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0.0 EXECUTIVE SUMMARY

Burns & McDonnell assisted the City of Wichita’s Public Works & Utilities Department in developing a
Sanitary Sewer Master Plan to prepare for projected changes in Wichita’s population, problems caused by
aging infrastructure, and treatment challenges posed by stricter regulatory nutrient removal requirements
anticipated through the year 2045. Burns & McDonnell developed Capital Improvements Plans (CIPs) for
performance, growth, and regulatory-driven improvements at each of the five wastewater treatment plants
(WWTPs) and lift stations. If implemented, these CIPs would help mitigate risks of overloading the
City’s wastewater infrastructure and violating future permit requirements. A discussion of WWTP and lift

station improvements and their associated CIPs are discussed in this report.

Each of the five WWTPs serves a different service area within the City of Wichita. Burns & McDonnell
performed hydraulic modeling of each service area to predict flowrates through the planning year of 2045.
Plants 1, 2 and 5 are hydraulically connected and the service areas for these three plants are combined for
the purposes of this report. In total, average daily flowrates in the service areas served by Plants 1, 2 and 5
are projected to increase from approximately 34 million gallons per day (MGD) in 2015 to 42 MGD by
2045. Plant 3, serving western Wichita, has flowrates projected to grow from approximately 1.0 MGD to
2.2 MGD by 2045. Plant 4, serving northeastern Wichita, has flowrates projected to grow from
approximately 2 MGD to more than 7 MGD by 2045.

0.1 Capital Improvement Plans for Wastewater Treatment Plants

Aging infrastructure (performance), projected hydraulic flowrates (growth), and anticipated nutrient
removal requirements (regulatory) are the main drivers for WWTP CIPs in this report. Given that Plants
1, 2 and 5 are hydraulically connected, there are multiple alternatives for treating influent flow from the
three service areas. Working closely with the City of Wichita, Burns & McDonnell developed five
treatment scenarios to accommodate future increased flows and loadings and meet anticipated regulatory

requirements for nutrient removal.

0.1.1  Scenario 1 Capital Improvement Plan

In Scenario 1, flows from the Plant 1 service area would continue to be pre-treated at Plant 1 before being
pumped to Plant 2 for further treatment. The extraneous flow holding basins at Plant 1 would continue to

be used during significant wet weather events. At Plant 2, a 36-MGD plant capable of biological nutrient

removal (BNR) would be constructed to treat the majority of flow in the three service areas. Plant 2

would process solids for the Plant 1 and Plant 2 service areas. Plant 5 would be rehabilitated and built-out
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to 6.0 MGD, while flow in excess of 6.0 MGD would be pumped to Plant 2 via the Tyler Road Lift

Station.

Plant 1 i

Plant 2 i

On-site solids processing would be constructed at Plant 5.
mprovements in Scenario 1 include the following:

Headworks: replacing the existing bar screens, replacing dewatering equipment, replacing
influent pumps in-kind, constructing a grit removal system, and making improvements to the odor

control system.
mprovements in Scenario 1 include the following:

Headworks: replacing the existing bar screens, replacing the existing grit removal system to add
capacity, replacing dewatering and conveying equipment, and improving the existing odor control
system.

Primary Clarification: rehabilitating two existing intermediate clarifiers and scum removal
equipment to serve as primary clarifiers in the biological treatment process.

Biological Treatment: constructing a new four-zone anaerobic basin and four-zone anoxic basin
with mixers in each basin, rehabilitating six existing aeration basins and final clarifiers, and
constructing two new aeration basins and final clarifiers identical to existing structures.
Biological Treatment: installing new diffused air equipment in all aeration basins, replacing the
existing centrifugal blowers, and installing blowers for the new biological trains.

Biological Treatment: installing new internal recycle pumps for all aeration basins to return flow
to the anoxic zones.

Final Clarification: installing new final clarifier equipment, including clarifier mechanisms and
return activated sludge pumps.

Chemical Feed: Installing chemical phosphorus removal equipment in the case of an upset to the
BNR process.

Solids Handling: constructing a new solids handling building to house new rotary drum
thickeners, centrifuges and ancillary chemical feed equipment for solids thickening and
dewatering.

Solids Handling: providing sludge holding, including construction of three new waste activated
sludge (WAS) holding tanks and two new thickened WAS/primary sludge holding tanks, and

installing dome covers on three existing holding tanks for stabilized solids.

Plant 5 improvements in Scenario 1 include the following:
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10. Restoring 3.0 MGD treatment capacity to Plant 5 would be required prior to build-out.

Improvements to rehabilitate existing equipment include the following:

a.
b.

C.
d.

e.

Installing prescreening and grit removal to protect the integrity of membranes downstream.
Constructing an intermediate pump station to provide sufficient head throughout the Plant 5
treatment process.

Improving odor control by replacing media in the odor control units.

Installing a chemical feed system for defoamer to be added to the biological process basins.

Repairing headers on the membrane modules.

11. Improvements required to increase treatment capacity to 6.0 MGD include the following:

a.
b.

C.
d.

Adding membranes to two additional process trains.

Installing air scour blowers, a process air blower, anoxic mixers, diffusers, recycle pumps,
and permeate pumps for the biological trains.

Increasing chemical storage via installation of an additional chemical storage tank.

Installing an additional closed-vessel ultraviolet (UV) disinfection chamber.

12. Solids handling improvements to facilitate on-site solids processing include:

a.
b.
C.
d.

e.

Increasing sludge pumping capacity throughout the solids handling process.
Chemical feed equipment and storage for polymer addition.

Installing a lime stabilization process.

Construction of a new solids handling building to house solids handling equipment.

Construction of a covered storage pad for sludge holding.

An opinion of probable cost was developed for the improvements recommended in this scenario, as

shown in Table 0-1.
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Table 0-1: Scenario 1 CIP Opinion of Probable Construction Cost Summary

Improvement | Cost

Plant 1 Improvements
Headworks (4110) | $21,000,000

Plant 2 Improvements

Headworks (4210) $32,000,000
Biological Process (4220) $89,000,000
Clarification (4230) $28,000,000
Sludge Handling (4260) $40,000,000
Plant 5 Improvements
Headworks (4510) $2,800,000
Aeration Process (4520) $11,450,000
MBR System (4530) $4,050,000
Disinfection (4540) $1,100,000
Sludge Handling (4560) $16,700,000
Scenario 1 CIP Total $246,100,000

0.1.2  Scenario 2 Capital Improvement Plan

Scenario 2 is similar to Scenario 1 in that Plant 1 pumps pre-treated flow to Plant 2, and Plant 2 serves as
the largest plant in the three service areas. This scenario is unique from Scenario 1 in that Plant 2 would
be the only wastewater treatment plant in the combined service area with a treatment capacity of 42
MGD. Plant 1 would continue to serve as a pretreatment plant (as in Scenario 1), and Plant 5 would be
decommissioned. All solids for the combined service area would be processed at Plant 2. Major
improvements to Plant 1 would be the same as in Scenario 1: headworks improvements. No
improvements would occur at Plant 5 under this scenario. Improvements at Plant 2 would be generally the
same as in Scenario 1 — albeit at a slightly larger scale to accommodate the increase in capacity over

Scenario 1.

Plant 2 improvements in scenario 2 include the following, in addition to those improvements described

for Scenario 1:

1. Primary Clarification: rehabilitating three, rather than two, existing clarifiers and related scum
removal equipment to serve as primary clarifiers in the biological treatment process.
2. Biological Treatment: constructing a new three zone anaerobic basin and a new nine-zone anoxic

basin with mixers in each basin.
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3. Biological Treatment: constructing three, rather than two, new aeration basins and final clarifiers

with new blowers, diffusers, clarifier mechanisms, and return activated sludge pumps.

An opinion of probable cost was developed for the improvements recommended in this scenario, as

shown in Table 0-2.

Table 0-2: Scenario 2 CIP Opinion of Probable Construction Cost Summary

Improvement | Cost

Plant 1 Improvements
Headworks (4110) | $21,000,000

Plant 2 Improvements

Headworks (4210) $34,000,000
Biological Process (4220) $113,000,000
Clarification (4230) $37,000,000
Sludge Handling (4260) $49,000,000

Plant 5 Improvements (Not Evaluated)

Scenario 2 CIP Total $254,000,000

0.1.3  Scenario 3 Capital Improvement Plan

In Scenario 3, a 24-MGD plant capable of BNR would be constructed at Plant 1 to treat flows from the
Plant 1 service area. Sludge would be thickened at Plant 1 before hauling to Plant 2 for stabilization and
dewatering. A 12-MGD BNR plant would be constructed at Plant 2 to treat flow in the Plant 2 service
area. Plant 5 would be rehabilitated and expanded to 6.0 MGD to serve as a scalping plant, exactly as

described in Scenario 1.
Plant 1 improvements in Scenario 3 include the following:

1. Headworks: replacing the existing bar screens, replacing dewatering equipment, replacing
influent pumps in-kind, constructing a grit removal system, and making improvements to the odor
control system.

2. Primary Clarification: constructing two primary clarifiers and ancillary clarifier equipment.

3. Biological Treatment: constructing three biological process trains, each with an anaerobic, anoxic
and aerobic zone. Mixers would be installed in the anaerobic and anoxic zones, and a diffused air

system (including blowers, piping and diffusers) would be installed for the aeration zones.
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Plant 2 i

An opin

Biological Treatment: installing internal recycle pumps for each biological basin to return flow to
the anoxic zones.

Final Clarification: constructing three final clarifiers and installing new return activated sludge
pumps for each clarifier.

Chemical Feed: installing chemical phosphorus removal equipment in the case of an upset to the
BNR process.

Disinfection: constructing a UV disinfection building and reuse of Plant 2’s existing UV
disinfection system.

Disinfection: constructing a new re-aeration basin with blowers, piping, and diffusers.

Solids Handling: constructing sludge holding capacity, including two new WAS storage tanks
and two new thickened WAS/primary sludge storage tanks, and constructing a solids handling

building to house new rotary drum thickeners and polymer feed equipment for solids thickening.
mprovements in Scenario 3 include the following:

Headworks: replacing the existing bar screens, replacing the existing grit removal system to add
capacity, replacing dewatering and conveying equipment, and improving the existing odor control
system.

Headworks: constructing a new wet weather holding basin and pump station.

Primary Clarification: rehabilitating two existing clarifiers and scum removal equipment to serve
as primary clarifiers in the biological treatment process.

Biological Treatment: constructing a new anaerobic/anoxic basin (each with three zones) with
mixers in each zone, rehabilitating three of the existing six aeration basins and clarifiers,
replacing the blowers, diffusers, clarifier mechanisms, and return activated sludge pumps for each
basin.

Chemical Feed: installing chemical phosphorus removal equipment in the case of an upset to the
BNR process.

Solids Handling: constructing a new solids handling building to house rotary drum thickeners,
centrifuges, and ancillary chemical feed equipment for solids thickening and dewatering.

Solids Handling: providing sludge holding, including construction of two new WAS holding
tanks and two new thickened WAS/primary sludge holding tanks, and installing dome covers on

three existing holding tanks for stabilized solids.

ion of probable cost was developed for the improvements recommended in this scenario, as

shown in Table 0-3.
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Table 0-3: Scenario 3 CIP Opinion of Probable Construction Cost Summary

Improvement Cost

Plant 1 Improvements

Headworks (4110) $27,000,000
Biological Process $111,000,000
Clarification (4130) $18,000,000
Disinfection $11,000,000
Sludge Handling $26,000,000
Plant 2 Improvements
Headworks (4210) $45,000,000
Biological Process (4220) $37,000,000
Clarification (4230) $6,000,000
Disinfection (4250) $6,000,000
Sludge Handling (4260) $34,000,000
Plant 5 Improvements
Headworks (4510) $2,800,000
Aeration Process (4520) $11,450,000
MBR System (4530) $4,050,000
Disinfection (4540) $1,100,000
Sludge Handling (4560) $16,700,000
Scenario 3 CIP Total $353,100,000

0.1.4  Scenario 4 Capital Improvement Plan

In Scenario 4, the same 24-MGD BNR plant described for Scenario 3 would be constructed at Plant 1 to
treat flows from the Plant 1 service area. An 18-MGD BNR plant would be constructed at Plant 2 to treat
flow from the Plant 2 and Plant 5 service areas. Plant 2 improvements would mirror those described
above for Scenario 3, with the exception that equipment would be sized appropriately to handle increased
average daily flows of 18 MGD. Plant 5 would be decommissioned exactly as described in Scenario 2. An
opinion of probable cost was developed for the improvements recommended in this scenario, as shown in
Table 0-4.
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Table 0-4: Scenario 4 CIP Opinion of Probable Construction Cost Summary

Improvement Cost
Plant 1 Improvements
Headworks (4110) $27,000,000
Biological Process $111,000,000
Clarification (4130) $18,000,000
Disinfection $11,000,000
Sludge Handling $26,000,000
Plant 2 Improvements
Headworks (4210) $46,000,000
Biological Process (4220) $47,000,000
Clarification (4230) $8,000,000
Disinfection (4250) $7,000,000
Sludge Handling (4260) $35,000,000
Plant 5 Improvements (Not Evaluated)
Scenario 4 CIP Total $336,000,000

0.1.5

Scenario 5 Capital Improvement Plan

In Scenario 5, a 24-MGD plant capable of BNR (described above for Scenarios 3 and 4) would be

constructed at Plant 1 to treat flows from the Plant 1 service area. A 15-MGD BNR plant would be

constructed at Plant 2 to treat flow from the Plant 2 and Plant 5 service areas. Plant 2 improvements

would mirror those described above for Scenario 3, with the exception that equipment would be sized

appropriately to handle increased average daily flows of 15 MGD. Plant 5 would be rehabilitated to

restore treatment capacity of 3.0 MGD with excess flow pumped to Plant 2. Plant 5 would have no solids

handling capacity in this scenario. An opinion of probable cost was developed for the improvements

recommended in this scenario, as shown in Table 0-5.
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0.1.6

Table 0-5: Scenario 5 CIP Opinion of Probable Construction Cost Summary

Improvement Cost
Plant 1 Improvements
Headworks (4110) $27,000,000
Biological Process $111,000,000
Clarification (4130) $18,000,000
Disinfection $11,000,000
Sludge Handling $26,000,000
Plant 2 Improvements
Headworks (4210) $46,000,000
Biological Process (4220) $43,000,000
Clarification (4230) $8,000,000
Disinfection (4250) $6,000,000
Sludge Handling (4260) $42,000,000
Plant 5 Improvements
Headworks (4510) $2,800,000
Aeration Process (4520) $1,550,000
MBR System (4530) $50,000
Sludge Handling (4560) $6,900,000
Scenario 5 CIP Total $349,300,000

Plant 3 Capital Improvement Plan

Plant 3 was originally constructed in 2003 and performs biological nutrient removal. From a performance

standpoint, Burns & McDonnell recommends replacing the existing medium-pressure UV disinfection

system with a low-pressure UV disinfection system to reduce operating costs. Further, based on growth

projections, Burns & McDonnell recommends expanding Plant 3 to treat up to 4.0 MGD average day

flow by 2025. Plant 3 improvements for future expansion include the following:

1. Headworks: increasing influent pumping capacity by constructing a new influent pump station.

2.

Biological Treatment: doubling biological treatment capacity by constructing a second biological

process train mirroring the existing train (including all ancillary equipment such as mixers,

aeration equipment and internal recycle pumping).

Final Clarification: constructing two new final clarifiers with scum removal equipment.

Solids Handling: doubling the capacity of return activated sludge (RAS) and WAS pumping.

City of Wichita, Kansas

0-9

Burns & McDonnell



Wastewater Treatment Plant Evaluation Executive Summary

5.

Solids Handling: installing rotary drum thickeners for both recuperative thickening (to increase
the solids content in the aerobic digesters) and thickening of digested sludge.

Solids Handling: constructing an additional covered aerobic digester adjacent to the two existing
digesters and installing all ancillary digester equipment (including diffused air equipment).
Solids Handling: installing a second centrifuge for increased sludge dewatering capacity.

Solids Handling: constructing a new sludge thickening building to house rotary drum thickeners,
the centrifuge and ancillary equipment (such as polymer feed systems), as well as new RAS and
WAS pumps.

An opinion of probable cost was developed for the improvements recommended for Plant 3, as shown in
Table 0-6.

0.1.7

Table 0-6: Plant 3 CIP Opinion of Probable Construction Cost Summary

Improvement | Cost

Phase 1: Disinfection Improvements

Disinfection (4340) | $1,200,000

Phase 2: Expansion to 4.0 MGD

Headworks (4310) $1,700,000
Biological Process (4320) $12,000,000
Clarification (4330) $4,300,000
Sludge Handling (4360) $11,500,000
Phase 2 Total $29,500,000

Plant 4 Capital Improvement Plan

Plant 4 is currently rated for 3.0 MGD and is designed to accomplish BNR. Phase Il improvements are

currently underway, increasing the plant’s treatment capacity to 6.0 MGD, while accommaodating plant

buildout to 9.0 MGD. Phase Il improvements (expansion to 9.0 MGD) will be required prior to 2045.

Plant 4 Phase 11l improvements include the following:

1.

Installing new grit removal equipment in the already-existing third screening channel. Odor
control measures for the third channel would be necessary to match those provided for the
existing two channels.

Installing an additional vortex grit removal unit to accommodate increased flows.
Constructing a third biological process basin, mirroring the Phase 11 reactor (which features

anaerobic, anoxic and aerobic basins).
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4. Installing a new RAS pump for the new biological process basin.

5. Constructing a new clarifier to mirror the existing three clarifiers. Installation of yard piping, all
ancillary clarifier equipment, and a new scum pump would be necessary.

6. Installing a chemical phosphorus removal system for the new biological process basin.

7. Constructing three new aerobic digester cells and installing ancillary digester equipment and
piping.

8. Installing covers on the new and existing digesters.

9. Installation of a second centrifuge and polymer feed system for solids dewatering.

An opinion of probable cost was developed for the improvements recommended for Plant 4, as shown in
Table 0-7.

Table 0-7: Plant 4 CIP Opinion of Probable Construction Cost Summary

Improvement Cost
Phase llI: Expansion to 9.0 MGD
Headworks (4410) $3,800,000
Biological Process (4420) $11,400,000
Clarification (4430) $4,600,000
Disinfection (4440) $700,000
Sludge Handling (4460) $10,500,000
Plant 4 CIP Total $31,000,000

0.1.8  Lift Station Capital Improvement Plan

The City of Wichita currently owns and operates 58 lift stations throughout the City’s five service areas.
Only lift stations connected to force mains 10 inches and larger were modeled as part of the Sanitary
Sewer Master Plan, thus improvements were evaluated only for those lift stations. Burns & McDonnell
identified 15 lift stations that will need additional capacity prior to 2045 to prevent severe flooding and
system backups during storm events. An opinion of probable cost was developed for the improvements
recommended for the lift stations, as shown in Table 0-8.
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Table 0-8: Lift Station CIP Opinions of Probable Construction Cost Summary

Lift Station Name
Service Area (PS ID) Replacement Cost

LS2 (4902) $1,479,000

LS7 (4907) $479,000
LS10 (4910) $1,002,000
LS12 (4912) $8,338,000
LS28 (4928) $1,479,000
2 LS38 (4938) $2,291,000
LS39 (4939) $2,275,000
LS41 (4941) $3,727,000

LS42 (4942) $479,000
LS43 (4943) $1,294,000
LS57 (4957) $1,453,000
Service Area 2 CIP Subtotal: $24,300,000
LS9 (4909) $2,291,000
3 LS40 (4940) $3,395,000
LS56 (4956) $8,832,000
Service Area 3 CIP Subtotal: $14,518,000
5 LS27 (4927) $17,400,000
Service Area 5 CIP Subtotal: $17,400,000
Total CIP Cost: $38,760,000
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1.0 INTRODUCTION

1.1 Scope of Assessment

The City of Wichita (the City) retained Burns & McDonnell (BMcD) to conduct a facilities assessment as
part of the Sanitary Sewer Master Plan, setting forth evaluations and a plan of improvements for all five
wastewater facilities through the planning year of 2045. Systems evaluated include headworks, biological
processes, clarification, disinfection, solids handling, and ancillary facilities. Implementation of future
processes or process modifications to accommodate National Pollution Discharge Elimination System
(NPDES) permit changes, including biological nutrient removal (BNR), was also considered. The drivers
for the improvements identified in this memorandum are based on anticipated regulations, growth

projections, and capacity and performance-related issues.

The population projections presented in this technical memorandum are based on information provided by
the City. The population projections were used to estimate future flow and loadings (i.e. organic, nitrogen,
phosphorus) within each service area through the 2045 planning period. The projected loadings are used

as the basis of design for sizing basins and equipment.

1.2  Service Area Description

Currently, the City owns five wastewater treatment plants, each of which serves a different service area as
shown in Figure 1-1. Plants 3 and 4 are hydraulically independent, serving only their designated service
areas. Plants 1, 2 and 5 are hydraulically connected, meaning flows can be diverted from Plants 1 and 5 to
Plant 2 for treatment. Therefore, the service areas of Plants 1, 2 and 5 are also connected, as indicated in

Figure 1-1.

Growth projections through the 2045 planning period show the City’s service areas expanding both in
terms of physical area and population density (refer to Figure 1-1). Plants 3 and 4 require expansion of
their treatment capacity to accommodate expanding service areas. However, given that Plants 1, 2 and 5
are hydraulically connected, multiple scenarios were considered for facilitating expansion of these plants’

service areas (refer to Section 2.4 regarding the improvement scenarios).
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2.0 GROVE STREET PUMP STATION (PLANT 1), LOWER ARKANSAS RIVER
WATER QUALITY RECLAMATION FACILITY (PLANT 2) AND MID-CONTINENT
WASTEWATER TREATMENT FACILITY (PLANT 5)

The following sections describe current and anticipated plant loadings, current and anticipated regulatory
requirements, and an assessment of the existing plant conditions for Plant 1, Plant 2, and Plant 5. This
section also discusses five treatment scenarios for the Plant 1, Plant 2, and Plant 5 service areas to

accommodate anticipated growth and future regulations.

2.1  Grove Street Pump Station (Plant 1)

Grove Street Pump Station (Plant 1) was constructed in 1979. The original plant included influent
pumping, screening, grit removal, primary clarification, biological treatment, and solids processing.
However, the facility currently operates as a lift station, collecting influent flow from the service area and
pumping it to Plant 2 for treatment. The firm capacity of the lift station is 168 million gallons per day
(MGD), and the ultimate capacity is 192 MGD. Operational plant processes include influent screening,

influent pumping, odor control, and wet weather holding.

The following sections describe current and anticipated loadings, current and anticipated regulatory
requirements, and an assessment of current plant performance. Improvement scenarios are discussed in
Section 2.4. The design described in this memorandum is based on the layouts in the Plant No. 1 Pumping
Station drawings by Shelley-Wilson (dated February 1978) and the Extraneous Flow Basin Wastewater
Treatment Plant No. 1 drawings by Shelley-Wilson (dated March 1989).

2.1.1 Plant 1 Flows and Loadings

The following sections include an assessment of Plant 1’s existing capacity and performance capabilities
based on meeting current effluent limits set forth in the facility’s operating permit. This section also
provides and evaluation of the capacity of the facility with regards to compliance with future permit

requirements.

2111 Current Flow and Loading

Influent wastewater characteristics are categorized as either influent loading in pounds per day (Ibs/day)
or hydraulic loading in MGD. Average day information is not used for design purposes but is anticipated
to reflect typical influent conditions for normal operation. The maximum month loading represents a
sustained peak load and serves as the design basis for treatment capacity. Plant 1 screening is designed for

a peak flow of 72 MGD, and Plant 1 influent pumping is designed for a firm capacity of 168 MGD with
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both wet wells operating. Thus, the facility is hydraulically limited by influent screening during wet
weather events. Plant 1 serves as a pump station and sends screened influent to Plant 2 for further
treatment, and therefore, there are no design influent loadings for Plant 1. The hydraulic capacities of the

headworks equipment are listed in Table 2-1.

Table 2-1: Plant 1 Headworks Hydraulic Capacity

Headworks Equipment Hydraulic Capacity
Influent Screening 72 MGD
Influent Pumping (with both wet 168 MGD (firm capacity)
wells operating) 192 MGD (total capacity)
Extraneous Flow Holding 34 MG

Influent flow and loading data from January 2015 to December 2015 were analyzed using monthly
operating data and discharge monitoring reports (DMRs) as the basis of analysis. As seen in Figure 2-1,

influent flow ranged from approximately 13 MGD to 36 MGD with an average influent flow of 22 MGD.
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Figure 2-1: Plant 1 Historical Influent Flow Data
Typical influent biochemical oxygen demand (BOD) concentrations for domestic wastewater range from
110 mg/L to 350 mg/L (as stated in the 4™ Edition of Metcalf & Eddy Wastewater Engineering, Table 3-
15); Plant 1 average influent is on the high end of this range, and maximum monthly values frequently
exceed this range. In 2015, influent BOD ranged from 114 mg/L to 511 mg/L, with an average of 290
mg/L (refer to Figure 2-2). Average influent BOD varied generally between 250 mg/L and 350 mg/ L in
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2015, with the exception of August and September. Above-average BOD levels in the influent at Plant 1
likely result from industrial contributors in the southeastern part of Wichita.

I I RN C R C RN I C IR B I

& sz?\ RO S R X

Figure 2-2: Plant 1 Historical Influent BOD Data
Typical influent total suspended solids (TSS) concentrations for domestic wastewater range from 120
mg/L to 400 mg/L (as stated in the 4™ Edition of Metcalf & Eddy Wastewater Engineering, Table 3-15);
Plant 1 average influent falls within this range. In 2015, influent TSS ranged from 108 mg/L to 575 mg/L,
with an average of 250 mg/L (refer to Figure 2-3). Average influent TSS varied consistently between 200
mg/L and 300 mg/L.
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Figure 2-3: Plant 1 Historical Influent TSS Data
Typical influent total Kjeldahl nitrogen (TKN) concentrations for domestic wastewater range from 20
mg/L to 70 mg/L (as stated in the 4™ Edition of Metcalf & Eddy Wastewater Engineering, Table 3-15);
Plant 1 influent often falls within the middle of this range. In 2015, influent TKN ranged from 11 mg/L to
54 mg/L, with an average of 42 mg/L (refer to Figure 2-4). Average influent TKN varied consistently in
2015 between 40 mg/L and 50 mg/ L, with the exception of February, May, and October. Maximum
influent TKN concentrations frequently exceeded 50 mg/L.
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Figure 2-4: Plant 1 Historical Influent Total Kjeldahl Nitrogen Data
Typical influent total phosphorus (TP) concentrations for domestic wastewater range from 4 mg/L to 12
mg/L (as stated in the 4™ Edition of Metcalf & Eddy Wastewater Engineering, Table 3-15); Plant 1
influent falls within this range. In 2015, influent total phosphorus ranged from 2.7 mg/L to 8.9 mg/L, with

an average of 5.0 mg/L (refer to Figure 2-5). Average influent phosphorus varied consistently between 4.0
mg/L and 7.0 mg/L.
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Figure 2-5: Plant 1 Historical Influent Total Phosphorus Data

2.1.1.2 Anticipated Flow

As shown in Section 2.1.1.1, influent flow at Plant 1 averages 22 MGD. Plant 1 was originally designed
for treatment of a peak flow of 72 MGD, but the facility currently lacks actual treatment capacity.
Hydraulic modeling, based on metering data from the Plant 1 service area, projects the average day flow
and peak flow will increase to 24 MGD and 56 MGD, respectively by 2045. Although Plant 1 would be
able to hydraulically accommodate such an increase in flow, there are a number of performance-related
issues with Plant 1 equipment and structures that may hinder preliminary treatment efficacy without

proper rehabilitation (refer to Section 2.1.3.2 for a discussion of performance-related issues).

The peak flow projected for 2045 (56 MGD) is based on a 95-percentile rain event and is the design basis
for wastewater collection systems. Wastewater treatment facilities, on the other hand, are typically sized
for a peak hourly flow (scaled up from the average daily flow) and are designed to accommodate a
designated storm event with appropriate extraneous flow storage. For a population exceeding 100,000
(the current and projected Plant 1 service area population through 2045) a peaking factor of 2.0 is
recommended for calculating the peak hourly flow*. Therefore, for the projected average day flow of 24

MGD, a peak hourly flow of 48 MGD should be used for the purpose of designing wastewater treatment

1 Per Figure 1 in the 2014 Recommended Standards for Wastewater Facilities published by the Great Lakes Upper
Mississippi River Board
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processes at Plant 1 through the planning period of 2045. Burns & McDonnell recommends further

hydraulic analysis based on flow monitoring prior to implementation of the projects discussed herein.

Plant 1, Plant 2, and Plant 5 are all hydraulically connected, thus, there are numerous treatment scenarios
for the three service areas. The rated capacity of each plant depends on the alternative selected;
consequently, design loadings for Plant 1 will vary. Refer to Section 2.4 for details on each of the

scenarios and design loadings evaluated for the Plant 1, Plant 2, and Plant 5 service areas.

2.1.2 Plant 1 Discharge Permitting Assessment

This section describes current discharge limits for Plant 1 and identifies regulatory trends, which will
likely impact the facility’s permitted discharge limits in the future. The City of Wichita will benefit from
predicting future regulatory changes by being able to proactively improve treatment processes and

operations to meet new standards as they become required.

2.1.2.1 Current Discharge Limits

Plant 1 is currently operating under Kansas Water Pollution Control Permit M-AR94-1001, which
became effective January 1, 2013. Permits are typically valid for five years, at which point they are
subject to renewal, and the current permit expires on December 31, 2017 (Appendix A). Plant 1 and Plant
2 operate under the same NPDES permit, as Plant 1 does not have its own active discharge point. The
permit currently addresses the Plant 2 primary outfall 001A1, which discharges to the Arkansas River.
The permit contains final effluent limits for BOD, TSS, pH, ammonia, E. coli, and dissolved oxygen
(DO) (refer to Table 2-2).
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Table 2-2: Plant 2 Current Effluent Limits*

BOD TSS pH Ammonia E. Coli DO
Weekly | Monthly | Weekly | Monthly | Min | Max | Daily | Monthly | Weekly | Monthly (Min
Avg Avg Avg Avg Max Avg Avg Avg Weekly

Avg)
Jan 45 30 45 30 6 9 9.1 7 - 2358 6
Feb 45 30 45 30 6 9 9.1 7 - 2358 6
Mar 45 30 45 30 6 9 9.1 4.3 - 2358 6
Apr 40 25 45 30 6 9 9.1 3.8 4348 262 6
May 40 25 45 30 6 9 9.1 3 4348 262 6
June 30 20 45 30 6 9 9.1 2.3 4348 262 6
July 30 20 45 30 6 9 9.1 2 4348 262 6
Aug 30 20 45 30 6 9 9.1 2 4348 262 6
Sept 40 25 45 30 6 9 9.1 3 4348 262 6
Oct 40 25 45 30 6 9 9.1 4.3 4348 262 6
Nov 45 30 45 30 6 9 9.1 6.7 - 2358 6
Dec 45 30 45 30 6 9 9.1 7 - 2358 6

*Flows from both Plant 1 and Plant 2 are treated at Plant 2, so the limits presented here apply to both plants

2.1.2.2 Anticipated Discharge Limits

Regulatory agencies are implementing more stringent effluent nutrient limitations to protect water quality.
In 2004, the Environmental Protection Agency (EPA) mandated all states to develop nutrient water
quality criteria. In response to this mandate, the Kansas Department of Health and Environment (KDHE)
developed the Surface Water Nutrient Reduction Plan, a nutrient removal policy. This plan requires
wastewater treatment plants greater than 1.0 MGD to meet technology-based nutrient removal limits (8
mg/L or 10 mg/L for total nitrogen and 1 mg/L or 1.5 mg/L for total phosphorus). Generally, the process
of establishing nutrient limits begins with analysis and modification of the 303(d) list of impaired waters,
determination of total maximum daily loads for pollutants included in the 303(d) list, and development of

facility-specific nutrient limits. The following sections discuss the anticipated permit limits for Plant 1.

21.2.21 303(d) List

Under section 303(d) of the Clean Water Act, all states are required to identify all water bodies where
State water quality standards are not being met, and submit a list of impaired waters to the EPA. Total
Maximum Daily Loads (TMDLSs) are developed based on the pollutants and water bodies identified in the
303(d) list. Each water body on the 303(d) list is assigned a priority for a TMDL, based on the frequency,

magnitude, and duration of the impairment.
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A new list is developed approximately every two years, with the most recent list published in 2016. The
2016 303(d) list identifies water bodies from the 2014 303(d) list that still require TMDLSs, as well as new

water bodies that require TMDLS. The Arkansas River was identified as an impaired waterbody on the
2016 303(d) list; the impairments include total phosphorus (TP), biology, and E. coli (refer to Table 2-3).

Table 2-3: Plant 1 Summary of 303(d) List of Impairments

River Basin | Stream/Lake | Impaired Use | Impairment | Station | Body Type Priority
Lower Arkansas River | Aquatic Life TP SC729 | Watershed | Scheduled
Arkansas for 2017
Lower Arkansas River | Aquatic Life Biology SC729 | Watershed Low
Arkansas
Lower Arkansas River | Recreation E. coli SC729 | Watershed High
Arkansas

21.2.2.2 TMDLs

The 303(d) list is meant to identify waters that require TMDLs because existing effluent limitations of

best management practices are not stringent enough to meet the state water quality standards. A TMDL

establishes the maximum pollutant load to a waterbody, from both point and nonpoint sources, in order to

achieve compliance with a water quality standard. TMDLs are developed by using mass balance

calculations and water quality modeling of the water body. Based on the modeling results, contributors

identified on the 303(d) list receive a waste load allocation, which establishes limits empirically and

specific to the receiving waterbody. There are no approved TMDLs developed for the Wichita wastewater
treatment plants (WWTPs). TMDLs will be developed for the pollutants identified in Table 2-3.

21.2.23

Anticipated Permit Limits

The City met with representatives of KDHE to discuss anticipated regulatory requirements for Plant 2,

which also impacts Plant 1. In 2013, the EPA established new ammonia criteria to protect freshwater

mussels and snails. The recommended final acute ambient water quality criteria is 17 mg/L total

ammonia-nitrogen and the final chronic ambient water quality criteria is 1.9 mg/L total ammonia-

nitrogen?. These new ammonia limits are scheduled to be adopted by KDHE in 2017. KDHE staff

believes Plant 2 will be able to meet these limits without process modifications.

2 Federal Register, Volume 78 Issue 163 (Thursday, August 22, 2013). (n.d.). https://www.gpo.gov/fdsys/pkg/FR-
2013-08-22/html/2013-20307.htm
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KDHE indicated the TMDLSs for the Lower Arkansas River basin are anticipated to be completed in 2017,
and TMDLs for TP and nitrate will affect the discharge limits set forth in the Plant 2 permit. At the time
of the meeting (June 2016), KDHE suggested potential allocations for TP could be approximately 451
pounds and/or 1 mg/L, and potential allocations for total nitrate could be approximately 4,511 pounds
and/or 10 mg/L. Refer to Appendix B for minutes from the permitting meeting between KDHE and the
City. A schedule of compliance for TP and TN discharge limits will likely be incorporated into the next
permit cycle (the permit expiring in 2022), and final discharge limits will likely be incorporated into the
2027 permit. Thus, biological nutrient removal improvements and operational changes will need to

commence prior to 2027.

2.1.3 Plant 1 Treatment Process
The following sections describe the existing plant design and provide a high-level assessment of
equipment performance. A proposed plan of improvements and associated CIP opinions of probable cost

for five treatment scenarios for the Plant 1, Plant 2, and Plant 5 service areas are included in Section 2.4.

2131 Existing Plant Design

Plant 1 was originally constructed with influent screening, influent pumping, primary clarification,
biological treatment, and a solids handling system. However, these processes have been abandoned, and
the plant now serves as a pump station with influent screening, sending screened flow to Plant 2 for

treatment. Refer to Figure 2-6 for a process flow schematic of existing Plant 1 operation.

21311 Headworks

Wastewater is conveyed to the Plant 1 influent pump station via four interceptors (48-inch, 60-inch, 78-
inch, and 36-inch mains) and the four interceptors converge in an inlet channel prior to screening. The
inlet channel diverges into two channels, one per influent wet well. Two screens are dedicated to each
inlet channel. Screening is accomplished by four %:-inch bar screens, each rated for 18 MGD (refer to
Figure 2-7). A sluice channel is used to convey the screenings to a fine screen with a screw conveyor for

dewatering.
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Figure 2-7: Plant 1 Bar Screens
The screened wastewater enters one of two influent wet wells, either the north wet well or the south wet
well. Each wet well contains four horizontal centrifugal, each rated for 24 MGD, to pump wastewater
from the respective wet well to Plant 2 (refer to Figure 2-8). Two pumps in each wet well are equipped
with variable frequency drives (VFDs) to adjust the speed of the pumps based on the influent flow.
Typically one wet well is operational at a given time, with the exception of significant wet weather
events. The south wet well is typically operated during periods of high flow (i.e. the summer months), as
the effluent from the extraneous flow holding basins is routed back to the south wet well.

Figure 2-8: Plant 1 Influent Pumps

The pumped flow is discharged vertically through one of two bell mouth pipes (Figure 2-9), which

provides a nearly constant discharge pressure for the pumps. Discharge from the bell mouth is collected in
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a concrete diversion structure and subsequently flows by gravity to Plant 2 for further treatment. The

diversion structure contains four grit basins, however, the grit removal system is currently inoperable.

Figure 2-9: Plant 1 Diversion Structure
The transmission line from Plant 1, a 66-inch reinforced concrete pipe (RCP), conveys wastewater from
the influent pump station to an influent control valve structure at Plant 2 and ultimately to a primary
clarifier (approximately 3.4 miles). The influent control structure at Plant 2 contains a 48-inch butterfly
valve that is intended to maintain full-pipe flow.

21.31.2 Extraneous Flow Basins

During periods of significant rain, flow in excess of 80 MGD is diverted to the extraneous flow holding
basins. Plant 1 is equipped with two five-million gallon concrete basins (Figure 2-10) and a 24-million
gallon, concrete-lined lagoon (Figure 2-11). Flow is first conveyed to the two smaller holding basins,
which subsequently overflow to the lagoon. Following the rain event, the extraneous flow is manually

directed back to the influent pump station south wet well for treatment.
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Figure 2-10: Plant 1 Extraneous Flow Holding Basins

Figure 2-11: Plant 1 Extraneous Flow Holding Lagoon

Summary of Existing Plant Design

Refer to Table 2-4 for a summary of the equipmepkcities at Plant 1.
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