHIBIT 16

Figure 15: Indkcator Micreorganism and Human Virus Levels in Oyster Sentinals Vs, Estimated Dilution
Values Based on Impact from Bath WWTPs in Combination at Statlons 1~ 6

5000 5000

4000 4 - 4000
o
g 8
. 3
-‘g 3000 1 3000 9
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E 2000 4 - 2000 8
B 0
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1000 - il 8 i 8 i - 1000

NN 8l
0-— pals i —-E :i ALt : ...‘_‘ij . 3 ' : "0

Station 2 Station 3 Stationd Station 5  Station 6

Station number

Fecal Coliforms (MPN/100g)

E. Coli (MPN/100g)

[ Male-specific eoliphage (PFU/M00g)
BN Gl Norovirus (RT-PCR units/100g)
PPN Gl Norovirus (RT-PCR un its/100g)
I Adenovirus (PCT units/100g)
el Steady state average dilution*

w e e Steady state peak 1 hour dilution®
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Quotes from FDA Report

“The oysters were deploved on February 4, 2012 and retrieved on February 28,

2012, A three week deployment time was used fo allow time for virus and

microbiological contaminant.,.” — Page 15

“It |s recommended that anytime that either the Coos Bay #1 or North Bend
Wastewater Treatment Plant (WWTP) goes [nto bypass or split flow event or
experfences a malfunction, including a foss of disinfection, the entire Conditional
growing area, encompassing the area east of statfon 2 and north of station 6.
shall immediately close for g 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 reduyced 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 WWiPs.” ~ Page 26

“However, the ability of shellfish to bioaccumulate viruses up to 100-fold
(Seralchekas 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”

Table 3 - Coos Bay #1 WWTP Influent Data

201012011 ] 1:00106:00 =17 3,580 4.580 62,000 925,000 . 955,000
2117011 | 1:00 10 6:00 =17 3310 2,731 154,000 850,600 863,000
21173011 | 13:00 10 18:00 =17 780 6,260 128,000 | 1,185,000 1,190,041
/1272011 | 1:00 10 6:00 17 13,610 3800 108,000 105,000 13,00
2120 13:00 1o 18:00 =17 77,000 25,900 123,600 D N
P30t | 100t 600 =17 840 00 136,000 | - 1,600,000 1,700,000
30T | 13:00 to 18:00 =i7 3,007 90} 76,000 | 1.400,000 3,800
X130011 | 728 (grab) ND ND ND 25,400 300,000 360,060
21542011 { 12:08 (axab) ND | ND ND 62,000 [ 1,500,000 1,630,000

NI~ Not Determined

Note: The varying levels of viruses in the influent are a direct reflection on Viral
Infections in the community.
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Table 4 - Cags Bay #1 WWTP Effluent Diata

271072011 | 1:00 to 6:00 - X 730 | (R 0.5 0.
1172011 | 1:00 to 6:00 AN 1,140 72.3560 12,400 1.50° .50
FA173011 | 1300 to 18:00 7 130 350 00 0.50 0.50
00011 [ 10t 6:00 | =17 5] 730 5300 0.3 .5 |
AN273011 | 13:00 16 1800 =17 GO0 360 0400 ND ND
TAIA011 | 1000 6:00 17 17 sl 2.500 1.50 50
W00 | 13:00 to 18:00 =7 7 146 7200 1.50 .50
133001 [ 798 taaty ND ) N £300 =05 | . 0.5 |
572011 | 1308 (b ND “ND | ND 2,300 330 .50

ND- Not Determined
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

5000 sooe
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ol me | ei|0 wl§ E‘!I "
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Ml
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IR Gl Norovirug (RT-POR unitsH00g)
DEMMNE  Adenovirus (PCT uniis/1009)
Bteady slate average diution*
Steady slate peak 1 hour dilution®

|

Note: This graph shows how Fecal Coliform levels can be low while Infectious Virus
levels are dangerously high,
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From:

Toi

Subject: fFwel: EPA - Amblent Water Quality Criterla
Date: Tuesday, October 25, 2016 12:18:16 PM

-------- Original message =--~----

From: "Nappier, Sharon" <Nappier.Sharon@epa.gov>
Date: 10/25/2016 11:38 AM (GMT-08:00)

To:

Subject: RE: EPA - Ambient Water Quality Criteria

We are haping 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 shelifish harvesting areas.

Hope this belps.

Sharon

From:

Sent: Tuesday, October 25, 2016 1:12 PM

To: Nappier, Sharon <Nappler.Sharon@epa.gov>
Subjeet: RE: EPA - Ambient Water Quality Criteria

Good morning Sharon,




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...

From: Nappier, Sharon [malito:Nappler.Sharon@eps.gov]
Sent: Friday, July 22, 2016 7:34 AM

To:

Subject: Re: EPA - Ambient Water Quallty Criterla

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 avallable untll 2018,

Fact Sheet:

httos://w

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

Thanks,

Sharon
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o Y | United States ' e ' f W
L i Environmental Protection _ EPA 823-F-16-001
\’ oo W Agency _ . Suly 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 thelr 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 linesses 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 simllar 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 iliness; and

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

Discussion Topics

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

W Topic 2: Coliphage as a Predictor of Gastrointestinal Hlnesses - Workshop participants were asked to
comment on the overall strength of the association between collphage and human health illness n
epldemlological studies conducted In ambient recreational waters, identify specific characteristics that
Influence the assoclation between coliphage and human health illnass, 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
motlels of the behavior of enteric viruses in wastewater treatment and disinfection processes.

®  Toplc 4: Male-specific vérsus Somatic Coliphage - The participants identified the most important
advantages and disadvantages of using these two types of collphages as predictors of human health jliness
in recreational waters and as Indicators of wastewater treatment performance.

®  Topic 5: Systematic Literature Review of Viral Densitias - EPA has conducted systematic lterature 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

m Individual experts agreed that viruses are a source of llness 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.

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

W 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, Rapld,
commercial methods (results under eight hours) axist, which could be useful for swimming advisorles at
beaches.

Toplic 2: Predictor of Gastrointestinal lliness

®  Future epidemiological studies should specifically include coliphages as measured indicators,

Tople 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 simllar log-reductions during wastewater treatment, compared to traditional £1B,

Toplc 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 simifarly to RNA viruses under some conditions and are currently used successfully
by the Interstate Shelifish 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 expetts supported how the systematic analysis was structured and conducted.
Where can | find more information?

EPA plans to publish more detailed outcomes of the workshap in a peer-reviewed workshop proceedings
document in early 2017, For additional information an EPA’s efforts to develop recreational water quality
criteria for coliphage, please visit EPA’s water quality criteria website at: https://www.epa.gov/wac/microbial-
pathogenrecreational-water-guallty-criteria or email Sharcn Nappier at nappier.sharon@ena.gov.
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Reynold “Dale” Richwine, P.E.
President, Principal Engineer

EDUCATION

Master Business Administration, Portland State University, 1995

M.S. Engineering Management, Portland State University, 1992

13.8. CivikStructural Engineering, Portland State University, 1980
A.A.S. Wastewater Technology, Linn-Benton Cormunity College, 1974
Oregon State University, 1971 — 1972

PROFESSIONAL REGISTRATIONS

Oregon, Washington ~ Civil Engineering

Oregon — Environmental Engineering

Oregon, Washington ~Group 1V Wastewater Treatment Plant Operator

CARELR SUMMARY

Dale began his career as a service representative for Neptune Microfloc in 1974 where he provided
startup services for package watet and wastewater treatment plants, installed mixed media fillers and
provided startup services for redwood media biofilters. During that time he worked in over 50 treatment

systems throughout the United States.

Dale then worked as a plant operator for Clean Water Services (then Unified Sewerage Agency) where he
participated in the startup of the new Rock Creek AWWT. Diuring this period of time, Dale attended
Portiand State University and received his degree in Civil Engineering in 1980.

Dale then went to work for CH2M HILL as anoperations and process engineer, following the receipt of
his engineering degree. During his time with CH2M HILL he worked on the design, startup and _
troubleshooting of treatment plans throughout the US. Some of these projects ineluded the startup of the
orlginal Tri-City WPCP, Anchorage Pt. Woronzof WWTP, Edmond, OK WTP, Wilsonville WWTP,
Tillamook WWTP and Woodbuwn WWTP. He also worked on a number of plant designs including the
Rock Creek AWWT Tertiary Complex, Seatile West Point secondary expansion and the San Frangisco
Oceanside WWTP,

Dale then worked for Clean Water Services (then Unified Sewerage Agency) as their Operations
Manager, During this time he provided operations oversight of the design and consiruction of over
$200M of new inlrastructure at the Rock Creck, Durham, Forest Grove and Hillsboro Facilities. Dale
also managed over 110 employees consisting of the operations for the four treatment facilities, the
biosolids utilization, effluent reuse and technical sorvices.

Dale returned to CH2M HILL as a Principal Engineer where he completed facility plans for the City of
Portland Columbia Boulevard WWTP, Eugene-Springfield WWTP and Tri-City WPCP, He let CH2M
HILL to work for MWH (then Montgomery Watson) as their Wastewater Manager for the Pacific
Northwest. Following two years with MWH, Dale started his own firm of Richwine Environmental, Inc,
where he provided engineering services to a number of clients throughout the Pacific Northwest,
including Water Environment Services. He then returned to MWH for a S-year period where he was the
Wastewater Technical Lead for the Northern US as well as the Office Manger for the Portland, Oregon
Office. During this time, he was the project manager for the planning, permitting and design of the Tti-
City WPCP Phase | Expansion. He was also the project manager for the desigh and construction of the
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richwine
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Lower Tualatin Pump Statlon for Clean WaterServices and assisted with facility plans for the City of
Nampa, 1D; Eagle Sewer District, ID; and Las Vegas, NV,

Dale has been with Richwine Environmental, Inc. for the past seven years where he has provided process-
engineering services for Clackanas County Water Environment Services, Clean Water Services, City of
Astoria, City of Sutherlin and City of Canby, OR; Columbia Biogas, OR; Port of Bremeston, Alderbrook
Resoit, and Kitsap PUD, WA; Whitefish and Missoula, MT; Slayden Construction Group, OR and
McClure and Sons Construction, WA as well as other consulting firms and private confidential clients,

PROFESSIONAL EXPERIENCE

Service Representative, Neptune MicroFloc, Corvallis, OR, 1974 - 1976
Plant Operator, Unified Sewerage Agency (USA), Hillsboro, OR, 1976 - 1980
Process/Operations Engineer, CH2M HILL, Portland, OR, 1980 - 1990
Operations Division Manager, USA, Hillsboro, OR, 1990 ~ 1994

Project Manager, CH2M HILL, Portland, OR, 1994 - 1995

NW Wastewater Manager, Montgomery Watson, Portiand, OR, 1995 - 1997
President, Richwine Environmental, Inc., Beaverton, OR, 1997 — 2003

NW Regional Wastewater Divector/Portland Office Manager, MWH, Portland, OR, 2003 —2005
Portland Office Manager, MWH, Portland, OR, 2005 — 2007

North Division Wastewater Director, MWH, Portland, OR, 2007 - 2009
President, Richwine Environmental, Inc., Beaverton, OR, 20090 - Present

ADJUNCT PROFESSOR

Portland State University Schoo! of Engineering
Water Resources Management; Spring 1994 « 1996
Unit Processes in Environmental Engineering: Fall 1995 - 1999
Civil Engineering Design Spring: 1997 - 1999

PROFESSIONAL SOCIETIES

Water Environment Federation (WEF)

Pacific Northwest Clean Water Association (PNCWA)

Montana Water Environinent Association (MWEA)

Alaska Water and Wastewater Management Association (AWWMA)
Oregon Association of Clean Water Agencies (ACWA)

AWARDS AND HONORS

PNCWA ~President’s Award ~ 2012

PNCWA ~ Individual Distinguished Achievement Award —2011

WEF Water Héro - 2008

WEF Quarter Century Operator — 2003

WEF Authur Sidney Bedell Award - 2000

PSU Chapter Tau Beta Pi Honor Society — 2000

PSU School of Engineering Academy of Distinguished Alumni — 1997
Boy Scouts District Award of Merit - 2001

PROFESSIONAL ACTIVITIES

Pacific Northwest Clean Water Association
President, 2006 - 2007
Secretary-Treasurer, 2001 - 2004

Water Environmnent Federation
WEF Board of Directors, 1998 ~ 2001
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WEF Student and Young Professionals Committee — Chairman - 2003 - 2006
WEF Student and Young Professionals Committee ~ Vice Chairman — 2001 - 2003
PSU School of Engineering Civil Engineering Advisory Council, 1999 - 2006
Oregon Association of Clean Water Agencies
Biosolids Management Commitiee, 1990 ~ Present
Water Quality Conunittee, 1992 - Present
Oregon Department of Environmental Quality
Biosolids Advisory Committee, 1991 - 2002

richwine
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Graph 3 - All Plans - Sewer Rate

*hased on 559 cf/ month
See Exhibits 7 thru 10 for details.
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U.S. Yood and Drug Adminisiration

1OR FOOD SAFTY AND APPLIED NUTRI

Hydrographic Studies of
Wastewater Treatment Plant Discharges in Coos Bay, Oregon

Study Conducted: February 2011

FDA Technical Assistanicé and Research Projoct

- Reported by,

U.S, Food and Drug Administration
Center for Food Saflety and Applied Nutrition
Office of Food Safety
Shelifish and Aquaculture Policy Branch
College Park, MD 20740-3835
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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 filled with oyster sentinels were deployed 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 of the 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 measute the level of dye~tagged
effluent near each cage and in other parts of Coos Bay. A new mobile geographic information
system (GIS) tool was employed to assist in collecting the boat tracking data in real-time.
Microbialogical analyses of fecal coliforms (FC), E. coli (EC), male-specific coliphage (MSC),
norovirus (NoV) genogroup ] (GI) and genogroup 11 (GII), and adenovirus (AdV) were
conducted in the WWTPs® effluent and in the oyster sentinels. Extensive shoreline survey work
was conducted with microbial indicator analysis performed on potential pollution sources. The
results of the microbiological anatyses and the dye study are presented in this report.

Based on the findings of this study it is recommended that ODA reeyél__u&tt_e_ 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 affbctedf_.areé:

of the 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 for
sustained periods. 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.

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 lass 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. I another
bypass event occurs during the 21 day ¢losure, it is recommended that the growing area will be
closed for an additional 21days from that event. However, the growing area could potentially be-
re-opened sooher 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.:

1.1 INTRODUCTION

Two hydrographic dye studies of treated wastewater effluent from the North Bend WWTP
facility and the Coos Bay #1 WW'TP facility, as well as a shoreline survey of the area, wete
conducted between the dates of February 2 - 18, 2011 in Coos Bay, OR, The hydrographic dye
studies assessed the dilution, time of travel, and dispersion of effluent from the two tested
WWTPs. In addition to the hydrographic dye studies, the microbiological impacts of the




wastewater on molluscan shellfish were assessed by testing oyster sentinels placed in cages
focated along the anticipated paths of both WWTPs" effluents. Levels of FC, EC, MSC, NoV GI
& GIl, and AdV were determined. The Otegon 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 iimpact frow multiple WWTPs, and Coos Bay has three
WWTPs impacting the same growing areas; thie 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 Shelifish Control Authorities (SSCAs), For over 30 years, FDA hasassisted
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 shelifish 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 smdy were to: 1)
determine the sanitaty water quality conditions in the estuary that could atise under a short term
lapse in treaiment and disinfection; 2) determine the steady state bacterial conditions in the
shellfish growing waters that could arise in the event of a long tefm elimination or lapse in

__dlsmtcctlon, 3) pnowde gmdancc to the O_DA wgaldmg WWTP closme ,::ones, anct 4 establxsh'

i'thls research was to detelmme the lmpact of combmed effluents from d:fferent WWTPs on
‘microbial blo-accun'sulat:on in shellf‘ sh.

1.3 FDA Guidance on Establishing Closure Zones for WWTP Discharges

In consideration of Section 11; Chapter IV @.03 (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” (lii), 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 efftuent 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/100 ml within the prohibited zone

OR
Scenario 2: In order fo reduce the gize of the prohibited zone, a conditionally approved zone may

be operated if a facior of at least a 1000:1 dilution of effluent is achieved within the -
prohibited aren to mitigate the intpact of viruses, and there is a sufficient amount of



time to close the conditional area to the harvesting of shellfish before the elfluent
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 eflluent
discharged under failure conditions to the fecal coliform standard of 14 MPN/100 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 of the 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, disinfeciion 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 hiepatitis A virug;
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’
recomimended 4 1000:1 dilution as described in Scenario 2 as the minimum zone of dilution:
needed whei the WWTP is opetating 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 of the three WWTP outfalls, Growing area
classifications are also shown on the map, with approved arcas delineated in green and
prohibited areas delineated in red.

The North Bend WWTP was constructed it 1954 and was last renovated in 2008. 1t serves a
population of 9855 in the North Bend, OR area. 1t has primary and secondary treatment with
activated sludge and gas fed chiorine disinfection. The design flow is 2.0 MGD and the
hydraulic capacity is 8.3 MGD. The average daily dry flow is | 0 MGD, and the average daily
wet flow is 2.5 MGD. The peal 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 128 ft. 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 of 53:1 — 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 daily




flow is 10.0 MGD and the peak wet weather flow is 15,0 MGD. The WWTP has a 42” outfall
with a 715 1., S-poct diffuset,

1.5 General Deseription of Study Design

Prior to the comprehensive dye study, a drogue study was conducted with oranges. The GPS
cootdinates of the drogues were marked in a new mobile GIS application developed for FDA’s
Shellfish and Aquacutture 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 submeisible WET Labs fhiorometers (WET
‘Labs, Ing., Philomath, OR) and were placed at various distances betwsen the North Bend WWTP
-and the Coos Bay #1 WWTP along the path of the effluent plumes from bath plants fora three
‘week petiod. Figure 1 shows the locations of the six cage stations, Each cage was also equipped
with a Star-Oddi miniature CTD (Star-Oddi Ltd., Ieeland) 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 submetsible fluorometers,
The submersible fluorometers were collected from the cages on February 18, afier dye readings
had fallen below detectabie levels.

The oyster sentinels from the six cages were shipped. to FDA’s Gulf Coast Seafood Laboratory
(GCSL) in Dauphin Island, AL to test for FC, EC, MSC, NoV (Gl and GII), and AdV. Water
samples taken from the influent, final effluent, and post-disinfected flows at the North Bend and-
Coos Bay #1WWTPs were also atialyzed for FC, EC, MSC, NoV (Gl and GII) and AdV to
-compare with the levels found in the oysfer sentinels.  The resitlts of thiese 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 shelifish.

2.0 METHODS
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 (10)
standards were prepared from the stock solution of Rhodamine WT dye and distited water by
serial dilution, ranging from 100,000 parts per imillion {ppm) to 0.1 part per biltior (ppb).

The Rhodamine WT dye was detected and its concentrations in Coos Bay were obtained using a
combined total of nine fluoiometers, Six of these weore WET Labs FLRHB submersible



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
patticipant of this study.

The dye standards were used to develop calibration curves for FDA's WET Labs FLRHRT-3586
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 of background 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).

The y-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% ditference) 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 — T 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 FLRHRT-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.¢., 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 turn 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 of the 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 4:00 AM 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 Gatlons). 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 setata 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 L/S 16 tubing could be threaded
under the lid and into the final effluent chambet of the WWTP., However, the lid of the cooler
crimped down on the foam and the tubing and thereby decreased the rate of the 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



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 haif 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. Inthe
past, FDA would typically conduct a 2 — 3 day injection of dye to determine the build-up of
WWTP effiuent 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 tida! 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
cags 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 Goblick, et al,,2011).
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; = Dilution of effluent discharged from WWTP 1

A; = Area under the concentration-time curve produced by injecting dye into WWTP 1 effluent

5S4 = Area under the concentration-time curve measured at Station in growing area in response to
the area under the concentration-time curve 4;

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

Az
b2 =57,

Where:

D; = Dilution of effluent discharged from WWTP 2

A; = Area under the concentration-time curve produced by injecting dye into WWTP 1 effiuent

SA= Area under the concentration-time curve measured at Station in growing area in response to
the area under the concentration-time curve 4;

Both the steady state average dilution as well as the steady state peak 1 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 1 hour is based on the cumulative area under the
concentration-time curve for each half tidal day during the peak 1 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 1
and WWTP 2 and considering the combined impact from both WWTPs. It should be noted that
FDA’s long standing minimum dilution recommendation of 1000:1 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 1000:1.

Thus, to find the dilution with respect to with respect to either WWTP 1 or WWTP 2 but
combining the impacts from both, the dilution can be presented as follows:

Dilution relative to WWTP 1 (and adding the impact from WWTP 2):
Ay
SAy + SAy(42)
2

D=
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Where:

D = Dilution with respect to WWTP 1 but combining the impact of both WWTP 1 and WWTP 2

A; = Area under the concentration-time curve produced by injecting dye into WWTP 1 effluent

S4 = Area under the concentration-time curve measured at Station in growing area in response to
the area under the concentration-time curve 4;

Az = Area under the concentration-time curve produced by injecting dye into WWTP 2 effluent

SAs= Area under the concentration-time curve measured at Station in growing area in response to
the area under the concentration-time curve 4

Thus, in the equation above, the additional impact of (S4;) caused by WWTP 2 are added to the
Station, However, in order to make the impact of S4; relative to the impact of §4; a scaling
factor 42/4; 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:

D= . B
= P
S48, + 54 (D)

Where:

D = Dilution with respect to WWTP 2 but combining the impact of both WWTP 2 and WWTP 1

SA; = Area under the concentration-time curve produced by injecting dye into WWTP 1 effluent

S4,;= Area under the concentration-time curve measured at Station in growing area in response to
the area under the concentration-time curve 4;

Az = Area under the concentration-time curve produced by injecting dye into WWTP 2 effluent

SA7= Area under the concentration-time curve measured at Station in growing area in response to
the area under the concentration-time curve A,

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 difution 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 o an Itronix DuoTouch 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 8
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 of the 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 #1 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 ereate 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 ESR], 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 of the 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 petformed 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 afier the study, However, by using an estimate of 1000 ppb,
FDA was able to show ODA in RAFT-MAP approximately where the 1000:1 dlilution line could
be found.

Brrors 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 semples were
collected and poured into 3.0 ml Whirl-pak bags, with a new bag for each sample. The sample
number, date, and thne 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 wete anatyzed for FC, EC, and MSC in the same manner that WWTP
influcnt and effluent samples were assessed for these criteria as deseribed 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 caichment if
possible. Sirice 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, particular attention was’

paid to samples that had detectable levels of MSC.-

2.8 Microbiological Analysis of Wastewater and Oysters

Shetlfish Sentinels at Station Locations

Local oysters (relocated from Netarts Bay) up to 3 inches in size were used as sentinels at cach
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 oystels wete deployed on February 4, 2012 and retrieved on Februar y 28, 2012. A three
weel deployment time was used to allow time for virus and nicrobiological contaminant
accurnulation and to ¢over the spaii of both the Noith Bend WWTP dye study and the Coos Bay.
#1 WWTP dye study, Each sample set was analyzed for FC, EC, MSC, NoV Gl and GII, and
AdV.

ndicator Microorganisms

FC and EC densities in the shellfish and in the WWTP infiuent 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 medifications 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 necessdry due fo the multiple microbial
analyses performed on cach shellfish sample. Following homogenization, a 1:10 dilution of
homogenate (10 g) was prepared with phosphate-buffered solution (PBS). Ten mi of this dilution,
a 1-g equivalent, was transferred to five tubes of [0 m! of double-strength lauryl tryptose broth
(LST; Difco Laboratories, Sparks, MD). One-milliliteraliquots (0.1-g equivalerit) were also
teansferred 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,

Virys concentration and RNA extraction

Viral analysis for the sewage utilizes elution with an alkaline buffer followed by
ultracentrifugation (Williams-Woods, et al., 201 1), Concentrates were exiracted for RNA with
RNeasy Mini Kit (Qiagen, Valencia, CA) ufilizing 6M guanidium isothiocyanate as a lysis
solution, Extracted RNA and DNA was tested by real-time ieverse transeription (RT)-qPCR and
qPCR respectively.

For the shellfish concentration and extraction, a modified protocol was used (Williams-Woods,
et al,, 2011). Four to six whole oysters were shitcked and the digestive diverticula were removed
to obtain a 4 gram sample. An aliquot of murine norovirus was added as an extraction conirol
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 | hrat4°C, The pellet was resuspended in tissue culture grade phosphate bu[‘fe:ed
saline (tcPBS) and extracted first with chiotoform, and 0.5 M-threonine. Both aqueous phases
were combined and 50ml of tePBS 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-gPCR and qPCR as described below,
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RT-qPCR

Positive conirols used for NoV Gl and GII 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 GII targeted the most conserved region of the open reading frame 1
(ORF1)-ORF?2 junction. Real-time RT-qPCR for detection of NoV GI and NoV GII with an
RNA IAC was performed in a 25-pl 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
IAC primers (46F and 194R) were 75 nM each. The 5' nuclease probe concentrations for NoV
and the IAC target were 100 and 150 nM each, respectively. The final concentration of MgClz in
the real-time RT-qPCR was 4 mM. Thermal cycling was run using the SmartCycler I1 system
with the following conditions: 50°C for 3,000 s and 95°C for 900 s followed by 50 eycles of
95°C for 10 s, 53°C for 25 s, and 62°C for 70 s. 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
Gl and/or NoV Gl were subjected to a secondary detection assay. Amplification of the original
RNA extract was performed with primers from the B reglon by conventional RT-PCR (see Table
1 in DePaola, et al., 2010). 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 IAC utilizing the 46F and 194R primers and the TxRed-labeled
probe as previously described was added with final primer and probe concentrations of 0.75 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 5, 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 FAM-ZEN [abeled as a fluorescent dye on the 5° end and an lowa
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 porovirus

The positive control used for murine norovitus was purchased from ATCC PTA-5935 and
propagated using the RAW264.7 cell line, Real-time RT-qPCR was utilized for the detection of
murine norovirus (the extraction control virus) with an RNA [AC in a 25-pl 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 11 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 10.
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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. Howevet, the movement of
the drogues indicated that the tide did not actually turn 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 10.0, 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 of 0.62 mph or 1.0 km/hr.

3.2 Background Readings

Background levels of fluorescent units (FUs) for the WET Labs FLRHRT-586 tracking
fluorometer were measured as 82.8 FUs on average, A background level of 82.8 FUs is typical of
average background levels for other estuary systems that have been evaluated with the FLRHRT-
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 fiuorometer 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 1:16 AM and ended at
approximately 1:40 PM. 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 8:00 AM - 9:00 AM. Based on the continuous flow rate out of the dye container, 17.65
gal/day, a1 x 10% 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 4:00 AM 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 of 7.52 MGD from 1:00 PM - 2:00
PM. Based on the continuous flow rate out of the dye container, 38.80 gal/day, a 1 x 10® ppb
concentration factor for the Rhodamine WT dye, and an effluent flow rate of 5.82 MGD, the
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average dye concentration in the effluent was calcutated 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 of the approved growing area is 1.9 km, so it
would take approximately one hour for effluent 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 of the 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 2:24 PM and first
reached Station 5 around 3:58 PM (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 effluent from the plant. However, dye typically travels faster
than drogues, and the more conservative value of 1.4 ke/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 of the approved growing
area, so it would take about 56 minutes for effluent to trave! 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 1. 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 4:00 AM 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 difution 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 Iniet, 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 of the 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 of NoV Gll, and MSC in
comparison to the combined dilution values from both studies at Stations 1 through 6. The NoV
GII and MSC results will be discussed in mare 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 GII levels were the
lowest, whereas the lowest levels of dilution were seen at Station 5, where the NoV Gll 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 Statlons 1, 3, 5, and 6, NoV GII
levels were higher than 1000 RT-PCR/100g. 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-2049 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 of the 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-
2133 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 1.92:1. 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 8% than on February 7",
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Figure 18 shows the locations of <=1000:] 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
concentration in the bay of 1,393 ppb would represent a 1000:1 dilution of the North Bend
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
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
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 wete 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 of the Coos Bay #1 study,
2/16/2011. As shown on the map, dye levels in the range of 0.50 — 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 of 0.50 —
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 i the estuary
would equate to a 1000:1 dilution, Even on the second day of the study, 84.5% of the 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 1000:1 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 of 0.667 ppb would represent a 1000:1 dlution of the 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, <1000:1 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 Jevels 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 <1000:1 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 <1000:1 occur near all the shellfish stations and throughout much of the
growing area. It’s also important to reiterate that the <1000:1 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
ocours 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 ocours. 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 <1000:1 are known to occur, but
there could be even more locations within the bay where <1000:1 dilution occurs if the 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. Durlng 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 neticed on the map
that Station | was originally positioned outside the most concentrated portion (centerling) of the
dye plume during the North Bend WWTP study. Because of this observation using the RAFT-
MAD system, Station 1 was picked up and moved to & better position directly within the dye
plume’s centertine. 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 teacking 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 patticular 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 coflected. However, data collected

prior fo 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 wete partly resolved by
saving 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 cortected in ArcGIS Desktop afler the study. All of the
observations made during the beta test were discussed with ESRI, Inc. to tmprove 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 avérage 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 experience any.
bypasses, loss of disinfection, or other interruptions.;

The average daily wet flow for the North Bend WWTP Is 2.5 MGD, with a peak houtly flow up
to 8.5 MGD ~ close to the hydraulic capacity of 8.3 MGD - and a design flow of 2.0 MGD.
Since flows of 2,5 ~8.5 MGD can be expected at the Noith 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 injestion period-on 2/15/2012
(after the problem with the tubing was fixed) was 5.8 MGD based on flow data provided 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, priot to detection of the tubing ploblem a WWTP flow level as high as 11.61 MGD
Was mcorded

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 Plarit No. 1%, 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 rainstorn event oscurted during the dye injection period for the
Coos Bay #1 study and this event not only resufted in higher flows at the WWTP, but it also
caused a bypass of ptimary treatment to oceur. 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
1000:1 dilution duting 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’ { afi the WWTPs Most of the sampies collected had Iow levels of FC
EC and MSC Two o{‘ the samp!es col!ected in lhe same iocation, had MSC levels above 1 the

e samples

A '_homes With run~off Soap bubbles were seen in the uzn«of‘f which are
consistent with !aunch v detergents ot other household items often present in gray watet. The
homes were far from the location of the growing area and the run-off flows were very small.
-fI‘his sotirce was not deemed to have any significant 1mpact on the -growing area. ODA indicated
) ould follow up with the home-owners about the run-off issue. Thus, the shoreline : survey
restilts indicate: that the most dommant and sngmﬁcant 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 Gl and GII, and AdV resuits for the North Bend and
Coos Bay WWTPs’ mflucml and final effluent for both study periods.

Table 1~ North Bend WWTP Influent Data

206/2011 | 1:00 t6 6:00 “i74 14,400 Co 12701 76,800 11,500,000 ~ 2,000,000
20672004 | 13:00 to 18:00 =7 LoAL860 e 73RO ] 1,176,000°] 1,500,000 1,500,000
2702001 | 100t 6:00 . 24 S 47,3304 1,120 212,000 1 600,000 - 600,000
2772011 1 £3:00 to 18:00 R C6OI 1540 [ 306,000 | 660,000 - - 693,000
2/8/2011 | 1:0010 6:00 <17 6.570 | 4,680 346,000 785,000 843,000
2/8/2011 1 13:00 to 13:00 <i7 13,000 _ 15,590 280,000 745,000 750,000

ND-Not Determined
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Table 2 ~ Noith Bend WWTP Effluent Data

¥

2/6/2011 | 100 1o 6: . ' 3,840 7.0 .

20672011 | 13:00 10 18:00 ND ND ND ND <0.5 <05
272011 | 1:00t0 6:00 | <17 3,260 530 ND <0,5 (0.5
272011 | 13:00 to 18:00 <17 1,890 63 12,260 12.0 1.8
2/8/2011 | 1:00 to 6:00 <17 | 2,500 470 4,000 23 3.0
2/82011 | 13:00 to 18:00 <17 <10 1,680 2,000 <05 0.5

NI~ Not Patermined

Table 3 - Coos Bay #1 WWTP Influent Data

2/16/2011 1 1:00.to 6:00 <17 | 5,580 | 4,580 92,000 025,000 055,000
2712011 | 1:00 to 6:00 <17 3,310 275 1 154,000 850,000 865,000
2112041 | 13:00 to 1800 <17 780 6,260 128,060 1,185,000 . 1,190,000 .
21212010 1:00 to 6:100 <17 13,610 5,600 108,000 105,000 115,000
212201 13:00 to 18:00 |7 77,000 25,900 128,000 ND ND
2/1352011 | 1:0010 6:00 <17 840 990 136,000 1,600,000 1,700,000
/1372011 | 13:00 10 18:00 <17 2,007 890 76,000 2,400,000 2,800,060
20572011 | 1298 {gral) ND ND NI { 25400 300,000 360,000
211512011 | 12:08 (grab) ND NI HND 62,000 1,500,000 . 1,650,000
NI Not Petermined '

Table 4 - Coos Bay #1 WWTP Effluent Data

2/10/2011 1 1:00 to 6:00 <17 2810 720 §,600 <0.3 <0,5
2/11/2011 | 1:00 1o 6:00 <17 1140 2,360 12,400 1.50 1,50
21112011 1 13:00 10 18:00 <17 130 360 8,009 0.50 (.50
241242011 | 1:00 {o 6:00 <17 82 430 | 9,200 <0.3 <0,5
241242011 | 13:00 to 18:00 <17 600 460 | 10,400 ND Np
20132011 [ 1:00 to 6:00 <17 <171 <10 12,800 150 2,30
215372011 | 13:00 to 18:00 <17 <17 146 17,200 1.50 1.50
20152014 | T:28 (grab) ND ND ND 4,400 <05 20,5
2/15/2011 | 12:08 fgrab) ND ND ND 2,200 3.50 | 3.50

ND- Not Determined

FC and BC levels in thie firial efflueit wete low, In accordance with the WWTPs’ discharge:

permits, but average MSC levels in the final effluent ranged from 2,000 to 12,200 MSC/i00mi:
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 duting the studies.

NoV Gl levels detected ifi the North Bend WWTP influsit ianged from 6,570 10 71,860 KT

PCR units/100 ml. 1n one case, NoV GlI levels were réduced to <10 RT-PCR units/100ml in:
the final effluent after treatment by the WWTP, However, in most cases virus levels detected in.
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the WWTP final offluent temained high - ranging from 1,890 to 3260 NoV GII RT-PCR
units/100ml, |

For the Coos Bay #1 WWTP influent, levels of NoV Gl in'the influent tanged froin 780 to
77,000 RT-PCR units/100 mil, In two cases, NoV Gl levels were reduced to <17 RT-PCR
units/100 ml in the final effluent, but as with the North Bend WWTP, the inajority of final

effluent samples tested had detectable levels of viruses; tanging from 82 to 2810 NoV GIIl RT:

“PCR units/100 mi,

Adenovirus was found in all North Bend influent samples and ranged from 1,120 to 15,590
units/100ml. The effluent samples ranged from 63 to 1,680 units/[00ml. 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/L00m!, The effluent had one sample below the
detection limit of <10 wnits /100m! and the rest ranged from 146 to 2,360 units/100ml. The
AdV removal through treatment seemed consistent with the other virus analyzed.

A 1000:1 dilution of the WWTPs’ outputs in the bay would reduce the highest NoV GII levels
‘deteoted in the North Bend anid Coos Bay #1 final effluent dow to 3,3 and 2.8 NoV GII RT:
PCR units/100 mi, respeotively. Fowever, the ability of shellfish to bioaccurnulate viruses up to
'100-fold (Seraichekas o uf etal,, 2011) should be considered in determining
whether'a 1000:1 dihition is sufficient, parti _ ¢ the viral impacts from both WWTPs on
the approved growing area is cumulative. The elevated levels of NoV GII inthe shellfish
indicate that the combined impact from both WWTPs and bioaccurnulation play a critical tole,

3.13 Microbiological Analysis of Oysters at Cage Stations

Figure 15 shows the FC, EC, MSC, NoV GII, NoV GII, 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 and
did not appear to be directly correlated to the distance from the WWTP outfall, the level of \[
dilution, or the NoV Gl results; the stations positioned in between the two WWTP outfalls but”
closer to the Coos Bay #1 outfall (Stations 5, 4, and.3) had the highest NoV GII tesults; and
‘MSC levels increased 4iid decreased i a similar mariner toNoV Gil levels. MSC and NoV Gl
results were also related to dilution levels, as shown in Figure 15 and previously discussed.

For the North Bend WWTP study, Station | was closest to.the diffuser and Station 6 was farthest
away, Dye concentrations were highest near Station 1, up to 27 ppb, and were still detected at
significant levels (1.0 ~ 5.0 ppb) near the other stations (see Figutes 17 and 1 8). For.comparison
with the microbiological findings, levels of MSC and NoV GII at Station 1 were high (1630 NoV
GII RT-PCR. units/100g), but decreased at Statlon 2 (1086 NoV GII RT-PCR units/100g). The.
level of NoV GII (but not MSCY increased at Station 3 aiid Station 4, but this finding may also be
due to the influence of the Coos Bay #1 WWTP o these statlons. Based on the microbiological
results in Figure 15, it appears that Stations 3 and 4 were mote impacted by NoV GII 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 —2/10/201 )
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indicates that effluent 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 GII 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 effluent
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 GII than Stations 5, 4, and 3 and lower levels of MSC 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 GII 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 s that
the station was positioned so closely to the Coos Bay #1 WWTP outfall that the freshwater
effluent may have adversely affected the pumping ability of the oyster sentinels at that station
and hindered the uptake of NoV Gl 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 wete likely impacted by the freshwater influent.

NoV GIl levels in shelifish 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 of MSC from the North Bend
WWTP. However, NoV GII 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/100 g) and at Station 5 (498
adenovirus PCR units/100 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 Statlon 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 effluent from both
WWTPs. The cumulative estimated dilution values from both WWTPs are shown in Figure 15,
along with the microblological findings at each of the oystet sentinel stations. NoV Gl levels
ranged from 1080 GII 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 #1 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 sewago failure. For example, we can estimate the anticipated fecal
coliform concentrations at the 1.5, 1,0, 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 1.5 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 #1 WWTP (single ebb tide
and assuming no decayg. When influent data for a WWTP is unavailable, a typical literature
based value of 1.4 x 10° FC MPN/100 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 #1 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 10% and 1.2 x 10°FC MPN/100 ml, respectively. FDA testing also
found FC levels as high as 2.0 x 10° FC MPN/100 ml in the North Bend WWTP influent and 2.8
x 10° FC MPN/100 ml in the Coos Bay #1 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 Conc. in Bay Estimated Conc. in Bay
with (FC/100 ml) (FC/100 ml)
Dye Contour Respect to p : p
(ppb) FC with no With 1.1 x 10° FC/100 m] With 2,0 x 10° FC/100.m]
decay (average level in influent) (max level in influent)
1.5 929:1 987 1794
1.0 1393:1 658 1196
0.5 2786:1 329 598
0.1 13930:1 66 120
0.01 139300:1 7 12
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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 Conc. in Bay Estimated Conc. in Bay
with (FC/100 ml) (FC/160 ml)
Dye Contour
(ppb) i?g"‘?flf';‘; With 1.2 x 10° FC/100 ml | With 2.8 x 10° FC/100 m]
d:::ay (average level in influent) (max level in influént)
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 10° FC MPN/100
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/100 mi 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 of the 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 of the 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

30

B |

1

R |




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 s considered, the 1000:1 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 of the 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 <1000:1
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 caloulated 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 ¢ould
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:] 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 <1000:1 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 | hour steady state dilution values (or “1/2 tidal day
peak I 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 Notth 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 of the 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 GII levels in oyster sentinels from all six stations were
greater than 1000 RT-PCR units/100 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 GII levels detected in the
shellfish. However, NoV GH levels in the WWTP effluent were high prior to the bypass ~ 2810
RT-PCR units/100 ml on 2/10/2011 and 1140 RT-PCR units/100 ml on 2/11/2011 (see Figure
23). The large rainfall event and the bypass in primary treatment did not ocour 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 otder 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
Conditiona! Area Management Plan in addition established for Coos Bay.

4,6 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 effluent 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 of tidal 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 of flusrometers 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-Tire 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-iime while the data was being collected.

Significant flow data and influent and effluent microbial data was collected at the Notth Bend and
Coos Bay #1 WWTPs during the dye studies. This data can be used to assess the WWTPs’
efficiency and to coniribute 16 FDA's research on WWTP performance. The data demonstrates
the presence of NoV GII, AdV, and MSC at significant levels in the WWTPs’ final effluent, both
for the North Bend WWTP operatmg under normal conditions and for the Coos Bay #1 WWTP
operating undet a bypass of primary treatment, The MSC results followed the same patterns as the
‘NoV Gl results, ‘deonstrating that MSC was a'good NoV Gll indicator foi' this study. FC, EC,
NoV Gl, and AdV did not follow the same patterns as NoV GII 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 anid lower levels of viruses at stations with high
dilution. The microblological results in the WWTP effluents and in the shellfish support the
relationship between ditution and mitigation of viruses.

5.0 SHELLFISH GROWING AREA CONSIDERATIONS AND RECOMMENDATIONS

When considered collectively, the daia from the hydrographic dye studies at the North Bend
WWTP and the Coos Bay #1 WWTP and the mictobiological assessments of WWTP effluent
and shellfish supports 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.

o Steady state dilation values (peak 1 hout) within the vicinity of the Stations were less
than 1000:1 in most circumstances. It should be noted that Stations 1 and 6 were located
within the prohibited arcas. Stations 2,4, and 3 were located o the ediges of the
prohibited asea and conditional area extending along the western shoreline, Within this
channel the most concentiated dye tagged effluent levels were recorded with the boat
tracking collecting a significant amount of data with ditutions levels of <1000:1 within
app’:oxlmateiy Y4 mile of the shoreline, Thus, based on the Station data and the Boat
tracking data it is suggesied that the prohibited area along this section be widen to % mile
to account for most concentrated dye path.

e Station 3 received higher levels of dye and had a lower combined peak | hour steady
state dilution than Stations 2 and 4. Dye levels wetre observed to Increase near Station 3
during boat fracking as well, Dye-tagged effiuent accumulated at this location, which
was within Haynes Inlet, Although the peak 1 hour steady state dilution and tracking

values wete loss than a 1000:1 they were relatively close to 1000:1 (approximately 900:1
range).
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MSC and NoV levels in the oyster sentinels were high — presumably the Javgest impact to
sentinels was caused by primary bypass event that oceurred 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 priiaty 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
stuclies and a “build-up™ of effluent was observed at some stations,

Estimated travel time of the effiuent from the North Bend WWTP was 1.9 km/hour and
from the Coos Bay #1 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 sirategies could be explored with lease owners
regarding notification and certification of any product before released 1o 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 arca 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 % mile from shoreline
to include dilutions <1000:1, Although, sporadic dilutions of <1060:1 occurred
throughout the growing area duving 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 lkely 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
mictobiological results suggests that further shellfish collection and MSC analysis
(during the open status) may help to validate if the areu is of acceptable sanitary quality
(including viruses) when in the open status, Currently nota requirement under the NSSP
it has been recognized that Male-Specific Coliphage (MSC) is a useful indicatorof
enteric viral risk posed from WWTP effluents (ISSC Male Specific Coliphage Mesting:

Based on these findings, FDA recommends that either C'Q:'oé'Ba:.yj be re-classified to '6ondi_t_icina?l__ly,,

restricted, with conditional management based on the WWTPs’ performance, or as conditionatly
approved with the following conditions as reéommended in FDA FY-2014 and 2015 PEER:

o Each time the Coos Bay #1 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 lmmedlately ctose for 2ldays If another bypass event oecliis
-';durmg the 21 clay closure, then the growing area will be ¢losed for 21days from that
‘event,:

o 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 amd from representative locations in each growing
area potentially impacted.

¢ Increased communication between ODA and the WWTP opetators ini the event of a
bypass. Actording io the study, the ume of travel to the growing area is spproximately
one hour. Prompt notification to ODA iIn the event of a bypass will allow for prompt
closure of the growing area,

Based on the findings of this study it is recommended that ODA recvaluate the 1000:} and
100,000:1 WWTP dilution zones for these areas, as well as collect bypass information from
WWTP operators. WW1TPs should véport any bypasses of primary or secondary treatment, to
include any split flow or flow blending events as well as excecdances 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 arcas 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 arcas affected by WWTPs is described in ISSC
Proposal 13-118 Dilution Guidance for Prohibited Zones Associaled 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 Classified as Prohibited Adjacent to Each Ouitfall,
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Figure 1! Station Locatlons, WWTP Qutfalls, and Classified Growing Areas in Coos Bay
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Figure 2: Drogue Study Resuits

Coos Bay Drogue Study
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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 — Statlon 3 WET Labs Data
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Figura 6: North Band 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
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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: Coaos Bay #1 WWTP Study ~ Station 4 WET Labs Data
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Figure 13: Coos Bay #1 WWTP Study - Statlon 5 WET Labs Data

Tidal Depth &)

Salinity {psu)

Rhodamine WT Dye Cancentration {ppb}

Dye Injection at Coos Bay WWTP
Station 5-2032

32

Dye injection period

AN NS

16 -
251 A |Dilution = 27
/’
Ve
20 - J
e
e oo o e e e e
16 - P
-~
-
e Dilution = 68
b L Difution = 74
T e i e
5 4 P -
- g w57 {Dilutton = 336
—— .v- it --- st gl P rers iy vy et s
0 V‘“’ ,"‘ T -—a;*\-'-"'k T . v ' .
0211% 02116 02117

Date

w———  Confinutus readings submersible fliiotomeler
—de - Steady state maximum soncentration
—-p— Sleady state average concentrétion
— -8 —  Steady state peak 1 hour coneentration

¥  Peak Conocenlrafion

P

i
i
b
I
i




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 Oystar 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

North Bend WWTP February 7, 2011
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Flgure 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

North Bend WWTP February 7 and 8, 2011 Dilutions

BER s B b

RIS BT

Narth Bend

) oy - : . Vﬁ?:‘:a
Legend . . Hab
@ snotin sation W Outtars s Pl ke
Gonoentration {ppb) Dilutions '
et 1 »sfd00
% B0H0005 & 2880l0 114400 Ay
& 0osteots 11,040 to 22,800 '
8110050 & 20801011640
1 3R I 0002708
101050 § <1000
5015100
MLt 560
5 60K




Figure 19: Dye Tracking Results on Feb. 15, 2011 for Coos Bay #1 WWTP Study
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Figure 20: Dye Tracking Results on Feh. 16, 2011 for Coos Bay #1 WWTP Study
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Figure 21: Dilution Assessment for Coos Bay #1 WWTP Study
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Figure 22; Overall Dye Tracking Results for Both WWTP Studies
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Figure 23: Dilution Assessment for Both Studies in Relation to Shellfish Growing Area Classifications
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- restern Inc. - Texas

_ Development, Design, Engineering, L.1°C Contracior
al ASMIE Fabrication, Finite Analysis, ASPEN Heat Exchanges, AP Tanks
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DBWT - A recognized global business leader and chemical engineering corporation providing advanced

technology and support to customets through business development, engineering design, planning, contract
administration and construction.

* Phane (541) 756-0533 * Fax {541) 751-9837 Mall to: 95084 Larson Ln., #
Ship to: 90418 Trans Pacific Lane $North Bend ¢ OR * 97450 #.s v ciiny s & pustiiot




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.

+ Phone (541) 756-0533 ¢ Fax {541) 751-9837 Mall to: 95084 Larson Ln, ¢ 3
Ship to: 90418 Trans Pacific Lane *North Band # OR + 97459 #yowvs dbf s ¢ et us




Left - DBWT - Technology, Process Design,
Engineering, Training and Stact-up. Tianhua,
China Plant under construction,

Right - Completed
China Plant;

¢ Phona {541) 756-0533 * Fax (541) 751-9837 Mail to: 95084 Larson Ln, +
= Ship to: 90418 Trans Paclfic kane *North Bend ¢ OR % 97459 %wyier dbwit sis, * mait@idbwi s




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 of DBWT
Oregon International Port of
Coos Bay.

+ Phone {541) 756-0533 + Fax (541) 751-8837 Mall te: 85084 Larson Ln, +
Ship to: 90418 Trans Pacific Lane #North Bend * OR + 97459 +,
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DBWT

»e 100,000 square ft. bu_i._lding with d_'ir.eétr concrete 'lieéwy I_iﬁ road to heavy lift dock,
" plus 32 acres of laydown area.

Bolow - 16t wide Dock approach, 50 x 150ft Lift Dock with a 2001t floating
dock, and 2 40ft shipping contalners for additional storage.

+Phone (641) 736-0533 + Fax (541} 751-5837 Mall to: 95084 Larson L. ¢
pon Ship to: 90418 Trans Paclfic Lane +North Bend + OR + 97459 ‘g,rsf.r‘a?.’.'.’:it’a_éﬂ:'ii$r. # i dbwt gs




DBWT

100,000 squate foot high bay shop, ASME Code Cetificates, U & R with the latest welding and man-
ufacturing equipent. 3 Bays with overhead cranes 40 ft @ hook.

QUALITY ASSURANCE MAJOR EQUIPMENT ™ Break: %" x 12" using o 320-ton
) _ Hydraulfc Press
\ ; f [ ; j
DBWT, Inc, has an excellent Quality = CNC Cogtml at.:!ckmm Machi..nmg Shear: 4" x 12"
and Drilling Bridge for materials up
to 16" high and 15’ wide while ®  Roll: K" x 107

maintaining 0.001" accuracy n  Pipe Bender: 2" diometer

Assurance Program and tralns its employees on
the company’s quality performance standards.
These Include:

»  Radial Drill Presses: 12* copacit . o
s ASM.E Certification for Section Vil “U” & Packy  w  pipe and Angle tolls 4 Cap.

“R” stamp for design, fabrlcation and re- ™  90-ton Pir anha lron Worker % 6 Automatic tube welders
pair of bollers, hedt exchangers, and pres-  w  Beyeler: Plate and Pipe
sure vessels,

M Oregon CCB # 150463

s 2"to 6" Autematic pipe welders
#  Plasma Culling

+ Phone (541) 756-0533 + Fax {541) 751-9837 Mall to: 85084 Larson Ln. +
Ship to: 90418 Trans Pacific Lane +North Bend ¢ OR * 97459 +.« o ® gl




DBWT

Carbon - A-36, 516—70,
Stainless - 304 and 316 285

Gauge through 2"

Diameter - 1* 0" theu 15'Lenglh L 0" theu 130
Ou o

0 psis thru 500 psig

+20° F thru 1100°!

Carboti - A-36, 516-70,
Stainless - 304 and 316 285

Gauge through 2"
Diameter « 1" thru 15" Length = 1" 0" thru 80
tl 0_"

10 psis thiu 500 psig

20° I they 1I00° F

Stamless 304 and 316
_ Carbon ~ _
A-36 & 516 A-36 & 516

Stam]ess 304 and 3 16
Carbon -

10 Gauge thru 5/8" 110 Gauge thru 5/8"
iameter - 2' 0" thru  Diameter « 12' 0" thru
15" 0" Tall 42'0" Tall
4 0" thyu 41' 0" 110" 0" thru 40 0"

0 psig thru 2.5 psig 0 psig thru 2.5 psig

/A
Codes and Standards used and followed: A,S.M.E. {U} Certified - National Board (R} Certified - API 650 - API |
650 Desugued and constructed for operating at less than 2. 5. psig

+ Photie {541) 756-0583 * Fax {541) 751-9837 Mal to: 95084 Larson Ln, + 8
i Ship'to: 90418 Trans Paclfit Lane *North Bend * OR + 97459 %uwrisy bt s # vl it s
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DBWT - 15,000 tube Reactor and related vessels design, engineered,

=  fabricated and installed.

=
o
7 + Phone (541) 756:0533  Fax (541) 751-9837 Mall to: 95084 Larson Ln, +
M Ship to: 80418 Trans Paclfic Lane +North Bend * OR * 97459 # s dhwtuc # nisilioinat us

10



|

DBWT - Polysoude Pulse Tig - Computer controlled tube to tube sheet welding for fabricating
Reactors and Heat Exchangers.

+ Phone (541) 7_56-0533 + Fax (541) 751-8837 Mall to: 9_5084 Larson Ln, ¢
Ship to: 90418 Trans Pacific Lane *North Bend ¢ OR ¢ 97459 *.cover cinmt o # shaitivabet s
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15,000
Tube
Reactor
Assembly

15,000 Reactor
tubes in place

DBWT can build Reactors to
16 diameter, 100 mt 500 psig
and 750° F.

+ Phone (541) 756-0533 + Fax (541) 751-9837 Mail to: 95084 Larson Ln, +
Ship to: 90418 Trans Paclfic Lane *North Berid ¢ OR + 97458 %00 1
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Above - DBWT - Fabrication and Installation of 45 fi Diameter Stainless Steel Taiks with
= insulation and piping in a chemical plant.

AR ot - DBWT - Cad Cam Bridge Crang drilling and
B 1illing technology producing up tol5 fi diameter
precision to within .001 of an inch.

¢ Phone {$41) 756-0533 + Fax (541) 751-9837 Mall to; 95084 Larson L, ¢

ship to: 90414 Trans Pacific Lane *North Bend + OR * 97459 $v:v

s bt s # maiiggdbwl s
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DBWT

AR A e e

Above - DBWT - Patented and proprietary teclmolog}f for Catalytic Converters with Platinum
Catalyst for 99.99 % Vol, reduction with closed loop heat cycle and 15,000 SCFM.,

Above - DBWT - Sections of Distiliation Columns with Sulzer Structure Packing
for the New York State plant construction,

* Phone {541) 756-0533 # Fax (541) 751-0837 Mail to: 95084 Larson Ln. »
Ship ko: 90418 Trans Paglfic Lane *North Bend ¢ OR + 97459 #gwey vt i + i@ dina s
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DBWT

T T T T AT e S T

Right-DBWT- 12 ftx 24 ft & i2
ft x 36 ft Diameter Stainless Steel
Tanks erected within customer
building.

Above - DBW'T - Stainless Distributers with Johnson screen takes |
for polish filters used in water treatment plant construction.

* Phone (541) 756-0533 + Fax {541) 751-9837 Mall to: 95084 Larson Ln. + 15 !
Ship to: 90418 Trans Pacific Lane *North 8end + OR + 87459 *vrvay dines 1y * i fdbie o




DBEWT

Right -DBWT - ASME 40
ton high pressure waste heat
boiler @ 30,000 btw/hr,
Design, engineered, fabricated &
and instalied.

+ Phone (541} 756-0533 # Fax{541] 751-9837 Mall to; 95084 Larson Ln, +

Ship to! 90418 Transpadﬁc LanE +North Bend * QR * 97455 '0-},_-'\}:-,1.'_!.fif;-_ask(;'w‘, & puiilanelvart as
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Above - DBWT - Geat
pump skid for Methanol
with “zero™ emission
valves.

DBWT

A e e e P ST S R LT AT S ST

Above - DBWT - Puimp 1ﬁoclu-les on cast concrete
skids ready for over seas shipment.

| Left - DBWT - Field piping systems designed,
fabricated and instailed in field.

+ Phone (541) 756-0533 # Fax (541) 751-9837 Mall to: 95084 Larsan Ln. ¢
Ship to: 90418 Trans Paclfic Lang *North Bend # OR + 97459 +yww dived e ¢ mallfadiyat b,
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Tube Bundle Assembly

«  CNC machining/drilling~the Quickmil
can accommodate materials up to 15 feet
in width, 16” high, while maintaining an
accuracy of .001".

« Orbital, Tube-To-Tube sheet welders
increased guality and speed by 200%

Orbital Tube-to-Tube sheet
welders increased quality and
speed by 200% with state of the
art welding process

+ Phone (541) 756-0533 # Fay (541) 751-9837 Mail to: 95084 Larson Ln, +
Ship to: 90418 Trans Pacific Larie *North Bénd + OR * 97459 *yeury st oo & mall@hdinu by
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DBWT
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ABSORBER COLUMNS
Above: Absorber Tower Aésembly process |

Right: Standing up an Absorber
Column in La Porte, TX

+ Phone {541) 756-0533 ¢ Fax {541) 751-8837 Mall to: 85084 Larson Ln, 19
Ship to: 90418 Trans Pacific Lane ¢North Bend ¢ OR # 97459 #uy divert s # maiifndingt oy
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DBWT - Process, chemical, air quality process diagram for chemical plant operations.
+ Phone {541) 7560533 * Fax {541) 751-D837 Mall to; 95084 Larson L, + 20
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DBWT - $100,000,000 chemical plant in Texas design, engineered, fabricated and installed in 2001,
This facility supplies 100% of raw material for Dupont “Spandex” and is owned and operated by
DBWT.

« Phone (541) 756-0533 # Fax (541) 751-9837 Mail to: 95084 Larson Ln. +
Ship to: 90418 Trans Pacific Lane ¢North Bend + OR ¢ 97459 ¢ ove dineitar ¢ maiddbnd sz
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DBWT - Developed and patented chemicat mamufactur'in_g process designs, detailed
engineering, and provided turnkey facility installations globally (see list of installations).

+ Phorie {541) 756-0533 ¢ Fax (541) 751-9837 Mall to: 95084 Larson Ln, +
Ship to; 90418 Trans Pacific Lane *North Bend + QR ¢ 97459 ¢ ¢ tn, ® oaiE b oy
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Logav.

DBWT - Designed the programs, technical formatting, and developed the algorithms for
process control. We provide our customers with custom DCS Control Systems including:

Entmerson Delta V
Siemans
Allen Bradley

Honeywelil

+ Phone {541) 756-0533 + Fax (541) 751-9837 Mail to: 55084 Larson Ln. +
Ship to: 90418 Trans Pacific Lane +North Bend ¢ OR 4 97459 #.zuey: it nie ¢ madfidivai g
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DBWT - Supplies our customets remote 1/O in 316 stainless steel panels for distribution throughout
the pt'ocess conuol systems via enther Mod-Bus, Ethemet or ﬁber optics.

i Left - DBWT - Developed
several designs for control

i elements and conitrol logic
4 SEL 3.

+ Phivhie (541) 756-0533 » Fax (541) 751-§837 Mail to: 95084 Larson Lh, *
Ship to: 90418 Trans Pacific Lane «North Bend 4 OR + 97458 swyrw diiiw n # mail@dhvelu
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DBWT

DBWT - Incorporates a broad range of customized computer software programs to enhance its ability in
P4 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 prograreming, ChemCad,
BJAC/HTRI Heat Exchanger Design, Emmerson Delta V, Honeywell 900, Allen Bradley.

+ Phone {541) 756-0533 + Fax {541) 751-8837 Mall to: 85084 Larson Ln, ¥
- Ship to: 90418 Trans Pacific Lane #North Bend ¢ OR * 97459 +..

verflvast e % gl o
TR AR LR AR A TR SO

25




DBWT

P

DBWT - Chemical plant coristructed in 2000 and retrofitted in 2013 from Honeywell to an
Emmetson Delta V gystem while plant was in operation. New chemical processes were
added and implemented in 2011,

S 1.clt - DBWT - Improving process

1 teclinology from product chemistry
through process development, design,
fabrication, installation, and start-up,

_ # Phone {541) 756-0533 + Fax{541)751-9837 Mail to: 95084 Larson Ln. +
Ship to; 50418 Trans Pacific Lane *North Béng + OR * 97459 ®ree, el un ¢ praibidinee b
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DEWT
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0.8. WESTERN, iV,

Property of DBWT

Design for fabrication of 2000T Floating Modules in Graving Dock used for a Wind Energy project.

+ Phone (541) 756-0533 + Fax {541) 751-9837 Mall to: 95084 Larson Lh, +
Ship to: 90418 Trans Pacific Lane *North Bend * OR # 97459 4vovvs dhest o 4 ailitdbwr v

27




DBWT - A recognized global feader in the petro chemical 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,

e

DBWT - Top view of 3D readering of exporit Coiitainer/Coal Terininal,

+ Phone (541) 756-0533 * Fax {541) 751-8837 Mall to; 95084 Larson Ln, +
Ship t0:.90418 Trans Pacific Lang +North Band ¢ OR * 07459 +usw syl s ® nyaileledinest s
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DBWT

P T e e L]

rersninent

RIS
Property o DBWT

DBWT - Design engineeting 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.

T

DBWT - Technology
design Coal Terminal
J with rendering.

* Phone (541) 756-0538 + Fax {541} 751-9837 Mall to; 95084 Larson Ln, ¢
Ship to: 90418 Trans Pacific Lane +North Bend ¢ OR # 97459 #:wevy bt us ¢ mall@dingt iy
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DBWT

_______

b WESTERO
‘Property of DBWT

DBWT - Engineering design of 250 x 8501t Graving Dock with 24ft
draft for barge manufacturing, repair, sandblasting and painting.

* Phone {541) 756-0533 + Fax {541) 751-9837 Mail to: 95084 Larson Ln. +

Ship to: 90418 Trans Pacific Lane *North Bend + OR ¢ 97459 #ury:
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DBWT
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Property of DBWT

DBWT - AutoCad 3D Modeling, design and engineering of a chemical polymer
plant in the south east US.

+ Phone (541) 756-0533 + Fax (541) 751-8837 Mail to: 95084 Larson Lh, *

Ship to: 90418 Trans Pacific Lane +North Bend ¢ DR ¢ 97459 #yrw clloest o ¢ sl e
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DBWT
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DBWT - Engineered design for a new 600,000,000 bd f/yr, 100% kiln dried

melric lumber for sawmill for China markets utilizing USNR newest advanced
technology and engineering.
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