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1. BACKGROUND

1.1 US EPA and lllinois Nutrient Strategy

The efforts to reduce nutrient-related pollution are ongoing in many states. The US EPA pushes
for states to develop numeric criteria (NNC). NNC must protect designated use, but the
relationship is not linear.
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lllinois nutrient strategy set the goal to reduce total phosphorus (TP and nitrogen (TN) loads by
45% by 2045. lllinois Nutrient Science Advisory Committee developed the instream NNC.
However, the Standards were not adopted by lllinois Pollution Control Board. The Environmental
groups wanted 0.1 mg/L TP in POTW permits.

In 2018, an Agreement were reached between lllinois Association of Wastewater Agencies,
lllinois EPA, and environmental groups, and set the goal for major WWTPs to reach 0.5mg/L TP
by 2030. Special conditions were developed in NPDES permits to address of phosphorus related
impairments, such as dissolved oxygen (DO) and nuisance algae. The Agreement also allows
some flexibility to develop water-shed-specific targets. The Nutrient Assessment and Reduction
Plan (NARP) was born.

Based on instream sampling by IEPA, phosphorus related impairment is listed on 303(d) list for
DO and offensive condition (algae and/or aquatic plant growth).

1.2 IDOC-Dixon Correctional Center WWTP

Dixon Correctional Center WWTP was designed to treat the wastewater generated solely from
the entire operations of the correctional center. The major design Influent parameters are as
follows (See Appendix A. Basis of Design for details):
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e Average Daily Water Flow (ADWF) 1.0 mgd (694 gpm)

¢ Maximum Daily Waste Flow (MDWF) 3.0 mgd (2,082 gpm)
e CBOD (Influent) 400 mg/l (3.340 Ibs/d)
e Suspended Solid (Influent) 350 mg/l (2,920 Ibs/d)

The effluence is discharged to Rock River through a 24” sewer pipe system.

The treatment plant adopts multi-staged Trickling Filter Biological treatment processes with
headwater, primary and secondary settling tanks, chlorine contact tank, etc. for wastewater
treatment.

Sludge treatment unit uses anaerobic digestion biological process, with primary digester,
secondary digester, sludge dewatering beds, and dewatered sludge pad. The treatment sludge
is used for land application. See Figure 1: GENERAL PROCESS FLOW SCHEMATIC for details
(Enlarged Schematic is also attached in Appendix B).

Figure 1

GENERAL PROCESS FLOW SCHEMATIC

The WWTP is operating under NPDES Permit No. 1L0024724 (Bureau ID: W103020000) issued
on December 27, 2019, expiration date is December 31, 2024. The permitted total Phosphorus
(as P) effluent limitation is “monitor only, 1 day/month”.

The NPDES Permit No. IL0024724 includes 17 special conditions. In order to renew the NPDES
Permit, the Permittee — IDOC Correctional Center is required to address Special Conditions 16 &
17. See Appendix C.1 Special Condition 16 and Appendix C.2 Special Condition 17 for details.

In terms of Special Condition 16, the limit of 0.5 mg/L Total Phosphorus is 12 month rolling
geometric mean (calculated monthly) basis is not technologically feasible through the use of
biological phosphorus removal (BPR) processes(se) at IDOC — Dixon Correctional Center facility.
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Therefore, the current facility won’t be able to meet the effluent limit by January 1, 2030 without
upgrade the treatment plant, such as adding chemical/physical processes.

The Permittee develops a written plan, preliminary engineering report or facility plan no later than
January 1, 2025, to rebuild or replace the secondary treatment process(se) of the treatment
facility, the Limit shall be met by December 31, 2035.

In terms of Special Condition 17, the Permittee submits a NARP to the Agency by December 31,
2023. The plan is to meet the 0.5 mg/L limit by December 31, 3035.

1.3 Nutrient Assessment Reduction Plan (NARP)

IDOC - Dixon Correctional Center facility developed its own NARP to meet the effluent limit of
0.5 mg/L total Phosphorus by December 31, 2035. The overall strategies are to:

e Join/establish a watershed group

e Develop NARP objective

o Determine P-reduction or other measures to address impairments

e Establish schedule

1.4 Join/Establish a Watershed Group

Dixon Correctional Center WWTP was categorized as NARP — Risk. Figure 3. GIS Map of Illinois
NARP for all concerned facilities and Watershed Group, see Figure 2: The treatment plant is in
Lower Rock River Watershed (HUC 07090005).

See Figure 3: The Watershed Group, includes the following entities:
Rock River Water Reclamation District (W2010300010)
IDOC Dixon Correctional Center (W1030200009)
Dixon WWTP (W1030200001)

City of Sterling WWTP (W1950500003)

Rock Falls New STP (W1958090002)

Moline South ST (W1610450003)

Village of Poplar Grove South STP (W0070150006)
Belvidere WWTP (W0070050001)

City of South Beloit STW (W2010450005)

City of Marengo STW (W1110650003)

© oo NN RE
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IDOC — Dixon Correctional Center reached out to Rock River Watershed Group, but was told that
the Group no longer accepted any new group members. See Table 1 Rock River Watershed
Group Board Contact List,

IDOC - Dixon Correctional Center WWTP will develop its own Nutrient Assessment Reduction
Plan (NARP) that will meet the requirements.
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Lower Rock Watershed (HUC 07090005)
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Figure 2 Lower Rock River Watershed (HUC 07090005)
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Table 1
Rock River Watershed Group Board Contact List

Rochelle
Adam Lanning alanning @rmu net 815-564-7174
Adrnana Milan amilan@rochelleilus
Jessica Mueller jmueller@mmu net
Woodstock
Anne George | ageorge@woodstockil gov | §15-338-6118 ext. 23101
City of Rockford
Brad Holcomb | brad holcomb@ rockfordil cov |
Belvidere
Brent Anderson | banderson@cibelvidereilus | 815-378-0244
Rockton
Dian Barber | barber{@rocktonvillage com | 815-085-5673
South Beloit
Jeff Reininger | j.reininger@southbeloitorg | 815-703-5702
Harvard
Jim Grant | grant{@ citvofharvard.org | 815-560-2046
Marengo
Jim Mangum jmangum(@ citvofmarenso. com 815-703-8079,
815-353-58390
Dixon
Josh McNitt | josh menitt@discoverdixonorg | 815-622-8510
Rock Falls
Matt Trotter |  mtrotter@rockfalls6107lcom | §15-632-8288
Winnebago County
Sean Von Bergen | svonbergen@wincoil us | 815-319-4034
Sterling/Strand
Scott Howard showard@sterling-il sov
Troy Stinson troy.stinson@strand com 608-251-4843
Corv Bradshaw cbiadshaw(@sterling-il. gov
Four Rivers Sanitation Authority
Greg Cassaro geassaro(fd fourrivers.illinois gov 815-354-0586
Mike Christensen mchristensenf@ fournivers.illinois. gov 815-262-5858
Fehr-Graham
Pat Kelsey Pkelsev@fehrgraham com 630-423-0482
Leonard Dane Ldane @ fehrorabam com
Mark Halm MHalm@fehrgraham com
Black & Veatch
Dave Koch EochDS@bv com
Anthony Giovannone GiovannoneA @bv com
Leon Downing Downingl. @bv.com
Geosyntec
Adrienne Nemura Anemura @ geosyntec.com
Brian Valleskev Bvalleskevifl.geosvantec.com
Eishab Mahajan FEmahajan@ seosyniec.com
Updated 4/18/22 by MO
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Figure 3. GIS Map of lllinois NARP for all concerned facilities and Watershed Grdup
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2. NARP OBJECTIVES

The NARP developed by IDOC — Dixon Correctional Center facility is to meet the effluent limit of
0.5 mg/L total Phosphorus by December 31, 2035. The Permittee will develop written plan,
preliminary engineering report or facility plan no later than January 1, 2025, to rebuild or replace
the secondary treatment process(se) of the treatment facility, the Limit shall be met by December
31, 2035.

2.1 Determine P-Reductions or Other Measures

211

2.1.2

213

Dixon Facility monthly monitoring

IDOC Dixon Facility compiled 12-month rolling total Phosphorus effluent concentrations
between April 2022 and March 2023. The 12-month rolling geometric mean (calculated
monthly) is 2.13 mg/L. See Appendix D 12-Month Rolling TP_Monitored in Effluent Flow.
The Permittee also investigated the influent sources of Phosphorus. A sample was
collected on June 8", 2023 from influent flow, and analyzed on June 19", 2023. The total
Phosphorus was 6.57 mg/L. See Appendix E Analytical Report of TP in Influent Flow.

Phosphorus Source Investigation

In addition to normal sources of phosphorus from sanitary sewerage generated by the
institutional facility, IDOC Dixon facility uses CARUS™ 8600 water treatment chemical to
inhibits corrosion of lead and copper plumbing for the public water supplying systems. The
chemical residues eventually enter the wastewater treatment plant.

The boiler house also uses a phosphate/polymer blend in the boiler for corrosion control,
however very little of this product is discharged to the treatment facility.

The Engineer of the Permittee investigated the non-phosphorus based chemicals for
inhabitance of corrosion purposes, such as FlexPro® CL and other chemicals, but failed
to find any suitable substitutions.

Total Phosphorus Removal Processes — Scientific Supports

The treatment plant adopts multi-staged Trickling Filter Biological treatment processes
with headwater, primary and secondary settling tanks, chlorine contact tank, etc. for
wastewater treatment. Because the trickling filter biological treatment processes do not
have flexibility of aeration re-arrangement to modify, the enhanced biological treatment
processes may not apply to IDOC Dixon facility. Instead, most likely chemical/physical
treatment processes will be investigated and implemented to meet the goal of effluent limit
of 0.5 mg/J TP.
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There are two major total phosphorus removal processes. They are Biological Removal
Process and Chemical Process. The Permittee will look into both removal processes and
select the best available solutions.

Biological Removal — Enhanced Biological Phosphorus Removal (EBPR)

EBPR relies on the selection and proliferation of a microbial population capable of
uptaking orthophosphate in greater amounts than their normal biological growth
requirements. EBPR is a process that uses alternating anaerobic and aerobic zones
to provide an environment that encourages the growth of phosphorus-accumulating
organisms (PAO). PAOs store excess polyphosphate in their cell mass and
phosphorus is removed with the waste sludge (see figure). Graphic source: Jeremy
Cramer, Stevens Point

A typical EBPR reactor configuration

Anaerobic Aerobic . "
Final Clarifier
| |
influent | PHA Uptake Eein
\ 7| Phosphorus Phosphorus Uptake
Release
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Waste
Sludge
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The unique feature of EBPR is the anaerobic selector used in the treatment process
(See figure)

Mechanism of BPR

Aerobic

Anaerobic

Organic Food -

BOD Energy

Glycogen

Phosphorus Accumulating Organisms (PAQOs)

PAOs use polyphosphate (poly-P) and glycogen stored in their cells as energy sources
to enable them to uptake volatile fatty acids (VFA). VFAs are converted to
polyhydroxyalkanoates (PHA) and stored in the cells of PAOs. As they take up VFA,
the PAOs release orthophosphate into the mixed liguor. PAOs do not grow in the
anaerobic zone but their ability to uptake food in the form of VFAs gives them a
competitive advantage over other bacteria.

In the aerobic zone, PAOs use PHA as a source of carbon and energy for metabolism
and cell growth. PAOs will also restore their supplies of glycogen and polyphosphate
in the aerobic zone. To replenish their stored polyphosphate, PAOs will take up excess
phosphate from the mixed liquor, the mechanism of EBPR.

In the anaerobic zone, PAOs will rapidly take up BOD (as VFAs) and release
orthophosphate into the mixed liquor. As the wastewater passes through the anaerobic
zone, VFA will rapidly decrease and orthophosphate will increase. In the aerobic zone,
BOD will continue to decrease. As PAOs restore their polyphosphate supplies in the
aerobic zone, the concentration of orthophosphate in the mixed liquor will rapidly

decrease (see figure).
Graphic source: Jenchie Wang, Symbiont
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Profile of BOD and P in mixed liquor as it passes
through an EBPR plant

Return sludge
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Under anaerobic conditions, PAOs take up VFA from the mixed liquor and store it as
PHA within their cells. To do this, PAOs use the glycogen and polyphosphate as
energy sources; therefore depleting their stores of these compounds. Under aerobic
conditions, PAOs use up their stored PHA for metabolism and growth and to restock
their supplies of glycogen and polyphosphate. To build up their supply of
polyphosphate, PAOs will take up excess orthophosphate from the mixed liquor in the
aerobic zone.
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Under anaerobic conditions, PAOs are at a competitive advantage to uptake a readily
available food source (VFASs) and therefore are selected for in this environment. Most
other bacteria cannot uptake the VFAs under anaerobic conditions.

Sludge phosphorus content is defined as the percentage of phosphorus in cell mass
and is expressed as phosphorus/volatile suspended solids (VSS)%. In a conventional
activated sludge treatment process, the sludge phosphorus content is approximately
1.5% to 2.5%. In an EBPR system, the sludge phosphorus content is 3.0% to 6.0% or
higher. The more efficient the EBPR system is, the higher the sludge phosphorus
content will be. Phosphorus is removed from the treatment system by wasting sludge.
Because the activated sludge phosphorus content is high in an EBPR plant, effluent
TSS should be kept low. A small amount of TSS with high phosphorus content could
contribute to a high total phosphorus concentration in the effluent.

Effluent TSS and MLSS %P
Relationship on Effluent Phosphorus

2.00 -
1.80 H —-3%P = 4%P 5% P %P L
~1.60
$1.40
£1.20 =
a1.00 -
£0.80 /__,-A
30460 et
E040 e
Wo.20
0.00 1
10mg/ | 1S mgA | 20 mgh | 25 mgh | 30 mgh
- 3% P| 030 045 0.60 0.75 0.90
- 4%P| 040 0.60 0.80 1.00 1.20
5% P| 050 0.75 1.00 1.25 1.50
6% P| 060 0.80 1.20 150 | 180

Secondary phosphorus release can be defined as phosphorus released from a cell
which is not associated with intercellular energy storage. In other words, the secondary
phosphorus released is not able to be taken up by the PAOs, which results in a higher
phosphorus concentration in the liquid phase, and a reduced phosphorus removal
efficiency.

The primary causes of secondary phosphorus release are:
1. The retention time of the anaerobic selector of an EBPR process is too long
2. The retention time of settled sludge in the clarifier is too long
3. The retention time of the aerobic stage of an EBPR process is too long, causing
cell lysis and phosphorus release
4. The long storage of waste sludge causing phosphorus to be released back into
solution and then returned back into the plant through sidestreams
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The idea of EBPR is to create conditions in secondary treatment that result in the
microorganisms absorbing excess phosphorus. This phosphorus is removed from the
flow when the activated sludge is wasted. If a sidestream is high in phosphorus, the
sidestream can be treated. Metal salts can be added to these sidestreams to
precipitate the phosphorus to avoid overloading the plant. If only the sidestream is
treated chemically, biological phosphorus effluent limits still apply.

Problem Cause Corrective Action

Biochemical oxygen High phosphorus in Monitor the BOD, soluble BOD, TP, and

demand (BOD)/total sidestream recycles from orthophosphate in influent to anaerobic zone;
phosphorus (TP) ratio sludge handling control volume of sidestream phosphorus recycles
has changed or provide sidestream phosphorus removal

Phosphorus release is
poor or not occurring in
anaerobic zone

Anaerobic zone not truly

Insufficient VFA in
anaerobic zone

Rapid phosphorus
uptake in aeration basin
but effluent TP is higher

Increased phosphorus in raw
influent from industrial or
commercial discharges
Insufficient volatile fatty
acids (VFA)

Excess dissolved oxygen (DO)
from recycle flows

Excess NO; from recycle
flows

Air entrainment from excess
turbulence in anaerobic zone
or upstream processes, i.e.
aerated grit tanks

Changes in influent waste
strength

Secondary release occurring
in aeration basin

Secondary release occurring
in sludge blanket in final
clarifier

If phosphorus increases at
end of anoxic zone,
secondary release occurring
with excessive HRT

Monitor the high TP in raw influent; control
industrial or commercial phosphorus discharge to
sanitary sewer system

Monitor VFA/soluble BOD entering anaerobic zone
and orthophosphate at end of anaerobic zone;
supplement VFA by chemical addition; increase
hydraulic retention time (HRT) of anaerobic zone if

possible to ferment BOD

Monitor oxidation reduction potential (ORP) above
-100 mV in anaerobic zone, DO in recycle; reduce DO
in aeration basin; reduce RAS or internal mixed
liquor recycle to anaerobic zone

Monitor ORP above -100 mV in anaerobic zone and
nitrate in recycles; reduced RAS or internal mixed
liquor recycle to anaerobic zone; increase anoxic
zone HRT if possible to promote denitrification
Monitor ORP above -100 mV in anaerobic zone but
no nitrates or DO in recycles; reduce turbulence if
possible

Monitor BOD, soluble BOD, TP and orthophosphate
in influent to anaerobic zone; supplement VFA with
chemical addition; add fermented primary sludge
Monitor TP profile of aeration basin; reduce solids
retention time (SRT) by wasting more sludge

Check phosphorus in RAS and sludge blanket in final
clarifier; reduce sludge blanket depth

Monitor phosphorus profile through anoxic zone;
reduce anoxic zone HRT if possible

Good phosphorus If anaerobic HRT is too long, Monitor TP profile through selector basins; increase
release in anaerobic secondary release could RAS to reduce anaerobic HRT
zone but poor occur after VFAs are used up
phosphorus removal
12
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Chemical Removal Process

The following is the list of the most common chemicals (metal salts) used for
phosphorus removal:

A. Ferric chloride

B. Ferrous chloride

C. Ferrous sulfate

D. Aluminum sulfate (alum)

The characteristics of the chemical (metal salts) used for phosphorus removal
A. Ferric chloride (FeClI3)

1.

© N g wDd

Acidic (may lower pH) and alkalinity

Very corrosive

Fume producing

Supplied as 33% to 36% solution (11% to 13% iron)
Several grades available

Stains concrete and other materials

Can affect ultraviolet (UV) disinfection

May affect effluent chloride

B. Ferrous chloride (FeCl2)

1.

© N OA~ WD

Acidic (may lower pH) and alkalinity

Very corrosive

Fume producing

Supplied as 18% to 28% solution (8% to 13% iron)
Stains concrete and other materials

May affect effluent chloride

May affect UV disinfection

Potential impurities

C. Ferrous sulfate (FeSO4)

© N O A ®WDNR

Acidic (may lower pH) and alkalinity

Very corrosive

Fume producing

Supplied as 23% to 25% solution (5% to 7% iron)
Stains concrete and other materials

Should be stored in indoor heated space

May affect UV disinfection

Potential impurities
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D. Alum (AI2(S0O4)3)

1. Acidic (may lower pH) and alkalinity
Moderately corrosive
49% aluminum sulfate (8% to 9% aluminum) in liquid form
Also available in dry form (powder); must be mixed with water before use
Very temperature sensitive in liquid form (must be kept above freezing)
Clear, light green, or yellow liquid

L

When metal ions, iron or aluminum, are added to wastewater two primary precipitates form an
insoluble metal phosphate and an insoluble metal hydroxide. For a given metal, the formation of
these precipitates is governed by the wastewater alkalinity and soluble orthophosphate
concentration in the wastewater, as well as their equilibrium solubility at a given pH.

Polymers can be used as a supplement to enhance phosphorus removal by improving coagulation
and settling. Polymers are usually added prior to final clarifiers. The better the settling, the less
solids and phosphorus there will be in the final effluent.

As the percent of product increases, the temperature at which it crystallizes will increase.

e Ferric chloride (FeClI3)
- 42°F at 35% solution
20°F at 42% solution

e Ferrous chloride (FeCl2)
28°F at 25% Solution
42°F at 35% Solution

e Ferrous sulfate (FeSO4)
42°F at 25% Solution

e Alum (AI2(S04)3)
32°F at 8% aluminum sulfate

Crystallization is to be avoided because it is difficult to re-dissolve, plugs pipes and equipment,
and forms a solid layer in storage tanks making its removal difficult. Storage room temperatures
should be kept warm enough to avoid crystallization.
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The chemical reaction of the ferrous chloride with phosphorus:
Graphic source: Jeremy Cramer, Stevens Point

Reaction for the precipitation of phosphorus with Ferrous Chloride

3ljeClg +2lPO 2~ — Fey(PO,), (]) + 6CI-
' '

5585gX3=16755g 3097 gX|2=6194g 5585gX3F14755¢g 3545 gX6=2127¢g
3545gX6=2127g 16gX8=1f3g 3097 gX2F6194g
16gX8=128¢
38025 ¢ 189.94 33749 ¢ 2127 g

The chemical reaction of the alum with phosphorus:
Graphic source: Jeremy Cramer, Stevens Point

Reaction for the precipitation of phosphorus with Alum

Al(S04)5*14H,0+2P0,* — 2A1PO, (|) + 38042 +14H,0

| ) ! ;

2698 % Q15396 13X 28=28g 3097gE|2=6194g 2698gx 24 5396z I207gX3=9621g 1gx 28="Te

32072%349%21g 162X 14= 22z 16X 3k 128z 3097gX 246194z 16gX12=102 167% 14=1224¢

hJ v

1625 12=192 ¢ 16gX8=128g
34217 ¢g 252 g 18994 ¢ 2439¢ 28821 ¢ 253 o

Al (8Oy4)3 +14H2 0 59417 ¢
P 6194 ¢ = 9.59
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The chemical reaction of ferrous sulfate with phosphorus:

Graphic source: Jeremy Cramer, Stevens Point

Reaction for the precipitation of phosphorus with Ferrous Sulfate

3FeSO, +2P0 — Fey(POy), (|) + 350,47
} |

' |

S585gX 3416155 3007 gX|2=6154¢

35352 X|3=16755¢

E0TgXa40a2l g 16gXi=13¢g MWATgHa=610dg
162X 12=192¢ 1hge=128g
455,76 159.94 387 4% ¢
3FeS0y 45576 o
P 6194 g = 736

3207 gX 3T 9621 g

16giiz=192g

28821¢

Summarize the information of the chemical (metal salts) used of phosphorus removal:

Graphic source: Jenchie Wang, Symbiont

to Remove 1 Pound of Phosphorus
Based on j_x_StqiEr_\Vi_omglrigReragtignr

Chemical Compound Ferric Chloride | Aluminum Sulfate (Alum)
A. Formula FeCl, Al,(SO,), * 14H,0
B. Molecular Weight (g/mole) 1625 - 594 —
C. Typical Reaction With Phosphorus | FeCL + PO, | Al,(SO),-14 H,0+ 2P0, ©

—» FePO, + + 3CI -» 2AIPO, ¢ +350,7 + 14 H,0

D: Mole Ratio (Metal : P) 11 11
E. Weight Ratio (Metal: P) 18:1 0.87:1
F. Mole Ratio (Metal Compound ; P) 11 1.2
G. Weight Ratio (Metal Compound : P) 5.2:1 9.6:1
H. Commercial Strength in Solution 33-36% 48 - 50%
|. Percent of Active Ingredient (Metal) |  11-13% 8-9%
J. Specific Gravity 137@35% |  1335@485%
K. Amount (Gallons) of Commercial - -
Strength Chemical Solution Required 1.26 ~ 1.38 1.73 ~ 1.80

s
(7}
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>
2
=}
mX

m
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Chemical Compound i Ferrous Chloride Ferrous Sulfate
A. Formula \ FeCl, Fe SO, * 7H,0
B. Molecular Weight (g/mole) \ 127 278
C. Typical Reaction With Phosphorus T 3FeCl, + 2P0, 3FeSO, 7H,O0+ 2P0, 3
| - Fe, (PO,), + +6CI | — Fe, (PO,), ¢ +380,"
D: Mole Ratio (Metal : P) ‘ 3:2 3:2
E. Weight Ratio (Metal: P) 21751 2:7:1
F. Mole Ratio (Metal Compound : P) 3:2 3.2
vG. Weight Ratio (Metal Compound P) 6.1:1 135:1
H. Commercial Strength in Solution | 18 - 28% 23 - 25%
I. Percent of Active Ingredient (Metal) | 8-13% 5-7%
J. Specific Gravity 1.40 @ 25% 1.140 @ 25%
K. Amount (Gallons) of Commercial |
Based on 1x Stoichiometric Reaction |

Each phosphorus removal chemical (metal salt) has an optimum pH range for precipitating out
the phosphorus as a metal phosphate. Iron phosphate [FePO4] and alum [AIPO4] are least
soluble at a pH of 6.8 to 7.0, thus precipitate out best at this pH range. Wastewater pH levels
outside of this optimum range will require more chemical to achieve the same removal efficiency.
While not all wastewaters are at a pH of 6.8 to 7.0, metal phosphates still precipitate out well in
the pH range of most wastewaters of 6.0 to 8.5.

Sulfide will react with iron forming a black precipitate. High sulfide wastewater will require higher
dosages of iron salts. Sources of sulfides include hauled and certain industrial wastes and
collection systems with long detention times.

Reaching very low effluent phosphorus concentrations requires increasing amounts of metal

salt because of the competition between phosphate and hydroxide precipitation.

Using either aluminum or iron salts, a graph of metal dose versus residual dissolved phosphorus
can be drawn that illustrates this relationship (see figure 6.3.12.1).

At a given pH and alkalinity, the dissolved orthophosphate concentration in the wastewater will
determine whether metal phosphates or metal hydroxides are formed. As the dissolved
phosphorus concentration (effluent phosphorus) decreases, more metal hydroxides will be
formed.

To achieve low effluent phosphorus limits, increasingly larger doses of metal salts are required to
remove additional phosphorus. Eventually, chemical equilibrium will be reached with no further
reduction in phosphorus.

4. ANDREWS 1
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stoichiometric
region

= (PO .Y 1O 1) n
Fey,(PO4), (OH), (s) only

equilibrium
region
soluble ey (PO4)y (OH)z(s) and FeOOH(s)
P residual,
mg/L

e e —

Fe doge,- mg/L

Typical Fe dose versus soluble P residual curve.

Actual chemical usage depends on the competing reactions and wastewater characteristics such
as pH, alkalinity, and very fine particulate materials (colloids). Wastewater characteristics and
competing chemical reactions in the wastewater between the metal salt and phosphorus will result
in the need for increased metal salt addition above what was calculated. Biological removal of
phosphorus in upstream processes could result in a decreased amount of metal salt addition than
calculated. Sampling phosphorus concentrations just upstream of the chemical dose point will
help in fine tuning chemical

feed rates.

Good mixing ensures uniform dispersion of metal salts and efficient chemical use. Overdosing
with the metal salt can partially compensate for poor mixing.

Ideally, high intensity mixing at the dose point would be followed by a mixed flocculation zone.
However, few treatment plants are designed with rapid mix basins. More typically, metal salts are
added at locations where turbulence occurs such as at pump suction lines, mechanical or aerated
grit basins, flow-splitting structures, aerated flow-distribution channels, or at hydraulic jumps in
Parshall flumes.

A flocculation zone should provide sufficient detention time (15 to 20 minutes) to complete the
reaction. Gentle mixing promotes flocculation. The enlarged center feed well on a flocculating
clarifier provides such a flocculation zone. Where a flocculation zone is not provided, metal salts
should be added far enough upstream of a clarifier to provide adequate reaction time.
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Metal salt additives require good mixing to provide effective chemical contact with phosphorus.
The dose point may depend on facility design and mixing capability.

A. Prior to primary clarification

1. Advantages

a.
b.

~® Qoo

Metal salt addition upstream of primary clarifiers enhances suspended solids and
Biochemical oxygen demand (BOD) removal. This reduces loading to the aeration
basin

Odor control (especially iron salts)

Convenience and mixing capability

Iron compounds may help balance nutrients in anaerobic digester

May reduce struvite (phosphate mineral crystal) formation

2. Disadvantages

a.

® oo o

Greater chemical usage

May require additional chemical addition downstream

May result in higher biosolids production

Could affect nutrient ratio and pH for biological treatment

Target dosages can be variable due to competing reactions in the primary clarifier
and secondary release in the biological treatment system

B. Addition to secondary treatment (aeration basins)
1. Advantages

a.

b.
c.
d

Good mixing in aerated basins or lagoons

Fe+2 is oxidized to Fe+3 thus improving reaction with phosphate (PO4 3)
Orthophosphates are readily available

Convenience

2. Disadvantages

a.

b.
c.
d

Not recommended for attached growth systems
Could affect pH, alkalinity, and nutrient ratio

Not recommended for unmixed ponds and lagoons
Iron discoloration of structures and equipment

C. Prior to final clarification
1. Advantages

a.

b.
C.
d.

Efficient and high level of removal because most phosphorus is the
orthophosphate form

Enhances final settling

Less interfering or competing reactions

Cost effectiveness

2. Disadvantages

a.

Inadequate mixing

4. ANDRE
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3.IMPLEMENTATION SCHEDULE

The overall schedule is to develop and submit the NARP to IEPA by December 31, 2023, to
develop a written plan, preliminary engineering report of the facility plan no later than
January 1, 2030, to modify or upgrade the treatment facility, the limit shall be met by
December 31, 2035.

¢ NARP by December 31, 2023

e Written Plan, Preliminary Engineering Report — January 1, 2030

(Detailed tasks, budget, and timeframes to be added)

1.

a b wbn

Establish the scope of work and budget for the surveying the best available solutions
and costs

Written plan

Survey the costs of the treatment processes

Preliminary Engineering Report

Establish the total budget commitment to the compliance

e Compliance with 0.5 mg/L Total Phosphorus effluent limit — December 31, 2035

(Detailed tasks, budget, and timeframes to be added)

© N O wDNPRE

Engineering Design

Construction Plans and Specifications
Permit Applications

Bid Processes and Contract Award
Construction Period

Final Inspections

Commissioning

Operating

EWS 20
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APPENDIX A
BASIS OF DESIGN
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APPENDIX B
GENERAL PROCESS FLOW SCHEMATIC
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APPENDIX C.1
SPECIAL CONDITION 16
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APPENDIX C.2
SPECIAL CONDITION 17
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APPENDIX D
12-MONTH ROLLING TP MONITORED IN
EFFLUENT FLOW
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APPENDIX E
ANALYTICAL REPORT OF TP IN
INFLUENT FLOW
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DIXON CORRECTIONAL FACILITY
WASTEWATER TREATMENT PLANT UPGRADE
Dixon, Dlineis -
BASIS OF DESIGN

1. DESIGN LOADING SUMMARY:

From Discharge Monitoring Reports 10/89 - 5/93 (See attached summary table):
Average Flow = 347 med
Average Maximum Flow = 466 mgd

Maximum Flow in Record

805 mgd (2/93)
Avg, CBOD = 379.7 mg/l (1084.3 Ibs/d)

Avg. Suspended Sclids

I

324.8 mg/l (946.8 lbs/d)

Proposed Design:

Average Daily Waste Flow (ADWE) 1.0 mgd (694 gpm) (1.547 cfs)
Maximum Daily Waste Flow (MDWF) 3.0 mgd (2082 gpm) (4.64 cfs)
CBOD (Influent) 400 mg/1 (3340 lbs/d)
Suspended Solids (Influent) 350 mg/l (2920 lbs/d)

Existing Plant Influent Sewer (24") at .10% (from as-built drawings)
Capacity = 4.6 mgd

Velocity at ADWF = + 2 fps

1 _ GNL-40-93
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I1. PLANT WASTEWATER TREATMENT PROCESS UNITS:

A, Preliminary Treatment

(D

(2)

Mechanical Bar Screen (Bar Screen Building)

In-channel type, stainless steel, front cleaning
Bar rack width = 2 ft
Total channel height = 5.0 ft
Maximum flow depth at MDWF = 2 1
Bar thickness = 1/4" s.s
Bar depth = 1 1/2"
Clear spacing = 3/4"
Clear opening efficiency = .75
Velocity through bar rack

ADWF = .52 fifs

MDWE = 1.55 fis

Bar Rack (Emergency Bypass Channel)

In-channel, manually cleaned
Width of bar rack = 2 ft

Depth at MDWF = 2 ft

Bar thickness = 4"

Bar depth = 2"

Clear spacing between bars = 1.0"

Clear opening efficiency 1.0 = .67%

S5+1.0

Velocity = Q/A = 4.64 cfs/(2x2x.67) = 1.73 ft/-8 at MDWF
= 1.55 cfs/(2x2x.67) = .58 ft/s at ADWEF

B. Primary Settling Tank (Existing)

Configuration:

Diameter 45 ft

SWD 9.0 fi

Area 1590 sf

Volume 14,310 cf (107,031 gal)
Weir length 141.4 ft

Hydraulic Parameters:

GNL-40-93



Flow Overflow Rate Estimated Removal Weir

Detention
(BOD) (55) Loading Rate Time
MDWF 1887 gpd/sf 23% 40% 21,220 gpd/ft 0.94 hrs
ADWE 629 gpdfsf 36% 65% 7,070 gpd/ft 2.6 hrs
Removals:
Flow Load Raw Removal Effluent
MDWF CBOD 3340 1bs/d 768 1b/d 2572 lb/d
SS 2920 lbs/d 1168 1b/d 1752 1b/d
ADWER CBOD 3340 bs/d 1202 1b/d 2138 1b/d
SS 2920 tbs/d {898 1b/d 1022 1b/d
Primary Effluent Recirculation:
Pump i Characteristics: Capacity 700 gpm
TDH 2451t
Motor 72 Hp, 1150 rpm
Pump 2 Characteristics: . Capacity 1300 gpm
TDH 25 ft
Motor 15 Hp, 1150 rpm
Recirculation Ratio R = Qp/Q ADWE 700 gpm/700 gpm = 100%
MDWF (700 + 1300) gpm/2083 = 96%
C. First Stage Trickling Filter (Existing)
Configuration:  Diameter 55 ft
Stone Media Depth 4 ft
Area 2375 sf (.054 ac)
Rock Volume 9500 cf (.218 ac ft)
Hydraulic Parameters & Removals:
BOD Loading Hydraulic ~ Estimated Removal ~ Removal Effluent
Influent Loading NRC
MDWF 2572 Ib/d 271 lbs/d/1000 of 1263 gpd/sf 60% 15431b/d 1029 lb/d
ADWF 2138 lb/d 225 lbs/d/1000 cf 421 gpd/fsf 63% 1347ib/d 791 1b/d

NRC Removal Efficiency (%) = 100/(1+.0085(W/V Fy%)

W = Influent BOD (lbs/d}

V = Ac. ft Rock Volume
F=1+R=2 ‘

R = Recirculation Ratio (100%)

GNL-40-93



D. Second Stage Trickling Filter (Existing)

Configuration:  Diameter 108 ft
Stone Media Depth 6.5 ft
Area 9160 sf (.21 ac)
Rock Volume 59,540 of (1.37 ac. ft}

Hydraulic Parameters & Removals:

BOD Loading Hydraulic Estimate Removal ~ Removal Effluent
Influent Loading (NRC Formation)
MDWF 1029 Tb/d 17 1b/d/1000 cf 328 gpd/sf 68% 700 Ib/d 329 tb/d
ADWF 791 tb/d 13 1b/d/1000 cf 109 gpd/sf 69% 546 1b/d 245 lb/d
NRC: Removal Efficiency (%) = 100/(1+(,0085/ 1-E }(W,/VF)¥)
W = Influent BOD (lbs/d)
V = Ac. ft Rock Volume
F=1+R=1.5
R = Recirculation Ratio = Qr/Q = 50% of ADWF
E, = Removal Efficiency through First Stage Filter
E. Second Stage Setting Tank (Existing)
Configuration:  Diameter 34 ft
SWD 71t
Area 908 sf
Volume 6355 sf (47,532 gal)
Weir Length 107 ft
Hydraulic Parameters:
Flow Overflow Estimated Removal Weir Loading Detention
Rate {BOD) (SS) Rate Time
MDWF 3304 gpd/st (NRC) 33% 28,037 gpd/ft 38 hr
ADWF 1101 gopd/sf (NRC) 55% 9,346 gpd/ft 1.1t
Removals:
Flow Load Raw Removal Effluent
MDWF CBOD 329 lb/d {NRC) 329 Ib/d
sS 1752 b/d (578) 1174 1b/d
ADWF CBOD 245 1b/d (NRC) 245 1b/d
SS 1022 1b/d 560 lb/d 462 1b/d
6 GNL-40-93



F. Third Stage Trickling Fiiter (Existing)

Configuration: Diameter 55 ft
Stone Media Depth 4 ft
Area 2376 sf (054 ac)
Rock Volume 9504 of (218 ac. ft)

Hydraulic Parameters & Removais:

BOD Loading Hydraulic Estimate Removal ~ Removal Effluent
Influent Loading (NRC Formation)
MDWFE 329 1bMd 70 1b/d/1000 cf 1263 gpd/sf 49% 161 lb/d 168 1b/d
ADWF 245 1b/d 56 Ib/d/1000 cf 421 gpd/sf 52% 127 tb/d 118 1b/d
NRC: Removal Efficiency (%) = 100/(1 + (.0085/1-E)) (W/V F)%)
W = Influent BOD {lbs/d)
V = Ac.ft Rock Volume
F=1+R=10
R = No Recirculation
G. New Final Settling Tank
Configuration, Diameter 65 ft
SWD 10.2 ft
Area 3318 sf
Volume 33,847 of (253,154 gal)
Weir Length 204 ft
Hydraulic Parameters:
Flow Overflow Estimated Removal Weir Loading Detention
Rate (BOD) (SS) Rate
MDWF 904 gpd/st {NRC) 57% 14,706 gpd/ft 2 hrs
ADWF 301 gpd/sf (NRC) 75% 4,902 gpd/ft 6 hrs
Removals:
Flow Load Raw Removal Plant Effiluent  NPDES Requirements
lbs/d mgl  lbs/day mg/l
MDWF CBOD 168 1b/d (NRC) 168 6.7 * *
58 1174 1b/d 669 1b/d 505 20.2 * *
ADWF CBOD 118 lb/d {NRC) 118 14.1 166.8 20
S8 462 1b/d 347 1b/d 115 i3.8 208.5 25
*Maximum limits not known at this time
7 GNL-40-93



H,

Chlorine Contact Tank (Existing}

Configuration: Tank Area
Water Depth
Tank Volume
Detention Time MDWE
ADWF

Equipment Type
Gas Storage

Storage Room Temperature
Gas Delivery Capacity**
Effluent Dosage Required
Required Cl, Feed Capacity

420 sf

8.5 ft

3570 of (26,702 gab)
*13,8 min

*41.4 min

Vacuum Solution Feed By Gas
2 Ba 150 Ib Cylinders in
Heated Storage Building

65°F +

83 - 130 Ib/d

10 mg/t at ADWE

83.4 lb/d

*Includes volume in outlet structure and parshall flume onty. Contact time in the
effluent main to the Rock River outfall is not included in the detention time

calculation

**[EPA Standard = 41.5 Ib/d per 150 1b cylinder at 65° F
Manufacturer = 65 ib/d at | Ib/day/°F

Parshall Flume

Type Precast Fiberglass Flume & Inlet/Exit Channel
Set in Cast in Place Monolithic Concrete

Flume Width g"

Flow Measurement 0-3.7 MGD

GNL.-40-93



IIL. SLUDGE TREATMENT PROCESS UNITS (ANAEROBIC DIGESTION)

A. Sludge Production

Design Assumptions!
4] All BOD removed converted to waste solids (No allowance for process destruction}
(2} Effluent BOD = 20 mg/l; influent BOD = 400 mg/l
3) Volatile Suspended Solids (VSS) = 70% Total Solids (TS)

(4) All waste sludge from primary treatment at 4% Avg, 'TSS
Secondary & final stage sludges will be recirculated through the primary stage

BOD Removal Required = 1.0 mgd x 8.34 x (400-20) = 3170 lb/d
TS Removat Required = BOD Removal Required = 3170 Ib/d
VSS Loading to Digester = 7(3170) = 2220 1b/d
Sludge Volume at 4% TS 3170/(.04x8.34) = 9500 gpd
at 2% TS 3170/(.02x8.34) = 19,000 gpd
B. Primary Digester
Configuration:  Diameter 50 ft

SWD 19.4 ft

Area 1963 sf

Volume 38,023 cf (284,393 gal)

Floating Steel
Duo Deck Cover Area 1925 sf

Total Deck Weight 125,125 lbs

Floating Cover Operating Pressure 10.5" W.C,
Gas System Operating Pressure 9.5" W.C.
Floating Cover Static Pressure 12.5" W.C.

Digester Solids Loading = 2220/38.023 = 58 say 60 1b VSS/daylef
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Hydraulic Detention:

Input Solids Input Volume Detention
Congcentration (gal/day) Time {Days)
2% 19,000 15
2.5% 15,204 18.7
3% 12,700 224
3.5% 10,860 26,2
4% 9500 30(Design)
C. Digester Primary Sludge Feed Pump
Pump Characteristics:
11" Plunger
5 Hp/230/460V/3ph
Max. Capacity = 80 gpm
TDH 75 ft
Sludge % Solids Sludge Sludge Transfer
Loading Volume Time
80 gpm
3170 1b/d 4% 9500 gpd 2 hr
3170 Ib/d 2% 19,000 gpd 4 hr

D. Digester Heating Requirement

Sludge Heating Requirement:

Qs = 19,000 gal siudge/day x 8.34 1b/gal x (95-55) °F x L day x | Btu = 264,100 Btu
24 hr  Ib °F

Qs = 264,100 Btu/hr (at 2% TS8)

Qs = 9500 (8.34) (40) (1/24) (1) = 132,050 Buwhr (at 4% TSS)

Assumptions;
. All walls buried to SWD
. Cover area = 1925 sf
’ Bottom area = 1963 sf
. Wall area = 7(50) x 21 (full tank depth) = 3300 sf

Digester operating temp = 95° F

10

hr
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* U-Factors
Floating cover w/3" perlite insuiation
Walls on dry soil (due to sharply sloped raised berm)
Bottom on wet soil (high water table condition)

. Soil Temperature = 40° F

’ Air Temperature = 0° F (coid climate winter conditions)

Heat flow equation through compound structures

Q=Ux A(T-T) (Q = Heat loss (Btu/hr)

A = Metered area normal to direction of flow (f¢%)

T, = Outside temp (°F)
T, = Digester Op. temp (°F)

V = Heat transfer coeff. (Bru/sf.hr)

Heat Losses:

Cover Q, = .17 Btu x 1925 sf (95-0)°F = 31,089 Btu/hr

sf,°F hr
Walls Q, = .06 x 3300 sf (95-40) = 10,890 Bw/hr
Floor Q; = .105 x 1963 sf (95-40) = 11,336 Btu/hr

Q, = Total Heat Losses = 53,315 Btwhr

Total Heat Requirement = Digester Sludge Heating Requirement (Q,) + Total Heat Losses (Qp

= 264,100 + 53,315 = ¥317,415 Btw/hr

*For worst conditions imposed on system (conservative)

E. Sludge Heater
Heat Requirement 317,415 Btwhr
Heater Capacity 375,000 Btu/hr
Reserve Capacity 57,585 Btw/hr
Sludge Recirculation Rate 150 gpm
Boiler Output Rating 380,000 Btu/hr
Fired Surface B8 sf
Exhaust Fan Capacity 550 cfm

1t
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Tuel Requirements

Furnace Fuel Energy Input
Efficiency Reguired (Btu/hr)
60% 529,025
65% 488,331
70% 453,450
T15% 423,220 (Design)
80% 396,769

Sludge at 2% TS

Check Heat Requirements For Anticiapted Actual Ambient Conditions:

Summer
Raw Sludge From Primary 65°F
Air Temp TO°R
Soil Temp 55°F

Sludge at 4% TS;  V sludge = 9500 gal/d

Summer Heat Requirements:

Siudge 9500 (8.34) (95-65) x 1/24 x 1 Bw/lb °F

Cover .17 x 1925 (95-70)
Walls .06 x 330 (95-55)
Bottom .105 x 1963 (95-55)

Total Actual Summer Heat Requirement

Fuel Required at 75% Efficiency

Winter Heat Requirements:

Sludge 9500 (8.34) (95-55) x 1/24 x |

Cover .17 x 1925 (95-0)
Walls .06 x 3300 (95-40)
Bottem .105 x 1963 (95-40)

Total Actual Winter Heat Requirement

Fuel Required at 75% Efficiency

12

Winter
55°F
O°F
40°F

i

il

oo

99,038
8,181
7,920
8,245

123,384 Btw/hr

164,512 Buu/hr

132,050
31,089
10,890
11,336

185,365 Btu/hr

247,153 Btuftr

At winter conditions & including cover & floor losses &
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Summary, Heat & Fuel Requirements:

Worst Case
Condition

Anticipated
Summer

Anticipated
Winter

G.

Total Heat Fuel Energy Requirement
Reguirement (Biu/hr) At 75% Efficiency (Btu/hr)

317,415 423,220 (Design)
123,384 164,512
185,365 247,153

Gas Production Anaerobic Digestion

Assumptions:  40% Volatile Suspended Solids Destruction in digester (congervative)

15 cf of Gas Production/lb V5SS destroyed
640 Btu/cf Heat Valve (methane gas)
VS8 P 70% of total solids

Gas Volume = (3170 b TS/d x .70 VSS/TS) x 40% Destruction x 15 ¢f Meth = 13,314 cf/day

Ib VS
Heat Value = 13,314 cf/d x 640 Btw/cf x 1d = 355,040 Btu/hr
24
H. Fuel Budget Balance (Btu/hr)
Total Heat Fuel Energy Availabie Gas Excess Natural Gas
Requirement  Requirement/75% Eff Energy {Flare Off) Backup

Worst Case 317,415 423,220 355,040 --- 68,180
Condition
Anticipated 123,384 164,512 355,040 190,528 -
Summer
Anticipated 185,365 247,153 355,040 107,887 e
Winter

*

Under anticipated operating conditions, the digesters will generate required heating fuel. However,
under worst case design conditions a natural gas backup will be required,

Natural Gas Backup Required Under Worst Case:

68,180 Biwhr x | ¢f/1000 Btu Nat. Gas x 24 hr/day = 1640 of Natural Gas/day
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Digester Gas Flare Off Under Anticipated Conditions:

Summer 190,528 Btu/hr x 1cf/650 Btu x 24 he/d = 7035 cf Dig. Gasf/day Flare-off

Winter 125,340 (1/650) (24 hr/d) =

4628 cf Dig. Gas/day Flare-off

L Digester Gas Flare
Diameter 123"
Capacity 2000 cffhr
Fiame Burn Duration: Summer 3.5 hrs
Winter 2 hrs
J Digested Sludge Production
Raw Total Solids = 3170 1b/d (sludge input)
V8 = 70% TS; 40% VS8 Destruction
Total Sludge = 3170 lb/d
70% VS8 3170 (\7) = 2219 b VSS/A
40% VS8S Destruction
Remaining V88 = (1-.4) 2219 = 1331.4 Ib/day
Sludge Output = Total siudge - VSS Destruction
= 3170 - (2219 - 1331.4)
Studge Output From
Primary Digester to
Secondary Digester = 2282 lb/d
Studge Balance (Assume Digesters Concentrate Influent Sludge to 4% TS):
Input Sludge  Input Volume at 3170 Ib/dd  Output Volume at 2282 Ib/d  Supernatant Recycle to
Concentration (pal/day) to Secondary (4% TS) Head of Plant*
{gal/day) (gal/day)
2% 19,005 6,841 12,164
2.5% 15,204 6,841 8,363
3% 12,700 6,841 5,859
3.5% 10,860 6,841 4,019
4.0% 9,503 6,841 2,662

% Decant Draw Off By Gravity Flow to Head of Plant

14
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Primary Sludge Recirculation {Pre-Heating)

Pump Characteristics: Capacity 150 gpm
TPH 43 ft
Motor 5 HP/1750 rpm

Secondary Digester

Configuration:  Diameter 37 ft
Swb 18.5 ft
Area 1075 sf
Volume 19,891 cf (148776 gal)
Floating Steel 1032 sf
Duo Deck Cover Area '
Operating Weight 49,100 lbs
Gas Storage 7,575 cf
Operating Pressure 3.5" W.C,
Static Maximum Pressure " w.C,

Average Daily Gas Volume Production at ADWF & 3170 1b/d TS
(3170 1b TS/d x 70 VSS/TS) x 40% Destruction x 15 of Meth/IbVSS = 13,314 cf/d

Hourly Gas Production = 555 ft'/hr

Storage Duration 13.7 hrs
57% of daily gas production

Sludge Transfer From Primary 2282 lb/d
Sludge Volume at 4% TS 6841 gal/d
Detention Time at 21.7 days

Secondary & Third Stage Sludge Recirculation

Secondary Recirculation:

Recirculation Ratio R = Qg/Q = 50% of ADWF = 350 gpm (.5 mgd)

Pump Characteristics: Capacity 425 gpm
TDH 325 ft
Motor 5 BP/1750 rpm

Third Stage Recirculation:

Recirculation Ratio R = Qx/Q = 50% of ADWF = 350 gpm (.5 mgd)

Pump Characteristics: Capacity 350 gpm
TDH 24 ft
Motor 5 HP/1750 rpm
15
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Siudge Transfer

Primasy to Secondary Digester or
Secondary Digester to Dewatering Beds

Pump Characteristics: Capacity 350 gpm
TDH 53 ft
Motor 15 HP/1750 rpm

Sludge Dewatering Beds
4} Existing Beds (to be rehabilitated):

Area  5eaat (26 x 100)
Volume (1 ft depth)

13,000 sf
13,000 cf (97,233 gal)

i

Type: Sand filter drain with concrete access pad
Underdrain decant collection and recycie to 3rd
Stage trickling filter influent

¢)) Proposed Additional Beds:

Area Geaat (29.2 x 90)
Volume (1 ft depth)

15,768 sf
15,768 cf (117,936 gal)

Type: Sand filter drain with concrete access driveway
“strips”. Underdrain decant collection and recycle to
Bar screen influent channel.
{3 Anaval Sludge Production:
2280 1b/d x 365 dfyr = 832,200 ib/yr (dry solids)
Volume at 4% solids = 2,494,604 gal/yr (liquid volume)
) Dewatering Capacity:
Total Bed Capacity = 97,233 + 117,936 = 215,170 gal
Desired Bed Turnover Level = 7 Turnovers/yr (52 days/turnover cycle)
Sludge Handling Required:

2,494,605 gal x 1/7 = 356,370 gal/bed turnover

% of required capacity available for de-watering = 215,170 = 60%
356,370

16
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(5) Wet Haul Requirement (Tanker Truck):
40% of Annual Capacity = 997,840 gal/yr

Tanker Truck Discharge Qutlet (gravity feed) to be provided at existing sludge beds

{6) Plant Sludge Storage Capacity:

Primary Digester 284,393 gal
Secondary Digester 148,776 gal
Existing Sludge Beds 97,233 gal
New Sludge Beds 117,936 gal
Primary Sludge Pit 4,220 gal

*Total 652,558 gal

* Pipe System Storage Not Included

Plant Design BOD Loading = 400 mg/l x | mdg x 8.34 = 3336 1b/d (conservative)

IEPA Design Criteria .17 lb/day/capita
Per Capita Equivalent = 3336/.17 = 19,623 at proposed design plant loading

IEPA Design Criteria .09 Ib/day/capita Sludge Production
Plant BOD Loading = .09 x 19,623 = 1766 Ib/day (by strict criteria)

Sludge Volume at 4% TS 1766 x (1/.04 x 8.34) x 365 dfyr = 1,932,324 galfyr
(5294 gpd)

Interim Sludge Storage Time:

652,558 gaif5294 gpd = 123 days

Dewatered Sludge Storage Pad
Daily Sludge Production 2282 Ib/d

Assumne Sludge Dewatered to 40% Solids
Dewatered Studge Density 45 tb/cf

Annual Dewatered Sludge Production = 2282 1b/d x 1/.4 x 1 cf/45 lb x 365 d/yr =
46,274 cf (1714 cy)

Concrete Storage Pad Area 5200 sf
Push Wall Height 5fi
Runoff Collection and Decant to 3rd Stage Trickling Filter Influent

17 GNL-40-93



Recommended Dewatered Sludge Land Application Equipment

(D 4WD Tractor with Heavy Duty Front Loader, 22-25 cf Bucket Capacity

(2) Push Cylinder Driven 220-340 cf Capacity Spreader, Tractor Pulled

(3) Medium Capacity Dump Truck (tandem axle)

60% of Annual Sludge Production Land Applied on Prison (State Owned) Cropland.

40% of Annual Sludge Production Contract Wet Hauled from Tanker Gutlet

18
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Special Condition 16.

A. Subject to paragraph B below, an effluent limit of 0.5 mg/L Total Phosphorus 12 month rolling
geometric mean (calculated monthly) basis (hereinafter “Limit”), shall be met by the Permittee
by January 1, 2030, unless the Permitee demonstrates that meeting such Limit is not
technologically or economically feasible in one of the following manners:

1.

The Limit is not technologically feasible through the use of biological phosphorus removal

(BPR) process(es) at the treatment facility; or

The Limit would result in substantial and widespread economic or social impact. Substantial

and widespread economic impacts must be demonstrated using applicable USEPA guidance,

including but not limited to any of the following documents:

a. Interim Economic Guidance for Water Quality Standards, March 1995 EPS-823-95-002;

b. Combined Sewer Overflows-Guidance for financial Capability Assessment and Schedule
Development, February 1997 EPA-832-97-004;

¢. Financial Capability Assessment Framework for Municipal Clean Water Act
Requirements, November 2014; and

d. Any additional USEPA guidance on affordability issues that revises, supplements, or
replaces those USEPA guidance documents; or

The Limit can only be met by chemical addition for phosphorus removal at the treatment

facility in addition to those processes currently contemplated; or

The Limit is demonstrated not to be feasible by January 1, 2030, but is feasible within a

longer timeline, then the Limit shall be met as soon feasible and approved by the Agency; or

The Limit is demonstrated not to be achievable, then an effluent limit that is achievable by

the Permittee (along with associated timeline) will apply instead except that the effluent

limit shall not exceed 0.6 mg/L Total Phosphorus 12 month rolling geometric mean

{calculated monthly).

B. The Limit shall be met by the permittee by January 1, 2030, except in the following
circumstances:

1.

If the Permittee develops a written plan, preliminary engineering report of the facility plan
no later than January 1, 2030, to rebuild or replace the secondary treatment process(es) of
the treatment facility, the Limit shall be met by December 31, 2035; or
If the Permittee decides to construct/operate biological nutrient removal (BNR) process(es),
incorporating nitrogen reduction, the Limit shall be met by December 31, 2035; or
If the Permittee decides to use chemical addition for phosphorus removal instead of BPR,
and has a 1.0 mg/L Total Phosphorus monthly average shall be met by December 31, 2035;
or
If the Permittee has already installed chemical addition for phosphorus removal instead of
BPR, and has a 1.0 mg/L Total Phosphorus monthly average effluent limit in its permit, or
the Permittee is planning to install chemical addition with an IEPA construction permit that
is issued on or before July 31, 2018, the 1.5 mg/L Total Phosphorus monthly average
effluent limit {and associated compliance schedule) shall apply, and the Limit shall not be
applicable.

The NARP determines that a limit lower than the Limit is necessary and attainable The
lower limit and timeline identified in the NARP shall apply to the Permittee.
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6.

If the Permittee participates in a watershed group that is developing NARP for an
impairment related to phosphorus or a risk eutrophication, and IEPA determines that the
group has the financial and structural capability to develop the NARP by the deadline
specified in the NARP provisions below.

C. The Permittee shall identify and provide adequate justification of any exception identified in
paragraph A or circumstance identified in paragraph B, regarding meeting the Limit. The
justification shall be submitted to the Agency at the time of renewal of this permit or by
December 31, 2035, whichever date is first. Any justification or demonstration performed by
the Permittee pursuant to paragraph A or circumstance pursuant to paragraph B must be
reviewed and approved by the Agency. The Agency will renew or modify the NPDES permit as
necessary. No date deadline modification or effluent limitation modification for any of the
exceptions or circumstances specified in paragraphs A or B will be effective until it is included in
a modified or reissued NPDES Permit.

D. For purposes of the permit the following definitions are used:

1.

BPR (Biological Phosphorus Removal) is defined herein as treatment processes which do not
require use of supplemental treatment processes at the treatment facilities before or after
the biological system, such as but not limited to, chemical addition, carbon
supplementation, fermentation, or filtration. The use of filtration or additional equipment
to meet other effluent limits is not prohibited but those processes will not be considered
part of the BPR process for purposes of this permit; and

BNR (Biological Nutrient Removal) is defined herein as treatment processes used for
nitrogen and phosphorus removal from wastewater before it is discharged. BNR treatment
processes, s defined herein, do not require use of supplemental treatment processes at the
treatment facility before or after the biological system, such as but not limited to chemical
addition, carbon supplementation, formation or filtration. The us of filtration or additional
equipment to meet other effiuent limits is not prohibited, but those processes will not be
considered part of the BNR process for purposes of this permit.

E. The 0.5 mg/L Total Phosphorus 12 month rolling geometric mean (calculated monthly) effluent
limit applies to the effluent from the treatment plant.



SPECIAL CONDITION 17. The Agency has determined that the Permittee’s treatment plant effluent is
located upstream of a waterbody or stream segment that has been determined to be at risk of
eutrophication due to phosphorus levels in the waterbody. This determination was made upon
reviewing available information concerning the characteristics of the relevant waterbody/segment and
the relevant facility (such as quantity of discharge flow and nutrient load relative to the stream flow

A waterbody or segment is at risk of eutrophication if there is available information that plant, algal or
cyanobacterial growth is causing or will cause violation of a water quality standard

The Permittee shall develop, or be a part of a watershed group that develops, a Nutrient Assessment
Reduction Plan (NARP) that will meet the following requirements:

A. The NARP shall be developed and submitted to the Agency by December 31, 2023. This
requirement can be accomplished by the Permitee by participation in n existing watershed
groups or by creating a new group. The NARP shall be supported by data and sound scientific
rationale.

B. The Permittee shall cooperate and work with other stakeholders in the watershed to determine
the most cost-effective means to address the risk of eutrophication. If other stakeholders in the
watershed will not cooperate in developing the NARP, the Permittee shall develop its own NARP
for submittal to the Agency to comply with this condition.

C. Indetermining the target levels of various parameters necessary to address the risk of
eutrophication, the NARP shall either utilize the recommendations by the Nutrient Science
Advisory Committee or develop its own watershed specific target levels.

D. The NARP shall identify phosphorus input reductions from point sources and non-point sources
in addition to other measures necessary to remove the risk of eutrophication characteristics that
will cause or may cause violation of a water quality standard. The NARP may determine, based
on an assessment of relevant data, that the watershed does not have a risk of eutrophication
related to phosphorus, in which case phosphorus input reductions or other measures would not
be necessary. Alternatively the NARP could determine that phosphorus input reduction from
point sources are not necessary, or that phosphorus input reductions from both point and
nonpoint source are necessary, or that phosphorus input reductions are not necessary and that
other measures, besides phosphorus input reductions are necessary.

E. The NARP shall include a schedule for the implementation of the phosphorus input reductions
and other measures. The NARP schedule shall be implemented as soon as possible and shall
identify specific timelines applicable to the permittee.

F.  The NARP can include provisions for water quality trading to address the phosphorus related risk
of eutrophication characteristics in the watershed. Phosphorus/Nutrient trading cannot result
in violations of water quality standards or applicable antidegradation requirements.

G. The Permittee shall request modification of the permit within 90 days after the NARP has been
completed to include necessary phosphorus input reductions identified within the NARP, The
Agency will modify the permit if necessary.

H. If the Permittee does not develop or assist in developing the NARP and such a NARP is
developed for the watershed, the Permittee will become subject to effluent limitations
necessary to address the risk of eutrophication. The Agency shall calculate these effluent limits
by using the NARP and any applicable data. If no NARP has been developed the effluent limits
shall be determined for the Permittee on a case-by-case basis, so as to ensure that the
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Permittees discharge will not cause or contribute to violations of the dissolved oxygen or
narrative offensive condition of water quality standards;



April 2.10

May 2.10
June 1.80
July 2.20
August 2.00
September 2.00
October 2.40
November 2.40
December 2.40
January 2.50
February 1.70
March 2.10

GEOMEAN 2.13



TEST

-

2323 Fourth Street )
P.O. Box 483
Peru, Illinois 61354
ANALYTICAL REPORT e Sl
800-659-4659
June 20, 2023 FAX 815-224-1688
www.testinc.com
David Tullerow
Attn: David Tullerow

215 W. Chilppewa St
Dwight, IL 60420

Order Number: 230600301

TEST, Inc. received 1 sample on June 08, 2023 at 10:45 for the analyses presented in the following report.

There were no problems with the analyses and all the data for the associated QC met EPA or laboratory specifications .
Exceptions would be described in the Case Narrative, if applicable.

This final Analytical Report consists of this cover letter, case narrative, laboratory results and any accompanying
documentation including, but not limited to, chain of custody records.

This report may not be reproduced, except in full, without prior written approval from TEST, Inc.

If you have any questions regarding these test results, please do not hesitate to contact me at (815) 224-1650 or
(800) 659-4659.

Sincerely,

Total Environmental Service Technologies, Inc.

e Foma—

Layne Zens
Quality Assurance Officer

Page 1 of 4

lllinois Department of Public Health Accredited #17518 lllinois Environmental Protection Agency Accredited #100299



CASE NARRATIVE

CLIENT: David Tullerow ris ,

DATE: June 20, 2023 \ Ny
2323 Fourth Street

ORDER NUMBER: 230600301 P.O. Box 483
Peru, Illinois 61354

815-224-1650
800-659-4659

GENERAL COMMENTS: FAX 815-224-1688

All results reported in wet weight unless otherwise indicated (mg/kg = Dry Weight). WWw.testinc.com

Sample results relate only to the analytes of interest and to the sample as received by the laboratory.

Accreditation by the State of lllinois is not an endorsement or a guarantee of the validity of data generated. For more information about the
laboratories' scope of accredition in regards to Alkalinity/SM2320B; Chloride/SM4500CI-B; TDS/SM2540C; Fluoride/SM4500F-C;
Nitrate/EPA353.2R2; Nitrite/SM4500NO2-B; pH/SM4500H-B; Sulfate/ASTM D516-90; Al, Ba, Cr, Cu, Fe, Mg, Mn, Ni, Ag, Na, Zn/EPA
200.7R4.4; As, Be, Cd, Cr, Cu, Pb, Mn, Ni, Se, Ag/EPA200.8R5.4 please contact TEST, Inc. or the Agency.

LIMIT: Method Detection Limit. The minimum concentration of an analyte that can be measured and reported with a 99% confidence that
analyte is greater than zero.

Outside laboratories references under analyst on the Final Report include:
PACE: Pace Analytical QCA: QC Analytical, LLC SB: Suburban Laboratories ESI: EnviroScience, Inc. EURO: Eurofins
TEK: Teklab, Inc.
The subcontracted analytical report (if not provided) is available upon request.

DATA QUALIFIERS:
A: Sample was received in lab with improper preservation
B: Analyte detected in the associated Method Blank
J: The analyte was positively identified; the associated numerical value is less than the RL but greater than or equal to the MDL, and
the concentration is an approximate value

TNTC: Too Numerous to Count

H: Analysis run past method hold time

I: Invalid

L: Result was over the maximum contaminant level set by the EPA
ND: Non-Detect

T: Sample received outside thermal preservation acceptance criteria

S: Sample sent to subcontracted NELAP Laboratory

Q: Results accepted outside of quality control limits

METHOD REFERENCES:
EPA: USEPA Methods for the Determination of Inorganic Substances in Environmental Samples; Methods for Chemical Analysis of
Water and Wastes; Methods for Organic Chemical Analyses of Municipal and Industrial Wastewater; 40CFR136 App A; Methods for
Determination of Metals in Environmental Samples; Methods for the Determination of Organic Compounds in Drinking Water
SW: USEPA, Test Methods for Evaluating Solid Waste, SW-846, 3rd Ed, includes Updates I-llI

SM: Standard Methods for the Examination of Water and Wastewater, 20th Ed.
D: ASTM, Annual Book of Standards
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Reported To: Order No.: 230600301
David Tullerow P.O. No.:
David Tullerow Date Received: 06/08/2023
215 W. Chilppewa St Collected by: David Tullerow
Dwight, IL 60420 Report Date:  06/20/2023
PWS ID No.:
Laboratory Results
Sample No.: 230600301-001 Location: WW INF
Date Collected: 06/08/2023 Type: Grab
Time Collected: 09:45 Sample Matrix: Waste Water

Laboratory Tested Test Detection Qualifier Test Date of Analyst
Test Value Units Limit Method Analysis
Phosphate, Total 6.57 mg/L 0.614 SM4500PBE 6/19/23  13:00 JN
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