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City of

= ‘ Campbell

River

PRE-DESIGN FOR UPGRADES TO
THE NORM WOOD ENVIRONMENTAL CENTRE

INTRODUCTION
Background

The Norm Wood Environmental Centre (NWEC) owned by the City of Campbell River
(a community of some 31,000 people) is a secondary treatment oxidation ditch facility
with aerobic digestion of waste solids. The NWEC treats domestic wastewater generated
within the City as well as trucked liquid waste (septage). The NWEC includes screening
of the influent wastewater, followed by secondary (biological) treatment in two oxidation
ditches with two secondary clarifiers. Treated effluent is discharged to Discovery
Passage via an outfall and diffuser. Waste biological solids from the oxidation ditch
process are stabilized in an aerobic digester, and then temporarily held in a biosolids
storage basin; digested solids are periodically removed from the basin and used to
fertilize the on-site poplar plantation. The NWEC was commissioned in 1996. A site
layout is shown on Figure 1-1. A copy of the Operational Certificate is attached as

Appendix A.
A number of issues associated with the plant operation have been identified as follows:
e the existing mechanical bar screen allows debris to pass through during high flows;

e the existing mechanical bar screen occasionally clogs (this is suspected to be due to

slug loads of debris from pumper trucks) — the influent then flows to the manual

qII(
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bypass screen, which also clogs if an operator is not present to clean it — this results in

flooding of the screening room (3 or 5 times per year);

= the rock trap at the existing pumper truck discharge station is not effective;

» the influent flow meter is not operational and needs replacement;

e the existing Hoffman aeration blowers are the centrifugal, constant-speed type, with
blower output controlled by an automated damper on the air inlet — new positive
displacement or turbo-type blowers with variable speed controls can potentially
reduce energy consumption at the plant, and will also improve control of dissolved
oxygen concentration in the oxidation ditches which in turn will benefit process

performance;

» the dissolved oxygen (DO) and oxidation reduction potential (ORP) feedback control
system in the oxidation ditch was decommissioned in early 2008, due to chronic
clogging of the macerator circulation pump (an operator-adjustable timer controls

cycling of the aeration system when the ORP controller is not functioning);

» the existing method of allowing grit to accumulate in the duty oxidation ditch and
switching to the standby ditch when removal of accumulated grit is necessary will no
longer be viable when both ditches are required to be in continuous service (this may

occur in the near future);

= athird secondary clarifier is needed to maintain the current operation when one of the

two existing clarifiers is taken out of service for maintenance;

« construction of the third secondary clarifier will require an expansion of the return
activated sludge (RAS) and waste activated sludge (WAS) pumping station;

Dayton & Knight Ltd.
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the existing flow split into the secondary clarifiers is by opening and closing sluice
gates manually — an improved flow control to the three clarifiers will be required

when the third secondary clarifier is built;

control of the dissolved oxygen concentration in the aerobic digester is problematic,
partly due to an over-supply of air from the constant speed 250 HP Lamson blower
which is controlled by damping of the air inlet — this leads to excess energy
consumption, as well as high operating dissolved oxygen concentration which results

in increased lime addition for pH control in the digester;

mixing in the aerobic digester is not optimal and relies solely on the turbulence
resulting from the diffuser air — the addition of mechanical mixers would allow
operation of the digester in an air on/air off cycle for denitrification, which would

help to recover alkalinity and reduce lime consumption;

the existing aerobic digester is a single-cell bioreactor — periodic replacement of the
aeration diffuser membranes requires emptying of the digester — for the current
operation, the standby oxidation ditch can be used as a back-up digester — however,
when the standby oxidation ditch is needed for liquid treatment, there will be no

standby digester;

the biosolids storage basin has limited capacity - solids carry over in the return stream
of supernatant from the biosolids storage basin has at times had a detrimental impact
on the liquid treatment process by causing an accumulation of solids in the oxidation

ditch process;

the existing method of applying biosolids in liquid form to the onsite poplar
plantation has a high cost, and problems are encountered due to saturation of the soil;

and
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1.2

e the existing administration building does not include a separate lunch room, office or

meeting room, and the washroom facilities should be expanded.

Accordingly, the City commissioned this pre-design study to develop upgrade needs and

priorities for improvements to the NWEC.

Acknowledgements

The assistance and contributions of the City of Campbell River engineering and

operations staff in the preparation of this pre-design study is gratefully acknowledged.
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L@ Campbell
River

PRE-DESIGN FOR UPGRADES TO
THE NORM WOOD ENVIRONMENTAL CENTRE

2.0 PLANT FLOWS AND LOADS

2.1 Projected Service Population

The population of the City of Campbell River (adjusted for the Canada Census

undercount) is summarized in Table 2-1.

TABLE 2-1
CITY OF CAMPBELL RIVER POPULATION 1991 TO 2006
Year Population* Percent Increase
1991 30,023
1996 30,250 0.8%
2001 30,806 1.8%
2006 31,444 2.1%

* adjusted for Canada Census undercount by Stats B.C.

For design of wastewater treatment capacity, the City’s Liquid Waste Management Plan
adopted a growth rate of 2.5% to 3.5% per annum. According to Stantec (2004), the
service area build-out population is about 65,000 people. This population would be
reached by about 2030 at 2.5% annual growth, and by 2023 at 3.5% annual growth. The
connection of additional service areas to the system (e.g. Area D in the Regional District
of Comox Strathcona) could increase the estimated build-out population. The reported

current population of Area D is about 3,700 people, and the build-out population if sewer

Dayton & Knight Ltd.
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service were provided is estimated at about 10,000 people (Stantec, 2004). This would
bring the ultimate NWEC service population (including Area D) to about 75,000 people.
For the purpose of this study, an ultimate design service population of 75,000 people was
adopted for the NWEC.

2.2 Plant Flows and Loads

2.2.1 Historic Flows and Loads

The 30-day moving average of plant influent daily flows is illustrated on Figure 2-1; as
shown, there is a regularly repeating pattern, with higher flows observed during the late
fall and winter (wet weather) months, and low flows occurring during summer and early
fall. A slight increase in plant flows over time is evident. The 30-day moving averages
of the plant influent mass loading of five-day biochemical oxygen demand (BODs) and
total suspended solids (TSS) are illustrated on Figures 2-2 and 2-3, respectively; as with
plant influent flow rate, there appears to be a slight increasing trend over time for plant

TSS load, although the BODs load appears to be relatively flat.
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Figure 2-3: NWEC 30-Day Moving Average of Plant Influent TSS Loading

The plant influent average day flow and maximum month flow from 1997 through 2006
are summarized in Table 2-2. The corresponding mass loads of BODs (BODs) and TSS
are included in Table 2-2. The design parameters for the NWEC (single oxidation ditch

operating) are included in the bottom row of Table 2-2 for convenience.
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TABLE 2-2
SUMMARY OF ANNUAL PLANT FLOWS AND LOADS

3 BODs Load 6
Flow (m*/d) (kg/d)° TSS Load (kg/d)

Year F
AAE | ADWE? | MMES MDE* I\SI?IEIFO' Annual Max. Annual Max.

ADWE Avg. Month Avg. Month

1997 | 13,750 | 11,830 | 17,100 | 27,160 2.3 1,800 2,330 2,170 2,430

1998 | 14,220 | 11,840 | 19,580 | 24,950 2.1 2,030 2,560 2,100 2,890

1999 | 15,030 | 12,550 | 20,620 | 29,560 2.4 2,330 3,980 2,380 4,980

2000 | 14,040 | 12,800 | 16,940 | 26,650 2.1 2,190 2,590 2,370 3,160

2001 | 14,260 | 12,590 | 21,720 | 29,750 2.4 1,990 2,690 2,350 3,100

2002 | 14,550 | 12,970 | 20,210 | 26,590 2.1 2,050 2,630 2,360 3,130

2003 | 15,780 | 13,780 | 21,190 | 35,980 2.6 2,410 3,160 2,530 3,280

2004 | 15,610 | 13,090 | 20,230 | 30,180 2.3 2,390 3,240 2,720 4,230

2005 | 15,220 | 13,700 | 23,490 | 25,450 1.9 2,000 2,570 2,340 2,790

2006 | 16,670 | 13,300 | 27,230 | 34,200 2.6 2,230 2,900 2,830 3,590

2007 | 16,890 | 13,840 | 24,930 | 30,020 2.2 2,390 3,080 2,910 3,380

Design® | 11,900 | N/A | 16,500 | 41,400 N/A 2,620 2,620 2,380 3,380

AAF (Average Annual Flow) = average of daily flows each year

ADWEF (Average Dry Weather Flow) = minimum of the 60-day moving average of daily flows each year

MMF (Maximum Monthly Flow) = maximum of the 30-day moving average of daily flows each year

MDF = maximum of daily flows each year

from NWEC design drawings — see Section 3.1.4 — numbers shown in Table 2-2 are based on a single oxidation
ditch in operation

includes trucked liquid waste

a M W NP

As shown in Table 2-2, the average daily flows recorded at the plant over the past five
years (14,550 m*/d in 2002, increasing to 16,890 m®/d in 2007) were much higher than
the design value of 11,900 m*/d. Similarly, the maximum month flows (20,210 m®/d in
2003, increasing to 24,930 m*/d in 2007) were much higher than the design value of
16,500 m*/d. The recorded maximum month mass load of BODs also consistently
exceeded the design value (2,620 kg/d) over the past five years. This shows that the

process is currently performing beyond its design parameters.
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222

The main influent pump station for the NWEC is P.S. #11, which contains one 100 HP
pump and two 250 HP pumps, all constant speed (soft-start) and controlled by water level
detectors in the PS wet well. The small (100 HP) pumep is activated first; if the water
level continues to rise to a set elevation, the small pump shuts off and one of the large
pumps is activated. The peak instantaneous flow at the plant effluent flow meter typically
occurs when the water level causes one of the large (250 HP) pumps to be activated; this
reportedly results in a sustained peak flow of about 420 L/s (36,300 m*®/d) at the plant
effluent flow meter. Instantaneous peak flows as high as 530 L/s have occasionally been
recorded at the plant, although these are transient events (suspected to be caused by large
surface inflows of runoff or cross connections to the storm sewer system). It is important
to note that the peak flows reflect the capacity of the pump station, and not the flow into
the pump wet well. The peak flow could potentially be reduced by adding variable speed
drive to the large (250 HP) pump. On occasion, the small pump and one of the large
pumps have been manually activated; this reportedly results in a recorded flow of about

600 L/s at the plant flow meter.

Inflow and Infiltration

Inflow and Infiltration (1&1) into the sewer collection system can substantially increase
the volume of wastewater arriving at treatment facilities. 1&I varies depending on
antecedent weather, soil moisture, groundwater levels, and the duration and intensity of

storm events.

Infiltration can be divided into two components. Groundwater infiltration (GWI) enters the
system through defects in pipes, which are located below the water table; GWI is relatively
constant in intensity and is of long duration. Rainfall-derived infiltration (RDI) occurs
during and immediately after rainfall events, and is caused by the seepage of percolating
rainwater into defective pipes which lie near the ground surface; RDI is typically of

relatively short duration and high intensity, compared to GWI.
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Inflow can also be divided into two components. Dry weather inflow (DWI) results from
surface water not caused by rain that enters the sewer system (e.g., street and vehicle
washing). Stormwater inflow (SWI1) results from the diversion of storm surface runoff into
sanitary sewers (e.g., roof downspouts that are connected to the sanitary sewer and surface

runoff entering manholes).

I1&I affects the design of wastewater collection systems and treatment facilities. Collection
systems must be designed to accommodate the peak instantaneous 1&I that occurs during a
precipitation (and/or snowmelt) event. At wastewater treatment facilities, hydraulic design
must accommodate the peak instantaneous 1&I, and the treatment processes must
accommodate the sustained high hydraulic loads that occur over several hours or days
during wet weather. The peak 1&I flow for a particular system is normally developed from
flow measurements, or, if accurate flow data are not available, typical design values may be
adopted. For the City of Campbell River system, accurate flow records are available only at
the NWEC; these data reflect only the flow rates at the plant effluent outfall, and do not

provide the peak instantaneous flows for the various collection areas.

The Municipal Sewage Regulation (MSR) for British Columbia states that, where 2.0
times the average dry weather flow (ADWF) is exceeded at the treatment plant during
rain or snowmelt events and if the contributory population exceeds 10,000 persons, the
discharger should show how I&I can be reduced as part of a LWMP. The ADWEF at the
NWEC for the period from 1997 to 2007 is included in Table 2-2 in the previous section,
together with the Maximum Day Flows (MDF) for the same period. The ADWF is the
minimum 60-day moving average of the daily flows recorded in a given year. As shown
on Figure 2-1 in the previous section, the ADWF normally occurs during the late autumn,
and the AWWEF typically occurs during March and April.

The ratio of MDF and ADWF for the years 1997 to 2007 is included in Table 2-2. As

shown, the ratio has consistently exceeded 2:1 since 1997, and has ranged as high as
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2.6:1. This indicates that I&I to the NWEC collection is excessive according to the MSR
criterion. There may be significant sources of surface inflow or cross connections to the

storm sewer system as noted in Section 2.2.1. Since these high flows are only evident at

P.S. #11, it is suspected that the source is in the downtown area.

The high wet weather flows recorded at the NWEC and the need for 1&I reduction have
been highlighted in past correspondence with the City. The City should continue with the
ongoing program to identify and eliminate sources of 1&I during routine sewer
maintenance, including elimination of cross connections between the storm and sanitary
sewer systems. Further investigation is needed to assess the degree and location(s) of
surface inflow and of groundwater infiltration into the collection system during both wet
and dry weather. Smoke testing of the sanitary sewer system should be undertaken to

help identify sources of inflow, particularly in the downtown area.

Unit Flows and Loads

The unit flows and loads based on the recorded operating data at the NWEC from 1997 to
2007 are shown in Table 2-3. The average of the unit annual and maximum month flows
from 1996 to 2007 shown in Table 2-3 are similar to the design values reported later in
Section 3.5.1 (these are included at the bottom of Table 2-3 for convenience). The
average of the recorded maximum month recorded per capita BODs loads (95 g/c/d) is
slightly lower than the design value of 100 g/c/d, and the average of the recorded
maximum month TSS load (104 g/c/d) is slightly higher than the design value of 91 g/c/d.
However, the recorded unit BODs and TSS loads are both reasonably close to the design
values. This confirms that the oxidation ditch process is performing beyond its design
parameters (i.e., a single ditch is currently serving about 31,000 people, compared to the
design service population of 26,000 people per ditch). The plant continues to produce an
effluent that is well within the maximum values specified in the Operational Certificate
(i.e. average effluent BODs and TSS concentrations are both typically around 10 mg/L to

15 mg/L, compared to the allowable maximum values of 45 mg/L — see Section 2.3).
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TABLE 2-3
NWEC UNIT FLOWS AND LOADS

e Flow (L/c/d) BODs Load (g/c/d) TSS Load (g/c/d)
Year Population Average | Maximum | Maximum Annual Maximum Annual Maximum
Annual Month Day Average Month Average Month
1997 30,360 453 563 895 59 77 71 80
1998 30,471 467 642 819 67 84 69 95
1999 30,582 491 674 967 76 130 78 163
2000 30,694 458 552 868 71 84 77 103
2001 30,806 463 705 966 65 87 76 101
2002 30,933 470 653 860 66 85 76 101
2003 31,060 508 682 1,158 78 102 81 106
2004 31,187 501 649 968 77 104 87 136
2005 31,315 486 750 813 64 82 75 89
2006 31,444 530 866 1,088 71 92 90 114
2007 32,400 521 769 927 74 95 90 104
Average - 486 682 939 70 93 79 108
Design* 37,000 456 637 1,120 100 100 91 91

populations assumed linear between 1996 and 2001 and between 2001 and 2006
from NWEC design drawings — see Section 3.1.4
requires upgrade to serve 52,000 people with selected upgrades

2.3  Effluent Quality

The plant influent and effluent concentrations of BODs and TSS from January of 2002 to
the summer of 2008 are illustrated on Figures 2-4 and 2-5, respectively. As shown,
except for occasional process upsets (mainly due to short-term mechanical failures), plant
effluent concentrations of BODs and TSS have been well below the allowable maximum
values of 45 mg/L.
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The plant effluent average concentrations of BODs, TSS and Total Kjeldahl Nitrogen
(TKN) from 2002 through 2007 are summarized in Table 2-4. As shown, effluent quality
has been consistently excellent over the period of record. The low effluent TKN values
(compared to typical influent TKN concentrations in the range 20 mg N/L to 25 mg N/L)
show that oxidation of ammonia (i.e., nitrification) in the oxidation ditch process is
achieving approximately 90% removal of TKN from the plant influent (note that TKN
includes total ammonia as well as nitrogen compounds tied up in cellular material). This
high degree of nitrification is indicative of a bioreactor that has low concentrations of
organic material (measured as BODs) available, and it confirms that the process is

functioning well despite BOD loading well beyond the design values.

TABLE 2-4
NWEC EFFLUENT QUALITY

Effluent Average Concentration (mg/L)
vear BODs TSS TKN
2002 11 8 3.7
2003 14 13 2.5
2004 8 9 1.6
2005 8 11 1.7
2006 12 9 3.2
2007 15 11 3.6

Solids Handling

Historic Solids Production

Collection of information allowing the direct calculation of waste activated sludge
(WAS) production at the NWEC (i.e. both the volume and concentration of the WAS
stream sent to the digester) began in July of 2001. The average annual production of total

and volatile waste biological solids (WAS) estimated from plant records since that time is
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summarized in Table 2-5. The reported volatile content of the WAS was consistently in

the range 80% to 83% by weight for the period of record, which is high for an extended

aeration (oxidation ditch) process (a more typical value would be 70% to 75%).

TABLE 2-5
NWEC WASTE SOLIDS PRODUCTION
Year _— - Removal WAS per kg Production
ota olatile dry tonnes/yr BODs removed
Solids solids | O ) ° )| (dry tonneslyr)

2002 780 650 690 1.1 490

2003 740 610 790 0.9 510

2004 1,210 970 820 1.5 750

2005 820 680 690 1.2 470

2006 850 700 750 1.1 520

2007 870 720 780 1.1 350
Average 880 720 740 1.2 520

The average annual removal of BODs in the oxidation ditch process is included in Table

2-5; as shown, the WAS yield was about 1.2 times the total BODs removal (this is higher

than the typical value of 1 kg WAS produced per kg BODs removed, and may indicate

inaccuracies in estimating WAS production).

The amount of solids produced after digestion is included in Table 2-5; this indicates that

the total mass of solids (WAS) discharged to the aerobic digester was reduced by an

average of about 41% in the digester. However, plant records show that destruction of

volatile fraction of the solids in the digester averaged about 41% over the same period of

record. This tends to confirm that WAS production may be over-estimated as noted

above, since total solids destruction should be significantly less than volatile solids

destruction. The production of WAS is based on grab sampling of the suspended solids

concentration in the WAS line, and as such is subject to errors. Using a more typical
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24.2

yield value of 1 kg WAS produced per kg BODs removed, the average annual WAS
production before digestion would be 740 dry tonnes per year; the calculated total solids
destruction in the digester would then be about 35%, which is a more reasonable value.
For the purpose of this study, a WAS vyield of 1 kg WAS per kg BODs removed was

adopted, and 40% destruction of volatile solids in the digester was assumed.

Biosolids Land Application

Based on studies conducted between 2000 and 2003 where numerous potential beneficial
uses for the NWEC biosolids were investigated, the City decided to land apply the
biosolids generated on the NWEC on a parcel of adjacent land, and to use the land to
grow hybrid poplars. The hybrid poplar plantation site is immediately south of the
NWEC and is part of the same legal parcel. The total plantation area is about 10 hectares;
however, with the unusable area and buffer zones excluded, the application area is
approximately 9.4 hectares. The maximum elevation is approximately 30 meters above

sea level (at the southwest corner) with an average slope to the northeast of about 1.5%.

Prior to the initial application of 2003, several public processes were undertaken, to
ensure that the local stakeholders were aware of the application and understood the plan
to beneficially re-use biosolids to establish a hybrid poplar plantation at NWEC. Prior to
the 2003 application, two people expressed concerns about potential odour from the
application of biosolids. However, there have been no odour complaints related to land

application of the biosolids.

The City has land applied biosolids six times, starting with a fall application in 2003. All
of the applications were approved by the appropriate authorities in accordance with the
B.C. Organic Matter Recycling Regulation (OMRR). The biosolids application rates
prescribed in the Land Application Plans were based on the nutrient requirements of the
hybrid poplar, understory grass and winter cover crops. The biosolids land applications

to date are summarized in Table 2-6. As shown, the average annual biosolids application
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from 2003 to 2008 was 384 dry tonnes per year; this is less than the estimated annual
production of digested biosolids (480 dry tonnes per year — see Table 2-5), and it helps to
explain why ongoing difficulties were encountered in maintaining sufficient standby

capacity in the storage basin.

SUMMARY OF BIOSOLIDS APPLchA/ETngl\ZJS(STo ONSITE POPLAR PLANTATION
Application Period Land Use Biosolids Applied
2003 Fall rye hybrid crop 118 dry tonnes
2004 First year hybrid poplar 415 dry tonnes
2005 Second year hybrid poplar 463 dry tonnes
2006 Third year hybrid poplar 634 dry tonnes
2007 Fourth year hybrid poplar 237 dry tonnes
2008 Fifth year hybrid poplar 439 dry tonnes
Total Application 2003 through 2008 2306 dry tonnes
Average Annual Application 384 dry tonnes

The biosolids are well within the OMRR limits for Class B biosolids. Copper is the
parameter that will limit long term land application on the poplar plantation. Additional
constraints include excessive wetting of soils due to application of biosolids in liquid
form and shading by the maturing tree canopy, with resulting limitations on machinery
access due to boggy soil conditions. It is anticipated that only one more year of biosolids
application to the poplar plantation will be possible. The City is currently pursuing the
acquisition of additional adjacent property, and is also investigating the use of alternative

seed crops that may uptake copper. Additional biosolids uses should also be revisited.
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2.5 Projected Wastewater and Solids Quantities
The projected wastewater flows and mass loads of BODs and TSS to the NWEC using
the per capita amounts from Table 2-3 are shown in Table 2-7 (Area D not included) and
Table 2-8 (Area D included). Solids production projections with and without Area D
connected are shown in Tables 2-9 and 2-10. An annual population increase of 3% per
year was assumed for the load projections.
TABLE 2-7
PROJECTED PLANT FLOWS AND LOADS WITHOUT AREA D
Service Flow (m°/d) BOD; Load (kg/d) TSS Load (kg/d)
Year Population’ Average | Maximum | Maximum Annual Maximum Annual Maximum
Annual Month Day Average Month Average Month
2008 33,380 16,660 24,040 32,620 2,370 3,110 2,740 3,640
2010 35,430 17,680 25,510 34,620 2,520 3,300 2,910 3,870
2015 41,100 20,510 29,600 40,160 2,920 3,830 3,380 4,480
2020 47,670 23,790 34,330 46,580 3,390 4,440 3,910 5,200
2025 55,270 27,580 39,800 54,000 3,930 5,150 4,540 6,030
2030 64,080 31,980 46,140 62,610 4,550 5,960 5,260 6,990
2035 75,000 37,430 54,000 73,280 5,330 6,980 6,150 8,180

1

assumes that Area D is not connected, 3% annual population growth

2 based on unit design criteria developed from historic data — see Table 2-3

TABLE 2-8
PROJECTED PLANT FLOWS AND LOADS WITH AREA D
- Service Flow (m*/d) BOD; Load (kg/d) TSS Load (kg/d)
Population’ | Average | Maximum | Maximum Annual Maximum Annual Maximum

2008 37,300 18,620 26,860 36,450 2,650 3,470 3,060 4,070
2010 39,580 19,760 28,500 38,670 2,820 3,690 3,250 4,320
2015 45,900 22,910 33,050 44,850 3,260 4,270 3,770 5,010
2020 53,240 26,570 38,340 52,020 3,790 4,960 4,370 5,810
2025 61,720 30,800 44,440 60,310 4,390 5,740 5,070 6,730
2030 71,560 35,710 51,530 69,920 5,090 6,660 5,870 7,810
2032 75,000 37,430 54,000 73,280 5,330 6,980 6,150 8,180

1

assumes that Area D is connected in 2008, 3% annual population growth

Z based on unit design criteria developed from historic data — see Table 2-3
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PROJECTED SOLIDS PRODUCTION WITHOUT AREA D

TABLE 2-9

Service WAS Production (dry tonnes/yr) Digested Solids
Pt
vear Population® Total Solids® Volatile Solids® Production
(dry tonnes/yr)
2008 33,360 780 620 510
2010 35,390 830 660 540
2015 41,100 960 770 620
2020 47,560 1,110 890 720
2025 55,140 1,290 1,030 840
2030 63,920 1,490 1,190 970
2035 75,000 1,750 1,400 1,140

1
2
3
4

assumes that Area D is not connected, 3% annual population growth

assumes 1 kg WAS produced per kg BOD5 removed and 90% BOD;s removal
assumes volatile content of WAS is 80% by weight
assumes 35% total solids destruction in digester

TABLE 2-10
PROJECT SOLIDS PRODUCTION WITH AREA D

Sariies WAS Production (dry tonnes/yr) Digested Solids

Year Population® T — - — Production
otal Solids Volatile Solids (dry tonnes/yr)

2008 37,280 870 700 570
2010 39,560 920 740 600
2015 45,900 1,070 860 700
2020 53,160 1,240 990 810
2025 61,630 1,440 1,150 940
2030 71,440 1,670 1,340 1,090
2032 75,000 1,750 1,400 1,140

1
2
3
4

assumes that Area D is connected in 2008, 3% annual population growth
assumes 1 kg WAS produced per kg BODs removed and 90% BODs removal
assumes volatile content of WAS is 80% by weight
assumes 35% total solids destruction in digester
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% @ Campbell
é River

PRE-DESIGN FOR UPGRADES TO
THE NORM WOOD ENVIRONMENTAL CENTRE

3.0 EVALUATION OF PLANT UNIT PROCESSES

The Norm Wood Environmental Centre (NWEC) operates under the authorization of an
Operational Certificate, and as such is not subject to the Municipal Sewage Regulation (MSR).
Nevertheless, it was judged advisable to consider the requirements of the MSR in evaluating the
existing plant unit processes, in particular the process reliability (redundancy) requirements that
are set out in Appendix 1 to Schedule 7 of the MSR. The process reliability requirements specify
standby (redundant) capacity needs for plant processes, assuming that the largest treatment unit
in each process is out of service. This is designed to reduce the risk of process failure due to
equipment breakdown, maintenance, etc. The NWEC was assumed to be a Category Il treatment
plant according to the MSR. The MSR defines a Category Il treatment plant as “treatment works
that discharge to waters or land that would not be permanently or unacceptably damaged by short
term effluent degradation, but would be damaged by continued (several days) effluent quality
degradation (for example discharges to recreational land and waters)” (MSR, B.C. Reg.
129/990.C. 507/99).

As described in Section 1.1, the NWEC incorporates a liquid treatment system that includes a
headworks, two oxidation ditches in parallel, and two secondary clarifiers. For current operation,
only one of the oxidation ditches is required, and the second functions as a standby. The solids
treatment system includes an aerobic digester and biosolids storage basin. Operational issues
associated with the existing facilities are listed in Section 1.1 of this report. A review of the
design capacity of each unit process is presented below. A site plan of the existing facilities is

shown on Figure 1-1 in Section 1 of this report.
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3.1 Headworks

3.1.1 |Influent Screens

The headworks building contains a duty mechanically-raked bar screen and a bypass
manual bar screen. Both screens have a 10 mm gap width. The channels containing the
screens have dimensions of 1.2 m wide by 1.5 m deep. Influent raw sewage as well as
pumper truck discharges pass through the mechanical bar screen to remove debris.

Screenings are sent to landfill.

The capacity of the existing screens is shown in Table 3-1; capacities are shown for clean
screens as well as with 30% blockage by debris. As noted earlier in Section 2.2, the
sustained peak flow recorded at the plant effluent flow meter is about 420 L/s, and peak
instantaneous flows of up to 530 L/s have been reported. The mechanical bar screen with

30% blockage appears marginally capable of handling the peak instantaneous flow.

TABLE 3-1
SUMMARY OF SCREEN LOADS
Equipment Capacity (L/s) Capaci;;l/ogklggeat S0
Infilco Degremont Climber Screen 740 520
Manual Bar Screen 740 520
Total Capacity 1,480 1,040

Plant staff report that the bar spacing (10 mm) of the existing mechanical bar screen
allows some debris to pass through during peak flows. Accumulation of debris and
clogging of the macerator pump that circulates mixed liquor through oxidation ditch

process monitoring loop has been noted.
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3.1.2

The mechanical bar screen is subject to occasional short-term clogging; this is suspected
to be due to slug loads of debris from pumper truck discharges, which tends to block the
mechanical screen until the automatic rake cycles on to remove the debris. Clogging of
the mechanical screen causes some of the influent sewage to flow into the bypass channel
containing the manual screen. If an operator is not present to clean the screen, the manual
screen may also be blocked and cause raw sewage to overflow in the screen room (4 or 5
occurrences per year). A second mechanical (continuously cleaned) screen would

eliminate nuisance overflows in the screen room.

Considering the age of the current mechanical bar screen, the performance of the manual
bar screen, and future flow increases to the treatment plant, the existing manual bar
screen should be replaced with a new continuously cleaned mechanical screen. The new
mechanical screen can then function as the duty screen, with the older mechanical screen
relegated to back-up duty. Recommendations and cost estimates for upgrading the

influent screening at the NWEC are contained in Section 4.1 of this report.

Two duty mechanical screens will be required in future as flows increase. At that time, a
third channel will be required for a new standby screen; this will require expansion of the
existing headworks building. The timing for expansion of the screenings building will
depend on population growth, as well as on the degree of inflow and infiltration (1&I) to
the sewer collection system. As noted earlier in Section 2.2, the addition of variable
speed drives to the large pumps in P.S. # 11 (main influent pump station) would reduce
peak flows at the treatment plant. Ongoing reduction of 1&I and water conservation may
also reduce peak flows. Expansion of the screenings building is not anticipated until at
least 2020, and may possibly be deferred well beyond that date.

Odour Control

Foul air from the screenings room is routed to a 10 m by 15 m biofilter for treatment.

The biofilter is covered by a roof consisting of corrugated fiberglass panels resting on a
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3.2

3.3

steel support structure (no sidewalls). The biofilter is functioning well, but significant
corrosion is evident on the steel structure supporting the roof. Replacement of the roof
support structure is recommended (see Section 4.1 for recommendations and cost

estimates).

Influent Flow Meter and Flow Distribution

The existing influent flow meter downstream of the screens (Magmeter Magnum, probe

insert type, installed in 1996) is not operational.

The existing distribution chamber has a similar structure to the flow splitter box for the

secondary clarifiers (i.e., manual sluice gates are used to control the flow split).

Based on information provided by the plant staff, the distribution chamber that diverts
flow to the oxidation ditches has occasionally flooded during high peak flows; this
reportedly occurs when the large (250 HP) pump at Pump Station # 11 is manually
activated along with the smaller (100 HP) pump, resulting in a flow of 600 L/s. If only
one oxidation ditch is in operation, this amount of water will surpass the capacity of the
750 mm diameter pipe, causing flooding of the box. When both oxidation ditches are in
operation, (i.e. when both of the manual sluice gates are fully open) flooding of the
distribution chamber will not be an issue. In the meantime, manual activation of more

than one of the pumps in PS #1 should be avoided.

Recommendations for improvements to influent flow metering are contained in Section

4.2 of this report.

Grit Removal

Grit that accumulates in the duty oxidation ditch is periodically removed after switching

operation to the standby oxidation ditch. When increasing flows require activation of the
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3.4

standby oxidation ditch, the current method of grit removal will no longer be viable.
Options for adding grit removal to the plant together with cost estimates and

recommendations are contained in Section 4.3 of this report.

Trucked Liquid Waste

According to plant staff, a maximum of ten pumper truck loads may be received at the
NWEC in a single day, and a typical daily load is five trucks per day. Assuming a typical
BODs concentration of 7,000 mg/L for septage and an average pumper truck volume of
about 6,825 L (1,500 Igal), the maximum day loading of BODs to the plant from pumper
truck discharges would be about 480 kg; this represents about 15% of the estimated 2008
maximum month BODs/load. The average day pumper truck discharge (5 trucks)
represents about 240 kg/d or 9% of the estimated 2008 average day BODs load. As the
NWEC service population increases, pumper truck discharges will in all likelihood
represent a diminishing percentage of the plant BODs load. Plant loading from pumper

truck discharges was included in the load analysis (Section 2).

Pumper trucks currently back on to a raised slab and discharge to a sump, which routes
the truck discharges to the plant influent upstream of the influent screens. A flow meter
records the volume of waste discharged to the sump. Plant staff report that the current
method allows accumulated grit and rocks in the pumper trucks to be discharged to the

plant influent, due to the incline of the raised slab (see Photo 3-1).
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Photo 3-1 Existing Pumper Truck Discharge Station

35 Oxidation Ditch Process

3.5.1 Design Data

The design data for the oxidation ditch process at the NWEC with both oxidation ditches

in service are as follows (from design drawings):

e Ultimate Service Population 52,000 people

» Design Service Population as presently configured 37,000 people

« Average Annual Flow 23,700 m®/d (456 L/c/d)
« Maximum Day Flow 41,400 m*/d (796 L/c/d)
e Maximum Month Flow 33,100 m%d (637 L/c/d)
e Total (carbonaceous) BODs load (@ 220 mg/L 5,210 kg/d (100 g/c/d)
e TSSload (@ 200 mg/L 4,740 (91 g/c/d)

e Ammonia load (@ 20 mg/L 474 kg N/d (9.1 g/c/d)
 Oxidation Ditch volume 8,200 m* each

g Dayton & Knight Ltd.
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3.5.2

» Hydraulic detection time at average annual

flow 17 hours
e Assumed operating MLSS concentration 4,000 mg/L
e Assumed operating MLVSS concentration 3,200 mg/L
e F/Mratio 0.10 kg/BODs/kg MLVSS/d
e Peak carbonaceous O, demand 7,800 kg/d (150 g/c/d)
e Nitrogenous O, demand 2,200 kg/d (42 g/c/d)
e Total design O, demand 10,000 kg/d (192 g/c/d)
e Number of diffusers per ditch 2,500 (1,500 per ditch currently
installed)

Process Operation and Control

The NWEC oxidation ditch process is designed to allow operation as a continuous flow
single reactor nitrogen removal process. The single reactor aerobic/anoxic process is
designed to allow operation with a repeating sequence of an air-on period followed by an
air-off period (both with full mixing), to generate sequential aerobic (dissolved oxygen
present) and then anoxic (nitrate present but no dissolved oxygen) conditions in the same
basin. Alternating aerobic and anoxic conditions in the oxidation ditch promotes
biological nutrient removal through sequential oxidation of ammonia to nitrate

(nitrification) and reduction of nitrate to inert nitrogen gas (denitrification).

The automated control system includes a dissolved oxygen (DO) probe and an oxidation
reduction potential (ORP) probe, with a process liquid pumping loop installed in each
ditch. The existing DO probe is an OxyGuard Model 420 Type Il (dissolved oxygen
range of 0 mg/L to 15 mg/L) with silver cathode, lead anode, and sodium carbonate
electrolyte. The pH/ORP probe is a James Model 520-254. The DO/ORP system was
decommissioned in early 2008, due to chronic plugging of the macerator circulation

pump with debris. The DO and ORP sensors are also reported to require replacement.
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3.5.3

The aeration control program is designed to allow an operator adjustable air-on period
(typically 2 to 3 hours) to be entered on the computer control program. During the air-on
phase, oxygen-demanding material in the wastewater is metabolized by the process
bacteria, and bacterial oxidation of ammonia to nitrate (nitrification) also occurs. The
aeration rate is automatically controlled to maintain a set DO concentration (normally 2
mg/L) in the process liquid during the air-on phase by a feedback signal from the DO
probe mounted in the sample pumping loop. The blowers run at constant speed, and the
amount of air provided to the diffusers in the aeration basin is regulated by automated

damping valves located on the blower intakes.

At the end of the air-on period, the computer shuts the aeration blowers off, and the
process bacteria continue to oxidize oxygen-demanding material during the air-off period,
while at the same time reducing nitrate to nitrogen gas (denitrification). The contents of
the oxidation ditch continue to be fully mixed during the air-off period by the submerged
propeller mixers. The ORP probe detects the point at which all of the available nitrates
have been removed from the process liquid, and at that point the aeration blowers are
automatically restarted and the air-on phase beings again. A back-up timer restarts the
blowers after a set time period if the ORP probe fails to detect elimination of nitrates.
The air-on and air-off cycling reduces energy demand for aeration, and helps to stabilize
process pH by recovering alkalinity during dentrification. The air-off part of the sequence
also helps to reduce the generation of nuisance surface foam in the oxidation ditch and

final clarifiers.

Oxidation Ditch Process Capacity

The process reliability requirements of the Municipal Sewage Regulation (MSR) state
that activated sludge processes (of which the oxidation ditch is a variant) must be capable
of treating 75% of the design load with the largest unit out of service. Although the
NWEC is not registered under the MSR, these reliability standards were incorporated into

this study as good engineering practice.
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Typical design parameters for oxidation ditches are as follows (from Metcalf & Eddy,
2003):

 Volumetric Load 0.1 to 0.3 kg BODs/m® volume/day
e Hydraulic Retention Time 15 to 30 hours

Analysis of plant loading data (Section 2.2) shows that the oxidation ditch process at the
NWEC is performing beyond recommended design limits. At the 2007 maximum month
flow and load, the volumetric loading was 0.38 kg BODs/m®/d, and the hydraulic
retention time was about 8 hours with a single ditch in service. The 2007 maximum
month BODs load (0.38 kg kg/m®/d) was about 1.3 times the maximum recommended
value of 0.32 kg/m*/d. The hydraulic retention time at maximum month flow (8 hrs) was
only about 50% of the recommended minimum (15 hrs). Plant monitoring shows that
effluent quality continues to be excellent for the current operation (i.e., effluent average
concentrations during 2007 were 11 mg/L TSS and 15 mg/L BODs — see Section 2.3 for
more detail).

For the purpose of this analysis, the actual performance of the NWEC oxidation ditch
process was used, rather than the text book design parameters. The projected process
loading is summarized in Table 3-2.
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TABLE 3-2
NWEC OXIDATION DITCH LOAD ANALYSIS

Maximum Month Load * Volumetric Load (kg Hydraulic Retention Time
Number of 3
Year B50D. Load Units BODs/m°/d) (hours)
Flow (m*/d) e .24 | All Unitsin |One Unit Out| All Unitsin [One Unit Out
(kg/d) Auvailable . - = . .
Service of Service Service of Service
2007 24,930 3,080 1 0.38 N/A 8 N/A
2010 28,500 3,690 2 0.23 0.34 14 9
2015 33,050 4,270 2 0.26 0.39 12 8
2020 38,340 4,960 3 0.20 0.23 15 14
2025 44,440 5,740 3 0.23 0.26 13 12
2030 51,530 6,660 3 0.27 0.30 11 10
2032 54,000 6,980 3 0.28 0.32 11 10

! from Table 2-8 in Section 2.4, assuming Area D is connected to the system

2

3

oxidation ditch volume per ditch = 8,200 m®

assumes 75% of design flow and load according to MSR Process Reliability Requirements

* for 2008, second oxidation ditch also functions as standby digester

Assuming that the maximum capacity of a single oxidation ditch at the NWEC is about
37,000 people (i.e. approximately 10% higher than the estimated 2007 population of
33,400), the second ditch will have to be brought into service immediately if Area D is
connected to the system; if Area D is not connected, this would not occur until around
2010 at 3% annual growth. Incorporating the MSR reliability (redundancy) standards, the
two-ditch process will be adequate to serve a population of about 49,000 people (i.e.,
assuming that a single ditch can handle at least 37,000 people, which represents 75% of
49,000 people). When the service population exceeds about 49,000 people, a third
oxidation ditch will be required if the MSR process reliability standards are to continue to

be met.

Based on the performance of the single ditch currently operating, the three-ditch process
could serve a total population of about 100,000 people if the MSR process reliability
standards are used (i.e. two ditches operating with the third out of service would serve

about 75,000 people, which represents about 75% of 100,000 people). Therefore,
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3.54

construction of the third ditch should accommodate the build-out service population of

75,000 people according to the MSR process reliability standards.

The third oxidation ditch may be required around the year 2017 (assuming MSR process
reliability standards, 3% annual growth and the connection of Area D, which would result
in a service population of about 49,000 people by that time). If Area D is not connected,
the third ditch would not be required until around 2021 (again assuming MSR process
reliability standards are met and 3% annual growth). If Area D is not connected and if
annual growth is less than 3%, construction of the third oxidation ditch may be deferred
beyond 2021.

Oxidation Ditch Aeration Diffusers

Each of the oxidation ditches currently contains three grids of 504 aeration diffusers each
(about 1,500 diffusers per ditch in total). These are located on the opposite side of the
ditch from the propeller mixers. The diffusers are 225 mm (9 inch) diameter Sanitaire
EPDM membrane-type fine bubble diffusers. New diffuser membranes were installed in
Oxidation Ditch #1 during the summer of 2007 (commissioned in the spring of 2008).
New diffuser membranes were installed in Oxidation Ditch #2 during the summer of
2008, but will not be used until process operation is switched to Oxidation Ditch #2 in the
spring of 2009.

The design allows for the future addition of two additional diffuser grids, bringing the
total number of diffusers to 2,500 per ditch. Installation of the additional diffusers would
effectively increase the aeration capacity of each ditch by 40%, provided that the aeration
blowers could supply the needed air. A more detailed analysis of aeration needs is

presented in Section 4.5 of this report.
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3.55

Oxidation Ditch Aeration Blowers

The three Hoffman centrifugal blowers (two duty and one standby) provide process air for
the oxidation ditches. The Hoffman blowers were rebuilt with new impellers and the
motors were upsized from 75 kW (100 HP) to 112 kW (150 HP) during the 1996 plant
construction. The blowers are about 35 years old.

Control of blower output using the current system of inlet valve throttling means that
control of the air flow is limited due to the potential for surging of the blowers if the inlet
air flow is restricted too much. The operational pressure of the Hoffman blowers is about
7.6 psig, which is very close to the maximum output pressure of the blowers (i.e., the
blowers are operating in a pressure range where a small increase in air pressure will result

in a large decrease in blower output).

The maintenance and repair history of the Hoffman blowers is summarized in Appendix
D. Bearing failures and automatic trip outs have chronically occurred. Two of the
blowers have had fluid couplings installed, which has reduced bearing failures. Ongoing
maintenance related to blower bearing failures is estimated by plant staff to cost about
$8,000 per year. An analysis of aeration blower options and recommendations for
improvements is contained in Section 4.5 of this report.
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Photo 3-2 Hoffman 150 HP Centrifugal Blowers

3.6  Secondary Clarifiers

The mixed liquor from the oxidation ditch process flows to the secondary clarifiers. The
flow of mixed liquor to the clarifiers is controlled by manually opening and closing sluice

gates in the mixed liquor splitter box downstream of the oxidation ditches.

The process solids are separated from the treated liquid by gravity settling in the
secondary clarifiers. Scum and other floating material are removed from the water
surface by a rotating arm, which scrapes the scum into the skimmings box; skimmings are
pumped from the sump into a Hycor Rotostrainer in the screen room that was installed in
1998. Plant staff report that the underwater metal components of the existing clarifiers
are showing significant signs of corrosion and should be refurbished or replaced. In July
2008, the rake drive mechanism in Clarifier #1 jammed and the drive motor burned out;

this fortunately occurred during dry weather, when flows at the plant were low enough so
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that Clarifier #2 was adequate to handle the entire plant flow until Clarifier #1 was

repaired.

Clarified effluent exits the clarifiers via the overflow weirs and is routed to the plant
effluent flowmeter and outfall. Settled solids accumulating at the bottom of the clarifiers
are pumped back to the oxidation ditches via the influent distribution chamber as returned
activated sludge (RAS). A portion of the RAS is pumped to the aerobic digester as waste
activated sludge (WAS) for further treatment. The two existing RAS pumps
(duty/standby) are Flygt CP3152.181 type LT with a capacity of 128 L/s at 5.0 m head
and 10.3 kW. The two WAS pumps (duty/standby) are Worthington 6MF11 with a
capacity of 50 L/s at 6 m head. The existing common RAS pipe returning settled sludge
to the oxidation ditch process is 450 mm in diameter, and the WAS pipe carrying waste
sludge to the digester is 200 mm in diameter. The existing scum pump is a Flygt 3085-M
with a capacity of 15 L/s at 5 m head and 2 kW. The common scum pipe to the screen

room is 100 mm in diameter.

Design parameters for each of the two centre-feed secondary clarifiers are as follows:

e Diameter: 27 m

e Side water depth: 5m

e Weir length: 78 m

e Weir overflow rate at AAF: 152 m*/m-d (11,850 m®/d)
« Weir overflow rate at PDF: 266 m*/m-d (20,750 m®/d)
e Detention time at AAF: 6 hours at 52,000 people

Typical design criteria for secondary clarifiers are shown in Table 3-2 (from the Metcalf
and Eddy, 2003).
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TABLE 3-3
SECONDARY CLARIFIER DESIGN PARAMETERS

Parameter Metcalf & Eddy (2003)
Hydraulic loading — Average (m*/m?/d) 8-16
Hydraulic loading — Peak (m®/m?/d) 24-32
Solids loading — Average (kg/m?/d) 24-120
Solids loading — Peak (kg/m?/d) 168

Table 3-4 shows the projected loading and upgrade needs for the secondary clarifiers
from 2006 to 2035, assuming that Area D is connected to the system. For the purpose of
this study, the new clarifiers were assumed to have a diameter of 32 m (the two existing
clarifiers have a diameter of 27 m). Increasing the clarifier diameter to 32 m increases the
surface area by about 40% compared to a diameter of 27 m, at a relatively small (17%)
cost increase (see cost estimates in Section 4.6 of this report). Upsizing of the two new
clarifiers will avoid the need for a fifth clarifier to serve the ultimate population of 75,000

people.

A third clarifier is required immediately to ensure that adequate capacity is available in
the event a clarifier is removed from service for repair or maintenance. As shown in
Table 3-4, a fourth clarifier will be required by about 2020, assuming Area D is
connected. If Area D is not connected, the third clarifier is still required immediately, but

the construction of the fourth clarifier may be deferred until around 2025.
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TABLE 3-4
SECONDARY CLARIFIER LOADING BOTH UNITS IN OPERATION
(AREA D CONNECTED)

Flow (m®/day) Number of [~ e | Hydraulic Load (m*m?d) | Solids Load (kg/m*/day) Uit

Year Population Average T Clarifiers in A ) Average Maximum Average Maximum Requirements

Annual Y| service Annual Day Annual Day
2008 37,300 18,620 36,450 2 1145 16.3 31.8 98 191
2010 39,580 19,760 38,670 3 1949 10.1 19.8 61 119 New Clarifier #3
2015 45,900 22,910 44,850 3 1949 11.8 23.0 71 138
2020 53,240 26,570 52,020 4 2754 9.6 18.9 58 113 New Clarifier #4
2025 61,720 30,800 60,310 4 2754 11.2 21.9 67 131
2030 71,560 35,710 69,920 4 2754 13.0 25.4 78 152
2032 75,000 37,430 73,280 4 2754 13.6 26.6 82 160

1

2

assumed mixed liquor suspended solids concentration = 4,000 mg/L and assumed RAS pumping rate = 0.75 Q.

peak hour solids load can be reduced by reducing the RAS pumping rate during peak flow periods

The process reliability requirements of the MSR state that final sedimentation process
(i.e., the secondary clarifiers at the NWEC) must consist of multiple units, and must be
capable of treating 50% of the design flow with the largest unit out of service for
Category Il receiving waters. However, for the purpose of this analysis, it was assumed
that the clarifiers should meet the MSR redundancy standard for Category | receiving
waters (i.e., the final sedimentation process must be capable of treating 75% of the design
load with the largest unit out of service). The more stringent standard was adopted
because the secondary clarifiers are the “last line of defense” prior to outfall discharge
(i.e., if the clarifiers fail due to overloading, the process biological solids will be carried
over the effluent weirs to the outfall, resulting in violations of the Operational Certificate
and potential process failure). The clarifier upgrade needs shown in Table 3-4 will meet

the Category I (75%) MSR redundancy requirements.

Installation of the third and fourth clarifiers will require the construction of additional
dedicated RAS and WAS pumps. Construction of a new RAS pump station to serve

Clarifiers #3 and #4 is recommended as described in Section 4.6 of this report.
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3.7

3.8

Effluent Flow Monitor

The effluent parshall flume flow monitor is reported by plant staff to be near capacity at
peak plant flows. A hydraulic analysis of the parshall flume conducted during this study
confirmed that the flume is near capacity. Recommendations for improvements to the

effluent flow monitor are contained in Section 4.7 of this report.

Effluent Outfall

The NWEC discharges treated effluent to Discovery Passage through an outfall with a
multi-port diffuser located near McDonald Road. The McDonald Road Outfall was

constructed as follows:

» the outfall extends approximately 540 m from the shoreline;

e the minimum discharge depth (low water) is about 35 m;

e the multiport diffuser consists of 38 ports spaced 1 m apart;

= the outfall is 724 mm internal diameter; and,

» the outfall is designed to provide service for a future average day flow of 66 ML/d and a

maximum day flow of 116 ML/d, for an ultimate service population of 145,000 people.

The outfall was initially commissioned with 6 of the 38 diffuser ports left open (the other 32
ports were closed with blind flanges). 1n 2002, the flow and the hydraulic capacity were
reviewed, outfall dilution modelling was conducted, and as a result an additional 9 ports
were opened to address increased flows and to improve dilution. The ultimate design
capacity of 116 ML/d for maximum day flow (145,000 service population) is well above the
projected build-out maximum day flow of about 78 ML/d for the ultimate population of
75,000 people (see Table 2-6 in Section 2.4). Improvements to the outfall to increase

capacity are therefore not anticipated.
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An outfall receiving environment monitoring program was developed in consultation with
the B.C. Ministry of Environment (MOE) and Environment Canada in 1996. Effluent
discharge from the outfall began on June 17, 1996. The outfall monitoring program (with
the outfall active) has been in place since 1997. Reference (baseline) data were collected in
1995 and 1996 prior to commissioning of the outfall. The monitoring program has
historically involved annual sampling of sediments and the water column in and around the

McDonald Road Outfall area during the summer months.

The results of the monitoring program from 1995 to 2004 did not show any detrimental
effects on the receiving environment from the outfall discharge. However, in reviewing the
monitoring results after the first 5 years (to 2000), it became apparent that the water and
sediment sampling results did not provide information that could be used with confidence to
assess the impacts of the outfall discharge on the receiving environment. The following

limitations were identified:

e the sampling stations were located where surface runoff and the outflow from the
Campbell River may have more influence than the outfall discharge;

» outfall discharges from Painter’s Lodge and Dolphin’s Resort might impact the results
(these outfalls have since been inactivated); and

= obtaining sediment samples was difficult since there appeared to be little sediment

deposition in the area of the outfall.

Discussions with the B.C. Ministry of Environment (MOE) Nanaimo office regarding the
above issues were initiated at a meeting held on August 1, 2000. The primary purpose of
the discussion was to consider modifications to the outfall monitoring program that
would provide more meaningful results in terms of assessing the impacts of the outfall
discharge. The revised outfall monitoring program was developed in consultation with
MOE and Environment Canada, and was approved by the MOE in September of 2007,

and was subsequently implemented during the fall of 2007. To date, the results of the
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3.9

3.9.1

3.9.2

revised monitoring program have not demonstrated detrimental impacts on the water

quality or sediment quality in the receiving environment due to the outfall discharge.

Aerobic Digester

Design Data

The biological solids (bacterial cells) wasted from the oxidation ditch process (referred to
as waste activated sludge or WAS) are discharged to the aerobic digester for stabilization.
The digester consists of a single earthen basin with an HDPE liner. Fine bubble diffusers
provide aeration and mixing in the digester. According to the design drawings, the

existing digester has the following design parameters:

e service population 37,000 people

- volume 6,000 m®

e solids loading 2,800 kg/d

e detention time 21 days

e total air requirement 2,360 L/s (5,000 SCFM)
e number of diffusers 2,000

Process Operation and Control

The digester is operated as a semi-batch process. Waste solids (WAS) from the oxidation
ditch process are fed to the digester using a pump that is controlled by an operator-
adjustable timer. The process air in the digester is periodically turned off, and the mixed
liquor solids are allowed to settle. Supernatant is then returned to the liquid treatment

train, and settled digested solids are transferred by gravity to the biosolids storage basin.

Due to the low alkalinity water, lime must be added to the digester to prevent low pH

(acidic) conditions from developing as a byproduct of bacterial oxidation of ammonia to
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3.9.3

nitrate (nitrification). A lime hopper and feed auger have been installed at the digester for
this purpose. To minimize lime use, recovery of alkalinity by bacterial conversion of
nitrate to nitrogen gas (denitrification) in the digester is undertaken by cycling of the
diffuser grids. The digester aeration system consists of four lateral pipes, each containing
a grid of 500 fine bubble diffusers. The four aeration laterals are controlled by automated
valves, so that only two of the laterals are active at a time. A timed program sequentially
activates and then deactivates each set of two laterals in turn. This provides oxygen and
mixing for stabilization of solids, while allowing periodic semi-anoxic (un-aerated)
conditions for denitrification to recover alkalinity. (As described earlier, denitrification
by automated cycling of the process air is also undertaken in the oxidation ditches
through online feedback control, to maximize alkalinity recovery and minimize energy
consumption). Additional discussion of digester aeration and mixing is provided in
Section 3.8.4.

Digester Process Capacity

The digester loading based on the projected total solids production developed in Section
2.4 is summarized in Table 3-5 (Area D connected). As shown, the design total solids
loading of 2,800 kg/d (from Section 3.8.1) will be exceeded by about 2013 if Area D is
connected to the system. If Area D is not connected, the design total solids loading will

be exceeded by about 2017 (assuming 3% annual growth).
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TABLE 3-5
NWEC DIGESTER LOAD ANALYSIS (AREA D CONNECTED)

WAS Production o Solids Load

Vear (dry tonnes/yr") - V:ﬁﬁ;ig R \/S%Iﬁgle

Total Solids \/S%Iﬁg;e (m) i) (kg/m®/d)
2008 * 780 620 6,000 2,140 0.28
2010 920 740 12,000 2,520 0.17
2015 1,070 860 12,000 2,930 0.20
2020 1,240 990 12,000 3,400 0.23
2025 1,440 1,150 12,000 3,950 0.26
2030 1,670 1,340 12,000 4,580 0.31
2032 1,750 1,400 12,000 4,790 0.32

! from Table 2-8 in Section 2.4

2 2008 values do not include Area D

% assumes digester is twinned by 2010

Metcalf & Eddy (2003) recommend a design volatile solids (VSS) loading for aerobic
digesters of 0.1 to 0.3 kg VSS/m® digester volume/day. The projected VSS loading on
the aerobic digester is included in Table 3-5; as shown, the digester VSS load will exceed
0.3 kg VSS/m*/d immediately if Area D is connected. The VSS loading criteria will not

be exceeded until about 2010 if Area D is not connected.

The MSR process reliability standards for aerobic digesters require a minimum of two
units, with the added requirement that the digestion process must treat 50% of the design
load with the largest unit out of service. The standby oxidation currently functions as a
back-up digester. However, when the second oxidation ditch is put into service for liquid
treatment around 2010, twinning of the digester will be required to meet the MSR
reliability standard. Activation of the second oxidation ditch for liquid treatment is
expected to be required in the near future, particularly if Area D is connected to the

system (see Section 3.5.3); this will initiate the need to twin the digester to ensure that
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3.94

process operation can continue if one of the two digester basins have to be removed from
service (e.g., for replacement of the diffuser membranes). Alternatively, the biosolids
storage basin could possibly function as a standby digester if the floating aerators were re-
installed; however, this would then eliminate the capacity for onsite storage of liquid
biosolids.

In light of the above analysis, it is apparent that expansion (twinning) of the digester will

be required in the near future.

Digester Aeration

The 250 HP Lamson centrifugal blower provides the air for the digester; the Lamson
Model 1270, five-stage blower is rated at about 5,000 SCFM at 6.5 psi. Since the digester
relies on diffuser aeration for mixing, independent control of mixing and aeration for
solids stabilization is not possible (in contrast to the oxidation ditches). Cycling of the
aeration laterals provides a partial solution, but continuous aeration of at least part of the
basin is needed to ensure adequate mixing. This results in a high operating dissolved

oxygen (DO) concentration in the digester, well in excess of the recommended 2 mg/L.

Aeration requirements for stabilization of biological solids (i.e., waste activated sludge)
are typically about 2.3 kg oxygen required per kg volatile suspended solids (VSS)
destroyed; diffused air requirements for mixing are typically about 0.03 m® air per m
digester volume per minute (Metcalf & Eddy, 2003). The projected digester aeration
requirements for solids stabilization and for mixing are summarized in Table 3-6 (Area D
connected). It was assumed for this exercise that the digester would be twinned by
around 2010 (see Section 3.8.3). As shown in Table 3-6, the aeration requirement for
mixing is about three times that for solids stabilization. It would be beneficial to install
independent mechanical mixers in the digester; this would allow reduction of process air
to meet the solids stabilization requirement, and would consequently reduce lime

consumption for pH control through improved denitrification and reduce energy
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consumption for aeration. Recommendations for improvements to the digester are

contained in Section 4.7 of this report.

TABLE 3-6
DIGESTER AERATION REQUIREMENTS (AREA D CONNECTED)

y Digester VSS Load Digester A_eration Requirements (m°/hr)
ear (ka/d)" Adrelilles For Mixing 3
Stabilization®
2008 1,910 3,320 10,800
2010 2,030 3,520 21,600
2015 2,350 4,080 21,600
2020 2,730 4,740 21,600
2025 3,160 5,440 21,600
2030 3,670 6,370 21,600
2032 3,840 6,670 21,600

' derived from Table 2-8 in Section 2.4
assumes 60% V'SS destruction in digester (summer operation), 12% oxygen transfer efficiency, 2.3 kg

0,/kg VSS destroyed, density of air 1.2 kg/m®

assumes 1.8 m® air/m® digester volume/hr, digester volume = 6,000 m* until 2010, increasing to 12,000
thereafter

Photo 3-3 Lamson 250 HP Centrifugal Blower
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3.10

Biosolids Handling

Digested biosolids at the NWEC are discharged to a lined storage basin adjacent to the
digester. The total volume of the storage basin is about 18,000 m®. Solids discharged to the
basin settle to the bottom, and a water cap is normally maintained over the sludge blanket to
minimize odours. Supernatant is returned to the liquid treatment process. The basin
contents must periodically be removed, dewatered and disposed of or reused. Sampling to
accurately determine the solids content of the basin is difficult, due to the extensive layer of

vegetation that has developed over the basin surface.

Gravity thickening of the biosolids in the storage basin appears to have been less effective
than anticipated; this results in a larger volume of biosolids for land application on the
onsite poplar population, with an associated increase in operating cost. The existing poplar
plantation has a limited life for biosolids applications, due primarily to accumulation of
copper in the soil (see Section 2.6). The City is currently pursuing the purchase of
additional land to expand the plantation, and is also considering alternative harvestable
crops that may uptake copper and potentially be used for biofuel production. The City has

also reviewed potential alternative land application strategies in the past.

For the long-term future, it may be beneficial to consider constructing a biosolids
dewatering facility at the NWEC, thereby eliminating the need for the onsite storage of
liquid biosolids. Dewatering of digested biosolids would also reduce application costs for
the onsite poplar plantation, and/or transportation costs to alternative biosolids reuse sites.
Alternatively, mechanical thickening of the biosolids could potentially increase the capacity
of the storage basin. These alternatives are further explored in Section 4.7 and 4.8 of this

report.
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3.11

3.12

Administration Building

The existing administration building includes a control room, separate laboratory, and
washroom facilities. There is no dedicated lunch room, office space or meeting room.
The washroom facilities are adequate for the current operation, but include only a single
shower in the men’s room. The ladies washroom is marginal. Recommendations and
cost estimates for expanding the administration building are included in Section 4.10 of
this report.

Geotechnical and Seismic Issues

A geotechnical investigation of the NWEC site was conducted by Agra Earth &
Environmental in 1994 before construction of the original facilities was undertaken; the
following text is taken from the December 1994 report by Agra entitled “Geotechnical
Investigation, District of Campbell River Wastewater Treatment Facilities”.
Recommendations for additional geotechnical investigation are contained in Section 4.14 of
this report.

“The subsurface conditions encountered within this phase of the project confirm those
identified in AGRA’s April 1994 field program and are generally poor with respect to the
proposed development. The sensitive surficial soils, high groundwater table, and
potentially liquefiable deltaic/marine deposits necessitate specific geotechnical attention in
the following areas.

« the owner must accept the potential risk of severe damage and temporary closure of the
facility after a large earthquake unless ground densification techniques are used to
reduce the liquefaction potential of certain soil types.

= extensive temporary dewatering is required to enable construction of the proposed

facility. Consideration in the design of the units which extend below the groundwater
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table is necessary to mitigate the effects of hydrostatic uplift forces on the clarifiers,

oxidation ditch and lagoon liners.

» the sensitive nature of the fine grained deltaic/marine deposits will result in
construction difficulties, especially if the high groundwater table is not adequately

controlled.

The primary geotechnical issue related to the long term performance of the wastewater
facility is the potential for adverse ground movement under seismic loading conditions. In
this respect, the District of Campbell River (the District) must make a management decision
related to the acceptable performance of the facility during a design earthquake. The
outcome of the decision has a significant bearing on the necessary geotechnical
recommendations. For example, if the facility is to be protected against damage during a
large earthquake, (i.e., 1 in 475 year event) the ground should be densified using one of
several ground improvement techniques. Additionally, certain structures, including the

screen building, should be supported on pile foundations bearing on the sand till.

The District has proposed to design the facility to the 1 in 100 year seismic event and is

prepared to accept the risk of adverse ground movements under the design 1 in 475 event.

In accordance with the National Building Code of Canada (NBCC), there is a 10 percent
probability that the site area will be subjected to seismic accelerations of 44 percent of
gravity within a 50 year period, (1 in 475 year event). This acceleration value is one of the
highest in Canada. There is a 40 percent probability of peak amplified acceleration of 15

percent of gravity within a 50 year period, (1 in 100 year event).

A level ground liquefaction assessment conducted by Agra using CPT data indicates that
the loose non-cohesive silt and silty sand deposits would liquefy under the 1 in 475 year

event. The medium dense to dense silty sands which dominate the upper portion of the
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deltaic/marine deposits do not appear to be contractive, and relative low displacements are
anticipated under seismic loading.

Analysis indicates that the order of magnitude of movement which could be expected from
the non-cohesive silts under the 1 in 475 event is greater than one metre. This movement
would likely cause significant damage to structures such as the screen building, if
supported on shallow strip footings bearings on the non-densified deltaic/marine deposits.
Additionally, large lateral movements and potentially flow slides should be expected in the
vicinity of the lagoons and oxidation ditch slopes would result in slumping and slope
failures. The analysis indicates that liquefaction should not occur during the 1 in 100 year

event, although some settlement and lateral spread should be expected.

The natural groundwater level at the time of fieldwork was typically 1 m to 2 m below
existing grade and locally at surface in the low areas of the site. The generally flat
topography in the area does not readily allow for gravity drainage of the entire site without
the construction of a significant drainage system. Accordingly, it is Agra’s opinion that an
alternative, viable, and cost effective engineering solution would be to dewater specific
areas of the site using a system of wellpoints, and possibly larger wells, to enable
construction. Once the facility is in place and operational, the hydrostatic levels in the
below ground structures (clarifiers, lagoons and ditches) would need to be maintained at,
or above, the fully recovered groundwater level to eliminate a net hydrostatic uplift force on
the base of these structures.

Maintenance work which would necessitate the emptying of below ground structures would
require a further phase of temporary dewatering to drawdown the watertable below the
base of the structures. Monitoring piezometers installed around each of the below ground
structures would allow for accurate measurement of the natural groundwater level to
ensure that net uplift forces do not occur when the operating water levels are lowered in the

units.
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Excavations into the sensitive clays and silts and the silty fine grained sands must be
dewatered if reasonable working conditions are to be maintained. Further, failure to
adequately dewater could result in piping conditions at the face of the excavation, resulting
in reducing bearing capacity. It is recommended that the groundwater elevation be
lowered to at least one metre below proposed base elevation of any excavation, prior to any

site excavation.

The temporary wellpoint dewatering system should be designed by a specialist contractor

and reviewed by the Geotechnical Engineer of Record.”
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City of

= ‘ Campbell

River

PRE-DESIGN FOR UPGRADES TO
THE NORM WOOD ENVIRONMENTAL CENTRE

4.0 RECOMMENDED UPGRADES AND COST ESTIMATES

The recommended upgrades described in this section are based on the analysis contained in
Section 3 of this report. Cost estimates were developed in 2008 dollars, based on City of
Campbell River Policy for Class C Estimates (Council Resolution No. IC06-0065); this specifies

the following allowances as a percentage of estimated construction cost:

e 25% general contingency;
e 25% for engineering, legal, construction, financial and administration costs; and

e 20% for inflation.

Budget quotes for major mechanical equipment are attached in Appendix C, and details of
construction cost estimates are contained in Appendix D. Manufacturer’s literature for major
equipment used in developing cost estimates is included in Appendix E. Where possible
reference facilities were contacted, to obtain feedback on equipment performance and O&M
needs (see Appendix F). Prioritization of the recommended upgrades and a site plan illustrating

the improvements are contained in Section 5.
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4.1 Headworks

4.1.1 Influent Screens

The existing manual bar screen should be replaced with a new continuously cleaned
mechanical screen, which will then function as the duty screen. The existing
mechanically-raked bar screen can be left in place as a standby. A continuous Finescreen
Monster by JWC Environmental with 6 mm perforated panels, complete with a
dewatering and compactor system, was used as an example of a suitable replacement for
the current manual bar screen (refer to literature in Appendix E). The perforated screen
was chosen instead of a bar screen because the perforated plate screen allows less debris
to pass through than does the bar screen, particularly at high flows. The problem with
chronic overflows in the screen room should be eliminated with the addition of a
continuously-cleaned screen. The new screen should have a maximum flow capacity of
at least 63,970 m*/d. Odour in the screenings room should be reduced with the addition

of the new screen and washer.

The estimated cost of the new 6 mm mechanical perforated plate continuous screen

(including installation) is shown in Table 4-1 (see Appendices for more detail).

TABLE 4-1

ESTIMATED CAPITAL COST OF SCREENINGS UPGRADE

Description Capital Cost
New perforated plate mechanical screen $ 245,000
Washer and compactor $ 110,000
Installation $ 40,000
Electrical & SCADA $ 25,000
Sub-total Construction $ 420,000
General Contingency (25%) $ 105,000
Engineering, Legal, Admin., etc. (25%) $ 105,000
Inflation (20%) $ 85,000
TOTAL $ 715,000
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As noted earlier in this report, a channel for a third (standby) screen will be required
when increasing peak flows at the plant require two duty screens; this is estimated to
occur around the year 2020. Construction of a third channel will require expansion of the

headworks building at that time.

4.1.2 Odour Control

As noted in Section 3.1, the support structure for the biofilter roof is badly corroded, and
should be replaced. Replacement of the media will also be required in the near future.
The estimated construction cost for replacing the existing steel support structure and
media, etc. is $60,000.

Plant operations staff requested that replacement of the biofilter with a Sol-Air odour
control unit using ultra violet light be considered. A cost comparison of the two options
is shown in Table 4-2 (to come from Andy). Note that the Sol-Air unit requires annual
replacement of the lamps at approximately $3,000 per year. The biofilter requires
replacement of the media at approximately five-year intervals. The biofilter has lower

operating costs, but a higher space requirement.

TABLE 4-2

ESTIMATED CAPITAL COST COMPARISON OF ODOUR CONTROL UPGRADE

Description Replla\tjlzggzznt et Sol-air Unit

Replacement of the existing steel support and media $ 60,000 | $ -
Sol-air unit $ - $ 37,500
Installation $ - |8 5,000
Electrical & SCADA $ - $ 10,000
Sub-total Construction $ 60,000 | $ 53,000
General contingency (25%)* $ 15,000 | $ 15,000
Engineering, legal, construction, financial, and admin cost (25%)* $ 15,000 | $ 15,000
Inflation (20%)* $ 10,000 | $ 10,000
TOTAL $ 100,000 | 93,000
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4.2

4.3

Influent Flow Metering and Flow Distribution

The influent distribution chamber will have to be expanded in order to accommodate
another outlet when the third oxidation ditch is constructed in future (estimated to occur
around 2016 with Area D connected or 2020 if Area D is not connected — see Section

3.5.3). No improvements to the distribution chamber are proposed until that time.

Accurate monitoring of the influent flows would be beneficial for design of future
improvements. The addition of a new influent flow meter is discussed below in Section
4.3.

Grit Removal

The current method of grit removal (i.e., switching the process flow to the standby
oxidation ditch and then emptying and cleaning the former duty oxidation ditch) will no
longer be viable when both of the oxidation ditches are required for continuous service.
Construction of a dedicated grit removal system will reduce or eliminate the need to

remove the oxidation ditches from service for grit removal.

The grit removal system should be located downstream of the screens, and upstream of
the oxidation ditches. The record drawings of the plant show a designated area for the
future grit removal system, located at the north side of the operations building. This

location is suitable for the grit removal system in the current process. An influent flow

meter (Parshall Flume) should be included when grit removal is added to the plant.

Two options for grit removal are discussed below. Both are assumed to include a grit
washer/conveyor with discharge to a covered truck bin. Both options are assumed to be
outdoors (no building). The first option would be to use a conventional gravity channel
system, and the second option would be to use a vortex separator. Regardless of the

option chosen, a grit distribution analysis should be done prior to detailed design. The
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43.1

4.3.2

analysis can be done using the accumulated grit in the duty oxidation ditch. This analysis

is important for detailed design of the grit removal system to achieve the desired result.
The design criterion for both of the grit systems was assumed to be 90% to 95% removal
of 100 mesh grit with a specific gravity of 2.65. Note that this analysis should be revised

if necessary after the grit distribution analysis recommended above.

Option 1: Gravity Channel Grit Removal

Gravity channel grit removal systems consist of concrete channels that utilize the force of
gravity to separate grit from the screened influent. The concrete channels are designed to
result in a retention time where the minimum size of grit determined in the grit
distribution analysis can settle and remain in the channel. A mechanical grit collection
system is installed at the bottom of channel to automatically remove the accumulated grit.
The grit can then be washed and dewatered before it goes to the landfill. For the NWEC,
two channels, each with dimensions of 1.5 m by 21.6 m and 2.1 m deep would be

required to provide 5 minutes detention time.
Gravity grit removal channels would have a lower head loss than a vortex separator, but
would have a larger space requirement. Cost estimates for a gravity grit removal system

are shown in Table 4-3 in Section 4.3.3.

Option 2: Vortex Grit Separator

Vortex separator grit removal systems incorporate a cone-shaped chamber which utilizes
centrifugal and gravitational force to separate the grit from the screened influent. The grit
accumulated at the bottom of the chamber can be removed to a classifier by a suction
pump; the use of a suction pump eliminates the need to create an underground chamber to
allow installation of a grit conveyor beneath the cone. The grit can then be washed and

dewatered before it is discharged to a truck bin and sent to the landfill.
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An example of a vortex grit removal system is the Mectan Grit Chamber by John
Meunier, model number JMD-6-50; this unit is capable of treating 30 MGD (113,500
m®/day). The Metcan JMD-6-50 unit consists of two cylindrical chambers, i.e. upper
chamber and a concentric central grit collecting chamber. The transition between the two
is sloped to reduce head loss in the system. The upper chamber has a diameter of 5 m
while the central grit collection chamber has a diameter of 1.5 m. The total depth of the
unit is 5 m. The literature for the Metcan JMD-6-50 is attached in Appendix E. Odour
should not be an issue since the grit is washed. A single vortex unit was assumed, since
these units are not prone to failure and in any case a short term interruption of grit

removal is not considered to be critical.

Advantages of vortex separators include a small space requirement and high removal
efficiency. Disadvantages include higher head loss than gravity channels and the need for
a deep excavation to accommodate the unit into the plant hydraulic profile. Cost

estimates for the vortex system are included in Table 4-3 in Section 4.3.3.

4.3.3 Cost Estimates for Grit Removal Options

The estimated capital costs for grit removal Options 1 and 2 described above are
compared in Table 4-3. The cost for including a Parshall Flume influent flow meter at
the grit removal facility is included. As shown in Table 4-3, the capital cost of the vortex
system ($645,000) is approximately 55% of the gravity channel system ($1,200,000). In
addition, the vortex system has a smaller space requirement. The vortex system is

recommended.
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TABLE 4-3
CAPITAL COST COMPARISON OF GRIT REMOVAL SYSTEM

Description Gravity Channel | Vortex System
(2 units) (1 unit)

Site dewatering $ - $ 25,000
Concrete work + earthwork $ 320,000 | $ 120,000
Grit separator $ 335,000 | $ 120,000
Grit classifier $ 50,000 | $ 50,000
Parshall flume $ 25,000 | $ 25,000
Installation $ 40,000 | $ 15,000
Electrical & SCADA $ 25,000 | $ 25,000
Sub-total Construction $ 795,000 | $ 380,000
General Contingency (25%) $ 175,000 | $ 95,000
Engineering, Legal, Admin., etc. (25%) $ 175,000 | $ 95,000
Inflation (20%) $ 140,000 | $ 75,000
TOTAL $ 1,200,000 | $ 645,000

4.4

4.5

Trucked Liquid Waste

As noted earlier in this report, the existing pumper truck discharge station results in
excess grit being discharged to the plant influent stream (see Section 3.4). Leveling of
the existing truck pad is recommended, so that only liquid waste is discharged to the
plant. An improved rock trap should also be added to the pumper truck discharge station.

An allowance of $20,000 should be identified for these improvements.

Oxidation Ditch Process

As described earlier in this report, replacement of the Hoffman aeration blowers would
reduce energy demand and improve process control, as well as reduce maintenance
requirements. It is important that the new blowers be compatible with the long-term
needs at the NWEC.

Aspirating mechanical (Flo-Jet) mixer/aerators were considered as an alternative to

upgrading the existing diffused aeration and blower system. However, the manufactuer
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45.1

45.2

does not recommend operation of this type of aerator/mixer with the air inlet completely
closed. This means that the current strategy of alternating the process air on and off could
not be undertaken with the Flo-Jet type mixer/aerators. Since alternating of the process
air has several inherent advantages (power savings, recovery of alkalinity, foam control,
improved effluent quality), use of this type of aerator is not recommended for the
oxidation ditch process at the NWEC.

For reduced energy demand and improved control of oxidation ditch dissolved oxygen
concentration, variable speed blowers are recommended; this will allow the air supply
rate to be directly controlled by regulating blower speed (compared to damping of the

blower intakes as currently practiced with the existing constant-speed centrifugal

blowers). A comparison of blower types is presented later in Section 4.5.

Expansion Needs for Oxidation Ditch Process

For the purpose of this analysis, it was assumed that the MSR process reliability
requirements would apply, and that a third oxidation ditch would have to be constructed
when the service population reaches about 49,000 people (see earlier discussion in
Section 3.5). An alternative to constructing a third oxidation ditch would be to add
primary sedimentation tanks for the NWEC. Costs for these two options are presented
later in Section 4.5.7.

Aeration Needs for Oxidation Ditch Process

The projected plant flows and aeration demands were estimated using the unit design
criteria developed from Table 3-2 and Section 2.1.1. At the assumed ultimate design
population of 75,000 people, the plant average dry weather flow (ADWF) will increase to
about 37,500 m*/d, and the maximum month flow (MMF) will increase to 54,000 m%/d.
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45.3

454

As noted on Section 2.1.1, the NWEC design parameters for aeration demand include an
allowance for peak carbonaceous and nitrogenous oxygen demand; the design parameter
for total oxygen demand is 5,000 kg/d per oxidation ditch. At a total oxygen demand of
5,000 kg/ditch, the two-ditch process would require 10,000 kg/d of oxygen. By
extrapolation, the three-ditch process would require 15,000 kg/d.

Design Air Flow Requirement for Oxidation Ditches

Each of the two oxidation ditches should be supplied by a dedicated variable speed
blower; each blower should be capable of supplying the single-ditch design oxygen
demand of 5,000 kg/d. As noted earlier, the use of variable speed blowers will reduce
energy demand and improve dissolved oxygen control in the oxidation ditch process.
When the third oxidation ditch is required, a third duty blower for the oxidation ditch
process would have to be purchased (unless primary sedimentation is added instead of
constructing the third oxidation ditch — see Section 4.5.7).

The existing 250 HP centrifugal Lamson Blower can be retained as an emergency standby
for the oxidation ditches (and for the aerobic digester — see Section 4.7). It should be
noted that the Lamson Blower has limited capacity when supplying the oxidation ditch
(see Lamson Blower curve). The oxidation ditch aeration header is running at about 7.6
psig with fairly new diffuser; this pressure is near to the pressure that will cause the
Lamson Blower to surge (about 8.0 psig); and this means that using the Lamson Blower
in parallel with the new variable speed blowers would reduce its effectiveness. However,
since the Lamson blower would only need to be used as an emergency standby, this is not

regarded as a serious drawback.

Blower Sizing for Oxidation Ditches

As noted earlier, the design oxygen supply for two oxidation ditches is 10,000 kg/d

(5,000 kg/d per ditch). The performance and air requirements for the oxidation ditches
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based on the oxygen transfer data provided by the diffuser manufacturer are shown in
Table 4-4. The first column of Table 4-4 shows the range of air flow for a single diffuser
according to the manufacturer’s recommendations (i.e. from 1 to 4 standard cubic feet of
air per minute for a single diffuser). The second column shows the standard oxygen
transfer efficiency (SOTE) at the four air flow rates. The third column shows the
standard oxygen transfer rate to clean water (SOR) for a single diffuser at the four air
flow rates, and the fourth column shows the corresponding oxygen transfer rate per
diffuser adjusted for wastewater conditions. Columns five and six show the total oxygen
transfer to wastewater and the associated airflow required per oxidation ditch for 2,500

diffusers (future) and for 1,500 diffusers (existing).

TABLE 4-4
OXYGEN TRANSFER RATES FOR EXISTING DIFFUSERS
Diffuser Performance (Single Diffuser)
Oxygen Transfer TOt?I!r'::;;J;I Iga)ggen Total Air Flow
Standard Rate (kg O,/d) (kg O/d) (SCFM)
Air Flow Oxygen ?
(SCFM)! Transfer | siandard® | Actual®
Efficiency (SOR) (AOR) 2,500 1,500 2,500 1,500
diffusers | diffusers | diffusers | diffusers
1 33% 3.40 1.56 3,910 2,350 2,500 1,500
2 31% 6.35 2.97 7,302 4,380 5,000 3,000
3 29% 8.94 411 10,281 6,170 7,500 4,500
4 28% 11.50 5.29 13,230 7,940 10,000 6,000

Manufacturer’s recommended air flow per diffuser is from 1 to 4 standard cubic feet per minute (SCFM)
for a single diffuser.

Standard oxygen transfer rate (SOR) is the oxygen transfer into clean water under standard conditions
adjusted for 4.5 m diffuser submergence.

Actual oxygen site transfer (AOR) is the oxygen transfer into wastewater under site-specific conditions,

where AOR is calculated according to equation 1.

AOR
—=a
OR

6" BC Fsat20

Psite

*

Pstd

- D.O.

(Equation 1)

Dayton & Knight Ltd.
‘I ( CONSULTING ENGINEERS

Page 4-10

187.14.28 ©2009



For the purposes of this report, the following factors were assumed.

e Alpha (a) = 0.6

e Beta (B) = 0.98

- Theta (0) = 1.024

e Dissolved Oxygen = 2.0mg/L
* Pare = 14.46 psia
e Water Temperature = 20C

e Csataoc = 10.5mg/L
* Cosurrt = 9.07 mg/L

It was assumed that the conditions at the Campbell River site were the “standard”

conditions of atmospheric pressure at sea level, 20°C, and 36% relative humidity.

According to Table 4-4, to provide each oxidation ditch with the design oxygen
requirement of about 5,000 kg/d, an air flow of about 1.3 SCFM per diffuser would be
required if 2,500 diffusers per ditch were installed, for a total of about 3,300 SCFM or 93
m?*/min per ditch. For the existing 1,500 diffusers per ditch, the air flow requirement
would be about 3.3 SCFM per diffuser, which is relatively inefficient in terms of oxygen
transfer and near the maximum allowable flow of 45 SCFM per diffuser (see Table 4-3).
Both air flow rates are within the desired diffuser air flow range of 1 to 4 SCFM (Table 4-
4). The lower rate associated with 2,500 diffusers is relatively efficient in terms of
oxygen transfer, and it allows for higher air flow rates under emergency conditions (i.e.,
the air flow per diffuser can be increased well beyond 1.3 SCFM per diffuser, provided

that the blowers can supply the needed air).

The existing oxidation ditch with 1,500 diffusers is adequate for current (2007) flows and
loads. Air flow is not currently measured, but the air flow per diffuser is probably at or
near the 3.3 SCFM per diffuser. When the second oxidation ditch is activated, the
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oxygen demand in each ditch (and the required air flow per diffuser) will be greatly
reduced. When increasing process loading causes air flow per diffuser with two ditches
in service to increase beyond 2 SCFM, consideration should be given to installing the
additional 1,000 diffusers in each ditch. (Note that the new turbo blowers recommended
in Section 4.5.5 below include air flow monitors.) The estimated cost of installing the
additional 1,000 diffusers in each ditch is $75,000 per ditch.

455 Blower Selection for Oxidation Ditches

There are various brands and configurations of blowers available on the market (e.g.,
centrifugal, turbo, and positive displacement types). The disadvantage of centrifugal
blowers is the limited capacity for controlling the output air flow, particularly if damping
of the air inlet is used as it is with the existing Hoffman blowers. Positive displacement
(PD) blowers with variable speed drives allow precise control of air output without
surging problems. Variable speed turbo blowers also often a much broader control over
air output than centrifugal blowers. For the aeration upgrade at the NWEC, variable
speed PD blowers and turbo blowers were considered as replacements for the existing

centrifugal blowers.

For the purpose of this comparison, the Neuros NX150 turbo blower and the Aerzen 150S
PD blower were selected as suitable units to replace the Hoffman blowers (see literature
in Appendix E). The performance characteristics of these blowers are summarized in
Table 4-5. As shown, the Neuros NX150 turbo blower with a 150 HP motor can supply
about 3,595 SCFM, which meets the design requirement of 3,300 SCFM for a single
oxidation ditch. For the Aerzen PD blower, a 250 HP motor would be required to meet
the aeration needs of each oxidation ditch (Table 4-5). A cost comparison between the

PD blower and the turbo blower is shown in Table 4-6.
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TABLE 4-5
BLOWER PERFORMANCE

Blower Type BIOV\E?_:FE))OWH m3/mi¢1dr SuppllggFM Unit Footprint
S/ 40 1,430
Turbo Blower 129 94 3,300 1.8mx0.8m
150 102 3,595
225 75 2,650
PD Blower 250 100 3,740 25mx22m
300 150 5,300
TABLE 4-6
CAPITAL COST COMPARISON OF PD AND TURBO BLOWERS
Description PD quwer Turbo B-Iower
(3 units) (3 units)
Blowers $ 225,000 | $ 400,000
MCC VFD's $ 300,000 Included
Piping & concrete modifications $ 200,000 | $ 200,000
Installation $ 55,000 | $ 45,000
Electrical & SCADA $ 30,000 | $ 30,000
Sub-total Construction $ 810,000 | $ 675,000
General contingency (25%)* $ 205,000 | $ 170,000
(Ezr;%gierlng, legal, construction, financial, and admin cost 3 205,000 | $ 170,000
Inflation (20%)* $ 160,000 | $ 135,000
TOTAL $ 1,380,000 $ 1,150,000

Turbo blowers are recommended for the blower replacement at the NWEC, due to their
lower cost, lower energy demand, quite operation and small footprint. Expansion of the
blower building should not be required if turbo blowers are used; on the other hand,
selection of PD blowers would require expansion of the blower building, due to the larger
footprint of PD blowers and the need for individual sound enclosures (note that costs for
building expansion are not included in Table 4-6). In addition, since the turbo blowers
are supplied complete with on-board variable speed drives automated programmable
controllers, expansion of the existing motor control centre (MCC) would not be required.
Expansion of the MCC would be required if PD blowers were selected (space for MCC

expansion in the existing building is minimal).
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4.5.6

4.5.7

Variable speed turbo blowers are recommended, due to the lower costs, lower HP, and
elimination of the need for building expansion. Three turbo blowers should be installed
for the current operation; two can service the oxidation ditches, with the third temporarily
supplying the aerobic digester (see Section 4.7.7). The new turbo blowers can be
installed in place of the three existing Hoffman blowers. The Lamson blower can be
retained as an emergency standby for both the oxidation ditches and the digester. The
existing aeration piping will need to be modified to suit the new blower inlet and outlet
locations. A suggested layout for the blower upgrade in the existing facility is shown on
Figure 4-1.

Blower Controls

The new variable speed turbo blowers will have individual PLCs which will be tied into
the existing plant SCADA system. Blower speed can be adjusted in hand mode on the
SCADA system, and each blower control will be equipped with a Hand-Off-Auto selector
switch. With the selector on Hand, the VFD speed will be controlled by the VFD speed
potentiometer or VFD control panel. With the selector on Auto, the VFD will be
controlled by the SCADA system with the oxic / anoxic cycle controls, and DO and ORP
feedback loops. Recommendations for new oxygen and ORP sensors are included in
Section 4.10.

An air flow sensor for each blower is also recommended. This will provide trending on
the plant SCADA system of blower aeration delivery rates to the oxidation ditch and to
the digester. The turbo blowers include on-board air flow monitors (the PD blowers do

not include air flow monitors).

Cost Comparison of Third Oxidation Ditch vs. Primary Sedimentation

As noted earlier, an alternative to adding a third oxidation ditch when required due to

increasing plant flows and loads would be to add primary sedimentation tanks, which
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would reduce the BODs loading to the oxidation ditch process by about 35%, and
consequently allow servicing of the ultimate (75,000) population with the two existing
oxidation ditches. The addition of primary sedimentation tanks would also allow future
use of anaerobic digestion with recovery and combustion of biogas if desired. Anaerobic
digestion for waste activated sludge without the addition of a significant quantity of
primary sludge is problematic and is not recommended; therefore, the option of
constructing the third oxidation ditch (no primary sedimentation) would not lend itself to
future addition of anaerobic digestion. Conventional aerobic digestion could be
continued with primary sedimentation, but the aerobic digester size and aeration
requirements would have to be increased to accommodate the increased loading from

primary sludge.

A cost estimate for construction of a third oxidation ditch of the same size and
configuration as the two existing ditches is summarized in Table 4-7. The cost for adding
primary sedimentation tanks (6 sedimentation channels, each 6 m wide by 35 m long) is
summarized in Table 4-8 (see Appendix D for more detail). As shown, the capital cost of
the third oxidation ditch is about $2.74 million, compared to about $4.35 million for
primary sedimentation. The decision regarding which alternative is preferred need not be
made until increasing plant flows and loads dictate improvements to the existing
oxidation ditch process; as discussed earlier, this is not expected to occur until the service
population reaches about 49,000 people (see Section 3.5.3). A service population of
49,000 people is not projected to occur until at least 2017, or possibly well beyond that
date if Area D is not connected to the system and if growth is less than 3% annually (see
Section 2.5).
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TABLE 4-7

CAPITAL COST OF THIRD OXIDATION DITCH

Description Capital Cost
Site dewatering $ 150,000
Earthwork $ 125,000
Concrete work $ 40,000
Liner $ 100,000
Diffusers (first 2,500 diffusers) $ 150,000
Bridge $ 20,000
Treated timber wall $ 10,000
Mechanical mixer $ 105,000
New turbo blower complete with VFD $ 135,000
Piping and valving $ 350,000
Influent distribution chamber modification $ 250,000
Installation $ 75,000
Electrical & SCADA $ 100,000
Sub-total Construction $ 1,610,000
General contingency (25%)* $ 405,000
Engineering, legal, construction, financial, and admin cost
(25%) $ 405,000
Inflation (20%)* $ 320,000
TOTAL $ 2,740,000
TABLE 4-8
CAPITAL COST OF PRIMARY SEDIMENTATION TANKS
Description Capital Cost
Site dewatering $ 100,000
Earthwork $ 110,000
Concrete Work $ 880,000
Mechanical Parts $ 60,000
Scum and Primary Sludge Pumping $ 1,000,000
Yard Piping $ 250,000
Installation $ 130,000
Electrical & SCADA $ 25,000
Sub-total Construction $ 2,555,000
General Contingency (25%) $ 640,000
Engineering, Legal, Admin, etc. (25%) $ 640,000
Inflation (20%) $ 510,000
TOTAL $ 4,345,000
Dayton & Knight Ltd.
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4.6

Secondary Clarifiers

A third secondary clarifier is required in the immediate future as noted in Section 3.6. A
fourth secondary clarifier will be required by around the year 2020 (depending on
population growth). Both of the new clarifiers should be 32 metres in diameter (see
discussion in Section 3.6). With the addition of the new clarifiers, an expansion of the

return activated sludge (RAS) pumping station will also be required.

Construction of a new RAS/WAS pumping station to service new Clarifiers #3 and #4 is
recommended. The new RAS pump station should be a duplicate of the existing RAS
pump station. Two new WAS pumps (duty/standby) Worthington 6MF11B FR3A FPD-
Cl, with a capacity of 50 L/s at 6 m head and 7.5 HP and two new RAS pumps
(duty/standby) Flygt Model NP-3153.181 type LT with a capacity of 128 L/sat 5.0 m
head and 15 HP are recommended. The scum pump should be Flygt 3085-M with a
capacity of 15 L/s at 5 m head and 2 kW.

The underwater metal work on both of the existing clarifiers exhibits significant corrosion
at 10 years of age, and a total refurbishment or replacement of the metal work is required.
Our understanding is that the City has obtained price quote of about $70,000 for
refurbishing the underwater metal work in a single clarifier. This compares to a cost of
approximately $330,000 for replacing the existing metal work with stainless steel.

Refurbishment of the existing metal work is recommended.

The flow control weir box that divides flow to the secondary clarifiers will have to be
modified to accommodate the new third and fourth clarifiers. Construction of a new weir
box to service a total of four clarifiers is recommended. Mixed liquor leaving the
oxidation ditches will flow into a distribution chamber in the new weir box, and exit via
overflow weirs dedicated to each secondary clarifier. Since the water surface and weir
elevations are the same for each clarifier, the proportion of the flow that is sent to each

clarifier is dictated by the length of the weir. The twin new 32 metre diameter clarifiers
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will each have a surface area of about 800 m?, compared to 570 m? for each of the two
existing 27 m diameter clarifiers. The overflow weirs to the new clarifiers will therefore

be about 1.4 times longer than those for the existing clarifiers.

As soon as the third clarifier is constructed, the existing clarifiers can be taken out of
service one at a time for refurbishment. The refurbishment should be done during low
flow conditions. A cost estimate for construction of the third 32 metre diameter clarifier,
including the new weir box and RAS pumping station, is shown in Table 4-9. The
estimated total capital cost including yard piping is about $4.0 million; this cost includes
several of the elements needed for the future fourth clarifier, including RAS/WAS pumps
and some of the yard piping. Future addition of the fourth clarifier (around 2020) would
cost an additional $2.7 million (Table 4-9).

The cost of a third 27 m diameter clarifier instead of the 32 m diameter clarifier described
in Table 4-9 (including RAS/WAS pumping station as well as engineering and
contingencies) would be about $3.46 million, or $540,000 (14%) less than the 32 m
diameter clarifier. Similarly, a fourth 27 m diameter clarifier would cost about $540,000
less than a 32 m diameter unit (2008 dollars). However, selection of 27 m diameter
Clarifiers #3 and #4 would result in the eventual need for a fifth 27 m diameter clarifier to
serve the ultimate population of 75,000 people. Therefore, construction of two new 32 m

diameter clarifiers is recommended.
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TABLE 4-9
CAPITAL COST OF 32 m DIAMETER THIRD AND FOURTH CLARIFIERS

Description 3" Clarifier 4" Clarifier
Site dewatering $ 75,000 | $ 75,000
Earthwork $ 100,000 | $ 100,000
Concrete $ 770,000 | $ 770,000
Flow splitter box $ 250,000 | $ -
Internal clarifier - Mechanical $ 355,000 | $ 355,000
RAS pumps $ 45,000 | $ -
WAS pumps $ 35,000 | $ -
Scum pump $ 20,000 | $ -
New RAS/WAS pump station $ 250,000 | $ -
Sludge level sensor $ 10,000 | $ 10,000
New piping & valving (750mm) $ 100,000 | $ 135,000
New piping & valving (450mm) $ 150,000 | $ 45,000
New piping & valving (150mm) $ 25,000 | $ 5,000
New piping & valving (200mm) $ 55,000 | $ 10,000
Installation $ 80,000 | $ 55,000
Electrical & SCADA $ 30,000 | $ 30,000
Sub-total Construction $ 2,350,000 | $ 1,590,000
General contingency (25%)* $ 590,000 | $ 400,000
Engineering, legal, construction, financial, and admin cost $ 590,000 | $ 400,000
(25%)*
Inflation (20%)* $ 470,000 | $ 320,000
TOTAL $ 4,000,000 | $ 2,710,000

4.7 Effluent Flow Monitoring

As noted in Section 3.7 of this report, the existing parshall flume flow monitor is near
capacity. To facilitate connection of the new third clarifier (and future fourth clarifier) to
the effluent flow monitor and to minimize disruption during construction, twinning of the
existing parshall flume flow monitor is recommended; a cost estimate for this work is
shown in Table 4-10.
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TABLE 4-10
ESTIMATED CAPITAL COST OF TWIN PARSHALL FLUME

Description Capital Cost
Earthwork and concrete work $ 85,000
Parshall flume and level sensor $ 10,000
Installation $ 10,000
Electrical & SCADA $ 25,000
Sub-total Construction $ 130,000
General contingency (25%) $ 32,500
Engineering, legal, construction, financial, and admin cost (25%)* $ 32,500
Inflation (20%) $ 25,000
TOTAL $ 245,000

4.8  Aerobic Digester

4.8.1 Digester Capacity

The design loading to the aerobic digester developed earlier in Section 3.8 shows that the
digester will have to be expanded by around 2010. Two parallel identical basins are
recommended, so that half of the digester can be removed from service for maintenance
(e.g. for replacement of diffuser membranes or repair of aeration piping). Twinning of

the digester will also meet the MSR process reliability requirements for aerobic digesters.

Two options are possible for expanding the digester. One option would be to construct a
second (6,000 m®) earthen basin identical to the existing basin. A second option would
be to construct two identical concrete tanks on the site of the existing digester. The

concrete tank option is recommended for the following reasons:

e reduced process footprint;
e improved mixing characteristics; and
» facilitates installation of submerged mechanical mixers, which will allow air-on/air-

off operation similar to oxidation ditches.
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4.8.2

The design volume of the digester could be significantly reduced if thickening of the
WAS stream prior to digestion were undertaken; this would require the construction of a
WAS thickening building. Thickening of the WAS to about 3% TS by weight would
reduce the required digester volume to about 25% of that required for digestion of
unthickened WAS at 0.75% TS. Potentially suitable thickening technologies include
rotating drum thickeners or a gravity belt thickeners; both are capable of producing 3% to
5% solids concentration from a 0.75% feed solids concentration. A total of three gravity
belt thickeners (2 m nominal belt width) would be required for the future design
population of 75,000, with two units as duty and one as standby. One rotating drum
thickener (1.37 m diameter by 2.87 m long) would be required for the future design
population of 75,000, with an additional unit installed as a standby. Rotating drum
thickeners are recommended over gravity belt thickeners, due to the reliability and
mechanical simplicity, low power demand, and small space requirement of drum

thickeners.

Regardless of the digester configuration, an on-line solids density probe linked to the
plant SCADA system should be installed on the WAS line(s) leading to the aerobic
digester; this will allow accurate trending of plant solids yield. Costs for solids density

probes are included in Section 4.11.

Aeration Needs for Aerobic Digester

The aeration requirements for the aerobic digester as set out on the NWEC design
drawings specify a total aeration requirement of 2,360 L/s (5,000 SCFM) for the existing
6,000 m® basin. A total of 2,000 diffusers are currently installed. Diffused air is used to
provide both aeration and mixing. As described in Section 3.4, the air required for
stabilization of solids is less than the amount needed to ensure adequate mixing.
Provision of excess air for mixing results in an operating dissolved oxygen (DO)

concentration higher than the recommended value of 2 mg/L; this in turn results in excess
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use of energy for provision of blower air, and it also tends to create acidic conditions in

the digester, which in turn increases lime use for pH control.

The addition of mechanical mixing to the digester would allow reduction of diffused air
to the amount required for stabilization of solids. This improvement would allow better
control of dissolved oxygen concentration, and it would also allow the digester to be
operated using an air-on/air-off cycle similar to the oxidation ditches. The air-on/air-off
operation would enhance digester performance, reduce lime consumption due to recovery

of alkalinity by denitrification, and reduce digester energy consumption.

The use of aspirating mechanical mixers (e.g. Flo-Jet or similar) was considered for the
aerobic digester, but was not pursued because the manufacturer does not recommend
operating these units with the air intake fully closed (i.e., an air-off cycle with full mixing

would not be possible).

Upgrading the aeration/mixing system in the existing aerobic digester could potentially be
undertaken by using submersible aerator/mixer units, which are similar to submersible
pumps. Aeration is provided by supplying compressed (blower) air into the unit via a
flexible rubber hose. Continuous mixing could be undertaken while the air supplied from
the blower can be shut-off or controlled to achieve the desired operating DO level. Use
of submersible aerator/mixers means that the diffuser membranes would no longer
needed. However, use of this type of aerator was not further pursued, due to a lack of

available information on current reference installations.

It is recommended that aeration using fine bubble diffused air be continued for the
digester, with the addition of submerged mechanical mixers. Two options for the digester
expansion were developed, assuming that twin concrete tanks would be used as described
below.
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4.8.3

48.4

Option 1: Digestion of Unthickened WAS

Option 1 would be to construct two parallel 6,000 m® concrete tanks in the same location
as the existing earthen basin. The existing aeration diffusers would be relocated to one of
the new concrete tanks. An additional 2,000 aeration diffusers would have to be
purchased to service the second tank. Flygt or other suitable submersible mechanical
mixers would be installed in each tank to provide independent mixing. For the purpose
of this analysis Flygt Model SR4430 mixers with 6.2 HP motors were identified as

suitable (see literature in Appendix E).

As discussed in Section 3.8, the aeration requirement for solids stabilization in the
digester is about 3,320 m%/hr, increasing to 6,670 m*/hr for the ultimate 75,000
population. As discussed in Section 4.5.4, the 150 HP turbo blowers recommended for
the oxidation ditch can each supply about 6,120 m*/hr (3,600 SCFM). The third 150 HP
turbo blower recommended in Section 4.5.5 therefore has the capacity to supply the
aeration needs for the twinned aerobic digester until the third oxidation ditch is
constructed (around 2017 to 2021 — see Section 3.5.3), at which time a fourth turbo
blower will be required. One of the four 150 HP turbo blowers would then be adequate to
continue to supply the aeration needs of the twinned aerobic digester until the VSS
loading increased to the point where the aeration need exceeded 6,120 m*/hr (estimated to
occur around 2033 — see Table 3-6 in Section 3.8.4), provided that supplemental
mechanical mixing were supplied. Depending on the need at that time, a fifth turbo

blower may have to be installed. A cost estimate for Option 1 is shown in Section 4.7.5.

Option 2: WAS Thickening Prior to Digestion

Option 2 would be similar to Option 1, except that WAS thickening would be added to
reduce the required volume of the digester to about 25% of that required for Option 1 (see

earlier discussion in Section 4.7.1). Aeration needs for solids stabilization would be the
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4.8.5

same as for Option 1. Mixing horsepower requirements would also be similar (i.e., the

smaller basin volume would be offset by the higher density of the process liquid).

Cost Estimates for Digester Options

Cost estimates for Options 1 and 2 are shown in Table 4-11. Option 2 (addition of WAS

thickening) is recommended, due to the lower capital cost (about $3.1 million compared

to $4.3 million for Option 1) and smaller digester footprint. Option 2 will also produce a

thicker stream of digested biosolids for discharge to the storage basin (or for biosolids

dewatering if selected). A floor plan for the WAS thickening facility (in conjunction with

biosolids dewatering — see Section 4.8) is illustrated on Figure 4-2.

TABLE 4-11
CAPITAL COST COMPARISON OF DIGESTER UPGRADE
Option 1 .
Description Unthickened OPrtrlfi):kin\?r/]gs
WAS

Earthwork $ 240,000 | $ 80,000
Concrete $ 1,825,000 | $ 640,000
Rotating Drum Thickener $ - $ 195,000
Mechanical mixers $ 45,000 | $ 45,000
Aeration diffusers $ 150,000 | $ 150,000
Piping and valving $ 200,000 | $ 200,000
Thickener building $ - $ 400,000
Installation $ 40,000 | $ 60,000
Electrical & SCADA $ 30,000 | $ 30,000
Sub-total Construction $ 2,530,000 | $ 1,800,000
General Contingency (25%) $ 635,000 | $ 450,000
Engineering, Legal, Admin., etc. (25%) $ 635,000 | $ 450,000
Inflation (20%) $ 505,000 | $ 360,000
TOTAL $ 4,305,000 | $ 3,060,000
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4.9

Biosolids Handling

As discussed earlier, digested biosolids are currently stored temporarily in liquid form in
the biosolids storage basin before being applied to the onsite poplar plantation. An
alternative to the current system would be to add mechanical dewatering of the digested
biosolids; this would eliminate problems associated with the existing liquid biosolids
storage basin, and it would also reduce transportation and land application costs the onsite
plantation and/or for other potential future options (see Section 3.9 for additional

discussion).

Centrifuges are currently in common use in B.C. for dewatering of digested biosolids.
Centrifuges are effective in dewatering biosolids to 20% to 30% total solids; if lower
moisture content is required, other technologies can be used (e.g., plate press, or driers).
Advantages of centrifuges include a relatively small footprint, low odour generation and
minimal housekeeping problems (e.g., splatter, aerosols). A capital cost estimate for the
construction of a centrifuge dewatering facility at the NWEC is shown in Table 4-12.
Two centrifuges were assumed, each with sufficient capacity for a service population of

75,000 people. A typical floor plan is included on Figure 4-2.
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4.10

TABLE 4-12

CAPITAL COST OF CENTRIFUGE DEWATERING FACILITY

Description Capital Cost

Building $ 275,000
Centrifuge $ 420,000
Polymer system $ 50,000
Sludge feed pumps $ 35,000
Dewatered sludge pumps $ 35,000
Storage bin $ 50,000
Truck loading bay $ 20,000
Piping and valving $ 80,000
Installation $ 60,000
Electrical & SCADA $ 30,000
Sub-total Construction $ 1,055,000
General contingency (25%)* $ 265,000
Engineering, legal, construction, financial, and admin cost

(25%) $ 265,000
Inflation (20%)* $ 210,000
TOTAL $ 1,795,000

Electrical Upgrades

A new 800 kW dedicated diesel genset should be installed at the plant to provide standby

power in the event of a power outage. The 800 kW is based on the total power

requirement from all of the mechanical equipments, both existing and proposed, as shown

in Table 4-13 below. The capital cost of the genset is estimated below in Table 4-14. A

new transfer switch will also be required at an additional cost of $100,000 for a total cost

of about $1.1 million (including allowances).
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TABLE 4-13
ESTIMATED TOTAL POWER REQUIREMENT FOR GENSET UPGRADE

Item Amount of Unit HP per unit Total HP Total kW
Mechanical screen 2 2 4 3
Odour control system 1 2 2 1.5
Vortex grit separator 1 2 2 1
Grit classifier 1 2 2 1
Secondary clarifier 4 2 8 6
RAS pump 4 14 55 41
WAS pump 4 8 30 22
Scum pump 2 2 4 3
Mixer SR4650 4 8 33 25
Mixer SR4430 6 6 37 28
Turbo blower 4 150 600 448
Rotating drum thickener 1 2 2 1
Centrifuge 1 90 90 67
UV system - lamp 320 0.2 70 53
Total 938 700
TABLE 4-14
ESTIMATED CAPITAL COST OF GENSET UPGRADE
Description Capital Cost

New 800 kW genset $ 355,000

Genset building $ 125,000

Installation $ 45,000

Electrical & SCADA $ 25,000

Transfer Switch $ 100,000

Sub-total Construction $ 650,000

General contingency (25%)* $ 165,000

Engineering, legal, construction, financial, and admin cost

(25%)* $ 165,000

Inflation (20%)* $ 130,000

TOTAL $ 1,110,000
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411

Administration Building

The administration building should be expanded to incorporate a new lunchroom and
kitchen area, and a new men’s washroom with three shower stalls and lockers. The

existing men’s room can then be converted to a ladies washroom and shower room.

Based on the previous geotechnical investigation (Section 3.11), it is not recommended to
upgrade the operating building with a second floor. A new lunch room and kitchen area
and washroom with showers, and laundry area should be constructed at grade. The
proposed location to build the additional areas is next to the laboratory, on the north side
of the operating building. This area was chosen with the future expansion of the
treatment facilities in mind. There is a possibility of expanding the screen room to

accommodate future flow increases (see Section 4.1).

All rooms in the administration building are equipped with fire sprinkler systems with the
exception of the blower room and the headworks. A recent fire inspection recommended

that these two area also be supplied with sprinkler systems.

Cost estimates for improvements to the administration building are shown in Table 4-15.
An additional allowance of $100,000 should be identified for constructing the building on

piles if this is recommended by the updated geotechnical investigation (see Section 4.13).
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4.12

TABLE 4-15

CAPITAL COST OF ADMINISTRATION BUILDING EXPANSION

Description Capital Cost *

Lunch room (27 m?) $ 70,000
Meeting room (12 m?%) $ 30,000
Wastewater foreman's office (9 m) $ 25,000
Male lavatory (21 m?) $ 55,000
Corridor (12 m?) $ 30,000
Sub-total Construction $ 210,000
General contingency (25%)* $ 55,000
Engineering, legal, construction, financial, and admin cost

(25%/0 " J 160 $ 55,000
Inflation (20%)* $ 40,000
TOTAL $ 360,000

! assumed cost $2,500 / m?

Instrumentation Upgrade

The existing sensors for measuring dissolved oxygen (DO) concentration and oxidation

reduction potential (ORP) in the oxidation ditches have reached the end of their design

life, and need to be replaced. The new sensors should be mounted on swing-up wands for

ease of inspection and cleaning; this will eliminate the need for the process monitoring

pumping loop with macerator pump. The cost of replacing the DO and ORP monitors for

the two oxidation ditches as well as the cost of installing DO and ORP monitors for the

twinned aerobic digester are shown in Table 4-16. Costs for adding online monitors for

monitoring the pH and operating mixed liquor suspended solids concentration in the

oxidation ditches and the digester, as well as solids density probes for the WAS lines are

also shown.
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TABLE 4-16
CAPITAL COST OF INSTRUMENTATION

— Oxidation Aerobic .
Description Ditches (2) Digesters (2) WAS line (2)
New DO meter $ 10,000 | $ 10,000 | $ -
New ORP meter $ 5,000 | $ 5,000 | $ -
New pH meter $ 5,000 | $ 5,000 | $ -
New Suspendid Solids meter $ 15,000 | $ 15,000 | $ -
New solids probes for WAS pump discharges $ - $ - $ 15,000
Installation $ 5,000 | $ 20,000 | $ 20,000
Electrical & SCADA $ 5,000 | $ 5,000 | $ 5,000
Sub-total Construction $ 45,000 | $ 60,000 | $ 40,000
General contingency (25%)* $ 10,000 | $ 15,000 | $ 10,000
(Ean%;]r;iermg, legal, construction, financial, and admin cost $ 10,000 | $ 15,000 | $ 10,000
Inflation (209%)* $ 10,000 | $ 10,000 | $ 10,000
TOTAL $ 75,000 | $ 100,000 | $ 70,000

1

dissolved oxygen analyzer: Royce model 9100-2-2-1-1-1-1-1, includes 95A-1-3-1-1-6-1-1 sensor and Royce
58060 jet head assembly to fit 95A probe — two in oxidation ditches and two in digester tanks

ORP analyzer: ATI model Q45R-2-1-1, includes Q25-R1-1-1 platinum sensor — two in oxidation ditches and
two in digester tanks

pH analyzer: ATI model Q45P-2-1-1, includes Q25-P2-1-1 sensor — two in oxidation ditches and two in
digester tanks

suspended solids analyzer: Royce model 7011A-2-2-1-1-1, includes 73B-1-2-2-1 sensor — two in oxidation
ditches and two in digester tanks

solid analyzer for WAS line = Endress & Hauser TurbiMax WCUS41/CUS41-W with Liquisys MCUM5
223/253 Transmitter — WAS lines at RAS/WAS pump stations

413 Potential Future Disinfection

Disinfection of the effluent prior to discharge to Discovery Passage may be required in
future, if the need is identified by ongoing environmental monitoring (see Section 3.7). A
suggested location for a disinfection system using UV light is identified on Figure 5-1 in
Section 5. A cost estimate for adding UV disinfection at the NWEC to serve the ultimate
(75,000) population is shown in Table 4-17.
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TABLE 4-17

CAPITAL COST OF UV DISINFECTION SYSTEM

Description Capital Cost
Site dewatering $ 50,000
Earthwork and concrete work $ 85,000
Jib crane system $ 5,000
UV package system $ 450,000
Installation $ 45,000
Electrical & SCADA $ 25,000
Sub-total Construction $ 660,000
General Contingency (25%) $ 165,000
Engineering, Legal, Admin., etc. (25%) $ 165,000
Inflation (20%) $ 130,000
TOTAL $ 1,120,000

4.14 Plant Hydraulics

The hydraulic profile contained in the original design drawings was used to assess the

hydraulic capacity of the plant treatment units and interconnecting piping, and to identify

potential bottlenecks.

Plant operations staff report that the clarifier weirs are occasionally submerged at peak

flows; this indicates that there may be a bottleneck downstream of the weirs. No

hydraulic bottlenecks were identified, including the piping and appurtenances

downstream of the clarifier weirs; however, it must be emphasized that the drawing used

is not a record drawing, and the elevations shown may not reflect actual as-constructed

values. A survey to produce a record drawing of the plant hydraulic profile should be

undertaken as an initial component of detailed design.
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415 Geotechnical

As discussed earlier in Section 3.11, soil conditions on the NWEC are subject to
liquefaction during earthquake. In addition, new (updated) building codes have come
into effect since the NWEC was constructed. An update to the previous geotechnical
investigation should be conducted, with a minimum of three test holes drilled under
proposed new structures (administration building expansion, new secondary clarifier,
expanded digester). An allowance of $40,000 for the geotechnical investigation should
be identified.

416 Reclaimed Water

A system to use reclaimed effluent for non-potable applications at the NWEC should be
considered. The system would include a small disinfection facility and clearwell with
pump and distribution piping. This should be included in the next major upgrade at the
plant. An allowance of $300,000 for design and construction of this system should be
identified.
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5.0

5.1

City of

= ‘ Campbell

River

PRE-DESIGN FOR UPGRADES TO
THE NORM WOOD ENVIRONMENTAL CENTRE

RECOMMENDATIONS AND PRIORITIES FOR PLANT IMPROVEMENTS

Conclusions

The following conclusions are based on the analysis in this report:

The sewer collection system servicing the NWEC is subject to excessive inflow
and infiltration (1&I) during wet weather. In particular, there appears to be a
significant source of inflow in the downtown area. Manual operation of the
pumps at PS #11 can also cause high peak flows at the plant. High wet weather
flows have a detrimental impact on plant performance due to the resulting peak

hydraulic loads.

The projected plant flow and mass loading of BODs and TSS that were developed
for assessing upgrade needs in this study were based unit criteria derived from
historic plant data, with an assumed population growth of 3% per annum.
Expansion of the plant service area (e.g., to incorporate Area D) is also possible in
the short-term future. If population growth is less than 3% per annum and/or if
the service area is not expanded, then the schedule for some of the recommended

plant improvements may be revised (see Recommendations in Section 5.2).

The existing plant influent automated bar screen is subject to occasional short-

term clogging caused by slug loads of debris, possibly from pumper truck
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discharges. The automated rake that cleans the screen cannot react quickly enough
to clear the slug loads of debris; this results in overflows to the bypass channel,
with consequent clogging of the manually raked screen and overflows of raw
sewage in the screenings room. High flows also force some debris through the 10
mm gaps between the bars, with resulting problems downstream. Installation of a
continuously cleaned 6 mm perforated plate screen would eliminate overflows and
improve screen performance. A third screen will be required when the service
population reaches about 53,000 people; addition of the third screen will require

expansion of the headworks building.

4, The oxidation ditch process at the NWEC (currently operating with a single
bioreactor in service) has been loaded well beyond its theoretical design capacity
for the past several years. The estimated 2007 service population was about
32,400 people, compared to the design population of 26,000 people for a single
oxidation ditch. The recorded maximum month flow in 2007 was about 1.5 times
the design value for a single oxidation ditch, and the 2007 maximum month
BODs load was about 1.2 times the design value. Despite the high process
loading, the NWEC continues to produce a high-quality effluent (average effluent
concentrations of BODs and TSS in 2007 were 15 mg/L and 11 mg/L,
respectively). The ultimate capacity of the oxidation ditch process at the NWEC
cannot be stated with certainty. When the process loading approaches the ultimate
capacity, stress on the existing process will be signaled by a consistent increase in
the plant effluent concentration of BODs. In light of current process loading, it
can be assumed that the second oxidation ditch will have to be activated in the
near future if the City’s population continues to increase, or if the service area is
expanded (e.g., connection of Area D to the City sewer system). When the second
oxidation ditch is brought into continuous service, the consequences will be as

follows:
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a. the current method of grit removal (i.e., periodic switching of the duty and
standby oxidation ditches to allow removal of accumulated grit) will no longer
be viable; and

b. the second oxidation ditch will no longer be available as a back-up aerobic
digester.

5. The existing process monitors for dissolved oxygen and oxidation reduction
potential in the oxidation ditches have reached the end of their design life, and
need to be replaced. These monitors benefit process operation by allowing
automated control of the plant blowers to minimize energy consumption. The
addition of on-line monitors for process liquid pH would also be beneficial.
(Similar monitors added to the aerobic digester would help to optimize process

performance.)

6. Assuming that the process reliability standards set out in the provincial Municipal
Sewage Regulation (MSR) apply, a third oxidation ditch (identical to the two
existing basins) will be required when the service population reaches about 49,000
people; the third ditch will be adequate for the projected ultimate service
population of 75,000 people (again assuming that the MSR process reliability
standards apply).

7. Additional aeration diffusers for the oxidation ditches are not required at this time.
Monitoring of the air flow to each oxidation ditch will indicate when the new

diffusers are required (see Recommendations in Section 5.2).

8. The existing constant speed, centrifugal aeration blowers that supply process air to
the oxidation ditches (and to the aerobic digester) are relatively inefficient in
terms of energy consumption. Replacement of the centrifugal blowers with
modern variable speed turbo blowers would significantly reduce energy

consumption at the plant. (A separate study is currently underway to quantify
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10.

potential energy savings; pending the results of the study, funding assistance may

be available from B.C. Hydro for replacement of the plant blowers.)

An alternative to adding a third oxidation ditch when the service population
reaches 49,000 people (Item 6 above) would be to add primary sedimentation
tanks; this would bring the capacity of the NWEC to 75,000 people without
expanding the oxidation ditch process. The addition of primary sedimentation
would also allow use of anaerobic digestion with biogas recovery and use for
heating and generation of electrical power. However, the addition of primary
sedimentation would have a significantly higher capital cost than addition of a
third oxidation ditch. Selection of the preferred alternative does not need to be
made until the service population approaches 49,000 people (not projected to

occur until at least 2017, and possibly later depending on population growth).

The two existing secondary clarifiers are adequate for current plant flows,
provided that both are continuously in service. However, if one of the existing
clarifiers were to fail during high wet weather flows at the plant, the loading on
the remaining clarifier would be well beyond its design capacity; this could result
in large amounts of the process biological solids being carried over the effluent
weirs, resulting in violation of the effluent limits set out in the Operational
Certificate, and possibly an extended period of poor process performance while
the lost biological solids regenerate. A third clarifier is needed in the immediate
future, to provide emergency standby capacity; this will also allow the two
existing clarifiers to be sequentially removed from service for refurbishing of the
(corroded) interior metal components and inspection and maintenance of the rake
drive mechanisms. Addition of the third clarifier will require the construction of a
new pumping station for return activated sludge (RAS) and waste activated sludge
(WAS); this pumping station can also accommodate a fourth (future) clarifier,

which will be required when the service population reaches about 53,000 people.
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11.

12.

13.

14.

15.

If the third and fourth secondary clarifiers (Item 9 above) are 32 meters in
diameter, this will increase the surface area by about 40% compared to the
existing 27 metre diameter clarifiers. The cost premium for the larger clarifiers
would be about 17%. Construction of the larger clarifiers would also avoid the

need for a fifth clarifier to serve the ultimate population of 75,000 people.

The existing plant effluent (parshall flume) flow monitor is near capacity at peak

flows.

The existing drawing of the plant hydraulic profile is not a record drawing and the

elevations shown may not be accurate.

The existing plant outfall is more than adequate for the ultimate service

population, provided that additional diffuser ports are opened as required.

The existing aerobic digester consists of a single (earthen) basin. In the event that
the digester has to be removed from service (e.g., for periodic replacement of the
aeration diffuser membranes or repair of aeration piping), the second (standby)
oxidation ditch can function as a temporary standby digester. However, the second
oxidation ditch is expected to be activated in the near future for continuous duty in
the liquid treatment process (see ltem 4 above). Twinning of the digester will then
be required, to provide standby capacity (i.e., two parallel treatment reactors so
that process operation can continue while one reactor is out of service for
maintenance). The digester process volume will also have to be expanded in the
near future, to address increasing plant organic loading. Reconstruction of the
digester as two (parallel) concrete basins would greatly reduce the process
footprint, and it would also facilitate the installation of submerged mechanical

mixers and improve mixing characteristics (see Item 16 below).
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16. The current method of method of using diffused air to supply mixing energy as
well as process oxygen to the aerobic digester results in excess consumption of
energy. The addition of submerged mechanical mixers to the digester would allow
a significant reduction in energy consumption for blower air, since the air flow
requirement for mixing greatly exceeds that for process oxygen supply. The
addition of mechanical mixers would also allow the digester air to be turned on
and off on a timed cycle to promote denitrification (similar to the strategy
currently employed for the oxidation ditch process); this would further reduce the
process air requirement, and it would also reduce lime addition for pH control by

recovering alkalinity.

17.  The addition of mechanical thickening of waste activated sludge (WAS) in
advance of digestion would allow a significant (75%) reduction in the required
process volume of the aerobic digester, and would result in a significant capital
cost saving for the digestion upgrade.

18. The current method of estimated production of WAS and of digested biosolids is
based on grab samples, and as such is subject to significant errors. The addition of
on-line sludge density probes on the WAS piping would allow accurate trending
of WAS production.

19. The amount of biosolids that is land applied to the onsite poplar plantation is less
than the estimated annual biosolids production at the NWEC; this may be due in
part to the method of application (see Item 18 below). Sampling to accurately
determine the amount of biosolids currently held in the storage basin is difficult,
due to the covering mat of vegetation. It appears that gravity thickening of the
stored solids is less effective than originally anticipated. Mechanical thickening of
WAS prior to digestion (see Item 15 above) would result in a thicker digested

product as well, and should increase the capacity of the storage basin.
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20.

21.

22,

23.

24,

25.

26.

The current method of land applying liquid biosolids on the poplar plantation
limits the amount that can be annually applied, due to excessive accumulation of
soil moisture associated with application of the biosolids slurry. Dewatering of the
biosolids prior to application would eliminate this complication, and should also
reduce annual application costs. A biosolids “flinger” for applying dewatered
product is reported to be located in the Nanaimo area and may potentially be

available to the City on a contract basis.

The existing biosolids land application site is nearing the end of its life, due to
accumulation of the limiting metal (copper) in the soil. An expansion of the
existing land application site or an alternative method of biosolids use is needed in

the immediate future.

The trucked liquid waste receiving station does not have an adequate rock trap,
and the inclined truck ramp tends to increase the amount of rocks and other debris

that is discharged from the trucks.

The existing genset at the NWEC does not have the capacity to provide the
necessary power to continue operation of the plant aeration blowers in the event of

a power outage.

The existing administration building is not adequate for current staff needs.

Geotechnical reports completed prior to construction of the NWEC indicate that
soils on the site are subject to liquefaction in an earthquake. New structures may
require piling or other measures to ensure that foundations are adequate to meet

current codes for earthquake protection.

There are opportunities for use of reclaimed effluent for non-potable applications

at the NWEC (e.g., equipment sprays, wash down water, landscape irrigation, etc.
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5.2 Recommendations

5.2.1 NWEC Capital Upgrades

Recommendations for capital improvements to the NWEC and associated cost estimates
are discussed in Section 4 of this report, and are summarized in Table 5-1. The capital
costs do not include site improvements to meet current earthquake protection standards
(e.g., soil densification, piling under structures). Included for each item listed in Table 5-
1 is the estimated capital cost and the priority of the improvement. The estimated
additional operating and maintenance (O&M) costs (beyond existing O&M costs)
associated with each upgrade are included in Table 5-1. A site plan illustrating the

improvements and their priorities is shown on Figure 5-1.
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TABLE 5-1
SUMMARY OF COSTS AND PRIORITIES

Construction

Total Capital

Yearly O&M Cost

Item Cost 70% allowance Cost Labour Chemicals Power Maintenance Priority Update Trigger
Geotechnical investigation $ 40,000 | $ - $ 40,000 | $ - $ - $ - $ - 1 Building Code, Safety
Secondary Clarifier #3 $ 2,350,000 [$ 1,650,000 $ 4,000,000 | $ 26,000 | $ - $ 5816 | $ 38,000 1 Regulatory, Capacity
Replace Aeration Blowers $ 675,000 | $ 475,000 | $ 1,150,000 | $ - $ - $ - $ - 1 Energy Efficiency, Age
Grit Removal System $ 380,000 | $ 265,000 | $ 645,000 | $ 23,400 | $ - $ 1,307 | $ 8,500 1 Capacity
Upgrade Aerobic Digester (incl. WAS Thickening) $ 1,800,000 | $ 1,260,000 | $ 3,060,000 | $ 26,000 | $ 19,040 | $ 8,528 | $ 22,000 1 Regulatory, Capacity
Instrumentation upgrade $ 145,000 | $ 100,000 | $ 245,000 | $ 13,000 | $ - $ - $ 4,250 1 Energy Efficiency, Process
Refurbish Clarifier #1 and #2 $ 140,000 | $ - $ 140,000 | $ - $ - $ - $ - 1 Age
Replace Biofilter support structure $ 60,000 | $ 40,000 [ $ 100,000 | $ - $ - $ - $ - 1 Age
Sol-air unit for foul air $ 53,000 | $ 40,000 | $ 93,000 | $ 2,600 | $ 100 | $ 657 | $ 2,752 1 Alternate to Biofilter
Improve Trucked Liquid Waste Receiving Station, including screen, $ 250,000 | $ ] $ 250,000 | $ 26.000 | $ i $ 5816 | $ 10,000 1 Process Efficiency
and rock trap
Twin effluent parshall flume flow meter complete with instrumentation| $ 130,000 | $ 90,000 | $ 245,000 | $ - $ - $ - $ - 1 Capacity, Redundancy
Subtotal Priority 1| $ 6,023,000 | $ 3,920,000 | $ 9,968,000 | $ 117,000 | $ 19,140 | $ 22,124 | $ 85,502
Genset Upgrade $ 650,000 | $ 460,000 | $ 1,110,000 | $ 2,600 [ $ - $ - $ 17,750 2 Regulatory
Reclaimed Water System $ 300,000 | $ - $ 300,000 | $ 10,400 | $ 1,000 | $ - $ 10,000 2 Resource Recovery
Administration Building Improvements $ 210,000 | $ 150,000 | $ 360,000 | $ - $ - $ - $ 10,000 2 Capacity
New Influent Screen $ 420,000 | $ 295,000 | $ 715,000 | $ - $ - $ - $ 17,750 2 Process Efficiency, Capacity
Subtotal Priority 2| $ 1,580,000 | $ 905,000 | $ 2,485,000 | $ 13,000 | $ 1000 | $ - $ 55,500
Add 1000 Air Diffusers to Oxidation Ditches #1 & #2 $ 75,000 | $ - $ 75,000 | $ 536 | $ - $ - $ 10,714 3 Capacity
Biosolids Dewatering $ 1,055,000 | $ 740,000 | $ 1,795,000 | $ 10,400 | $ 89,700 | $ 49,012 | $ 31,000 3 Operating Cost
Subtotal Priority 3| $ 1,130,000 | $ 740,000 | $ 1,870,000 | $ 10936 | $ 89,700 | $ 49,012 | $ 41,714
Secondary Clarifier #4 $ 1,590,000 $ 1,120,000 [$ 2,710,000 | $ 26,000 | $ - $ 5816 | $ 28,000 4 Regulatory, Capacity
Oxidation Ditch #3 $ 1,610,000 | $ 1,130,000 | $ 2,740,000 | $ 13,107 | $ - $ 55,090 | $ 51,929 4 Regulatory, Capacity
Future UV Disinfection $ 660,000 | $ 460,000 | $ 1,120,000 | $ 13,000 | $ 109 [ $ 23,003 [ $ 3,600 4 Regulatory
Subtotal Priority 4| $ 3,860,000 | $ 2,710,000 | $ 6,570,000 | $ 52,107 | $ 109 | $ 83,909 [ $ 83,529
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As shown in Table 5-1 and on Figure 5-1, the improvements rated Priority 1 (immediate

need) include the following items:

e geotechnical investigation;

e construct Secondary Clarifier #3 with new RAS and WAS pumping station and
associated controls and yard piping;

» replace aeration blowers (pending completion of energy audit currently underway);

e construct vortex grit removal system;

e upgrade and expand aerobic digester;

e instrumentation upgrade;

e refurbish Clarifier #1 and #2;

e replace biofilter roof supports;

e improve trucked liquid waste receiving station; and

e twin effluent parshall flume flow monitor.

The improvements rated Priority 2 include the following items:
e upgrade genset;

e construct reclaimed water system;

e expand and improve administration building; and

« install new perforated plate influent screen.

The improvements rated Priority 3 include the following items:

e add 1,000 aeration diffusers to Oxidation Ditches #1 and #2; and

e construction biosolids dewatering facility.

The improvements rated Priority 4, include the following:

e construct Secondary Clarifier #4;

Dayton & Knight Ltd.
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e construct Oxidation Ditch #3 (incl. Aeration Blower #4); and
e construct effluent UV disinfection system (pending demonstration of need by

receiving environment monitoring program).

5.2.2 Additional Recommendations

1. The City should undertake smoke testing of sanitary sewers in the downtown area, to
identify potential sources of inflow. Ongoing I&I reduction should continue for the

entire collection system.

2. Addition of variable speed drives for the large (250 HP) pumps at PS #11 should be

investigated.

3. A grit distribution analysis should be conducted on a sample of accumulated grit the

next time the duty oxidation ditch is removed from service.

4. The City should pursue funding support from B.C. Hydro for replacement of the
existing constant speed centrifugal blowers with more energy efficient variable speed

turbo blowers.

5. The City should investigate additional sources of funding to support upgrades at the
NWEC.
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