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Executive Summary

Purpose and Objectives

The purpose of this Facility Plan is to present the plan for the Metropolitan Council
Environmental Services (MCES) to add solids treatment facilities at the Metropolitan
Wastewater Treatment Plant (Metro Plant) and to document the basis for the recommended
plan. Several tasks associated with this planning effort are addressed, including:

Evaluation of current solids production

Projection of future solids production

Assessment of existing solids treatment facilities
Development and evaluation of alternatives

Selection and development of the recommended plan

L I

Statement of Need

The Metro Plant needs additional solids treatment capacity to preserve existing wastewater
treatment plant infrastructure and to serve regional growth in an efficient, reliable, and
environmentally responsible manner.

Anticipated future renewal work within the existing incineration system will require that each of
the Metro Plant’s three incinerators be taken out of service for a period greater than 6 months.
System capacity with only two incinerators available for extended periods during construction of
the renewal work is insufficient, requiring MCES to landfill excess solids. Without the proposed
project, the estimated amount of solids that would be landfilled is 10 percent to 20 percent of the
total wastewater solids production, which would require an estimated additional total landfill
volume of 2.9 million cubic yards through the end of the planning period (2050).

Population and employment in the Metro Plant service area are anticipated to grow by
25 percent (500,000 residential equivalents) from 2020 to 2050. The corresponding wastewater
solids loading increase is 60 dry tons per day (dtpd), from 240 dtpd in 2020 to 300 dtpd in 2050.

The estimated additional capacity needed to extend sustainable solids treatment service at the
Metro Plant through the end of the planning period is 75 dtpd, which includes growth and
renewal needs.

Evaluation of Alternatives

A wide range of alternatives was narrowed down to the following four alternatives, which
maximize the use of the existing incinerators:

Alternative 1: Fourth Incinerator. Add a fourth incinerator, the same size as the
existing incinerators (125 dtpd), with associated centrifuges, energy recovery and air
pollution control.

Alternative 2: Digest and Incinerate. Add an anaerobic digestion complex to digest a
portion of the solids. Digested solids would be incinerated in the existing incineration
system. The digester complex is sized at 150 dtpd to reduce loading to the incinerators
by 75 dtpd.
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Alternative 3: Digest, Dry, and Sell. Add an anaerobic digester complex and dryer
facilities (75 dtpd) to produce a biosolids product that can be sold as a fertilizer. Dried
solids would be pelletized for offsite use by others.

Alternative 4: Digest and Land Apply. Add an anaerobic digester complex and land
application facilities (75 dtpd) to produce biosolids that can be used as a soil
amendment.

These selected alternatives were configured to provide an additional minimum of 75 dtpd of
solids treatment capacity to meet growth and renewal needs. The evaluation considered cost,
sustainability, community impacts, and other non-monetary factors.

All alternatives include renewal projects associated with the maintaining the existing capacity.
Recommended Plan

This Facility Plan recommends the construction of the Alternative 1: Fourth Incinerator, which
adds a new incinerator parallel to the existing three units. Due to the size of the Metro Plant and
its location relative to land application sites, adding a fourth incinerator costs 50 percent less
than the next lowest cost alternative to construct, operate, and maintain. It is the most
sustainable alternative and has the lowest community impact. The fourth incinerator provides for
continuity with existing Metro Plant operations and increases the reliability of the entire regional
wastewater treatment system owned and operated by MCES.

The recommended alternative will be constructed in a 22,000-square-foot addition to the Solids
Management Building, which houses the existing incinerators. The construction of the Fourth
Incinerator (2021 to 2024) would be followed by renewal of the existing incineration facilities
(2025 to 2027). At time of this renewal, the existing incinerators will be 20 years old.

The estimated total cost is $180 million in 2018 dollars.
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1.0 Introduction and Facility Management Conditions

1.1 Background and Purpose

The Metropolitan Wastewater Treatment Plant (Metro Plant) has incinerated wastewater solids
since its original construction in 1938. In 2005, six multiple hearth incinerators were abandoned,
and a new solids management building was constructed to house three fluid bed incinerators.
MCES deferred construction of facilities at the Metro Plant for land application of an alkaline
stabilized solids product that would have provided additional processing capacity at that time
(2005).

MCES has occasionally landfilled sludge during extended incinerator shut downs at the Metro
Plant. The Metro Plant needs additional solids processing capacity to preserve existing
wastewater treatment plant infrastructure and to serve regional population growth in a
sustainable manner. This Metro Plant Solids Management Facility Plan includes renewal of
existing incineration facilities at the Metro Plant following construction of the additional capacity
needed to perform the renewal work. Additional solids treatment capacity at the Metro Plant
would provide emergency backup for solids processing from other MCES plants and, thereby,
improve total system reliability.

The purpose of this document is to present the Facility Plan in a manner that meets the funding
requirements of the Minnesota Public Facilities Authority. The planning period is through the
year 2050.
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Figure 1. Wastewater and Wastewater Solids Treatment Provided by Metropolitan Council

Environmental Services for Minnesota’'s Twin Cities Region

1.2 Service Area

The wastewater treatment service area for each of eight wastewater treatment plants owned
and operated by the Metropolitan Council Environmental Services (MCES) and the solids

treatment method employed at each plant are shown in Figure 1.

Metro Plant

Oak Park

Heights

236 dtpd

The Metro Plant located in St. Paul, Minnesota, treats 180 million gallons of wastewater every

day for 66 communities (70 percent of the region). The Metro Plant treats wastewater solids for
its own service area plus it receives and treats solids from four other plants; Eagles Point, East
Bethel, Hastings, and St. Croix Valley. A total of 850 wet tons (including moisture), or

240 dry tons (excluding moisture), of wastewater solids are treated at the Metro Plant every day

for 73 communities (75 percent of the region).
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The Metro Plant also receives wastewater scum from all the other MCES wastewater treatment
plants, except the Seneca Wastewater Treatment Plant. Wastewater scum is floating material
skimmed from the liquid surface of process tanks.

As summarized in Table 1, population and employment in the Metro Plant service area are
anticipated to grow by 25 percent (500,000 residential equivalents) from 2020 to 2050. The
corresponding wastewater solids loading increase is 60 dtpd, from 240 dtpd in 2020 to 300 dtpd
in 2050 (Table 2).

Table 1. Projected Population Growth for the Metro Plant Service Area!

Employment Equivalent Residents Total Equivalent Residents

2010 1,770,000 1,067,000 267,000 2,040,000
2020 1,910,000 1,177,000 294,000 2,200,000
2040 2,190,000 1,367,000 342,000 2,530,000
2050 2,330,000 1,450,000 363,000 2,700,000

12014 Water Resources Policy Plan, Metropolitan Council Environmental Services.

1.3 Current and Projected Wastewater Solids Production and End Use

Actual and projected solids quantities treated at the Metro Plant and solids quantities exported
from the plant are summarized in Table 2.

1.3.1 Wastewater Solids

The quantity of solids requiring treatment at the Metro Plant, which includes residential,
commercial, and industrial components, as well as solids produced within the plant by
wastewater treatment processes, has been steady over the last 11 years, with small fluctuations
around the average of 234 dtpd.

Table 2. Metro Plant Wastewater Solids, Historical Data (2007-2017) and Projections

Load to Solids Sludge To Loadout and
Treatment (dtpd)t | >°U™ (4P9) ASh (Atpd) 1| andfill wet tons)?
235 -2 48

2007 4706
2008 241 -2 45 0
2009 234 2 43 0
2010 235 -2 44 551
2011 240 -2 38 0
2012 225 2 37 4,050
2013 231 2 27 38,287*
2014 229 2 44 56,4774
2015 232 2 41 10,202
2016 230 2 38 21,544
2017 236 2 41 2,920

1-3
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Load to Solids Sludge To Loadout and
Treatment (dtpd)? Scum (dtpd) Ash (dtpd) Landfill (wet tons)®
234 2 42 -

Average
2020° 240 2 43 -
2050° 300 2 54 --

! Solids load based on flow measured at the cake pump discharge and solids concentration measured at the centrifuge discharge.

2 Prior to July 2011, scum was processed with the other wastewater solids and is included in the values presented in “Solids
Processed”. Since July 2011 scum has been processed separately from other solids and is not included in the values presented in
“Solids Processed.”

% Includes wastewater solids, moisture, and ash and lime additives

4 Sludge loaded out to landfill during the 2013-2015 Solids Processing Improvements Project. Each incinerator was shut down twice

(for a total of 19 weeks each) to complete renewal work.
5 Wastewater solids projections are based on 25% population growth (2020-2050): (0.25x240)/30 = 2 dtpd/yr

Industrial wastewater solids loading into the plant has decreased, residential and commercial
components have increased, indicating population growth. Organic loading into the plant has
increased, which also indicates population growth. (Soluble wastewater organic compounds
produce solids within the plant by the wastewater treatment process.) Historical data depicting
these trends are included in Appendix A.

Wastewater solids are projected to increase at the same rate as population and employment
growth in the service area, 25 percent over 30 years.

This plan provides for a reliable, long-term average solids processing capacity of 300 dtpd and a
peak month design value of 345 dtpd, based on an actual average 30-day peaking factor of
1.15. Appendix B contains a tabulation of solids processing peaking factors for the Metro Plant.

1.3.2 Scum

The Metro Plant currently treats about 2 dtpd of scum, which is floating material collected from
the liquid surface of process tanks, and includes scum trucked in from the other wastewater
treatment plants, except the Seneca Wastewater Treatment Plant. Scum is treated separately
from the settleable wastewater solids and is not reported with wastewater solids quantities
described in Section 1.3.1. Scum is concentrated by draining in dumpsters and then landfilled.

MCES is evaluating options to process scum with the other solids, which would add to system
capacity requirements.

1.3.3 Ash

Incineration eliminates 95 percent of the Metro Plant waste material that would otherwise have
to be hauled offsite (solids and water); the remaining residue, or ash, is collected at the bottom
of the incinerator flue gas treatment train. The Metro Plant produces about 40 dtpd of ash, which
is currently landfilled or used as a bulking agent during sludge loadout and landfill. From 1989 to
2004, MCES reused Metro Plant ash in cement and other construction products. This practice
was discontinued due to the potential to re-volatilize mercury in the ash during cement
manufacturing. Ash is currently landfilled without additional treatment.

1-4
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In 2001, MCES implemented a mercury reduction program that involved an industrial
pretreatment campaign, mainly with local dentists. This program reduced mercury loading to the
Metro Plant by 70 percent (Appendix A). In 2005, MCES implemented wastewater biological
phosphorus removal at the Metro Plant, a process that concentrated phosphorus in the solids.
Phosphorus, a non-renewable nutrient required for plant growth, ultimately ended up in the ash.

The result of these two programs, mercury reduction and biological phosphorus removal, is that
Metro Plant ash is 27 percent phosphorus and has very low metals content, leading MCES to
re-evaluate alternatives for the beneficial use of Metro Plant ash.

As part of this planning effort, a trial greenhouse study of the growth of lettuce and corn using
ash as a fertilizer was conducted by the University of Minnesota, and results indicated that
Metro Plant ash is potentially a suitable phosphorus fertilizer. The trial greenhouse study report
is provided in Appendix C. Subsequently, MCES initiated a 3-year field crop study of the growth
of corn and soybeans using Metro Plant ash as a fertilizer, which will be completed by the
University of Minnesota in 2019.

Ash nutrient data are summarized in
Table 3. For comparison to other
commercial fertilizers, Metro Plant ash
has an N-P-K ratio of 0:14:2 with an
estimated value of $125 per ton.?

Ash metals data are summarized in Table
4. Metro Plant ash meets metal
concentrations for fertilizers published by
the Association of American Plant Food
Control Officials and it is below ceiling
limits established by the United States
Environmental Protection Agency (EPA)
for land application of biosolids, for all
Photo 1. Corn and lettuce grown during a trial metals. Metro Plant ash meets EPA’s
study conducted by the University of Minnesota ; ; ; ;
fou n><; Metro Plar_1t_ ;/sh to bea potﬁntially suitable ?;?gﬂargist;gee;(g:;“c?:;lgf?Al‘ll?églljzsho:;f:
phosphorus fertilizer. ) )

regulations do not apply to ash used as a
fertilizer, biosolids regulations provide a
reference for acceptable levels of metals
for reuse of ash.

Toxicity Characteristic Leachate Procedure (TCLP) tests indicates Metro Plant ash is below
toxicity thresholds for arsenic, barium, cadmium, chromium, lead, mercury, selenium and silver.

1 Comparable value based on June 2018 market rates for commercial grade fertilizers from www.dtnpf.com



http://www.dtnpf.com/

Table 3. Fertilizer Constituents of Metro Plant Ash

Constituent Average (%)*

Total Phosphorus, as P205 27.73
Available Phosphorus, as P205 17.22
Total Potassium, as K20 3.81
Available Potassium, as K20 2.27
Boron (B) 0.00
Calcium (Ca) 11.34
Copper (Cu) 11.34
Iron (Fe) 3.20
Magnesium (Mg) 2.89
Manganese (Mn) 0.81
Sulfur (S) 0.61
Zinc (Zn) 0.22

L All items based on 32 tests from 2017-2018

Table 4. Metro Ash Metals Content and Comparison to Reference Standards

AAPFCO Heavy EPA EQ EPA Ceiling
Constituent Average (mg/kg)* | Metal Rule Biosolids Biosolids

(mg/kg)? (mg/kg) (mg/kg)
Arsenic
Cadmium 10 140 39 85
Cobalt 13 1904 - -
Chromium 216 - 1200 3000
Copper 2143 - 1500 4300
Lead 296 854 300 840
Mercury 3 14 17 57
Molybdenum 48 588 - 75
Nickel 130 3500 420 420
Selenium 12 364 36 100
Zinc 2198 5880 2800 7500

! Based on 32 tests through 2017-2018
2 Based on average available Phosphorus, as P205 of 14%.
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1.3.4 Sludge Loadout and Landfill

Because it is expensive and environmentally unsustainable, sludge loadout and landfill is used
at the Metro Plant only when needed incineration capacity is unavailable?. Sludge loadout and
landfill costs $220 more per dry ton of solids processed than incineration costs.

As shown in Table 5, sludge loadout and landfill increases the amount of material that must be
hauled offsite by 25 fold. To meet Minnesota landfill requirements, lime must be added to the
sludge to adjust the sludge’s pH level. Ash is added as a bulking agent to make the sludge more
transportable.

Table 5. Metro Plant Solids Exports, Incineration versus Sludge Loadout and Landfill

Dewatered cake 1.0 parts solid 1.0 parts water
2.6 parts water 2.6 parts water
Added materials -- 1.3 parts ash

0.9 parts lime kiln dust

Solids export 0.2 parts ash 5.8 parts sludge

A significant amount of loadout is required when incinerators are taken out of service to perform
renewal work (Table 5). More sludge loadout and landfill will be required as equipment
continues to age, and more extensive renewal work is needed. The existing incinerators will be
20 years old in 2025.

1.4 Previous Facility Plan

The 1998 Facility Plan for constructing the existing three fluidized bed incinerators (FBIS)
included a provision for 94 dtpd of additional treatment (plus one spare) in the form of alkaline
stabilization and land application. Alkaline and ash addition facilities were installed, but
construction of the curing and storage facilities required to implement land application was
deferred while optimizing the operation of the new incineration technology at the Metro Plant.

In 2011, MCES investigated implementing the land application program and found that a
number of these facilities had been prematurely abandoned due to higher than anticipated
operation and maintenance costs and limited acceptance of the product for land application.

MCES focused on achieving maximum efficiencies with the existing FBI system. MCES also
initiated studies to determine the most sustainable alternative to alkaline stabilization and land
application, which resulted in this Facility Plan.

2 Part of the Council’'s Wastewater Sustainability Policy: “Stabilize and reduce the volume of biosolids through thermal
processing or anaerobic digestion, and utilize the remaining solids as fertilizer and soil conditioner.”
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2.0 Permits

The following is a list of currently-effective Metro Plant permits and licenses:

e Air Quality (Title V) Permit, Minnesota Pollution Control Agency (MPCA)

¢ Groundwater Permit, Minnesota Department of Health

e Groundwater Appropriations Permit, Minnesota Department of Natural Resources

o Hazardous Waste License, Ramsey County

o Water Quality
o National Pollution Discharge Elimination System (NPDES) Permit, MPCA
0 Total Phosphorous Permit, MPCA

This section focuses on the Title V permit because this permit regulates incineration and related
equipment.

The current Title V Air Emissions Permit regulates emissions from sources at the Metro Plant,
including incineration and operation of emergency generators, boilers, secondary treatment, and
ash and materials handling. The original Title V of the Clean Air Act Air Emissions Permit was
issued on March 13, 2001, and included the requirements codified at 40 Code of Federal
Regulations (CFR) Part 503, Standards for the Use or Disposal of Sewage Sludge (1993). This
permit was amended three times, as presented in Table 6. The last reissuance was February
25, 2010.

Table 6. Metro Plant Title V of the Clean Air Act Air Emissions Permit History

Permit Number and Issuance Date Action Authorized

12300053-001 (March 13, 2001) Part 70 Total Facility Permit issued

Authorized construction and operation of Solids Processing Facility

12300053-002 (November 15, 2002) (Solids Management Building)

12300053-003 (Not Issued) No action

Authorized operation for fabric filters to be used instead of
electrostatic precipitators, clarified the completion of the Operation
and Maintenance Manual, allowed for flexible operation of the

12300053-004 (June 28, 2004) alkaline stabilization and three-stage odor scrubber, clarified
operational limits of the incinerators, amended the PM10 emissions
standard, and eliminated emission units for nonexistent or
insignificant activities

Authorized the use of two 2,000 kilowatt temporary generators for

12300053-005 (February 5, 2007) effluent pumping during floods

12300053-006 (February 25, 2010) Minnesota Pollution Control Agency (MPCA) reissued permit

Renewal application of permit 12300053-006

was sent to MPCA. (August 26, 2014) No action

MPCA received application for minor
modification — generator replacement. No action
(August 18, 2017)
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The current Title V of the Clean Air Act Air Emissions Permit is being reviewed by the Minnesota
Pollution Control Agency (MPCA) for reissuance. When re-issued, it is assumed that the Title V
of the Clean Air Act Air Emissions Permit will incorporate additional incinerator emissions limits
and operating and reporting requirements meeting the EPA regulations codified at 40 CFR Part
60, Standards of Performance for New Stationary Sources; including Subparts LLL, LLLL, and
MMMM. As part of these regulations, there are New Source Performance Standards (NSPS) for
sewage sludge using Maximum Achievable Control Technology (MACT) for Existing Fluid Bed
Incinerators?! or New Fluid Bed Incinerators.? Until reissuance of the permit, the Metro Plant
incinerators are operating under the Federal Implementation Plan as of March 21, 2016.3

2.1 EPA Sewage Sludge NSPS Rule (MACT Rule 2016)

The new rules (81 Federal Register 26040) included requirements for reporting and operating
and the rules set new lower emission limits for nine criteria pollutants: cadmium (Cd),
polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDDs/PCDFs), carbon
monoxide (CO), hydrogen chloride (HCI), mercury (Hg), nitrogen oxides (NOx), lead (Pb),
particulate matter (PM), and sulfur dioxide (SO3). Stack testing conducted in 2016 demonstrated
that incinerator emissions were below MACT Standards for existing Fluid Bed Incinerators
(constructed prior to October 14, 2010) as required by EPA. The supplemental engineering tests
conducted in 2017 and 2018 for this facility demonstrated that incinerator emissions were below
MACT Standards for new Fluid Bed Incinerators (constructed after October 14, 2010).

Table 7. Metro Plant Performance

. 2015-2016 2017-2018
Units " . % of New
Emission % of Emission .

(corrected o Limit (most
Pollutant Result Existing Result

to 7% dry (average of Limit (average of recent tests

DG six tests) five tests) AU
Cadmium (Cd) mg/dscm 2.7E-04 17% 7.6E-05 7%
PCDDs/PCDFs . .
(TEQ) ng/dscm 7.6E-06 0% - 0%
CERTE b Or e ppmvd 19.5 30% 6.4 24%
(CO)
Hydrogen Chloride ppmvd 8.5E-02 17% - 35%
(HCI)
Mercury (Hg) mg/dscm 8.7E-04 2% 1.8E-04 18%
Nitrogen Oxide (NOx) ppmvd 20.2 13% 12.9 43%
Lead (Pb) mg/dscm 9.3E-04 13% 2.6E-04 41%
Particulate Matter mg/dscm 18 10% ) 18%
(PM)
Sulfur Dioxide (SO2) ppmvd 3.0 20% 1.04 20%

140 CFR Part 60 Subpart MMMM, for Existing Sewage Sludge Incinerators (constructed before October 14, 2010).
240 CFR Part 60 Subpart LLLL, for New Sewage Sludge Incinerators (constructed after October 14, 2010).
3 Federal Implementation Plan 40 CFR 62 Subpart LLL.
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2.2 Permitted Incineration Capacity
e Annual Total Each Unit: 38,325 dry tons (12-month rolling average)
e 24-Hour Maximum Each Unit: 130 dtpd
e 24-Hour Maximum Three Units: 315 dtpd
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3.0 Overview of Existing Solids Treatment Facilities

Figure 2 is a Metro Plant site map depicting plant process areas, which includes the following
active solids treatment facilities:

*  Flotation thickening

*  Sludge storage tanks (SSTs)

*  Solids Management Building (SMB)

0 Scum concentration dumpsters

Dewatering centrifuges
Cake bins and cake feed pumps
Polymer system
Incinerator trains
Steam turbines

Ash conveyance equipment

O O O O o o o

Sludge loadout
0 Odor control system
*  Ash loadout and storage

Incinerator trains include the incinerators, flue gas heat recovery and air pollution control
equipment, and stacks (located outside, adjacent to the SMB). A generalized solids process
schematic is shown in Figure 3.

Design data for existing solids treatment facilities are included in Appendix E.

3.1 Gravity Thickening

Gravity thickening was installed in 1969. The gravity thickening area of the Metro Plant contains
six process tanks to thicken primary solids that enter the plant with the wastewater from 1
percent to 6 percent solids. The gravity thickener building houses electrical and building
mechanical equipment.

The gravity thickening tanks were covered in 2007, and a biofilter for odor control was installed.

Renewal work is currently under construction (2018) and includes roof replacement, concrete
and mechanical repairs, and replacement of the biofilter with a trickling filter.

3.2 Flotation Thickening

Flotation thickening was installed in 1979. The flotation thickening area of the Metro Plant
contains 16 covered process tanks; 12 tanks thicken waste activated sludge that is generated
within the plant by the wastewater treatment process from 1 percent to 4 percent solids.
Renewal work completed in 2018 that replaced the motors, restored metal components within
the tanks, and decommissioned four tanks.
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3.3 Sludge Storage Tanks (SST)

Eight, 750,000-gallon SSTs began operation in 1980. SST 1 through SST 4 on the north side of
the Metro Plant store flotation thickened sludge and are not mixed. SST 5 through SST 8 on the
south side of the Metro Plant store gravity thickened sludge and are air mixed.

In 2014, concrete surfaces within the SSTs were rehabilitated and access hatches were
replaced.

Ten SST pumps are located alongside the SSTs, below grade in the Metro Plant tunnel
network. Six newer progressing cavity pumps, two pumps installed in 1997 and four pumps
installed in 2004, are used to transfer sludge from the SST to the centrifuge feed tanks located
in the SMB. Four older pumps (two centrifugal pumps and two piston pumps installed in 1980)
are used to transfer sludge from any given tank in preparation for maintenance to an alternate
tank.

One centrifugal pump and one piston pump are used, in sequence, to transfer sludge between
tanks. One set of these pumps serves SST 1 through SST 4, and one set serves SST 5 through
SST 8. Four older pumps (two centrifugal pumps and two piston pumps installed in 1980) are
used to empty the bottom 5 feet of sludge in any given tank in preparation for maintenance in
that tank.

3.4 Solids Management Building (SMB)

The SMB began operation in 2005. It houses scum concentration dumpsters, dewatering
centrifuges, a polymer system, cake bins and cake feed pumps, incinerators, heat recovery
equipment, air pollution control equipment, ash conveyance systems, and sludge loadout
equipment.

SMB floor plans are included in Appendix G.

The Solids Processing Improvements Project, which recovered incineration capacity and service
availability of the SMB incineration system, was completed in 2015. Design of the Metro Plant
SMB Baghouse/Scrubber/Miscellaneous Improvements Project was initiated in 2018 to renew
the ash collection and handling system. A list of modifications to the SMB facilities is provided in
Appendix F.

3.4.1 Scum Concentration Dumpsters

Two scum concentration dumpsters that drain water from the scum have been temporarily
located in one of the sludge loadout bays. MCES intends to relocate this facility or blend scum
into the existing solids treatment process so that it is ultimately incinerated, depending on
results of demonstration testing.

3.4.2 Dewatering Centrifuges

Eight dewatering centrifuges concentrate combined gravity and flotation thickened sludge from
5 percent to 28 percent solids. The sludges are combined in two, 50,000-gallon centrifuge feed
tanks, operated in a batch mode. The centrifuge feed tanks and eight centrifuge feed pumps are
in the basement of SMB.
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One centrifuge was installed in 1996 in F&I2. This centrifuge was relocated to the SMB with its
construction in 2002 to 2004, and six additional centrifuges were installed at that time. The
eighth centrifuge was installed in 2008.

3.4.3 Polymer System

Original construction of the SMB included a polymer system that conditions feed sludge for
centrifuge dewatering. Polymer is added to the centrifuge feed piping.

3.4.4 Cake Bins and Cake Feed Pumps

A system of four cake bins and eight cake pumps were installed in the SMB with its construction
in 2002 to 2004. As shown in Figure 3, these systems can feed alternate incineration or sludge
loadout and landfill trains from any of the eight dewatering centrifuges.

3.4.5 Incinerator Trains

The Metro Plant has three parallel incinerator trains that were installed with the construction of
SMB in 2002 to 2004. Each train consists of a fluid bed incinerator, heat recovery equipment, air
pollution control equipment, and a stack as shown in Figure 3.

Figure 4 provides a brief description and treatment objective of each component in the
incinerator train.

3.4.6 Turbine Generators and Auxiliary Boilers

High-pressure steam (450 pounds per square inch [psi]) from the waste heat boilers (WHBS) is
used in the winter to heat the plant and used in the summer to produce electricity in the 4.75-
megawatt condensing steam turbine generator. This generator and the auxiliary condenser
were installed with construction of the SMB. The auxiliary condenser condenses excess steam
and is sized to handle all steam from the WHBs in the event of a turbine shutdown.

One smaller, non-condensing steam turbine generator (0.75 megawatts) was added in 2013 to
recover energy that would otherwise be lost at the steam pressure reducing station.

Two auxiliary boilers provide 150 psi steam to supplement the steam distribution system, as
needed.

3.4.7 Ash Collection and Conveyance from Solids Management Building

The Metro Plant has a dense phase ash conveyance system, which was installed with the
original construction of the SMB. One ash conveyance system for each incinerator collects ash
from the bottom of the WHBs and the baghouses and sends that ash to two intermediate
storage bins located in the SMB. Two parallel ash conveyance systems transport ash 1,500 feet
from the storage bins to ash storage and loadout at the east end of the previous incineration
building.




Dewatering

REMOVES:

Incineration Energy Recovery

Thickened sludge is pumped into a dewatering
centrifuge which spins at 2,600 rpm to increase
solids concentration from 5% to 28% to a
consistency similar to moist soil.

Dewatered “cake” falls into a cake bin. A sliding
frame and an extraction screw conveyor feeds
cake into the cake pump.

& A hydraulically powered piston pump

feeds cake through pipes to the fluidized
bed incinerator.

The cake combusts at a temperature of 1,375°F in a
bubbling sand bed. Combustion reduces the volume
of cake by 95% and eliminates bacteria. The fluid bed
incinerators are operated within specified temperature
ranges to meet nitrogen oxide standards. Complete
combustion minimizes carbon monoxide.

Hot flue gas leaving the incinerator is
recovered to preheat the fluidizing air entering
the bottom of the incinerator.

The waste heat boiler recovers heat from
the flue gas by converting water pumped
through hundreds of metal tubes into
steam.

The secondary heat exchanger recovers heat
from the flue gas to evaporate water vapor in the
stack, which removes any visible plume.

Carbon is injected into the flue gas to remove
mercury.

The baghouse uses 816 filter bags to remove
particulates which include injected carbon and
heavy metals. The particles collected on the outside
of the bags fall to bottom in the form of ash.

—® OO ®

Water is sprayed into the wet scrubber to cool
the flue gas and remove remaining particulates.
—=  (Caustic is added to neutralize acid gases.

e @) &) @) @ @) © 0 @

Electrically charged metal rods remove any
remaining very fine particulates and heavy
metals from the flue gas.

RMOVES: .
12]

Emissions leaving the stacks are clean, odorless,
colorless, and have no visible plume.

Figure 4. The Metro Plant Incinerator, Energy Recovery, and Air Pollution Control Equipment




3.4.8 Sludge Loadout

Two sludge loadout trains—each consisting of one intermediate storage bin for lime kiln dust,
one intermediate storage bin for ash, and one pug mill—are located in the SMB. These facilities
are used to stabilize solids prior to landfill disposal when loadings exceed available storage and
incinerator capacity.

During sludge loadout, ash and lime kiln dust is transported 1,500 feet from the large storage
silos to four, 10-ton capacity day bins located in the SMB. Sludge cake from the SMB is pumped
to cake hoppers. Augers transport the ash, lime, and cake into a mixer that blends the
admixture to a chute that drops into a truck parked in one of two bays of the loadout garage.

3.5 Ash Loadout and Storage

Ash is transported from the SMB approximately 1,500 feet to six of seven large storage silos
(one silo is reserved for lime kiln dust); each silo stores 600 tons of material.

Commissioned in 1983, the eight concrete ash silos receive about 40 tons per day of ash from
the SMB. Ash from storage silos 1 through 7 is conveyed to the ash truck loadout garage where
water is added to moisten the ash for dust control. Stored ash from storage silos 2, 4, and 6 can
also be routed to the alkaline sludge loadout along with lime kiln dust from storage silo 8.
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4.0 Assessment of Existing Solids Treatment Facilities

Solids Treatment Facilities were compared against current and intended future requirements for
capacity, condition, and level of service. Level of service requirements include permit
compliance, reliability, flexibility, operability, and maintainability.

Project scope items identified by this assessment and included in this Facility Plan are marked
with an “=.”

4.1 Sludge Thickening

Condition, capacity, and level of service requirements for the gravity and flotation thickening
processes, which have been addressed under other programs, are considered adequate for this
Facility Plan.

4.2 Sludge Storage

The following condition and level of service deficiency will be addressed by sludge storage
pumping improvements included in this Facility Plan:

*  Six SST pumps are nearing the end of their service life and need to be replaced: two
centrifugal pumps, two piston pumps, and two progressing cavity pumps.

Two replacement progressing cavity pumps, sized the same as the existing two progressing
cavity pumps, will provide firm capacity for sludge storage transfer through the planning period.

4.2.1 Sludge Storage Tanks

Capacity, condition, and level of service of the SSTs are considered adequate through the
planning period. Sludge storage capacity provides between 14 and 21 days of storage with two
incinerators operating (one incinerator train out of service).

Air mixing of gravity thickened sludge in SST 5 through SST 8 is prone to diffuser fouling and
filling of the air piping with sludge. Currently, mixing air is delivered by blowers through rubber
duck-bill type check valves. Mixing improvements are included in the design phase of another
project separate from this Facility Plan.

4.2.2 Sludge Storage Tank Pumps

Capacity of the SST pumping systems is sufficient to transfer solids between tanks and to
transport solids to the SMB through the planning period. Six SST pumps are nearing the end of
their service life: two centrifugal pumps, two piston pumps (installed in 1980), and two
progressing cavity pumps (installed in 1997). One of the progressing cavity pumps is currently
inoperable.

Due to poor suction piping configuration, the bottom 5 feet of SST volume (150,000 gallons total
volume) cannot be emptied with any of the six progressing cavity pumps used for transferring
sludge to SMB. Therefore, this volume is not available for storage during normal operation, and
other pumps are needed to empty a storage tank for maintenance.
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Transfer of sludge between SSTs for maintenance purposes is provided by one centrifugal
pump and one piston pump for SST 1 through SST 4, and by one centrifugal pump and one
piston pump for SST 5 through SST 8. The centrifugal pumps provide quick draw down to less
than 1 foot; the piston pumps are slower, but completely empty a given SST.

4.3 Solids Management Building

4.3.1 Scum Concentration Dumpsters

MCES plans to incinerate scum, which has a heating value of 15,000 BTUs. Scum incineration
will increase the sustainability of Metro Plant solids processing, and it will increase the amount
of energy recovered at the SMB. Scum processing modifications will be implemented in another
project, separate from this Facility Plan.

4.3.2 Sludge Feed Equipment

Capacity of existing sludge feed equipment is sufficient to dewater solids and to deliver
dewatered solids to the existing incineration system. The recommended alternative for
increasing solids processing capacity (see Section 7) requires additional sludge feed
equipment, as selected for the recommended alternative to connect to the existing system.

Polymer storage and blending tanks are sufficient to meet existing and future requirements.

The following are capacity, condition, and level of service deficiencies in the sludge feed
equipment that will be addressed by this Facility Plan:

*  Additional sludge feed equipment is needed to connect the recommended alternative
to the existing system for increasing solids treatment capacity.

*  Existing cake bins need to be restored and, based on evaluation during preliminary
design, the extraction screws will be replaced with larger ones.

*  Additional cake pump capacity is needed to improve reliable service.

Figure 5 shows available routing of sludge through the existing sludge feed equipment.
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Figure 5. Metro Plant Solids Routing Options from the Centrifuges to the Incinerator

Centrifuges require ongoing maintenance within expected parameters. The time to repair one
centrifuge can be long (occasionally more than 12 months), and SMB has two spare rotating
assemblies to reduce the mean time for repair.

The cake bins have experienced corrosion and have been reskinned with stainless steel and
painted patches. Extraction screws are worn and need to be replaced with higher-capacity units;
extraction screws occasionally limit incinerator feed.

The existing system lacks flexibility to feed dewatered sludge from a given centrifuge to all
incinerators. For example, dewatered sludge discharged from two centrifuges into cake bin 4
cannot be routed to Incinerator 1 (see Figure 5). Two cake pumps are required to feed each
incinerator. Incinerators 1 and 3 each have a standby cake pump; Incinerator 2 does not. The
result is that the right combination of six operating centrifuges and six operating feed pumps are
needed to fully feed three online incinerators.

Additional cake pump discharge piping to improve system flexibility is currently being designed
and implemented in another project, separate from this Facility Plan. This Facility Plan provides
for increasing the capacity of each pump with an original equipment manufacturer (OEM)
standard retrofit kit so that only one pump is required to feed each incinerator, which will further
improve system flexibility.

4.3.3 Incinerator Train

The reliable capacity of one incinerator train in good condition is 90 dtpd,* and the reliable
system capacity of three incinerator trains is 270 dtpd. Reliable system capacity is sufficient to

1 Based on MCES experience at the Metro Plant:
Maximum capacity per train = 125 dtpd during optimum operating conditions
Average maximum capacity per train = 106 dtpd averaged over varying operating conditions
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treat current peak month solids loadings. However, additional solids treatment capacity is
needed to perform the renewal work included in this Facility Plan and to process future solids
loadings in a sustainable manner.

Two to three incinerator trains operate continuously to manage sludge inventory in the SSTs.
Typically, one incinerator train can be down for a period of approximately 2 weeks before
storage capacity is exceeded. MCES schedules two, 2-week preventative maintenance
shutdowns per year for each incinerator train. In the event of extended shutdowns, due to the
failure of any component of the train or for planned renewal work,? excess sludge is loaded out
to a landfill to prevent sludge overflow at the SSTs. On occasion, MCES has curtailed
preventative maintenance to avoid landfilling.

As equipment ages, it becomes less reliable causing an increase in the number of unplanned
shutdowns and a corresponding decrease in system service availability. The net effect is
reduced reliable system capacity. At any given time, a portion of the service availability can be
recovered through renewal and replacement of system components.

The 2015 Solids Processing Improvements Project recovered reliable system capacity (system
service availability increased from 0.75 to 0.85). During renewal, MCES landfilled 105,000 wet
tons of sludge (5 percent of production).

As a part of this planning effort, MCES performed a Monte Carlo risk analysis to evaluate the
risk of deferring additional solids treatment capacity through the planning period. This risk
analysis used historic Metro Plant data, including planned and unplanned outages, variability in
solids loading, and variability in SST level. The computer model applied future solids increases
of 2 dtpd per year and scheduled renewal periods of 90 days per incinerator every 10 years to
predict impacts on sludge storage and loadout requirements.

Results of the Monte Carlo risk analysis, which are included in Appendix H, are summarized as
follows:

1. Sludge loadout will increase to 12 percent of annual solids loading by the end of the
planning period and it will reach 15 percent during renewal periods. The estimated
additional total landfill volume that would be required, without the fourth incinerator, is
2.9 million cubic yards.

2. Sludge storage will be full 1 to 2 times per year; 2.5 times during renewal periods

These risk values, which are anticipated to be higher for more extensive renewals, are not
mitigated by modelled increased system reliability input (that is, service availability greater than
0.85). Curtailing maintenance is more effective than increasing system reliability at controlling
inventory in the sludge storage tanks during non-renewal years, but this practice is not
recommended because it shortens equipment service life and increases the risk of permit
non-compliance. Curtailing maintenance is not effective for controlling inventory during renewal

Reliable capacity per train = average maximum capacity x SERVICE AVAILABILITY
= 106 dtpd x 0.85
=90 dtpd
Note: A service availability factor of 85 percent accounts for down time needed to perform maintenance, 41
days of planned maintenance plus 21 days of unplanned maintenance (54 days/365 days = 0.85).
2 During the 2014 renewal project.




periods. Future requirements for landfilling Metro Plant solids, as determined using the Monte
Carlo type risk analyses, do not meet the MCES level of service objectives for sustainability,
asset preservation, or customer service.

The following are capacity, condition, and level of service deficiencies in the existing incinerator
train that will be addressed by this Facility Plan. The reliable capacity of the incineration system
is insufficient to perform renewal work and to serve regional growth in a sustainable manner.

Fluid Bed Incinerators

*  The incinerator air distribution system needs to be renewed for three incinerators.
The expansion joints need to be rehabilitated and damaged and plugged tuyeres
need to be replaced. A new tuyere layout is proposed to address the most
problematic outer rows of tuyeres.

*  The refractory and shell need to be restored in targeted areas.
*  The water sprays need to be rehabilitated using better materials.
*  The overfire air system needs to be restored.

*  The burners should be replaced with low NOx type burners and heat-up control.

Fluidizing Air Blowers and Flue Gas Duct

*  The discharge check valves need to be replaced with improved design for longer
service life.

*  Hydraulic improvements, for example, baffles, should be implemented to mitigate
duct erosion, based on hydraulic analysis during preliminary design, and expansion
joints may need to be replaced.

Primary Heat Exchangers (pHEX) Renewal
* The pHEXs need to be renewed due to their 10-year expected service life.
Waste Heat Boilers Renewal

* Tubes should be replaced or shielded based on thickness measurements taken near
the time of construction.

*  Tube supports need to be re-designed to mitigate erosion and to accommodate
increased steam production.

Baghouse Renewal

*  The baghouse hoppers, which have been temporarily patched, need permanent
repair, or replacement (to be determined based on an alternatives evaluation during
preliminary design).

Wet Electrostatic Precipitator (ESP) Electrical Upgrades

*  The mist eliminator needs to be upgraded with a larger and/or different type unit to
achieve target wet ESP operating voltages.




4.3.3.1 Fluid Bed Incinerator
The FBI is shown, with the pHEX, in Figure 6. The incinerator unit is connected to the pHEX
through the crossover duct.

The capacity of each FBI is 91,000,000 million BTUs per hour. This capacity corresponds to
130 dtpd throughput of sludge with a specific volatile solids content and water content, for a
short duration and when the incinerator is in like-new condition.® The capacity of the FBIs is a
function of fuel quality, physical limitations, and thermodynamics. The fuel quality anticipated in
the original design had fewer volatile solids than the actual loads currently being received. The
water content of the feed is based on the sludge blend ratio of gravity and flotation thickened
sludges.

Typical FBI bed temperature ranges from 1,350 degrees Fahrenheit (°F) to 1,375 °F. The pHEX
inlet temperature the crossover duct is maintained below 1,600 °F to limit the pHEX exit
temperature to 1,325 °F, which is the outlet nameplate rating. Cooling water sprays at the top of
the incinerator suppress the temperature in the crossover duct as needed. Elevated
temperatures above about 1,600 °F in the bed or in the crossover duct will melt the ash into
hard rock (known as slagging) and cause an incinerator shut down.

The structural joint around the metal plate is damaged and leaks sand into the plate expansion
chamber. If the plate is unable to move freely within the expansion chamber, the plate might
shift or catastrophically fail. Strain gauges installed on each incinerator during the 2015 Solids
Processing Improvements Project are used during startups to measure plate expansion, and
thus far, no shifts have been detected.

About 65 of 1,300 tuyeres in each reactor are plugged. Up to 130 tuyeres (10 percent) can be
plugged without impacting fluidization, if the plugs distributed evenly across the plate.* The
tuyere damage that has occurred in the Metro Plant incinerator is concentrated in areas close to
the incinerator walls and appears to be related to differential expansion between the metal plate
and the plate’s refractory cap. A new layout that removes the outer row and replaces the next
two inner rows with higher-flow bubble caps has been proposed by the incinerator design
engineer, Brian Copeland. Renewal of the incinerator air distribution system, including the
structural joint around the metal plate and tuyeres, will require an extended shutdown, greater
than 9 to 12 months.

2 During construction, each new incinerator was demonstrated at 130 dtpd, hence the maximum permit limit.
4 Brian Copeland, incinerator design engineer
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Photo 2. 1,339 tuyeres, which are 1-inch-diameter pipes with bubble caps, deliver combustion and
fluidizing air to the incinerator

Water sprays require excessive maintenance to keep them in proper working order; due to
extreme temperatures and the corrosive environment in the freeboard area, the nozzles are
prone to falling off and the water jackets frequently leak.

The pre-heat burners used for startup are near end of service life and need to be replaced. Low
NOx type burners would reduce the plant’s Potential to Emit (PTE) level for NOx.




The cake feed ports were originally designed as an over bed feeding system with steam and
compressed air addition at the entry point to facilitate distribution of the cake feed. These
facilitators were difficult to keep in operation and have been abandoned. Follow-up testing of the
feed system shows that adequate distribution is achieved by the over bed feeding without the
use of supplemental systems.

The overfire air system, which was installed with the 2015 Solids Processing Improvements
Project, is plugged with ash. The overfire air system re-directs some of the fluidizing air from the
bottom of the bed to the top of the bed and is designed to increase the capacity of burning wet
sludge. Although this feature has been found to be ineffective, overfire air should be restored to
provide operation flexibility in controlling NOx emissions.

4.3.3.2 Fluidizing Air Blower, Induced Draft Fan, and Flue Gas Ducts

The duct system that carries flue gas through the heat recovery and air pollution control
equipment for each incinerator train is a push-pull system; a Fluidizing Air Blower and an
Induced Draft Fan work together to maintain a zero-pressure set point at the top of the
incinerator. The capacity of the Fluidizing Air Blower is 20,000 cubic feet per minute, which is
sufficient to fluidize the bed and to provide excess oxygen for the combustion process. The
capacity of the Induced Draft Fan is 23,000 cubic feet per minute at 100” w.c., which is sufficient
to pull flue gas through to the stack. Replacement of the Induced Draft Fan motors in the 2015
Solids Processing Improvements Project allowed the fans to operate consistently below the
motor service factor.

The check valves on the Fluidizing Air Blower discharge piping prematurely failed and have
been removed. These check valves need to be replaced and re-designed for a longer service
life.

The harsh environment created by flue gas and maldistribution of ash in the flue gas stream has
caused corrosion and erosion issues at various locations within the heat recovery and air
pollution control equipment (as discussed under those sections) and within the duct segments
between equipment (discussed herein).

Leaks in the flue gas duct have been attributed to erosion of the expansion joints and localized
corrosion of the carbon steel duct at cold spots. Because the duct is operated at negative
pressure, any holes draw air from the environment and rob induced draft fan capacity. As rule of
thumb, air in-leakage of greater than 25 percent of the total flow should be corrected. Leak
mitigation improvements implemented in the 2015 Solids Processing Improvements Project
reduced air in-leakage, as determined from oxygen measurements, from 50 percent to 20
percent.

The carbon steel crossover duct experienced severe corrosion and was replaced with stainless
steel in the 2015 Solids Processing Improvements Project. Corrosion was caused by a failure of
the insulation and coating system. As the hot acid gases moved through cracks in the refractory,
the acids cooled and condensed, which corroded the duct. The expansion joints that were
replaced throughout in the 2015 Solids Processing Improvements Project are anticipated to
need another renewal by the time of construction (based on a condition assessment and
alternatives evaluation during preliminary design.)




4.3.3.3 Primary Heat Exchanger
The capacity of the pHEX is aligned with the capacity of the incinerator.

The pHEXs were replaced during the 2015 Solids Processing Improvements Project. Upon
inspection of those units, cracks between the heat exchanger pipes and the tube sheet were
found that would have eventually caused the tubes to fall out of the tube sheet (as has been
experienced at other facilities). Because the expected service life of the pHEX is 10 years, these
units should be renewed under this Facility Plan.

Photo 3. Cracking in the primary heat exchanger tubes at the tube sheet will cause the tubes to
fall out of the tube sheet.

4.3.3.4 Waste Heat Boiler

The WHB system includes one unit that houses two banks of water tubes, called super heaters
and five banks of water tubes, called evaporators; the second unit houses two banks of water
tubes, collectively called the economizer. These WHB components are shown in Figure 7.

The WHB produces approximately 30,000 pounds of steam per hour at a pressure of 450 psi
and is sufficient for normal operating conditions.

Occasionally, when processing dry sludge, operators must reduce incinerator feed to reduce the
inlet temperature to the WHB. Re-evaluation of the steam system for actual operating conditions
by the original equipment manufacturer indicates that the WHB can be re-rated if superheater
supports are re-designed.

WHB leaks are the biggest factor in the loss of run time for the incinerator trains. The
unpredictability of the leaks and efforts to quickly mitigate leaks to avoid landfilling places
significant pressure on operating staff. A summary of the shutdowns resulting in WHB tube
leaks is shown in Figure 8.




Figure 7. Waste Heat Boiler Components

The WHB experienced leaks during commissioning that were attributed to fabrication defects,
and subsequent boiler leaks (prior to the failure of the economizer in incinerator train 2) were
considered acceptable because the annual cost of repair was a small percentage of the capital
cost for a new WHB. As a part of this planning effort, MCES began mapping WHB leaks and
collected samples of damaged tubes for evaluation. Whole banks of tubes were targeted (based
on leak history) for replacement during the 2015 Solids Processing Improvements Project to
complete forensic analyses on the existing tubes. MCES also completed a hydraulic analysis.

Following the 2015 Solids Processing Improvements Project, MCES implemented a continuous
renewal strategy consisting of tube replacement and shielding. The boiler tube repair and
replacement schedules are presented in Table 8. This strategy and the 2015 Solids Processing
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Improvements Project have reduced the number of days down due to boiler leaks from 109
days in 2012 to 46 days in 2017, which is considered acceptable.

Days Down from Boiler Leaks
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Figure 8. History of Incinerator Shutdowns Due to Waste Heat Boiler Leaks
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Table 8. Boiler Tube Repair and Replacement Schedules

_ Preventative Repair Criteria

2" Evaporator UT 1-1/4" Superheater and Economizer UT :
Repair
Measurement Measurement

0.15-0.12 inches 0.16 — 0.13 inches Install tube shield

0.12 — 0.08 inches 0.13 - 0.09 inches Pad weld and install tube shield

Replace tube segment and

0.08 inches or less 0.09 inches or less install tube shield

0.17 — 0.11 inches 0.12 — 0.08 inches Pad weld

0.11 inches or less 0.08 inches or less _Replace tube _segment and
install tube shield

Superheater Bundle 11-22 2

Evaporator Harp 5-10 3

Evaporator Bundle 15-30 10

Economizer Bundle 25-50 2

4.3.3.4.1 WHB Inlet Duct

Connecting ducts between the WHB and the pHEX have exhibited erosion damage, which has
been repaired and baffles have been installed to straighten out the velocity and particle
distribution in the gas flow.

4.3.3.4.2 WHB Superheaters and Evaporators

Leaks occur at discontinuities, for example, tube supports, access doors, which create highly
erosive eddies. Leaks also occur at tubes closest to the waterwall, at bends, and connections to
the waterwall. Computer analysis of the particle velocity distribution confirms that a greater
number of particles are hugging the waterwall and velocities are higher near the waterwalls.

During the 2015 Solids Processing Improvements Project, MCES observed that most of the
tubes have 70 percent or more of their wall thickness (a corrosion/erosion allowance), and some
tubes next to the WHB walls, where most of the leaks have occurred had been flattened on one
side next to the waterwall by erosion.

4.3.3.4.3 WHB Economizer

In 2014, during construction of the renewal project, the economizer in incinerator train 2
experienced catastrophic failure. In response, MCES authorized a change order to the
construction contract that replaced all economizers and incorporated design improvements.

The economizer removed from incinerator train 2 weighed about 10 tons more than it weighed
upon installation. Ash had filled chambers between the tube sheets and the outer housing, and
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a growth of hardened ash had blocked about half of the cross-sectional area, which doubled the
velocities through the unit. Forensic examination of one of the tubes determined that abrasion
between the tube and the tube sheet caused leaks in that area. The tubes were not fixed to the
tube sheet to allow for thermal expansion and contraction.

Economizers were constructed with shell material that was too thin. Prior to the 2015 Solids
Processing Improvements Project, MCES had to install additional access doors to address
premature erosion of tubes along the walls of the units (the outer tubes were coated). While in
operation, the economizer housing puffed rhythmically in and out about 2 inches from center.

The new economizers have one less row of tubes (to reduce overall velocity), higher wall
thickness (to increase rigidity), and extra thickness of the tubes through the tube sheet.

Photo 4. Forensic examination determined that abrasion between the tube and the tube sheet had
caused failures in this area (economizer, incinerator train 2).

4.3.3.5 Secondary Heat Exchanger
The capacity, condition, and level of service of the secondary heat exchanger are sufficient to
remove visible water vapor from the stack plume.

The secondary heat exchanger (SHEX) experienced erosion at the pipe inlets, which has been
addressed by the installation of abrasion pipe inserts.

The 2015 Solids Processing Improvements Project installed a secondary heat exchanger
bypass that diverts a portion of the hot flue gas from the WHB directly to the baghouse. The
bypass allows the baghouse to be operated at higher temperatures above 330°F (the dew point
temperature of sulfuric acid) to prevent condensation of acid gases inside the baghouse.

4.3.3.6 Baghouse
The capacity of the baghouse is aligned with the particulate loads it receives.

Baghouse condition has been difficult to maintain due to erosion and corrosion. The baghouse
was originally designed with a bypass to allow the use of fuel oil for incinerator start up. Fuel olil
generates soot, which needs to bypass the baghouse to prevent soot blinding of the bags.
These bypasses were severely corroded and would not shut off completely during normal
operation, resulting in ash carryover to the scrubber. Although the scrubber removed ash, the
scrubber water recycled ash (mercury-laden carbon contained with the ash in the flue gas) back
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to secondary treatment and elevated effluent mercury concentrations. Because MCES uses
natural gas instead of fuel oil for startup, in 2015 Solids Processing Improvements Project these
bypasses were removed, rather than rehabilitated, to reduce the amount of ash carryover into
the scrubber.

To address severe corrosion observed on the baghouse covers, the original carbon steel covers
with insulation lining on the inside were replaced with stainless steel, externally-insulated
covers. As noted under Section 4.3.3.5, a secondary heat exchanger bypass has been installed
to elevate temperatures inside the baghouse to prevent corrosion caused by acid gas
condensation.

Erosion has been observed inside the baghouse. If bags are missing or torn, ash impinges on
the cleaning apparatus, eroding away the apparatus over a 2-year operating period.

Currently, there are holes in all baghouse hoppers (due to erosion) that have been temporarily
patched. Rehabilitation (or replacement) of the hoppers, which are constructed of 1/4-inch
welded steel plates, will require an extended shutdown of the incinerator train, anticipated to be
between three and six months. Each baghouse is 12 feet wide by 37 feet long and 30 feet tall
with three hoppers.

Baghouse reliability is needed to prevent mercury-laden carbon contained in the flue gas from
entering the wet scrubber and recycling back with the scrubber water through secondary
treatment. Mercury can build up in the secondary treatment system to cause exceedance of
permitted effluent limits. The cloth filter bags must be monitored and replaced when damaged.
MCES’ current maintenance strategy, which involves dye testing the bags during preventative
maintenance and monitoring mercury in the scrubber water recycle, has been effective in
controlling effluent mercury. The baghouse can operate with one chamber out of service with no
increase in solids loadings to the scrubber.

4.3.3.7 Wet Scrubber

The wet scrubber is the ring-jet type and has three sections. The first section is a once-through
cooling section, the second section is a recirculating acid gas removal section with caustic
addition, and the third section is an impingement water spray section where particulates are
removed. Capacity and condition of the wet scrubber are sufficient.

Caustic addition has been optimized so that the minimum amount of chemical is needed to
control sulfur dioxide emissions.

The scrubber uses plant effluent water for cooling, particulate removal and caustic dilution. To
increase cooling, MCES increased the quench from 175 gallons to 225 gpm. Additional cooling
was accomplished at the packed tower by increasing the size of the seven nozzles from 3/4-
inch to 1 inch. These modifications effectively removed more condensable particulates.®
Additional scrubber modifications to further increase the removal of condensable particulates
are currently being designed and implemented in a project, separate from this Facility Plan.

5 Flue gas cooling increases with cooler water and higher water flow rates. Condensable particulates decrease with
lower flue gas temperature.
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4.3.3.8 Wet Electrostatic Precipitator and Mist Eliminator
Capacity and condition of the wet electrostatic precipitator (wet ESP) are sufficient. MCES has
recently (2017) upgraded the controls in accordance with the manufacturer's recommendation.

Performance of the wet ESP is sufficient to meet existing permit limits. However, desired
optimization efforts have been limited by low operating voltages (typically less than 30,000
volts). The target operating voltage is 50,000 volts or more.

Engineering emissions tests conducted for this Facility Plan suggest that 1) lower emissions
levels for particulates (specifically PM2.5)¢ and lead can be achieved with higher operating
voltage in the wet ESP and 2) higher operating voltage can be achieved by reducing the water
vapor at the inlet to the wet ESP.

Wet ESP performance is limited by the mist eliminator and should be replaced with a larger or
different type unit that removes more water vapor so the wet ESP performance can be
optimized.

4.3.4 Boiler Makeup Water System

The capacity, condition, and level of service of the boiler makeup water system are sufficient for
the existing system. Additional capacity will be needed, as required to align with the
recommended alternative for increasing solids processing capacity.

4.3.5 Carbon Storage and Delivery System
Capacity and condition of the carbon storage and delivery system are sufficient.

Operation has experienced plugging at the inlet of the storage tank. Because the reliability of
this system is critical for the operation of all three incinerator trains, the following is a level of
service deficiency in the carbon storage and delivery system that will be addressed by this
Facility Plan:

*  An additional carbon storage tank with manual load-in is needed to improve system
reliability.

4.3.6 Steam Turbines and Auxiliary Boilers

Capacity and level of service for the steam turbines and the auxiliary boilers are sufficient
through the planning period. The steam heat and electric power generation system provide the
flexibility to optimize energy use, based the purchase prices of natural gas and electricity.

The following potential condition deficiency of the steam turbines will be addressed by this plan:
*  The steam turbines will be replaced, pending a condition assessment during design.
The condition of the auxiliary boilers is considered adequate.

The future condition of the steam turbines at the time of renewal construction is questionable.
The expected service life of a steam turbine is around 20 years, and the maintenance
requirements are increasing for the condensing steam turbine. The turbine rotor was repaired in
2009 due to high vibration and moisture entering the steam supply. The generator rotor was

6 PM 2.5 is a subset of total particulates that have a diameter equal to or less than 2.5 microns.
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rewound in 2015 due to high vibration. A new generator rotor was ordered in 2018 due to
continued vibration issues.

4.3.7 Ash Collection and Conveyance from Solids Management Building

Capacity and condition of ash collection and conveyance from SMB are sufficient. The following
is level of service deficiency that will be addressed by this Facility Plan:

* Dense phase transport of ash from the WHB and baghouse needs to be replaced
with a vacuum type system to mitigate ash deposition on equipment and structures
within SMB.

Although it would be advantageous to replace the other segments of dense phase transport
system between the SMB and FI2/408 with a vacuum type system, the distance of the other
segments is beyond the capability of vacuum transport.

The dense phase ash transport to the storage silos is continuous, and it requires frequent
maintenance and testing to maintain its reliability. Because it directly affects incineration
capacity, ash collection and conveyance from SMB is well maintained. Control valves, air
booster stations, and pipe sections and fittings are programmatically replaced.

The dense phase transport system often plugs around the air booster stations. Frequent small
erosion leaks from control valves and piping, dispense material that accumulates as an
unsightly dust layer on the operating floor, equipment and internal building structures within a
wide area. This creates a housekeeping burden that could be alleviated with a vacuum transport
system.

A vacuum transport system is vulnerable to erosion leaks, but air would leak into the hole rather
than out of it.

4.3.8 Sludge Loadout and Landfill

Capacity, condition, and level of service of the sludge loadout and landfill system are insufficient
to reliably backup one incinerator train through the planning period. The deficiencies described
herein are being designed and implemented in a current project, separate from this Facility
Plan, to address reliability needs until additional solids processing capacity can be constructed.

System design capacity of 188 dtpd is limited to 93 dtpd. Only one train can be operated at a
time. The transport rate of lime kiln dust to the SMB is the current limiting factor.

Even though it is the same design used for transporting ash from SMB to the storage silos,
dense phase ash transport of ash and lime kiln dust from the storage silos to SMB has been
more difficult for MCES to maintain because of its infrequent use. The return ash and lime kiln
ash transport systems required significant cost to commission for use during the 2015 Solids
Processing Improvements Project.

4.3.9 Solids Management Building HVAC

Capacity, condition and level of service for the SMB HVAC system are sufficient for existing
conditions. The recommended alternative for increasing solids treatment capacity may require
addition HVAC equipment in SMB.

The following capacity deficiency will be addressed by SMB HVAC Improvements:
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*  Expand SMB HVAC system as needed to accommodate the alternative
recommended for increasing solids treatment capacity.

4.4 Ash Loadout and Storage

Capacity, condition and level of service for ash loadout and storage are considered adequate.
The following level of service deficiency may be addressed by Ash Loadout and Storage
Improvements, based on future needs:

*  Miscellaneous instrumentation and control modifications may be needed to facilitate
the ash beneficial use program (to be determined during design).

Similar problems with the dense phase ash system occur between the storage silos and the
loadout garage, as reported under Section 4.3.7 above. Parts are programmatically replaced,
and remote monitoring cameras are used to identify leaks in unstaffed areas.

Miscellaneous control improvements for remote monitoring and/or remote control of equipment
at the loadout bays from the SMB operator control room in SMB would support the ash
beneficial use program. These improvements, if any, will be determined during design

4.5 Solids Management Building Effluent Water Service

Three effluent water pumps in the Metro Plant tunnels provide effluent water service to the
SMB. Condition and level of service of the effluent water service are sufficient through the end
of the planning period. Two to three effluent pumps run continuously. The following capacity
deficiency in the SMB effluent water service will be addressed by this Facility Plan:

*  Additional effluent water flow will be needed in the SMB, depending on the
recommended alternative for additional solids processing capacity.
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5.0 Alternatives Development

Many alternatives for adding solids processing capacity at the Metro Plant were initially listed for
consideration. Some of the alternatives were dismissed for further evaluation because they
were obviously more expensive or were not technically sound. For example, MCES dismissed
the alternative of alkaline stabilization and land application for the Metro Plant because it was
deemed a failed technology.

The initial list of alternatives was narrowed down to the four discussed herein, which maximize
the use of the existing incinerators. The four alternatives were further developed conceptually
for this evaluation. The alternatives were sized to increase average solids processing capacity
by 75 dtpd, which is the difference between the projected average solids load at the end of the
planning period (300 dtpd) and an existing system incineration capacity of 225 dtpd.*

L Incineration system capacity of 225 dtpd corresponds to a low service availability factor of 0.70, experienced prior to
the 2015 Solids Processing Improvements Project.




5.1 Alternative 1: Fourth Incinerator

Alternative 1 includes construction of a fourth incinerator train in an expansion of the existing
SMB.

The capacity of this alternative is 90 dtpd, which exceeds the required capacity and matches the
existing three incineration trains. Improvements currently under construction at the three
existing units would be included in the Alternative 1 design. Additional steam turbine capacity
would be installed to provide additional energy recovery. The ash product is very high in
phosphorus, a fertilizer, which can be recycled for agricultural benefit.
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5.2 Alternative 2: Digest and Incinerate

Alternative 2 includes the construction of an anaerobic digestion complex in the space next to
the SMB to digest a portion of the solids (150 dtpd). Digested solids would be dewatered and
fed to the existing incineration process. Assuming 50 percent solids destruction in the digestion

process, loading to the incinerators would be reduced by 75 dtpd (150 x 0.5 = 75).

The digestion complex would be provided with combined heat and power (CHP) engine

recovery system, fueled by
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5.3 Alternative 3: Digest, Dry, and Sell

Alternative 3 includes the construction of a digestion complex to digest a portion of the solids
(75 dtpd). Assuming 50 percent solids destruction in the digesters, 40 dtpd of digested solids
would be dried and pelletized. Pellets would be sold as a fertilizer.

Digester gas would be used as fuel for the drying facilities.
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5.4 Alternative 4: Digest and Land Apply

Alternative 4 includes the construction of an anaerobic digestion complex to digest a portion of
the solids (75 dtpd). Digested solids would be dewatered and then land applied for soil

amendment.

Assuming 50 percent solids destruction in the digesters, 40 dtpd of digested solids would be
dewatered and stored onsite for seasonal land application. Seasonal land application is limited
to spring and fall which concentrates the loading (i.e., 40 dtpd x (365 days/90 days) = 160).

The digestion complex would be provided with a combined heat and power (CHP) engine
recovery system, fueled by digester gas.
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6.0 Evaluation of Alternatives

This evaluation includes economic considerations, sustainability, community impacts, and other
non-monetary factors. A set of renewal projects for the existing incinerators 1, 2, and 3, which
would be common to each of the alternatives are described in Section 7.

6.1 Present Worth Analysis

The 20-year net present worth of capital, operating, and maintenance costs for each alternative
was estimated and referenced to the 2010 existing condition. Capital costs are based on the
project scopes summarized in Table 9. Table 10 compares the net present worth of each
alternative relative to existing (2010) operating and maintenance costs. The detailed cost data
are included in Appendix I.

Table 9. Project Scope Summary for Alternatives

Alternative 1: Fourth Alternative 2: Alternative 3: Digest, Alternative 4: Digest,
Incinerator Digest/Incinerate Dry, Sell Land Apply Cake

Centrifuges and cake
pump, fourth incinerator
with WHB and steam
turbine

Digesters, dryer, pellet Digesters, CHP, cake

P EE, 1 storage storage, and odor control

The Fourth Incinerator is the most cost-effective alternative to meet the region’s wastewater
needs. Adding a fourth incinerator costs 50 percent less than the lowest digestion alternative to
construct, operate, and maintain.

Alternative 1: Fourth Incinerator is a net producer of electricity and, compared to the other
alternatives, it has excellent energy recovery. Alternative 4: Digest and Land Apply is the
biggest net producer of electricity, but it is the highest cost alternative, $200M more in present
worth of capital and operating and maintenance costs. This alternative also significantly
increases ash and solids handling requirements by $2M per year.

The net energy produced by the second incineration alternative, Alternative 2: Digest and
Incinerate, is reduced by an increase in the supplemental fuel required to incinerate solids with
reduced volatile content (destroyed by digestion). Alternative 3: Digest, Dry and Sell produces
less electricity than any other alternative and requires supplemental natural gas due to the fuel
requirement for drying.
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Table 10. Alternatives Cost Comparison Summary

Cost Components

Existing Condition

(2010)

Alternative 1:

Fourth Incinerator

Alternative 2:

Digest/ Incinerate

Alternative 3:
Digest, Dry, Sell

Alternative 4:
Digest, Land Apply
Cake

Capital

Preliminary Construction Estimates
Engineering (20%)

Contingency Value (50%)

Total Near-Term Capital Costs (subtotal)

Present Worth of Salvage Value?
Present Worth of Replacements1

Present Worth of Capital1
Operating and Maintenance (O&M)

Ash & Solids Handling?

Electricity®

Natural Gas

Incinerator Auxiliary Fuel (No. 2 fuel oil)
Net Energy

Chemicals

Labor

Additional Maintenance

Annual O&M Subtotal

Present Worth of O&M?*

Present Worth of Capital and O&M

R - A R - e - A <
'

Annual Cost

280,000
1,100,000
(1,370,000)

(270,000)
2,440,000
6,990,000

$9,440,000
180,000,000

$75,000,000
$15,000,000
$37,000,000
$127,000,000
$(28,000,000)
$ -
$99,000,000

Alt 1: Incremental

Annual Cost
25,000
(200,000)

(200,000)
250,000
360,000
500,000

$940,000
$18,000,000
$117,000,000

$125,000,000
$25,000,000
$63,000,000
$213,000,000
$(44,000,000)
$ -
$168,600,000

Alt 2: Incremental

Annual Cost
32,000
(2,900,000)

1,810,000

(90,000)
1,170,000
1,420,000
870,000
$3,400,000
$65,000,000
$234,000,000

$130,000,000
$26,000,000
$65,000,000
$221,000,000

$(2,000,000)

$-
$189,000,000

Alt 3: Incremental

Annual Cost
(30,000)
800,000
260,000

1,060,000
420,000
2,610,000
650,000
$4,710,000
$90,000,000
279,000,000

! Note: 20-year Net Preset Worth (nominal discount rate = 4%, escalation rate = 3.5%). Includes 20% growth through the planning period.
2 Transportation and landfill of ash and/or transportation and land application of solids product.
3 Electricity cost after credit for power produced by steam turbine or combined heat and power engine generator systems.

$176,000,000
$35,000,000
$88,000,000
$299,000,000
$(51,000,000)
$-
$248,000,000

Alt 4: Incremental
Annual Cost

1,960,000
(900,000)

(900,000)
710,000
1,660,000
600,000
$4,030,000
$77,000,000
325,000,000
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6.2 Evaluation of Non-Monetary Factors

Alternative 1: Fourth Incinerator is the most sustainable alternative to meet the region’s
wastewater needs. It will have the lowest community impact. Alternative 1: Fourth
Incinerator provides for continuity with existing facility operating requirements will
increase the reliability of the region’s wastewater treatment system.

Non-monetary factors are those factors that cannot be quantified in terms of financial
measurements as they relate to considerations based on individual perceptions and beliefs or
they relate to considerations whose value are not well enough understood to have developed a
consensus for measurement of the factors. The non-monetary factors considered for this
evaluation are listed in Table 11.

Scoring of the alternatives with respect to non-monetary factors is not conducive to selection of
the appropriate alternative. Converting a factor to a score is an accounting approach, which may
prevent an in-depth discussion with customers about these issues. It is more important to
engage the community in a dialogue about the balancing of competing issues.

Table 11. Summary of Non-Monetary Evaluation Factors

Sustainability Community Impact Reliability

e Air emissions: volatile organic | e Standard of living e Continue the Council’s ability to provide
carbon, NOx, and carbon (Impacts on the economy reliable treatment to levels lower than the
monoxide of the region by spending permit levels

more of the region’s
financial capital to
construct higher cost
e Greenhouse gas emissions: alternatives e The flexibility to adapt to future changes

Carbon dioxide, methane, and
nitrous oxide

e Energy recovery and
consumption

e The reduction of risk of outages or process
upsets and the negative

e Truck hauling, safety
e Odors
o Offsite land requirements

e Fate of residuals

e Water quality discharges to all
receiving waters

6.2.1 Sustainability

6.2.1.1 Air Quality

Air emissions from Alternative 1 are lower than the other alternatives due to the controlled
combustion conditions and advanced air pollution control equipment in the incinerator trains. Air
emissions for Alternative 3 would be slightly higher, but comparable to Alternative 1 because the
dryer would have similarly robust emissions control equipment. Emissions from the gas engine
generator included in Alternative 2 and Alternative 4 causes these alternatives to rank lower in
terms of air quality.

6.2.1.2 Energy Recovery

Alternative 1 has excellent energy recovery, compared to the other alternatives. The heat
recovery system on the incinerators generates a 1.5 megawatt surplus of electrical power or the
equivalent of steam heat from the operation. Alternative 1 energy production reduces reliance
on external utility capacity, resulting in a delayed need for electrical energy production capacity
construction by the power utility. Reducing power demand lowers the amount of greenhouse
gas and other emissions associated with the production of power in the region.
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Alternative 4 would produce about the same amount energy as Alternative 1, and it would
consume less energy. However, this alternative is the highest cost alternative, $200 million
more in present worth of capital and operating and maintenance costs.

Alternative 2 produces the most digester gas to fuel a CHP system, but the electricity production
is offset by the need for supplemental fuel in the combustion process; volatile solids reduction
by the digestion process lowers the fuel value of the incinerator feed solids. In theory, biogas
could be used as a supplemental fuel, but fuel oil is preferred over biogas because it combusts
more completely in the bed rather than the freeboard. The alternative analysis assumes that
biogas will be used for power generation (CHP).

Alternative 3 produces biogas, but experiences with other systems indicate that the biogas will
be consumed by the drying process with no net energy surplus. In addition, the dryer diverts
feedstock from the incineration process, reducing the output of the steam turbine generator
system, such that the solids system is no longer energy self-sufficient.

6.2.1.3 Greenhouse Gas Emissions

Table 12 lists greenhouse gas (GHG) emissions estimates for the Metro Plant solids treatment
alternatives. The listed values are such a small fraction of other sources in the Twin Cities
region and in the State of MN, that the alternatives were considered equivalent with respect to
GHG emissions.

Table 12. Greenhouse Gas Emissions Estimates for Alternatives

Alternative Tons/yr as CO2 | Equivalent Number of Cars?

Alternative 1: Fourth Incinerator 66,000 13,000
Alternative 2: Digest and Incinerate 52,000 10,000
Alternative 3: Digest, Dry and Sell 66,000 13,000
Alternative 4: Digest and Land Apply | 43,000 8,000
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! The average car is driven 11,400 miles per year and gets 21.6 mile per gallon (mpg) fuel efficiency. The GHG emission per
average car is 6.6 tons per year CO2 equivalent.
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Figure 13. Greenhouse Gas Emissions in MN (2010) and the Metro Area, by Source*
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6.2.1.4 Fate of Residuals
Phosphorus recovery was considered the most important.

Nitrogen is a renewable nutrient, but phosphorus is not. It takes millions of years to form
phosphate rock in the Earth’s crust. Due to the potential to beneficially use Metro Plant ash as
phosphorus fertilizer, the incineration alternatives (Alternatives 1 and 2) are considered equal to
the other fertilizer and land application Alternatives 3 and 4 in terms of nutrient recovery.

In addition, due to the short cycle of agriculture, carbon sequestration was found not to be a
delineating factor in comparing the fate of residuals.

6.2.2 Community Impact

6.2.2.1 Financial Stewardship

Financial stewardship has the consequence of raising the standard of living for users and
making the region more competitive for economic development. Alternative 1 has the lowest life
cycle cost, compared to the other alternatives, which benefits the region by maintaining low user
charges.

1 The average car is driven 11,400 miles per year and gets 21.6 mile per gallon (mpg) fuel efficiency. The GHG
emission per average car is 6.6 tons per year CO2 equivalent.

6-5

P

METROPOLITAN
ol e i



6.2.2.2 Truck Hauling

Because incineration reduces the amount of material that must be handled for export offsite by
95 percent, the incineration alternatives (Alternatives 1 and 2) have the lowest traffic impact.
The amount of ash is the same for these two alternatives.

Compared to 54 tpd ash production for Alternatives 1 and 2 at future conditions, Alternative 3
produces 78 tons per day and Alternative 4 produces 200 wet tons per day. Note that land
application is restricted to a few weeks in the spring and a few weeks in the fall, which
concentrates the hauled traffic load during these seasons.

Truck traffic between the plant and industrial or other application sites, would likely be over
major transportation corridors, but ultimately might be on residential or rural roads. Increased
safety risks and solids spill risk are directly related to increased truck traffic.

6.2.2.3 Odor

All alternatives would be provided with odor control facilities so that the Metro Plant would not
generate additional odors within the community. Alternative 4 may release odors during hauling
and land application.

6.2.2.4 Offsite Land
Alternative 1 requires the least amount of land to construct within the existing plant property
boundaries, and it has minimum offsite impact hauling.

6.2.3 Reliability

6.2.3.1 Process Failure Risk
The Metro Plant has successfully used incineration technology to treat solids since 1938 and
adding a fourth incinerator (Alternative 1) would not pose additional process risk.

All digestion alternatives place a biological process with its associated heating and energy
recovery systems would add to the complexity of the facility and may have more risk for process
failure. Alternative 3 has additional process and safety risks associated with the thermal drying
system.

6.2.3.2 Liquid Stream Impacts

Alternative 1 would have less impact on secondary treatment than the digestion alternatives that
generate a recycle with very high levels of ammonia and phosphorus. Digestion process recycle
streams would increase requirements for liquid treatment.

6.2.3.3 Land Application Management
Land application programs require significant resources for management and oversight of
regulatory requirements, public relations, and logistics.

6.2.3.4 Future Flexibility
Alternative 1 provides the most flexibility in providing increases in future capacity. This
alternative has more reserve capacity than the other alternatives.

This reserve capacity improves the reliability of the region’s wastewater treatment system
because it could backup solids treatment process at the other MCES plants.

Increased capacity for the digestion alternatives to provide future flexibility would not be
cost-effective.
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7.0 Recommended Plan

Alternative 1: Fourth Incinerator is the recommended alternative for adding needed solids
treatment capacity at the Metro Plant. It is the lowest cost, most sustainable alternative, and it
has the lowest impact on surrounding communities. The recommended plan is to construct and
commission the fourth incinerator train, then complete needed renewal work in incinerator trains
1,2,and 3.

7.1 Fourth Incinerator and Auxiliary Systems

The current concept is to add the fourth incinerator train on the east side of the SMB. The fourth
incinerator will be similar to those in the existing trains and will be integrated with the existing
system.

Figure 14 is a process schematic and Figure 15 is a plan view of the proposed facilities.
7.1.1 Incinerator Cake Feed System

The dewatering portion of SMB would be expanded with the addition of Cake Bin 5, two
centrifuges, and two cake pumps. The cake pumps will be sized so that either pump can feed
the fourth incinerator at full capacity.

7.1.2 Cake Receiving

Cake receiving will allow dewatered solids to be hauled in from other MCES wastewater
treatment plants. The proposed cake receiving facility will include one below-grade cake load-in
bin with a hydraulically actuated cover, and one hydraulic piston transfer pump designed to
transfer cake to any of the five cake bins.

Cake receiving is envisioned to be constructed adjacent to the existing loadout garage in a
building extension, with a basement level tied into the existing SMB basement. The cake load-in
bin, cake pump, hydraulic power units, and pipeline lubrication pumps will be in the basement a.
Access to cake receiving will be through two overhead doors. Odor control will be provided for
the building and basement.

Figure 15 shows preliminary layouts for the Cake Receiving Facility.
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7.1.3 Incinerator

The proposed fourth incinerator is the fluidized bed type, sized to treat a minimum of 120 dtpd of
dewatered cake. The incinerator vessel will consist of three zones: hot windbox, sand bed, and
freeboard. Preheated fluidizing air will be directed into the windbox and distributed to the bed
through tuyeres in a metal plate or refractory arch.

A fluidizing air blower will provide combustion/fluidizing air, and an induced draft fan will assist in
drawing flue gas through energy recovery and air pollution control equipment and exhausting all
flue gas from the stack.

Dewatered cake will be pumped into the incinerator through multiple injection nozzles. Auxiliary
fuel injection lances (fuel oil or natural gas) will provide supplemental fuel.

Ancillary systems such as purge air blowers, compressed air, emergency roof spray water, and
pre-heat burners will also be provided. The pre-heat burner will be the low-NOXx type.

7.1.4 Air Pollution Control

The new air pollution control system will include similar technologies to match the approach of
existing systems with selected upgrades as required to consistently meet the 40 CFR Part 60,
Subpart LLLL emission requirements for new fluid bed incinerators.

The NOx emission requirement may require design enhancements to provide compliance.
Current optimization testing (for example, overfire air) may negate the need for additional
treatment for NOXx. If required, an ammonia injection system will be included during design to
reduce NOx emissions. Ammonia injection facilities include agua ammonia chemical storage
and handling equipment located east of the new building addition. Each incinerator train will
have a dedicated ammonia metering pump.

The new system will have a baghouse to remove particulates and metals. Powdered Activated
Carbon injected upstream of the baghouse will remove mercury to acceptable levels. The
carbon silo will be relocated to serve all four incinerator trains, and a second carbon storage
tank with manual load-in will be added to improve reliability.

A wet scrubber will be provided with caustic injection and effluent water sprays to meet sulfur
dioxide (SO2) and hydrogen chloride (HCI) limits and to remove particulates that pass through
the baghouse. An additional effluent pump will be provided to meet increased effluent water
demands.

A wet electrostatic precipitator will be provided as a polishing device for particulates,
Cadmium (Cd), and Lead (Pb).

7.1.5 Energy Recovery
The heat recovery system will include a pHEX, a WHB, and a secondary heat exchanger.

The WHB will be the water tube type and will include an economizer. It will be designed to
integrate with the existing steam heat and steam turbine system. Alternate configurations for
improved maintenance access and lower flow velocities around the tubes will be evaluated
during design.

The pHEX will transfer heat from the incinerator exhaust gases to the fluidizing/combustion air
to minimize auxiliary fuel demand, and the secondary heat exchanger will provide plume
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suppression for the stack discharge. Both primary and secondary heat exchangers will be
provided with bypass ductwork and dampers to optimize heat recovery to the incinerator and

provide temperature control respectively.
7.1.6 Ash Handling and Storage

A new vacuum type ash handling system will be provided for all four incinerators to collect and
convey incinerator fly ash from the WHBs and the baghouse and to the existing ash storage

bins in the SMB.

Miscellaneous madifications to ash loadout in FI2/408 may be incorporated as required to

implement the beneficial use of incinerator ash program.

7.2 Cost Estimate

Table 13 provides the opinion of probable cost summary for the fourth incinerator. The scope for

this work is described in Section 7.1.

Table 14 provides the opinion of probable cost summary for renewal of incinerators 1, 2, and 3.

The scope for this work is described in Section 4.

Detailed cost estimates are included in Appendix I.

Table 13. Opinion of Probable Cost Summary, Fourth Incinerator

Mobilization, Bonds, Insurance

Demolition/Relocation

Site Work

Incinerator Building Addition

Incinerator Feed System

Cake Receiving

Incinerator and Fans

Energy Recovery Equipment

Air Pollution Control Equipment

Other Equipment and Systems

Plumbing and HVAC

Electrical, Instrumentation, and Controls
Subtotal

Contingency

Design Engineering

Construction Engineering and Inspection

Fourth Incinerator Project Cost

$7,700,000
$250,000
$1,450,000
$6,050,000
$5,770,000
$1,910,000
$26,000,000
$8,100,000
$11,300,000
$3,640,000
$9,620,000
$14,430,000

$96,220,000
$28,870,000
$12,510,000
$12,510,000

$150,110,000




Table 14. Opinion of Probable Cost Summary; Renewal of Incinerators 1, 2, and 3

Mobilization and Bonds $1,550,000
Sludge Storage Pumping Improvements $230,000
Sludge Feed Equipment Improvements $2,400,000
Incinerator Rehabilitation $3,400,000
Fluidizing Air Blowers, Induced Draft Fans and Duct
Modifications $610,000
Primary Heat Exchangers Renewal $2,250,000
Waste Heat Boilers Renewal $1,500,000
Baghouse Renewal $1,130,000
Mist Eliminator Upgrade $300,000
Wet Electrostatic Precipitator Electrical Upgrades $450,000
Turbine Generators and Auxiliary Boilers $3,580,000
Electrical, Instrumentation and Controls $1,930,000
Subtotal $19,330,000
Contingency $5,800,000
Design Engineering & Construction Inspection $5,020,000
Total Renewal Cost $30,150,000

7.3 Implementation Plan and Schedule

Implementing the project will require a variety of phases including formal approval of the Facility
Plan, preliminary engineering detailed engineering, permitting, construction, and commissioning.
A preliminary schedule including these various activities is listed below:

Table 15. Proposed Plan Schedule

Project Activity

Public Outreach April 2018 — June 2018
Public Hearing August 30, 2018
Design and Permitting 2019 — 2021

Construct Fourth Incinerator 2021 - 2024

Renew Incinerators 1, 2, and 3 2025 — 2027




7.3.1 Permit Considerations

The fourth incinerator will require a major amendment for a minor modification to the existing air
permit. MCES has voluntarily completed an Environmental Assessment Worksheet (EAW),
which is included in Appendix K, and will follow with an application for the major amendment as
a separate submittal to the MPCA. Ultimately, MPCA would issue a combined construction and
operating permit.

EPA uses ambient air quality standards to classify geographical areas as either attainment or
non-attainment for seven criteria pollutants (CO, SO,, PM10, PM2.5, NOy, ozone, Pb). The
Metro Plant is in an attainment area. However, part of St. Paul, including the Metro Plant site is
designated a PM10 Maintenance Area, which means that MPCA is taking special precautions to
assure that the area remains in attainment for PM10.

Metro Plant’s location in an attainment area dictates that the applicable air permitting procedure
is governed by Prevention of Significant Deterioration (PSD) thresholds for emissions of the
criteria pollutants. The overall site and new sources within the site are subject to PSD
thresholds. Major thresholds for the site are 250 tons per year (tons/year) of potential to emit
(PTE) of each criteria pollutant, except PM10. The site’s designation as a PM10 Maintenance
Area reduces the major threshold for PM10 to 100 tons/year.

The Metro Plant's NOy PTE was listed as 318 tons/year in the plant’s current 2010 Title V of the
Clean Air Act Air Emissions Permit. Hence, the Metro Plant is rated as a major PSD source for
NOy. All other criteria pollutant PTEs are listed within major thresholds and the special
maintenance area threshold. Actual emissions of NOy were listed as 157 tons/year, in the 2010
Title V of the Clean Air Act Air Emissions Permit.

The Title V of the Clean Air Act Air Emissions Permit also includes limits that restrict the site to
minor status for Hazardous Air Pollutants (Pb, Cd, Hg, and HCL). The permit is renewed every
5 years.

Metro Plant’'s NOx PTE calculation is based on NOx emissions from packaged boilers and
emergency generators as well as from combustion of sludge in the existing FBIs. The PTE
value reflecting existing conditions, as would be stated in the Title V of the Clean Air Act Air
Emissions Permit renewal application, is approximately 340 tons/year. The NOx PTE from
sludge incineration is based on the new MACT 129 emissions rule governing existing sewage
sludge incinerators. That rule became effective in 2016. The NOy concentration in incinerator
emissions from existing FBIs (40 CFR 60 Subpart MMMM) will be 150 ppmvd adjusted to

7 percent oxygen. An important consideration regarding the new emissions rule is that allowable
NOx emissions from new FBIs (40 CFR 60 Subpart LLLL) are five times more stringent than
from existing FBIs, that is, 30 ppmvd at 7 percent oxygen.

The sensitivity of the Metro Plant site NOyx PTE to emissions from its incinerators is illustrated in
Figure 16. The total site NOx PTE is 340 tons/year assuming the existing three FBIs are
compliant with Subpart MMMM and 161 tons/year if they were to be compliant with Subpart
LLLL. Thus, itis very likely that the site could be reclassified as minor PSD source. Certainly,
the plant would continue to perform as a minor source, even if it continued to be classified
major.
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Figure 16. Site NOx Sensitivity to FBI PTE

The added incinerator emissions source would be accounted for in the application for the Major
Minnesota Air Permit Amendment. PM10 air dispersion modeling results would be submitted
with the application. PSD review of the new source could conceivably be addressed through
either of two options:

Accepting NOyx emission limits on the existing incinerators to establish minor PSD source status
for the site as a whole, including the proposed equipment. This would be feasible considering
the results of controlled performance tests wherein emissions from the existing FBIs were well
within the Subpart MMMM NOy limitation.

Or, remaining a PSD major source and (a) staying below the PSD significant air emissions
increase thresholds, (b) proposing emission limits on the fourth FBI for PM (PM, PM10 and
PM2.5) and possibly VOCs, and (c) factoring in new source compliance requirements, as of
2016, with 40 CFR 60 Subpart LLLL emission limits for NOx, SOz and CO. PM includes filterable
PM, but does not contain condensable PM. Condensable PM is included within PM10 and
PM2.5, but is not regulated under 40 CFR 60 Subpart LLLL. Therefore, total PM10 and PM2.5
emission limits for a fourth FBI could be proposed by MCES, as would be similar to the levels
listed in the permit for the three existing FBIs.

These options are based on the assumptions that (a) the proposed capacity for the fourth FBI
will be 130 tons/day (same as the three existing FBIs), (b) that no other new air emission
sources will be installed at the same time that the fourth FBI is installed, and (c) that actual PM
emissions from the ash handling system, after the fourth FBI is placed into service, will increase
less than 50% from the most recently reported levels. An additional scenario of installing one
generator engine of a 2 MW size burning either propane or diesel within three years of the
installation of the fourth FBI may require lowering any proposed emission limits for the fourth
FBI. However, it is likely that PSD could be addressed through either of the two options
identified above.

The primary advantage of establishing minor source status for the Metro Plant site is fewer
compliance requirements. For example, the installation of new air emission sources on PSD
minor source sites only need to be reviewed for potential site emission increases, not for both
potential and actual emission increases. The PSD major source criteria were established by
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EPA to identify those sources where more stringent requirements are needed. Reclassification
as a minor source would serve to recognize that there are currently no such concerns at Metro
Plant and that the fourth FBI would not cause the NOx major threshold to be exceeded.

The disadvantage of establishing PSD minor source status for the site may be restriction of total
allowable NOx emissions to more than the project-by-project restrictions that are established for
PSD major sources. The major source threshold for NOx with new projects is 40 ton/year.
Reverting to major site status could affect all plant NOx sources, not only new sources under
consideration. Also, PSD minor source status is typically established in a separate permit
application, which would extend the schedule for air permitting of the fourth FBI.

After considering the air permitting alternatives for the new fourth incinerator at the Metro Plant,
MCES is committed to retaining the plant’s existing PSD major status, keeping any increases in
air emissions from the new incinerator below the regulatory thresholds for PSD applicability, and
accepting a limit on PM. New source performance standards of 40 CFR Part 60 Subpart LLLL
would cause this approach to be feasible. There is no significant advantage to MCES or its
customers to seek minor site reclassification. Continuing as a major site allows for plant
expansion projects in the future without the burden of reconsidering all plant sources of NOx.
The next step would be to submit the protocol for PM10 dispersion modeling. The results of that
modeling would be submitted with the Application for a Minor Modification to the Existing Air
Permit.

7.3.2 Project Delivery Methods

The original incineration project was constructed using a design build approach for the reactors,
air pollution control trains, and energy recovery. The building and utility systems were
constructed using conventional design-bid-build methods. Foundation work (pile installation)
was constructed in a preliminary phase.

Due to consolidation and bankruptcy, there are currently a very limited number of qualified firms
in the specialized area of sewage sludge incineration, resulting in limited competition and price
leverage. Furthermore, few if any design firms can provide detailed design services for a full
incineration system and need to rely on experienced incineration equipment vendors.

Selection of an equipment vendor and installation package through an evaluated design-build
proposal or multiple proposal process is recommended for the fourth incinerator project. The
performance criteria and minimum requirements need to be addressed as part of a detailed
request for proposal process that would include statements of interest, proposer prequalification
and evaluated proposals based on project criteria and proposals received.
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Appendix A. Metro Plant Influent Flow and Load Data
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Annual Average Metro Plant Influent Hg -
grams per day (2003-2018)
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Appendix B. Tabulation of Metro Plant 30-day Peaking
Factors for Solids Treatment

Metro Plant Total Solids Processed, Average Daily and Peak 30-Day Mass Load Values

Input Total Solids Processed Input 30-day Peak Solids : :
(dtpd)* Processed (ditpd) 30-day Peaking Factor
235 264 1.12

2007

2008 241 274 1.14
2009 234 261 1.12
2010 235 271 1.15
2011 240 286 1.19
2012 225 254 1.13
2013 231 293 1.27
2014 229 256 1.12
2015 232 266 1.15
2016 230 259 1.13
2017 236 273 1.16
Average 234 269 1.15
202072 240 276 1.15
20502 300 345 1.15

1. 2014 Water Resources Policy Plan, Metropolitan Council Environmental Services
2. Population equivalent for business growth is estimated as 25 percent of the employment increase, that is, 0.25 x (1,366,990 —
1,067,250) = 75,000 people
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Appendix C. Feasibility Study: Beneficial Use of Metro Plant
Ash as Phosphorus Fertilizer

A

METROPOLITAN
ccccccc



Corn and Lettuce Growth Responses and Elemental Uptake in
Soils Amended with Sewage Sludge Incinerator Ash

Final Report Submitted to Brown and Caldwell
September 9, 2014

Carl Rosen and James Crants
Department of Soil, Water, and Climate, University of Minnesota, St. Paul, MN 55108

The effects of ash from incinerated sludge on plant growth and soil and plant chemical composition
were examined for corn (Zea mays L., HL R208) and lettuce (Lactuca sativa L., cv. Valmaine)
grown in a greenhouse. Pots were filled with 2500 dry grams of Esterville sandy loam soil fertilized
with triple super phosphate (TSP), sludge ash, pelletized biosolids, or struvite, to phosphate
application rates equivalent to 50, 100, or 200 Ibs/Ac, with a control treatment receiving no
supplemental phosphorus. Urea and potassium chloride were added as necessary to achieve
equivalent application rates of nitrogen and potassium for all treatments. Plants were grown from
seed, thinned to two plants per pot at 14 or 18 days post planting, and harvested at 60 days post
planting. Plant shoot biomass was determined at harvest, as were the concentrations of 28 elements
in the soil and in the shoot tissue. Uptake of these elements into the above ground tissue was
calculated. Based on growth responses and phosphorus uptake, sludge ash was found to be an
acceptable phosphorus source relative to the other sources tested, while pelletized biosolids were
found to be less effective in this regard. At the rates applied, neither amendment had an effect on
soil pH or soil salinity. Sludge ash and pelletized biosolids produced higher plant-available soil
copper and zinc concentrations than TSP or struvite. These differences were generally not observed
for total soil concentrations, except that sludge ash and pelletized biosolids produced higher total
soil copper concentrations than TSP for corn. Above ground tissue concentrations of these elements
tended to be elevated in ash- and pellet-fertilized plants of both crop species, but remained well
below toxicity levels for plants and levels of concern for human consumption. Sludge ash and
biosolids pellets had elevated mercury concentrations compared to TSP and struvite, but this had no
effect on soil or tissue mercury concentrations or plant uptake of mercury. Neither sludge ash nor
biosolids pellets produced unsafe concentrations of other heavy metals in either soils or plant tissues.
Based on these results, the sludge ash and pelletized biosolids tested in this study are potentially
usable as phosphorus fertilizer sources for crops. While results from this greenhouse study are
promising, longer-term studies are necessary to evaluate effects on crop responses and soil chemical
properties under field conditions.

Introduction

The bulk of sewage sludge in the Twin Cities metropolitan area is incinerated and the
resulting ash discarded into landfills. Previous research has shown that ash from incinerated sludge
is a viable P source for crop production, but the high concentrations of heavy metals such as Hg,
Cd, Pb, etc., in the evaluated ash raised environmental and safety concerns. The sludge ash that is
currently produced has much lower metal concentrations than that used in previous studies. It is
therefore appropriate to re-evaluate the use of ash from incinerated sludge as a P source for crops.
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While most sludge in the Twin Cities is incinerated, a smaller amount is heat-dried and
made into pellets. The pelletized product may also be a viable N and P source. Additionally,
struvite (NH4;MgPO,) is a compound formed in wastewater processing and may also be useful as
a potential P source.

The overall objective of this study was to assess the value of ash from incinerated Twin-
Cities sludge as a P source for crops, relative to pelletized biosolids, struvite and triple super
phosphate fertilizer (TSP). Specific objectives included the following: 1) chemically characterize
each amendment, 2) compare the effects of the amendments on corn and lettuce growth and
biomass production, 3) evaluate the effects of the amendments on selected soil chemical properties
after harvest, and 4) determine the effects of the amendments on above ground plant elemental
composition and uptake.

Materials and methods

Corn (Zea mays L.) and lettuce (Lactuca sativa L.) were grown in a greenhouse at the
University of Minnesota, St. Paul, MN. Each treatment was replicated four times in a randomized
complete block design. There were thirteen treatments, including a control treatment receiving no
supplemental P and twelve treatments receiving P,Os at one of three rates (equivalent to 50, 100,
or 200 Ibs P,0s/Ac) from one of four sources (sludge ash, pelletized biosolids, struvite, and triple
superphosphate fertilizer - TSP), with urea and KCI applied as needed to achieve equivalent
application rates of N (250 1b N/Ac) and K (100 1b K,O/Ac) in all treatments. The soil used was
a dried, mixed, and sieved Esterville sandy loam. Soil characteristics are presented in Table 1.
Concentrations of elements in the soil and in each amendment based on a microwave digestion
procedure (EPA Method 3051) and inductively coupled plasma (ICP) analysis are presented in
Table 2.

Corn (HL R208, a Hyland Roundup-ready grain line) and lettuce (cv. Valmaine) were
planted on December 12, 2013, in six-inch square pots containing 2,500 dry grams of soil plus
treatment-appropriate fertilizers and amendments (Table 3). Corn seeds were planted 3/4" deep,
6 seeds per pot, and lettuce seeds were planted 3/8” deep, 9 seeds per pot. The plants were thinned
to 2 plants per pot on December 26 (corn), and December 30 (lettuce). The number of plants in
each pot immediately prior to thinning was noted to assess germination and survival over 14 days
(both corn and lettuce) or 18 days (lettuce only).

Plants were watered daily as needed to maintain soil moisture. They were fertilized with
the equivalent of 55.1 Ibs/Ac NH4NO; and 241.9 lbs/Ac Ca(NOs),, divided among four equal
applications, on January 3, 8, and 21 and February 5, 2014, for corn, and on January 6, 8, 14, and
28,2014, for lettuce. The plants were photographed on February 7 (lettuce) and 11 (corn) for
visual comparison of plants grown in different treatments.

The plants were harvested on February 11, 2014. Plants of both species were cut at the
base, weighed, and rinsed with distilled water to remove soil. In addition, for corn, the width of
the stalks at 1/2” above the first node and the height to the top of the whorl were determined. Plant



tissues were dried at 60 °C, weighed, ground to pass through a 2 mm sieve with a Wiley mill, and
the sent to the University of Minnesota Soil Testing and Research Analytical Laboratories
(UMSTRAL. St. Paul, MN), where elemental concentrations were determined by both microwave
wet digestion (EPA 3051) and dry combustion, followed by inductively coupled plasma (ICP)
analysis for all elements except mercury. Both microwave digestion and dry combustion
procedures were used because each method proved superior to the other in recovering certain
elements from the plant tissues. Data from wet digestion are presented unless dry combustion
produced statistically significantly higher recovery (Wilcoxon signed-rank test). Data on dry
weight and element concentrations were used to calculate uptake amounts of each element by the
plants in each pot. Total mercury was determined using EPA Method 1631: Revision E. For this
method, Hg was detected using cold vapor atomic fluorescence spectroscopy (CVAFS) with a
Brooks Rand Model III CVAFS detector.

The soil from each pot was dried at 35°C, ground, and sent to UMSTRAL to obtain
measurements of pH, electrical conductivity, organic matter content, and nutrient availability, and
to determine elemental composition by microwave digestion and ICP analysis. In addition,
microwave-digested soil was analyzed on a second, dual-filtered ICP machine because the
measured concentrations of some elements were erratic on the first machine.

Data were analyzed using the GLM procedure in SAS 9.3. Each dependent variable was
analyzed as a function of (1) treatment and replicate and (2) P source, rate, source*rate, and
replicate. Significant differences between groups for each main effect were determined using a
Waller-Duncan k-ratio t-test (k ratio = 50; o = 0.10). Linear and quadratic rate effects were also
investigated using contrasts in the second GLM for each variable.

Results and discussion
Plant health

Results for plant stand are presented in Table 4. At least 92% of planted corn seeds
germinated and survived to 14 days post-planting in each treatment. Germination was much lower
for lettuce. Between 39% and 78% of seeds in each treatment produced living seedlings by 14
days after planting, and 41 — 81% had done so by 18 days. It is unclear why the plant stand of the
lettuce was low for some pots. Plant stand did not vary significantly among the treatments, nor
with application rate or P source, for either crop. Photographs of the plants taken on February 7
for lettuce and February 11 for corn revealed no clear visible differences among treatments or signs
of phytotoxicity.



Plant available concentrations of elements in soil, soil pH, organic matter and electrical
conductivity after harvest

Corn

Post-harvest soil properties for each treatment are presented in Table 5. The treatments
receiving sludge ash had greater Bray and Olsen P concentrations than those receiving biosolids
pellets, but lower concentrations than those receiving struvite. They also had lower Olsen P than
the treatments receiving TSP. Because the Bray P test uses an acid extractant, some of the
insoluble P in the ash is dissolved during the extraction. The Olsen P test uses NaHCOj as the
extractant, which does not extract insoluble P, resulting in a greater difference in measured P
between soils supplemented with sludge ash versus TSP at the same rate of P,Os/Ac than seen
with the Bray P test.

Available soil P after harvest increased with increasing application rate. This relationship
of soil P to application rate was evident among the treatments receiving each P source except for
the pelletized biosolids, for which the two variables showed no apparent relationship. As a result,
the source-by-rate interaction effect was significant.

The treatments receiving struvite had a higher mean soil Mg concentration than those
receiving any other P source, reflecting the higher amount of Mg applied with this source. Across
all sources, soil Mg concentration was higher at 200 lbs P,Os/Ac than at 100 Ibs P,Os/Ac, with an
intermediate mean concentration in the 50 Ibs P,Os/Ac treatments.

The treatments receiving pelletized biosolids or sludge ash had higher mean available soil
Cu and Zn concentrations than those receiving TSP or struvite, and the sludge ash treatments had
a higher mean soil Zn concentration than those receiving pelletized biosolids. Mean soil Cu and
Zn concentrations both increased with increasing P,Os application rate. The positive relationship
between soil Cu and Zn concentrations and application rate was only evident among the treatments
receiving sludge ash or pelletized biosolids, and not among those receiving TSP or struvite,
resulting in significant source-by-rate interaction effects on the concentrations of both elements.

Lettuce

Post-harvest soil properties for each treatment are presented in Table 6. The treatments
receiving sludge ash had higher Bray and Olsen P than those receiving pelletized biosolids, but
lower Bray and Olsen P than those receiving struvite. The Bray vs. Olsen effect for ash vs.
fertilizer observed with corn was not significant for lettuce, but the trends were the same, with
Olsen P lower on average with ash than fertilizer and Bray P similar between the two sources. Soil
P increased with application rate. The effect of application rate on soil P concentration was
markedly stronger for P sources with higher mean P concentrations, resulting in a significant
source-by-rate interaction effect.

The treatments receiving struvite had a higher mean post-harvest available Mg
concentration than those receiving any other treatment.



The treatments receiving sludge ash or pelletized biosolids had higher mean available soil
Cu and Zn concentrations than those receiving TSP or struvite, and the treatments receiving
pelletized biosolids had a higher mean soil Cu concentration than those receiving sludge ash. Soil
Cu and Zn concentrations increased with application rate. Similar to the corn results, the effect of
application rate on Cu and Zn concentration was much more pronounced among the treatments
receiving sludge ash or pelletized biosolids than those receiving TSP or struvite, resulting in
significant source-by-rate effects for both elements.

For both crops, sludge ash and pelletized biosolids had higher Cu and Zn concentrations
than TSP or struvite (Table 2). Fertilization with sludge ash or pelletized biosolids produced higher
soil concentrations of Cu and Zn than fertilization with TSP or struvite, based on DTPA extraction
(Tables 5 and 6). Concentrations of both metals increased with application rate when sludge ash
or biosolids pellets were applied, but showed little or no response to rate when TSP or struvite was
used. Although neither element was present in high enough soil concentration to cause concern in
any treatment, it is possible that consistent use of sludge ash or biosolids pellets as P sources over
many years could result in greater-than-desirable Cu or Zn soil concentrations.

Previous research has indicated that the effects of using sludge ash as a P source may
include increases in soil pH due to liming (which may or may not be desirable) and phytotoxicity
due to the high salt content. We found no effect with sludge ash or pelletized biosolids on soil pH
at any application rate. At the rates applied, electrical conductivity (E.C.) was never high enough
to be harmful to crops. For lettuce, soil in the pots receiving pelletized biosolids had a higher mean
E.C. than those receiving TSP or struvite. However, overall, E.C. decreased with increasing
application rate, and no fertilized treatment had significantly higher E.C. than the unfertilized
control treatment. There is no evidence from our results that fertilizing with the sludge ash used
in this study has any effect on soil salinity, though fertilization with pelletized biosolids over many
years may result in elevated salt levels relative to using other sources.

Total concentrations of elements in soil after harvest, microwave digest extraction

Corn

Post-harvest soil concentrations of nutrient elements are shown in Table 7.

The treatments receiving sludge ash had a higher mean post-harvest soil P concentration
than those receiving pelletized biosolids. The treatments receiving 50 Ibs P,Os/Ac had a lower
mean concentration than those receiving 200 lbs P,Os/Ac.

The treatments receiving sludge ash or pelletized biosolids had higher mean soil Cu
concentrations than those receiving TSP.

Post-harvest soil concentrations of non-nutrient elements are shown in Table 8.

Treatments receiving sludge ash and struvite had higher mean Cr soil concentrations than
those receiving pelletized biosolids and higher Ni concentrations than those receiving TSP or



biosolids pellets. Treatments receiving sludge ash had a lower mean Na concentration than those
receiving TSP or pelletized biosolids.

Lettuce

Post-harvest soil concentrations of nutrient elements are shown in Table 9.

The treatments receiving pelletized biosolids had a lower mean post-harvest P
concentration than those receiving struvite or sludge ash. Soil P concentration increased with
application rate; the treatments receiving 200 Ibs P,Os/Ac had a higher mean concentration than
those receiving 50 or 100 lbs P,Os/Ac.

The mean Mo concentration was highest in the treatments receiving 50 Ibs P,Os/Ac and
lowest in those receiving 100 Ibs P,Os/Ac; the treatments receiving 200 lbs P,Os/Ac had an
intermediate soil Mo concentration that was significantly lower than that of the treatments
receiving 50 lbs P,Os/Ac.

The treatments receiving 200 lbs P,Os/Ac had a higher mean post-harvest soil Zn
concentration than those receiving 50 or 100 Ibs P,Os/Ac.

Post-harvest soil concentrations of non-nutrient elements are shown in Table 10.

The treatments receiving TSP or pelletized biosolids had higher mean Na concentrations
than those receiving struvite.

Concentrations of both Cr and V increased with increasing P,Os application rate.

The effect of fertilization treatment on total soil P was small, though sometimes statistically
significant. Even at the highest application rate, the amount of P added with the amendments was
only 15% of the total of P in the soil.

The potential concerns about using sludge ash as a P source include contamination of soils
with heavy metals. In the corn planting, treatments receiving sludge ash had higher soil Cr and Ni
concentrations than those receiving biosolids pellets (both metals) or TSP (Ni only). However, no
treatment had a significantly higher concentration of either metal than the zero-P control treatment.

These results do not indicate a short-term concern about Cr or Ni soil contamination from the
sludge ash used in this study, but a cumulative effect from multiple years of use of sludge ash as a
P source is possible.

Contamination with Hg is a particular concern with sludge ash, based on previous studies.
We found higher Hg concentrations in sludge ash than the other amendments (Table 2) but soil Hg
concentration was not affected by treatment for either crop, and there was no trend toward higher
soil Hg concentration in treatments receiving sludge ash. Because the Hg could not be accounted
for in the plants (see below), these results indicate that the low Hg amounts added with the sludge
ash are within experimental error of the analytical methods used. Soil Hg contamination is not
likely to be an issue with the sludge ash at the rates used in this study.

The potentially concerning results for plant-available Cu and Zn concentrations found with
DTPA extraction were not reflected in the microwave digestion with ICP analysis, except that the



treatments receiving sludge ash or biosolids pellets had higher soil Cu concentrations than those
receiving TSP among pots containing corn plants.

Another potential concern with using sludge ash and biosolids pellets is their effect on soil
salinity. Treatments receiving sludge ash had a lower soil mean Na concentration than those
receiving TSP for both crops, though the difference was only statistically significant for corn.
Based on these results, the use of sludge ash as a P source poses no greater threat of elevated soil
Na concentration than the use of conventional P sources. Biosolids pellets generally produced
higher soil Na concentrations than struvite, but similar concentrations to TSP, suggesting that this
amendment also poses little risk of producing elevated soil Na concentrations.

Plant size and biomass at harvest

Results for corn shoot height to the top of the whorl, diameter ’2 inch above the first node,
and biomass are shown in Table 11. The treatments receiving 50 Ibs P,Os/Ac had lower dry weight
and percent dry matter than those receiving 100 or 200 Ibs P,Os/Ac. Mean percent dry matter was
lower for the treatments receiving pelletized biosolids than for those receiving TSP or sludge ash.
Corn height and diameter were not affected by treatment.

Results for lettuce shoot biomass are shown in Table 12. The treatments receiving 50 lbs
P,0s/Ac had lower fresh and dry biomass than those receiving 100 or 200 lbs P,Os/Ac. TSP and
struvite produced greater fresh and dry biomass than pelletized biosolids. The treatments receiving
struvite also produced a greater mean dry biomass than those receiving sludge ash.

In general, plant biomass of both species increased with increasing P rate. The effect was
more pronounced in lettuce than corn, which reflects the higher P demand for lettuce. The response
to P fertilizer relative to the control (no P applied) was not as pronounced as expected due to the
fact that soil test P was already in the medium to high range. Had a soil with lower soil test P used,
the response would have been greater. However, finding agriculturally useful soils with very low
P is difficult because most agricultural soils have a long history of P fertilizer and/or manure
applications. Even though the soil test P was not as low as desired, the results clearly show a
benefit to P application for all P sources and that the ash in particular is an effective P source.
Dried, pelletized biosolids yielded a lower mean fresh and dry biomass of lettuce than TSP or
struvite, and may therefore require higher rates to achieve a similar P response.

The two crops exhibited different growth responses to supplemental P: increased dry
matter concentration for corn and increased size for lettuce. Corn showed no biomass response
above 100 lIbs P,Os/Ac, while the biomass response of lettuce spanned the tested application rate
range, confirming the higher demand for P by lettuce than for corn.

Concentrations of elements in plant tissues after harvest

Corn



Corn shoot tissue concentrations of nutrient elements are shown in Table 13.

The treatments receiving TSP had a lower mean tissue P concentration, and those receiving
struvite had a higher concentration, than those receiving sludge ash or biosolids pellets. Tissue P
concentration increased linearly with P,Os application rate. The source-by-rate interaction effect
was significant. The treatments receiving struvite showed a large effect of application rate between
100 and 200 lbs P,Os/Ac, while those receiving pelletized biosolids showed a much weaker
response over that range.

The treatments receiving pelletized biosolids had a higher mean tissue N concentration
than those receiving TSP or struvite. The treatments receiving struvite had a higher mean Mg
concentration than those receiving sludge ash. The treatments receiving pelletized biosolids had
a higher mean tissue Cu concentration than those receiving TSP or struvite. The treatments
receiving sludge ash had a higher mean tissue Fe concentration than those receiving pelletized
biosolids or struvite. The treatments receiving TSP had a higher mean Mn concentration than the
treatments receiving sludge ash or pelletized biosolids. The treatments receiving sludge ash had a
higher mean Zn concentration than those receiving pelletized biosolids, which had a higher mean
than the ones receiving TSP or struvite.

The treatments receiving 50 lbs P,Os/Ac had higher mean tissue K and Cu concentrations
than those receiving 100 or 200 1bs P,Os/Ac. The treatments receiving sludge ash had a higher
mean Zn concentration than those receiving pelletized biosolids, which had a higher mean than
those receiving TSP or struvite. The treatments receiving 100 lbs P,Os/Ac had a higher mean
tissue Zn concentration than those receiving 200 Ibs P,Os/Ac, with those receiving 50 Ibs P,Os/Ac
intermediate between the two.

There was a significant source-by-rate interaction effect on tissue Zn concentration.
Among the treatments receiving sludge ash, those receiving 100 lbs P,0Os/Ac had much higher Zn
concentrations than those receiving the other application rates, while treatments receiving the other
amendments either showed decreasing Zn concentration with increasing P,Os application rate
(TSP and struvite) or no apparent rate effect (pelletized biosolids).

Each of the significant results for tissue Zn concentration reflected very high Zn
concentrations (26.7 and 26.2 pg/g) in two of the four replicates of the treatment receiving 100 Ibs
P,0s/Ac as sludge ash (treatment 6). Further research is required to validate these results.

Corn shoot tissue concentrations of non-nutrient elements are shown in Table 14.

The treatments receiving TSP or struvite had higher mean tissue Pb concentrations than
those receiving sludge ash or pelletized biosolids. The treatments receiving sludge ash had a higher
mean tissue Ti concentration than the treatments receiving any other P source, consistent with the
high Ti concentration observed in sludge ash itself (Table 2). Tissue Ba concentration decreased
with increasing application rate over all P sources.

Lettuce
Lettuce shoot tissue concentrations of nutrient elements are shown in Table 15.



Tissue P concentration showed only marginal responses to P source and application rate.
This suggests that, for lettuce, the main response to P deficiency was reduced growth. By reducing
growth, internal P concentration can be maintained.

The treatments receiving pelletized biosolids had a higher mean tissue N concentration
than those receiving TSP or struvite. The treatments receiving sludge ash or pelletized biosolids
had greater mean tissue S and Cu concentrations than those receiving TSP or struvite. The
treatments receiving sludge ash or TSP had higher mean tissue Mn concentrations than those
receiving pelletized biosolids. The treatments receiving sludge ash had a greater mean tissue Zn
concentration than those receiving P from any other source.

The concentrations of N, K, S, and Cu in lettuce plant tissues decreased, while the
concentration of B increased, with increasing application rate.

There was a significant source-by-rate interaction effect on tissue Zn concentration, which
decreased with application rate among treatments receiving TSP or struvite, but increased with
rate among the treatments receiving sludge ash and pelletized biosolids.

Lettuce shoot tissue concentrations of non-nutrient elements are shown in Table 16.

The treatments receiving TSP or struvite had greater mean tissue Cd concentrations than
those receiving pelletized biosolids. The treatments receiving TSP had a greater mean Ni
concentration than those receiving sludge ash.

Tissue concentrations of Ba, Sr, and V were negatively related to P,Os application rate.

Tissue Na concentration generally increased with application rate among treatments
receiving sludge ash or pelletized biosolids, but not among those receiving TSP or struvite,
resulting a significant source-by-rate interaction effect.

Tissue Hg concentration was not related to treatment in either crop, and there was no trend
toward elevated Hg concentration in treatments receiving ash sludge.

The effects of sludge ash and biosolids pellets on available soil Cu and Zn were generally
reflected in the concentrations of these metals in plant tissues. However, no treatment had
significantly higher tissue Cu or Zn concentrations than the control, and in no treatment were tissue
Cu or Zn concentrations high enough to cause phytotoxicity or raise concerns about toxicity to
humans. It remains to be seen whether tissue concentrations will increase over time if sludge ash
is used as a P source over multiple seasons.

Uptake of elements into plant tissues

Corn

Uptake of nutrient elements into corn shoots is shown in Table 17.

The treatments receiving struvite had a higher mean uptake of P than those receiving P
from any other source, and the ones receiving sludge ash had a higher mean P uptake than those
receiving TSP. Plant P uptake increased linearly with application rate. The response to application



rate was stronger for sources with higher mean P uptake, resulting in a significant source-by-rate
interaction effect.

The treatments receiving TSP or struvite had higher mean uptake of Ca than those receiving
pelletized biosolids, and higher mean uptake of Mg than those receiving pelletized biosolids or
sludge ash. The treatments receiving sludge ash or pelletized biosolids had higher mean uptake of
Cu than those receiving struvite, and those receiving pelletized biosolids also had a higher mean
Cu uptake than those receiving TSP. The treatments receiving sludge ash had a higher mean
uptake of Fe than those receiving pelletized biosolids or struvite. The treatments receiving TSP
had a higher mean uptake of Mn than those receiving sludge ash or pelletized biosolids. The
treatments receiving sludge ash had a higher mean uptake of Zn than those receiving P from any
other source.

Plant uptake of Ca, Mg, Mn, and Fe increased with application rate. Uptake of Zn among
treatments receiving 100 lbs P,Os/Ac was greater than at 200 Ibs P,Os/Ac and not significantly
greater than at 50 Ibs P,Os/ac.

The treatments receiving 50 Ibs P,Os/Ac had much higher uptake of Mo than those
receiving 100 or 200 Ibs P,Os/Ac among the treatments receiving sludge ash or struvite, but much
lower uptake among the treatments receiving TSP or biosolids pellets, resulting in a significant
source-by-rate effect. There was also a significant source-by-rate effect for Zn uptake, which
decreased with application rate among treatments receiving TSP or struvite and peaked notably at
100 Ibs P,0s/Ac for treatments receiving sludge ash.

As was true for tissue Zn concentration, the results for Zn uptake are strongly influenced
by two replicates (out of four) with very high tissue Zn concentrations and Zn uptake from the
treatment receiving 100 lbs P,Os/Ac as sludge ash (treatment 6). Further research is required to
validate these results.

Uptake of non-nutrient elements into corn shoots is shown in Table 18.

The treatments receiving TSP or struvite had higher Ba uptake than those receiving
pelletized biosolids, and higher Pb uptake than those receiving sludge ash or pelletized biosolids.
The treatments receiving sludge ash had significantly higher uptake of Ti than the treatments
receiving P from any other source, reflecting the high Ti concentration of sludge ash (Table 2).

Lettuce

Uptake of nutrient elements into lettuce shoots is shown in Table 19.

Plants from the treatments receiving struvite took up more P, on average, than plants from
the treatments receiving pelletized biosolids. Overall, lettuce P uptake increased with application
rate. However, the different P sources yielded different P uptake responses to P,Os application
rate, with TSP and sludge ash producing decelerating increases with rate, struvite producing an
accelerating increase, and pellets yielding linear increases. These differences in response resulted
in a significant source by rate interaction.

Plants receiving pelletized biosolids took up less Ca, Mg, and B than plants receiving P
from all other sources, less Mn than plants receiving TSP or struvite, and less Zn than those

10



receiving sludge ash. Plants receiving sludge ash took up less Mn than those receiving TSP. The
amount of each of these elements taken up increased with increasing application rate, except for
Zn, which displayed an insignificant trend in that direction. Uptake of N, K, S, Cu, and Mo also
increased with increasing application rate.

Uptake of B, Cu, K and Zn showed significant source-by-rate effects. B uptake increased
with application rate for all four P sources, but the relationship either accelerated (struvite),
decelerated (TSP and sludge ash), or increased linearly (pelletized biosolids) with increasing
application rate. Uptake of Cu, K, and Zn all showed similar variations in response to application
rate among P sources to each other. Uptake of these elements decreased with increasing
application rate among treatments receiving TSP, increased among those receiving sludge ash or
biosolids pellets, and showed no directional response to rate among treatments receiving struvite.

Non-nutrient elements: Uptake of non-nutrient elements into lettuce shoots is shown in
Table 20. Plants receiving pelletized biosolids took up less Ba and Sr than plants receiving any
other P source. They also took up less Cd than plants receiving TSP or struvite, while plants
receiving sludge ash took up an intermediate amount of Cd. Plants receiving sludge ash or
pelletized biosolids took up less Ni than plants receiving TSP, and less Si than plants receiving
TSP or struvite. Uptake of Ba, Cd, Na, Si, and Sr increased with increasing P,Os application rate,
while uptake of Cr peaked at 100 Ibs P,Os/Ac.

As was true of soil and tissue Hg concentration, uptake of Hg into above-ground tissues
was not related to treatment in either crop, and there was no trend toward elevated Hg uptake in
treatments receiving sludge ash.

Conclusions

The sludge ash and struvite examined in this study were adequate sources of P,Os, while
the pelletized biosolids was slightly less effective in this role. In general, all P sources tested
tended to increase plant biomass with increasing application rate, with greater responses by lettuce
than by corn. At the rates used based on P fertilizer requirements, neither product significantly
increased soil pH or E.C., and neither produced dangerous concentrations of metals or Na in the
soil or in plant tissues. Relative to the unfertilized control and fertilization with TSP or struvite,
fertilization with sludge ash or pelletized biosolids resulted in elevated soil concentrations in Cu
and Zn, as measured by DTPA extraction (plant available) but usually not by microwave extraction
(total), the exception being higher total soil Cu concentrations for sludge ash and pelletized
biosolids than for TSP in corn. These elevated Cu and Zn concentrations were reflected in tissue
concentrations and uptake, but in no treatment were tissue concentrations significantly greater than
in the control, nor were they high enough to present a health concern for human consumers. Sludge
ash and, to a smaller degree, pellets, had higher Hg concentrations than TSP or struvite, but this
had no effect on Hg concentrations in soil or tissues or on Hg uptake into tissues. While results
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from the greenhouse studies are promising, longer-term studies are necessary to evaluated ash
effects on crop responses and soil chemical properties under field conditions
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Table 1. Selected properties of Esterville sandy loam soil

Macronutrie nts Micronutrie nts----------------—- Soil propertie
Exchangeable Exchangeable Exchangeable - Exchangeable .
Bray P NOyN NH,OAc 4 SO.-S 2 4 Hot-H,O DTPA DTPA DTPA DTPA 4 1:1 slurry O.M.
K NH,OAc K NH4OAc Ca NH;OAc Mg B Cu Fe Mn Zn NH, OAc Na pH E.C.
(ppm) (mmhos/cm) (%)
17.7 8.9 84.5 74.9 6.5 2068 400 0.55 0.64 47.2 14.5 1.95 14.98 6.7 0.20 4.2

Table 2. Concentrations of selected elements, determined by microwave digestion and ICP
analysis, in Esterville sandy loam and each soil amendment. NT = not tested.

Estervill Pelletized
Element stervire TSP Sludge ash ¢ 0% Struvite
sandy loam biosolids

Abundant elements - concentrations in g / kg

Aluminum 10.2 1.5 26.7 4.1 0.9
Calcium 35 182.9 109.3 35.7 13.6
Iron 13.4 1.8 21.5 28.2 22.4
Magnesium 2.4 6.7 30.2 10.6 136.7
Manganese 0.99 0.02 10.79 2.24 2.27
Phosphorus 0.6 225.0 118.5 333 162.4
Potassium 1.0 1.6 25.6 3.0 0.7
Silicon 1.46 3.18 1.07 2.16 0.74
Sodium 0.11 4.72 6.03 2.44 0.24
Sulfur 0.08 12.37 1.68 2.39 0.26
Trace elements - concentrations in mg / kg
Antimony <0.010 NT <0.010 <0.010 <0.010
Arsenic 7.7 13.5 28.0 12.8 9.6
Barium 141 65 1244 534 64
Beryllium 1.79 2.01 2.75 3.04 2.32
Boron 19.8 45.0 73.0 50.9 31.4
Cadmium 0.54 15.43 5.95 2.00 0.98
Chromium 16 350 130 34 3
Cobalt 5.6 1.0 15.0 2.0 0.2
Copper 10 65 1936 921 48
Lead 8 5 107 21 12
Lithium 7.80 1.85 8.76 3.30 0.05
Mercury 0.082 0.008 2.513 0.415 0.160
Molybdenum 0.7 1.4 56.0 22.7 1.4
Nickel 12.9 32.8 88.1 28.5 3.6
Platinum <0.010 NT <0.010 1.963 <0.010
Selenium 0.6 NT 12.8 4.5 22
Silver <0.010 NT 13.5 1.6 <0.010
Strontium 102 808 459 326 215
Thallium <0.010 NT <0.010 <0.010 <0.010
Tin <0.010 NT 20.1 12.3 1.0
Titanium 228 77 1601 58 25
Zinc 46 417 2717 1095 59
Zirconium 5.8 NT 6.2 21.7 4.8
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Table 3. Amounts of each amendment (dry wt), and of each fertilizer used to correct N and K to a consistent rate, applied to 2,500 g soil
(dry wt) per pot for each treatment.

Treatment: Tested ame ndme nts------------------------ Fertilizers to correct N & K
Pelletized Potassium
Tre a;me nt (Ibs ll),:gt:/ AQ) P source TSP Sludge ash biosolids Struvi.te Urea chloride
/ pot (2,500 dry g soil)
1 0 None 0 0 0 0 0.195 0.208
2 50 TSP 0.139 0 0 0 0.195 0.208
3 100 TSP 0.278 0 0 0 0.195 0.208
4 200 TSP 0.555 0 0 0 0.195 0.208
5 50 Sludge ash 0 0.465 0 0 0.195 0.193
6 100 Sludge ash 0 0.930 0 0 0.194 0.178
7 200 Sludge ash 0 1.861 0 0 0.192 0.147
8 50 Pelletized biosolids 0 0 0.796 0 0.165 0.204
9 100 Pelletized biosolids 0 0 1.592 0 0.135 0.201
10 200 Pelletized biosolids 0 0 3.184 0 0.075 0.193
11 50 Struvite 0 0 0 0.363 0.159 0.208
12 100 Struvite 0 0 0 0.726 0.123 0.208
13 200 Struvite 0 0 0 1.451 0.051 0.208

Table 4. Plant percent stand 14 or 18 days after planting (December 12, 2013).

------------------------- Treatment: Stand (%)
Treatment P rate Corn  -—— Lettuce---——-
# (Ibs P,O5s/ Ac) P source 26-Dec  26-Dec  30-Dec
1 0 None 100 53 53
2 50 TSP 92 61 64
3 100 TSP 100 64 64
4 200 TSP 96 59 67
5 50 Sludge ash 92 61 73
6 100 Sludge ash 96 58 61
7 200 Sludge ash 92 39 41
8 50 Pelletized biosolids 92 47 70
9 100 Pelletized biosolids 100 59 72
10 200 Pelletized biosolids 96 64 70
11 50 Struvite 100 78 81
12 100 Struvite 92 53 75
13 200 Struvite 100 61 67
Overall treatment effect Treatment significance' NS NS NS
Treatment LSD (0.1) - - -
P»0s application rate and P rate' NS NS NS
source effects among fertilized P source' NS NS NS
treatments P source * rate’ NS NS NS
Contrasts against application Rate linear' NS NS NS
rate for fertilized treatments Rate quadralic] NS NS NS

'NS: P = 0.10; ++: 0.05 <P <0.10; *: 0.01 <P <0.05; **: P <0.01
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Table 5. Selected post-harvest properties of soil in each treatment for corn

Treatment: Available macronutrients -Available micronutrie nt: Soil propertie
Treatment P rate Bray P Olsen P K Ca Mg B Cu Fe Mn Zn 1:1 slurry E.C. O.M.
P source pH
# (Ibs P,Os/ Ac) (ppm) (mmbhos/cm) (%)
1 0 None 13.3 6.7 70.7 2308 408 0.49 0.91 58.1 22.1 2.35 6.4 0.43 4.0
2 50 TSP 19.3 10.5 64.8 2351 413 0.51 0.92 55.6 20.0 2.38 6.4 0.40 4.2
3 100 TSP 20.5 12.3 67.0 2302 399 0.48 0.95 57.1 20.4 2.42 6.4 0.43 4.1
4 200 TSP 34.3 19.8 723 2334 405 0.47 0.93 57.9 20.8 2.47 6.4 0.40 39
5 50 Sludge ash 16.8 8.8 70.5 2241 398 0.47 1.04 57.3 20.6 2.65 6.4 0.43 4.1
6 100 Sludge ash 22.5 10.8 72.5 2274 403 0.43 1.02 57.1 20.1 2.69 6.4 0.40 4.1
7 200 Sludge ash 31.0 14.0 72.0 2299 413 0.50 1.14 57.7 20.2 3.19 6.4 0.43 4.0
8 50 Pelletized biosolids 17.8 10.5 70.3 2247 399 0.44 0.97 57.1 20.5 2.44 6.4 0.40 4.1
9 100 Pelletized biosolids 15.8 9.0 73.0 2269 397 0.47 1.08 57.8 21.0 2.60 6.4 0.43 4.1
10 200 Pelletized biosolids 19.0 10.0 69.0 2310 406 0.50 1.32 57.6 20.6 2.80 6.4 0.43 4.2
11 50 Struvite 21.0 11.8 71.5 2284 417 0.43 0.96 57.9 21.0 2.43 6.5 0.43 4.1
12 100 Struvite 27.5 15.5 74.8 2301 417 0.45 0.93 57.5 20.5 2.38 6.4 0.43 4.0
13 200 Struvite 49.0 29.3 67.8 2257 437 0.47 0.89 55.1 18.5 2.34 6.4 0.40 4.1
Overall treatment effect Treatment sig'niﬁcanccl ** - NS NS - NS - NS NS . NS NS NS
Treatment LSD (0.1) 3.0 2.2 - -- 18 - 0.12 -- - 0.16 -- -- --
P10s application rate and P rate' wx o NS NS ++ NS * NS NS ok NS NS NS
source effects among fertilized P source’ wx Hox NS NS o NS o NS NS o NS NS NS
treatments P source * rate’ wx *ox NS NS NS NS o NS NS wx NS NS NS
Contrasts against application Rate linear' wx Hx NS NS * NS wx NS NS o NS NS NS
rate for fertilized treatments Rate quadraticl * ++ NS NS NS NS NS NS NS NS NS NS NS

'NS: P> 0.10; ++: 0.05 <P <0.10; *: 0.01 <P <0.05; **: P <0.01

Table 6. Selected post-harvest properties of soil in each treatment for lettuce.

Treatment: Available macronutrients -Available micronutrie nt: Soil propertie
Treatment P rate Bray P Olsen P K Ca Mg B Cu Fe Mn Zn 1:1 slurry E.C.  O.M.
P source pH
# (Ibs P,Os/ Ac) (ppm) (mmbhos/cm) (%)
1 0 None 17.5 9.8 81.8 2370 439 0.59 0.91 56.5 20.6 2.37 6.3 0.68 4.1
2 50 TSP 22.8 12.3 79.8 2352 434 0.58 0.93 57.5 21.4 2.32 6.4 0.53 4.0
3 100 TSP 29.0 15.3 78.5 2330 428 0.47 0.95 58.0 22.3 2.27 6.3 0.55 4.1
4 200 TSP 32.5 18.5 74.3 2287 417 0.54 0.96 58.1 22.0 2.33 6.3 0.48 4.0
5 50 Sludge ash 24.0 12.5 84.5 2350 438 0.59 0.97 56.8 20.6 2.57 6.3 0.70 4.1
6 100 Sludge ash 26.0 12.8 76.0 2276 422 0.57 1.01 55.6 19.8 2.61 6.3 0.53 4.2
7 200 Sludge ash 37.8 17.3 72.5 2246 420 0.59 1.12 57.6 21.3 3.09 6.4 0.53 4.1
8 50 Pelletized biosolids 20.8 11.0 82.8 2330 434 0.60 1.05 56.7 20.7 2.45 6.3 0.78 4.1
9 100 Pelletized biosolids 24.0 12.0 80.3 2344 435 0.64 1.11 56.9 20.5 2.75 6.3 0.65 4.1
10 200 Pelletized biosolids 25.5 14.8 79.0 2341 433 0.58 1.29 58.9 21.1 2.81 6.3 0.63 4.2
11 50 Struvite 27.3 14.3 75.8 2330 444 0.61 0.92 56.8 20.6 2.28 6.4 0.65 4.1
12 100 Struvite 35.5 18.5 79.0 2260 436 0.54 0.92 56.7 20.7 2.26 6.3 0.55 4.1
13 200 Struvite 55.0 31.8 75.5 2317 466 0.53 0.93 58.2 19.9 2.26 6.3 0.45 4.1
Overall treatment effect Treatment si;miﬁcanccl - - NS NS - NS - NS NS - NS ) NS
Treatment LSD (0.1) 43 2.9 - -- 19 -- 0.05 -- - 0.18 -- 0.19 --
P,0s application rate and P rate' wx Hx NS NS NS NS ok ++ ++ ok NS * NS
source effects among fertilized P source’ wx Hx NS NS Hx NS wx NS NS wx NS * NS
treatments P source * rate’ o ok NS NS ++ NS Hx NS NS Hx NS NS NS
Contrasts against application Rate linear’ Hx ok * NS NS NS wx * NS w* NS o NS
rate for fertilized treatments Rate quadratic'’ NS NS NS NS NS NS NS NS NS NS NS NS NS

'NS: P> 0.10; ++: 0.05 <P <0.10; *: 0.01 <P <0.05; **: P <0.01
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Table 7. Concentrations of nutrient elements in post-harvest soil of corn plant pots, determined by microwave digestion and ICP analysis.

Treatme nt: Macronutrients (ug / dry gram s oil)---------  —=—=mmmemmmemm. Micronutrients (ng / dry gram s 0il)---------------—
Trea;me nt (Ibs 1;::: 20) P source P K Ca Mg s B Cu Fe Mn Mo Zn
1 0 None 630 1117 4287 2498 429 35.8 8.47 16494 912 0.252 52.0
2 50 TSP 647 1012 4579 2547 437 32.4 7.84 15024 867 0.568 49.2
3 100 TSP 642 1137 4469 2523 433 34.8 8.16 15857 909 0.241 52.1
4 200 TSP 650 1100 4670 2537 425 34.6 8.11 15591 859 0.048 51.9
5 50 Sludge ash 627 1056 4324 2475 425 33.0 8.39 15384 845 0.015 50.5
6 100 Sludge ash 662 1115 4483 2519 432 34.8 9.19 15810 822 0.367 52.6
7 200 Sludge ash 683 1041 4118 2429 421 349 8.83 15850 845 0.103 52.6
8 50 Pelletized biosolids 628 1029 4489 2517 434 343 9.02 15458 897 0.193 52.0
9 100 Pelletized biosolids 613 1065 4229 2475 435 335 8.15 15190 826 0.125 51.4
10 200 Pelletized biosolids 636 1035 4342 2454 439 33.2 8.68 15632 898 0.444 51.1
11 50 Struvite 643 1203 4475 2595 432 34.1 8.16 15477 821 0.010 524
12 100 Struvite 635 1086 4296 2585 431 34.2 8.45 15626 836 0.063 52.0
13 200 Struvite 664 1085 4210 2472 424 34.5 8.46 16061 835 0.439 50.6
Overall treatment effect Treatment signiﬁcancel - NS NS NS NS NS - NS NS NS NS
Treatment LSD (0.1) 44 - - - -- - 0.92 -- - - --
P20s application rate and P rate’ ++ NS NS NS NS NS NS NS NS NS NS
source effects among fertilized P source' ++ NS NS NS NS NS * NS NS NS NS
treatments P source * rate’ NS NS NS NS NS NS NS NS NS * NS
Contrasts against application Rate linear' * NS NS NS NS NS NS NS NS NS NS
rate for fertilized treatments Rate quadraticl NS NS NS NS NS NS NS NS NS NS NS

'NS: P >0.10; ++: 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01

Table 8. Concentrations of non-nutrient elements in post-harvest soil of corn plant pots, determined by microwave digestion and ICP analysis.

Treatment: Ele ment:
Treatment P rate Al As Ba Be Cd Co Cr Hg Li Na Ni Pb Si Sr Ti v
# (Ibs P05/ ac) P source g/ g dry soil
1 0 None 12627 3.62 154 0.705 0.155 7.96 16.0 0.007 9.66 225 15.6 12.2 1483 16.0 252 22.0
2 50 TSP 11967 3.55 153 0.685 0.139 7.56 14.3 0.002 9.16 240 14.6 11.8 1491 15.4 222 20.0
3 100 TSP 13170 3.88 161 0.694 0.159 7.84 16.1 0.004 9.95 242 15.5 12.1 1393 16.6 256 22.0
4 200 TSP 12714 3.57 147 0.675 0.160 7.94 15.3 0.009 9.71 247 14.3 12.2 1411 16.2 254 21.9
5 50 Sludge ash 12306 3.62 146 0.687 0.141 7.88 15.8 0.004 9.06 225 15.8 11.5 1430 15.5 226 21.1
6 100 Sludge ash 12968 3.68 151 0.677 0.177 7.78 18.8 0.005 9.61 241 16.3 12.3 1435 16.0 247 21.9
7 200 Sludge ash 12036 3.40 144 0.678 0.136 7.67 16.8 0.002 9.12 224 15.5 11.9 1438 15.4 231 21.4
8 50 Pelletized biosolids 12025 3.54 150 0.687 0.170 7.85 13.6 0.006 9.01 248 14.3 12.4 1474 153 224 20.5
9 100 Pelletized biosolids 12307 3.43 148 0.702 0.140 7.62 14.3 0.003 9.30 235 14.1 12.2 1474 15.5 233 20.7
10 200 Pelletized biosolids 12084 3.56 152 0.690 0.160 7.71 14.1 0.004 8.88 249 14.5 12.0 1469 15.2 222 20.6
11 50 Struvite 13597 3.49 153 0.709 0.183 7.69 17.2 0.001 10.24 244 15.2 11.8 1440 17.2 255 229
12 100 Struvite 12934 3.57 147 0.687 0.151 7.91 16.1 0.004 9.62 237 15.1 12.3 1415 16.0 250 21.7
13 200 Struvite 12535 3.69 147 0.681 0.155 7.93 15.9 0.002 9.60 223 15.7 12.1 1415 15.8 238 21.6
Overall treatment effect Treatment significance’ NS NS NS NS NS NS NS NS NS * NS NS NS NS NS NS
Treatment LSD (0.1) - - -- - - - - -- - 19 - - - - - -
P»0s application rate and P rate’ NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
source effects among fertilized P source’ NS NS NS NS NS NS wok NS NS * ok NS ++ NS NS NS
treatments P source * rate’ NS NS NS NS NS NS NS NS NS * NS NS NS NS NS NS
Contrasts against application Rate linear' NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
rate for fertilized treatments Rate quadratic’ NS NS NS NS NS NS NS NS NS NS NS ++ NS NS NS NS

'NS: P >0.10; ++: 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01
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Table 9. Concentrations of nutrient elements in post-harvest soil of lettuce plant pots, determined by microwave digestion and ICP analysis.

Treatme nt: Macronutrients (ug / dry gram s oil)---------  —=—=mmmemmmemm. Micronutrients (ng / dry gram s 0il)--------------——

Trea;me nt (Ibs 1;::: 20) P source P K Ca Mg s B Cu Fe Mn Mo Zn

1 0 None 617 1022 4318 2468 412 325 7.98 14998 855 0.947 49.2

2 50 TSP 628 1046 4441 2497 410 342 8.48 15636 881 1.383 50.9

3 100 TSP 637 1039 4360 2419 413 32.5 8.13 14923 861 0.174 50.0

4 200 TSP 677 1201 4541 2596 435 36.5 8.35 16670 892 0.124 54.3

5 50 Sludge ash 656 1086 4537 2476 422 32.5 8.37 15094 836 0.686 51.1

6 100 Sludge ash 644 1025 4384 2456 422 32.4 8.71 14932 860 0.231 50.6

7 200 Sludge ash 705 1091 4292 2524 421 333 9.06 15693 902 0.673 53.6

8 50 Pelletized biosolids 610 1092 4466 2515 405 345 8.50 15391 929 0.769 50.6

9 100 Pelletized biosolids 636 1161 4419 2521 420 34.7 8.77 15258 800 0.327 51.4

10 200 Pelletized biosolids 640 1091 4300 2462 417 339 8.32 15098 839 0.560 51.7

11 50 Struvite 644 1063 4326 2465 419 33.4 7.95 15368 870 0.782 50.3

12 100 Struvite 656 1139 4272 2555 410 349 8.79 16355 850 0.112 51.1

13 200 Struvite 690 1111 4368 2581 417 34.6 8.08 15584 862 0.703 51.4
Overall treatment effect Treatment signiﬁcancel - NS NS NS NS NS NS NS NS * *
Treatment LSD (0.1) 27 - - - -- - - -- - 0.727 2.5

P20s application rate and P rate’ wE NS NS NS NS NS NS NS NS ok b
source effects among fertilized P source' wE NS NS NS NS NS NS NS NS NS NS
treatments P source * rate’ NS NS NS NS NS NS NS NS NS NS NS
Contrasts against application Rate linear' o NS NS NS ++ NS NS NS NS NS ok
rate for fertilized treatments Rate quadraticl NS NS NS NS NS NS NS NS NS wok NS

'NS: P >0.10; ++: 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01

Table 10. Concentrations of non-nutrient elements in post-harvest soil of lettuce plant pots, determined by microwave digestion and ICP analysis.

Treatment: Ele ment:
Treatment P rate Al As Ba Be Cd Co Cr Hg Li Na Ni Pb Si Sr Ti v
# (Ibs P05/ ac) P source g/ g dry soil
1 0 None 11766 3.46 152 0.681 0.130 7.72 14.5 0.010 8.45 138 14.2 11.90 1466 14.6 213 20.0
2 50 TSP 12128 3.55 155 0.691 0.172 7.88 15.1 0.006 8.84 147 15.7 12.50 1448 15.0 222 20.2
3 100 TSP 12017 3.41 155 0.673 0.176 7.73 15.0 0.011 8.73 130 15.1 11.65 1459 15.2 226 20.2
4 200 TSP 13807 3.65 167 0.703 0.152 8.05 17.2 0.010 10.08 152 14.9 12.30 1410 17.1 261 23.8
5 50 Sludge ash 12307 3.60 158 0.684 0.134 7.71 17.2 0.003 8.76 139 15.9 11.90 1473 15.4 232 20.5
6 100 Sludge ash 12065 3.57 152 0.673 0.149 7.64 15.6 0.006 8.57 134 15.2 12.05 1500 14.9 222 20.1
7 200 Sludge ash 12537 3.57 158 0.718 0.191 8.01 18.0 0.007 9.10 135 16.7 12.15 1445 16.1 239 21.9
8 50 Pelletized biosolids 12253 3.51 158 0.670 0.130 7.58 14.2 0.008 8.93 144 15.2 12.05 1460 15.6 235 20.9
9 100 Pelletized biosolids 13081 3.50 151 0.703 0.147 7.60 15.5 0.007 9.47 147 14.0 11.98 1458 16.1 250 21.6
10 200 Pelletized biosolids 12521 3.76 158 0.685 0.197 7.54 14.6 0.006 9.31 136 14.8 12.10 1441 15.7 237 21.1
11 50 Struvite 12270 3.56 161 0.689 0.153 7.62 14.0 0.006 8.81 133 14.5 11.85 1450 15.4 219 20.9
12 100 Struvite 12888 3.79 157 0.679 0.138 8.05 16.4 0.007 9.47 127 15.9 11.77 1433 15.9 264 22.4
13 200 Struvite 12828 3.60 156 0.699 0.157 7.79 17.5 0.006 9.42 123 15.2 11.95 1413 15.8 250 21.3
Overall treatment effect Treatment significance' NS NS NS NS o NS * NS NS * * NS NS - * y
Treatment LSD (0.1) - -- -- - 0.053 - 2.8 -- -- 17 1.5 -- -- 1.5 32 2.2
P,0s application rate and P rate’ NS NS NS NS ++ NS * NS +— NS NS NS +—+ ++ ++ *
source effects among fertilized P source’ NS NS NS NS NS NS ++ NS NS wok ++ NS NS NS NS NS
treatments P source * rate’ NS NS NS NS NS NS NS NS NS NS ++ NS NS NS ++ ++
Contrasts against application Rate linear' * NS NS ++ * NS * NS * NS NS NS * * * *
rate for fertilized treatments Rate quadratic’ NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

'NS: P >0.10; ++: 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01
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Table 11. Linear dimensions and biomass of corn shoots in each treatment.

Treatment: ----Linear dimensions---- Biomas
Treatment P rate Height Diameter Fresh weight  Dry weight  Dry matter
4 (Ibs P;05/ Ac) P source (cm) (@ (%)
1 0 None 127 0.89 187.0 29.0 15.5
2 50 TSP 127 0.86 171.8 28.4 16.5
3 100 TSP 130 0.88 181.6 30.7 16.9
4 200 TSP 131 0.88 184.3 30.7 16.6
5 50 Sludge ash 123 0.86 182.4 29.3 16.0
6 100 Sludge ash 128 0.86 176.6 29.3 16.7
7 200 Sludge ash 129 0.86 184.2 30.7 16.7
8 50 Pelletized biosolids 127 0.87 177.1 27.8 15.7
9 100 Pelletized biosolids 131 0.88 185.9 29.4 15.8
10 200 Pelletized biosolids 120 0.86 178.8 28.9 16.2
11 50 Struvite 129 0.86 176.2 27.4 15.6
12 100 Struvite 129 0.86 185.2 31.3 16.9
13 200 Struvite 126 0.88 187.9 31.4 16.7
Overall treatment effect Treatment significance' NS NS NS y -
Treatment LSD (0.1) - -- -- 2.7 0.9
P05 application rate and P rate’ NS NS NS ** *
source effects among fertilized P source’ NS NS NS NS *
treatments P source * rate’ NS NS NS NS NS
Contrasts against application Rate lincar' NS NS NS ok *
rate for fertilized treatments Rate quadratic‘ NS NS NS * *
'NS: P >0.10; ++ 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01
Table 12. Biomass of lettuce shoots in each treatment.
Treatme nt Biomas
Treatment P rate Fresh weight  Dry weight Dry matter
# (Ibs P,O5/ Ac) P source (g) (%)
1 0 None 79.4 7.0 8.8
2 50 TSP 93.1 8.3 8.9
3 100 TSP 104.5 9.3 8.9
4 200 TSP 110.6 10.1 9.1
5 50 Sludge ash 67.7 5.9 8.8
6 100 Sludge ash 106.0 9.0 8.5
7 200 Sludge ash 110.4 9.6 8.7
8 50 Pelletized biosolids 66.8 6.0 8.9
9 100 Pelletized biosolids 85.3 7.2 8.5
10 200 Pelletized biosolids 98.3 8.0 8.2
11 50 Struvite 92.5 8.1 8.6
12 100 Struvite 95.9 8.8 9.2
13 200 Struvite 131.0 11.6 8.9
Overall treatment effect Treatment signiﬁcanccl . - NS
Treatment LSD (0.1) 22.8 1.9 -
P05 application rate and P rate' Hox wx NS
source effects among fertilized P source’ * wx NS
treatments P source * rate’ NS NS NS
Contrasts against application Rate linear' Hx Hx NS
rate for fertilized treatments Rate quadratic’ NS NS NS

'NS: P >0.10; ++: 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01
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Table 13. Concentrations of nutrient elements in corn plant shoot tissues, determined by microwave digestion or dry combustion and ICP analysis.

Treatment Macronutrients Micronutrie nts --------------mommommmeemeen
Treatment P rate P N K Ca Mg S B Cu Fe Mn Zn
# (Ibs P,O5/ ac) Psource mg / g dry weight ng / g dry weight-——-——mmeemeemeemeem
1 0 None 1.20 8.59 14.3 2.80 3.85 0.63 5.31 2.07 20.8 17.7 3.4 14.3
2 50 TSP 1.26 8.61 14.4 3.11 4.13 0.65 8.98 2.56 21.6 22.7 53 12.4
3 100 TSP 1.34 8.91 14.2 3.13 4.20 0.65 9.37 1.97 23.0 25.5 8.6 10.7
4 200 TSP 1.55 8.25 12.8 3.01 4.27 0.60 8.73 2.23 22.3 23.0 8.2 9.8
5 50 Sludge ash 1.38 8.59 14.1 2.80 3.86 0.64 8.44 3.06 21.9 19.5 10.3 13.5
6 100 Sludge ash 1.50 8.84 13.5 2.89 4.02 0.64 8.02 2.38 24.7 19.0 53 19.3
7 200 Sludge ash 1.72 8.79 13.8 3.10 4.08 0.66 9.43 2.40 33.4 21.9 4.7 12.4
8 50 Pelletized biosolids 1.38 9.20 14.4 2.99 4.15 0.65 7.83 2.59 20.9 18.9 6.1 12.9
9 100 Pelletized biosolids 1.50 9.10 14.0 2.81 3.92 0.65 8.72 2.87 20.5 19.0 7.6 13.6
10 200 Pelletized biosolids 1.59 9.28 14.4 2.88 4.23 0.69 8.96 2.94 23.4 20.8 7.8 13.3
11 50 Struvite 1.58 9.19 14.7 3.06 4.21 0.69 7.40 2.69 21.2 21.1 11.5 12.6
12 100 Struvite 1.69 8.31 13.0 2.95 4.32 0.66 9.13 2.21 21.4 21.6 6.2 11.7
13 200 Struvite 2.14 8.13 12.6 2.95 4.51 0.62 8.23 1.59 20.5 21.0 5.7 9.5
Overall treatment effect Treatment signiﬁcancel - - - NS i NS NS - - ** NS **
Treatment LSD (0.1)  0.10 0.84 1.1 -- 0.37 -- - 0.69 7.6 3.2 - 2.5
P»0s application rate and P rate' Hox NS ok NS ++ NS NS * NS NS NS ok
source effects among fertilized P source’ wok * ++ NS wok NS NS Hok * ok NS Hok
treatments P source * rate’ ok NS ++ NS NS NS NS ++ NS NS -+ ok
Contrasts against application Rate linear' wok NS ok NS * NS NS * ++ NS NS *
rate for fertilized treatments Rate quadratic’ NS NS NS NS NS NS NS NS NS NS NS *
'NS: P >0.10; ++: 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01
Table 14. Concentrations of non-nutrient elements in corn plant shoot tissues, determined by microwave digestion or dry combustion and ICP analysis.
Treatment- Ele ment:
Treatment P rate Al As Ba Be Cd Co Cr Hg Li Na Ni Pb Si Sr Ti v
# (Ibs P,Os/ ac) P source ng/ g dry matter:
1 0 None 12.7 0.849 11.7 0.018 0.020 0.059 0.697 0.007 0.087 37.1 0.430 0.423 1600 6.09 2.87 0.315
2 50 TSP 7.0 1.782 11.7 0.013 0.042 0.017 0.719 0.002 0.013 72.2 0.348 0.749 1683 6.36 0.09 0.253
3 100 TSP 18.3 0.198 12.0 0.006 0.001 0.044 0.677 0.004 0.061 57.3 0.359 0.965 1765 6.41 0.08 0.276
4 200 TSP 10.8 1.490 115 0.014 0.105 0.020 0.797 0.009 0.037 51.7 0.516 0.821 1714 6.26 0.72 0.288
5 50 Sludge ash 16.0 0.287 11.4 0.014 0.015 0.008 0.750 0.004 0.072 40.9 0.405 0.426 1558 6.07 3.60 0.265
6 100 Sludge ash 9.7 0.895 10.6 0.011 0.043 0.027 0.849 0.005 0.024 31.1 0.578 0.495 1750 5.98 1.87 0.265
7 200 Sludge ash 19.3 0.491 10.9 0.005 0.032 0.019 0.829 0.002 0.020 39.4 0.467 0.236 1723 6.34 0.56 0.287
8 50 Pelletized biosolids 10.1 0.165 12.0 0.011 0.031 0.022 0.692 0.006 0.028 45.9 0.421 0.279 1634 6.43 0.23 0.284
9 100 Pelletized biosolids 9.8 1.408 10.7 0.006 0.097 0.007 0.678 0.003 0.025 30.4 0.415 0.260 1685 5.85 0.50 0.247
10 200 Pelletized biosolids 10.5 0.405 10.1 0.014 0.275 0.000 0.776 0.004 0.049 51.1 0.335 0.391 1655 5.97 0.24 0.305
11 50 Struvite 5.9 1.297 12.0 0.005 0.057 0.000 0.704 0.001 0.016 59.9 0.532 1.758 1700 6.67 0.03 0.301
12 100 Struvite 6.5 2.155 11.3 0.009 0.142 0.026 0.762 0.004 0.009 62.7 0.200 0.691 1730 5.93 0.04 0.301
13 200 Struvite 6.8 1.922 11.3 0.007 0.044 0.000 0.631 0.002 0.025 78.6 0.546 1.010 1650 6.17 0.05 0.307
Overall treatment offect Treatment significance’ NS NS ++ NS NS NS NS NS NS NS NS * NS NS NS NS
Treatment LSD (0.1) - - 1.4 - - - - - - - - 0.762 - - - -
P»0s application rate and P rate’ NS NS * NS NS NS NS NS NS NS NS NS NS ++ NS NS
source effects among fertilized P source’ NS NS ++ NS NS NS NS NS NS ++ NS ok NS NS * NS
treatments P source * rate’ NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Contrasts against application Rate linear’ NS NS * NS ++ NS NS NS NS NS NS NS NS NS NS NS
rate for fertilized treatments Rate quadratic’ NS NS NS NS NS + NS NS NS NS NS NS + * NS NS

'NS: P> 0.10; ++: 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01

19



Table 15. Concentrations of nutrient elements in lettuce plant shoot tissues, determined by microwave digestion or dry combustion and ICP analysis.

Treatment Macronutrients Micronutrie nts --------------mommmmmeeemeen
Treatment P rate P N K Ca Mg S B Cu Fe Mn Zn
# (Ibs P,0O5/ ac) Psource mg / g dry weight ng/ g dry weight-——-——mmeemeemeemeee
1 0 None 2.66 29.4 36.1 12.9 7.86 2.61 19.6 10.0 68.3 105 5.9 50.5
2 50 TSP 2.57 27.1 33.4 13.8 7.63 2.47 18.8 9.4 74.5 116 8.2 46.8
3 100 TSP 2.51 26.7 28.7 13.1 7.35 2.25 19.3 7.8 72.6 120 9.1 43.7
4 200 TSP 2.32 23.6 22.9 12.0 6.81 1.83 17.2 6.0 48.0 104 9.0 30.6
5 50 Sludge ash 2.80 31.1 42.6 17.9 8.28 2.84 17.9 11.6 105.0 108 15.8 49.7
6 100 Sludge ash 3.03 27.6 31.4 13.2 8.33 2.53 20.6 10.2 68.7 102 9.0 55.6
7 200 Sludge ash 3.08 25.0 32.1 13.4 8.26 2.34 22.4 9.4 70.5 105 11.1 54.0
8 50 Pelletized biosolids 2.55 29.0 37.8 16.3 7.23 2.57 14.8 10.6 81.4 83 6.5 35.7
9 100 Pelletized biosolids 2.67 28.7 33.5 14.0 7.15 2.45 17.0 10.6 74.6 90 3.8 44.6
10 200 Pelletized biosolids 3.42 29.7 35.5 13.8 8.27 2.66 19.5 11.8 74.3 85 9.1 47.9
11 50 Struvite 2.99 283 37.0 14.6 8.20 2.58 19.7 9.4 70.8 108 7.6 50.3
12 100 Struvite 2.35 26.4 27.8 12.4 6.51 2.16 16.4 7.1 54.3 91 6.6 37.6
13 200 Struvite 3.13 22.5 23.7 13.0 7.82 1.84 20.7 6.8 70.1 104 10.1 33.3
Overall treatment effect Treatment significance’ ) - - NS NS - - ** NS NS NS -
Treatment LSD (0.1)  0.65 3.0 9.0 -- -- 0.34 4.6 2.1 -- -- - 11.2
P,0s application rate and P rate' ++ w* ok * NS ** NS * NS NS NS NS
source effects among fertilized P source’ ++ *ok * NS NS ok ++ Hok NS wx NS *x
treatments P source * rate’ NS ++ NS NS NS ++ NS NS NS NS NS *
Contrasts against application Rate linear' ++ ki ok ++ NS ok * ok ++ NS NS NS
rate for fertilized treatments Rate quadratic’ NS NS * NS NS NS NS NS NS NS NS NS
'NS: P >0.10; ++: 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01
Table 16. Concentrations of non-nutrient elements in lettuce plant shoot tissues, determined by microwave digestion or dry combustion and ICP analysis.
Treatment- Ele ment:
Treatment P rate P source Al As Ba Be Cd Co Cr Hg Li Na Ni Pb Si Sr Ti v
# (Ibs P,0s/ ac) ng / g dry matter Mg/ g =mmmmmmmmmmmmmmmmmmmmeeneeen ng / g dry matter-----nn-m-mnnmmmmmmmmmmeeee
1 0 None 28.3 0.529 31.3 0.000 0.729 0.013 0.314 0.010 0.073 13.2 0.709 0.609 588 24.1 0.557 0.482
2 50 TSP 39.6 0.625 32.0 0.000 0.816 0.020 0.302 0.006 0.070 12.3 1.104 0.454 614 253 0.450 0.539
3 100 TSP 35.9 0.764 27.2 0.001 0.818 0.071 0.573 0.011 0.090 115 0.800 0.583 537 23.6 0.435 0.437
4 200 TSP 17.4 0.461 25.9 0.000 0.807 0.020 0.294 0.010 0.050 12.1 0.889 0.366 503 22.7 0.377 0.428
5 50 Sludge ash 73.4 0.956 43.7 0.000 0.634 0.000 0.522 0.003 0.101 11.5 0.466 0.367 573 33.8 1.183 0.526
6 100 Sludge ash 26.1 0.070 29.4 0.000 0.772 0.000 0.326 0.006 0.073 16.0 0.447 0.740 501 24.6 0.320 0.447
7 200 Sludge ash 35.1 0.583 28.4 0.000 0.667 0.008 0.317 0.007 0.075 14.7 0.414 0.288 584 23.8 0.485 0.415
8 50 Pelletized biosolids 52.2 0.131 37.1 0.000 0.520 0.000 0.516 0.008 0.083 9.3 0.709 0.185 438 30.6 2.302 0.552
9 100 Pelletized biosolids 74.1 0.388 32.8 0.001 0.712 0.010 0.649 0.007 0.057 11.7 0.941 0.638 456 27.6 0.342 0.504
10 200 Pelletized biosolids 28.3 0.412 26.8 0.001 0.576 0.023 0.364 0.006 0.031 16.0 0.338 0.333 578 24.7 0.152 0.361
11 50 Struvite 31.6 0.598 35.8 0.001 0.741 0.054 0.334 0.006 0.081 14.3 0.723 0.391 528 27.1 0.367 0.415
12 100 Struvite 232 0.351 30.2 0.001 0.714 0.000 0.450 0.007 0.100 10.5 0.608 0.530 489 23.4 0.053 0.405
13 200 Struvite 45.3 0.021 29.7 0.000 0.894 0.045 0.335 0.006 0.087 13.0 0.641 0.485 558 23.2 0.907 0.415
Overall treatment effect Treatment significance’ NS NS NS NS ++ NS NS NS NS * NS NS NS NS NS NS
Treatment LSD (0.1) - - - - 0.242 - - - - 3.7 - - - - - -
P»0s application rate and P rate’ NS NS wok NS NS NS NS NS NS ++ NS NS NS * NS *
source effects among fertilized P source’ NS NS NS NS wx NS NS NS NS NS ++ NS NS NS NS NS
treatments P source * rate’ NS NS NS NS NS NS NS NS NS * NS NS NS NS NS NS
Contrasts against application Rate linear’ NS NS Hok NS NS NS NS NS NS * NS NS NS * NS *
rate for fertilized treatments Rate quadratic' NS NS NS NS NS NS NS NS NS NS NS ++ NS NS NS NS

'NS: P> 0.10; ++: 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01
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Table 17. Uptake of nutrient elements into corn plant shoot tissues (2 plants/pot).

Treatment Macronutrients Micronutrie nts --------------mommmmmeeemeen
Treatment P rate P N K Ca Mg S B Cu Fe Mn Zn
# (Ibs P,05/ ac) P source mg / pot ng / pot
1 0 None 34.8 249 413 81.0 112 18.2 154 60.5 603 513 102 413
2 50 TSP 35.7 244 408 88.0 117 18.3 253 71.5 612 644 149 351
3 100 TSP 40.9 272 432 95.4 128 19.8 287 60.0 701 791 254 330
4 200 TSP 47.7 252 392 92.1 131 18.5 268 67.5 682 702 246 300
5 50 Sludge ash 40.0 250 407 80.9 112 18.8 244 88.6 644 572 278 394
6 100 Sludge ash 4.1 259 396 84.8 118 18.8 235 69.6 722 558 155 568
7 200 Sludge ash 53.0 270 423 95.1 125 20.3 288 73.9 1018 670 143 381
8 50 Pelletized biosolids 38.3 255 400 83.0 115 18.1 217 71.5 582 526 170 357
9 100 Pelletized biosolids 44.2 267 411 823 115 19.1 256 83.3 602 558 221 399
10 200 Pelletized biosolids 459 267 412 83.0 122 19.8 259 83.6 678 603 223 383
11 50 Struvite 43.6 251 403 83.6 115 18.9 204 73.2 583 576 306 346
12 100 Struvite 53.0 260 406 91.8 135 20.6 285 68.2 668 674 195 366
13 200 Struvite 67.3 255 395 92.5 141 19.5 258 50.1 644 656 181 296
Overall treatment effect Treatment significance’ - - NS - - NS i - i - NS -
Treatment LSD (0.1) 4.5 21 - 9.1 9 -- 74 18.4 218 94 - 77
P»0s application rate and P rate' ok * NS * ok NS ++ NS * * NS ok
source effects among fertilized P source’ wok NS NS * wok NS NS ok * ok NS Hok
treatments P source * rate’ * NS NS NS NS NS NS ++ NS NS * *
Contrasts against application Rate linear' *ok ++ NS * *x NS -+ NS wok * NS NS
rate for fertilized treatments Rate quadratic’ NS * NS NS ++ NS NS NS NS NS NS Hok
'NS: P >0.10; ++: 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01
Table 18. Uptake of non-nutrient elements into corn plant shoot tissues (2 plants/pot).
Treatment: Ele ment:
Treatment P rate Al As Ba Be Cd Co Cr Hg Li Na Ni Pb Si Sr Ti \%
P source
# (Ibs P,Os/ ac) g / pot mg/pot === Hg / pot------- mg / pot g / pot
1 0 None 370 26.3 338 0.537 0.561 1.714 20.6 0.205 2.500 1.07 12.4 12.6 50.0 177 88.6 9.14
2 50 TSP 197 52.0 330 0.364 1.145 0.431 20.5 0.054 0.357 1.98 10.0 21.7 46.9 179 2.5 7.20
3 100 TSP 553 6.2 367 0.181 0.018 1.232 20.4 0.120 1.977 1.66 10.9 29.1 54.1 196 2.9 8.32
4 200 TSP 327 46.7 351 0.427 3.069 0.636 24.5 0.258 1.133 1.58 15.9 24.8 52.5 192 22.5 8.86
5 50 Sludge ash 472 9.0 336 0.451 0.443 0.236 22,5 0.131 1.841 1.22 12.3 13.0 45.3 175 115.1 7.85
6 100 Sludge ash 284 26.0 311 0.329 1.249 0.801 24.8 0.161 0.718 0.91 16.9 14.4 51.3 175 53.8 7.76
7 200 Sludge ash 564 15.2 334 0.146 1.000 0.533 252 0.075 0.627 1.21 14.1 7.4 52.7 194 16.1 8.76
8 50 Pelletized biosolids 284 4.6 332 0.311 0.870 0.574 19.2 0.175 0.748 1.26 11.6 7.7 45.3 178 6.9 7.87
9 100 Pelletized biosolids 284 39.9 315 0.188 2.765 0.203 20.1 0.083 0.734 0.90 12.4 7.6 49.4 171 15.0 7.23
10 200 Pelletized biosolids 301 12.2 295 0.402 7.398 0.000 22.4 0.112 1.355 1.56 9.6 12.6 47.8 172 6.9 8.83
11 50 Struvite 163 31.9 330 0.127 1.361 0.000 19.7 0.043 0.368 1.65 14.4 49.0 46.7 182 0.9 8.31
12 100 Struvite 202 69.3 353 0.268 4.635 0.866 24.0 0.118 0.261 2.00 6.2 21.2 543 185 1.1 9.28
13 200 Struvite 213 59.9 355 0.218 1.359 0.000 19.9 0.064 0.748 2.45 17.1 31.6 52.2 193 1.5 9.60
Overall treatment offect Treatment significance' NS NS NS NS NS NS NS NS NS NS NS * ++ NS NS NS
Treatment LSD (0.1) - - - - - - - - - - - 23.0 8.2 - - -
P»0s application rate and P rate’ NS NS NS NS NS NS NS NS NS NS NS NS ok NS NS ++
source effects among fertilized P source’ NS NS * NS NS NS NS NS NS ++ NS ok NS ++ * NS
treatments P source * rate’ NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Contrasts against application Rate linear’ NS NS NS NS ++ NS NS NS NS NS NS NS * ++ NS *
rate for fertilized treatments Rate quadratic' NS NS NS NS NS ++ NS NS NS NS NS NS ok NS NS NS

'NS: P>0.10; ++ 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01
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Table 19. Uptake of nutrient elements into lettuce plant shoot tissues (2 plants/pot).

Treatment: Macronutrients Micronutrients
Treatment P rate P N K Ca Mg S B Cu Fe Mn
# (Ibs P,05/ ac) P source mg / pot ng / pot
1 0 None 17.9 203 243 87 52.9 18.1 140 71.0 475 732 48.1 354
2 50 TSP 21.0 222 273 113 63.1 20.3 155 77.7 596 973 68.4 388
3 100 TSP 23.6 246 267 123 68.7 21.0 183 74.2 695 1143 85.6 417
4 200 TSP 23.5 234 228 122 68.9 18.3 176 61.8 482 1061 92.7 312
5 50 Sludge ash 15.9 181 225 93 46.1 16.1 102 62.8 582 585 66.7 289
6 100 Sludge ash 27.2 246 281 120 75.2 22.7 187 91.9 618 928 83.5 502
7 200 Sludge ash 28.9 240 295 126 77.4 222 215 88.4 679 999 99.2 520
8 50 Pelletized biosolids 14.5 164 194 81 40.0 14.2 89 57.1 388 471 51.9 211
9 100 Pelletized biosolids 19.1 203 224 91 49.7 16.9 121 74.7 475 648 25.8 328
10 200 Pelletized biosolids 27.0 237 280 110 65.3 21.0 155 93.6 586 681 68.0 383
11 50 Struvite 22.4 217 253 103 61.6 19.8 156 69.8 530 836 43.4 394
12 100 Struvite 20.9 229 236 107 56.9 18.6 147 61.9 467 796 60.8 332
13 200 Struvite 35.8 259 272 149 89.3 21.1 238 77.3 784 1186 112.1 383
Overall treatment effect Treatment signiﬁcancel - - b - - NS - - NS . NS )
Treatment LSD (0.1) 6.0 64 67 21 16.0 -- 44 26.7 -- 259 - 147
P,0s application rate and P rate' ok o NS o ok ++ o ++ NS o NS ++
source effects among fertilized P source’ * NS NS ok wok NS ok NS NS ok NS *
treatments P source * rate’ * NS * NS ++ NS * * NS NS NS *
Contrasts against application Rate linear’ *x wx * *x w* * *x * NS ok * ++
rate for fertilized treatments Rate quadratic’ NS NS NS NS NS NS NS NS NS NS NS NS
'NS: P >0.10; ++: 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01
Table 20. Uptake of non-nutrient elements into lettuce plant shoot tissues (2 plants/pot).
Treatment: Ele ment:
Treatment P rate Al As Ba Be Cd Co Cr Hg Li Na Ni Pb Si Sr Ti v
P source
# (Ibs P,0s/ ac) g / pot mg/pot === Hg / pot------- mg / pot g / pot
1 0 None 207 3.31 212 0.000 4.73 0.092 2.07 0.072 0.603 89 5.22 4.44 4.76 163 3.84 3.35
2 50 TSP 308 4.28 261 0.000 6.73 0.162 2.45 0.051 0.620 101 8.97 4.01 5.04 206 3.35 4.43
3 100 TSP 349 7.65 256 0.013 7.75 0.711 5.68 0.106 0.856 107 7.69 4.70 5.03 221 4.28 4.11
4 200 TSP 171 4.06 262 0.000 8.34 0.150 3.00 0.099 0.474 121 9.73 3.80 5.12 230 2.88 4.34
5 50 Sludge ash 411 5.54 228 0.000 3.67 0.000 2.92 0.016 0.784 71 2.65 2.90 2.61 174 7.15 3.05
6 100 Sludge ash 231 0.66 264 0.000 7.00 0.000 2.94 0.053 0.694 144 4.06 6.13 4.45 221 2.97 3.99
7 200 Sludge ash 353 5.72 269 0.000 6.41 0.092 3.03 0.074 0.651 138 4.01 2.53 5.68 225 5.10 3.99
8 50 Pelletized biosolids 208 0.99 183 0.000 2.94 0.000 2.28 0.063 0.635 61 3.70 0.44 2.68 151 15.29 3.17
9 100 Pelletized biosolids 580 2.40 213 0.004 4.28 0.030 4.59 0.063 0.328 89 8.33 4.66 2.99 179 1.31 3.60
10 200 Pelletized biosolids 221 3.05 212 0.011 4.61 0.175 2.93 0.051 0.274 126 2.85 2.74 4.61 196 1.16 2.81
11 50 Struvite 251 4.31 254 0.011 5.77 0.508 2.48 0.051 0.773 112 6.85 2.66 3.71 191 2.42 3.40
12 100 Struvite 195 3.65 258 0.013 6.33 0.000 3.69 0.062 0.926 94 5.09 4.65 4.63 200 0.40 3.50
13 200 Struvite 498 0.26 342 0.000 10.19 0.512 3.82 0.072 0.992 148 7.43 5.76 6.37 265 9.75 4.75
Overall treatment offect Treatment significance' NS NS ok NS o NS NS NS NS ok NS NS ok o NS NS
Treatment LSD (0.1) -- -- 40 - 2.09 -- - - - 41 ++ - 1.73 37 - -
P»0s application rate and P rate’ NS NS wok NS wok NS ++ NS NS Hok NS NS ok Aok NS NS
source effects among fertilized P source’ NS NS o NS wx NS NS NS NS NS * NS * wx NS NS
treatments P source * rate’ NS NS ++ NS NS NS NS NS NS NS NS NS NS NS NS NS
Contrasts against application Rate linear’ NS NS Hok NS il NS NS NS NS HE NS NS Hok wE NS NS
rate for fertilized treatments Rate quadratic' NS NS NS NS NS NS * NS NS NS NS + NS NS NS NS

'NS: P> 0.10; ++: 0.05<P <0.10; *: 0.01 <P <0.05; **: P <0.01
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Appendix D. Metro Plant Emissions Data for Fluid Bed
Incinerators 1, 2, and 3
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MACT Parameters Existing Permit @
:;' Start End Feed Rate cd d:::::z/ furans co Hl He NOX Pb TSP (PM) 50, PM2.5 :allrt::r::tee I:::::I:Itee PM-10 Pb He He Metal Haps | Volatile Hel N20
g Date Date el TEE viomer | atatoria Combined HAPS
T67hr (2.0 mg
me/ ng/ ng/ me/ me/ me/ blank Ib/ b/ b/ b/ b/ gms/ Ibs/ Ibs/ Ibs/
Units=>| dtph dscm dscm dscm ppmvd ppmvd dscm ppmvd dscm dsem pmvd | correction) ton hr hr ton ton 24hr ton ton ton ppmvd
EPA Final MACT Limits for Fluid Bed Reactors (FBRs) 02/21/2011 Existing Air Permit
“NEW toRs A B B e - - T B M BT o | as | 2 | oo oos | w0 [ oos [ oo [ o
Metro FBR1
c | os/22/08 04/22/08 37 0.00000627] 024
c | oi2s/08 01/29/08 42 0.0000547 0.0000129]  1.97 0.00129
c| o308 03/11/08 44 0.063 028 00139 0.005
c | 09/16/08 09/16/08 42 0.0000146] 0.7
c | 12/16/08 12/16/08 4.9 0.55
c | 12718008 12/18/08 4.0 0.0000058] 0.5
c | o210/08 02/10/09 4.0 0.000021 0.0000372] 173 0.00116
c | o03/a/08 03/24/09 44 0.02 0.09 0.0098 0.004
c | 033109 03/31/09 43 0.47
c | os/s/09 04/28/09 44 0.00000488| 047
c | 09/09/09 09/09/09 3.8 0.00000446| 0.6
c [ 10/29/09 10/29/09 42 000000943 0.62
1| o02/08/20 02/09/10 38 0.03 04 285 [
c | 0302710 03/02/10 41 0.03 012 0.0096, 0.004
D | 03/02/10 03/02/10 4.10 0.00039 017 0.0007 0.0020 24
c | 03/09/10 03/09/10 45 0.52
c | o03/30/10 03/30/10 35 0.0000348 0.0000118 0.000742
c | o4/06/20 04/06/10 3.0 0.0000135
c | 19m 11/29/11 5.0 0.03 014 0.0091 0.001
C 12/06/11 12/06/11 4.7 0.57
c | 1mym 12/13/11 45 0.00000856 0.0000109 0.000245
c | osus 04/01/15 4.50 0.0002 0.00004 0.029 338 0.016 0.0027 285 0.0006 247 19
c | o406 04/20/16 4.60 0.0003 0.00000 0.00670 164 0.040 0.00025 28.0 0.0018 173 5.4




= MACT Parameters Existing Permit Parameters (2)
s stort end dioxins/ Filterable | Filterable e —
H o ot Feed Rate cd furans co Hal Hg NOx Pb TSP (PM) so, PM25 | Particulate | Particulate | - PM-10 Pb Hg Comeg | MetalHaps| Y0 Hl N20
T™B(3) Matter | Material
me/ ng/ me/ me/ me/ T6/hr (2.0 mg b/ ] 5/ ] b/ gms/ Tbs/ Tos/ Tbs/
Units=>| dtph dscm dscm ppmvd ppmvd dscm ppmvd dscm dscm ppmvd blank ton hr hr ton ton 2ahr ton ton ton ppmvd
EPA Final MACT Limits for Fluid Bed Reactors (FBRs) 02/21/2011 Existing Air Permit
Existing FBRs 0.0016 01000 | 12 64 0.51 0.0370 150 | 00074 | 18 15
130 257 201 0.00097 0.0036 3200 0.065 0.034 01
NEW FBRs | o011 00044 | 0013 27 024 00010 30 | ooo0e2 | 96 5.3
Metro FBR2

c | oi/o3/08 01/03/08 41 0.29
c | o20s/08 02/05/08 41 0.0000313 197
c | oa/15/08 04/15/08 38 0.0000313 13
c | o09/23/08 09/23/08 3.2 0.00000171 0.7
c | 10/07/08 10/07/08 45 0.06 026 0.0048 0.006
c | 101408 10/14/08 45 3.75
c | 11s/08 11/18/08 3.0 0.000044 0.00000669 0.0146
c | 12/04/08 12/04/08 46 26 16.7 0.87
c | o8/ 02/18/09 3.2 0.000000451| 173
c | oap1/00 04/21/09 3.1 0.0000025]  0.47
c | o91s/0 09/15/09 41 0.0000074] 06
c | 10/13/00 10/13/09 35 0.0000547 0.0000224]  0.62 0.000845
b | 10/13/09 10/13/09 0.0006 0.0013 0.0001
o | 12/01/09 12/01/09 014
c | 12/01/00 12/01/09 42 0.02 0.08 0.0107 0.004
c | 12/08/0 12/08/09 42 0.67
| o02/09/10 02/10/10 3.60 0.00075 0.0300 15 134 o
c | 1200710 12/07/10 43 0.90
c | 12/09/10 12/09/10 48 0.02 0.10
D 12/09/10 12/09/10 1.25
c | o3aps 03/25/15 4.50 0.0002 0.00001 0.018 23 0.020 <0.0007 2.9 0.0008 2.07 <2.0
c | osie 09/01/16 0.0006 0.00000 0.003 6.6 0.044 0.0002 138 0.0007 184 5.0
E




= MACT Parameters Existing Permit Parameters (2)
= start end dioxins/ dioxins/ Filterable | Filterable o T
ki Date Date Feed Rate cd furans furans co Hel Hg NOx Pb TSP (PM) so, Particulate | Particulate |  PM-10 Pb Hg Combined | Metal HAPS | L HCl N20
TEQ (3) TMB(3) Matter Material
me/ ng/ ng/ me/ me/ me/ b/ b/ 67 ] 67 gms/ Tbs7 Tbs/ Tbs7
Units dtph dscm dscm dscm ppmvd ppmvd dscm ppmvd dscm dscm ppmvd ton hr hr ton ton 24hr ton ton ton ppmvd
EPA Final MACT Limits for Fluid Bed Reactors (FBRs) 02/21/2011 Existing Air Permit
Existing FBRs [ o006 | om0 | 12 | e4 | os1 | o030 | 150 | ooor4a | 18 | 15 | 130 e o1 000097 00036 2200 0065 0034 o1
NEW FBRs [ o001 | oooas | 0013 | 27 | o024 | o000 | 30 | ooooe2 | 96 | 53 | ’ ’ ’ ’ ’ : ’ )
Metro FBR3
D 12/09/04 12/09/04 0.0630
C 04/09/08 04/09/08 3.9 0.0000689 0.00000477 0.19 0.000935
C 02/12/08 02/12/08 4.0 0.00000105 1.97
C 09/09/08 09/09/08 3.3 0.0000011 0.7]
C 09/09/08 09/09/08 3.3 0.00000067 0.43
C 10/28/08 10/28/08 4.7 0.06 0.29 0.0108 0.005
C 11/04/08 11/04/08 3.9 0.000001
C 12/09/08 12/09/08 4.6 0.48
C 02/24/09 02/24/09 3.5 0.00000144 1.73
C 04/14/09 04/14/09 2.7 0.0000133 0.00000483 0.47 0.000743
C 10/20/09 10/20/09 2.9 0.00000316 0.62
C 11/10/09 11/10/09 3.9 0.02 0.07 0.0108 0.004
D 11/10/09 11/10/09 0.16 11
I 02/11/09 02/12/09 3.40 0.00097 1.3 2.26E+01 0
C 12/15/09 12/15/09 4.0 0.75
D 02/11/10 02/11/10 13 22.56 0
C 04/15/10 04/15/10 4.3 0.03 0.11 0.008
C 12/14/10 12/14/10 4.4 1.05
C 03/26/15 03/27/15 43 0.0002 0.000001 0.020 29.5 0.348 0.0011 13.1 0.0006 1.93 <2.4
c | os/22116 04/23/16 0.0001 0.000000 0.000 74 0.040 0.00024 129 0.0011 047 12
E Dec-17 PM 2.5 Test 1 4.7 0.36
E Dec-17 PM 2.5 Test 2 4.5 0.26
3 Dec-17 MACT Test 1 47 0.000074 62 0.00018 108 0.0004 11
3 Dec-17 MACT Test 2 46 0.000072 6.6 0.00018 118 0.0005 1.0
E Apr-18 PM 2.5 Test 1 4.7 0.24
E Apr-18 PM 2.5 Test 2 4.5 0.16
E Apr-18 PM 2.5 Test 3 0.32
3 Apr-18 Metals Test 1 45 0.000072 88 0.00018 144 0.00013 1.0
E Apr-18 Metals Test 2 4.5 0.000090 4.9 0.00018 13.9 0.00016 11
E Apr-18 Metals Test 3 4.6 0.000072 5.5 0.00018 13.9 0.00012 1.0




Appendix E. Metro Plant Facilities Design Data

tom [Unit | Design | Yearinstalled__|
Solids Management Building
Centrifuges 2005 (7), 2008 (1)
Type Decanter (High Solids)
Number 8
Capacity, each dtpd 70
Loading dtph 2.5
Centrifuge Feed Tanks 2005
Type Rectangular
Number 2
Capacity, each gallons 60,000
Centrifuge Feed Pumps 2005 (7), 2008 (1)
Type Progressing Cavity
Number 8
Capacity, each gpm 340
Centrifuge Feed Grinders 2005
Type Heavy-Duty, In-Line
Number 8
Capacity, each gpm 340
Centrifuge Feed Tank Air Compressors 2005
Type Positive Displacement
Number 2
Capacity, each scfm 1000
Cake Pumps 2005
Type Hydraulic Piston
Number 8
Capacity, each gpm 60
Cake Pipeline Lubrication Pumps 2005
Type Metering Diaphragm
Number 16
Capacity, each gph 180 @ 1,000 psi
Cake Bin 2005
Type Steel
Number 4
Capacity, each ftd 2,290
Polymer Storage Tanks 2005
Type Fiberglass
Number 4
Capacity, each gallons 12,000
Polymer Mix Tanks 2005
Type Fiberglass
Number 3
Capacity, each gallons 4,800
Polymer Feed Tanks 2005
Type Fiberglass
Number 4
Capacity, each gallons 4,800
Polymer Transfer Pumps 2005
Type Progressing Cavity
Number 8
Capacity, each gpm 40
Polymer Feed Pumps 2005
Type Progressing Cavity
Number 8
Capacity, each gpm 20
Fluidized Bed Incinerators 2005
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Type Fluidized Sand
Number 3
Capacity, each dtpd 105
Precooler 2005
Type Shell and Tube
Number 6
Capacity, each gpm 600
Heat Recovery Units 2005
Type Shell and Tube
Number 4
Capacity, each ft3/min 75,000
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Appendix F. Solids Management Building Modifications
Included in Recent Projects

Solids Management Building Modifications Included in Recent Solids Management
Building Projects

Component

Centrifuges

Cake Bins &
Cake Pumps

Incinerator

Fluidizing Air
Blower

Flue Gas Duct

Primary Heat
Exchanger

Metro Plant Solids Processing
Improvements (construction
completed 2015)

Add overfire air — redirect a
portion of the combustion air to
the incinerator freeboard to
reduce the use of cooling water
sprays

Replace inlet valves on fluidizing

air blowers — decrease size to
improve control

Replace crossover duct —
upgrade to stainless steel
material to mitigate premature
corrosion damage

Replace expansion joints -
mitigate air leaks into the flue
gas traint

Replace primary heat
exchangers — avoid pending
failure caused by thermal
cracking of tubes at the tube
sheet

Metro Plant SMB
Baghouse/Scrubber/
Miscellaneous
Improvements (design
initiated 2018)

Renew air distribution in one
incinerator with new design
— demonstrate effectiveness
of proposed design

Installed eighth centrifuge
(CF6) in 2008

Repaired and coated internal
surface of corroded cake
bins

With NOx emission
concentrations cut in half
between 2005 and 2013
(from 48 ppm to 24 ppm) by
reducing bed temperatures,
the ammonia system was
decommissioned in July,
2014.

Ran silica sand from 2015-
2017. After experiencing
high sand loss rates at times,
switched back to olivine sand
in 2017.

A new motor for the FBR1
fluidizing air blower was
provided in 2015 after the
2014 feed sludge tank
overflow incident.

Reskinned inlet and outlet
tees 2011-2011.
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Component

Waste Heat
Boiler

Steam Turbine
G7

Noncondensing

Steam Turbine
G9

Auxiliary
Condenser

Boiler
Feedwater
system

Baghouse

Scrubber

Wet
Electrostatic
Precipitator

Metro Plant Solids Processing
Improvements (construction
completed 2015)

Replace economizer sections all
boilers - avoid pending failure
caused by erosion and
cementitious buildup on tubes.
Included design modifications to
improve flow distribution and
mitigate tube abrasion at the
tube sheets.

Replace selected waste heat
boiler sections — complete
forensics to identify issues

Replace Baghouse Covers —
includes re-design of insulation
and seal and upgraded stainless
steel alloy material to mitigate
corrosion.

Add bypass to secondary heat
exchanger — allows operation of
baghouse at higher temperature
to mitigate corrosion

Removed bypass valves to
mitigate leakage in 2014

Disconnected purge air blower
and installed orifice plates to
reduce purge air flow into the
flue gas train.

Metro Plant SMB
Baghouse/Scrubber/
Miscellaneous
Improvements (design
initiated 2018)

Replace baghouse inlet duct
supports — correct observed
sagging

Replace waste heat boiler
tube sections — address
known high wear areas

Replace ash transporters
and valves — address
abrasion issues

Replace auxiliary condenser
— avoid pending failure

Rehabilitate baghouse
hoppers - permanently
repair areas that have been
temporarily patched

Replace ash transporters
and valves — address
abrasion issues

Modify scrubber — optimize
scrubber performance

Major overhauls in 2006,
2009 (reblade stages
1,2,3,8) and 2014 (T&T valve
and bent rotor)

Replace HVAC system —
increase cooling capacity

Installed and started in
February 2003.

Replaced in July 2010 after
28 of the 210 tubes were
plugged due to leakage.

Replaced RO membranes
2007, 2009, 2011, 2017.

Installed epoxy coating on
corroded carbon steel covers
in 2006. Complete bag
changeout 2007, 2011, and
2015.

Reskinned lower BH access
doors 2009

Reskinned upper plenums
2013.

Installed larger packed tower
nozzles.

Replace control panel
2015. Installed filters on
purge air pipe 2018.
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Component

Induced Draft
Fan

Secondary
heat exchanger

Process Areas
Vacuum
Systems

Digital Control
System

Carbon system

Odor Control

Wet Scrubber

Backup service
for natural gas

Metro Plant SMB
Baghouse/Scrubber/
Miscellaneous
Improvements (design
initiated 2018)

Metro Plant Solids Processing
Improvements (construction
completed 2015)

Replace Induced Draft Fan
Motors — increases size to
maintain operation within the
motor service factor

Install internal sprays — prevent
chemical buildup

Replace SMB vacuum

system — increase capacity
Reroute F&I2/408 vacuum

system bag filter vent —
reduce plugging of vent

pipes

Renew — ensure continued

service

Add propane system —
replace old fuel oil system

Installed abrasion pipe
inserts in outer tube rows of
HEXSEC starting in 2006.
Continued to check upper
tubes during shutdown.

Changed PLCs from ABB
Conductor software to
Modicon Quantum software
2013.

Changed gearboxes from
15:1 to 60:1 gear ration in
2005. Maximum carbon rate
decrease to 6 pph. Changed
back to 15: 1 gearbox in
2012 to restore 12 pph
carbon maximum flow rate.

Installed extra 6 inches of
pall ring stainless steel
packing in packed tower in
20009.

1. This and modifications to the carbon injection and the wet electrostatic precipitator reduced air in-leakage from 30% to < 5% of

the flue gas flow.
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Appendix G. Metro Plant Solids Management Building Floor
Plan
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Processing Capacity at the Metro Plant
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Contents @

¢ Updates

— Inputs
Starting projection year average annual = 2016 value
Sludge storage fill tank level to access contingency condition counting =
170.8 (per discussion with Mike M and Peter)

— Simulation Addition — Logic to Curtail (end) a PM upon the Number of

Failed Units

Now includes a logic input that, if the number of failed units gets above an
input criteria, then any unit in PM will be immediately put back into service
The amount of PM remaining is captured and reported as planned PM not
performed
With this addition that is more close to actual conditions, number of units
on-line and sludge to landfill more closely match observed info

— Past info corrections
Corrected table and revised cumulative probability plots to match original
graphs (included graphs at end)

— Jan 22, 2018 Added two runs with shorter renewal mainfenance times and corrected some
legends

* New ltem
— Attempted additional method to work towards alsc putting info in a relatable
framework




Input Updates — Solids Producti
For Projection Period

INPUTS
Scenario Designation: 3 Units, UM avg failure p = 0.0162

System Processing Requirements

nnual Solids Production [dtpd]: € (2016 value used for first projection year)
ds Production for Future Years [dtpd/yr) ——— i
Monthly Solids Production Factors using the Max Month Input Factor From Warping the Past Average Curve
Month | Days in Day of the Year | MJ/A factor | M/A factor
Month Star End | notwred | wred

Jan 31 1 31 0938 0938
Feb 28 32 59| 1042 1044
Mar 31 60 90| 1018 1.018|
Apr 30 91 120 1059 1.059|
May 31 121 151 1103 1103
Jun 30 152 181 1150 1.150]
July 3 182 212 1.028] 1.028
Aug 31 13 243 0.892 0.892
Sep 30 244 2713 0911 0911
Oct 31 274 304 0946 0.946
Nov 30 305 334 0972 0972
Dec 31 335 365 0.945 0.946
Sum: 365 Avg: 1001 1001

W Avg 1 1 [

Input Updates — SST Fill Level O,
used in critical condition ID

Sludge Storage Tank Level AVAILABLE Data

—.  1e0

o 140 Now Using 170.9 ft

o Maximum 2015/2016 +10 ft:
E 10.9 ft Greater than Dashboard
¢ 120 High Range,:

’é_ 0.9 ft Higher than the "Hairs on
3 100 Fire" Condition for Cperations
x indicating additional action is likely
i) 80 to be needed

@

@ 60

o

&

o 40

o

=

@ 20

8

2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Cumulative Probability

® 2015and 2016 data  ® 2015 and 2016 data




Input — Capacity Characteristics

Treatment Train Characteristics

Alkaline Addition System Char

Capacity While Operating
DTPD When 2 FBRs On - Cumulative Probability (% Greater than or equal)

130 130 330,

12s. | FBR#1 FBR#2 s | FBR# 3
120

115

110

105

100.

95

80 90. S0.

8s. 8S. 85

80 80, 80.

0% 10% 20% 30% 40% SO% 60% 0% 10% 20% 30% 40% 5S0% 60% 0% 10% 20% 30% 40% S0% 609

Input — Capacity Characteristics
Additional Info - CORRECTED

FBR Miass Flow Rate (dtph) During Perlods with 2 FaRs Running
FaR 1 FBR2 FBR 3
e oA Data w2 |FO7 DA WithSludge] ForbamWithout | o Tror Data with sudge] ForDats without | = ror Data with ude]For Data Without
toloadout Also | Sludge to Loadout toloadout Also | Sludge to Loadout toloadoutAlso | Sludge to Loadout
£8Rs Aunning #BRs Aunning y . FBRs Running ¥
Running Running Running Running Running Running

2012
count 101 49 213 185 121 E
s05%-tile 1015 1027 1032 1052 1061 103.9)
5%l 106.7 106.5 1085 110.0 1110 108.0)
109 108.7 1322 1117 140 1144 112.2
114 1127 1154 113.9) 1167 115.] u7.)
155 % 109) » 125] 2 =
50%-tile 1001 103 584 %62 103.8 1004 1021
5% tle 1058 108.0 108.1 1085 108.0) 108.2] 113.2
9 0%tile 109 1153 102.5 1024 1161
Qo 5%l 133 1150 1103 13 113.6 115.] 175

[&] 2016
O—> count 200 20 130| 106 2 148 102)
= 50%-tile 1043 1044 0.9 106.3| 106.2) 1026 0a.5)
o 75%-tile 108.0 106.9 108.5 1114 1134 110.0 111
O s0%-tile 1121 1Ly 1124 1164 1124 1134 15
95 %l 1s2 s 1159 119, 1220) 13| 1151

01710 025

Count a7 15 a2 i 2 7] 17 E
30%ile 1088 1088 1085 1004 5.6 1004 1053 105.
5%l 107.3 105.0 107.6) 1067 Notel 106.5) 1095 109.9
50 %-tile 1095 1085 1104 1111 Note 1 1111} 12.4] 1144
95 %-tile 114 Note1 1116 1134 Notel 113.9 Natel 115.2

Note 1. Excel function returned an errar, it is likely there were too few data points for the Excel to calculate the cumulative probability by its method.

See pages at end for reformatted cumulative probability graphs

Using full processing day screening criteria of:
-FBR daily average >= 10 wtph (~67 dtpd) ‘

-Sludge to Landfill daily average >= 0.2 dtph (4.8 dtpd) METROPOLITAN
c L




PM Curtailment in the Real World(?)

Status Tracking Projeot FOR 1h: utage Data
Track D with Observations
o Fesmged Lt Toekos [ - : o :
e apuin | brdesBucarded |, Brisd o PR | vcckend)-Puoiec | consisters wihsamping fese
Status - 8| < Gupthiordayl | <Gt for day) eedlia RocardedOays | appeoach - Fiojest
7 7

il fL

7 7[R day
a 8|FBA 2 h
1 1
ATTI201T & B i
e [V nbe sk, ome
2| 20 o] neon Tnarzom| 1 ) 1|pericd inctuging ane in feiced outage
2| L) Lz Br0R0T ey i i 3|58 Sheadown
e 8 Exl
3l e 00w T 3| 3 EGELT] iy imiing o 3pacty T e,
3| 2020 Wi20i20%) D100, 1 i 1| Essotic sl PHiMaintanance.an FBR 3 an
L R ]
3l V26 120, 420 Tisezoe| 2 3 1|tacked on to the end of a lowed shutdown.
3 ez, TIEIE0% | Fror - dron agndidiesd 7 1138 day b s dowriFor slocr oA P
e iz a
k| 7 ki 5|forced outage. i
3 B i i .
WTWHB be ek, 9203 dovnfor slectrcal s, A day with all FBS down for some
3| 1 1 1|periad with sne in d
3 1 i 1{SMB Shutdown
San) ET) 2 2|

Number 3 does not appear to have received 2 of the programmed long
duration planned maintenance shut downs during this =1 year period
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Input — Maintenance and Renewal
Characteristics — Now With PM
Curtailment Option

FBR Urit's Mainterance st L
Naximum A ]

vEd NumDer ¢

Trput Resalts in
(X3 322
| 0.01530) Events per unit
] peryear in 2016 |
| |
FBR Unit's Planned Maintznance Imput Results in i
" 208

Planned Mo X g i [ 122

weer Ma nt v a t Y ting o Events per unit
peryearin 2016 i

uration [d

2 Input Results in '
1338

Event days auration |1
"T] per unit per year in 2016 |1

*ostart - if nusber in TM is o= limit, place units in BM Lo svailable and captu

units_in um = O

i-1Ton unic
umita_in_um % = unite in um u + unic_stataali, &)
Nexs 1
If units_in_um @ >= pu_curtail_no_in um Then
fori=17Tenuais
Ir untc_status(i, 8 = 1 Then
Uee_pm_day_sum = des_pw dey_sum + (pe_dus_siese - usic_stetus(l, §1)
unir smerus(r, 4) = 1
s)

" 8
snit_szatua(i, 8 = 0

500 12 METROPOLITAN
C o0 UNG G I L

available and caprure che am

' end - if number in WM fs >= limic, pI

8




Failure Rate Input for
Comparisons

Status Tracking Project FER History Data From 519116 vo 9115117 — Overall Brief Summary
Tonal Enpressed Total
Item FEBR1 FBRZ FBR3 Total P pres Total- Zand 3 | Expreszed Per
er 3 Units )
2 Units
Unplanned Maintenance
Total Humber of Days Withour Feed perVear 235 TEqes| a0EE|ETEs kx| 64,53 3547
Total Number of Events per Year 0.74 4.43 S5 10.33 3.44 9.53) 4.80)
Met Days 'Without F eed per Event 4.00 7.83 5.86 - 6.57] - 6.77)
Planned Maintenance Total-1andz [ 1ot
Expressed Par
Total Mumber of Days 'ithout Feed perYear 42.08 4132 2287 10625 35.42] 53.30] 4169
Actuzal Toral Mumber of Events perv'ear 517 4.43 5.30 18.50 S.17) 9.53 4.30]
Mumber of Major Events Per vear to Distribute Over 200 200 200 200 2,00 4.00 2,00
Met Days per Major Event for Risk Evaluation 2103 2066 1144 53.13 171 41.63] 20.85]
Failure Rate Low PMfor 3
Days Dperating per year [365 -UM-PM) 319.99[ 283.00 3187 306.95) 290.54f
Dperating Days Availole per year [365-PM) 22,94 42,13 3239.58 3233
Failure Rate - Time to Failae Ga ntstoperating day) 00023 cEI 153 0.0166 0.2 00165
Failure Rate - Time Betn een Failure Basis (eventsidayl 0.0023| 4 0.0151 0. 0104 0.0143)
Median L
METROPOLITAN
G O UNGC I L

PM Curtailment - Simulated

Treatment Train Characteristics

FBR Units O}
| ) |

Alkaline Addition System Characteristics

Input Results in
342
Events per unit
per year in 2016
I

| ——
trrgut-Results in

[
i
t
i
t

203 I

[
f
«
t
t

pil Events per unit
| peryear in 2016
2 Input Results in
2 13.328

Event days duration
per unit per year in 2016

FBR Renewal Maintenance




PM Curtailment — Simulated

Preventative Maintenance Days Not Performed Due to Curtailing PM Because of Failure of
an Operating Unit - Days per Unit per Year

(15.5/2.03)/21 = 36% of Scheduled PM Not Accomplished

200

ar)

180

16.0 = “~ a0 \

| \
6.0 | 1 '
40

20

Planned Maintenance Mot Performed Due to UM [Days/Unit/Y,
=
=]
=)

00
2005 2010 2015 2020 2025 2030 2035 2040 2045

- Simulation Days of Deferred (Curtailed) PM

PM Curtailment — Simulated - 3 ()

Estimates of Metro Solids Processing Units in Operating or Available Status - Current Run
300

250
200
x Xy

150

100

Days Per Year at System Status (days/per year)

50

0
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045

——3 Units Operating or Available - 3 Units, shortened PM, unit failure rate (TTF) = 0.0153 1/day, PMs are curtailed upon a failure

% Three Operating




PM Curtailment — Simulated - 2 ()

Estimates of Metro Solids Processing Units in Operating or Available Status - Current Run
300

250 X
200 | ; y
150

100

Days Per Year at System Status (days/per year)
X

50

[t}
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045

-2 Units Operating or Available - 3 Units, shortened PM, unit failure rate (TTF) = 0.0153 1/day, PMs are curtailed upon a failure

¥ Two Operating

PM Curtailment — Simulated - 1

Estimates of Metro Solids Processing Units in Operating or Available Status - Current Run

45
=

@

g

T 40

3

3

z

=

b 35

E: |

5

b 30 | f\ |

£ X

o 25

4

o

5 ‘
Lo 20 x i {
G \ /
a

e

rD>v- 15 x ‘f

0 *
2000 2003 2010 2015 2020 2025 2030 2035 2040 2045

——1 Unit Operating or Available - 3 Units, shortened PM, unit failure rate (TTF) = 0.0153 1/day, PMs are curtailed upon a failure

X One Operating




PM Curtailment — Simulated - 0 ()

Estimates of Metro Solids Processing Units in Operating or Available Status - Current Run

7
I 6 X
&
2
%
g
g s X
5
5
&
E 4 x x
g
A
®
5
8 3 X
5
o
£
%
a 2 X X
1 x x
0 X X X
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045

——0 Units Operating or Available - 3 Units, shortened PM, unit failure rate (TTF) = 0.0153 1/day, PMs are curtailed upon a failure

X Zero Operating

PM Curtailment — Simulated —
Sludge to Landfill

Estimates of Metro Solids Processing Requirements Above FBR Capacity % of Total Solids

16.0% Produced - Current Run
T
2
Ed
3
B 14.0%
a
bl
2
5 12.0% o
2
z
g
3 10.0%
ey
S
o
@
e
g 8o%
3
3
e
=
g 0%
2
5
g
= 40% L4
5
?
&
8
3
s 0
< 20% o
B
]
&

0.0%

2005 2010 2015 2020 2025 2030 2035 2040 2045

——Other Disposal - 3 Units, shortened PM, unit failure rate (TTF) = 0.0153 1/day, PMs are curtailed upon a failure
€ Historic Mass to Alkaline Addition (Cake Pump)




PM Curtailment — Simulated - (")
Sludge to Landfill — Capacity Used

Estimates of Metro Solids Processing Requirements Above FBR Capacity - Current Run

250
"% 200
8
&
2 150
g i Capacity on this order works in
non-renewal years at historic
g loads with PM Curtailment

SO M"//\/

/
0
2005 2010 2015 2020 2025 2030 2035 2040 2045
——Maximur Day to Other Processing - 3 Units, shortened PM, unit failure rate {TTF) = 0.0153 1/day, PMs are curtailed upon 2 failure

\en operating) - 3 Units, shortened PM, unit failure rate (TTF) = 0.0153 1/day, PMs are curfailed upon a failure

—— Average to Other Processing {w

PM Curtailment — Simulated -
Critical Conditions

Estimate of Number of Critical Events per Year with Extra Contingency Actions
2.50
SS5T High Level Defining Critical Events > 170.5 ft
PM Curtailment is a big contributor fo |
200 lowering the number of critical events /'
during non-renewal years '

Number of Critical Events with Salids Production Backup {events/year)

1.00 I fA 1 I
|
|( |||I I/ \ III' \ II
0.50 ( I| [ |II -'l
I| | I|I| \ | \\ |
| I|k .'II I 'II \__._ ——')
' \ i o e ——
0.00 il e
2005 2010 015 2020 2025 2030 2035 2040 2045

——Ewvents per Year With inadequate ge 3 Units, shortenes




Simulation Runs - PM Curtailment

Treatment Train Characteristics

FBR Units O

Input Results in
348
Events per unit

7 per year in 2016

Input Results

203
Events per unit
peryear in 2016
Input Results in

13328
Event days duration
per unit per year in 2016

Sim Runs - Without PM Curtailment - 3

"
Treatment Train Characteristics
L3
Alkaline Addition System €7 |
|
FBR Unit's Unplanned Maintenance [
Probabilin ure when operating Input Results in
0.01530 338
0.01530 Events per unit [
per year in 2016 F
| Y
A
Input Results in [
| 122 190 n
710 Events per unit n
per year in 2016 A
Input Results in B
21.000 o
3 Event days duration [N
er ¢ o cause a < ed and rted to availal [ per unit per year in 2016 |0
METROPOLITAN
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Sim Runs - Without PM Curtailment - 4

Treatment Train Characteristics

FBR Units

Alkaiine Addition System Characteristics

FER Unit's Wi a
[ max -

Input Results in
301

1 0.01530 Events per unit

per year in 2016

FBR Unit's Planned

Input Results in
161

Events per unit

per year in 2016
2 Input Results in
2 21,000
Event days duration
{ 2] ) perunitperyearin 2016
a

Sim Runs - Without PM Curtailment - 3 and@
75% of current failure rate

FBR Units Choracteristics

e 7|
Atkatine Additon Sysiem

[ Alkaline Asdition Syste

FBR Unit's Maii 2,

e

Input Results in
23
Events per unit
per year in 2016

Input Results in
| 110 192

Events per unit

per year in 2016

2 Input Results in

21 21,000

Event days duration
| Joer unit per year in 2016
e

s Rm R = w e w T




Outputs — Amount of Sludge to Landfill

Estimates of Metro Solids Processing Requirements Above FBR Capacity % of Total Solids
Produced

18.0%

16.0%

14.0%

12.0%

10.0%

8.0%

6.0%

4.0%

2.0%

0.0%
2005 2010 2015 2020 2025 2030 2035 2040 2045
——Other Disposal - 3 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure

Solids Processing Requirements Above FBR Capacity (% of total produced)

——Other Disposal - 3 Units, current PM, unit failure rate (TTF) = 0.0115 1/day, PMs are not curtailed upon a failure
Other Disposal - 4 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure
—0Other Disposal - 3 Units, current PM, unit failure rate (TTF) =

© Historic Mass to Alkaline Addition (Cake Pump)

0.0153 1/day, PMs are curtailed upon a failure

ML I ROPOULI TAN
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Outputs — Max Day Above FBRs

Estimates of Metro Solids Processing Requirements Above FBR Capacity

250
El
g
B
> 200
2
o
g
(&)
o
g
v 150
3
2
B
B
£
5
E
£ 100
5
S
g
&
@
£
Z
il
g 50
&
7
hel
8
0
2005 2010 2015 2020 2025 2030 2035 2040 2045

——Maximum Day to Other Processing - 3 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure

Maximum Day to Other Processing - 3 Uniits, current PM, unit failure rate (TTF) = 0.0115 1/day, PMs are not curtailed upon a failure
Maximum Day to Other Processing - 4 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure

—— Maximum Day to Other Processing - 3 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are curtailed upon a failure

METROPOLITAN
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Outputs - Critical Events — Events >= 5 Days @

Estimate of Number of Events per Year of 0 or 1 Units Available or Operating
7.00 with Duration >= 5 Days

6.00
5.00

4.00

2.00

1.00

0or 1 Unit Events per Year with Duration >= Critical (-)

0.00
2005 2010 2015 2020 2025 2030 2035 2040 2045

——Number of Events per Year with 1 or Less Units Available

itical Duration 3 Units,

ent PM, unit failure rate [TTF) = 0.0153 1/day, PMs are not curtailed upon a failure
——Number of Fvents per Year with 1 or Less Units Available >~ Critical Buration 3 Units, current PM, unit failure rate [TTF) - 0.0115 1/day, PMs are nat curtailed upon a failure

Number of kvents per Year with 1 or Less Units Available >= Critical Duration 4 Units, current PM, unit failure rale (111) = 0.0153 1/day, PMs are not curtailed upon a failure

Number of Events per Year with 1 or Less Units Available >= Critical Duration 3 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are curtailed upon a failure

METROPOLITAN
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Outputs — Events Requiring Over 86 ft of SST .

Estimate of Number of Events per Year of 0 or 1 Units Available or Operating with
Accumulation >= 86 ft

3.00

E 250

o

1

A

c

g

5 200

S

E

5

2

3

<

£ 150

2

&

g

1

5 100

=

X

&

£

S 050

=

]

o
0.00

2005 2010 2015 2020 2025 2030 2035 2040 2045

Number of Events per Vear with Lor Less Units Avallable »= Critical Storage Volume Accumulated 3 Units, eurrent PV, unit failure rate (TTT) = 0.0153 1/day, PMs are not curtalled upon a falure

Number of Events perVe:

1o Less Units Avaitable »= Critical Storage Volums

ccumulated 3 Units, current P, unit failure rate (TTF) = 0.0115 1/day, PMs are not curtailed upon a failure

Numbier of bvents per Year with 1 or Less Units Available »=Critical Storage Volume Accurmulatied 4 Units, current BV, unit failure rate (1 1+) = 0.0153 1day, PNis are not curtailed upona failure
—— Numberof Events per Year with L or Less Units Avallable >= Critical Storage Volume Accumulated 3 Unlts, current FM, unit falure rate (TTF) = 0.0153 1/day, FMs are curtalled upon a fallure

prog e o oo
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Outputs — Events Requiring Extra Contingency
Action

Number of Critical Events with Solids Production Backup (events/year)

Estimate of Number of Critical Events per Year Extra Contingency Actions
3.00

55T High Level Defining Critical Events > 170.9 ft

2.00

1.00

0.00
2005 2010 2015 2020 2025 2030 2035 2040 2045

Events per Year With Inadequate Storage 3 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure
——Events per Year With Inadequate Storage 3 Units, current PM, unit failure rate (TTF) = 0.0115 1/day, PMs are not curtailed upon a failure
Events per Year With Inadequate Storage 4 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upen a failure

——Events per Year With Inadequate Storage 3 Units, current P, unit failure rate (TTF) = 0.0153 1/day, PMs are curtailed upon a failure

METROPOLITAN
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Curtailment vs. Shorter PM

* What if PM is shortened to the days that resulted from

cu

rtailment but curtailment isn’t practiced?

Treatment Train Characteristics

FBR Units Characteristics

lanned

FBR Unit's Unpf

Probability of

122 208
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Failure when operat Input Results in
001530 337

001530 Events per unit

7 per year in 2016

Input Results in

Events per unit
per yearin 2016

(@ ’ Input Resuits in
14,000

S

Event days duration
I =[}_perunit per yearin 2015
7

AN
L




Outputs — Amount of Sludge to Landfill

Estimates of Metro Solids Processing Requirements Above FBR Capacity % of Total Solids
Produced

Solids Processing Requirements Above FBR Capacity (% of total prodcued)

18.0%

16.0%

14.0%

12.0%

10.0%

8.0%

6.0%

4.0%

2.0%

0.0%

2005

——Other
—Other

Other
——Other

Other

2010 2015 2020 2025 2030 2035 2040 2045

Disposal - 3 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed ugon a failure

Disposal - 3 Unif

ent PM, unit failure rate (TTF) = 0.0115 1/day, PMs are not curtailed upon a failure

Disposal -4 Units, current PM, uril failure rate (TTF) = 0.0153 1/day, PMs are nol curlailed upon a Tailure
Disposal - 2 Units, current PM, uriit failure rate (TTF) = 0.0152 1/day, PMs are curtailed upon  failure

Disposal - 3 Units, shortened PM, unit Failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure

@ Historic Mass to Alkaline Addition {Cake Pump)

METROPOLITAN
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Outputs — Amount of Sludge to Landfill

Estimates of Metro Solids Processing Requirements Above FBR Capacity % of Total Solids

Ends up being similar to the other reduced down time simulation run.
The PM curtailment reaction to failures of other units drives the low values.

Solids Processing Requirements Above FBR Capacity (% of total

i A

14.0%
12.0%
10.0%
8.0%
6.0%
4.0%
2.0%
0.0%
2005 2010 2015 2020 2025 2030 2035 2040 2045
——Other Disposal - 3 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure
——Other Disposal - 3 Uni ent PM, unit failure rate (TTF) = 0.0115 1/day, PMs are not curtailed upon a failure
Olher Disposal -4 Unils, current PM, uril Tailure rate (TTF) = 0.0153 1/day, PMs are nol curlailed upon a Tailure
——Other Disposal - 2 Units, current PM, unit failure rate (TTF) = 0.0152 1/day, PMs are curtsiled upon & failure
Other Disposal - 3 Units, shortened PM, unit failure rate (TTF) = 00153 1/day, PMs are not curtailed upon a failure
& Historic Mass to Alkaline Addition [Cake Pump)
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GO0 UNGCI L




Outputs — Max Day Above FBRs

Estimates of Metro Solids Processing Requirements Above FBR Capacity
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2005 2010 2015 2020 2025 2030 2035 2040 2045

~———Maximum Day to Other Processing - 3 Units, current PM, unit failure rate {TTF) = 0.0153 1/day, PMs are not curtailed upon a failure

——Maximum Day to Other Processing - 3 Units, current PM, unit failure rate (TTF) = 0.0115 1/day, PMs are not curtailed upon a failure
Maximum Day ta Other Processing - 4 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure

——Maximum Day to Other Processing - 3 Units, current M, unit failure rate (1TF) = 0.0153 1/day, PMs are curtailed upon a failure

e Maximum Day Lo Olher Processing - 3 Unils, shorlened PM, unil failure rate {TTF) = 0.0153 1/day, PMs are nol curlailed upon 4 failure

Outputs — Critical Events — Events >= 5 Days @

Estimate of Number of Events per Year of 0 or 1 Units Available or Operating
with Duration >= 5 Days

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0or 1 Unit Events per Year with Duration »= Critical (-)

0.00
2005 2010 2015 2020 2025 2030 2035 2040 2045

——Number of Evenls per Year with Tor Less Units Available »= Critical Duration 3 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curlailed upon a failure
——Numnber of Events per Year with 101 Less Units Available >= Critical Duration 3 Units, current P, unit failure rate (TTF) = 0.0115 1/day, PMs are not curtailed upon a failure

Number of Events per Year with 1or Less Units Available »= Critical Duration 4 Units, current PM, unit failure rate (TTF) = 00153 1/day, PMs are not curtailed upon a failure

Number of Events per Year with 1 or Less Units Available »= Critical Duration 3 Units, curremt PM, unit failure rate (TTF)= 0.0153 1/day, PMs are curtalled upon a failure

Number of Events per Year with 1 or Less Units Available >= Critical Duration 3 Units, shortened PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure
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Outputs — Events Requiring Over 86 ft of SST

Estimate of Number of Events per Year of 0 or 1 Units Available or Operating with
Accumulation >= 86 ft
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——— Number of Cvents per Yearwith 1 or Less Units Avallable >= Critical Storage Volume Accumulated 3 Units, current P, unit failure rate (TTT) = 0.0153 1/day, PVis are not curtalled upon a failure

Mumber of Events per Year ulated 3 Units, current P, unit fallure rate (TTF

hiorLes

itical Storage Volume 0.0115 1/day, PMisare not curtalled upon a fallure

Number of Events per Year with 1 of Le: mulated 4 Units, current P, unit fallure rate (TTF e ot curtailed upon & failure

nits Avallable >=

I Storage Velume 0.0153 1/day, P

ulated 3 Units, current P, unlt fallur

Mumber of Events per Year with 1 or Less Units Avall 0153 1/day, PMsare curtalled upon a fallure

= Critical Storape Volume

Nurmbser of Events per Year with 1 or Less Units Available = Critical Storage Volume

ceumulated 3 Units, shortened PM, unitfallure rate ( 0153 1/day, PVs are not curtalied Upon a fallure
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Outputs — Events Requiring Extra Contingency .
Action

Estimate of Number of Critical Events per Year Requiring Extra Contingency

3.00
2 SST High Level Defining Critical Events > 170.9 ft
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—— Events per Year Wilh Inadequate Storage 3 Units, current PN, Unit failure rate (1TH = D.0153 1/day, Vs are not curtaled upon a failure

Events per Year With Inadequata Stora, 0115 1/day, PMs are not curtalled upon a fallure

E Year With Inadequat P, unit failure rate (TTF] = D.0153 1/day, PVis are not curtailed upan @ failure

/day, Pivis are curtaded upan & failire

e Year With Inariequate Starage 3 Units, current P, Uit failare rate (TTF)

Cuents per Year With Inadequate Starage 3 Units, shortened PV, unit fallure rate {TTT) = 04 jay, PMs are not curtalled upon a fallure
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Jan 2018 Runs with Shorter
Renewal Periods (base =90 d)

FBR Renewal Maintenance

Renewsl Maintsance

f operating

FBR Renewal Maintenance

T operating w

not force tak

if line and RM [operat

eratien and RM [0
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Outputs — Amount of Sludge to Landfill

Solids Processing Requirements Above FBR Capacity (% of total prodcued)

Estimates of Metro Solids Processing Requirements Above FBR Capacity % of Total Solids

18.0%

16.0%

Reduction to 60 days duration doesn't change results too dramatically.
Reduction to 30 days duration removes the RM associated peaks.

14.0%

12.0%

10.0%

8.0%

6.0%

4.0%

2.0%

0.0%

2005 2010 2015 2020 2025 2030 2035

——— Other Disposal - 3 Units, current PM, unit failure rate [TTF) = 0.0153 1/day, PMs are not curtailed upon a failure
isposal - 4 U current PM, unil Tailure rate (111 = 0.0115 1/day, PMs are not curlailed upon a failure
Other Disposal - 4 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure
——— Other Disposal - 3 Units, current PM, unit failure rate (TTF) = 0.0153 1/day, PMs are curtailed upon a failure
—— Other Disposal

——— Other [

= Other Disposal
@  Historic Mass to Alkaline Addition (Cake Pump)

3 Units, shortened PM, unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure
Other Disposal - 3 Units, current PM, shortended RM {60d), unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure
3 Units, current PM, shortended RM {30d), unit failure rate (TTF) = 0.0153 1/day, PMs are not curtailed upon a failure

2040 2045
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Outputs — Events Requiring Extra Contingency
Action

Estimate of Number of Critical Events per Year Requiring Extra Contingency

SST High Level Defining Critical Events > 170.9 ft

250

2.00

1.00

0.50

Number of Critical Events with Solids Production Backup (events/year)
-
i
(=]

2005 2010 2015 2020 2040 2045

it falure rate (7T

Parallel Calcs in a More
Standard Framework

Status Tracking Project FBR History Data From 5/9416 to 31517 — Overall Brief Summar
Tata|Expressed Total
Ihem FER1 | FERZ | FER3 Toral s Total-2and 3 | Expressed Per
Per 3 Unis _
2 Units
Unplanned Maintenance
Tatal Mumber of Days 'without Feed per Year 2.95 34.66 30.25 67.66 22.63 54.93 32.47]
Total Mumber of Events pery'ear 0.74 4.43 517 10.33 3.44 353 4.80]
Met Days Without Feed per Event 4.00 7.83 586 - B57 - BE.77
. Total
Planned Maintenance Total=1and2
Expreszed Per
Total Mumber of Days 'Without Feed per Year 42 08 4132 22 87 106.25 3542 8338 4163
Actusl Total Number of Events per'year 517 4.43 5.90 15.50 S.7 459 4.80)
Mumbet of Major Everits Pet Y ear to Distribute Duer 2.00 2.00 2.00 2.00 2.00 4.00 2.00]
et Days per Major Event far Risk Evaluation 21.03] 20.66 .44 93.13] 7. 4163 20.89
Failure Rate Low PMfor 3
. Days Operating per year (365 -LIM-PH] 319.99] 289.00]  3N.ET 308.95 230,54
Operating Days Availble per year (3E5-PM] 322.94] 32368 34213 323.58 323.31
Failure Rate - Time ta Failure i [eventsioperating day) 0.0023] 0.0153] 0.0166 0.0112 0.0155]
Failure Rate - Time Betwsen Fsilure Basis (susnts!day] 0.0023) 00137 0.0151 0.0104 0.0148]
Item FBR1 FBR2 FBR3
Failure Rate - Time Between Failure Basis (events/day) 0.00228487| 0.01367798] 0.01509723
Operating Days Availble per year (365-PM) 32294 323.68 342.13 ﬁ
Operating Days Availble per year (365-PM) Per 2 Periods 161 d?l 161.84] 171.06
METROPOLITAN
C 0O UNZC I L

Use 162 days even spacing and 21 days per PM event (2)




PM Schedule
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Unit Reliability
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Probability of 2 Operating (=)
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Probability of 0 Operating ()
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Mass Rates — 2016 Monthly Value
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Integer Units Required
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Probability of Having Required
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Probability of Having Required
Units
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Reformatted 2 FBR On-line
Cumulative Probability Graphs




Input — Capacity Characteristics
Additional Info — 2016 FBR 1

2016
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Cumulative Probability
@ FBR 1 -with 2 FBRs on Line
® FBR 1 - with 2 FBRs on Line and Sludge to Landfill Operating
@ FBR 1 - with 2 FBRs on Line and Sludge to Landfill NOT Operating
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Input — Capacity Characteristics(>)
Additional Info — 2016 FBR 2
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® FBR 2 - with 2 FBRs on Line
© FBR 2 - with 2 FBRs on Line and Sludge to Landfill Operating
® FBR 2 - with 2 FBRs on Line and Sludge to Landfill NOT Operating

Reformatted




Input — Capacity Characteristics
Additional Info — 2016 FBR 3
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® FBR 3 - with 2 FBRs on Line
® FBR 3 - with 2 FBRs on Line and Sludge to Landfill Operating
® FBR 3 - with 2 FBRs on Line and Sludge to Landfill NOT Operating
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Input — Capacity Characteristics()
Additional Info — 2015 FBR 1
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® FBR 1 - with 2 FBRs on Line
® FBR 1 - with 2 FBRs on Line and Sludge to Landfill Operating

® FBR 1 - with 2 FBRs on Line and Sludge to Landfill NOT Operating Reformatted




Input — Capacity Characteristics(s)
Additional Info — 2015 FBR 2
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® FBR 2 - with 2 FBRs on Line
® FBR 2 - with 2 FBRs on Line and Sludge to Landfill Operating
® FBR 2 - with 2 FBRs on Line and Sludge to Landfill NOT Operating

Reformatted

Input — Capacity Characteristics(s)
Additional Info — 2015 FBR 3
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Supplemental Info and Slides
from Past Weeks

Input — Capacity Characteristics(s)
Sensitivity to FBR Capacity Input

solids Processing Requirements Above FBR Capacity (% of total prodcued)

Estimates of Metro Solids Processing Requirements Above FBR Capacity % of Total Solids
Produced - Current Run

25.0%
20.0%
15.0%
10.0%
5.0%
©
0.0%
2005 2010 2015 2020 2025 2030 2035 2040 2045
-Other Disposal - FBR Capacity = 120 dtpd —— Other Disposal - FBR Capacity = 100 dtpd

——Other Disposal - FBR Capacity = 110 dtpd @ Historic Mass to Sludge to Landfill {Cake Pump)




Input — Capacity Characteristics(s)
Sensitivity to FBR Capacity Input

Estimate of Number of Critical Events per Year With Solids Production Backup Requiring
Contingency Plan Action

tion Backup
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-FBR Capacity = 120 dtpd ——FBR Capacity = 110 dtpd —FBR Capacity = 100 dtpd

All with Alkaline Addition System for Sludge to Landfill at 90 dpth

Input — Maintenance and Renewal(x)
Characteristics — System Status

Days per Year at Different Numbers of FBRs Operating - Using  ||Percentage of Days at Different Numbers of FBRs Operating - Using
Year Criteria of <7.00 wtph Daily Average as Off-Line Criteria of <7.00 wtph Daily Average as Off-Line
Three Two One Zero Three Two One Zero
Operating | Operating | Operating | Operating Total Operating | Operating | Operating | Operating Total

2005 156 195 11 3 365| 42.7%| 53.4% 3.0% 0.8% 100.0%]
2006 139 162 12 2 365 51.8% 44.4% 3.3% 0.5% 100.0%)
2007 191 164 10| 0 365 52.3%| 44.9% 2.7%| 0.0% 100.0%|
2008 239 123 2 2 366 65.3% 33.6% 0.5% 0.5% 100.0%
2009 187| 177 1 0 365 51.2% 48.5% 0.3% 0.0% 100.0%)
2010| 216 145 0| 4] 365| 59.2% 39.7% 0.0% 11% 100.0%|
2011 237 125 2 1 365 64.9% 34.2% 0.5% 0.3% 100.0%j
2012 167| 184 3 6 366 45.6% 50.3% 2.5% 1.6% 100.0%)|
2013 99 246 20 0 365 27T 1% 67 4% 55% 0.0% 100.0%|
2014 67 266 27| 1] 365 18.4% 72.9% 7.4% 1.4% 100.0%,
2015 165 189 7 4 365 45.2% 51.8% 1.9%, 1.1% 100.0%)|
2016 140 209 16| 1 366 38,3%| 57.1% 4.4% 0.3% 100.0%|
2017] 157 100 0 2 259 60.6% 38.6% 0.0% 0.8% 100.0%




When did the critical 51
conditions happen?

. Month
Number | Duration N
Start End on-Line | (days) Month  |Leading

Factor

Have we been |ucky? Yes, 10/1/2008] 10/7/2008 1 7] Oc nd
1011512007 | 10M8/2007 1 7| od nd

Probably_ 1192014| 17142014 1 & Jan 098
232016 8/82016 1 3 0.95

TI9/2008| 7/23/2006 1 5 nd|

. 121412012 1218/2012 1 5 0.83

Luck may be the residue of | ze2v) zizzol 4 5 059
intent. R, o
12/3/2013| 12/62013 1 4| Dec 0.96

2/29/2018| 332016 1 4| Feb - Mar 1.06

6128/2005| 6/30/2005 0 3 Jun nd

32802012| 330/2012 1 3 war 0.9

TI30/2013|  8M/2013 1 3| Jul-Aug 0.98

BMB/2014| BNM8r2014 1 3 Aug 0.93|

102812014 10/30/2014 1 3| oa 0.94

11/52014| 11772014 1 3 Nov 0.95]

220/2015| 1202212015 1 3 Dec 01

121372016/ 12/20/2016 1 3| Dec 0.98

102412012 10/25/2012 0 2| Moy 1.00

e MF2012| 11/8/2012 o 2 Nov 0.85|
. 30252014 31262014 0 2| Mar 0.93
1119/2005| 1/20/2005 1 2| Jan nd

" . . : D 11124/2005| 11/25/2005 1 2| MHov nd
e 32912014 3/30/2014 1 2| Mar 0.93
1111302014| 111472014 1 z|  Hov 0.95)

8MY/20168| &11/2018 1 2 Aug 0.95]

Using full processing day screening criteria of:
-FBR daily average >= 7 wiph (~47 dtpd)

Output — Methods of Conveying (=)
Risk

* 3. Total Number of Critical Events Requiring More Storage Volume than is Available

Sludge Storage Tank Level Data
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80 - thetank depth is less than or equal to 65 ft
60

40

Total Sludge Storage Tank Depth (ft)

e 0.3 fractjon of the time

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Cumulative Probability

® 2015 and 2016 data




Output — Methods of Conveying (=)

Risk

Total Sludge Storage Tank Depth (ft)

3. Total Number of Critical Events Requiring More Storage Volume than is Available

180
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80

40

Sludge Storage Tank Level Data

] Updated now to 170.9
0.3 fraction of the time
the tank depth is less than or equal to 65 ft
4] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1

Cumulative Probability

® 2015 and 2016 data

Output — Methods of Conveying (=)

Risk

Total Sludge Storage Tank Depth Available (ft)

3. Total Number of Critical Events Requiring More Storage Volume than is Available
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Sludge Storage Tank Level AVAILABLE (based on 161 ft Maximum) Data
Updated now to 170.9

Median Value = 76.4 ft
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Cumulative Probability

@ 2015 and 2016 data




Output — Methods of Conveying (s)
Risk

* 3. Total Number of Critical Events Requiring More Storage Volume than is Available

Events Per Year (event/yr)
umulative Probability of Having Storage Available (

0 20 40 60 80 100 120 140 160
Amount of Storage Required by Event (ft)

————— Events per Year - 2023

Failed Events per Year - 2023 - Sum = 3.3 events/yr

Cumulative Probability Storage Available >= Need

Method

* A daily simulation, multi-trial approach

— Visual basic macro in Excel that generates a day by day
simulation frem input conditions for a given period

— Follows a logic flow pattern to establish status of units, with a
random process applied to unplanned maintenance

— Captures information on the status of units, the solids
processed by the trains and to landfill, and the critical events
related to risk

— Due to the probability method used to address unplanned
maintenance, repeats and averages the results for a lot of runs
for the period (i.e. uses a Monte Carlo like method)

General flow diagram provided and code accessible /‘ g




Limitations

* Simplification of real conditions
— Only one mass rate capacity input for an Incineration Train.
Each FBR is treated the same.

— One mass rate capacity for Sludge to Landfill.
Doesn'’t have different treated rates under different conditions.
Focus is on critical conditions when processing rate will be at upper limit.
— Combine all planned maintenance intc the two major events
per train per year

* Follows logic input rigidly
sn't use flexibility, judgement, and compro
alleviate the impact of unfavorable conditions

Now does include curtailment of a PM upon failure
* Comparison versus prediction

Input — Solids Production
For Historic Periods

Historic Data Inputs

Annual Mass Rate

Mass Rate
(Cake Pump) -
Year dtpd

2010 235
2011 240
2012 225
2013 231
2014 229
2015 232
2016 230)

Rate factor = Monthly Avg/Annual Avg  ——

Monthly Rate Factors

Month Year

2010 2011 2012 2013 2014 2015 2016
Jan 0.962 0.974 0.973 0973 0984 0.929 0.929
Feb 1011 1.030 1074 0939 0,984/ 1.088 1.059
Mar 0.985 1.093 0.962 0.985 0.933 1.070 1.052
Apr 0970 1.067 1.107 1029 1.085 0978 1027
May 1.053 1038 0.986 1.108 1.087 1116 1.059
Jun 1.118| 1111 1.095 1.035 1.165 1.069 1072
July 0.963 1091 1.010 1.028 1.047 1.016 0.969
Aug 0.987 0.938 0.899 0.930 0.976 0.812 0.949
Sep 0.937 0.871 0.970 0.976 0912 0.998 0.941
Oct 0.975 0.871 1.004 1.084 0.937] 0.902 0.989/
Nov 1.024 0.9%0 0.850 0.947 0.9e4 1.018 0.981
Dec 1.016) 0.909 0.980 0961 0.908 1.006 0.979




Input - Monthly Variation Projection Period

* Based on historic pattern of centrifuge feed solids rate

* Peak month factor is the adjustable input, pattern is
modified to maintain annual average = 1

Metro Monthly Centrifuge Feed Solids Ratios to Average Annua

Input — Converting Mass Rate td
Volume Rate and SST Use

30 ft x135 ft = 4050 ft>




Background Info for Input ()
Consideration

SMB Systems Availability/Reliability Tracking Pilot
(5/9/16 - 10/17/17)

System %R L) %5 F Total
Centrifuges 54.8% 21.6% 3.6% 20.0% 100.0%
Cake Bins 88.6% 9.3% 2.1% 0.0% 100.0%
Cake Pumps 52.2% 36.7% 9.6% 1.6% 100.0%
FBRs 82.1% 0.0% Y 119% | so0% | 100.0%
——
Status Definitions:
A - Available, has run less than 12 hours in past 24 A = Standby
R - Running, has run more than 12 hours in past 24 R = Running
S - Scheduled QOutage, taken down within past 24 hours S = Scheduled Outage =PM
F - Forced Outage, taken down within past 24 hours F = Forced Outrage = UM

System Definitions:

Centrifuges - Suction line from feed tank through CF to cake bin

Cake Bin - Bin plus sliding frame (pushes cake to extraction screws) /: 3
Cake Pump - Extraction screws to FBR input
FBR - FBR through APC equipment train

Background Info for Input (2)
Consideration

Status Tracking Project FBR History Data From 5{3116 to 3/15/17 - Overall Brief Summary
Tartal Tatal
Ieem FER1 FEBRZ FER3 Tatal | ExpressedPer | Total-2 and 3 | Expressed Per
3 lnits 2 Units
Unplanned Maintenance
Tetal Mumber of Days Without Feed perear 2.95 3465 30,25 E7.88 eedx] E4.93 3247
Tatal Mumber of Events per Year 0.74 4.43 517 10.33 ( 3.44 3.53 4.80
Met Days Without Feed per Evert 4.00 T.83 5.66 - N E5 - .77
7.
Tatal
Planned Maintenance Total-1and 2 | Expressed Per
2 Units
Tetal Mumber of Daus Without Feed per Year 42,06 a132 Rezsvl eS|/ 3542 23,38 41,683
Actual Tatal Mumber of Events perYear 517 4.43 5.30 ‘IEA 517 3.53 4.80
Mumber of Major Events Per'rear to Distribute Cver .00 =0 zodl  A00 2.00 4.00 2.0
Met Days per Major Event for Risk Evaluation 2ina|  2pfe|  mdd] /5313 1771 4163 N\, 20.85

FBR 3 did not have 2 major PMS/
during this period
For simulation 2 major PM

3.44 events per unit per year at ~ 7 day round duration events per unit per year ~

Additional details in separate documents 21 day round duration

- Development of this info
- Long term historic trend with background info




Input — Maintenance and Renewal()
Characteristics — 3 Operating

Estimates of Metro Solids Processing Units in Operating or Available Status - Current Run
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Input — Maintenance and Renewal(r)
Characteristics — 2 Operating

Estimates of Metro Solids Processing Units in Operating or Available Status - Current Run
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Input — Maintenance and Renewal ()
Characteristics — 1 Operating

Estimates of Metro Solids Processing Units in Operating or Available Status - Current Run
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Note: See Limitations Discussion and Other Graphs

Input — Maintenance and Renewal()
Characteristics — 0 Operating

Estimates of Metro Solids Processing Units in Operating or Available Status - Current Run

Days Per Year at System Status (days/per year)

0 XX x
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045

——0 Units Operating or Available - 3 Units, UM avg failure prob = 0.0163 X Historic Zero Operating




Output — Methods of Conveying ()
Risk Events

* 1. Contingency Plan, Number of Critical Events Exceeding a Duration

“The incident we are planning for is a situation where SMBU has only one or zero reactor
trains available for five to seven days.”

— Count these incidents per year (used & days)

* 3. Total Number of Critical Events Requiring More Storage Volume than is Available
(Number of Events with Solids Production Backup)

— Put the Critical Events into the bins by the amount of storage they need

— Use an estimate of the prebability of having the necessary storage capacity to generate
how many events in each bin will fail to have the necessary storage

— Sum the failed events over all the bins to arrive at an estimate of the total number of
events that will backup solids and require the contingency plan to be used




Appendix I. Alternatives Evaluation Cost Data

20-year Present Worth Comparison with 20% Growth through Planning Period

4% Nominal discount rate
3.50% Escalation rate

4th Incinerator

74 dtpd VSR

PS/WAS

74 dtpd

PS/WAS Digest,

74 dtpd

PS/WAS Digest,

74 dtpd

Lime Stabilize,

74 dtpd

Dry Raw PS/WAS

Digest/Incinerate Dry, Sell LA Cake Store, LA
Capital Cost Data
Preliminary Construction Estimates $ 74,588,000 | $ 125,037,694 | $ 129,722,980 | $ 175,994,372 | $ 145,810,384 | $ 105,455,414
Engineering (20%) $ 14,917,600 | $ 25,007,539 | $ 25,944,596 | $ 35,198,874 | $ 29,162,077 | $ 21,091,083
Contingency Value (50%) $ 37,294,000 | $ 62,518,847 | $ 64,861,490 | $ 87,997,186 | $ 72,905,192 | $ 52,727,707
Total Near Term Capital Costs: $ 126,799,588 | $ 212,564,066 | $ 220,529,052 | $ 299,190,418 | $ 247,877,636 | $ 179,274,187
PW of Salvage Value $ (28,050,000)| $ (43,960,000)| $ (31,850,000)| $ (51,260,000)| $  (31,550,000)| $ (8,950,000)
PW of Replacements $ - $ - $ - $ - $ - $ -
PW of Capital with Salvage and Replacements $ 98,700,000 | $ 168,600,000 | $ 188,700,000 | $ 247,900,000 | $ 216,300,000 | $ 170,300,000|
2010 Annual
Operations and Maintenance Cost Data Costs Incremental Change In Annual Costs
Ash & Sludge Handling 280,000 25,000 32,000 (30,000)] 1,957,000 5,780,000 (30,000)
Produced Electricity (1,800,000) (400,000) (1,800,000) 800,000 (500,000) 1,000,000 1,000,000
Consumed Electricity 2,900,000 200,000 (100,000) - (400,000, - (300,000)
Outside Feedstocks $0 $0 $0 $0 $0 $0 $0
Natural Gas (1,370,000) - - 260,000 - - 2,120,000 |
Incinerator Auxiliary Fuel (No. 2 FO) - 1,810,000 - - - -
Chemicals 2,440,000 250,000 1,170,000 420,000 710,000 3,250,000 130,000
Labor Cost 6,992,208 360,000 1,420,000 2,610,000 1,660,000 1,070,000 1,780,000
Miscellaneous Additional Maintenance Costs - 500,000 870,000 650,000 600,000 250,000 800,000
Total Annual Cost| $ 9,442,208 | $ 935,000 | $ 3,402,000 | $ 4,710,000 | $ 4,027,000 | $ 11,350,000 | $ 5,500,000
Present Worth of Annual Costs| $ 180,000,000 | $ 18,000,000 | $ 65,000,000 | $ 90,000,000 | $ 77,000,000 | $ 216,000,000 | $ 105,000,000
Present Worth of Capital and Operating Costs| $ 117,000,000 | $ 234,000,000 | $ 279,000,000 | $ 325,000,000 | $ 433,000,000 | $ 276,000,000
Future Nitrogen Nutrient Limit Addl. Cap Cost - $ 9,000,000 | $ 4,500,000 | $ 4,500,000 - -
Addl. Op Cost - 41,100,000.0 $ 20,600,000 | $ 20,600,000 - -
Total Additional Present Worth None $ 50,100,000 $ 25,100,000 | $ 25,100,000 None None
Digested Solids Dewatering - Sensitivity Scenarios -
Total Additional Present Worth 20% TS None $ 16,100,000 | $ 4,400,000 | $ 3,800,000 None None
Total Additional Present Worth 24% TS None $ (16,100,000)] $ (3,900,000)] $  (3,200,000) None None
Land Application Cost - Sensitivity Scenarios -
Total Additional Present Worth|  $25/wet ton None None None $  (9,000,000)] $ (33,000,000) None
Total Additional Present Worth| $45/wet ton None None None $ 10,000,000 | $ 33,000,000 None
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Table below calculates a salvage value
based on values from the Capital Cost and
Replacement tables.

Salvage Value

PS/WAS PS/WAS PS/WAS
Estimating 4th Incinerator| Digest/Inciner | Digest, Dry, Digest, LA
Unit Useful Life gl S Cal
Metro
Add' Sludge Receiving / Blending $/dtpd 25 - - - -
Digesters $/gal 40 - (32,950,000) (24,720,000) (24,720,000)
Digester Piles sf 40 - (5,980,000) (1,990,000) (1,990,000)
Dryer $/dtpd 20 - - - -
Pellet Storage/Transport to Loadout Lump Sum 20 - - - -
Biogas CHP Heat Recovery Unit with Gas
Conditioning $/kwW 20 - - - -
Dewatering Capacity Increase $/dtpd 30 (3,860,000) - (2,730,000) (1,730,000)
Biosolids Storage, Load-out and Odor
Control $/sf 30 - - - (19,920,000)
Biosolids Storage Odor Control $/cfm 20 - - - -
Cambi Equipment Cost $/dtpd WAS 25 - - - -
Sidestream Treatment $/dtpd WAS 25 - (4,520,000) (2,390,000) (2,390,000)
Incineration Train, nominal 120 dtpd $/dtpd 30 (19,620,000) - - -
Heat Recowvery Boiler $/dtpd 20 - - - -
Steam Turbine $/dtpd 25 (380,000) - - -
Demolition and Building Modifications $/sf 40 - (510,000) (1,020,000) (510,000)
Building $/sf 40 (4,190,000) - - -
(28,050,000) (43,960,000) (31,850,000) (51,260,000)

Replacement Cost Factor 1
Base Year 2012
End of Planning 2032
Operating Life During Planning Period 20
Discount 4.00%
Inflation 3.50%
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Quantities shown in table below denote
the sizing of component process based on
their estimating unit - dtpd, kW, gal, etc.

Unit Quantities used for Capital Cost Estimating

PS/WAS PS/WAS PS/WAS
Estimating 4th Incinerator| Digest/Inciner | Digest, Dry, Digest, LA
Unit ate Sell Cake

Metro
Add' Sludge Receiving / Blending $/dtpd
Digesters $/gal - 16,128,000 12,096,000 12,096,000
Digester Piles sf - 105,281 35,094 35,094
Dryer $/dtpd - - 70 -
Pellet Storage Lump Sum - - 1 -
Biogas CHP Heat Recovery Unit with Gas
Conditioning $IMW - 3.1 - 2.4
Dewatering Capacity Increase $/dtpd 120 - 54 54
Biosolids Storage, Load-out and Odor
Control $/sf - - - 280,094
Biosolids Storage Odor Control $/cfm 420,141
Cambi Equipment Cost $/dtpd WAS - - - -
Sidestream Treatment $/dtpd WAS - 79 42 42
Incineration Train, nominal 120 dtpd $/dtpd 120 - - -
Heat Recowery Boiler $/dtpd 120 - - -
Steam Turbine $/dtpd 120 - - -
Demolition and Building Modifications $/sf - 7,500 15,000 7,500
Building $/sf 15,375 - - -
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Quantities shown in table below denote annual
average values.

Pellet Sales and Hauling (Ash, Cake Solids, Pipelines)

PS/WAS PS/WAS PS/WAS
4th Incinerator | Digest/Incinera| Digest, Dry, Digest, LA
Unit Current te Sell Cake
Metro
Ash tpd 49.1 54.4 55.7 44.6 44.6
Ash Haul trucks per day 2.2 25 25 2.0 2.0
Cake wtpd 156
Cake Haul trucks per day 0 7
Pellets tpd 0 - 40.1 -
Pellet Haul trucks per day 0 - - 1.8 -
METRO ONLY
Ash
Annual Total tpd 49.09 54.37 55.69 44.63 44.63
Annual Ash Disposal (Cost) $ 275,288 304,881 312,278 250,282 250,282
Pellets
Annual Total tpd - - - 40.1 -
Annual Pellet Sales $ $ - $ - $ - $ (40)| $ -
Solids Hauling
IAnnual Total | $ | 0 | 0 | 0 | 0 | 0 I
Land Application
IAnnual Total | $ I $ - I $ - | $ - I $ - | $ 1,987,075 I
Total $ 275,000 305,000 312,000 250,000 2,237,000
Assumptions
$ 15.:;6 zerdtonhash dlspgzalocost 56 Ib/cf sludge cake
s 203 24;14 I\/Tp azo,ll(\)lletrz g 1 avlerage 898 cf haul truck volume
30’000 Setro 20125 hz;.)osa CIOSt 25.144 wet ton per truck load
$ ' eneca ash disposal cost 35 $/wet ton land applied - Metro Program
22 wet ton/truckload

$1.00 Revenue from dried pellets, $/ton

$15.00 Land Application Cost, $/wet ton
$125.02 2011 Cost per dry ton
$13.75 2011 Cost per wet ton
20 years, BCE duration
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Quantities shown in table below denote annual
average values.

Energy Balance

2010 plus PS/WAS PS/WAS PS/WAS
NonCond 4th Incinerator Digest/ Digest, Dry, Digest, LA
Unit Turbine Incinerate Sell Cake
Metro
[Steam Turbine Power Production (Condensing
and Non-Condensing) MW 2.9 35 1.4 1.6 1.2
Steam Export (Net of FBI Process Steam) MW 4.5 4.5 4.5 4.5 4.5
Auxiliary Fuel MW - - (2.8) - -
Gas Turbine Power Production MW - - 4.4 - 2.4
Gas Turbine Steam Export MW - - - - -
Natural Gas Consumption for Aux Boiler and
FBR Bed Heating MW (1.4) (1.4) (1.4) (1.4) (1.4)
Natural Gas Consumption for Dryer MW - - - (0.8) -
SMB and Digester Power Consumption
(Dewatering Excluded) MW @.7) (5.0) (4.5) (4.6) (4.0)
13 1.6 17 (0.7) 2.7
Metro Steam Export SMB Aux Boiler
Steam to process 30,000
Deaerator, Soot Blowers, Condenser 15,000
Exported Steam 15,000
1027
15.405 5
0.2931 0.2931
4.5 1.4
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Quantities shown in table below denote annual

awverage values.

PSIWAS PSIWAS PSIWAS
4th Incinerator| Digest/Inciner | Digest, Dry, Digest, LA
Unit 2010 ate Sell Cake

Metro
Polymer $ 2,039,212 2,241,233 2,710,419 2,535,929 2,535,929
Biogas Treatment Media, Chemicals $ . . 582,102 ; 316,674 |
Lime $
Imported Ash $
Nutrient Harvesting $
Incineration Chemicals $ 403,600 443,807 321,959 326,870 299,554
Total 2,442,812 2,685,040 3,614,480 2,862,798 3,152,157

Assumptions - Polymer
Metro
$ 2,549,500 provided by Metro 2010 polymer cost

9.00 Polymer dose, Ib per dry ton with scum in centrifuge feed

7.20 Polymer dose, Ib per dry ton without scum in centrifuge feed

$26.56 2010 calculated polymer cost per ton of dry sludge entering into centrifuges (with scum)

$2.95 Polymer cost per pound

$130,000.00 Estimated Annual Cost from Don Esping Empire Ostara Report - 1.6 FTE less $45,000 in fertilizer revenue

8 Empire raw WAS dtpd

$16,455.70 $/yr/dtpd WAS - ADD ONE FTE TO LABOR - CHEMICALS ARE MINIMAL

Increase in polymer dose with digestion
2 Meso Digestion
1.5 Partial Digestion (less than 33%)
1.1 Cambi Digestion
0.8 PS Only

Polymer dose for dewatering with WAS drying
15 Ib/dry ton

Assumptions - Other Chemicals
$ 403,600 2010 Metro
263.00 dtpd
$ 1,534.60 Annual Chemical Cost per incinerated dtpd

A
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Quantities shown in table below denote annual
average values.

Miscellaneous Changes to Current Maintenance - Materials and Outside Services

PS/WAS PS/WAS PS/WAS
4th Incinerator| Digest/Inciner [ Digest, Dry, Digest, LA
Unit ate Sell Cake
Metro
Gas Treatment $ 200,000 200,000
Gas Turbine Maintenance $ 465,273 252,906
Digester Maintenance $ 200,000 150,000 150,000
FBI Maintenance $ 500,000
Dryer/Alk Stab Maintenance $ 500,000
$ 500,000 $ 865,273 $ 650,000 $ 602,906
Assumptions
Metro
$ 200,000
$ 840,000
2010 Metro costs below notincluded since cost analysis is based on increases or decreases, not absolute costs
$ 50,000
$ 338,000
$ 1,039,400

A

METROPOLITAN
G N e L



Appendix J. Capital Cost Estimate for the Metro Plant Fourth

Incinerator
Opinion of Probable Cost: Fourth Incinerator (Sheet 2/3)
TOTAL

ITEM QUANTITY UNIT UNIT COST COST
Mobilization, Bonds, Insurance $7,697,970
Mobilization and Bonds % 8.0% $7,697,970
Demolition $250,000

‘ gi?(l)ocate Ammonia Tank, Pumps & Carbon 1 LS $250,000 $250,000 ‘
Site Work $1,452,000
Grading / Roads / Excavation / Piles 22,000 SQFT $66 $1,452,000

Guiding Additon____________________________ $5050.000

‘ Incinerator Building Addition 22000  SQFT  $275 $275 $6,050,000 ‘
| Dewatering & Cake Pumping ~ $5,770,000 |
Centrifuges 2 EA $1 100,000 $2,200,000
Cake Bin 1 EA $700,000 $700,000
Cake Pumps 2 EA $700,000 $1,400,000
Polymer Pumps 2 EA $40,000 $80,000
Centrifuge Feed Pumps 2 EA $50,000 $100,000
Installation 30% $1,290,000
CIncinerator ~ EA  $20,000,000 $20 000 000
Installation 30% $6,000,000
WH BO|Ier T EA $2 300,000 $2 300 000
WH Boiler Ash System 1 EA $250,000 $250,000
Primary Heat Exchanger 1 EA $750,000 $750,000
Secondary Heat Exchanger 1 EA $500,000 $500,000
De-superheater 4 EA $125,000 $500,000
De-aerator 1 EA $350,000 $350,000
De-aerator Transfer Pumps 2 EA $25,000 $50,000
Reverse Osmosis System 1 EA $250,000 $250,000
Boiler Feed Pumps 2 EA $40,000 $80,000
Steam Piping 1 EA $500,000 $500,000
Steam Specialties 1 EA $400,000 $400,000
Chemical Systems for Condensate Cleaning 1 EA $300,000 $300,000
Installation % 30% $1,869,000

A
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Opinion of Probable Cost: Fourth Incinerator (Sheet 2/3)

TOTAL
ITEM QUANTITY UNIT UNIT COST COST
Air Pollution Control Equipment $11,295,000
PAC Injection 1 EA $200,000 $200,000
Carbon Tower 1 EA $1,000,000 $1,000,000
Baghouse 1 EA $1,500,000 $1,500,000
Chemical Injection 1 EA $400,000 $400,000
Wet ESP 1 EA $1,000,000 $1,000,000
Scrubber 1 EA $1,500,000 $1,500,000
Low Temp Duct 300 LF $2,000 $600,000
CEMS 2 EA $300,000 $600,000
Sodium Hydroxide System 1 EA $350,000 $350,000
Vacuum Ash Conveyance System 1 LS $2,000,000 $2,000,000
Installation % 30% $2,145,000

[CakeReceving _________________________ SLows00

Cake Bin 1 EA $420,000 $420,000
Cake Pumps 1 EA $315,000 $315,000
Lubrication Pumps 1 EA $32,500 $32,500
Cake Piping 600 LF $500 $300,000
Cake Valves 12 EA $25,000 $300,000
Installation % 40% $547,000
ID Fan 1 EA $300,000 $300,000
Effluent Water Pumping 1 EA $925,000 $925,000
Non-Potable Water Supply Piping 1 EA $100,000 $100,000
Potable Water Supply Piping 1 EA $75,000 $75,000
Non-Potable Water Strainers 1 EA $50,000 $50,000
Grating Floors and Structures 1 LS $1,000,000 $1,000,000
Drain Piping 1 EA $150,000 $150,000
Installation % 40% $1,040,000

A
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Opinion of Probable Cost: Fourth Incinerator (Sheet 3/3)

TOTAL
ITEM QUANTITY UNIT UNIT COST COST

Plumbing & HVAC $9,622,463
Plumbing & HVAC 1 % 10.0% $9,622,463

Electrical & Instrumentation & Controls $14,433,694
‘ MCCs / Wiring / Programming / SCADA 1 % 15.0% $14,433,694 ‘
Subtotal $96,224,627

Contingency $28,867,388
Construction Contingency 1 % 15.0% $14,433,694
General Contingency 1 % 15.0% $14,433,694
Design Engineering 1 % 10.0% $12,509,201
Construction Engineering & Inspection 1 % 10.0% $12,509,201

Total Project $150,110,418

A
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Opinion of Probable Cost: Renewal of Incinerators 1, 2 and 3 (Sheet 1/2)

TOTAL
ITEM QUANTITY UNIT UNIT COST COST
Mobilization, Bonds, Insurance $1,545,366
Mobilization and Bonds 1 % 8.0% $1,545,366
Sludge Storage $230,000
Euerrr)llsé:e two oldest SST progressing cavity 5 EA $55,000 $110,000
Replace 2 centrifugal transfer pumps 2 EA $30,000 $60,000
Replace 2 piston transfer pumps 2 EA $30,000 $60,000
Sudge Feed Equipment 52400000 |
Replace cake bin extraction screws 8 EA $75,000 $600,000
i‘;tl':;g fs\f; E‘e‘rrg%srgor EIEEL EErBEey Gl 4 EA $300,000 $1,200,000
Renew cake bins 4 EA $150,000 $600,000
Rehabilitate air distribution system 3 EA $750,000 $2,250,000
Replace spray nozzles and cooling jacket 12 EA $25,000 $300,000
Restore OFA 1 LS $100,000 $100,000
Rehabilitate refractory lining and shell 3 EA $250,000 $750,000
FABs,DFamsandDucs _________________ $50000 |
Replace FAB discharge check valves 3 EA $20,000 $60,000
Hydraulic Improvements, e.g., baffles 1 LS $250,000 $250,000
Replace expansion joints LS $300,000 $300,000
\
‘ Renew primary heat exchangers $750,000 $2,250,000
Waste Heat Boilers $1,500,000
Replace worn tube segments and sections 3 EA $500,000 $1,500,000
Baghouse $1,125,000
Renew baghouse hoppers 3 EA $300,000 $900,000
‘ Replace baghouse inlet valves $25,000 $225,000 ‘
\
‘ Replace mist eliminator with larger unit $100,000 $300,000
Wet ESP $450,000
Miscellaneous electrical component upgrades 3 EA $150,000 $450,000

A
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(Sheet 2/2)

TOTAL
ITEM QUANTITY UNIT UNIT COST COST
Turbine Generators and Auxiliary Boilers $3,575,000
Steam Turbine 1 EA $2,500,000 $2,500,000
Surface Condenser 1 EA $500,000 $500,000
Condenser Cooling Water Pumps 2 EA $75,000 $150,000
Condensate Recirculation Pumps 2 EA $50,000 $100,000
Heat Exchangers - Plant Effluent 2 EA $150,000 $300,000
Condensate Tank 1 EA $25,000 $25,000
Wiring & MCCs / Programming / SCADA 1 % 10.0% $1,931,707
Subtotal $19,317,073
' Subtotal $19,317,073 |
Construction Contingency 1 % 15.0% $2,897,561
General Contingency 1 % 15.0% $2,897,561

Subtotal Construction Cost Estimate $25,112,195 ‘
Design Engineering 1 % 10.0% $2,511,220
Construction Engineering & Inspection 1 % 10.0% $2,511,220

Total Project Cost Estimate $30,134,634
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July 2013 version

ENVIRONMENTAL ASSESSMENT WORKSHEET

This Environmental Assessment Worksheet (EAW) form and EAW Guidelines are available at the
Environmental Quality Board’s website at:
http://www.egb.state.mn.us/EnvRevGuidanceDocuments.htm. The EAW form provides information
about a project that may have the potential for significant environmental effects. The EAW Guidelines
provide additional detail and resources for completing the EAW form.

Cumulative potential effects can either be addressed under each applicable EAW Item, or can be addresses
collectively under EAW Item 19.

Note to reviewers: Comments must be submitted to the RGU during the 30-day comment period following
notice of the EAW in the EQB Monitor. Comments should address the accuracy and completeness of
information, potential impacts that warrant further investigation and the need for an EIS.

1. Project title: Fourth Fluidized Bed Incinerator at the Metro Wastewater Treatment Plant

2. Proposer: 3. RGU: MN Pollution Control Agency
Contact person: Rene Heflin Contact person: Nancy Drach
Title: Manager, Plant Engineering Technical Services  Title: Environmental Review
Address: 390 Robert St. North Address: 520 Lafayette Road
City, State, ZIP: St. Paul, MN 55101 City, State, ZIP: St. Paul, MN 55155
Phone: 651-602-1077 Phone: 651-757-2317
Fax: Fax:
Email: rene.heflin@metc.state.mn.us Email: Nancy.drach@state.mn.us

4. Reason for EAW Preparation: (check one)

Required: Discretionary:
[0 EIS Scoping [0 Citizen petition
[0 Mandatory EAW [0 RGU discretion

Proposer initiated

If EAW or EIS is mandatory give EQB rule category subpart number(s) and name(s):
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5. Project Location:
County: Ramsey
City/Township: St. Paul/28 North
PLS Location (¥4, ¥a, Section, Township, Range): E % of the SW %-NW Y. of Section 10, 28N, 22W
Watershed (81 major watershed scale):

NHD

Hydrologic
Watershed | Unit # NHD Hydrologic Unit Name
HU 8 - 7010206 Twin Cities
HU 10 - 701020608 City of Saint Paul-Mississippi River
HU 12 - 70102060805 Harriet Island-Mississippi River

GPS Coordinates: Longitude = -93.0419, Latitude = 44.9287
Tax Parcel Number: 123-102822230001

At a minimum attach each of the following to the EAW:

County map showing the general location of the project;

U.S. Geological Survey 7.5 minute, 1:24,000 scale map indicating project boundaries (photocopy
acceptable); and

Site plans showing all significant project and natural features. Pre-construction site plan and post-
construction site plan.

See Appendix A, Figures 1 through 3.

6. Project Description:

a.

Provide the brief project summary to be published in the EQB Monitor, (approximately 50
words).

The proposed project is to provide additional solids processing capacity by adding an additional fluid
bed incinerator train (FBI 4) to the existing FBI complex at the Metropolitan Wastewater Treatment
Plant (Metro Plant). The Metro Plant, located in St. Paul on the Mississippi River, is owned and
operated by the Metropolitan Council Environmental Services (MCES).

Give a complete description of the proposed project and related new construction, including
infrastructure needs. If the project is an expansion include a description of the existing facility.
Emphasize: 1) construction, operation methods and features that will cause physical
manipulation of the environment or will produce wastes, 2) modifications to existing
equipment or industrial processes, 3) significant demolition, removal or remodeling of existing
structures, and 4) timing and duration of construction activities.

The proposed project will construct a fourth FBI train in parallel to three existing FBI trains in the

Solids Management Building (SMB) located in the northeast portion of the Metro Plant. Each
existing FBI train consists of an incinerator, heat recovery equipment (primary and secondary heat
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exchangers, waste heat boiler), flue gas treatment equipment (carbon injection, baghouse, scrubber,
and electrostatic precipitator) and a flue gas stack. The proposed FBI train is similar, as shown on
Figure 4, Appendix A, and will require a building expansion.

Other major process systems that will be modified and/or expanded to accommodate the new FBI
train include dewatered cake conveyance to incineration, ash conveyance and loadout, and steam
turbine power generation.

It is anticipated that alkaline stabilization, used as a backup solids stabilization process, will increase
during construction due to down time required for tie-ins. Metro Plant currently landfills stabilized
bisolids and ash.

Construction will occur within the existing Metro Plant levee and floodwall system. Building
expansion will require excavation and dewatering (see 10.b and 11.b.iii for details); excavated
materials will be used onsite. Options for recycling of construction demolition debris will be
evaluated. Demolition will include 6300 square feet of asphalt. Asphalt removed in the demolition
will be recycled.

Construction is scheduled to occur 2021 and 2024.

Project magnitude:

Total Project Acreage 0.5
Linear project length N/A
Number and type of residential units 0
Commercial building area (in square feet) 0
Industrial building area (in square feet) 22,000
Institutional building area (in square feet) 0
Other uses — specify (in square feet) 0
Structure height(s) 70 ft
Stack height 150 ft

Explain the project purpose; if the project will be carried out by a governmental unit, explain
the need for the project and identify its beneficiaries.

The project purpose is to increase available incineration capacity at the Metro Plant to more
effectively support routine maintenance of solids processing equipment and to accommodate
projected increases in solids processing requirements within a 30-year planning window.

The current dewatered cake production of 240 dtpd (2020) is projected to increase to 300 dtpd by
2050 due to population and economic growth in the Metro Plant service area.

Are future stages of this development including development on any other property planned or
likely to happen? O Yes K No

If yes, briefly describe future stages, relationship to present project, timeline and plans for
environmental review.
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f. Is this project a subsequent stage of an earlier project? [x Yes O No

If yes, briefly describe the past development, timeline and any past environmental review.

The existing three FBI trains at the Metro Plant were installed in 2004; startup was completed in
2005. An EAW was submitted by MCES at that time.

7. Cover types: Estimate the acreage of the site with each of the following cover types before and after

development:

Before | After Before | After

Wetlands - - Lawn/landscaping | 0.1 0
Deep - - Impervious 0.4 0.5
water/streams surface
Wooded/forest - - Stormwater Pond | - -
Brush/Grassland - - Other (describe) - -
Cropland - -

TOTAL 0.5 0.5

8. Permits and approvals required: List all known local, state and federal permits, approvals,
certifications and financial assistance for the project. Include modifications of any existing
permits, governmental review of plans and all direct and indirect forms of public financial
assistance including bond guarantees, Tax Increment Financing and infrastructure. All of these
final decisions are prohibited until all appropriate environmental review has been completed. See
Minnesota Rules, Chapter 4410.3100.

Unit of government

Type of application

Status

Federal Aviation Administration
(FAA)

Notification of Proposed Construction or
Alteration

To be applied for

National Park Service (NSP)

Plan review and coordination under
Muississippi National River and Recreation
Area (MNRRA)

Minnesota Pollution Control Agency
(MPCA)

Plan and Specification approval

To be submitted

MPCA

Facility Plan approval

To be submitted

Mn Public Facilities Authority

Minnesota State Loan Funding approval

To be submitted

MPCA

National Pollution Discharge Elimination
System/State Disposal System
(NPDES/SDS) Permit

To be applied for, if required

MPCA Major amendment to Title VV Permit To be applied for
MPCA Construction Stormwater Permit To be applied for
MPCA Stormwater Plan To be amended, if required
MPCA Toxic Pollution Prevention Plan To be amended, if required
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Unit of government

Type of application

Status

Minnesota Emergency Response
Commission and Local Fire
Department

SARA Title 11l Chemical Notification,
Planning, and Reporting

To be amended, if required

DNR

Water Appropriation Permit may be
required for dewatering if more than
10,000 gpd or one million gpd is proposed

To be applied for, if required

State Historic Preservation Officer
(SHPO)

National Historic Preservation Act Section
106 and the Archaeological Resources
Protection Act Review and Coordination.
Office of the State Archaeologist (OSA)
coordinates with the SHPO

Ramsey County

Hazardous Waste Generator License

To be amended, if required

Ramsey County

Hazardous Waste Contingency Plan

To be amended, if required

Ramsey-Washington County
Watershed District

Grading Permit

To be applied for

City of St. Paul

Plan review coordination regarding
compliance with St. Paul Critical Area
River Corridor Plan and Ordinance

To be submitted

City of St. Paul

Building Permit

To be applied for

Cumulative potential effects may be considered and addressed in response to individual EAW Item
Nos. 9-18, or the RGU can address all cumulative potential effects in response to EAW Item No. 19. If
addressing cumulative effect under individual items, make sure to include information requested in

EAW Iltem No. 19

9. Land use:
a. Describe:

i.  Existing land use of the site as well as areas adjacent to and near the site, including
parks, trails, prime or unique farmlands.

See Appendix A, Figure 5, 6 and 7 and Table 1.

ii.  Plans. Describe planned land use as identified in comprehensive plan (if available) and
any other applicable plan for land use, water, or resources management by a local,
regional, state, or federal agency.

See Appendix A, Figure 7.

iii.  Zoning, including special districts or overlays such as shoreland, floodplain, wild and
scenic rivers, critical area, agricultural preserves, etc.

The Metro Plant is located within the designated Critical Area for the Mississippi River and
the Mississippi National River and Recreation Area (MNRRA) corridor.

The Metro Plant property falls within the 100-year floodplain. Figure 8 shows the Federal
Emergency Management Agency (FEMA) Flood Insurance Rate Map. The base flood
elevation is shown as 706 feet National Geodetic Vertical Datum (NGVD). This is the 100
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year flood event. The Metro Plant’s existing levee and floodwall are FEMA certified and
designed to protect the facility from the 500-year flood.

The location of the Metro Plant within the Mississippi River floodplain and Critical Area
requires compliance with the City of St. Paul River Corridor District Zoning Code. The Code
utilizes hydrologic information provided by the Flood Insurance Study for St Paul, completed
under the direction of FEMA. The project area is located within District RC-4-Urban
Diversified District and is subject to applicable River Corridor ordinance provisions in
Chapter 68. The project is a permitted use in the RC-4 District since it is a permitted use in
the underlying 1-2 District. Permitted uses are subject to the standards specified in Section
68.400 et. seq, including provisions for grading and filling, protection of wildlife and
vegetation, and protection of water quality.

b. Discuss the project’s compatibility with nearby land uses, zoning, and plans listed in Item 9a

above, concentrating on implications for environmental effects.

This project will occur within the existing Metro Plant site, as expansion of the existing SMB, and
will not substantially change the nature of the facility in terms of its effects on nearby adjacent lands.

Identify measures incorporated into the proposed project to mitigate any potential
incompatibility as discussed in Item 9b above.

Not applicable.

10. Geology, soils and topography/land forms:

a.

Geology - Describe the geology underlying the project area and identify and map any
susceptible geologic features such as sinkholes, shallow limestone formations,
unconfined/shallow aquifers, or karst conditions. Discuss any limitations of these features for
the project and any effects the project could have on these features. Identify any project
designs or mitigation measures to address effects to geologic features.

Most of the soils on the Metro Plant property consist of an old river basin filled with sand and muck.
The Chaska Silt Loam and Kerston Muck cover a small portion of the plant property. Soils are
generally fine-grained, including silty sand, silt, clay, and organic materials.

Soils and topography - Describe the soils on the site, giving NRCS (SCS) classifications and
descriptions, including limitations of soils. Describe topography, any special site conditions
relating to erosion potential, soil stability or other soils limitations, such as steep slopes, highly
permeable soils. Provide estimated volume and acreage of soil excavation and/or grading.
Discuss impacts from project activities (distinguish between construction and operational
activities) related to soils and topography. Identify measures during and after project
construction to address soil limitations including stabilization, soil corrections or other
measures. Erosion/sedimentation control related to stormwater runoff should be addressed in
response to Item 11.b.ii.

The soil survey of Washington and Ramsey Counties, Minnesota (Vinar 1980) shows most of the

soils on the Metro Plant property to consist of Unorthadents-wet substratum and Urban Land. The
Chaska Silt Loam and Kerston Muck cover a small portion of the plant property. Soils are generally

page 6



fine-grained, including silty sand, silt, clay, and organic materials. It is assumed that the buildings
would require pilings to an estimated depth of 50 feet.

Topography — There are no steep slopes or highly erodible soils associated with the project.
Soil Excavation and/or grading estimate — 9000 cubic yards of excavation and 0.15 acres of grading.

Temporary erosion controls will be implemented in an effort to curtail erosion and sediment
transport and to maintain slope stability until permanent erosion controls have been adequately
established. Erosion control will be maintained throughout the construction period by removing
accumulated sediment, and by repairing or replacing damaged and deteriorated erosion control
devices. Temporary erosion control devices typically include silt fence, straw bales, and storm
sewer inlet protection.

Post construction erosion and sedimentation control is typically accomplished by establishing turf.
Turf establishment will primarily consist of seeding and mulching. Sod may be placed to restore
areas adjacent to maintained lawns, and in areas that may be determined to be particularly
susceptible to erosion. Suitable temporary erosion control devices will be placed and maintained
until permanent turf has been adequately established.

NOTE: For silica sand projects, the EAW must include a hydrogeological investigation assessing
the potential groundwater and surface water effects and geologic conditions that could create an
increased risk of potentially significant effects on groundwater and surface water. Descriptions of
water resources and potential effects from the project in EAW Item 11 must be consistent with the
geology, soils and topography/land forms and potential effects described in EAW Item 10.

11. Water resources:
a. Describe surface water and groundwater features on or near the site in a.i. and a.ii. below.

i. Surface water - lakes, streams, wetlands, intermittent channels, and county/judicial
ditches. Include any special designations such as public waters, trout stream/lake, wildlife
lakes, migratory waterfowl feeding/resting lake, and outstanding resource value water.
Include water quality impairments or special designations listed on the current MPCA
303d Impaired Waters List that are within 1 mile of the project. Include DNR Public
Waters Inventory number(s), if any.

The Metro Plant is located within the designated Critical Area for the Mississippi River and the
Mississippi National River and Recreation Area (MNRRA) corridor. Lands designated for Pigs
Eye Park, around Pigs Eye Lake, are located to the south and southeast of the Metro Plant
property. Farther to the southeast is the Pigs Eye Lake Scientific and Natural Area (SNA). The
undeveloped character of much of the land near the Metro Plant, particularly to the south and
east, provides a range of habitat, which includes wetlands, floodplain forest, and grasslands.

All project activity will be within the existing levee and floodwall for the Metro Plant.
Buildings, treatment tanks, roads, and storage areas occupy most of the area inside of the levee.
With the exception of a stormwater treatment basin colonized by common wetland plants, plant
communities inside of the levee and floodwall are limited to landscaped areas planted with grass.
Neither project construction nor operation will affect nearby sensitive resources.
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Groundwater — aquifers, springs, seeps. Include: 1) depth to groundwater; 2) if project is
within a MDH wellhead protection area; 3) identification of any onsite and/or nearby
wells, including unique numbers and well logs if available. If there are no wells known on
site or nearby, explain the methodology used to determine this.

1. Well 603089 is closest to the construction area and the well log shows the depth to
groundwater as 21 feet from land surface, measured 10/25/2002.

2. Not applicable.

3. See Appendix A, Figure 9 plus well logs and Figure 10 plus boring logs.

b. Describe effects from project activities on water resources and measures to minimize or
mitigate the effects in Item b.i. through Item b.iv. below.

Wastewater - For each of the following, describe the sources, quantities and
composition of all sanitary, municipal/domestic and industrial wastewater produced or
treated at the site.

1)

2)

3)

If the wastewater discharge is to a publicly owned treatment facility, identify any
pretreatment measures and the ability of the facility to handle the added water and
waste loadings, including any effects on, or required expansion of, municipal
wastewater infrastructure.

The proposed project adds solids processing capacity to an existing wastewater
treatment plant, the Metropolitan Wastewater Treatment Plant (Metro Plant). The Metro
Plant is an advanced secondary wastewater treatment plant providing removal of
carbonaceous biochemical oxygen demand, 5-day (CBOD:s), total suspended solids
(TSS), phosphorus (P), and ammonia (NH.-N), as well as disinfection. The project is
proposed to improve the Metro Plant and, directly or indirectly, the quality of effluent
discharged from that facility to the Mississippi River in accordance with NPDES/SDS
Permit Nos. MN 0029815 and MN 0070629.

The proposed project will have no anticipated adverse impacts on the plant’s ability to
continue to comply with permitted NPDES discharge limits.

If the wastewater discharge is to a subsurface sewage treatment systems (SSTS),
describe the system used, the design flow, and suitability of site conditions for such
a system.

Not applicable.

If the wastewater discharge is to surface water, identify the wastewater treatment
methods and identify discharge points and proposed effluent limitations to mitigate
impacts. Discuss any effects to surface or groundwater from wastewater
discharges.

Not applicable.

Stormwater - Describe the quantity and quality of stormwater runoff at the site prior
to and post construction. Include the routes and receiving water bodies for runoff from
the site (major downstream water bodies as well as the immediate receiving waters).
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Discuss any environmental effects from stormwater discharges. Describe stormwater
pollution prevention plans including temporary and permanent runoff controls and
potential BMP site locations to manage or treat stormwater runoff. Identify specific
erosion control, sedimentation control or stabilization measures to address soil
limitations during and after project construction.

The project site is a wastewater treatment plant enclosed within a levee and floodwall. Site
runoff is governed NPDES/SDS Permit Nos. MN 0029815 and the Stormwater Pollution
Prevention Plan developed in accordance with the requirements of that permit. Stormwater
from inside of the levee and floodwall discharges into the pump station to the chlorine
contact channel and into the Mississippi River.

Because of the additional impervious surfaces created by new building, the quantity of
stormwater runoff will increase. No change is anticipated in the quality of the stormwater
runoff. Currently rooftop and impervious areas around the existing incineration building are
routed to a stormwater retention pond which is pumped to the Mississippi river.

For post-construction stormwater collection, several options of green infrastructure (GI)
designed to collect and treat the additional impervious area will be evaluated. Biofilters,
bioswales, rain gardens, or infiltration systems would be ideal for this site.

Temporary erosion controls will be implemented in an effort to curtail erosion and sediment
transport and to maintain slope stability until permanent erosion controls have been
adequately established. Erosion control will be maintained throughout the construction
period by removing accumulated sediment, and by repairing or replacing damaged and
deteriorated erosion control devices. Temporary erosion control devices typically include
silt fence, straw bales, and storm sewer inlet protection.

Water appropriation - Describe if the project proposes to appropriate surface or
groundwater (including dewatering). Describe the source, quantity, duration, use and
purpose of the water use and if a DNR water appropriation permit is required.
Describe any well abandonment. If connecting to an existing municipal water supply,
identify the wells to be used as a water source and any effects on, or required
expansion of, municipal water infrastructure. Discuss environmental effects from
water appropriation, including an assessment of the water resources available for
appropriation. Identify any measures to avoid, minimize, or mitigate environmental
effects from the water appropriation.

It is anticipated that dewatering will be required during construction and that a DNR Water
Appropriation Permit will be required. The design elevation of the basement floor for the
Solids Management Building is approximately 684 feet, about 10 feet below ground surface.
Allowing for a four-foot thick floor slab, supporting gravel and some extra allowance, site
dewatering can be expected to approximate an elevation of 670 feet or about 30 feet below
ground surface. The anticipated construction schedule will call for 6 to 12 months of
dewatering.
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iv. Surface Waters

a) Wetlands - Describe any anticipated physical effects or alterations to wetland
features such as draining, filling, permanent inundation, dredging and vegetative
removal. Discuss direct and indirect environmental effects from physical
modification of wetlands, including the anticipated effects that any proposed
wetland alterations may have to the host watershed. Identify measures to avoid
(e.g., available alternatives that were considered), minimize, or mitigate
environmental effects to wetlands. Discuss whether any required compensatory
wetland mitigation for unavoidable wetland impacts will occur in the same minor
or major watershed, and identify those probable locations.
Not applicable. The are no wetlands located inside the Metro Plant floodwall and berm
area, where the proposed project will be constructed. Wetlands will not be impacted by
the proposed project.

b) Other surface waters- Describe any anticipated physical effects or alterations to
surface water features (lakes, streams, ponds, intermittent channels,
county/judicial ditches) such as draining, filling, permanent inundation, dredging,
diking, stream diversion, impoundment, aquatic plant removal and riparian
alteration. Discuss direct and indirect environmental effects from physical
modification of water features. Identify measures to avoid, minimize, or mitigate
environmental effects to surface water features, including in-water Best
Management Practices that are proposed to avoid or minimize
turbidity/sedimentation while physically altering the water features. Discuss how
the project will change the number or type of watercraft on any water body,
including current and projected watercraft usage.

Not applicable.

12. Contamination/Hazardous Materials/Wastes:

a.

Pre-project site conditions - Describe existing contamination or potential environmental
hazards on or in close proximity to the project site such as soil or ground water contamination,
abandoned dumps, closed landfills, existing or abandoned storage tanks, and hazardous liquid
or gas pipelines. Discuss any potential environmental effects from pre-project site conditions
that would be caused or exacerbated by project construction and operation. Identify measures
to avoid, minimize or mitigate adverse effects from existing contamination or potential
environmental hazards. Include development of a Contingency Plan or Response Action Plan.

The Metro WWTP is not under any remediation status with the MPCA and therefore does not have a
Construction Contingency Plan or Response Action Plan. The Plant does have an active combined
SPCC (Spill Prevention, Control and Countermeasure) and Minnesota Spill Bill Plan to address
releases of stored petroleum products or stored wastewater treatment chemicals.

At the Metro Plant, petroleum-contaminated soils were investigated and subsequently treated
following removal of underground storage tanks in 1990; the MPCA has closed the file on this
incident (MPCA Site No. LEAK 00003096). The file for a separate release (MPCA Site No.
LEAK 00004071) has also been closed. No further investigation has been required of diesel range
organics detected when four USTs were upgraded in 1993 (MPCA Site No. LEAK 00007015). A
small release of kerosene reported as MPCA Site No. LEAK 17085 in 2007 was determined to be
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insignificant, requiring no action. There are no other environmental hazards known to be associated
with past activities at the proposed project location.

Project related generation/storage of solid wastes - Describe solid wastes generated/stored
during construction and/or operation of the project. Indicate method of disposal. Discuss
potential environmental effects from solid waste handling, storage and disposal. Identify
measures to avoid, minimize or mitigate adverse effects from the generation/storage of solid
waste including source reduction and recycling.

Dry ash from the FBIs and air pollution control equipment is hauled offsite for disposal in a MN
landfill. In cases of high solids storage level and unavailable incineration capacity, raw wastewater
sludge is limed prior to disposal in a MN landfill.

Demolition associated with expansion of existing solids management building will generate
construction waste which will be properly disposed offsite.

Project related use/storage of hazardous materials - Describe chemicals/hazardous materials
used/stored during construction and/or operation of the project including method of storage.
Indicate the number, location and size of any above or below ground tanks to store petroleum
or other materials. Discuss potential environmental effects from accidental spill or release of
hazardous materials. 1dentify measures to avoid, minimize or mitigate adverse effects from the
use/storage of chemicals/hazardous materials including source reduction and recycling.
Include development of a spill prevention plan.

Sodium hydroxide, aluminum sulfate, sodium hypochlorite and sulfuric acid will be stored in storage
tanks during operation of the project. Ammonium hydroxide may be needed (to be determined
during design)

The contractor is required to follow MCES’ spills reporting and mitigation procedure. MCES
defines a spill as a release of wastewater, sludge, treated effluent, chemical, petroleum or other
material outside of the contained, conduit or treatment unit in which it is stored, transferred or
treated. The procedure requires: (1) Stop and contain the spill, ensuring access to waters and sewers
is blocked, (2) Initiate spill response/recovery if it is safe to do so, (3) Notify site manager and CAR,
and (4) Notify MCES’ Regional Dispatch at (651) 602-4511. MCES Regional Dispatch will
coordinate and facilitate appropriate spill responses and immediate corrective action, and complete
all the necessary notifications and contacts with both internal and external parties. If the release is of
a SARA Title I1l material or an Industrial Waste, the contractor is additionally required to contact
the State Duty Officer at (651) 649-5451.

Project related generation/storage of hazardous wastes - Describe hazardous wastes
generated/stored during construction and/or operation of the project. Indicate method of
disposal. Discuss potential environmental effects from hazardous waste handling, storage, and
disposal. Identify measures to avoid, minimize or mitigate adverse effects from the
generation/storage of hazardous waste including source reduction and recycling.

A number of wastes generated as a result of Metro Plant operation and maintenance activities are

classified as hazardous wastes by Minnesota Rules Chapter 7045. These include items such as paint
thinner, corrosive laboratory chemicals, heavy metal lab wastes, nonchlorinated lab solvent,
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chlorinated solvent, degreasing solvent, paint sludges, COD ampoules and lab-packed hazardous
waste. All of the plant’s hazardous wastes are managed in compliance with these rules. Universal
wastes include household batteries, light ballasts, small capacitors, florescent lamps, spent lead, acid
batteries, mercury contaminated material and elemental mercury. Oily wastes include used oil, used
oil filters and used oil absorbents.

13. Fish, wildlife, plant communities, and sensitive ecological resources (rare features):
a. Describe fish and wildlife resources as well as habitats and vegetation on or in near the site.

Figure 6 in Appendix A illustrates the ecologically significant areas around the Metro Plant.

The Mississippi River flows along the western edge of the Metro Plant. Lands designated for Pigs
Eye Park, around Pigs Eye Lake, are located to the south and southeast of the Metro Plant property.
Further to the southeast is the Pigs Eye Lake Scientific and Natural Area (SNA). The undeveloped
character of much of the land near the Metro Plant, particularly to the south and east, provides a
range of habitat, which includes wetlands, floodplain forest, and grasslands.

All project activity will be confined within the existing levee and floodwall for the Metro Plant.
Buildings, treatment tanks, roads, and storage areas occupy most of the area inside of the levee.
With the exception of a stormwater treatment basin colonized by common wetland plants, plant
communities inside of the levee and floodwall are limited to landscaped areas planted with grass.
Neither project construction nor operation will affect nearby sensitive resources.

b. Describe rare features such as state-listed (endangered, threatened or special concern) species,
native plant communities, Minnesota County Biological Survey Sites of Biodiversity Significance,
and other sensitive ecological resources on or within close proximity to the site. Provide the license
agreement number (LA-___ ) and/or correspondence number (ERDB ) from which
the data were obtained and attach the Natural Heritage letter from the figure. Indicate if any
additional habitat or species survey work has been conducted within the site and describe the
results.

No rare features were found. See attached letter ERDB 20150106 in Appendix B.

c. Discuss how the identified fish, wildlife, plant communities, rare features and ecosystems may be
affected by the project. Include a discussion on introduction and spread of invasive species from
the project construction and operation. Separately discuss effects to known threatened and
endangered species.

Neither project construction nor operation will affect nearby sensitive resources.

d. Identify measures that will be taken to avoid, minimize, or mitigate adverse effects to fish,
wildlife, plant communities, and sensitive ecological resources.

Under the Critical Area Program, Executive Order 79-19 establishes Standards and Guidelines for
state and regional agencies with regard to permit regulation and in developing plans within their
jurisdiction, and for the MCES regarding plan review, regulations, and development permit
applications. In addition, regional and state agencies are directed to develop a capital improvement
program or public facilities program, which specifies the sequence of actions consistent with the
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standards and guidelines. Standards and Guidelines that are particularly applicable to this project
include the following:

o Minimize runoff and improve runoff quality.

o Minimize site alteration.

e Manage vegetation cutting.

o Address standards for site plans:

—Approval of site plans to determine that plans adequately assess and minimize adverse effects
and maximize beneficial effects.

—Include measures that address adverse environmental effects.

—Include standards to ensure that structures, roads, screening, landscaping, construction
placement, maintenance, and stormwater runoff are compatible with characteristics and use of
corridor in that district.

—Provide opportunities for establishment of open space and public viewing where applicable, and
specific conditions with regard to buffering, landscaping, and re-vegetation.

e Address standards for structure site and location to ensure riverbanks, bluffs and scenic overlooks
remain in their natural state and minimize interference with views of and from the river, except for
specific uses requiring river access.

e Include provisions to retain existing vegetation and landscaping.

FBI 4 will be next to the existing FBIs on land that is currently a parking lot. The new construction
will be an expansion of the existing solids management building. No issues with sensitive resources
around the construction site are anticipated.

14. Historic properties:
Describe any historic structures, archeological sites, and/or traditional cultural properties on or in
close proximity to the site. Include: 1) historic designations, 2) known artifact areas, and 3)
architectural features. Attach letter received from the State Historic Preservation Office (SHPO).
Discuss any anticipated effects to historic properties during project construction and operation.
Identify measures that will be taken to avoid, minimize, or mitigate adverse effects to historic
properties.

See attached SHPO letter in Appendix B. The historic property database search was done for the
following coordinates: SW NW S10 T28N R22W. No effects on historic properties are anticipated.

Construction will be on previously disturbed land within the existing floodwall and berm area of the plant.

15. Visual:
Describe any scenic views or vistas on or near the project site. Describe any project related visual
effects such as vapor plumes or glare from intense lights. Discuss the potential visual effects from
the project. Identify any measures to avoid, minimize, or mitigate visual effects.

The incinerator plume will be suppressed by high stack temperatures. Residual heat in the exhaust
stream will be captured upstream of the wet scrubbers and added back into the air stream downstream of
the wet scrubbers. This elevates the air stream by about 100° F. This addition of heat to the heat
produced in the induced draft fan effectively increases exhaust stream temperature to 250° F as it enters
the discharge stack.
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16. Air:

1. Stationary source emissions - Describe the type, sources, quantities and compositions of any
emissions from stationary sources such as boilers or exhaust stacks. Include any hazardous air
pollutants, criteria pollutants, and any greenhouse gases. Discuss effects to air quality
including any sensitive receptors, human health or applicable regulatory criteria. Include a
discussion of any methods used assess the project’s effect on air quality and the results of that
assessment. Identify pollution control equipment and other measures that will be taken to
avoid, minimize, or mitigate adverse effects from stationary source emissions.

16.1 EXISTING CONDITIONS

The existing Metro Plant facility provides treatment of wastewater and combusts wastewater solids.
These processes result in air emissions from the facility. Current air emission sources at the facility
include three fluidized bed incinerators (FBI), an alkaline stabilization system, liquids treatment
processes, sludge tanks, boilers, ash handling and emergency generators. The facility off-permit,
insignificant and exempt activities include: fuel tanks, maintenance activities with air emissions such
as welding and degreasing, and handling and storage of sand, lime, and ash. The facility is
regulated as a major Prevention of Significant Deterioration (PSD) facility, a major Title V facility,
but a minor Hazardous Air Pollutant (HAP) facility. The facility is a major PSD facility for NOXx.

The Metro Plant is located in the PM10 maintenance area along the Mississippi River in St. Paul.
This maintenance area is the area that in the past had not met the PM10 National Ambient Air
Quality Standard but now meets the standard. The Metro Plant and nearby facilities have on-going
PM10 air permitting requirements for this maintenance area.

The existing facility operates under air permit 12300053-006. The permit expired on February 25,
2015. An air permit renewal application was submitted on August 26, 2014. Minnesota rules and
Title V regulations allow operation of a facility on an expired permit if a renewal permit application
was received 180 days prior to the expiration date. The MPCA indicated that the application was
administratively complete.

The facility completes an air emission inventory each year, which is submitted to MPCA. The 2017
air emission inventory results for the facility’s 2017 actual air emissions are shown below.
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Table 1-1

Actual 2017 Metro Plant Air Emissions

Pollutant Actual Emissions (ton/yr)
PM 1.2
PMio 4.5
PM2s 3.8
SO, 8.0
NOx 34.8
VOC 1.6
CO 15.2
Lead 0.001
Mercury 0.0002
Acronyms:
PM Particulate matter
PMio Particulate matter less than 10 microns in diameter
PM_s Particulate matter less than 2.5 microns in diameter
SO, Sulfur dioxide
NOx Nitrogen dioxides, including primarily NO and NO;
VvOoC Volatile organic compound
(6{0)] Carbon Monoxide

The Metro Plant facility has a nominal design capacity of 250 million gallons per day, and operated
at an average of 179 million gallons per day during 2017. The existing FBI capacity is restricted to

315 dry ton/day by the air permit. The facility operated the FBIs at an average of 240 dry ton

sludge/day total.

The existing FBIs will be regulated under 40 CFR 62 Subpart LLL, Federal Plan Requirements for

Sewage Sludge Incinerator Units Constructed On or Before October 1, 2010. The facility

demonstrated compliance with this standard by March 21, 2016.

Greenhouse gas emissions from anthropogenic (man-made) sources were also reported on the 2017
Air Emission Inventory Report. These emissions include only emissions from fossil fuel combustion
at the facility and do not include greenhouse gases generated from treatment of wastewater. The

emissions are shown below in Table 1-2.
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Table 1-2

Actual 2017 Metro Plant Fossil Fuel Combustion Greenhouse Gas Emissions

Greenhouse Gas Fossil Fuel Emissions Anthropogenic Total Emissions
(tons/yr) Emissions from (ton/yr)
Sludge*
Carbon Dioxide, CO2 8,326 Biogenic, non- 8326
reportable
Methane, CH4 0.2 31.3 315
Nitrous Oxide, N20 0.02 4.1 4.1
COz-e* 8,334 2,010 10,345

* Based on emission factors from 40 CFR 98, Subpart C. Biogen CO2 is
non-reportable; anthropogenic N20 and

16.2 ENVIRONMENTAL CONSEQUENCES

MCES is proposing to expand the capacity of the existing Metro Plant sludge combustion system.
This will require additional equipment, including a fourth FBI and associated air pollution control
equipment. The project will require a major Minnesota air permit amendment to the facility’s
existing permit for new PMo.

16.2.1 Proposed Equipment

MCES proposes to add a fourth fluidized bed reactor to the site. The proposed FBI 4 will be
approximately the same capacity as the existing three existing incinerators (120-130 dry tons/day).
The facility will include cake receiving to provide backup solids treatment for other MCES
wastewater treatment facilities. Energy recovery and air pollution control equipment proposed for
FBI 4, will be like the three existing incinerators. Further discussion on the air pollution control
train at the facility is provided under Mitigation.

The project will convert a part of the dense phase (pressurized) ash transport system to vacuum
transport which will add two additional dust collectors.

16.2.2 Regulatory Discussion

The proposed FBI 4 project will trigger a major Minnesota air permit amendment. The facility’s
existing permit notes that a major amendment is triggered for any new PM1o emission source since
the site is located in a PM1o maintenance area. Air dispersion modeling for PMaio will also be
completed and included with the facility’s air permit amendment application, if needed.

Although Metro Plant is a major PSD source, the project is not expected to trigger PSD review
requirements. An emission limit on PM. s, a subset of PMao, will be proposed in the air permit
amendment application. Establishing a site-specific limit also triggers a major air permit
amendment.

FBI 4 will be subject to the New Source Performance Standard (NSPS) for Sewage Sludge
Incinerators under 40 CFR 60 Subpart LLLL. This standard is a Clean Air Act Section 129 standard
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that addresses both criteria pollutants as well as hazardous air pollutants. FBI 4 and its control
equipment train will be designed to meet the emission limits immediately upon startup.

There are additional federal and state limits that apply to sewage sludge incinerators, but emissions
allowed under these standards are less stringent than the Subpart LLLL limits. These standards
include EPA’s 40 CFR 503, self-implementing, requirements, and 40 CFR 60 Subpart O.

Minnesota Statute 116.85 requires installation of a continuous emission monitoring system (CEMS).
The facility will operate CEMS for CO and oxygen (Oz2), as well as a continuous opacity monitoring
system.

16.2.3 Emissions Discussion
Criteria Pollutants

Criteria pollutant emissions are shown in Table 2-1 for the proposed FBI 4. The project is expected
to qualify as a PSD synthetic minor modification. Potential emissions are calculated with the most
stringent federal or state rule that applies for each pollutant. Stack testing for the existing FBIs is the
basis of VOC emission estimates, and the particulate emission estimate assumes that a synthetic
minor limit would be established. The condensable portion of particulates is not regulated under the
applicable New Source Performance Standard.

Natural gas is used during startup to minimize emissions and ensure complete combustion. Natural
gas emissions are not quantified due to the short time period. Sewage sludge is assumed to generate
higher emissions than natural gas for all criteria pollutants; therefore, continuous sewage sludge
combustion is assumed with no natural gas emissions as a worst case.

Table 2-1
FBI 4 Potential Criteria Pollutant Emissions (@ 130 dtpd)
Pollutant Allowable Emissions
(ton/yr)
PM, excluding 3.2

condensable
particulates

PMio 3.8
PM_s 2.4
SO, 4.7
NO 18.9
VOC 0.5
(6{0)] 10.4
Lead 2.1x10*

The project will increase allowable emissions of criteria pollutants at the facility, as the FBI 4
accommodates growth of the overall metropolitan area and would allow the facility to receive sludge
from other MCES facilities. However, operation of FBI 4 would likely result in reduced operation
of the three existing FBIs.

Greenhouse gases
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The carbon dioxide emissions generated from sludge treatment are biogenic or naturally occurring,
and would be expected to occur regardless of how the sludge is treated. Methane may also be
generated from incomplete combustion. Nitrous oxide is emitted at combustion sources, and is
temperature dependent. Nitrous oxide tends to decrease as NOx increases. The N20 emissions are
estimated from stack test results for the existing FBIs.

Table 2-2
FBI 4 Potential Greenhouse Gas Emissions
Greenhouse Gas Potential Emissions (ton/yr)
CO, 90,471
Methane 12
Nitrous Oxide 25
COy-e 98,285

HAPs

The hazardous air emissions from FBI 4 are expected to be metals, volatile organics, dioxin/furans
compounds, and hydrochloric acid.

Allowable mercury emissions under the NSPS for FBI 4 are approximately 299 grams per year.
This emission level is comparable to mercury emissions from accidentally breaking one compact
fluorescent light bulb.

Table 2-3
FBI 4 Hazardous Air Pollutant Emissions
Hazardous Air Potential Emissions (ton/yr)
Pollutant
NSPS Regulated HAPs
Lead 2.2x10%
Cadmium 3.65x 10
Mercury 3.32x10*
Hydrochloric acid 0.12
Total Dioxins/Furans, 4.31x10°

total mass basis

All Other HAPs

Maximum Individual 0.005
HAP
Total HAPs 0.14

The technical support document for the facility’s current permit indicates that total HAP emissions
are 12.3 ton/year with the highest individual HAP at 3.7 ton/year. With FBI 4 emissions estimated at
less than 1.0 ton/year, the facility will remain a minor HAP source after the project.
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16.2.4 Air Quality

MCES will complete PM1o air dispersion modeling, if required, to support the air permit amendment
application. The modeling is triggered by the PM1o maintenance area requirements. Air dispersion
modeling was completed when the existing three FBIs were installed as well.

Ambient monitors are operated by MPCA for PM1o and PMz.s both upwind and downwind of the
industrial area that includes the facility. The ambient monitoring in the area, in combination with the
air dispersion modeling, ensures that particulate concentrations will remain below levels that would
endanger public health.

EPA’s 40 CFR 503 regulations require sewage sludge incinerators to identify a dispersion
coefficient. MCES identified an annual average dispersion coefficient of 7.2 micrograms per cubic
meter concentration, based on 1 gram per second emission rate for the existing facility equipment.
FBI1 4 will be co-located with the existing three FBI stacks at the same stack height and will have
similar exhaust temperature and exit velocity. 40 CFR 503 will require the facility to identify a
dispersion coefficient for FBI 4 as well.

FBI 4 is expected to meet all National Ambient Air Quality Standards. The National Ambient Air
Quality Standards are intended to protect human health and the environment for criteria pollutants.

MCES will also complete an Air Emissions Risk Assessment (AERA) which evaluates air emissions
for potential to impact human health. To quantitatively assess the potential for impacts, MCES will
use MPCA’s Risk Assessment Screening Spreadsheet (RASS) using the air dispersion modeling
results and potential emissions for the changes to the facility. MCES will evaluate the increase in
throughput for FBRs 1-3 and potential emissions of FBR 4. Estimates of acute hazard, chronic
hazard, and chronic excess lifetime cancer risk will be compared to one-tenth of the Minnesota
Department of Health (MDH) threshold levels. The AERA will also look at cumulative potential
effects in the surrounding area of the facility. The FBRs are expected to pass the screening-level risk
assessment and present no adverse impacts to human

16.3 MITIGATION

The proposed air pollution control train for FBI 4 will be, at minimum, the same as the existing
scheme of carbon injection, baghouse, wet scrubber and wet electrostatic precipitator. MCES
intends to examine alternatives and may propose an alternate scheme with equal or better control
efficiency. The air pollution control train for FBI 4 may include ammonia injection for enhanced
NOx control. Caustic addition to the scrubber will be included as with the existing FBIs.

All facility ash handling exhaust points are controlled with fabric filters. Fabric filters would
continue to be used for any additional ash handling emissions.

16.4 ALTERNATIVES
The alternatives to incineration of sewage sludge involve stabilization and land disposal.
Stabilization alternatives include alkaline treatment or anaerobic conversion to biosolids. Land

disposal alternatives include tipping at a regulated landfill site or seasonal land application as soil
amendment. Decomposition of the carbon in sludge to form CO- and other greenhouse gases would
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occur in any of these processes. Volatile organic emissions may be higher than from incineration
since organics in the sludge are not combusted. Biosolids handling can generate particulate matter
both at the conversion site and at the application site. Moving the biosolids will require additional
energy resources and will generate tailpipe emissions through the use of heavy equipment and truck
hauling. Odors are more common with landfilling sludge or biosolids conversion /land application.
FBI 4 would have energy recovery and offset some energy use at the facility. Biosolids conversion
and landfilling may not provide any energy recovery. However, biosolids would be expected to
reduce energy use and emissions from the production of synthetic fertilizers.

2. Vehicle emissions - Describe the effect of the project’s traffic generation on air emissions.
Discuss the project’s vehicle-related emissions effect on air quality. Identify measures (e.g.
traffic operational improvements, diesel idling minimization plan) that will be taken to
minimize or mitigate vehicle-related emissions.

This minimal increase in truck traffic is not anticipated to significantly impact air quality,
including CO levels.

3. Dust and odors - Describe sources, characteristics, duration, quantities, and intensity of dust
and odors generated during project construction and operation. (Fugitive dust may be
discussed under item 16a). Discuss the effect of dust and odors in the vicinity of the project
including nearby sensitive receptors and quality of life. Identify measures that will be taken to
minimize or mitigate the effects of dust and odors.

The project will occur within the existing Metro Plant site in an area zoned for industrial use. The
area in the vicinity of the Metro Plant is not expected to be adversely affected by noise, dust, or
odors during construction or operation. Odor is expected to be reduced as a result of the operation of
the facilities constructed under this project.

Generation of dust can be anticipated during the limited amounts of demolition work that will occur.
Nuisance levels of dust generated during demolition activities can be controlled though periodic
wetting and/or other measures.

17. Noise
Describe sources, characteristics, duration, quantities, and intensity of noise generated during
project construction and operation. Discuss the effect of noise in the vicinity of the project
including 1) existing noise levels/sources in the area, 2) nearby sensitive receptors, 3) conformance
to state noise standards, and 4) quality of life. Identify measures that will be taken to minimize or
mitigate the effects of noise.

Varying degrees of noise can be expected during the construction period. Anticipated noise sources are
primarily construction equipment and normal construction activities. Mitigative measures would include
standard mufflers on engine driven equipment and possible ear protection as necessary for workers
engaged in periodic demolition or other short term noise intensive activities.

page 20



18. Transportation

19.

a.

=

o ks

Describe traffic-related aspects of project construction and operation. Include: 1) existing and
proposed additional parking spaces, 2) estimated total average daily traffic generated, 3)
estimated maximum peak hour traffic generated and time of occurrence, 4) indicate source of
trip generation rates used in the estimates, and 5) availability of transit and/or other
alternative transportation modes.

Not applicable.

Temporary construction traffic will vary, depending upon construction stage, from an estimated 5 to
10 vehicles per day.

The average annual daily traffic volume (AADT) on Childs Road is 2850 vehicles per day (from the
MN DOT 2013 Publication Traffic Volumes Metro Street Series). The minimal increase in traffic in
this industrial area due to the Solids Project is not anticipated to significantly impact traffic flow or
patterns or require any traffic improvements.

Trip generation rate estimates are based on experience in previous construction projects.

The train yard is within close proximity to the Metro Plant and may be available as an alternative
transportation mode for shipping.

Discuss the effect on traffic congestion on affected roads and describe any traffic
improvements necessary. The analysis must discuss the project’s impact on the regional
transportation system.

If the peak hour traffic generated exceeds 250 vehicles or the total daily trips exceeds 2,500, a
traffic impact study must be prepared as part of the EAW. Use the format and procedures
described in the Minnesota Department of Transportation’s Access Management Manual,
Chapter 5 (available at: http://www.dot.state.mn.us/accessmanagement/resources.html) or a
similar local guidance.

The minimal increase in traffic in this industrial area due to the project is not anticipated to
significantly impact traffic flow or patterns or require any traffic improvements.
Identify measures that will be taken to minimize or mitigate project related transportation

effects.

Not applicable.

Cumulative potential effects: (Preparers can leave this item blank if cumulative potential effects
are addressed under the applicable EAW Items)

a. Describe the geographic scales and timeframes of the project related environmental effects

that could combine with other environmental effects resulting in cumulative potential effects.
Describe any reasonably foreseeable future projects (for which a basis of expectation has been

laid) that may interact with environmental effects of the proposed project within the
geographic scales and timeframes identified above.
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c. Discuss the nature of the cumulative potential effects and summarize any other available
information relevant to determining whether there is potential for significant environmental
effects due to these cumulative effects.

20. Other potential environmental effects: If the project may cause any additional environmental
effects not addressed by items 1 to 19, describe the effects here, discuss the how the environment
will be affected, and identify measures that will be taken to minimize and mitigate these effects.

No effects are anticipated except those addressed in this review. However, in response to growth,
regulatory requirements, equipment replacement needs, or rehabilitation, modifications or expansion at
the Metro Plant may be proposed in the future.

RGU CERTIFICATION. (The Environmental Quality Board will only accept SIGNED Environmental
Assessment Worksheets for public notice in the EQB Monitor.)

I hereby certify that:
e The information contained in this document is accurate and complete to the best of my knowledge.
o The EAW describes the complete project; there are no other projects, stages or components other
than those described in this document, which are related to the project as connected actions or
phased actions, as defined at Minnesota Rules, parts 4410.0200, subparts 9¢ and 60, respectively.
o Copies of this EAW are being sent to the entire EQB distribution list.

Signature Date

Title
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Appendix A

Figure 1. EAW - County Map and Location of Construction
Figure 2. EAW - USGS Map and Location of Construction Boundaries
Figure 3. EAW - Aerial View and Location of Construction
Figure 4. EAW - Metro WWTP Solids Management Building, Plan — 4" Fluid Bed Incinerator
Figure 5. EAW - Parcels and Land Ownership Around Metro WWTP
Table 1. Details of Parcel Information shown on Figure 5
Figure 6. EAW - Ecologically Significant Areas Around Metro WWTP
Figure 7. EAW - Land Use Around Metro WWTP (From MCES - Regional Planned Use Data Set, 2014)
Figure 8. EAW - Flood Insurance Rate Map
Figure 9. EAW - County Well Index, http://mdh-agua.health.state.mn.us/cwi/cwiViewer.htm
Well Log 506894
Well Log 506893
Well Log 501658
Well Log 501657
Well Log 603089
Well Log 226583
Well Log 200052
Well Log 226584
Well Log 151554
Well Log 501659
Figure 10. EAW — Metro Plant Water Table Contour Map, 1994
Boring Log B-201
Boring Log MW-211A
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Figure 3. EAW - Aerial View and
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I:l Parcels Boundaries | |

Figure 5. EAW - Parcels and
Land Ownership Around Metro
WWTP




'Metro WWTP EAW Info

SW 1/4 of NW 1/4, Saction 10, Township 28N, Ranza 22W

Longitude = -93.0419
Latitude = 44,9287
(East of Incinerator building)

Watershed NHD r: ic Unit 8 NHD Hydrologic Unit Name

HU_8- 701020e Twin Cities

HU_10- 701020808 City of Saint Paul-Mississippi River

HU_12- 70102060805 Harriet Island-Missizssippi River

Parcel Info

Map Number PIN (Tax #) BLDG_NUM STREETNAME STREETTYPE CITY ap OWNER_NAME OWNER_MORE OWN_ADD_L1 OWN_ADD_L2

1 123-052822110001 [2145 CHILDS RO Saint Paul |55106 |Port Authority Of St Paul Port Authority Of St Paul 380 5t Peter St 5te 850 Saint Paul MN55102-1313
2 123-092822110002 |2175 CHILDS RD Saint Paul |55106 |PortAuthority Of St Paul Port Authority Of St Paul 380 5t Peter 5t Ste 850 Saint Paul MNS55102-1313
3 123-092822110003 |0 CHILDS RD Saint Paul |55119 |Northwest Chemco inc Northwest Chemco Inc 1400 Douglss Stop 1640 Omaha NE&8175-0002

4 123-092822110004 |0 CHILDS RD Saint Paul |55119 |Chicago Nw Trans Co Chicago Nw Trans Co 1400 Douglas Stop 1640 Omaha NE&8175-0002

5 123-092822140001 (2209 CHILDS RD Saint Paul |55106 |Port Authority OfSt Paul Part Authority Of St Paul 3805t Peter St Ste 850 Saint Paul MNS5102-1313
& 123092822140002 22292 CHILDS RD Saint Paul |55106 |Port Authority Of St Paul Port Authority Of St Paul 23305t Peter St Ste 850 Saint Paul MNGS55102-1313
T 123-092822140003 |0 CHILDS RD Saint Paul |55119 |Metro Waste Centrol Comm Metre Waste Contrel Comm 390 Robert StN Saint Paul MN 55101-1805
) 123-092822140004 |0 CHILDS RD Saint Paul |55119 |MetroWaste Control Comm Metro Waste Control Comm 350 Robert 5t N Saint Paul MN 55101-1805
9 1234092822140005 |0 CHILDS RD Saint Paul |55119 |Metro Sewer Serv Board Comm Metro Sewer Serv Board Comm 390 Robert St N Saint Paul MN 55101-1805
10 123-092822140007 |0 UNASSIGNED Saint Paul |55119 |Nsp And Metro Waste Control Nsp And Metro Waste Control 350 Robert St N Saint Paul MN 55101-1805%
11 123092822410001 |2400 CHILDS RD Saint Paul |55106 |Metropolitan Waste Control Metropolitan Waste Control 350 Robert St N StPaul MNS55101-1B05

12 123092822440001 |0 PIGSEYE LAKE |RD Saint Paul |55119 |Chicage Nwn RrCo Chicage Nwn Rr Co 1400 Douglas Stop 1640 Omaha NEE8179-0002

13 123-092822440002 |0 PIGSEYE LAKE |RD Saint Paul |55119 |Great Northern Ry Co Great Northern Ry Co 4105 Lexington Ave N Ste 20| Arden Hills MN 55126-6109
14 123-102822130006 |0 PIGSEYE LAKE |RD Saint Paul |55113 |City Of 5t Paul City OF 5t Paul 25 4rh 5t W Rm 1000 StPaul MN 55102-1692

15 123-102822220007 |0 UNASSIGNED Saint Paul |[55119 |Metropolitan Council Metropolitan Council 1400 Douglas Stop 1640 Omaha NE68179-D002

16 123-102822220010 |0 PIGS EYE LAKE |RD Saint Paul |55119 |City Of 5t Paul City Of 5t Paul 25 4th 5t W Rm 1000 StPaul MN 55102-1692

17 123-102822220011 |0 PIGSEYE LAKE |RD Saint Paul |55119 |City Of 5t Paul City OF St Faul 25 4th St W Rm 1000 StPaul MN 55102-1692

18 123-102822230001 |0 UNASSIGNED Saint Payl| |55119 |Metro Waste Control Comm Metro Waste Contrel Comm 390 RobertStN Saint Paul MN 55101-1805
19 123-102822230002 |0 PIGSEYE LAKE |RD Saint Paul |55119 |Noerthwest Chemce inc Northwest Chemco Inc 1400 Douglas Stop 1640 Omaha NE&81795-0002

20 123-102822230004 |0 UNASSIGNED Saint Paul |55119 |MNorthwest Chemco inc Northwest Chemco Inc 1400 Douglas Stop 1640 Omaha NE&8175-0002

21 123-102822240006 |0 PIGSEYE LAKE |RD Saint Paul |55119 |[MetroWaste Control Comm Metro Waste Control Comm 350 Robert 5t N StPaul MN 55101-1805

22 123-102822310002 |0 UNASSIGNED Saint Paul |55119 |[Metropolitan Waste Control Metropolitan Waste Control 390 Robert St N StPaul MN 55101-1805

23 123-102822310002 |0 UNASSIGNED Saint Paul |55119 |City Of St Paul Parks And Recreation |City Of St Paul Parks And Recreation |25 4th St W Suite 1000 StPaul MN55102-1692

24 123-102822320001 |0 UMNASSIGNED Saint Paul |55119 |MatroWasta Control Comm Matro Waste Control Comm 390 Robert 5t N Eaint Paul MM 55101-1B05
25 123-102822320002 |0 PIGSEYE LAKE |RD Saint Paul |55119 |Metro Waste Centrol Commissio Metre Waste Contrel Commissio 290 RebertStN StPaul MN55101-1805

26 123-102822320003 |0 PIGSEYE LAKE |RD Saint Paul |55119 |Metre Waste Contral Commissio Metre Waste Contrel Commissio 390 Rebert StN StPaul MN 55101-1805

7 123-102822320004 |2898 CHILDS RD Saint Paul |55119 |MNorthern States Power Co Northarn States Power Co 414 Nicollar Ave Mpis MN55401-1927

28 123-102822330001 |0 UNASSIGNED Saint Paul |55119 |Chicago And Northwestern Ry Chicago And Northwestern Ry 1400 Douglas Stop 1640 Omaha NEG681795-0002

29 123-102822340001 |0 UNASSIGNED Saint Paul |55119 |Metropolitan Waste Control Metropolitan Waste Control 350 Robert 5t N StPaul MN 55101-1805

30 123-102822410001 |0 PHGSEYE LAKE |RD Saint Paul |55119 |Ramsey County Farks And Rac Ramsay County Parks And Rec 2015Van Dyka St N Maplewood MNS5109-3711
31 123-102822430002 |0 PIGSEYE LAKE |RD Saint Paul [55119 |Ramsey County Parks And Rec Ramsey County Parks And Rec 2015Van Dyke StN Maplewoed MNGS5100-2711
32 123-152822130001 |0 UNASSIGNED Saint Paul |55119 |Ramsey County Parks And Rec Ramsey County Parks And Rec 2015Van Dyke StN Maplewood MN55109-3711
33 123-152822220003 |0 UNASSIGNED Saint Paul |55119 |Metropolitan Waste Control Metropolitan Waste Control 350 Robert St N StPaul MN55101-1805

62 offea

Table 1. Details of Parcel Information
shown on Figure 5.
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Figure 7. EAW - Land Use
around Metro WWTP (From MCES
- Regional Planned Use Data Set)
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andior floodpiain managensent CUposes when ey ane Figher than the eleations
shza o iz FIRM

Baundarien of the Noodways wers compuied & cross ssciiorn and Intarpolated
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regard Io requirsmanis of $he Mationat Mood Insurance Pregram. 1 widihe.
and cthar pertinent flocdwary data are provided in the Ficod msurance Study Report
Tor this jurisdiction,

The prejection usaet in tha preparaion of s map was Unsersal Transmass
Mariaier (UTH) 2one 15. Thes horigontal ditum was NAD 27, 0RS 1980
5 in datun, spheroid, progecton or UTM cones ueed in e
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Well Log Report - 00506894

Page 1 of |

Unigue Well No. MINNESOTA DEPARTMENT OF HEALTH
County Ramsey Entry Date 0512011991
506894 Busd il WELL AND BORING g e
QuadlD 1034 RECORD Received Date
Minnesota Statutes Chapter 103/
Well Name MWCC ASH PONDS MAD 6. Well Depth Depth Completed Date Well Completed
Township Range Dir Section Subsections Elevation ;E:; I’It.ut’a ] 174 11021989
) mint
28 22 W 10 BAADDD  Elevation Method topographic map | Drilling Method Power Auger
(#/- 5 feet)
-W Il Address ili i [ =
€ Drilling Fluid Well Hydrofractured? | | Yes | No
ST PAUL MN - From Ft. fo Ft.
Use Abandoned Status Sealed
Geological Material Color  Hardness From }': Casing Type Piastic Joint No Information Drive Shoe? | | Yes |

FILL SAND, CLAY, PLASTIC, TIRES

Mo AbovelBelow 2.5 ft.

Located by: Minnesota Geological
Survey

Unique Number

Verification: Information from owner
System: UTM - Nad83. Zone15, Mefers X: 497220 Y: 4075427

(Digitizing Table)
Input Date: 01/01/1990

LEAN CLAY DK. GRY MEDIUM 14 17
Casing Diameter Weight Hole Diameter
2 into 12 f. Ibs./ft Tinto 17 ft.
OpenHole from ft. to ft.
Screen YES ~ Make TIMCO  Type plasiic
Diameter Slot/Gauze  Length Set Between
2 10 5 12 . and 17 ft
Static Water Level
§ ft. from Land surface  Date 11/0211989
PUMPING LEVEL (below land surface)
fi_after hrs pumping _gp.m.
Well Head Completion
Pitless adapter manufacturer Model
 Casing Protection Y | ¥ 12in. above grade
™ At-grade (Environmental Wells and Borings ONLY)
ZEDHBQA-;Z?;WELLMAD 6. Grouting Information  Well Grouted? v Yes No . Not Specified
WELL SEALED 11-04-2004 BY 62012
ORIGINAL USE MW - MONITOR WELL
Grout Material: Neat Cement from 0 to 9 ft 0

Method: Digitized - scale 1:24,000 or larger

Nearest Known Source of Contamination
_feet _direction __type

Well disinfected upon completion?

Yes Na

Pump Mot Installed  Date Installed
Manufacturer's name Model number __ HP Q_ Voits

Lengthofdroe Pipe _ft. CaEaciy_g.p.m T!Ee fiaterial

First Bedrock

Last Strat clay-gray Depth to Bedrock .

Aquifer Quat. Water Table Aquifer

Abandoned Wells Does property have any not in use and not sealed wel(s)?

fes No
Variance Was a variance granted from the MOH for this well? Yes | MNo
[ Well Contractor Certification
Siglason,John M0070 SPERMBAUR.D,
License Business Name Lic. Or Reg. No. Name of Driller

County Well Index Online Report

Printed 10/2/2014

506894

HE-01205-07

http://mdh-agua.health.state. mn.us/cwi/well log.asp?wellid=506894

10/2/2014
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MMNNESOTA DEPARTMENT OF HEALTH

Gounty  Ramsey Entry Date os2niteet
Quad SPouiEant WELL AND BORING RECORD Update Date nEiaEDe
Qued D EEE) Minnesota Statutes Chapear 103 Received Dute
Wed Depth Depth Compisted Date Wed Complotad
Dir  Becbon  Dubssctioss Bevation n i = 11921868
w " BADEAD Beation Wethad 7.5 it topograghi map [+ 5 ket Driling Wetod Fomsr Auger
Biring Fusd el Wydrofractured? |
= om Pt i L
[T
erial Color Hardness From To | CasingTyps Puastc Joint Noiiemstion Drivatbos? || ves [V No AbovelBeow 23 1t
ND. WOOD. TIRES Q 12 "
DK GRY MEDIUM 12 15 Casing Diameter Weight Hole Dismeter
2 ine 10 R Ibs. Tinta 16 R

Scresa YEE  Maks TRCO  Type plastc

Diameter Slot'Gauze
10

Length

Betureen
10 f asnd 15 #

Static Water Lave
11 8 tom Land sedice Dot Measured 11021588

PUMPNG LEVEL (below and surtace)
B mhee s pumping gom

Wisd Head Gompletion
Fiess adacter manufactures Mode!

V| Caging Promcion ¥ [V 1200 sbove grade

| pagrack [Ermvircamsntsl Weis and Soengs ONLY)

ota Geologies! Suney
rification: inioemstion fom owmer
a8, Zonats Maers

Mothod: Digeaed - scais 124,000 or lasger (Digazing Tabke)
Input Dabs- 3104
X 4TS ¥ 457

Grouting information Wed Grouted® [V Yes [T Mo | Mot Specified

Grout Materisl: Neat Cemant

hom O fo 7 R

Neareat Known Source of Contamnation.
_het _dusston _tpe

el disindscied upon compieticn” a5 N

Pump Notiestaled Date Instated
Mandactoorsnans  Modslrumber _ HPO Vol
LengofdopPipe R Caoscly_gom  Type Matersl

-

Aquifer Cust Water Tatie Aquier
Depth to Bedrock -

Abandoned Wels Doss propedy nave sny not in we Bnd ot sssied wad(s)? | | Yes

Variance Was 3 varance grarsd fomse MDH e s wed? ||| Yes

Wel Contractor Certificaton
GiElagon joine

Loe=se Basineas Name

L OrRisg Mo

FERBAR D
Mame of Deilar

Vell Index Online Report

506893

Printed 10/2:20

HE01208-
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Minmamoes Linmgure Well No.

Gounty Aasay MNNESOTA DEPARTMENT OF HEALTH Esdry Date 252011991
501658 Gad SPasEam WELL AND BORING RECORD Update Date astzaote
Quad I ig3a Mnresots Statutes Chapher 100 Recseed Date
pial Mame PYSSEVE LANDFILL W2 el Tgeh Dipih Gompietad Dals Wel
Township Range Dir Section  Bubmectione Bevation w0 i z:n 12191588
] a W L] BACCED T5m gragme ma (+- 5 e} Driling Method Pomer Aucer
. L ol s Kbl
Viell Address = =
WARNERICHILDS RD [hilg P T Hrfaciarmdy Xl Yo
ST PAUL MY 2 From L 12 AL
Use Abardoned States Sesied
Geological Material Color Hardness From To | GasngType Swminiess Sies Joint Noletoonaton Drivetnce? || ves V] Mo AboveiBelow 15 1
NOT SAMPLED o 18
TRASH IN SANDY & CLAYEY MATRIX 15 13 C'Illwg Diameter Weight Holbe Duameter
SWAMP DEFOSITS OR FILL 18 23 2 inte 1THR [ Tt 23 h
Opsnbole fom & w0 &
ScroenYES  Maks JOWNEON  Type smesss mes
Ciameter SlotGauze Langth Sat Botween
2 10 5 17 R oand 22 R
Stabe Water Level
18 & fromLand sudscs  Date easured 12191885
PUNPING LEVEL {bulow lsad surface)
& ader heypumpmg gom
Vel Head Compietion
Ftiens adactes Tanufactmee Mode!
V| Casing Protmctin ¥ W] 12/ sbove grade
7] Megende (Ervimonmartai Wats and Borings ONLY)
REMARKS (Grouting information Vit Geoued™ 73 Mo [T Mot Spacdiad
WELL SEALED 11-04-2004 Y 82012
DRIGEINAL USE MW - MONITOR WELL
Grout Material: Other fom 0 %0 2 0 ]
Geout Material Hest Cement fom 2t 15 f ]
Located by: Mrnsscts Geciogesl Sumvey Meothod: Dhgiized - scaie 124,000 or laeger [Digdizng Table)
Liniges Numier Verficaton: Omes moes i remascs input Date: 01014560 S i e
System: UTMA- Na2d3, Zone T Meters K oagdaf Y 49733 _bIl dmacton _type
Visi ASriBced upom compauoe ™ _.j Yo [ | Mo
Pump [ Wotiamisd Dote instased
Marufaciurer's nams Nodel number_ HPD Vois
Lengh ofgmpPos & Chomcty_gom  Typs Mawes
Abandoned Welln 5085 popany have any rotn wsa @ed Aot seaied wall I ves M o
Variamcs Was 8 varence grasid iom e i epawe || ves [0 e

Firnt Bedrock

Lant Bral Fecersdepost

Aquifer Cuast Vst Tatie Aqater
Dspth 1o Badrock 1

Vel Contractor Certificates

Brgun Eag Taging

Lipemse Busness Name

County Well Index Online Report

501658

Printed 10/272014
WE-(H 205-07

9¢ abed




Well Log Report - 00501657

Mi ta Unigue Well No.

Page 1 of 1

MINNESOTA DEPARTMENT OF HEALTH

County Ramsey Entry Date 0512011991
501657 S o P it WELL AND BORING bl i
QuadiD 1038 RECORD Received Date
Minnesota Statutes Chapter 1031
Well Name PIGSEYE LANDFILL MW-1 Well Depth Depth Completed Date Well Completed
Township Range Dir Section Subsections Elevation 3955 I’I(.m’El S 33 1, 12/14/1988
< mini
28 22 W 10 BDAMAC  Elevation Method topographic map | Drilling Method Power Auger
(#- 5 feet)
-W Il Address il i [l 7
e Drilling Fiuid Well Hydrofractured? Yes No
ST PAUL MN - From Ft. to Ft.
Use Abandoned Status Sealed
?q?}osgm::fggﬁal Color  Hardness From To| Casing Type Stainless Steel Joint Nolnformation Drive Shoe? [ves @
TRASH PAPER, WOOD, PLASTIC 10 o AbovalBolow 35 1. - -
FILL SILT 20 Casing Diameter Weight Hole Diameter
SWAMP DEPOSITS OR FILL DK. BRN 22 2 inte 17 f Ibs.ft. 7ihte 22 f
Open Hole from ft. to  fi.
Screen YES ~ Make JOHNSON  Type stainless steel
Diameter Slot/Gauze  Length Set Between
2 10 5 17 . and 22 ft
Static Water Level
14 fi. from Land surface  Date Measured 12/14/1988
PUMPING LEVEL {below land surface)
fi_after hrs pumping _g.p.m.
Well Head Completion
Pitless adapter manufacturer Model
¥ CasingProtectionY | ¥ 12 in. above grade
& At-grade (Environmental Wells and Borings ONLY)
REMARKS . " .
WELL SEALED 11-04-2004 BY 62012 Grouting Information Well Grouted? v Yes No Not Specified
ORIGINAL USE MW - MONITOR WELL
Grout Material: Other from 0 1o 2 ft 0
ial: from 2 to 15 ft.
Located by: Minnesota Geological  Method: Digitized - scale 124,000 or larger | GTOUt Material: Neat Cement 0
Survey (Digitizing Table)
Unique Number Verification: Other, X Nearest Known Source of Contamination
note in remarks Input Date: 0110171390 _feet _direction _type
3;:;;"": UTM - Nag83, Zone15, X: 497191 Y- 4975162 Well disinfected upon completion? Yes Na
Pump Not Installed Date Installed
Manufacturer's name Model number __ HP Q_ Voits
Length of droE Pipe _ft. CaEac\y _gpm T!Ee Iaterial
Abandoned Wells Does property have any not in use and net sealed well(s)?
ves | No
Variance Was a variance granted from the MDH for this well? ™ Yes & No
Well Contractor Certification
Fieat Bodroch Aquifer Quat, Water Table Aquiter Braun Eng Testing 10016 DoAY,
Last Strat Recent deposit-orown Depth to Bedrock ft. License Business Name Lic. Or Reg. No. Name of Driler

County Well Index Online Report

501657 oo

http://mdh-agua.health.state.mn.us/cwi/well log.asp?wellid=501657 10/2/2014

page 37
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3 U Well Mo,

Gonnty ity WNNESOTA DEPARTUENT OF HEALTH Entry Date 11222002
603089 Quad StPai Eant WELL AND BORING RECORD Update Date waoie
QuadD 1034 Minnesots Stetules Chapter 105 Racsived Dats 2002
Wl Name METROPOLITAN COUNCEL ENV el Dapth Dwpth Complated Date Woll Comploted
Township Range Dur Secton  Sobasctoas Bevaton T08 L 110 fi 101 72002
s ] 2 w L) = Bigvaton Mathed (Calc oo DEM [LISGS T 3 min or equiv | B rorre
e — —
;:NMCH°|;;5 . Drling Fuid wisa Hydrofractured? || ves (V] wo
i Wt Erom Bt o Bt
Une Dowsterng we
Goological Material Color Hardness From To Gaing Type Sme! (oiack or iow casbon] Joint Urknowe DriveSsoe? (¥ Yes || Mo AbovelBeiow f
TOP SOIL BLACK SOFT o 3 e
SAND/GRAVEL BROWN SOFT 3 13 Casing Diameter Waight Hole Diameter
CLAY & SAND GRAY SOFT 13 36 20 Inte 45 7B8 IBaim 20 inte 54 R
ROCKS/GRAVEL BROWN SOFT 35 41 o :
SANDSTONE BROWH MEDHUM 21 a4 14 into 84 M 54.57 Iba./ 14 into 110
LIMESTONE GRAY HARD 44 110 Open Hols rom 52 & &
Screen O Make  Type
Diameter SlotGauze Length Set Between
Static Water Lovel
21 & fomLand surisce Date Measured 14252002
PUMPING LEVEL [beicrw land surfacs)
511 afier 10 hes pumoing 720 gom
el Head Gompistion
Pifess sdacter sanadachurer  Mode! PS4
| CasngProtscion ] 12im above grade
Agrade [Erveonmental Weds and Borngs ONLY)
:f\:“”"'“ Grouting informabion Ve Growtea? (V] Yes [T Mo [T NotSpecded
I Mest Cement from 0 to 54 & 52 bags
Located by Miregscts Deparment of Healn Method: GRS 54 OF (averaged
qu on: 1S/GPS bom & Input Dats: 10222001
Systom: UTH - Nad3, Zone?3, Meters X 4EE3M Y 4574805 Mearest Knaen Source of Contamination
Jot 5 direction Tarks fype
Vied dsievied upon compiaton? | Yes Mo
Pump || Motiestated Dme iesiated 00192002
Vorufacurers mame GOULD  Modeinember 1Z0HLC  HPTS Vols 480
Lengnolareo PpeJ) & Capacty 1700 gom Thoe Submessbic Manal
Wels O ave By rotn e and = 0] ves [¥] e
VEriance VWas & vasiance grarted bom the MOH for s wet? Yes [¥] Mo
Wed Contracter Certification
First Badrock Aquiter Karys Wil Co 62012 ALV W
Last Srat Depth to Bedrock  # Leerss Busmess Name Lic OrAzg Mo Hame o e
Printed 1/14/2015
County Well Index Online Report 603089 i a

HED120507
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Linnescts Unigue Wel No.

Chti  Rum MINNESOTA DEPARTUENT OF HEALTH Estry Dute
Quad 3P East WELL AND BORING RECORD Update Dals
ud0 L Minnesota Statutes Chapter 103 Racerved Dats.
Vil Nams APLS 5T PAUL SANT 1 Wil Degth Depth Conpletsd Dats Vel Compieted
Township Rangs O Section  Subsections Bratin TR ) I i
= z w s DAMED BevatonMotholl TS minuds tpographie mep (+- Seel] =
nﬂm Cable Tool
Well Address Driing Fasd Wel Hydrotractured? || Yes
ST PAUL N fomfmh
Ues  Imcasral
Geological Material Color Hardness From To Gasing Typs Sies [k or o tavborn) Joint Noinfommation Drive Shos? ||| Yes [7] o AboweiBsiew 0
oRIET s s
BROKEM LINEROCK 2 e Casing Diameter Weight Hole Diameter
LIMERCCK 34 a2 0 into 34 tes. Mt
JORDAN SANDROCK 182 284
GRAY SHALE 282 287 24 into BT R tos it
Gpen Hoks_bomE7 & 257 R
Screantd  Waks Type
Diameter SiotiGauze Length Sat Botwson
Blate Water Level
198 fovlaedsurisce Dets Wsssursd 10301965
PUBPING LEVEL (bedow [and surtace}
531 ater s pumoing 785 gom
Wil Head Complation
Powss sdmper meatacrer ode!
lcasmgrromesen 7] 12 stove grase
| At-grases Eeviromantal Wisls and Boengs OMLY]
Grouting Information Wt Groes” (7] Yes T e (] Netsossties
WO REMARKS = g
Located by: Meesasts Gesiogen Sevey Mashod: Digmed - ome 124 000 or ages (Dgizing Tasie)
Unapu Hember Verfeabon: wkezmon rom owesr Inpet Date: SUO1T1900
Systam: UTH-Naddd, Zore !5 Msters X 45355 Y. 897TSTTR PP el i
Jleet _deecion _fpe
Wl dardected wpon completion? | Tes No
Punp || Motinsiated Dt instaied
Maametrirate  Moowmmber_ 490 Vol
Lesgih ofdeopPps & Capacy gom  Type Mateea
Abandoned Walls Doms property harve amy nt in use and rctsesiedwetly? || Yoo ] %o
Varance Vas 3 varance granted from e MOH for o wed? vas 0] Mo
Wl Gontracter Corthcation
First Bedrock Fraivs Du Chien Grove A i st s C stero
LastStrat St Lamrence Fomvaton Depth to Bedrack 28 A Liotess Busingss Nars L O e Mo Navma ol Dviee
County Well Index Online Report 226583 """'“;;‘;;‘;
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Gounty Rarmsey MINNESOTA DEPARTMENT OF HEALTH Eniry Dats

Qad 5P Enst WELL AND BORING RECORD Updats Date
Quad 1D 03A Minnacofa Statutes Chapter 103 Recervad Date
Wl Mame 57 PAUL SANIT ADMN B Well Dapth Depts Compisted Date Wel Compigted
Township Rangs  [Dir  Becton  Bubsecton Bevttion e ey sin eomes
- a w E DaEAsD B 73 minute iopagraghic mag [+~ 5 el o Beid T T
Viell Address Paid 2
PIGSEYE ISLAND l_mlnn WH_eri-mr-d‘.l I No
ST PALL MN s R
Use Commercal
Geological Material Color Hardness From To Gasing Ty Sies! [iack or koav carbom] Jnt No Intommason Drive Shee? [
SILT o 8
SAND AND GRAVEL 8 14 Casing Diameter \ieight Hole Diameter
ST. PETER SANDROCK 14 2 & it ATH [ Binto 81 #
HAKS 1
SHAKOPEE 8 s e
Screen  Make Type
Diameter SlavGauze Length Set Between
‘Hatic Waler Lavel
208 fomLandsurisce Duie Messaesd 19271591
PUMPIG LEVEL below land surface)
1% she e pumong 200 gom
Wall Hiead Compiation
Prgss 333008 man A0t Mozs
[ casngProtecsion ] 12in sbovagrade
7] Atgrace [Ervmosmaeisi Viass sed Bonngs TNLY,
Grooting itormaton Wed Grousd? [ Yes | o ] ot Spactes
NO REMARKS
Located by Mlrngsots Ceooges Sunsy Msthod Dighzed - sake 1 7€ 000 or lager [Dgtang Tabis)
Unigme Number Verficabon: iseraton kom ouner Input Date: 07041990
Systom UITM- Nag83, Zone T4 Msters X 6820 Y. 5T4TES Suzrunt Rnwen Mros 8! Contemisiion
Jest _gescton _hpe
Ve disinfiected oom compietion Yo O] %o
Pump I Mot instated Dt atatied
Mandmarerssame  Modeirembes _ HPD Vol
LengihofdronPioe & Cacacty gom  Tyoe Msimria
Abandoned Wels Does crosesy rave any nt in use and ot sesisdwaifs? [ Yes N
arancs Wi a varares graema vemme MOs emawet? [ ves ] o
‘Wel Coatracter Cortificaton
ol ko N S Aquisr Prase Du Chien Grou el Ce
LastSirat Fraini Du Crige Geoup Dopih o Bedrock 14 Licansa Susness Hane Lie OrFlog Na Nams ciCeiar
. Prin 114201
County Well Index Online Report 200052 ”""_ﬁl sz 4




Minresoa Ungue Wal No.

oty  Ramty MINNESOTA DEPARTUENT OF HEALTH Entry Date RIS
Cuad 5 Faul East WELL AND BORING RECORD Update Dats LT
[T Y Minnesota Statates Chagter 03 Recsved Dats
Vel Name MPLE 5T PAUL SANT 2 Vel Depih Dopth Compisted Das Wes Gompisti
Township Rangs D Secfion  Sebssctons Bavation i an zn 1301985
% z w ] DAsACE Bevation Method e pograping map [+- 5 leel] Sring etiod CabToo
el Adiress Diling Fuid wiot Hyarotracturea? 17 ves [T we
ST BAUL MN = rom Ft o Pt
[Ure romra
Gealogieal Material Color Hardness From To Caning Type S (biack or low cartoe] Joumt No inbomason OrveShos? || Yes | No AbsweiBeiow 0 1t
DRIFT a %
SOFT SANDROCK & BROKEN LIMEROCK 28 a1 Casing Dismeter Vielght Hote-Disenaler
HARD LIMEROCK 41 120 30 inte 41 M Ibs R
JORDAN SANDROCK 180 2684
24 in. to B5 R Tos M
OpeaHols bomi5t & 284
ScreenNO  Make Type
Diameter SlotGaute Length Set Between
Staic Watsr Lavel
B fom Date Uessured
PUBPING LEVEL [bsiorw Lasd surfacs]
R aler e pumpeng  gom
Well Hoad Completion
Press adapter Marutactiser Moas:
U] canngPeotecsion [ 12in above grade
| Ategrade (Emvironmental Vieis and Sorings OKLY)
Grouting Isformation Vet Geouma? V] vas || o (] mot Spacten
NO REMARKS
LocHed by Mrrasots Geoiogesl Suney Wothod: Digizes -seae 124 000 or Srgee [Dgiteg Tabie)
Unique Mumbst Varfication Inomrator bom ownse Input Date: 01911950
Systom: UTH - Npa2, Zome? 5, Mesers X 45635 Y: 45TATIS ek st Mcrons Mool o ok i o
_feet _deectce _type
Wul dsirdected apon compieton? || Y U] Mo
umg ' ! Netiesmatise Dt Paaled
Manufactirersrame  Modelmamiee _ M0 Vols
Lesgtn fdopPips & Capacty gom  Type Mameal
Abasdoned Wels Does ceopedy mave any =otn soe and mot sesied weid Yes No
Varasce Was 3 varance grarssd homing MOH e mswet? || Yes
Wl Comtractee Certeaton
First Badrock 5tPeterPrass Du Cree " Mutpis Muster Wed Co 8450
Last Sirat Jordan Sandines Depth to Bedrock 25 ft Liounss Burmnass Name Lic O Alag Na Namg of Deipr

County Well Index Online Report

226584
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Well Log Report - 00151554 Page 1 of |
i Unique Well No. MINNESOTA DEPARTMENT OF HEALTH
County Ramsey Entry Date 08/14/1991
1 51 554 Quad St Paul East WELL AND BORING Update Date 03/10/2014
QuadiD 1034 RECORD Received Date
Minnesota Statutes Chapter 103/
Well Name METRO WASTE CONTROL NO 3 Well Depth Depth Completed Date Well Completed
Township Range Dir Section Subsections Elevation ;053 I’It.ut’a SRR 268 . 0611811980
w3 TNt
28 22 W 10 CBBCCC  Elevation Method topagraphic map | Drilling Method Cable Taol
(#1- § feet)
-Wsllm‘ldress illi F [ =
2500 CHILDS RD Drilling Fluid Well Hydrofractured? | | Yes | No
ST PAUL MN = From Ft. to Ft.
Use Industrial
%Tflrosica! Material Color  Hardness From 1—? Casing Type Steel (black or low carbon) Joint Welded Drive Shoe?
ST. PETER SOFT 27 a7 (3 F Mo Above/Below 4 ft.
SHAKOPEE 37 185 s -
JORDAN 185 266 | Casing Diameter Weight Hole Diameter
SHALE 266 268 30 into 46 ft. Ibs.fft. 29 in.to 268 ft.
24 into 102 ft Ibs. /.
Open Hole from 102 fi. T 268 fu
Screen N0 Make  Type
Diameter Slot/Gauze Length Set Between
Static Water Level
27 ft. from Land surface  Date Measured 06/18/1980
PUMPING LEVEL (below land surface)
63 ft. after hrs. EumEInq 3072 9.p.m.
Well Head Completion
Pitless adapter manufacturer Model
Casing Protection v 12in. above grade
. Af-grade (Environmental Wells and Borings ONLY)
REMARKS

M.G.5. NO. 1588 GAMMA LOGGED 61%/80. CASING IS 4 PT ABOVE GROUND

Located by: Minnesota Geological
Survey

Unique Number .
Verification: Information from owner Input Date: 01/01/1990

System: UTM -Nad83. Zonel5, Mefers X: 496447 Y: 4974637

Method: Digitized - scale 1:24,000 or larger
{Digitizing Table)

Grouting Information  Well Grouted? v Yes Mo Mot Specified

from 0 to 102 fi.

Grout Material: Neat Cement 12 yrds.

Nearest Known Source of Contamination

100 feet §_direction Segictank/dran field type
Well disinfected upon completion? Yes No

Pump | ¥ Notinstalled Date Instlled 0012011081

Manufacturer's name FAITBANKS MORSE Model
number ___ HP 200 Volts 460
Length of drap Pipe 85 _ft.  Capacity 2800 _g.p.m

Type yq’ug Material ﬁg“ﬁ Wg

Cuttings Yes  Borehole Geophysics Yes
First Bedrock StPeter Sandstone

Last Strat St.Lawrence Formation

Aquifer Multiple
Depth to Bedrock 27 ft.

Abandoned Wells Does property have any not in use and not sealed well{s)?

Yes No
Variance Was a variance granted from the MOH for this well? Yes | MNo
[ Well Contractor Certification
a012
License Business Name Lic. Or Reg. Na. Name of Driller

County Well Index Online Report

Printed 10/2/2014

151554

HE-01205-07

http://mdh-agua.health.state. mn.us/cwi/well log.asp?wellid=151554

10/2/2014
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inngscty Unigue Wel Mo

oy VIMNEBOTA DEPARTMENT GF HEALTH Eairy Date Freae
501659 Gusd WELL AND BORING RECORD el c2tezs
Qusd 0 ‘Minnegets Statutas Chapter 103 Racerved Duts
Well Name PYGSETE LANDZLL -3 ek Dapth Dapth Complated Data Wa Complated
Towaship Rasgs O Becon  Submsctioms [— 580 e 2 sansas
2 2 w 0 Bovationllsthod 7% mins boograghie map [+ Slse) 5 -
Vil Adaress Driing Fleid Wt tydrofractured? || Yas | 4o
ST PAUL NN = e B B
Uss Angedossd Slatus Seakd
Geological Material Color Hardness. From To Caving Type Stainiexs Simel Joint Mo inormation Drive Shos? Yo [V Mo AbovelBelow 36 R
NOT SAMPLED 0 2 =
WEATHERED SOIL OR FILL BROWN 2 : Casing Diameter wieight Hole Dhameter
FINE ALLUVIUM OR SWAMP DEPCSITS GRAY 8 12 2t 7R Ioa Tint 12 &
Cpenticle bov £ © ¢
BoreenYES  Make JOMNSON Type siiess siesl
Diameter SlotGauze Length Sel Between
2 10 5 TR oand 12 R
Statc Water Level
B8 fombard serace Dute Newsured 12:14/1585
PUMPING LEVEL [beio tand surfacs]
Y sler ws ey gom
Wist Huad Camplation.
Pten: sdapmemaeutactons Nods
CasngPromcion ¥ [F] 12 abovegrade
] e grade Erimvmerast Wy pnd Bosings ONLY)
RERLRES Grouting nformason el Gmutes? ¥ Yes || No || hot Somced
WELL SEALED 15.04-2004 EY £2042
ORIGINAL L/SE MW - KINITOR WELL
Grout Materal: Omer from 0 to 2 Rt o
Grout Material: Neat Cement fom 2w SN ]
Located by: Minnesots Geotogeal Survey Mthod: Digiized - scaie 124 500 orlasger (Degiiong Tabie
Umiquo Nember Verification: (s, nota it e nput Data: 01011480 Y R IR e
Sywiam; UTN - Nagi, Zone1 4, Maters. & w ¥: eaTeest _fest _drecion _iyre
LenghoidmoPoe & Capscty gom Ty Maer
Abandoned Wols Doss property have sy ot wse 3nd rotseaisdwetls? [ ves [T] me
Variance Was avanance gramed romme Mt mswer || ves [0 %
Vil Contractor Certibcation
FicotDodrock Aguler Cust Wale Tabis Agulse B —_—
LastDIral  Secet SE00A-GrEy Depth to Bedrock it LoniR Bicrdris N Lic O Rgg No
County Well Index Online Report 501659




717 obed

Levels = 1-83

REFERENCE FILE 02 = Fi\132108\GEC\prop.dan

1-&2

Leveis

PEN TABLES FiZI3Z103MTALNIDILOC. TEL

Man Nov I3 1h3RST 15995

DEN =f:\ 132109 geo \gw.pl |

DATE

1-19,21-52,54-63

Level s

PIGS EYE LANDFILL

AS B

“ A
APPROXIMATE

F.

HEE

il Hl i

|
i
CulnNigh i)

1 =

depy unojuo sjqel

13)ep Jue|d 0418 "0 @4nbi4

BASE MAP SOURCE:
METROFOLITAN COUNCIL WASTEWATER SERVICES (MCWS]
FROM MARKHURD MAY 1993 FLIGHT

LEGEND
SOIL BORING
MOMITDRING WELL

MONITORING WELL CLUSTER

PRODUCTION WELL
PUMP WELL
S

WET WELL
EXISTING CONTOURS (FEET NGVD]

\ Tl
Ry CeNERETE
STATIC WATER ELEVATION
fHGEMAM IFEET NGYDI OCT. 13, 1994
0L INFERRED STATIC WATER ELEVATION

—§92,0— OROUND WATER CONTOUR IFEET NGVD),
t - DASHED WHERE INFERRED

2t APPROXIMATE
p /‘ PROPERTY LINE

CALDWELL
T«ExA*M

FIGURE 9-1
WATER TABLE CONTOUR MAP

METRO PLANT
ENVIRONMENTAL INVENTORY




LOG OF BORING

PROJECT: BAAX-94-037 BORING: B-201

SOIL BORINGS & MONITORING WELLS )

MWCC Waste Water Treatment Plant LOCATION:

- Pigs Eye Refer to attached Ramsey County survey

St. Paul, Minnesota coordinates.
DRILLER: D. Lovaasen | METHOD: 3 1/4" HSA DATE: 2/21/94 |SCALE: 1" =4
Elev. | Depth | ASTM Description of Materials
698.2 0.0| Symbo (ASTM D2488) BPF WL Tests or Notes

FILL 1 | FILL: Silty Sand, fine- to medium-grained, with ; :

- itiii| Gravel, brown, moist. - AW Opan EritnEls dn the watsy
696.2 2.0 i1 i;\*ccll {WL) c:}:lim: indicates
69571 23 FILLI1 FILL: Sandy Lean Clay, brown, moist. gt et N

o FILL ::'};I: FILL: Poorly Graded Sand, fine- to —'§ li while drilling. A solid

| 11 | medium-grained, brown, moist. H 16 triangle indicates the

4kl L groundwater level in the
5927 % :l::f — 173 ' ! boring on the date indicated.
L FILL|ili| FILL: Clayey Sand, fine- to medium-grained, with _N 19 Grodndamter levels Hucougs:
i!111] Gravel, brown, wet.
[690.7] 1.5 Hil -
L CL % LEAN CLAY, slightly organic with fibers, dark 4 2
gray, wet. 3
§89.2 39 oL 11T ™\ (Swamp Deposit) 3
| 1"l ORGANIC CLAY, with seams of waterbearing R
'|'| Poorly Graded Silty Sand, brown, wet. 11
- i (Swamp Deposit) N 2
I
"685.7] 12.5 i1l -
B SM | 3] POORLY GRADED SILTY SAND, fine- to 4 WH
-] medium-grained, gray, waterbearing, very loose to M 1
B 7| loose. - 1
- (Alluvium) N1z
.- x 2 -
R 1 e
7 Jetting water used to wash
= b - sand out of the anger berween
| & " 3 the 16" and 17" depths.
o
4

678.7] 19.5 =4

R OL |1,|,| ORGANIC CLAY, with fibers, dark brown, wet. 4 1
677.2] 21.0 il (Swamp Deposit) o

- END OF BORING. —

i Water observed at 15" while drilling. N

2 Bore hole grouted. ]

BAAX-94037 Braun Intertec - 12/21/94 B-201 pagel of 1

page 45




LOG OF BORING

PROJECT: BAAX-94-037 BORING: MW-211A
SOIL BORINGS & MONITORING WELLS LO ]
MWCC Waste Water Treatment Plant CATION:
Pigs Eye Refe.r_:o attached Ramsey County survey
St. Paul, Minnesota coordinates.
DRILLER: D. Lovaasen | METHOD: 3 1/4" HSA DATE:  2/25/94 |SCALE: 1" = 4’
Elev. | Depth | ASTM Description of Materials
696.2 0.0 | Symbol (ASTM D2488) BPF WL Tests or Notes
FILLTiii] FILL: Sandy Lean Clay, brown, frozen.
6947] 15| pu ]
B FILL| | FILL: Clayey Sand, fine- to medium-grained, with _!
(i1 traces of wood, gray, moist.
L i1y - 5
i 7
691.7 4.5 Aiih 1] 8
| PT [35&] PEAT, very dark grayish brown, moist. —hd 4
690.2 6.0 B {Swamp Deposit) g 2
SM [} ]| SILTY SAND, fine- 1o medium-grained, with traces 2
= 11| of wood, dark brown to dark gray, wet to -
||| waterbearing, very loose. 11|y
- (Alluvium) o=
L A
1
- M 1
o1
1
C681.7| 14.5 1 !
pR121 15.0 CLAYEY SAND, mostly fine-grained, gray, wet, M1
very loose. i1
~ (Alluvium) ol
B SILTY SAND, fine- to medium-grained, dark gray, _|
:-’|| wet to waterbearing, very loose. i
s s (Alluvium) 4 1
: d 1
L - 1
-~ K1
b
675.2| 21.0 'l
= END OF BORING. 4
B Water observed at 8" while drilling. N
i Water down 14’ with 19.5° of hollow-stem auger in |
= the ground. —
B Water down 8 twenty hours after withdrawal of T
| auger. _
- Bore hole overdrilled with 6 1/4" hollow-stem =
B auger.
o Monitoring well set to 14.5". —
Braun Intertec - 12/21/%4 MW-211A page lof1

BAAX-94-037
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Minnesota Department of Natural Resources

Division of Ecological and Water Resources, Box 25
500 Lafayette Road

St. Paul, Minnesota 55155-4025
MNDNR Phone: (651) 259-5109 E-mail: lisa.joyal@state.mn.us

October 31, 2014 Correspondence # ERDB 20150106

Ms. Heidi McEllistrem
Brown and Caldwell

30 East 7th St., Suite 2500
St. Paul, MN 55101

RE: Natural Heritage Review of the proposed Metro WWTP Expansion;
T28N R22W Section 10; Ramsey County

Dear Ms. McEllistrem,

As requested, the above project has been reviewed for potential effects to known occurrences of rare
features. A search of the Minnesota Natural Heritage Information System did identify rare features within an
approximate one-mile radius of the proposed project, but these records did not include any federally listed
species and were either historical or not of concern given the project details that were provided with the data
request form. As such, | do not believe the proposed project will adversely affect any known occurrences of rare
features.

The Natural Heritage Information System (NHIS), a collection of databases that contains information
about Minnesota’s rare natural features, is maintained by the Division of Ecological and Water Resources,
Department of Natural Resources. The NHIS is continually updated as new information becomes available, and
is the most complete source of data on Minnesota's rare or otherwise significant species, native plant
communities, and other natural features. However, the NHIS is not an exhaustive inventory and thus does not
represent all of the occurrences of rare features within the state. Therefore, ecologically significant features for
which we have no records may exist within the project area.

For environmental review purposes, the results of this Natural Heritage Review are valid for one year;
the results are only valid for the project location (noted above) and project description provided on the NHIS
Data Request Form. Please contact me if project details change or if an updated review is needed.

Furthermore, the Natural Heritage Review does not constitute review or approval by the Department of
Natural Resources as a whole. Instead, it identifies issues regarding known occurrences of rare features and
potential effects to these rare features. Additional rare features for which we have no data may be presentin
the project area, or there may be other natural resource concerns associated with the proposed project. For
these concerns, please contact your DNR Regional Environmental Assessment Ecologist (contact information
available at http://www.dnr.state.mn.us/eco/ereview/erp regioncontacts.html). Please be aware that
additional site assessments or review may be required.

Thank you for consulting us on this matter, and for your interest in preserving Minnesota's rare natural
resources. An invoice will be mailed to you under separate cover.

Sincerely,

Samantha Bump
Natural Heritage Review Specialist

www.mndnr.gov
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Heflin, Katherine

Sent:

To:

Cc:

Subject: -
Attachments: -

Hi Rene — Here is your updated letter from the MN DNR. tg

From: Bump, Samantha (DNR) <samantha.bump@state.mn.us>

Sent: Thursday, July 26, 2018 5:33 PM

To: Gilchrist, Therese <Therese.Gilchrist@metc.state.mn.us>

Cc: Horton, Becky (DNR) <becky.horton@state.mn.us>; Parris, Leslie (DNR) <leslie.parris@state.mn.us>
Subject: RE: RE - Correspondence # ERDB 20150106

Therese,

| have reviewed the NHIS regarding the above project. There are no new state-listed species records in the vicinity of
the project. However, the rusty patched bumble bee (Bombus affinis), a federally-listed endangered species, was
documented recently in the vicinity of the proposed project. The rusty patched bumble bee typically occurs in
grasslands and urban gardens with flowering plants from April through October. This species nests underground in
abandoned rodent cavities or in clumps of grasses. Please reference the guidance at the USFWS rusty patched bumble
bee website to determine if the project has the potential to impact this protected species.

The Natural Heritage letter dated October 31, 2014 with this email is valid until July 26, 2019. Thank you for consulting
us on this matter. If you have any further questions, please feel free to contact me.

Have a great day,
Samantha Bump
NHIS Review Specialist | Ecological & Water Resources

Minnesota Department of Natural Resources
500 Lafayette Road

St. Paul, MN 55155

Phone: 651-259-5091

Email: samantha.bump@state.mn.us

mndnr.gov

m DEPARTMENT OF
NATURAL RES5OURCES

Links:

From: Gilchrist, Therese <Therese.Gilchrist@metc.state.mn.us>
Sent: Thursday, July 19, 2018 2:19 PM

To: Bump, Samantha (DNR) <samantha.bump@state.mn.us>
Subject: RE: RE - Correspondence # ERDB 20150106
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Hi Samantha — we have changed some details but essentially it is the same, we are in the planning stages to add more
solids handling capacity, all inside the already built area. Terry

From: Bump, Samantha (DNR) [mailto:samantha.bump@state.mn.us]
Sent: Thursday, July 19, 2018 2:16 PM

To: Gilchrist, Therese <Therese.Gilchrist@metc.state.mn.us>
Subject: RE: RE - Correspondence # ERDB 20150106

Hi Therese,

Thanks for getting in touch. Have there been any changes in the project since the previous review?
Thank you,

Samantha Bump
NHIS Review Specialist | Ecological & Water Resources

Minnesota Department of Natural Resources
500 Lafayette Road

St. Paul, MN 55155

Phone: 651-259-5091

Email: samantha.bump@state.mn.us

mndnr.gov
m DEPARTMENT OF
MATURAL RESOURCES

From: Gilchrist, Therese <Therese.Gilchrist@metc.state.mn.us>
Sent: Wednesday, July 18,2018 1:16 PM

To: Bump, Samantha (DNR) <samantha.bump@state.mn.us>
Subject: RE - Correspondence # ERDB 20150106

Hi Samantha — You had helped us with a Natural Heritage Review in 2014. We are just getting ready to submit plans for
this project. Since the Review was only valid for 1 year, could you let us know what it would take to update for
2017. Attached is a copy of the 1/31/2014 review letter.

Thank-you for your help.

Therese A Gilchrist

Environmental Scientist | Environmental Services - EQA Department

therese.qgilchrist@metc.state.mn.us
! P. 651.602.1193
390 North Robert Street | St. Paul, MN | 55101 | metrocouncil.org
METROPOLITAN o . —
e N L CONNECT WITH US BI 1 H
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The U.S. Fish and Wildlife

Service listed the rusty patched
bumble bee as endangered under
the Endangered Species Act.
Endangered species are animals and

plants that are in danger of becoming

extinct. Identifying, protecting and
recovering endangered species is a
primary objective of the U.S. Fish
and Wildlife Service’s endangered
species program.

What is a rusty patched bumble bee?

Appearance: Rusty patched bumble
bees live in colonies that include a
single queen and female workers.
The colony produces males and new
queens in late summer. Queens are
the largest bees in the colony, and
workers are the smallest. All rusty
patched bumble bees have entirely
black heads, but only workers and
males have a rusty reddish patch
centrally located on the back.

Habitat: Rusty patched bumble
bees once occupied grasslands and
tallgrass prairies of the Upper
Midwest and Northeast, but most
grasslands and prairies have been
lost, degraded, or fragmented by
conversion to other uses. Bumble
bees need areas that provide nectar
and pollen from flowers, nesting sites
(underground and abandoned rodent
cavities or clumps of grasses), and
overwintering sites for hibernating
queens (undisturbed soil).

THlustrations of a rusty patched
bumble bee queen (left), worker
(center), and male (vight) by Elaine
Evans, The Xerces Society.

U.S. Fish & Wildlife Service

Rusty Patched Bumble Bee

Bombus affinis

|
1 .
I

Reproduction: Rusty patched
bumble bee colonies have an annual
cycle. In spring, solitary queens
emerge and find nest sites, collect
nectar and pollen from flowers
and begin laying eggs, which are
fertilized by sperm stored since
mating the previous fall. Workers
hatch from these first eggs and
colonies grow as workers collect
food, defend the colony, and care
for young. Queens remain within
the nests and continue laying
eggs. In late summer, new queens
and males also hatch from eggs.
Males disperse to mate with new
queens from other colonies. In
fall, founding queens, workers and
males die. Only new queens go into
diapause (a form of hibernation)
over winter - and the cycle begins
again in spring.

Feeding Habits: Bumble bees gather
pollen and nectar from a variety of
flowering plants. The rusty patched
emerges early in spring and is one of
the last species to go into hibernation.

4

’
Photo courtesy of Christy Stewart

7
7

Why conserve
rusty patched bumble bees?

As pollinators, rusty patched
bumble bees contribute to our food
security and the healthy functioning
of our ecosystems. Bumble bees
are keystone species in most
ecosystems, necessary not only for
native wildflower reproduction, but
also for creating seeds and fruits
that feed wildlife as diverse as
songbirds and grizzly bears.

Bumble bees are among the most
important pollinators of crops such
as blueberries, cranberries, and
clover and almost the only insect
pollinators of tomatoes. Bumble
bees are more effective pollinators
than honey bees for some crops
because of their ability to “buzz
pollinate.” The economic value

of pollination services provided

by native insects (mostly bees) is
estimated at $3 billion per year in
the United States.
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It needs a constant supply and
diversity of flowers blooming
throughout the colony’s long life,
April through September.

Range: Historically, the rusty
patched bumble bee was broadly
distributed across the eastern United
States and Upper Midwest, from
Maine in the U.S. and southern
Quebec and Ontario in Canada, south
to the northeast corner of Georgia,
reaching west to the eastern edges of
North and South Dakota. Its range
included 28 states, the District of
Columbia and 2 provinces in Canada.
Since 2000, this bumble bee has been
reported from only 13 states and

1 province: Illinois, Indiana, Iowa,
Maine, Maryland, Massachusetts,
Minnesota, North Carolina, Ohio,
Pennsylvania, Tennessee, Virginia,
Wisconsin — and Ontario, Canada.

Why is the rusty patched bumble bee
declining?

Habitat loss and degradation: Most
prairies and grasslands of the Upper
Midwest and Northeast have been
converted to monoculture farms or
developed areas, such as cities and
roads. Grasslands that remain tend to
be small and isolated.

Intensive farming: Increases in
farm size and technology advances
improved the operating efficiency of
farms but have led to practices that
harm bumble bees: increased use

of pesticides, loss of crop diversity
resulting in flowering crops being
available for only a short time, loss of
hedgerows with flowering plants, and
loss of legume pastures.

Disease: Pathogens and parasites
may pose a threat, although their
prevalence and effects in North
American bumble bees are not well
understood.

Pesticides: The rusty patched
bumble bee may be vulnerable to
pesticides. Pesticides are used widely
on farms and in cities and have both
lethal and sublethal toxic effects.

Bumble bees can absorb toxins
directly through their exoskeleton
and through contaminated nectar
and pollen. Rusty patched bumble
bees nest in the ground and may be
susceptible to pesticides that persist
in agricultural soils, lawns and turf.

Global climate change: Climate
changes that may harm bumble bees
include increased temperature and
precipitation extremes, increased
drought, early snow melt and late
frost events. These changes may lead
to more exposure to or susceptibility
to disease, fewer flowering plants,
fewer places for queens to hibernate
and nest, less time for foraging due to
high temperatures, and asynchronous
flowering plant and bumble bee
spring emergence.

What is being done to conserve rusty
patched bumble bees?

U.S. Fish and Wildlife Service:
Several Service programs work

to assess, protect, and restore
pollinators and their habitats. Also,
the Service works with partners to
recover endangered and threatened
pollinators and pollinator-dependent
plants. Concern about pollinator
declines prompted formation of the
North American Pollinator Protection
Campaign, a collaboration of people
dedicated to pollinator conservation
and education. The Service has a
Memorandum of Understanding with
the Pollinator Partnership to work
together on those goals. The Service
is a natural collaborator because our
mission is to work with others to
conserve, fish, wildlife, and plants and
their habitats.

Other Efforts: Trusts, conservancies,
restoration groups and partnerships
are supporting pollinator initiatives
and incorporating native plants that
support bees and other pollinators
into their current activities. For
example, the USDA Natural
Resource Conservation Service

is working with landowners in
Michigan, Minnesota, Montana,
North Dakota, South Dakota, and

Wisconsin to make bee-friendly
conservation improvements to their
land. Improvements include the
practices of planting cover crops,
wildflowers, or native grasses and
improved management on grazing
lands.

Research: Researchers are studying
and monitoring the impacts of

GMO crops and certain pesticides

on pollinators. Efforts by citizen
scientists and researchers to
determine the status of declining bee
species are underway throughout the
United States.

What can | do to help conserve the
rusty patched bumble bee?
Garden: Grow a garden or add a
flowering tree or shrub to your yard.
Even small areas or containers on
patios can provide nectar and pollen
for native bees.

Native plants: Use native plants in
your yard such as lupines, asters,
bee balm, native prairie plants

and spring ephemerals. Don’t
forget spring blooming shrubs

like ninebark and pussy willow!
Avoid invasive non-native plants
and remove them if they invade
your yard. For more information
on attracting native pollinators,
visit www.fws.gov/pollinators/pdfs/
PollinatorBookletFinalrevWeb.pdf.

Natural landscapes: Provide natural
areas - many bumble bees build nests
in undisturbed soil, abandoned rodent
burrows or grasss clumps. Keep some
unmowed, brushy areas and tolerate
bumble bee nests if you find them.
Reduce tilling soil and mowing where
bumble bees might nest. Support
natural areas in your community,
county and state.

Minimize: Limit the use of pesticides
and chemical fertilizer whenever
possible or avoid them entirely.
Pesticides cause lethal and sublethal
effects to bees and other pollinators.

January 10, 2017
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