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Executive Summary

In 2001, the EPA promulgated the Phase Il stormwater rule which expanded the existing
stormwater program to include cities under 100,000 population and constructions sited of
between one and five acres. This rule applied to the City of Norman and 44 other municipalities
and non-traditional entities in the State of Oklahoma. The rule required permittees to develop a
Stormwater Management Program (SMP) to reduce pollutants in stormwater runoff from the
municipal separate sewer systems (MS4s).

The Oklahoma Department of Environmental Quality (ODEQ) issued the OKR04 General Permit
for Stormwater Discharges from MS4s on February 8, 2005. The City of Norman submitted a
Notice of Intent, SMP, and other required permit documents and received authorization under
the permit on November 29, 2005. This permit expired February 9, 2010, but was
administratively continued pending re-issuance. On October 1, 2015, the ODEQ reissued permit
OKRO04 with an effective date of November 1, 2015. Existing permittees were required to
submit a permit application for the permit by February, 1, 2016.

In compliance with Permit OKRO04, the City of Norman has developed this SMP to reduce the
discharge of pollutants from the City's MS4 to the maximum extent practicable. The SMP
presented here has been reviewed and updated as required by the Permit. All minimum control
measures (MCMs) and their associated best management practices (BMPs) were reviewed,
with changes made where appropriate and necessary for permit compliance. Those BMPs from
the previous permit term which are to be continued with minor modifications will be implemented
by February 1, 2016. New BMPs and updates to the SMP will be implemented by November 1,
2016, as required by the Permit. This SMP has also incorporated the requirements of the ODEQ
Lake Thunderbird TMDL Study and the Lake Thunderbird Compliance Plan and Monitoring
Plans produced by the City of Norman.

The SMP must address these six MCMs, as follows:
e Public Education and Outreach Program
e Public Participation and Involvement
e lllicit Discharge Detection and Elimination
e Construction Site Stormwater Runoff Control
e Post-Construction Management in New Development and Redevelopment
* Pollution Prevention/Good Housekeeping for MS4 Operations

Major Program enhancements for the 2016-2020 permit term include the addition of a street
sweeper for increased street sweeping, a camera and crew for better storm sewer inspection
and illicit discharge investigations, and addition of an inspector for increased inspection and
enforcement on construction sites, including those in the Lake Thunderbird watershed.
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Acronyms and Abbreviations

BMP Best Management Practice(s)

CFR U.S. Code of Federal Regulations

CWA Clean Water Act

DMR Discharge Monitoring Report

ECAB City of Norman Environmental Control Advisory Board
EPA Environmental Protection Agency

MCM Minimum Control Measure(s)

MEP Maximum Extent Practicable

MS4 Municipal Separate Storm Sewer System

NOI Notice of Intent

NOV Notice of Violation

NPDES National Pollutant Discharge Elimination System
OAC Oklahoma Administrative Code

O&M Operation and Maintenance

ODEQ Oklahoma Department of Environmental Quality
OPDES Oklahoma Pollutant Discharge Elimination System
SMP Stormwater Management Program

TMDL Total Maximum Daily Load

TSS Total Suspended Solids

USFWS U.S Fish and Wildlife Service
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1.0 CITY BACKGROUND

11 REGULATORY BACKGROUND

In 1972, Congress amended the Federal Water Pollution Control Act (commonly referred to as
the Clean Water Act [CWA]) to prohibit the discharge of any pollutant to Waters of the United
States from a point source unless the discharge is authorized by a National Pollutant
Discharge Elimination System (NPDES) permit. The NPDES program is designed to track
point sources and requires the implementation of controls necessary to minimize the discharge
of pollutants.

In 1987, Congress amended the CWA to require implementation, in two phases, of a
comprehensive national program for addressing stormwater discharges. The first phase of
the program, commonly referred to as “Phase I”", was promulgated by the Environmental
Protection Agency (EPA) on November 16, 1990 (Federal Register, Volume 55, Page 47,990
[55 FR 47990]). Phase | requires NPDES permits for stormwater discharge from a large
number of priority sources, including municipal separate storm sewer systems (MS4)
generally serving populations of 100,000 or more and several categories of industrial activity,
including construction sites that disturb five or more acres of land.

EPA promulgated the second phase of the stormwater regulatory program, commonly
referred to as “Phase II,” on December 8, 1999 (64 FR 68722). Phase Il regulations
address stormwater discharges from certain MS4's serving populations of less than 100,000
people (called “small MS4's”). EPA has delegated authority to issue MS4 stormwater
discharge permits to the State of Oklahoma. Under the authority of Clean Water Act (CWA),
the Oklahoma Department of Environmental Quality (DEQ) is the regulatory body responsible
for issuing permits to discharge waste pollutants in stormwater runoff from small MS4
systems to waters of the state.

The DEQ issued a general permit for the discharge of stormwater from small MS4's,
General Permit OKRO04, on February 8, 2005. Permit requirements are based on the Clean
Water Act (33 U.S.C. 1251, et seq.), and OPDES regulations OAC 252:606-1-3(b)(3) adopting
and incorporating by reference 40 CFR122.26, as amended.

As a regulated small MS4 operator, the City of Norman obtained permit coverage under
OKRO04 from the DEQ for the discharge of pollutants in stormwater runoff on November 29,
2005. Coverage expired at midnight on February 7, 2010, but by rule continues under the
existing permit until the DEQ grants coverage to the City under the current permit which
became effective on November 1, 2015.

In summary, the permit requires the City to comply with a number of administrative
and legal requirements and to develop, implement, and enforce a stormwater management
program designed to reduce the discharge of pollutants from the MS4 to the maximum
extent practicable to protect water quality. The SMP must address six areas, called
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“Minimum Control Measures” (MCMs), as follows:

e Public Education and Outreach Program

» Public Participation and Involvement

» lllicit Discharge Detection and Elimination

e Construction Site Stormwater Runoff Control

* Post-Construction Management in New Development and Redevelopment
* Pollution Prevention/Good Housekeeping for MS4 Operations

General Permit OKRO04 for small MS4's, dated November 1, 2015, authorizes discharges of
stormwater and certain non-stormwater discharges from small MS4's (Appendix A). The
submittal date of NOI for stormwater discharges from small MS4's as required by General
permit OKRO04 is February 1, 2015.

For each MCM, the City must:

e Select appropriate Best Management Practices (BMP), which are various
methods of reducing pollutants in stormwater runoff.

e Define measurable goals for each BMP.

» Establish an implementation schedule.

* Assign a responsible person or persons for implementing all activities.

1.2 THE PURPOSE OF THIS DOCUMENT

This document serves as an update to the City’'s SMP and will be submitted to the DEQ
by the City on or before the application deadline of February 1, 2016. In order
to receive authorization to discharge stormwater from its small MS4, the City must submit a
description of the SMP. It includes all selected BMPs for each of the six MCMs, measurable
goals for each BMP, an implementation schedule, and a listing of the person(s)
responsible for implementation of all activities. The purpose of this update to the plan is to
renew the City’'s permit with DEQ.

This document provides a clear road map for implementing stormwater quality management
activities to improve runoff quality and to maintain permit compliance.
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1.3 ORGANIZATION OF THIS DOCUMENT
This document is organized into various sections as follows:
Section 1 — Introduction: This section provides background information on the stormwater

regulatory program, defines the purpose of this document, and describes document
organization.

Section 2 — City Background: This section provides general information about the city,
including setting and character, surface water quality concerns, development conditions,
construction schedules, form of government, and legal authority.

Section 3 — Public Education and Outreach: This section describes the regulatory
requirements, permit requirements, current city programs, selected BMPs, measurable
goals, implementation schedule, and responsible parties pertaining to MCM-1.

Section 4 — Public_Participation and Involvement: This section describes the regulatory
requirements, permit requirements, current city programs, selected BMPs, measurable goals,
implementation schedule, and responsible parties pertaining to MCM-2.

Section 5 — lllicit Discharge Detection and Elimination: This  section  describes
the regulatory requirements, permit requirements, current city programs, selected
BMPs, measurable goals, implementation schedule, and responsible parties pertaining to
MCM-3.

Section 6 — Construction Storm Water Runoff Control: This  section  describes
the regulatory requirements, permit requirements, current city programs, selected
BMPs, measurable goals, implementation schedule, and responsible parties pertaining to
MCM-4.

Section 7 — Post-Construction Stormwater Management in New Development and
Redevelopment: This section describes the regulatory requirements, permit
requirements, current city programs, selected BMPs, measurable goals, implementation
schedule, and responsible parties pertaining to MCM-5.

Section 8 — Pollution Prevention/Good Housekeeping for Municipal Operations: This section
describes the regulatory requirements, permit requirements, current city programs,
selected BMPs, measurable goals, implementation schedule, and responsible parties
pertaining to MCM-6.

Section 9 — Reviews, Updates, Record Keeping, and Reporting: This section describes
the annual reporting requirements of the permit.
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2.0 CITY BACKGROUND

2.1 SETTING AND CHARACTER

The City of Norman is the seat of Cleveland County and is located 17 miles south of the
state capital, Oklahoma City. The City's economic base is mainly in education,
manufacturing, and governmental agencies. The City of Norman encompasses approximately
190 square miles, with about 40 square miles, or 25,000 acres, being in the urbanized area.
Existing land use in the urbanized area is approximately 22,000 acres residential, 1,400 acres
commercial, 925 acres industrial, and 670 acres parklands. Three-fifths of Norman's total land
area is undeveloped rural land in far eastern Norman.

2.2 NRCS SOIL DATA

The major soils in each map unit located in the city limits of Norman are summarized below.

S. No. Map Unit No. Name of the Soil Complex Percent Slopes
1 3 Grainola-Ashport 0-8
2 4 Gracemore- Gaddy 0-1
3 6 Grainola-lronmound 5-12
4 9 Kingfisher-lronmound 1-5
5 11 Dougherty-Konawa 3-8
6 13 Derby loamy fine sand 3-15
7 18 Gracemore loamy fine sand 0-1
8 19 Goodnight loamy fine sand 5-20
9 32 Lomill silty clay 0-1
10 33 Norge-Ashport 0-8
11 39 Asher silt loam 0-1
12 40 Asher silty clay loam 0-1
13 41 Asher silty clay loam 0-1
14 49 Kirkland-Urban land-Pawhuska 0-3
15 50 Kirkland silt loam 0-1
16 51 Kirkland-Pawhuska complex 0-1
17 53 Kirkland-Pawhuska complex 0-3
18 57 Teller-Urban land 3-8
19 58 Teller-Urban land 3-8
20 59 Bethany-Urban land 0-3
21 65 Renfrow-Huska 3-5
22 66 Renfrow-Huska 3-5
23 69 Renfrow- Urban land-Huska 1-5
24 70 Slaughterville fine sandy loam 1-3
25 72 Slaughterville fine sandy loam 5-8
26 74 Vanoss-Urban land-Norge 0-3
27 77 Teller fine sandy loam 1-3
28 78 Teller fine sandy loam 3-5
29 81 Norge silt loam 1-3
30 82 Norge silt loam 3-5
31 84 Grant-Huska 1-5
32 86 Norge-Urban land 3-8
33 88 Grant-Urban land-Huska 1-5

10
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2.3 RECEIVING WATERSHEDS

Stormwater runoff from the urbanized area is contained in two major drainage basins; The
Canadian River watershed and the Lake Thunderbird watershed. Six creeks and their
associated sub-watersheds drain into the Canadian River, which flows along the south
edge of the urbanized area. Little River and its tributaries as well as Dave Blue Creek and
Rock Creek drain to Lake Thunderbird. The majority of the urbanized area drains to the
Canadian River; however, development is increasing in the Lake Thunderbird watershed.

To plan for future development, the City of Norman has developed the Norman 2025 Land
Use and Transportation Plan (Appendix F). The plan is intended to guide development in the
city-based available public services and environmental suitability. Goals of the plan include
greenbelt development and water quality protection.

Basin Area (acres) Perimeter (feet) Drainage
Little River 40,000 393,000 Lake Thunderbird
Rock Creek 7,000 106,000 Lake Thunderbird
Dave Blue 11,000 154,000 Lake Thunderbird
Woodcrest 2,010 41,000 Little River
Ten Mile 7,290 76,000 Canadian River
Brookhaven 2,660 51,000 Canadian River
Merkle 2,470 49,000 Canadian River
Imhoff 2,320 58,000 Canadian River
Bishop 5,700 77,000 Canadian River
Canadian 3,700 130,b00 Canadian River

Table 2-2 Receiving Waterbodies

11
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Figure 1: Watershed Map
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2.31 Impaired Water Bodies

Lake Thunderbird is located in rural east Norman and is the major water supply source.
According to the Oklahoma Water Quality Standards, beneficial uses listed are: warm
water aquatic community, agriculture, public and private water supply, primary body
contact recreation, and aesthetics. It is also listed as a Sensitive Water Supply. DEQ issued a
TMDL study for the lake in November 2013 due to non-attainment of water quality standards for
turbidity, chlorophyll-a and dissolved oxygen. The City of Norman submitted a TMDL monitoring
& compliance plan in November 2015 and incorporated the requirements of these plans in the
SMP. The TMDL is further discussed in Section 2.3.4

The Canadian River flows along the south border of the Norman city limits and receives the
majority of stormwater runoff from the urbanized area. According to the Oklahoma Water
Quality Standards, beneficial uses listed are: warm water aquatic community, agriculture,
municipal and industrial water supply, primary body contact recreation, and aesthetics. Total
Dissolved Solids and Enterococcus bacteria are listed as causes of water quality impairment for
the Canadian River according to the 2014 Oklahoma Integrated Water Quality Assessment
303(d) list. The Canadian River is also listed as an Aquatic Resource of Concern due to the
presence of a threatened species, the Arkansas River shiner (Notropis girardi).

Bishop Creek is located in east Norman and flows south into the Canadian River. Listed
beneficial uses include warm water aquatic community and primary body contact recreation.
The creek is listed on the 303(d) list as impaired due to Chlorpyrifos.

Merkle Creek is located in the central Norman urbanized area and also flows south to the
Canadian River. It was added to the 2014 303(d) list for Microinvertebrate and Fishes
Bioassessment impairment.

2.3.2 Water Quality Standards

Water Quality Standards for the beneficial uses listed in Section 2.3.1 above can be found in
OAC 785:45-5-10 (Public and Private Water Supplies), 785:45-5-12 (Fish and Wildlife
Propagation), OAC 785:45-5-13 (Agriculture: Livestock and Irrigation), OAC 785:45-5-17
(Secondary Body Contact Recreation), and OAC 785:45-5-19 (Aesthetics).

2.3.3 Discharges to Impaired Water Bodies

Potential sources of these pollutants are stormwater runoff from the urbanized area of Norman
from application of lawn care chemicals and fertilizers, construction activity, pet waste and
other impervious surfaces. The primary means of control of discharges containing pesticides
and nutrients to the MS4 will be by a public education/involvement program to inform the public
about adverse environmental impacts from overuse and misuse of these chemicals.
Information on the proper use, reduction, and safe alternatives for these chemicals will
also be distributed to the community. The main effort to control the discharge of organic
pollutants to the MS4 will be through the detection and elimination of illicit domestic sewage

13
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discharges to the MS4.
2.34 TMDL'’s

Lake Thunderbird: The Oklahoma Department of Environmental Quality (ODEQ) issued a
Total Maximum Daily Load (TMDL) study for the lake in November 2013 due to non-attainment
of water quality standards for turbidity, chlorophyll-a and dissolved oxygen. Cities affected by
the TMDL include Norman, Oklahoma City, and Moore. The City of Norman contracted with
Olsson & Associates for assistance in developing the TMDL Compliance and Monitoring Plans.
Additionally, the City of Norman initiated and hosted joint meetings with representatives from
each of the affected cities to discuss each city's response to the TMDL. The City of Norman
submitted TMDL Compliance and Monitoring Plans on November 5, 2015. DEQ approved
these plans on September 21, 2016, and was adopted by City Council on October 25, 2016.
Requirements of the Lake Thunderbird TMDL will be incorporated into the SMP and
appropriate MCMs.

2.35 Endangered Species

The Canadian River is habitat for the Arkansas River shiner, which is listed as threatened by
the USFWS. The USFWS Final Rule (DOCIDfr23n098-24) states the primary threat facing the
Arkansas River shiner is destruction and modification of habitat by stream channelization,
reservoir construction, stream flow alteration and depletion, and, to a lesser extent, water
guality degradation. The implementation of BMPs to reduce the discharge of pollutants into the
MS4 is expected to improve the quality of stormwater flows to the Canadian River and have no
impact on in-stream flows.

2.4 FORM OF GOVERNMENT

The municipal government provided by the City's Charter is known as a "Council-City Manager"
form of government. Pursuant to its provisions and subject only to the limitations imposed by
the state constitution and by its Charter, all powers of the city are vested in the Mayor and the
eight City Council members, who enact local legislation, adopt budgets, and determine
policies. All powers of the city are exercised in the manner prescribed by the City's Charter,
or if not prescribed, then as may be prescribed by City Ordinance.

2.5 LEGAL AUTHORITY

The City is a Home-Rule municipality.

2.6 CONSTRUCTION AND DEVELOPMENT

Ample undeveloped land remains distributed throughout the city. Continued development and
growth are anticipated within the city throughout the duration of this SMP. The City typically
reviews about 400-500 residential permits per year for home construction.

14
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2.7 EXISTING PROGRAMS

Existing stormwater management programs are primarily implemented by the Department of
Public Works Engineering Division, Stormwater Quality Section. These departments perform a
variety of duties, including development and community planning, construction permitting and
review, capital engineering, and construction and maintenance.

2.8 STORM WATER MASTER PLAN

In the summer of 2007, the City of Norman selected the firm of Post, Buckley, Schuh &
Jernigan, Inc. (PBS&J), an engineering, planning and architecture firm, to study and develop a
plan for stormwater management and planning. In addition to traditional drainage issues, the
plan addressed water quality issues in local watersheds, greenbelt/trails and riparian corridor
planning, Phase II/City of Norman MS4 permitting, development regulations, and development
of funding mechanisms for a stormwater utility fee. The Storm Water Master Plan Final Report
was adopted by City Council Resolution R-1011-120 on June 28", 2011. Action items in the
Plan which have been implemented include the Water Quality Protection Zone Ordinance and
the Manufactured Fertilizer Ordinance.

29 RATIONALE STATEMENT FOR SMP

During the development of this SMP, the City considered BMPs that would protect water
qguality, comply with the Phase Il stormwater regulations, and ensure program costs that
would not create undue hardship on city residents and businesses. Established Phase |
stormwater programs, as well as proposed Phase Il programs for other MS4 operators, were
reviewed and evaluated. A variety of BMPs for each minimum control measure were
considered and compared. BMPs were ultimately selected based on an evaluation of overall
effectiveness, affordability, and suitability to the City. The program will allow continual
adjustment and refinement through City implementation experience and feedback from all
sectors of the residential and business community.

15
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3.0 MCM-1 PUBLIC EDUCATION AND OUTREACH

The following section describes permit requirements and selected BMPs. Additional details
for each MCM, including measurable goals, implementation dates, associated BMPs and
responsible parties are found in Appendix B, Table 1.

Part IV.C.1 of Permit OKRO04 requires the City of Norman to revise and update the existing
public education and outreach program. The revision of the program shall be completed within
the first year after effective date of this Permit. The City must continue to implement a public
education and outreach program to distribute information and educational materials to the
community or conduct equivalent outreach activities to promote behavior change by the public
to reduce pollutants in stormwater runoff and eliminate illicit discharges. The public education or
equivalent outreach activities shall be tailored, using a mix of locally appropriate strategies, to
target specific audiences and communities. Individual MCM requirements and associated BMPs
to meet the requirement are presented below.

3.1 PERMIT REQUIREMENT:
Include Education and QOutreach Efforts for the General Public

3.1.1 Utility Bill Stormwater Pollution Prevention Informational Inserts

Stormwater pollution prevention informational pamphlets will be distributed in City utility bills
annually. This BMP target goal has been increased from 50% of all utility customers to 75% of
all utility customers. There are approximately 35,000 City of Norman utility accounts and this will
increase distribution from 17,500 to 26,250 pamphlets.

3.1.2 Stormwater Website

Stormwater program information is posted on the City of Norman website,
http://www.normanok.gov/content/storm-water-quality, along with a link for the public to submit
guestions and comments. Additionally, the website, GreenNorman.org, has been created to
promote the City environmental programs and environmental awareness. Content of these
websites will be reviewed and updated at least annually. This BMP is unchanged from the
previous permit cycle.

3.1.3 Action Center Hotline

The Action Center hotline operated by the City Clerk’s office allows citizens to easily report
pollution concerns to personnel in the city who can take appropriate action to address
stormwater pollution issues. The Action Center may be contacted by phone at (405) 366-5396
or by email at, Action.Center@NormanOK.gov. A log of all referred stormwater pollution
complaints will be maintained by the Engineering Division. This BMP target goal to receive and
respond to citizen complaints has been increased from 50% response to 90% response.

16
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3.14 Earth Day Public Education Event

An Earth Day booth will continue to be set up every year in the month of April in cooperation
with the Environmental Services Division and the Parks & Recreation Department. It will
continue to encourage public participation in a learning day about environmental and natural
resources issues and will continue to raise environmental awareness in the general
public. The event will continue to improve natural resources and promote the maintenance
of a productive and healthy environment. This BMP is unchanged from the previous permit
cycle.

3.1.5 Stormwater Education for Schools

The City will continue to work with local schools to provide promotional items and
educational materials for elementary school children about the impacts of stormwater pollution
to two schools annually. The City will also present stormwater educational information annually
at selected schools as part of National Public Works Week as an improvement to this BMP.

3.1.6 Newspaper Advertisement

Newspaper advertisements will inform the general public informed about various methods to
reduce to reduce stormwater pollution. The target goal for this BMP has been increased from 2
to 4 ads published annually.

3.1.7 Fertilizer Use Brochure

Educational materials on proper fertilizer use, including retail location signage and bi-lingual
printed material, were developed in the previous permit cycle to provide information to the public
and businesses on proper selection and application of fertilizer, soil testing, and environmental
impacts of improper fertilizer use. These materials also contain information on the requirements
of the City of Norman Manufactured Fertilizer Ordinance O-1213-34 which was adopted on
February 26, 2013, and regulates the use and application of manufactured fertilizers by
commercial applicators and the public. This ordinance also requires commercial fertilizer
applicators to register with the City. This is a new BMP for the 2016-2020 permit term.

3.1.8 Multi-lingual Educational Materials

This practice seeks to increase the effectiveness of the Public Education MCM by developing
educational material for citizens whose primary language is not English. Spanish language lawn
care and fertilizer use materials were developed in the previous permit cycle. Additional
educational materials will be evaluated annually for translation. This is a new BMP for the 2016-
2020 permit term.

3.1.9 TMDL Educational Materials

Educational materials regarding the Lake Thunderbird TMDL and watershed protection will be
developed and incorporated into the existing Public Education MCM. These materials will be
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distributed through existing Public Education BMPs and constitute a new BMP for the 2016-
2020 permit term.

3.2 PERMIT REQUIREMENT:
Establish or Revise Measurable Goals

This MCM and associated BMPs has been reviewed, and appropriate revisions or additions
have been made. Target milestones, BMP frequency, and persons responsible for

implementation are shown in Appendix B.

3.3 PERMIT REQUIREMENT:
Assess Your Education and Outreach Program Annually.

This MCM and associated BMPS will be reviewed annually by the permit authorization date.
Any required revisions will be made in accordance with the requirements in Permit OKR04.
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4.0 MCM-2 PUBLIC PARTICIPATION AND INVOLVEMENT

The following section describes permit requirements and selected BMPs. Additional details
for each MCM, including measurable goals, implementation dates, associated BMPs and
responsible parties are found in Appendix B, Table 2.

Part IV.C.2 of Permit OKRO4 requires the City of Norman public participation and involvement
program be reviewed and updated within the first year after the effective date of this Permit,
then reviewed annually and revised, if necessary. The program must encourage public
involvement and participation in the development and implementation of the SMP.

4.1 PERMIT REQUIREMENT:
Include a Process by Which Public Comments on the Program
Are Received

411 Website Link for Receipt of E-mails

An email link is posted on the Engineering Division and Stormwater Division which allows the
public to directly contact staff regarding the SMP and stormwater issues in general.
Citizens may report complaints, spills, and other related issues to:
http://www.normanok.gov/content/storm-water-quality. This BMP was implemented during the
previous permit term and will be continued for the 2016-2020 permit term. This BMP target goal
to receive and respond to citizen email inquiries has been increased from 25% response to
90% response

4.1.2 Environmental Control Advisory Board

The City of Norman Environmental Control Advisory Board (ECAB) is made up of citizens
appointed by the Mayor. ECAB investigates, prepares plans for, and recommends programs
regarding the preservation and enhancement of the environment. A representative of the
Public Works Department will coordinate with the ECAB on a quarterly basis to provide two-
way information flow regarding stormwater pollution issues. This is a new BMP for the 2016-
2020 permit term.

413 Action Center Hotline

The Action Center hotline operated by the City Clerk’s office allows citizens to easily report
pollution concerns to personnel in the city who can take appropriate action to address
stormwater pollution issues. The Action Center may be contacted by phone at (405) 366-5396
or by email at, Action.Center@NormanOK.gov . A log of all referred stormwater pollution
complaints will be maintained by the Engineering Division. This BMP target goal to receive and
respond to citizen complaints has been increased from 50% response to 90% response.
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414 Stormwater Public Meetings

Public meetings that sought public input were completed during the previous permit term.
Additional meetings will be scheduled as needed to address any future stormwater issues.
Discussion of the Lake Thunderbird TMDL Study and the City of Norman TMDL Compliance and
Monitoring Plans will also be incorporated into these meetings and the Public Involvement MCM in
general. At least one meeting will be held annually. The addition of TMDL information
constitutes a change for this BMP in the 2016-2020 permit cycle.

4.1.5 Earth Day Public Education Event

An Earth Day booth will continue to be set up every year in the month of April in cooperation
with the Environmental Services Division and the Parks & Recreation Department. It will
continue to encourage public participation in a learning day about environmental and natural
resources issues and will continue to raise environmental awareness in the general
public. The event will continue to improve natural resources and promote the maintenance
of a productive and healthy environment. This BMP is unchanged from the previous permit
cycle.

416 Blue Thumb Partnership

A working relationship with the Oklahoma Conservation Commission’s Blue Thumb
organization and Cleveland County Conservation District has been developed. The City will
continue to work with these organizations to distribute educational materials and plan public
events. This BMP is unchanged from the previous permit cycle.

4.2 PERMIT REQUIREMENT:
Comply with State and Local Public Notice Requirements

Formal legal notice will be provided by the City when taking any action requiring it to do so by
law. Informing the public and other stakeholders in the implementation of the SMP is essential
for effective Public Education and Public Involvement in the process. The content to be
published will be prepared by City staff and published by the City Clerk’s office.

4.3 PERMIT REQUIREMENT:
Establish or Revise Measurable Goals

This MCM and associated BMPs have been reviewed and appropriate revisions and additions
have been made. Target milestones, BMP frequency and persons responsible for
implementation are shown in Appendix B.

4.4 PERMIT REQUIREMENT:
Assess Your Public Participation and Involvement Program Annually

This MCM and associated BMPS will be reviewed annually. Any required revisions will be
made in accordance with the requirements in Permit OKRO4.
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5.0 MCM-3 ILLICIT DISCHARGE DETECTION ELIMINATION

The following section describes permit requirements and selected BMPs. Additional details
for each MCM, including measurable goals, associated BMPs, and responsible parties are
found in Appendix B, Table 3.

Part IV.C.3 of Permit OKR04 requires the City to revise its existing illicit discharge detection and
elimination program, as necessary. The revision of this program shall be completed within the
first year after the effective date of this Permit, then as needed. New elements shall be
developed, as necessary, and the City will continue to implement and enforce the program to
detect and eliminate illicit discharges into its small MS4, including a dry weather field screening
program to identify non-stormwater flows.

5.1 PERMIT REQUIREMENT:
Enforce Ordinances to Prohibit lllicit Discharges to Your MS4

511 Ordinance Prohibiting Discharging and Dumping

City of Norman Ordinance O-0506-76, adopting the Engineering Design Criteria (EDC) was
adopted by the City Council in the previous permit term. Section 6000 of the EDC prohibits
discharging and dumping of pollutants, and illicit discharges into the MS4. Section 6000 also
establishes enforcement actions and penalties for violations of that section. The EDC may be
found on the web at:

http://www.normanok.gov/city/public-works-engineering

51.2 Enforcement Actions

Referrals, spill reports, inspections and sampling may be used to identify violations of City
stormwater regulations. Responsible parties identified as violating City stormwater regulations
will be notified verbally and in writing. A course of action and time schedule to correct the
violation will be developed, and the responsible party will be informed of actions to be taken
and possible consequences of non-compliance. In development of a course of action,
consideration will be given to the nature and amount of the illicit discharge. If the discharge is
determined to cause an unacceptable health or environmental risk, the City may issue an
immediate Cease and Desist Order and/or take action to eliminate the discharge. Failure to
comply may result in further enforcement action, including fines, suspension of permit
issuance, or criminal prosecution.

5.2 REQUIREMENT:
Implement Dry Weather Field Screening for lllicit Discharges

5.2.1 Outfall Dry Weather Screening

The outfall screening program will provide visual inspection of outfalls to assess condition and
detect illicit discharges, including illegal dumping and connections to the MS4. If an illicit
21
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discharge of unknown source is found, samples will be collected to attempt to
characterize the pollutant. A combination of sampling, inspections and use of storm
sewer maps will then be used to trace the discharge upstream to its source. A storm sewer
system map was completed during the previous permit term. This BMP target goal has been
increased from 25% of outfall screening points annually to 90% of outfall screening points
annually. Current procedures will be reviewed and updated by January 2017 to ensure
compliance with Permit OKRO04.

5.2.2 lllicit Discharge Investigations

In addition to identifying illicit discharges, the City will perform inspections of the MS4 to
detect illicit connections. These inspections will be done by visually inspecting creeks,
channels, manholes, and other accessible parts of the MS4. Smoke testing and dye testing
may also be used to aid in investigations. The City of Norman also plans to acquire video
camera equipment by the third year of the permit cycle to improve inspection capabilities. This is
a new BMP for the 2016-2020 permit term.

5.3 REQUIREMENT:
Develop, Maintain and Update a Map of the MS4

5.3.1 MS4 Mapping

A map of the MS4 system was created by the City of Norman GIS Section during the previous
term. The map is updated annually.

5.4 REQUIREMENT:
Prohibit Non-Stormwater Discharges to the MS4

541 Engineering Design Criteria

An ordinance prohibiting discharging, dumping, and illicit discharges into MS4 conveyances
and that establishes enforcement procedures s was completed during the previous permit
term and is found in The City of Norman Engineering Design Criteria, Section 6000. The
Engineering Design Criteria is incorporated by reference into the City Code of Ordinances.

5.5 REQUIREMENT:
Implement a Plan to Detect Non-Stormwater Discharges and lllegal
Dumping

551 Outfall Visual Screening

The outfall screening program will provide visual inspection of outfalls to detect illicit

discharges including illegal dumping and connections to the MS4 and record those results. If

an illicit discharge of unknown source is found, samples will be collected to attempt to

characterize the pollutant. A combination of sampling, inspections and use of storm
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sewer maps will then be used to trace the discharge upstream to its source. A storm sewer
system map was completed during the previous permit term. This BMP target goal has been
increased from 25% of outfall screening points annually to 90% of outfall screening points
annually.

55.2 MS4 Inspection

An MS4 inspection program will be implemented in conjunction with dry weather field screening
and impoundment inspections. The MS4 will be surveyed for any evidence of illicit discharges
and needed repairs or maintenance. Open channels will be visually inspected while enclosed
conveyances will be inspected by remote camera. 10% of the MS4 system will be inspected
each year. This is a new BMP for the 2016-2020 permit term.

5.5.3 Action Center Hotline

The existing Action Center Hotline/Website Link discussed in Section 3 allows the public to
report pollution concerns including illicit discharges and dumping to the MS4. Any illicit
discharges noted by citizens may be reported to the Action Center call line. This information is
then sent to the Public Works Department for investigation and follow-up. A log of all referred
illicit discharge complaints will be maintained by the Engineering Division. This BMP target goal
to receive and respond to citizen calls has been increased from 50% response to 90%
response.

5.6 REQUIREMENT:
Inform Employees, Businesses and the Public on the Hazards
of lllicit Discharges

5.6.1 Hazardous Waste Public Education

Educational materials regarding proper use and disposal of hazardous wastes will be
incorporated into MCM3 Public Education and Outreach.

5.6.2 Household Hazardous Waste Collection Event

The annual household hazardous waste collection coordinated by the Utilities
Department Environmental Services Division gives residents a legal and cost-free way
to dispose of unwanted household chemicals that cannot be disposed of in the regular trash.
This helps prevent dumping of unwanted wastes into the MS4. This event also allows for
interaction and education of the public on proper use and disposal of household hazardous
wastes.

5.7 REQUIREMENT:
Maintain a List of Allowable Non-Stormwater Discharges to the MS4
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571 Engineering Design Criteria

A list of allowable non-stormwater discharges is found in The City of Norman Engineering Design
Criteria, Section 6000 and Appendix | of the SMP. City of Norman Ordinance O-0506-76,
adopting the Engineering Design Criteria (EDC) was adopted by the City Council in the
previous permit term.

5.8 REQUIREMENT:
Establish or Revise Measurable Goals

This MCM and associated BMPs have been reviewed and appropriate revisions and additions
have been made. Target milestones, BMP frequency and persons responsible for
implementation are shown in Appendix B.

5.9 REQUIREMENT:
Assess Your lllicit Discharge Detection and Elimination Program Annually

This MCM and associated BMPS will be reviewed annually. Any required revisions will be
made in accordance with the requirements in Permit OKRO04.
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6.0 MCM-4 CONSTRUCTION STORMWATER RUNOFF CONTROL

The following section describes permit requirements and selected BMPs. Additional details
for each MCM, including measurable goals, associated BMPs and responsible parties are
found in Appendix B, Table 4.

Part IV.C.4 of Permit OKR04 requires the City of Norman to review and revise its existing
construction site stormwater runoff control program, as necessary. The revision shall be
completed within the first year after the effective date of this Permit, then as needed. The City
must develop new elements, as necessary, and continue to implement and enforce the program
to reduce pollutants in any stormwater runoff to your MS4 from construction activities that result
in a land disturbance of greater than or equal to one acre. Reduction of stormwater discharges
from construction activity disturbing less than one acre must be included in your program if that
construction activity is part of a larger common plan of development or sale that would disturb
one acre or more.

6.1 PERMIT REQUIREMENT:
Develop, Implement and Enforce an Ordinance for Erosion and Sediment
Control

City of Norman Ordinance O-0506-76, adopting the Engineering Design Criteria (EDC) was
adopted by the City Council in the previous permit term. Section 5000 of the EDC contains
requirements for erosion and sediment control from construction activities, permitting
requirements and enforcement options. The EDC may be found on the City of Norman website
at: http://www.normanok.gov/city/public-works-engineering

6.2 PERMIT REQUIREMENT:
Develop, Implement and Enforce Requirements for Construction Site
Operators to Implement BMPs for Erosion and Sediment Control

6.2.1 City of Norman Erosion and Sedimentation Control Requirements

Section 5000 of the EDC contains requirements for BMP installation and maintenance on
construction sites including erosion and sedimentation control plans. All construction sites
with an earth disturbance area of one acre or larger, or part of a larger common plan of
development of one acre or more, are required to obtain a City of Norman Earth Change
Permit. The City inspects construction sites issued an Earth Change Permit within 30 days
of permit issuance. Problems with construction on residential lots may be referred by City
code enforcement, City inspectors and any other City staff for further inspection by the
Engineering Division Stormwater Staff.

6.2.2 Earth Change Permit

Earth disturbing activities including developing, grading, land filling and berming are required to
obtain a City of Norman Earth Change Permit prior to commencing activity. The Earth Change
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Permit allows initial clearing and grading necessary to complete installation of required erosion
and sedimentation control BMPs. Ninety percent of sites issued an Earth Change Permit will be
inspected within 30 days of permit issuance. This BMP target goal to inspect construction sites
within thirty days of permit issuance has increased from 75% of permitted sites to 90% of
permitted sites.

6.3 PERMIT REQUIREMENT:

Develop, Implement and Enforce Requirements for Construction Site
Operators to Implement Control Measures to Reduce or Eliminate
Impacts to Receiving Waters and Control Waste On Site.

6.3.1 City of Norman Construction Stormwater Control Requirements

Section 5000 of the EDC contains requirements for BMP to reduce or eliminate pollutants in
stormwater runoff from construction sites. Stormwater management considerations, locations
for drainage features and water bodies on and near the construction site must also be
submitted before permit issuance.

6.3.2 Site Inspection and Enforcement Procedures

Inspections and referrals for construction sites will be made by Engineering Division Staff
with assistance from construction inspectors and code enforcement staff. Inspections will also
be conducted in response to citizen complaints. Complaints may be called in to the City
via the Action Center line, directly to the Stormwater Pollution Control Staff, or to Code
Enforcement. Training for city inspectors will be coordinated through the Municipal Good
Housekeeping MCM. The Public Education MCM will provide information on construction site
runoff regulations to the public.

Responsible parties identified as violating the provisions of the EDC Section 5000 and/or
Section 6000 will be notified verbally. A course of action and time schedule to correct the
violation will be developed, and the responsible party will be informed of actions to be taken
and possible consequences of non-compliance. In development of a course of action,
consideration will be given to the severity of the discharge. If the violation is not resolved
within the set time, a Notice of Violation (NOV) will be issued by certified mail listing the
violation(s) and setting a time for correction and/or notifying the responsible party to
contact the City to discuss correction of the violations. Failure to comply after issuance of
an NOV may result in further enforcement action, including fines, water service severance,
suspension of permit issuance and city services, or criminal prosecution. If the discharge is
determined to cause an unacceptable health or environmental risk, the City may issue an
immediate Cease and Desist Order and/or take action to eliminate the discharge.
Enforcement procedures, site inspection checklists, inspection control, and the record
keeping system were completed in the previous permit term. The Public Works Department
policy for enforcement of Sections 5000 and 6000 of the EDC related to construction site
erosion control, stormwater runoff and illicit discharges is detailed in the Enforcement
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Procedure Guidance Document (Appendix G).

6.4 PERMIT REQUIRMENT:
Develop, Implement and Enforce Procedures for Site Plan Review

6.4.1 City of Norman Earth Change Permit Requirements

Section 5000 of the EDC requires submittal, review and approval of an erosion and
sedimentation control plan prior to Earth Change Permit issuance for all construction sites
with an earth disturbance area of one acre or larger, or those sites part of a larger common
plan of development of one acre or more. The required plan must include a project
description, existing site conditions, a description of the area to include structures and natural
features, stormwater management considerations and BMP descriptions.

6.5 PERMIT REQUIREMENT:
Implement and Enforce Procedures for Receipt and Consideration of
Information Submitted by the Public

6.5.1 Action Center Hotline

The existing Action Center Hotline/Website Link discussed in Section 3 allows the public to
report pollution concerns including stormwater runoff or erosion and sedimentation control from
construction sites. Any stormwater pollution issues on construction sites noted by citizens may
be reported to the Action Center call line. This information is then sent to the Public Works
Department for investigation and follow-up. A log of all referred illicit discharge complaints will
be maintained by the Engineering Division. This BMP target goal to receive and respond to
citizen calls has been increased from 50% response to 90% response.

6.5.2 Construction Educational Event

An educational event will be held annually to present stormwater pollution prevention
information related to construction site runoff, the City of Norman Earth Change Permit
requirements and construction inspection procedures. This event will also allow for public input.
This BMP target goal has increased from one educational event annually to two events
annually.

6.6 PERMIT REQUIREMENT:
Develop, Implement and Enforce Procedures for Site Inspection and
Enforcement of Control Measures

6.6.1 Construction Site Inspection

All active permitted construction sites will be inspected within thirty days of Earth Change Permit
issuance and every thirty days thereafter. Records of the permitting and inspection of each site
will be maintained and permit violations will be recorded and referred for corrective action. This
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BMP target goal to inspect permitted construction sites at least monthly has increased from
75% of permitted sites to 90% of permitted sites.

6.7 PERMIT REQUIREMENT:
Establish or Revise Measurable Goals

This MCM and associated BMPs have been reviewed and appropriate revisions and additions
have been made. Target milestones, BMP frequency and persons responsible for
implementation are shown in Appendix B.

6.8 PERMIT REQUIREMENT:
Evaluate Appropriateness of BMPs for this MCM

This MCM will be reviewed annually and the effectiveness of associated BMPS evaluated. Any
required revisions will be made in accordance with the requirements in Permit OKRO04.

6.9 ADDITIONAL BMPs

6.9.1 Water Quality Protection Zone Ordinance

An ordinance to establish water quality protection zones was adopted in 2011. The ordinance
(0-1011-52) requires natural vegetative buffers or a combination of buffers and other BMPs be
maintained to protect water quality during and after construction. This is a new BMP for the
2016-2020 permit terms.

6.9.2 TMDL Workshop

An annual workshop will be held to educate the building and development community on the
impact of the Lake Thunderbird TMDL on their operations. The workshop will include
appropriate methods and BMPs for protection of the Lake Thunderbird watershed. This is a
new BMP for the 2016-2020 permit term.

6.9.3 Enhanced Construction Inspection

The City of Norman plans to increase the frequency of construction site inspections by the
addition of one additional inspector by FYE 2017. This will allow the City greater oversight and
compliance with construction site stormwater requirements with an emphasis being placed on
construction sites in the Lake Thunderbird TMDL Study area.
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7.0 MCM-5 POST-CONSTRUCTION STORMWATER MANAGEMENT IN NEW
DEVELOPMENT AND REDEVELOPMENT

The following section describes permit requirements and selected BMPs. Additional details
for each MCM, including measurable goals, associated BMPs and responsible parties are
found in Appendix B, Table 5.

Part 1IV.C.4 of Permit OKRO4 requires the City to revise its existing new development and
redevelopment post-construction management program, as necessary. The revision shall be
completed within the first year after the effective date of this Permit, then as needed. The City
must develop new elements, as necessary, and continue to implement and enforce a program
to address stormwater runoff from new development and redevelopment projects that disturb
greater than or equal to one acre, including projects less than one (1) acre that are part of a
larger common plan of development or sale, that discharge into the small MS4. The program
must attempt to maintain pre-development runoff conditions and ensure that controls are in
place that would prevent or minimize water quality impacts.

7.1 PERMIT REQUIREMENT:
Develop, Implement and Enforce Strategies for Structural and
Non-Structural BMPs

7.1.1 City of Norman BMPs and LID

Section 5000 of the Engineering Design Criteria (EDC) contains requirements for operation
and maintenance of the MS4 system including drainage, detention and stormwater runoff
from pre and post-development activity. The EDC will be reviewed within the first two years
of the permit term to identify needed changes or additions. The City of Norman also adopted
Ordinance 0O-1011-52 which establishes a Water Quality Protection Zone (WQPZ) and other
post-construction BMPs along streams in the Lake Thunderbird watershed. The ordinance
establishes the Wichita/Sedgwick County Stormwater Manual as a guidance document for
any structural BMPs implemented.

7.2 PERMIT REQUIREMENT:
Develop, Implement and Enforce an Ordinance to Address
Post-Construction Runoff

7.2.1 Water Quality Protection Zone Ordinance (WQP2Z)

Ordinance 0-1011-52 was adopted by the City of Norman Council in 2011. The ordinance
stablishes standards and requirements for a designated water quality protection zone within the
Lake Thunderbird watershed. The WQPZ shall consist of a vegetated buffer strip of land along
both sides of a stream and its adjacent wetlands. The buffer width may be modified if structural
BMPs are used to achieve an equivalent pollutant removal rate. Implementation of the WQPZ
Ordinance is a new BMP for the 2016-2020 permit term.
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7.2.2 Manufactured Fertilizer Ordinance

To help protect local surface waters and our drinking water supply, the City of Norman has
adopted Ordinance 0-1213-34 regulating the use of manufactured fertilizers in 2013. The
ordinance is a proactive effort to preserve and protect water bodies within the City of Norman
limits including our municipal water supply, Lake Thunderbird. The ordinance limits the use of
phosphorus-containing fertilizer and establishes rules for the application of all fertilizers. It
also requires commercial applicators to register with the City and provide their customers with
information about proper fertilizer use. Implementation of the Manufactured Fertilizer Ordinance
is a new BMP for the 2016-2020 permit term.

7.3 PERMIT REQUIREMENT:
Review Ordinances and Regulations to Remove Barriers to LID

7.3.1 City of Norman Review of Rules and Regulations Regarding LID

The Engineering Design Criteria (EDC) and other selected City rules will be reviewed within
the first two years of the permit term to identify any barriers to implementing low impact
development practices. Any identified barriers will be selected for review, amendment or
removal. This is a new BMP for the 2016-2020 permit term.

7.4 PERMIT REQUIREMENT:
Develop, Implement and Enforce Procedures for Long-term Operation
and Maintenance of BMPs

7.4.1 Permanent Stormwater BMP Inspections

Inspection of stormwater detention/retention ponds will be performed to ensure proper function
and maintenance, and to screen for illicit discharges. Future BMPs may include installing
stormwater treatment devices and incorporation of infiltration and/or filter structures in
commercial development and parking lots. O&M of structural BMPs will be the responsibility
of property owners or the City, depending on the size and location of the facility. Either the
City or the operator of the permanent BMP will conduct inspections at least annually to verify
proper operations and maintenance of the structural stormwater quality controls. This BMP is
unchanged from the previous permit cycle.

7.5 PERMIT REQUIREMENT:
Participate in an Education Program for Developers and The Public

About Project Designs That Protect Water Quality and Include LID
Strategies

751 Post-Construction Workshop

An annual workshop will be held to educate the building and development community, as well
as the public on the benefits of LID, City of Norman LID requirements and highlight any LID
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projects within the City of Norman. This is a new BMP for the 2016-2020 permit term.

7.6 PERMIT REQUIREMENT:
Establish or Revise Measurable Goals

This MCM and associated BMPs have been reviewed and appropriate revisions and additions
have been made. Target milestones, BMP frequency and persons responsible for
implementation are shown in Appendix B.

7.7 PERMIT REQUIREMENT:
Evaluate the Appropriateness of Identified BMPs

This MCM will be reviewed annually and the effectiveness of associated BMPS evaluated. Any
required revisions will be made in accordance with the requirements in Permit OKRO4.
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8.0 MCM-6 POLLUTION PREVENTION/GOOD HOUSEKEEPING FOR MUNICIPAL
OPERATIONS

The following section describes permit requirements and selected BMPs. Additional details
for each MCM, including measurable goals, associated BMPs and responsible parties are
found in Appendix B, Table 6.

Part IV.C.5 of Permit OKRO4 requires the City to review and revise its existing pollution
prevention and good housekeeping program, as necessary. The revision shall be completed
within the first year after the effective date of this Permit, then as needed. The City must
develop new elements, as necessary, and continue to implement and enforce the operation and
maintenance program that includes a training component and has the ultimate goal of
preventing or reducing pollutant runoff from MS4 operations

8.1 PERMIT REQUIREMENT:
Use Training Materials for Your Employee Training Program

8.1.1 Employee Training Materials

Materials for employee municipal stormwater management were developed or obtained during
the previous permit cycle. These materials will be updated as required. Training will include
identification, reduction, and elimination of pollutant sources from municipal operations.
Training materials will include BMPs for construction site erosion control, identifying safer
substitutes for materials currently in use and preventing stormwater pollution in runoff from City
facilities and activities

8.2 PERMIT REQUIREMENT:
Implement a Municipal Employee Training Program to Prevent and Reduce
Stormwater Pollution from City Operations

8.2.1 Employee Training Sessions

Employees whose duties include maintenance, repairs and construction will attend one training
session annually. This BMP target goal to provide one training session annually has increased
from 50% of targeted employees to 75% of targeted employees.

8.2.2 Employee Newsletter

The City of Norman employee newsletter is distributed monthly to all City Employees
electronically and in print. The newsletter will be used as part of the employee training program
to provide information to all City employees regarding the City SMP.
Information provided will cover stormwater pollution prevention related to City
operations and the general public. This is a new BMP for the 2016-2020 permit term.
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8.3 PERMIT REQUIREMENT:
Maintain a List of City-Owned Industrial Facilities subject to the
ODEQ Multi-Sector General Permit or OPDES or NPDES Permits

A list of all City facilities which have the potential to contribute polluted stormwater runoff will
be compiled and maintained. Facilities which are subject to the ODEQ Multi-sector General
Permit, or OPDES or NPDES Individual Permits will be identified.

8.4 PERMIT REQUIREMENT:

Implement Procedures for Controlling, Reducing or Eliminating the
Discharge of Pollutants from City-Owned Paved Surfaces and Outdoor
Storage Areas

8.4.1 City Facility Inspection

Inspection and inventory of City facilities will identify operations that contribute to
stormwater pollution and develop operational BMPs to reduce or eliminate sources.
Procedures and BMPs will be implemented and revised as needed to meet the intent of the
General Permit OKR04. This BMP is unchanged from the previous permit cycle.

8.4.2 City Facility Storm Sewer Mapping

As part of the City Facility Inspection Program the storm sewer systems at City facilities will be
mapped and all outfalls identified. This BMP will help control and prevent any discharges or
spills of pollutants to the MS4 and surface waters. Mapping will begin in permit year 2 and be
completed by the end of the permit term. This is a new BMP for the 2016-2020 permit term.

8.5 PERMIT REQUIREMENT:
Implement Procedures to Ensure Flood Management Projects are
Assessed for Water Quality Impacts

The City of Norman Engineering Design Criteria and other pertinent rules will be reviews and
revised if necessary to ensure that water quality impacts are considered in all flood
management projects.

8.6 PERMIT REQUIREMENT:
Implement Inspection and Maintenance for Structural and Non-Structural
BMPs to Control Pollutants and Floatables

8.6.1 MS4 Inspection

The City of Norman MS4 inspection program will provide inspection of storm sewer system to
assess condition, identify needed maintenance and detect illicit discharges, including illegal
dumping and connections to the MS4. A storm sewer system map was completed during the
previous permit term. Open channels will be visually inspected while enclosed conveyances
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will be inspected by remote camera. 10% of the MS4 system will be inspected each year.
This is a new BMP for the 2016-2020 permit term

8.6.2 Detention/Retention Pond Inspection

Inspection of stormwater detention/retention ponds will be performed to ensure proper function
and maintenance, and to screen for illicit discharges. Future BMPs may include installing
stormwater treatment devices and incorporation of infiltration and/or filter structures in
commercial development and parking lots. O&M of structural BMPs will be the responsibility
of property owners or the City, depending on the size and location of the facility. Either the
City or the operator of the permanent BMP will conduct inspections at least annually to verify
proper operations and maintenance of the structural stormwater quality controls. This BMP is
unchanged from the previous permit cycle.

8.7 PERMIT REQUIREMENT:
List and Define the BMPs Implemented for this MCM

8.7.1 BMPs for City Operations

Selected BMPs for City operations including facility maintenance, parks and landscape
maintenance, water and sewer line maintenance, and MS4 maintenance will be implemented.
The goal of these BMPs will be to reduce or eliminate sediment, fertilizers and other pollutants
caused by City operation in stormwater runoff to the MS4. Additional details for each MCM,
including measurable goals, associated BMPs and responsible parties are found in Appendix
B.

8.7.2 Street Sweeping

Street sweeping will prevent debris and sediments from blocking storm drains. The
existing program consists of two operators and two sweepers. At least one additional sweeper
will be added during the permit term. This is a new BMP for this permit term.

8.7.3 Emergency Response Spill Kits

Emergency response spill kits will be furnished at City facilities and provided in vehicles with a
spill risk. This measure will help ensure that spills are properly contained and mitigated.

8.74 Employee TMDL Education

Educational materials regarding the Lake Thunderbird TMDL will be incorporated into City
employee educational materials and training sessions.
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8.8 PERMIT REQUIREMENT:
Establish or Revise Measurable Goals

This MCM and associated BMPs have been reviewed and appropriate revisions and additions
have been made. Target milestones, BMP frequency and persons responsible for
implementation are shown in Appendix B.

8.9 PERMIT REQUIREMENT:
Evaluate the Appropriateness of Identified BMPs

This MCM will be reviewed annually and the effectiveness of associated BMPS evaluated. Any
required revisions will be made in accordance with the requirements in Permit OKRO04.
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9.0 MONITORING RECORDKEEPING AND REPORTING

The City of Norman will develop new elements as needed and continue to implement its SMP to
reduce the discharge of pollutants to the MS4. A Review of this document has been completed
with revisions and updates incorporated. This review process will be repeated as needed to
ensure compliance with General Permit OKR04 and the CWA.

9.1 PERMIT REQUIREMENTS
9.1.1 Stormwater Management Program Review

The City of Norman will conduct an annual review of the SMP in conjunction with
preparation of the annual report required under PART V.C. of the permit.

9.1.2 Stormwater Management Program Update

The City of Norman may change the SMP during the life of the permit in accordance with
the following procedures:

a. Changes adding (but not subtracting or replacing) components, controls, or
requirements to the SMP may be made at any time upon written notification to
the Director.

b. Changes replacing an ineffective or unfeasible BMP specifically identified in
the SMP with one or more alternate BMP may be requested at any time. Unless
denied by the Director, changes proposed in accordance with the criteria below
shall be deemed approved and may be implemented 60 days from submittal of
the request. If your request is denied, the Director will send you a written
response giving a reason for the decision.  Your modification requests must
include the following:

(1) An analysis of why the BMP is ineffective or infeasible (including cost
prohibitive)

(2) Expectations on the effectiveness of the replacement BMP

(3) An analysis of why the replacement BMP is expected to achieve the

goals of the BMP to be replaced.

9.1.3 Retain Records of All Monitoring Information

The City of Norman must include all calibration and maintenance records and all original

strip chart recordings for continuous monitoring instrumentation, copies of all reports required

by this permit, copies of Discharge Monitoring Reports ("DMR"), a copy of the OPDES permit,

and records of all data used to complete the NOI for this permit, for a period of at least
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three years from the date of the sample, measurement, report or application, or for the term
of this permit, whichever is longer. This period may be extended by request of the Director at
any time.

9.1.4 Submit Records

The City of Norman must mail the completed DMR reports, if required, to the DEQ along with
the annual report. The City must retain a description of the SMP required by this permit
(including a copy of the permit language) at a location accessible to the Director. The City must
make records, including the NOI and the description of the SMP, available to the public.

9.1.5 Annual Reports

The City of Norman must submit an annual report for each permit year to the Director of the
DEQ. Mail the report to the address specified in PART II.C of the permit. The annual report
must be received within 90 days of the end of the fiscal year; September 1. Each report must
contain information regarding activities of the previous permit year. Each report must include:

a. The status of compliance with permit conditions, an assessment of the
appropriateness of the identified best management practices, progress toward
achieving the statutory goal of reducing the discharge of pollutants to the
Maximum Extent Practicable ("MEP"), and progress toward achieving the
measurable goals for each of the minimum control measures.

b. Results of information collected and analyzed, if any, during the reporting
period, including monitoring data used to assess the success of the program at
reducing the discharge of pollutants to the MEP.

c. A summary of the stormwater activities the MS4 Operator plans to undertake
during the next reporting cycle (including an implementation schedule).

d. Proposed changes to the SMP, including changes to any BMPs or any
identified measurable goals that apply to the program elements.

e. Description and schedule for implementation of any additional BMPs or
monitoring that may be necessary to ensure compliance with any applicable TMDL.

f. Notice that the MS4 Operator is relying on another government entity to

satisfy some permit obligations (if applicable) and a copy of the agreement with that
entity.

The City of Norman has opted not to utilize the optional permit requirements for municipal
construction activities.
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OPDES Permit OKR04 for Small MS4s, November 1, 2015

General Permit for Stormwater Discharges Associated
with Municipal Separate Storm Sewer Systems in Small
Cities, Urbanized Areas, and Other County Areas
In the State of Oklahoma

AUTHORIZATION TO DISCHARGE UNDER THE

OKLAHOMA POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of the Clean Water Act, as amended, (33 U.S.C. 1251 et. seq.) as
required under Section 122.34(d)(2) of the Stormwater Phase Il Rule, and with the provisions under
the Oklahoma Pollutant Discharge Elimination System, OAC 252:606-1-3(b)(3) incorporated by
reference 40 CFR §122.26 and 122.30 through 122.35, operators of Small Municipal Separate Storm
Sewer Systems (MS4s) are authorized to discharge in accordance with the conditions and requirements
set forth herein. The Phase Il regulations issued by the EPA can be found in FR Vol. 64 No. 235,
December 8, 1999, beginning on page 68722, and became effective on February 7, 2000.

This Permit is a reissuance by the Department of Environmental Quality (DEQ) and shall become
effective on November 1, 2015. This Permit and the authorization to discharge shall expire at midnight
on October 31, 2020. As provided in this Permit, operators of Small MS4s, located in areas specified
herein and who submit Notices of Intent (NOI) and descriptions of their Stormwater Management
Programs (SWMPs) in accordance with PART IV of this Permit are authorized to discharge pollutants
to waters of the State in accordance with the conditions and requirements set forth herein.

Signed and issued this 1% day of October, 2015.

Hothe Chafllectoo Wit o s

Shellie Chard-McClary, Director Michael B. Moe, P.E., Engineering Manager
Water Quality Division Wastewater Group,
Water Quality Division
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PART I:

I.A

COVERAGE UNDER THIS PERMIT
Eligibility

This Permit authorizes discharges of stormwater and certain non-stormwater discharges
from small Municipal Separate Storm Sewer Systems (MS4s), as defined in 40 CFR
8122.26(b)(16), adopted and incorporated by reference in Oklahoma Administrative Code
(OAC) 252:606-1-3(b)(3). This includes MS4s designated under 40 CFR §122.32(a)(1) and
40 CFR 8122.32(a)(2) that describe the referenced area with a population of at least 10,000
but not exceeding 100,000, and small MS4s located in urbanized areas (UA). Operators of
small MS4s located outside of an UA may be designated as a regulated MS4. Stormwater
discharges associated with construction activities are allowed within the boundaries of your
local authority in compliance with Part VI1II.

You are authorized to discharge under the terms and conditions of this General Permit if
you operate a small MS4 within the permit area described below:

1. Are not a “large” or “medium” MS4 pursuant to 40 CFR §122.26(b)(4) and (b)(7) or
designated under 40 CFR 8122.26(a)(1)(v).

2. Submit a Notice of Intent (NOI) in accordance with Part Il of this Permit, submit a
description of your Stormwater Management Program (SWMP), and obtain
authorization.

3. Are located fully or partially within an urbanized area as determined by the latest
Decennial Census by the U.S. Bureau of Census, or are designated for permit coverage
by the Department of Environmental Quality (DEQ) pursuant to OAC 252.606 1-
3(b)(3) adopted and incorporated by reference 40 CFR §122.32.

Types of Authorized Discharges

1. Stormwater Discharges: This Permit authorizes discharges from small MS4s to waters
of the State except as listed in Part I.C.

2. Authorized Non-Stormwater Discharges: You are authorized to discharge the following
non-stormwater sources provided you have not determined these sources to be
substantial contributors of pollutants to your small MS4. Your list of allowable non-
stormwater discharges and determination documentation must be included in your
SWMP:

a. Water line flushing;

b. Landscape irrigation;
c. Diverted stream flows;
d. Rising ground waters;

@

Residential building wash water without detergents;
f. Uncontaminated pumped ground water;
g. Uncontaminated ground water infiltration;
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I.C

Discharges from potable water sources;
Foundation drains;

Air conditioning condensate;

Irrigation water;

Springs;

Water from crawl space pumps;

Footing drains;

Lawn watering;

Individual residential car washing;
De-chlorinated swimming pool discharges;
Street wash water;

Fire hydrant flushing;

Non-commercial or charity car washes;
Discharges from riparian areas and wetlands;

Discharges in compliance with a separate Oklahoma Pollutant Discharge
Elimination System (OPDES) or National Pollutant Discharge Elimination System
(NPDES) permit;

Unless otherwise permitted or regulated by DEQ discharges of gray water from
municipal splash pads (aka, spray parks or spray grounds) as defined in Oklahoma
Statutes 8§27A-2-6-107 provided the discharges comply with all applicable
municipal or county ordinances enacted pursuant to law, Discharges from
recirculating systems shall be de-chlorinated prior to discharge; and

Discharges or flows from emergency firefighting activities provided procedures are
in place for the Incident Commander, Fire Chief, or other on-scene firefighting
official in charge to make an evaluation regarding potential releases of pollutants
from the scene. Measures must be taken to reduce any such pollutant releases to the
maximum extent practicable subject to all appropriate actions necessary to ensure
public health and safety. These procedures must be documented in your SWMP.
Discharges or flows from firefighting training activities are not authorized by this
Permit.

Limitations on Coverage

This Permit does not authorize:

1. Discharges Mixed with Non-Stormwater Unless Such Discharges are:

a.
b.

In compliance with a separate OPDES or NPDES permit, or

Determined not to be a substantial contributor of pollutants to waters of the State in
accordance with Parts 1.B.2 of this Permit.
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2.

Stormwater Discharges Associated with Industrial Activity as defined in OAC 252.606-
1-3(b)(3) adopted and incorporated by reference 40 CFR 8122.26(b)(14)(i)-(ix) and (xi).

Stormwater Discharges Associated with Construction Activity as defined in OAC
252.606-1-3(b)(3) adopted and incorporated by reference 40 CFR §122.26(b)(14)(x) or
40 CFR 8§122.26(b)(15), except as provided by Part VIII.

Stormwater Discharges Currently Covered under another Permit.

Discharges Exceeding Water Quality Standards: Your SWMP must include a
description of all necessary Best Management Practices (BMPs) and other measures
that you will be using to ensure that discharges, or future discharges, will not cause,
have the reasonable potential to cause, or contribute to an exceedance of water quality
standards. DEQ may require corrective action or an application for an individual permit
or alternative general permit if a small MS4 is determined to cause, have the reasonable
potential to cause, or contribute to an exceedance of water quality standards.

Discharges not consistent with a Total Maximum Daily Load (TMDL): Discharge of a
pollutant into any water for which a TMDL, or watershed plan in lieu of a TMDL, for
that pollutant has been either established or approved by DEQ or U.S. Environmental
Protection Agency (EPA) is prohibited, unless your discharge is consistent with that
TMDL, or watershed plan. You must incorporate into your SWMP any conditions
necessary to ensure discharges are consistent with the assumptions and requirements of
any such TMDL, or watershed plan. This eligibility condition and compliance with Part
[11.B applies at the time you submit a Notice of Intent (NOI) (see Exhibit 2) for
coverage.

If conditions change after you have permit coverage, you may remain covered by the
permit provided you comply with the applicable requirements of Part 11l. For discharges
not eligible for coverage under this Permit, you must apply for and receive an individual
or other applicable general OPDES permit.

Discharges Originating on Indian Country Lands: Stormwater discharges from MS4s or
construction activities occurring on Indian Country lands (as defined in 18 US Code
Section 1151) are not under the authority of DEQ and are not eligible for coverage
under this Permit. If discharges of stormwater require authorization under federal
NPDES regulations, a permit for these discharges must be obtained from the EPA.

I.D Historic Preservation

The Oklahoma DEQ’s OPDES permitting activities are not Federal undertakings and,
therefore, are not subject to review under Section 106 of the National Historic Preservation
Act. However, applicants and permittees must comply with the Oklahoma State Register of
Historic Places Act (53 O.S. 8 361), where applicable, and the Burial Disturbance Law [21
Oklahoma Statutes (O.S.) 88§ 1168.0-1168.6)], as well as with any applicable local laws
concerning the identification and protection of historic properties.

Applicants and permittees who may receive Federal funding or other Federal assistance in
the completion of their projects must be aware that compliance with Section 106 of the
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E

Historic Preservation Act may apply. For information about the Section 106 review process
in Oklahoma, Oklahoma properties listed on or eligible for the National Register of Historic
Places, and related topics, contact:

State Historic Preservation Office

Oklahoma Historical Society

Oklahoma History Center

800 Nazih Zuhdi Drive

Oklahoma City, OK 73105

Tel: (405) 521-6249

To identify historic properties, go to the following website at
http://www.okhistory.org/index

Oklahoma Archeological Survey

111 East Chesapeake

Norman, OK 73019

Tel: (405) 325-7211

To identify archeological sites go to the following website at:
http://www.ou.edu/cas/archsur/

Meeting Eligibility Criteria for Endangered Species

1. Eligibility Criteria
a. Activities authorized by this Permit must avoid unacceptable effects to Federal and

State listed endangered or threatened (“listed”) species or designated critical
habitats. Direct and indirect effects must be considered. Coverage under this Permit
is available only if your stormwater discharges, allowable non-stormwater
discharges, and discharge related activities are not likely to:

(1) Jeopardize the continued existence of any listed species or result in the adverse
modification or destruction of critical habitat; or

(2) Cause a prohibited “take” of endangered or threatened species [as defined
under Section 3 of the Endangered Species Act (ESA) and 50 CFR § 17.3],
unless such takes are authorized under Sections 7 or 10 of the ESA.

"Discharge-related activities” include: activities which cause, contribute to, or result
in stormwater point source pollutant discharges; and measures to control stormwater
discharges. These include the construction and operation of BMPs to control,
reduce, or prevent stormwater pollution.

2. Eligibility Certification

a. You must certify that you have met eligibility criteria for protection of threatened or

endangered species and their critical habitat. Your signed NOI will constitute your
certification of eligibility. If the eligibility requirements cannot be met, you may
seek coverage under a DEQ individual permit. This eligibility must be evaluated
before the NOI is submitted. DEQ strongly recommends that you conduct this
evaluation at the earliest possible stage to ensure that measures to protect listed
species are incorporated early in the planning process.
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b. You must state on the NOI which of the criteria listed in Part I.E.2.d that you are
relying upon for meeting the Endangered Species eligibility.

c. Refer to Exhibit 1 for the map and list of Aquatic Resources of Concern for this
Permit. The shaded regions of the map are considered to be Aquatic Resources of
Concern.

d. You must meet one or more of the criteria below for the entire term of coverage
under this Permit. If you are located partially or wholly in a shaded region of the
map or in an area described in Exhibit 1, then you must meet criterion B, C, D, or E
for the term of this Permit. If you are not located in the shaded area or watersheds
listed in Exhibit 1, then you meet the terms of criterion A. The information used to
make the eligibility determination must be documented and included as part of the
SWMP.

Criterion A: No endangered or threatened species or critical habitats are in
proximity to the small MS4. The point where authorized discharges reach waters of
the State is not located within an area shown as an Aquatic Resource of Concern.

Criterion B: In the course of a separate federal action involving the small MS4,
formal or informal consultation with the U.S. Fish and Wildlife Service (FWS)
under Section 7 of the ESA has been concluded and that consultation:

(1) Addressed the effects of the stormwater discharges, allowable non-stormwater
discharges, and discharge related activities on listed species and critical
habitat; and

(2) The consultation resulted in either a no jeopardy opinion or a written
concurrence by the FWS on a finding that the stormwater discharges,
allowable non-stormwater discharges, and discharge related activities are not
likely to adversely affect listed species or critical habitat. You must submit a
copy of the FWS Determination with your NOI.

Criterion C: The activities of the small MS4 are authorized under Section 10 of the
ESA and that authorization addresses the effects of the stormwater discharges,
allowable non-stormwater discharges, and discharge related activities on listed
species and critical habitat. You must submit a copy of the Authorization with your
NOI.

Criterion D: The applicant has evaluated, using best judgment and available
scientific and commercial data, the effects of the stormwater discharges, allowable
non-stormwater discharges, and discharge related activities on listed species and
critical habitat. Based on the evaluation, the permittee has determined that there is
no reason to believe the discharge and discharge related activities are likely to
adversely affect any listed species or result in the adverse modification or
destruction of critical habitat. Any measures necessary to maintain eligibility under
this criterion must be documented in the SWMP.

Criterion E: The stormwater discharges, allowable non-stormwater discharges,
and discharge related activities were already addressed in another operator’s
certification of eligibility under Part I.E which includes the small MS4 activities. By
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certifying eligibility under this criterion, the applicant agrees to comply with any
measures or controls upon which the other operator’s certification was based. Your
SWMP must identify the operator upon whom you are relying.

Obtaining Authorization

1.

Submit a Notice of Intent: To receive authorization to discharge stormwater from a
small MS4, you must submit an official NOI (see Exhibit 2) and a description of your
SWMP in accordance with the schedule in Part Il. A.

Use of an Official Notice of Intent: An official NOI can be obtained from the DEQ web
site at: http://www.deq.state.ok.us/wqgdnew/stormwater/index.html or you can request a
form from the DEQ Water Quality Division at 405-702-8100. The NOI you submit
must be complete with all required information according to Part 11.B.

Authorized Start Date: Dischargers who submit a NOI in accordance with the
requirements of this Permit are not authorized to discharge stormwater from MS4s
under the terms and conditions of this Permit until an authorization is received from
DEQ.

Upon receipt of your properly completed NOI and application/permit fees, DEQ will
process the information and notify you by return mail with an authorization certificate
accompanied by a letter of notification.

Application and Annual Permit Fees: There is an annual permit fee and an application
fee for a renewal or new NOI. For new permittees, the first year’s permit fee will be
prorated and will cover the period beginning the issuance date of your authorization
and ending June 30™ of the coinciding fiscal year. The fee schedule is in Section
252:606-3-4(d) of Title 252, Chapter 606 (http://www.deq.state.ok.us/rules/606.pdf ).

An invoice will be sent upon receipt of the NOI. The authorization will not be
processed until the fee is paid.

Certification of the NOI: Your NOI must be signed and certified in accordance with
Part VVI.H of this Permit.

Change of Operator: Where the operator changes, or where a new operator is added
after submittal of a NOI under Part 11, a new NOI must be submitted in accordance with
Part Il prior to the change or addition.
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http://www.deq.state.ok.us/rules/606.pdf

OPDES Permit OKR04 for Small MS4s, November 1, 2015 Part 11, Page 7

PART Il: NOTICE OF INTENT (NOI) REQUIREMENTS

1A

11.B

Deadlines for Notification

1. Application Deadline

a. Renewal Permittees: You must submit a new NOI (see Exhibit 2), a summary status
of your current Stormwater Management Program (SWMP) within the previous
permit term, and an updated description of your current SWMP or apply for an
individual permit within 90 days of the effective date of this Permit. Authorization
under the 2005 Permit will be administratively extended for a period not to exceed
90 days from the effective date of this Permit.

You must include a list of current measurable goals for all six (6) or seven (7)
Minimum Control Measures (MCMs) and summary of all Best Management
Practice (BMP) activities actually accomplished in the summary status of your
current SWMP. Also you must include the changes to any BMPs or any measurable
goals that apply to your current SWMP.

You must update your existing SWMP according to this Permit and provide a
description of your updated SWMP to DEQ. This description shall include a list of
BMPs with measurable goals for each of the six (6) or seven (7) MCMs proposed
for the new permit term under this Permit (see Part IV.C).

b. Newly Regulated Small MS4s: You must submit a NOI and a description of your
SWMP within 180 days of the effective date of this Permit.

You must develop and implement a SWMP according to this Permit and provide a
description of your SWMP. Your description shall include a list of the BMPs
associated with measurable goals for each of the six MCMs. You are required to
implement the SWMP during the first five (5) year permit term (see Part 1V).

c. Small MS4 Newly Designated after the Date of Permit Issuance: If you are
designated to obtain permit coverage by DEQ after the date of permit issuance, then
you are required to submit a NOI and a description of your SWMP to DEQ within
180 days of being notified by DEQ that you operate a regulated small MS4 unless
the notice specifies a different deadline.

2. Submitting a Late NOI: You are not prohibited from submitting a NOI after the dates
provided above. If a late NOI is submitted, your authorization is only for discharges that
occur after permit coverage is granted. The Director reserves the right to take
appropriate enforcement actions for any unpermitted discharges.

Contents of the Notice of Intent

The Notice of Intent must be signed in accordance with Part VI.H of this Permit and must
include the following information:

1. Information about the Permittee
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a.

b.

The name of your MS4, the mailing address, telephone number, and the name and
title of your Stormwater Program Manager.

An indication of whether you are a federal, state, or other public entity.

2. Information on the Municipal Separate Storm Sewer System (MS4)

a.

The Urbanized Area (UA) or Core Municipality (if you are not located in a UA)
where your system is located; county(ies) where your MS4 is located; and the
latitude and longitude of your City Hall or the approximate center of your MS4.

A description or map that defines the boundaries or extent of your MS4
jurisdiction. For those MS4 cities not located entirely within an UA, your
jurisdiction shall cover the entire area within the corporate boundaries of the
municipality.

The name(s) of the major receiving water(s) and an indication of whether any of
your receiving waters are on the latest Clean Water Act (CWA or The Act) §303(d)
list of impaired waters, or are designated as Outstanding Resource Water (ORWS),
or have a TMDL either established or approved by the DEQ or EPA. If you
discharge into impaired waters on the 303(d) list, an ORW, or water with a TMDL,
you must certify that your SWMP complies with the requirements of Part 111.

Supporting documentation addressing the special conditions of this Permit required
by Part I11.B and C, if applicable.

Indication of your decision to implement the optional permit requirements for
municipal construction activities in Part VIII. If you choose to develop this optional
measure, provide a description of the optional permit requirements or an outline of
your MS4’s stormwater pollution prevention plan (SWP3).

Indication of which criterion you are relying upon for your small MS4 to meet the
endangered species eligibility requirements listed in Part I.E.2.

3. Relying on another Government Entity: Indicate if you are relying on another

government entity already regulated under the stormwater regulations (40 CFR 8§ 122.26
and 122.23) to satisfy one or more of your obligations. Identify that entity and the
element(s) of the SWMP they will be implementing on your behalf (see Part IV.A.5).

4. Best Management Practices (BMPs): Provide information on your chosen BMPs and

the measurable goals for each of the stormwater MCMs in Part IV.C of this Permit. For
each of the six MCMs, include:

a.

b.

A description of BMPs that will be implemented for compliance with each MCM.

An implementation schedule for each BMP including months and years that you
will undertake required actions.

Measurable goals for each BMP including, as appropriate, interim milestones and
frequency of occurrence.
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d. The name of the person or persons responsible for implementing or coordinating
your SWMP.

I.C Where to Submit Your NOI
Submit your NOI, signed in accordance with the signatory requirements of Part VVI.H of this
Permit, along with supporting materials to DEQ at the following address:
Oklahoma Department of Environmental Quality, Water Quality Division, PO Box 1677,
Oklahoma City, OK 73101-1677

I.D Co-Permittees

You may partner with other MS4s to develop and implement your SWMP. Each co-
permittee must complete the NOI form. The description of your SWMP must clearly
describe which permittees are responsible for implementing each of the control measures.

1. E Terminating Coverage

1. A permittee may terminate coverage under this Permit by submitting a notice of
termination (NOT) (see Exhibit 3). Authorization to discharge terminates at midnight on
the day the NOT is signed.

2. A permittee must submit a NOT to DEQ within 30 days after the permittee:

a. Ceases discharging stormwater from the MS4.
b. Ceases operations at the MS4.
c. Transfers ownership or responsibility for the MS4 to another operator.

3. The NOT will consist of a letter to DEQ and must include the following information:

a. Name, mailing address, and location of the MS4 for which the notification is
submitted.

b. The name, address, and telephone number of the operator addressed by the NOT.
c. The OPDES small MS4 permit number for the MS4.

d. An indication of whether another operator has assumed responsibility for the MS4,
the discharger has ceased operations at the MS4, or the stormwater discharges have
been eliminated.

e. The following certification:

| certify under penalty of law that all stormwater discharges from the
identified MS4 that are authorized by an OPDES general permit have
been eliminated, or that I am no longer the operator of the MS4, or that |
have ceased operations at the MS4. | understand that by submitting this
Notice of Termination I am no longer authorized to discharge stormwater
under this general permit, and that discharging pollutants in stormwater
to waters of the State is unlawful under the Clean Water Act and OAC
252:606-1-3(b)(3) where the discharge is not authorized by an OPDES
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permit. | also understand that the submission of this Notice of Termination
does not release an operator from liability for any violations of this
Permit, the Clean Water Act, and the Oklahoma Pollution Discharge
Elimination Act.

4. The NOT must be signed in accordance with Part VI.H of this Permit and must be
submitted to the address listed in Part 11.C.
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PART II1I:

. A

SPECIAL CONDITIONS

Compliance with Water Quality Standards

Operators seeking coverage under this Permit shall not be causing or have the reasonable
potential to cause or contribute to a violation of a water quality standard. If you have
discharges to receiving waters included on the latest CWA 8303(d) list of impaired waters,
you must document in your SWMP how you will comply with the following requirements:

1. If you discharge to waters identified on the latest CWA § 303(d) list of impaired waters,
you must include all necessary BMPs that will ensure that the impairment caused by
identified pollutants (e.g., nitrogen, phosphorus, bacteria) in your receiving waters will,
not cause, have the reasonable potential to cause, or contribute to an in-stream
exceedance of water quality standards. You must include the following in development
or revision of your SWMP:

a.

You must develop a plan which lists the BMPs you have implemented or will
implement to reduce the pollutants of concern and describe how you expect the
selected controls to reduce the pollutants of concern.

Your outreach programs must be directed toward targeted groups of commercial,
industrial and institutional entities likely to have significant stormwater impacts on
your impaired waters.

You must identify any non-stormwater discharges that contribute significant
pollutants to your impaired waters.

You must locate those areas likely to have illicit discharges and conduct inspections
based on the priority areas in the watershed of your 303(d) listed waterbodies.

You must include any operation and maintenance procedures for structural and non-
structural stormwater controls to reduce pollutants discharged into your impaired
water. You must ensure that new flood management projects assess the impacts on
water quality and examine existing projects to determine if incorporating additional
water quality protection devices and practices are necessary.

You must choose BMPs from EPA’s menu or select others that can be used for
managing the identified pollutants (e.g., nitrogen, phosphorus, bacteria) in your
discharges. The details of the BMPs can be viewed from EPA’s website at:
http://water.epa.gov/polwaste/npdes/swbmp/index.cfm .

If the pollutant of concern is bacteria, you must include a list of identified BMPs
addressing the below areas, as applicable, in the SWMP and implement as
appropriate. You may not exclude BMPs associated with the minimum control
measures required under this Permit (see Part 1V.C). The proposed BMPs will be
required to be submitted to ODEQ for review.

The BMPs shall, as appropriate, address the following:

1) Sanitary Sewer Systems
(a) Make improvements to sanitary sewers;


http://water.epa.gov/polwaste/npdes/swbmp/index.cfm
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2.

(b) Address lift station inadequacies;
(c) Improve reporting of violations; and
(d) Strengthen controls.

2) On-site Sewage Facilities (for entities with appropriate jurisdiction)

(@) ldentify and address failing systems; and
(b) Address inadequate maintenance of On-Site Sewage Facilities.

3) Illicit Discharges and Dumping

Place additional effort to reduce waste sources of bacteria; for example, from
septic systems, grease traps, and grit traps;

4) Animal Sources

Expand existing management programs to identify and target animal sources
such as zoos, pet waste, horse stables, and livestock sale barns.

5) Resident Education

Increase focus to educate residents on:

(a) Bacteria discharging from a residential site either during runoff events or
directly;

(b) Fats, oils and grease clogging sanitary sewer lines and resulting overflows;
(c) Decorative ponds; and

(d) Pet waste.

Where a discharge is already authorized under this Permit and is later determined to
cause, have the reasonable potential to cause, or contribute to the in-stream exceedance
of an applicable water quality standard, DEQ will notify you. You must take all
necessary actions to ensure that future discharges do not cause, have the reasonable
potential to cause, or contribute to in-stream exceedance of a water quality standard and
must document these actions in the SWMP. If an exceedance remains or recurs, the
coverage under this Permit may be terminated by DEQ, and DEQ may require an
application for coverage under an alternative general permit or an individual permit.

Compliance with this requirement does not preclude any enforcement activity as
provided by the Clean Water Act for the underlying violation.

11.B Established Total Maximum Daily Load Allocations

1.

If a TMDL or watershed plan in lieu of a TMDL is established for any waterbody into
which a MS4 discharges prior to the date that the MS4 submits a NOI, and if that
TMDL includes a wasteload allocation (WLA) or load allocation (LA) for a parameter
likely to be discharged by the MS4, the MS4’s discharges must meet any limitations,
conditions, or other requirements of the implementation plan associated with that WLA,
LA and/or TMDL within any timeframes established in the TMDL or watershed plan.
Monitoring and reporting of the discharges may also be required as appropriate to
ensure compliance with the TMDL, or watershed plan. The MS4 must adopt any
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1. C

WLAs assigned to its discharges specified in the TMDL, or similar targets in the
watershed plan, as measurable goals in the SWMP. If the TMDL or watershed plan
relies on a BMP-based approach, effective implementation of additional TMDL or
watershed plan-related BMPs will be sufficient to implement applicable WLAs. This
BMP-based approach is consistent with EPA memoranda dated November 22, 2012*
(EPA 2002) and November 26, 2014% (EPA 2014). If the TMDL or watershed plan
specifies additional requirements, the MS4 must also meet these additional
requirements.

If a TMDL or watershed plan in lieu of a TMDL is approved for any waterbody into

which a MS4 discharges after the date that the MS4 submits a NOI, the MS4 must

incorporate any limitations, conditions, and requirements applicable to the discharges
into its SWMP to ensure that the requirements of the implementation plan associated
with the WLA, LA, and/or the TMDL will be met within any timeframes established in
the TMDL or watershed plan. Monitoring and reporting of the discharges may also be
required as appropriate to ensure compliance with the TMDL or watershed plan. The
MS4 must adopt any WLAs assigned to its discharges specified in the TMDL, or
similar targets in the watershed plan, as measurable goals in the SWMP. If the TMDL
or watershed plan relies on a BMP-based approach, effective implementation of
additional TMDL or watershed plan-related BMPs will be sufficient to implement
applicable WLAs. This BMP-based approach is consistent with EPA memoranda dated
November 22, 2002 and November 26, 20142. If the TMDL or watershed plan specifies
additional requirements, the MS4 must also meet these additional requirements.

Discharges to Outstanding Resource Waters

Except for discharges of stormwater from temporary construction activities, new discharges
located within the watershed of any waterbody designated Outstanding Resource Water
(ORW) in Oklahoma’s Water Quality Standards are not allowed and are not authorized by
this Permit. Discharges to ORW waters from MS4s existing as of June 25, 1992 are allowed
but such stormwater discharges are prohibited from increased load of any pollutant. If any
part of your MS4 discharges to an ORW waterbody, you must document in your SWMP
how you will comply with this prohibition.

1 Robert H. Wayland, 111, Director, Office of Wetlands, Oceans and Watersheds and James A. Hanlon, Director, Office of
Wastewater Management, ‘Establishing Total Maximum Daily Load (TMDL) Wasteload Allocations (WLAs) for Storm
Water Sources and NPDES Permit Requirements Based on Those WLAs,” November 22, 2002.

2 Andrew D. Sawyers, Director, Office of Wastewater Management and Benita Best-Wong, Director, Office of Wetlands,
Oceans and Watersheds, ‘Revisions to the November 22, 2002 Memorandum “Establishing Total Maximum Daily Load
(TMDL) Wasteload Allocations (WLAs) for Storm Water Sources and NPDES Permit Requirements Based on Those
WLASs,”” November 26, 2014.
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1. D Site Specific Requirements (Reserved)
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PART IV:

IV. A

STORMWATER MANAGEMENT PROGRAM (SWMP)
Requirements

You must develop new elements, as needed, and continue to implement, and enforce a
written SWMP designed to reduce the discharge of pollutants from your MS4 to the
maximum extent practicable (MEP), to protect water quality, and to satisfy the appropriate
water quality requirements of the CWA. The SWMP should include BMPs, control
techniques and system, design and engineering methods, an enforcement component and
such other provisions as the Director determines appropriate for the control of such
pollutants.

1. Renewal Permittees: You must review the SWMP you developed under the 2005 Small
MS4 General Permit, revise and update existing, and/or develop new BMPs and
measurable goals in your SWMP, as needed, to meet the requirements of this Permit, or
as required by the Director to ensure compliance with the CWA. Modifications and
updates shall be reflected in your SWMP and implemented within one (1) year of the
effective date of this Permit, then as needed. You are required to keep the SWMP
document up to date during the term of the Permit. Compliance deadlines are not
extended for small MS4s required to have obtained coverage under the 2005 Small MS4
General Permit.

2. Newly Reqgulated Small MS4s: You must develop a written SWMP according to this
part and include all six (6) Minimum Control Measure (MCM) requirements. You must
define and list the BMPs that you or another entity will implement for each of the
minimum control measures listed in Part IV.C. You must provide program
development, implementation and enforcement schedules for full implementation of the
complete SWMP as soon as practicable, but no later than five (5) years from the
effective date of this Permit. Credible interim progress in developing and implementing
SWMP elements must be made over the term of the Permit.

3. Small MS4s Newly Designated after the Date of Permit Issuance: You must develop a
written SWMP according to this part, and you must comply with the following:

a. Include all six (6) minimum control measure requirements (MCMs);

b. Define and list the BMPs that you or another entity will implement for each of the
MCMs listed in Part IV.C;

c. Provide program development, implementation and enforcement schedules for full
implementation of the complete SWMP as soon as practicable, but no later than five
(5) years from the effective date of this Permit or according to the schedule that the
Director specifies in the DEQ notification; and

d. Make credible interim progress in developing and implementing SWMP elements
over the term of this Permit.

4. Measurable Goals for BMPs: You must list and define the BMPs that you or another
entity are or will be implementing for each of the stormwater MCMs listed in Part I1V.C.
For each BMP, you must:

a. Include measurable goals;
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b. Include the months and years in which you will undertake required actions,
including interim milestones and the frequencies of the actions; and

c. Identify who will be responsible for implementing or coordinating the BMPs for
your SWMP.

You may use EPA's "Measurable Goals Guidance for Phase Il Small MS4s" to develop
new measurable goals or revise current ones. The guidance can be downloaded from
EPA's website at http://www.epa.gov/npdes/pubs/measurablegoals.pdf. You must
provide a rationale for how and why you selected each of the BMPs and measurable
goals for your SWMP. The information required for such a rationale is given in Part
IV.C for each minimum measure.

Sharing Responsibility: Implementation of one or more of your stormwater MCMs may
be shared with another government entity or may be fully implemented by another
government entity. You may rely on another government entity only if:

a. The other government entity implements the control measure;

b. The particular control measure, or component of that measure, is as least as
stringent as the corresponding permit requirement; and

c. The other government entity agrees to implement the control measure on your
behalf. Written acceptance of this obligation is required. This obligation must be
maintained as part of the description of your SWMP. If the other government entity
agrees to report on the minimum measure, you must supply the other government
entity with the reporting requirements contained in Part V.C. If the other
government entity fails to implement the control measure on your behalf, then you
remain responsible for compliance with permit obligations. You must modify your
SWMP within one (1) year and comply with permit requirements.

Required SWMP Updates

DEQ may notify you that changes to your SWMP are necessary to:

1.

Address adverse impacts on receiving water quality that discharges from your MS4 are
or may have the reasonable potential to cause or contribute to;

Include more stringent requirements necessary to comply with new Federal statutory or
regulatory requirements;

Include other conditions deemed necessary by the Director to comply with the goals and
requirements of the Clean Water Act, including TMDL requirements;

Or

Include any permit requirements that the Director determines that your SWMP does not
meet.

Changes requested by the Director must be made in writing, set forth the time schedule for


http://www.epa.gov/npdes/pubs/measurablegoals.pdf

OPDES Permit OKR04 for Small MS4s, November 1, 2015 Part 1V, Page 17

you to develop the changes, and offer you the opportunity to propose alternative SWMP
changes to meet the objective of the requested modification. Within the time schedule
provided, you must submit a copy of the revisions made to the SWMP.

Minimum Control Measures (MCMSs)

The six (6) Minimum Control Measures (MCMSs) that must be included in your SWMP are
listed below. A seventh optional Control Measure is described in Part VIII. Each MCM
must comply with the items included in the “Permit Requirements” section. You are
encouraged to consider the information included in “Recommendations” and incorporate
them as appropriate, but "Recommendations” are not permit requirements. You must
continue to implement your SWMP and revise it according to Part IV.D. If you are a newly
regulated small MS4 or MS4 newly designated after the date of this Permit issuance, you
are required to develop and implement and enforce a SWMP that specifically addresses
each of the six (6) MCMs, as soon as practicable, but no later than five (5) years from the
effective date of this Permit, or utilize the schedule that DEQ provides to you.

1. Public Education and Outreach Program

a. Permit Requirements

You must revise and update your existing public education and outreach program.
The revision of the program shall be completed within the first year after effective
date of this Permit. You must continue to implement a public education and
outreach program to distribute information and educational materials to the
community or conduct equivalent outreach activities to promote behavior change by
the public to reduce pollutants in stormwater runoff and eliminate illicit discharges.
The public education or equivalent outreach activities shall be tailored, using a mix
of locally appropriate strategies, to target specific audiences and communities. You
must:

(1) Include education and outreach efforts for the following audiences:

(@) Traditional municipalities such as cities, counties, etc. must address the
general public being served by the MS4;

(b) Non-traditional municipalities such as universities, hospital complexes,
prisons, special districts, etc. and federal facilities must address the
community served by the MS4. For example, at a university it would be
the faculty, other staff, students, and visitors, while at a military base, it
would include military personnel (and dependents) contractors,
employees, tenants, visitors, etc.; and

(c) Departments of transportation must address the community working on
or served by the transportation network within the MS4 including
employees, contractors, and the general public.

(2) Establish or revise (as necessary) measurable goals for each BMP, including
target milestones (month and year), frequency of action(s) and identify
responsible persons.
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©)

Assess your education and outreach program annually as required by Part V.C
of this Permit.

b. Recommendations

1)

Use stormwater educational materials locally developed or provided by the
EPA, States, MS4s and other organizations;

(2) Contact the Blue Thumb Program for assistance with your public education and
outreach program, including storm drain marking, assistance with newsletters and
brochures, planning of civic events, and borrowing Blue Thumb educational tools
for local events. Their contact info is:

(3)

(4)

()

(6)

Oklahoma Conservation Commission, Statewide Blue Thumb Program,
128 East 3" Ave.
Bristow, OK 74010

Telephone: (918) 398-1804 or E-mail:
Cheryl.Cheadle@conservation.ok.gov

The details of the Blue Thumb Program can be found  at:
http://www.ok.gov/conservation/Agency Divisions/Water Quality Divi
sion/Blue Thumb/index.html

Distribute stormwater messages to the public by using locally available
methods, such as brochures/factsheets, pamphlets, booklets, educational
displays, bill inserts, promotional giveaways, workshops, and local cable
access channels in TV;

Provide information to homeowners on stormwater pollution prevention,
topics such as trash and recycling, landscaping and lawn care, pest control, pet
waste management, disposal of household hazardous wastes, residential car
washing and water conservation;

Provide information to businesses on stormwater pollution prevention topics
such as automobile maintenance, chemical storage and disposal, illicit
discharges and erosion/sediment controls, as well as promoting Low Impact
Development (LID); and

Evaluate the effectiveness of the education program by using methods tied to
the identified measureable goals of the program and the overall objective of
changes in behavior and knowledge. One method of evaluation of the
education program may be an evaluation of audience knowledge prior to
commencement of the educational message followed by an evaluation after
delivery of the message, such as a survey.

2. Public Participation and Involvement

The public can provide valuable input and assistance to a regulated small MS4’s
SWMP, so the public should be given opportunities to play an active role in both the
development and implementation of the SWMP. An active and involved community is
crucial to the success of a SWMP.


mailto:Cheryl.Cheadle@conservation.ok.gov
http://www.ok.gov/conservation/Agency_Divisions/Water_Quality_Division/Blue_Thumb/index.html
http://www.ok.gov/conservation/Agency_Divisions/Water_Quality_Division/Blue_Thumb/index.html
http://www.ok.gov/conservation/Blue_Thumb/index.html
http://www.ok.gov/conservation/Blue_Thumb/index.html
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a. Permit requirements: Your public participation and involvement program must be
reviewed and updated within the first year after the effective date of this Permit,
then reviewed annually and revised, if necessary. This program must encourage
public involvement and participation in the development and implementation of
your SWMP. This must:

(1) Include a process by which public comments on the SWMP are received and
reviewed by the person(s) responsible for the SWMP;

(2) Comply with State and local public notice requirements when implementing
your public participation and involvement program.

(3) Establish or revise (as necessary) measurable goals for each BMP, including
target milestones (month and year), frequency of action(s) and identify
responsible persons; and

(4) Assess your public participation and involvement program annually as
required by Part V.C of this Permit.

b. Recommendations: In the first minimum control measure, Public Education and
Outreach, the goal of that element of your SWMP was to inform your community
about reducing pollutants in stormwater runoff. The public, in that measure, is
passively receiving information. But in the Public Participation and Involvement
element of your SWMP, the goal is to get members of your community participating
in activities that reduce pollutants in stormwater runoff. Community members are
actively involved in working toward this goal. There are a variety of practices that
could be incorporated into a public participation and involvement program. For
example, you can:

(1) Establish a citizen advisory group or utilize existing citizen organizations to
participate in the development, implementation and revision of your SWMP.
Make an effort to reach out and engage all economic and ethnic groups by
involving them with public activities in your SWMP;

(2) Conduct public meetings/citizen panels to allow citizens to discuss various
viewpoints and provide input concerning appropriate stormwater management
policies and BMPs;

(3) Create opportunities for the public to participate in the implementation of
stormwater controls. Examples of ways to include the public include:

(@ Encourage individuals or groups to conduct storm drain marking and/or
participate in community programs such as “Adopt-A-Storm Drain”. In
this program, citizens keep storm drains free of debris and monitor what
is entering local waterways through storm drains. These are important
and simple activities that concerned citizens, especially students, can do;

(b) Organize community clean-ups along local waterbodies;

(c) Train citizen watch groups to aid local enforcement authorities in the
identification of polluters; and
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(4)

(d) Develop a volunteer monitoring program. Volunteer water quality
monitoring gives citizens first-hand knowledge of the quality of local
waterbodies and provides a cost-effective means of collecting water
quality data. Contact Blue Thumb for assistance with your volunteer
monitoring program.

Evaluate the effectiveness of the public participation and involvement program
by using methods tied to the identified measureable goals of the program and
the overall objective of changes in behavior and knowledge.

3. Illicit Discharge Detection and Elimination

a. Permit Requirements

You must review and revise your existing illicit discharge detection and elimination
program, as necessary. The revision of this program shall be completed within the
first year after the effective date of this Permit, then as needed. You must develop
new elements, as necessary, and continue to implement and enforce the program to
detect and eliminate illicit discharges into your small MS4, including a dry weather
field screening program to identify non-stormwater flows. You must:

(1)

()

(3)

(4)

Enforce ordinances or other regulatory mechanisms that you utilize to
effectively prohibit illicit discharges into your small MS4. If your ordinance or
regulatory mechanism is already developed, include a copy of the relevant
sections with your illicit discharge detection and elimination program.

Continue to implement a dry weather field screening plan to detect,
investigate, and eliminate illicit discharges. Rely on visual indicators and
simple field test kits for most work where you are looking for indications of a
problem. Laboratory methods can be reserved for situations where you have
identified a problem and need to enforce on a suspected illicit discharger. Your
field screening program must address the following, at a minimum:

(@) Procedures for locating priority areas within your MS4 likely to have
illicit discharges (e.g., areas with older sanitary sewer lines), or ambient
sampling to locate impacted reaches;

(b) Procedures to address on-site sewage disposal systems that may flow
into your storm drainage system;

(c) Procedures for tracing the source of an illicit discharge, including the
specific techniques you will use to detect the location of the source;

(d) Procedures for removing the source of the illicit discharge; and

(e) Procedures for illicit discharge detection and elimination program
evaluation and assessment.

Develop (if necessary), maintain and regularly update a storm sewer system
map, showing the location of all outfalls and the names and location of all
waters of the State that receive discharges from those outfalls.

To the extent allowable under State or local law, effectively prohibit, through
ordinance or other regulatory mechanism, non-stormwater discharges into
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(5)
(6)

(7)

(8)

9)

your storm sewer system and implement appropriate enforcement procedures
and actions. If you lack legal authority for direct enforcement action, you must
include procedures to notify DEQ when a party fails to comply with the
requirements. You may rely on DEQ for assistance in enforcement of this
provision of the permit in these cases.

Develop (if necessary) and implement a plan to detect and address
non-stormwater discharges, including illegal dumping to your system.

Inform public employees, businesses, and the general public of hazards
associated with illegal discharges and improper disposal of waste. Promote,
publicize and facilitate the reporting of illicit discharges.

Maintain a list of occasional incidental non-stormwater discharges or flows as
allowed in Part | - B2 that will not be addressed as illicit discharges. These
non-stormwater discharges must not be reasonably expected (based on
information available to you) to be significant sources of pollutants to the
small MS4, because of either the nature of the discharges or conditions you
have established for allowing these discharges to your small MS4 (e.g., a
charity car wash with appropriate controls on frequency, proximity to sensitive
waterbodies, BMPs on the wash water, etc.). You must document in your
SWMP any local controls or conditions placed on the discharges. You must
include a provision prohibiting any individual non-stormwater discharge that
is determined to be contributing significant amounts of pollutants to your
MS4.

Establish or revise (as necessary) measurable goals for each BMP, including
target milestones (month and year), frequency of action(s) and identify
responsible persons.

Evaluate the appropriateness of your identified BMPs for this minimum
control measure. Your evaluation shall verify compliance with permit
requirements and more importantly, document that efforts have been made
towards achieving your identified measurable goals and reducing the impacts
of stormwater runoff from the small MS4. Document the evaluation of your
illicit discharge detection and elimination program annually as required by
Part V.C of this Permit.

b. Recommendations

1)

)

@)

Develop and implement a written spill response and prevention plan to ensure
the appropriate actions that will take place when a spill occurs within your
small MS4.

Expand your plan to detect and address illicit discharges to your system,
including illegal dumping control, sanitary sewer overflows, on-site sewage
disposal, a used oil recycling program, trash and debris management. You may
use EPA's illicit discharge detection and elimination manual to develop or
revise your plan. You can download the document from EPA's website at
http://cfpub.epa.gov/npdes/stormwater/idde.cfm.

Identify priority areas which includes areas with higher likelihood of illicit
connections (e.g., areas with older sanitary sewer lines or with a history of
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(4)

()

sewer overflows or cross-connections; areas with older infrastructure that are
more likely to have illicit connections; areas of industrial, commercial, or
mixed use; areas with a history of past illicit discharges; areas with a history of
illegal dumping; areas with onsite sewage disposal systems, and areas of
Aquatic Resources of Concern). Update this priority area list to reflect
changing priorities annually.

Educate and train the general public, employees, and businesses about the
hazards associated with illegal discharges and improper disposal of waste. Set
up a hotline for citizens to report violations. Coordinate the program with your
public education MCM and your pollution prevention/good housekeeping
MCM programs.

Educate employees that have been working in the field, such as maintenance
workers, building inspectors etc., to identify and report stormwater illicit
discharges.

4, Construction Site Stormwater Runoff Control

a. Permit Requirements

You must review and revise your existing construction site stormwater runoff
control program, as necessary. The revision shall be completed within the first year
after the effective date of this Permit, then as needed. You must develop new
elements, as necessary, and continue to implement and enforce the program to
reduce pollutants in any stormwater runoff to your MS4 from construction activities
that result in a land disturbance of greater than or equal to one acre. Reduction of
stormwater discharges from construction activity disturbing less than one acre must
be included in your program if that construction activity is part of a larger common
plan of development or sale that would disturb one acre or more. You must:

1)

()

(3)

Develop (if necessary), implement and enforce an ordinance or other
regulatory mechanism to require erosion and sediment controls, as well as
sanctions to ensure compliance, to the extent allowable under State or local
law. Review and revise your existing ordinance to meet the permit
requirements. If you lack legal authority for direct enforcement action, you
must include procedures to notify DEQ if a construction site operator fails to
comply with your construction site stormwater runoff control program. You
may rely on DEQ for assistance in enforcement of this provision of the permit
in these cases;

Develop (if necessary), implement and enforce requirements for construction
site operators to implement appropriate BMPs for erosion and sediment
control;

Develop (if necessary), implement and enforce requirements for construction
site operators to select and implement appropriate erosion and sediment
control measures to reduce or eliminate the impacts to receiving waters, and
control waste at the construction site that may cause adverse impacts to water
quality such as discarded building materials, concrete truck washout,
chemicals, litter, and sanitary waste;
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(4)

()

(6)

(")

(8)

Develop (if necessary), implement and enforce procedures for site plan review
which incorporate consideration of potential water quality impacts including
erosion and sediment controls, controls of other wastes, and any other impacts
that must be examined according to the requirements of the local ordinance or
other regulatory mechanism;

Develop (if necessary), implement and enforce procedures for receipt and
consideration of information submitted by the public;

Develop (if necessary), implement and enforce procedures for site inspection
and enforcement of control measures including enforcement escalation
procedures for recalcitrant or repeat offenders. Document inspection findings
and take all necessary follow-up actions (i.e., re-inspection, enforcement) to
ensure site compliance;

Establish or revise (as necessary) measurable goals for each BMP, including
target milestones (month and year), frequency of action(s) and identify
responsible persons; and

Evaluate the appropriateness of your identified BMPs for this MCM. Your
evaluation shall verify compliance with permit requirements and more
importantly, documents that efforts have been made towards achieving your
identified measurable goals and reducing the impacts of stormwater runoff
from the small MS4 (as required by Part V.C of this Permit).

b. Recommendations

1)

()

3)

(4)
()

Use sanctions and enforcement mechanisms, including non-monetary penalties
(such as stop work orders), fines, bonding requirements, legal action, and/or
permit denials for non-compliance.

Implement an outreach program for the local development community.
Coordinate with your public education MCM and your pollution prevention
and good housekeeping MCM programs.

Conduct a staff training to address requirements for inspection and
enforcement of erosion and sediment control measures once construction
begins.

Offer incentives for “green developers”, such as expedited permit review,
reduced application fees, and public recognition.

Expand your procedures for site plan review, site inspection and enforcement
to smaller sites.

5. Post-Construction Management in New Development and Redevelopment

a. Permit Requirements

You must review and revise your existing new development and redevelopment
post-construction management program, as necessary. The revision shall be
completed within the first year after the effective date of this Permit, then as needed.
You must develop new elements, as necessary, and continue to implement and
enforce a program to address stormwater runoff from new development and
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redevelopment projects that disturb greater than or equal to one acre, including
projects less than one (1) acre that are part of a larger common plan of development
or sale, that discharge into your small MS4. Your program must attempt to maintain
pre-development runoff conditions and ensure that controls are in place that would
prevent or minimize water quality impacts. You must:

1)

)

(3)

(4)

Q)

(6)

(")

Develop (if necessary), implement and enforce strategies which include a
combination of structural and/or non-structural BMPs appropriate for your
community;

Develop (if necessary), implement and enforce an ordinance or other
regulatory mechanism to address post-construction runoff from new
development and redevelopment projects to the extent allowable under State
or local law;

Review local ordinances and regulations, and identify any legal/regulatory
barriers to Low Impact Development (LID). Develop a schedule to remove
those barriers that prohibit LID practices selected by the MS4, or provide a
justification for each barrier not removed,;

Develop (if necessary), implement and enforce procedures to ensure adequate
long-term operation and maintenance of BMPs that are installed during and
left in place after the completion of a construction project, including
inspections of each BMP;

Participate in an education program for developers and the public about
project designs that minimize water quality impacts, including LID strategies.
This would coordinate with your public education MCM and your pollution
prevention and good housekeeping MCM programs;

Establish or revise (as necessary) measurable goals for each BMP, including
target milestones (month and year), frequency of action(s) and identify
responsible persons; and

Evaluate the appropriateness of your identified BMPs for this MCM. Your
evaluation shall verify compliance with permit requirements and, more
importantly, document that efforts have been made towards achieving your
identified measurable goals and reducing the impacts of stormwater runoff
from the small MS4 (as required by Part V.C of this Permit).

b. Recommendations

1)

Promote non-structural/structural BMPs which are appropriate for the local
community, minimize water quality impacts and attempt to maintain pre-
development runoff conditions in your new development and redevelopment
post-construction management program. These BMPs include post-
construction plan review, green roofs, green parking, narrower residential
streets, open space design, protection of natural features, riparian/forested
buffer, street design and patterns, grassed swales, infiltration basin/trench,
porous pavement, bioretention/rain gardens, catch basin inserts, vegetated
filters, and stormwater wetland/wet ponds.
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)

(3)

(4)

()

(6)

(")

(8)

Consider requirements and standards to direct growth to identified areas,
protect sensitive areas such as wetlands and riparian areas, maintain and/or
increase open space (including a dedicated funding source for open space
acquisition). Provide buffers along sensitive waterbodies, minimize
impervious surfaces, and minimize disturbance of soils and vegetation.
Encourage infill development in higher density urban areas, and areas with
existing storm sewer infrastructure. Consider adopting and implementing low
impact development (LID) practices through an ordinance or other regulatory
mechanism.

Assess current street design and parking lot guidelines and requirements that
affect the creation of impervious cover. Determine if changes in standards for
streets and parking lots can be modified to support LID design options.

Complete an inventory of impervious areas (such as conventional pavements,
sidewalks, driveways, roadways, parking lots and rooftops), and directly
connected impervious areas (portion of impervious area with a direct hydraulic
connection to the receiving waters via continuous paved surfaces, gutters,
pipes and other impervious features). Based on the results of the inventory,
determine the areas that may have the potential to be retrofitted with BMPs
(such as LID) designed to reduce the frequency, volume and peak intensity of
stormwater runoff to and from your MS4.

Use measures such as minimization of the percentage of impervious area after
development, minimization of directly connected impervious areas, and source
control measures often thought of as good housekeeping, preventive
maintenance and spill prevention.

Use structural BMPs, including, as appropriate:

(@) Storage practices such as wet ponds and extended-detention outlet
structures.

(b) Filtration practices such as grassed swales, bioretention cells, sand filters
and filter strips.

(c) Infiltration practices such as infiltration basins and infiltration trenches.

Within your required long-term operation and maintenance (O&M) program,
consider including the following: pre-construction review of BMP designs,
inspection during construction to verify BMPs are built as designed, and
penalty provisions for noncompliance. Options to help ensure that future
O&M responsibilities are clearly identified include an agreement between you
and another party such as the post-development landowners or regional
authorities.

Use incentives to encourage interest in LID, such as increased densities,
reduced review time/expedited review, tax incentive, reduced application fees,
public recognition, dedicated review team, flexibility in design restrictions,
adjustments to the required parking, lower stormwater fees, new fee structure,
reduced conventional stormwater requirements.
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6. Pollution Prevention/Good Housekeeping For MS4 Operations

a. Permit Requirements

You must review and revise your existing pollution prevention and good
housekeeping program, as necessary. The revision shall be completed within the
first year after the effective date of this Permit, then as needed. You must develop
new elements, as necessary, and continue to implement and enforce the operation
and maintenance program that includes a training component and has the ultimate
goal of preventing or reducing pollutant runoff from MS4 operations. You must:

1)

(2)

(3)

(4)

()
(6)

(7)

Use training materials that you develop or that are available from EPA, DEQ,
or other reputable organizations. Your pollution prevention and good
housekeeping program must include employee training to prevent and reduce
stormwater pollution from activities such as park and open space maintenance,
fleet and building maintenance, new construction and land disturbances, and
stormwater system maintenance;

Implement a municipal employee training and education program that you will
use to prevent and reduce stormwater pollution from MS4 activities. Describe
any existing, available materials you plan to use. Describe how this training
program will be coordinated with the outreach programs developed for the
public information minimum measure and the illicit discharge MCM;

Maintain a list of industrial facilities you own or operate that are subject to the
DEQ Multi-Sector General Permit or individual OPDES or NPDES permits
for discharges of stormwater associated with industrial activity that ultimately
discharge to your small MS4. Include the authorization number or a copy of
the Industrial NOI form for each facility. You must review this inventory
annually and update as necessary;

Implement procedures for controlling, reducing or eliminating the discharge
of pollutants from streets, roads, highways, parking lots, maintenance and
storage yards, waste transfer stations, fleet or maintenance shops with outdoor
storage areas, and salt/sand storage locations and snow disposal areas you
operate;

Implement procedures to ensure that new flood management projects are
assessed for impacts on water quality;

Implement inspection/maintenance for structural and non-structural BMPs,
including maintenance activities, maintenance schedules and long term
inspection procedures for controls to reduce floatables and other pollutants
discharged to your small MS4;

List and define the BMPs that you or another entity will implement in the
pollution prevention and good housekeeping program. You must include, as
appropriate, the months and years in which you will undertake required
actions, including interim milestones and the frequency of the action. Also you
must identify who will be responsible for implementing or coordinating the
BMPs in this program;
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(8)

9)

Establish or revise (as necessary) measurable goals for each BMP, including
target milestones (month and year), frequency of action(s) and identify
responsible persons; and

Evaluate the appropriateness of your identified BMPs for this MCM. Your
evaluation shall verify compliance with permit requirements and more
importantly, document that efforts have been made towards achieving your
identified measurable goals and reducing the impacts of stormwater runoff
from the small MS4 (as required by Part V.C of this Permit).

b. Recommendations

1)

()

(3)

Develop an inventory of all your MS4 operations that are impacted by this
program. Review this inventory annually and update as necessary.

Establish procedures for proper use, storage, and disposal of both petroleum
and non-petroleum products at schools, town offices, police and fire stations,
pools, parking garages and other permittee-owned or operated buildings or
utilities. Develop or continue to implement a Spill Response and Prevention
Plan to ensure that appropriate actions will take place when a spill occurs
within your small MS4.

Establish procedures for the proper storage of permittee-owned vehicles and
equipment, including fueling areas. Ensure that vehicle wash waters are not
discharged to the small MS4. (4) Establish procedures for catch basin
inspections, cleaning and repairs, and sweeping streets, sidewalks, and
permittee-owned parking lots within your small MS4.

IV.D Reviewing and Updating the SWMP

1.

SWMP Review: You must conduct an annual review of your SWMP in conjunction

with preparation of the annual report required under Part V.C.

SWMP Update: Your SWMP shall be modified as needed during the life of this Permit

in accordance with the following procedures:

a. Changes to comply with new requirements of this Permit.

b. Changes adding (but not subtracting or replacing) components, controls, or
requirements to the SWMP may be made at any time upon written notification to the
Director.

c. Changes replacing an ineffective or infeasible BMP specifically identified in the
SWMP with one or more alternate BMP(s) may be requested at any time. Unless
denied by the Director, changes proposed in accordance with the criteria below shall
be deemed approved and may be implemented 60 days from submittal of the
request. If your request is denied, the Director will send you a written response
giving a reason for the decision. Your modification requests must include the
following:

1)

An analysis of why the BMP is ineffective or infeasible (including cost
prohibitive);
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(2) Expectations on the effectiveness of the replacement BMP; and

(3) An analysis of why the replacement BMP is expected to achieve the goals of
the BMP to be replaced.

d. Change requests or notifications must be made in writing and signed in accordance
with Part VI.H.

Transfer of Ownership or Operational Authority

The entity responsible for SWMP implementation must implement the SWMP for all new
areas added to your portion of the MS4 (or for which you become responsible for
implementation of stormwater quality controls) as expeditiously as practicable, but not later
than one year from addition of the new areas. Implementation may be accomplished in a
phased manner to allow additional time for controls that cannot be implemented
immediately.

Within 90 days of a transfer of ownership, operational authority, or responsibility for
SWMP implementation, you must have a plan for implementing your SWMP on all
affected areas. The plan may include schedules for implementation. Information on all new
annexed areas and any resulting updates required to the SWMP must be included in the
annual report.

Minor Permit Modification

Only those portions of the SWMP specifically required as permit conditions shall be subject
to the modification requirements of OAC 252:606-1-3(b)(4) adopted and incorporated by
reference 40 CFR 8124.5. Addition of components, controls, or requirements by the
permittee(s) and replacement of an ineffective or infeasible BMP implementing a required
component of the SWMP with an alternative BMP expected to achieve the goals of the
original BMP shall be considered minor changes to the SWMP and not modifications to this
Permit.
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PART V: MONITORING, RECORD KEEPING, AND REPORTING
V. A Monitoring

1. Designing Your Monitoring Program: You must evaluate SWMP compliance, the
appropriateness of identified BMPs, and progress toward achieving identified
measurable goals. If you discharge to a water of the State for which a TMDL has been
approved, you may have additional monitoring requirements under Part Il of this
Permit.

2. Conducting Monitoring: If you plan to conduct monitoring, you are required to comply
with the following:

a. Representative monitoring: Samples and measurements taken for the purpose of
monitoring shall be representative of the monitored activity.

b. Laboratory Methods

If laboratory analysis is conducted it must be conducted according to test procedures
approved under 40 CFR part 136.

3. Records of Monitoring Information: Monitoring records must include:

The date, exact place, and time of sampling or measurements;

The names(s) of the individual(s) who performed the sampling or measurements;
The date(s) analysis were performed;

The names of the individuals who performed the analyses;

The analytical techniques or methods used; and

- o o 0o T o

The results or observations of such analyses.

4. Discharge Monitoring Report (DMR): The reporting of monitoring results may be
required, by the Director, to be submitted on a Discharge Monitoring Report.

V.B Recordkeeping

1. Retain _Records of All Monitoring Information: Include all calibration and
maintenance records and all original strip chart recordings for continuous monitoring
instrumentation, copies of all reports required by this Permit, copies of DMRs, a copy
of the OPDES permit, and records of all data used to complete the NOI for this Permit,
for a period of at least three (3) years from the date of the sample, measurement, report
or application, or for the term of this Permit, whichever is longer. This period may be
extended by request of the Director at any time.

2. Submit Your Records: Mail your completed DMR reports, if required, to DEQ along
with your annual report. You must retain a description of the SWMP required by this
Permit (including a copy of the permit language) at a location accessible to the Director.




OPDES Permit OKR04 for Small MS4s, November 1, 2015 Part V, Page 30

You must make your records, including the NOI and the description of the SWMP,
available to the public.

V.C Annual Reports

1. You must submit an annual report for each permit year to the Director of DEQ. If you
implement your SWMP on a calendar year basis (from January 1% through December
31%), you must submit your annual report to ODEQ by March 1% of the calendar year,
beginning in 2016 for existing permittees or 2017 for new permittees. If you implement
your SWMP on a fiscal year basis (from July 1% through June 30™), you must submit
your annual report by September 1% of the fiscal year, beginning in 2016 for existing
permittees or 2017 for new permittees. Mail your report to the address specified in
PART II.C or e-mail to DEQ electronically. Each report must contain information
regarding activities of the previous permit year. Each report must include:

a. The status of your compliance with permit conditions, an assessment of the
appropriateness of the identified best management practices, progress towards
achieving the statutory goal of reducing the discharge of pollutants to the Maximum
Extent Practicable (MEP), and progress toward achieving the measurable goals for
each of the MCMs;

b. Results of information collected and analyzed, if any, during the reporting period,
including monitoring data used to assess the success of the SWMP at reducing the
discharge of pollutants to the MEP;

c. A summary of the stormwater activities you plan to undertake during the next
reporting cycle (including an implementation schedule);

d. Proposed changes to your SWMP, including changes to any BMPs or any identified
measurable goals that apply to the SWMP elements;

e. Description and schedule for implementation of any additional BMPs or monitoring
that may be necessary to reduce/eliminate the discharges of the pollutant of concern
into impaired waters on the 303(d) list;

f. Description and schedule for implementation of any additional BMPs or monitoring
that may be necessary to ensure compliance with any applicable TMDL or
watershed plan in lieu of a TMDL; and

g. Notice that you are relying on another government entity to satisfy some of your
permit obligations (if applicable) and a copy of the written agreement with that
entity.

2. If the optional permit requirement for construction activities is elected you must also
include in your Annual Report a progress report concerning the elected optional permit
requirements. At a minimum this must include:

a. The number of your active construction sites that are currently covered under the
elected optional permit requirement;

b. The number of construction projects that were started during the reporting period,;
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c. The number of construction projects that were completed during the reporting
period; and

d. The number of construction sites that were covered under the elected optional
permit requirement that have reached final stabilization.
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PART VI:

STANDARD PERMIT CONDITIONS

VI. A Duty to Comply

VI.B

VI.C

You must comply with all conditions of this Permit insofar as those conditions are
applicable to each permittee, either individually or jointly. Any violation of this Permit
constitutes a violation of the Oklahoma Pollutant Discharge Elimination System Act, 27A
O.S. § 2-6-206 et seq., and the Clean Water Act, and regulations promulgated thereto; and
Is grounds for the issuance of an enforcement action; for permit termination, revocation and
reissuance, or modification; and/or for denial of a permit renewal application.

The OPDES Act and Clean Water Act also provide that any violation of this Permit may
subject the permittee to:

1. Administrative penalties may be assessed up to $10,000 per day per violation for each
day during which the violations continue with a $125,000 per violation maximum;

2. Civil penalties may be assessed up to $10,000 per day per violation;

3. Criminal penalties may range from the minimum of $2,500 to the maximum of
$2,000,000 with a maximum jail time of 30 years in the state penitentiary; and

4. Penalties for permit fraud are subject to a maximum of $20,000 and a maximum of 4
years in prison.

Duty to Re-Apply

If you wish to continue an activity regulated by this Permit after the expiration date of this
Permit, you must apply for and obtain a new permit.

Continuation of the Expired General Permit

If this Permit is not reissued or replaced prior to the expiration date, it will be
administratively continued in accordance with the Administrative Procedures Act and
remain in force and effect. Any permittee who was granted permit coverage prior to the
expiration date will automatically remain covered by the continued permit until the earlier
of:

1. Reissuance or replacement of this Permit, at which time you must comply with the
Notice of Intent (NOI) conditions of the new permit to maintain authorization to
discharge; or

2. Issuance of an individual permit for your discharges; or

3. A formal permit decision by the permitting authority not to reissue this Permit, at which
time you must seek coverage under an alternative general permit or individual permit.
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VI.D

VI.E

VI. F

VI.G

VI.H

Need to Halt or Reduce Activity is not a Defense

It shall not be a defense for you in an enforcement action that it would have been necessary
to halt or reduce the permitted activity in order to maintain compliance with the conditions
of this Permit.

Duty to Mitigate

You must take all reasonable steps to minimize or prevent any discharge in violation of this
Permit that has a reasonable likelihood of adversely affecting human health or the
environment.

Duty to Provide Information

You must furnish to the Director, within a reasonable time, any information which the
Director may request to determine whether cause exists for modifying, revoking, and
reissuing, or terminating this Permit or to determine compliance with this Permit. You must
also furnish to the Director, upon request, copies of records required to be kept by this
Permit.

Other Information

If you become aware that you have failed to submit any relevant facts in your Notice of
Intent (NOI) or submitted incorrect information in the NOI or in any other report to the
Director, you must promptly submit or correct such facts or information.

Signatory Requirements

1. Notices of Intent: All Notices of Intent must be signed and certified as follows:

a. For a corporation, the NOI must be signed and certified by a responsible corporate
officer. For the purpose of this Part, a responsible corporate officer means:

(1) A president, secretary, treasurer, or vice-president of the corporation in charge
of a principal business function, or any other person that performs similar
policy decision making functions for the corporation, or

(2) The manager of one or more manufacturing, production, or operating facilities,
provided the manager is authorized to make management decisions which
govern the operation of the regulated facility, including having the explicit or
implicit duty of making major capital investment recommendations, and
initiating and directing other comprehensive measures to assure long term
environmental compliance with environmental laws and regulations; the
manager can ensure that the necessary systems are established or actions taken
to gather complete and accurate information for permit application
requirements; and where authority to sign documents has been assigned or
delegated to the manager in accordance with corporate procedures.

b. For a partnership or sole proprietorship, the NOI must be signed and certified by a
general partner or the proprietor, respectively.
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VI.

C.

For a municipality, State, Federal, or other public agency, the NOI must be signed
and certified by either a principal executive officer or ranking elected official. For
purposes of this Part, a principal executive officer of a Federal agency includes:

(1) The chief executive officer of the agency, or

(2) A senior executive officer having responsibility for the overall operations of a
principal geographic unit of the agency (e.g., Regional Administrator of EPA).

2. Reports and Other Information: All NOTs, SWMPs, SWP3s, reports, certifications or

other information required by this Permit and other information requested by the
Director or authorized representative of the Director shall be signed by a person
described in Part VI.H.1 or by a duly authorized representative of that person. A person
is a duly authorized representative if:

a.

The authorization is made in writing by a person described in Part VI.H.1, and
submitted to the Director.

The authorization specifies either an individual or a position having responsibility
for the overall operation of the regulated facility or activity, such as the position of
manager, operator, superintendent, or position of equivalent responsibility for
environmental matters for the regulated entity.

The signed and dated written authorization is included in the SWMP. A copy must
be submitted to the Director.

3. Changes to Authorization: If an authorization is no longer accurate because a different

operator has the responsibility for the overall operation of the MS4, a new authorization
satisfying the requirement of Part VI.H.2 above must be submitted to the Director prior
to or together with any reports, information, or notices of termination to be signed by an
authorized representative.

4. Certification: Any person signing documents under terms of this Permit shall make the
following certification:

“I certify under penalty of law that this document and all attachments were
prepared under my direction or supervision in accordance with a system
designed to assure that qualified personnel properly gathered and evaluated
the information submitted. Based on my inquiry of the person or persons who
manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and
belief, true, accurate, and complete. | am aware that there are significant
penalties for submitting false information, including the possibility of fine and
imprisonment for knowing violations.”

Property Rights

The issuance of this Permit does not convey any property rights of any sort, or any
exclusive privilege, nor does it authorize any injury to private property nor any invasion of
personal rights, nor any infringement of Federal, State or local laws or regulations.
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V1. J

VI.

VI.

VI.

VI.

L

Proper Operation and Maintenance

You must at all times properly operate and maintain all facilities and systems of treatment
and control (and related appurtenances) which are installed or used by you to achieve
compliance with the conditions of this Permit and with the conditions of your SWMP.
Proper operation and maintenance also includes adequate laboratory controls and
appropriate quality assurance procedures. Proper operation and maintenance requires the
operation of backup or auxiliary facilities or similar systems, installed by you only when
the operation is necessary to achieve compliance with the conditions of the permit.

Inspection and Entry

You must allow the Director or an authorized representative (including an authorized
contractor acting as a representative of the Director) upon the presentation of credentials
and other documents as may be required by law, to do any of the following:

1. Enter the premises where a regulated facility or activity is located or conducted or
where records must be kept under the conditions of this Permit.

2. Have access to and copy at reasonable times, any records that must be kept under the
conditions of this Permit.

3. Inspect at reasonable times any facilities or equipment (including monitoring and
control equipment) practices, or operations regulated or required under this Permit.

4. Sample or monitor any substances or parameters at any location at reasonable times for
the purposes of assuring permit compliance or as otherwise authorized by the CWA.

Permit Actions

This Permit may be modified, revoked and reissued, or terminated for cause. Your filing of
a request for a permit modification, revocation and reissuance, or termination, or a
notification of planned changes or anticipated noncompliance does not stay any permit
condition.

Permit Transfers

This Permit is not transferable to any person except after notice to the Director. The
Director may require modification or revocation and reissuance of the Permit to change the
name of the permittee and incorporate such other requirements as may be necessary under
the Act.

Anticipated Noncompliance

You must give advance notice to the Director of any planned changes in the permitted small
MS4 or activity that may result in noncompliance with this Permit.
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VI.O

VI. P

VI.Q

VI.R

State Environmental Laws

1. Nothing in this Permit shall be construed to preclude the institution of any legal action
or relieve you from any responsibilities, liabilities, or penalties established pursuant to
any applicable State law or regulation under the authority preserved by Section 510 of
the Act.

2. No condition of this Permit releases you from any responsibility or requirements under
other environmental statutes or regulations.

Severability

The provisions of this Permit are severable, and if any provision of this Permit or the
application of any provision of this Permit to any circumstance is held invalid, the
application of such provision to other circumstances, and the remainder of this Permit shall
not be affected thereby.

Procedures for Modification or Revocation

Permit modification or revocation will be conducted according to OAC 252.606-1-3(b)(3)
and (4) adopted and incorporated by reference 40 CFR § 122.62, 122.63, 122.64, and 124.5.

Requiring an Individual Permit or Alternative General Permit

1.

Request by Director

DEQ may require any person seeking authority under or authorized by this Permit to
apply for and/or obtain either an individual OPDES permit or an alternative OPDES
general permit. Any interested person may petition DEQ to take action under this
paragraph. Where DEQ requires you to apply for an individual OPDES permit, DEQ
will notify you in writing that a permit application is required. This notification shall
include a brief statement of the reasons for this decision, an application form, a
statement setting a deadline for you to file the application, and a statement that on the
effective date of issuance or denial of the individual OPDES permit or the alternative
general permit as it applies to the individual permittee, coverage under this general
permit shall automatically terminate. DEQ may grant additional time to submit the
application upon request of the applicant. If you fail to submit an individual OPDES
permit application in a timely manner as required by DEQ under this paragraph, then
the applicability of this general permit to you is automatically terminated at the end of
the day specified by DEQ for application submittal. This paragraph does not apply to
any person whom the Director determines was never eligible under Part 1.LA. The
Director may also require a discharger to file for an individual permit prior to
submission of a NOI.

Request by Permittee

Any discharger authorized by this Permit may request to be excluded from the coverage
of this Permit by applying for an individual permit. In such cases, you must submit an
individual application in accordance with the requirements of 40 CFR §122.33(b)(2),
with reasons supporting the request, to the Director of DEQ. The request may be
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VI. S

VI.T

granted by issuance of any individual permit or an alternative general permit if the
reasons cited by you are adequate to support the request.

3. General Permit Termination

When an individual OPDES permit is issued to a discharger otherwise subject to this
Permit, or you are authorized to discharge under an alternative OPDES general permit,
the applicability of this Permit to the individual OPDES permittee is automatically
terminated on the effective date of the individual permit or the date of authorization of
coverage under the alternative general permit, whichever the case may be. When an
individual OPDES permit is denied to an operator otherwise subject to this Permit, or
the operator is denied coverage under an alternative OPDES general permit, the
applicability of this Permit to the individual OPDES permittee is automatically
terminated on the date of such denial, unless otherwise specified by the Director.

Compliance Schedules

Reports of compliance or noncompliance with, or any progress reports on, interim and final
requirements contained in any compliance schedule of this Permit shall be submitted no
later than 14 days following each schedule date.

Twenty-Four (24) Hour Reporting

1. You shall report any noncompliance which may endanger health or the environment.
Any information shall be provided orally within 24 hours from the time you become
aware of the circumstances. A written submission shall also be provided within 5 days
of the time you become aware of the circumstances. The written submission shall
contain a description of the noncompliance and its cause; the period of noncompliance,
including exact dates and times, and if the noncompliance has not been corrected, the
anticipated time it is expected to continue; and steps taken or planned to reduce,
eliminate, and prevent reoccurrence of the noncompliance;

2. The following shall be included as information which must be reported within 24 hours:
1) Any unanticipated bypass which exceeds any effluent limitation in the permit; 2)
Any upset which exceeds any effluent limitation in the permit; and 3) Violation of a
maximum daily discharge limitation for any of the pollutants listed by the DEQ in the
permit to be reported within 24 hours; and

3. DEQ may waive the written report on a case-by-case basis for reports if the oral report
has been received within 24 hours.
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PART VII: DEFINITIONS

All definitions contained in Section 502 of The Act and 40 CFR 8122 shall apply to this Permit and
are incorporated herein by reference. For convenience, simplified explanations of some
regulatory/statutory definitions have been provided, but in the event of a conflict, the definition
found in the Statute or Regulation takes precedence.

Best Management Practices (BMPs) means schedules of activities, prohibitions of practices,
maintenance procedures, and other management practices to prevent or reduce the pollution of
waters of the State. BMPs also include treatment requirements, operating procedures, and
practices to control runoff, spillage or leaks, sludge or waste disposal, or drainage from raw
material storage.

Construction Site Operator means the party or parties that meet one or more of the following
descriptions:

1. Has operational control over construction plans and specifications, including the ability to
make modifications to those plans and specifications or

2. Has day-to-day operational control of those activities at a project that are necessary to
ensure compliance with a Stormwater Pollution Prevention Plan (SWP3) for the site or
other permit conditions (e.g., they are authorized to direct workers at a site to carry out
activities required by the SWP3 or comply with other permit conditions).

In addition, "owner" refers to the party that owns the structure being built. Ownership of the
land where construction is occurring does not necessarily imply the property owner is an
operator (e.g., a landowner whose property is being disturbed by construction of a gas pipeline
or a landowner who allows a mining company to remove dirt, shale, clay, sand, gravel, etc.
form a portion of his property).

This definition is provided to inform permittees of DEQ's interpretation of how the regulatory
definitions of "operator” are applied to discharges of stormwater associated with construction
activity.

Control Measure as used in this Permit, refers to any Best Management Practice (BMP) or other
method used to prevent or reduce the discharge of pollutants to waters of the State.

CWA or The Act means the Clean Water Act (formerly referred to as the Federal Water Pollution
Control Act or Federal Water Pollution Control Act Amendments of 1972) Pub.L. 92-500, as
amended Pub. L. 95-217, Pub. L. 95-576, Pub. L. 96-483 and Pub. L. 97-117, 33 U.S.C. 1251
et.seq.

Director means the Executive Director or chief administrator of the Department of Environmental
Quiality or an authorized representative.

Discharge, when used without a qualifier, refers to “discharge of a pollutant” as defined at 40 CFR
8§122.2.
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Impaired Water (or Water Quality Impaired Water) is identified by a State, or EPA pursuant to
Section 303(d) or the Clean Water Act as not meeting applicable State water quality standards.
Impaired waters include both waters with approved or established TMDLs, and those for which
a TMDL has not yet been approved or established.

Ilicit Discharge is defined at 40 CFR 8122.26(b)(2) and refers to any discharge to a municipal
separate storm sewer that is not entirely composed of stormwater, except discharges authorized
under an OPDES or NPDES permit (other than the OPDES permit for discharges from the
MS4) and discharges resulting from firefighting activities.

LID is an acronym for "Low Impact Development,” an approach to land development (or re-
development) that works with nature to manage stormwater as close to its source as possible.
LID employs principles such as preserving and recreating natural landscape features,
minimizing effective imperviousness to create functional and appealing site drainage that treats
stormwater as a resource rather than a waste product.

MEP is an acronym for "Maximum Extent Practicable,” the technology-based discharge standard
for Municipal Separate Storm Sewer Systems (MS4s) to reduce pollutants in stormwater
discharges that was established by CWA 8402(p). A discussion of MEP as it applies to MS4s is
found at 40 CFR § 122.34.

MS4 is an acronym for "Municipal Separate Storm Sewer System" and is used to refer to a either
Large, Medium, or Small Municipal Separate Storm Sewer System. The term is used to refer to
either the system operated by a single entity or a group of systems within an area that are
operated by multiple entities (e.g., the Oklahoma City MS4 includes MS4s operated by
Oklahoma City, the Oklahoma Department of Transportation, and others).

Municipal Separate Storm Sewer System is defined at 40 CFR § 122.26(b)(8) and means a
conveyance or system of conveyances (including roads with drainage systems, municipal
streets, catch basins, curbs, gutters, ditches, man-made channels, or storm drains):

1. Owned or operated by a state, city, town, borough, county, parish, district, association, or
other public body (created by or pursuant to State law) having jurisdiction over disposal of
sewage, industrial wastes, stormwater, or other wastes, including special districts under
State law such as a sewer district, flood control district or drainage district, or similar entity,
or an Indian tribe or an authorized Indian tribal organization, or a designated and approved
management agency under section 208 of the CWA that discharges to waters of the United
States;

2. Designed or used for collecting or conveying stormwater;
3. Which is not a combined sewer; and

4. Which is not part of a Publicly Owned Treatment Works (POTW) as defined at 40 CFR
8§122.2.

Newly Regulated Small MS4 refers to a small MS4 newly designated as a result of 2010 US
census data or other new information, and required to be covered under an OPDES permit.
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NOI is an acronym for “Notice of Intent” to be covered by this Permit and is the mechanism used
to “register” for coverage under a general permit.

Non-traditional MS4 means state and federal prisons, office complexes, hospitals, state
transportation agencies, universities, public housing authorities, schools and other special
districts.

Outstanding Resource Waters means those waters of the State which are designated as such in
Oklahoma's Water Quality Standards OAC 785:45.

Small Municipal Separate Storm Sewer System is defined at 40 CFR §122.26(b)(16) and refers
to all separate storm sewers that are owned or operated by the United States, a state, city, town,
county, district, association, or other public body (created by or pursuant to State law) having
jurisdiction over disposal of sewage, industrial wastes, stormwater, or other wastes, including
special districts under State law such as a sewer district, flood control district or drainage
district, or similar entity, or a designated and approved management agency under section 208
of the CWA that discharges to waters of the State, but is not defined as a “large™ or “medium”
municipal separate storm sewer system. This term includes systems similar to separate storm
sewer systems in municipalities, such as systems at military bases, large hospital or prison
complexes, and highways and other thoroughfares. The term does not include separate storm
sewers in very discrete areas, such as individual buildings.

Small MS4 Newly Designated after the Date of Permit Issuance refers a small MS4 newly
designated by EPA or DEQ after the date of this Permit issuance.

Stabilization is the process of covering exposed ground surfaces with vegetative or non-vegetative
practices that reduce erosion and prevent sediment discharge from occurring.

e “Temporary stabilization” refers to the stabilization of exposed portions of the site in
order to provide temporary cover (1) during the establishment and growth of vegetation,
and/or (2) in areas where earth-disturbing activities will occur again in the future.

e “Final stabilization” refers to the stabilization of exposed portions of the site using
practices that provide permanent cover and qualify the permittee for permit termination.

All soil disturbing activities at the site have been completed and either of the two following
criteria is met:

1. A uniform (e.g., evenly distributed, without large bare areas) perennial vegetative cover
with a density of 70% of the native background cover for the area has been established on
all unpaved areas and areas not covered by permanent structures, or

2. Equivalent permanent stabilization measures (such as the use of riprap, gabions, or
geotextiles) have been employed.

When background native vegetation covers less than 100% of the ground (e.g., arid areas, and
beaches), establishing at least 70% of the natural cover of the native vegetation meets the
vegetative cover criteria for final stabilization (e.g., if the native vegetation covers 50% of the
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ground, 70% of 50% would require 35% total cover for final stabilization. On a beach with no
natural vegetation, no vegetation is required.

Stormwater is defined at 40 CFR 8122.26(b)(13) and means stormwater runoff, snow melt runoff,
and surface runoff and drainage.

Stormwater Management Program (SWMP) refers to a comprehensive program to manage the
quality of stormwater discharged from the municipal separate storm sewer system (MS4).

SWMP is an acronym for “Stormwater Management Program.”

Total Maximum Daily Load or TMDL means the sum of the individual wasteload allocations
(WLAS) for point sources, safety, reserves, and loads from nonpoint sources and natural
background.

“You” and “Your” as used in this Permit is intended to refer to the permittee, the operator, or the
discharger as the context indicates and that party’s responsibilities (e.g., the city, the county,
the flood control district, the U.S. Air Force, etc.).

Waters of the State means all streams, lakes, ponds, marshes, watercourses, waterways, wells,
springs, irrigation systems, drainage systems, storm sewers and all other bodies or
accumulations of water, surface and underground, natural or artificial, public or private, which
are contained within, flow through, or border upon this state or any portion thereof, and shall
include under all circumstances the waters of the United States which are contained within the
boundaries of, flow through, or border upon this state or any portion thereof. Provided waste
treatment systems, including treatment ponds or lagoons designed to meet federal and state
requirement other than cooling ponds as defined in the Clean Water Act or rules promulgated
thereto, and prior converted cropland are not waters of the State. (27A O.S. §1-1-201).
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PART VIII: OPTIONAL PERMIT REQUIREMENTS FOR MUNICIPAL CONSTRUCTION
ACTIVITIES

VIII. A Optional for Small MS4s Seeking Coverage For Municipal Construction Activities Under
This Permit

VIII. B

The development of this optional provision for municipal construction activities is an
alternative for the small MS4 operator seeking coverage under this Permit. This provision
does not apply to Oklahoma Turnpike Authority (OTA) or Oklahoma Department of
Transportation (ODOT), who are small MS4 operators. Additionally, contractors working
for the small MS4 operator are not required to obtain separate authorization as long as the
contractor does not meet the definition of “construction site operator”, but does remain
compliant with the conditions of this Permit. Small MS4s that choose to develop this option
will be authorized by this Permit to discharge stormwater and certain non-stormwater from
construction activities where the small MS4s are the “construction site operators”. For
small MS4s that choose to develop this measure, it shall be part of the SWMP submitted
with the initial NOI. You must comply with the requirements in Part VI11.B.

If you choose not to develop this optional measure, then you must submit a NOI and seek
coverage under the DEQ general permit (OKR10) for stormwater discharges from
construction activities.

If this optional provision requirement is elected you must include the following in your
SWMP:

1. Description of how construction activities will generally be conducted by the small
MS4. Local conditions and other site specific considerations must be included in the
description;

2. Description of how the small MS4 will implement the technology-based requirements
to comply with Effluent Limitation Guidelines and Standards for the Construction and
Development Point Source Category (ELGs) under Part 450 of 40 C.F.R., Effective
February 1, 2010, in Part VI11.B.3 of this Permit;

3. Description of how the small MS4 will ensure that the SWP3 requirements are properly
implemented and maintained at the construction site; or how the small MS4 will ensure
that the contractors obtain a separate authorization for stormwater discharges from DEQ
for each project; and

4. General Stormwater Pollution Prevention Plan (SWP3) conditions and a procedure to
include site specific BMPs to account for local considerations.

Optional Permit Requirements for Municipal Construction Activities

1. Eligibility
a. This optional provision authorizes small Ms4s to discharge pollutants in stormwater
runoff associated with municipal construction activities as defined in 40 CFR (Code
of Federal Regulations) 122.26 (b)(14)(x) for construction sites of five or more
acres, CFR 122.26 (b)(15)(i) for construction sites of more than one acre but less
than five acres, and those construction site discharges designated by the Director as
needing a stormwater permit under 122.26 (a)(1)(v), or under 122.26 (a)(9) and
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b.

122.26 (g)(1)(i). Any discharge authorized by a different OPDES or NPDES permit
may be commingled with discharges authorized by this Permit.

This provision also authorizes stormwater discharges from support activities® (e.g.,
concrete batch plants, equipment staging yards, material storage areas, excavated
material disposal areas, borrow areas) provided:

(1) Concrete batch plant activity is not located in the watershed of an Outstanding
Resource Water? as defined in the Oklahoma Water Quality Standards.

(2) The support activity is directly related to a construction site that is required to
have OPDES permit coverage for discharges of stormwater associated with
construction activity.

(3) The support activity is not a commercial operation serving multiple unrelated
construction projects by different operators, and does not operate beyond the
completion of the construction activity at the last construction project it
supports.

(4) Appropriate controls and measures are identified in a SWP3 covering the
discharges from the support activity areas.

2. Authorized Non-Stormwater Discharges

The following non-stormwater discharges from active construction sites are authorized
by this provision:

a.

b
C.
d

Waters used to wash vehicles where detergents are not used,;

. Water used to control dust;

Routine external building wash down which does not use detergents;

Pavement wash waters where spills or leaks of toxic or hazardous materials have not
occurred (unless all spilled material has been removed) and where detergents are not
used; and

Uncontaminated flows from excavation dewatering activities will be allowed if
operational and structural controls are used to reduce any pollutant releases in order
to avoid or minimize the impacts on water quality. These controls must be included
in your SWP3.

3. Non-Numeric Technology Based Effluent Limitations

The stormwater control requirements in this part are the technology-based effluent
limitations that apply to all discharges from construction sites eligible for coverage
under this provision. These requirements apply the national effluent limitations
guidelines and new source performance standards found at 40 CFR Part 450.

1

2

Discharges subject to a numeric effluent limitation guideline for Asphalt Batch Plants are not covered under this
Permit and required to apply for permit coverage under stormwater multi-sector general permit OKRO05.

See Part VII Definitions for details
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a. Erosion and Sediment Control Requirements

You must design, install and maintain erosion and sediment that minimize the
discharge of pollutants from earth-disturbing activities. You are required to
minimize the amount of soil exposed during construction activities and also subject
to the deadlines for temporarily and/or permanently stabilizing exposed portions of
your site pursuant to Part VII1.B.3.b. You must account for the following factors in
designing your stormwater controls:

e The expected amount, frequency, intensity, and duration of precipitation.

e The nature of stormwater runoff and run-on at the site, including factors such as
expected flow from impervious surfaces, slopes, and site drainage features. If
any stormwater flow will be channelized at your site, you must design
stormwater controls to control both peak flowrates and total stormwater volume
to minimize erosion at outlets and to minimize downstream channel and
streambank erosion.

e The range of soil particle sizes expected to be present on the site.

You must direct discharges from your stormwater controls to vegetated areas of
your site to increase sediment removal and maximize stormwater infiltration,
including any natural buffers established under Parts VIII.B.3.a.(1) and VIII.B.5,
unless infeasible. Use velocity dissipation devices if necessary to prevent erosion
when directing stormwater to vegetated areas.

(1) Protection of surface water

In order to minimize sediment discharges, if any water of the State are located
on or immediately adjacent to the site, you must maintain at least fifty (50)
feet of natural buffer zone, as measured from the top of the bank to disturbed
portions of your site, from any named or unnamed receiving streams, creeks,
rivers, lakes or other waterbodies unless 100 feet of natural buffer is required
by Part VIII.B.4.b and VIII.B.5. There are exceptions from this requirement
for water crossings, limited water access, and stream restoration authorized
under a CWA Section 404 permit. Where no natural buffer exists due to
preexisting development disturbances (e.g., structures, impervious surfaces)
that occurred prior to the initiation of planning for the current development of
the site, you are not required to comply with the requirements in this part,
unless you will remove portions of the preexisting development. Where some
natural buffer exists but portions of the area within 50 feet of the surface water
are occupied by preexisting development disturbances, you may refer to
Exhibit 4 (Buffer Guidance) for sediment control alternatives. Additionally,
this requirement is not intended to interfere with any other ordinance, or
regulation, statute or other provision of law.

(2) Install perimeter controls

You must install sediment controls along those perimeter areas of your site
that will receive stormwater from earth-disturbing activities. For linear
projects with rights-of-way that restrict or prevent the use of such perimeter
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controls, you must maximize the use of these controls where practicable and
document in your SWP3 why it is impracticable in other areas of the project.
You must remove sediment before it has accumulated to one (1)-half of the
above-ground height of any perimeter control.

(3) Minimize sediment track-out

You must minimize the track-out of sediment onto off-site streets, other paved
areas, and sidewalks from vehicles exiting your construction site. To comply
with this requirement, you must:

(a).
(b).

(©).

(d).

Restrict vehicle use to properly designated exit points.

Use appropriate stabilization techniques at all points that exit onto paved
roads so that sediment removal occurs prior to vehicle exit.

Where necessary, use additional controls to remove sediment from
vehicle tires prior to exit.

Where sediment has been tracked-out from your site onto the surface of
off-site streets, other paved areas, and sidewalks, you must remove the
deposited sediment by the end of the same work day in which the track-
out occurs or by the end of the next work day if track-out occurs on a
non-work day. You must remove the track-out by sweeping, shoveling,
or vacuuming these surfaces, or by using other similarly effective means
of sediment removal. You are prohibited from hosing or sweeping
tracked-out sediment into any stormwater conveyance (unless it is
connected to a sediment basin, sediment trap, or similarly effective
control), storm drain inlet, or surface water.

(4) Control discharges from stockpiled sediment or soil

For any stockpiles or land clearing debris composed, in whole or in part, of
sediment or soil, you must comply with the following requirements:

@).

(b).

(©).

(d).

(e).

Locate the piles outside of any natural buffers established under Parts
VIII.B.3.a.(1) or VIII.B.4.b and physically separated from other
stormwater controls implemented in accordance with Part V111.B.3.a.

Protect from contact with stormwater (including run-on) using a
temporary perimeter sediment barrier.

Where practicable, provide cover or appropriate temporary
stabilization to avoid direct contact with precipitation or to minimize
sediment discharge.

Do not hose down or sweep soil or sediment accumulated on pavement
or other impervious surfaces into any stormwater conveyance (unless
connected to a sediment basin, sediment trap, or similarly effective
control), storm drain inlet, or surface water.

Unless infeasible, contain and securely protect from wind.
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()

(6)

(7)

(8)

(9)

Minimize Dust

In order to avoid pollutants from being discharged into surface waters, to the
extent feasible, you must minimize the generation of dust through the
appropriate application of water or other dust suppression techniques.

Minimize the Disturbance of Steep Slopes

You must minimize the disturbance of steep slopes (i.e., slopes of 40% or
greater). If it is not feasible to avoid disturbance of steep slopes, you must:

(a). Divert concentrated or channelized flows of stormwater away from and
around areas of disturbance on steep slopes.

(b). Use specialized erosion and sediment controls for steep slopes, such as
temporary and permanent seeding with soil binders, erosion control
blankets, surface roughening, reducing the continuous slope length
with terracing or diversions, gradient terraces, interceptor dikes and
swales, grass-lined channels, pipe slope drains, subsurface drains, level
spreaders, check dams, seep berms, and triangular silt dikes.

(c). Use stabilization practices designed to be used on steep slopes. You
must comply with the stabilization requirements as required in Part
VIII1.B.3.b.

Preserve Topsoil

You must preserve native topsoil on your site, unless infeasible; you should
stockpile and reuse it in areas that will be stabilized with vegetation if
applicable.

Minimize Soil Compaction

In areas of your site where final vegetative stabilization will occur or where
infiltration practices will be installed, you must either restrict vehicle and
equipment use in these locations to avoid soil compaction, or use techniques
that condition the soils to support vegetative growth if necessary, prior to
seeding or planting areas of exposed soil that have been compacted.

Protect Storm Drain Inlets

If you discharge to any storm drain inlet that carries stormwater flow from
your site directly to surface water (and it is not first directed to a sediment
basin, sediment trap, or similarly effective control), and you have the authority
to access the storm drain inlet, you must install inlet protection measures that
remove sediment from your discharge prior to entry into the storm drain inlet.
You must clean, or remove and replace the protection measures as sediment
accumulates, the filter becomes clogged, and/or performance is compromised.
Where there is evidence of sediment accumulation adjacent to the inlet
protection measure, you must remove the deposited sediment by the end of the
same work day in which it is found or by the end of the following work day if
removal by the same work day is not feasible.
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(10)

(11)

(12)

Constructed Stormwater Conveyance Channels

You must design channels to avoid unstabilized areas on the site and to reduce
erosion, unless infeasible. Minimize erosion of channels and their
embankments, outlets, adjacent streambanks, slopes, and downstream waters
during discharge conditions through the use of erosion controls and velocity
dissipation devices within and along the length of any constructed stormwater
conveyance channel, and at any outlet to provide a non-erosive flow velocity.

Sediment Basins
If you install a sediment basin, you must comply with the following:

(@). Design requirements. Provide storage for either the calculated volume of
runoff from a 2-year, 24-hour storm, or 3,600 cubic feet per acre drained.

(b). When discharging from the sediment basin, utilize outlet structures that
withdraw water from the surface in order to minimize the discharge of
pollutants, unless infeasible.

(c). Prevent erosion of the sediment basin using stabilization controls (e.g.,
erosion control blankets), and the inlet/outlet using erosion controls and
velocity dissipation devices.

(d). Sediment basins must be situated outside of surface waters and any
natural buffers established under Parts VI1I1.B.3.a.(1) and VI1II.B.4.b.

Dewatering Practices

You are prohibited from discharging groundwater or accumulated stormwater
that is removed from excavations, trenches, foundations, vaults, or other
similar points of accumulation associated with a construction activity, unless
such waters are first effectively managed by appropriate controls.
Uncontaminated dewatering water can be discharged without being routed to a
control. You must also meet the following requirements for dewatering
activities:

(@). Do not discharge visible floating solids or foam.
(b). Use an oil-water separator or suitable filtration device (such as a

cartridge filter) that is designed to remove oil, grease, or other products if
dewatering wastewater is found to contain these materials.

(c). To the extent feasible, utilize vegetated, upland areas of the site to
infiltrate dewatering water before discharge. In no case will surface
waters be considered part of the treatment area.

(d). At all points where dewatering water is discharged, comply with the
velocity dissipation requirements of Part VV111.B.3.a.(10).

(e). With backwash water, either haul away for disposal or return it to the
beginning of the treatment process.

(). Replace and clean the filter media used in dewatering devices when the
pressure differential equals or exceeds the manufacturer’s specifications.
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b. Stabilization Requirements

You are required to stabilize exposed portions of your site in accordance with the
following requirements:

1)

(2)

Deadlines for Initiating and Completing Stabilization

You must initiate stabilization measures immediately® whenever earth-
disturbing activities have permanently or temporarily ceased on any portion of
the site and will not resume for a period exceeding 14 calendar days. As soon
as practicable, but no later than 14 calendar days after the initiation of soil
stabilization measures, you are required to have completed:

(a). For vegetative stabilization, all activities necessary to initially seed or
plant the area to be stabilized; and/or

(b). For non-vegetative stabilization, the installation or application of all
such non-vegetative measures.

If you discharge to an impaired water, or Outstanding Resource Water (ORW),
or Aquatic Resource of Concern (ARC), you are required to complete the
stabilization activities within seven (7) calendar days after the temporary or
permanent cessation of earth-disturbing activities.

Criteria for Stabilization

To be considered adequately stabilized, you must meet the criteria below
depending on the type of cover you are using, either vegetative or non-
vegetative.

(a). For both temporary and final stabilization®, if you are using vegetative
cover to stabilize an exposed portion of your site, you must comply with
one of the criteria:

(b). Provide an established uniform perennial vegetative cover (e.g., evenly
distributed without large bare areas), which covers 70% or more of the
density of coverage that was provided by vegetation prior to
commencing earth-disturbing activities. When background vegetation
covered less than 100% of the ground prior to commencing earth-
disturbing activities, the 70% coverage criteria is adjusted as in
following example:

3 The term “immediately” is used to define the deadline for initiating stabilization measures. In the context of this
provision, “immediately” means as soon as practicable, but no later than the end of the next work day, following the
day when the earth-disturbing activities have temporarily or permanently ceased.

4  Temporary and final stabilization in Part VIl Definitions
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(©).

(d).

If vegetation covered 50% of the ground prior to construction, then the
requirement would be to provide a total vegetative cover at final
stabilization of 70% of 50% (0.70 X 0.50 = 0.35), or 35% of the site.

Immediately after seeding or planting the area to be vegetative stabilized,
to the extent necessary to prevent erosion on the seeded or planted area,
you must select, design, and install non-vegetative erosion controls that
provide cover (e.g., mulch, rolled erosion control products) to the area
while vegetation is becoming established.

If you are using non-vegetative controls (e.g., hydromulch, erosion
control blankets, riprap, geotextiles, and gabions) to stabilize exposed
portions of your site, or if you are using such controls to temporarily
protect areas that are being vegetatively stabilized, you must provide
effective non-vegetative cover to stabilize any such exposed portions of
your site.

c. Pollution Prevention Requirements

You are required to design, install, implement and maintain effective pollution
prevention measures in order to minimize or prevent the discharge of pollutants. To
meet this requirement, you are required to:

Eliminate certain pollutant discharges from your site [see Part VI111.B.3.c.(1)].

Properly maintain all pollution prevention controls [see Part VI1I1.B.3.c.(2)].

Comply with pollution prevention standards for pollutant-generating activities
that occur at your site [see Part VII1.B.3.c.(3)].

(1)

@)

Prohibited discharges

You are prohibited from discharging the following from your
construction site:

(@) Wastewater from the washout of concrete, unless managed by an
appropriate control as described in Part V111.B.3.c.(2).(d).

(b) Wastewater from the washout and cleanout of stucco, paint, from
release oils, curing compounds and other construction materials,
unless managed by an appropriate control as described in Part
VII1.B.3.c.(2).(d).

(c) Fuels, oils, or other pollutants used in vehicle and equipment
operation and maintenance.

(d) Soaps, detergents or solvents used in vehicle and equipment
washing.

(e) Toxic or hazardous substances from a spill or other release.

Maintenance requirements

You must ensure that all pollution prevention controls installed in
accordance with this Part remain in effective operating condition and are
protected from activities that would reduce their effectiveness. You must
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inspect all pollutant-generating activities and pollution prevention
controls in accordance with your inspection frequency requirements in
Part VI11.B.7.m.(2) and document your findings in accordance with Part
VIIIL.B.7.m.(5) if you find that controls need to be replaced, repaired, or
maintained, you must make the necessary repairs or modifications in
accordance with the following:

(a).

(b).

(©)

General Maintenance Requirements: You must initiate work to
fix the problem immediately after discovering the problem, and
complete such work by the close of the next work day, if the
problem does not require significant repair or replacement, or if the
problem can be corrected through routine maintenance.

Washing of Equipment or Vehicles: You must provide an effective
means of minimizing the discharge of pollutants from equipment
and vehicle washing, wheel wash water, and other types of
washing. To comply with the prohibition in Part VI11.B.3.c.(1) for
storage of soaps, detergents, or solvents, you must provide either
cover (e.g., plastic sheeting or temporary roofs) to prevent these
detergents from coming into contact with rainwater, or a similarly
effective means designed to prevent the discharge of pollutants
from these areas.

Storage, Handling, and Disposal of Construction Products,
Materials and Wastes: You must minimize the exposure to
stormwater of any of the products, materials, or wastes specified
below that are present at your site by complying with the
requirements in this Part. To ensure you meet this requirement, you
must do the following:

i.  For building products in storage areas, you must provide
either cover (e.g., plastic sheeting or temporary roofs) to
prevent these products from coming into contact with
rainwater, or a similarly effective means designed to prevent
the discharge of pollutants from these areas.

ii.  For pesticides, herbicides, insecticides, fertilizers, and
landscape materials in storage areas, you must provide either
cover (e.g., plastic sheeting or temporary roofs) to prevent
these chemicals from coming into contact with rainwater, or a
similarly effective means designed to prevent the discharge of
pollutants from these areas; and comply with all application
and disposal requirements included on the registered
pesticide, herbicide, insecticide, and fertilizer label.

iii.  For diesel fuel, oil, hydraulic fluids, other petroleum
products, and other chemicals to comply with the prohibition
in Part VII1.B.3.c.(1), you must store chemicals in water-tight
containers, and provide either cover (e.g., plastic sheeting or
temporary roofs) to prevent these containers from coming
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into contact with rainwater, or a similarly effective means
designed to prevent the discharge of pollutants from these
areas (e.g., spill kits), or provide secondary containment (e.g.,
spill berms, decks, spill containment pallets); and clean up
spills immediately, using dry clean-up methods where
possible, and dispose of used materials properly. Do not clean
surfaces or spills by hosing the area down. Eliminate the
source of the spill to prevent a discharge or a continuation of
an ongoing discharge.

For hazardous or toxic waste (e.g., paints, solvents,
petroleum-based products, wood preservatives, additives,
curing compounds, acids), you must:

e Separate hazardous or toxic waste from construction and
domestic waste, store waste in sealed containers, which
are constructed of suitable materials to prevent leakage
and corrosion, and which are labeled in accordance with
applicable Resource Conservation and Recovery Act
(RCRA) requirements and all other applicable federal,
state, or local requirements,

o Store all containers that will be stored outside within
appropriately-sized secondary containment (e.g., spill
berms, decks, spill containment pallets) to prevent spills
from being discharged, or provide a similarly effective
means designed to prevent the discharge of pollutants
from these areas (e.g., storing chemicals in covered areas
or having a spill kit available on site),

e Dispose of hazardous or toxic waste in accordance with
the manufacturer’s recommended methods of disposal and
in compliance with federal, state, and local requirements.

e Clean up spills immediately, using dry clean-up methods
where possible, and dispose of used materials properly.
Do not clean surfaces or spills by hosing the area down.
Eliminate the source of the spill to prevent a discharge or
a furtherance of an ongoing discharge.

For construction and domestic waste (e.g., packaging
materials, scrap construction materials, masonry products,
timber, pipe and electrical cuttings, plastics, Styrofoam,
concrete, and other trash or building materials), you must
provide waste containers (e.g., dumpster or trash receptacle)
of sufficient size and number to contain construction and
domestic wastes. In addition, you must clean up and dispose
of waste in designated waste containers on work days; and
clean up immediately if containers overflow.



OPDES Permit OKR04 for Small MS4s, November 1, 2015 Part VIII, Page 52

vi.  For sanitary waste, you must position portable toilets so that
they are secure and cannot be tipped or knocked over.

(d). Washing of Applicators and Containers Used for Paint, Concrete,
or Other Materials

To comply with the prohibition in Parts VII1.B.3.c.(1) and (2), you
must provide an effective means of eliminating the discharge of
water from the washout and cleanout of stucco, paint, concrete,
form release oils, curing compounds, and other construction
materials. To comply with this requirement, you must:

i.  Direct all washwater into a leak-proof container or leak-proof
pit. The container or pit must be designed so that no
overflows can occur due to inadequate sizing or precipitation.

ii. Handle washout or cleanout wastes as follows:

e Do not dump liquid wastes in storm sewers,

e Dispose of liquid wastes in accordance with
applicable requirements in Part VI11.B.3.c.(2).(c).

e Remove and dispose of hardened concrete waste
consistent with your handling of other construction
wastes in Part VII11.B.3.c.(2).(c).

e Locate any washout or cleanout activities as far away
as possible from surface waters and stormwater inlets
or conveyances, and,

e To the extent practicable, designate areas to be used
for these activities and conduct such activities only in
these areas.

(3) Emergency Spill Notification

You are prohibited from discharging toxic or hazardous substances from a
spill or other release, consistent with Part VIII.B.3.c.(1).(e). Where a leak,
spill, or other release containing a hazardous substance or oil in an amount
equal to or in excess of a reportable quantity established under either 40
CFR Part 110, 40 CFR Part 117, or 40 CFR Part 302 occurs during a 24-
hour period, you must notify the National Response Center (NRC) at (800)
424-8802 or, in the areas of Oklahoma, call (800) 522-0206 as soon as you
have knowledge of the discharge. You must also, within seven (7) calendar
days of knowledge of the release, provide a description of the release, the
circumstances leading to the release, and the date of the release. Local
requirements may necessitate additional reporting of spills or discharges to
local emergency response, public health, or drinking water supply agencies.

(4) Fertilizer Discharge Restrictions
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You are required to minimize discharges of fertilizers containing nitrogen or
phosphorus. To meet this requirement, you must comply with the following
requirements:

(@. Apply at a rate and in amounts consistent with manufacturer’s
specifications, or document departures from the manufacturer
specifications.

(b). Apply at the appropriate time of year for your location, and
preferably timed to coincide as closely as possible to the period of
maximum vegetation uptake and growth.

(c).  Avoid applying before heavy rains that could cause excess nutrients
to be discharged.

(d).  Never apply to frozen ground.

(e).  Never apply to stormwater conveyance channels with flowing water.

(. Follow all other federal, state, tribal and local requirements regarding
fertilizer application.

4. Water Quality Based Effluent Limitations

Your stormwater discharges must be controlled as necessary to meet applicable water
quality standards. Operators seeking coverage under this Permit shall not be causing or
have the reasonable potential to cause or contribute to a violation of a water quality
standard. Where a discharge is already authorized under this Permit and is later
determined to cause or have the reasonable potential to cause or contribute to the
violation of an applicable water quality standard, the Director will notify the operator of
such violation(s). The permittee shall take all necessary actions to ensure future
discharges do not cause or contribute to the violation of a water quality standard and
document these actions in the SWP3. If violations remain or re-occur, then coverage
under this Permit may be terminated by the Director, and an alternative general permit
or individual permit may be issued. Compliance with this requirement does not preclude
any enforcement activity as provided by the Clean Water Act (CWA) for the underlying
violation. If such violation is determined, the Director may require you to:

. Develop a supplemental BMP action plan describing SWP3 modifications to
address adequately the identified water quality concerns;

e  Submit valid and verifiable data and information that are representative of ambient
conditions and indicate that the receiving water is attaining water quality
standards; or

e  Cease discharges of pollutants from construction activity and submit an alternative
general permit or individual permit application.

a. Discharges to Waters Identified as Impaired Waters

If you discharge to impaired water that is impaired for sediment within one (1)
stream mile, you are required to comply with the additional requirement in this part.
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1)

(2)

3)

(4)

Identify if you discharge to impaired waters: If you discharge to impaired
waters, you must comply with the following requirements in Part
VIIl.B.4.a.(2), (3), and (4).

Site inspection requirements: You must conduct site inspections once every
seven (7) calendar days at a minimum, and within 24 hours of a storm event
of 0.5 inches or greater or within 24 hours of a discharge caused by
snowmelt.

Corrective actions: If the inspection or visual examination results indicate
any permit violations, you must implement the corrective actions required in
Part VII1.B.7.n. However, a violation would result if you fail to implement
the required corrective actions.

Stabilization requirements: You are required to comply with the following
modified stabilization requirements as specified in Part V111.3.b within seven
(7) calendar days after the temporary or permanent cessation of earth-
disturbing activities.

b. Discharges to Waters ldentified as an Outstanding Resource Water (ORW) or
Agquatic Resource of Concern (ARC)

If you discharge to water identified as ORW or your sites are located within areas
identified as an ARC you must implement inspection, corrective actions and
stabilization requirements provided in Part VII1.B.3.b. Also you must comply with
the following additional requirements:

(1)

(2)

3)

In order to minimize sediment discharges, if any ORW or ARC is located on
or immediately adjacent to your site, you must ensure that a vegetated buffer
zone of at least 100 feet is retained or successfully established/planted
between the area disturbed and all perennial or intermittent streams. A
vegetated buffer zone of at least 50 feet must be retained or successfully
established/planted between the areas disturbed during construction and all
ephemeral streams or drainages. If the nature of the construction activity or
the construction site makes a buffer impossible, you must provide equivalent
controls. Use Exhibit 4 (Buffer Guidance) for information to assist you in
developing equivalent controls. There are exceptions from this requirement
for water crossings, limited water access, and stream restoration authorized
under a CWA Section 404 permit.

For drainage locations serving five (5) or more acres disturbed at one time, a
temporary (or permanent) sediment basin and/or sediment traps shall be used
to minimize sediment discharges within the areas of the ORW or ARC. You
may use the information in Part VIII.B.3.a.(11) and VI1II.B.7.j.(3) to assist
you in complying with this requirement.

For any portion of the site that discharges to an ORW or ARC, instead of the
inspection frequency specified in Part VIII.B.7.m.(2), you must conduct
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(4)

inspections within seven (7) calendar days and within 24 hours of the
occurrence of a storm event of 0.5 inches or greater.

For initiating and completing stabilization, you are required to complete the
stabilization activities within seven (7) calendar days after the temporary or
permanent cessation of earth-disturbing activities.

5. Endangered Species

a. Determine whether the project area drains to ARC for construction activities

1)

(2)

(3)

Refer to Exhibit 1, a map, and a list of all the waters of Oklahoma which the
U.S. Fish and Wildlife Service and the Oklahoma Department of Wildlife
Conservation consider to be sensitive for construction activities, because they
harbor populations of federal or State listed species or their designated critical
habitat.

If the proposed construction site is not located within any of these areas, the
proposed construction stormwater discharge or stormwater discharge related
activities are not likely to significantly affect endangered and threatened
species.

If the proposed construction site is located within the corridor of any ARC,
you must comply with Part VII1.B.5.

b. Implementation of stormwater control measures to protect endangered and
threatened species in ARC

(1)

Applicants whose proposed construction site is located within an ARC must
incorporate the following measures into the SWP3 for this site unless permit
coverage is allowed under Parts 1.E.2.d Criteria C, D and E. Other pollutants
such as, but not limited to, oil, grease, solid waste (i.e. building material scrap,
and trash), and human and hazardous waste, (e.g., paint and solvents), are not
authorized for discharge under this Permit. These potential pollutants must be
properly managed and their contact with stormwater minimized or eliminated
to the greatest extent practicable.

(@). Consistent with Part VII1.B.3, sediment must be retained on site to the
greatest extent practicable; all sediment, solid waste, and human waste
control measures must be properly installed and maintained at all times;
and off-site accumulations of any escaped sediment must be removed.

(b). A vegetated buffer zone of at least 100 feet must be retained or
successfully established/planted between the area disturbed during
construction and all perennial or intermittent streams on or adjacent to
the construction site. A vegetated buffer zone at least 50 feet wide must
be retained or successfully established/planted between the areas
disturbed during construction and all ephemeral streams or drainages.
Buffer zones shall be measured from the top of the first defined bank of
the stream and shown on the site map.
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(©).

(d).

(e).

If characteristics of the site or the project make it impossible to maintain
the required buffer, refer to Exhibit 4 (Buffer Guidance) for information
to assist you in developing equivalent sediment controls. You must
maintain the buffer or selected alternative throughout your period of
coverage under this Permit and no construction activities may be
conducted in this area. All discharges through the buffer must be non-
channelized or non-concentrated, and must first be treated by the site’s
sediment and erosion controls.

Document in your SWP3 the following:

i. If the buffer is less than 100 or 50 feet, the width of the buffer
vegetation to be retained.

ii.  Information you relied on to comply with the requirement to
achieve the equivalent sediment load reduction as an undisturbed
naturally vegetated 100- or 50-foot buffer.

For any disturbances within the required 100 or 50-foot buffer area, you
must comply with the following stabilization requirements, which
replace the corresponding requirements in Part VVI11.B.3.b:

i.  You must immediately initiate stabilization in any exposed areas of
the buffer where earth-disturbing activities have permanently or
temporarily ceased, and will not resume for a period exceeding
seven (7) calendar days. For the purposes of this Permit, earth-
disturbing activities have temporarily ceased when clearing,
grading, and excavation within any area of your construction site
will not resume for a period of 14 or more days, and earth-
disturbing activities have permanently ceased when clearing and
excavation within any area of your construction site has been
completed, and final grade has been reached.

ii.  Within seven (7) calendar days of initiating stabilization, you are
required to have completed all soil conditioning, seeding, watering,
mulching, and any other required activities related to the planting
and establishment of vegetation for vegetative cover; and/or the
installation or application of all non-vegetative measures for non-
vegetative cover.

You are not required to comply with this buffer requirement for the
following types of construction projects, provided that you limit the area
of disturbance to the minimum needed to complete the construction and
to access the site, and that you retain the natural vegetation in the buffer
outside this area:

i.  Construction of water crossings authorized under a CWA Section
404 permit (where required) for water lines, sewer lines, utility
lines, and roadways.

ii.  Construction of water-dependent structures and water access areas
(piers, boat ramps, etc.) approved under a CWA Section 404 permit
(where required) or
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)

(3)

(4)

()

(6)

iii.  Development of a site where no naturally vegetated buffer area
exists due to prior disturbances.

(f). You must conduct inspections within 7 calendar days and within 24
hours of a storm event of 0.5 inches or greater instead of the inspection
frequency specified in Part VIII.B.7.m.(2).

(9). You must meet any local requirements affecting construction in the
buffer.

Consistent with Parts VII1.B.3.b and VIII.B.4.b, an implementation schedule
must be included which describes the stabilization practices that will be used
to control erosion during construction and when construction has permanently
ceased. The preservation of mature vegetation on-site is preferred.

Consistent with Parts VIII.B.3.a and VIII.B.7.j, structural BMPs must be
successfully implemented to divert uphill stormwater flows from crossing
disturbed areas, to store flows (e.g., retention ponds) or to otherwise control
runoff from disturbed areas during construction. At a minimum this must
include silt fencing and vegetated buffer strips on all down slope boundaries of
the area disturbed during construction. The construction of temporary or
permanent stormwater detention or retention structures (e.g., ponds) is
preferred, but these should not be constructed within intermittent or perennial
stream channels or within floodplains.

Consistent with Part VI1I1.B.3.a.(10) and VII1.B.7.j.(3).(c), velocity dissipation
devices must be incorporated into the design of outfall channels and discharge
locations. Outfalls must be screened to prevent the discharge of solid materials
with stormwater runoff.

Hazardous construction materials and waste must be stored in a manner that
minimizes their contact with stormwater. An emergency response plan must
be included which addresses the handling of accidental spills (see Part
VI1I1.B.3.c).

The applicant must comply with any terms and conditions imposed under the
eligibility requirements of Part I.E.2 to ensure that its stormwater discharges
and stormwater discharge-related activities are protective of listed species
and/or critical habitat. Such terms and conditions must be incorporated in the
project's SWP3. If the eligibility requirements of Part I.E.2 cannot be met, the
applicant may seek relief from the appropriate service in the form of an
approved take. As an alternative, the applicant may seek coverage under a
DEQ individual permit.

6. Stormwater Pollution Prevention Plans (SWP3s)

a. You must develop a preliminary SWP3 template for all construction projects or sites
covered by this provision. This SWP3 template represents both controls under
common site conditions and needs for unique water quality prevention. You shall
use or modify this SWP3 template based on individual sites when it starts a project
which is covered under this provision.



OPDES Permit OKR04 for Small MS4s, November 1, 2015 Part VIII, Page 58

b. The SWP3s shall be prepared in accordance with good engineering practices. Use of
a licensed professional engineer (PE) for SWP3 preparation is not required by this
provision. However, if any part of the SWP3 involves the practice of engineering®
then those engineering practices and designs are required to be prepared by a
licensed professional engineer. The SWP3 shall identify potential sources of
pollution that may reasonably be expected to affect the quality of stormwater
discharges from the construction site. The SWP3 shall describe and ensure the
implementation of practices that will be used to reduce the pollutants in stormwater
discharges associated with construction activity at the construction site and assure
compliance with the terms and conditions of this provision.

c. When developing SWP3s, small MS4s must determine whether listed endangered or
threatened species or critical habitat would be affected by your stormwater
discharges or stormwater discharge-related activities. Any information on whether
listed species or critical habitats are found in proximity to the construction site must
be included in the SWP3. Any terms or conditions that are imposed under Part
VI11.B.5 of this provision to protect listed species or critical habitat from stormwater
discharges or stormwater discharge-related activity must be incorporated into the
SWP3. Small MS4s must implement the applicable requirements of the SWP3
required under this provision. A list and map of “Oklahoma Sensitive Waters and
Watersheds Harboring Endangered and Threatened Species and their Critical
Habitat of Concern” has been included in Exhibit 1. This information can also be
obtained from the DEQ’s GIS mapping and Data Viewer at
http://maps.deq.ok.gov/deq_wag/MapFrame.asp.

d. If your construction site discharges into a receiving water which has been listed on
the Clean Water Act 303(d) list of impaired waters, and your discharges contain the
pollutant(s) for which the waterbody is impaired, you must document in your SWP3
how the BMPs and other controls selected for your site will control the discharge of
the pollutant(s) of concern. If Part VIII.B.4.a applies to your discharge you must
include in your SWP3 the additional requirements specified in that part.

e. Keeping Plans Current! The small MS4s must amend the SWP3 whenever:

5 Statutes and Rules of Oklahoma State Board of Licensure for Professional Engineers & Land Surveyors, Section
472.2 “Definitions” states that the practice of engineering means, “Any service or creative work, the adequate
performance of which requires engineering education, training and experience in the application of special
knowledge of the mathematical, physical and engineering sciences to such services or creative work as consultation,
investigation, evaluation, planning and design of engineering works and systems, planning the engineering use of
land and water, teaching of advanced engineering subjects or courses related thereto, engineering research,
engineering surveys, engineering studies, and the inspection or review of construction for the purposes of assuring
compliance with drawings and specifications; any of which embraces such services or work, either public or private,
in connection with any utilities, structures, buildings, machines, equipment, processes, work systems, projects, and
industrial or consumer products or equipment of a mechanical, electrical, chemical, environmental, hydraulic,
pneumatic or thermal nature, insofar as they involve safeguarding life, health or property, and including such other
professional services as may be necessary to the design review and integration of a multidiscipline work, planning,
progress and completion of any engineering services.”
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(1) There is a change in design, construction, operation, or maintenance that has a
significant effect on the discharge of pollutants to the waters of the State that
has not been addressed in the SWP3 or

(2) Inspections or investigations by site operators, local, State or Federal officials
indicate the SWP3 is proving ineffective in eliminating or significantly
minimizing pollutants from sources identified under Part VIII.B.7.e, or is
otherwise not achieving the general objectives of controlling pollutants in
stormwater discharges associated with construction activity.

7. Contents of SWP3

The SWP3 shall include the following items:

a. Stormwater Team

Small MS4 must assemble a “stormwater team,” which is responsible for overseeing
the development of the SWP3, any later modifications to it, and for compliance with
the requirements in this Permit. The SWP3 must identify the personnel (by name or
position) that are part of the stormwater team, as well as their individual
responsibilities. Each member of the stormwater team must have ready access to an
electronic or paper copy of applicable portions of this Permit, the most updated copy
of your SWP3, and other relevant documents or information that must be kept with
the SWP3.

b. Nature of Construction Activities

The SWP3 must describe the nature of the construction activity, including the size
of the property (in acres), the total area expected to be disturbed by the construction
activities (in acres), construction support activity covered by this Permit, and the
maximum area expected to be disturbed at any one time.

c. Sequence and Estimated Dates of Construction Activities

The SWP3 must include a description of the intended sequence of major
construction activities, including a schedule of the estimated start dates and the
duration of the activity, for the following activities:

(1) Installation of stormwater control measures, and when they will be made
operational, including an explanation of how the sequence and schedule for
installation of stormwater control measures complies with Part VII1.B.3.a and
of any departures from manufacturer specifications.

(2) Commencement and duration of earth-disturbing activities, including clearing
and grubbing, mass grading, site preparation (i.e., excavating, cutting and
filling), final grading, and creation of soil and vegetation stockpiles requiring
stabilization.

(3) Cessation, temporarily or permanently, of construction activities on the site, or
in designated portions of the site.
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(4)

(5)

Final or temporary stabilization of areas of exposed soil. The dates for
stabilization must reflect the applicable deadlines to which you are subject in
Parts VII1.B.3.b and VIII1.B.4.b and

Removal of temporary stormwater conveyances/channels and other stormwater
control measures, removal of construction equipment and vehicles, and
cessation of any pollutant-generating activities.

d. Site Map

The SWP3 must contain a legible site map or series of maps showing the following
features of the project:

1)

()

(3)

(4)

()

Boundaries of the property and of the locations where construction activities
will occur, including:

(@). Locations where earth-disturbing activities will occur, noting any
phasing of construction activities.

(b). Approximate slopes before and after major grading activities. Note areas
of steep slopes (i.e., greater than 40%).

(c). Locations where sediment, soil, or other construction materials will be
stockpiled.

(d). Locations of any crossings of surface waters.
(e). Designated points on the site where vehicles will exit onto paved roads.

(f). Locations of structures and other impervious surfaces upon completion
of construction.

(9). Locations of construction support activity areas covered by this Permit.

Locations of all waters of the State within one mile of the site, including
wetlands that exist within or in the immediate vicinity of your site. Indicate
which waterbodies are listed as impaired for sediment, and which are
identified by the State as ARC or ORW.

The boundary lines of any natural buffers (i.e., either the 100 foot or 50-foot
buffer or other buffer areas retained on site) consistent with Parts
VI111.B.3.a.(1), and VII1.B.4.b.

Topography of the site, existing vegetative cover (e.g., forest, pasture,
pavement, structures), and drainage pattern(s) of stormwater and authorized
non-stormwater flow onto, over, and from the site property before and after
major grading activities.

Stormwater and allowable non-stormwater discharge locations, including:

(@). Locations of any storm drain inlets on the site and in the immediate
vicinity of the site.

(b). Locations where stormwater or allowable non-stormwater will be
discharged to waters of the State on or near the site.
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(6) Locations of all potential pollutant-generating activities identified in Part
VIIL.B.7.e.(1) below.

(7) Locations of stormwater control measures.
Construction Site Pollutants

The SWP3 must identify all pollutants that you expect to be found at your site and
that could be discharge from the site. The SWP3 must also list and describe the
activities that are expected to generate these pollutants (or "pollutant-generating
activities™). You must provide the following documentation in order to demonstrate
your compliance with the permit requirements:

(1) Pollutant-generating activities at the site

The SWP3 must include a list and description of all the pollutant-generating
activities on your site. Examples of pollutant-generating activities include, but
are not limited to: paving operations; concrete; paint; stucco washout & waste
disposal; solid waste storage & disposal; and dewatering operations.

(2) Pollutants

For each pollutant-generating activity, an inventory of pollutants or pollutant
constituents (e.g., sediment, paints, solvents, fuels) associated with that
activity, which could be exposed to rainfall, snowmelt, and could be
discharged from your construction site. You must take into account where
potential spills and leaks could occur that contribute pollutants to stormwater
discharges. You must also document any departures form the manufacturer’s
specifications for applying fertilizers containing nitrogen and phosphorus as
required in Part VI11.B.3.c.(4).

A copy of this Permit must be included in your SWP3

You may keep this Permit copy electronically and do not submit it to DEQ if you
are required to submit your SWP3 for DEQ review.

Documentation of Measures to Protect Endangered or Threatened Species

The SWP3 must include information on whether listed endangered or threatened
species, or critical habitat, are found in proximity to the construction activity and
whether such species may be affected by the small MS4 stormwater discharges or
stormwater discharge-related construction activities. You must describe and
implement the measures necessary to protect theses endangered species and
threatened habitat in the SWP3, including any equivalent sediment controls
specified in Exhibit 4 Buffer Guidance or others.

Documentation of Federal, State or Local Historic Preservation Laws

The SWP3 must include information on whether stormwater discharges or
stormwater discharge-related activities would have an effect on a property that is
protected by Federal, State or local historic preservation laws along with any written
agreements reached with the State services to mitigate those effects in Part I.D.

Documentation of Water Quality Impaired Waters
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The SWP3 must include information on whether stormwater discharges or
stormwater discharge-related activities would have an effect on water quality
impaired receiving waters. The permittee must describe how the BMPs and other
controls selected for the site will reduce and avoid the discharges of pollutants of
concern into any 303(d) impaired waters, including requirements of Part VII1.B.4.a.
The permittee must describe and implement any measures necessary to meet the
requirements of an approved TMDL or watershed plan and/or associated
implementation schedule established in the TMDL or watershed plan. Monitoring
and reporting of discharge quality may also be required if necessary to ensure
compliance with an approved TMDL or watershed plan.

j. Stormwater Control Measures

Each SWP3 shall include a description of appropriate control measures (i.e., BMPSs)
that will be implemented as part of the construction activity to control pollutants in
stormwater discharges. The SWP3 must clearly describe for each major activity
identified in Part VII1.B.6 appropriate control measures and the general timing (or
sequence) during the construction process that the measures will be implemented.

(1) Control Measures to be used during construction activity

You may utilize a national BMP menu to select appropriate control measures for
your site. The national menu of Stormwater Best Management Practices can be
found on EPA’s website at:
http://water.epa.gov/polwaste/npdes/swbmp/index.cfm

(@). The construction-phase erosion and sediment controls should be
designed to retain sediment on site to the extent practicable.

(b). All control measures must be properly selected, installed, and maintained
in accordance with the manufacturer’s specifications and good
engineering practices. If periodic inspections or other information
indicates a control has been used inappropriately, or incorrectly, the
small MS4 must replace or modify the control for site situations.

(c). If sediment escapes the construction site, off-site accumulations of
sediment must be removed at a frequency sufficient to minimize offsite
impact (e.g., fugitive sediment in street could be washed into storm
sewers by the next rain and/or pose a safety hazard to users of public
streets).

(d). Sediment must be removed from sediment traps or sedimentation ponds
when design capacity has been reduced by 50%.

(e). Litter, construction debris, and construction chemicals exposed to
stormwater shall be prevented from becoming a pollutant source for
stormwater discharges (e.g., screening outfalls, picked up daily).

(F). Offsite material storage areas (also including overburden and stockpiles
of dirt, borrow areas, etc.) used solely by the permitted project are
considered a part of the project and shall be addressed in the SWP3.


http://water.epa.gov/polwaste/npdes/swbmp/index.cfm
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(g). Many applications of straw and hay bales for erosion and sediment
control are proving ineffective, maintenance-intensive and expensive.
Therefore, straw or hay bales as BMP controls within the State are not
allowed. Alternatives to straw or hay bales can be found on EPA’s
website at: http://water.epa.gov/polwaste/npdes/swbmp/Straw-or-Hay-
Bales.cfm

(2) Stabilization Practice

©)

The SWP3 must describe the specific vegetative and/or non-vegetative
stabilization practices that will be used to achieve temporary and final
stabilization on the exposed portions of your site as required in Part
VIIIL.B.3.b.

Structural Practices

The SWP3 must include a description of structural practices to divert flows
from exposed soils, store flows, or otherwise limit runoff and the discharge of
pollutants from exposed areas of the site to the degree attainable. Structural
practices may include but are not limited to: silt fences, earth dikes, drainage
swales, sediment traps, check dams, subsurface drains, pipe slope drains, level
spreaders, storm drain inlet protection, rock outlet protection, reinforced soil
retaining systems, gabions, and temporary or permanent sediment basins.
Placement of structural practices in floodplains should be avoided to the
degree attainable. The installation of these devices may be subject to Section
404 of the CWA.

(@). For common drainage locations that serve an area with ten (10) or more
acres disturbed at one time (or 5 acres if required by Part VIII.B.4.b), a
temporary (or permanent) sediment basin that provides storage for a
calculated volume of runoff from a 2-year, 24-hour storm from each
disturbed acre drained, or equivalent control measures, shall be provided
where attainable until final stabilization of the site. Where no such
calculation has been performed, a temporary (or permanent) sediment
basin providing 3,600 cubic feet of storage per acre drained, or
equivalent control measures, shall be provided where attainable until
final stabilization of the site. When computing the number of acres
draining into a common location it is not necessary to include flows from
offsite areas and flows from onsite areas that are either undisturbed or
have undergone final stabilization where such flows are diverted around
both the disturbed area and the sediment basin.

In determining whether installing a sediment basin is attainable, the
small MS4s may consider factors such as site soils, slope, available area
on site, etc. In any event, the small MS4s must consider public safety,
especially as it relates to children, as a design factor for the sediment
basin and alternative sediment controls shall be used where site
limitations would preclude a safe design. For drainage locations that
serve ten (10) or more disturbed acres at one time and where a temporary
sediment basin or equivalent controls is not attainable, smaller sediment
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(b).

(©).

basins and/or sediment traps should be used. Where neither the sediment
basin nor equivalent controls are attainable due to site limitations, silt
fences, vegetative buffer strips, or equivalent sediment controls are
required for all down slope boundaries of the construction area and for
those side slope boundaries deemed appropriate as dictated by individual
site conditions. DEQ encourages the use of a combination of sediment
and erosion control measures in order to achieve maximum pollutant
removal.

For drainage locations serving less than 10 acres, smaller sediment
basins and/or sediment traps should be used. At a minimum, silt fences,
vegetative buffer strips, or equivalent sediment controls are required for
all down slope boundaries (and for those side slope boundaries deemed
appropriate as dictated by individual site conditions) of the construction
area unless a sediment basin providing storage for a calculated volume of
runoff from a 2-year, 24-hour storm or 3,600 cubic feet of storage per
acre drained is provided. DEQ encourages the use of a combination of
sediment and erosion control measures in order to achieve maximum
pollutant removal.

Velocity dissipation devices shall be placed at discharge locations and
along the length of any outfall channel when necessary to provide a non-
erosive flow velocity from the structure to a water course so that the
natural physical and biological characteristics and functions are
maintained and protected (e.g. no significant changes in the hydrological
regime of the receiving water).

k. Pollution Prevention

(1) Spill Prevention and Response

The SWP3 must describe procedures that you will follow to prevent and
respond to spills and leaks, including:

@).

(b).

Procedures for expeditiously stopping, containing, and cleaning up spills,
leaks, and other releases. Identify the name or position of the
employee(s) responsible for the detection and response to spills or leaks.

Procedures for notification of appropriate facility personnel, emergency
response agencies, and regulatory agencies where a leak, spill, or other
release containing a hazardous substance or oil in an amount equal to or
in excess of a reportable quantity consistent with Part 3.2 and established
under either 40 CFR Part 110, 40 CFR Part 117, or 40 CFR Part 302,
occurs during a 24-hour period. Contact information must be in locations
that are readily accessible and available.

You may also reference the existence of Spill Prevention Control and
Countermeasure (SPCC) plans developed for the construction activity under
Part 311 of the CWA, or spill control programs otherwise required by an
OPDES permit for the construction activity, provided that you keep a copy of
that other plan onsite.
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)

Waste Management

The SWP3 must describe procedures for how you will handle and dispose of
all wastes generated at your site, including, but not limited to, clearing and
demolition debris, sediment removed from the site, construction and domestic
waste, hazardous or toxic waste, and sanitary waste.

Maintenance

All erosion and sediment control measures and other protective measures identified
in the SWP3 must be maintained in effective operating condition. If site inspections
required by Part VIIL.B.7.m identify BMPs that are not operating effectively,
maintenance shall be performed before the next anticipated storm event, or as
necessary to maintain the continued effectiveness of stormwater controls. If
maintenance prior to the next anticipated storm event is impracticable, maintenance
must be scheduled and accomplished as soon as practicable.

1)

(2)

3)

. Inspections

Person(s) responsible for Inspecting Site

The person(s) inspecting your site may be a person on your staff or a third
party you hire to conduct such inspections. You are responsible for ensuring
that the person who conducts inspections is a "qualified person®. An inspection
form shall be developed and included in your SWP3.

Frequency of Inspections

At a minimum, you must conduct a site inspection once every 14 calendar
days and within 24 hours of the end of a storm event of 0.5 inches or greater
and within 24 hours of a discharge generated by snowmelt, unless you are
subject to Parts VIII.B.4.a or b. If a storm event of 0.5 inches or greater, or
snowmelt, causes your site to discharge, within 24 hours of the end of the
storm event or the beginning of the snowmelt discharge you must conduct a
site inspection when the discharge is occurring and comply with the
requirements of Part VII1.B.7.m.(4).

Reductions in Inspection frequency

You may reduce the frequency of inspections to once per month in areas of
your site where you have initiated vegetative stabilization that meets the
criteria in Part VIII.B.3.b, once you have completed the initial seeding or
planting, and provided protection with non-vegetative cover pursuant to Part
VIII.B.3.b.(2).(b), or you have installed temporary, non-vegetative
stabilization that meet the criteria in Part VII11.B.3.b.(2).(d). If construction

6 A “qualified person” is a person knowledgeable in the principles and practice of erosion and sediment controls and
pollution prevention, who possesses the skills to assess conditions at the construction site that could impact
stormwater quality, and the skills to assess the effectiveness of any stormwater controls selected and installed to
meet the requirements of this Permit.
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(4)

activity resumes at a later date, the inspection frequency shall immediately
increase to that is required in Part VII1.B.7.m.(2).

Requirements for Inspections

(@). Areas that need to be inspected

During your site inspection, you must at a minimum inspect the
following areas of your site:

V.

Vi.

All areas that have been cleared, graded, or excavated and that have
not yet completed stabilization consistent with Part V111.B.3.b.

All stormwater controls installed at the site to comply with this
provision.

Material/waste/borrow/equipment storage and maintenance areas
that are covered by this Permit.

All areas where stormwater typically flows within the site,
including drainage ways designed to divert/convey/treat
stormwater.

All points of discharge from the site.
All locations where stabilization measures have been implemented.

(b). Inspection requirements

During your site inspection, you must:

Vi.

Check whether all erosion and sediment controls and pollution
prevention controls are installed, appear to be operational, and are
working as intended to minimize pollutants discharges. Determine
if any controls need to be replaced, repaired, or maintained in
accordance with Part VIIIL.B.7.n.

Check for the presence of conditions that could lead to spills, leaks,
or other accumulations of pollutants on the site.

Identify any locations where new or modified stormwater controls
are necessary to meet the requirements of Part VI11.B.3.

At point of discharge and, if applicable, the banks of any surface
waters flowing within your property boundaries or immediately
adjacent to your property, check for signs of visible erosion and
sedimentation (i.e., sediment deposits) that have occurred and are
attributable to your discharge. If not accessible, nearby downstream
locations must be inspected to the extent practicable.

Identify any incidents of noncompliance observed.

If a discharge is occurring during your inspection, you are required
to identify all points of the property from which there is a
discharge, and observe and document the visual quality of the
discharge, and take note of the characteristics of the stormwater
discharge, including color, odor, floating, settled, or suspended
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Vii.

solids, foam, oil sheen, and other obvious indicators of stormwater
pollutants.

Also you are required to document whether your stormwater
controls are operating effectively, and describe any such controls
that are clearly not operating as intended or are in need of
maintenance.

Based on the results of your inspection, you must initiate corrective
action under Part VIIL.B.7.n.

(5) Inspection Report

(@). You must complete an inspection report within 24-hours of completing
any site inspection. Each inspection report must include the following:

The inspection date.
Names and titles of personnel making the inspection.

A summary of your inspection finding, covering at a minimum the
observations you made in accordance with Part VII1.B.7.m.(4).

If you are inspecting your site at the frequency specified in Parts
VIII.B.7.m.(2) and VIII.B.4.a.(2) and conducted an inspection
because of rainfall measuring 0.5 inches or greater, you must
include the applicable rain gauge or weather station readings that
triggered the inspection.

If you have determined that it is unsafe to inspect a portion of your
site, you must describe the reason you found it to be unsafe and
specify the locations that this condition applied to.

(b). Signature Requirements: Each inspection record must be signed in
accordance with Part VI.H.

(c). Recordkeeping Requirements: You are required to keep a current, copy
of all inspection reports at the site or at an easily accessible location, so
that it can be made available at the time of an onsite inspection or upon
request by DEQ.

n. Corrective Actions’

(1) Requirements for Taking Corrective Action

You must complete the following corrective actions in accordance with the
deadlines specified in this part. In all circumstances, you must immediately
take all reasonable steps to minimize or prevent the discharge of pollutants
until a permanent solution is installed and made operational, including
cleaning up any contaminated surfaces so that the material will not discharge
in subsequent storm events.

7  Corrective actions are actions you take in compliance with this Part to (1) repair, modify, or replace any stormwater
control used at the site; (2) clean up and dispose of spills, releases, or other deposits; or (3) remedy a permit

violation.
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)

@).

(b).

For any of the following conditions on your site, you must install a new
or modified control and make it operational, or complete the repair, by
no later than seven (7) calendar days from the time of discovery. If it is
infeasible to complete the installation or repair within seven (7) calendar
days, you must document in your records why it is infeasible to complete
the installation or repair within the seven (7) calendar day timeframe and
document your schedule for installing the stormwater controls and
making it operational as soon as practicable after the 7-day timeframe.

I. A required stormwater control was never installed, was installed
incorrectly or not in accordance with the requirements in Parts
VI11.B.3 and/or VII1.B.6; or

ii.  You become aware that the stormwater controls you have installed
and are maintaining are not effective enough for the discharge to
meet applicable water quality standards or applicable requirements
in Part VI11.B.4; and

iii.  One of the prohibited discharges in Parts 1.C and VIIIL.B.3.c is

occurring or has occurred.

Where your corrective actions result in changes to any of the stormwater
controls or procedures documented in your SWP3, you must modify
your SWP3 accordingly within seven (7) calendar days of completing
corrective action work.

Corrective Action Records

For each corrective action taken in accordance with this Part, you must
complete a corrective action report, which includes the applicable information
in this part.

@).

Within 24 hours of discovering the occurrence of one of the triggering
conditions in Part VII1.B.7.n.(1).(a) at your site, you must provide a
record of the following:

i.  Which condition was identified at your site?
ii.  The nature of the condition identified.

iii.  The date and time of the condition identified and how it was
identified.

(b). Within seven (7) days of discovering the occurrence of one of the

triggering conditions in Part VII1.B.7.n.(1).(a) at your site, you must
complete a record of the following:

i.  Any follow-up actions taken to review the design, installation, and
maintenance of stormwater controls, including the dates such
actions occurred.

ii. A summary of stormwater control modifications taken or to be
taken, including a schedule of activities necessary to implement
changes, and the date the modifications are completed or expected
to be completed.
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iii.  Notice of whether SWP3 modifications are required as a result of
the condition identified or corrective action.

(3) Recordkeeping Requirements

You are required to keep a current copy of all corrective action reports at the
site or at an easily accessible location, so that it can be made available at the
time of an onsite inspection or upon request by DEQ.

0. Non-Stormwater Discharges

Sources of non-stormwater listed in Parts 1.B.2 and VI1I1.B.2 of this Permit that are
combined with stormwater discharges associated with construction activity must be
identified in the SWP3. The SWP3 shall identify and ensure the implementation of
appropriate pollution prevention measures for the non-stormwater component(s) of
the discharge.



OPDES Permit OKR04 for Small MS4s, November 1, 2015 Exhibit 1. Endangered Species, Page 70

EXHIBIT 1: ENDANGERED AND THREATENED SPECIES AND THEIR CRITICAL
HABITAT OF CONCERN

A

Aquatic Resources of Concern (ARC) for Federally Listed Species, as Identified by the U.S.
Fish & Wildlife Service for the DEQ Municipal Separate Storm Sewer Systems (MS4s)
Stormwater General Permit

Grand (Neosho) River: A two-mile corridor (one mile from each bank) of the main stem of the
Grand (Neosho) River above its confluence with Tar Creek. This corridor includes portions
of Craig and Ottawa counties.

Cimarron River: A two-mile corridor (one mile from each bank) of the main stem of the
Cimarron River from the US Hwy-77 Bridge in Logan County upstream to and including
Beaver County. This corridor includes river segments in Beaver, Harper, Kingfisher,
Logan, Major, Woods, and Woodward counties.

South Canadian River: A two-mile corridor (one mile from each bank) of the main stem from the
Eufaula Reservoir flood pool upstream to the northern border of Custer County. This
corridor includes river segments in Blaine, Caddo, Canadian, Cleveland, Custer, Grady,
Hughes, McClain, Mclntosh, Pittsburg, Pontotoc, Pottawatomie, and Seminole counties.

Muddy Boggy River: A two-mile corridor (one mile from each bank) of the main stem of the
Muddy Boggy River includes portions of Atoka, Choctaw, and Coal counties.

Kiamichi River: The watershed of the Kiamichi River is upstream from the Hugo Reservoir.
This watershed includes portions of Atoka, Latimer, Leflore, Pittsburg, and Pushmataha
counties.

Little River: The watershed of the Little River includes portions of LeFlore, McCurtain, and
Pushmataha counties.

Glover River: The watershed of the Glover River includes portions of McCurtain and
Pushmataha counties.

Mountain Fork River: The watershed of the Mountain Fork River is above the Broken Bow
Reservoir and includes portions of Leflore and McCurtain counties.
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Note:

Northeast HUC-11 Watersheds: These watersheds are identified by the following 11-digit
Hydrologic Unit Codes (HUC): 1107020206030, 11070206060, 11070207190,
11070208070, 11070209020, 11070209030, 11070209040, 11070209050, 11070209060%,
11070209070, 11070209100, 11070209110 and 11070209120. These watersheds include
portions of Ottawa, Craig, Delaware, and Mayes Counties.

Elk River: A two-mile corridor (one mile from each bank) of the Elk River includes portions of
Delaware and Ottawa counties.

Spring River: A two-mile corridor (one mile from each bank) of the Spring River includes
portions of Ottawa County.

Verdigris River: A two-mile corridor of the main stem from the dam of Lake Oologah to the
confluence of the Arkansas River. This corridor includes river segments in Rogers,
Wagoner, and Muskogee counties.

ARC for State Listed Species, as ldentified by the Oklahoma Department of Wildlife
Conservation for the DEQ Municipal Separate Storm Sewer Systems (MS4s) Stormwater
General Permit.

Illinois River — A ten-mile corridor (five miles from each bank within the watershed) of the main
stem of the Illinois River begins above the Tenkiller Reservoir. This corridor includes
portions of Cherokee, Delaware, and Mayes counties.

Lee and Little Lee Creeks: The watershed of Lee Creek and Little Lee Creek includes portions
of Adair and Sequoyah counties.

No stormwater discharge-sensitive endangered or threatened species occur in the following
counties: Alfalfa, Beckham, Carter, Cimarron, Comanche, Garfield, Garvin, Grant, Greer,
Johnston, Kiowa, Lincoln, Murray, Nowata, Okfuskee, Oklahoma, Okmulgee, Rogers,
Stephens, Texas, Washington, or Washita.

*

This HUC does not contain a known Ozark cavefish cave. It was included because it is entirely
surrounded by 11 digit HUCs with known Ozark cavefish caves. Therefore, we assume that
Ozark cavefishes likely occupy this portion of the aquifer.
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Oklahoma Aquatic Resources of Concern for Federal & State Listed Species
as identified by the U.S. Fish & Wildlife Service and the Oklahoma Department of Wildlife Conservation
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EXHIBIT 2: NOTICE OF INTENT

Oklahoma Department of Environmental Quality
DEQ FORM

605-R04 il & Notice of Intent (NOI) for Stormwater Discharges from
November 1, 2015 EEPARTKMEN'LOF [ANV EE’-J(NMES'MéﬂUAHIAY Small MuniCipaI Separate Storm Sewer SyStemS
(MS4s) Under OPDES General Permit OKR04

Please print or type: All items should be completed as accurately as possible and in their entirety. Please refer to Part 4 of the
permit OKRO04 for information about the required items. An original signature of the applicant is required according to PART VI.H in
the permit OKR04. Use additional pages to fully describe your responses.

Note: Municipality is defined as a federal, state, city, town, county, district, association, or other public body (created by or pursuant
to Oklahoma or Federal law), including special districts under State law such as a storm sewer district, flood control or drainage
district, or similar entity, or a designated and approved management agency under Section 208 of the CWA.

Name and address of the permit applicant and local contact: Circle the appropriate letter to indicate the
, legal status of the operator of the facility:
Name of the small MS4: F = Federal: § = State:

Address: M = Municipal (public other than Federal or
State, i.e. as city, county); P = Private

City: F S M P

County: State: ZIP Code: +

Telephone Number: ( ) E-mail Address:

Name and Title of Stormwater Management Program Manager:

Co-permittee: Are you co-permitting with another entity? Yes [ No O If yes, complete the following:

Name of the Co-permittee Name and Title of Stormwater Management Program Manager
Mailing Address City ZIP
Telephone Number: ( ) E-mail Address:

Circle the letter for type of facility: Federal, State, Municipal, Private F S M P
Certification by the co-permittee is required in Section 9.

Latitude: Longitude:

Facility/Site Location: Attach a map showing your MS4 boundaries. Your MS4 jurisdiction shall cover the entire area within the
corporate boundaries of the municipality if your city is not located entirely within an Urbanized Area.

Name of the small MS4: County:
Street Address: City:
Latitude: /Longitude: Approximate area of the MS4: square miles

Latitude/Longitude: If you do not have this information, go to the DEQ Flexviewer at http:/gis.deq.ok.gov/flexviewer/.

Will another entity provide services to perform some portion or all of the Best Management Practices (BMPs) for the six
minimum control measures (PART IV.C) or TMDL supplemental conditions (PART 11.B)?

YesO No [ Ifyes, attach a statement listing their name and the service they will be providing.
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5. Receiving waters for discharges of stormwater from your MS4: Use additional pages if needed.
Name of Waterbodies Impaired? Impairment Source of Impairment

Yes No
Yes No

Yes No
Do you discharge into waterbodies on the Oklahoma 303(d) list of impaired waters?  Yes [0 No [

If yes, you must ensure that impairment caused by identified pollutants in your receiving waters will, in future discharges, not cause,
have the reasonable potential to cause, or contribute to an in-stream exceedance of WQ standards and comply with PART Il1.A.1

Do you discharge into receiving waterbodies with an established TMDL or watershed plan? Yes O  No O

If yes, you must adopt any Wasteload Allocation (WLA) assigned to your discharges specified in the TMDL as measurable goals
and include any limitations, conditions, monitoring, and other requirements associated with a TMDL implementation plan within
specified timeframes.

Do you discharge into an Outstanding Resource Water (ORW)? Yes 0 No [
If yes, you must document in your SWMP how you will comply with WQ standard prohibitions (PART II1.C).

6. Outline of Measurable Goals and BMPs

Attach an updated description of your Stormwater Management Program (SWMP). You shall include details of BMPs that will
be implemented and the measurable goals for each of the six stormwater minimum control measures, the month and year in which
the MS4 operator will start and fully implement each of the control measures or the frequency of the action, and the name of the
person(s) responsible for implementing or coordinating the SWMP.

7. Endangered Species
Based on the requirements of Part I. E and Exhibit 1, does your municipality discharge into an Aquatic Resource of Concern?

Yes (1 No [0 [f yes, which criterion listed in Part |.E is your municipality using to meet eligibility requirements?

Criterion
Certification of this NOI will constitute your certification of compliance with the endangered species requirements of this Permit.

8. Construction by the Permitted Municipality

You have the option to develop permit requirements (PART VIII) that allow the municipality to cover all municipalities owned and
operated construction sites under this Permit rather than filing a separate OKR10 NOI with the DEQ for each such project.

Will the municipality include the optional permit requirements into your SWMP and permit? Yes (1 No [J

9. Certification of Permittee

‘I certify, under penalty of law, that this document and all attachments were prepared under my direction or supervision in
accordance with a system designed to assure that qualified personnel properly gathered and evaluated the information submitted.
Based on my inquiry of the person or persons who manage the system or those persons directly responsible for gathering the
information submitted is, to the best of my knowledge and belief, true, accurate, and complete. | am aware that there are significant
penalties for submitting false information, including the possibility of fine and imprisonment for knowing violations.”

Signature of Applicant Date Signed

Name (printed) Title
Certification of Co-Permittee (if applicable)

Signature of Co-Permittee Date Signed

Name (printed) Title
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EXHIBIT 3: NOTICE OF TERMINATION

Oklahoma Department of Environmental
DEQ FORM . = QualityNotice of Termination (NOT) for Stormwater
605>-R04B | & 4% Discharges from Small Municipal Separate Storm
November1,2015 | 0 1 A H 0 & X Sewer Systems (MS4s) Under OPDES General
Permit OKR04

Submission of this Notice of Termination constitutes notice that the party identified in Section | of this form
is no longer authorized to discharge stormwater from the small MS4 under the OPDES program.

All Requested Information Must Be Provided On This Form. See Instructions On The Back of Form.

Permit Information: OPDES Stormwater Check here if the stormwater MS4 C:eck.here if the :'f’c"ity Ii1$
General Permit Number: discharge(s) is being terminated: | €hanging ownership or the

. operator has ceased operations at
OKR04 the small MS4: O

I. Facility Operator Information:

Name: Phone

Address:

City: County: Zip Code

Email:

Il. Facility/Site Location:

Name: Phone
Address:
City: County: Zip Code
Latitude: Longitude:
lIl. Certification:

| certify under penalty of law that all stormwater discharges from the identified MS4 that are authorized by an
OPDES general permit have been eliminated, or that | am no longer the operator of the MS4, or that | have
ceased operations at the MS4. | understand that by submitting this Notice of Termination | am no longer
authorized to discharge stormwater under this Permit, and that discharging pollutants in stormwater to waters
of the State is unlawful under the Clean Water Act and OAC 252:606-1-3(b)(3) where the discharge is not
authorized by an OPDES permit. | also understand that the submission of this Notice of Termination does not
release an operator from liability for any violations of this Permit, the Clean Water Act, and the Oklahoma
Pollution Discharge Elimination Act.

Print Name: Date:

Signature: Title
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Instructions for Completing Notice of Termination (NOT) for
Stormwater Discharges from Small MS4s Under OPDES General

%y

0O KL AHOMA
DEPARTMENT OF ENVIRONMENTAL QUALITY

Permit OKR04

When To File NOT Form:

Permittees who are presently covered under an issued
OPDES general permit for stormwater discharges from
a Phase Il MS4 must submit a Notice of Termination
(NOT) to DEQ within 30 days when the permittee:

® Ceases discharging stormwater from the MS4,
m Ceases operations at the MS4, or

® Transfers ownership or responsibility for the
facility to another operator.

An NOT terminates coverage under the general permit
and must include the following information:

®m Name, mailing address, and location of the
MS4 for which the notification is submitted.

B The name, address, telephone number and
email of the operator addressed by the NOT.

® The OPDES permit number for the Phase Il
MS4.

B An indication of whether another operator has
assumed responsibility for the MS4, the
discharger has ceased operations at the MS4,
or the stormwater discharges have been
eliminated.

®m The NOT must be signed in accordance with
PART VI.H of this Permit

Authorization to discharge terminates at midnight on the
day the NOT is signed.

If you need assistance or have questions, contact the
Watershed Planning and Stormwater Permitting Section
of DEQ’s Water Quality Division at (405) 702-8100.

Section I: Permit Information

Enter the existing OPDES General Stormwater Permit
authorization number assigned to the facility or site
identified in Section II.

Section II: Facility Operator Information

Give the legal name of the person, firm, public
organization or any other entity that operates the MS4.
The operator of the MS4 is the legal entity that controls
the MS4's operation.

Section llI: Facility/Site Location Information

Enter the MS4’s official or legal name and
complete address. This must include the MS4's
city, county, and ZIP code. Indicate the latitude and
longitude of the MS4's City Hall or approximately
the geographical center of the MS4. For lat/long
information, go to the DEQ Flexviewer at
http://gis.deq.ok.gov/flexviewer/.

Section IV: Certification

The NOT form must be signed by a responsible
party. For a municipality, State, Federal, or other
public agency, a responsible party is either a
principal executive officer or ranking elected
official. For purposes of this Section, a principal
executive officer of a Federal agency includes (i)
the chief executive officer of the agency, or (ii) a
senior executive officer having responsibility for the
overall operations of a principal geographic unit of
the agency (e.g., Regional Administrator of EPA).

Where to File a NOT form:

NOTs must be submitted to DEQ using one of the
following methods:

Mailing address:
DEQ - Water Quality Division
P.O. Box 1677
Oklahoma City, Oklahoma 73101-1677

FAX:

405-702-8101
c/o Water Quality Division
Stormwater Permitting

Bring it physically to DEQ:

707 North Robinson
Oklahoma City
Ask for Stormwater in the
Water Quality Division



http://gis.deq.ok.gov/flexviewer/
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EXHIBIT 4: BUFFER GUIDANCE

The purpose of this guidance is to assist you in complying with the requirements in Parts
VIII.B.3.a.(1) and VIII.B.4.b.(1) of this Permit regarding the establishment of natural buffers or

equivalent sediment controls.

Step 1 - Determine Whether 100 Feet or 50 Feet of Natural Buffer Is Required

If your land disturbing activities will occur within the Aquatic Resources of Concern which are
identified by USFWS and ODWC, a vegetated buffer of at least 100 feet is required between
the area disturbed and all perennial or intermittent streams on or adjacent to the construction
site, or a vegetated buffer of at least 50 feet is required between the area disturbed and all
ephemeral streams. If your disturbing activities will be adjacent to the waters of the State, a
vegetated buffer of at least 50 feet is required. Figure 4.1 illustrates when a site would be
required to comply with the requirements in Part VIII.B.3.a.(1) due to their proximity to
surface waters. If the surface water is not located within 50 feet of the earth-disturbing
activities, Part VIII.B.3.a.(1) does not apply. If you determine that the buffer requirements
apply to your site and those buffer requirements cannot be met, you may continue on to Step 2.

Figure 4.1: Example of Earth-Disturbing Activities within 50 feet of a Surface Water

Area of Surface Water

Earth Disturbance

Step 2 - Determine Compliance Alternatives to the Buffer Requirements
You have three compliance alternatives from which you can choose:
Alternative 1: Provide and maintain a 100-foot or 50-foot undisturbed natural buffer; or

Alternative 2: Provide and maintain an undisturbed natural buffer that is less than
100-feet or 50-feet and is supplemented by additional erosion and
sediment controls, which in combination achieves the sediment load
reduction equivalent to a 100-foot or 50-foot undisturbed natural
buffer; or
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Alternative 3: If it is infeasible to provide and maintain an undisturbed natural
buffer of any size, you must implement erosion and sediment
controls that achieve the sediment load reduction equivalent to a
100-foot or 50-foot undisturbed natural buffer.

The compliance alternative selected above must be maintained throughout the duration of
permit coverage. The following provides detailed guidance for how you can comply with
each of the compliance alternatives. Part 1 below provides guidance on how to provide and
maintain natural buffers consistent with the Alternatives 1 and 2. Part 2 below provides
guidance on how to comply with the requirement to provide a 100-foot or 50-foot buffer
equivalent through erosion and sediment controls consistent with Alternative 2 and 3.

1. Guidance for Providing and Maintaining Natural Buffers

The following guidance is intended to assist you in complying with the requirements to
provide and maintain a natural buffer during construction. This part of the guidance applies
to you if you choose either Alternative 1 (100-foot or 50-foot buffer) or Alternative 2 (a
buffer of < 100 feet or < 50 feet supplemented by additional erosion and sediment controls
that achieve the equivalent sediment load reduction as the 100-foot or 50-foot buffer).

a. Buffer Width Measurement

Where you are retaining a buffer of any size, the buffer should be measured
perpendicularly from any of the following points, whichever is further landward from
the water:

(1) The ordinary high water mark of the waterbodyy, defined as the line on the shore
established by fluctuations of water and indicated by physical characteristics such
as a clear, natural line impressed on the bank, shelving, changes in the character
of soil, destruction of terrestrial vegetation, and/or the presence of litter and
debris; or

(2) The edge of the stream or river bank, bluff, or cliff, whichever is applicable.

Refer to Figure 4.2 and Figure 4.3. You may find that specifically measuring these
points is challenging if the flow path of the surface water changes frequently, thereby
causing the measurement line for the buffer to fluctuate continuously along the path of
the waterbody. Where this is the case, DEQ suggests that rather than measuring each
change or deviation along the water’s edge, it may be easier to select regular intervals
from which to conduct your measurement. For instance, you may elect to conduct your
buffer measurement every 5 to 10 feet along the length of the water.

b. Limits to Disturbance within the Buffer

You are considered to be in compliance with this requirement if you retain and protect
from construction activities the natural buffer that existed prior to the commencement
of construction. If the buffer area contains no vegetation prior to the commencement of
construction (e.g., sand or rocky surface), you are not required to plant any additional
vegetation. As noted above, any preexisting structures or impervious surfaces are
allowed in the buffer provided you retain and protect from disturbance the vegetation in
the buffer outside the preexisting disturbance.
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To ensure that the water quality protection benefits of the buffer are retained during
construction, you are prohibited from conducting any earth-disturbing activities within
the buffer during permit coverage.

Figure 4.2

This image shows buffer measurement from the ordinary high water mark of the waterbody, as
indicated by a clear natural line impressed on the bank, shelving, changes in the character of
the soil, destruction of terrestrial vegetation, and/or the presence of litter/debris.

Surface Water

Ordinary
high water mark high water mark

Figure 4.3

This image shows buffer measurement from the edge of the
bank, bluff, or cliff, whichever is applicable.

Edge of bank /bluff / diff

Surface Water
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c. Discharges to the Buffer: You must ensure that all discharges from the area of earth
disturbance to the natural buffer are first treated by the site’s erosion and sediment
controls (for example, you must comply with the Part VII1.B.3.a.(6).(b) requirement to
establish sediment controls around the downslope perimeter of your site disturbances),
and if necessary to prevent erosion caused by stormwater flows within the buffer, you
must use velocity dissipation devices.

d. SWP3 Documentation: You must document the reduced width of the buffer you will be
retaining and you must also describe the erosion and sediment controls you will use to
achieve an equivalent sediment reduction, as described in Part 2 below. Note that you
must also show any buffers on your site plan in your SWP3. Additionally, if any
disturbances related to the exceptions in Part VIII.B.3.a.(1) occur within the buffer
area, you must document this in the SWP3.

2. Guidance for Providing the Equivalent Sediment Reduction as the 100-foot or 50-foot
Buffer

If you are selecting Alternative 2 (provide and maintain a buffer that is less than 100feet or
50 feet that is supplemented by additional erosion and sediment controls that, together,
achieve the equivalent sediment load reduction as the 100-foot or 50-foot buffer) or
Alternative 3 (implement erosion and sediment controls that achieve the equivalent
sediment load reduction as the 100-foot or 50-foot buffer), the following guidance is
intended to assist you in demonstrating that you will achieve the equivalent sediment
reduction as the 100-foot or 50-foot buffer.

a. Determine Whether It Is Feasible to Provide a Reduced Buffer

DEQ recognizes that there will be a number of situations in which it will be infeasible
to provide and maintain a buffer of any width. While some of these situations may
exempt you from the buffer requirement entirely (See Part VI11.B.3.a.(1), if you do not
qualify for one of these exemptions, there still may be conditions or circumstances at
your site that make it infeasible to provide a natural buffer. For example, there may be
sites where a significant portion of the property on which the earth-disturbing activities
will occur is located within the buffer area, thereby precluding the retention of natural
buffer areas. DEQ believes there are likely to be other examples of situations that make
it infeasible to provide any buffer area.

Therefore, in choosing between the 2 different compliance alternatives (Alternative 2 or
3), you should only elect to comply with Alternative 2 if it is feasible for you to retain
any natural buffer on your site. (Note: For any buffer width retained, you are required
to comply with the requirements in Part 1, above, concerning the retention of
vegetation and restricting earth disturbances.) Similarly, if you determine that it is
infeasible to provide a natural buffer of any size during construction, you should elect
to comply with Alternative 3. After making this determination, you should proceed to
Part 2 to determine how to provide controls that, together with any buffer areas that is
being retained, if applicable, will achieve an equivalent sediment load reduction as the
100-foot or 50-foot buffer. You must describe why it is infeasible to provide and
maintain an undisturbed natural buffer of any size in the SWP3.
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b. Design Controls That Provide Equivalent Sediment Reduction as 100-foot or 50-foot
Buffer

You must next determine what additional controls must be implemented on your site
alone or in combination with any retained natural buffer, to achieve a reduction in
sediment equivalent to that achieved by a 100-foot or 50-foot buffer.

Note that if only a portion of the natural buffer is less than 50 feet, you are only
required to implement erosion and sediment controls that achieve the sediment load
reduction equivalent to the 100-foot or 50-foot buffer for discharges through that area.
You would not be required to provide treatment of stormwater discharges that flow
through 100 feet 50 feet or more of natural buffer. See Figure 4.4.

Figure 4.4

Example of how to comply with the requirement to provide the equivalent sediment
reduction when only a portion of your earth-disturbances discharge to a buffer of less than
100 feet or 50 feet

: : S“’Ju". ;
Discharges through this €

area are required to be treated to :
provide the equivalent sediment
reduction as the 50-foot buffer.

Surface

Discharges through this area are
not required to be treated to
provide the equivalent sediment
reduction as the 50-foot buffer
since the 50-foot buffer is provided.

Area of
Earth Disturbance

Guidelines to help you work through these requirements are provided below:

Step 1:  Estimate the Sediment Reduction from Your Site if You Had Retained a
100-foot or 50-foot Natural Buffer

In order to design controls that match the sediment removal efficiency of a 100-
foot or 50- foot buffer, you first need to know what this efficiency is for your
site. The sediment removal efficiencies of natural buffers vary according to a
number of site-specific factors, including precipitation, soil type, land cover,
slope length, width, steepness, and the types of sediment controls used to reduce
the discharge of sediment prior to the buffer. DEQ has simplified this
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calculation by developing buffer performance tables covering a range of
vegetation and soil types for the areas covered by the permit. See Attachment 1,
Tables 4.1 through 4.4.

Note: buffer performance values in Tables 4.1 through 4.4 represent the percent
of sediment captured through the use of perimeter controls (e.g., silt fences) and
100-foot or 50-foot buffers at disturbed sites of fixed proportions and slopes.
Using Tables 4.1 through 4.4 (see Attachment 1), you can determine the
sediment removal efficiency of a 100-foot or 50-foot buffer for your geographic
area by matching the vegetative cover type and the type of soils that
predominate at your site. For example, if your site is located in Oklahoma City
(see Table 4.1), and your buffer vegetation corresponds most closely with that
of fescue grass, and the soil type at your site is best typified as sand, your site’s
sediment removal efficiency would be 90 percent.

In this step, you should choose the vegetation type in the tables that most
closely matches the vegetation that would exist naturally in the buffer area on
your site regardless of the condition of the buffer. However, because you are not
required to plant any additional vegetation in the buffer area, in determining
what controls are necessary to meet this sediment removal equivalency in Step 2
below, you will be able to take credit for this area as a fully vegetated “natural
buffer.”

Similarly, if a portion of the buffer area adjacent to the surface water is owned
by another party and is not under your control, you can treat the area of land not
under control as having the equivalent vegetative cover and soil type that
predominates on the portion of the property on which your construction
activities are occurring. For example, if your earth-disturbances occur within 50
feet of a surface water, but the 10 feet of land immediately adjacent to the
surface water is owned by a different party than the land on which your
construction activities are taking place and you do not have control over that
land, you can treat the 10 foot area adjacent to the stream as having the
equivalent soil and vegetation type as predominates in the 40 foot area under
your control. You would then make the same assumption in Step 2 for purposes
of determining the equivalent sediment removal.

Alternatively, you may do your own calculation of the effectiveness of the 50-
foot buffer based upon your site-specific conditions, and may use this number
as your sediment removal equivalency standard to meet instead of using Tables
4.1 through 4.4. This calculation must be documented in your SWP3.

Step 2:  Design Controls That Match the Sediment Removal Efficiency of the 100-
foot or 50-foot Buffer

Once you have determined the estimated sediment removal efficiency of a 100-
foot or 50-foot buffer for your site in Step 1, you will be required to select
stormwater controls that will provide an equivalent sediment load reductions.

To make the determination that your controls and/or buffer area achieve an
equivalent sediment load reduction as the 100-foot or 50-foot buffer, you may
use stormwater controls listed in Tables 4.1 through 4.4 to select a single
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designed control, such as 12” or 6” waddle, roll material, silt fence or straw
mulch (see Attachment 1), or you will need to use a model or other type of
calculator. There are a variety of models available that can be used to support
your calculation, including USDA’s RUSLE-series programs and the WEPP
erosion model, SEDCAD, SEDIMOQOT, or other models.

Alternatively, you may elect to install a combination of stormwater controls and
to retain some amount of a buffer. Whichever control(s) you select, you must
demonstrate in your SWP3 that the controls will provide at a minimum the same
sediment removal capabilities as the 100-foot or 50-foot buffer (Step 1). You
are allowed to take credit for the removal efficiencies of your required perimeter
controls in your calculation of equivalency, because these were included in
calculating the buffer removal efficiencies in Tables 4.1 through 4.4. (Note:
You are reminded that the controls must be kept in effective operating condition
until you have completed final stabilization on the disturbed portions of the site
discharging to the surface water.)

If you are retaining a buffer of less than 100 feet or 50 feet, you may take credit
for the removal that will occur from the reduced buffer and only need to provide
additional controls to make up the difference between the removal efficiency of
a 100-foot or 50-foot buffer and the removal efficiency of the narrower buffer.
For example, if you are retaining a 30 foot buffer, you can account for the
sediment removal provided by the 30-foot buffer retained, and you will only
need to design controls to make up for the additional removal provided by the
20-foot of buffer that is not being provided. To do this, you would plug the
width of the buffer that is retained into RUSLE or another model, along with
other stormwater controls that will together achieve a sediment reduction
equivalent to a natural 50-foot buffer.

As described in Step 1 above, you can take credit for the area you have retained
as a “natural buffer” as being fully vegetated, regardless of the condition of the
buffer area. For example, if your earth-disturbances occur 30 feet from a
surface water, but the 10 feet of land immediately adjacent to the surface water
is owned by a different party than the land on which your construction activities
are taking place and you do not have control over that land, you can treat the
10-foot area as a natural buffer, regardless of the activities that are taking
place in the area. Therefore, you can assume (for purposes of your equivalency
calculation) that your site is providing the sediment removal equivalent of a 30-
foot buffer, and you will only need to design controls to make up for the
additional removal provided by the 20- foot of buffer that is not being provided.

Step 3:  Document How Site-Specific Controls Will Achieve the Sediment Removal
Efficiency of the 100-foot or 50-foot Buffer

In Steps 1 and 2, you determined both the expected sediment removal efficiency
of a 100-foot or 50-foot buffer at your site, and you used this number as a
performance standard to design controls to be installed at your site, which alone
or in combination with any retained natural buffer, achieves the expected
sediment removal efficiency of a 100-foot or 50-foot buffer at your site. The
final step is to document in your SWP3 the information you relied on to
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calculate the equivalent sediment reduction as an undisturbed natural buffer.
DEQ will consider your documentation to be sufficient if it generally meets the
following:

For Step 1:  Refer to the Table in Attachment 1 that you used to derive your
estimated 100-foot or 50-foot buffer sediment removal efficiency
performance. Include information about the buffer vegetation
and soil type that predominate at your site, which you used to
select the sediment load reduction value in Tables 4.1 through
4.4. Or, if you conducted a site-specific calculation for sediment
removal efficiency, provide the specific removal efficiency, and
the information you relied on to make your site-specific
calculation.

For Step 2: (1) Specify a single designed stormwater control (see Table 4.1
thru 4.4) or other stormwater controls that you used to estimate
sediment load reductions from your site. Specify a model or
other type of calculator that you used to support your calculation
if any.

(2) The results of calculations showing how your controls will
meet or exceed the sediment removal efficiency from Step 1. If
you choose Alternative 3, you must also include in your SWP3 a
description of why it is infeasible for you to provide and
maintain an undisturbed natural buffer of any size.
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ATTACHMENT 1

Sediment Removal Efficiency Tables: Percent of sediment removal was calculated for a 200-foot
runoff area with a 100-foot buffer, and a 100-foot runoff area with a 50-foot buffer. DEQ recognizes
that very high removal efficiencies, even where theoretically achievable by a 50-foot or 100-foot
buffer, may be very difficult to achieve in practice using alternative controls. Therefore in the tables
below, DEQ has limited the removal efficiencies to a maximum of 90%. Efficiencies that were
calculated at greater than 90% are shown as 90%, and this is the minimum percent removal that must
be achieved by alternative controls.

Best Management Practices Defined

e Fescue: Buffer strip (100 feet or 50 feet) at the end of the overland flow path of Fescue grass,
the area has not been grazed

e Grama Grass: Buffer strip (100 feet or 50 feet) at the end of the overland flow path of Grama
grass, at least the third year after seeding

e Range Grass: Buffer zone (100 feet or 50 feet) at the end of the overland flow path of a generic
low production range grass

e Switchgrass: Buffer zone (100 feet or 50 feet) at the end of the overland flow path of
Switchgrass growth

e Weeds: Buffer zone (100 feet or 50 feet) at the end of the overland flow path of at least 5 years
of growth of generic weeds started from volunteer germination

e 12” Waddle: 12 inch straw sock or wattle installed at the base of the runoff area

e 6” Waddle: 6 inch straw sock or wattle installed at the end of the overland flow path

e Roll Material: Erosion control blanket placed over the disturbed area

e Silt Fence: Full retardance fabric silt fence installed at the end of the overland flow path
e Straw Mulch: Straw mulch applied over the disturbed area, 4000 lbs/acre

Soils Defined
90
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/‘60 40
Clay (percent) /50 Siity. 50 \, Silt (percent)
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/ 40 clay Cay 7 sty day.50 N
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Table 4.1: Estimated Buffer Performance of Blade Fill in OKC, Oklahoma *

Estimated % Sediment Removal

Best M t = | %
est Managemen o |O S . - >
Practices** >|2 |25 |28| = |§ |88 |- EzE§|/ 82 |2
—_ —_ = O |[— O _ o @ O = @ — O| O @© (387
@] 0w nd|jo d (75) | n »w NO Jdl dwn n
Fescue (100" Buffer) 90 | 90 90 90 90 | 90 90 90 90 90 90
Fescue (50' Buffer) 90 | 90 90 90 90 90 90 90 90 90 90

Grama Grass (100" Buffer) 741 79 | 79 79 78 | 78 78 76 78 74 71

Grama Grass (50" Buffer) 65 | 77 | 78 78 78 | 78 77 76 74 67 50

Range Grass (100" Buffer) 89 | 90 | 92 90 90 | 90 90 90 90 90 90

Range Grass (50' Buffer) 89 | 90 | 90 90 90 | 90 90 90 90 90 89

Switchgrass (100" Buffer) 90 | 90 | 90 90 90 | 90 90 90 90 90 90

Switchgrass (50" Buffer) 90 | 90 | 90 90 90 | 90 90 90 90 90 90
Weeds (100" Buffer) 47 | 49 | 48 50 48 | 49 50 46 50 50 48
Weeds (50" Buffer) 42 | 47 | 47 48 47 | 49 48 46 48 45 41
12" Waddle 86 | 74 | 72 84 56 | 72 82 27 86 90 90
6" Waddle 38 | 58 | 56 67 45 | 62 69 20 62 55 24
Roll Material 90 | 90 | 90 90 90 | 90 90 90 90 90 90
Silt Fence 86 | 77 | 80 90 70 | 83 89 43 90 90 90

Straw Mulch 85 | 87 | 87 86 88 | 87 83 90 87 89 89
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Table 4.2: Estimated Buffer Performance of Blade Cut in OKC, Oklahoma *

Estimated % Sediment Removal

Best M t =g %
est Managemen O D 3 - - >
Practices** >| 2 2§25 |§ |88 |- Ez5| 82 |z
— — = O |— O = o @ O = c — O O © 3]
@) n NN JdO Jd | wn | 0 N noOdl dwnvn n
Fescue (100" Buffer) 88| 90 |90 | 90 | 90 | 90 90 90 90 90 88
Fescue (50' Buffer) 87| 88 | 90| 90 | 90 | 90 90 90 90 89 84
Grama Grass (100" Buffer) 24 | 52 | 70| 63 | 74 | 72 70 71 48 33 11
Grama Grass (50' Buffer) 24 | 39 | 65| 54 | 71 | 70 60 70 39 15 10
Range Grass (100' Buffer) 78 | 8 | 89| 90 | 90 | 90 90 89 88 84 24

Range Grass (50' Buffer) 77 | 83 | 89| 89 | 90 | 90 90 89 85 80 68

Switchgrass (100" Buffer) 86 | 89 | 90| 90 | 90 | 90 90 90 90 90 85
Switchgrass (50" Buffer) 85| 88 |90 | 90 | 90 | 90 90 90 90 88 81
Weeds (100" Buffer) 18| 26 | 33| 31 | 33 | 34 35 28 26 22 15
Weeds (50" Buffer) 23 | 22 |32 ] 31 | 31 | 35 31 28 22 15 14
12" Waddle 80| 72 | 71| 81 | 55 | 70 80 25 84 83 73
6" Waddle 9 | 11 | 47| 35 | 43 | 57 51 19 17 0 1
Roll Material 90 | 90 | 90 | 90 | 90 | 90 90 90 90 90 90
Silt Fence 86 | 76 | 80| 90 | 69 | 82 88 40 90 90 90

Straw Mulch 90 | 90 | 90 | 90 | 90 | 90 90 90 90 90 90
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Table 4.3: Estimated Buffer Performance of Blade Fill Tulsa, Oklahoma *

Estimated % Sediment Removal

Best M t == %
est Managemen O |O 3 - - >
Practices** > |2 |25 |25 = |§ |88 |- Ex5|82 | ¢
_— = —_— O |— O = (@) @ O = c — O O ®© (387
(©) 0N _|lund o d n = | J N mnoOodl dwm n
Fescue (100" Buffer) 90 | 90 90 90 90 [ 90| 90 90 90 90 90
Fescue (50' Buffer) 90 | 90 90 90 90 [ 90| 90 90 90 90 90

Grama Grass (100" Buffer) | 74 | 80 | 79 79 78 | 718 | 77 76 79 76 69

Grama Grass (50" Buffer) 65 | 76 | 79 79 78 | 77| 77 75 76 67 52

Range Grass (100’ Buffer) | 90 | 90 | 90 90 90 |90 | 90 90 90 90 90

Range Grass (50' Buffer) 89 | 89 | 90 90 90 |90 | 90 90 90 90 90

Switchgrass (100" Buffer) 90 | 90 | 90 90 90 |90 | 90 90 90 90 90

Switchgrass (50" Buffer) 90 | 90 | 90 90 90 |90 | 90 90 90 90 90

Weeds (100" Buffer) 50 | 50 | 48 51 50 | 50 | 49 47 51 51 48
Weeds (50" Buffer) 43 | 48 | 47 49 48 | 47 | 49 45 49 44 40
12" Waddle 86 | 74 | 71 83 55 (70 | 81 24 86 90 90
6" Waddle 39 | 60 | 55 67 44 159 | 69 18 65 53 25
Roll Material 90 | 90 | 90 90 90 (90 | 90 90 90 90 90
Silt Fence 86 | 76 | 79 90 69 |82 | 89 41 90 90 90

Straw Mulch 84 | 86 | 87 86 87 |86 | 86 89 86 87 88
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Table 4.4 Estimated Buffer Performance of Blade Cut in Tulsa, Oklahoma *

Estimated % Sediment Removal

Best M t o | %
est Managemen O o 3 - - >
Practices** > 228|128 | = E 8. Ez8| §2 |z
— = = O — O = o c O — @ — O O © @
O |lnn [vnd |0 wn | NDhd|lwnn NHOJdl dwn n
Fescue (100" Buffer) 88 [ 90 | 90 90 90 90 | 90 | 90 90 90 87
Fescue (50' Buffer) 87 | 89| 90 90 90 90 | 90 | 90 90 90 83
Grama Grass (100" Buffer) | 29 | 52 | 73 62 75 74 70 | 70 52 33 9
Grama Grass (50" Buffer) 18 | 45 | 64 57 73 72 63 | 70 38 25 10
Range Grass (100 Buffer) | 79 | 85 | 89 90 90 90 | 90 | 87 89 85 72

Range Grass (50' Buffer) 76 | 84 | 88 90 90 90 90 | 88 86 81 69

Switchgrass (100" Buffer) 86 | 89 | 90 90 90 90 90 | 90 90 90 85

Switchgrass (50" Buffer) 84 | 88| 90 90 90 90 90 | 90 90 89 81

Weeds (100" Buffer) 21 | 30 | 33 32 34 35 34 | 26 30 24 15
Weeds (50" Buffer) 19 | 27 | 31 30 33 34 32 | 28 24 19 14
12" Waddle 79 | 74 | 69 80 55 70 80 | 26 84 84 73
6" Waddle 0 | 18| 46 37 43 58 54 | 19 14 6 0
Roll Material 90 | 90 | 90 90 90 90 90 | 90 90 90 90
Silt Fence 86 | 77 | 79 89 68 81 88 | 39 90 90 90
Straw Mulch 90 | 90 | 90 90 90 90 90 | 90 90 90 90

* Applicable for sites less than nine percent slope

** Characterization focuses on the under-story vegetation
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MCM - 1 Public Education City of Norman Stormwater Management Program
BMP Goal Implementation Date Frequency
— - - - —
Distribute |r.1form_e_1t|on.al brochure One brochure to 75% of all utility 1-Feb-16 Annually
with utility bills accounts
Add storm water poII_utlon preyenUon information Information posted 1-Feb-16 Annual review/update
to city web site
I 0,
Operate Action Center Hotline Recelve_a_md respond tg 90% of 1-Feb-16 Annually
legitimate complaints
Public stormwater education event Coorqmate with Environmental 1-Feb-16 Annually
Services for Earth Day event
Supply material to 2 elementary
: : schools annually and participate in
Educational event & materials for schools Public Works Week event at local 1-Feb-16 Annually
school
Quarterly ads in local paper with
Newspaper ads water quality, pollution preyentmn or 1-Feb-16 Annually
watershed protection
information
— 5 —
Develop SWPP brochure for fertilizer use Distribute to 75% of all utiity 1-Jul-16 Once
accounts
Develop Spanish language storm
Develop Spanish language SWPP brochure water pollution prevention 1-Jul-16 Once
informational materials
Provide educational material to the
Develop educational materials public about water quality 1-3ul-16 Annually

on the Lake Thunderbird TMDL

impairments in Lake Thunderbird and
the Lake Thunderbird TMDL

Responsible Person(s) for performance of these

BMPs:

Carrie Evenson
Stormwater Engineer




MCM - 2 Public Participation and Involvement

City of Norman Stormwater Management Program

BMP Goal Implementation Frequency
- — - - -
Establish wep site link for rec_e|pt of email Responq to 90_/0 of all 1-Feb-16 Annually
regarding storm water issues emails received
A storm water quality representative
Environmental Control Advisory Board Wlll.me.et with E.CAB quarterly to 1-Feb-16 Annually
provide information on storm water
pollution issues.
I 0,
Operate Action Center Hotline Recelve.e_md respond t(.J 90% of 1-Feb-16 Annually
legitimate complaints
Public meeting for storm water issues Hold one public meeting annually 1-Feb-16 Annually
Public Storm Water Education Event Coordlnate with Environmental 1-Feb-16 Annually
Services for one event annually
Maintain working relationship
Blue Thumb/Oklahoma Conservation Commission| with Blue Thumb and coordinate for
. . 1-Feb-16 Annually
Partnership one for onestorm water public
education event annually
Hold one public meeting annually for
Lake Thunderbird TMDL public meeting education and discussion of the Lake 1-Jul-16 Annually

Thunderbird TMDL

Responsible Person(s) for performance of these

BMPs:

Carrie Evenson
Stormwater Engineer




MCM - 3 lllicit Discharge Detection and Elimination

City of Norman Stormwater Management Program

BMP

Goal

Implementation Date

Frequency

Operate Action Center Hotline

Receive and respond to 90% of
complaints received.

1-Feb-16

Annually

Household Hazardous Waste Collection Day

Provide annual event for the public to
drop off unwanted household waste
and report amount of waste collected

1-Feb-16

Annually

Dry Weather Field Screening

90% of visual screening points
inspected each year

1-Feb-16

Annually

lllicit Discharge Investigations

Perform source investigation on all
identified illicit discharges and
connections

1-Feb-16

Annually

Enforcement Actions

Take enforcement actions as allowed
by City regulations where responsible
parties for illicit discharges are
identified

1-Feb-16

Annually

Inspect MS4 System

Visually inspect open channels and
camera enclosed conduits. Inspect
10% of system each year.

1-Jul-18

Annually

Responsible Person(s) for performance of these
BMPs:

Carrie Evenson
Stormwater Engineer




MCM - 4 Construction Stormwater Runoff Control

City of Norman Stormwater Management Program

BMP

Goal

Implementation Date

Frequency

Earth Change Permit

Permit 90% of all earth disturbing
operations over 1 acre in size within
30 days of permit issuance

1-Feb-16

Annually

Construction site inspection

Inspect 90% of sites within 30 days of
permit issuance and at least monthly.
Perform enforcement actions as
needed

1-Feb-16

Annually

Education event for construction/development

Hold two events for developers,
constuction crews, utility contractors
and engineering companies

1-Feb-16

Annually

Water Quality Protection Zone Ordinance

Implement requirements of the Water
Quiality Protection Zone Ordinance
including establishment and
maintenance of streamside buffers

1-Feb-16

Annually

Lake Thunderbird TMDL
building/development workshop

Hold annual workshop for the building
and development community on the
Lake Thunderbird TMDL compliance
requirements and Lake Thunderbird

watershed protection

1-Jan-17

Annually

Responsible Person(s) for performance of these
BMPs:

Carrie Evenson
Stormwater Engineer




MCM - 5 Post-Construction Stormwater in New/Redevelopment

City of Norman Stormwater Management Program

BMP Goal Implementation Date Frequency
Review/ammend City engln_eerlng and Remove any barriers to Low Impact 1-Jul-17 Review every 5 years
development regulations Development (LID)
Implement Water Quaht.y Protection Zone Establish wgter_ qughty protection 1-3ul-16 Annually
(WQP2Z) ordinance zones in riparian areas
Implement the Manufactured
Fertilizer Ordinance Fert|l|;er Ordinance to. educa.lt.e the 1-Jul-16 Annually
public and commercial fertilizer
applicators on proper fertilizer use
0,
Storm water impoundment inspection Inspegt 50% of storm water 1-Jul-16 Annually
impoundments
Include information on post-
. construction BMPs in
Post-Construction Events . 1-Jul-16 Annually
construction/development events
listed for MCM 4

Responsible Person(s) for performance of these
BMPs:

Carrie Evenson
Stormwater Engineer




MCM - 6 Good-Housekeeping for Municipal Operations

City of Norman Stormwater Managemet Program

BMP Goal Implementation Date Frequency
- Provide one training session
Develop employee training program for75% of targeted employees 1-Jan-17 Annually
Sweep at least 2500 curb miles
Street Sweeping annually to prevent sediment, 1-Jul-16 Annually
debris and pollutants from entering
Inspect half of all facilites identified
City facility storm water inspections as potential sources of storm water 1-Jul-16 Annually
pollution
: - Locate all SS inlets and outfalls at 2 facilities :
Map City facility storm sewer systems ) . 1-Jan-17 annually until
two City facilites every year
complete
I Provide spill containment kits to
Spill Kits 25% of City vehicles 1-Jul-16 Annually
Distribute storm water pollution
prevention information to City Cah.
Employee Newsletter Employees through the newsletter 1-Feb-16 Annually
once each quarter
Incorporate Lake Thunderbird
Employee education on Lake Thunderbird TMDL TMDL requirements into City 1-Jul-16 Annually
employee training events.
Implement BMPs for parks and
Implement BMPs for City Operations landscape maintenance, water and 1-Jan-17 Annually

sewer line maintenance, and MS4
maintenance

Responsible Person(s) for performance of these
BMPs:

Carrie Evenson
Stormwater Engineer
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EXECUTIVE SUMMARY

As the county seat of Cleveland County and home of the University of Oklahoma, the City of Norman is a large and
diverse community that is proactive on a wide range of issues, including its land and water environments. The City
encompasses almost 190 square miles, including almost 30 square miles that has been developed to accommodate its
current population of approximately 112,000. As Norman has grown in population and further urbanized many of its
watersheds, the resulting impacts on flooding, water quality, and erosion have increased significantly. Of particular
concern, Lake Thunderbird’s water quality has deteriorated significantly, which is a condition that could directly
impact all of Norman’s citizens. At the same time, the recreational opportunities offered by the City’s waterways have
become increasingly apparent and desirable. Given these and other related factors, the City initiated development of a
Storm Water Master Plan (SWMP) in late 2005 with its primary goals aimed at reducing flooding dangers, protecting
water quality, enhancing the environment, and advancing recreational opportunities. Development of the present
SWMP project began in August 2007 and includes all City watersheds. The SWMP incorporates “quality of life”
elements for Norman’s citizens by outlining measures to manage creek corridors and floodplains in an
environmentally sound manner while offering opportunities for increased recreational activities. A Greenway Master
Plan is being developed by the City (Halff Associates, Inc. [Halff], 2009) in parallel with the SWMP and is also
nearing completion. This greenway plan is being produced in a separate report although opportunities and constraints

were shared between the two studies.

The overall approach to development of the SWMP involved the use of existing information and data to the extent
possible, building on that base with new information and data, and performing the analyses needed to meet the SWMP
goals. Realizing that local public input was a critical component in fulfilling the goals of the SWMP, a Storm Water
Task Force was formed to coordinate ongoing project issues and provide guidance on local perspectives. Several
meetings with City Council members, the SWMP Task Force, and City staff as well as three public meetings were
held to review ongoing study efforts, discuss project progress, and coordinate the SWMP work flow. Additional City
Council workshops, public meetings, and numerous other related meetings are being held throughout 2009.

STUDY LEVELS

In order to focus on the primary stream systems and provide detailed evaluations in the areas having the worst
problems, analyses associated with watershed/stream assessments, stream flooding, and stream erosion were
performed at different “levels” of study detail based on the needs of the City. Generally, Levels 1 and 2 were studied
in detail and Levels 3 and 4 were more generally studied. All watersheds in the City were studied in some capacity,
but depending on needs some were analyzed in detail while others were considered using more general methods.
Exhibit ES-1 identifies the level of study undertaken for respective streams throughout the City. In consideration of
the amount of future urbanization projected to occur in the City, data and other useful information were obtained from
the Norman 2025 Plan. In this report, any reference to this plan should be considered to mean the “Norman
2025 Plan and subsequent updates to this comprehensive plan as adopted by the City Council.”

WATERSHED AND STREAM ASSESSMENTS

Assessments were developed for 36 watersheds that carry storm water into, through, and/or within the City of
Norman. Although most of the watersheds are located in the City of Norman, several also originate north of the City,
flow into the Little River, and ultimately discharge into Lake Thunderbird. Exhibit ES-1 outlines boundaries of the 15
major watersheds that were further subdivided into the 36 assessed watersheds by separating out larger tributaries or
simply separating the watersheds into upper, middle, and lower divisions. In order to quantify and spatially locate
certain physiographic characteristics within a watershed, GIS datasets collected from various sources were analyzed
and used to develop watershed-specific tables and presentation maps that outline descriptive information such as land
use, hydrologic soil groups, floodplains, and impervious cover. Stream corridor environments were similarly analyzed
to identify conditions such as erosion problem areas, channel type, floodplain vegetation, Federal Emergency

Management Agency (FEMA) flood zone type, and number of storm water outfalls.

HYDROLOGIC AND HYDRAULIC MODELING

Three complementary hydrologic and hydraulic modeling approaches were used in the development of design flows
for the master plan. The most detailed of the three methods utilized either the USACE HEC-1 (existing models) or
HEC-HMS (some existing and all new models) software. The second approach, used for the development of flows for
the Stream Planning Corridors, utilized a USGS regression equation. The third approach, used in limited cases for
site-specific drainage issues, was the Rational Method per the City of Norman design criteria. Hydrologic analyses
were performed for 307 square miles of drainage area that includes the City’s 190 square miles within its boundaries.
Hydraulic analyses and floodplain mapping were developed for almost 400 stream miles, which included 59 miles

along detailed (Level 1 and 2) streams and 333 miles along general (Level 3 and 4) streams.

STORM WATER PROBLEMS AND SOLUTIONS

Storm water problem identification and solution development for the detailed study areas were grouped into stream
flooding, stream erosion, water quality, and local drainage to assist in understanding the overall magnitude of such
problem types in the City. The identification of problems was accomplished through a variety of means including the
review and evaluation of items such as: the City’s GIS data; past water quality studies; hydrologic and hydraulic
modeling and mapping; watershed and stream assessments; input obtained from the City, various committees, and the
SWMP Task Force; and input received from the general public as provided through the City staff and during public
meetings. Although existing conditions were reviewed and considered, the identification and evaluation of flooding
along major streams primarily focused on future (baseline) full buildout watershed conditions that reflect projected
development levels in the City’s 2025 Plan and subsequent updates to this comprehensive plan as adopted by the City
Council. The identification of stream erosion problems was primarily based on existing conditions consistent with the

watershed and stream assessments.
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City of Norman, Oklahoma
Storm Water Master Plan

Executive Summary

In developing solutions, considerations were made to incorporate items such as improving and/or protecting stream
environmental integrity by using bio-engineering and natural channel design techniques, preserving the historical
character of an existing solution type such as the WPA-constructed channels found in the upper Imhoff and Bishop
Creek watersheds, improving water quality, and identifying greenway opportunities. Solutions were developed in a
way to recognize and respect the conditions and character of the respective watershed in which the problem exists. In
addition to considering the opportunities for preserving or enhancing environmental and recreational conditions, the
solution development process included the consideration of various possible alternatives or options and review of

preliminary findings with City staff as well as the project Task Force to obtain their feedback and guidance.

Due to their “non-point source” nature, the identification of water quality problems and related solutions development
were evaluated on a citywide scale consistent with procedures used for similarly sized cities throughout the country.
This citywide approach to addressing water quality involves a programmatic approach which is now ongoing through
the City’s MS4 Program with the potential for expansion due to Canadian River TMDL concerns as well as the
Oklahoma Department of Environmental Quality (ODEQ) Watershed Plan that is being developed for the 256-square-

mile basin area draining to Lake Thunderbird which includes a large part of Norman.

In addition to identifying existing water quality problems and related solutions through the City’s MS4 Program, one
of several major concerns involves the threat of further water quality degradation throughout Norman’s waterways,
especially as it relates to Lake Thunderbird’s water quality, due to future urbanization. The State of Oklahoma has
designated Lake Thunderbird as a sensitive water supply lake (ODEQ, 2002). Lake Thunderbird has been added to the
State of Oklahoma’s 303(d) list of impaired waterbodies due to high levels of chlorophyll-a, an accepted measure of
algal content, which has caused non-attainment of designated uses in the lake. A major component of this SWMP is to
provide further understanding and awareness of the critically important need to protect Lake Thunderbird’s water
quality and to recommend measures that will assist in accomplishing the needed protection. As land development
progresses in the Lake Thunderbird Watershed, further degradation of the lake’s water quality can be expected as
reported in a recent report developed by Vieux, Inc., entitled “Lake Thunderbird Watershed Analysis and Water
Quality Evaluation” for the Oklahoma Conservation Commission (Vieux, 2007). This 2007 study assessed and
quantified the impact of future land development on storm water non-point nutrient and sediment loadings to the lake
as well as analyzed the potential effectiveness of management practices in preserving and protecting the lake’s water

quality.

Modeling reported in the Vieux report (Vieux, 2007) generated results of water quality conditions associated with
baseline (2000) and build-out (2030) conditions which clearly point out that watershed nutrient loadings to the lake
are high and will increase (phosphorus more than doubling) with future urbanization. As explained in some detail in
this 2007 report, these nutrient loadings and especially those from phosphorus have already contributed significantly
to algal growth in the lake. Additionally in 2000, the Central Oklahoma Master Conservancy District (COMCD) and
the Oklahoma Water Resources Board (OWRB) in cooperation with the cities of Norman, Del City, and Midwest
City, set an upper limit goal of 20 ug/L of chlorophyll-a, a pigment or molecule commonly used to indicate algal
content, for open water sites during the growing season (OWRB, 2001). The 20 ug/L. concentration goal for
chlorophyll-a is regarded as the boundary between eutrophic (high) and hypereutrophic (excessive) algal growth.

Using projected phosphorus loadings and an in-lake relationship between phosphorus and chlorophyll-a, estimates of
potential algal growth (i.e., in-lake chlorophyll-a concentrations) in the lake were made for baseline and build-out
watershed conditions. As the projected nutrient loading and associated chlorophyll-a results clearly show, the
increased nutrient loadings projected to occur with future urbanization without sufficient mitigating measures will
further exacerbate the algal growth in the lake significantly above the in-lake level set as the goal (i.e., the 20 ug/L
chlorophyll-a concentration). Modeling in the Vieux report reveals that chlorophyll-a concentrations currently exceed
the existing water quality goal of 20 ug/L for the lake, averaging 30.8 ug/L for baseline conditions. For the build-out
conditions, the average chlorophyll-a concentration is projected to be as high as 44 pg/L, which is an increase of 43%
above existing conditions and well above the water quality goal set for the lake. This increase in potential algal
growth greatly increases the threat of toxins being produced in the lake from the algal masses, exacerbates taste and
odor problems, as well as decreases recreational potential. It is clear that the City of Norman is confronted with the

significant potential for an ever worsening unclean, unhealthy, and unsafe water supply.

The Vieux analyses further present that implementation of multiple management practices (structural and non-
structural water quality controls) for both existing and build-out conditions such as statutory fertilizer reductions,
existing wetlands protection, and structural controls (e.g., detention basins, retention or sedimentation basins,
constructed wetlands, and bioretention filter basins) can result in significant reductions of phosphorus loading and
chlorophyll-a concentrations within the lake. Combinations of several management practices throughout the entire
Lake Thunderbird Watershed were shown to reduce the lake’s total phosphorus load to a level where the chlorophyll-
a concentration in the lake would remain close to the set water quality goals. However, limiting the application of
management practices within the limits of the City of Norman alone would not meet the water quality goals set for the
lake. If statutory fertilizer reduction, wetlands, and structural controls are applied only to the area within the City of
Norman under baseline conditions, the modeled chlorophyll-a concentration in the lake was estimated to be 24 pg/L
which is still above the goal of 20 pg/L. For the build-out condition and management practices applied only in
Norman, the chlorophyll-a concentration in the lake equated to 36 pg/L principally due to watershed loadings from
outside of Norman’s city limits. This indicates significant hyper-eutrophic water quality conditions and still well

above the 20 pg/L water quality goal.

While implementing non-structural and structural controls for previously developed areas would be difficult, the
implementation of such controls including stream buffers or related floodplain dedications (e.g., Stream Planning
Corridors) as well as water quality facilities (e.g., extended detention) in future developments will greatly assist
Norman in improving the water quality in Lake Thunderbird. According to the Environmental Protection Agency
(EPA), the use of stream buffers has the potential to control nutrient loadings by reducing loadings to streams by
30-40% (EPA, 1993). Fisher and Fischenich (2000) reported literature values for phosphorus removal due to “buffer
zones and corridors for water quality considerations” as high as approximately 80%. Extended detention, an often
used structural water quality control, has been reported to reduce phosphorus loadings by approximately 50% (Vieux,
2007).

Along with several other studies, reports, and programs (e.g., requirements of the City’s MS4 Program) as

documented in Sections 5, 6, and 7 of this SWMP report, results of the Vieux (2007) analyses and report were
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City of Norman, Oklahoma
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Executive Summary

strongly considered when selecting and recommending structural and non-structural controls for areas that could
potentially undergo future development within the City of Norman. These results were also considered when making
our recommendation to coordinate storm water protection initiatives with the cities of Moore and Oklahoma City
which also have areas that drain to Lake Thunderbird and contribute to the water quality problems therein. It is also
recognized that in certain circumstances these water quality controls may also be implemented in previously

developed areas depending on the conditions and applicability.

The 2007 Vieux report clearly reveals that a combination of controls will be needed to protect Lake Thunderbird’s
water quality. The SWMP recommendations and implementation plan subsequently presented in this executive
summary serve to provide an outline of recommended storm water management practices or controls for the Lake
Thunderbird Watershed that, among other items, include Stream Planning Corridors (SPCs), structural controls (dry
extended detention basins), fertilizer use education, fertilizer use controls, a continuation of present development
density controls, and the encouraged use of effective low impact development measures. Recommendations of these
particular controls are being made since they have demonstrated in numerous locations that they have the ability to
significantly assist in protecting water quality and are recognized by EPA as viable management practices or controls.
If implemented properly, these management practices will significantly assist in preserving and protecting Lake
Thunderbird’s water quality and the City’s primary water source which, in turn, will protect the health, safety, and

welfare of Norman’s citizenry.

As the largest municipal area draining into Lake Thunderbird, the City of Norman should take affirmative steps to
address water quality issues. In order to assure the continued viability of the City’s primary water source, it is
recommended that the City implement the key non-structural and structural water quality controls selected herein in
areas of future development and work to ameliorate conditions in existing developments that are reported to be

contributing to the degradation of water quality.

Fifty-nine problem areas including those characterized by stream flooding, stream erosion and local drainage were
identified within the City from the many investigations and evaluations performed. The problems are spread over a
large part of the City but all are located along, or west of, 48th Avenue East. Adding to their magnitude, a vast
majority of the problems occur on property lacking sufficient drainage easements or rights-of-way requiring that
solution costs include the purchase of such easements/rights-of-way. Table ES-1 provides the number of each problem

areas in the respective Level 1 and 2 watersheds.

As indicated in Table ES-1, a variety of conceptual solutions were developed for the 59 flood/drainage-related and
stream erosion problems. The estimated costs for each solution were developed and totaled by the respective
watersheds and for the City as a whole. Approximately 84% of the problems were located in the urban watersheds of
Bishop Creek, Brookhaven Creek, Imhoff Creek, Merkle Creek, and Woodcrest Creek with their solution costs
amounting to almost 90% of the City’s $82.6 million total costs. Stream flooding occurs in several locations in these
watersheds with stream erosion also destabilizing the mid and lower reaches of the streams traversing these same
watersheds with the exception of Merkle Creek. Certain solutions address overlapping problems, such as stream

flooding and stream erosion. The level of protection for most stream flooding solutions varied somewhat although

Table ES-1

Summary of Proposed Storm Water Projects

Stream Flooding

Stream Stabilization

Local Drainage

Watershed | Percent of

Watershed No. Costs No. Costs No. Costs Total Cost | City Total
Bishop Creek 6 $5,347,808 6 $1,817,248 5 $4,720,055 | $11,885,111 14.4
Brookhaven Creek 4 $2,613,904 4 $2,106,735 3 $1,278,962 $5,999,601 7.3
Clear Creek 1 $1,794,023 $1,794,023 2.2
Canadian River 1 $400,645 $400,645 0.5
Dave Blue Creek 2 $1,786,733 $1,786,733 22
Imhoff Creek 9 $24,439,559 2 $6,816,509 1 $12,461,087 | $43,717,155 53.0
Little River 1 $305,233 1 $123,682 $428,915 0.5
Tributary G to Little River 1 $992,182 $992,182 1.2
Woodcrest Creek 3 $3,167,165 1 $110,965 $3,278,130 4.0
Merkle Creek 4 $8,856,558 $8,856,558 10.7
Rock Creek 3 $3,136,111 $3,136,111 3.8
Ten Mile Flat Creek 1 $255,326 $255,326 0.3
Citywide Totals 33 $50,645,253 14 $10,975,139 12 $20,910,098 | $82,530,490 100.0

improvements associated with channel capacity and roadway bridge openings used projected 100-year baseline
(future) peak discharges while roadway culvert openings used projected 50-year peak flows. Exceptions were made in
special cases where 10-year protection was judged to be preferred due to limited space and the costs associated with
larger improvements. Such cases included channel improvements and certain roadway crossings along Imhoff Creek,

the west-central Imhoff Creek watershed area (including the Lindsey Street-McGee Drive intersection flooding

problem), and a few others.

The 59 solutions developed offer resolution and/or mitigation to the problems identified with the following benefits:

® 34 (58% of all solutions) instances of stream flooding mitigation.

26 of the 34 target structure or building flooding.

m 652 of 830 structures removed from the 100-year baseline floodplain.

29 of the 34 include upgrades to flooded (overtopped) road crossings.

m 36 out of 36 flood prone road crossings protected to design levels.

12 of the 34 have a structure/parcel buyout component.

m 62 properties identified as possible buyouts.

® 14 (24% of all solutions) involve stream erosion stabilization.

— 10,050 ft of eroding streams stabilized.

® 12 (20% of all solutions) represent resolutions of local drainage problems.
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Another important aspect of developing solutions for the many problems identified involved prioritization of the
solutions. These prioritizations allow for identification of the most critical projects to address the storm water needs in
Norman. Further, prioritizations represent an important tool for the City to use along with other information, such as
individual project costs, in determining the order that solutions might be implemented or how they might be financed.
The prioritization system developed evaluates, scores, and ranks each solution or project in terms of its ability to:
solve the problem being considered, provide for public safety, provide sustainability, utilize funding advantages,
impart positive impacts on affected neighborhoods and the environment, assist in other important issues like
transportation, and present its economic costs versus benefits relationship. Using the evaluation scores, solution
(project) rankings were established and organized according to the respective watersheds and ward(s) in which the

projects reside as well as within the City as a whole.

KEY ISSUES

During development of the SWMP, several key issues emerged that warranted a considerable amount of attention due
to their complexity and the need to have various stakeholder groups offer their guidance on how best to resolve the
issues. Numerous discussions with City Council members, the SWMP Task Force, City staff, and other stakeholders
produced a variety of approaches and ideas about how to resolve these various issues. As reflected in this executive
summary and Section 9 of this report, recommendations on these key issues have been made to assist the City in
moving forward toward meeting their storm water management goals. However, it is understood that additional

discussion will follow to work out the associated details and exceptions/variances. These key issues are:

® incorporating floodplain or “Stream Planning Corridors” dedications in new developments,

® utilizing structural and non-structural water quality controls in new developments including low impact
development techniques,

e providing enhanced maintenance of creeks and storm water detention facilities in existing and new
developments,

® acquiring drainage easements and rights-of-way in new and existing developments, and

e providing dam safety throughout the City.

FINANCIAL ANALYSES

Financial analyses were performed to meet the funding needs for the programs and activities associated with this
SWMP. The funding needs developed primarily include operations and maintenance costs to meet the City’s current
MS4 storm water permit requirements, the upcoming expansion of MS4 permit requirements, the storm water capital
improvement program costs, trail construction, and the purchase of critical drainage easements/rights-of-way.
Guidance on critical financing decisions was obtained from the mayor and City Council, the SWMP Task Force, City
staff, and other stakeholders throughout the process. Key analyses investigated the background and legislative history
of storm water utilities, revenue requirements, funding potential associated with a storm water utility as well as

general obligation (GO) bonding, and utility rate establishment methods. The proposed utility rate structure developed

ensures that: a public purpose will be served, a reasonable relationship exists between the amount of service rendered

and the amount of charge to be levied, the rates will not be arbitrary, and the rates will be equally and fairly applied.

The amount of revenue required for the proposed storm water management activities and improvements outlined in
the SWMP can be broken down into needs for operation and maintenance, cash (or storm water fee) financed capital,
debt service, and reserve creation less any non-operating revenues such as interest earnings. In addition to a storm
water utility, the City decided to propose funding a portion of the storm water capital improvements with general
obligation (GO) bonds in order to more quickly provide needed projects in areas of critical storm water needs. Three
rate options were developed to fund the storm water capital improvements using the split between GO bonding and
storm water utility rates over a 20-year program as defined by the City. As shown in Table ES-2 and consistent with
the CIP costs for proposed solutions, the total 20-year capital improvement program needs in 2008-2009 dollars were
estimated to be approximately $83 million. To cover these costs, three options for financing this program were

developed with varying amounts of general obligation (GO) bonding and storm water utility user fees.

Table ES-2
Three Rate Options — FY 2008—2009 Dollars (Uninflated)
Line No. ltem Option 1 Option 2 Option 3

1 Capital Improvement Program (20-Year Period) $83,000,000 $83,000,000 $83,000,000
2 Funding Source

3 General Obligation Bonds $30,000,000 $38,500,000 $40,000,000
4 Storm Water User Rates (Pay-go) Financing $53,000,000 $44,500,000 $43,000,000
5 Total $83,000,000 $83,000,000 $83,000,000
6 Program Period 20 20 20
7 Capital Improvement Projects per Year Funded by Rates $2,650,000 $2,225,000 $2,150,000

The total storm water revenue requirements were established by incorporating the costs developed during the SWMP
project for pertinent items, specifically the eight items listed in Table ES-3 (excluding items on lines 5, 10, and 11).
Table ES-3 shows the storm water revenue requirement assumed for the first 5-year period, FY 2009-2010 through
FY 2013-2014, under the three rate options. The City chose to implement one rate for the next 5 years and therefore
FY 2011-2012 (the midyear in this 5-year period) is used to set rates for this 5-year period. As indicated in line 7 of
Table ES-3, the capital improvements program is equivalent to line 7 in Table ES-2 with the exception that the ES-3
values have been adjusted for inflation to reflect FY 2011-2012 dollars, which is the middle year in the 5-year
planning period.

Establishment of the utility rates in the proposed storm water utility system will be based on impervious cover of the
property owners in Norman, which was developed from data provided by the City of Norman. Table ES-4 displays the
impervious cover data in five user classes. The City Council decided to include all impervious parcels as billable
parcels after first assessing the impact to rates if exempt parcels (including the University of Oklahoma, churches,
schools, Indian land, county, state and federal land, and non-profit land) were excluded.
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Table ES-3
Storm Water Utility Revenue Requirement (FY 2011-2012) Dollars
Line No.  Storm Water Revenue Requirement, FY 2011-2012 Option 1 Option 2 Option 3

1 Operation and Maintenance $459,799 $459,799 $459,799

2 Shared City Services $129,465 $129,465 $129,465

3 Minimum Control Measures $748,616 $748,616 $748,616

4 Reserve Funding $265,000 $265,000 $265,000

5 Subtotal $1,602,880 $1,602,880 $1,602,880

6 Enhanced Maintenance (Trails, Detention Ponds, Creeks) $1,273,080 $1,273,080 $1,273,080

7 Capital Improvements Program $2,866,240 $2,406,560 $2,325,440

8 Trail Construction $1,081,600 $1,081,600 $1,081,600

9 Easements and Rights- of- Way $265,225 $265,225 $265,225

10 Less Interest on Cash Accounts $(25,758) $(25,758) $(25,758)

11 Total Revenue Requirement $7,063,267 $6,603,587 $6,522,467

Table ES-4
Impervious Data Analysis Results
All Parcels (A) (B) () (D) (E) (F)
Avg
% of Total Impervious % of Total
Parcel Total Area Imp. Area Impervious Area Area that is

User Class Count Sq Ft Sq Ft Area Sq Ft Impervious
Single Family 26,078 636,195,726 94,245,445 32% 3,614 15%
Multi-family 6,626 193,751,640 42,293,081 15% 6,383 22%
Comm/Indust/Office 2,314 222,531,361 59,935,187 21% 25,901 27%
Agriculture 4,616 3,854,345,991 72,687,230 25% 15,747 2%
University of Oklahoma 199 76,314,671 15,637,104 5% 78,578 20%
Miscellaneous 18 17,709,556 6,827,420 2% 379,301 39%
Total 39,851 5,000,848,945 291,625,467 100%

The storm water rate, in dollars per square feet (sq ft) of impervious area, was then developed as shown in Table
ES-5. The corresponding billing amounts for user classes for each parcel were then determined as shown in Table
ES-6 for the first 5-year period and in Table ES-7 for subsequent 5-year periods, assuming Option 1. Table ES-6 also
shows the average impervious area and average yearly bill under each of the three options for the three different user

classes as well as the University of Oklahoma.

Table ES-5
Storm Water Rate Calculation for FY 2009—2010 through 2013-2014
Option 1 Option 2 Option 3
Revenue Requirement $7,063,267 $6,603,587 $6,522,467
Total Impervious Sq Ft 291,625,467 291,625,467 291,625,467
Yearly Rate ($/Sq Ft) $0.024 $0.023 $0.022
Monthly Rate ($/Sq Ft) $0.0018 $0.0017 $0.0017

Table ES-6
Average Bill for Each User Class (Based on Mid-Year, 2011-2012, of 2009—-2014 Planning Period)
Option 1 Option 2 Option 3
Average Average Average Average
Impervious Average Monthly Average Monthly Average Monthly
Surface Yearly Bill Bill Yearly Bill Bill Yearly Bill Bill
User Class (Sq F) $) $) $) $) $) $)
Single Family 3,614 87.53 7.29 81.84 6.82 80.83 6.74
Multi-family 6,383 154.60 12.88 144.54 12.04 142.76 11.90
Commercial/Industrial/Office 25,901 627.33 52.28 586.50 48.88 579.30 48.27
Agriculture 15,747 381.40 31.78 356.58 29.71 352.20 29.35
University of Oklahoma 78,578 1,903.19 158.60 1,779.33 148.28 1,757.47 146.46
Table ES-7
Storm Water Rates for the Subsequent 5-Year Planning Periods (Option 1)
5-Year Planning Period
FY 14/15 FY 19/20 FY 24/25
to 18/19 to 23/24 to 28/29

Revenue Requirement $9,596,914 $11,117,910  $13,228,877

Total Impervious Sq Ft 291,625,467 291,625,467 291,625,467

Yearly Rate ($/Sq Ft) $0.0329 $0.0381 $0.0454

Monthly Rate ($/Sq Ft) $0.0027 $0.0032 $0.0038

Average Yearly Single Family Bill $118.93 $137.78 $163.94

Average Monthly Single Family Bill $9.91 $11.48 $13.66

As rates were being considered, a nationwide survey was performed to help the City ascertain whether it was common
to exempt universities from storm water fees. The results indicated that most universities are not exempt from storm
water charges. The City eventually decided to bill all impervious surfaces, both universities and other exempt
properties, within the City. The survey taken indicated that in cities which claimed that their fees were fully adequate
to fund the storm water utility, monthly utility fees averaged $9.95 (in 2008 dollars). This compares quite favorably
for the City of Norman’s anticipated average fee of approximately $6.74 to $7.29 in FY 2011-2012 dollars. As a final
output, a long-range financial plan was developed that mapped the financial health of the storm water utility over the

20-year study period.

Table ES-8 shows various bills in 2011-2012 dollars for various impervious cover deciles (i.e., groups of equal
frequency). As indicated, approximately 40% of single-family customers have 2,800 square feet of impervious surface
or less, which would result in 40% of Norman’s single-family property owners receiving maximum monthly bills of
$5.65, $5.28, or $5.22 (probably less depending on each property’s actual impervious amount) for Options 1, 2, and 3,
respectively. The median single-family impervious square footage is approximately 3,100 square feet and implies a
maximum monthly bill of $6.26, $5.85, or $5.78 (probably less depending on each property’s actual impervious

amount) under Options 1, 2, and 3, respectively.
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Table ES-8
Bill for Various Impervious Surface Deciles
Option 1 Option 2 Option 3
Average Average Average
Single-Family Decile - Average Monthly Average Monthly Average Monthly
Impervious % Properties Yearly Bill Bill Yearly Bill Bill Yearly Bill Bill
Surface (sq ft) < sq ft Given ($) (%) ($) (%) (%) (%)
2,500 30 60.55 5.05 56.61 4.72 55.91 4.66
2,800 40 67.82 5.65 63.40 5.28 62.62 5.22
3,100 50 75.08 6.26 70.20 5.85 69.33 5.78
3,400 60 82.35 6.86 76.90 6.42 76.04 6.34
3,800 70 92.04 7.67 86.05 717 84.99 7.08
4,400 80 106.57 8.88 99.63 8.30 98.41 8.20

RECOMMENDATIONS/IMPLEMENTATION PLAN

Recommendations were developed to cover the range of topics analyzed and evaluated as part of the SWMP
development. In certain instances, the recommendations presented should be viewed with the understanding that
further meetings, discussions, and considerations will be required. These recommendations covered general items,
watershed and stream assessments, hydrologic and hydraulic modeling, drainage criteria manual updates, storm water

problems and solutions, key issues, and storm water financing. An overview of the recommendations includes:

Future Meetings and Coordination

e Continue to involve stakeholders in all aspects of the SWMP including implementation.

e Refine storm water and watershed protection goals and needs in the future based on continued public
involvement and new studies.

e Develop a formal public outreach campaign or program to further educate citizens about the City’s storm
water needs, the importance of obtaining adequate funding to meet those needs, and the general support
needed to sustain a viable storm water program throughout the City.

Key Issues

e Stream Planning Corridors and 100-year full buildout floodplain dedications as well as structural and non-
structural storm water quality controls.

— Dedicate Stream Planning Corridors (SPCs) and/or the 100-year full buildout floodplains to the City of
Norman by easement or title for streams located in the Lake Thunderbird watershed that have a drainage
area greater than 40 acres.

m  Prohibit development or significant land disturbance in the SPCs and/or 100-year full buildout
floodplain. Exemptions should include items such as, but not limited to, maintenance activities,
greenway trails, road crossings, utilities, and stream stabilization measures.

m Require additional stream-side buffers of 15 feet to each side of steams with drainage areas greater
than 40 acres that are located in the Lake Thunderbird watershed and also in Suburban Residential
and Country Residential areas as defined in the Norman 2025 Plan including subsequent updates to
the comprehensive plan as adopted by the City Council.

Require that water quality facilities be constructed to capture and treat runoff from all proposed
developments in the City of Norman that exceed 1 acre (or some other size selected by the City) in size.
The runoff “capture and treatment volume” should be set to 0.5 inch of runoff from the development area
unless specified otherwise for a special condition.

m  Allow very small developments less than 1 acre in size or some other size limit to pay into a regional
detention/water quality program in lieu of building very small water quality structures. The City’s
present regional detention program should be broadened to include this water quality fee in lieu
process.

m Allow and encourage low impact development techniques such as rain gardens and biofilters to
provide a portion or all of their storm water quality control requirements subject to the developer
providing sufficient technical justification for the techniques.

m For developments that do not dedicate the SPC or full buildout 100-year floodplain by virtue of
obtaining a variance, the runoff capture and treatment volume for their development area should be
increased to 0.7 inch of runoff.

Allow limited variances for special conditions/situations that would utilize alternative approaches that
could be shown to achieve similar water quality, flood control, and recreational opportunity. In situations
where there is a clearly defined riparian corridor of environmental significance and/or flood prone soils, it
should be relatively more difficult to obtain such a variance. However, obtaining such variances should be
less difficult in situations where a riparian corridor does not exist and the subject waterway flows through
an area that has experienced significant past disturbance or change from natural conditions (such as past
agricultural activities and/or activities associated with residential, commercial, transportation, or
industrial uses).

Implement nonstructural storm water quality controls in addition to SPCs, including a program to educate
the public on fertilizer use, a program to control the overuse of fertilizers, a procedure to ensure proper
septic system installation and operation, and a continuation of present development density (and
impervious cover) limitations in the Lake Thunderbird watershed.

Require the following compliance measures if development or significant land disturbance occurs within
the stream banks of a stream in the City:

m  USACE’s 404 permitting documentation and proof of permit to be submitted to the City prior to plat
approval,

m Riparian stream corridor mitigation will be required (tree replacement, re-vegetation, stream
stabilization using bio-engineering techniques, etc.), and

m Inlet and outlet structures will be provided as needed to incorporate erosion protection.

Continually assess water quality conditions in Lake Thunderbird and update or modify activities and
controls to protect this important water supply.

441941/080238

ES-7

PBS]



City of Norman, Oklahoma
Storm Water Master Plan

Executive Summary

Acquisition of drainage easements and rights-of-way along streams and detention facility areas.

— Develop a plan and begin to obtain drainage easements and/or rights-of-way (as needed) in Level 1 and 2
streams and for storm water detention facilities where access is needed for continuous/routine
maintenance activities. For streams, the amount of easement or right-of-way would be as needed based on
specific site conditions but, in general, would include a width of stream extending bank to bank plus 10
feet on each side of the stream channel. This can include those areas where storm water CIP projects have
been identified if the maintenance need justifies obtaining the easements in advance of designing and
constructing the proposed CIP project.

Enhanced maintenance of creeks and storm water detention facilities.

— A citywide stream maintenance program should be implemented over the next 2 or 3 years consistent with
the acquisition of easements, rights-of-way, rights-of-way, rights-of-entry, and reaches of “no action,”
depending on the situation/conditions. Maintenance should focus on those stream reaches and/or
detention facility areas where capital improvements are constructed in order to protect those investments.
The City should also consider outsourcing some, or all, of the maintenance activities if it is advantageous,
especially while a City’s program is ramping up. The City should also focus on detention facilities in
which dam maintenance may become a safety issue.

Dam safety issues.

— The City should investigate and identify, to the extent possible, the responsible parties for the inspection,
maintenance, and overall safety of dams that are judged to be a potential safety hazard. This work should
be undertaken beginning with the dams judged to have the greatest public safety risk. An inventory and
prioritization method should be developed at the beginning of the investigative work.

— While stopping short of taking over dam ownership, liability, and routine maintenance from Property
Owner Associations (POAs) or other owners, on a case by case basis the City should take over the
inspection and maintenance of dams that pose significant safety concerns. POAs should maintain the
general/routine mowing and small scale maintenance responsibilities while the City undertakes the more
critical inspection and maintenance responsibilities.

— For any dam for which the City considers taking over certain inspection and maintenance responsibilities,
it is recommended that the City first study and determine the prevailing conditions for such dam and its
appurtenances. Should the City take over inspection, maintenance, and upgrade responsibilities for the
structures, it should first be determined what actions they or the present owners might have to take to
bring such structures into state dam safety compliance. Such actions could include determining whether
the dam structures, including emergency spillways, require modifications to strengthen them against
failure or breach. Another important aspect is whether any of the dams need an emergency action plan to
reduce the risk to lives and property that can result from dam failure.

Policy, Ordinances, and Criteria

Use watershed full buildout peak discharges for new developments and make necessary changes to City
policy, the subdivision regulations, and drainage criteria manual.

Retain the low density development policies outlined in the Norman 2025 plan for the Ten Mile Flat Creek
watershed and the areas generally east of the urban core draining to Lake Thunderbird.

Update the City’s Drainage Criteria Manual in all aspects, including the rainfall and runoff methods
established in the SWMP as well as a reassessment of the adequacy of the fee-in-lieu of on-site detention
criteria.

Develop a Storm Water Quality Criteria Manual with SWMP findings and recommendations.

Develop an Erosion Control Manual aimed at preventing erosion problems associated with construction.

General Storm Water Quantity and Quality Management

To facilitate SWMP improvements implementation, develop a CIP program with staff dedicated to managing
the associated design and construction activities. This staff can balance their cyclic work load by using
consulting firms and other professionals.

Inspect and monitor the stream erosion areas identified on a regular schedule (e.g., every 1 or 2 years) until
streams are stabilized with adequate improvements.

Monitor and document conditions associated with the problems identified in the SWMP until CIP
improvements solve or mitigate them.

Incorporate any new problems and possible solutions on a continuing basis.
Review and update solution prioritizations every few years.

Continually explore ways to integrate solutions to address multiple problem types and incorporate greenway
opportunities.

Develop collaborative agency partnerships to assist in project funding and cooperation.

Maintain awareness and knowledge of all water quality monitoring being carried out in watersheds that
originate in, or flow through, the City of Norman.

Meet with the cities of Moore and Oklahoma City to explore ways to improve water quality and preserve
Lake Thunderbird’s water quality.

Meet with the Oklahoma Department of Environmental Quality (ODEQ) and get updates on the Lake
Thunderbird Watershed Management Plan development and the Canadian River TMDL status. Assign a City
coordinator to follow the progress and status of these two programs as well as the MS4 program as
compliance activities associated with these three programs will impact water quality in Norman for the
foreseeable future.

Assure compliance with requirements of the City’s MS4 OPDES storm water permit, the recently developed
Canadian River Bacteria TMDL, and the ODEQ Lake Thunderbird Watershed Management Plan
development.

Hydrologic and Hydraulic Modeling

Update hydrologic and hydraulic models consistent with up-to-date priorities using the data, methods, and
findings of the SWMP.
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Develop a hydrologic and hydraulic model management system using an internal City server or a web server
to improve user access to the models, facilitate City maintenance and distribution of the models, and to track
legitimate updates.

Submit Letters of Map Revision (LOMRSs) to FEMA for the Level 1 streams studied during the SWMP
development. When other streams are studied or updated in detail, those studies/updates should be submitted
as FEMA LOMRs at that time.

Funding

Establish long-range funding sources for storm water management such as general obligation bonding and the
establishment of a storm water utility.

— Develop and carry out a strategic work plan for a citizen vote on the proposed storm water utility as
described in Section 8. The City must also decide whether establishment of the master account file and
other key billing logistics will be worked out before or after the citizen vote (assuming it passes).
Regardless, preliminary discussions on billing and administration requirements should begin.

— Develop and carry out a strategic work plan for a citizen vote on the proposed general obligation bond
program as described in Section 8.

SUMMARY STATEMENT

With the results of this SWMP as a solid foundation, the City of Norman will be able to:

e Satisfy their regulatory requirements including the mandated OPDES MS4 storm water quality permitting
program.

e Meet the challenges facing the community, including identifying problems and solutions associated with
stream flooding, stream erosion, local drainage problems, and water quality.

¢ Enhance recreational opportunities and protect the environment.

e Obtain input from all stakeholders, receive public input, provide public education on important issues, and
maintain public support into the future.
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7.0 KEY ISSUES

During development of the SWMP, several key issues emerged that warranted a considerable amount of time due to
their complexity and the need to have various stakeholder groups offer their guidance on how best to resolve the
issues. Numerous discussions with City Council members, the SWMP Task Force, City staff, and other stakeholders
produced a variety of good ideas about the various issues. Although recommendations are included in this report (this
section and Section 9), consideration will be needed to resolve details on moving forward with several of these
recommendations. Therefore, this section provides pertinent background on the issues, discussion topics considered in
the stakeholder meetings, and recommendations on how the City should move forward in the future on each of the
issues. Several of these issues came up as the consultant team brought suggestions forward specifically targeting
certain City goals established for the SWMP. A breakdown of the major issues into “considerations” is presented
below along with options, respective discussions, and recommended actions. It is anticipated that the recommended
actions will allow the City to ultimately reach a consensus or understanding on the best approach to follow in the
future on each respective issue.

Several possible concepts were considered in an effort to meet certain City’s SWMP goals of providing public safety
from flooding, protecting water quality including Lake Thunderbird, meeting OPDES permitting requirements,
protecting stream corridor environments, capitalizing on greenway and open space expanding opportunities, and
generally improving the “quality of life” in Norman. These concepts included:

® incorporating floodplain dedications and/or “Stream Planning Corridors” in new developments,

e utilizing structural (e.g., sediment trapping basins, wet ponds, porous pavement, grass swales) and non-
structural (e.g., stream buffers or floodplain dedications, fertilizer application controls, development density
limitations, street sweeping) water quality controls in new developments, including low impact development,

¢ providing enhanced maintenance of creeks and storm water detention facilities in existing and new
developments,

® ensuring that existing and any new policies are followed in obtaining drainage easements and rights-of-way in
new developments,

® acquiring drainage easements and rights-of-way, as needed, in existing developments, and

e providing dam safety throughout the City.

The City Council and SWMP Task Force assisted the consultant team and City staff in the consideration and
discussion of these storm water-related elements.

7.1 STREAM PLANNING CORRIDORS

One particular element considered to help meet the City’s SWMP goals involved the dedication of floodplain areas
and/or stream corridors in new developments. Numerous municipalities (e.g., City of Austin, Texas; City of Stow,

Ohio; Burke County, North Carolina; and Cobb County, Georgia) throughout the country presently utilize this
environmentally sensitive approach to:

e protect water quality by removing sediments, nutrients, and other contaminants from runoff,

¢ infiltrate runoff and store floodwaters, thereby providing for public safety and reducing property damage,
¢ reduce channel bottom degradation and stream bank erosion,

® maintain habitat for fish and other aquatic organisms,

e provide terrestrial habitat,

* improve aesthetics, possibly improving property values,

® maintain base flow in streams, and

e offer opportunities for greenway development.

The appropriateness of dedicating floodplain areas or “Stream Planning Corridors” received considerable discussion
during development of the SWMP. A great many discussions were held with the City Council in work session, the
SWMP Task Force, City staff, and other stakeholders (including City Council presentations) in an effort to obtain
input as well as reach a consensus about using such a method to meet some of the City’s water quality, environmental,
flood control, and recreational goals. A very wide range of opinions was received with some stakeholders
enthusiastically favoring the corridors and others totally against them.

ad e ] :
e _ -
I - [

Stream Planning Corridors and Greenways

It is proposed that Stream Planning Corridors (SPCs) be defined as the area of land along both sides of a stream or
natural drainage corridor that encompasses the area projected to be inundated by the 1% chance flood event (i.e., the
100-year floodplain) in any given year assuming full buildout watershed conditions plus possibly including an
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additional buffer width or strip. This additional buffer strip, if added, would aid in further filtering runoff as well as
expanding opportunities for incorporating greenbelts/recreational trails within land areas being developed. SPCs
without any added buffer strip have been developed for those areas with 40 or more acres of drainage area for Level 3
and 4 streams as shown in Exhibit 4-4. Projected ultimate buildout development conditions consistent with the
Norman 2025 Plan, as well as future projected growth for areas that drain into Norman, were used to develop the peak
flow rates used to delineate the 1% or 100-year floodplains and SPCs. FEMA floodplains were considered but not
used since they were not available when the analysis was performed, were not developed assuming ultimate
development conditions, and in many locations were not based on the recent 2007 LIDAR-based topography at the
time of the analysis. The SPCs reflect full buildout development flow rates in order to respect conditions expected in

the future rather than the present or past.

The use of floodplains or SPC dedications in the headwaters areas of watersheds (up to the 40-acre drainage area size)
is important as SPCs have the greatest potential to provide water quality protection in these areas. In these headwater
areas, the flows are relatively small and dispersed (shallow flow) in any one location and therefore offer the best
opportunity to filter runoff and infiltrate it into the ground surface. SPCs or buffer strips adjacent to larger streams
with large drainage areas also help filter runoff and provide many other environmental functions and recreational
opportunities but once the runoff is into these larger stream reaches, the chance for filtration through vegetation,
absorption, and infiltration decreases as a factor due to the larger flows and resulting velocities in downstream
reaches. These processes relate to streams left in their natural state as such benefits are significantly reduced in most

rectified channels, especially in concrete-lined or piped systems.

Establishing SPCs provide a means of approximating the floodplain areas along unstudied streams for possible
dedication and/or other storm water planning purposes. The floodplains for Level 1 and 2 streams can, and should, be
used in the same manner when considering floodplain dedications. The main difference is that the Level 1 and 2
floodplains were developed with more comprehensive and detailed methods. Revisions to these Level 1 and 2 stream
floodplains for future land development conditions could be allowed if a delineation problem was discovered during
the land development process. In Level 3 and 4 streams, revisions to the SPCs should be allowed if superior
floodplain information is presented but the SPCs as provided in the SWMP should provide a reasonable approxi-
mation of the floodplain for the 1% flood in most locations. It is anticipated and expected that refined floodplain
delineations will be developed by engineers as parcels are developed and compliance with subdivision regulations is
achieved. Land developers can, at a minimum, use these SPCs as a planning tool when laying out their respective
developments and City staff can use them in their review of development plans and other planning activities.

7.1.1 Key Questions, Options, and Recommended Actions

Question 1: Does the City want future land developments to dedicate the ultimate development condition 1% chance
(100-year) floodplain extending well upstream of a 1-square-mile area as an SPC to provide water quality protection,

capitalize on greenbelt and open space expansion opportunities, protect stream corridor environments, and generally

increase the “quality of life” in Norman?

Discussion: In general, requiring the dedications would be a positive step toward meeting the City’s goals for the
SWMP. Floodplain dedications can provide for significant water quality protection, more stream base flow, improved
neighborhood recreational opportunities, as well as a more sound and viable environment for wildlife and native
vegetation. This will be a change from the way developments are presently planned in Norman so some will not want
to make any significant change in the status quo. Some developers may feel that such a program is unfair and not
needed. They may also believe that they can develop solutions that would be equivalent to the natural system in terms
of flood control, water quality, and recreation. Some may embrace such dedications as long as exceptions or variances
could be considered. To the degree that variances are allowed, the City must develop criteria to judge the adequacy of
alternative approaches in lieu of the SPC dedications. One approach to consider would be to allow alternative
approaches, including low-impact development techniques, but require studies to show that at least flood control and
water quality are equivalent to that obtained through using the floodplain dedications. Alternative approaches should
include requirements for developers to provide the City with documentation that the U.S. Army Corps of Engineers
(USACE) was notified and a Section 404 permit was obtained when natural waterways are altered as part of the

development.

Requiring these dedications could also potentially add a significant amount of additional area that the City might have
to maintain to some degree, regardless of whether such dedications were in some sort of drainage, utility, or
conservation easement. While these areas would require funding to maintain, if they were left natural, maintenance
could be minimized.

The City must ultimately decide to require these dedications in a uniform manner throughout the City or apply them
differently for areas draining directly to the Canadian River versus areas that drain into Lake Thunderbird. The City
could also chose to vary the application of the dedications depending on whether the development was located in the
current urban service area, the future urban service area, suburban residential area, and country residential area
according to the Norman 2025 Plan.

Options:

1) Require such dedications up to the 40-acre drainage area limit for all new developments.

2) Require such dedications but only up to some other drainage area cut-off limit such as 80 acres, 160 acres,
etc.

3) Select 1 or 2 above but apply the dedications differently depending on the development location within the
City such as whether or not the area drains to Lake Thunderbird or directly to the Canadian River. Another
process that could be used would be to vary the requirements or ability to obtain a variance based on whether
a stream being considered has mapped flood prone soils by the Natural Resources Conservation Service. If
such soils exist, the stream would be viewed as having an increased need for floodplain/SPC dedications.

4) Make no changes to the present land development regulations, requirements, and processes.
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Recommended Actions: In order to meet the goals of protecting the water quality of Lake Thunderbird and its
contributing waterways, Option 3 is recommended, which requires that floodplain and/or Stream Planning Corridor
dedications extend into the headwater (upstream areas) of Lake Thunderbird watersheds. Option 4 is certainly not
recommended given the worsening water quality conditions in Lake Thunderbird. For purposes of this Option 3
recommendation, the City should extend such dedications requirements to the 40-acre drainage area limit for all
watershed areas that drain to Lake Thunderbird. Such dedications are not recommended for other portions of the city
outside of the Lake Thunderbird watershed since, with the exception of the Ten Mile Flat Creek watershed, these
watersheds have relatively small amounts of undeveloped area. Extending the requirement to the 40-acre drainage
area size maximizes the water quality benefits afforded by the overland flow, increased infiltration, and vegetative
filtering of runoff in these headwater areas. A review of Exhibit 4-4 provides visual observation of the relative areal
coverage of the SPC areas versus those areas outside of the SPCs in these headwater areas. It is recognized that
further discussions will be held on this subject and the City may eventually decide to select a larger (greater than 40

acres) drainage area limit.

In making this recommendation, it is realized that certain legal and political considerations may require discussion
and resolution in the future. The resolution of any legal and political considerations will need to be made in
conjunction with the public safety and environmental concerns that are facing the City presently and in the future. The
SPC recommendation made here focuses on the actions needed to provide water quality, flood, and environmental
corridor protection as well as increasing recreational opportunities. Lake Thunderbird’s water quality constitutes the
overriding concern since there is considerable evidence that the lake is already degraded (as discussed in Section 5)
even though many areas and streams in the lake’s watershed are presently in a natural or undeveloped condition.
When development occurs in these areas and along the many local streams, it will be very hard to “hold the line” on
water quality conditions and prevent further degradation of water quality in the lake as well as in the Canadian River.
The challenge to protect water quality in all of the City’s steams and especially those contributing to the lake is

enormous and will not be met unless significant controls are put in place to counter the impacts of future urbanization.

In an effort to better understand what other local governments throughout the country have done in similar situations,
numerous floodplain and/or riparian buffer ordinances across the country were reviewed. While these ordinances have
similarities and differences, they provided supportive approaches and information. In Austin, Texas there are
requirements to provide “Critical Water Quality Zones” that extend out to the full buildout 100-year floodplain along
streams with drainage areas greater than 64 acres in water supply watersheds. These water supply watersheds are
similar to those that contribute to Lake Thunderbird in Norman, such as the Little River, Rock Creek, and Dave Blue
Creek watersheds. There is also a further requirement in Austin to provide a “Water Quality Transition Zone” that
extends from 100 to 300 ft beyond the Critical Water Quality Zone depending on the size of a stream’s drainage area
at any particular point. Development is all but eliminated in the Critical Water Quality Zone and severely limited in
the Water Quality Transition Zone (City of Austin Code, 2009). In Stow, Ohio riparian setbacks from the banks of
streams are 50 ft for areas as small as 32 acres and 30 ft for streams smaller than 32 acres (Chagrin River Watershed
Partners, Inc., 2006). Douglas County, Georgia requires stream buffers in their water supply basins that extend 100 ft

from the stream bank plus an additional 250-foot setback on “small tributaries” in which housing density is limited to

one house per acre (Wenger and Fowler, 2000). Lastly, Platte County, Missouri (1992) (part of the Kansas City
Metropolitan Area) designates “stream corridor buffer zones” of various total widths depending on drainage area
sizes, including 100 ft for areas between 25 and 40 acres; 150 ft for areas between 40 and 160 acres; 250 ft for areas

between 160 and 5,000 acres; and 300 ft for areas greater than 5,000 acres.

For those watershed areas that do not drain to Lake Thunderbird but drain more directly to the Canadian River, the
recommendation is for the City to forego these dedications altogether instead of extending floodplain/SPC dedications
to a larger drainage area limit such as 80 acres. A cursory review of developable land in areas that drain directly to the
Canadian River reveals that these dedications would not impact a significant amount of area or stream length and
would provide limited water quality benefit due to the existing disturbed nature of the area overall and stream
corridors. However, as recommended later in this section, water quality structural and nonstructural water quality
controls should be used in this area for future development activities. In terms of flooding in this more urban portion
of the city, existing and herein proposed drainage/storm water regulations should provide adequate protection. It is
further felt that variance requests could be difficult to judge in these areas creating administrative problems. The Ten
Mile Flat Watershed may be an exception to the above discussions since it does have a significant amount of
undeveloped area, but existing housing density regulations and other drainage/storm water regulations should provide

ample protection for this area.

It is also recommended that the City consider allowing justifiable variances to this requirement that would allow
alternative approaches that could be shown to achieve similar water quality, flood control, and recreational
opportunity. In situations where a clearly defined riparian corridor of environmental significance and/or flood prone
soils exist, it should be relatively more difficult to obtain such a variance. However, obtaining such variances should
be less difficult in situations where a riparian corridor does not exist and the subject waterway flows through an area
that has experienced significant past disturbance or change from natural conditions (such as past agricultural activities

and/or activities associated with residential, commercial, transportation, or industrial uses).

Question 2: Does the City want to add an extra buffer width or strip to the 1% chance floodplain? If yes, how much
extra width?

Discussion: Adding an extra buffer width basically has the same type of considerations that were presented above for
the first issue. The benefit primarily relates to adding a “safety factor” to help protect the stability, water quality, and
environmental integrity of the City’s streams. Adding an extra buffer strip would also provide more opportunity for
greenbelts and trails although most trails could be included within an SPC. From a water quality standpoint, adding
buffer width is important in areas where water quality degradation is occurring or is expected to occur such as is
happening to Lake Thunderbird. Adding buffer width might make more sense in the City areas that are to subject to
relatively less dense urban development such as the suburban residential areas and the country residential areas,
especially those areas draining into Lake Thunderbird. In the current urban service area and the future urban service
area, the Norman 2025 Plan discusses the need to provide for more dense development. In these more densely

developing areas, it may be impractical and inconsistent to add buffer width.
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Options:

1) Add an extra buffer width of 15 ft or some other amount to increase water quality protection.
2) Vary the buffer width with drainage area size, such as:

a. 40 acres — 640 acres: none

b. 640 acres — 5 square miles: 20 ft on each side of the creek

c. >5 square miles: 30 ft on each side of the creek

3) Vary the width based on the development location within the City (see discussion above).

4) Do not add any buffer width.

Recommended Actions: It is recommended that additional buffers of 15 ft be added to each side of all waterways
with 40 acres or greater drainage area in addition to, or beyond, all Stream Planning Corridors and/or ultimate
buildout 100-year (1%) floodplains areas in those areas that are included in the Norman 2025 Plan as Suburban
Residential Areas and Country Residential Areas. No additional buffer is recommended in other City areas. Variance
provisions should be considered and allowed if similar water quality protection can be conclusively demonstrated,
including provisions for future operations and maintenance.

When the City moves forward with changes to their ordinances and regulations related to floodplain/Stream Planning
Corridor dedications and structural/nonstructural water quality controls (discussed subsequently below), the following
ordinance considerations have been developed to initiate thoughts about the regulatory changes that might apply.

7.2 STRUCTURAL AND NONSTRUCTURAL STORM WATER

QUALITY CONTROLS

As discussed in Section 6.2, programmatic water quality solutions are presently being implemented in Norman’s
“urbanized areas” as part of the City’s compliance with ODEQ’s Oklahoma Pollutant Discharge Elimination System
(OPDES) “MS4” program. Additional future water quality compliance will also be required as part of the previously
mentioned TMDL requirements for Bishop Creek and ODEQ’s future watershed management plan development for
Lake Thunderbird. As a supplement to the MS4 program, the upcoming ODEQ watershed management plan, and/or
the Bishop Creek TMDL as well as to meet certain SWMP water quality goals, the City will need to require new
developments to incorporate certain structural and/or nonstructural water quality controls. Structural and non-
structural storm water quality controls have the ability to help protect the water quality in Norman’s streams and Lake
Thunderbird. Typical structural controls include extended detention (sediment trapping) basins, wet ponds or retention
basins, filtration basins, porous pavement, and grassed swales. Nonstructural controls include stream buffers,
floodplain dedications, fertilizer application controls, street sweeping, and development density limitations. These
types of structural and nonstructural controls (BMPs, or best management practices) are an integral part of the City’s
MS4 program. Discussions on this topic during the SWMP development have been much less involved compared to
other issues such as stream planning corridor dedications and drainage easement/ROW needs.

Combination water quality and flood control facility

7.2.1 Key Questions, Options, and Recommended Actions
Question: Should the City of Norman adopt structural and nonstructural storm water quality controls in its
development standards and require new developments to provide these controls?

Discussion: First, a discussion of local conditions and ongoing programs underway or in various development stages
is provided. This discussion is then followed by an overview of structural and nonstructural water quality controls, or
BMPs, that could be used in Norman. In many instances the City will lead the efforts to provide nonstructural controls
while developers will provide the structural controls as part of their development drainage infrastructure.

Storm water runoff quality is affected by human activities, land use changes, and the alteration of natural drainage
patterns. These urban conditions and activities add pollutants to rivers, lakes, and streams. Urban runoff has been
shown to be a significant source of water pollution in locations throughout the country, causing declines in water
quality and impairment of waterbodies as is the case for Lake Thunderbird. Examination of national storm water
quality data and local studies reveals that nutrients and total suspended solids (as well as other water quality
parameters), runoff volumes, and flow rates increase with urbanization and impervious surfaces, thusly impacting
Lake Thunderbird inflows and discharges to local streams and the Canadian River.

Though a limited dataset, a local study entitled “Rock Creek Watershed Analysis and Water Quality Evaluation”
(COMCD, 2006), in the Rock Creek tributary to Lake Thunderbird showed that total phosphorus, total nitrogen and
total suspended solids concentrations were several times higher than National Storm Water Quality Database values.
This modeling and analysis study for the Central Oklahoma Water Conservancy District (COMCD, 2006) focused on
estimating the impact of urban storm water on nutrient and sediment loading into Lake Thunderbird, the water supply
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reservoir for the cities of Norman, Midwest City, and Del City. For the majority of events, the most highly developed
areas in Rock Creek had the highest modeled constituent concentration of suspended solids, nitrogen and phosphorus.
As urban development results in conversion of land use from open areas to residential or commercial classifications,
the impervious area and urban activities will increase and result in higher nutrient and total suspended solids
concentrations of nutrients and annual loading in storm water to the lake. Increased nutrient loading has the potential
to increase algal growth in the lake which, in turn, can cause significant taste and odor problems in the lake’s finished
drinking water as well as cause the waterbody to be in non-compliance with the set water quality goal for chlorophyll

a (an indication of lake eutrophication).

In a subsequent study for the Oklahoma Conservation Commission (OCC) entitled “Lake Thunderbird Watershed
Analysis and Water Quality Evaluation” (OCC, 2007), an evaluation of structural and nonstructural storm water
controls were evaluated in terms of their ability to reduce nutrient and sediment loadings to the lake. Nonstructural
controls included voluntary and statutory urban nutrient management while structural controls included grassed
swales, constructed wetlands, extended detention — enhanced, retention basins, and bio-retention filters. Modeling
indicated that use of all of these controls throughout the lake’s watershed reduced total phosphorus loadings to the
lake by more than 80% for full buildout development conditions. Although it may be impractical to assume that all of
these controls would be implemented as part of any plan, it does show that it is possible to reduce loadings

substantially.

ODEQ is concerned that urban development, without appropriate mitigation of its environmental impact, will
exacerbate the water quality problems currently experienced by the lake. The watershed management plan being
established by ODEQ will identify implementation of management practices in the Lake Thunderbird watershed to
help achieve beneficial uses of water in the lake. This watershed management plan could require that the City of
Norman develop a program and/or modifications to its land development policies and ordinances to reduce pollutant
loadings commonly associated with urban development. Other cities, agencies, and entities that make land use
changes within the lake’s basin area will also have to follow requirements of the watershed management plan.
Norman should increase its efforts to work cooperatively with the cities of Moore and Oklahoma City to improve

water quality and protect Lake Thunderbird.

Under the TMDL process for the Canadian River, ODEQ has also identified Norman and the University of Oklahoma
as contributors to non-attainment for fecal coliform in Bishop Creek, a local tributary to the Canadian River. Bishop
Creek failed to support the designated water use due to fecal coliform concentrations, and thus actions must be taken
to meet the water quality standard. Where the TMDL has been developed, additional sampling becomes part of the
implementation requirements for regulated MS4 discharges such as those from the City of Norman. Significant

monitoring and reporting of water quality and implementation of BMPs are expected to result.

Structural and Nonstructural Storm Water Quality Controls. Both structural and nonstructural solutions have
been implemented in areas across the United States, ranging from site-specific engineering solutions to watershed
solutions. Structural controls constitute engineering solutions designed to reduce pollution in surface water runoff

primarily through three basic mechanisms: infiltration, filtration, and detention (EPA, 1993). In effect, these systems

attempt to counteract the opposite tendencies of decreased infiltration, filtration, and detention which urbanization
imposes upon the land. This section discusses the advantages and disadvantages of the major options available,

detailing both design and general cost constraints.

The many BMP options offer varying capabilities in terms of type and extent of pollutant removal, size of upland
basin appropriate to the structure and general comparisons. These BMPs have been developed for use across the
United States and are generally suitable for the Norman area. This section presents comparative information for
several structural BMP options. Tables 7-1 through 7-3 provide a considerable amount of information on (1) pollutant

removal efficiencies, (2) siting restrictions, and (3) general cost information, where available.

Nonstructural controls include a wide variety of pollution prevention measures. Whereas structural BMPs require
the design, installation and maintenance of actual control facilities/infrastructure, nonstructural BMPs rely on the
proper management of existing resources and adherence to common-sense materials management practices to
maintain water quality. As such, nonstructural controls are generally less expensive to implement and maintain than
structural controls. By anticipating potential problems and by acting to limit contaminants at the source, a substantial
savings can be realized compared with a program which solely reacts to pollution once it has occurred. The latter
approach involves relatively costly containment, mitigation, cleanup and treatment methods while the former involves
techniques such as public education, pollutant source reduction, improved development site design, and protection of
environmentally critical areas. Ultimately both strategies are necessary as some entry of pollutants into waterways
must be anticipated. However, inexpensive preventative methods can enable end-of-the-pipe structural solutions to be

both less expensive and more effective.

Buffer Zones/Protection of Existing Vegetation. Vegetation inherently addresses the hydrologic goals of many
structural BMPs with minimal cost and maintenance: tree canopies intercept and diminish the erosive force of rainfall;
ground cover by plants and organic matter slows runoff velocities, increases infiltration rates, and inhibits
contaminants from entering waterways; and root growth holds and protects the soil from channel and gully erosion.
Wetlands serve many of the same functions, effectively acting as natural pollution control systems as well as critical
habitat areas. When considered on the large scale of the Lake Thunderbird watershed, proper maintenance of existing
vegetative resources becomes an imperative from both cost-effective and pollutant removal standpoints. Through
advanced planning, important woodland and wetland areas can be identified and protected. Such strategies have been
used nationwide as a highly practical and achievable pollution control measure; significant habitat protection benefits
can also be achieved. Table 7-4 presents very general information on the relative costs and benefits of forest and

wetland protection.

Buffer zones are nonstructural BMPs that maintain existing or establish new vegetation in critical areas to, among
other things, assist in controlling storm water pollution. They are widely accepted as a means of protecting
streambanks, wetlands, and other environmentally important areas. Table 7-4 shows the relative costs and benefits of
stream, wetland, and expanded buffers. These zones are often employed in areas which are already unsuitable for
development, such as within floodplains or federally protected wetlands. These steeper gradients are more susceptible

to erosion, especially with increases in impervious cover in nearby areas following development. Buffer zones in
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Table 7-1
Structural BMPs: Description, Advantages, and Disadvantages

Management Practice

Advantages

Disadvantages

Extended Detention (ED) Dry Pond
Designed to trap a specific percentage of total runoff from upstream drainage

Can provide peak flow control, reducing runoff flows, erosion and flooding downstream

Removal rates for soluble pollutants are quite low

> ” . ® Possible to provide good particulate removal Generally not economical for drainage area less than 10 acres
basin. Upper chamber traps sediment for easy disposal; lower chamber L ,
detains the water for controlled, extended detention. Increased holding time ® (Can serve large development or area If not gdequately maintained, can be an eyesore, breed mosquitoes, and create
allows suspended particulates and other associated pollutants to drop out ® Requires less capital cost and land area when compared to wet pond undesirable odors
prior to release. Performance depends upon the size of the structure (e.g. the e Does not generally release warm or anoxic water downstream
percentage of the "first flush" contained) and the length of detention time. . ) )
Particulate pollutants (e.g. sediments) more effectively removed than soluble ¢ Provides excellent protection for downstream channel erosion
forms (e.g. nutrients) (see Table 7-2). Detention design of 24 hours minimum ® (Can create valuable wetland and meadow habitat when properly landscaped
"to achieve maximum removal of most pollutants” (Schueler, 1987). Rates e Lowest cost alternative in size range
vary with site-specific conditions (e.g. soil types). Fine-grained clays/silts
require longer detention times than heavier, coarser sand particles.
Extended Detention (ED) Wet Pond ®  Can provide peak flow control, reducing runoff floors, erosion and flooding downstream Generally not economical for drainage area less than 10 acres
Same as ED dry pond except designed to maintain a permanent pool. Pool ® Can serve large developments or area; most cost-effective for larger, more intensively Potential safety hazards if not properly maintained
vegetation enhances nutrient uptake. developed sites o .
P If not adequately maintained, can be an eyesore, breed mosquitoes, and create
® Enhances aesthetics and provides recreational benefits undesirable odors
®  Permanent pool in wet ponds helps to prevent scour and resuspension of sediments Requires considerable space, which limits use in densely urbanized areas with
®  Provides better nutrient removal when compared to wet pond expensive land and property values
®  Significant soluble nutrient capability added with marginal additional cost over dry ED pond Not suitable for hydrologic soil groups "A" and "B" (SCS classification)
®  (Can create valuable wetland and meadow habitat when properly landscaped "With possible oxygen depletion, may severely impact downstream aquatic life
Wet Pond ® (Can provide peak flow control, reducing runoff flows, erosion and flooding downstream Generally not economical for drainage area less than 10 acres
Pond design features pollutant removal through sedimentation (via holding ® Can serve large developments; most cost-effective for larger, more intensively developed Potential safety hazards if not properly maintained
times) and biological uptake (via established plants). Similar to ED ponds, sites o .
while wetland plant growth captures soluble nutrients, etc. Often have two . . . . If not gdequately maintained, can be an eyesore, breed mosquitoes, and create
chambers like ED ponds; upper bay traps sediments for easy maintenance, Enhances aesthetics with proper design undesirable odors
limiting their entry into pool. Use of native wetland plant species enhances ® Little groundwater discharge Requires considerable space, which limits use in densely urbanized areas with
BMP performance, reduces maintenance. ®  Permanent pool in wet ponds helps to prevent scour and resuspension of sediments expensive land and property values
®  Provides moderate to high removal of both particulate and soluble urban stormwater Not suitable for hydrologic soil groups "A" and "B" (SCS classification)
pollutants With possible oxygen depletion, may severely impact downstream aquatic life
® (Can create valuable aguatic habitat when properly maintained
Constructed Stormwater Wetland ® (Can serve large developments or areas; most cost-effective for larger, more intensively Generally not economical for drainage area less than 10 acres
((j)onstruc}ed ttq si;nul?ti theizjnatgral w¢t3tland colunte(;parts..dOffﬁr;thigh . developed sites Potential safety hazards if not properly maintained
egree ol nutrient uptake and sediment removal, and provide habitat an ®  Provides peak flow control, reducing runoff flows, erosion and flooding downstream s ;
aesthetic benefits. Often designed with an upper chamber to trap sediments. . P , , g , , g If not adequately maintained can be an eyesore, breed mosquitoes, and create
Careful designs must judge adequate flow rates, microtopography, species Enhances aesthetics and provides recreational benefits undesirable odors
diversity, and sediment volume; material excavation must be anticipated for ® The marsh fringe also protects shoreline from erosion Requires considerable space, which limits use in densely urbanized areas with
long-term maintenance. ° expensive land and property values

Permanent pool in wet ponds helps to prevent scour and resuspension of sediments
Has high pollutant removal capability
Can create valuable aquatic habitat when properly maintained

With possible oxygen depletion, may severely impact downstream aquatic life
May contribute to nutrient loadings during die-down periods of vegetation

Filtration Basin

First flush of rainfall diverted into a sand-filled impoundment. Sediments and
associated pollutants strained by sand; water returned via perforated,
subsurface pipes to receiving waters. Removal can be enhanced with an
additional layer of peat, limestone, and/or topsoil. Soluble pollutants not
reliably removed.

Ability to accommodate medium-size development (3—80 acres)
Flexibility to provide or not provide groundwater recharge
Can provide peak volume control

Requires pretreatment of storm water through sedimentation to prevent filter media

from prematurely clogging
Minimal nutrient removal
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Table 7-1, cont'd

Management Practice

Advantages

Disadvantages

Infiltration Basin

Impoundments detain runoff, allowing it to recharge over a design period.
Improved designs remove coarse sediments before they enter and clog the
infiltration capacity of the basin. Full and partial exfiltration options available,
depending upon the percentageof runoff desired to treat. Water quality
versions treat only the first flush (Schueler, 1987).

Provides groundwater recharge
Can serve large developments

High removal capability for particulate pollutants and moderate removal for soluble pollutants
When basin works, it can replicate predevelopment hydrology more closely than other BMP

options
Basins provide more habitat value than other infiltration systems
Construction cost moderate

Possible risk of contaminating ground water

Only feasible where soil is permeable and there is sufficient depth to rock and water
table

Fairly high failure rate

If not adequately maintained, can be an eyesore, breed mosquitoes, and create
undesirable odors

Regular maintenance activities cannot prevent rapid clogging of infiltration basins
Rehabilitation costs potentially high

Infiltration Trench

Trench filled with rock to form easily recharged underground reservoirs for
runoff. Improved designs incorporate mechanisms to remove sediment and oil
before entry into trench. Generally serves drainage areas of less than 10
acres where ponds cannot be used. Full/partial exfiltration and water quality
designs possible (Schueler, 1987).

Provides groundwater recharge
Can serve small drainage areas
Can fit into medians, perimeters, and other unused areas of a development site

Helps replicate predevelopment hydrology, increases dry weather baseflow, and reduces
bankful flooding frequency

Cost-effective for smaller sites

Possible risk of contaminating ground water

Only feasible where soil is permeable and there is sufficient depth to rock and water
table

Since not as visible as other BMPs, less likely to be maintained by residents
Requires significant maintenance
Rehabilitation costs potentially considerable

Porous Pavement

Porous asphalt design infiltrates runoff into underground rock-filled reservoir
for recharge. Often ineffective due to cloggage by fine, clayey soils;
recommended only select circumstances. Full/partial exfiltration and water
quality designs possible (Schueler, 1987).

Provides groundwater recharge

Provides water quality control without additional consumption of land

Can provide peak flow control

High removal rates for sediment, nutrients, organic matter, and trace metals

When operating properly can replicate predevelopment hydrology

Eliminates the need for stormwater drainage, conveyance, and treatment systems off-site
Cost-effective compared to conventional asphalt when working properly

Requires regular maintenance
Possible risk of contaminating ground water

Only feasible where soil is permeable, there is sufficient depth to rock and water
table, and there are gentle slopes

Not suitable for areas with high traffic volume

Need extensive feasibility tests, inspections, and very high level of construction
workmanship

High failure rate due to clogging
Not suitable to serve large off-site pervious areas

Concrete Grid Pavement

Honeycomb grid of concrete blocks filled with pervious materials (e.g. gravel,
sand, grass). Proper design bears vehicular traffic while still allowing
infiltration.

Can provide peak flow control
Provides groundwater recharge
Provides water quality control without additional consumption of land

Requires regular maintenance
Not suitable for area with high traffic volume
Possible risk of contaminating ground water

Only feasible where soil is permeable, there is sufficient depth to rock and water
table, and there are gentle slopes

Grassed Swales

Check dams may be installed along swale to increase infiltration (Schueler,
1987). May be substituted for more expensive curb and gutter systems for
storm water pollution reduction in certain areas.

Requires minimal land area
Can be used as part of the runoff conveyance system to provide pretreatment

Can provide sufficient runoff control to replace curb and gutter in single-family residential
subdivisions and on highway medians

Economical; low cost compared to curb and gutter

Low pollutant removal rates

Leaching from culverts and fertilized lawns may actually increase the presence of
trace metals and nutrients

Low cost compared to curb and gutter

Source: Modified and expanded from EPA, 1993.
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Table 7-2
Structural BMPs: Effectiveness in Water Quality Control

Removal Efficiency (%)

Management Practice TSS TP TN COD Pb Zn Factors
Extended Detention (ED) Dry Pond
Average: 45 25 30 20 50 20 — Storage volume
Reported Range: 5-90 10-55 20-60 0-40 25-65 (-40)-65 — Detention time
Probable Range:® 70-90 10-60 20-60 3040 20-60 40-60 —Pond shape
No. Values Considered: 6 6 4 5 4 5
Extended Detention (ED) Wet Pond
Average: 80 65 55 NA 40 20 — Pool volume
Reported Range: 50-100 50-80 55 NA 40 20 — Pond shape
Probable Range: 50-95 50-90 10-90 10-90 10-95 2095 — Detention time
No. Values Considered: 3 3 1 0 1 1
Wet Pond
Average: 60 45 35 40 75 60 — Pool volume
Reported Range: (-30)-91 10-85 5-85 5-90 10-95 10-95 —Pond shape
Probable Range: 50-90 20-90 10-90 10-90 10-95 20-95
No. Values Considered: 18 18 9 7 13 13
Constructed Stormwater Wetland
Average: 65 25 20 50 65 35 — Storage volume
Reported Range: (-20)-100 (-120)-100 (-15)-40 20-80 30-95 (-30)-80 -— Detention time
Probable Range®: 50-90 (-5)-80 0-40 30-95 — Pool shape
No. Values Considered: 23 24 8 2 10 8 — Wetland's biota
— Seasonal variation
Filtration Basin
Average: 80 50 35 55 60 65 — Treatment volume
Reported Range: 60-95 0-90 2040 45-70 30-90 50-80 - Filtration media
Probable Range: 60-90 0-80 20-40 40-70 40-80 40-80
Number of References: 10 6 7 3 5 5
Infiltration Basin
Average: 75 65 60 65 65 65 — Soil percolation rates
Reported Range: 45-100 45-100 45-100 45-100 45-100 45-100 - Basin surface area
Probable Range:* — Storage volume
SCS Soil Group A 60—-100 60-100 60—-100 60-100 60—-100 60—-100
SCS Soil Group B 50-80 50-80 50-80 50-80 50-80 50-80
No. Values Considered: 7 7 7 4 4 4
Infiltration Trench
Average: 75 60 55 65 65 65 — Soil percolation rates
Reported Range: 45-100 40-100 (-10)-100  45-100 45-100 45-100 - Trench surface area
Probable Range:b — Storage volume
SCS Soil Group A 60—-100 60-100 60—-100 60-100 60—-100 60—-100
SCS Soil Group B 50-90 50-90 50-90 50-90 50-90 50-90
No. Values Considered: 9 9 9 4 4 4
Porous Pavement
Average: 90 65 85 80 100 100 — Percolation rates
Reported Range: 80-95 65 80-85 80 100 100 — Storage volume
Probable Range: 60-90 60-90 60-90 60-90 60-90 60-90
No. Values Considered: 2 2 2 2 2 2

Table 7-2, concluded

Removal Efficiency (%)

Management Practice TSS TP TN COD Pb Zn Factors
Concrete Grid Pavement
Average: 90 90 90 90 90 90 — Percolation rates
Reported Range: 65—-100 65-100 65—-100 65-100 65—-100 65—-100
Probable Range: 60—-90 60-90 60-90 60-90 60—-90 60-90
No. Values Considered: 2 2 2 2 2 2
Grassed Swales
Average: 60 20 10 25 70 60 — Runoff volume
Reported Range: 0-100 0-100 0-40 25 3-1000  50-60" —Slope
Probable Range:* 20-40 2040 10-30 10-20 10-20 - Soil infiltration rates
No. Values Considered: 10 8 4 1 10 7 — Vegetative cover

— Swale length
— Swale geometry

Source: EPA, 1993. All figures are for BMPs from newly developed areas.

NA — Not available.

a Design criteria: storage volume equals 90% avg runoff volume, which completely drains in 72 hours; maximum depth = 8 ft; minimum

depth = 2 ft.

b Design criteria: storage volume equals 90% avg runoff volume, which completely drains in 72 hours; maximum depth = 8 ft; minimum
depth = 3 ft; storage volume = 40% excavated trench volume.

¢ Design criteria: low slope and adequate length.

d Design criteria: min. ED time 12 hours.

e Design criteria: minimum area of wetland equal 1% of drainage area.

f Also reported as 90% TSS removed.

Table 7-3

Structural BMPs: Regional, Site-Specific, and Maintenance Considerations

Size of Maintenance
BMP Option Drainage Area Site Requirements Burdens Longevity
Extended Detention Ponds Moderate to large  Deep soils Dry ponds have relatively  High
(Dry and Wet) high burdens
Wet Ponds Moderate to large  Deep soils Low High
Constructed Storm Water Moderate to large  Poorly drained soils, Annual harvesting of High

Wetlands

space may be limiting

vegetation

Filtration Basins and Sand Widely applicable ~ Widely applicable Moderate Low to moderate
Filters
Infiltration Basins Moderate to large  Deep permeable soils High Low
Infiltration Trenches Moderate Deep permeable soils High Low
Porous Pavement Small Deep permeable soils, High Low
low slopes, and
restricted traffic
Concrete Grid Pavement Small Deep permeable soils, Moderate to high High
low slopes, and
restricted traffic
Grassed Swales Small Low-density areas with Low Low if poorly

<15% slope

maintained, high if
well maintained

Source: Modified from EPA (1993).
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Table 7-4
Nonstructural BMPs: Comparison of Relative Costs and Benefits
Nutrient Sediment Stormwater Maintenance Cost to Cost to Local Difficulty in Local Site Data
Control Sedimentation Toxics Control Burdens Longevity Developers Governments Implementation Required
Buffer Zones/Protection of
Existing Vegetation
Forest Protection O ® O O ) ) O ) ® O]
Wetland Protection () ] @) ® [ ) [ ® [ ) [ ) @)
Stream Buffers ® ® @) O ] ] ® [ ® {
Wetland Buffers ® ® @) O ] ] @)  J [ {
Expanded Buffers ) ) O O ) ® ® ° @) O
Floodplain Limits ® O O ® o ) ® o ® O]
Steep Soils Limits O [ O ® [ ® ® [ [ [
Site Planning BMPs
Septic Limits ® O O O ) ) O O] O O]
Minimize Imperviousness O O O ®
Time/Area Disturbance ® ® O ] ] ° ® ° ®
Public Education Programs
Urban Housekeeping O ® ® O ® @) ) ) )
Fertilizer Control ® O O O O @) ® ® ®
Septic Maintenance ® m O O @) ® ® ® O
Household Hazardous Waste @) O ) O O O O] O] @)
_ 2
SEPQ )
5§53 § £
O %5 O S
ST 5o o 2, 2, =
g () G>) b= o 0 o 0 % ©
2~ o @ o2 2 o2 2 ke o = o
=83 g gL gL c3 53 =< % <
53 2 o S 2o © =7 o © =7 o g% 88 T8 08 o < o < o D o
LTeo8 5% 28 ogL 3 mDRe 3 TE€£53 2238 g Do g o g 3 2 %
S3RY 25879 > g U 9 > g WU o 232% 2422 g T & T 5 < T 25
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Source: Derived from EPA, 1993.
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these areas would provide additional protection. Table 7-4 also gives information on limiting the development of
steep slopes. Buffer zones may be incorporated into a development plan as an aesthetic amenity and wildlife habitat
area as well as a pollution prevention measure. Excellent examples of buffer zone use can be seen in the Woodlands

community near Houston, Texas, where pollution control and aesthetic design have been integrally combined.

Site Planning BMPs. A number of water quality benefits may be relatively easily achieved through the use of careful
site planning and design in new developments. Table 7-4 presents general considerations for the nonstructural BMPs
discussed in this section. Septic limits refer to guidelines on the proper location of onsite disposal systems (OSDS),
including septic systems. If improperly sited and/or installed, OSDS are potentially a large source of pollution.
Therefore, many municipalities across the U.S. advise against the placement of such systems near streams and other
hydrologically problematic areas. Minimization of imperviousness is also a common strategy to avoid many of the
negative effects of increases in paved surfaces. Buildings and associated parking areas may be clustered such that
open spaces (pervious areas) are maximized and impervious areas are held to a minimum. Reduction of “effective”
(hydraulically connected) impervious cover and structural BMPs such as grassed swales, as well as porous and
concrete grid pavement, can be logically included in designs minimizing the extent and relative effects of
impermeable surfaces (see Table 7-1). These innovative designs build in relatively low maintenance, or no
maintenance, water quality features, reducing the need for costly future BMP retrofitting to offset developmental
impacts. Time/area disturbance BMPs are those which intelligently sequence the timing of construction "to limit the
amount of disturbed area at any given time" and to discourage the disturbance of areas to be used as buffer zones post-
development (EPA, 1993).

Public Education Programs. A wide variety of innovative and effective public education campaigns have been
developed throughout the United States to combat storm water pollution. The EPA has compiled several very useful
summaries of such programs (EPA, 1993). Table 7-4 presents four basic programs: Urban Housekeeping; Fertilizer
Control; Septic Maintenance; and Household Hazardous Waste. Urban housekeeping BMPs seek to educate the public
about ways to limit storm water pollution (e.g., litter and pet waste control) and avoid introduction of harmful
substances into waterways. Fertilizer control seeks to educate the public about sensible fertilizer selection and
application techniques, minimizing nutrient pollution from more soluble forms of fertilizers. Septic maintenance
includes a wide array of strategies on proper septic system upkeep ranging from education of homeowners about
operation and maintenance procedures to systematically informing OSDS installers and waste haulers with up-to-date

information.

Household hazardous waste programs seek to inform the public about the means of properly disposing of common
household toxic substances commonly contributing to storm water pollution (e.g., waste motor oil, pesticides, paint
thinner, etc.) and the availability and selection of non-toxic alternatives. Additional considerations/topics for storm
water public education campaigns include the use of water tolerant, disease-resistant native plant species (e.g.,
xeriscape strategies, which minimize fertilizer and pesticide use), innovative turf management (e.g., proper use of
treated wastewater for golf course irrigation), and education about the connection between storm water pollution and
public infrastructure (e.g., keeping waste materials out of the storm sewer system; some cities have stenciled
reminders of the destination of the sewer, such as “Rock Creek™) (EPA, 1993).

Options:

1) Continue meetings between the City Council, SWMP Task Force, City staff, and other stakeholders and move
forward with discussions to decide whether the City should investigate new structural and/or nonstructural
storm water controls (BMPs) in new developments to improve existing water quality conditions and help
prevent further degradation. The discussions should also include whether the requirement for such controls be
different for areas draining into Lake Thunderbird versus those that drain directly to the Canadian River. Use
of these controls would serve to comply with the City’s OPDES permit with ODEQ for minimum control
measure number five (discussed above) entitled “Post-Construction Management in New Development and
Redevelopment.”

2) Generally, implement structural storm water quality controls in the same manner and locations as storm water

detention and consistent with the ordinance considerations provide below this section. Implement non-
structural controls associated with the MS4 (minimum control measures), require SPCs and floodplain
dedications, educate the public on limiting fertilizer application, develop a program to educate the public on
fertilizer overuse, ensure proper septic system operation and maintenance, and maintain present development
density limits in the Lake Thunderbird watershed.

3) Forego any changes to development regulations related to storm water structural and nonstructural controls

and wait for any new requirements under ODEQ’s Lake Thunderbird’s watershed management plan and/or
the OPDES MS4 program.

Recommendation Actions: Option 2 — It is recommended that structural storm water controls be, in general, required
in the same manner and locations as required for storm water detention throughout the city. Further elaboration of
how storm water quality controls could work is provided below in proposed ordinance enhancements. These structural
controls can be built in conjunction with storm water detention facilities in most instances. In most, but not all, cases
and due to maintenance costs, public safety, and nuisance (insects, etc.) considerations, the City should encourage the
use of dry detention and water quality facilities rather than wet detention/water quality facilities. For nonstructural
controls that should be concurrently implemented with structural controls, the City should continue to ensure that the
minimum control measures, as part of the OPDES MS4 program, be met. Additionally, the City should require
floodplain/SPC dedications, implement a program to educate the public on fertilizer use, develop a program to control
the overuse of fertilizers, and ensure proper septic system installation and operation, as well as continue to limit

development density (and impervious cover) in the Lake Thunderbird watershed.

Proposed Considerations, including Variances, for Incorporating Stream Planning Corridors
(SPCs) and Structural as well as Nonstructural Water Quality Controls into Norman’s Land
Development Ordinances

The following generally outlines how SPCs and structural/nonstructural storm water controls could be incorporated
into Norman’s ordinances and subdivision regulations. These recommended ordinance additions are presented to
illustrate how the dedications of SPCs and utilization of water quality controls can work in tandem to protect
Norman’s stream and lake water quality while allowing some flexibility in compliance for the City and developers.

These ordinance items would be in addition to other existing or proposed ordinance requirements. Further, it

441941/080238

7-10

PBS]



City of Norman, Oklahoma
Storm Water Master Plan

7: Key Issues

addresses the possible uses of variances for special or atypical circumstances including the compensatory require-
ments for those that obtain variances.

e Unless stipulated otherwise herein, these considerations would apply to all developments including, but not
limited to, single-family residential, multi-family residential, commercial, industrial, and possible institutional
developments.

e Dedicate SPCs and/or the 100-year full buildout floodplains to the City of Norman by easement or title for
streams located in the Lake Thunderbird watershed that have a drainage area greater than 40 acres.

— Prohibit development or significant land disturbance in the SPCs and/or 100-year full buildout floodplain.
Exemptions should include items such as, but not limited to, maintenance activities, greenway trails, road
crossings, utilities, and stream stabilization measures.

— Additional stream-side buffers of 15 ft to be added to each side of waterways for streams with greater
than 40 acres that are located in the Lake Thunderbird watershed and also in Suburban Residential and
Country Residential areas as defined in the Norman 2025 Plan.

— If development per lot storm water fees are ultimately required to help pay for storm water management
costs in the City, these fees will not be charged to developments that dedicate SPCs and/or full buildout
100-year floodplains to the City by easement or title for streams that drain more than 40 acres and are
located in the Lake Thunderbird watershed.

e Require that water quality facilities be constructed to capture and treat runoff from all proposed developments
in the City of Norman that exceed one acre (or some other size selected by the City) in size. The runoff
“capture and treatment volume” should be set to 0.5 inch of runoff from the development area unless
specified otherwise for a special condition.

— The City should consider allowing very small developments, say less than one acre or some other limit, to
pay into a regional detention/water quality program in lieu of building very small water quality structures.
The City’s present regional detention program should be broadened to include this water quality fee in
lieu process.

— The City should allow and encourage low impact development techniques such as rain gardens and
biofilters to provide a portion or all of their storm water quality control requirements subject to the
developer providing sufficient technical justification for the techniques.

— For developments that do not dedicate the SPC or full buildout 100-year floodplain by virtue of obtaining
a variance, the runoff capture and treatment volume for their development area should be increased to
0.7 inch of runoff.

e Require storm water detention facilities to control post-development peak discharges to pre-development peak
discharges for the 2-, 5-, 10-, 25-, 50-, and 100-year events assuming full buildout watershed development.

— Inlet and outlet structures to provide erosion protection and will be constructed of materials that offer
sustainability of the structures.

— Entity with dedicated funding source made responsible for general maintenance (mowing, trash cleanup,
etc.).

— City to assume responsibility of dams and other structures.

e Allow limited variances for special conditions/situations that would utilize alternative approaches that could
be shown to achieve similar water quality, flood control, and recreational opportunity. In situations where
there is a clearly defined riparian corridor of environmental significance and/or flood prone soils, it should be
relatively more difficult to obtain such a variance. However, obtaining such variances should be less difficult
in situations where a riparian corridor does not exist and the subject waterway flows through an area that has
experienced significant past disturbance or change from natural conditions (such as past agricultural activities
and/or activities associated with residential, commercial, transportation, or industrial uses).

¢ Implement nonstructural storm water quality controls in addition to SPCs, including a program to educate the
public on fertilizer use, a program to control the overuse of fertilizers, a procedure to ensure proper septic
system installation and operation, and a continuation of development density (and impervious cover) limita-
tions in the Lake Thunderbird watershed.

e Require the following compliance measures if development or significant land disturbance occurs within the
stream banks of a stream in the City:

— USACE’s 404 permitting documentation and proof of permit to be submitted to the City prior to plat
approval,

— Riparian stream corridor mitigation will be required (tree replacement, re-vegetation, stream stabilization
using bio-engineering techniques, etc.), and

— Inlet and outlet structures will be provided as needed to incorporate erosion protection.

7.3 ACQUISITION OF DRAINAGE EASEMENTS AND
RIGHTS-OF-WAY

Like many other municipalities, the City of Norman periodically needs access to streams/creeks, man-made channels,
ditches, drains, storm sewers, and storm water detention ponds, for the purposes of construction, maintenance, repair,
and overall management of these storm water systems to aid in their proper function. Unfortunately, investigations
carried out in this SWMP project revealed that there is an overwhelming lack of drainage easements or rights-of-way
(ROW) along streams, open channels, and storm water detention ponds in Norman. The location of easements/rights-
of-way along streams and storm water detention facilities are available in the City’s GIS system and are shown in the
plan (odd numbered) exhibits in Section 6 for Level 1 and 2 study areas. This information clearly shows that most
stream reaches and detention facilities have no easements/ROW at all, others have insufficient amounts, and a few

have sufficient easements.

Analyses performed during the SWMP effort revealed that the City would need to acquire, or accept as a donation,
easements/ROW on well over a thousand properties to gain the rights and access to major streams (assuming bank to
bank plus approximately 10 ft beyond each bank) and storm water detention facilities in its urban area. The number of
properties requiring easement/ROW purchases or donations would increase significantly if the City were to obtain the

FEMA floodways along these creeks as easement or out right purchase.
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Typical easement conditions in Norman

Adding to this overall problem, property owners have built structures, fences, and other flow obstructions adjacent to
undersized waterways in the floodplain and even the floodway. These obstructions often block flood flows and
increase flooding problems along waterways and contribute to the debris that washes into the streams. Additionally,
many property owners have made attempts to “fix” problems such as eroding stream banks or beds by dumping
various materials (e.g., concrete rubble, logs, wire mesh, cables, tin, etc.) into the waterways. In doing this, these
property owners likely did not understand or contemplate the possible negative impacts that their action may cause to
other properties along the stream or to the overall stream environment.

Several discussions on the subject of easement/ROW needs have been held with City Council in work session, the
SWMP Task Force, the City staff, and other stakeholders (including City Council sessions). Guidance in a general
sense was obtained that basically called for a targeted and controlled acquisition of easements and rights-of-way
associated with the City’s storm water planning. Easements and/or ROW needed to construct critical stream flood
control and/or stream erosion stabilization projects as well as to allow access to streams needing critical maintenance
will be targeted for acquisition with those involving project construction receiving the highest priority. It is hopeful
that much of the easement/ROW area will be donated to the City although in some instances purchasing the easement
may be required. The City has indicated that those that donate easement/ROW area will be looked on favorably when
selecting projects to build around the City. Even though the City has indicated how they would like to proceed as
stated above, the subject of obtaining easements and/or rights-of-way as considered during the SWMP is presented
below.

7.3.1 Key Questions, Options, and Recommended Actions

Question 1: Does the City want to obtain (through donations or purchasing) drainage easements and/or rights-of-way
in previously urbanized areas in order to possibly construct needed modifications, provide maintenance, and/or carry
out inspections on an as-needed basis?

Discussion: This is an issue that has grown in significance and importance since the inception and initiation of the
SWMP project. The lack of drainage easements or drainage-related rights-of-way was not fully understood by many
until the SWMP investigations brought attention to the related issues. It is in the best interest (health, safety,
maintenance of property values, etc.) of the local citizens to have properly functioning drainage systems. As part of
the SWMP, there are apparent needs to construct modifications, clean out clogged and eroding stream reaches, and
maintain the stream on a regular basis.

When considering the needs identified by the SWMP, it may be best to obtain rights-of-way or special easements in
stream reaches where past structures and/or improvements are located or future structures will be located in order for
the City to perform the type of repair, reconstruction, inspection, survey, and/or maintenance work needed in such
reaches to keep the system operating properly. It must be very clear that these reaches having significant public
investment must be easily accessible to protect those investments. In other stream reaches, it may be acceptable to
obtain more or less standard easements primarily for access to maintain the waterway such as cleaning, shaping,
seeding, stabilizing, or mowing. Another option on certain stream reaches would be to develop a right-of-entry
program such that property owners are asked for “single event” access to a stream area on their property for
maintenance or stabilization work. The City can opt to only enter if given the right-of-entry approval or possibly enter
regardless if the planned work is for the health and safety of the public at large and inaction would significantly
endanger other citizens and property. The City may also want to determine whether it has the legal authority to enter
private property for storm water management maintenance or modifications if it would create an unacceptable risk to
the health and safety of the public in not taking such action.

Costs of obtaining these rights or properties are also a big consideration especially since preliminary costs to obtain
easements (creek area plus 10 ft beyond the top of bank) along all the Level 1 and 2 streams was estimated to exceed
$18 million. Again, the City has decided to be much more selective in purchasing easements/ROW as discussed
above. Costs to obtain wider easements such as obtaining the entire floodway along the respective creeks might cost
significantly more than the figure given above since numerous buildings and other structures would have to be bought
along with a much larger property footprint. Relocations of effected homeowners and businesses would also need to
be considered. Some property owners might be willing to donate an easement to the City while others might not.
Guidance received from the City indicates that approximately 20-30% might donate drainage easements to the City
while 80% would want the easements to be purchased. In most all rights-of-way transfers of property, the owners
might want to sell the property to the City rather than donate it although there would be exceptions. One exception
might be that land owners along a creek needing improvements could come forward as a group and donate easements
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or rights-of-way in order to move a project up on the City’s priority list which could also reduce costs significantly.
Finally, it should be recognized that whatever plan is selected, obtaining easements on a citywide scale would be

spread out over a long time period such as 10 to 20 years, if not longer.

In looking at the options below, it is assumed that there will be some storm water management system improvements
in the City as a result of the SWMP.

Options:

1) Obtain drainage easements along all streams identified in the SWMP along the Level 1 and 2 stream reaches
studied.

2) Obtain drainage easements along only those streams that have a SWMP improvement project implemented or
reaches that are judged to have a significant present and/or ongoing maintenance need (likely obtained when
the improvement project is constructed or the first maintenance activity is carried out).

3) Obtain a mixture of drainage easements, rights-of-way, rights-of-entry, and reaches of “no action” depending

on the situation/conditions. This option possibly offers the best solution as it is very flexible and allows the
City to utilize their funds in the most efficient manner. For instance, rights-of-way could be obtained along
reaches where substantial structures/improvements are built or will be built. Drainage easements could be
obtained in areas that have a need to significant initial and/or ongoing maintenance. Rights-of-entry could be
used in areas that will likely need maintenance every few years and/or only if certain things occurred (e.g.,
large storms or a buildup of debris over, say, five to ten years). Finally, there might be some reaches that are
presently being maintained (e.g., mowed often like a lawn) by property owners and these property owners
would like to continue doing so. The City could simply let the maintenance of those reaches stay with the
property owner as they are doing a good job and want to continue doing so.

Recommended Actions: Option 3 — Obtain a mixture of drainage easements, rights-of-way, rights-of-entry, and
reaches of “no action” depending on the situation/conditions. The preferred approach would be to obtain easements or
rights-of-way wherever possible unless there are location-specific problems with this approach. However, and while it
is preferred to obtain easements or rights-of-way, obtaining rights-of-entry and/or not obtaining any easement (“‘no
action”) may be the most prudent action in certain instances. When considering the needs in any specific area, it is
recommended that rights-of-way or special easements be obtained in stream reaches where past structures and/or
improvements are located or future structures will be located. This is needed to allow the City to perform the type of
repair, reconstruction, inspection, survey, and/or maintenance work needed in such reaches to keep the system
operating properly. It must be very clear that these reaches having significant public investment and therefore, must
be easily accessible to protect those investments. In other stream reaches, it may be acceptable to obtain more or less
standard easements primarily for access to maintain the waterway such as cleaning, shaping, seeding, stabilizing, or
mowing. On stream reaches where one or more property owner are reluctant to provide easements or rights-of-way,
the City should consider obtaining a rights-of-entry to targeted properties. In these instances, property owners are

asked for “single event” access to a stream area on their property for maintenance or stabilization work. The City can

opt to only enter if given the right-of-entry approval or possibly enter regardless if the planned work is for the health
and safety of the public at large and inaction would significantly endanger other citizens and property. The City may
also want to determine whether it has the legal authority to enter private property for storm water management
maintenance or modifications if it would create an unacceptable risk to the health and safety of the public in not

taking such action.

Consideration 2: Does the City want to obtain rights-of-way or easement widths that cover the respective creek
channels (bed and banks), possibly going a distance of say 10 ft beyond the bank, or obtain a much larger area such as

creek floodway areas.

Discussion: In instances where the City does want to pursue obtaining easements or rights-of-way, then a follow on
question becomes how much to obtain. As mentioned above, two ideas have emerged related to the amount of
easement/ROW to obtain if that is the direction the City chooses. As for obtaining the creek (bank to bank plus say 10
ft), this would cost the least and would be a much smaller undertaking compared to obtaining the FEMA floodway.
Although many property owners might be reluctant to “give up” some of their property or property rights near the
creek, they might prefer this to being bought out in the floodway-based easement buyout which would be required on
numerous properties that are located in the floodway. FEMA defines the regulatory floodway as the channel of a river
or other water course and the adjacent land areas that must be reserved in order to discharge the base (100-year or 1%)

flood without cumulatively increasing the water surface elevation more than a designated height (usually 1 foot).

There are many benefits to obtaining the floodway as easement. One primary benefit would be to remove numerous
structures from harms way in the floodway. This would also offer a much larger area for greenbelts and open space
along waterways, a SWMP priority. Again, the main drawbacks would be the increased costs, the need to relocate
many residents to different homes, and to move businesses to new locations. The benefits would be that the stream
corridor would be more respected and returned to a more natural state (within limits) which would add to the “quality

of life” in those stream areas and restore some lost environmental qualities.

Options:

1) When obtaining easements or rights-of-way, target the area extending from stream bank to stream bank plus
10 ft on each side.

2) When obtaining easements or rights-of-way, target the area that is encompassed by the FEMA floodway

along the respective streams.

Recommended Actions: The City should use a combination of Options 1 and 2 and obtain easements/ROW
extending bank to bank plus 10 ft (or a somewhat wider amount depending on specific site circumstances) on each
side of Level 1 and 2 creeks while allowing that in a few special locations such as Imhoff Creek, a plan be developed

to obtain properties in the FEMA floodway over a longer period of time.
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7.4 ENHANCED MAINTENANCE OF CREEKS AND STORM WATER
DETENTION FACILITIES

There is no formal maintenance program to maintain the many open waterways in the City. The lack of drainage
easements along the City’s streams has played a major role in the lack of maintenance as access and rights are limited.
A large number of steam reaches have not been maintained at all, some have had sporadic maintenance by City
workers or landowners, and certain ones appear to have been maintained regularly by landowners. The lack of
maintenance has caused “log jams” on creeks such as Imhoff Creek where, in the past, fallen trees and debris have
clogged the waterway and built a virtual dam across the stream. In the reaches that are unmaintained, the stream
corridor does not appear capable of safely carrying storm flows, detracts from the aesthetic appeal of the creek,
presents an environmentally damaged setting, and can subject local citizens to unsafe conditions. However, there are
some stream reaches that look well maintained as local residents appear to be maintaining the creek near their
properties.

As stated above, the lack of easements/ROW and resulting access limitations has historically played a big role in a
significant deficiency in storm water maintenance throughout Norman. Many times property owner associations :
(POAs) have the responsibility of maintaining the creeks and storm water detention facilities located in their e A, : ' - - 3~

neighborhoods. This has led to poor maintenance or no maintenance in many of these storm water areas. There are
some instances where POA maintenance appears to be adequate such as in the Hall Park neighborhood. However, the
inadequate and inconsistent maintenance has led to numerous problems that the City Council and City staff feel need
to be addressed. If the City of Norman wants to upgrade its maintenance, the acquisition of drainage easements or
rights-of-way from existing and new developments must be part of the solution. Discussions with City Council
members, the SWMP Task Force, the City staff, and other stakeholders documented the need for future maintenance
activities in coordination with the acquisition of selective easements and rights-of-way.

Various cities and counties were contacted to obtain general program costs of maintaining various types of streams.
These program costs include the manpower and equipment costs required. Typical costs were developed for each
type/condition of a stream from this information. The City’s GIS data were used to obtain estimates of stream lengths
and storm water detention facility dimensions to provide the quantities of areas requiring maintenance. Estimating
general maintenance costs for Levels 1 and 2 streams included delineating three stream types, obtaining lengths of
each stream type, estimating unit maintenance costs by type, respectively multiplying stream lengths by unit costs for
the three stream types, and totaling all costs for stream maintenance as shown below. Obtaining general maintenance
cost estimates for storm water detention facilities included measuring the perimeter length around each storm water

detention facility area, totaling the perimeter lengths, obtaining the unit maintenance cost, and multiplying the total

perimeter length by the unit cost to arrive at the total cost. When added together, the general estimate of annual o e T T e NSRS ;
maintenance costs for streams and storm water detention facilities totals approximately $1.2 million. Woody debris in lower Bishop Creek
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Stream maintenance is a significant commitment.

7.4.1 Key Questions, Options, and Recommended Actions

Consideration 1: Does the City want to incur the costs and significantly increase the maintenance provided in
streams and waterways especially the Level 1 and 2 streams studied?

Discussion: Costs associated with maintaining the Level 1 and 2 stream reaches will be significant and should be
considered in future actions. Costs for the Level 1 and 2 streams are discussed below.

Level 1 and 2 Streams:

e Type 1: Natural channels with lots of trees, steep banks, difficult access, debris problems, etc.
(Example = lower Imhoff Creek or Brookhaven Creek below 36th Avenue SW or Main Street).

e Type 2: Natural channels that are able to be mowed with few trees, easy access, maybe a concrete low flow
channel (Example: Imhoff Creek upstream of the articulated block channel lining near Lindsey Street).

e Type 3: Modified channels with lining such as concrete or articulated block — relatively small and easy.
(Example = the WPA channels with mortared rock walls and concrete bottom, such as in upper Imhoff Creek
and upper Bishop Creek).

e  Unit Costs:

— Type 1: Assume $12,000/mi/yr. ($24,000/mi for years that inspections are conducted). Assumes
maintenance performed once every two years on average.

— Type 2: Assume $8,000/mi/yr. Maintenance every year (once per year).
—  Type 3: Assume $2,000/mi/yr. Maintenance and/or inspection every year. Expectations would be that in
most years only inspections would be performed.
e Total length (miles):
— Type 1:42.8
— Type2:3.6
— Type3:11.0

e Total Costs:
—  Type 1: $514,000/yr
—  Type 2: $29,000/yr
—  Type 3: $22,000/yr

e Grand Total Costs: $565,000/yr

Consideration 2: Does the City want to significantly increase the maintenance provided for storm water detention
facilities? Does the City want to vary the maintenance based on certain types of detention facilities? Does the City
want to share responsibility with property owner associations?

Discussion: Similar to what was discussed above for streams, the costs of maintaining storm water detention facilities
will be a significant annual expense. A general cost estimate for the present system of detention facilities in the City
(based on the City’s GIS system data) is presented below.

Storm Water Detention Facilities:

e Number of detention facilities from City’s GIS system = 286
e Total perimeter length around the facilities = 61.4 miles
e Unit Cost per mile: $10,000. Maintenance every year (once per year).

e Total Cost: $614,000

Total Costs for Streams and Storm Water Detention Facilities = $1,179,000 (use $1,200,000)

Recommended Actions for Considerations 1 and 2: A City stream maintenance program, with maintenance
schedules as recommended above, should be ramped up over a few years consistent with the acquisition of easements,
rights-of-way, rights-of-way, rights-of-entry, and reaches of “no action” depending on the situation/conditions.
Maintenance should focus in those stream reaches and/or detention facility areas where capital improvements are
constructed in order to protect those investments as well as in areas where serious problems have been identified, such
as lower Imhoff Creek, lower Brookhaven Creek, and stream erosion sites along Bishop Creek and its tributaries.
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The City should also consider outsourcing some, or all, of the maintenance activities if it is advantageous especially
while a City’s program is ramping up. The City should also focus on detention facilities in which dam maintenance

becomes a safety issue as discussed below.

7.5 DAM SAFETY

A key issue that became a concern during the SWMP project involves dam safety. It is obvious from viewing aerial
photos of Norman and viewing the City’s drainage systems (see Exhibit 4-4) that the City has a great number of dams
of significant height with homes and business located in low lying areas downstream of the dams. Many of these dams
impound a significant pool of water and/or have the potential to temporarily store large volumes of storm water during
flood events. These conditions pose a dam break public safety concern for those that live, work, drive, recreate, and
generally occupy the floodplain area downstream of these impoundment structures. Generally speaking, as the height

of a dam increases, risks, danger and public safety become more of a concern.

The Oklahoma National Dam Inventory identified approximately 20 dams in the Norman area as shown in Figure 7-1.
Most all of these dams were reported to have been built in the 1960s, which makes them 38 to 48 years old. These 20
dams identified in the national inventory are the more substantial dams and came under the jurisdictional authority of
the Oklahoma Water Resources Board pursuant to the enactment of Title 82 of Oklahoma Statutes. Consequently, all
of the old (i.e., already in existence) jurisdictional dams in Oklahoma were inventoried and inspected by the USACE
in the late 1970s as mandated by The National Dam Inspection Act, Public Law 92-367, 8 August 1972 under the
“Phase One Inspection of the National Dam Safety Program.”

Two key issues require consideration.

7.5.1 Key Questions, Options, and Recommended Actions
Consideration 1: Should the City investigate and identify, to the extent possible, the responsible parties for the
inspection, maintenance, and overall safety of the dams that are judged to be a potential safety hazard?

Discussion: Although OWRB oversees dam safety in Oklahoma, it is unclear whether there is a program in place to
systematically evaluate the dam sites in Norman. A dam safety concern involves the apparent limited maintenance of
many of the dams located in the City as well as the associated principal spillways, the emergency spillways, and the
upstream ponding areas in general. In many instances, it is not known who is responsible for the inspection and
maintenance of most of these dams that pose a public safety concern in various areas throughout the City. According
to the City and in most instances, property owner associations (POAs) have inherited the responsibility for dam
inspection and maintenance. The City could undertake one or more investigative projects to determine ownership of

the many dams, say 6 ft or higher, located in the City. The dams with the greatest height, unmaintained condition,

and/or most downstream development should receive the highest priority during any such investigations. Once
ownership is established, the effort should also include gathering information about the dam and its ponding area such

as design drawings, inspection reports, maintenance records, and any other pertinent information.
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Figure 7-1: Oklahoma National Dam Inventory

Option 1: Undertake one or more investigative projects to determine dam ownership and responsible party for
maintenance of the structure and its appurtenances. Collect all available pertinent information about each investigated

structure.

Option 2: Forego undertaking any investigative projects.

Recommended Actions: Select Option 1 and undertake the investigative projects beginning with the dams judged to
have the greatest public safety risk. An inventory and prioritization method will have to be developed at the beginning

of the investigative work.

Consideration 2: Does the City want to take over ownership, liability, and maintenance from POAs or other owners

to insure that dams are made safe and properly maintained?
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Downstream side of unmaintained dam

Discussion: The City’s GIS data indicate that there are almost 290 storm water detention facilities, retention ponds, or
other waterbodies in the City. Many of these are likely small and inconsequential from a dam safety standpoint but
many warrant public safety concerns.

Recommended Actions: The City should meet with OWRB and obtain their input and insight concerning the dams in
Norman and their hazard potential. Considering discussions with City staff and other stakeholders, it is recommended
that the City take over the inspection and maintenance for all dams that pose safety concerns or, at least, those that
pose the greatest hazards. Further, the POAs should maintain the general mowing and small scale maintenance
responsibilities while the City undertakes the more critical dam safety, inspection, and maintenance responsibilities.

It is recommended that the City determine the prevailing conditions for any dam and its appurtenances through an
initial investigation prior to taking on any additional responsibilities. Should the City take over inspection, mainte-
nance, and upgrading responsibilities for the structures, it should first be determined what actions they or the present
owners might have to take to bring any structures into state dam safety compliance. Such actions could include
determining whether the dam structures require modifications to strengthen them against failure or breach. Another
important aspect is whether any of the dams need an emergency action plan which is developed to reduce the risk to
lives and property that can result from dam failure.
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9.0 RECOMMENDATIONS AND IMPLEMENTATION PLAN

The previous eight report sections presented the investigations undertaken and the resultant findings that make up the
primary framework for Norman’s SWMP. This section expands on several of the key findings to formalize
recommendations and provide an “Implementation Plan” (see Section 9.11 below) for future actions that will help
improve storm water management in Norman. By necessity, storm water management will always be an ongoing
activity at the City and the recommendations made in this report will provide the direction needed to move beyond the
SWMP in the future. Some of these recommendations would be best implemented by City staff while others may
require the City to obtain assistance from consultants and/or other professionals. Again, these recommendations align
with many of the SWMP investigations completed since future actions will be a natural outgrowth of these investi-

gations.

9.1 GENERAL

e Continue to involve stakeholders in all aspects of the SWMP, including implementation.

e Refine storm water and watershed protection goals and needs in the future based on continued public
involvement and new studies.

e Develop a formal public outreach campaign or program to continue educating citizens about the City’s storm
water needs, the importance of obtaining adequate funding to meet those needs, and the general support
needed to sustain a viable storm water program at the City level. Some of these primary needs include reliable
funding mechanisms such as GO bonding and a storm water utility, MS4 permit compliance requirements, a
storm water CIP program, basic operations and maintenance of the storm water system, enhanced
maintenance to keep streams clear of debris and trash, enhanced maintenance of detention facilities,
acquisition of easements and rights-of-way, and dam safety.

9.2 WATERSHED AND STREAM ASSESSMENTS (SECTION 3)

e Incorporate all of the digital and reference data developed during the SWMP project into the City’s GIS and
other records. This includes the GIS map overlay system developed to display geo-reference field photo
locations taken at strategic creek locations during reconnaissance with the link to view the photos by clicking
on the location symbol. Establish a process to systematically update this data and information.

e Update the photo library and GIS layers with new photos of critical areas in the future during maintenance
inspections or other field work.

e Inspect and monitor the stream erosion areas identified on a regular schedule (e.g., every 1 or 2 years) until
streams are stabilized with adequate improvements.

e Assess the Little River, Rock Creek, and Dave Blue Creek corridors in more detail if significant and
contiguous stream access can be obtained.

9.3

9.4

HYDROLOGIC MODELING FOR LEVEL 2 AND OTHER STREAMS
(SECTION 4)

Develop modeling for Level 2 (initially) and Level 3 streams that is consistent with the Level 1 modeling
performed for the master plan, which used the most up-to-date data and methods. Advances in modeling
technology (new versions of HEC-HMS or HEC-RAS) should be integrated as appropriate.

Continually update modeling needs and change priorities to fit those needs.

Update drainage area delineations based on the City’s 2007 topographic data including resolution of all
watershed boundary discrepancies. Update both the GIS layer with the watershed boundaries and the areas in
the hydrologic models.

Update all Level 2 hydrologic models to use HEC-HMS (many are still HEC-1). Also update all HEC-HMS
models to version 3.3 (current version at this time) or to the latest version in the future (this should not have
any impact on the results of our modeling, which was done with version 3.1.0).

Update models to include consistent design storm rainfalls (totals and distributions) based on the USGS WRI
99-4232 and the Frequency Storm rainfall distribution (storm centering at 50%).

Use a standard procedure for design rainfall areal reductions in all modeling of watersheds greater than 9.6
square miles. No areal reduction should be used for smaller watersheds.

Use standard procedures (NRCS curve numbers) for rainfall loss rate development in all modeling. This
includes both the derivation and application of the parameters.

Use standard procedures for the development of unit hydrograph lag times and update the lag times in the
Level 2 and other models as needed.

Establish standard procedures for hydrograph routing that consider floodplain storage such as the Modified
Puls Method. This should be implemented wherever corresponding HEC-RAS models are available.

Incorporate regional detention facilities into the hydrologic models if an ongoing maintenance program is
established (thereby assuring their proper function) and the facilities measurably reduce downstream
discharges.

HYDRAULIC MODELING FOR LEVEL 2 AND OTHER STREAMS
(SECTION 4)

Develop modeling for Level 2 (initially) and Level 3 streams that is consistent with Level 1 modeling (as
modified with future advancements) which used the most up-to-date data and methods.

Continually update modeling needs and change priorities to fit those needs.

Update flows based on any modifications to the hydrologic models.
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e (Create updated cross sections based on the City’s 2007 topographic data that are fully georeferenced. This
will ensure that the latest topography is used and will greatly facilitate accurate floodplain mapping. At a
minimum, a georeferenced cross section layer containing all of the cross sections (some locations may have to
be estimated if new cross sections are not generated) for each Level 2 model should be created. Fully
georeferenced cross section will greatly facilitate floodplain mapping, model updates and the use of the
models for development purposes.

e Update roughness coefficients along the streams and in the adjacent overbank areas to better match current
existing conditions.

e Review and update bridge/culvert modeling as needed. Structures in models that were converted from HEC-2
should receive special attention.

e Revise the junction modeling for the Brookhaven Creek model. The junctions in the HEC-RAS model
received from the City were improperly converted from a previous HEC-2 model yielding slightly
conservative water surface elevations.

9.5

CRITERIA MANUAL UPDATES

e Develop a new Drainage Criteria Manual that includes the following:

Update design rainfall totals from TP-40/Hydro-35 to USGS WRI 99-4232.

Document aerial reduction procedures (most of the City, especially in the urban areas would not need to
worry about areal reduction since the watersheds are smaller than 9.6 square miles).

Document standard procedure for design rainfall aerial reductions.

Document standard procedures for rainfall loss rate development.

Document the unit hydrograph methodology standards.
m  Specify the unit hydrograph methodology to be used for modeling — NRCS, Snyder, or either.
m  Document standard procedures used for the development of unit hydrograph lag times.

Document standard procedures for hydrograph routing that specify the use of Modified Puls routing
where hydraulic models are available.

Require full buildout peak discharges for new developments and make necessary changes to City policy,
the subdivision regulations, and drainage criteria manual.

e Develop a Storm Water Quality Manual (or incorporate into Drainage Criteria Manual).

® Develop an Erosion Control Manual.

9.6

MODEL MANAGEMENT

¢ The City of Norman has invested a significant amount in the development of hydrologic and hydraulic models
a part of the SWMP. Since the master plan will not directly result in an update of the FEMA floodplains, it
will be incumbent upon the City to maintain available and up-to-date copies of these models if they are to be
of use to the community as a whole. There are varying levels of solution that can be implemented in order to
facilitate the management and distribution of models and supporting data. The following recommendations

9.7

9.8

outline a basic approach that would provide for easy access to the models by City staff and a procedure for
tracking updates to these models.

— Develop an Arc Hydro-compliant stream network and subbasin geodatabase and provide hyperlinks to an
associated directory structure built to contain the models for each watershed. Basic tools to store and
access the models through these hyperlinks could be adapted from recent systems developed by other
entities. There are a variety of options that could be built-on to such an existing system to allow the city to
track access to the models, enforce standards, document model changes, etc.).

m Internal Option — Deploy on an internal server that will allow City staff to store, access and distribute
models as needed.

m External Option — Deploy on a web server and allow the engineering community to access the
system and download models for selected stream reaches or watersheds.

— Include a “metadata” file (can be a simple text or XML file) to document the origin and history/evolution
of each hydrologic and hydraulic model.

FEMA LOMRs

Submit Letters of Map Revision (LOMRs) to FEMA for the Level 1 streams studied during the SWMP. If
other streams are studied or updated, those updates should be submitted as FEMA LOMRs at that time.

Incorporate regional detention facilities into the hydrologic models if an ongoing maintenance program is
established (thereby assuring their proper function) and the facilities measurably reduce downstream
discharges.

STORM WATER PROBLEMS AND SOLUTIONS
(SECTIONS 5 AND 6)

Stream flooding, stream erosion, and local drainage.

— Continue to monitor and document conditions associated with the problems identified in the SWMP until
CIP improvements solve or mitigate them.

— Review and update solutions prioritization on an annual, two, or five year cycle.
— Incorporate any new problems and possible solutions on a continuing basis.

— Continue to explore ways to integrate solutions to address multiple problem types and incorporate
greenway opportunities.

— Develop collaborative agency partnerships to assist in project funding and cooperation.
— Use stream equilibrium and other geomorphological principals for stream erosion project designs.

— Any update to the SWMP in the Little River corridor needs to be performed in concert with a roadway
planning study as the numerous creek crossings and roadway lengths across the wide Littler River
floodplain warrant special consideration in this area.

Water quality.

— Maintain awareness and knowledge of all water quality monitoring being carried out in watersheds that
originate in, or flow through, the City of Norman.
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Develop collaborative agency partnerships to assist in project funding and cooperation.

Assure compliance with requirements of the MS4 Program and the City’s MS4 OPDES storm water
permit.

Continue to follow and monitor information related to the ODEQ Lake Thunderbird Watershed
Management Plan development and provide input when allowed.

Comply with recently developed Canadian River Bacteria TMDL requirements as the City may be
required to participate in a coordinated monitoring program or develop their own to document the
effectiveness of their selected BMPs and to demonstrate progress toward attainment of water quality
standards. Reporting requirements include documentation of actions taken by the permittee that affect
MS4 storm water discharges to Bishop Creek and the Canadian River.

Increase monitoring of erosion controls at construction sites to assure compliance with regulations.

See items for Stream Planning Corridors as well as structural and nonstructural storm water controls in
Section 9.9 below.

e (Capital Improvements Program.

9.9

Consider developing program staff under the direction of the Director of Public Works to manage the
SWMP CIP program and associated projects. These staff can be part of an existing group or make up a
new group at the City. If the amount of work is variable, cyclic, or heavy at times, it is recommended that
staffing levels target the steady work flow and have consultants assist during times of high work flow.

Assuming that funding is available, complete construction the identified CIP projects over a 20- to
25-year period.

KEY ISSUES (SECTION 7)

e Stream Planning Corridors and 100-year full buildout floodplain dedications as well as structural and
nonstructural storm water quality controls.

Dedicate Stream Planning Corridors (SPCs) and/or the 100-year full buildout floodplains to the City of
Norman by easement or title for streams located in the Lake Thunderbird watershed that have a drainage
area greater than 40 acres.

m Prohibit development or significant land disturbance in the SPCs and/or 100-year full buildout
floodplain. Exemptions should include items such as, but not limited to, maintenance activities,
greenway trails, road crossings, utilities, and stream stabilization measures.

m Require additional stream-side buffers of 15 ft to each side of steams with drainage areas greater
than 40 acres that are located in the Lake Thunderbird watershed and also in Suburban Residential
and Country Residential areas as defined in the Norman 2025 Plan including subsequent updates to
the comprehensive plan as adopted by the City Council.

Require that water quality facilities be constructed to capture and treat runoff from all proposed
developments in the City of Norman that exceed 1 acre (or some other size selected by the City) in size.
The runoff “capture and treatment volume” should be set to 0.5 inch of runoff from the development area
unless specified otherwise for a special condition.

m  Allow very small developments less than 1 acre in size or some other size limit to pay into a regional
detention/water quality program in lieu of building very small water quality structures. The City’s
present regional detention program should be broadened to include this water quality fee in lieu
process.

m Allow and encourage low impact development techniques such as rain gardens and biofilters to
provide a portion or all of their storm water quality control requirements subject to the developer
providing sufficient technical justification for the techniques.

m For developments that do not dedicate the SPC or full buildout 100-year floodplain by virtue of
obtaining a variance, the runoff capture and treatment volume for their development area should be
increased to 0.7 inch of runoff.

Allow limited variances for special conditions/situations that would utilize alternative approaches that
could be shown to achieve similar water quality, flood control, and recreational opportunity. In situations
where there is a clearly defined riparian corridor of environmental significance and/or flood prone soils, it
should be relatively more difficult to obtain such a variance. However, obtaining such variances should be
less difficult in situations where a riparian corridor does not exist and the subject waterway flows through
an area that has experienced significant past disturbance or change from natural conditions (such as past
agricultural activities and/or activities associated with residential, commercial, transportation, or
industrial uses).

Implement nonstructural storm water quality controls in addition to SPCs, including a program to educate
the public on fertilizer use, a program to control the overuse of fertilizers, a procedure to ensure proper
septic system installation and operation, and a continuation of development density (and impervious
cover) limitations in the Lake Thunderbird watershed.

Require the following compliance measures if development or significant land disturbance occurs within
the stream banks of a stream in the City:

m  USACE’s 404 permitting documentation and proof of permit to be submitted to the City prior to plat
approval,

m Riparian stream corridor mitigation will be required (tree replacement, re-vegetation, stream
stabilization using bio-engineering techniques, etc.), and

m Inlet and outlet structures will be provided as needed to incorporate erosion protection.

® Acquisition of drainage easements and rights-of-way along streams and detention facility areas.

Obtain a mixture of drainage easements, rights-of-way, rights-of-entry, and reaches of “no action,”
depending on the situation/conditions in existing developments.

Develop a plan and begin to obtain drainage easements and/or rights-of-way (as needed) in Level 1 and 2
streams and for storm water detention facilities where access is needed for continuous/routine
maintenance activities. For streams, the amount of easement or right-of-way would be as needed based on
specific site conditions but, in general, would include a width of stream extending bank to bank plus 10 ft
on each side of the stream channel. This can include those areas where storm water CIP projects have
been identified if the maintenance need justifies obtaining the easements in advance of designing and
constructing the proposed CIP project.
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e Enhanced maintenance of creeks and storm water detention facilities.

— Consistent with available funding, a City stream maintenance program should be implemented over the
next 2 or 3 years consistent with the acquisition of easements, rights-of-way, rights-of-way, rights-of-
entry, and reaches of “no action,” depending on the situation/conditions. Maintenance should focus on
those stream reaches and/or detention facility areas where capital improvements are constructed in order
to protect those investments. The City should also consider outsourcing some, or all, of the maintenance
activities if it is advantageous, especially while a City’s program is ramping up. The City should also
focus on detention facilities in which dam maintenance may become a safety issue.

e Dam safety.

— The City should investigate and identify, to the extent possible, the responsible parties for the inspection,
maintenance, and overall safety of dams that are judged to be a potential safety hazard. This work should
be undertaken beginning with the dams judged to have the greatest public safety risk. An inventory and
prioritization method should be developed at the beginning of the investigative work.

— While stopping short of taking over dam ownership, liability, and routine maintenance from Property
Owner Associations (POAs) or other owners, on a case by case basis the City should take over the
inspection and maintenance of dams that pose significant safety concerns. POAs should maintain the
general/routine mowing and small scale maintenance responsibilities while the City undertakes the more
critical inspection and maintenance responsibilities.

— For any dam for which the City considers taking over certain inspection and maintenance responsibilities,
it is recommended that the City first study and determine the prevailing conditions for such dam and its
appurtenances. Should the City take over inspection, maintenance, and upgrade responsibilities for the
structures, it should first be determined what actions they or the present owners might have to take to
bring such structures into state dam safety compliance. Such actions could include determining whether
the dam structures, including emergency spillways, require modifications to strengthen them against
failure or breach. Another important aspect is whether any of the dams need an emergency action plan to
reduce the risk to lives and property that can result from dam failure.

9.10 STORM WATER FINANCING (SECTION 8)

e Establish long-range funding options for storm water such as those presented in Section 8.

e Educate the public on the need to have adequate funding or storm water management as described under the
general recommendations.

9.11 IMPLEMENTATION PLAN

An implementation plan is presented here that provides the actions that the City of Norman can take to advance the
work that was performed to develop the City’s Storm Water Master Plan. In some instances, it may overlap or repeat
certain aspects of the recommendations provided above, but that is to be expected as these implementation actions
reflect the work that was performed as well as the recommendations. These implementation items focus on the
immediate future covering the next few months and years although some items may unfold for many years to come.

The successful implementation of the storm water master plan and the associated future actions needed to implement
the plan will rely heavily on additional public input and support. Additional meetings with stakeholders, including or
such as the Storm Water Task Force, will help greatly in determining the specifics of educating and involving the
public about future storm water master plan activities. Without the support of the public and approval of the funding

needed, implementation of the master plan will be severely limited.

In listing these key implementation actions below, it is assumed that funding, such as the storm water utility and
general obligation bonding described in this SWMP report (Section 8), will eventually become available to allow the
City to pursue the actions. Additionally, the implementation actions can be taken out of the order given below as the

ultimate order of these actions will depend on many events that have yet to occur.

General

1. Develop a formal public outreach campaign or program to continue educating citizens about the City’s storm
water needs, the importance of obtaining adequate funding to meet those needs, and the general support
needed to sustain a viable storm water program at the City level. Some of these primary needs include reliable
funding mechanisms such as GO bonding and a storm water utility, MS4 permit compliance requirements, a
storm water CIP program, basic operations and maintenance of the storm water system, enhanced
maintenance to keep streams clear of debris and trash, enhanced maintenance of detention facilities,
acquisition of easements and rights-of-way, and dam safety.

Financing

2. Develop and carry out a strategic work plan for a citizen vote on the proposed storm water utility as described
in Section 8. The City must also decide whether establishment of the master account file and other key billing
logistics will be worked out before or after the citizen vote (assuming it passes). Regardless, preliminary
discussions on billing and administration requirements should begin.

3. Develop and carry out a strategic work plan for a citizen vote on the proposed general obligation bond
program as described in Section 8.

Data Management

4. Incorporate all of the digital and reference data developed during the SWMP project into the City’s GIS and
other records. This includes the GIS map overlay system developed to display geo-reference field photo
locations taken at strategic creek locations during reconnaissance with the link to view the photos by clicking
on the location symbol. Establish a process to systematically update this data and information.

Criteria Manuals

5. Update the City’s Drainage Criteria Manual with SWMP findings and recommendations.

6. Develop a Storm Water Quality Criteria Manual with SWMP findings and recommendations.
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7.

Develop an Erosion Control Manual aimed at preventing erosion problems associated with construction.

Hydrology and Hydraulic Analyses

10.

Following detailed recommendations in Section 9, develop detailed modeling for Level 2 (existing models
used, some becoming outdated) and Level 3 (future detailed) streams consistent with the detailed Level 1
modeling performed for the master plan, which used the most up-to-date topographic and other data as well as
hydrologic/hydraulic modeling methods. Advances in modeling technology (new versions of HEC-HMS or
HEC-RAS) should be integrated as appropriate. This should be done prior to, or at the beginning of,
developing designs for CIP projects.

Institute a storm water hydrologic and hydraulic model management system to maintain and facilitate
distribution of the latest models to users. This system should be network and/or internet based to minimize the
overall effort.

Submit Letters of Map Revision (LOMRs) to FEMA for the Level 1 streams studied during the SWMP. If
other streams are studied or updated, those updates should be submitted as FEMA LOMRs at that time.

Water Quality

11.

12.

13.

14.

Meet with the cities of Moore and Oklahoma City to explore ways to improve water quality and preserve
Lake Thunderbird’s water quality.

Meet with the Oklahoma Department of Environmental Quality (ODEQ) and get updates on the Lake
Thunderbird Watershed Management Plan development and the Canadian River TMDL status. Assign a City
coordinator to follow the progress and status of these two programs as well as the MS4 program as
compliance activities associated with these three programs will impact water quality in Norman for the
foreseeable future.

Dedicate Stream Planning Corridors (SPCs) and/or the 100-year full buildout floodplains to the City of
Norman by easement or title for streams located in the Lake Thunderbird watershed that have a drainage area
greater than 40 acres.

® Prohibit development or significant land disturbance in the SPCs and/or 100-year full buildout floodplain.
Exemptions should include items such as, but not limited to, maintenance activities, greenway trails, road
crossings, utilities, and stream stabilization measures.

e Require additional stream-side buffers of 15 ft to each side of steams with drainage areas greater than
40 acres that are located in the Lake Thunderbird watershed and also in Suburban Residential and
Country Residential areas as defined in the Norman 2025 Plan including subsequent updates to the
comprehensive plan as adopted by the City Council.

Require that water quality facilities be constructed to capture and treat runoff from all proposed developments
in the City of Norman that exceed 1 acre (or some other size selected by the City) in size. The runoff “capture
and treatment volume” should be set to 0.5 inch of runoff from the development area unless specified
otherwise for a special condition.

15.

16.

17.

18.

19.

e Allow very small developments less than 1 acre in size or some other size limit to pay into a regional
detention/water quality program in lieu of building very small water quality structures. The City’s present
regional detention program should be broadened to include this water quality fee in lieu process.

® Allow and encourage low impact development techniques such as rain gardens and biofilters to provide a
portion or all of their storm water quality control requirements subject to the developer providing suf-
ficient technical justification for the techniques.

e For developments that do not dedicate the SPC or full buildout 100-year floodplain by virtue of obtaining
a variance, the runoff capture and treatment volume for their development area should be increased to
0.7 inch of runoff.

Allow limited variances for special conditions/situations that would utilize alternative approaches that could
be shown to achieve similar water quality, flood control, and recreational opportunity. In situations where
there is a clearly defined riparian corridor of environmental significance and/or flood prone soils, it should be
relatively more difficult to obtain such a variance. However, obtaining such variances should be less difficult
in situations where a riparian corridor does not exist and the subject waterway flows through an area that has
experienced significant past disturbance or change from natural conditions (such as past agricultural activities
and/or activities associated with residential, commercial, transportation, or industrial uses).

Implement nonstructural storm water quality controls in addition to SPCs, including a program to educate the
public on fertilizer use, a program to control the overuse of fertilizers, a procedure to ensure proper septic
system installation and operation, and a continuation of development density (and impervious cover)
limitations in the Lake Thunderbird watershed.

Require the following compliance measures if development or significant land disturbance occurs within the
stream banks of a stream in the City:

e USACE’s 404 permitting documentation and proof of permit to be submitted to the City prior to plat
approval,

e Riparian stream corridor mitigation will be required (tree replacement, re-vegetation, stream stabilization
using bio-engineering techniques, etc.), and

¢ Inlet and outlet structures will be provided as needed to incorporate erosion protection.

Establish an education outreach program for, and voluntary compliance with, fertilizer application controls in
City areas located in the Lake Thunderbird watershed.

Continually assess the water quality of Lake Thunderbird and update or modify activities and controls to
protect this important water supply.

CIP/Easements/Maintenance

20. Establish an ongoing program activity to inspect and monitor the stream erosion areas identified on a regular

schedule (e.g., every 1 or 2 years) until streams are stabilized with adequate improvements.

21. Develop a plan and begin to obtain drainage easements and/or rights-of-way (as needed) in Level 1 and 2

streams and for storm water detention facilities where access is needed for continuous/routine maintenance
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22.

23.

24.

25.

26.

activities. For streams, the amount of easement or right-of-way would be as needed based on specific site
conditions but, in general, would include a width of stream extending bank to bank plus 10 ft on each side of
the stream channel. This can include those areas where storm water CIP projects have been identified if the
maintenance need justifies obtaining the easements in advance of designing and constructing the proposed
CIP project.

Develop an analysis outlining the “pros and cons” of obtaining the FEMA floodway as drainage easement or
right-of-way along various reaches of Imhoff Creek as part of a long-term solution to flooding and limited
access along this creek.

A citywide stream maintenance program should be implemented over the next 2 or 3 years consistent with the
acquisition of easements, rights-of-way, rights-of-way, rights-of-entry, and reaches of “no action,” depending
on the situation/conditions. Obtaining easements and rights-of-way is the preferred method of gaining routine
access to the city’s streams. Maintenance should focus on those stream reaches and/or detention facility areas
where capital improvements are constructed in order to protect those investments. The City should also
consider outsourcing some, or all, of the maintenance activities if it is advantageous, especially while a City’s
program is ramping up. The City should also focus on detention facilities in which dam maintenance may
become a safety issue.

As funds permit, preliminary designs along with refined construction cost estimates should be developed for
the top priority projects.

Consider developing program staff under the direction of the Director of Public Works to manage the SWMP
CIP program and associated projects. These staff can be part of an existing group or make up a new group at
the City. If the amount of work is variable, cyclic, or heavy at times, it is recommended that staffing levels
target the steady work flow and have consultants assist during times of high work flow.

The CIP projects have been identified, described (functionality/character/costs), and prioritized. In order of
their priority, a list should be developed outlining the specific projects (and therefore the total budget outlay)
that would be funded through general obligation bonds (options investigated ranged from $30 to $40 million)

27.

Dams

28.

29.

30.

versus those that would be funded through a storm water utility (financing investigated ranged from $43 to
$53 million) over a 20-year period. Preliminary discussions have been held on this issue but it should be
finalized.

Develop a future roadway improvement plan for Franklin Road east of Interstate Highway 35 that includes a
significant drainage or flood prevention study element as this roadway and many of its intersecting roadways
are significantly flood prone for several miles of roadway length.

The City should investigate and identify, to the extent possible, the responsible parties for the inspection,
maintenance, and overall safety of dams that are judged to be a potential safety hazard. This work should be
undertaken beginning with the dams judged to have the greatest public safety risk. An inventory and
prioritization method should be developed at the beginning of the investigative work.

While stopping short of taking over dam ownership, liability, and routine maintenance from Property Owner
Associations (POAs) or other owners, on a case by case basis the City should take over the inspection and
maintenance of dams that pose significant safety concerns. POAs should maintain the general/routine mowing
and small scale maintenance responsibilities while the City undertakes the more critical inspection and
maintenance responsibilities.

For any dam for which the City considers taking over certain inspection and maintenance responsibilities, it is
recommended that the City first study and determine the prevailing conditions for such dam and its
appurtenances. Should the City take over inspection, maintenance, and upgrade responsibilities for the
structures, it should first be determined what actions they or the present owners might have to take to bring
such structures into state dam safety compliance. Such actions could include determining whether the dam
structures, including emergency spillways, require modifications to strengthen them against failure or breach.
Another important aspect is whether any of the dams need an emergency action plan to reduce the risk to lives
and property that can result from dam failure.
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3-D Three-dimensional
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BMP Best management practices
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DMR Discharge Monitoring Report
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HSPF Hydrologic Simulation Program FORTRAN
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Load Allocation
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Margin of Safety

Municipal separate storm sewer system
Multi-Sector General Permits
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Ammonium-N

National Hydrography Dataset

National Land Cover Database

Nutrient Limited Waterbody

Nitrite-N

Nitrate-N

Nitrite-N + Nitrate-N

National Oceanic Atmospheric Administration
National Pollutant Discharge Elimination System
Nonpoint Source

Nash-Sutcliffe coefficient

Nepholometric turbidity units

Oklahoma Statutes

Oklahoma Administrative Code

Oklahoma Conservation Commission

Oklahoma Department of Agriculture, Food, and Forestry

Oklahoma Water Resources Board
Particulate Organic Carbon
Particulate Organic Nitrogen
Particulate Organic Phosphorus

Root Mean Square
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RMSE Root Mean Square Error
r? Correlation coefficient
SDOX Supersaturated Dissolved Oxygen
SIC Standard Industrial Classification
SOD Sediment Oxygen Demand
SSO Sanitary Sewer Overflow
SWP3 Storm Water Pollution Prevention Plan
SWS Sensitive Water Supply
TKN Total Kjeldahl Nitrogen
TMDL Total Maximum Daily Load
TN Total Nitrogen
TOC Total Organic Carbon
TON Total Organic Nitrogen
TOP Total Organic Phosphorus
TP Total Phosphorus
TPOA4 Total Phosphate
TSI Trophic State Index
TSS Total Suspended Solids
USDA United States Dept. Agriculture
USGS United States Geological Survey
UTM Universal Transverse Mercator (map projection)
WLA Wasteload allocation
WQM Water quality monitoring
WQMP Water Quality Management Plan
WQSs Water Quality Standard
WWAC Warm Water Aguatic Community
WWTP Wastewater treatment plant
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EXECUTIVE SUMMARY

Lake Thunderbird is a 6,070-acre reservoir located 13 miles east of downtown Norman in Cleveland
County, Oklahoma. The Lake is located within a 256 square mile drainage area of the upper Little River
watershed (HUC, 11090203). The Lake, owned by the U.S. Bureau of Reclamation, was constructed to
provide flood control, municipal water supply, recreation and wildlife habitat. Lake Thunderbird is a prime
recreational lake for camping, fishing, swimming and boating for the growing population in and around
the watershed. As of the 2010 census, the watershed population is estimated at 99,600. The Lake
serves as the primary public water supply for the cities of Norman, Midwest City, and Del City with water
usage governed by the Central Oklahoma Master Conservancy District (COMCD). Lake Thunderbird is
on Oklahoma’s 2010 303(d) list for impaired beneficial uses of public/private water supply and warm
water aquatic community (WWAC).

This report documents the data and assessment methods used to establish total maximum daily loads
(TMDL) for Lake Thunderbird (OK520810000020 00). Data assessment and TMDL calculations are
conducted in accordance with requirements of Section 303(d) of the federal Clean Water Act (CWA),
Water Quality Planning and Management Regulations (40 CFR Part 130), United States Environmental
Protection Agency (EPA) guidance, and Oklahoma Department of Environmental Quality (DEQ)
guidance and procedures. DEQ is required to submit all TMDLs to the EPA for review and approval.
Once the Environmental Protection Agency (EPA) approves a TMDL, the waterbody may then be moved
to Category 4 of a state’s Integrated Water Quality Monitoring and Assessment Report, where it remains
until compliance with water quality standards (WQS) is achieved (EPA, 2003).

The purpose of this TMDL report is to establish waste load allocations (WLA) and load allocations (LA)
determined to be necessary for reducing turbidity and chlorophyll-a levels and maintaining sufficient
oxygen levels in the Lake to attain water quality targets to restore impaired beneficial uses and protect
public health. TMDLs determine the pollutant loading that a waterbody, such as Lake Thunderbird, can
assimilate without exceeding applicable water quality standards. TMDLs also establish the pollutant load
allocation necessary to meet the water quality standards established for a waterbody based on the
relationship between pollutant sources and water quality conditions in the waterbody. A TMDL consists of
a waste load allocation (WLA), load allocation (LA), and a margin of safety (MOS). The WLA is the
fraction of the total pollutant load apportioned to point sources, and includes stormwater discharges
regulated under the National Pollutant Discharge Elimination System (NPDES) as point sources. The LA
is the fraction of the total pollutant load apportioned to nonpoint sources. The MOS is a percentage of the
TMDL set aside to account for the lack of knowledge associated with natural processes in aquatic
systems, model assumptions, and data limitations.

This report does not identify specific control actions (regulatory controls) or management measures
(voluntary best management practices) necessary to reduce pollutant loading from the watershed.
Watershed-specific control actions and management measures will be identified, selected, and
implemented under a separate process involving stakeholders who live and work in the watershed, along
with local, state, and federal government agencies.

ES.1 Problem Identification and Water Quality Targets

Designated uses of Lake Thunderbird are flood control, municipal water supply, recreation, and fish and
wildlife propagation. Lake Thunderbird is designated as a Category 5a lake on the Oklahoma 303(d) list
with a Priority 1 ranking. Category 5 defines a waterbody where, since the water quality standard is not
attained, the waterbody is impaired or threatened for one or more designated uses by a pollutant(s), and
the water body requires a TMDL. DEQ has determined that Lake Thunderbird, designated as a Sensitive
Water Supply (SWS) lake, is not supporting its designated uses for (a) Fish & Wildlife Propagation (FWP)
for a Warm Water Aquatic Community because of excessive levels of turbidity and low dissolved oxygen;
and (b) Public Water Supply because of excessive chlorophyll-a levels. High levels of both turbidity and
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chlorophyll-a can have deleterious effects on the raw water quality, such as taste and odor complaints
and treatment costs of drinking water. Low levels of dissolved oxygen below the thermocline reflect
decay of organic matter in the sediment bed and restricted transfer of oxygen from the surface layer
because of summer thermal stratification. The water quality targets established for Lake Thunderbird,
based on statistics of the most recent 10 years of record, are defined as the long-term average in-lake
surface concentration of 10 pg/L for chlorophyll-a and the 90" percentile of the in-lake surface
concentration of 25 NTU for turbidity. Water quality criteria for DO are defined for: (a) the surface layer
(epilimnion) during periods of thermal stratification and (b) the entire water column when the lake is not
stratified. A Warm Water Aquatic Community (WWAC) lake is fully supporting its designated beneficial
uses for the epilimnion and the entire water column if 10% or less of DO samples are less than 6 mg/L
from April 1 through June 15 and less than 5 mg/L during the remainder of the year (June 16 through
March 31). DO criteria for a WWAC lake are also defined on the basis of the anoxic volume of the lake
that is less than a target cutoff level of DO. During the period of thermal stratification, the lake is fully
supporting if 50% or less of the lake volume is less than the target cutoff of 2 mg/L.

ES.2 Pollutant Source Assessment

Water quality constituents that relate to impairments of Lake Thunderbird include suspended sediment,
chlorophyll-a, phosphorus, nitrogen, and carbonaceous biochemical oxygen demand (CBOD). The major
contribution of pollutant sources from the watershed are derived from urban stormwater runoff from
Moore, Norman and Oklahoma City. A smaller contribution of pollutant loading is related to runoff from
rural and unincorporated areas of the watershed. A waste load allocation (WLA) for point source
discharges of urban stormwater from Moore, Norman and Oklahoma City, is determined for sediment,
nutrients and CBOD. Urban stormwater discharges are regulated under the Clean Water Act by NPDES
permits issued to the three cities as part of the MS4 Stormwater Program. A load allocation (LA) for
nonpoint runoff of sediment, nutrients and ultimate CBOD is determined for the unincorporated area of
the watershed not included within the boundaries of the three MS4 permits, along with the very small
areas of the cities of Noble and Midwest City located in the watershed.

ES.3 Watershed and Lake Model

A model framework was developed to establish the cause-effect linkage between pollutant loading from
the watershed (the HSPF model) and water quality conditions in the lake (the EFDC model). Flow and
pollutant loading from the watershed to the Lake was simulated for a one year period from April 2008 to
April 2009 with the public domain HSPF watershed model. Watershed model results were used to
estimate the relative contributions of point and nonpoint sources of pollutant loading. As shown in Table
ES-1, the three cities of Moore, Norman and Oklahoma City accounted for the dominant share of total
pollutant loading from the watershed. The EFDC model was developed to simulate water quality
conditions in Lake Thunderbird for sediments, nutrients, organic matter, dissolved oxygen and
chlorophyll-a.

Table ES-1 Relative Contribution of Point and Nonpoint Source Loading of Pollutants
from the Lake Thunderbird Watershed (April 2008-April 2009)

TN TP | CBOD | Sediment
City Name % % % %
Moore 254 28.1 315 21.1
Norman 39.5 38.0 38.5 41.0
Oklahoma City 32.4 31.1 27.7 35.1
Other areas 2.6 2.8 2.3 2.7
Total 100 100 100 100
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Model results for suspended solids were transformed to turbidity for comparison to water quality criteria
for turbidity. Simulated suspended solids were transformed with a site-specific regression relationship
developed from Lake Thunderbird station records for TSS and turbidity. EFDC is a public domain surface
water model that includes hydrodynamics, sediment transport, water quality, eutrophication and sediment
diagenesis. The EFDC lake model was developed with water quality data collected at eight locations in
the Lake during the one year period from April 2008 through April 2009. Model results were calibrated to
observations for water level, water temperature, TSS, nitrogen, phosphorus, dissolved oxygen, organic
carbon and algae biomass (chlorophyll-a). The Relative RMS Error performance targets of (a) 20% for
water level and dissolved oxygen; (b) 50% for water temperature, nitrate and total organic phosphorus;
and (c) 100% for chlorophyll-a were all attained with the model results for these constituents either much
better than, or close to, the target criteria. The model results for TSS, total phosphorus, total phosphate,
and total nitrogen were also good with the model performance statistics shown to be only 5-6% over the
target criteria of 50%.

The calibrated lake model was used to evaluate the water quality response to reductions in watershed
loading of sediment and nutrients. Load reduction scenario model runs were performed to determine if
water quality targets for turbidity and chlorophyll could be attained with watershed-based load reductions
based on 35% removal of loading for sediment and nutrients. The long-term model results indicated that
compliance with water quality criteria for turbidity, dissolved oxygen and chlorophyll could be achieved
within a reasonable time frame. The calibrated model results thus supported the development of TMDLSs
for sediments, CBOD, TN and TP to achieve compliance with water quality standards for turbidity,
chlorophyll and dissolved oxygen.

ES.4 TMDL, Waste Load Allocation, Load Allocation and Margin of Safety

The linked watershed (HSPF) and lake (EFDC) model framework was used to calculate average annual
suspended solids, CBOD, nitrogen and phosphorus loads (kg/yr) that, if achieved, should meet the water
guality targets established for turbidity, chlorophyll-a, and dissolved oxygen. For reporting purposes, the
final TMDLs, according to EPA guidelines, are expressed as daily loads (kg/day). The waste load
allocation (WLA) for the TMDL for Lake Thunderbird is assigned to regulated NPDES point source
discharges under three MS4 stormwater permits for Moore, Norman and Oklahoma City. The WLA, split
among the three MS4 permits, includes pollutant discharges regulated under NPDES stormwater permits
for Construction Sites and Multi-Sector General Permit (MSGP) for various industrial facilities located
within the MS4 areas of the watershed. The load allocation (LA) for the TMDL is assigned to the small
land area of the watershed not included in the land area for the three MS4 permits and is set at the
existing loading during the calibration period.

Seasonal variation was accounted for in the TMDL determination for Lake Thunderbird in two ways: (1)
water quality standards, and (2) the time period represented by the watershed and lake models.
Oklahoma’s water quality standards for dissolved oxygen for lakes are developed on a seasonal basis to
be protective of fish and wildlife propagation for a warm water aquatic community at all life stages,
including spawning. Within the surface layer, dissolved oxygen standards specify that DO levels shall be
no less than 6 mg/L from April 1 to June 15 to be protective of early life stages and no less than 5 mg/L
for the remainder of the year (June 16 to March 31). Under summer stratified conditions during the period
from mid-May to October, the hypoxic volume of the lake, defined by a DO target of 2 mg/L, is not to be
greater than 50% of the lake volume. Seasonality was also accounted for in the TMDL analysis by
developing the models based on one full year of water quality data collected as part of a special study of
Lake Thunderbird from April 2008-April 2009. The watershed and lake models were developed with
hourly to sub-hourly time steps over a full year of simulation with meteorological data representative of
typical average hydrologic conditions in the watershed. The TMDL determined for Lake Thunderbird
accounts for an implicit Margin of Safety (MOS) by decreasing the water quality targets for chlorophyll-a
and turbidity by a factor of 10%. The decrease resulted in the target for turbidity lowered from 25 to 22.5
NTU and the target for chlorophyll-a lowered from 10 to 9 pg/L.
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The TMDL for Suspended Solids, TN and TP, determined from the lake model response to watershed
load reductions, is based on the 35% reduction of the existing 2008 - 2009 watershed loads estimated
with the HSPF model. Load reductions for these constituents are needed because the water quality
criteria for turbidity and chlorophyll-a are not met under the existing loading conditions. For CBOD,
however, the TMDL is based on the existing 2008 - 2009 ultimate CBOD loading from the HSPF
watershed model since the water quality criterion for dissolved oxygen is met under existing loading
conditions with reserved capacities. For example, the predicted volumetric anoxic volume for Lake
Thunderbird is only about 30% (Figure 0-1) while the standards allows up to 50% anoxic volume. This
reserved capacity will act as the implicit margin of safety. The total WLA for the three MS4 cities was
computed from the Total Maximum Daily Load (TMDL) that was in turn derived from the long term
average daily load (LTA) and the coefficient of variation (CV) estimated from HSPF loading data. The
statistical methodology, documented in EPA (2007) “Options for Expressing Daily Loads in TMDLs”, for
computing the maximum daily load (MDL) limit is based on a long-term average load (LTA), temporal
variability of the pollutant loading dataset expressed by the coefficient of variation (CV), the Z-score
statistic (1.645) for 95% probability of occurrence and the assumption that streamflow and pollutant
loading from the watershed can be described as a lognormal distribution (Table ES-2).

Table ES- 2 Existing Loading and TMDL for Lake Thunderbird
Units TN TP CBOD Suspended Solids

Existing 2008 - 2009 Load kg/yr 117,537.9 | 23,086.7 | 236,186.6 11,492,695.8

Existing 2008 - 2009 Load kg/day 322.0 63.3 647.1 31,486.8

Reduction Rate Required Percent 35% 35% 0% 35%

Long Term Average Load LTA, kg/day 209.3 41.1 647.1 20,466.4
Coefficient Variation CV (N=365) 4.252 4.398 4.774 5.817
Total, Max Daily Load TMDL, kg/day 807.7 158.4 2,480.8 76,950.8

Z-Score statistic =1.645 for 95% probability

The load allocation (LA) is computed as the difference from the total maximum daily load (TMDL) and the
total WLA load. The TMDL load is split between three WLAs for the three MS4 cities, the LA for the
unincorporated area of the watershed and the implicit MOS as shown in Table ES-3.

Table ES-3 TMDL for Lake Thunderbird

Water Quality TMDL LA WIA MOS
et Total Moore Norman OKC

(Kg/day) | (Kg/day) | (Kg/day) | (Kg/day) | (Kg/day) | (Kg/day) | (Kg/day)
Total Nitrogen (TN) 807.7 21.3 786.4 205.1 319.4 261.8 | Implicit
Total Phosphorus (TP) 158.4 4.4 154.0 44.5 60.1 49.4 | Implicit
CBOD 2,480.8 57.4 | 2,423.4 781.3 955.6 686.5 | Implicit
Suspended solids (TSS) | 76,950.8 2,068.7 | 74,882.1 | 16,236.0 | 31,596.1 | 27,049.9 | Implicit

ES.5 Public Participation

On May 4, 2012 there was an informational meeting for the public to discuss the Lake Thunderbird
Watershed and the TMDL process. On May 16, 2013, EPA preliminarily approved of the draft TMDL
report and gave permission to go forward with the Public Comment period. The public comment period
was open from June 10, 2013 to August 1, 2013. A Public Meeting was held the evening of July 23,
2013. By the time the public comment period ended, DEQ had received 41 comments from 7 entities.
The comments and responses can be found in Appendix G.
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1.1

SECTION 1 INTRODUCTION
Clean Water Act and TMDL Program

Section 303(d) of the federal Clean Water Act (CWA) and U.S. Environmental Protection Agency
(EPA) Water Quality Planning and Management Regulations (40 Code of Federal Regulations
[CFR] Part 130) require states to develop total maximum daily loads (TMDL) for waterbodies not
meeting designated uses where technology-based controls are in place. TMDLs establish
the allowable loadings of pollutants or other quantifiable parameters for a waterbody based on the
relationship between pollution sources and in-stream water quality conditions, so States can
implement water quality-based controls to reduce pollution from point and nonpoint sources and
restore and maintain water quality (EPA, 1991a).

This report documents the data and assessment used to establish TMDLs for turbidity,
chlorophyll-a, and dissolved oxygen for Lake Thunderbird reservoir in Cleveland County,
Oklahoma within the Little River drainage basin (Hydrologic Unit Code 11090203). High levels of
turbidity reflect sediment loading from the watershed and elevated levels of chlorophyll-a in lakes
reflect excessive algae growth. High levels of both turbidity and chlorophyll-a can have
deleterious effects on the raw water quality and treatment costs of drinking water. Excessive
algae growth can also negatively affect the aquatic biological communities of lakes. Elevated
chlorophyll-a levels typically indicate eutrophication of the lake as a result of excessive loading of
the primary growth-limiting algal nutrients nitrogen and phosphorus to the waterbody. Low levels
of dissolved oxygen, particularly at depths deeper than the seasonal thermocline, reflect the
effects of decomposition of organic matter below the thermocline and within the sediment bed
and restricted mixing of dissolved oxygen from the surface layer of the lake to the lower layer of
the lake during conditions of summer stratification.

The purpose of this TMDL report is to establish sediment, organic matter and nutrient load
allocations necessary for improving turbidity, chlorophyll-a and dissolved oxygen levels in the lake
as the first step toward restoring water quality and protecting public health in this waterbody.
TMDLs determine the pollutant loading a waterbody can assimilate without exceeding applicable
water quality standards (WQS). TMDLs also establish the pollutant load allocation necessary to
meet the WQS established for a waterbody based on the cause-effect relationship between
pollutant sources and water quality conditions in the waterbody. A TMDL consists of three
components: (1) wasteload allocation (WLA), (2) load allocation (LA), and (3) margin of safety
(MOS). The WLA is the fraction of the total pollutant load apportioned to point sources, and
includes stormwater discharges regulated under the National Pollutant Discharge Elimination
System (NPDES) as point sources. The LA is the fraction of the total pollutant load apportioned to
nonpoint sources (NPS). The MOS is a percentage of the TMDL set aside to account for the lack
of knowledge associated with natural process in aquatic systems, surface water model
assumptions, and data limitations.

Data assessment and TMDL calculations are conducted in accordance with requirements of
Section 303(d) of the CWA, Water Quality Planning and Management Regulations (40 CFR Part
130), EPA guidance, and Oklahoma Department of Environmental Quality (DEQ) guidance and
procedures. DEQ is required to submit all TMDLs to EPA for review and approval. Once the EPA
approves a TMDL, then the waterbody may be moved to Category 4a of a State’s Integrated
Water Quality Monitoring and Assessment Report, where it remains until compliance with water
guality standards (WQS) is achieved (EPA 2003).
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1.2

This report does not stipulate specific control actions (regulatory controls) or management
measures (voluntary best management practices) necessary to reduce nutrients within the Lake
watershed. Watershed-specific control actions and management measures will be identified,
selected, and implemented under a separate process involving stakeholders who live and work in
the watersheds, along with local, state, and federal government agencies.

Lake Thunderbird is on Oklahoma’s 2010 303(d) list for impaired beneficial uses of public/private
water supply and warm water aquatic community life. Causes of impairment have been identified
as low oxygen levels, high levels of chlorophyll-a, and high turbidity (DEQ, 2010a). An important
recreational lake for fishing and boating, Lake Thunderbird is designated by the Oklahoma Water
Quality Standards (OWRB 2011) as a Sensitive Water Supply (SWS) since the Lake serves as
the primary public water supply source for the cities of Norman, Midwest City and Del City. With
the three major municipalities of Moore, Norman and Oklahoma City in the watershed, this area is
one of the fastest growing regions in Oklahoma. Urban development has been rapid over the past
decade and continued urban development is forecast by local governments. There is clearly the
need for appropriate mitigation of the ecological impact of point source and nonpoint sources of
pollutant loading from the watershed to Lake Thunderbird.

Figure 1-1 shows a location map of Lake Thunderbird and the contributing sub-watersheds of the
drainage basin to the Lake. The map also displays the locations of the five (5) stream water
guality monitoring (WQM) stations in the watershed and the eight (8) Lake water quality
monitoring stations used for this TMDL determination. Data obtained from the Lake stations over
the past 10 years were used as the basis for placement of Lake Thunderbird on the Oklahoma
303(d) list.

Watershed and Lake Thunderbird Description

Lake Thunderbird (OK Waterbody Identification Number OK520810000020_00) is a 6,070-acre
reservoir located 13 miles east of downtown Norman in Cleveland County, Oklahoma at
Longitude: 97° 13' 5" and Latitude: 35° 13' 15". The Lake is located within a 256 square mile
drainage area of the upper reaches of the Little River basin. The Little River basin is designated
by the USGS with an identification code (11090203) known as the 8-digit level Hydrologic Unit
Code (HUC) or catalog unit code. The Lake, owned by the U.S. Bureau of Reclamation, was
constructed in 1965 to provide flood control, municipal water supply, recreation and wildlife
habitat by impounding the Little River and Hog Creek in northeast Cleveland County. Lake
Thunderbird is an important recreational lake for camping, fishing and boating which is managed
by the Oklahoma Tourism and Recreation Department (Lake Thunderbird State Park) (Bureau of
Reclamation, 2009). The Lake serves as a public water supply for the cities of Norman, Midwest
City and Del City with water usage governed by the Central Oklahoma Master Conservancy
District (COMCD). Lake Thunderbird is bordered by 86 miles of shoreline which is comprised of
clay, sand, and sandstone (OK Dept. Wildlife Conservation, 2008).
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Figure 1-1 Lake Thunderbird Watershed
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Table 1-1 presents general physical characteristics of Lake Thunderbird. Data sources include
the U.S. Army Corps of Engineers, Tulsa District, Bureau of Reclamation, and the Oklahoma

Department of Wildlife Conservation (2008).
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Table 1-1 Physical Characteristics of Lake Thunderbird

Drainage Area sg-miles 256
Surface Area @ Normal Pool Elevation® acres 6,070

I Normal Conservation Pool Elevation ft, MSL? 1,039.0 I

I Conservation Pool Storage Volume acre-ft 119,600 I
Surface Area @ Flood Pool Elevation acres 8,788

I Flood Pool Elevation ft, MSL 1,049.4 I
Flood Control Pool Storage Volume acre-ft 196,260

IAverage Depth ft 19.7 I
Maximum Depth ft 57.6
Shoreline miles 86.0

1. Elevation: vertical datum,NGVD29
2. MSL: mean sea level
Data Sources: OK Dept Wildlife Conservation (2008)

Bureau of Reclamation (2009)

http://www.swt-wc.usace.army.mil/THUN.lakepage.html

The watershed occupies 256 square miles of residential, commercial and agricultural lands. The
surrounding woodland habitat is comprised of Post and Blackjack oak in the Cross Timbers
ecotype region of the Southern Plains. Table 1-2 summarizes the percentages and acres of land
use categories for the contributing watersheds of the basin. The land use/land cover data were
derived from the 2006 National Land Cover Database (NLCD) database (Fry et al., 2011). This
table shows the land use in the watershed draining to Lake Thunderbird. The most common land
use category in the study area is Grassland/Herbaceous with 38% of the watershed area. In
addition to Grassland/Herbaceous land use, a significant portion of the watershed is classified as
Deciduous Forest with 35% of the watershed area. Urban developed land use categories account

for 16% of the watershed area.

Table 1-2 Land Use Characteristics of the Watershed

Land Use

Acres Percent

Open water

6,738 | 4.322%

Developed, open space

14,661 | 9.405%

Developed, low intensity

6,769 | 4.342%

Developed, medium intensity

3,102 | 1.990%

Developed, high intensity

661 | 0.424%

Barren Land

30 | 0.019%

Deciduous Forest

55,010 | 35.288%

Evergreen Forest

351 | 0.225%

Grassland/Herbaceous

59,765 | 38.338%

Pasture/Hay

5,452 | 3.498%

Cultivated Crops

3,341 | 2.143%

Emergent herbaceous wetlands

8 | 0.005%

Total Watershed

155,888 100%

Data Source: 2006 NLCD
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Prevailing winds are out of the south-southeast most of the year at 5 to 20 mph (OK Dept. Wildlife
Conservation, 2008). Average annual precipitation, derived from NOAA’s NCDC statistical
summary of air temperature and precipitation from 1971-2000, is 37.65 inches at the station
located in Norman (ID=346386).
[nttp://climate.ok.gov/data/public/climate/ok/archive/normals/ncdc/1971-2000/oknorm.pdf] Annual rainfall
for Lake Thunderbird measured during the simulation period from 2008 - 2009 (36.9 inches) is
comparable to the long term (1971-2000) average rainfall of 37.65 inches. This indicates that the
2008 - 2009 time period used for development of the model and analysis of loads for the TMDL
represents “typical” hydrologic conditions for the watershed. Based on 2010 census data (US
Census Bureau, 2011), the population within this rapidly growing watershed is estimated at
99,600 based on an overlay of the watershed boundary and census tract data.

Figure 1-3 presents population density of the census tract areas located within the watershed
boundary. As can be seen, the highest population density of 5000-6999 persons per square mile
corresponds to Oklahoma City and Moore in the urbanized northwest area of the watershed. The
lowest population density (<100 persons per square mile) is characteristic of the more rural
eastern area of the watershed and corresponds to the dominant land use categories of Grassland
and Deciduous Forest. Table 1-3 presents population based on 2010 census data for Cleveland
and Oklahoma counties that are located within the watershed. The table presents the total
population of the county and the population of the county located within the watershed based on
compilation of census tract data presented in Figure 1-3.

Table 1-3 County Population within the Watershed

County Total Population

Population in the Thunderbird Watershed

Cleveland 255,755 91,875

Oklahoma 718,633 7,725

Total 974,388 99,600
Data Source: 2010 US Census

Based on 2010 census tract data and a GIS map of populated areas served by public sewer
systems in the watershed (Figure 1-4) estimates of the population served by public sewers (49%)
and those not served (51%) in 2010 are presented in Table 1- 4. The Census did not collect
public sewer system data in its 2000 or 2010 census.

Table 1- 4 2010 Population Served by Public Sewer Systems

2010 | Population | Percent
Total of Total
Sewered 48,920 49%
Unsewered 50,680 51%
Total 99,600 100%
Data Sources: 2010 US Census and
GIS maps of public sewer systems
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Figure 1-2 Land Use Distribution of the Watershed
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Figure 1-3 Population Density (persons per square mile) based on 2010 Census Tracts within the
Lake Thunderbird Watershed
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Figure 1-4 Public Sewer System Boundaries within the Lake Thunderbird Watershed
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1.3

Streamflow Characteristics

The magnitudes of annual, seasonal and daily variability of streamflow from the major streams in
the watershed are essential data to characterize water and load inflows to a waterbody for a
water quality management study such as this TMDL assessment of Lake Thunderbird. Although a
USGS stream gage was historically located on the Little River at the present location near its lake
inlet, the streamflow gage ceased operation in 1955 before the reservoir was constructed. At
present there are only two gages recently installed and maintained by the USGS on the Little
River upstream of Lake Thunderbird. The gage near Franklin Road in Norman (07229480) had
records for gage height from March 30, 2012 to June 12, 2012 and the gage at Twelfth Ave NW
in Norman (07229451) has records of both gage height and streamflow up to date since March
30, 2012. Stanley Draper Lake is a reservoir located in the Oklahoma City portion of the
watershed that is upstream of Lake Thunderbird. Since the outflow from Stanley Draper Lake is
exported outside of the watershed area draining to Lake Thunderbird, the contributing drainage
area of 11.8 square miles to Stanley Draper Lake does not contribute to stream inflow to Lake
Thunderbird. In the absence of historical and/or current streamflow measurements for the Lake
Thunderbird watershed study area, flow estimates for the Little River, Hog Creek, Dave Blue
Creek, Jim Blue Creek, Clear Creek and other smaller tributaries to the Lake were developed
using the HSPF watershed model. The development of the watershed model for the Lake
Thunderbird study is summarized in Section 3.3 of this report and the complete technical report
for the watershed model is presented in Appendix A.

FINAL

Section 1 - Page 9 NOVEMBER 2013



Lake Thunderbird Report for Nutrient, Turbidity, and Dissolved Oxygen TMDLs Problem Identification and Water Quality Targets

SECTION 2 PROBLEM IDENTIFICATION AND WATER QUALITY

TARGETS
21 Oklahoma Water Quality Standards/Criteria
Chapters 45 and 46 of Title 785 of the Oklahoma Administrative Code (OAC) contain Oklahoma’s
WQS and implementation procedures, respectively. The Oklahoma Water Resources Board
(OWRB) has statutory authority and responsibility concerning establishment of state water quality
standards, as provided under 82 Oklahoma Statute [O.S.], 81085.30. This statute authorizes the
OWRSB to promulgate rules ...which establish classifications of uses of waters of the state, criteria
to maintain and protect such classifications, and other standards or policies pertaining to the
quality of such waters. [O.S. 82:1085:30(A)]. Beneficial uses are designated for all waters of the
state. Such uses are protected through restrictions imposed by the anti-degradation policy
statement, narrative water quality criteria, and numerical criteria (OWRB, 2011). An excerpt of the
Oklahoma WQS (Chapter 45, Title 785) summarizing the State of Oklahoma Anti-degradation
Policy is provided in Appendix C. Table 2-1, an excerpt from the 2010 Integrated Report (DEQ,
2010), lists beneficial uses designated for Lake Thunderbird. The beneficial uses include:
e AES — Aesthetics
o AG — Agriculture Water Supply
e FISH — Fish Consumption
e Fish and Wildlife Propagation
o WWAC — Warm Water Aquatic Community
e PBCR - Primary Body Contact Recreation
o PPWS - Public & Private Water Supply
e SWS — Sensitive Public and Private Water Supply
Table 2-1 2010 Integrated Report — Oklahoma §303(d) List of Impaired Waters
(Category 5a) for Lake Thunderbird
Waterbody ID Waterbody Name AES | AG FISH WWAC | PBCR | PPWS | SWS
Lake Thunderbird [OK520810000020_00 | | F X N F N X

F — Fully supporting; N — Not supporting; | — Insufficient information; X — Not assessed
Source: 2010 Integrated Report, DEQ 2010

Table 2-2 summarizes the impairment status for Lake Thunderbird. Lake Thunderbird is
designated as a Category 5a lake. Category 5 defines a waterbody where, since the water quality
standard is not attained, the waterbody is impaired or threatened for one or more designated
uses by a pollutant(s), and the water body requires a TMDL. This category constitutes the Section
303(d) list of waters impaired or threatened by a pollutant(s) for which one or more TMDL(s) are
needed. Sub-Category 5a means that a TMDL is underway or will be scheduled. The TMDLs
established in this report, which are a necessary step in the process of restoring water quality,
address water quality issues related to nonattainment of the public and private water supply and
warm water aquatic community beneficial uses.
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Table 2-2 2010 Integrated Report — Oklahoma 303(d) List for Lake Thunderbird

Size TMDL o _—
Waterbody ID Waterbody Name (acres) Date Priority | Turbidity DO Chl-a
0K520810000020_00 | Lake Thunderbird 6,070 2012 1 X X X

2.1.1 Turbidity Standards for Lakes

The following excerpt from the Oklahoma WQS (OAC 785:45-5-12(f)(7)) stipulates the
turbidity numeric criterion to maintain and protect “Warm Water Aquatic Community”
beneficial uses (OWRB, 2011).

(A) Turbidity from other than natural sources shall be restricted to not exceed the following
numerical limits:

i. Cool Water Aquatic Community/Trout Fisheries: 10 NTUs;
ii. Lakes: 25 NTU; and
iii. Other surface waters: 50 NTUs.

(B) In waters where background turbidity exceeds these values, turbidity from point sources will be
restricted to not exceed ambient levels.

(C) Numerical criteria listed in (A) of this paragraph apply only to seasonal base flow conditions.

(D) Elevated turbidity levels may be expected during, and for several days after, a runoff event

The abbreviated excerpt below from Chapter 46: 785:46-15-5, stipulates how water quality
data will be assessed to determine support of fish and wildlife propagation as well as how
the water quality target for TMDLs will be defined for turbidity.

Assessment of Fish and Wildlife Propagation support

(a) Scope. The provisions of this Section shall be used to determine whether the beneficial
use of Fish and Wildlife Propagation or any subcategory thereof designated in OAC 785:45
for a waterbody is supported.

(e) Turbidity. The criteria for turbidity stated in 785:45-5-12(f)(7) shall constitute the screening
levels for turbidity. The tests for use support shall follow the default protocol in 785:46-15-
4(b).

785:46-15-4. Default protocols
(b) Short term average numerical parameters.

(1) Short term average numerical parameters are based upon exposure periods of less
than seven days. Short term average parameters to which this Section applies include,
but are not limited to, sample standards and turbidity.

(2) A beneficial use shall be deemed to be fully supported for a given parameter whose
criterion is based upon a short term average if 10% or less of the samples for that
parameter exceed the applicable screening level prescribed in this Subchapter.

Turbidity is a measure of water clarity and is caused by suspended particles in the water
column. Because turbidity cannot be expressed as a mass load, total suspended solids
(TSS) are used as a surrogate for the TMDLSs in this report.

FINAL Section 2 - Page 2 NOVEMBER 2013



Lake Thunderbird Report for Nutrient, Turbidity, and Dissolved Oxygen TMDLs Problem Identification and Water Quality Targets

2.1.2 Dissolved Oxygen Standards for Lakes

The following excerpt from the Oklahoma WQS [OAC 785:45-5-12(f)(1)(D)] stipulates the
dissolved oxygen numeric criterion for lakes to maintain and protect “Warm Water Aquatic
Community” beneficial uses (OWRB, 2011):

(v)

(Vi)

Support tests for WWAC lakes. The WWAC subcategory of the Fish and Wildlife Propagation
beneficial use designated for a lake shall be deemed to be fully supported with respect to the
DO criterion if both the Surface and Water Column criteria prescribed in (vi)(l) and (vii)(l) of this
subparagraph (D) are satisfied. If either of the Surface or Water Column criteria prescribed in
(vi)(I) or (vii)(Il) produce a result of undetermined, then the WWAC subcategory of the Fish
and Wildlife Propagation beneficial use designated for a lake shall be deemed to be
undetermined with respect to the DO criterion; provided, if either of the Surface or Water
Column criteria prescribed in (vi)(lll) or (vii)(lll) produce a result of not supported, then the
WWAC subcategory of the Fish and Wildlife Propagation beneficial use designated for a lake
shall be deemed to be not supported with respect to the DO criterion.

Surface criteria for WWAC lakes.

(N The WWAC subcategory of the Fish and Wildlife Propagation beneficial use designated for
a lake shall be deemed to be fully supported with respect to the DO criterion if 10% or less
of the samples from the epilimnion during periods of thermal stratification, or the entire
water column when no stratification is present, are less than 6.0 mg/L from April 1 through
June 15 and less than 5.0 mg/L during the remainder of the year.

(I The WWAC subcategory of the Fish and Wildlife Propagation beneficial use designated for
a lake shall be deemed to be undetermined with respect to the DO criterion if more than
10% of the samples from the epilimnion during periods of thermal stratification, or the
entire water column when no stratification is present, are less than 5.0 mg/L and 10% or
less of the samples are less than 4 mg/L from June 16 through October 15, or more than
10% of the samples from the surface are less than 6.0 mg/L and 10% or less of the
samples are less than 5.0 mg/L from April 1 through June 15.

(1) The WWAC subcategory of the Fish and Wildlife Propagation beneficial use designated for
a lake shall be deemed to be not supported with respect to the DO criterion if more than
10% of the samples from the epilimnion during periods of thermal stratification, or the
entire water column when no stratification is present, are less than 5.0 mg/L from April 1
through June 15 or less than 4.0 mg/L from June 16 through October 15, or less than 5.0
mg/L from October 16 through March 31, due to other than naturally occurring conditions.

(vii) Water Column criteria for WWAC lakes.

() The WWAC subcategory of the Fish and Wildlife Propagation beneficial use designated for
a lake shall be deemed to be fully supported during periods of thermal stratification with
respect to the DO criterion if less than 50% of the volume (if volumetric data is available) or
50% or less of the water column (if no volumetric data is available) of all sample sites in the
lake are less than 2.0 mg/L.

(I The WWAC subcategory of the Fish and Wildlife Propagation beneficial use designated for
a lake shall be deemed to be undetermined during periods of thermal stratification with
respect to the DO criterion if 50% or more, but not greater than 70%, of the water column
at any given sample site in the lake is less than 2.0 mg/L due to other than naturally
occurring conditions.

(1 The WWAC subcategory of the Fish and Wildlife Propagation beneficial use designated for
a lake shall be deemed to be not supported during periods of thermal stratification with
respect to the DO criterion if 50% or more of the water volume (if volumetric data is
available) or more than 70% of the water column (if no volumetric data is available) at any
given sample site is less than 2.0 mg/L.

FINAL

Section 2 - Page 3 NOVEMBER 2013



Lake Thunderbird Report for Nutrient, Turbidity, and Dissolved Oxygen TMDLs Problem Identification and Water Quality Targets

2.2

(IV) If a lake specific study including historical analysis produces a support status which is
contrary to an assessment obtained from the application of (1), (II) or (lll) of (D)(vii) of this
section, then that lake specific result will control.

2.1.3 Chlorophyll-a Standards for SWS Lakes

Lake Thunderbird is designated as a Sensitive Public and Private Water Supply (SWS)
lake. The definition of SWS is summarized by the following excerpt from OAC 785:45-5-
25(c)(4) of the Oklahoma WQS (OWRB 2011):

(A) Waters designated "SWS" are those waters of the state which constitute sensitive public and
private water supplies as a result of their unique physical conditions and are listed in Appendix
of this Chapter as "SWS" waters. These are waters (a) currently used as water supply lakes,
(b) that generally possess a watershed of less than approximately 100 square miles or (c) as
otherwise designated by the Board.

(B) New point source discharges of any pollutant after June 11, 1989, and increased load of any
specified pollutant from any point source discharge existing as of June 11,1989, shall be
prohibited in any waterbody or watershed designated in Appendix A of this Chapter with the
limitation "SWS". Any discharge of any pollutant to a waterbody designated "SWS" which
would, if it occurred, lower existing water quality shall be prohibited, provided however that new
point source discharge(s) or increased load of specified pollutants described in 785:45-5-25(b)
may be approved by the permitting authority in those circumstances where the discharger
demonstrates to the satisfaction of the permitting authority that a new point source discharge or
increased load from an existing point source discharge will result in maintaining or
improving the water quality of both the direct receiving water and any downstream
waterbodies designated SWS.

The following excerpt from the Oklahoma WQS (OAC 785:45-5-10) stipulates the numeric
criterion set for SWS lakes, including Lake Thunderbird (OWRB, 2011).

785:45-5-10. Public and private water supplies

The following criteria apply to surface waters of the state having the designated beneficial use of
Public and Private Water Supplies:

(7) Chlorophyll-a numerical criterion for certain waters. The long term average concentration of
chlorophyll-a at a depth of 0.5 meters below the surface shall not exceed 0.010 milligrams per
liter in Wister Lake, Tenkiller Ferry Reservoir, nor any waterbody designated SWS in Appendix
A of this Chapter. Wherever such criterion is exceeded, numerical phosphorus or nitrogen
criteria or both may be promulgated.

In addition to the SWS designation of Lake Thunderbird, the Lake watershed has also
been assigned the designation of “Nutrient Limited Watershed” (NLW) in OAC 785:45-5-
29. A NLW means a watershed of a waterbody with a designated beneficial use that is
adversely affected by excess nutrients as determined by Carlson's (1977) Trophic State
Index (TSI) (using chlorophyll-a) of 62 or greater, or is otherwise listed as “NLW” in
Appendix A of Chapter 45 (OWRB 2010).

Overview of Water Quality Problems and Issues

Lake Thunderbird, located in central Oklahoma southeast of Oklahoma City, is a popular
recreational lake in addition to its use as a water supply reservoir for the cities of Norman, Del
City and Midwest City. Designated uses of the reservoir are flood control, municipal water supply,
recreation, and fish and wildlife propagation. As a municipal water supply, Lake Thunderbird
furnishes raw water for Del City, Midwest City, and the City of Norman under the authority of the
Central Oklahoma Master Conservancy District (COMCD). Significant taste and odor problems,
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related to eutrophication, have led to numerous complaints from water supply customers (see
OWRB, 2009 and OWRB, 2010). Based on an assessment of water quality monitoring data, DEQ
has determined that Lake Thunderbird is not supporting its designated uses for (a) Fish & Wildlife
Propagation (FWP) for a Warm Water Aquatic Community because of excessive levels of
turbidity and low dissolved oxygen; and (b) Public Water Supply because of excessive
chlorophyll-a levels. Excessive nutrient loading from the watershed, primarily from urban
development, is thought to be causally related to the observed eutrophication of the Lake. The
Central Oklahoma Master Conservancy District (COMCD), in cooperation with OWRB, has been
monitoring chlorophyll-a, nutrients, sediment, water temperature, organic matter and dissolved
oxygen in the Lake since 2000. In support of this TMDL study of Lake Thunderbird, OWRB and
Oklahoma Conservation Commission (OCC) conducted a special monitoring program for the
Lake and its tributaries from April 2008 through April 2009 to supplement the monitoring program
conducted as part of the routine COMCD-OWRB surveys. Table 2-3 summarizes the site
designation names, station numbers and locations of the water quality monitoring stations
maintained by OWRB in Lake Thunderbird as a component of the Oklahoma Beneficial Use
Monitoring Program (BUMP) network (OWRB, 2008). These stations are also used in the
COMCD-OWRB surveys and the special monitoring for the TMDL study. Figure 2-1 shows the
locations of the Lake monitoring sites.

Table 2-3 OWRB Water Quality Monitoring Stations for Lake Thunderbird

Site Station Number Latitude | Longitude Represents
520810000020-1sX

520810000020-1-4X

Dam Site;

1 520810000020-1-8X 35.223333 | -97.220833 .
Lacustrine

520810000020-1-12X

520810000020-1bX

520810000020-2X
2 35.238889 | -97.228889 Lacustrine
520810000020-2bX

3 520810000020-3X 35.262222 | -97.238889 Transition

520810000020-4X
4 35.224444 | -97.250833 Lacustrine
520810000020-4bX

5 520810000020-5X 35.220278 | -97.290556 Transition
6 520810000020-6X 35.231667 | -97.305556 Riverine
7 520810000020-7X 35.203056 | -97.258056 Riverine
8 520810000020-8X 35.286409 | -97.244887 Riverine
11 520810000020-11X 35.212292 | -97.302545 Riverine
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2.3

Figure 2-1 OWRB Water Quality Monitoring Stations for Lake Thunderbird

Lake Thunderbird, COMCD-OWRB Monitoring Sites

Bottom Elev (m)
299.2 2008-04-18 00:00316.8

St i

Water Quality Observations and Targets for Turbidity, Chlorophyll-a
and Dissolved Oxygen

Oklahoma Water Quality Standards for Lake Thunderbird turbidity, chlorophyll-a and dissolved
oxygen are as follows:

Turbidity: no more than 10% of turbidity samples greater than 25 NTU based on long-term
record of most recent 10 years

Chlorophyll-a: Average value of surface chlorophyll-a no greater than 10 ug/L based on long-
term record of most recent 10 years.

Dissolved Oxygen, Stratified Conditions: Within the surface/epilimnion layer for protection of
fish and wildlife propagation in warm water aquatic community (a) DO no less than 6 mg/L
from April 1 to June 15 for early life stages; and (b) DO no less than 5 mg/L from June 16 to
October 15 and October 16 to March 31 for protection of other life stages.

Dissolved Oxygen, Non-Stratified Conditions: Within the entire water column for protection of
fish and wildlife propagation in warm water aquatic community (a) DO no less than 6 mg/L
from April 1 to June 15 for early life stages; and (b) DO no less than 5 mg/L from June 16 to
October 15 and October 16 to March 31 for protection of other life stages.

Dissolved Oxygen: Anoxic volume of the Lake, defined by a DO target level of 2 mg/L, shall
not exceed 50% of the lake volume during the summer stratified season.
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As stipulated in the Implementation Procedures for Oklahoma Water Quality Standards [785:46-
15-3c], the most recent 10 years of water quality data is to be used as the basis for assessment
of the water quality conditions and beneficial use support for a waterbody (OWRB, 2011a). Lake
Thunderbird is listed as impaired based on an analysis of the most recent 10 years of records for
chlorophyll-a, turbidity and DO.

Summary statistics presented in Table 2-4 are based on data collected by COMCD-OWRB from
2000 through 2009 used for the impaired listing of Lake Thunderbird. Observations for data
collected from November 2000 through October 2009 for turbidity (Figure 2-2) and from July 2001
through October 2009 for chlorophyll-a (Figure 2-3) are used to compute the summary statistics
for the monitoring sites listed in Table 2-3. The water quality data sets collected by COMCD-
OWRB and OCC in 2008 - 2009 that was used to support the watershed and lake modeling
studies developed for this TMDL are presented in Appendix D.

Table 2-4 Summary Statistics for Observed Turbidity and Chlorophyll-a
in Lake Thunderbird, 2000-2009

Summary Turbidity WQ Target Chlorophyll-a WQ Target
Statistic NTU NTU ug/L ug/L
Number of Records 307 770
Start Date 11/2/2000 7/19/2001
End Date 10/19/2009 10/19/2009
Mean 22.8 20.7 10

10th Percentile 6.7 6.2
25th Percentile 9.0 104
50th Percentile 15.0 16.5
75th Percentile 27.0 27.3
90th Percentile 53.2 25 41.3

As can be seen in the data presented in Table 2-4, the 90" percentile of 53.2 NTU for observed
surface turbidity from 2000-2009 exceeds the water quality criteria target of 25 NTU. The 2001-
2009 average for observed surface chlorophyll of 20.7 pg/L exceeds the water quality criteria
target of 10 ug/L. The observed turbidity and chlorophyll-a data for 2000-2009 documents that
conditions during this period did not support the Warm Water Aquatic Community use and the
Public and Private Water Supply use of the lake as a SWS waterbody.

Based on an assessment of surface layer dissolved oxygen data, OWRB has determined that
Lake Thunderbird is not fully supporting its beneficial uses for Fish and Wildlife Propagation as it
relates to dissolved oxygen. As the result, Lake Thunderbird was listed for DO impairment in the
2010 303(d) list. Oklahoma Water Quality Standards for dissolved oxygen have been changed
since the assessments for 2010 303(d) list were done. DEQ made a request to OWRB to perform
a new DO assessment of Lake Thunderbird using the new surface and volumetric DO standards.
It was determined that Lake Thunderbird is still impaired for dissolved oxygen. In 2003, for
example, there were multiple instances recorded as early as May, where the dissolved oxygen
was less than 5.0 mg/L throughout the entire water column. In addition to the evaluation of
surface layer dissolved oxygen data, volumetric and water column analyses of dissolved oxygen
station data showed that more than 50% of the lake volume was less than the 2 mg/L target for
anoxia within the hypolimnion during summer stratified conditions.
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Figure 2-2 Observed Turbidity in Lake Thunderbird, 2000-2009
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Figure 2-3 Observed Chlorophyli-a in Lake Thunderbird, 2001-2009

Lake Thunderbird, Observed Chlorophyll-a (2001-2009)
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The Code of Federal Regulations [40 CFR §130.7(c)(1)] states that, “TMDLs shall be established
at levels necessary to attain and maintain the applicable narrative and numerical water quality
standards.” The water quality targets established for Lake Thunderbird must demonstrate
compliance with the numeric criteria prescribed for SWS lakes in the Oklahoma WQS (OWRB,
2011).

Water quality variables that relate to impairments of Lake Thunderbird for water clarity and
turbidity include suspended sediment and algae biomass as chlorophyll-a. Water quality

constituents that relate to impairments for chlorophyll-a include algae biomass as chlorophyll-a,
total nitrogen, total phosphorus, and suspended solids. Water quality constituents that relate to
impairments for dissolved oxygen include algae biomass (chlorophyll-a), ultimate CBOD, and
ammonia nitrogen. Although the water quality criteria for water clarity is based on turbidity, total
suspended solids (TSS) is commonly used as a surrogate indicator of water clarity for
development of the mass loading analysis required for the TMDL determination. A site-specific
relationship must be developed therefore to transform TSS data to turbidity to be able to compare
the effect of sediment loading of TSS from the watershed on compliance with the water quality
criteria for turbidity in the Lake. The methodology used to develop the TSS-turbidity relationship is
summarized in Section 4 with more details presented in Appendix B.
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SECTION 3 POLLUTANT SOURCE ASSESSMENT

This section includes an assessment of the known and suspected sources of nutrients, organic matter
and sediments contributing to the eutrophication and water quality impairments of Lake Thunderbird.
Pollutant sources identified are categorized and quantified to the extent that reliable information is
available. Generally, sediment and nutrient loadings causing impairment of lakes originate from point or
nonpoint sources of pollution. Point source discharges are regulated under permits through the NPDES
program. Nonpoint sources are diffuse sources that typically cannot be identified as entering a waterbody
through a discrete conveyance, such as a pipe, at a single location. Nonpoint sources may originate from
rainfall runoff and landscape dependent characteristics and processes that contribute sediment, organic
matter and nutrient loads to surface waters. For the TMDLs presented in this report, all sources of
pollutant loading not regulated under the NPDES permit system are considered nonpoint sources.

Under 40 CFR, 8122.2, a point source is described as an identifiable, confined, and discrete conveyance
from which pollutants are, or may be, discharged to surface waters. NPDES-permitted facilities classified
as point sources that may contribute sediment, organic matter and nutrient loading include:

¢ NPDES municipal wastewater treatment plant (WWTP) discharges.
o NPDES industrial WWTP discharges.

e Municipal no-discharge WWTPs.

¢ NPDES municipal separate storm sewer system (MS4) discharges.
o NPDES Construction Site stormwater discharges.

¢ NPDES Multi-Sector General Permits (MSGP) stormwater discharges.

NPDES concentrated animal feeding operations (CAFO)

There are no municipal and industrial wastewater facilities or concentrated animal feeding operations
(CAFO) located within the Lake Thunderbird watershed. The watershed does include a number of no-
discharge WWTP facilities that do not discharge wastewater effluent to surface waters. For the purposes
of this TMDL, no-discharge facilities are not considered a source of sediment, organic matter or nutrient
loading to the Lake.

Urban stormwater runoff from MS4 areas, which is now regulated under the EPA NPDES Program, can
contribute significant loading of sediments, organic matter and nutrients to Lake Thunderbird. MS4
permits have been issued for Midwest City, Moore, Noble, Norman, and Oklahoma City. Stormwater
runoff from MS4 areas, facilities under multi-sector general permits (MSGP), and NPDES permitted
construction sites, which are regulated under the EPA NPDES Program, can all contribute sediment
loading to the Lake. Within the Lake Thunderbird watershed there are a number of construction site
permits and multi-sector general permits that have been issued and will be addressed in Section 3.1.4
and 3.1.5 of this report. 40 CFR 8130.2(h) requires that NPDES-regulated stormwater discharges
must be addressed by the wasteload allocation (WLA) component of a TMDL assessment.

3.1 Assessment of Point Sources
3.1.1 NPDES Municipal and Industrial Wastewater Dischargers

There are no municipal or industrial wastewater facilities located within the Lake
Thunderbird watershed.
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3.1.2 No-Discharge Wastewater Treatment Plants

A no-discharge WWTP facility does not discharge wastewater effluent to surface waters.
For the purpose of this TMDL assessment, it is assumed that no-discharge wastewater
facilities do not contribute TSS, organic matter or nutrient loading to watershed streams
and Lake Thunderbird. It is possible, however, that the wastewater collection system
associated with no-discharge facilities could be a source of pollutant loading to streams,
or that discharges from the WWTP may occur during large rainfall events that exceed the
storage capacity of the wastewater system. These types of unauthorized wastewater
discharges are typically reported as sanitary sewer overflows (SSOs) or bypass overflows.
As shown in Figure 3-1 and Table 3-1, there are 14 no-discharge facilities located within
the watershed study area.

Table 3-1 NPDES No-Discharge Facilities in Lake Thunderbird Watershed

Facility Name Facility Type Facility No. | OWRB County

All Saints Catholic School Lagoon Lagoon (Total Retention) Cleveland
BCM Oklahoma — Tecumseh Rd Total Retention OKG11T020 | WD82-013 | Cleveland
BCM Oklahoma — Norman North Total Retention OKG11T019 Cleveland
Control Flow Total Retention WD82-017 | Cleveland
Dolese - North Norman Total Retention OKG11T031 Cleveland
Dolese - Moore Total Retention OKG11T082 Cleveland
Hall Park* Lagoon (Total Retention) Cleveland
Lakeside Church of God WWT Lagoon (Total Retention) Cleveland
Lucky Food Mart Total Retention OKG75T009 Cleveland
Miller's Acres WWT Lagoon (Total Retention) Cleveland
Ranch Estates MHP Lagoon (Total Retention) Cleveland
Barnes School Lagoon (Total Retention) Oklahoma
Schwartz School Lagoon (Total Retention) Oklahoma
Pro-Am Lagoon (Total Retention) Oklahoma

* No longer in use. Hall Park is connected to Norman sewer system.

Sanitary sewer overflows (SSO) from wastewater collection systems of discharging
WWTP facilities, although infrequent, can also be a major source of pollutant loading
to streams. SSOs have existed since the introduction of separate sanitary sewers, and
most are caused by blockage of sewer pipes by grease, tree roots, and other debris that
clog sewer lines, by sewer line breaks and leaks, cross connections with storm sewers,
and inflow and infiltration of groundwater into sanitary sewers. SSOs are NPDES permit
violations that must be addressed by the responsible NPDES permit holder. The
reporting of SSOs has been strongly encouraged by EPA, primarily through enforcement
and monetary fines. While not all sewer overflows are reported, DEQ maintains a
database on reported SSOs. Within the City of Moore in the Lake Thunderbird
watershed there were 374 overflows reported during the years from 2000 to 2012. Of
these, 130 events spilled more than 1000 gallons with a maximum bypass volume of
374,000 gallons. Within the City of Norman in the Lake Thunderbird watershed there were
28 overflows reported during the years from 2000 to 2008 that spilled more than 1000
gallons with a maximum bypass volume of 20,000 gallons. Table 3-2 summarizes the
SSO bypass occurrences in the Cities of Moore and Norman. Oklahoma City has a
negligible publicly sewered area in the watershed. A detailed chronology of the bypass
events for Moore and Norman is presented in Appendix F.
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Figure 3-1 Location of NPDES No-Discharge WWTP Facilities in Lake Thunderbird Watershed
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to streams. SSOs have existed since the introduction of separate sanitary sewers, and
most are caused by blockage of sewer pipes by grease, tree roots, and other debris that
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leaks, cross connections with storm sewers,

and inflow and infiltration of groundwater into sanitary sewers. SSOs are NPDES permit
violations that must be addressed by the responsible NPDES permit holder. The
reporting of SSOs has been strongly encouraged by EPA, primarily through enforcement

FINAL Section 3 - Page 3

NOVEMBER 2013



Lake Thunderbird Report for Nutrient, Turbidity, and Dissolved Oxygen TMDLs Pollutant Source Assessment

and monetary fines. While not all sewer overflows are reported, DEQ maintains a
database on reported SSOs. Within the City of Moore in the Lake Thunderbird
watershed there were 374 overflows reported during the years from 2000 to 2012. Of
these, 130 events spilled more than 1000 gallons with a maximum bypass volume of
374,000 gallons. Within the City of Norman in the Lake Thunderbird watershed there were
28 overflows reported during the years from 2000 to 2008 that spilled more than 1000
gallons with a maximum bypass volume of 20,000 gallons. Table 3-2 summarizes the
SSO bypass occurrences in the Cities of Moore and Norman. Oklahoma City has a
negligible publicly sewered area in the watershed. A detailed chronology of the bypass
events for Moore and Norman is presented in Appendix F.

Table 3-2 Summary of Sanitary Sewer Overflow (SSO) Bypass (> 1000 gallons)

Occurrences in the Lake Thunderbird Watershed

City Bypass Volume | Number Date Range Max. Bypass Volume
Name (gallons) Events From To (gallons)
Moore 2,459,679 98 10/11/2000 | 3/20/2012 374,000

Norman 123,949 28 10/9/2000 11/6/2008 20,000

3.1.3 NPDES Municipal Separate Storm Sewer System (MS4)

In 1990 the EPA developed rules establishing Phase | of the NPDES Stormwater
Program, designed to prevent pollutants from being washed off by stormwater runoff into
municipal separate storm sewer systems (MS4s) or from being dumped directly into
the stormwater system and then discharged into local receiving water bodies (EPA,
2005). Phase | of the program required operators of medium and large MS4s, defined
as facilities serving populations of 100,000 or greater, to implement a stormwater
management program as a means to control polluted urban runoff discharges to surface
waters. Approved stormwater management programs for medium and large MS4s are
required to address a variety of water quality-related issues, including roadway runoff
management, municipal-owned operations, and hazardous waste treatment. Within the
watershed area for Lake Thunderbird there is one Phase | MS4 permit for Oklahoma City.

Phase Il of the rule extends coverage of the NPDES stormwater program to certain
smaller urban areas with stormwater systems. Small MS4s are defined as any MS4 that
is not defined as a medium or large MS4 covered by Phase | of the NPDES
Stormwater Program. Phase Il requires operators of regulated small MS4s to obtain
NPDES permits and develop a stormwater management program. Programs are designed
to reduce discharges of pollutants to the “maximum extent practicable,” protect water
quality, and satisfy appropriate water quality requirements of the CWA. Small MS4
stormwater programs must address the following minimum control measures:

e Public Education and Outreach.

e Public Participation/Involvement.

o lllicit Discharge Detection and Elimination.
e Construction Site Runoff Control.

e Post- Construction Runoff Control.

e Pollution Prevention and Good Housekeeping.
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The small MS4 General Permit for communities in Oklahoma became effective on
February 8, 2005. DEQ provides information on the current status of the MS4 program at
the DEQ webpage: http://www.deq.state.ok.us/WQDnew/stormwater/ms4/. The cities of
Midwest City, Moore, Noble and Norman have Phase Il MS4 permits for stormwater
discharges and stormwater management (Figure 3-2). Because there are no numeric load
limits for MS4 permits, Moore and Norman, along with Oklahoma City, will receive a
separate WLA based on the proportional contribution of pollutant loading from each of the
three cities relative to the total watershed load determined with the watershed model
developed for this TMDL study. Noble comprises 0.26% of the watershed and Midwest
City comprises 0.05%. Midwest City and Noble have a very small contribution to the total
watershed area so they will not be included as part of the WLA determined for the MS4
permits for the three larger cities in the watershed. These two smaller MS4 areas will,
however, be accounted for by the Load Allocation (LA) for the portion of the watershed
that is not included in the three MS4 urban areas. Table 3-3 lists the urban areas with
Phase | or Phase I MS4 permits in the Lake Thunderbird watershed area.

Table 3-3 Urban Areas with MS4 Permits in the Lake Thunderbird Watershed

. . MS4 Date
City Name Permit-ID
Phase Issued
Oklahoma City | OKS000101 Phase | 03/15/2013
Moore OKR040012 Phase Il 12/1/2005
Norman OKR040015 Phase Il | 11/29/2005
Noble OKR040037 Phase Il 1/5/2006
Midwest City | OKR040011 Phase Il 11/7/2005
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Figure 3-2 MS4 City Boundaries for Moore, Norman and Oklahoma City
in the Lake Thunderbird Watershed
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3.1.4 NPDES Construction Site Permits

The Oklahoma Department of Environmental Quality (DEQ) has issued the “General
Permit OKR10 for Stormwater Discharges from Construction Activities within the State Of
Oklahoma”. Permits are issued for a period of five years for the period from 2007-2012.
Permit authorizations are required for construction activities that disturb more than one
acre or less than one acre if the construction activity is part of a larger common plan of
development that totals at least one acre. This includes the installation, or relocation, of
water or sewer lines that have the potential to disturb more than one acre. Construction
activities that are on Indian Country Lands or are at oil and gas exploration and production
related industry and pipeline operations that are under the jurisdiction of the Oklahoma
Corporation Commission are regulated by the US Environmental Protection Agency.

A permit authorization to discharge stormwater from activity at a construction site must be
obtained prior to the commencement of any soil disturbing activities. The owner/operator
must also develop and implement a Storm Water Pollution Prevention Plan (SWP3) for
the construction site. The SWP3 shall provide information that pertains to the site
description, stormwater controls, maintenance, inspections and non-stormwater
discharges. Permit authorizations are terminated at the completion of the project or when
there is a change of owner/operator for the entire project. Permit termination means that
all of the temporary sediment control measures have been removed and that the site has
had 70% vegetative cover established. The locations, and year, of the 243 construction
site permits issued within the Lake Thunderbird watershed are shown in Figure 3-3. Table
3-4 summarizes the number of construction site permits issued for each year from 2007
through 2012 where the issue date of the permit was available.

Table 3-4 Construction Site Permits Issued in the Lake Thunderbird Watershed

Year Number of Permits

2007 15

2008 52

2009 26

2010 15

2011 20

2012 26
Unknown 89

Total 243
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Figure 3-3 Construction Site Permits Issued in the Lake Thunderbird Watershed (2007-2012)
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3.1.5 NPDES Multi-Sector General Permits (MSGP) for Industrial Sites

NPDES permit authorizations are required for stormwater discharges from 29 sectors of
SIC-coded industrial activities listed in the OKRO05 Multi-Sector General Permit (DEQ,
2011). Industrial activities that are on Indian Country Lands or are at oil and gas
exploration and production related industry and pipeline operations that are under the
jurisdiction of the Oklahoma Corporation Commission are regulated by the US
Environmental Protection Agency.

An NPDES permit authorization to discharge stormwater from an industrial activity must
be obtained prior to the start of any operations. The owner/operator permit holder must
also develop and implement a Storm Water Pollution Prevention Plan (SWP3) for the
industrial facility maintained at the site. The SWP3 provides information that pertains to
the site description, stormwater controls, maintenance, inspections and non-stormwater
discharges. Permit authorizations are terminated when operations have ceased and there
no longer are discharges of stormwater associated with industrial activity from the facility.
The locations of the 14 industrial site MSGP permits issued within the Lake Thunderbird
watershed are shown in Figure 3-4. Table 3-5, organized by SIC type description and the
permit identification numbers, summarizes the MSGP industrial site permits issued in the
watershed.

Table 3-5 Industrial Site MSGP Permits Issued in Lake Thunderbird Watershed
. Date Receiving
-ID

Company Name SIC Type County Permit-I Issued Water

Silver Star Asphalt Pavé?fc'l\i'xwres And | Cleveland | OKR050570 | 2/23/2012 | Little River
Vaughan Foods Food Preparations Cleveland | OKR051641 | 2/29/2012 | Moore Creek
E & S Equipment, Inc. Industrial Valves Cleveland | OKR051761 | 3/15/2012 thtNIeF(Ijlr\I/(er,
Milligan Materials Local Trucking, Without Cleveland | OKR052433 Little River
Storage
Southwestern Wire, Inc. Mlscella.neous Fabricated Cleveland | OKR051014 | 5/30/2012 Little River
Wire Products
Oklahoma Il;ocrelgn Parts, Motor Vehicle Parts, Used Cleveland | OKR050246 | 3/12/2012 Little River
Ruppert Enterprises, Inc. | Motor Vehicle Parts, Used Cleveland | OKR050252 | 3/28/2012 Little River
Frecks Truck Parts,
Oklahoma Truck Parts, Motor Vehicle Parts, Used Cleveland | OKR051032 | 3/28/2012 Little River
Inc.
Pat Spaulding Motor Vehicle Parts, Used Cleveland | OKR051422 3/1/2012 Little River
. . Motor Vehicle Parts, Used; . .

Windmill LLC Scrap And Waste Materials Cleveland | OKR051320 | 2/14/2012 Little River
Sand Express Inc. Nonmetalll'c Minerals Cleveland | OKR051916 | 7/15/2009 Little River,

Services N Fork
R . Little River,

Sooner Redi Mix LLC Ready-Mixed Concrete Oklahoma | OKR051754 | 8/13/2008 N Fork
Van Eaton Ready Mix Ready-Mixed Concrete Cleveland | OKR051978 3/2/2012 L|ttNIeF(F§|r\I/(er,
Johnson Controls, Inc. Refrlgers(;u:)izr,:zgtHeatmg Cleveland | OKR050347 | 3/13/2012 Little River
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Lake Thunderbird Report for Nutrient, Turbidity, and Dissolved Oxygen TMDLs

Figure 3-4 Multi-Sector General Permits (MSGP) Issued in the
Lake Thunderbird Watershed for Industrial Sites
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3.1.6 NPDES Animal CAFOs
There are no concentrated animal feeding operations (CAFO) located within the Lake

Thunderbird watershed.
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3.2

Assessment of Pollutant Sources

3.2.1

3.2.2

Atmospheric Deposition of Nutrients

In many coastal and inland watersheds, atmospheric deposition of nitrogen, derived
primarily from burning fossil fuels, can account for a significant fraction of the total
nitrogen loading to a waterbody. Atmospheric deposition, for example, accounts for 10-
40% of nitrogen loading to estuaries along the East coast of the USA and eastern Gulf of
Mexico (Paerl et al., 2002) and 25-28% in Chesapeake Bay (EPA, 2010). Atmospheric
deposition of nitrogen is therefore a potentially significant component of nitrogen loading
to a waterbody.

This source is considered to be an uncontrollable source term for the TMDL
determination. Nevertheless, lake water quality models that simulate the nutrient balance
of the lake must account for sources of both nitrogen and phosphorus. Atmospheric
deposition of nitrogen and phosphorus to a waterbody is contributed by both dry and wet
deposition. Dry deposition is defined as a mass flux rate (as g/m*-day) for a constituent
that settles as dust or is deposited on a dry surface during a period of no precipitation.
The mass flux of a constituent from wet deposition is defined by the concentration of the
constituent in rainfall and the rate of precipitation. For Lake Thunderbird, wet and dry
deposition data was estimated as the average of annual data from 2008 - 2009 for
ammonia and nitrate from the National Atmospheric Deposition Program (NADP) for
Station OK17 (Kessler Farm Field Laboratory, Lat 34.98; Lon -97.5214) and the Clean Air
Status and Trends Network (CASTNET) Station CHE185 (Cherokee Nation, Lat 35.7507,
Lon -94.67). Data was not available from the CASTNET or NADP sites for deposition of
phosphorus. Dry deposition for phosphorus was estimated using the CASTNET and
NADP data for nitrogen with annual average N/P ratios for atmospheric deposition of N
and P reported for six sites located in lowa (Anderson and Downing, 2006). Annual
average wet phosphorus concentration was estimated in proportion to the Dry/Wet ratio
for phosphate deposition fluxes reported by Anderson and Downing (2006). Appendix B
details the data sources and parameter values used to assign atmospheric deposition of
nitrogen and phosphorus for the lake model.

Watershed Loading of Nutrients and Sediment

External loading of nutrients and sediments from the watershed to the lake results from
precipitation and hydrologic runoff processes over drainage area catchments that are
dependent on characteristic properties of the landscape such as topography, land use,
soil types and physical processes such as infiltration and erosion. Flow and pollutants,
derived from watershed runoff, are transported through a network of streams and rivers
with discharge into the lake at downstream outlets of the streams. Since watershed
loading of nutrients usually is a significant component of the overall nutrient loading to a
waterbody, loading from the watershed to the lake is considered as a controllable source
term for a TMDL determination.

Streamflow, runoff, and pollutant loading of nutrients and sediments from the Little River
drainage basin into Lake Thunderbird is estimated using a public domain and peer
reviewed watershed model, Hydrologic Simulation Program-FORTRAN (HSPF). An
overview description of the application of the HSPF watershed model for the Lake
Thunderbird project is presented in Section 3.3 of this report with a complete description
of the model given in Appendix A of this report.
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3.3

3.2.3

Internal Lake Loading from Benthic Nutrient Release

In addition to the external loading of nutrients from watershed runoff and atmospheric
deposition into the lake, decomposition processes in the sediment bed can also contribute
a significant internal load of nutrients to the overall nutrient loading for the lake and
stimulate algal production. Particulate organic matter in the water column and sediment
bed of Lake Thunderbird is derived from both external watershed runoff loading (non-living
detritus) and internal biological production of living organic matter. Particulate organic
matter settles out of the water column, accumulates within the sediment bed, and
undergoes decomposition processes. During the summer stratified months from mid-May
through October, decay processes within the sediment bed deplete dissolved oxygen
below the thermocline and release inorganic nutrients from the sediment bed back into the
water column. The release of ammonia and phosphate from the bed to the water column,
in particular, is controlled, in part, by bottom water dissolved oxygen levels with the largest
release rates occurring during summer anoxic conditions. This internal source of nutrients
is considered to be an uncontrollable source term for the TMDL determination in this
study. Nevertheless, just like atmospheric deposition of nutrients, lake water quality
models that simulate the nutrient balance of the lake must account for this internal source
of nutrients.

Site-specific measurements of nutrient release from the sediment bed under aerobic and
anoxic conditions in Lake Thunderbird are not presently available. Benthic nutrient release
data is available, however, from some lakes and reservoirs in the region such as Lake
Wister (Haggard and Scott, 2011); Lake Frances (Haggard and Soerens, 2006); Eucha
Lake (Haggard et al., 2005) in Oklahoma; Beaver Lake in Arkansas (Sen et al., 2007;
Hamdan et al.,, 2010), Acton Lake in Ohio (Nowlin et al., 2005) and a set of 17
lakes/reservoirs in the Central Plains (Dzialowski and Carter, 2011) that can be used to
estimate internal loading rates of nutrients for Lake Thunderbird. Benthic phosphate
release rates, characteristic of mesotrophic lakes and reservoirs, have also been
estimated by OWRB (2011b) for Lake Thunderbird using an empirical methodology
developed by Nurnberg (1984).

HSPF Watershed Model

3.3.1

Overview of HSPF model

The Hydrological Simulation Program FORTRAN (HSPF), supported by EPA and the
USGS as a public domain model, is a lumped parameter watershed runoff model that
simulates watershed hydrology and non-point source pollutant loadings for organic matter,
nutrients, sediments, bacteria and toxic chemicals within a watershed network of
delineated sub-watersheds (Bicknell et al., 2001). The internal stream model routes flow
and water quality constituents through a network of river reaches for each sub-watershed
of the watershed. The HSPF hydrologic sub-model provides for simulation of water
balances in each sub-watershed based on precipitation, evaporation, water withdrawals,
irrigation, diversions, wastewater discharges, infiltration, and active and deep groundwater
reservoirs. Empirical model parameters are assigned for each sub-watershed land use
through model calibration to simulate the water balance and pollutant loading from a sub-
watershed. HSPF is designed as a time variable model with results generated on an
hourly or daily basis. Hundreds of applications of HSPF over the past two decades have
included short-term storm events and/or continuous simulations over annual and decadal
cycles. BMP alternatives designed to reduce pollutant loads to receiving waters can be
represented in HSPF by adjustments of land use-based yield coefficients for a pollutant.
Windows-based user-friendly GUI software tools such as WinHSPF (Duda et al., 2001),

FINAL

Section 3 - Page 12 NOVEMBER 2013



Lake Thunderbird Report for Nutrient, Turbidity, and Dissolved Oxygen TMDLs Pollutant Source Assessment

3.3.2

GenScn (Kittle et al., 1998) and HSPFParm (Donigian et al., 1999) have been developed
to facilitate pre- and post-processing tasks for HSPF. Time series results for streamflow
and pollutant loads generated by HSPF have been linked for input to hydrodynamic (e.g.,
EFDC) and water quality models (e.g., EFDC, WASP7) in numerous applications over the
past decade. HSPF is considered a Level 3 Complex or Advanced Model. The URL for
HSPF is http://www.epa.gov/ceampubl/swater/hspf/index.htm

Model Setup and Data Sources

The HSPF model was initially setup using EPA’s BASINS watershed modeling platform.
The sub-watershed boundaries were delineated based on USGS’s NHD flow line and the
National Elevation Dataset (NED). The 2001 NLCD land use data were used in the Lake
Thunderbird watershed model. An intensive one-year stream monitoring was conducted
by the Oklahoma Conservation Commission (OCC) with support from DEQ from April
2008 to April 2009. Five monitoring stations were set up in the Lake watershed on major
tributaries with programmable automatic samplers (autosamplers) and rain gages. The
information of these stations is given in Table 3-6 and Figure 3-5. Five-minute rainfall data
from these five stations and the MESONET station at the Max Westheimer Airport (Figure
3-5) were used as boundary forcing in the Thunderbird model. All the other meteorological
data were obtained from the MESONET station at the Westheimer Airport.

Table 3-6 Information of the OCC observation stations

Station ID Site Name Description Latitude | Longitude
0K520810-00-0080W L17 Little River @ 17th St. 35.32350 | -97.49630
0OK520810-00-0140P EIm West ElIm Creek @ 134th St. | 35.33400 | -97.38540
0K520810-00-0080H L60 Little River @ 60th Ave. 35.27763 | -97.35321
0K520810-00-0090C Rock Rock Creek @ 72nd Ave. 35.26100 | -97.33550
0K520810-00-0030G Hog Hog Creek @ 119th Ave. 35.34957 | -97.25816

3.3.3

3.34

Model domain and discretization for sub-watershed representation

The model breaks the Lake Thunderbird watershed into 66 sub-watershed/stream
reaches based on the stream network in the watershed as described by USGS’s NHD
database and flow path calculations based on the NED dataset (Figure 3-5). These sub-
watersheds were further assigned to six groups based on the precipitation data used for
each of these groups. All other meteorological data (e.g., air temperature and solar
radiation) were shared by all sub-watersheds as reported by the MESONET station at the
Westheimer Airport. The MESONET station is located just outside the watershed in
Norman while the airport is partially in the watershed.

Observed OCC 2008 - 2009 stream data for model calibration

Stream discharge and water quality data from the five OCC stations were used for model
calibration (Table 3-6 and Figure 3-5). Stream discharge rating curves based on water
depth were initially developed for the monitoring stations using stream survey data, limited
number of discharge measurements, and Manning’s equation. As more stream discharge
measurements with a wider range of discharge rates became available well into the
monitoring period, the rating curves were refined and updated. They were finalized after
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the monitoring work was completed and the discharge record was revised retrospectively.
This affected the flow-weighted sampling for total phosphorus (TP) and total Kjeldahl
nitrogen (TKN) as they required accurate discharge rate for correct flow weighting. The
model calibration process accounted for this inconsistency by simulating water depth at

the monitoring sites and using the initial rating curves to simulate the concentrations of TP
and TKN of the flow-weighted composite samples.

Figure 3-5 Sub-watershed delineation for the Lake Thunderbird watershed
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3.3.5

HSPF Model Calibration

The HSPF model covered the period where stream discharge and water quality data were
measured for the watershed: April 17, 2008 through April 26, 2009. The time step for the
HSPF model simulation was set at one hour.

Computer water quality models are simplified representation of the physical world. In
addition, observed data from monitoring have inherent errors from the sample collection
process, equipment used, and lab analysis procedures. As a result, models, even after
calibration, do not produce results that match exactly with observed data. To judge if a
model performs as designed and simulates pollutant loads with a reasonable accuracy,
graphic comparison and statistical analysis are conducted to evaluate model performance.
For more details on the procedure used for HSPF model development and the results
obtained for HSPF model calibration, please refer to Appendix A of this report.

In this study, observed stream discharge and water quality parameters were plotted on the
same graphs with model simulated time series of these same parameters. Visual
inspections were made to compare the observed and simulated data. Three statistics,
percent difference of average values (% error), correlation coefficient (r?), and Nash-
Sutcliffe coefficient (N-S), were calculated to quantify how well model simulation matched
observed data. Statistics for comparing the observed data and the model simulation were
calculated as shown in Table 3-7. Figure 3-6 through Figure 3-9 showed the time series
comparison plots at one of the five monitoring stations.

Table 3-7 Calculated statistics at calibration station L17 (Little River at 17™ Street, Moore)

Parameter — Observed Data | \qpp Average | % Difference r b LRl
average coefficient

Flow cfs 7.6 6.2 -18% 0.92 0.66
Temperature Degrees-C 16.3 16.3 0% 0.72 0.71
TSS mg/L 19.0 20.7 8.9% 0.63 -0.56
TP mg/L 0.215 0.25 5.5% 0.0 -1.54
TKN mg/L 1.35 1.56 9.1% 0.09 -1.56
DO mg/L 8.5 8.0 -6.2% 0.71 0.71
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Figure 3-6 Comparison of observed and simulated stream flows (flow calibration plot) at L17
station (observed data are not continuous)
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Figure 3-7 Little River at 17th St. (L17) site - Water temperature calibration plot
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Figure 3-8 DO calibration plot at station L17
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Figure 3-9 TSS calibration plot at station L17
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3.3.6 HSPF Loads for TSS, TN, TP and CBOD for Existing Calibration Conditions

The HSPF model framework consists of a network of sub-watersheds that generate flow
and pollutant loading from runoff over the land uses of sub-watersheds defined within a
larger watershed domain for a project. Sub-watersheds are defined by an in-stream reach
where flow and pollutant loads simulated as land use dependent runoff are input and
routed through a reach that is defined by length, volume, surface area, depth and
hydraulic residence time. In this study, sub-watersheds that drain into Lake Thunderbird
via a tributary generate flow and water quality concentrations at specific downstream
outlet locations at the Lake. Sub-watersheds that are adjacent to and drain directly into
Lake Thunderbird generate water volume and loads from distributed runoff over the entire
sub-watershed. By aggregating the pollutant loading from all the tributary and distributed
runoff sub-watersheds, the annual pollutant loading derived from the HSPF model is given
in Table 3-8.

There are ten land use categories used in the Lake Thunderbird watershed model. The
land area in acres, the Total Phosphorus and Total Nitrogen unit loadings in pounds per
acre per year and the total nutrient loading in pounds per year for each land use category
are summarized in Table 3-9.

To further show the sources of pollutants, the pollutant loadings normalized on a per acre
per year basis for each sub-watershed are given in Figure 3-10 through Figure 3-14.

Table 3-8 HSPF Loads for TN, TP, CBOD, Sediment and TOC

Total HSPF watershed Loads: 4/27/2008-4/26/2009
Pollutants TN TP CBOD Sediment TOC
Units 1000 Ib/yr 1000 Ib/yr 1000 Ib/yr 1000 Ib/yr 1000 Ib/yr
Tributary 243.82 48.37 490.90 24086.71 1251.77
Distributed 15.30 2.52 29.80 1250.09 88.58
Total 259.12 50.90 520.70 25336.80 1340.34
OR
Units kg/day kg/day kg/day kg/day kg/day
Tributary 303.01 60.11 610.05 29933.32 1555.61
Distributed 19.01 3.14 37.04 1553.52 110.08
Total 322.02 63.25 647.09 31486.84 1665.69
Table 3-9. Nutrient Loading for Each Land Use Category
Land Use Land Area TN TN TP TP
Category (acres) (Io/ac/yr) | (lbsfyr) | (Ib/aclyr) | (lbs/yr)
Forest Deciduous 55,010 0.189 10,397 0.009 495
Forest Evergreen 351 0.183 64 0.009 3
Total Forest 10,461 498
Wetland 8 0.324 3 0.046 0
Rangeland 59,765 3.074 | 183,718 | 0.607 36,277
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Land Use Land Area TN TN TP TP

Category (acres) (Ib/aclyr) | (lbs/yr) | (Ib/aclyr) | (Ibs/yr)
Pasture 5 452 4.043 | 22,042 | 0611 | 3,331
Agriculture 3,341 3.413 | 11,403 0.913 3,050
Low Density 6.769 9.019 | 61,050 | 1.886 | 12,766

Urban
Medium Density 3.102 9.089 | 28194 | 1.895 | 5878

Urban
Commercial 14.661 9.906 | 145232 | 2.024 | 29674
High Density 661 1034 | 6835 | 2.169 | 1,434

Urban

Total Urban 241,311 49,762
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Figure 3-10 Calculated sub-watershed sediment loadings by HSPF model
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Figure 3-11 Calculated sub-watershed CBOD loadings by HSPF model
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Figure 3-12 Calculated sub-watershed TOC loadings by HSPF model
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Figure 3-13 Calculated sub-watershed TN loadings by HSPF model
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Figure 3-14 Calculated sub-watershed TP loadings by HSPF model
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SECTION 4 LAKE MODEL AND WATERSHED- LAKE MODEL
LINKAGE

The objective of a TMDL study is to estimate allowable pollutant loads expected to achieve compliance
with water quality criteria. The allowable load is then allocated among the known pollutant sources in the
watershed so that appropriate control measures can be implemented to reduce pollutant loading. To
determine the effect of watershed management measures on in-lake water quality, it is necessary to
establish a cause-effect linkage between the external loading of sediments, nutrients and organic matter
from the watershed and the waterbody response in terms of lake water quality conditions for sediments,
nutrients, organic matter, dissolved oxygen and chlorophyll-a. This section describes an overview of the
water quality modeling analysis of the EFDC linkage between water quality conditions in Lake
Thunderbird and HSPF watershed pollutant loading. Appendix B of this TMDL report presents a
description of the EFDC model, setup of the model, data sources, model results for current conditions
and analysis of the effect of watershed load reductions on lake water quality.

41 EFDC Model Description

EFDC is an advanced surface water modeling package for simulating three-dimensional (3-D)
circulation, salinity, water temperature, sediment transport and biogeochemical processes in
surface waters including rivers, lakes, reservoirs, estuaries, and coastal systems. The EFDC
model has been supported by EPA over the past decade as a public domain, peer reviewed
model to support surface water quality investigations including numerous TMDL evaluations (Ji,
2008). EFDC directly couples the hydrodynamic model (Hamrick, 1992, 1996) with sediment
transport (Tetra Tech, 2002), water quality (Park et al., 2000; Hamrick, 2007) and sediment
diagenesis models (Di Toro, 2000). EFDC state variables include suspended solids, dissolved
oxygen, nutrients (N, P), organic carbon, algae, sediment bed organic carbon and nutrients and
benthic fluxes of nutrients and dissolved oxygen. The EFDC model is time variable with model
results output at user-assigned hourly time intervals. The EFDC model requires input data to
characterize lake geometry (shoreline, depth, surface area, and volume), time varying watershed
inputs of flow and pollutant loads, time varying water supply withdrawals and release flows, and
kinetic coefficients to describe water quality interactions such as nutrient uptake by algae.
Observed water quality data collected at Lake monitoring sites is used for calibration of the model
results to observations. Model setup, data input, and post-processing of model results is
facilitated with the EFDC_Explorer graphical user interface (Craig, 2012).

4.2 Data Sources and EFDC Model Setup

Data Sources: Data sources used for development of the model included routine Lake and
tributary monitoring by Oklahoma Water Resources Board (OWRB) and the Oklahoma
Conservation Commission (OCC); Lake level and storage volume monitoring by the USGS and
the U.S. Army Corps of Engineers (COE); and meteorological data from rain gages co-located
with tributary sampling sites and the Oklahoma MESONET network. Data was collected by
OWRB in 2001 with an Acoustic Doppler Continuous Profiler (ADCP) to map bathymetry of Lake
Thunderbird. The Central Oklahoma Master Conservancy District (COMCD), in cooperation with
OWRB, has been monitoring chlorophyll-a, nutrients, sediment, water temperature, organic
matter and dissolved oxygen in the Lake since 2000. In support of this TMDL study of Lake
Thunderbird, OWRB and OCC conducted a special monitoring program from April 2008 through
April 2009 to collect samples in watershed tributaries and to supplement the monitoring program
conducted as part of the routine COMCD-OWRB surveys of Lake Thunderbird. Sediment bed
data was also collected by OWRB at five stations in the Lake in 2008 to provide sediment bed
data needed for the sediment diagenesis model. The data collected by OWRB and OCC was
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used for development and calibration of the EFDC hydrodynamic, sediment transport, water
quality, and sediment diagenesis models. Tables of observed water quality data used for lake
model calibration are presented in Appendix D of this report.

EFDC Model Domain: The EFDC model allows for the physical representation of the lake with
either coarse or fine resolution grid blocks. For this study, a fine resolution mesh of grid cells was
developed to obtain a good representation of the effect of lake geometry, particularly the remnant
river channels of the Little River and Hog Creek, and river inflow on circulation in the Lake (Figure
4-1). The computational grid developed to map the geometry of Lake Thunderbird consisted of
1,660 horizontal cells. Depth of the water column was represented with 6 layers to account for the
effects of seasonal stratification. The shoreline of the Lake is defined by the normal pool elevation
of 1039.0 ft (vertical datum, NGVD29). Bottom elevation of the lake model was interpolated to
each grid cell using the high resolution bathymetry data collected by OWRB (Figure 4-1). The
causeway across the southwestern area of the Little River arm of the Lake was represented in
the model grid as a barrier to flow by removing selected model grid cells to force flow to be
transported around the roadway.

Figure 4-1 Lake Thunderbird Computational Grid and Bottom Elevation
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Boundary Conditions: The EFDC lake model requires the specification of external boundary
data to describe: (1) flow and pollutant loading from the watershed; (2) withdrawals from water
supply intakes and releases at the dam; (3) meteorological and wind forcing; and (4) atmospheric
deposition of nutrients. As described in Section 3.3, flow and pollutant loading from the watershed
was provided by the HSPF model as hourly time series data for 18 tributaries and 18 distributed
flow areas. Tributary inflows included the Little River, EIm Creek, Rock Creek, Hog Creek, Dave
Blue Creek, Jim Blue Creek, Clear Creek, Willow Branch and a number of unnamed streams.
Although HSPF and EFDC both model sediments, nutrients, organic matter, algae and dissolved
oxygen, the model results for some HSPF state variables require stoichiometric transformations,
as described in Appendix B, for linkage to the EFDC state variables.

A flow boundary was assigned to represent water supply withdrawals at a common intake
location from the reservoir for the municipalities of Norman, Midwest City and Del City. Water
supply withdrawal data was provided by COMCD. A flow boundary was assigned to account for
release flow at the dam (designated by the U.S. Army Corps of Engineers as Station NRMO02)
with flow data provided by the Army Corps of Engineers. The only sources of water inflow to the
lake model are from the simulated HSPF flows and precipitation and the only withdrawals of
water are assigned from water supply withdrawals, release flow at the dam and evaporation.

The EFDC model requires time series data to describe the effect of meteorological forcing and
winds on lake circulation processes. Wind speed/direction and meteorological data was obtained
from the Oklahoma MESONET database at Station NRMN. Meteorological data needed for the
model includes wind, air temperature, air pressure, relative humidity, precipitation, evaporation,
cloud cover and solar radiation.

The EFDC model requires specification of wet and dry atmospheric deposition of nitrogen and
phosphorus over the entire surface area of the Lake. Atmospheric deposition of nutrients is
represented using the same constant loading rate for both model calibration to existing conditions
(2008 - 2009) and model evaluations of watershed load reduction scenarios. Since atmospheric
deposition is uncontrollable on the local watershed scale, there is no load allocation for
atmospheric deposition of nutrients for the TMDL. For Lake Thunderbird, wet and dry deposition
data for nitrogen, presented in Appendix B, was estimated as the average of annual data from
2008 - 2009 for ammonia and nitrate from the National Atmospheric Deposition Program (NADP)
for Station OK17 (Kessler Farm Field Laboratory) and the Clean Air Status and Trends Network
(CASTNET) Station CHE185. Wet deposition loading of ammonia and nitrate was estimated from
annual rainfall (36.9 inches) measured during the period from April 2008-April 2009. Since data
was not available from the CASTNET or NADP sites for deposition of phosphorus, dry deposition
for phosphorus was estimated using the CASTNET and NADP data for nitrogen with annual
average N/P ratios for atmospheric deposition of N and P reported for 6 sites located in lowa
(Anderson and Downing, 2006). Annual average wet phosphate concentration was estimated in
proportion to the Dry/Wet ratio for phosphate deposition fluxes reported by Anderson and
Downing (2006).

Initial Conditions: As a time varying model, EFDC requires the specification of initial
distributions of all the model state variables at the beginning of the model simulation period in
mid-April 2008. The spatial distribution of initial conditions for the model is based on simulated
conditions at the end of the 1-year model simulation period. Restart conditions, written for all state
variables of the model at the end of a preliminary model run, were used to assign a simulated set
of initial conditions that accounted for spatial variability of conditions in the water column and
sediment bed.
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4.3

EFDC Model Calibration to Existing Conditions

The EFDC lake model was setup for a 375 day period from April 17, 2008 through April 26, 2009.
Model results were calibrated against observed data collected at eight water quality monitoring
sites shown in Figure 2-1. Model results were calibrated to observations for water level, water
temperature, TSS, nitrogen, phosphorus, dissolved oxygen, organic carbon and algae biomass
(chlorophyll). The model-data performance statistics selected for calibration of the hydrodynamic
and water quality model are the Root Mean Square Error (RMSE) and the Relative RMS Error.
The Relative RMS error, computed as the ratio of the RMSE to the observed range of each water
guality constituent, is expressed as a percentage. The Relative RMS Error thus provides a
straightforward performance measure statistic to evaluate agreement between model results and
observations in comparison to model performance targets. This section only provides a brief
description of lake model calibration. For more details on the procedure used for EFDC model
development and the results obtained for EFDC model calibration, please refer to Appendix B of
this report.

TSS and Turbidity: Water clarity is an issue for impairment of Lake Thunderbird and turbidity is
the water quality parameter used to determine if the lake fully supports designated uses.
Oklahoma water quality criteria states that no more than 10% of samples collected over the most
recent 10 year period shall be greater than 25 NTU. Turbidity is a measure of the optical
properties of water that causes light to be scattered and absorbed by particles in the water
sample. Turbidity, as measured with a Nepholometer and reported with units of Nepholometric
Turbidity Units (NTU), however, accounts only for the scattering of light. Since turbidity is not a
mass-based concentration, a surrogate indicator of water quality must be used to develop a
TMDL that addresses compliance with water quality criteria for turbidity. Total suspended solids
(TSS) is a common water quality measurement that can be used as a surrogate indicator for
turbidity. Although turbidity and TSS measure very different properties of water samples, both
measurements do provide information about water clarity. TSS vs. turbidity relationships can
therefore be developed and applied for TMDL determinations. The TSS vs. turbidity relationship
must, however, be developed using site-specific paired data since inconsistencies and
interferences in the relationship can result from site-specific properties of a water sample
including water color, size, shape and refractive index of sediment particles, the organic and
inorganic composition of sediment particles, and the inconsistency of instruments used for the
turbidity measurement itself (Thackston and Palermo, 2000; Bash, Berman and Bolton, 2001).
For the Lake Thunderbird study, paired TSS and turbidity measurements from the eight Lake
stations were used to develop a whole lake linear regression relationship. As described in
Appendix B, the relationship was considered acceptable to apply a site-specific correlation to
compute simulated turbidity from modeled TSS for Lake Thunderbird.

The TSS vs. turbidity relationship developed for Lake Thunderbird was used to transform EFDC
model results for TSS to turbidity for comparison to the water quality criteria for turbidity of 25
NTU. Based on summary statistics computed for turbidity for all eight stations, the 90" percentile
for observed 2008 - 2009 turbidity (29.7 NTU) is seen to exceed the water quality target of 25
NTU. The 90" percentile of the calibrated model results for turbidity (27.6 NTU) computed for the
eight stations also shows non-compliance with the target of 25 NTU.

Chlorophyll-a: Water quality criteria targets for chlorophyll-a and dissolved oxygen are directly
compared to model results for chlorophyll and dissolved oxygen. Model results for chlorophyll-a,
in general, show good agreement with the observed seasonal trend of chlorophyll for most of the
simulation period of 2008 - 2009. The observed seasonal progression of algae biomass is
controlled by water temperature, the availability of phosphate and adequate light for growth.
Observed TN:TP ratios and model results both indicate that phosphorus is the limiting factor for
algal growth in Lake Thunderbird. Based on summary statistics computed for all eight stations,
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the 2008 - 2009 average for observed surface chlorophyll (24.8 pg/L) exceeds the target criteria
for SWS lakes of 10 pg/L. The average value for the calibrated model results for chlorophyll of
21.5 pg/L also shows non-compliance with the SWS target criteria.

Dissolved Oxygen: Oklahoma water quality standards for dissolved oxygen for Lake
Thunderbird are specified in relation to (a) the surface layer/epilimnion, (b) the entire water
column and (c) the anoxic volume of the lake within the hypolimnion. Within the surface
layer/epilimnion under stratified conditions, dissolved oxygen shall be no less than 6 mg/L from
April 1 to June 15 for protection of early life stages and no less than 5 mg/L from June 16 to
March 31 for protection of other life stages of a warm water aquatic community. Within the entire
water column when the lake is well-mixed (i.e., non-stratified), dissolved oxygen shall be no less
than 6 mg/L from April 1 to June 15 for protection of early life stages and no less than 5 mg/L
from June 16 to March 31 for protection of other life stages of a warm water aquatic community.
Within the hypolimnion, the anoxic volume of the lake, defined by a cutoff DO level of 2 mg/L,
shall not exceed 50% of the lake volume during the period of seasonal stratification from mid-May
through October 1. Model results for dissolved oxygen at the deep lacustrine sites (1, 2 and 4)
show good agreement with the observed seasonal trend of both surface layer oxygen levels and
bottom layer oxygen depletion where the observed anoxic conditions are controlled by the onset
and erosion of lake stratification. Model results for dissolved oxygen for each grid cell are post-
processed to derive a composite time series to compute the percentage of the whole lake volume
defined as anoxic by the cutoff target DO level of 2 mg/L. On a whole lake basis, the maximum
percentage of the lake volume defined by the target oxygen level of 2 mg/L for 2008 - 2009 is
estimated at ~30% in early August just prior to the two large storm events of August 2008. Since
the maximum anoxic volume estimated for the whole lake is ~30%, the water quality anoxic
volume target of no more than 50% of the lake volume less than 2 mg/L during stratification is
attained for the 2008 - 2009 calibration period.

Benthic Flux of Phosphate: Model results are also analyzed to evaluate benthic flux rates of
phosphate and sediment oxygen demand simulated with the sediment diagenesis model since
these coupled water column-sediment bed processes are critical for model results for chlorophyll-
a and dissolved oxygen. Since observed measurements of the benthic flux of phosphate are not
available for Lake Thunderbird, mean values of modeled benthic phosphate fluxes are computed
for the summer stratified anoxic period from May 15 through October 1, 2008 for the lacustrine
monitoring stations (Site 1, 2 and 4) for comparison to literature data for other lakes and
reservoirs. The mean benthic flux rates for phosphate, computed as 4.8, 3.4, and 5.4 mg P/m?*
day for Sites 1, 2 and 4, respectively, are thus consistent with the 10" to 90™ percentile range of
anoxic phosphate fluxes of ~2 to 8 mg P/m?-day measured by Dzialowski and Carter (2011).in
mesotrophic reservoirs in Missouri and Kansas.

Model-Data Performance: The Relative RMS Error performance targets, defined as a composite
statistic derived from pooled model-observed data pairs from all stations, are consistent with
model performance targets recommended for surface water models (Donigian, 2000). As
presented in Appendix B, the model performance targets for water level and dissolved oxygen
(20%), water temperature, nitrate and total organic phosphorus (50%), and chlorophyll (100%)
are all attained with the model results for these variables much better than, or close to, the target
criteria. The model results for TSS, total phosphorus, total phosphate, and total nitrogen are also
good with the model performance statistics shown to be only 5-6% over the target criteria of 50%.
The exceptions to the overall good results achieved with the model are for Total Organic Carbon
and Total Organic Nitrogen where the Relative RMS Errors exceed the target criteria of 50% by
over 25%.
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4.4

Given the lack of a general consensus for defining quantitative model performance criteria, the
inherent errors in input and observed data, and the approximate nature of model formulations,
absolute criteria for model acceptance or rejection are not appropriate for studies such as the
development of the lake model for Lake Thunderbird. The Relative RMS Errors are used as
targets for performance evaluation of the calibration of the model, but not as rigid absolute criteria
for rejection or acceptance of model results. The “weight of evidence” approach used in this study
recognizes that, as an approximation of a waterbody, perfect agreement between observed data
and model results is not expected and is not specified as performance criteria for defining the
success of model calibration. Model performance statistics are used as guidelines to supplement
the visual evaluation of model-data plots for model calibration. The “weight of evidence” approach
used for this study thus acknowledges the approximate nature of the model and the inherent
uncertainty in both input data and observed data.

Pollutant Loads for Existing Model Calibration (2008 - 2009)

Using data developed for calibration of the watershed model and the lake model to 2008 - 2009
conditions, mass loads for sediment, nutrients and CBOD are compiled to identify the relative
magnitude of the external and internal sources of pollutant loading to the lake. External sources
include tributary inputs, wet and dry atmospheric deposition, and overland runoff from the
watershed. Internal sources include the benthic fluxes of inorganic nutrients across the sediment-
water interface of the lake. Loading rates (as kg/day) are compiled for the 375 day simulation
period from April 2008-April 2009. In addition to documentation of the external and internal
sources of pollutants in this section, a more detailed analysis of model data is presented in
Appendix B to compare the inputs (external and internal sources) and outputs (sinks) of
phosphorus. The input and output load data for the existing conditions model calibration is used
to estimate total phosphorus retention in Lake Thunderbird from April 2008 through April 2009.
Table 4-1 presents a summary of nutrients, CBOD and sediment loads for the existing 2008 -
2009 calibration conditions for HSPF watershed loads. The table presents a summary, and
comparison, of the external sources from the watershed and atmospheric deposition and internal
benthic flux loading rates for the existing 2008 - 2009 calibration conditions.

Table 4-1 Annual Loading of Nutrients, CBOD and Sediment for Existing Calibration
Conditions (2008 - 2009) Delivered to Lake Thunderbird

Model Calibration

Annual

Annual

Annual

Annual

Source

HSPF

AtmDep

SedFlux

Total

Existing 2008 - 2009

kg/day

kg/day

kg/day

kg/day

Total Nitrogen (TN)

322.0

1121

90.1

524.2

Nitrate (NO3)

31.0

79.5

59.5

170.0

Ammonia (NH4)

7.7

32.6

30.6

70.9

Total_OrgN

283.0

0.0

0.0

283.0

Algae_PON

0.23

0.00

0.00

0.23

DIN(NO3+NH4)

38.8

1121

90.1

241.0

Total Phosphorus (TP)

63.3

0.5

66.5

130.3

Phosphate(P0O4)

7.9

0.5

66.5

74.9

Total_OrgP

55.3

0.0

0.0

55.3

Algae_POP

0.03

0.00

0.00

0.03

CBOD

647.1

0.0

0.0

647.1

Suspended solids

31,486.8

0.0

0.0

31,486.8
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4.5

Table 4-2 presents the percentage contributions of watershed, atmospheric deposition and
benthic flux loading to the total loads. As shown in Table 4-2 , internal benthic flux of phosphate
accounts for 89% of the phosphate loading and 51% of the total phosphorus to the Lake on an
annual basis. Atmospheric deposition of the sum of nitrate and ammonia (DIN) accounts for 46%
of the inorganic nitrogen input and 21% of the total nitrogen input to the Lake. The benthic flux of
DIN accounts for 37% of the total DIN loading and 17% of the total nitrogen input. Accounting for
about one-fifth of the total nitrogen loading, atmospheric deposition (21%) and benthic flux (17%)
both represent a significant contribution to the total nitrogen load to the Lake.

Table 4-2 Percentage Contribution of Annual Watershed Loading, Atmospheric Deposition
and Sediment Flux for Nutrients, CBOD and Sediment for Existing Calibration Conditions
(2008 - 2009)

Model Calibration Annual Annual Annual Annual
Source HSPF AtmDep SedFlux Total
Existing 2008 - 2009 % % % %
Total Nitrogen (TN) 61.4% 21.4% 17.2% 100%
Nitrate (NO3) 18.3% 46.8% 35.0% 100%
Ammonia (NH4) 10.9% 46.0% 43.1% 100%
Total_OrgN 100.0% 0.0% 0.0% 100%
Algae_PON 100.0% 0.0% 0.0% 100%
DIN(NO3+NH4) 16.1% 46.5% 37.4% 100%
Total Phosphorus (TP) 48.6% 0.4% 51.1% 100%
Phosphate(PO4) 10.6% 0.7% 88.8% 100%
Total_OrgP 100.0% 0.0% 0.0% 100%
Algae_POP 100.0% 0.0% 0.0% 100%
CBOD 100.0% 0.0% 0.0% 100%
Suspended solids 100.0% 0.0% 0.0% 100%

Water Quality Response to Modeled Load Reduction Scenarios

The calibrated lake model was used to evaluate the water quality response to reductions in
watershed loading of sediment, nutrients and CBOD. Load reduction scenario simulation runs
were performed to determine if water quality targets for turbidity, chlorophyll and dissolved
oxygen could be attained with watershed-based load reductions of 25%, 35%, 50%, and 75%.
Based on an evaluation of the load reduction scenario results the 35% removal alternative was
selected for a detailed “spin-up” analysis of the long-term water quality response of the Lake to
changes in watershed loads. The 35% removal scenario was used to simulate eight years of
sequential “spin-up” runs to evaluate the long-term response of water quality conditions in the
Lake to the 35% removal change in external loads from the watershed. For the set of spin-up
runs, watershed flow and reduced pollutant loading from the HSPF model were repeated for each
of the eight spin-up years. The results derived from the eight years of spin-up simulations did not,
therefore, account for any projected, or future, conditions of hydrologic variability within the
watershed.

The 35% pollutant removal scenario identified for the TMDL for Lake Thunderbird is based on a
simple uniform reduction of all sediment, CBOD, TN and TP loads contributed by all tributaries,
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stormwater point sources and distributed runoff from the watershed to represent the reduction of
pollutant loads to Lake Thunderbird. The methodology applied for developing the load reduction
scenarios did not attempt to represent changes in external watershed loading based on
implementation of specific BMPs or point source waste load allocations.

Results of the spin-up model runs for the 35% removal scenario are presented to show long-term
trends in turbidity, chlorophyll, dissolved oxygen, benthic phosphate flux, and sediment oxygen
demand. The spin-up results are also used to evaluate long-term changes in the relative
contribution of internal phosphate loading from the sediment bed to external phosphate loads
from the watershed and atmospheric deposition.

Turbidity and Chlorophyll-a: As discussed in Section 2 of this report, Oklahoma Water Quality
Standards for Lake Thunderbird turbidity and chlorophyll-a are as follows:

e Turbidity: no more than 10% of turbidity samples greater than 25 NTU based on compilation
of records of most recent 10 years

o Chlorophyll-a: Average value of surface chlorophyll-a no greater than 10 pg/L based on long-
term historical record of most recent 10 years

Table 4-3 summarizes the annual statistics for turbidity and chlorophyll-a for (a) the observed
data collected in 2008 - 2009 used for model calibration, (b) the calibrated model results and the
results generated with (c) eight years of spin-up runs for the 35% removal scenario, respectively.
Summary statistics are computed from model results for all eight sites for the annual simulation
period from April 2008-April 2009. The chlorophyll-a statistic is computed as the average of the
model results for all eight sites. The turbidity statistic is computed as the 90" percentile of the
model results for all eight sites. The number of simulation records for the model statistics
(N=17,856) are based on 2,232 records per site for eight sites.

Table 4-3 Summary Statistics for Chlorophyll-a and Turbidity for Observed Data, Model
Calibration and 8 Years (Year 1 — Year 8) of Spin-Up Runs of the 35% Removal Scenario

[Observed Data and Model Results are Aggregated Over the Whole Lake for the Simulation Period (2008 - 2009)]

35%R 8 SITES 8 SITES 8 SITES 8 SITES
Chlorophyll-a Turbidity Chlorophyll-a Turbidity
(ug/L) (NTU) (Hg/L) (NTU)
Annual Average 90" percentile Percent Change | Percent Change
Target 10 25
Observed 24.8 29.7
Calibration 215 27.6
Year O 23.0 19.3
Year 1 24.5 18.5 6.6% -3.8%
Year 2 20.5 18.4 -16.4% -0.6%
Year 3 15.6 18.0 -23.9% -2.5%
Year 4 11.8 17.7 -24.3% -1.4%
Year 5 10.0 17.6 -15.2% -0.6%
Year 6 9.3 174 -7.6% -1.1%
Year 7 8.9 17.3 -3.4% -0.7%
Year 8 8.9 17.3 -0.9% 0.0%
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As can be seen in the data presented in Table 4-3, the 90" percentile for observed turbidity (29.7
NTU) exceeds the target of 25 NTU. The calibrated model results for surface turbidity (27.6 NTU)
also show non-compliance with the target of 25 NTU. Each of the spin-up runs for the 35%
management scenario show a gradual improvement in turbidity with respect to compliance with
the target of 25 NTU.Figure 4-2 presents the long-term trends for the turbidity data presented in
Table 4-3 for the 35% removal scenario.

Figure 4-2 Surface Turbidity (NTU): Spin-Up Model Results for 35% Removal, Annual 90"
Percentile of all Eight Sites
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As shown in Table 4-3, the 2008 - 2009 average for observed surface chlorophyll-a (24.8 pg/L)
exceeds the target criteria for SWS lakes of 10 ug/L. The calibrated model results for chlorophyill-
a (21.5 pg/L) also show non-compliance with the SWS target criteria. Figure 4-3 shows the spin-
up trend for the chlorophyll data presented in Table 4-3 for the 35% removal scenario. Algae
biomass increases for Year 0 and Year 1 of the 35% removal scenario because turbidity is
reduced, water clarity is improved and primary productivity increases with increased light
availability for algae growth.

Figure 4-3 Surface chlorophyll-a (ug/L): Spin-Up Model Results for 35% Removal and Annual

Average of all Eight Sites
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After Year 1, chlorophyll-a progressively declines each year until the SWS water quality criteria of
10 pg/L is attained by Year 5 under the 35% removal scenario. Chlorophyll-a gradually declines
after the first spin-up year because the supply of phosphorus available to support primary
production in the euphotic zone diminishes as internal phosphorus loading from benthic
phosphate flux is reduced (see Figure 4-4). The largest contribution of internal loading of
phosphate to the Lake, controlled by hypoxic bottom water oxygen conditions, occurs during the
summer stratified period from mid-May to early October. As can be seen in Figure 4-4 the whole
lake seasonal benthic phosphate flux declines from 5.3 mg P/m?-day for the initial year (Year 0)
to 1.6 mg P/m*-day after eight years of model spin-up as the coupled interaction of the sediment-
water system attains a new equilibrium condition.

Figure 4-4 Sediment Flux PO4 (Mg P/M?-Day), Whole Lake Average for Seasonal Stratified

Period from May 15" - October 1°!, 2008 for the 35% Removal Scenario
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The spin-up simulation analysis of the coupled water column-sediment bed response to the 35%
reduction in watershed loading of sediment and nutrients indicates that compliance with the SWS
target for chlorophyll-a of 10 pg/L can be attained within a reasonable time frame. It is important
to emphasize that the model spin-up results are not a prediction of the number of years
required for lake recovery because of the idealized spin-up conditions of a precisely
maintained watershed load reduction level and repeated climatic and hydrologic
conditions of 2008 - 2009. The model results, do, however, provide technically credible
evidence that future conditions can be in compliance with SWS water quality criteria for
chlorophyll-a within a reasonable time frame if watershed loads are reduced as recommended
and the reduction is sustained.

Dissolved Oxygen and Sediment Oxygen Demand: Oklahoma water quality standards for
dissolved oxygen for Lake Thunderbird are specified in relation to (a) stratified conditions for the
surface layer (epilimnion) and the anoxic volume of the Lake within the hypolimnion and (b) non-
stratified conditions over the entire water column. Within the surface layer (epilimnion) during the
period of thermal stratification, 10% or less of the dissolved oxygen samples shall be no less than
6 mg/L from April 1 to June 15 and no less than 5 mg/L during the remainder of the year (June 16
to March 31) based on long-term records of the most recent 10 years. Within the hypolimnion, the
anoxic volume of the lake, defined by the 2 mg/L cutoff target for DO, shall not exceed 50% of the
lake volume during the period of seasonal thermal stratification. Within the entire water column
during the period when the lake is not stratified, 10% or less of the dissolved oxygen samples
shall be no less than 6 mg/L from April 1 to June 15 and no less than 5 mg/L during the
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remainder of the year (June 16 to March 31) based on long-term records of the most recent 10
years.

The period of seasonal thermal stratification for Lake Thunderbird is determined using water
temperature observations from Site 1, Site 2, and Site 4 in the lacustrine zone of the lake. Dates
for the onset and erosion of thermal stratification were based on the vertical temperature gradient
between surface layer and bottom layer observations. Figure 4-5 shows surface and bottom layer
temperature observations for Site 1, Site 2 and Site 4 for April 2008 through October 2009.

Figure 4-5 Surface and Bottom Layer Water Temperature for Lacustrine Sites in Lake
Thunderbird, 2008 - 2009.

Lake Thunderbird, Water Column Stratification
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Figure 4-6 shows the difference between surface and bottom temperature for each site and the
average of the three sites. May 15 is defined as the date for the onset of stratification when the
vertical temperature gradient begins to increase. By October 1, the temperature gradient
decreases and remains small through the well-mixed non-stratified winter-spring months until the
onset of stratification begins again in May 2009. The time series plots show marker lines for May
15 and October 1 for 2008 and 2009.

Under the 35% load reduction determined for the TMDL, compliance with the water quality criteria
for dissolved oxygen is demonstrated for (a) stratified conditions for the surface layer (epilimnion)
and the anoxic volume of lake and (b) the entire water column for the period when the lake is not
stratified.
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Figure 4-6 Temperature Stratification (Surface-Bottom) for Lacustrine Sites in Lake
Thunderbird, 2008 - 2009

Lake Thunderbird, Water Column Stratification
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Stratified Period, Surface Layer (Epilimnion) : Water quality criteria require that DO levels be 6
mg/L or more during stratified conditions from April 1 through June 15. The criteria also requires
that DO levels be 5 mg/L or more during stratified conditions from June 16 through the remainder
of the year. For Lake Thunderbird observed water temperature data shows that stratification
begins on May 15 and ends on October 1. Model results, extracted for the stratified period from
May 15-October 1, for surface layer dissolved oxygen are seen to be in compliance with the water
guality criteria for surface DO levels with the 10th percentile values of DO greater than the most
stringent stratified season criteria of 5 mg/L (Figure 4-7).

Figure 4-7 Surface Layer (Epilimnion) Dissolved Oxy%en (mg/L): Spin-Up Model Results for

35% Removal, Seasonal Stratified Period 10" Percentile of all Eight Sites
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Stratified Period, Anoxic Lake Volume: Water quality criteria require that 50% or less of the
lake volume be lower than a 2 mg/L cutoff level of DO during the period of seasonal thermal
stratification The results of the computations of anoxic volume, based on a target oxygen level of
2 mg/L, are presented as time series of anoxic volume of the whole lake in Figure 4-8 for the 35%
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removal scenario with a comparison shown to the anoxic volume results for the existing
calibration conditions. As can be seen by comparison of the model calibration to the progression
of spin-up years, the anoxic volume gradually decreases with each spin-up year as a result of the
35% reduction of watershed loading.

Figure 4-8 Time Series of Anoxic Volume of Whole Lake For 35% Removal Management
Scenario.

Model Calibration Results are Shown as Red Line. Percentage of Anoxic Volume is Based on Aggregation of All

Grid Cells in the Lake. The DO Cutoff Target is 2 Mg/L

Lake Thunderbird, Calibration & 35% Removal Spin-up
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The anoxic volume of the lake gradually decreases because the whole lake sediment oxygen
demand (SOD) is reduced with each spin-up year of the 35% removal scenario (Figure 4-9). SOD
gradually declines from ~0.8 g O,/m*-day for the initial year (Year 0) to 0.2 g O,/m?-day after 4
years and ~0.12 g O,/m*-day after eight years of spin-up for the 35% removal scenario. The
gradual decline in SOD reflects the response of the coupled water column and sediment bed of
the lake to new equilibrium conditions for particulate organic matter deposition to the sediment
bed based on the effectiveness of the load reduction scenario for 35% removal of sediments and
nutrients from watershed loading.

As a management alternative in response to the repeated occurrence of hypolimnetic anoxia
during summer stratified conditions, an oxygen injection system has been installed in Lake
Thunderbird (Cadenhead, 2012). COMCD received an American Recovery and Reinvestment Act
of 2009 grant (ARRA) to install and operate a Supersaturated Dissolved Oxygen (SDOX) system
and in 2010, the COMCD partnered with the OWRB, to design, install, and monitor the SDOX
pump at the Lake’s deepest area near the dam. This energy-efficient pump uses the latest
technology to prevent the Lakes hypolimnion from going anoxic throughout the summer months
without disrupting the Lake’s natural thermocline. As discussed in Section 4.3.2, seasonal anoxia
exacerbates eutrophic conditions in the Lake by triggering the benthic release of nutrients as an
internal load to the water column. Eutrophic conditions that favor bluegreen algae (cyanobacteria)
blooms contribute to taste and odor problems in drinking water. Operation of the SDOX device is
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targeted to improve oxygen levels in the Lake to support the warm water fishery but also to
reduce the treatment cost for drinking water. Since the SDOX system became operational after
the study period of 2008 - 2009, the effects of the oxygen injection system are not represented in
either calibration of the model to existing conditions or to the projection of the water quality impact
of the 35% removal scenario.

Figure 4-9 Sediment Oxygen Demand (G O,/M*-Day), Whole Lake Average for Seasonal
Stratified Period from May 15" - October 1%, 2008 for the 35% Removal Scenario
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Non-Stratified Period, Entire Water Column: Compliance with water quality criteria for DO
during well-mixed conditions when the lake is not stratified requires that 10% or less of the DO
records be (a) greater than 6 mg/L from April 1 to June 15 and (b) greater than 5 mg/L for the
remainder of the year (i.e., June 16 through March 31). Based on the beginning and ending dates
for stratification of Lake Thunderbird of May 15 through October 1, DO over the entire water
column must be greater than 6 mg/L from April 1 until May 15 when seasonal stratification begins.
DO over the entire water column must then be greater than 5 mg/L after October 1 when the lake
is once again well-mixed.

Computations were performed with a post-processing utility in EFDC_Explorer designed to
evaluate the anoxic volume of a lake based on input of a cutoff DO concentration. In order to
assess compliance with Oklahoma DO criteria for non-stratified conditions, lake volumes less
than specified cutoff oxygen concentrations were compiled for (a) 6 mg/L to cover the non-
stratified period from April 1 through May 15; and (b) 5 mg/L to cover the remainder of the year
after October 1. Figure 4-10 shows the time series for the lake volume less than 6 mg/L and
Figure 4-11 shows the time series for the lake volume less than 5 mg/L. Spin-up model results
are presented in the time series plots for every other year of the spin-up series (Year 0, Year 2,
Year 4, Year 6 and Year 8). The water quality criterion requires that 10% or less of the samples
be less than the target levels (5 or 6 mg/L). The 10% target for the DO criteria is shown on the
plots as the dashed line. Marker lines are included on the plots to show the beginning date (May
15) and ending date (October 1) for thermal stratification in Lake Thunderbird.
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Figure 4-10 Whole Lake Volume Weighted Percentage of Lake Less than Cutoff
Concentration of 6 mg/L for Spin-Up Years (Year 0, Year 2, Year 4, Year 6, and Year 8).
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April 1 through May 15, Non-stratified: The model results for the spin-up years Year 2, Year 4,
Year 6 and Year 8 are all much less than the 10% lake volume for the target cutoff criterion of 6
mg/L for the period from April 1 until May 15 when the water column begins to stratify (Figure 4-
10). The model results thus demonstrate that the entire water column of Lake Thunderbird will be
in compliance with the criterion of 6 mg/L for the non-stratified period from April 1 through May
15.

October 1 through May 15, Non-stratified: The model results for spin-up year Year 2 are just
below the 10% target for the criterion of 5 mg/L. The model results for spin-up years Year 4, Year
6 and Year 8, however, are all seen to be much lower than the 10% lake volume target cutoff
criterion of 5 mg/L for the period after October 1 when stratification begins to erode and the lake
is well-mixed (Figure 4-11). The model results thus demonstrate that the entire water column of
Lake Thunderbird will be in compliance with the non-stratified criterion of 5 mg/L for the period
from October 1 through the following May 15 when the Lake begins to stratify in the following
summer. As demonstrated with the analysis of model results for the spin-up years, the 35%
reduction of nutrients and sediment loads determined for the TMDL is expected to result in
compliance with Oklahoma water quality criteria for dissolved oxygen under both stratified and
non-stratified conditions.
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Figure 4-11 Whole Lake Volume Weighted Percentage of Lake Less than Cutoff Concentration
of 5 mg/L for Spin-Up Years (Year 0, Year 2, Year 4, Year 6, and Year 8)

Lake Thunderbird, Management Scenario 35% Removal/Spinup
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4.6 Pollutant Loads for 35% Removal Scenario
Table 4-4 presents a summary of the April 2008 - April 2009 loads for the 35% removal scenario

for HSPF watershed loads, and comparison, of the external sources and internal benthic flux
loading rates for the 35% removal scenario.

Table 4-4 Annual Loading of Nutrients, CBOD and Suspended Solids for 35% Removal

Scenario

Model 35% Removal Annual Annual Annual Annual
Source HSPF AtmDep SedFlux Total
Year 8 Spinup kg/day kg/day kg/day kg/day
Total Nitrogen (TN) 209.3 112.1 -35.3 286.1
Nitrate (NO3) 20.2 79.5 -21.8 77.9
Ammonia (NH4) 5.0 32.6 -13.5 24.1
Total_OrgN 184.0 0.0 0.0 184.0
Algae_PON 0.15 0.00 0.00 0.15
DIN(NO3+NH4) 25.2 112.1 -35.3 102.0
Total Phosphorus (TP) 41.1 0.5 21.6 63.2
Phosphate(P0O4) 5.1 0.5 21.6 27.2
Total_OrgP 36.0 0.0 0.0 36.0
Algae_POP 0.02 0.00 0.00 0.02
CBOD 647.1 0.0 0.0 647.1
Suspended solids 20,466.4 0.0 0.0 | 20,466.4
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Table 4-5 presents the percentage contributions of watershed, atmospheric deposition and
benthic flux loading to the total nutrient load for the 35% removal scenario. As shown in Table
4-5, the contribution of the internal benthic flux of phosphate decreases from 89% of the
phosphate load and 51% of the total phosphorus load for the existing calibration condition to 79%
of the phosphate load and 34% of the total phosphorus load for the 35% removal case after a
spin-up period of eight years.

In contrast to the existing conditions for model calibration where the sediment bed is a significant
source of inorganic nitrogen (DIN) to the lake, the model spin-up results after eight years suggest
that the sediment bed may be a sink for DIN. The results of the spin-up after eight years for the
35% removal scenario indicates that DIN may be lost from the water column to the sediment bed
under the simulated conditions for the bed. As shown in Table 4-4, a negative sediment flux load
for ammonia and nitrate represents a loss of inorganic nitrogen from the water column to the
sediment bed. With reduced external watershed loading and organic matter deposition from the
water column, organic matter in the sediment bed is slowly decomposed and DIN concentrations
in porewater decline. Benthic release rates gradually decrease over time until conditions exist
where the DIN concentration in the sediment bed is lower than the DIN concentration in the
overlying water column; and DIN is transported by diffusion from the water column to the
sediment bed.

As shown in Table 4-4 for the 35% removal scenario, the external input of nitrate from the
watershed (~20 kg/day) is approximately equivalent to the internal loss of nitrate from the water
column to the bed (~22 kg/day). The internal loss of ammonia from the water column to the
sediment bed (~13.5 kg/day) is almost three times the external input of ammonia from the
watershed (5 kg/day). Overall, the total estimated inputs of phosphate are decreased by 33% with
the phosphate load declining from 66.5 kg/day for the existing calibration case to 21.6 kg/day for
the 35% removal scenario (Table 4-4). Similarly, the total estimated inputs of inorganic nitrogen
are decreased by 42% with the sum of the nitrate and ammonia (DIN) load declining from 241.0
kg/day for the existing calibration case to 102.0 kg/day for the 35% removal scenario (Table 4-4).

Table 4-5 Percentage Contribution of Annual Watershed Loading, Atmospheric Deposition
and Sediment Flux for Nutrients, CBOD and Sediment for 35% Removal Scenario

Model 35% Removal Annual | Annual Annual | Annual
Source HSPF AtmDep | SedFlux Total
Year 8 Spinup % % % %
Total Nitrogen (TN) 73.2% 39.2% -12.3% 100%
Nitrate (NO3) 25.9% 102.1% -28.0% 100%
Ammonia (NH4) 20.9% 135.3% -56.2% 100%
Total_OrgN 100.0% 0.0% 0.0% 100%
Algae_PON 100.0% 0.0% 0.0% 100%
DIN(NO3+NH4) 24.7% 109.9% -34.6% 100%
Total Phosphorus (TP) 65.1% 0.8% 34.1% 100%
Phosphate(PO4) 18.9% 1.8% 79.3% 100%
Total_OrgP 100.0% 0.0% 0.0% 100%
Algae_POP 100.0% 0.0% 0.0% 100%
CBOD 100.0% 0.0% 0.0% 100%
Suspended solids 100.0% 0.0% 0.0% 100%
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4.7

Summary

The EFDC lake model incorporates watershed loading and internal coupling of organic matter
deposition to the sediment bed with decomposition processes in the bed that, in turn, produce
benthic fluxes of nutrients and sediment oxygen demand (SOD) across the sediment-water
interface. Lake Thunderbird, like many reservoirs, is characterized by seasonal thermal
stratification and hypolimnetic anoxia. Summer anoxic conditions, in turn, are associated with
internal nutrient loading from the benthic release of phosphate and ammonia into the water
column that is triggered, in part, by low oxygen conditions. The mass balance based model,
calibrated to 2008 - 2009 data, accounts for the cause-effect interactions of water clarity, nutrient
cycling, algal production, organic matter deposition, sediment decay, and sediment-water fluxes
of nutrients and oxygen.

The spin-up results for the 35% removal scenario suggest that chlorophyll-a may increase initially
because of the availability of nutrients combined with the reduction of turbidity and improvement
in water clarity, all favorable conditions for algae growth. Over time, however, the sediment bed
reservoir of nutrients will diminish, benthic release of nutrients to the Lake will be reduced and the
pool of nutrients available to support algal production will be reduced. The model results
demonstrate a gradual reduction in internal loading of nutrients from the sediment bed and an
improvement in water quality conditions over the years based on the spin-up runs for the 35%
removal scenario.

The model indicates that water quality conditions are expected to be in compliance with the SWS
water quality criteria for chlorophyll-a of 10 pg/L within a reasonable timeframe. It is important to
note, however, that the spin-up results for the 35% removal scenario should not be taken as
absolute projections of future water quality conditions in the Lake with certainty as to some future
calendar date because of the idealized spin-up conditions of a precisely maintained watershed
load reduction level and repeated climatic conditions of a past year. The model, does however,
provide a technically credible framework that clearly shows that water quality improvements can
be achieved in Lake Thunderbird within a reasonable time frame to support the desired beneficial
uses if watershed loading can be controlled and sustained to a level based on 35% reduction of
the existing loading conditions. Attainment of water quality standards will occur, however, only
over a period of time and only after full implementation of source controls and BMPs considered
necessary to achieve an overall 35% removal of sediment and nutrients from the watershed.

Although the model demonstrates that internal loading of phosphate is a significant controlling
factor for eutrophication in the Lake, loading from the watershed is a direct factor in the
deterioration of water quality conditions and ultimately the accumulation in the Lake sediment of
excessive nutrients and organic matter from the watershed over the past five decades is the
source of the internal loading. Reductions in watershed loading are therefore required to achieve
improvements in Lake water quality. The model results suggest that compliance with water quality
criteria for turbidity, dissolved oxygen and chlorophyll-a can be achieved with a 35% removal of
sediments and nutrients from watershed loading to the Lake within a reasonable time frame. The
model results thus support the development of TMDLs for sediments, CBOD, TN and TP to
achieve compliance with water quality standards for turbidity, chlorophyll-a and dissolved oxygen.
The calibrated HSPF watershed runoff model and the EFDC hydrodynamic and water quality
model of Lake Thunderbird provides DEQ with a scientifically defensible surface water model
framework to support development of TMDLs and water quality management plans for Lake
Thunderbird.
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SECTION 5 TMDLS AND LOAD ALLOCATIONS

The linked watershed (HSPF) and lake (EFDC) models were used to calculate average annual sediment,
CBOD, nitrogen and phosphorus loads (as kg/yr) that, if achieved, should meet the water quality targets
established for turbidity, chlorophyll-a, and dissolved oxygen. For reporting purposes, the final TMDLs,
according to EPA guidelines (Grumbles, 2007), are expressed for Lake Thunderbird as daily maximum
loads (as kg/day).

5.1

Wasteload Allocation (WLA)

The waste load allocation for the TMDL for Lake Thunderbird will be assigned to regulated
NPDES point source facilities located within the watershed as described below.

5.1.1

5.1.2

5.1.3

NPDES Municipal and Industrial Wastewater Facilities

There are no municipal or industrial wastewater facilities located in the Lake Thunderbird
watershed.

No-Discharge WWTPs

A no-discharge WWTP facility does not discharge wastewater effluent to surface waters.
For the purposes of this TMDL, it is assumed that no-discharge wastewater facilities do
not contribute sediment, organic matter, or nutrient loading to watershed streams and
Lake Thunderbird. It is possible, however, that the wastewater collection system
associated with no-discharge facilities could be a source of pollutant loading to streams,
or that discharges from the WWTP may occur during large rainfall events that exceed the
storage capacity of the wastewater system. These types of unauthorized wastewater
discharges are typically reported as sanitary sewer overflows (SSOs) or bypass overflows.
As shown on Table 3-1, there are 14 no-discharge facilities in the Lake Thunderbird
watershed. Pollutant loads from bypass overflows are not considered in the waste load
allocation of point sources for the TMDL determination because any mitigation of bypass
overflows is considered to be an enforcement action rather than a load allocation since
bypass overflows are not allowed.

NPDES Municipal Separate Storm Sewer System (MS4)

The waste load allocation for the TMDL for Lake Thunderbird will be assigned to point
sources accounted for by MS4 stormwater permits. Within the watershed area for Lake
Thunderbird is the Phase | MS4 permit issued to Oklahoma City and the Phase Il permits
issued to Moore and Norman. Since there are no numeric load limits for MS4 permits,
each of these three MS4 cities receives a separate WLA where the TMDL calculations are
based on the proportional contribution of the existing pollutant loading from each of the
three cities relative to the total watershed pollutant load determined by the HSPF
watershed model. Pollutant loads derived from the HSPF watershed model for the existing
2008 - 2009 conditions are presented in Section 3.3.6 of this report.

As discussed in Section 3, the cities of Noble and Midwest City also have Phase Il MS4
permits for stormwater discharges and stormwater management. Noble comprises 0.26%
of the watershed and Midwest City comprises 0.05%. Since the Noble and Midwest City
urban areas are only partially located in the Lake Thunderbird watershed, they account for
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5.2

514

5.1.5

5.1.6

a very small contribution to the total watershed area. Therefore, these two MS4 cities are
not included as part of the WLA determined for the MS4 areas for the three larger cities in
the watershed. However, the small portion of the watershed accounted for by the MS4
areas for Noble and Midwest City are included in the Load Allocation (LA) for the part of
the watershed that is not include in the area covered by the three MS4 permits for Moore,
Norman, and Oklahoma City.

NPDES Construction Site Permits

NPDES permit authorizations are required for stormwater discharges from construction
activities that disturb more than one acre or less than one acre if the construction activity
is part of a larger common plan of development that totals at least one acre. As discussed
in Section 3 of this report, a total of 243 construction site permits have been issued within
the Lake Thunderbird watershed by September 2012. Sediment and nutrient loading from
construction site permit activities will be accounted for as part of the overall WLA
determined for each of the three MS4 stormwater permits for Moore, Norman and
Oklahoma City.

NPDES Multi-Sector General Permits (MSGP) for Industrial Sites

NPDES permit authorizations are required for stormwater discharges from industrial
activities listed in the OKRO5 General Permit (DEQ, 2011). Within the Lake Thunderbird
watershed, 14 MSGP permits have been issued for ready-mixed concrete operations,
used motor vehicle parts and scrap yards, asphalt paving mixtures and other categories of
industrial activity as identified in Table 3-. The MSGP permits will be accounted for in this
TMDL as part of the overall WLA for the three MS4 permits for Moore, Norman and
Oklahoma City.

NPDES Animal CAFOs

There are no concentrated animal feeding operations (CAFO) located in the Lake
Thunderbird watershed.

Load Allocation (LA)

5.2.1

Nonpoint Sources

The area of the watershed that is covered by the three MS4 permits for Moore, Norman
and Oklahoma City accounts for a very large percentage of the watershed. The Load
Allocation for the TMDL for Lake Thunderbird will, therefore, be assigned in proportion to
the small land area of the watershed that is not included in the land area for the three MS4
permits. The area covered by the two MS4 permits for Noble and Midwest City and the
remaining small unincorporated areas of the watershed and the city of Slaughterville are
too small to be separated and are included in the Load Allocation for the TMDL. The LA
for the unincorporated areas may be converted at some time in the future to a WLA if the
unincorporated areas are annexed by any of the three MS4 cities of Moore, Norman and
Oklahoma City. The Load Allocation of the watershed is based on the watershed loads for
sediment and nutrients estimated with the watershed model for the existing 2008 - 2009
conditions rather than the load for this small area that would be based on 35% removal of
the existing load.
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5.3

5.4

5.5

Seasonal Variability

Federal regulations (40 CFR 8130.7(c)(1))require that TMDLs account for seasonal variation in
watershed hydrologic conditions and pollutant loading. Seasonal variation was accounted for in
the TMDL determination for Lake Thunderbird in two ways: (1) water quality standards, and (2)
the time period represented by the watershed and lake models. As described in Section 2,
Oklahoma’s water quality standards for dissolved oxygen for lakes are developed on a seasonal
basis to be protective of fish and wildlife propagation for a warm water aquatic community at all
life stages, including spawning. Within the surface layer, dissolved oxygen standards specifies
that DO levels shall be no less than 6 mg/L from April 1 to June 15 to be protective of early life
stages and no less than 5 mg/L for the remainder of the year (June 16 to March 31). Under
summer stratified conditions during the period from mid-May to October, the hypoxic volume of
the lake, defined by a DO target of 2 mg/L, is not to be greater than 50% of the lake volume.
Seasonality was also accounted for in the TMDL analysis by developing the models based on
one full year of water quality data collected as part of a special study of Lake Thunderbird from
April 2008-April 2009. Water quality data collected during 2008 - 2009 for this TMDL study is
considered to be representative of typical average hydrologic conditions. The watershed (HSPF)
and lake (EFDC) models developed to support this TMDL study are both time variable models
with results reported at hourly and daily intervals for the one year study period from April 2008
through April 2009. The models thus included hydrologic and limnological conditions for a full
cycle of the four seasons.

Margin of Safety (MOS)

Federal regulations [40 CFR §130.7(c)(1)] require that TMDLs include a Margin of Safety (MOS).
The MOS is a conservative measure incorporated into the TMDL determination that accounts for
uncertainty and the lack of knowledge associated with calculating the allowable pollutant loading
to ensure WQSs are attained. EPA guidance allows for use of either implicit or explicit
expressions of the MOS, or both. When conservative assumptions are used in development of
the TMDL, or conservative factors are used in the TMDL calculations, the MOS is implicit. When
a specific percentage of the TMDL is set aside to account for the lack of knowledge, then the
MOS is considered explicit.

The TMDL determined for Lake Thunderbird accounts for an implicit MOS. The implicit MOS is
incorporated in the TMDL determination by decreasing the water quality targets for chlorophyll-a
and turbidity by 10%. Using a 10% MOS for the water quality targets, the target for turbidity is
decreased from 25 to 22.5 NTU and the target for chlorophyll- a is decreased from 10 to 9 ug/L.
TMDL for ultimate CBOD was set the same as the load at the calibration condition because DO
standards were met at the calibration condition with reserved capacities. As shown in Figure 4-8,
the predicted volumetric anoxic volume for Lake Thunderbird is only about 30% while the
standards allows up to 50% anoxic volume. This reserved capacity will act as the implicit margin
of safety for dissolved oxygen.

TMDL Calculations

A TMDL is expressed as the sum of all WLAs (point source loads), LAs (nhonpoint source loads),
and an appropriate MOS. This definition can be expressed by the following equation:

TMDL =Y WLA + 2 LA + MOS
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Load reduction scenario simulations were run using the linked watershed (HSPF) and lake
(EFDC) models to calculate annual average suspended solids, CBOD, phosphorus and nitrogen
loads (in kg/yr) that, if achieved, should improve dissolved oxygen concentrations and decrease
turbidity and chlorophyll-a concentrations to meet the water quality targets for Lake Thunderbird.
Given that mass transport, assimilation, and dynamics of suspended solids, CBOD, and nutrients
vary both temporally and spatially, pollutant loading to Lake Thunderbird from a practical
perspective must be managed on a long-term basis with loads expressed typically as pounds or
kilograms per year. However, a recent court decision (Friends of the Earth, Inc. v. EPA, et al.,
often referred to as the Anacostia Decision) states that TMDLs must include a daily load
expression (Grumbles, 2006). It is important to recognize that the dissolved oxygen, turbidity and
chlorophyll-a response to sediment and nutrient loading in Lake Thunderbird is affected by many
factors such as: internal lake nutrient loading, hypolimnetic oxygen depletion, water residence
time, wind action, resuspension and the interaction between light penetration, nutrients,
suspended solids and algal response. As such, it is important to note that expressing this TMDL
on a daily basis does not imply that a daily response to a daily load from the watershed is
practical from an implementation perspective.

Two documents available from EPA provide a statistical basis for the determination of a daily
loading rate from an annual loading rate. “Options for Expressing Daily Loads in TMDLs” was
published by EPA (2007) in response to the Anacostia Decision discussed above. The statistical
basis for the calculation of a daily loading rate from an annual load was previously documented
by EPA (1991b) in “Technical Support Document for Water Quality-Based Toxics Control”. These
documents provide the statistical methods for identifying a maximum daily limit based on a long-
term average and considering temporal variability in the load time series dataset.

The methodology for the MDL is based on calculations of the (a) long-term average load (LTA) of
untransformed pollutant loading data calculated by the watershed (HSPF) model; and (b) an
estimation of the statistical variability of the time series for untransformed loading data based on
calculations of the mean (), standard deviation (o), variance (c%) and the coefficient of variation
(CV). The CV, a measure of variability of the loading data, is computed as the ratio of the
standard deviation (o) to the mean (u). Based on the long-term average annual loading rate
(LTA) required to attain compliance with water quality standards, the maximum daily load (MDL)
is determined to represent the allowable upper limit of loading data that is consistent with the
long-term average load (LTA) determined by the TMDL study. The allowable upper limit takes into
account temporal variability of the watershed loading data, the desired confidence interval of the
upper bound for the MDL determination and the assumption that loading data can be described
with a lognormal distribution. EPA (1991b) presents the rationale and derivation of the equations
based on the lognormal distribution used to determine the maximum daily load. The MDL is
computed from the LTA and the probability-based statistics of the pollutant loading data by the
following equations as:

MDL = LTA % exp(Zo — 0.502)
g2 =In(1+CV?)

Where:
MDL = Maximum daily load limit (as kg/day)
LTA = Long-term average load with required reduction scenario (as kg/day)
Z = Z-score statistic for the probability of occurrence for upper percentile limit
CVv = Coefficient of Variation
o = Standard Deviation

= Variance
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The equations used for calculating the Maximum Daily Load (MDL) from the Long Term Average
(LTA) load are based on the assumption that streamflow, water quality concentration and
watershed loading data are lognormally distributed. It is well documented in numerous studies
that a two-parameter lognormal distribution defined by the mean and variance of the log
transformed data set provides a very useful approximation to the probabilistic distribution of
streamflow (Nash, 1994; Limbrunner et al., 2000; Vogel et al., 2005). In addition, Van Buren et
al., (1997) and Di Toro (1984) determined that water quality analyses based on an assumption of
the lognormal probability distribution for both streamflow and water quality concentration are quite
realistic for many streams and rivers, including waterbodies investigated in the United States.

Although it is well documented, data is presented to show that the assumption of a lognormal
distribution for watershed loading data holds true for Lake Thunderbird. Total Phosphorus (TP)
loading data derived from the watershed model is used as an example to demonstrate that (a)
natural log transformed TP data follows a normal distribution and (b) a lognormal distribution for
loading data is an appropriate assumption for TMDL determinations for Lake Thunderbird. As
shown in Figure 5-1, a typical bell shaped curve is produced from the log transformed TP load
data, indicating a normal distribution of the transformed data set.

Figure 5-1 Density Distribution of the Log Transformed Total Phosphorus Data

Histogram for Lake Thunderbird: Natural Log (TP)
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The probability plot for the log transformed time series of TP data is presented as the natural log
of the TP load against the Z-score statistic computed from the percentile ranking of the TP load
data (Figure 5-1). The log transformed TP loading data shown in Figure 5-2 shows an almost
linear relationship with the Z-score statistic (r?> of 0.96) also indicating a lognormal distribution.
Since streamflow is common to all loads derived from the watershed model, suspended
sediment, TN and CBOD loads also have similar lognormal distributions as demonstrated with r?
of 0.99, 0.97, and 0.94 for sediment, TN and CBOD, respectively.
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Time series derived from the sum of all the daily loads contributed by each of the 18 tributaries
and 18 distributed runoff catchments included in the HSPF watershed model were used to
compute the mean, standard deviation and the coefficient of variation (CV) of the loads for
suspended solids, TN, TP and CBOD. The variability of the loading data simulated by the HSPF
model was determined using the CVs computed from the daily time series (N=365) of the total
HSPF loads accounted for by HSPF tributary and distributed runoff loads. Loads from each
tributary and distributed runoff catchment were summed to compute long-term averages of the
total mass loading over a 365 day period from April 25, 2008 through April 25, 2009. For the Lake
Thunderbird TMDL calculations, a 95% probability level of occurrence was used and the Z-score
statistic was assigned a value of Z=1.645.

Figure 5-2 Probability Plot of Log Transformed Total Phosphorus Load
from Watershed to Lake Thunderbird
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The WLA and LA for Suspended Solids, TN and TP, determined from the lake model response to
watershed load reductions, is based on 35% reduction of the existing 2008 - 2009 watershed
loads estimated with the HSPF model. A load reduction from the watershed is needed because
the criteria for turbidity and chlorophyll-a are not satisfied under the existing loading conditions.
For CBOD, however, the WLA and LA is based on the existing 2008 - 2009 ultimate CBOD
loading from the HSPF watershed model to the lake since the water quality criteria for dissolved
oxygen is satisfied under existing loading conditions for both surface layer/epilimnion dissolved
oxygen levels and the anoxic volume of the hypolimnion. For monitoring purposes, 20-day CBOD
is considered to be ultimate CBOD. Table 5-1 presents the watershed loads as the long term
average (LTA) load for the existing conditions and for the projected 35% removal management
scenario.
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Table 5-1 Long Term Average (LTA) Load for Suspended Solids, TN, TP, and BOD:
Existing Conditions and 35% Removal in Lake Thunderbird

LTA LTA LTA
. L. Load .

Water-QuaIity Existing Annual Reduction Rate Reduced Reduced Daily
Constituent Load Annual Load Load

kg/yr Percent kg/yr kg/day
Total Nitrogen (TN) 117,537.9 35% 76,399.6 209.3
Total Phosphorus (TP) 23,086.7 35% 15,006.4 411
CBOD 236,186.6 0% 236,186.6 647.1
Suspended Solids (TSS) 11,492,695.8 35% 7,470,252.3 20,466.4

The LTA load and the coefficient of variation (CV) of the HSPF time series load data is used to
compute the MDL for Suspended Solids, TN, TP and ultimate CBOD given in Table 5-2.

Table 5-2 Maximum Daily Load (MDL) for Suspended Solids, TN, TP, and CBOD to Meet
Water Quality Targets for Turbidity, Chlorophyll-a and Dissolved Oxygen in Lake Thunderbird

LTA HSPF MDL

Water Quality Constituent Reduced Daily Load cv (TMDL) Load

kg/day N=365 kg/day
Total Nitrogen (TN) 209.3 4.252 807.7
Total Phosphorus (TP) 41.1 4.398 158.4
CBOD 647.1 4.774 2,480.8
Suspended Solids (TSS) 20,466.4 5.817 76,950.8
Z-Score =1.645 for 95% probability = LTA- Long Term Average Load CV- Coefficient of

Variation

Table 5-3 presents the load-based percentages of the existing 2008 - 2009 loads for the three
MS4 cities area derived from the total existing watershed load that is accounted for by the loads
contributed by each of the three MS4 Cities and the remaining unincorporated land area of the
watershed. The percentage splits for the unincorporated area given in Table 5-3 were used to
compute the LA (as kg/day) based on the existing loads given in Table 5-2 after conversion of the
annual load to daily load.

Table 5-3 Percentage of Total TMDL for Three MS4 Cities (WLA) and Unincorporated Areas

(LA)
Existing Load % TOTAL TOTAL TOTAL Moore | Norman OKC
WQ_Variable WLA(3-City) LA WLA+LA WLA WLA WLA

% % % % % %

Total Nitrogen (TN) 97.36 2.64 100 25.40 39.54 32.42
Total Phosphorus (TP) 97.23 2.77 100 28.10 37.95 31.17
CBOD 97.68 2.32 100 31.49 38.52 27.67
Suspended Solids (TSS) 97.31 2.69 100 21.10 41.06 35.15
WLA% (City)= Existing[City Load/Total Watershed Load]
WLA% (3-Cities)= Existing[3-City Load/Total Watershed Load]
LA% = Existing[Unincorporated Area Load/Total Watershed Load]
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The total WLA load for the three MS4 cities was computed from the MDL load given in Table 5-3
and the LA loading rate computed from the total existing loading and the small percentage of the
watershed load that is accounted for by the unincorporated areas. The total TMDL load is split
between the WLA for the three MS4 cities and the LA for the unincorporated area of the
watershed as shown in the following equations:
TMDL = WLA + LA+ Implicit MOS
Where:  LA= Existing Load from Unincorporated Area
TMDL = MDL load given in Table 5-2
WLA=WLA (3 Cities) = TMDL — LA
WLA (City) = WLA (3 Cities) * % Load of each City given in Table 5-2

Table 5-4 gives the percentage of the existing load contributed by each MS4 city to the total
existing load for the three MS4 cities. The percentage splits for each MS4 city given in Table 5-4
were then used with the MDL given in Table 5-5 and the calculation of the total WLA loads from
the relationships given above to determine the WLA for each of the three MS4 cities.

Table 5-4 Percentage of Total WLA for Three MS4 Cities (WLA)

Existing Load % Moore Norman OKC TOTAL

WQ_Variable (Splits) WLA WLA WLA WLA
% % % %

Total Nitrogen (TN) 26.09 40.62 33.30 100
Total Phosphorus (TP) 28.91 39.03 32.06 100
CBOD 32.24 39.43 28.33 100
Suspended solids (TSS) 21.68 42.19 36.12 100
City WLA% = Existing City Load/Total 3 City Load

Table 5-4 gives the percentage of the existing load contributed by each MS4 city to the total
existing load for the three MS4 cities. The percentage splits for each MS4 city given in Table 5-4
were then used with the MDL given in Table 5-5 and the calculation of the total WLA loads from
the relationships given above to determine the WLA for each of the three MS4 cities. Table 5-5
presents the WLA for the three MS4 cities of Moore, Norman and Oklahoma City and the LAs for
the unincorporated areas of the watershed and the small areas in Noble and Midwest City that
are not included in the MS4 boundaries for the three cities. The small differences between the
percentage values in Table 5-3 and Table 5-4 are due to the fact that no load reduction is given to
the LA portion of the TMDL. Consequently, WLA’s to the MS4 cities were reduced beyond the
35% by a small fraction to compensate for the required overall watershed reduction. Table 5-5
gives the final TMDL appropriations for all sources and pollutants.

Table 5-5 TMDL for Lake Thunderbird

WLA
i TMDL LA MOS

Water. Quality Total Moore Norman OKC
Constituent

(Kg/day) | (Kg/day) | (Kg/day) | (Kg/day) | (Kg/day) | (Kg/day) | (Kg/day)
Total Nitrogen (TN) 807.7 21.3 786.4 205.1 319.4 261.8 Implicit
Total Phosphorus (TP) 158.4 4.4 154.0 44.5 60.1 49.4 | Implicit
CBOD 2,480.8 57.4 2,423.4 781.3 955.6 686.5 Implicit
Suspended solids (TSS) 76,950.8 2,068.7 | 74,882.1 | 16,236.0 | 31,596.1 | 27,049.9 Implicit
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5.6

TMDL Implementation

DEQ will collaborate with a host of other state agencies and local governments working within the
boundaries of state and local regulations to target available funding and technical assistance to
support implementation of pollution controls and management measures. Various water quality
management programs and funding sources will be utilized so that the pollutant reductions as
required by these TMDLs can be achieved and water quality can be restored to maintain
designated uses. DEQ’s Continuing Planning Process (CPP), required by the CWA §303(e)(3)
and 40 CFR 130.5, summarizes Oklahoma’s commitments and programs aimed at restoring and
protecting water quality throughout the State (DEQ 2012). The CPP can be viewed at DEQ’s
website at the following web address:
http://www.deq.state.ok.us/wgdnew/305b_303d/Final%20CPP.pdf. Table 5-3 provides a partial
list of the State partner agencies DEQ will collaborate with to address point and nonpoint source
reduction goals established by TMDLSs.

Table 5-6 Partial List of Oklahoma Water Quality Management Agencies

Agency Web Link

Oklahoma Conservation

Commission http://www.ok.gov/conservation/Agency_Divisions/Water_Quality_Division

Oklahoma Department of Wildlife

http://www.wildlifedepartment.com/wildlifemgmt/endangeredspecies.htm

Conservation

Oklahoma Department of
Agriculture, Food, and Forestry

http://www.ok.gov/~okag/aems

Oklahoma Water Resources

http://www.owrb.state.ok.us/quality/index.php

Board

5.6.1 Point sources:

As authorized by Section 402 of the CWA, the DEQ has delegation of the NPDES
Program in Oklahoma, except for certain jurisdictional areas related to agriculture
(retained by State Department of Agriculture, Food, and Forestry), and the oil & gas
industry (retained by the Oklahoma Corporation Commission) for which the EPA has
retained permitting authority. The NPDES Program in Oklahoma, in accordance with an
agreement between DEQ and EPA relating to administration and enforcement of the
delegated NPDES Program, is implemented via the Oklahoma Pollution Discharge
Elimination System (OPDEYS) Act [Title 252, Chapter 606
(http://www.deq.state.ok.us/rules/611.pdf)]. Point source WLAs are outlined in the
Oklahoma Water Quality Management Plan (aka the 208 Plan) under the OPDES
program.

As shown in Section 3 of the report, urban stormwater related discharges are the main
sources of controllable pollutants to Lake Thunderbird. The three main municipalities in
the watershed will therefore be required to undertake certain pollutant reduction measures
within the terms of their MS4 permits under the OPDES system. These measures must be
designed to achieve progress toward meeting the reduction goals established in the
TMDL in order to comply with the WLAs of this TMDL. These stormwater best
management practices (BMPs) based requirements are addressed in Appendix E of this
report. MS4 permittees will review the adequacy of their Storm Water Management
Program (SWMP) against these requirements. The SWMP must be modified in
accordance with Appendix E within 24 months after the TMDL is approved by US EPA.
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5.6.2

In addition to the specific requirements for a TMDL Compliance Plan outlined in Appendix
E, some general strategies are recommended here as examples of what the MS4s in the
watershed could do to improve the management of stormwater runoff and reduce its
associated pollutant loading:

o Improve control of sanitary sewer overflows (SSOs).

e Implement enhanced oversight and controls to improve performance of on-site
wastewater treatment systems (septic tanks).

e Establish a stakeholder/citizen advisory committee to involve the public in designing
and implementing pollutant load reduction strategies.

Although this TMDL does not specify a WLA for construction stormwater activities,
permittees are required to meet the conditions of the Stormwater Construction General
Permit (OKR10) issued by the DEQ and properly select, install and maintain all BMPs
required under the permit, including applicable additional BMPs required in Appendix E,
and meet local construction stormwater requirements if they are more restrictive. After
EPA approval of this TMDL, specific stormwater construction permit requirements
pertaining to this TMDL will be included as site-specific requirements in authorizations
issued under permit OKR10 by the DEQ for construction activities located in the Lake
Thunderbird watershed. Appendix E outlines these requirements.

This TMDL does not specify a WLA for industrial stormwater. However, industrial
stormwater permittees in the Lake Thunderbird watershed are required to meet the
conditions of the industrial stormwater general permit (the Multi-Sector General Permit
[MSGP, OKRO05]) and properly select, install and maintain all BMPs required by the
permit, including applicable additional BMPs required in Appendix E, for sediment and
nutrient control. Existing permittees within the sectors specified in Appendix E located in
the Lake Thunderbird watershed must update their SWP3 to comply with the requirements
in this TMDL within 12 months of EPA approval of the TMDL. Future MSGP permits
proposed within the Lake Thunderbird watershed will be evaluated on a case-by-case
basis for additional requirements if it is determined that sediment and nutrients are
potential pollutants in the stormwater discharge. Appendix E outlines these requirements.

Nonpoint Sources

Nonpoint source pollution in Oklahoma is managed by the Oklahoma Conservation
Commission. The Oklahoma Conservation Commission works with state partners such as
Oklahoma Department of Agriculture, Food, and Forestry (ODAFF) and federal partners
such as the EPA and the National Resources Conservation Service of the USDA, to
address water quality problems similar to those seen in the Lake Thunderbird watershed.
The primary mechanisms used for management of nonpoint source pollution are
incentive-based programs that support the installation of BMPs and public education and
outreach.

Although most of the watershed is covered by MS4 permits, the majority of the watershed
land use is rural and consequently, pollution associated with stormwater runoff from these
areas are nonpoint sources in nature. Measures to control and reduce loading from these
sources should be considered by the MS4 municipalities and when appropriate, in
cooperation with the OCC. The primary mechanisms used for management of nonpoint
source pollution are incentive-based programs that support the installation of BMPs and
public education and outreach.
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5.6.3

Specifically, there are loading control practices that have the potential to improve water
quality in Lake Thunderbird in the near term before watershed pollutant loading can be
reduced to the TMDL required levels. For example, COMCD should consider continuing or
expanding the hypolimnetic oxygen injection program currently being evaluated. This
could prove effective in retarding lake internal loading of nutrients and lowering lake
bottom oxygen demand. Another potential project that would require COMCD involvement
is the establishment of treatment wetlands on the Little River arm of the Lake above the
Alameda Drive bridge/causeway, where natural sedimentation and resuspension has
made this particularly shallow part of the Lake not suitable for most of the designated uses
of the Lake.

Section 404 Permits

Section 404 of the Clean Water Act establishes programs to regulate the discharge of
dredged or fill material into waters of the United States, including wetlands. Activities in
waters of the United States regulated under this program include fill for development,
water resource projects (such as dams and levees), infrastructure development (such as
highways and airports) and mining projects. Section 404 requires a permit before dredged
or fill material may be discharged into waters of the United States, unless the activity is
exempt from Section 404 regulation (e.g. certain farming and forestry activities).

Section 404 permits are administrated by the U.S. Army Corps of Engineers. EPA reviews
and provides comments on each permit application to make sure it adequately protects
water quality and complies with applicable guidelines. Both USACE and EPA can take
enforcement actions for violations of Section 404.

Although the projects permitted under Section 404 are generally short term in nature, the
discharge of dredged or fill material can be a significant source of turbidity/TSS while the
project is active. No TSS wasteload allocations are set aside for future Section 404
permits. The State will use its Section 401 certification authority to ensure Section 404
permits protect Oklahoma water quality standards and comply with the TSS TMDL in this
report. Section 401 certifications will be conditioned to meet one of the following two
conditions to be certified by the State:

e Include TSS limits in the permit and establish a monitoring requirement to ensure
compliance with the TSS TMDL.

or
e Submit to DEQ a BMP turbidity/TSS reduction plan which should include all
practicable turbidity control techniques. The turbidity/TSS reduction plan must be

approved first before a Section 401 certification can be issued.

Compliance with the Section 401 certification conditions will be considered compliance
with this TMDL.
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SECTION 6 PUBLIC PARTICIPATION

On May 4, 2012, an Informational Meeting was held to notify the public and other stakeholders in the area that
a TMDL project was going to be conducted at Lake Thunderbird because it is an impaired waterbody. TMDL
models were discussed and participants had the opportunity to ask questions. A webpage regarding the Lake
Thunderbird TMDL Project was set up at http://www.deq.state.ok.us/wgdnew/tmdl/thunderbird/index.html.

The draft TMDL report was submitted to EPA to be preliminarily reviewed. After they reviewed it, DEQ
was given permission to send out a draft of the TMDL report for public notice. The Public Notice was
sent:

2 To local newspapers and other publications in the Lake Thunderbird watershed.
2 To stakeholders who have requested all notices regarding the Lake Thunderbird area.
2 To stakeholders who have requested copies of all TMDL public notices.

The Public Notice and draft TMDL report was also posted at the DEQ website:
http://www.deq.state.ok.us/wgdnew/index.htm. The public comment period was open for 51 days. During
that time, the public had the opportunity to review the draft of the Lake Thunderbird TMDL report and
make written comments. On the afternoon of July 23, 2013, there was an in-depth workshop about the
modeling that was done to develop the Lake Thunderbird Watershed TMDLs. That evening, there was a
public meeting that was held near the Lake Thunderbird watershed in Norman, Oklahoma. At the public
meeting, some members of the public made formal oral comments.

All of the written comments that were received during the Public Notice period became a part of the
record of this TMDL report. All comments were considered and some revisions were made. After that,
the Lake Thunderbird TMDL Report was submitted to EPA for final approval.

After EPA's final approval, each TMDL was adopted into the Water Quality Management Plan (WQMP).
These TMDLs provide a mathematical solution to meet ambient water quality criterion with a given set of
facts. The adoption of these TMDLs into the WQMP provides a mechanism to recalculate acceptable
loads when information changes in the future. Updates to the WQMP demonstrate compliance with the
water quality criterion. The updates to the WQMP are also useful when the water quality criterion
changes and the loading scenario is reviewed to ensure that the in-stream criterion is predicted to be
met.
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Appendix A - HSPF WATERSHED MODEL

A.1 Overview of HSPF model

The Hydrological Simulation Program FORTRAN (HSPF), supported by EPA and the USGS as a public
domain model (Bicknell et al., 2001), is a lumped parameter watershed runoff model that simulates
watershed hydrology and non-point source pollutant loadings for organic matter, nutrients, sediments,
bacteria and toxic chemicals within a watershed network of delineated sub-basins. The internal stream
model routes flow and water quality constituents through a network of river reaches for each sub-basin of
the watershed. The HSPF hydrologic sub-model provides for simulation of water balances in each sub-
basin based on precipitation, evaporation, water withdrawals, irrigation, diversions, wastewater
discharges, infiltration, and active and deep groundwater reservoirs. Empirical model parameters are
assigned for each sub-basin land use through model calibration to simulate the water balance and
pollutant loading from a sub-basin. HSPF is designed as a time variable model with results generated on
an hourly or daily basis. Hundreds of applications of HSPF over the past two decades have included
short-term storm events and/or continuous simulations over annual and decadal cycles. BMP
alternatives designed to reduce pollutant loads to receiving waters can be represented in HSPF by
adjustments of land use-based vyield coefficients for a pollutant. Windows-based user-friendly GUI
software tools such as WinHSPF (Duda et al., 2001), GenScn (Kittle et al., 1998) and HSPFParm
(Donigian et al., 1999) have been developed to facilitate pre- and post-processing tasks for HSPF. Time
series results for streamflow and pollutant loads generated by HSPF have been linked for input to
hydrodynamic (e.g., EFDC) and water quality models (e.g., EFDC, WASP7) in numerous applications
over the past decade. HSPF is considered a Level 3 Complex or Advanced Model.

The URL for HSPF is http://www.epa.gov/ceampubl/swater/hspf/index.htm.

A.2 Model Setup and Data Sources
A.2.1 Model domain for watershed representation

Lake Thunderbird watershed model domain was developed based on the stream network in the
watershed as described by USGS’s NHD database and flow path calculations based on the USGS’s 10-
m Digital Elevation Model (DEM) dataset. The total watershed drainage area to the lake is 256 square
miles.

A.2.2 Model discretization sub-watersheds

For a better representation of spatial variations of land use/cover, precipitation, soil type and topography,
the lake watershed model was disaggregated into 64 subwatersheds/stream reaches, as shown in Figure
A-1, based on the stream network in the watershed as described by USGS’s NHD database and flow
path calculations based on the DEM dataset. These subwatersheds were further grouped into six (6)
groups and each group was assigned to one (1) weather station or rainfall gage. All other meteorological
data (e.g., air temperature and solar radiation) as reported by the Oklahoma MESONET station at the
Westheimer Airport just outside the watershed in Norman were shared by all the subwatersheds.
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Figure A-1 Subwatershed and Stream Network
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A.2.3 Land use data

During the watershed model setup, the NLCD 2006 land use/cover for the lake watershed was not
available. Therefore, the NLCD 2001 land use/cover was used. However, more recent land use/cover
was desirable because years 2008 and 2009 were selected for the watershed model calibration years. A
comparison of the land use/cover change between 2006 and 2001 was made when the NLCD 2006 land
use/cover data (Fry et al., 2011) became available later, as summarized in Table A-1. It was found that
very minor land use/cover was changed between 2006 and 2001. Less than 1.4% of the total land
use/cover was changed to the Developed Land Use (Open Space, Low Intensity, Medium Intensity, and
High Intensity) from other types of land use/cover from 2001 to 2006. Therefore, using 2001 land
use/cover data for the watershed model was considered to be appropriate.

Table A-1 Comparison of the land use/cover change between 2006 and 2001

Land Use Category 2001 Land Use 2006 Land Use (zI())i(::;e.r;r(;((:)i )
Open Water 4.37% 3.48% -0.89%
Developed, Open Space 9.17% 10.18% 1.01%
Developed, Low Intensity 4.34% 4.56% 0.23%
Developed, Medium Intensity 2.01% 2.15% 0.14%
Developed, High Intensity 0.43% 0.44% 0.01%
Barren Land, Rock, Sand, Clay 0.02% 0.06% 0.05%
Deciduous Forest 35.28% 35.08% -0.21%
Evergreen Forest 0.23% 0.23% -0.01%
Grassland, Herbaceous 38.52% 38.06% -0.46%
Pasture, Hay 3.48% 3.43% -0.05%
Cultivated Crops 2.15% 2.29% 0.14%
\EN":EE:;: Herbaceous 0.01% 0.05% 0.04%
Total 100.00% 100.00% 0.00%

In the Lake Thunderbird watershed model, the land use/cover was regrouped into twelve (12) land use
categories, that is, Water, Bermuda grass/roadways, Deciduous Forest, Range Land, Urban Medium
Density, Pasture, Agriculture, Wetland, Urban High Density, Evergreen Forest, Urban Commercial, and
Urban Low Density

A.2.4 Meteorological forcing data

Precipitation data were obtained from five (5) OCC (the Oklahoma Conservation Commission) rain gages
and one (1) MESONET station at the Westheimer Airport just outside the watershed in Norman. All other
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meteorological data (e.g., air temperature and solar radiation) were obtained from the MESONET station
at the Westheimer Airport.

Meteorological data were either aggregated/averaged or disintegrated into hourly values if the raw
station data were with a time step smaller or larger than one hour, respectively. Data gaps in the raw
station data were filled by using data from the nearby station or by linear interpretation. All time marks for
timed model input data and monitoring data were converted to Central Daylight Saving Time (CDT). The
HSPF timer was also set based on the CDT.

A.3 HSPF Model Calibration

Computer water quality models are simplified representation of the physical world. In addition, observed
data from monitoring have inherent errors from the sample collection process, equipment used, and lab
analysis procedures. As a result, models, even after calibration, do not produce results that match
exactly with observed data. To judge if a model performs as designed and simulates pollutant loads with
a reasonable accuracy, graphic comparison and statistical analysis are conducted to evaluate model
performance. In this study, observed stream discharge and water quality parameters were plotted on the
same graphs with model simulated time series of these same parameters. Visual inspections were made
to compare the observed and simulated data. Three statistics, percent difference of average values (%
error), correlation coefficient (r®), and Nash-Sutcliffe coefficient (N-S), were calculated to evaluate how
well model simulation matched observed data. The targets for all parameters except TSS for the three
statistics are +20%, 0.5, and 0.5, respectively. For TSS, the targets for the three statistics are £50%, 0.5,
and 0.5, respectively. Among the three statistics, % error was targeted as a necessary condition for a
calibrated model for all parameters and monitoring sites. The other two statistics were targeted but not
used as rigid criteria for rejection or acceptance of model calibration and results.

As Figure A-2 shows, among the five monitoring sites the Little River at 60th Ave site (the L60 site) has
the largest drainage area (21% of the entire watershed) and most diverse landuse types. Therefore,
during the calibration process, the L60 site carried the most weight in determining the end point of
calibration for all water quality parameters.

Water quality constituents or pollutants were simulated using HSPF’'s PQUAL module with simple
accumulation and washoff relationships with water and sediment yield (Bicknell et al., 2001). Existing
land management practices, including pollutant reducing best management practices for urban and
agricultural land uses, were implicitly simulated with this approach.

Based on model structure and their physicochemical properties, water quality constituents were
calibrated in the following order--stream flow, water temperature, total suspended sediment, total organic
carbon, nitrogen, phosphorus and finally dissolved oxygen. After the initial calibration, fine tuning was
conducted to further calibrate individual constituents without following that order.

A.3.1 Model simulation period

Development and calibration of the HSPF watershed model requires a host of site specific data. In
addition to obtaining available data from various national data sources, an intensive one-year stream
monitoring was conducted by the Oklahoma Conservation Commission (OCC) with support from DEQ
from April 2008 to April 2009. Five monitoring stations were set up in the lake watershed on major
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tributaries with programmable automatic samplers (autosamplers) and rain gages (Figure A-2). Data
obtained from these stations provided the basis for the model calibration.

Figure A-2. Stream monitoring sites for the HSPF calibration (green dots are the monitoring
sites for lake water quality by OWRB)

WestEIm Creek at
134" St. (Elm)

Hog Creek at
119% St. (Hog)

Little River at
17t St (L17)

Little River at
601" Ave. (L60)

Monitoring
Sites

Rock Creek at
72" Ave. (Rock)

Ideally, multiple year flow and water quality datasets collected at several key locations throughout a
watershed are needed to calibrate and validate a watershed loading model such as HSPF model such
that the calibrated watershed model is robust enough to be able to reproduce different wet, dry and
average weather conditions reasonably well. However, for this study, because of data limitation, April 17,
2008 — April 26, 2009 where necessary data for model building and calibration is available was selected
for the watershed model calibration period and no validation was conducted.

According to the annual precipitation analysis based on data from the MESONET Norman stations, 2008
and 2009, where the calibration period lies, the watershed area had annual precipitation of 36.0 and 35.7
inches, respectively. These annual amounts are very close to the 30-year normal of 37.4 inches for the
area. This suggests that in the calibration period the pollutant loadings from the watershed can be
considered “average”. Therefore, loadings simulated by the HSPF model in the same period were used
in this study for the lake model to calculate average load reduction needs for the watershed.

A.3.2 Streamflow

Five monitoring stations, as shown in Figure A-2, were set up in the lake watershed on major tributaries
with programmable automatic samplers (autosamplers) by OCC. Due to various reasons, such as
vandalism, equipment breakdowns and malfunctions, and extreme flows, autosamplers and the attached
depth loggers at all five stations were not functioning for at one time or another during the one-year
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monitoring period. In addition, some of the stations did not start operation until several months into the
monitoring period. As a result, data gaps exist to various degrees at all five stations.

Stream discharge rating curves based on water depth were initially developed for the monitoring stations
using stream survey data, limited number of discharge measurements, and Manning’s equation. As more
stream discharge measurements with a wider range of discharge rates became available well into the
monitoring period, the rating curves were refined and updated. They were finalized after the monitoring
work was completed and the discharge record was revised retrospectively. This affected the flow-
weighted sampling for total phosphorus (TP) and total Kjeldahl nitrogen (TKN) as they required accurate
discharge rate for correct flow weighting. The model calibration process accounted for this inconsistency
by simulating water depth at the monitoring sites and using the initial rating curves to simulate the
concentrations of TP and TKN of the flow-weighted composite samples.

Discharge by the stream, or flow volume in the stream, resulting from the hydrologic processes in the
watershed, is the foundation of a watershed water quality model. Much effort was devoted to this part of
the model calibration in this study. Figure A-3 to Figure A-6 shows the hourly stream discharge simulated
by the HSPF model at the five monitoring stations in the watershed. Discharge rates derived from water
depth measurements taken by the autosamplers are also shown on the plots (blue asterisks). Different
from traditional stream gages, depth measurements by the autosamplers were not made on a pre-set
equal time step. Instead, they were made based on equal passing-through discharge at the gage in the
stream channel to accommodate the flow weighted sampling of TP and TKN. As a result, direct
comparison between measured and simulate stream discharges were not possible. Instead, daily
average discharges calculated from the hourly model simulation were compared to daily average
discharges calculated from the autosampler measurements for model calibration. Statistics for comparing
the observed data and the model simulation were calculated as shown in Table A-2.

Data gaps exist in all 5 monitoring sites for depth measurements due to the occasional failures of the
autosamplers. Therefore, a direct calculation of the measured total discharge at each of the five
monitoring sites and the entire watershed during the calibration period was not possible.

Figure A-3 West EIm Creek (Elm) site stream discharge plot
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Figure A-4 Little River at 17th St. (L17) site stream discharge plot
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Figure A-5 Little River at 60th Ave. (L60) site stream discharge (Log scale)
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Figure A-6 Rock Creek at 72th Ave. (Rock) site stream discharge (Log scale) plot
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Figure A-7 Hog Creek at 119th St. (Hog) site stream discharge plot (Log scale) plot
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Table A-2 Daily flow statistics of the HSPF model simulation
Sites Daily Average Daily Average % i Nash-Sutcliffe
(observed, cfs) * (HSPF, cfs) * difference coefficient
L17 7.6 6.2 -18% 0.92 0.66
Elm 2.3 2.4 +4% 0.90 0.89
L60 9.6 11.0 +15% 0.66 0.63
Rock 3.6 3.5 -3% 0.78 0.78
Hog 13.2 15.3 +16% 0.60 0.56

* Obs. data not available all the time; #simulated data corresponding to obs.

Finally, as an overall check of the model, the total discharge (in million cubic feet) from the watershed
into the lake (lake inflow) simulated by the model for the entire calibration period was compared to those
calculated by the Army Corps of Engineers (ACOE) and COMCD. The ACOE and COMCD’s
calculations are based on a mass balance of the lake storage:

Lake inflow = lake volume change + outflow + evaporation + withdrawal

The methods of the ACOE and COMCD differ in their treatment of evaporation estimation and the
accounting of the water withdrawal for municipal uses. The total inflow simulated by the HSPF model
was 77,200 million cubic feet over the period, comparing to 80,100 and 70,400 million cubic feet from
ACOE and COMCD, respectively.

The key HSPF parameters in stream discharge calibration were: MFACT, LZSN, LZETP, INFILT,
AGWRC, UZSN, INTFW, IRC, and RETSC.

A.3.3 Water temperature

Water temperature in the stream is influenced by air temperature, available solar radiation, shading by
riparian vegetation, the temperature of runoff and groundwater input to the stream, and the heat
exchange between the flowing water and stream bed. It is an important indication of the model’s ability in
correctly accounting for all the watershed conditions mentioned above. In addition, water temperature of
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the flow into the lake from the lake tributaries direct affect the lake thermal regime, especially during high
flow events, leading to changes of the nutrient balances in the lake and in turn, algal growth.

Water temperature calibration was based on the instantaneous field measurements of the stream water
temperature at the monitoring stations during the weekly sample collection trip. HSPF simulated water
temperature values at the hour nearest to the sampling time were extracted for the statistical
calculations. As shown in Table A-3 and Figure A-8, the model did an excellent job in simulating water
temperature, including the diurnal fluctuation. This is the result of the well calibrated stream discharge
and the fact that heat exchange between water and the environment is determined mostly by physically
based processes where parameters such as water heat capacity have mostly been well documented or
measured in the literature.

Figure A-8 Little River at 17th St. (L17) site water temperature plot.
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Table A-3 Instantaneous sample statistics of the HSPF model simulation for water

Fy Tl I I Fy =
2003

F
2009

. 'Mu. 'i J!I.JI!
o wom

temperature
Sites | Sample average (°C) HSPF average (°C) % difference r’ N?:sot;-fﬁlgglr::fe
L17 16.3 16.3 0% 0.72 0.71
Elm 13.7 13.6 -1% 0.94 0.93
L60 13.8 13.6 -1% 0.95 0.92
Rock 17.0 16.2 -11% 0.90 0.88
Hog 14.4 145 +1% 0.94 0.94

The key HSPF parameters in water temperature calibration were CFSAEX and LGPT1.

A.3.4 Total suspended sediment (TSS)

TSS calibration was based on the lab measurements of the grab samples taken at the monitoring
stations during the weekly sample collection trip. HSPF simulated TSS at the hour nearest to the
sampling time were extracted for the statistical calculations. Because the weekly trips were made on a
schedule that did not take into account flow conditions, most TSS samples were taken under low flow
conditions with a few under medium flow conditions. As TSS is highly dependent on flow conditions,
high TSS levels were not captured by the grab samples. This data limitation also applies to monitoring
data of other water quality parameters based on grab samples, namely, dissolved phosphate (PO4), total
organic carbon (TOC), Nitrate (NO3), and ammonium (NH4).
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Figure A-9, Figure A-10 and Figure A-11 show the observed TSS plotted along with simulated hourly
levels at three monitoring sites. It should be noted that the detection limit for TSS is 10 mg/L and many
of the observed TSS were below this detection limit. Overall, the model very well captured the rise and
fall of the TSS in the streams. Table A-4 indicates that the TSS calibration at all five sites met the % error
criterion while deviating from the r2 criterion at four sites and did not meet the N-S target in any of these
sites.

Historical data and regular field observations indicate that streambank erosion is a major source of
sediment in the streams of the watershed. Although HSPF simulates stream bed erosion with a simple
sheer stress based algorithm, the model does not fully account for factors such as localized differences
in water and sediment supply to stream and bank stability as influenced by soil property and riparian
vegetation.

Figure A-9 Little River at 17" St. (L17) site total suspended sediment plot.
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Figure A-11 Hog Creek at 119™ St. (Hog) site total suspended sediment plot.
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Table A-4 Grab sample statistics of the HSPF model simulation for TSS

Sites a\irrzgse’? ?rlwp;L) HSP(;Z\;E; o % difference r? Nisoz}?éfg::fe
L17 19.0 20.7 8.9% 0.63 -0.56
Elm 7.2 9.8 29.3% 0.47 -0.65
L60 45.6 25.2 -44.7% 0.46 0.4
Rock 20.7 26.9 28.7% 0.40 -0.48
Hog 47.8 32.2 -32.6% 0.21 -0.98

* Samples below the 10 mg/L detection limit were assigned a value of 5 mg/L.

The key HSPF parameters in TSS calibration were COVER, AFFIX, KRER, KSER, KGER, KEIM,
ACCSDP and REMSDP for sediment production; and TAUCD and TAUCS for sediment in-stream
transport.

A.3.5 Dissolved Oxygen

Similar to water temperature, DO calibration was based on the instantaneous field measurements of the
stream DO at the monitoring stations during the weekly sample collection trip. Dissolved oxygen level in
streams is a function of flow rate, air and water temperatures, oxygen demand material (BOD) and algal
activities in the water. While HSPF simulated all these factors in this study, it should be noted that no
field measurements were available to calibrate BOD and algae abundance levels in streams in the lake
watershed. Only default or assumed model parameter values were used. Nevertheless, model simulation
of DO at all five sites met all three the statistical targets except N-S at the in Rock Creek site (Table A-5).
Figure A-12, as a representative of all sites, shows that the simulation mirrored well the field
measurements except during the winter months of December and January. The DO supersaturation in
those months indicated by the field measurements suggests algal growth that was not captured by the
model.
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Figure A-12 Little River at 60" Ave. (L60) site DO plot.
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Table A-5 Instantaneous sample statistics of the HSPF model simulation for DO

. Sample HSPF % , Nash-Sutcliffe
Sites average average difference ' coefficient
(mg/L) (mg/L)
L17 8.5 8.0 -6.2% 0.71 0.71
Elm 8.6 8.4 -3.1% 0.79 0.77
L60 8.6 8.5 -0.1% 0.86 0.77
Rock 7.3 8.5 +16.5% 0.55 0.25
Hog 8.9 8.7 -2.6% 0.84 0.80

The key HSPF parameters in DO calibration were POTFW, IFLW-CONC, GRND-CONC, ACQOP, and
SQOLIM for BOD; and IFWDOX, GRNDDOX, KBOD20, and BENOD for in-stream DO processes.

A.3.6 Organic Carbon

Similar to TSS, calibration for total organic carbon (TOC) was based on grab sample data that
represented mostly low and medium flow conditions. Figure A-13 shows that the model gave close
simulation of the measured data in the stream for the L60 site. Calibration statistics for TOC were not
used as targets for calibration.

Figure A-13 Little River at 60th Ave. (L60) site TOC plot
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A.3.7 Phosphorus

Total phosphorus (TP) and Total Kjeldahl nitrogen (TKN) monitoring was conducted using the
autosamplers programmed to take equal amount (15 mL) of water samples each time a preset amount of
discharge passing through the stream. These aliquots of water samples were composited and preserved
with sulfuric acid for about one week before sent to the lab for analysis. These essentially discharge-
weighted measurements of TP and TKN concentration gave a better indication of TP and TKN loadings
from the watershed than grab samples that often miss high discharge events. However, the success of
discharge-weighted water sampling is highly dependent on the accuracy of stream discharge
measurements and hence the discharge rating curve used to translate stream depth measurements to
discharge rates.

It should be noted here that the rating curves used to calculate stream discharges from depth
measurements were not fully established until the data collection phase was completed. Flow conditions
in the streams at the initial stage of the project limited the discharge measurements to low and medium
levels. Consequently rating curves based on these discharge measurements and used in the first several
sampling events were not suitable for high discharge conditions. The rating curves were updated later
when higher discharge measurements became available. Nevertheless, equipment limitation and field
conditions prevented the measurement of peak discharges. Eventually rating curves that accounted for
high to extremely high discharges were developed using both discharge measurements and the
Manning’s equation with assumed roughness coefficients. The result of the continuous revision of the
rating curves was that the discharge-weighted sampling of TP and TKN was not executed as designed.

Nevertheless, data collected from the TP and TKN sampling still served their purpose of capturing the
fluctuation of TP and TKN levels in the streams under all discharge conditions and providing this
information for model calibration of TP and TKN loadings from the watershed. To accomplish this, water
depth as simulated by HSPF at each monitoring site was extracted from model runs and the rating
curves used at the time corresponding to each simulated depth were used to calculate the discharge.
Next, simulated TP or TKN concentrations were extracted from the model runs. Then a discharge
weighted TP or TKN concentration was calculated using those modeled discharge and concentrations.
In essence, model data in conjunction with the rating curves used at the time of sampling were used to
simulate the TP or TKN levels in the samples collected.

Table A-6 shows the results of the TP calibration as described above. All three statistical criteria were
met for the West EIm Creek (EIm) site. The EIm site drainage is dominated by the landuse type of
rangeland (74%), which also the most common landuse type (38%) for the entire lake watershed. The
L60 site drains the most area among the five sites and has the most diverse landuse types. The % error
criterion was met at four sites but failed at L60 site. The Little River at 17" Ave (L17) and the Rock Creek
(Rock) sites did not meet the r? or the N-S criteria.

Table A-6 Composite (discharge weighted) sample statistics of the HSPF model simulation for

TP
. Sample HSPF % ) Nash-Sutcliffe
Sites average average difference ' coefficient
(mg/L) (mg/L)
L17 0.215 0.25 5.5% 0.0 -1.54
Elm 0.074 0.074 0.3% 0.85 0.84
L60 0.247 0.151 -38.7% 0.52 0.37
Rock 0.235 0.195 -17.1% 0.10 -0.25
Hog 0.170 0.156 -8.3% 0.52 0.34
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PO4 data was also available for calibration. Similar to TSS, calibration for PO4 was based on grab
sample data that represented mostly low and medium flow conditions. In addition, observed PO4
concentrations were often below its detection limit, which made point to point comparison of model-data
difficult.

Figure A-14 shows that the model gave close simulation of the measured data in the stream for the L60
site. Calibration statistics of PO4 were not used as targets for calibration.

Figure A-14 Little River at 60" Ave. (L60) site PO, plot
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A.3.8 Nitrogen

Total Kjeldahl nitrogen (TKN) data were available for calibration. The TKN was calibrated the same way
as TP and had very similar calibration results at the monitoring sites (Table A-7). The ElIm and L60 sites
had excellent statistics 