For the full report — lowa Nutrient Reduction Strategy — go to www.nutrientstrategy.iastate.edu

Section 3 — Point Source Nutrient Reduction Technology Assessment
and Implementation Plan

Section 3.1 Technology Assessment and Implementation Plan

Establishing Effluent Limits

The following describes the applicable federal and state laws and regulations pertaining to the
establishment of effluent limits in NPDES permits. There are two bases for establishing effluent limits:
technology and water quality. Technology-based limits establish the floor or minimum level of treatment a
facility must provide. More stringent water quality-based limits must be imposed in permits when the
technology-based limits will not assure compliance with state water quality standards.

Technology-Based Limits for POTWs

Technology-based limits for POTWSs have been established by EPA in 40 §CFR 133 under authority of
Section 304(d) of the Clean Water Act and represent the degree of reduction attainable through the
application of secondary wastewater treatment technology. Technology-based effluent limits for a
pollutant not covered by federal effluent standards may be imposed on a case-by-case basis (IAC 567-
62.8(5)). Such limitation must be based on the effect of the pollutant in water and the feasibility and
reasonableness of treating such pollutant.

Although continuously evolving, many nutrient removal technologies in wastewater treatment are already
proven and well-established. Thus, nutrient removal for lowa’s wastewater treatment facilities is
technologically feasible. The primary mechanism IDNR will use in assessing the “reasonableness” of
nutrient removal for individual facilities is the estimated costs for improvements and the ability of end
users to afford those costs.

Affordability of wastewater treatment improvements is dependent upon a number of factors including
capital costs, existing and projected debt service, and operation and maintenance costs. Without detailed
financial information from a facility it is not possible to determine affordability. Screening criteria are
available to indicate the likelihood that a project will be affordable with minimal information. EPA economic
guidance (U.S. EPA 1995) and proposed rules to implement the new disadvantaged communities’ law
(455B.199B) suggest that if the ratio of projected total wastewater costs to a community’s Median
Household Income (MH]) is less than one percent, then a project is affordable barring very weak community
economic indicators. If the ratio is greater than two percent then a project is not affordable unless
economic indicators are strong. Projects resulting in a ratio between one and two percent may or may not
be considered affordable dependent upon the strength of secondary economic indicators such as
comparison of county MHI to statewide MHI, bond rating, etc.

Section 3.2 shows that nutrient reduction costs are generally affordable for most of lowa’s major municipal
facilities based on the ratio of estimated project cost to Median Household Income (MHI). These same
facilities also have the largest design flows and, in general, the greatest point source nutrient contribution.
If the communities served by major municipal facilities can afford a project cost/MHI ratio of 0.5%, the
design flow treated by those facilities for which nutrient reduction is affordable is over 550 MGD, or roughly
86% of the total design flow for all major municipal facilities. This relationship is shown in Figure 3-1 below.



Figure 3-1:

Affordability Threshold (Percent of MHI) vs. Estimated Number of
Communities for which BNR would be Affordable & Associated
Cumulative Design Flow for lowa Major Facilities
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Three Tiers of Nutrient Removal
The three most commonly cited “tiers” of nutrient removal are Biological Nutrient Removal (BNR),

Enhanced Nutrient Removal (ENR) and the Limit of Technology (LOT).

Biological Nutrient Removal is commonly associated with sequenced combinations of aerobic, anoxic and
anaerobic processes which facilitate biological denitrification via conversion of nitrate to nitrogen gas and
“luxury” uptake of phosphorus by biomass with subsequent removal through wasting of sludge (biomass).
Effluent limits achievable using BNR at wastewater treatment facilities that treat primarily domestic
wastewater are 10 mg/L of total nitrogen (TN) and 1.0 mg/L of total phosphorus (TP).

Enhanced Nutrient Removal typically uses BNR with chemical precipitation and granular media filtration to
achieve lower effluent nitrogen and phosphorus concentrations than can be achieved through BNR alone.
ENR systems are capable of producing effluent with nitrogen and phosphorus values of about 6 mg/L of
total nitrogen and 0.2 mg/L of total phosphorus (Falk et al. 2011).

The term “Limit of Technology” (LOT) is generally associated with the lowest effluent concentrations that
can be achieved using any treatment technology or suite of technologies. It is commonly referenced as an
upper bound in nutrient removal performance. However, there is no consensus or regulatory definition
establishing specific treatment requirements for the LOT. As such, effluent values associated with the LOT
are debatable. Some have proposed statistical approaches that define the LOT as the minimum effluent
concentrations that can be expected to be reliably met over a specific averaging period using widely
available and proven treatment processes (Neethling et al. 2009, Bott et al. 2009). Commonly referenced
thresholds for the LOT for BNR are 3 mg/L for total nitrogen and 0.1 mg/L for total phosphorus (U.S. EPA
2007, Jeyanayagam 2005). Lower effluent values are possible using tertiary chemical addition & filtration,



advanced effluent membrane filtration, ion exchange and/or adsorption processes but may not be
practical.

Technology Based Limits for Industries

Technology-based limits for industrial discharges are established by federal effluent guidelines adopted in
40 CFR subchapter N, under the authority of CWA Sections 304 and 306, and are adopted in the state of
lowa by reference in IAC 567-62.4. Where EPA has not promulgated a federal standard for a particular
industrial category, technology-based limits must be developed on a case-by-case basis at the time of
permit issuance (CWA section 402(a)(1)(B) and IAC 567-62.6(3)(a)). In developing case-by-case technology-
based limits for industries, the limits must conform to 40 CFR Part 125 Subpart A — Criteria and Standards
for Imposing Technology-Based Treatment Requirements.

EPA has promulgated federal effluent guidelines for 57 classes of industries but, with few exceptions, such
effluent standards do not establish technology-based requirements for total nitrogen or total phosphorus.
Where there are promulgated federal guidelines for TN or TP, the NPDES permit will contain effluent limits
consistent with those guidelines.

Data on the amounts of nitrogen and phosphorus discharged by industries is not readily available but likely
varies significantly based on the type of industry. For example, process wastewater discharged by a meat
processing facility will likely contain significantly higher nutrient concentrations than the discharge from a
steam electric power plant. Most industries do not operate biological wastewater treatment plants because
the characteristics of their wastewater makes biological treatment unnecessary so requiring all industries to
install BNR is not reasonable. All major industries and minor industries with existing biological treatment
systems will be required to collect data on the source, concentration and mass of total nitrogen and total
phosphorus in their effluent and to evaluate alternatives for reducing the amounts of both pollutants in
their discharge. IDNR will use the results of these evaluations to establish case-by-case technology-based
effluent limits in NPDES permits except in cases where the industry is subject to a federal effluent standard
for total nitrogen or total phosphorus. The nitrogen and phosphorus effluent limits for industries and for
POTWs with significant industrial loads will be determined consistent with 40 CFR Part 125 Subpart A and
IAC 567-62.8(5).

Water Quality-Based Limits

The second basis for establishing NPDES permit limits is through state water quality standards; this is the
“water quality-based” process. NPDES permits must contain requirements as needed for discharges to
meet water quality standards (IAC 567-62.8(2)). Where implementation of technology-based limits for a
wastewater discharge will not assure compliance with the water quality standards, permits must specify
more stringent water quality-based effluent limits. While lowa has not yet adopted numeric standards for
total nitrogen or total phosphorus from which water quality-based effluent limits can be derived, permits
must still contain necessary requirements to assure compliance with (1) narrative “free-from” water quality
criteria in the lowa Water Quality Standards that are applicable to all surface waters at all places and at all
times (IAC 567-61.3(2)) and with (2) lowa’s antidegradation policy (IAC 567-61.2(2)).

When a facility proposes to discharge a new or increased amount of any pollutant, an antidegradation
“alternatives analysis” must be performed. The alternatives analysis must consider non-degrading and less
degrading alternatives to the increased discharge, and the facility must implement the least-degrading
alternative that is practicable, affordable and cost efficient. lowa’s antidegradation policy applies on a
pollutant-by-pollutant basis, meaning that the alternatives analysis must consider each pollutant that will
be discharged in an increased amount. These pollutants would include any new or increased discharge of
total nitrogen or total phosphorus.



Total Maximum Daily Loads

A total maximum daily load (TMDL) is a calculation that determines the maximum amount of a pollutant
that can enter a stream or lake from different sources and still allow the stream or lake to meet the lowa
water quality standards. The IDNR is required by the CWA to determine the TMDL for all waters identified
on the state’s CWA Section 303(d) impaired waters list. These TMDL calculations must be reviewed and
approved by EPA. One part of the TMDL calculation is the point source wasteload allocation (WLA), which
may be used to calculate water quality-based effluent limitations to include in an NPDES permit. When
determining the appropriate point source WLA to be used in the TMDL calculation, the IDNR will consider
this point source nutrient strategy as the basis for setting the WLA for point sources. The IDNR will not
impose effluent limitations in NPDES permits that require load reductions beyond the reductions achieved
by implementation of this strategy unless it is determined necessary to allow the stream or lake to meet
lowa water quality standards.

Monitoring in NPDES Permits

The IDNR will specify weekly total nitrogen and total phosphorus monitoring in permits issued to Nutrient
Strategy facilities. A permit can be amended to include reduced monitoring if a facility has adequately
demonstrated that their effluent contains concentrations of total nitrogen and total phosphorus that are
consistently below treatable levels. Facilities are strongly encouraged to begin monitoring programs for TP
and TN prior to NPDES permit reissuance to better assess current nutrient loading and removal capabilities
that are possible with their existing treatment systems. Before starting a monitoring program, a facility
should consult with IDNR and develop a sampling plan to ensure that a sufficient amount of good quality
data is collected at appropriate locations and that samples will be analyzed for the correct parameters
using appropriate methods.

IDNR will identify the appropriate total nitrogen and total phosphorus lab testing methods for wastewater
and ambient stream water quality to ensure consistent data and allow for accurate accounting of removal
of nutrients from wastewater treatment plants. These lab methods may be specified in NPDES permits with
total nitrogen and total phosphorus testing requirements.

Construction Schedules

NPDES regulations allow permits to include schedules of compliance to provide facilities additional time to
achieve compliance with Clean Water Act regulations. Such schedules must require compliance as soon as
possible but may not extend a final compliance date specified in the Clean Water Act. Because all Clean
Water Act deadlines for meeting technology-based effluent limits have passed, permits cannot include a
schedule of compliance for meeting new technology-based limits for TN or TP that will be established in
accordance with this strategy.

In order to comply with federal regulations yet still provide facilities with time to modify operations or
treatment systems to reduce nutrient discharges, permits will establish construction schedules for installing
or modifying facilities to remove nutrients. Nutrient limits will not be specified in permits until after
facilities have been constructed, optimized and monitored to demonstrate nutrient reduction capabilities.
In other words, nutrient limits will not be added to the NPDES permit until a facility has already shown that
it complies with the final limits for TN and TP.

Two options exist for specifying technology-based limits and construction schedules: (1) a construction
schedule for installing or modifying facilities to reduce nutrients will be established in the NPDES permit.
Following construction completion, facility optimization, and a performance evaluation period, effluent
limits will be added to the NPDES permit; or, (2) effluent limits will be included in the NPDES permit and a
consent administrative order will be issued concurrently that would establish a construction schedule for



installing or modifying facilities to remove nutrients. Permittees will be allowed to select which option they
prefer.

Implementation Plan

All major municipal and industrial facilities, and minor industrial facilities that treat process wastewater
using biological treatment, will be required to evaluate the economic and technical feasibility for reducing
nutrient discharges. This evaluation, or “Feasibility Study”, will be based on a goal of achieving annual
average mass limits equivalent to effluent concentrations of 10 mg/L TN and 1 mg/L TP. These
concentrations are consistent with the minimum levels considered achievable using biological nutrient
removal at a wastewater treatment facility that treats primarily domestic sewage.

Technology-based effluent limits for nutrients for facilities addressed in this strategy must be developed on
a case-by-case basis consistent with IAC 567-62.8(5) and will be developed using the procedures specified in
40 CFR Part 125 Subpart A. Such limits will be based on the effect of the pollutant in water and the
feasibility and reasonableness of treating the pollutant. Based on information available to IDNR today it is
anticipated that permits will not specify limits more stringent than 10 mg/L TN and 1 mg/L TP where
biological treatment is the primary means of achieving the nutrient reduction goals.

Biological treatment processes are more efficient at reducing nutrients at higher water temperatures and
higher quality wastewater effluent is typically produced in the spring, summer, and fall than in the winter.
Thus, while properly designed and operated biological treatment systems may not achieve levels of 10
mg/L TN and 1 mg/L TP at all times, monitoring results averaged over the entire year should result in
effluent concentrations at or below these levels {See page 2}. The IDNR realizes that some treatment
facilities may not be able to achieve these limits due to higher concentrations of TN or TP in the raw
wastewater than are typically found in domestic sewage. In these cases the goal is to achieve equivalent
annual percentage reductions in raw wastewater of 66% TN and 75% TP.

If a permitted discharger installs nutrient reduction processes and technology-based TN and TP limits are
included in the NPDES permit, then it is the position of the IDNR that the TN and TP discharge limits will not
be made more restrictive for a period of at least 10 years after the completion of the nutrient reduction
process construction unless it is determined that more restrictive limits are necessary to ensure the stream
or lake will meet lowa water quality standards. lowa Code section 455B.173(3C) establishes the moratorium
on more restrictive limits for municipal dischargers. For non-municipal discharges, this prohibition can be
enforced through the permitting process or as a part of the adoption of any future nutrient limitation. A
report of nutrient removal performance will be submitted to IDNR once facilities are constructed and have
operated for a period of five years.

Implementation Plan Details

Requirements for evaluating nutrient removal will be specified in the next NPDES permit issued following
the finalization of this strategy for all major municipal and industrial permits and for minor industrial
facilities with biological treatment plants (see Section 3.3). The requirements to be included in the permit
will vary according to the following: 1) Treatment already installed; 2) Treatment not installed and no
capacity increases are planned; 3) Treatment not installed and capacity increases are planned; 4) Treatment
impracticable; 5) New dischargers; and 6) Power Plants. In the case of a new major facility or a new minor
industrial facility with biological treatment for process wastewater, requirements for evaluating nutrient
reductions will be specified in the first permit issued to the new facility. The term “treatment” as used in
the context of this strategy means treatment to reduce TN and/or TP. It is expected that most facilities will
install and operate biological nutrient removal processes but nothing in this strategy precludes the use of
other processes and techniques to achieve nutrient reductions similar to biological nutrient removal.



Category 1) Treatment already installed

a) Installed and Operating: If treatment is installed and has been operated at a given plant and the
IDNR determines that a sufficient amount of data is available with which to establish plant
performance, then the NPDES permit will specify technology-based limits. These limits will be
determined on a case-by-case basis using actual plant performance data and the permit will
require influent and effluent monitoring for both TN and TP.

b) Installed and NOT Operating: If treatment is installed at a given plant and has not been
operated, then the NPDES permit will require the treatment facilities to be operated.
Technology-based effluent limits for TN and TP will be determined on a case-by-case basis using
actual plant performance data. The limits will be added to the NPDES permit by amendment at
the end of a six-month process optimization period and a 12-month performance evaluation
period. The NPDES permit will require influent and effluent monitoring for both parameters.

Category 2) Treatment not installed and no capacity increases are planned

If treatment is not installed and no increases in treatment facility design capacity are planned, then
the reissued NPDES permit will include requirements for the facility within two years of reissuance
of the NPDES permit to submit a report with the results of a study that evaluates the feasibility,
reasonableness and costs of installing treatment to remove nutrients. The Feasibility Study will also
include a proposed schedule for when treatment will be installed if it is found to be feasible and
reasonable. The negotiated schedule will be incorporated into either the NPDES permit or an
administrative consent order (See Construction Schedules above). Technology-based TN and TP
discharge limits will be determined at the end of a six-month process optimization period and a 12-
month performance evaluation period following the treatment process startup. The performance
evaluation will include a determination of technologically achievable TN and TP concentrations. The
NPDES permit will be amended to include TN and TP limits as determined from the performance
evaluation. The NPDES permit will require influent and effluent monitoring for both parameters.

Category 3) Treatment not installed and capacity increases are planned

If treatment is not installed and increases in treatment plant design capacity are planned, then the
evaluation of nutrient removal feasibility will be conducted as part of the construction permitting
process through current antidegradation rules and procedures. Nutrient removal will be
encouraged anytime construction is proposed. If nutrient removal is included in the plant
expansion, then the NPDES permit will be amended to include effluent limits for TN and TP after a
six-month optimization period and 12-month performance evaluation period following treatment
process startup, the same as the Category 2 procedures. The NPDES permit will require influent and
effluent monitoring for both TN and TP. If nutrient removal is not included with the plant
expansion, then the NPDES permit will be written using the procedure in Category 2 above.

Category 4) Treatment impracticable

A facility with one or more nutrient discharges that are higher than 10 mg/L TN or 1 mg/L TP (or
annual percentage reductions in raw wastewater that are lower than 66% TN and 75% TP) but
where operational changes or treatment are not feasible or reasonable will be required to submit
another Feasibility Study five years from the approval of the first Feasibility Study.

Category 5) New Dischargers

For new major municipal or industrial facilities or new minor industrial facilities that have biological
treatment for process wastewater the procedures in Category 3 will be followed. Construction of a
treatment plant by a new discharger subject to this strategy is considered to be a capacity increase
in the context of these requirements.



Category 6) Power Plants

The permit for a power plant listed in the Strategy that demonstrates that it can consistently meet
the goals of 10 mg/L TN and 1 mg/L TP will be amended to remove the Nutrient Reduction
Requirements language and to remove or reduce TN and TP monitoring.

An industry that uses river water for cooling and other purposes that demonstrates that it does not cause a
net increase of more than 10 mg/L TN or 1 mg/L TP can request that its permit be amended to remove the
Nutrient Reduction Requirements language and remove or reduce TN and TP monitoring.

Calculation of Annual Average Effluent Limitations

Effluent limits for TN and TP will be expressed as annual average mass limits. The following procedure will
be used to establish annual average effluent limitations for total nitrogen and total phosphorus in NPDES
permits resulting from the implementation of this Strategy. This procedure is patterned after the approach
developed by EPA and discussed in Appendix E of the Technical Support Document For Water Quality-based
Toxics Control, EPA/5050/2-90-001, USEPA, March 1991.

The procedure assumes that the daily values used in the calculations are lognormally distributed and that
more than ten (10) data points are available to derive the limitations. The mean and standard deviation of
the data (in mg/L) are calculated and the 99" percentile of the daily values is determined. This 99t
percentile value is multiplied by the treatment facility design average wet weather flow and a conversion
factor of 8.34 and the result will be specified as the annual average effluent limitation in Ibs/day. For
industries that do not have a design flow, the 99" percentile value is multiplied by the maximum daily flow
from the previous five years.

X.99 = 99" percentile of daily values

=E(Xn)+2.326[V(Xa)]¥2

where:
Xi = daily pollutant measurement i
yi = In(xi)
k = size of data set
Hy = (vi) / k
8° = [yi— k] / (k-1)
E(x) = exp(yy + 0.56,%)
Vix) = exp(2 py+98,%)[exp(6,°) — 1]
E(x,) = E(x)
V(xn) = V(x)/n
ov(xn) = V(%) / (Xn)

The department will use this procedure to recalculate TN and TP limitations each time the permit is
reissued. Higher TN and TP limits may be possible if facilities can justify degradation through an approved
alternatives analysis.

The annual average discharge will be the sum of all measurements for a given pollutant collected during a
12-month period beginning on the date the permit limit is effective divided by the number of
measurements made. For example, assume that TN mass measurements are made once per week. The
annual average is determined by adding the 52 weekly measurements from the year of reporting and
dividing by 52.






Revisions to Section 3.3 — List of Affected Facilities

If a new facility is constructed, or a facility is expanded, causing it to be designated a major facility
it will be added to the list of affected facilities in Section 3.3 and will become subject to the
requirements of this strategy. When a minor industry constructs a new biological wastewater
treatment facility for treating process wastewater it will be added to the list of affected facilities
and will be subject to the requirements of this strategy. If the circumstances that resulted in a
facility being subject to this strategy change, and the facility is no longer designated a major
facility, or if a minor industry no longer operates a biological treatment plant, it will no longer be
subject to the requirements of this strategy. Furthermore, if a facility that does not have biological
treatment for process wastewater can adequately demonstrate that their effluent (or
contribution) is consistently below 10 mg/L TN and 1 mg/L TP, the permit can be amended to
remove or reduce nutrient monitoring requirements and remove the Nutrient Strategy provisions.
The Nutrient Strategy Annual Report will then reflect that the facility has met their obligations
under the Strategy.



Section 3.2 - Cost Estimates

Estimated Costs for BNR Improvements for Muncipal Majors (Target Effluent TN = 10 mg/L, Target Effluent TP = 1 mg/L)

Combined |Combined
Design Annual Total Annual |Total Present |Total $/1,000
#of AWW Flow |Average Total Capital |O&M Cost  |Worth Cost  [Annual gallons Weighted Monthly |Weighted %

Treatment Type Facilities |(MGD) Flow® (MGD)|Cost ($M) (SM) ($M)? Cost (M) |Treated® [Cost/Household* |of MHI*
Activated Sludge 56 533 355 348 25 686 51 0.39 7.75 0.18%
Fixed Film 37 101 67 430 7 524 39 1.59 25.83 0.73%
Aerated Lagoon 11 8 110 3 147 11 3.92 85.16 2.13%
Totals 102 645 430 887 35 1,358 101 0.64 11.85° 0.29%°
1. Average annual flow estimated as 2/3 of design AWW flow.
2. Present worth values calculated using discount rate of 4.125% and a 20-year design life.
3. Based on annual average flow.
4. % of MHI for BNR improvements only. Estimates weighted by number of households.
5. Aggregate value weighted by number of households.

Estimated Costs for BNR Improvements for all Industries with Biological Treatment (Target Effluent TN = 10 mg/L,
Target Effluent TP = 1 mg/1)

Combined Total Annual |Total Present 5/1,000

Design Flow |Total Capital |0O&M Cost Worth Cost | Tgtal Annual|gallons
Treatment Type  |#of Facilities |{MGD) Cost [$M) ($1) ($n)* Cost ($M)  |Treated®
Activated Sludge 20 44.2 29.3 2.0 56.1 4.2 0.26
Fixed Film 1 0.6 2.7 0.04 3.3 0.2 1.06
Aerated Lagoon 7 5.8 86.5 2.20 116.0 8.6 4.05
Totals 28 50.7 118.5 4.2 175.5 13.1 0.71

1. Present worth values calculated using discount rate of 4,.125% and a 20-year design life.
2. Based on design flow.

Estimated Costs for BNR Improvements for Major Municipals + all Industries with Biological Treatment {Target Effluent
TN =10 mg/L, Target Effluent TP = 1 mg/fL)

Total Annual |Total Present $/1,000

Combined  |Total Capital |O&M Cost Worth Cost | Total Annual|gallons
Treatment Type |#of Facilities |Flow {(MGD)* |Cost {$M]) {SM) (Sn)* Cost ($M)  |Treated®
Activated Sludge 76 399.5 377.3 27.2 742.5 55.2 0.38
Fixed Film 38 67.8 432.3 7.1 527.5 39.2 1.59
Aerated Lagoon 16 13.5 196.3 5.0 263.1 19.6 3.98
Totals 130 480.8 1,005.8 39.2 1,533.1 114.1 0.65

1. Present worth values calculated using discount rate of 4.125% and a 20-year design life.
2. Based on design flow for industries + estimated average annual flow for municipals.
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Section 3.3 - List of Affected Facilities

The list of affected facilities can be found here.

Section 3.4 — Conceptual Flow Chart
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