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1.0 GENERAL INFORMATION

The City of Knoxville covers about 82 sq mi located in the northeastern portion of the State of
Tennessee and has a population of approximately 165,000. Knoxville lies in the Ridge and
Valley Physiographic Province of the Appaachian region and receives an average annud
rainfall of about 46 inches. Sixteen mgor streams flow through or near the City, defining the
major watersheds delineated on Map No. 1 submitted with the Part 1 permit application. Most
of the mgjor streams discharge directly into the Tennessee River. The three exceptions are Ten
Mile Creek, which drains to a sinkhole; Woods Creek, and Love Creek which drain to the
Holston River. The Tennessee River begins at the confluence of the French Broad River and
Holston River near the eastern end of Knoxville. How in the Tennessee River through
Knoxvilleisregulated by TVA dams, which cause the river downstream of Knoxville to behave
more like a reservoir than a river. The portion of the Tennessee River around Knoxville is

known as the Fort Loudoun Lake.

Drainage patterns in the Knoxville area are somewhat unique due to the Kars terrain in the
region, areas of limestone terrain characterized by sinks, ravines, and underground streams.
Unlike most areas where storm water flow in drainage channels discharges directly into a
recelving water (i.e., alake, river, or ocean), storm water flows from approximately 17 percent
of Knoxville drain directly to sinkholes. Sinkholes form when the limestone dissolves due to
water action, resulting in a direct connection between surface drainage and underground

streams.

In general, most local drainage in Knoxville is conveyed by roadside ditches or gutters into
larger open channels, with very few areas containing storm sewer networks consisting of more
than 2,000 ft of pipe.

Slopes in Knoxville vary from flat to extremely steep (over 25 percent), with much of the City
having moderate dopes ranging from 1 percent to 5 percent. Similarly, the depth to bedrock
varies considerably throughout the City, with depths ranging from O to greater than 20 ft. The
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depth to bedrock is greater than 5 ft in over half of the City and less than 20 inchesin nearly a
third of the City.

The differing soils in Knoxville lie in several bands that run in a general northeast to southwest
direction, characteristic of the underlying geologic formations. The predominant soil
association is the Fullerton-Dewey- Dunmore-Sequoia association. Most soil textures range
from loam to sty clay loam, and the predominant hydrologic soil groups are B and C.

Historically, most of Knoxville has not been prone to maor flooding problems for several
reasons, including the regulation of flow in the Tennessee River, the well-defined channel
sections of the mgor streams, and the lack of development in the floodplains. The most notable
major flooding problem is dong First Creek, where some remedia action has been pursued.
The magjority of the flooding problems in Knoxville are local or nuisance problems generaly

caused by improper design or maintenance.

Table 1-1 presents pertinent data concerning applicant name, address, contact persons and
ownership status. The City does not own or maintain storm water systems associated with the
interstates, federa facilities, and state facilities. In addition, the City does not own or maintain a
number of private storm water systems that convey drainage from privatel y-owned facilities.
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Table1-1

GENERAL INFORMATION
CITY OF KNOXVILLE, TENNESSEE

Individual Application _ X Joint Application
Name of Applicant:  City of Knoxville, Tennessee

Contact Persons: 1. Samue L Parnell Jr., P.E.
Director of Engineering

2. Ted Schuler, P.E.
Chief Planning Engineer

Address: City of Knoxville
Department of Engineering
City County Building
P.O. Box 1631
400 Hill Avenue
Knoxville, Tennessee 37901

Telephone No: (615) 521-2148

Ownership Status: ~ City owns mgjority of storm sewer system with exception of major
highways, state and federd facilities, and some private systems.
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20 LEGAL AUTHORITY

2.1 INTRODUCTION

Asindicated in Section 2.0 of the Part 1 NPDES Stormwater Permit application submitted by
the City, through the City Charter and enabling authority provided by the State Code, the

City possesses the power to establish by ordinance, the minimum legal authority to meet the

requirements of the NPDES permitting regulations for stormwater discharges.

These regulations [CFR 122.26(d)(2)(i)] require "A demonstration that the applicant can

operate pursuant to legal authority established by statute, ordinance, or series of contacts

which authorizes or enables the applicant at a minimum to:

(A)

(B)

(©)

(D)

(E)

(F)

control through ordinance, permit, contract, order or similar means, the
contribution of pollutants to the municipal storm sewer by stormwater
discharges associated with industrial activity and the quality of stor mwater
discharged from sites of industrial activity;

prohibit through ordinance, order or similar means, illicit discharge to the
municipal separate storm sewer;

control through ordinance, order or similar means the discharge to a municipal
separate storm sewer of spills, dumping or disposal of materials other than
stormwater;

control through interagency agreements among coapplicants the contribution of
pollutants from one portion of the municipal systemto another portion of the
municipal system;

require compliance with conditions in ordinances, permits, contracts or orders;
and

carry out all inspection, surveillance and monitoring procedures necessary to
determine compliance and noncompliance with permit conditions including the
prohibition on illicit discharges to the municipal separate storm sewer."
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This Section presents a summary of the existing State and City legal authority, a proposed
stormwater ordinance to satisfy the criteriain the NPDES regulations, and a schedule to

implement the new ordinance.

2.2 STATE ENABLING AUTHORITY

221 GENERAL POWERS OF MUNICIPALITIES

The State has provided municipalities with general grants of authority to regulate land
development and storm drains within the Corporate limits. This general grant of power to the
municipality islocated in Sections 6-2-201 (General Powers under Mayor - Aldermanic
Charter) of the Tennessee Code Annotated:

- Power to regulate the collection and disposal of drainage, sewage or other waste
and to regulate the use of storm drains and sanitary sewers

- Power to regulate land devel opment and require any alteration or changesto
ensure that buildings, structures, and lands are healthful, clean, and safe

- Power to define, prohibit, abate, suppress, prevent and regulate all acts,
practices, conduct, business, use of property and all other things whatsoever
detrimental, or liable to be detrimental, to the health, morals, comfort, safety,
convenience or welfare of the inhabitants of the municipality, and exercise
genera police powers;

In addition, specific authority to regulate land development is presented in Title 13 of the
Tennessee Code, Annotated (e.g., authority for regulations covering the subdivision of land is
included in Sections 13-3-101 through 13-3-304 and Sections 13-3-401 through 13-3-411).
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2.2.2 TENNESSEE WATER QUALITY CONTROL ACT OF 1977

Sections 69-3-101 through 69-3-129 of the Tennessee Code Annotated Constitute the
Tennessee Water Quality Control Act of 1977, including the 1987 amendments, which isthe

State's enabling legislation that provides the legal authority to identify and assess penalties to

violators of state issued permits and violators of state water quality standards. Thislegd

authority provides the basis for the State's Compliance assurance and Enforcement Program.

In summary, the State has the authority to assess a civil penalty of $10,000 per day to any

person who does any of the following acts or omissions.

(A)

(B)
(©
(D)

(E)
(F)

(©G)

Violates an effluent standard or limitation or awater quality standard established
under this part;

Violates the terms or conditions of a permit;
Fails to complete afiling requirement;

Failsto alow or perform an entry, inspection, monitoring or reporting
requirement;

Violates afinal determination or order of the board, panel, or commissioner;
In the case of an industrial user of a publicly owned treatment works, fails to pay
user or cost recovery charges or violates pretreatment standards or toxic effluent

limitations established as a condition in the permit of the treatment works; or

Violates any other provision of this part or any rule or regulation promulgated by
the board.

A copy of Sections 69-3-101 through 69-3-129 of the Tennessee Code, Annotated can be
found in Appendix A of the Part 1 NPDES permit submittal.
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2.2.3 SENATEBILL NO. 68, HOUSE BILL NO. 56

This bill authorizes municipalities having a population of not less than 100,000 to regul ate
stormwater dischargesin order to facilitate compliance to EPA permit applications.
Municipalities will be allowed to establish a system of drainage and flood control facilities.
Municipalitieswill be able to construct, extend, enlarge or acquire stormwater facilities or
flood control improvements inside its corporate boundaries. A municipality also hasthe

power to widen, straighten, or relocate stream, surface waters, or water courses.

The bill authorizes the municipality to establish a user fee system and to enter into a contract
with any public or private corporation or municipal utilities board for the collection of fees.
The municipalities may establish a system of civil penalties between $50 and $5,000 per day

per violation and assess damages caused by violations

2.3 CITY CHARTER AND ORDINANCES

The City possesses the general authority through the City Charter and City Ordinances to
regulate water quality flowing through the municipal storm sewer systems as well asthe
waters located within the boundaries of the City. The following isasummary of the relevant

sections of both the charter and relevant city ordinances.

231 CITY CHARTER

The Knoxville City Charter incorporates the general powers which are not expressly
prohibited by the constitution or other laws granted by the State. Under the Charter, the City
has broad powers to enact ordinances that will promote the general welfare of the City and
will secure the general health, welfare, safety, and morals of its inhabitants.
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The City Charter also conveys the general powersto prevent, abate and remove nuisances,
including the power to declare by ordinance what constitutes a nuisance and provide for the
abatement thereof.

To carry out the full intent and meaning of the City Charter, the City is granted the power to
enact all ordinances necessary for the health convenience, safety and general welfare of its
inhabitants, including the provision for fines, forfeitures and penalties for the violation of any

such ordinances.

2.3.2 ENGINEERING ORDINANCES

The primary engineering ordinances affecting stormwater management are the Stormwater
Detention Ordinance and the Alteration of Natural Drainage Ordinance. These ordinances

focus on establishing standards for stormwater system design and maintenance.

Stormwater Detention Ordinance (City Code, Article VI, Sections 6-171 thr ough 6-183)

The purpose of the stormwater detention ordinanceis: (1) to minimize increasesin peak
flows from urban development and (2) to establish procedures to ensure that appropriate
measures are implemented which adequately control increases in peak flows due to

development. The ordinance applies to the following:

* road construction of 1 acre or more,

» commercial development of 1 acre or more,

 industrial development of 1 acre or more,

 educational development of 1 acre or more,

* institutional development of 1 acre or more,

* recreationa development of 1 acre or more,

» multi-family residential development of 2 acres or more, and

» singlefamily residential development of 5 acres and/or 5 lots or more.
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Under the ordinance, stormwater detention requirements may be waived if the developer
supplies hydrologic and hydraulic computations to support exclusion. In addition,
stormwater detention is not required in areas that discharge directly to the Tennessee River.

All hydrologic and hydraulic computations must be prepared by a registered engineer
proficient in these areas and licensed in the State of Tennessee. Computations, which must be
submitted with the design information, are required to be in accordance with those outlined

in the United States Department of Agriculture, Soil Conservation Service Technical Release
No. 55 (TR55), unless an alternate method is approved by the Director of Engineering. The
performance standard for detention ponds states that the post-devel opment peak flow cannot
be greater than the pre-development peak flow for the 10-year 24-hour storm event.
Maintenance of detention facilitiesis the responsibility of the property owner. A copy of the
appropriate sections of the City Code defining this ordinance were submitted in Appendix B
of the Part 1 stormwater permit application.

Alteration Of Natural Drainage Ordinance (City Code Section 19-162)

This ordinance mandates that a detailed drainage plan be submitted to the Director of
Engineering before any person may "excavate, grade, dump, move, or fill dirt or any other
material so asto divert, construct, increase, or change in any manner the natural or existing
flow of any stream, or the natural or existing drainage of any area. Under this ordinance, the
City may halt construction if deemed necessary. The drainage plan must show proposed
drainage for the area, including erosion control during and after site disturbance. The
ordinance also empowers the Director of Engineering to require a performance bond equal to
the amount to be performed in compliance with the drainage plan. A copy of the appropriate
sections of the City Code defining this ordinance also can be found in Appendix B of the Part
1 permit application.
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2.3.3 PLANNING ORDINANCES

The primary planning regulation and ordinances affecting stormwater management are the
Flood Damage Protection Ordinance, the Knoxville-Knox County Minimum Subdivision
Regulations, and the Zoning Ordinance for Knoxville. These ordinances set standards for

development and establish some general requirements that must be satisfied by developers.

Flood Damage Protection Ordinance (City Code Chapter 12)

The City was required by the Federal Emergency Management Agency (FEMA) to adopt the
Flood Damage Protection Ordinance in order to participate in the National Flood Insurance
Program. The ordinance appliesto al areas of specia flood hazard in Knoxville as defined
by the 1981 FEMA study. Like the Flood Fringe Arearequirement, this ordinance requires
the bottom floor elevation to be certified and to be at least 1 ft above the 500-year flood
elevation. Where areas of specia flood hazard have not been defined, it is up to the City to
definethem. Very little definition of floodplains outside of those defined by FEMA has been
accomplished to date. Like the Floodway requirement in the Zoning Ordinance, this
ordinance disallows any encroachment, fill, construction, etc. that will increase the 500-year
flood elevation or increase the floodway width. A copy of the appropriate sections of the
City Code defining this ordinance were submitted in Appendix B of the Part 1 permit
application.

Knoxville-K nox County Minimum Subdivision Regulations (Appendix A of the City Code)

Similar to the Zoning Ordinance, the Knoxville-Knox County Minimum Subdivision
Regulations contain elements that can have an impact on stormwater management, such as
setback requirements, minimum rights-of-way, etc. The regulations for storm drainage in the
Design Standards (Section 65) and Required Improvements (Section 75) sections are of the
greatest importance to stormwater management. The regulations in these two sections state
that the developer must provide a drainage system adequate to carry flow from the devel oped
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areato an established City/County drain or natural watercourse. The cost of the drainage
system is borne by the developer. A stormwater drainage plan must be provided by the
developer showing the existing and proposed system. The regulations also give
specifications and procedures for the submission of plats. However, thereis no requirement
that the developer ensure that increased runoff from his property does not result in increases
in downstream flooding. Appendix B of the Part 1 permit application includes a copy of the
appropriate sections of the City Code defining this ordinance.

Zoning Ordinance of the City of Knoxville, Tennessee (Appendix B of the City Code)

The Zoning Ordinance of the City of Knoxville, Tennessee (Zoning Ordinance) empowers
the City Council to regulate the use of land by dividing the municipality into a number of
zones and imposing restrictions within those zones such as limiting the size of buildings and
the percentage of the lot that may be occupied. The Zoning Ordinance aso establishes an
appeal s process, an enforcement mechanism, and a penalty for violators of the provisions.

Many aspects of the Zoning Ordinance have an implicit impact on stormwater management.
Most notable are the portions that establish such items as intensity of use, minimum buffer
zones and maximum lot coverage, because these items have an impact on imperviousness of
the development. Imperviousness generally governs the amount of runoff that can be
expected from an area. While these items impact the level of imperviousness, they do not

impose an upper limit on imperviousness.

The two sections of the ordinance dealing directly with stormwater are the F-1 Floodway
District section and the Flood Fringe Area section. The floodway is established to protect the
channels and floodplains from encroachment so that flood levels and flood damages will not
be increased for the 500-year return period storm. Any construction or disturbance of land in
the floodway must be permitted by the Department of Engineering. Before a permit can be
issued, proof that the construction will not increase 500-year flooding must be supplied.
Standards are established to prevent encroachment into the floodway which endangerslife
and property.
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The flood fringe is the area lying outside the floodway and below the 500-year flood
elevation as defined by the 1984 Flood Insurance Study (FIS). Buildings constructed in the
flood fringe are required to be at least 1 ft above the 500-year flood elevation, and fill in the
flood fringe must extend at least 25 ft beyond any structure. Any structure outside the
floodway but within 100 ft of a main channel or sinkhole must be approved by the
Department of Engineering. No structure may be within 10 ft of the top of bank of any
stream. The Zoning Ordinance does not specifically require that the locations of floodways,
floodplains, or streambanks be shown on development plans. A copy of the appropriate
sections of the City Code defining this ordinance were submitted in Appendix B of the Part 1
stormwater permit application.

2.4 PROPOSED STORMWATER ORDINANCE

Although existing ordinances and codes do cover some of the minimum criteria presented in
the regulations, it will be appropriate to develop anew city ordinance to specifically address
the issues and criteriarelated to the NPDES stormwater permitting program.

A mode ordinance has been prepared for this permit application. The Storm Sewer
Discharge Ordinance is structured to address the criteria of the regulations and to be
consistent with the proposed stormwater management program. The model ordinance actsto
enforce the program requirements developed to meet the NPDES stormwater regulations.
The overall objective isto adopt an ordinance as part of the City's stormwater management
program in order to prevent certain non-stormwater discharges to, and improper disposal of
substances in, the storm sewer system so as to reduce, to the maximum extent practicable,
pollutants that may be present in discharges from the storm sewer systems. The model
ordinance isincluded in Appendix A.
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2.5 IMPLEMENTATION SCHEDULE FOR STORMWATER ORDINANCE

The State Legidature approved the Stormwater Bill in April 1993. Thiswill facilitate the
passage of a Stormwater Ordinance by the City of Knoxville. A model ordinanceis located
in Appendix A. It is projected that the City will create a stormwater ordinance or modify the
model ordinance within the first six months of the permit term. The Ordinance could be
enacted soon thereafter.
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3.0 SOURCE IDENTIFICATION

3.1 INTRODUCTION
The Part 2 NPDES stormwater regulations [CFR 122.26 (d)(2)(ii)] require the applicant to
identify:

"The location of any major outfall that discharges to the waters of the United States
that was not reported under paragraph (d)(2)(iii)(B)(1) of this section. Provide an
inventory, organized by watershed of the name and address, and a description (such
as S C codes) which best reflects the principal products or services provided by each
facility which may discharge, to the municipal separate storm sewer, storm water
associated with industrial activity;"

This Section addresses the two requirements defined above. An update to the outfall
database is described first, followed by an industrial facility inventory.

32 UPDATE OUTFALL DATABASE

The City of Knoxville has not identified any additional outfalls that discharge to waters of
the United States that were not reported under paragraph (d)(21)(iii)(1) of 40 CFR 122.26, as
part of its Part 1 stormwater permit application.

3.3 IDENTIFICATION OF INDUSTRIAL FACILITIES

The City has compiled an inventory of industrial facilities which may discharge to the

municipal separate storm sewer system. Thisinventory is categorized into three types of
industrial facilities: facilities which have industrial NPDES stormwater discharge permits
with the State (or have submitted a Notice of Intent (NOI) to obtain one), facilities which
have been identified on the Environmental Protection Agency's (EPA) FINDS database, and
facilities which have applied to the EPA for a group stormwater permit. These three
categories have been organized by watershed and include either an SIC code or a description

of the facility.
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3.3.1 FACILITIESWITH NPDES STORMWATER PERMITS

Facilities which have obtained, or submitted an NOI to obtain, a NPDES industrial
stormwater permit are shown in Table 3-1 and Table 3-2. Thelist of facilities shown in
Table 3-1 was acquired from the Tennessee Department of Environmental Conservation
(TDEC), and represents the inventory of facilities which were presented in the Part 1 permit
application. Thelist of facilitiesin Table 3-2 which have submitted a NOI to obtain an
individual stormwater permit was received from TDEC in April 1993 and has not been
completely reviewed by TDEC staff. State regulations require that industrial facilities which
apply for an NPDES stormwater discharge permit with the State, and which discharge
stormwater to amunicipal storm sewer system, must submit a signed copy of the NOI to the
operator of the system. To date, compliance with this regulation has been minimal.
However, the new Stormwater Ordinance should also require industrial facilities which hold
industrial NPDES stormwater discharge permits to submit copies to the Knoxville
Engineering Department. Under the new ordinance, the City will have the authority to
ensure submittal of NOIs, and therefore will be able to maintain itsindustrial database.

3.3.2 FACILITIESON THE EPA "FINDS' DATABASE

FINDS is an acronym for Facility INDex System, which is a computerized database obtained
through the Freedom of Information Act. The database is an inventory of facilities which are
monitored or regulated by the EPA. The siteslisted in the database relate to permit
applications, inspection reports, or Superfund sites, which does not necessarily mean that
they pose an environmental or health threat. A list of these facilities, arranged by watershed,
ispresented in Table 3-3.

3.3.3 FACILITIES ON THE EPA GROUP STORMWATER PERMIT LIST

Thelist presented in Table 3-4 presents industrial facilities which have applied to the EPA to
be covered under a group stormwater permit. Thistable was provided by TDEC in April
1993 and has not been completely reviewed by TDEC staff.
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Table 3-1

NPDES Permitted Industrial Facilities

Municipa Part 2 Supplement

NPDES FACILITY SIC
WATERSHED PERMIT* NAME/OWNER ADDRESS CODE
East Fork Third Creek | TN0002011 SO Cast Stone Company, Inc. 2000 Southerland Ave. 3272
East Fork Third Creek | TN0002682 Rohm and Haas Tennessee, Inc. 730 Dale Avenue 2821
East Fork Third Creek | TN0027804 Florida Steel Company 1919 Tennessee Avenue 3312
East Fork Third Creek | Status Unknown | Consolidated Freightways 3614 Pleasant Ridge 4213
First Creek TN0064378 Kingston Pike Texaco 4607 Kingston Pike 5541
First Creek TN0064190 Fountain City Service Station 4816 N. Broadway St. 5541
First Creek TN0066826 Lay Packing Company, Inc. 400 E. Jackson St. 2013
Fort Loudoun TN0022225 Star Enterprise 701 Langford Avenue 5171
Fort Loudoun TN0022535 Union Oil Co. 1720 Island Home Ave. 5171
Fort Loudoun TN0023574 Fourth Creek STP 1500 Lyons Bend Road 4952
Fort Loudoun TN0023582 Kuwahee STP 2015 Neyland Drive 4952
Fourth Creek TN0026662 Publix Oil Co. 5405 Middlebrook Pike 5171
Holston River TNO0055433 Volunteer Asphalt - Knoxville 3111 McClure Lane 2911
Loves Creek TN0066869 Pilot Station #191 5402 Rutledge Pike 5541
Loves Creek Applied Group Liquid Transportes, Inc. 3125 Central Street NW 4213
Second Creek Applied Safety-Kleen Corp. 826 Stewart Street 5172
Second Creek Applied Group NSRR - Coster Shop 3125 Central Street NW 4011
Third Creek TN0001554 Shell Oil 5001 Middlebrook Pike 5171
Third Creek TN0002216 Exxon Company, USA 5009 Middlebrook Pike 5171
Third Creek TN0022411 Citgo Petroleum Corp. 2409 Knott Road 5171
Third Creek TN0029769 BP Oil, Inc. 1908 Third Creek Road 5171
Third Creek TN0057525 Marathon Oil 2501 Knott Road 5171
[ Third Creek TNO057959 Robertshaw Controls Co. 2318 Kingston Pike, SW 3429
Third Creek TN0058483 Chevron USA 5100 Middlebrook Pike 4226
Third Creek TN0060402 Cummins Terminal, Inc. 4715 Middlebrook Plke 5171
Third Creek TN0060429 Amoco Oil, In¢. 5101 Middlebrook Pk., NW 5171
Third Creek TNO0066842 Conoco, Inc. 4801 Middlebrook Pike 5171
Third Creek Applied Group Fleet Transport Co. Inc. 5207 Middlebrook Pike 4213
Third Creek Status Unknown | Con-Way Southern Express 5204 Middlebrook Pike 4213
Third Creek Status Unknown |Roadway Express 1212 Hilton Road 4200
Woods Creek TNO0003352 Dixie Cement Co., Inc. 6212 Cement Plant Lane 3241
NPDES Permit Application 33 May 1993
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TABLE 3-2

Industrial Facilities with Notice of Intent

for Individual Stormwater Permit Applications*

Municipa Part 2 Supplement

NPDES FACLLITY SIC
WATERSHED PERMIT NAME/OWNER ADDRESS CODE
Beaver Creek TNRO000258 P&S Engineered Plastics Inc. 2661 Byington-Solway Rd 3079
Beaver Creek TNROO0697 Thilmany IP Knox Convert Plant 2530 Westcott Blvd 2671
East Fork Third Creek | TNROOO686 Knoxville Steel Mill Div. 1919 Tennessee Ave 3312
First Creek TNR000040 Nolen Products, Inc. - Plant 1 912 Forsythe St., NE 2431
First Creek TNROOO041 Nolen Products, Inc. - Plant 2 4135 McKinley St. 2431
First Creek TNR000346 CAE Vanguard Inc. 1500 Ninth Ave 3743
French Broad River TNRO000145 Chapman Enterprises Inc. 8028 Chapman Hwy 5015
French Broad River TNRO00304 Rail Bearing Service 5336 Counsellor Lane 3743
French Broad River TNRO00484 Precision Disc Corp. 5055 S. National Drive 3425
French Broad River TNRO000548 Briggs Industries Inc. 5040 South National Drive NA
French Broad River TNROO0935 Lowe’s Auto Parts Inc 1015 Hendron Chapel Road 5015
Ft. Loudoun Lake TNR000584 JBM Inc. 2651 Scottish Pike 3444
Ft. Loudoun Lake TNRO00O146 Smith’s Auto Salvage & Parts 202 Seaman St. 5015
Ft. Loudoun Lake TNRO000828 Don Payne Trucking Co, Inc 1749 Riverside Dr. 4
Holston River TNROO0407 Coster Shop 3125 Hopkins Street 3541
Holston River TNROOO408 J. Sevier Yard (landfill) Old Rutledge Pike 4011
Knob Creek TNRO00%43 John's Story Salvage Co., Inc. 117 Stone Road 5015
Second Creek TNRO000099 Jennmar Corp. of Tenn. 201 W. Quincy Ave. 3452
Second Creek TNR000147 Frank’s Part Mart Inc. 5622 Clinton Hwy 5015
Third Creek TNR0O0O0128 Cummins Terminal, Inc. 4715 Middlebrook Pike 5171
Third Creek TNRO000376 W.J. Savage Co. 2501 Hopkins St. 3541
Tolls Creek TNRO000197 Koch Materials 3017 McClure Lane 2951
Turkey Creek TNR000148 Moon’s Used Parts 9922 Hall Dr. 5015
| Turkey Creek TNRO000459 Plexco/Spirolite Div. Chevron 10420 Lexington Drive 3084
Turkey Creek TNRO00465 Water Services Inc. 856 Lovell Road 2898
Whites Creek TNRO00O0585 Greenway Chemical Co. 4320 Greenway Drive 28
Woods Creek TNRO00549 Stowwers Machinery Corp 6301 Rutledge Pike 39
NA TNR000310 East Tennessee White GMC 6614 Wilbanks Road 7538
NA TNRO000382 Kay’s Ice Cream of Knox. 3600 Pleasant Ridge Road 2024
NA TNRO0O706 Candora 4405 Candora 2951
NA TNRO000708 Watt Road NA 2951
NA TNR000792 Enterprise Waste Oil 5201 N Middlebrook Pike 4613
NA TNR00O816 Pemberton Truck Lines, Inc. 2530 Mitchell St 4
NA TNRO00863 Roddy Coca-Cola Co 5723 Middlebrook Pk 2086
NA TNROOO865 Roddy Coca-Cola Bottling Co., Inc. 2200 Leslie St. 2086
Unnamed Tibutary TNROC0006 Rail Bearing Service Inc. 5336 Cousellor Lane 3743
Unnamed Tributary TNRO000206 Keller Foundry 1010 East Jackson 3321
Unnamed Tributary TNRO000328 Aqua-Chem Inc. 3001 East John Sevier Hwy 3443
Unnamed Tributary TNRO000621 Comtrans 1116 Dutch Valley Rd 4213
Unnamed Tributary TNRO000723 Vinylex Corp 2636 Byington-Solway Rd 3082
NA = Not available
* Source: Data received from TDEC April 1993
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for Group Stormwater Permit Applications*

TABLE 3-4
Industrial Facilities on EPA List

FACILITY SIC
GROUP # ID # NAME/OWNER CODE
0355 0130 Knoxville Concrete Pipes NA
0406 0140 ABF Freight Systems, Inc NA
0817 0004 AJ Melter Hauling & Rigging 4231
0426 0028 APAC, Inc. 2951
0790 0045 AWS of Knoxville 4231
0820 0081 Airborne Freight Corp. 4513
0690 0003 Ashland Chamical, Inc. 5169
0836 0018 Averitt Express, Inc 4213
0624 0103 Beverly Steel, Inc. 3441
0644 0036 Browning Ferris Indusries NA
0645 0101 Browning Ferris Indusries NA
0647 0029 Browning Ferris Indusries 5093
0968 1627 Burkhart Enterprises, Inc. NA
0962 0096 Burkhart Enterprises, Inc. 4213
0953 0044 Clayton Homes 2451
0657 0265 CSX Transportation 40
0478 0026 Callaway Building Produsts 3449
0362 0007 Chevron Chemical Co. 3082
0979 0011 Consolidated Freightways 4213
0797 0010 Conway Southern Express 4213
0066 0039 Dana Corporation NA
0596 0523 David Witherspoon, Inc. NA
0596 0524 David Witherspoon, Inc. NA
0656 0231 Downtown Island Airport 4581
0478 0055 Enco Materials, Inc. 3449
1221 0337 Fireproof Storage & Van 4221
0790 0280 Fleet Transport Co., Inc. 4231
0790 0280 Fleet Transport Co., Inc. 4231
0817 0082 Fredrickson Motor Express 4231
1026 0035 General Shale Products 3251
0151 0012 Greyhound Lines, Inc. 4131
0355 0113 Hermitage Concrete Pipe NA
0790 0385 Highway Transport, Inc. 4231
0790 0385 Highway Transport, Inc. 4231
0962 0017 Humbolt Express, Inc. 4231
0353 0051 Jackson Utility Division NA
0275 0135 Jefferson Smurfit Corp 2653
0596 0781 Knox Metals Corp NA
0791 0030 Knoxville Downtown Island Airport 4581
0790 0557 Liquid Transporters, Inc 4231
* Source: Data recieved from TDEC, April 1993.
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TABLE 3-4 (continued)
Industrial Facilities on EPA List

for Group Stormwater Permit Applications*

FACILITY SIC
GROUP # ID # NAME/OWNER CODE
0656 0261 McGhee Tyson Airport 4581
0962 0025 Milan Express Co., Inc. 4231
0771 0027 Military Dept., National Guard 4212
0658 0021 Norfolk Southern Railroad 40
0657 0271 Norfolk Southern Railroad 40
0657 0272 Norfolk Southern Railroad 40
0659 0035 Norfolk Southern Railroad 40
0008 0068 Overnite Transportation 4212
0275 0159 Packaging Corp of America 2653
0962 0036 Petro Express, Inc. 4231
0962 0035 Petro Express, Inc. 4231
0624 0130 Pip’s Iron Works, Inc. 3441
0247 0007 Rock Tenn Co. 5093
0920 0065 Ready Mix Concrete Co. of Knoxville 3273
0832 0224 Roadway Express, Inc. 4231
0774 0038 Rock Tenn Co. 2657
0925 0226 Silver Fumniature Co 2511
0179 0009 Swift-Eckrich Inc. NA
0195 0110 Safety-Kleen 5093
0195 0154 Safety-Kleen 5093
1088 0105 Sea Ray Boats, Inc NA
1088 0113 Sea Ray Boats, Inc NA
1088 0087 Sea Ray Boats, Inc NA
0962 0041 Service Transportation, Inc. 4213
0683 0136 Simerly Vault, Inc. 3272
0634 0096 Southern Cast Stone Co., Inc. NA
0596 1067 Southern Foundry Supply, Inc. NA
0962 0051 System 81 Express, Inc. 4213
0013 0066 Tom’s Foods NA
0243 0150 US Postal Service 4311
0958 0250 United Bus Owners of America 4151
0693 0409 United Parcel Service, Inc. 4215
0009 0010 Vulcan Materials NA
1260 0081 Waste Management of Tenn 4212
0968 0928 West Wood Enterprises, Inc. 5015
1153 0163 Yellow Freight Systems, Inc. 4213
0809 0026 Zellweger Uster, Inc. 3552
* Source: Data recieved from TDEC, April 1993.
NPDES Permit Application 312 May 1993
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4.0 CHARACTERIZATION DATA

41 INTRODUCTION

Regulations presented in CFR 122.26 (d)(2)(iii) detail the requirements which must be
followed in obtaining data characterizing the quality and quantity of pollutant discharges

covered in the permit application. These requirements are as follows:

Characterization data. When "quantitative data" for a pollutant are required under
paragraph (d)(a)(iii)(A)(3) of this paragraph, the applicant must collect a sample of effluent
in accordance with 40 CFR 122.21(g)(7) and analyze it for the pollutant in accordance with
analytical methods approved under 40 CFR part 136. When no analytical method is
approved the applicant may use any suitable method, but must provide a description of the
method. The applicant must provide information characterizing the quality and quantity of
discharges covered in the permit application, including:

(A) Quantitative data from representative outfalls designated by the Director (based on
the information received in part 1 of the application, the Director shall designate
between five and ten outfalls or field screening points as representative of the
commercial, residential and industrial land use activities of the drainage area
contributing to the system, or where there are less than five outfalls covered in the
application, the Director shall designate all outfalls) developed as follows:

(1) For each outfall or field screening point designated under this
subparagraph, samples shall be collected of stormwater discharges from
three storm events occurring at least one month apart in accordance with
therequirements at § 122.21 (g)(7) (the Director may allow exemptionsto
sampling three storm events when climactic conditions create good cause
for such exemptions);

(2) Anarrative description shall be provided of the data and duration of the
storm event(s) sampled, rainfall estimates of the storm event which
generated the sampled discharge and the duration between the storm event
sampled and the end of the previous measurable (greater than 0.1 inch
rainfall) storm event;

(3) For samples collected and described under paragraphs (d)(2)(iii)(A)(1) and
(A)(2) of this section, quantitative data shall be provided for: the organic
pollutants listed in Table I1; the pollutants listed in Table I11 (toxic metals,
cyanide, and total phenols) of appendix D of 40 CFR part 122, and for the
following pollutants:

NPDES Permit Application 4-1 May 1993
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Total suspended solids (TSS
Total dissolved solids (TDS)
COD

BODs

Oil and grease

Fecal coliform

Fecal streptococcus

pH

Total Kjeldahl nitrogen
Nitrate plus nitrite
Dissolved phosphorus

Total Ammonia plus organic nitrogen
Total phosphorus

(4) Additional limited quantitative data required by the Director for
determining permit conditions (The Director may require that quantitative
data shall be provided for additional parameters, and may establish
sampling conditions such as the location, season of sample collection, form
of precipitation (snow melt, rainfall) and other parameters necessary to
insure representativeness);

(B) Estimates of the annual pollutant load of the cumulative discharges to the waters of
the United Sates from all identified municipal outfalls and the event mean
concentration of the cumulative discharges to waters of the United States from all
identified municipal outfalls during a storm event (as described under 8§
122.21(c)(7)) for BODs, COD, TSS, dissolved solids, total nitrogen, total ammonia
plus organic nitrogen, total phosphorus, dissolved phosphorus, cadmium, copper,
lead, and zinc. Estimates shall be accompanied by a description of the procedures
for estimating constituent loads and concentrations, including any modelling, data
analysis, and calculation methods;

(C) A proposed schedule to provide estimates for each major outfall identified in either
paragraph (d)(2)(ii) or (d)(1)(iii)(B)(1) of this section of the seasonal pollutant load
and of the event mean concentration of a representative storm for any constituent
detected in any sample required under paragraph (d)(2)(iii)(A) of this section; and

(D) A proposed monitoring program for representative data collection for the term of
the permit that describes the location of outfalls or field screening points to be
sampled (or the location of instream stations), why the location is representative,
the frequency of sampling, parameters to be sampled, and a description of sampling
equipment.

The purpose of this section is to characterize the discharge to the municipal storm sewer

system corresponding to the requirements presented in the regulations above.

NPDES Permit Application 4-2 May 1993
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42  QUANTITATIVE DATA FROM REPRESENTATIVE OUTFALLS

The task addressing quantitative data from representative outfalls was completed by the
United States Geological Survey (USGS) under separate contract with the City of Knoxville.
The USGS monitoring program describes quantitative data from three storms at five stations
representative of five separate land uses. These land uses are low density residential, high
density residential, concentrated commercial, light industrial/warehousing, and chemical
industrial. Table 4-1 presents the results of the representative monitoring program for each
of the 15 station-storms required by the regulations. This table represents the data as
received from the USGS in February 1993. A summary report of the quantitative data
prepared by the USGS is presented in Appendix B.

43 ANNUAL POLLUTANT LOADS AND EVENT MEAN CONCENTRATIONS

Estimates of the average annual pollutant load and associated event mean concentration
(EMC) of the cumulative discharges from the City of Knoxville's municipal outfallsto the

waters of the United States were developed for the following 12 water quality parameters:

Five-day biochemical oxygen demand (BODs)
Chemical oxygen demand (COD)

Total suspended solids (TSS)

Dissolved solids (TDS)

Total nitrogen (TN)

Total ammonia plus organic nitrogen (total Kjeldahl nitrogen (TKN))
Total phosphorus (TP)

Dissolved phosphorus (DP)

Cadmium (Cd)

Copper (Cu)

Lead (Pb)

Zinc (Zn)
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This subsection presents the cumulative pollutant loads and EMCs for the City of Knoxville
from the 17 individual major watersheds defined in the City's Part 1 storm water NPDES
permit application.

Estimates of the EMC for each of the pollutant parameters, together with estimates of annual
runoff were used to calculate the average annual storm water pollution loadings and the
corresponding event mean concentrations for each pollutant parameters. The methodology

employed to determine these values is presented below.

431 METHODOLOGY

Average annual loading estimates for the City of Knoxville were determined using the
Watershed Management Model (WMM) developed by Camp Dresser and McKee (CDM).
The WMM is a spreadsheet model that calculates annual per-acre pollutant loadings
discharged to receiving waters in awatershed based upon land use types, and their associated
EMC values and percent imperviousness. The model also calculates annual weighted EMC
values based on land use distribution. Specific attributes of the model include:

. Lotus 1-2-3 as the spreadsheet shell program
. Estimates of annual runoff pollution load based upon EMCs, land use,
associated annual runoff coefficient, percent imperviousness, and annual rainfall

for the 12 pollutant parameters defined previously.

. Estimates of runoff pollutant load reduction due to partial or full scale
implementation of site or regional BMPs.

. Estimates of reduction in runoff pollutant load due to uptake or removal in
stream courses.

. Estimates of annual pollution loads from stream baseflow.

Data required to use the model include: land use, soil types (runoff coefficients), and Best
Management Practice (BMP) types and coverages within each watershed; EMCs for each
land use and pollutant type; BMP pollutant removal efficiencies for each pollutant type; and
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average annual precipitation, average annual baseflow, and average baseflow pollutant
concentrations within the city. Methodologies and assumptions used to compile this data for
the City of Knoxville are described below.

Land Use

Seventeen major watersheds in the City of Knoxville were defined in the Part 1 NPDES
storm water permit application. Land use distribution within each watershed was based upon
16 major categories. The WMM mode is configured to determine the storm water pollutant
loadings for 12 fixed land use categories and three optional land use categories. Land use
categories for the City of Knoxville were converted into WMM equivalent categories as
shown in Table 4-2. Thistable also presents the percent imperviousness for the land use
categories and the reference source for determining the event mean concentrations (EMCs)
for each land use. Percent imperviousness and event mean concentrations are discussed | ater
under "Rainfall/Runoff Relationship™ and "Nonpoint Pollution Event Mean Concentration”,
respectively.

Estimates of the drainage area for each land use category within each watershed was
calculated using colored land use maps maintained by the Knoxville/Knox County
Metropolitan Planning Commission (MPC). Estimates of land use areas were used to

calcul ate average runoff coefficients and average percent imperviousness for each watershed.
Details about these calculations are presented in the next section "Rainfall/Runoff
Relationship”. Land use area estimations and average percent imperviousness for each
watershed are presented in Table 4-3.

Rainfall/Runoff Relationship

Land use acreage for awatershed are the basis for storm water pollution loading

computationsin the WMM. Pollutant loads are projected by applying nonpoint pollution
loading factors (Ibs/acre/year) to each land use type within the watershed. Nonpoint
pollution loading factors for different land use categories are based upon annual runoff
volumes and EMCs for different pollutants. The EMC is defined as the average of individual
measurements of storm pollutant mass loading divided by the storm runoff volume.
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WMM Land Use Conversion and EMC Sources

TABLE 4-1

% %
WMM Land Use Imperv Knoxville Land Use Imperv EMC Source*
Forest/Open 5 Agricultural/Forest/Vacant 1 NURP
Public Parks 1 (open/non-urban)
Vacant >10 Acres 5
Agricultural/Pasture 5
Cropland 5
Low Density Res. 10 Rural Residential 20 TVA (R2)
Med. Density Res./ 25 Single Family Residential 25 TVA (R1)
Institutional Church 40
High Density Res. 45 Multi-Family Residential. 40 TVA (R1)
Institutional 50
Commercial 90 Commercial 85 TVA (8C)
Office/Light Indust. 65 Office/Services 60 TVA (CBD)
Heavy Industrial 80 Manufacture/Wholesale 72 TVA (CBD)
Water 100
Wetlands 100
Major Highway 90 Transportation/Utilities/ 85 FHWA
Communication
Major Roads/Highways 95
Optional 1 Public Recreation 35 TVA (RD)
Optional 2 Public Land 35 TVA (R1)
* EMC Sources
NURP - USEPA (1983) NURP Table 6-12
TVA - TVA (1984) Tables V4-V7
R1 - Medium Density Residential
R2 - Low Density Residential
SC - Strip Commercial
CBD - Central Business District
FWHA - FHWA (1990) Table 5
NPDES Permit Application 4-16 May 1993
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Annual Runoff. To determine the annual runoff volumes associated with each watershed, the

WMM multiplies the average annual rainfall volume (46.08 inches at McGhee Tyson
Airport) by pervious and impervious runoff coefficients and land use-specific impervious and
pervious areas. For non-urban land uses, the pervious fraction of the area represents the
major source of runoff or streamflow, while impervious areas are the predominant

contributor for the most urban land uses.

It was assumed for each watershed that 95 percent of the rainfall from the impervious
fraction, and 15 percent of the rainfall from the pervious fraction of each land use was
converted to runoff. Therefore the impervious runoff coefficient and the pervious runoff
coefficient were assumed to be 0.95 and 0.15, respectively. For example, based upon an
average annual rainfall volume of 46.08 inches/year, the average annual runoff from asingle
family residential land use (25% impervious) is 16.13 in/yr
(46.08*[(0.15*0.75)+(0.95*0.25)]). The runoff coefficient for asingle land use is the sum of
the impervious percentage multiplied times the impervious runoff coefficient plusthe
pervious percentage multiplied by the pervious runoff coefficient. For the previous example,
the average runoff coefficient isfor the single family residential land useis 0.35
([0.15*0.75]+[0.95*0.25]). For awatershed, the average runoff coefficient isan area
weighted average of each land use runoff coefficients times the percentage the area of each

land use.

Nonpoint Pollution Event Mean Concentration
Event mean concentrations (EMCs) used in the WMM are presented in Table 4-4. These
EMCs are lognormally (base €) distributed and were calculated from median val ues reported

in the literature. The EMCs presented in Table 4-4 are based on severa sources including
national median EMC statistics from the USEPA National Urban Runoff Program (NURP)
study (EPA 1983), Knoxville median EMC statistics from the 1984 TV A report "The
Relationship of Urban Runoff to Land Use and Groundwater Resources” (part of the USEPA
NURP study), and runoff data reported by Federal Highway Administration (FHWA, 1990).
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These reference sources provide EM Cs which were applied to the WMM land use categories
as presented in Table 4-2 and as described below. Knoxville was selected as one of the 28
project sites for the NURP project because of its unique location within the ridge and valley
province of the eastern United States and because it is characterized by extensive carbonate
geology. Asaresult of this study, the city has an available database of |ocal water quality
measurements which were used to estimate local EM Cs and to project annual loadingsto the
waters of the United States.

The TVA's median EMC data were the primary source of EMC data for the WMM program.
There were only four land use groups considered in the TVA study: medium density single
family residential (R1), low density residential (R2), strip commercia (SC) and central
business district (CBD). For each land use group, EMCs were determined for 34 water
quality parameters. The 12 parameters required for this program were among the 34

presented in the report.

Median EMC NURP data from the "Open/Non-urban” land use group were the source of
EMC datafor the "Agricultural/Forest/VVacant”, " Public Parks", and "Vacant >10 acres" land
uses from the City of Knoxville. Median event mean concentrations presented in Table 4-4
for storm water runoff from major highways are from research published by the Federal
Highway Administrations (FHWA). These concentrations are applied to major roadways
within the city.

EMC monitoring data collected by TVA, NURP, and FHWA were determined to be
lognormally (base €) distributed. The lognormal distribution allows the EMC datato be
described by two parameters. These parameters are a measure of central tenancy (i.e., mean
or median), and a measure of dispersion or spread of the data (i.e., the standard deviation or
coefficient of variation). The coefficient of variation is the standard deviation divided by the
mean. The median value should be used for comparisons between EMCs for individua sites
or groups of sites because it isless influenced by afew large values which are typical of

lognormally distributed data. For computations of annual mass loads it is more appropriate
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to use the mean value since the large infrequent events can comprise a significant portion of

the annual pollutant load.

To estimate annual pollutant loads discharged to receiving waters from a municipality,
median EMCs are converted to mean values (USEPA, 1983; Novotny, 1992) by the
following relationship:

M = T* SQRT(1+CV?) (Equation 1)
Wheree M = arithmetic mean
T =median
CV = coefficient of variation

The mean EMC vaues determined from the statistical transformation of the median values
were applied as the EMCs for the equivalent land use categories in the WMM model. EMCs
from TV A land use category "R1" were applied to the "Medium Density
Residential/Institutiona”, "High Density Residentia”, "Optional 1" (Public Recreation), and
"Optional 2" (Public Land) land use categories. EMCs developed from TV A category
"CBD" were applied to the "Office/Light Industrial”, and "Heavy Industrial” WMM
categories. EMCsfrom "R2" were applied to the "Low Density Residential” category, and
EMCsfrom TVA category "SC" were applied to the WMM "Commercia” land use category.
Mean EMCs from NURP "Open/Non-urban” data were applied to the "Forest/Open” WMM
category, and mean EMCs from the FHWA data were applied to WMM "Magjor Highway"
land use category.

The calculated mean EMCs for each WMM land use category and pollutant parameter are
presented in Table 4-4.

Monitoring data collected by the United States Geological Survey (USGS) as part of the Part
2 NPDES representative monitoring program were compared to the TVA dataand are
presented in Table 4-5. The TV A values are presented as 90th and 10th percentile high/low
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estimates which were developed from a statistical analysis of the TVA data. The USGS
EMC values were evaluated as a potential source for determining nonpoint pollutant loadings
with the WMM model. While these data represent the latest analysis of water quality in the
City of Knoxville, the values are based on only three storms per site, which is not considered
astatistically representative sample set. Continued monitoring at the representative outfall
sites as part of the on-going monitoring program will produce more statistically valid EMCs
which can then be used in the WMM model to revise annual and/or seasonal loadings from
the City of Knoxville to the waters of the United States.

Nonpoint Pollution Loading Factors
The WMM converts the EM Cs described above into nonpoint loading factors based on the

runoff volume for each land use within awatershed. The pollution loading factors
(expressed as Ib/ac/yr) vary by land use and the percent imperviousness associated with each
land use. The pollution loading factor M| is computed for each land use L using the
following equation:

M_ =EMC_ *R *K (Equation 2)

Where:M | =loading factor for land use L (Ib/yr)
EMC_ = event mean concentration of runoff from land use L (mg/l); EMC
varies by land use and pollutant
R_ = total average annua surface runoff from land use L (in/yr)
K = 0.2266, a unit conversion constant.

By multiplying the pollutant loading factor by the acreage in each land use and summing for
al land uses, the total annual surface runoff pollution load from a watershed can be
computed.
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Baseflow Estimation

The Watershed Management Model has the capability to include baseflow |oading based
upon annual baseflow volumes and average baseflow concentrations of the selected
parameters. The USEPA STORET database and the USGS NWIS database did not contain

water quality datafor the Knoxville tributaries which were considered "current”. That is,

there were no ambient water quality data for the Knoxville creeks since before 1977.
Therefore baseflow |oadings were not estimated for thisanalysis. Loadings were based only

on pollution from storm water runoff.

Uncertainty Analysis

Because of the need to develop estimates of high and low extremes of pollutant loadings, and
particularly to assess whether such estimates would result in different management decisions,

it is desirable to perform an uncertainty analysis on the loading factors.

The EMCs shown in Table 4-4 are derived from medium loading factors and thus represent
the "medium” or "most probable" estimate of the nonpoint pollution loading factor for each
specific land use. To estimate "high" and "low" loading factors for each pollutant, a
statistical approachisused. A coefficient of variation (CV) is applied to EMCs specific to
each pollutant and land use. The CV isan indication of the relative degree of uncertainty
associated with the EMC estimates. The CVs assigned to each pollutant and to each land use
category in the model are summarized in Table 4-6.

"High" and "low" EMCs are then cal culated from the mean EMC, and aCV is estimated for
each pollutant and land use category based on its specific probability of exceedence. The
WMM used "high" and "low" EMCs based on the 90th and 10th percentile shown on Tables
4-7aand 4-7b, respectively. An EMC in the 90th percentile will be exceeded during only
10% of the storm events, whereas an EMC in the 10th percentile will be exceeded during
90% of the storm events. The following relationship is used to calculate "high" and "low"
EMCs:
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EMCigh, Low) = €V Equation 3

Where EMC ="high" or "low" EMC
U= log mean = LN (M*SQRT(1+CV?))

J= standardized normal deviate = 1.282 for 90th percentile, -1.282 for
10th percentile

W = log standard deviation = SQRT(LN(1+CV?)

Evaluation Of Best Management Practices (BMPs)

The pollutant removal effectiveness of major structural controls can be evaluated using the
watershed management model. There are three major regional detention basins located in the
City of Knoxville. Currently, these basins are only designed to manage storm water quantity
(i.eflood contral). Although some water quality benefits are probably achieved by these
basins, aretrofit would be necessary to designate the ponds as BMPs. If aretrofit is
accomplished, the WMM can be used to evaluate the reduction in pollutant loading from a
watershed.

4.3.2 ANNUAL LOADING AND EMC ESTIMATES

Average annual storm water pollution loading projections and event mean concentrations for
each watershed in the City of Knoxville are presented in Table 4-8. The drainage area and
corresponding percent imperviousness in addition to total runoff (ac-ft/yr) for each watershed
are also presented. Estimates shown are the medium loads with the high and low estimates
presented for uncertainty analysis. Estimates of annual loadings and EMCs are also

presented in graphical format in Appendix C.
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TABLE 4-7
WMM Model Output Summary
Annual Loadings and EMCs

Drainage Basin: First Creek and White Creek

Municipa Part 2 Supplement

Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (Ibs/yr) (Ibs/yr) (mg/1) (mg/1) (mg/1)
BOD 526,425 934,685| 1,428,778 8.4 14.9 22.8
COD 3,426,561 | 7,389,624 12,405,323 55 118 198
TSS 6,963,485 26,546,121 53,679,123 111 424 858
TDS 1,580,227 | 5,788,863 | 11,598,191 25 93 185
Total-P 13,584 37,278 68,648 0.22 0.60 1.10
Dissolved-P 3,902 8,496 14,361 0.06 0.14 0.23
TKN 30,281 79,318 143,912 0.48 1.27 2.30
NO2&NO3 11,902 32,853 60,761 0.19 0.52 0.97
Lead 7,341 22,239 42,208 0.117 0.355 0.674
Copper 968 3,723 7,544 0.015 0.059 0.121
Zinc 5,845 20,835 41,430 0.093 0.333 0.662
Cadmium 28 103 205 0.000 0.002 0.003
Drainage Area: 13,852
% Impervious: 35.3%
Runoff (ac-ft/yr): 23,011
|
Drainage Basin: Second Creek
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (lbs/yr) (Ibs/yr) (mg/1) (mg/1) (mg/)
BOD 180,942 322,030 493,534 79 14.0 215
COD 1,149,521 | 2,458,477| 4,115,160 50 107 179
TSS 2,059,109| 7,743,489 | 15,610,484 90 338 681
TDS 539,845| 1,924,775| 3,831,319 24 84 167
Total-P 4,337 12,140 22,511 0.19 0.53 0.98
Dissolved-P 1,325 3,221 5,700 0.06 0.14| 0.25
TKN 11,351 28,287 50,423 0.49 1.23 2.20
NO2&NO3 4,881 12,692 22,999 0.21 0.55 1.00
Lead 2,339 7,381 14,156 0.102 0.322 0.617
Copper 339 1,257 2,524 0.015 0.055 0.110
Zinc 1,793 6,784 13,684 0.078 0.296 0.597
Cadmium 9 35 72 0.000 0.002 0.003
-| Drainage Area: 4,597
% Impervious: 41.0%
| Runoff (ac-fyr): 8,434
NPDES Permit Application 4-28 May 1993
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TABLE 4-7 (continued)

WMM Model Output Summary
Annual Loadings and EMCs
Drainage Basin: Third Creek
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (Ibs/yr) (Ibs/yr) (mg/1) (mg/1) (mg/1)
BOD 384,774 698,381 | 1,081,867 7.3 13.3 20.5
COD 2,474,204 5,373,720 9,055,808 47 102 172
TSS 4,435,895 16,524,241 | 33,242,840 84 314 631
TDS 1,209,238 | 4,250,242| 8,431,981 23 81 160
Total-P 9,084 25,810 48,100 0.17 0.49 0.91
Dissolved-P 2,874 7,078 12,596 0.05 0.13 0.24
TKN 25,591 64,211 114,726 0.49 1.22 2.18
NO2&NO3 11,207 29,538 53,778 0.21 0.56 1.02
Lead 4,778 15,659 30,318 0.091 0.297 0.576
Copper 726 2,701 5,430 0.014 0.051 0.103
Zinc 3,824 14,686 29,725 0.073 0.279 0.564
Cadmium 20 79 160 0.000 0.001 0.003
Drainage Area: 11,266
% Impervious: 37.2%
Runoff (ac-ft/yr): 19,368
Drainage Basin: Fourth Creek
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (Ibs/yT) (1bs/yr) (mg/) (mg/1) (mg/1)
BOD 216,087 384,890 589,640 7.7 137 209
COD 1,380,514 | 2,958,635 4,954,555 49 105 176
TSS 2,726,080 | 10,066,158 | 20,209,396 97 357 718
TDS 698,586 | 2,420,539| 4,785,254 25 86 170
Total-P 5,404 14916 27,525 0.19 0.53 0.98
Dissolved-P 1,641 3,749 6,471 0.06 0.13 0.23
TKN 13,442 33,894 60,676 0.48 1.20 2.15
NO2&NO3 5,642 14,867 27,069 0.20 0.53 0.96
Lead 2,855 8,752 16,659 0.101 0.311 0.592
Copper 390 1,476 2,980 0.014 0.052 0.106
Zinc 2,183 7,943 15,875 0.078 0.282 0.564
Cadmium 11 41 82 0.000 0.001 0.003
{Drainage Area: 6,515
% Impervious: 33.0%
“ Runoff (ac-ft/yr): 10,355
NPDES Permit Application 4-29 May 1993
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TABLE 4-7 (continued)

Municipa Part 2 Supplement

WMM Model Output Summary
Annual Loadings and EMCs
Drainage Basin: Baker Creek
Annual Loading EMCs
Low Medium High Low Medium High

Constituent (Ibs/yr) (1bs/yr) (Ibs/yr) (mg/1) (mg/1) (mg/1)
BOD 50,051 89,091 136,230 8.6 154 235
COD 331,413 716,049 | 1,202,356 57 123 207
TSS 765,045 2,832,884 5,691,254 132 489 981
TDS 169,344 586,610 1,159,813 29 101 200
Total-P 1,380 3,728 6,827 0.24 0.64 1.18
Dissolved-P 379 769 1,256 0.07 0.13 0.22
TKN 2,943 7,766 14,125 0.51 1.34 2.44
NO2&NO3 1,088 3,021 5,600 0.19 0.52 0.97
Lead 721 2,109 3,964 0.124 0.364 0.684
Copper 86 342 697 0.015 0.059 0.120
Zinc 569 1,933 3,797 0.098 0.333 0.655
Cadmium 3 9 18 0.000 0.002 0.003
Drainage Area: 1,568
% Impervious: 25.5%
Runoff (ac-ft/vr): 2,132

1
Drainage Basin: Ft. Loudoun Lake

Annual Loading EMCs
Low Medium High Low Medium High

Constituent (Ibs/yr) (Ibs/yr) (Ibs/yr) (mg/1) (mg/1) (mg/l)
BOD 193,524 344,483 526,823 8.9 159 24.3
COD 1,291,615 2,804,035 4,718,438 60 129 218
TSS 2,906,653 | 11,021,028 | 22,259,658 134 508 1026
TDS 603,678 | 2,190,699 4,380,120 28 101 202
Total-P 5,363 14,539 26,658 0.25 0.67 1.23
Dissolved-P 1,460 2,968 4,856 0.07 0.14 0.22
TKN 10,948 29,473 53,969 0.50 1.36 2.49
NO2&NO3 3,877 11,150 20,895 0.18 0.51 0.96
Lead 2,859 8,437 15,901 0.132 0.389 0.733
Copper 345 1,365 2,782 0.016 0.063 0.128
Zinc 2,281 7,800 15,345 0.105 0.360 0.708
Cadmium 11 37 73 0.001 0.002 0.003

|Drainage Area: 4,977
% Impervious: 33.4%

| Runoff ac-fr/yr): 7,974
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TABLE 4-7 (continued)

Municipa Part 2 Supplement

WMM Model Output Summary
Annual Loadings and EMCs
Drainage Basin: Goose Creek
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (lbs/yr) (1bs/yr) (mg/1) (mg/l) (mg/1)
BOD 62,864 110,288 167,415 8.0 14.0 213
COD 395,834 831,264 | 1,378,946 50 106 175
TSS 871,276| 3,068,464 6,091,678 111 390 774
TDS 237,754 764,652 1,482,599 30 97 188
Total-P 1,556 4,195 7,677 0.20 053 0.97
Dissolved-P 439 935 1,562 0.06 0.12 0.20
TKN 3,899 9,592 17,017 0.50 1.22 2.16
NO2&NO3 1,731 4,317 7,707 0.22 0.55 0.98
Lead 798 2,309 4,327 0.101 0.293 0.549
Copper 104 398 805 0.013 0.051 0.102
Zinc 626 2,207 4,376 0.080 0.280 0.556
Cadmium | 3 10 20 0.000 0.001 0.003
Drainage Area: 2,245
% Impervious: 23.2%
Runoff (ac-ft/yr): 2,896
Drainage Basin: Holston River
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (1bs/yr) (Ibs/yr) (mg/1) (mg/l) (mg/1)
BOD 48,678 88,039 135,736 7.2 13.1 20.2
COD 329,024 719,311 1,213,703 49 107 181
TSS 806,322 2,936,102| 5,876,096 120 437 874
TDS 178,474 597,840| 1,172,186 27 89 174
Total-P 1,393 3,768 6,904 0.21 0.56 1.03
Dissolved-P 382 764 1,239 0.06 0.11 0.18
TKN 3,052 8,094 14,744 0.45 1.20 2.19
NO2&NO3 1,095 3,081 5,734 0.16 0.46 0.85
Lead 705 2,071 3,900 0.105 0.308 0.580
Copper 81 329 673 0.012 0.049 0.100
Zinc 559 1,869 3,654 0.083 0.278 0.544
Cadmium 3 9 18 0.000 0.001 0.003
~I[Drainage Area: 2,036
% Impervious: 20.8%
|Runoff (ac-fu/yr): 2471
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TABLE 4-7 (continued)

Municipa Part 2 Supplement

WMM Model Output Summary
Annual Loadings and EMCs
Drainage Basin: Knob Creek
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (lbs/yr) (Ibs/yr) (mg/1) (mg/l) (mg/1)
BOD 73,631 133,902 207,149 6.6 120 18.6
COD 465,353 | 1,000,586| 1,676,651 42 90 151
TSS 1,119,678 | 3,722,123| 7,283,475 101 334 654
TDS 335,219| 1,004,460 1,909,281 30 90 172
Total-P 1,902 5,161 9,465 0.17 0.46 0.85
Dissolved-P 628 1,324 2,204 0.06 0.12 0.20
TKN 5,288 12,992 23,030 0.48 1.17 2.07
NO2&NO3 2,363 6,045 10,890 0.21 0.54 0.98
Lead 891 2,621 4,937 0.080 0.235 0.443
Copper 113 447 911 0.010 0.040 0.082
Zinc 658 2,243 4,410 0.059 0.202 0.396
Cadmium 4 12 24 0.000 0.001 0.002
Drainage Area: 3,935
% Impervious: 15.1%
Runoff (ac-ft/yr): 4,093
1
Drainage Basin: Knob Fork
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (Ibs/yr) (Ibs/yr) (mg/) (mg/) (mg/)
BOD 96,208 175,247 271,641 7.3 133 20.7
COD 627,294 | 1,360,057 2,288,601 48 104 174
TSS 1,363,418 4,794,564 | 9,516,077 104 365 725
TDS 365497 | 1,169,016 2,263,750 28 89 172
Total-P 2,490 6,898 12,745 0.19 0.53 0.97
Dissolved-P 756 1,734 2,997 0.06 0.13 0.23
| TKN 6,786 16,916 30,149 0.52 1.29 2.30
NO2&NO3 2,831 7,359 13,333 0.22 0.56 1.02
Lead 1,232 3,822 7,301 0.094 0.291 0.556
Copper 163 628 1,273 0.012 0.048 0.097
Zinc 938 3,372 6,719 0.071 0.257 0.512
Cadmium 5 18 36 0.000 0.001 0.003
Drainage Area: 3,762
% Impervious: 23.0%
| Runoff (ac-fi/yr): 4,829
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TABLE 4-7 (continued)

Municipa Part 2 Supplement

WMM Model Output Summary
Annual Loadings and EMCs
Drainage Basin: Love Creek
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (Ibs/yr) (Ibs/yr) (mg/1) (mg/1) (mg/D)
BOD 135,593 245,162 378,705 7.3 13.2 20.3
COD 869,284 | 1,873,608 | 3,145,626 47 101 169
TSS 1,748,149 6,229,726 12,403,986 94 335 666
TDS 477,603 | 1,565,624 3,051,714 26 84 164
Total-P 3,433 9,551 17,673 0.18 0.51 0.95
Dissolved-P 1,086 2,574 4,510 0.06 0.14 0.24
TKN 9,355 23,124 41,088 0.50 1.24 221
NO2&NO3 3,945 10,222 18,500 0.21 0.55 0.99
Lead 1,742 5,445 10,418 0.094 0.292 0.560
Copper 238 899 1,815 0.013 0.048 0.097
Zinc 1,271 4,666 9,345 0.068 0.251 0.502
Cadmium 7 25 51 0.000 0.001 0.003
Drainage Area: 4,897
% Impervious: 26.7%
Runoff (ac-ft/yr): 6,845
Drainage Basin: Sinking Creek N
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yt) (Ibs/yr) (Ibs/yr) (mg/l) (mg/1) (mg/1)
BOD 117,784 208,791 318,788 8.5 15.1 23.0
COD 767,147 | 1,642,850| 2,749,087 55 118 198
TSS 1,658,532 | 6,113,616 12,269,198 120 441 885
TDS 389,906 1,339,858 2,643,497 28 97 191
Total-P 3,109 8,465 15,543 0.22 0.61 1.12
Dissolved-P 867 1,880 3,170 0.06 0.14 0.23
TKN 7,146 18,288 32912 0.52 1.32 2.37
NO2&NO3 2,803 7,448 13,601 0.20 0.54 0.98
Lead 1,635 4,856 9,166 0.118 0.350 0.661
Copper 206 795 1,612 0.015 0.057 0.116
Zinc 1,264 4,433 8,780 0.091 0.320 0.633
_|lCadmium 6 22 43 0.000 0.002 0.003
Drainage Area: 3,562
% Impervious: 27.9%
Runoff (ac-ft/yr): 5,099
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TABLE 4-7 (continued)

Municipa Part 2 Supplement

WMM Model Output Summary
Annual Loadings and EMCs
Drainage Basin: Ten Mile Creek
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (Ibs/yr) (1bs/yr) (mg/1) (mg/1) (mg/)
BOD 308,190 550,106 843,000 8.5 15.1 23.1
COD 2,029,459 4,375,808 7,343,560 56 120 202
TSS 4,470,847 | 16,474,283 | 33,059,725 123 452 908
TDS 1,023,825 3,511,600| 6,925,554 28 96 190
Total-P 8,369 22,816 41,918 0.23 0.63 1.15
Dissolved-P 2,352 5,103 8,610 0.06 0.14 0.24
TKN 19,103 49,223 88,794 0.52 1.35 2.44
NO2&NO3 7,214 19,490 35,790 0.20 0.54 0.98
Lead 4,364 13,019 24,606 - 0.120 0.358 0.676
Copper 538 2,090 4,245 0.015 0.057 0.117
Zinc 3,324 11,566 22,857 0.091 0.318 0.628
Cadmium 16 57 113 0.000 0.002 0.003
Drainage Area: 9,540
% Impervious: 26.9%
Runoff (ac-ft/yr): 13,390
Drainage Basin: Toll Creek
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (Ibs/yr) (Ibs/yr) (mg/1) (mg/D) (mg/1)
BOD 29,060 51,160 77,821 7.6 133 20.3
COD 180,986 378,152 625,916 47 98 163
TSS 401,917 1,369,009 2,695,402 105 356 701
TDS 118,978 367,093 703,544 31 96 183
Total-P 698 1,885 3,452 0.18 0.49 0.90
Dissolved-P 201 435 734 0.05 0.11 0.19
TKN 1,910 4,589 8,068 0.50 1.19 2.10
NO2&NO3 889 2,159 3,814 0.23 0.56 0.99
Lead 347 1,008 1,889 0.090 0.262 0.492
Copper 47 177 357 0.012 0.046 0.093
Zinc 273 972 1,933 0.071 0.253 0.503
Cadmium 1 5 9 0.000 0.001 0.002
‘[ Drainage Area: 1,171
% Impervious: 20.5%
Runoff (ac-ft/yr). 1413
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TABLE 4-7 (continued)

Municipa Part 2 Supplement

WMM Model Output Summary
Annual Loadings and EMCs
Drainage Basin: Turkey Creek
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (1bs/yr) (1bs/yr) (mg/l) (mg/1) (mg/1)
BOD 189,377 339,078 520,852 7.6 13.5 20.8
COD 1,209,752 2,565913| 4,276,878 48 102 171
TSS 2,638,678 9,043,191} 17,833,464 105 361 711
TDS 751,618 | 2,319,569 4,446,207 30 92 177
Total-P 4,716 12,950 23,852 0.19 0.52 0.95
Dissolved-P 1,357 3,149 5,467 0.05 0.13 0.22
TKN 13,365 32,245 56,776 0.53 1.29 2.26
NO2&NO3 5,870 14,430 25,616 0.23 0.58 1.02
Lead 2,324 7,030 13,334 0.093 0.280 0.532
Copper 311 1,172 2,365 0.012 0.047 0.094
Zinc 1,764 6,396 12,772 0.070 0.255 0.509
Cadmium 9 32| 64 0.000 0.001 0.003
Drainage Area: 7,442
% Impervious: 21.6%
Runoff (ac-ft/yr): 9,223
Drainage Basin: Williams Creek
Annual Loading EMCs
Low Medium High Low Medium High
Constituent (Ibs/yr) (1bs/yr) (Ibs/yr) (mg/1) (mg/M) (mg/1)
BOD 53,168 94,556 144,751 7.8 139 21.3
COD 337,668 718,023 | 1,198,349 50 106 177
TSS 676,670 | 2,428,458| 4,843,197 100 358 714
TDS 180,253 595,832 1,163,842 27 88 172
Total-P 1,352 3,722 6,862 0.20 0.55 1.01
Dissolved-P 412 970 1,694 0.06 0.14 0.25
TKN 3,506 8,600 15,241 0.52 1.27 2.25
NO2&NO3 1,464 3,730 6,711 0.22 0.55 0.99
Lead 700 2,130 4,046 0.103 0.314 0.596
Copper 93 349 704 0.014 0.051 0.104
Zinc 500 1,817 3,631 0.074 0.268 0.535
Cadmium 3 10 19 0.000 0.001 0.003
‘[Drainage Area: 1,692

% Impervious: 29.2%

‘ Runoff (ac-ft/yr): 2,494
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TABLE 4-7 (continued)

Municipa Part 2 Supplement

WMM Model Output Summary
Annual Loadings and EMCs
Drainage Basin: Woods Creek
Annual Loading EMCs
Low Medium High Low Medium High

Constituent (Ibs/yr) (Ibs/yr) (Ibs/yr) (mg/1) (mg/l) (mg/)
BOD 47,706 86,783 134,375 6.5 11.8 18.2
COD 298,671 634,627 1,058,335 41 86 144
TSS 704,880 | 2,251,150 4,357,903 96 305 591
TDS 230,892 663,491 | 1,244,946 31 90 169
Total-P 1,153 3,156 5,806 0.16 043 0.79
Dissolved-P 367 821 1,403 0.05 0.11 0.19
TKN 3,685 8,726 15,250 0.50 1.18 2.07
NO2&NO3 1,750 4,246 7,498 0.24 0.58 1.02
Lead 520 1,563 2,960 0.071 0.212 0.402
Copper 71 274 554 0.010 0.037 0.075
Zinc 397 1,419 2,824 0.054 0.192 0.383
Cadmium 2 7 15 0.000 0.001 0.002
Drainage Area: 2,620

% Impervious: 14.9%

Runoff (ac-ft/yr): 2,711

Drainage Basin: Total for City

Annual Loading EMCs
Low Medium High Low Medium High

Constituent (bs/yr) (Ibs/yr) (Ibs/yr) (mg/) (mg/]) (mg/)
BOD 2,714,061 | 4,856,673 7,457,105 7.87 14.09 21.64
COD 17,564,300 | 37,800,739 | 63,407,293 51.0 109.7 184.0
TSS 36,316,633 (133,164,608 |266,922,956 105.4 386.4 7744
TDS 9,090,938 | 31,060,763 | 61,193,796 264 90.1 177.5
Total-P 69,322 190,977 352,165 0.20 0.55 1.02
Dissolved-P 20,427 45,970 78,830 0.06 0.13 0.23
TKN 171,650 435,339 780,902 0.50 1.26 227
NO2&NO3 70,551 186,649 340,297 0.20 0.54 0.99
Lead 36,151 110,451 210,090 0.105 0.320 0.610
Copper 4,818 18,422 37,268 0.014 0.053 0.108
Zinc 28,069 100,940 201,157 0.081 0.293 0.584
Cadmium 139 511 1,022 0.000 0.001 0.003
Drainage Area: 85,677

% Impervious: 29.4%

Runoff (ac-ft/yr): 126,740
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44  SCHEDULE FOR ESTIMATES OF SEASONAL POLLUTANT LOADS

One of the primary objectives of this ongoing monitoring program described in Section 4-6 is
to collect a statistically significant number of datato determine local event mean
concentrations and annual loadings. The City is proposing to continue sampling at threeto
five sites over the five year permit term. Sampling frequency will be approximately 12 to 15
storm events per site annually. This frequency should provide the City with water quality
data for approximately three to four storm events per season for each year of the five year
permit term. The City will collect this data, analyze the seasonal fluctuations of water

quality data and determine seasonal pollutant loads and event mean concentrations in the
final year of the permit.

45 PROPOSED ONGOING MONITORING PROGRAM
The representative monitoring program conducted by the USGS and the analysis of the

results from the program provide the foundation for the development of the proposed
ongoing monitoring program. The sampling requirements for the representative monitoring
program included the analysis for a wide range of pollutants. This analysis provided the City
with the information to target more specific pollutants when devel oping ongoing monitoring

program.

Long-term goals of the ongoing monitoring program include:

Identification of pollutants of concern in stormwater discharges from
individual urban land use categories and assessment of potential pollutant
Sources.

. Estimation of pollutant loads from individual land use categories based on a
statistically significant number of storm event s over arange of hydro-
meteorol ogic conditions.

. Assessment of the performance of specific stormwater pollution controls and
the overall stormwater management program.

. Identification of receiving water quality impacts resulting from stormwater

pollution discharges.
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A standard operating procedures manual (SOP) for the ongoing monitoring plan have been
developed to meet these long term goals. These procedures describe the location of field
screening points, why the location is representative, the frequency of sampling, parameters to
be sampled, and a description of sampling equipment as required by the regulations. In
addition, the SOP provides Quality Assurance/Quality Control procedures for field and
laboratory work, equipment installation procedures, sampling and storm event analysis
procedures, inspection and maintenance procedures, and health and safety procedures. The
SOP is presented in Appendix D.

451 IMPLEMENTATION SCHEDULE

The proposed monitoring program will be coordinated with the proposed stormwater quality
management programs presented in Section 5 of this document. At thistime, one sampling
station has been established and two more stations are projected to be in place and
operational during the first year of the permit term. During the five-year permit term, the
City will evaluate the need for additional stations or station relocation. Up to five monitoring
stations will be established during the permit term.

452 STAFFING REQUIREMENTS

The staffing requirements to implement the City's ongoing monitoring program are presented
in Table 4-9. A new staff position within the Engineering Department Planning and
Technical Services Division will include a Stormwater Engineer who will spend
approximately 25% of his’her time on the monitoring program. An existing Engineering
Technician I11 (Tech I11) will spend approximately 40% of his time on managing the
sampling program, coordinating with the laboratory, and analyzing storm events. A new
Engineering Technician 11 will spend approximately 30% of his/her time assisting the Tech
[11' with the program, performing site inspections, collecting samples, and maintaining the
sampling equipment.

Table 4-9 provides annual salary costs for the monitoring program. A more detailed fiscal

anaysis of the program is presented in Section 7 of this document.
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Table 4-9

SUMMARY OF
PROPOSED WATER QUALITY MONITORING PROGRAM

Schedule
Element Description Yrl ] Yr2 I Yr3 Yr4 Yr5

(1) Pilot Station Monitoring of 12-15 storms/year at Acker —

Place monitoring station.

(2) Additional Acquire additional equipment for 3 to 4
Equipment/Stations { monitoring stations. Identify monitoring
station locations.

(3) Install Install/operate additional monitoring stations
Additonal Stations | for analysis of representative land uses or

BMP performance.
(4) Sample Collect samples for 12 to 15 storms/year/station
Analysis for analysis of selected parameters by KUB.

Analyze storm events.

(5) Relocate Relocate monitoring stations for BMP analysis
Stations or for representative land use analysis.

(6) Comprehensive |Collect automatic and manual grab samples
Pollutant Analysis | for analysis of full suite of pollutant parameters
by KUB one sample/station/permit term.

(7) Annual Report | Prepare annual summary of monitoring results
and storm event analyses.

Partial Implementation

[ ] Full Implementation
Percent of Workload
Staffing Position Yrl | Yr2 | Yr3 | Yr4 | Yr5
Requirements Chief Engineer 1% 1%| 1%| 1%| 1%
Stormwater Engineer 27% | 27%| 27%| 21%| 27%
Technician 111 38% | 38%| 38%| 38%| 38%
Technician 11 31%| 31%| 31%| 31%| 31%
Service Deptartment Field Crew 7% | 7%| 7% 0%| 0%
Primary Responsibility: Engineering Department/Planning
Responsible City and Technical Services Division
Department Supporting Departments: Public Service Department
Other Agencies: KUB
Program Element Yrl | Yr2 { Yr3 | Yrd4 | Yr5 | Touwal
Estimated Cost (1) Pilot Station $3.7| $3.9| $4.0( 41| s$4.2] $19.9
(51,000 per year) (2) Equipment Procurement & Maintenance $60.3 | $24.5| $18.5| $18.9| $19.1] $141.3
(3) Monitoring Site Installation $1.4| $14( S$1.5| S$15| SL.5| $7.3
(4) Sample Analysis $28.7| $29.1| $29.5{ $30.0| $30.4| $147.7
(5) Station Relocation $4.0| $4.1| $42) $43! $4.5( s21.1
(6) Comprehensive Pollutant Analysis $1.3| $13| S13| S$14| S14| 866
(7) Annual Report $4.81 $50]| $5.1| $53| $54| $25.5
Total $104.1{ $69.2| $64.1] $65.5| $66.6] $369.4
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5.0 PROPOSED COMPREHENSIVE MANAGEMENT PROGRAM

51 INTRODUCTION AND OVERVIEW

The Part 2 NPDES stormwater regulations require a description of a comprehensive
stormwater management program which covers the duration of the five-year permit. This
description shall include [40 CFR 122.26 (d)(2)(iv)]:

"a comprehensive planning process which involves public participation and where
necessary intergovernmental coordination, to reduce the discharge of pollutants to
the maximum extent practicable using management practices, control techniques, and
system, design and engineering methods, and such other provisions which are
appropriate. The program shall also include a description of staff and equipment
available to implement the program. Separate proposed programs may be submitted
by each coapplicant. Proposed programs may impose controls on a systemwide
basis, a watershed basis, a jurisdictional basis or on individual outfalls. Proposed
programs will be considered by the Director when developing permit conditions to
reduce pollutants in discharges to the maximum extent practicable. Proposed
management programs shall describe priorities for implementing controls.”

A comprehensive management program has been developed for the City of Knoxville as
required by the regulations. The proposed plan identifies structural and nonstructural control
measures the City deems appropriate for the first five years of the permit, to control the
discharge of pollutants to the maximum extent practicable. The focus of the development
and implementation of a comprehensive stormwater plan isto build on the foundation of
existing stormwater management programs including citywide stormwater plans, ordinances,
maintenance programs, and public education programs. The continuation of existing
programs, with the development of new programs where required, is proposed as the most

cost-effective approach to stormwater management.

There are five maor program components, as stipulated in the regulations, that are proposed
in this application. They include:
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. Program for Residential and Commercial Areas

. Program for Illicit Connections and Improper Disposal
. Program for Industrial Areas
. Program for Construction Sites

Program for Ongoing Water Quality Monitoring

The first four of these programs are described in this Section. The program for ongoing
water quality monitoring was described in Section 4. Each description presents the details of
the proposed program and describes the associated public participation programs, schedules,
and staffing/equipment required to implement the program.

The new stormwater management programs will require the addition of one Stormwater
Management (SWM) Engineer, three Engineering Technicians |1, and a five-person field
crew, in addition to a rededication to the programs by existing personnel and City

departments. Detailed analyses of each program are presented in this Section.

52 MANAGEMENT PROGRAM FOR RESIDENTIAL AND COMMERCIAL AREAS

The City of Knoxvill€e's policy on stormwater runoff from residential and commercial areas
to the municipal storm sewer system has traditionally focused on the control and
management of stormwater quantity. The proposed management program will also
incorporate water quality and will include a plan to reduce the pollutants from urban areas
through the use of structural and source controls. The City proposes to evaluate new
development on aregional level and to assume responsibility for the maintenance of regional
Best Management Practice (BMP) facilities. Under the proposed program, property owners
will be required to take a more active role in the maintenance of smaller on-site BMPs. The
City also proposes to increase the level of stream and channel maintenance. The City's
proposed plan will require the addition of a new five person field crew and will require

part-time dedication of the Chief Engineer, the new Stormwater Engineer, and a new
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Engineering Technician 1. Table 5-1 presents an overall summary of the proposed program

for residential and commercial areas, implementation schedule, estimated costs, staffing

requirements, and City departments.

521 REGULATORY REQUIREMENTS

The Part 2 NPDES stormwater regulations require inclusion of the following six (6) program
elementsin the permit application [40 CFR 122.26 (d)(2)(iv)(A)]:

" A description of structural and source control measures to reduce pollutants from
runoff from commercial and residential areas that are discharged from the municipal
storm sewer system that are to be implemented during the life of the permit,
accompanied with an estimate of the expected reduction of pollutant loads and a
proposed schedule for implementing such controls. At a minimum, the description

shall include;

1)

)

©)

A description of maintenance activities and a maintenance schedule
for structural controls to reduce pollutants (including floatables) in
discharges from municipal separate storm sewers,

A description of planning procedures including a comprehensive
master plan to develop, implement and enforce controls to reduce the
discharge of pollutants from municipal separate storm sewers which
receive discharges from areas of new development and significant
redevelopment. Such plan shall address controls to reduce pollutants
in discharges from municipal separate storm sewers after construction
is completed. (Controls to reduce pollutantsin discharges from
municipal separate storm sewers containing construction site runoff
are addressed in paragraph (d)(2)(iv)(D) of this section;

A description of practices for operating and maintaining public
streets, roads, and highways and procedures for reducing the impact
on receiving water s of discharges from municipal storm sewer
systems, including pollutants discharged as a result of deicing
activities.
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Table 5-1

SUMMARY OF
PROPOSED RESIDENTIAL AND COMMERCIAL AREAS
MANAGEMENT PROGRAM
Schedule
Element Component Yrl | Yr2 Yr3 [ Yr4 | Yr5
(1) Maintenance Develop and implement stream restoration
Activities and channel maintenance program.

Require Standard Maintenance Agreement
for onsite facilities

Routine/major maintenance of BMP facilties.

Sediment disposal for BMP Maintenance

(2) Planning for new
development

Revise Stormwater Detention Ordinance
to require Water Quality BMPs for new dev.

Develop guidance criieria for BMPs

Plan and site location for regional BMP
facilities for areas of new development

(3) Maintenance for
public streets, roads,
and highways

No proposed changes

(4) Evaluation of
flood management
projects

Evaluate regional BMP facilties for water
quality retrofit

Plan and implement inspection program to
inventory on-site BMP facilities and
identify maintenance needs

(5) Monitoring of
solid waste facilties

Program described in City’s new X
management program for industrial areas

(6) Management of
pesticides, herbicides,
and fertilizer

Evaluate effect of fertilizers as part of the
City’s ongoing monitoring program.

Develop public education program as part
of illicit connection and improper disposal
program.

Partial Implementation
I Ful Implementation

Municipa Part 2 Supplement

Staffing Position Yril | Yr2 Yr3 Yr4 | Yr5
Requirements Chief Engineer 10% 10% 10% 109 10%

Stormwater Engineer 17% 17% 17% 17% 17%

Technician II 30% 30% 30% 30% 30%

Field Crew (5) 0% 493% 493% 493% 493%
Responsible City Primary Responsibility: Engineering Department/Planning and Technical
Department Services Division; Public Service Department

Supporting Departments: Public Information

Program Element Yrl | Yr2 Yr3 Yr4 Yr5 | Total

Estimated Cost (1) Maintenance activities $1.5| $111.4| $114.8] $118.2] $121.8] $467.6
($1,000 per year) (2) Planning for new development $6.3| $64| $6.6| $6.8| $7.0f $33.2

(3) Maintenance of streets, roads, highways $0.0| $0.0| $0.0| $0.0{ $0.0! $0.0

(4) Evaluation of flood control projects $11.7] $12.1| $12.4| $12.8] $13.2] $62.1

(5) Monitoring of solid waste facilities $0.0 $0.0| $0.0| $00[ $0.0§ $0.0

(6) Program for pesticides, herbicides, fertilizer | $1.5| $1.5| $1.6| $1.6] $17) $79

Total $20.9| $131.4] $1354( $139.4| $143.6] $570.8
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4) A description of procedures to assure that flood management projects
assess the impacts on the water quality of receiving water bodies and
that existing structural flood control devices have been evaluated to
determine if retrofitting the device to provide additional pollutant
removal from stormwater isfeasible;

5) A description of a program to monitor pollutantsin runoff from
operating or closed municipal landfills or other treatment, storage or
disposal facilities for municipal waste, which shall identify priorities
and procedures for inspections and establishing and implementing
control measures for such discharges (this program can be
coordinated with the program devel oped under paragraph
(d)(2)(iv)(C) of this section); and

(6) A description of a program to reduce to the maximum extent
practicable, pollutants in discharges from municipal separate storm
sewer s associated with the application of pesticides, herbicides, and
fertilizer which will include, as appropriate, controls such as
educational activities, permits, certifications and other measures for
commercial applicators and distributors, and controls for application
in public right-of-ways and at municipal facilities."

522 MAINTENANCE ACTIVITIES FOR STRUCTURAL CONTROLS
The program for maintenance of structural controls will require no changes to the current
maintenance procedures. Additional maintenance activities will be proposed under the

NPDES stormwater permit.

Existing Maintenance Activities

Maintenance of the municipal stormwater system is handled by the Construction Division of
the City's Service Department. The Service Department has devel oped and maintains an
extensive database to track work tasks performed during the year. The database not only
tracks labor category (e.g., Equipment Operator) and labor hours devoted to each task, but
also includes equipment type and costs. The Service Department database produces
summary reports for monthly and annual work production and costs. The database includes
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more than 70 task activities of which 12 were identified as relating directly or indirectly to
stormwater management. Table 5-2 presents a summary of the fiscal year 1991-1992 Service
Department expenditures related to maintenance activities that may impact stormwater
management. During fiscal year 1991-1992 the Service Department devoted 30,588 hours or
almost 15 full-time equivalent positions to these maintenance activities. Thetotal cost to the
City was $1,345,185. The City also provides brush and leaf pickup services which are not
included in thistotal.

Stormwater maintenance in the City places some of the maintenance responsibilities on
individual property owners. The City holds easements and rights-of-way on only a small
portion of the stormwater conveyance system and generally assumes no responsibility for

maintenance or improvements on private property.

Maintenance by the City within rights-of-way and easementsis normally performed on an as-
needed basis by the Service Department. Approximately 75 percent of the storm drainage
system maintenance work performed by the Service Department isin response to direct calls
from property owners and requests from the Engineering Department. The remainder of the
storm drainage system maintenance work isin response to maintenance needs detected by the
Service Department, such as repairing collapsed pipes. Under normal conditions, the Service
Department can respond to all complaints which are the responsibility of the City as defined
by the City's stormwater policy.

Under the current system, the Service Department has divided the City into six zones, known
as model maintenance zones. Each zoneis assigned atwo-man crew for routine facility
maintenance for localized problems. These crews perform such duties as hand ditching,
unclogging drains, street sweeping, cleaning of curb inlets, and the flushing of storm sewers.
In addition to the zone crews, central crews are used to perform stormwater maintenance

activities. These crews are dedicated as follows:
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TABLE 5-2
KNOXVILLE SERVICE DEPARTMENT
SUMMARY OF STORMWATER DRAINAGE SYSTEM MAINTENANCE
FISCAL YEAR 1991-1992

Task Hours Labor Equipment | Production

Street Sweeping 7,864 $141,869 $61,111 20,165 | miles
Street Flushing 2,645 $47,653 $20,522 6,719 | miles
Grate Replacement 115 $3,956 $306 275 jobs
Curb & Gutter Repair 177 $18,072 $3,940 1,315| feet
Catch Basin Cleaning 3,136 $158,077 $73,801 9,114| jobs
Ditching (Tractor/Gradall) 146 $4.,905 $2,816 5,222 feet
Ditching (Auger Truck) 6381 $32,112 $114,331 134,450 | feet
Ditching (Hand) 431 $19,195 $2,125 11,375 feet
Storm Sewer Installation 2,178 $231,176 $48,407 2,155| jobs
Storm Sewer Repair 1,288 $136,720 $28,645 370| jobs
Catch Basin Repair 458 $48,570 $10,182 150} jobs
Hand Clearing 11,469 $136,694 $0 594 | jobs

Total 30,588]  $978.999|  $366,186]
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. A central four-man crew which is dedicated to work on maintenance of
stormwater sewers, emergency flooding, and complaint response. This crew
isalso availableto assist the zone crews with their local stormwater
maintenance activities.

. A three-man crew which is responsible for roadside ditching, catch basin
cleaning and inspection, and special projects.

. Additional personnel are dedicated to a specia projectsteam. Thisteamis

pulled from other projects for emergencies. In the winter, a portion of this
team's time is spent cleaning creeks and removing flow impediments.

Each zone crew and the central crew are equipped with:
. two Vac-Alls (the central crew has only one), used to clean curb inlets, sweep
streets, and flush storm sewers,
. aredyeing machine,
. two small pumps,
. oneindustrial pump (100 gpm),
. avariety of hand tools, and

. access to a self-loading auger.

Catch basins are inspected annually. Cleaning and maintenance of catch basins are
performed "as-needed”. Most drainage facility maintenance is performed in response to
complaints or known problems. The Service Department logs all complaints by address and
by category into a computerized database. Routine work (planned according to policy) is
tracked through work orders issued for geographical service areas.

Street cleaning is performed daily for downtown streets, and bi-weekly for all other streets.
Streets with curbing are swept, while streets without curbing are flushed. Mowing occurs

between the months of April and September and is performed on a four-week schedule.
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Proposed Maintenance Activities for Residential/Commercial Areas

Under the City's proposed program for residential and commercial areas, maintenance

activities will be expanded to include the following:

. Comprehensive stream restoration and channel maintenance program,

. Standard maintenance requirements by property owners as part of permitting
on-site detention ponds

. Routine and major maintenance of selected regional detention pond (BMP)
facilities by City crews

. Sediment disposal for maintenance activities

Stream Restoration/Channel Maintenance. The stream restoration and channel maintenance

program will require the Service Department to dedicate one field crew nearly full-time to

maintenance and restoration of urban stream channels and portions of the major creeks.

During the first and second year of the program, the Engineering Department will begin
inspections of the channel system and develop channel maintenance guidance procedures and
aschedule. Channel inspections will be performed by the Stormwater Engineer and the City
Arborist. The Engineering Department will work closely with TDEC and the Tennessee
Wildlife Resources Agency to identify maintenance activities that will provide habitat and
water quality improvements but also maintain the channel flood conveyance capacity. The

stream restoration guidance materials will address:

. Access for equipment and crews
. Equipment requirements to minimize damage to banks and erosion
problems,
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. Disposal of material removed from the streams,

. Minimizing bank clearing/channel realignments.

Shading by large trees aong stream reaches will be maintained or improved if possible.
Natural snags and other obstructions causing pool areas within the channel will not be
removed if they do not impact channel conveyance. Theinitial focus of the program will be
stream restoration and channel maintenance along areas designated as Floodways under the
Metropolitan Planning Commission (MPC) zoning maps. The stream restoration/channel
mai ntenance program may target additional upstream areas later in the permit term. The
stream restoration program is intended to become an ongoing program within the City. After
streams are initially restored, a maintenance schedule will be developed to reinspect the

streams and perform limited hand clearing on aregular schedule.

The Service Department crew will also be responsible for the removal of trash and debris
from the creeks and streams. The City currently is considering an " Adopt-a-Stream”

program which would rely on volunteers to periodically pickup trash and debris along stream
reaches within the City. The Service Department crews would assist volunteers by providing
receptacles for collecting trash and debris and removal of these receptacles. The City could
also provide Adopt-a-Stream volunteers with safety information, trash bags, pickup sticks,
and assistance with coordination. It isunlikely that the Adopt-a-Stream volunteers would be
ableto handle larger items. These items would be removed by the Service Department crews
using appropriate equipment as necessary. The Adopt-a-Stream program would be
coordinated by the Policy Development Department.

The Service Department field crews will be instructed to report incidences of illicit
discharges and/or improper disposal along mgor channels system to the Stormwater
Management Engineer in the Planning and Technical Services Department (See management

program for illicit discharges and improper disposal).
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Maintenance Agreements. The City also proposes to include a standard maintenance

agreement as a permit requirement for developments that will require on-site water quality
facilities. Minimum maintenance requirements of the water quality facility will be developed
to ensure that the facility is kept functional. The maintenance agreement will specify
minimum maintenance requirements and intervals to be performed by the property owner.
Minimum maintenance requirements will include annual cutting by bushhog or mower. The
mai ntenance agreement will also grant permission to the City to enter the subject property
and to inspect the stormwater detention facilities as deemed necessary. If the facility is not
being maintained the City will notify the property owner to repair/maintain the facility within
areasonable time period. If the property owner fails to repair/maintain the facility, the City
will perform the required maintenance at the property owner's expense.

Regional BMP Maintenance. The City proposes to study the feasibility of assuming direct

maintenance responsibility for large regional structural detention ponds that serve multiple
upstream developments. Examples of these BMPs located within Knoxville are described in
Sections 4.0 and 6.0. Routine maintenance will be conducted annually and includes a
genera inspection of the facility, the cleaning of accumulated trash and debris, and mowing.
Outlet structures will be inspected for flow impediments or other factors which could reduce
the flow capacity and/or reduce the pollutant removal efficiency of the BMP. Restoration of
outlet structures will be conducted if necessary. Mg or maintenance of regional BMPs
includes the removal of accumulated sediment and excess vegetation, as well asrepair of

erosion or structural damage. Major maintenance will occur "as needed”.

Sediment Disposal for Maintenance Activities. Disposal of spoil from maintenance of

detention ponds, stream restoration activities and other ditches and waterways will be
addressed during the 5-year term of the NPDES permit. Thereisincreasing regulatory
attention on the potential toxicity of sediment from BMPs. Currently sediments classified as

nontoxic (e.g., passing the EPA toxicity test) can be disposed of in municipal landfills.
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Tradeoffs between on-site disposal and hauling to landfills sites will be evaluated. Sediments
classified as "nontoxic” for landfill disposal may not be suitable for "on-site" disposal.
Requirements for minimum depth to groundwater, setback distance from surface waters, and
guidelines similar to land application of sludge, and erosion and sediment control should be
investigated. The City will also investigate changes to property easement requirements to
facilitate sediment removal and facility maintenance.

| mplementation Schedule for Proposed Maintenance Activities

The City will develop the stream restoration and channel maintenance program during the
first and second years of the permit term. The City does not have drainage easements or
rights-of-way along many of the channels within the City. Therefore implementation of the
stream restoration and channel maintenance program will begin after the City adopts the new
stormwater ordinances. BMP maintenance will not begin until the City has begun
implementing new BMP requirements. Partial implementation of proposed maintenance
activitiesis projected to begin during the second year of the permit term, and full

implementation is projected to occur in the third year.

5.2.3 PLANNING PROCEDURES FOR NEW OR REDEVELOPED AREAS

Existing Planning Procedures

Under the City's existing Stormwater Detention Ordinance, developers are required to
minimize increases in peak flows from urban development and establish procedures to ensure
that appropriate measures are implemented which adequately control these increases. In
most cases, this requirement is met by developers by implementing on-site detention
structures. While these structures probably provide some limited water quality benefits, their

primary function isflood control.
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Proposed Planning Procedures

Under the proposed program for residential and commercial areas, the City will investigate
revising the Stormwater Detention Ordinance to require new developments or significant
redevel opment to provide controls to reduce the discharge of pollutants to the municipal
storm sewer system after construction (the management program for construction sites
provides controls during construction). The revised Stormwater Detention Ordinance will
expand the requirements for submission of stormwater drainage and detention plans for City
review. The stormwater plans for new developments or redevel oping areas will be required
to meet water quality performance standards in addition to flow quantity control.
Performance standards for water quality might specify the protection or restoration of the
quality of ground and surface waters and protection of the beneficial functioning of existing
stream channels or wetlands for natural storage of surface waters and reduction and

assimilation of pollutants.

Design criteriato be used in the development of stormwater plans for areas of new

development or redevelopment should consider the following:

. Runoff routed through detention systems to allow suspended solids to settle
and remove pollutants.

. Runoff should be detained or retained before entering any natural watercourse
to preserve natural hydrodynamics and to prevent siltation or other pollution.
Detention and retention ponds should be designed to manage the increased
and accelerated runoff from impervious devel oped areas.

. Runoff from large parking lots, particularly parking lots serving industrial
areas with heavy bus or truck traffic, should be treated to remove oil, grease
and sediment before entering receiving waters

. Vegetated filter strips should be created or retained in their natural state along
the banks of all watercourses, stream channels, or wetland areas, to trap
sediment and other pollutantsin overland runoff.

. Offsite drainage facilities may be acceptableif discharges from the site can be
treated at a downstream site and on-site treatment options are not available.
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. Stormwater treatment facilities should be sited to avoid Waters of the State or
wetlands areas.

During the permit term, the City will prepare a guidance criteria document or adopt an
existing document applicable to the physiographic and hydrometeorologic conditionsin the
region. The guidance criteriawill describe acceptable types of BMPs, design standards, and
maintenance requirements for BMPs to be used throughout the City to meet the requirements
of the revised Stormwater Detention Ordinance. The guidance criteria should be kept on file
in the Engineering Department and distributed to developers as the officia reference to
ensure proper selection, design and maintenance criteriafor BMPs. Because maintenance of
BMPsiscritical to their long-term effectiveness in reducing pollutant loading from
stormwater, the guidance criteria should also incorporate maintenance considerations with
the design criteria to ensure that effective and maintainable BMPs are constructed in the City.
The guidance criteria should address the goals of the NPDES stormwater program by
allowing only BMPs which are effective in reducing pollutants targeted in the NPDES

stormwater regulations.

Whereas the current policy results in numerous on-site, owner-maintained detention
facilities, during the five year permit term the City will also consider implementation of
regiona water quality impacts of development. During the term of the permit, the City will
target large development projects or strategically located smaller developments that are
suitable for siting regional BMPs. Regional BMPs would serve multiple upstream
developments and typically have drainage areas ranging from 50 acres to severa hundred
acres. The City may consider offering incentives to developers to site regional BMP
facilities. Incentives might include: 1) cost share arrangements whereby the City
contributes a share of the construction costs and recoups these costs from other upstream
developments; 2) city maintenance of regional BMPs; 3) city provides assistance with
design, or other in-kind contributions. Since most development activity within the City is
primarily "infill" that occurs on the limited number of remaining vacant parcels, there are
only very limited opportunities for siting regional BM Ps without impacting existing

developments.
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Under the City's ongoing monitoring program (see program for water quality monitoring),
the City will consider siting water quality monitoring stations to evaluate pollutant removal
efficiencies of BMP facilities during the 5-year permit term. Typically a BMP monitoring
program will require collection of stormwater samples at stations located immediately
upstream and downstream of a BMP facility. Long-term monitoring, utilizing automatic
sampling equipment, is usually required to assess pollutant removal efficiencies over awide
range of storm events. The City will use the results from this program, as available, to

modify BMP planning procedures.

Schedule for Implementation of Proposed Planning Procedures

The City will begin investigating revisions to the Stormwater Detention Ordinance during the
first year of the permit term. The Ordinance revisions will be completed and implemented by
the third year of the permit term. Implementation of the BMP monitoring program will be
dependent on identifying a suitable site.

524 MAINTENANCE ACTIVITIESFOR PUBLIC STREETS, ROADS, AND
HIGHWAY S

The street sweeping activities for public streets, roads, and highways are described under the
maintenance activities program in this report (Section 5.2.1).

Deicing of roadways is performed by the Service Department and is an essential program to
ensure public safety. Sodium chloride, stored undercover at the Loraine Street facility, is
applied to highways and streets by spreaders as necessary. Application of deicing salt targets
highways and major arteries first, and residential streets secondarily. Because of the
importance of maintaining public safety and because of the relatively small amount of annual
snowfall in the Knoxville area, the City does not propose any changes to the current deicing

program.
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525 EVALUATION OF FLOOD MANAGEMENT PROJECTS

In order to assure that future flood management projects assess the impacts of water quality
receiving water, the City will investigate revising the Stormwater Detention Ordinance as
described in Section 5.2.3. The proposed program for the evaluation of existing flood control
projectsis described below.

Existing Flood Control Facilities

Currently, there are three regional detention facilities that have been constructed for flood
control currently within the City. These are:

. The detention pond on East Tennessee Natural Gas property near Downtown
West Shopping Center,

. The detention pond adjacent to Middlebrook Pike and Weisgarber Road at the
Acker Place development, and

. The detention pond located at East Towne Mall.

Proposed Program for Evaluation of Flood Control Projects

Although the three regional detention basins identified above were designed for flood
control, it may be possible to retrofit these facilities to achieve additional water quality
benefits. The City will inspect each site and evaluate the feasibility of retrofitting these
facilities for water quality benefits during the first year of the five-year permit term. The
City has already initiated evaluation of the detention pond at the Acker Place development.

Under the proposed program, the City will also initiate investigations of existing on-site
BMP facilities. Currently, the City does not have a complete inventory of these structures.

The City will begin the process of inventorying these structures and identifying maintenance
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requirements. Since there isavery large number of on-site facilities located throughout the
City, inspections and inventory activities will primarily be in response to complaints or
known problem areas. Retrofitting on-site facilities to provide water quality control will be
on adtrictly voluntary basis during the first five year permit term, unless the City can
demonstrate that the facility is the cause of known flooding or water quality problems. If a
property owner finds it necessary to reconfigure an existing on-site detention pond,
investigation of the feasibility of water quality features will be mandatory.

Schedule for Evaluation of Flood Control Projects

The City has aready initiated evaluation of the detention basin at the Acker Place
development and will evaluate the feasibility of retrofitting water quality controls at the other
two facilitiesin the second and third year of the permit term. Development of an on-site
detention pond inventory and maintenance requirements will also begin in the first year of
the permit although completion of thisinventory is not likely during the first five year permit
term. Inspections and maintenance compliance will begin pending the adoption of the new

Stormwater Detention Ordinance.

52.6 MONITORING OF SOLID WASTE FACILITIES

Paragraph (d)(2)(iv)(C) of 40 CFR 122.26 presents regulations to provide stormwater quality
improvements to selected industrial facilities and to landfills and hazardous waste facilities.
The City's program to address those requirements is presented in the management program

for industrial facilities.

NPDES Permit Application 5-17 May 1993
Municipa Part 2 Supplement City of Knoxville, TN



527 MANAGEMENT PROGRAM FOR PESTICIDES, HERBICIDES, AND
FERTILIZER

Exi sting Pesticide/Herbicide/Fertilizer Program

Pesticides, herbicides, and fertilizer are stored in abuilding at the Loraine Street facility.
This building isin compliance with al regulations regarding the storage of hazardous
materials. The Service Department's Division of Horticulture and Grounds Maintenance is
responsible for the application of pesticides, herbicides, and fertilizer. The herbicide
"Round-Up" is applied annually to City parks and rights-of-way to control unwanted weed
growth. The herbicide is sprayed by Service Department personnel who have been certified
and licensed by the University of Tennessee. Fertilizer isonly used for minor landscaping
projects and stormwater runoff from these projectsis not considered athreat to receiving

water quality.

The City does not currently require registration by commercial applicators, however
commercia applicators must be licensed under State and Federal Regulations. There are no
regul ations restricting the use of these substances by individual land owners, however,
household hazardous waste collection programs have been utilized to collect al types of

hazardous wastes including pesticides, herbicides, and fertilizer.

Proposed Pesticide/Herbicide/Fertilizer Program

For pesticide, herbicide, and fertilizer pollutants, the control program is difficult to define
since the presence of pesticides, herbicides, and fertilizersin urban runoff is not always
evident. Current problems with pesticide, herbicide, and fertilizer pollutants are not believed
to be significant. As part of the water quality monitoring program, the City will try to better
establish whether problems with these pollutants are significant.
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The City will establish a public educational program for the storage, use, and disposal of
herbicides, pesticides, and fertilizers. This program will be developed in conjunction with
the public education program developed under the City's management program for illicit

connections and improper disposal. These programs could include activities such as the

following:
. Educational mailingsinserted into utility bills,
. Public Service Announcements (PSAS) in the local media,
. Household hazardous waste collection sites.

Schedul e for Proposed Pesticide/Herbicide/Fertilizer Program

Public education programs for pesticides, herbicides, and fertilizer have aready been
implemented in conjunction with City public education programs for collection and recycling
of household hazardous waste. These programs will continue throughout the five-year
permit term. Construction of a household hazardous waste (HHW) collection facility is
contingent on State grant funds. It is anticipated that construction of an HHW collection
facility will be complete within ayear after these funds are granted. The HHW collection
program, which will include collection of pesticide, herbicide, and fertilizer waste material,

will be implemented thereafter.

52.8 STORMWATER MANAGEMENT PROGRAM STAFFING REQUIREMENTS

The staffing requirements to implement the City's stormwater management program for
residential and commercial areas are presented in Table 5-1. The Service Department will
add one new five-person field crew. This crew's primary responsibility will be to conduct the
stream cleaning and channel maintenance as defined in Section 3. In addition, a small
portion of their time will be dedicated to the routine and major maintenance of regional BMP
facilities as defined in Section 6. The new field crew will also assist in the construction and
installation of automatic sampling stations as defined in the City's management program for

water quality monitoring.
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In addition to the new field crew, the management program will aso require the Chief
Engineer and the new Stormwater Engineer to dedicate a portion of their timeto revising and
implementing the Stormwater Detention Ordinance to include water quality requirements and
evaluating plans for new development. The Stormwater Engineer will also dedicate a portion
of hig’her time to the evaluation of water quality controlsfor existing flood control projects
(water quality retrofit) as defined in Section 6.

A new Engineering Technician |1 will be responsible for the site inspection and property
owner notification of on-site BMPs described in Section 6. This program will require
approximately 30 percent of the technician'stime, with the remaining time dedicated to other

projects proposed under the NPDES stormwater permit.

5.3 MANAGEMENT PROGRAM FOR ILLICIT CONNECTIONS AND IMPROPER
DISPOSAL

53.1 INTRODUCTION

The objective of the proposed management program for the detection and correction of illicit
connections within the storm sewer system is to protect water quality by effectively
prohibiting non-stormwater discharges from entering the City's stormwater system and to
define methods to identify and remove existing illicit connections to the local storm sewer
system. The proposed program also includes a public education program to encourage public

participation and support in reducing illicit discharges.

The proposed program contains seven major elements addressing the Federal NPDES

requirements:

1 Implementation and enforcement of a new City Storm Sewer System
Discharge Ordinance which prohibitsillicit discharges to the storm sewer
system.
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2. Field screening activities to monitor and evaluate dry weather flowsin the
storm sewer system.

3. Investigation of the storm sewer system for sources of non-stormwaters where
field screening data and other information indicate a reasonable potential for
illicit discharges and improper disposal.

4. Prevention, containment, and response to spills that may discharge into the
storm sewer system.

5. Public reporting of the presence of illicit discharges.

6. Public information activities to facilitate the proper management and disposal
of used oil and toxic materials.

7. Controlsto limit infiltration of seepage from the sanitary sewersto the storm
sewer system.

Table 5-3 presents an overall summary of the City's proposed management program for illicit
connections and improper disposal, implementation schedule, estimated costs, staffing

requirements, and impacted City departments.

5.3.2 REGULATORY REQUIREMENTS

The Part 2 NPDES stormwater regulations require inclusion of the following elementsin the
program to eliminateillicit connections and improper disposal [40 CFR 122.26

(@@)(v)(B)I:

" A description of a program, including a schedule, to detect and remove (or require
the discharger to the municipal separate storm sewer to obtain a separate NPDES
permit for) illicit discharges and improper disposal into the storm sewer. The
proposed program shall include:

Q) A description of a program, including inspections, to implement and
enforce an ordinance, orders or similar meansto prevent illicit
discharges to the municipal separate storm sewer system; this
program description shall address all types of illicit discharges,
however the following category of non-storm water discharges or
flows shall be addressed where such discharges are identified by the
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Table 5-3

SUMMARY OF
PROPOSED ILLICIT CONNECTION AND IMPROPER DISPOSAL
MANAGEMENT PROGRAM
Schedule
Element Component Yr1 [ Yr2 | Yr3 [ Yr4 [ Yr5
(1) Ordinance Develop new City Ordinance prohibiting non-

stormwater discharges

Implement new Stormwater Ordinance

(2) Ongoing Field | Perform follow up analysis at the 65 Part 1 Field
Screening Screening Sites

Investigate 30-40 new field sites per year

(3) Investigation Implement procedures for mapping , field
of Storm Sewer surveys, and upstream source identification
System

Implement enforcement procedures and follow
up monitoring/inspections

Coordinate with KUB sanitary sewer inspections
(4)Spill Response Coordinate with KERT & TDEC

Program
(5) Reporting Establish and monitor "Hot-Line" phone
of Illicit Discharges |number for public reporting
Publicize "Hot-Line"
(6) Used Oil & Implementation and coordination of recycling
Toxic Materials program.
Program .
Construct household hazardous waste facility When funds allocated by State
I
(7) Control Assess rehabilitation study from outside
Infiltration consultant. Recommend capital improvements
Partial Implementation
M Full Implementation
Percent of Workload
Staffing Position Yr1 [ Yr2 [Yr3[Yr4 [ Yr5
Requirements Chief Engineer 10%| 10%| 10%| 10%| 10%
Stormwater Engineer 21% | 21%| 21%| 21%| 21%
Technician III 50%| 50%| 50%| 50%| 50%
(2) Technician IT 35% | 35%| 35%| 35%| 35%
Primary Responsibility: Engineering Department/Planning
Responsible City and Technical Services Division
Department Supporting Departments: Law Dept., Public Information
KERT, Solid Waste
Other Agencies: TDEC, KUB
Program Element Yrl1 [Yr2 [ Yr3 ] Yr4 [ Yr5 | Total |
Estimated Cost (1) Ongoing Field Screening $14.0| $14.4 | $14.9| $15.3| $15.8 $74
($1,000 per year) (2) Investigation of Storm Sewer $21.0] $21.6 | $22.3| $22.9| $23.6| $111
(3) Spill Response $1.5| $1.5] $1.6| $1.6| $1.7 $8
(4) Public Reporting $1.2| $1.2; $1.3] $1.3: $14 $6
(5) Used Qil and Toxic Materials $0.7| $0.7| $0.7| $0.8| $0.8 $4
(5) Control Infiltration from Sanitary Sewer $1.5| $1.5] $1.6| $1.6| $1.7 38
Total $39.9] $41.1| $42.3| $43.6 | $44.9] $211.8
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)

3)

(4)

(%)

(6)

()

municipality as sources of pollutants to waters of the United Sates:
water line flushing, landscape irrigation, diverted stream flows, rising
ground waters, uncontaminated ground water infiltration (as defined
at 40 CFR 35.2005(20)) to separate storm sewers, uncontaminated
pumped ground water, discharges from potable water sources,
foundation drains, air conditioning condensation, irrigation water,
springs, water from crawl space pumps, footing drains, lawn watering,
individual residential car washing, flows fromriparian habitats and
wetlands, dechlorinated swimming pool discharges, and street wash
water (program descriptions shall address discharges or flows from
fire fighting only where such discharges or flows are identified as
significant sources of pollutants to waters of the United States);

A description of procedures to conduct on-going field screening
activities during the life of the permit, including areas or locations that
will be evaluated by such field screens;

A description of procedures to be followed to investigate portions of
the separate storm sewer system that, based on the results of the field
screen, or other appropriate information, indicate a reasonable
potential of containing illicit discharges or other sources of non-storm
water (such procedures may include: sampling procedures for consti-
tuents such as fecal coliform, fecal streptococcus, surfactants (MBAS),
residual chlorine, fluorides and potassium; testing with fluorometric
dyes; or conducting in storm sewer inspections wher e safety and other
considerations allow. Such description shall include the location of
storm sewer s that have been identified for such evaluation);

A description of procedures to prevent, contain, and respond to spills
that may discharge into the municipal separate storm sewer;

A description of a program to promote, publicize, and facilitate public
reporting of the presence of illicit discharges or water quality impacts
associated with discharges from municipal separate storm sewers,

A description of educational activities, public information activities,
and other appropriate activities to facilitate the proper management
and disposal of used oil and toxic materials; and

A description of controls to limit infiltration of seepage from municipal
sanitary sewersto municipal separate storm sewer systems where
necessary;"
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Asnoted in (1), EPA specifically exempts three limited classes of non-stormwater

discharges. These classesinclude:

. Discharges that are authorized by an NPDES permit to discharge to the storm
sawer system,

. Discharges or flows from fire fighting,

. Discharges from water line flushing, landscape irrigations, diverted stream

flows, rising groundwater, uncontaminated groundwater infiltration,
uncontaminated pumped groundwater, potable water sources, foundation
drains, air conditioning condensation, irrigation water, springs, crawl space
pumps, footing drains, lawn watering, individual residential car washing,
riparian habitats and wetlands, dechlorinated swimming pool water, street
washing.

The exemption applies only where these discharges are identified by the municipality as not

being significant sources of pollutants to waters of the State. The City of Knoxville's
proposed program for illicit connections/improper disposal assumes that these sources will be
detected and corrected under the ongoing field screening and storm sewer investigations.
These sources typically do not represent significant pollutant sources. EPA has provided no
guidance for determining when these discharges represent significant pollutant sources.

5.3.3 ORDINANCE IMPLEMENTATION AND ENFORCEMENT

Existing Illicit Discharge Ordinance
Through the City Charter and the enabling authority provided in the State Code, the City

possesses the power to enact ordinances necessary for the health, convenience, safety, and
general welfare of itsinhabitants, including the provisions for fines, forfeitures, and penalties
for the violation of any such ordinances. Currently, there are no city ordinances that
specifically address prevention of illicit discharges and improper disposal into the storm
sewer system. Enforcement of Article V, Section 19-156, which forbids vandalism to city
owned property, has been used to prohibit improper disposal; and Article V, The Plumbing

Code has been cited to prevent illicit connections.
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While Knoxville's Charter empowers the City to enact ordinances, the penalties for violations
of these ordinances are not severe. The maximum fine for aviolation of an ordinance is $50
aday plus court costs. A new ordinance is needed to address the requirements of the NPDES
regulations and to specifically prohibit illicit connections and improper disposal. The State
of Tennessee Stormwater Bill (Senate Bill No. 68, House Bill No. 56) provides the City with
sufficient authority to develop and enforce the required ordinance. The State legislation
would increase maximum civil penalties to $5,000 per day and provide the City with powers
to exercise general regulation over stormwater facilities whether owned and operated by the

City or not.

Proposed lllicit Discharge Ordinance

The City of Knoxville proposes to develop a new ordinance that prohibits the discharge or
dumping of any waste, wastewaters, or other polluted waters to any natural outlets, or storm
sewers which drain to natural outlets, which are part of the City's storm drainage system.
The proposed ordinance will authorize the City to carry out all inspection, surveillance and
monitoring procedures necessary to determine compliance and noncompliance with the
ordinance. The proposed ordinance will allow for enforcement of the ordinance with
penalties granted by the State of Tennessee Code. A model ordinance is presented in
Appendix A. Theresponsibility for enforcement of the proposed ordinance will be with the
Engineering Department Planning and Technical Services Division. The Engineering
Department will coordinate with the Public Information Department to issue public notices
(through newspaper/media announcements) regarding the new ordinance. The notices will
be directed toward residential, commercial, and industrial facilities and will list specific
prohibited activities such as disposal of commercial boiler overflows to parking lots and

ultimately to the storm sewer system.
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The proposed ordinance will grant inspection and monitoring authority to the Engineering
Department as necessary to administer and enforce the ordinance. There are two major
enforcement activities related to inspections and monitoring that will be included in the
ordinance: 1) aproposed dry weather field screening program described below, and

2) existing industrial/commercial facility pretreatment inspections performed by KUB. The
Engineering Department will also notify other City Departments that perform various types
of inspectionsto report violations. Special attention should be directed to facilities that have
outdoor washing or vehicle fueling/repair equipment to prevent illicit dischargesto the storm

sewer system.

Schedule for Illicit Discharge Ordinance Implementation

Recent State passage of the State Stormwater Bill (Senate Bill No. 68, House Bill No. 56),
provides the City with sufficient enabling authority for development and implementation of
the proposed new City ordinance addressing illicit discharges and improper disposal. Based
upon internal City meetings with the Law Department, it is believed that the proposed
ordinance can be developed and approved within the first year of the permit term.
Implementation and enforcement of the proposed ordinance will be carried out throughout
the remainder of the permit term.

5.34 ON-GOING FIELD SCREENING PROGRAM

An ongoing field screening program will be conducted during the term of the permit to
monitor field screening points during dry weather conditions, for the presence of illicit
discharges and improper disposal. The proposed program will include two major categories
of field screening points: 1) field screening points identified in the Part 1 permit application
monitoring program as potentia sites for illicit discharges and improper disposal, and 2) new

field screening points throughout the City. These two programs are presented below.
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Continuation of Part 1 Field Screening Sites Evaluation

For the Part 1 NPDES permit application, 251 field screening points were screened for illicit
connections and improper disposal during the winter of 1991-1992. Descriptions of dry
weather flow, color, odor, turbidity and the presence of oil sheen and surface scum were
recorded. For the parameters pH, total chlorine, total copper, total phenol and detergents,
anayses were performed in the field using calorimetric test kits. Samples were collected and
taken to the Knoxville Utility Board (KUB) laboratory for analysis of fecal coliform. Simple
flow measurement methods were used to estimate dry weather flow rates at the field
screening points under the Part 1 application field screening program. Results from the Part
1 field screening program were recorded, stored in the stormwater database, and presented in
Knoxville Tennessee NPDES Part 1 Stormwater Application (May 1992).

Dry weather flow was observed at 65 of the field screening points, or about 26% of the 251
total sites observed. Detailed results of the sampling analysis are presented in Appendix M
of the Part 1 permit application. The vast magjority of the quantitative field screening results
were at or just above the detection limit for the field test kit, therefore data on all parameters
monitored at each site were considered in making a determination whether dry weather flows
were potentially impacted by illicit connections or improper disposal. In many cases, the
descriptive data regarding the presence of an oil sheen, surface scum, or odor were the sole
indicators of apotential problem because field test kits were negative. The results of the Part
1 dry weather field screening program indicate that illicit connections or improper disposal to
the City of Knoxville storm sewer system, which would cause spike concentrations of the

selected parameters, are relatively uncommon.

The results of the field screening were evaluated and of the 65 sites that exhibited dry
weather flow, 51 merit further investigation of potential illicit connections or other dry
weather sources. Table 5-4 summarizes the screening results made at each of these 51 sites.

In addition to the sites which exhibited dry weather flow, 16 sites which were dry during the
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Table 5-4 field screening were identified as sites which might be impacted by illegal
dumping. Table 5-5 lists the 16 sites and gives a description of the conditions at the
screening point which would suggest that the site might be impacted by illegal dumping.
During the first year of the permit, a proposed continuation of the dry weather monitoring
program will be conducted at each of the 67 sitesidentified above. The proposed field
screening program will require four additional site visits conducted by atwo person field
crew at each site employing the following protocols:

. Two samples will be collected within a 48 hour period with a minimum of
four hours between samples.

. Two more samples will be collected during dry weather approximately one
month after the first set of samplesis collected.

If dry weather flows are observed, descriptive datawill be recorded for color, odor, turbidity,
oil sheen, and surface scum. Field analysiswill also be performed using test kits for pH,
chlorine, copper, phenol, detergents, ammonia and flow rate. For samples which exhibit an
ammonialevel which is higher than the detection limit, a sample will also be collected and
taken to the KUB lab for fecal coliform analysis. Based on the recommendation of TVA
water quality staff, the City is also evaluating the use of test kits procedures that will provide
Presence/Absence for E-coli, since this microorganism is much more indicative of
contamination by human waste. Figure 5-1 presents an example of the form which will be
utilized by the field crew to record the sampling results from the on-going dry weather

screening.

The proposed dry weather screening program is virtually identical to the one conducted for

the Part 1 permit application with the following exceptions:

1) To assist field crews in the logistics of field sampling, the two samples at each
site can be collected within a 48-hour period as opposed to the 24-hour period
defined in Part 1.
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FIGURE
ATER PER

H

DATE DAY TIME
CREW WEATHER PRECIP
TESTKIT # GRID CELL # TOPO MAP #
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FIGURE 5-1 (continued)

PLAN VIEW SKETCH
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2) Ammonia has been added as a sampling parameter because it is present in raw
sewage and because the field test analysis can be conducted inexpensively and
easily. Nesder test kits can be easily used to detect ammonia and are readily
available. Since the presence of ammoniain the sample will provide an
indication of the possibility of sanitary waste, a sample will be collected and
taken to the KUB laboratory for fecal coliform analysisif the field test detects
that ammoniais present in the dry weather discharge.

3) If the first re-inspection indicates a potential contaminant, the field crews will
collect awater sample for laboratory analysis. Thefield test kits will be used
only to confirm the absence of a pollutant. A true positive reading, (e.g.,
much greater than the visual detection limits) will require collection of water
samples for submittal to the KUB laboratory.

This monitoring program for the sitesidentified in the Part 1 program will confirm or reject
conclusions in the Part 1 program. Results from the proposed ongoing field screening will be
recorded in the City's stormwater database. Changesin the status of an outfall should also be
updated in the City's GIS database. Monitoring of these field screening points will be
performed periodically after enforcement procedures until the identified problem is
corrected.

Investigation of New Field Screening Sites

The Part 1 application identified 269 maor stormwater outfalls and 704 minor stormwater
outfalls within the City of Knoxville. 251 of these outfalls, virtually all major outfals, were
screened for dry weather flow. Dry weather field screening of sites which were not identified

and evaluated under part 1 will continue during the term of the permit.

The existing grid system developed and utilized for the Part 1 application will be used to
locate and keep track of cellsfor the on-going field screening program during the life of the
permit. An effort was made during the Part 1 screening to locate each field screening point
inaunique grid cell. New sites selected as field screening points should also be located in a

unique grid cell when possible. Additionally, selection of new sites should be concentrated
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in commercial, industrial, and older residential areas. 36 of the 51 sites that exhibited
potential for illicit connections were located in First/Whites Creek, Second Creek, and
Third/East Fork Creek. New field screening sites should aso be concentrated along these

tributaries.

The storm event water quality data for three storm events collected by the USGS at the five
monitoring stations will be analyzed for the presence of pollutants not usually associated
with the land use which the monitoring station is representing. High concentrations of
certain

unexpected pollutants could indicate illicit connections or improper disposal. If the
evaluation of the USGS data indicates this potential, outfalls upstream of the monitoring

stations will be targeted as new sites for dry weather screening.

Final selection of field screening points will be based on field inspection. Where possible,
the field screening analysis will be performed at the point selected based on available map
information. If the selected outfall isinaccessible, the field crews will trace back upstream
along selected portions of the storm sewer system in order to locate an appropriate field
screening point. If afield screening location in the selected storm sewer system cannot be
found, a new storm sewer system within the same cell will be identified and the procedure re-
started.

During the term of the permit, 50 to 100 field screening points will be screened and evaluated
for potential illicit discharges and improper disposal each year. Each site will be inspected
by atwo person crew. Information about these sites will be recorded in field screening forms
(see Figure 5-1) and input into the City's database. If dry weather flow is observed, only two
samples will be collected during a 48-hour period with a minimum period of four hours
between samples. Descriptive datawill include: color, odor, turbidity, oil sheen, and surface
scum; and analyses using test kits will include: pH, total chlorine, total copper, total phenal,
detergents/surfactants and ammonia. If ammoniais detected in a sample, a sample will be

collected for fecal coliform analysis at the KUB laboratory.
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If a"new" outfall has been investigated, the City's GIS database will be updated to reflect the
screening status of the new site. City maps will indicate that a site has been screened for the
presence of dry weather flow and will indicate the results of that screening.

Where the results of the analyses of anew outfall indicate a potential for illicit discharges
and/or improper disposal, afollow-up monitoring program will be conducted in the same
manner as the dry weather monitoring program described in Section 4.1 for sitesidentified in
Part 1. That is, two sets of two samples taken one month apart. Subsequent follow-up

monitoring will be performed until the problem is corrected.

Schedule for Ongoing Field Screening Program

Re-inspection of the 67 sitesidentified in the Part 1 application will be performed during the
first year of the permit term. Field screening activities will be performed at new sites during
year two through five of the permit term. The follow-up monitoring for sites that
demonstrate a potential for illicit connections and improper disposa will also be conducted

concurrently during the five-year permit term.

5.3.5 INVESTIGATION OF STORM SEWER SYSTEM

Detailed investigations of the storm sewer system may be required upstream of the field
screening program described in Section 4.0 to pinpoint sources of illicit discharges or
improper disposal. The detailed investigation will be based on evauation of the datafrom
the ongoing field screening program and other information (e.g., public reporting) that the
City may acquire during the term of the permit which would identify areas of the storm sewer
system that would be suspected of illicit discharges or improper disposal. This element of
the proposed program will serve to detect and remove these other pollution sources. Areas
that have "clean" dry weather flows will not be further investigated. The program to

investigate and removeillicit connections will involve targeting the sites for detailed
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investigation, then performing intensive field investigation upstream of the field screening

point to identify the source. Details of the proposed program are presented bel ow.

Description and Location of Targeted Outfals

Investigations will be conducted for three categories of field screening points that have
shown or may show reasonable potential of containing illicit discharges and improper

disposal. They include:

Category 1 Field screening points which were identified in the Part 1 field
screening program, and which exhibited dry weather discharge

when reinvestigated during the on-going field screening

program;
Category 2 New field screening points that exhibit dry weather flow when
investigated under the field screening program described in
Section 4.2; and
Category 3 New outfallsidentified by public reporting of illicit discharges

or water quality impacts associated with discharges from the

storm sewer system.
The category 1 outfalsidentified in the Part 1 field screening program (Table 5-4) are
located throughout the City. Locations of outfalls from category 2 and category 3 will be

determined as the program is implemented.

Procedures for Detailed Investigation of Storm Sewers

The program for the investigation of the storm sewer system has three major components,
including mapping and evaluation, field surveys, and source identification. These

components are described below.
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Mapping and Evaluation. For each areato be investigated above atargeted outfal, alarge-

scale working map will be generated from the City GIS that includes the entire upstream
storm sewer network highlighted, drainage area delineated, and parcel boundaries indicated.
Land use information will be evaluated to determine the types of residential, commercial, and

industrial areas which might contribute the type of pollution identified at the outfall.

Field screening observations and analyses will be evaluated with consideration given to the
types of land uses that discharge stormwater into the sewer system above the field screening
point. Commercia and industrial land uses will be targeted for these investigations.
Chemical and physical properties tables published in the Assessment of Non-Storm Water
Discharges into Separate Storm Drainage (EPA, 1990) and other similar sources can be used
to evaluate the upstream land uses. Special attention will be given to sanitary, industrial,

commercial, septic tanks, and vehicle maintenance activities as potential pollution sources.

1) Field Surveys. After performing the mapping evaluation, a manhole-by-manhole

inspection will be conducted to try to pinpoint the location in the storm sewer system which
isthe source of theillicit discharge. This inspection requires atwo person crew to go to the
outfall where the polluted dry weather discharge was detected, and should be performed
immediately after the dry weather field screening. The field crew will be equipped with the
same testing and safety equipment used during initial dry weather screening. After
confirming that dry weather flow is present at the outfall, the field crew will move to the next
upstream manhole or access point. If flow is present at the next manhole, a sample will be
collected and descriptive datawill be recorded. Descriptive datawill include: color, odor,
turbidity, oil sheen, surface scum, and any other descriptive information that could help
identify the type of discharge in the sample. A description and location of the manhole will
be recorded aswell. Thefield crew should evaluate any commercia/industrial facilities,
residences, and other land uses in the proximity of the manholeto try to identify potential
sources of illicit discharges or improper disposal. Figure 5-2 presents the field screening
form to be utilized by the field crew during manhole inspections for potential illicit

connections.
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Once dry weather flow at the upstream manhole has been identified as containing the
potential illicit discharge, the field crew will move to the next upstream manhole and repeat
the procedures. In cases where there is more than one source of dry weather discharge
entering a manhole, the field crew will record this information on the screening form, and
then track each source separately. All sources should be tracked upstream manhol e-by-
manhole until the dry weather discharge is no longer detected. The field crew should identify
the last manhole where dry weather flow is present and assess the potential sourcesin the

proximity of that manhole. This datawill be important for source identification.

The field crew should also determine whether there has been a change in the flow rate
between one manhole and the next upstream manhole. If the flow rate appears to have
decreased, anillicit connection might exist between the two manholes. If thisisthe case,
guantitative samples will be taken at each manholeto try to determine if there has been a
change in the pollutant parameters as well as the change in the flow rate. Changesin the
concentration of the pollutant parameters could help confirm the presence of anillicit
connection between the two manholes. The field crew should record quantitative field

measurements on the field screening form presented in Figure 5-2.

2) Source Identification. Once the manhole inspection has identified the outfall area (i.e.

between two manholes) and the probable type of industrial or commercial activity, sanitary,
or other source has been identified, source testing will be necessary. If thereisonly one
possible source in the area (i.e., a pipe discharging gasoline from a tank farm), source
identification and follow-up for corrective action should be straightforward. Multiple

sources, or non-definitive sources may require additional evaluation and testing.

For asingle source, five steps will be taken to remove theillicit discharge or prevent
improper disposal in to the storm sewer. These steps include: 1) sending aletter with
guestionnaire, 2) asite visit and interview, 3) dye tests or smoke testsif required,

4) notification of noncompliance, and 5) follow-up inspections.
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Step 1

Step 2

Step 3

Step 4

Step 5

Send a notification letter to the owner/operator of the property/site
suspected of discharging a source of pollution. Request that the
owner/operator fill out aquestionnaire that describes the activities on
the site and the possible sources of non-stormwater discharge. The
questionnaire will require identification of items such as. alist of
hazardous substances, chemical storage practices, materials handling
and disposal practices, storage tanks, types of permits and pollution
prevention plans.

Setup ameeting at the site between City inspectors and the
owner/operator of the property where the pollution source is suspected.
Most illicit discharges and improper disposal can probably be detected
during this step. Site owners/operators will be made aware of the
problem and will be encouraged to take voluntary corrective measures.

Perform additional tests as necessary if the initia site inspection was
not successful in identifying the source of the problem. Fluorometric
dye tests of the plumbing fixtures and floor drains, and/or smoke tests
could be used to pinpoint the source. If this step becomes necessary,
the City can request the Knoxville Utility Board to assist with these
tests.

Issue of a notice of noncompliance if the owner/operator does not
voluntarily initiate corrective action. This step is dependent on the
enactment of anew storm sewer discharge ordinance described in
Section 2. Upon notification of noncompliance, the owner will be
subject to the penalties stipul ated in the ordinance.

Perform follow-up inspections to determine if corrective actions have
been implemented to remove theillicit discharge or eliminate the
improper disposal. Thisinspection will be conducted after the
owner/operator has had reasonable time to assess the problem and take
corrective action. Flagrant violation or disregard of the ordinance can
result in daily penalties. Other measures, such as notification of
TDEC and/or the news media, will also be considered.

The City's responsibility for each of these steps will vary depending on the nature of the

source. If anillicit discharge or improper disposal is traced to an industrial facility who may

be unaware of the problem, the City will send aletter to the facility notifying the owner or

operator. Industrial facilities are responsible for obtaining either individual or group NPDES

stormwater discharge permits, and responsibility for investigation and compliance belongs
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with the State. If the non-stormwater discharge is determined to be an illicit sanitary sewer
connection to the storm sewer system, the City will notify the Knoxville Utility Board which
should take action according to its current policies to correct such problems.

Under the program for residential and commercia areas, the City Service Department will
have one field crew assigned full time to the maintenance and cleaning of the city's creeks
and tributaries. Thefield crewswill also be instructed on how to identify cases of improper
disposal and to report these problems to the Engineering Department. If the location of illicit
discharge/improper disposal is on private property, and the owner of the property is
suspected of the dumping, the field crew will report this to the Engineering Department. The
City will then follow the steps listed above to make the owner aware of the violation and

ensure that the problem will not reoccur.

Schedule for Detailed Storm Sewer |nvestigations

The detailed storm sewer investigations include three major activities. mapping and
evaluation, field surveys, and source identification. The schedule and level of effort required
to conduct the proposed program is difficult to determine until the extent of theillicit
connection/improper disposal is better defined. Furthermore, each investigation may involve
avery different allocation of manpower and resources. Therefore, no formal schedule can be
developed for this portion of the management plan. The detailed investigations of the
potential problem areas identified under Part 1 will be initially targeted during years one and

two of the permit term.

5.3.6 SPILLS RESPONSE PROGRAM

The components of the City's Spill Response program include 1) inspection and prevention
and 2) spill response and cleanup. These programs are adequately handled by existing
City/State programs and the City's proposed program will be limited to increasing levels of
interagency coordination.
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Existing Spills Response Program

The Knoxville Emergency Response Team (KERT) is a coordinated function of the
Knoxville Fire Department (KFD), the Knoxville Police Department (KPD), and the
Knoxville-Knox County Emergency Management Agency (KKEMA). KERT operates under
the administration of the Chief of the Knoxville Fire Department and the Chief of the
Knoxville Police Department.

KERT has a detailed Standard Operating Procedures Manual (SOP) which defines al

protocols for emergency response. The KERT "action plan” provides for the following

procedures:
1. Safety of citizens
2. Safety of emergency personnel
3. Evacuation of endangered areaif necessary
4. Control of situation
5. Stabilization of material involved and/or
6. Disposal or removal of materials

All KERT personnel are trained to follow the above procedures and to meet at least the
minimum State and Federal Guidelines.

KERT is equipped with adsorbents and flame retardant foams. Reserve supplies are offered
by private industrial facilities. KERT is also equipped with a quick response vehicle called
Emergency Response One (ER-1). This vehicle, manned by a minimum of two fully trained
KFD personnel, offers swift mitigation of hazardous materials spills and rescues of victims of
hazardous materials incidents. KERT is equipped with all safety equipment necessary to

ensure the safety of its personnel.
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Once safety has been established at a spill, KERT uses adsorbents and diversionsto contain
spills. Booms are used if a spill enters astream. Once a spill is contained, the company
responsible for the spill contacts one of several approved companies that dispose of
hazardous materials. The company responsible for the spill negotiates a contract with the

company specializing in hazardous material disposal.

The company responsible for the clean-up of the spill must send a summary report to KERT
identifying actions taken to re-establish pre-spill conditions. In many instances, KUB and
the State perform the required water quality sampling and testing. Samples are collected
when a spill occurs, during points of spill stabilization, and after the spill has been cleaned-
up. Thisinformation is used to determine the impact of the spill on the surrounding water

guality environment.

I nspections Program

The federal government requires a spill prevention and control and countermeasures (SPCC)
program which regulates non-transportation related facilities that may reasonably be
expected to discharge oil into waters of the State. An SPCC plan must include an inspections
schedule. In addition there are other programs that address facilities which may be involved
with aspill. For example, OSHA regulates equipment specifications at oil storage facilities
and requires periodic inspections (by OSHA) to ensure compliance of storage tanks. The
U.S. Coast Guard regulates facilities capable of transferring oil in bulk from any vessel with
a capacity of more than 250 barrels (approximately 10,500 gallons). Inspections of these
facilities are performed annually. The EPA Office of Underground Storage Tanks requires

inspections of underground storage tanks.
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Due to resource limitations, the City of Knoxville is not proposing any enhancements to the
existing spill prevention and inspection program beyond increased levels of coordination and
communication between City departments and with state and federal agencies. KERT shall
provide the City Engineering Department with information on any spills that have occurred
that could affect the city's storm sewer system. The Engineering Department will assess this
information and assess what impact the spill will have on the other programs defined under
the NPDES stormwater permit (i.e. stream flow monitoring, source identification, etc.).

5.3.7 REPORTING OF ILLICIT DISCHARGES AND WATER QUALITY IMPACTS

Public Education Programs

The City of Knoxville has sponsored or co-sponsored a number of excellent programs to
educate the public on environmental issues that relate to water quality and ways to protect it.
The Knoxville Department of Policy Development and Human Resources developed a
brochure entitled "Knoxville's Waterfront: Environmental Initiatives'. This brochure was
distributed to businesses and residential households that own property along the lakes and
rivers within the city and includes descriptions of programs that address water quality.
Among these programsis the Water Quality Forum, the River Rescue Coalition, the
Knoxville Area High School Environmental Conference, and the Knoxville Greenways and

Community Trails Commission.

Water Quality Forum: A cooperative network of representatives from organizations
and agencies charged with monitoring and regulating regional water quality. Includes
City staff (Policy Development, Engineering, Law), Knox County Health
Department, TVA, University of Tennessee, East Tennessee Development District,
TDEC, Knoxville-Knox County Metropolitan Planning Commission, U.S. Coast
Guard, Tennessee Emergency Management Agency, Knoxville-Knox County
Emergency Management Agency, US SCS, Tennessee Wildlife Resources Agency,
and USGS.

River Rescue Coalition: Community volunteers organized by the "Festival on the
River" to clean up the banks of the Lake Loudoun reservoir and it's tributaries. The
objective isto educate and stimulate community awareness of pollution sources and
prevention.
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Regional High School Environmental Conference: Involves high school studentsin
the design and implementation of projects that enhance the environment and foster
environmental responsibility. Informs students of various opportunities available to
respond to environmental problems.

Knoxville Greenways and Community Trails Commission: Reviews existing plans
related to greenways, is creating a plan for an overall greenway system, especially
along selected stream corridors including, Third Creek, First Creek, North River, Ten
Mile Creek, and Love's Creek.

Public education isamajor element of all of these programs which promote awareness and
responsiveness to the environmental needs of the city, particularly recognition of the
importance of City's waterways. These programs will increase the level of community
action, public and private support, and will facilitate progress towards cleaning the City's

creeks and rivers.

The City also co-sponsors Clean Water Week during which representatives meet with school
children to show them how pollution affects the streams around them. This usually involves
aboat trip or stream walk to show children the effects of pollution on water quality. Field
trips of this type help children develop an awareness and understanding of the importance of
controlling pollution. The City is also developing an "Adopt-A-Creek" program to involve

citizens in cleanup and restoration of the City's creeks.

Existing Reporting Programs

Drainage complaints and reporting of spill incidents and other polluting activities are referred
to the Engineering Department. An inspector in the Engineering Department Civil
Engineering Division currently handles all drainage (flooding) complaints. Polluting
activities (water quality) are referred to an Inspector in the Engineering Department Planning
and Technical Services Division. Thereis currently no systematic method for reporting the
presence of illicit discharges and other related water quality problems and thereis only

limited interaction between the flooding and water quality complaint response.
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The Knoxville office of the Federal Bureau of Investigation (FBI) and the Eastern
(Tennessee) Digtrict of the United States Attorney's Office have established an environmental
hotline, which is designed for the reporting of environmental crimes. Tips from the hotline, a
toll-free "800" number, are immediately followed up, and the FBI fully investigates the
situation if there is evidence of environmental crimes. The intent of this program isfor the
FBI to take amore active role in the enforcement of environmental laws and to encourage

public participation in the reduction of environmental crimes.

Proposed Public Information Program

During the term of the permit, the City of Knoxville proposes to establish and publicize a
separate "Hot-Line" telephone number that citizens can call to report instances of illicit
discharges and improper disposal. A member of the Engineering Department will be
responsible for monitoring the hotline and coordinating with other proposed programs (i.e.
source identification, long-term water quality monitoring). Callswill be recorded with an

answering machine 24-hours aday. The recording will identify a City contact person.

The City will continue to be a co-sponsor with organizers of various water quality programs,
such as the River Rescue, to ensure that public reporting is encouraged in each of the
programs. The City will ensure that the hotline phone number isincluded in brochures and
|eaflets produced by the water quality programs. Educational literature and the hotline phone
number will also be inserted into utility bills mailed by KUB. Public service announcements
(PSAs) which identify practices that are considered illicit and/or improper (i.e. dumping used
oil) should be produced for the local media. These PSAswill also identify the hotline phone
number. The goal of all these educational programs should be to make each citizen aware of

his/her own responsibility to assure clean water in the city.
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5.3.8 MANAGEMENT AND DISPOSAL OF USED OIL AND TOXIC MATERIALS

Existing Used Oil Toxic Materials Program

The City of Knoxville does not currently operate a used oil/household hazardous waste
disposal program. Used oil, antifreeze, and used batteries are accepted from the public at
several local gas stations and WalMart stores. There are also severa private firmslocated in
the City that collect and recycle larger quantities of used oil from industrial facilities. The
City uses one of these companies for oil disposal for City-owned vehicles and equipment.
The City also operates atire shredder which accepts used tires from the public. Shredded
tires are currently disposed of in amunicipal landfill. A one-day collection program for
household and commercia hazardous waste materials was held in 1991 by TVA and a
private industry (Rohm & Haas).

Proposed Used Qil and Toxic Materials Program

During the term of the permit, the City Office of Solid Waste will be developing a program
which encourages the proper disposal of used oils and toxic materials by the public.
Elements of this program will include drop-off recycling centers located in convenient
locations throughout the City, educational brochures to be mailed with utility bills, public
service announcements promoted through the local media, and telephone numbers of
agencies to contact for further information.

The Office of Solid Waste is responsible for implementation and coordination of the
recycling program. The City Engineering Department will periodically meet with the Office
of Solid Waste to keep apprized of development of the program and any changesto the

program during the term of the permit.
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The City has applied for a State grant which would provide funds for construction of a
facility to collect household hazardous waste. The State Solid Waste Act provides $1 million
to be allocated between each of the four major citiesin Tennessee. Grant funds for only one
facility will be available per budget cycle, therefore it will require four yearsto construct

HHW facilitiesin al four cities.

Schedule for Used Oil and Toxic Material Program
The City is co-sponsoring a Household Toxics Roundup on May 8, 1993. Other sponsors of

the Roundup include the Knoxville News-Sentinel and TVA. Various other private
industries and organizations are providing services or financial support. The Roundup will
provide the public with an opportunity to safely dispose of unwanted items that otherwise
might be disposed of in trash, sanitary sewers, or by improper disposal (dumping). The

Roundup will accept the following materials:

. Automobile Products antifreeze, auto batteries, transmission /brake
fluid, used motor ail,

. Household Products Ammonia based cleaners, cleaners containing
bleach, disinfectants, drain cleaners, floor and
furniture polishes, household batteries,
mothballs, oven cleaners, photographic
chemicals, poll chemicals, rug and upholstery
cleaners, scouring powders, and toilet cleaners,

. Paint Products Furniture stripper, paint (latex or oil-based),
paint thinner, wood preservative or stains,

. Pesticides Insecticides, fungicides, herbicides, pet flea
collars/soaps/sprays, roach or ant killers.

Construction of a permanent facility for Household Hazardous Waste Collection is
contingent on State Grant Funds. It is anticipated that construction of an HHW collection
site will be complete within one year after these funds are granted and that the HHW

collection program will be implemented thereafter.

NPDES Permit Application 5-53 May 1993
Municipa Part 2 Supplement City of Knoxville, TN



5.3.9 CONTROL PROGRAM TO LIMIT INFILTRATION FROM SANITARY SEWERS

Existing Sanitary Sewer Program

The Knoxville Utility Board (KUB) has operated the sanitary sewer system within the City of
Knoxville since 1987. KUB has taken a two-pronged approach to limit exfiltration from
sanitary sewers by 1) a monitoring program along the mgjor streams to identify existing
problem areas, and 2) ensuring that all new construction meets design criteria. KUB requires
quality assurance tests on all sanitary sewer mains, laterals, and manholes. All new sewer
line and manhole construction is air tested by the contractor. A KUB inspector witnesses the
air test and furnishes required meters and gauges. The contractor is required to provide
material and equipment to set up the air test (e.g., air compressors, blowers). KUB provides
specific guidance on allowable pressure drops in accordance with ASTM C-828. If the
sanitary sewer does not pass the air test, the leak must be located, corrected and the line re-
tested. KUB also requires vacuum testing of manholes immediately after installation.
Manholes that do not pass the vacuum test must be repaired by digging around the outside as
well as sealing the leaks from theinside. KUB also requires afinal visual inspection of

sanitary sewer lines and manholes to identify and correct any broken or cracked pipe.

Proposed Sanitary Sewer Program

KUB is currently having a sanitary sewer system rehabilitation study performed by an
outside engineering consultant. The study recommendations will be completed by July 1993.
The sewer system study will identify system deficiencies and will recommend and prioritize

capital improvements to the sanitary sewer system.
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5.3.10 STAFFING REQUIREMENTS

The staffing requirements to implement the City's management program for illicit
connections and improper disposal are presented in Table 5-3. The Engineering Department
Planning and Technica Services Division will add one new Engineering Technician Il to
assist the existing Field Inspector (Engineering Technician I11). The existing Field Inspector
will spend approximately 50% of histime on this program. The Field Inspector has been
deputized and has authority to issue notices of violation and other actions as required to
enforce City ordinances. The new Engineering Technician Il will spend approximately one
third of hig’her time on theillicit connection program. A new staff position within the
Engineering Department Planning and Technical Services Division will include a Stormwater
Engineer who will spend approximately 20% of his/her time supervising the field operations

and reviewing and reporting on field screening results.

54 MANAGEMENT PROGRAM FOR INDUSTRIAL FACILITIES

54.1 INTRODUCTION

The stormwater regulations target certain industrial facilities as potentially discharging
significant pollutant loads into the storm sewer system of the City of Knoxville. Although
many industries are already covered by monitoring, reporting and inspection requirements of
their own individual or general NPDES stormwater permits, the City recognizes the impor-
tance of identifying potential impacts from industries discharging stormwater to the City's
municipal separate storm sewer system. The City proposes to increase coordination with the
Tennessee Department of Environmental Conservation (TDEC), the Knoxville Utilities
Board (KUB), and industries which have applied for NPDES storm water permits. The City
proposes to review the inspection and monitoring programs implemented by individual
industries or as part of KUB's pretreatment program and to identify discharges associated
with industrial activities through other programs proposed under the City's Part 2 NPDES

stormwater permit application. The City will maintain a database of information relating to
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discharges of stormwater from industrial facilities. The City's proposed program will not

require full time dedication of existing or additional staff members, but a portion of their time

will be required for the program described herein. Responsibility for this program will

belong with the Knoxville Engineering Department Planning and Technical Services

Division. Table 5-6 presents an overall summary of the proposed management program for

industrial facilities, including an implementation schedule, estimated costs, staffing

requirements and City departments involved.

54.2 REGULATORY REQUIREMENTS

The Part 2 NPDES stormwater regulations require inclusion of the following programsin the
permit application [40 CFR 122.26 (d)(2)(iv)(D)]:

" A description of a program to monitor and control pollutantsin stormwater dis-
charges to municipal systems from municipal landfills, hazardous waste treatment,
disposal and recovery facilities, industrial facilities that are subject to section 313 of
title 111 of the Superfund Amendments and Reauthorization Act of 1986 (SARA), and
industrial facilities that the municipal permit applicant determines are contributing a
substantial pollutant loading to the municipal storm sewer system. The program

shall:

1)

)

Identify priorities and procedures for inspections and establishing and
implementing control measures for such discharges;

Describe a monitoring program for storm water discharges associated
with the industrial facilitiesidentified in paragraph (d)(2)(iv)(C) of
this section, to be implemented during the term of the permit, including
the submission of quantitative data on the following constituents: any
pollutants limited in effluent guidelines subcategories, where
applicable; any pollutant listed in an existing NPDES permit for a
facility; oil and grease; COD, pH, BODs, TOSS total phosphorus,
total Kjeldahl nitrogen, nitrate plus nitrite nitrogen, and any
information on discharges required under 40 CFR 122.21 (g)(7)(iii)
and (iv)."
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Table 5-6

SUMMARY OF
PROPOSED INDUSTRIAL FACILITIES
MANAGEMENT PROGRAM
Schedule
Element Component Yr1 | Yr2]Yr3]Yrd ] Yr5
(1) Ordinance Develop new City Ordinance prohibiting non-

stormwater discharges.

Implement new Stormwater Ordinance.

(2) Inspection

Collect and analyze NOIs from Industrial

Element Permit applicants.

Collect and analyze KUB inspection reports.

Assess impact to storm sewer system.

Identify potential industrial discharges through

Illicit Connection and Improper Disposal Program.

Develop inspection program as part of PPPs for

municipal industrial facilities (KTRANS, others).
(3) Monitoring Collect monitoring data from industrial storm water

Element dischargers. Assess impacts to storm sewer system.

Analyze results from ongoing monitoring program.

Identify industrial pollutants and cross-reference

land use information to identify industrial sources.

Manage and conduct monitoring program at

municipal industrial facilities (KTRANS, others)

Partial Implementation
M Full Implementation
Percent of Workload

Staffing Position Yrl ! Yr2 | Yr3 | Yr4 | Yr5
Requirements Chief Engineer 2% 2% 2% 2% 2%

Stormwater Engineer 21% | 21%| 21%| 21%| 21%

Technician III 10%! 10%{ 10%| 10%| 10%

Technician II 4% 4% 4% 4% 4%

Primary Responsibility: Engineering Department/Planning
Responsible City and Technical Services Division
Department Supporting Departments: Law Dept.

Other Agencies: TDEC, KUB

Program Element [Yr1 [ Yr2 [ Yr3 [ Yrd4 [ YrS || Total

Estimated Cost (1) Inspection Element $7.4| $7.6| $7.9| $8.1] $8.3| $39.3
($1,000 per year) |(2) Monitoring Element $6.7| $6.9| $7.1| $7.3| $7.5| $35.6

Total $14.1{314.5] $15.0| $154| $159| $74.9
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The City of Knoxville does not own any operating or closed landfills, or any facilities subject
to SARA regulations. The objective of this section is to describe the City's existing efforts
and proposed enhancements to the program that address the two elements specified by the
NPDES regulations.

5.4.3 INSPECTION PRIORITIES AND PROCEDURES

Inspection protocols under the City's industrial facilities management program will include
increased coordination with industries, TDEC, and the Knoxville Utilities Board (KUB) as
well as coordination with other management programs proposed under the City's NPDES

stormwater permit application as described below.

Existing Inspection Procedures

Inspections of industrial facilities are currently performed by KUB inspectors as part of the
pretreatment program. KUB inspectors currently inspect approximately 2,000 commercial
and industrial facilities per year for backflow preventor operation, approximately 1,700
facilities per year for fire protection, 35 large clients which have industrial discharge permits,
and about 100 customers whose discharge to the wastewater sewer system contains high
levels of BOD:s.

Industrial permit holders are subject to complete facility inspections annually. KUB person-
nel visit the industrial facility equipped with an industrial compliance inspection checklist.
This checklist is presented in Figure 5-3. Some items on the checklist address impacts of
potential contamination of storm sewer runoff from the industrial sites. These itemsinclude
adescription of facility spill control plans/procedures (item 19), identification of priority
pollutants used at the facility (item 24), and location of plumbing fixtures (floor drains, etc.)
in the facility (item 26).

NPDES Permit Application 5-58 May 1993
Municipa Part 2 Supplement City of Knoxville, TN



Figure 5-3

INDUSTRIAL COMPLIANCE INSPECTLON

1.) Date: Time

2.) Company Name:

3.) Address:

4.,) Contact Officlalr

5.) ‘Authority Interviewed:

6.) Telephone No.:

7.) Type of Industry:

8.) SIC Code:

9.) Water Source:

KUB : GPD Acc. No.
Well: : GPD
Other: GPD

10.) Sewage Volume: . GPD

11.) Hours of Operation:

12.) Are the pretreatment facilities being properly operatéed and
’ majintained?

13.) Are there any flows diluting the process flow?

14,) To what degree {s Q.C. maintained with respect to
. conformance to established procedures in obtaining:
a.) samples
be) flows
c.) analysis
d.) 4instrument calibration
e.) records, pH charts, etc¢,

15.) Does this plant split samples with WWCS?

16.) Who hauls the process generated s0lid waste?
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Figure 5-3

17.) Where does this solid waste go?

18.) Scavengers for grease, etc?

19.) Describe spill control plans/procedure.

20.) Surface areca of production (8q-m, sq-yds, sq-£ft) . or
amount produced (kkg, 1000 1bs, cu-m, cu-yds,cu=—f€lam —

21.) 1f metal plating, how often is cleaniug solution, bath,

. etc. changed?

22.) Ave the faclllity s process wastewaters segregated such that
only process wastes are sampled?

23.) 1If metal plating does the company own the products it
plates?

24.) Chemicals Used
a.) In Process:
b.) In Maintenance:
¢.) Priority Pollutants:

25,) Follow-up compliance activities:

NPDES Permit Application 5-60 May 1993

Municipa Part 2 Supplement City of Knoxville, TN



Figure 5-3

26.) DESCRIPTION OF PROCESS DIAGRAM:
Please include the location of:

water meter(g)

sampling point(s)

.sever tap(s)

pretreatment system

plumbing fixtures (floor draing, etc.)

[(o I <o BN sy 1]

27.) DESCRIPTION OF PROCESS NARRATIVE:

28.)

INSPECTOR'S SIGNATURE
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As part of the inspections, KUB inspectors also try to identify obvious cases where runoff
from industrial facilities could impact the stormwater quality, such as floor drains on loading
docks which drain to creeks, or outdoor storage of chemicals or hazardous materials. KUB
performs dye tests at facilities which are suspected of having improper connections to the

storm sewer system.

Proposed Inspection Procedures

The City's proposed inspection program for industrial facilities will focus on increasing the
level of coordination between industries, TDEC, KUB, and the City to target facilities that
are suspected of discharging pollutants to the municipal separate storm sewer system. The
City is not proposing to perform on-site facility inspections because of resource limitations
and because this would duplicate much of the facility inspection currently being performed
by TDEC and KUB. Storm sewer inspections described in the proposed illicit connections
and improper disposal management program in the City's Part 2 NPDES stormwater permit
application will be the primary tool for assisting the City to identify discharges from
industrial facilities. The City will also be responsible for preparation and monitoring
requirements of the NPDES stormwater discharge permits for municipal industrial facilities
(i.e. KTRANS).

Under the stormwater regulations, industrial facilities, as defined in 40 CFR 122.26(b)(14),
must obtain NPDES permits directly from the TDEC. These regulations require that
facilities discharging to Knoxville's municipal storm sewer system must also notify the
operator (Chief Engineer) of Knoxville's system. The City proposes to coordinate with
TDEC and the industrial facilities to ensure that al Notices of Intent (NOIs) have been
submitted to the City. The City will review these notices and evaluate the potential impact of
stormwater runoff to the municipal storm sewer system. As part of the permit requirements,
an industrial facility may be required to develop a Pollution Prevention Plan (PPP) to ensure

that pollutants are not entering the storm sewer system. Upon review of an NOI, if the City
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determines that additional information is needed, the City may require that the industry also
submit a copy of the PPP to the Chief Engineer. The City will maintain these datain the
industrial database.

Part of KUB's inspectors current pretreatment program includes inspecting a large number of
facilities which may not be included in the state industrial stormwater requirements. Under
the City's proposed program, KUB has agreed to include a stormwater checklist as part of the
pretreatment checklist. This stormwater checklist will include items addressing potential
pollutant contamination of runoff to the storm sewer system. The proposed stormwater
checklist is presented in Figure 5-4. The first question on this checklist asks if the facility is
currently operating under or applying for an NPDES stormwater discharge permit. If the
answer is affirmative, the inspector will note the NPDES permit number, and no other
information will be required. If the answer is negative, the inspector will continue to address

the items on the checklist.

Items on the Industrial Stormwater Facility Checklist include descriptions of materials stored
with potential exposure to stormwater runoff; descriptions of stormwater control measures,
descriptions of the locations and the nature of activities which could cause exposure of
pollutants to stormwater; and a description of the spill history at the facility. Most of these
guestions can be completed by an authorized facility employee (i.e. plant manager). KUB
may require that this checklist be completed by an authorized facility employee at the time of
the ingpection with instructions to transmit the completed checklist directly to the Knoxville
Engineering Department.

The KUB will transmit inspection schedules and provide the City with copies of the compl et-
ed inspection checklists. The City will review and evaluate these forms to assess the
potential impact of stormwater runoff from the facilities. If the City determines that a certain
facility isapotential source, theillicit connection/improper disposal field monitoring
activities will target outfalls receiving these discharges. The City will maintain the

inspection resultsin the industrial database.
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Figure 5-4
INDUSTRIAL STORMWATER FACILITY INSPECTION CHECKLIST

1) Isthisfacility currently covered under an NPDES Storm Water Discharge Permit?
Y?__ N?

2.) If Yes, what isthe permit number? Sign and submit form.
If No, Continue with questionnaire.

3) Where does the stormwater runoff discharge from this facility?
Draw schematic on back.

4) Describe any significant materials (fuel, chemicals, fertilizers, etc.) stored outside
exposed to rainfall.

5.) Describe any control measures established to contain stormwater exposed to these
materials, such as flow diversions, detention ponds, sediment traps, etc.

6.) Describe locations and activities that could cause exposure of pollutants to
stormwater runoff (loading docks, fueling stations, maintenance areas, dumps, €tc.)

Location Activity
7.) Describe any spills or leaks in the last three years.
8.
Signed Date Title
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The proposed illicit connection and improper disposal program defined under the City's Part
2 NPDES stormwater permit application will also address runoff from industrial facilities.
[licit connections or improper disposal from industrial facilities which are discovered while
inspecting the storm sewer system under this program will be recorded in the facilities file in
the database. This City will contact the TDEC, KUB and/or industrial facility directly to
identify the problem. Enforcement of corrective action may vary depending on the nature of
the discharge. For example, the KUB isresponsible for industrial facilities with illicit
sanitary sewer connections, and the TDEC is responsible for facilities with NPDES storm

water permits.

The City will develop the Pollution Prevention Plan (PPP) for the City's municipal industrial
facilities (i.e. KTRANS, others). The PPP will be developed in conjunction with KTRANS
staff as part of the responsibilities of the new Stormwater Engineer and will be completed in
accordance to the rules promul gated in the Tennessee Baseline General Permit for Storm
Water Discharges Associated with Industrial Activity (Dept. Rule 1200-4-10-.04). The
TDEC will be responsible for the approval of the Pollution Prevention Plans of the City's

municipal industrial facilities.

Schedule for Inspection Program

Collection, review, and evaluation of all NOIswill be completed in the first year of the
permit term. Evaluation of stormwater inspection checklists compiled by KUB and any PPPs
will begin in the second year of the permit, and continue for the duration of the permit term.
Development and management of the municipal industrial facilities PPPswill begin in the
first year of the permit and will continue for the duration of the permit term. Staff required to
implement this plan will be hired during FY 93 and FY 94. (Staff will also work on other
programs defined in the NPDES permit application.)
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5.4.4 DESCRIPTION OF MONITORING PROGRAM

The City's monitoring program for industrial facilities will rely primarily on data collected by
TDEC, KUB, and on self-monitoring by industrial facilities. The City isnot proposing to
monitor stormwater discharges from individual facilities. Areas of industrial land use (e.g.
industrial parks) will be included in the sites selected for the Ongoing Monitoring Program
defined in the City's Part 2 NPDES stormwater permit application. In addition, the City will
manage and perform the annual monitoring requirements for the City's municipal industrial
facilities (KTRANS, others)).

Existing Monitoring Program

There are no existing programs established by the City of Knoxville for monitoring storm

water runoff from industrial facilities located within the City.

Proposed Monitoring Program

As part of the NPDES Permit for stormwater discharges associated with industrial activity,
applicants are required to monitor, at least annually, al stormwater outfalls identified on the
facilities Pollution Prevention Plans. Applicants must monitor in accordance with TDEC
Rule 1200-4-10-.04. The City will obtain the results of the industrial outfall self-monitoring
either from TDEC or directly from the industrial discharger. The City will maintain this
information in the City'sindustrial database, and will assess the impact of the monitored
discharges on the water quality of the storm sewer system on an annual basis. If the City
determines that additional data needs to be provided in the monitoring program (reports on
additional parameters, etc.), requirements for an expanded program for subsequent
monitoring events will be coordinated with TDEC and the industrial discharger. The City is

not proposing to perform storm event monitoring for individual industrial facilities.

NPDES Permit Application 5-66 May 1993
Municipa Part 2 Supplement City of Knoxville, TN



The City's Ongoing Monitoring Program defined in the Part 2 NPDES stormwater permit
application will include the monitoring of stormwater runoff from areas of industrial facilities
(e.g. industrial parks). Stormwater samples will be collected and analyzed for 12 to 15
storms at three to five sites under this program. These sites typically will drain large areas
that will include more than one industrial facility. Datafrom these samples will be
evaluated, along with land use information for the individual drainage areas. The presence of
pollutants typically associated with industrial activities could indicate contamination of
stormwater runoff from industrial facilities. The City will evaluate this information and will
target additional dry weather field screening to identify potential sources of the pollutants.
This datawill be compared to data collected from the industrial facilities to assist in the
identification of the pollutant source.

The City will also monitor stormwater runoff from the municipal industrial facilities (KTRA-
NS, others) from outfalls defined in their Pollution Prevention Plans and as described in the
Tennessee Baseline Rule. The monitoring program will be subject to approval by the TDEC
and results will be sent to the TDEC and kept in the City'sindustrial database. Monitoring at
these facilities will be conducted by Engineering Technicians from the Knoxville

Engineering Department Planning and Technical Services Division.

Schedule for Monitoring Program

The City will collect and analyze the monitoring data from the industrial facilities asit
becomes available. Thiswill likely begin in the second year of the permit, and will continue
for the duration of the permit term. Analysisfor industrial impacts on the monitoring data
from the City's ongoing monitoring program will begin during the first year of the permit
term and will continue for the duration of the permit. The monitoring program for the
municipal industrial facilities (KTRANS, others) will be developed during the first year of
the permit. Monitoring will be conducted during the second year of the permit and will be

conducted annually for the duration of the permit term.
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55 MANAGEMENT PROGRAM FOR CONSTRUCTION SITES

551 INTRODUCTION

The control of runoff from construction sites is an important component of the City's NPDES
stormwater management program. The City of Knoxville recognizes that effective erosion
and sediment (E& S) control can significantly reduce the amount of pollution runoff from
construction sites. The City proposes to significantly enhance their existing E& S control
program by incorporating the requirements of the Tennessee Erosion and Sediment Control
Manual, and the Tennessee General Permit for Stormwater Discharges Associated with
Construction Activity. The City also proposes to increase staffing for plan review and site
inspections. Table 5-7 presents an overall summary of the proposed management program
for construction sites, implementation schedule, estimated costs, staffing requirements and

City departments.

5.5.2 REGULATORY REQUIREMENTS

The Part 2 NPDES stormwater regulations require inclusion of the following programsin the
permit application [40 CFR 122.26 (d)(2)(iv)(D)]:

" A description of a program to implement and maintain structural and non-structural
best management practices to reduce pollutants in stormwater runoff from construc-
tion sites to the municipal storm sewer system which shall include:

Q) A description of a procedures for site planning which incor porate consider-
ation of potential water quality impacts;

2 A description of requirements for nonstructural and structural best manage-
ment practices,
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Table 5-7

SUMMARY OF
PROPOSED CONSTRUCTION SITE MANAGEMENT PROGRAM
Schedule
Element Component Yrl Yr2 Yr3 Yr4 Yr5

(1) Site Planning | Revise City Ordinance to require construction :
sites >10,000 ft? to submit E&S Control Plans

Require site plans submittals per Tennessee
E&S Control Handbook

Develop minimum criteria for plan review and
checklists '

Provide training for City plan review staff

(2) BMP Require Construction BMPs from Tennessee
Requirements E&S Control Handbook

Evaluate additional BMP requirements and
design modifications

Construction site “good housekeeping" Practices

(3) Inspection/ Expand inspections to include smaller
Enforcement construction sites (single family)

Implement scheduled site inspections : rough
grading, E&S control installation, final grading,
final stabilization

Increase penalties for violations to: $5,000 or 30

days
(4) Training Cosponsor E&S Control Practice Seminars for
Programs City staff, developers, contractors .
Evaluate training materials from other
jurisdictions
: Partial Implementation
I Full Implementation
Percent of Workload
Staffing Position Yrl | Yr2 | Yr3 [ Yr4 | Yr5
Requirements Chief Engineer 9% 9% 9% 9% 9%
Stormwater Engineer 14% 14% 14% 14% 14%
Technician III 100%| 100%| 100%| 100%| 100%
(2) Technician 11 100%| 100%| 100%| 100%| 100%
Primary Responsibility: Engineering Department/Planning
Responsible City and Technical Services Division
Department Supporting Departments: Law Dept., Public Information
Other Agencies: TDEC, TDOT, TVA
Program Element Yril Yr2 | Yr3 | Yr4 | Yr5 | Total
Estimated Cost (1) Site Planning $10.1| $104| $10.7] $11.0] S$114] $53.6
(31,000 per year) |(2) BMP Requirements $47| $4.8| $49] $5.1| $52| $24.7
(3) Inspection/Enforcement $779| $80.2| $82.6| $85.1| $87.7| $413.6
(4) Education and Training $2.71 $2.8] $29| $3.0| $3.1l $144
Total $95.4] $98.2 $101.2] $104.2] $107.4] $506.4
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©)) A description of procedures for identifying priorities for inspecting sites and
enforcing control measures which consider the nature of the construction
activity, topography, and the characteristics of soils and receiving water
quality; and

4) A description of appropriate educational and training measures for construc-
tion Site operators.

The City of Knoxville currently requires that plans be submitted by devel opers which
describe pollution prevention procedures for certain categories of construction sites. The
objective of this section is to describe the City's current Erosion and Sediment Control
program and proposed enhancements to the current program that address the four elements
specified by the NPDES regulations.

55.3 PROCEDURESFOR SITE PLANNING
The City's proposed erosion and sediment control program will require changes in the plan
submittal requirements and plan review procedures to provide for additional erosion and

sediment controls from new devel opment or major redevelopment areas as described below.

Existing Site Planning Procedures

A program to control erosion and sediment from construction sitesis established in the Code
of the City of Knoxville, City Code Section 19-162 entitled "Alteration of Existing or Natural
Drainage; Grading Permit Required.” In order to obtain a grading permit to perform
construction activities within the City of Knoxville, plans must be submitted for review and
approval by the Knoxville Engineering Department Planning and Technical Services
Division. These plans must specify measures to control soil erosion during and after site
grading on the site as well as other adjacent or affected properties. The City of Knoxville
Engineering Department Planning and Technical Services Division currently requires a

Sediment and Drainage Control Plan for large construction projects.
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Design of erosion controls for public works projects and public road construction is per-
formed by the Civil Engineering Division of the Engineering Department. Site planning and
design for most medium sized and small public works projectsis performed by the Civil
Engineering Division. Site planning and design of large public works projectsistypicaly

performed by engineering consultants.

Prior to plan submittal, the Inspector from the Planning and Technical Services Division
typically meets with developers and contractors to determine what will be required to
complete a project according to City standards. The inspector considers the nature of the site
and the topography and advises the applicant on what control measures would be necessary
to minimize the impact of erosion and siltation from construction stormwater runoff. An
erosion and sedimentation control plan is then submitted for approval by the Engineering
Department Planning and Technical Services Division. Currently the City does not require

submittal of an erosion and sediment control plan for the following:

1. Sites less than one acre for road, commercial, industrial, educational, institu-
tional, and recreational projects;

2. Sites less than two acres for multi-family residential devel opments;
3. Sites less than five acres and/or five lots for single family residential develop-
ments.

Plans must be submitted and approved before construction can begin and plans must be

stamped with the following notice:

"Adequate erosion and sediment control measures must be
maintained by contractor during and after construction.

REFERENCE: Erosion and Sediment Control Handbook,
Knox County Soil Conservation District"
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Currently performance bonds are only required for large construction sites or where the
Planning and Technica Services Department deems that there is a significant risk for erosion
and sedimentation problems.

Proposed Site Planning Procedures

Under the City's proposed construction site planning program the major requirements of the

revised City ordinance addressing erosion and sediment control will be expanded to include:

1) All developmentsinvolving aland disturbance of 10,000 sg-ft or more will be
required to submit an Erosion and Sediment Control Plan for review and
approval by the City;

2) All new developments not specifically exempted will be required to meet
erosion control requirements (even if E& S Control Plan submittal is not
required);

3) Certification that al land clearing, grading, and construction will be
performed as required by approved E& S Control Plans;

Residential construction on single lots has generated complaints resulting from poor erosion
and sediment control practicesin the past. This primarily results from "infill" residentia
development on single lots within existing neighborhoods. To address these problems, the
City proposesto apply E& S control requirements for all construction sites greater then
10,000 sq ft. Erosion and sediment control plans would also be required for steeply sloping
sites (greater than seven percent grade), and sitesin close proximity to, or crossing, perennia
streams (Waters of the State).

The City's proposed erosion and sediment control plan requirements will beinitially based on
the State of Tennessee Erosion and Sediment Control Handbook (1990). The State handbook
establishes minimum requirements for submittal of narrative information aswell asE& S
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control plans. The specific requirements for an Erosion and Sediment Control Plan as

described in the State Handbook are as follows:

Narrative erosion and sediment control plans shall include:

Project description

Name of adjacent water body

Soil type, topographic, vegetative, and drainage pattern
Construction and maintenance schedules

Erosion and sediment control structure

Calculations for runoff estimation and sizes of sediment basins and
traps

oUMONE

I Ste plan for erosion and sedimentation control shall include:

Vicinity map showing the boundaries of the project

Existing contour and final contour

Existing vegetation and vegetation after clearing

Marked areas of critical erosion

Marked locations of erosion and sediment control structures
Detailed drawing of all control measures

Detailed construction notes and maintenance schedule for all erosion
and sediment controls.

NoopwdE

The State Handbook also provides a checklist for review of Erosion and Sediment Control
Plans. The State Handbook does not appear to provide sufficient guidance regarding many
aspects of site planning for erosion and sediment control for City plan reviewers to decide
what isrequired in an approved Erosion and Sediment Control Plan. The City will develop a
list of minimum criteriato be applied to the State checklist for various categories of sites
(residential, commercial, etc.). These criteriawill used by City staff involved in the plan

review process and would ensure consistency in the plan review process.

The City will also provide opportunities for training staff involved with construction site plan
review and inspections. Training may include short courses, videos, and outside seminars
and will be coordinated with the education element of the proposed program described
below. Tennessee has no certification program for Erosion and Sediment Control
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technicians. Therefore, City staff performing site plan review and field inspections will be
required to achieve aminimum level of technical expertise through a combination of
experience and training. During construction, actual field conditions may develop where
revisions to an approved plan are required. In these casesfield inspector(s) with sufficient
technical expertise shall have the authority to approve necessary on-site revisions and a copy
of these changes will be documented in the project file. Construction site plan reviewers will
also provide technical assistance with applications for waivers, appeals, and variances.

Schedule for Revisions to Site Planning Requirements

City Ordinances will be revised to include the expanded site plan submittal requirements and
minimum criteria during the first and second year of the permit term. The requirements for
E& S controls as part of site planning will be fully implemented during years three to five of
the permit term. Revisions and refinements to the site planning process will be an ongoing
process. Staff required to implement the construction site planning requirements will be
hired during FY 93 and FY 94.

5.5.4 DESCRIPTION OF BEST MANAGEMENT PRACTICES

Existing BM P Reguirements

The Knoxville Engineering Department currently stamps grading plans with areference to
the Knox County Soil Conservation District "Erosion and Sediment Control Handbook™
(1981). This handbook currently provides the City standards and specifications for twenty
(20) erosion and sediment control BMPs:

1) Permanent Cover - Ky 31 Fescue Seeding

2) Permanent Cover - Crownvetch and Ky 31 Fescue Seeding

3) Permanent Cover - Sericea Lespedeza and Ky 31 Fescue Seeding

4) Permanent Cover - Bermuda Grass and Annual Lespedeza Seeding

5) Permanent Cover - Ky 31 Fescue, Bermudagrass, and Bluegrass Sodding
6) Permanent Cover - Tree Planting

7) Permanent Cover - Ky 31 Fescue Seeding
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8) Temporary Cover - Browntopmillet

9) Temporary Cover - Annual Ryegrass

10)  Temporary Cover - Mulch Only

11)  Grade Stabilization Structure - Urban Areas
12)  Diversions - Urban Areas

13)  Grassed Waterways or Outlet - Urban Areas
14)  Useof Fibrous Netting Material for Erosion Control - Urban Areas
15)  Land Grading - Urban Areas

16) Drain- Urban Areas

17)  DebrisBasin - Urban Areas

18)  Sediment Control Measure - Dike

19)  Urban Stream Bank Protection

20)  Urban Gutter Drain - Sediment Barrier

For each BMP Standard, the Knox County Handbook provides the following information to
assist with applications:

. Definition of the practice

. Scope and Purpose

. Sites Where Applicable

. Design Criteria

. Construction Specifications.

About half of these BMPs relate to permanent or temporary vegetative covers which are not
appropriate for areas undergoing active construction. In addition, many of these BMP
specifications are applicable to general erosion problemsin urbanizing areas (e.g., channel

erosion, and landscaped areas) and are not specifically oriented to construction activities.

City of Knoxville City Code Section 19-162 entitled "Alteration of Existing or Natural
Drainage; Grading Permit Required" enables the Engineering Department to require a
performance bond equal in amount to the work to be performed to enforce compliance with
the E& S controls submitted on approved plans.
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Proposed BM P Requirements

The City proposes to include additional BMP requirements as described in the Tennessee
Erosion and Sediment Control Handbook and to evaluate other BMP requirements as
described below.

Tennessee Erosion and Sediment Control Handbook. The City proposes to require E& S

control plansto follow the Tennessee Erosion and Sediment Control Handbook (TDHE,
1990). The State Handbooks presents specifications for the following structural BMP

controls.
Maximum Drainage Duration
Structure Area (acres) (months)
1 Straw bale barrier 2 3
(or /4 ac. per 100 feet)
2. Silt fence 2 3
(or 1/4 ac. per 100 feet)
3. Temporary diversion dike 5 18
4. Diversion NA NA
5. Temporary sediment trap 5 18
6. Temporary sediment basin 5 18
7. Check dams 10 NA
8. Riprap NA Permanent
9. Construction road stabilization NA NA
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The maximum drainage area indicates the maximum area that can be served by each type of
control and the duration indicates the length of time that temporary controls typically are
effective. The State handbook also presents erosion and sediment control practices for
stream crossing activities and vegetative controls. The State handbook provides general
design guidelinesin the form of design criteriaand detail drawings. However, specific
design requirements cannot be defined for every situation and are | eft to the designer of
specific site controls. The choice of various types of approved structural controls for erosion
and sedimentation control depends on the individual design requirements and preferences,
functional effectiveness, aesthetics, cost, and maintenance. As mentioned in Section 3.2, the
City will develop minimum criteria and/or a checklist to provide guidance for plan review
staff and to ensure consistency in the plan review process.

Additiona BMP Reguirements. Table 5-8 lists E& S controls that are included under the

minimum state requirements for Virginia and North Carolina. The E& S Controls required by

the Tennessee and Knox County handbooks are presented for comparison. During the first
year of the permit term the City will review these handbooks and consider inclusion of
additional BMP requirements outlined therein. It should be noted that the Tennessee
Handbook contains numerous references to the 1980 Virginia Handbook as a source of
detailed information and design criteria. A revised version of the Virginia Handbook was
issued in 1992 which included many changes resulting from additional field experience over

the past 12 years. Some of the major changes include:

. Sedimentation Traps - The required storage volume was increased
from 67 cubic yards per acre to 134 cubic yards per acre. One half of
the storage is permanent pool (wet storage) and the other half is
drawdown (dry pool). The maximum drainage areathat can be served
by sediment traps was reduced from five acres to three acres.

. Sedimentation Basins - The required storage volume is the same as
sedimentation traps. The drainage area ranges from three to 100 acres.
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The Virginiaand North Carolina Handbooks reference use of a uniform coding system for

map symbols and keys for submittal of E& S control plans which could facilitate review of
E& S control plans submitted to the City.

Construction Site "Good Housekeeping” Practices. The City will evaluate additional

ordinance revisions to ensure that construction sites are kept clean and orderly, and to

minimize pollutants in stormwater runoff as a result of other construction activities. This

may involve requiring that site plans address the following considerations:

1)

2)

3)

4)

5)

Designated areas for construction equipment maintenance and repair and
prohibiting discharges of oil and grease into the storm sewer system or receiv-
ing waters.

Designated areas for construction equipment washing provided with a gravel
or rockbase and ensuring the wash waters are discharged to aregularly
maintained temporary holding basin or sediment control device.

Provision of storage areas for construction materials and receptacles for
liquids (solvents, paints, acids) and solids in accordance with manufacturers
recommendations.

Provision of adequate waste storage areas and ensuring that the locations for
collection of waste materials do not receive concentrated runoff.

Provision of adequate sanitary facilities on construction sites in accordance
with Health Department Regulations.

Schedule for Construction Site BM P Requirements

City Ordinances will be revised to incorporate by reference the Tennessee Erosion and

Sediment Control Handbook during the first year of the permit term. Additional

requirements for E& S controls will be reviewed during year one through three of the permit

term.
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Revisions to the BMP design requirements will be made on an ongoing basis and as new
technology refinements allow. Staff required to revise and implement the new BMP
requirements will be hired during FY 93 and FY 94.

555 INSPECTION AND ENFORCEMENT OF CONTROLS
The City of Knoxville has identified inspection of construction sites as an area of the
stormwater management program that has been inadequately addressed in the past due to

resource limitations.

Existing Inspection and Enforcement Program

The City's current and proposed inspections and enforcement programs are described below.

Description of Existing Inspections Program. The Knoxville Engineering Department

Planning and Technical Services Division has one inspector responsible for site inspections
of erosion and sediment control on private development projects, throughout the city. This
inspector covers al site work except for public works projects which are inspected by the
Civil Engineering Division of the Engineering Department. Site work inspected includes
grading, installation and maintenance of erosion and sedimentation controls, and construction
of utilities and other infrastructure. The inspector is responsible for all commercial sites,
sites with grading permits, sites with right-of-way construction permits, about 15 to 20

subdivisions per year, and some smaller single family residential sites.

Currently thereis no formal prioritization plan for the inspection of construction sites. The
inspector visits a site when the construction manager indicates that an inspection needs to

take place. Inspections are often required before another phase of a project can begin.
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Unannounced and unplanned inspections are done randomly when the inspector is "in the
neighborhood”. Inspections after rainfalls are performed on sites with grading permits or on

sites where a problem is known or suspected.

When the inspector arrives at a site, the following procedures are followed:

1 Inspect road access for any dirt or runoff into the street and/or municipal
storm sewer system.

2. Inspect perimeter of site to ensure there are no adverse effects on adjacent
properties.
3. Inspect off-site of the construction area to ensure no impacts from erosion and

siltation downstream of the construction activity.

4, Inspect on-site to ensure that all control measures on the drainage plan are
being employed and to identify areas where additional controls might be
required.

5. Meet with construction personnel to advise on any remedial action that might
be necessary.

These inspection procedures meet the NPDES requirement that inspections “consider the
nature of the construction activity, topography, and the characteristics of soils and receiving

water quality”.

Existing City Enforcement Program. The Alteration of Existing or Natural Drainage;
Grading Permit Required (Section 19-162 of the City Code), enables the City Engineer to
halt al land disturbing activitiesif a grading permit has not been issued or if the terms of the

permit have been violated. Additionally, the City Engineer can require a performance bond
equal to the amount to the work being performed to ensure that the drainage plans are
adequately employed. The City Engineer issues a Notice of Violation (NOV) if itis
determined that a violation has occurred. This NOV must include a description of the
property on which the violation occurred, and must list the requirements of the plan which
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were violated. Violations are considered misdemeanors and are punishable with a $50 fine

plus court costs for each day that the violation occurs.

Although the City Code empowers the City Engineer to enforce the terms of the drainage
plan as described above, only very rarely do such enforcement measures occur. Current
penalties are not severe enough to discourage noncompliance. Current operating policy is
more a "working relationship” between the developer and the city. NOV's are not often
written, but rather if the site inspector notices a violation, he informs the construction
manager of the problem and gives advice on what procedures are necessary to correct the
problem. Often, the site inspector will stay on-site while the violation is being remedied to
offer advice and to ensure that the problem is corrected.

Performance bonds are generally not required unless the City Engineer determines that the
siteislarge enough, or if the City Engineer has reason to believe that a problem might occur

(problem site, poor contractor history, etc.).

Proposed Inspection and Enforcement Program

The existing procedures for inspections and enforcement are inadequate, primarily due to
insufficient staffing and penalties that are inadequate to ensure compliance. The City's
proposed E& S program will increase the number of inspectors from one to three, which will
help the City better enforce management practices which reduce pollutants in stormwater
discharges from construction sites.

Proposed Inspections Procedures. Inspections will be expanded to include a number of sites

which are not currently regulated, such as single family residences, to better address the
erosion and sedimentation problem in the City of Knoxville. The following guidelines will

be followed for scheduling inspections of construction sites:

NPDES Permit Application 5-82 May 1993
Municipa Part 2 Supplement City of Knoxville, TN



. Initial inspection - (when the site is staked for grading but prior to grading)
large construction projects only

. Rough grading inspection - after stripping, compaction, and installation of
subsurface drains
. Erosion and Sediment Control compliance inspection - immediately after

installation of sediment basins, dikes, and other control measures

. Final grading inspection - after completion of all grading, paving, and perma
nent stormwater drainage structures

. Final Stabilization inspection - after planting and landscaping is completed.

In addition to the inspections listed above, large construction sites or known problem sites
should be inspected after major storm events to assess E& S control performance and identify

mai ntenance needs.

The Tennessee Erosion and Sediment Control Handbook includes a construction site
monitoring report. The monitoring report can be completed by City inspectors or for smaller
sites "self-monitoring” by the developer or contractor may be sufficient. Thiswould be
consistent with Tennessee General NPDES Permit for Storm Water Discharges A ssociated
with Construction Activity, which requires that the permittee perform routine self-inspections
and maintenance on control measures. These self-inspections must be done weekly during
dry periods and after rainfalls of 0.5 inches or more. Records of inspection and maintenance
must be maintained and made available to a State inspector upon request. The City will
consider imposing similar requirements for small construction sites because even with
additional City staff for construction site inspections, it may not be possible to inspect many
of the smaller construction sites on aroutine basis. Shifting some of the responsibility of site
inspections to the contractor would reduce the City's inspection burden, while ensuring the
requirement that all construction sites employ management practices that address pollution
from stormwater runoff. The self-monitoring reports would be signed by a construction site
supervisor, and would either be sent to the Engineering Department, or made available to site

inspectors upon request.
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Proposed Enforcement Procedures. The City anticipates that increased inspections and

contractor awareness of E& S control requirements will be the primary enforcement tool.
Inspectors have authority to issue "Notice of Violations' and "Stop Work Orders'. The City
proposes to revise existing ordinances to increase the penalties for violations to $5,000 or 30
daysin prison. Revision of ordinances has been facilitated by the State Stormwater Bill
approved in April 1993. Requirements for performance bonds will be expanded to include
smaller construction sites at the discretion of the Engineering Department.

Schedule for Inspection and Enforcement Program

Increased inspections and plan review will be implemented during year one and two of the
permit term. The City will attempt to educate developers and contractors regarding the
revised E& S control requirements as part of the increased attention to site inspections.
Rigorous enforcement of revised City Ordinances will be coordinated following contractor
training programs and will be phased in to educate the developers about new Erosion &
Sediment Control requirements. Initially, enforcement of the ordinances will focus on
known problem areas and individuals. Staff required to revise and implement the new BMP
requirements will be hired during FY 93 and FY 94.

5.5.6 EDUCATION AND TRAINING OF CONSTRUCTION SITE OPERATORS

Seminars and Workshops

The City will sponsor or co-sponsor periodic Erosion and Sediment Control seminars or
workshops to provide educational materials to plan reviewers, inspectors, developers,
contractors, and others who may be impacted by the new requirements established by the
NPDES stormwater discharge permit described herein. The Engineering Department will

review materials prepared for a recent seminar for highway inspectors sponsored by TVA
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and TDOT and consider co-sponsoring annual or biannual workshops. Potential cosponsors
of the seminars would include: TDEC, TDOT, TVA, University of Tennessee, and local
Chamber of Commerce.

Training Materials

During years one and two of the permit term, the Engineering Department will assemble
training materials from other jurisdictions. These training materials will include E& S control
manuals, slide presentations, training videos, and information brochures. In addition to the

Tennessee E& S Control Handbook, training materials already compiled by the City include:

. Nashville Storm Water Management Manual

. Virginia Erosion and Sediment Control Handbook (Third Edition, 1992)

. North Carolina Sediment Control Planning and Design Manual (1988)
. Fairfax County, VirginiaE& S Control Inspector Training Video
. USEPA Developing Pollution Prevention Plans and Best Management

Practices for Storm Water Management for Construction Activities (1992)
During years three to five of the permit term the Engineering Department will assess the need
to develop training materials specific to the City of Knoxville and will coordinate distribution

of these materials to developers and construction site operators.

Schedule for Training Programs

Training materials will be compiled and reviewed by City staff during years one and two.
Annual or semiannual training workshops will be cosponsored by the City during years two

tofive.
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5.5.7 STAFFING REQUIREMENTS

The staffing requirements to implement the City's management program for construction
sites are presented in Table 5-7. The Engineering Department Planning and Technical
Services Division will add two new Engineering Technicians Il asfull time site inspectors to
implement the program described in this report. The new inspectors will share the responsi-
bilities of all site inspections with the existing inspector.

In addition to the new inspectors, the management program will require additional staffing
for plan reviews and approvals. A new staff position within the Engineering Department
Planning and Technical Services Division will be for a Stormwater Engineer who will spend
approximately 25% of hisg’her time on the program for construction sites. The engineer's
responsibilities under the Erosion and Sediment Control Program will include final
review/approval of erosion and drainage control plans, supervision of site inspections,
coordination of training programs, and technical assistance with revisions to City ordinances
addressing erosion and sedimentation control. The existing City Inspector (Engineering
Technician I11) will continue to be dedicated full time to the Erosion and Sediment Control
Program. This Inspector (Engineering Technician I11) spends about 20% of histime
performing reviews of erosion and drainage control plans and the remainder meeting with

contractors and performing field inspections.

NPDES Permit Application 5-86 May 1993
Municipa Part 2 Supplement City of Knoxville, TN



6.0 ASSESSMENT OF CONTROLS

The Part 2 NPDES stormwater regulations [CFR 122.26 (d)(2)(v)] require the applicant to
assess the impact of the stormwater controls proposed in the management programs describe

in Section 5. Specifically, the regulations require:

"Estimated reductions in loadings of pollutants from discharges of municipal storm
sewer constituents from municipal storm sewer systems expected as the result of the
municipal stormwater quality management program. The assessment shall also
identify known impacts of storm water controls on ground water."

6.1 ESTIMATED POLLUTANT LOAD REDUCTIONS

6.1.1 NONSTRUCTURAL CONTROLS

Many of the Best Management Practices proposed for implementation under the City of
Knoxville stormwater management program are nonstructural controls. However, thereis
currently very little data available to assess the pollutant removal effectiveness of
nonstructural stormwater quality controls. These controls reduce pollutant oads by
controlling the source of pollution, and no specific load reduction for designated pollutants
(e.g., zinc, phosphorous) have been determined. Indirect measurements of nonstructural
controls will be used to assess the true effectiveness of these programs once the stormwater
programs are implemented. For example, the program to removeillicit connections and
improper disposal may be assessed based on the number of incidences reported or corrected
during each year of the permit term.

6.1.2 STRUCTURAL CONTROLS

The structural controls that may be required through the revised Stormwater Detention
Ordinance will primarily be located in areas of new development. Ranges of average annual
pollutant removal efficiencies that can be achieved by retention, extended dry detention, and

wet detention ponds are presented in Table 6-1.
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Table 6-1

AVERAGE ANNUAL POLLUTANT REMOVAL RATES FOR
RETENTION AND DETENTION BASIN BMPs

POLLUTANT RANGE OF POLLUTANT REMOVAL RATES (%)
EXTENDED DRY
RETENTION DETENTION WET DETENTION

BOD5 80%-99% 20%-30% 20%-40%
COD 80%-99% 20%-30% 20%-40%
TSS 80%-99% 80%-90% 80%-90%
TDS 80%-99% 0% 20%-40%*
Total-P 80%-99% 20%-30% 40%-50%
Dissolved-P 80%-99% 0% 60%-70%
NO,+NO, 80%-99% 0% 30%-40%
TKN 80%-99% 10%-20% 20%-30%
Cadmium 80%-99% 70%-80% 70%-80%
Copper 80%-99% 50%-60% 60%-70%
Lead 80%-99% ‘ 70%-80% 70%-80%
Zinc 80%-99% 40%-50% 40%-50%
NOTES: 1. Extended dry detention basin efficiencies assume that the storage capacity of the

extended detention pool is adequately sized to achieve the design detention time for
at least 80% of the annual runoff volume. For most areas of the U.S. extended dry
detention basin efficiencies assume a storage volume of at least 0.5 inches per
impervious acre.

2. Wet detention basin efficiencies assume a permanent pool storage volume which
achieves average hydraulic residence time of at least two weeks.

3. Retention removal rates assume that the retention BMP is adequately sized to
capture at least 80% of the annual runoff volume from the BMP drainage area. For
most areas of the U.S., the required minimum storage capacity of the retention BMP
will be in the range of 0.50 to 1.0 inch of runoff from the BMP drainage area, but
the required minimum storage capacity should be determined for each location.

* No data is available for TDS removal in wet ponds.
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Since removal efficiency data do exist for structural controls such as dry and wet detention
systems, the City can make estimates for pollutant reductions which could result if these
structural controls were required for future development of undeveloped areas located within
the City of Knoxville boundaries. Asnoted in Section 5.2, the City is considering
implementing these controls on new development if they are adopted and implemented on a
regiona basis. The City will estimate pollutant removal efficiencies of regional detention
facilities when these controls are planned and located.

6.2 CONTROLSFOR O&M PRACTICES FOR STREETS

Stormwater pollution loadings attributable to the operation and maintenance of the City's
roadways will continue to be reduced with ongoing practices such as erosion and sediment
controls, inspection, catch basin and roadway ditch cleaning, highway litter cleanup, and
training of staff responsible for deicing operations. Erosion and sediment control will

prevent solids, and metal or other pollutants adsorbed on the solids, from entering the storm
sewer system. Catch basin cleaning will reduce contamination caused by pollutants that have
settled in the basins. With sediment and erosion controls and catch basin cleaning, the total
suspended solids removal is estimated to be in the 70-90 percent range. Dissolved pollutants
are estimated to have a much lower removal rate, somewhere in the 10-30 percent range.

6.3 CONTROLSFOR FLOOD MANAGEMENT PROJECTS

Under the revised Stormwater Detention Ordinance, the feasibility of including water quality
control in the design of detention ponds will be evaluated. The reduction in loadings of
pollutants will be afunction of the final design. For example, if an extended dry detention
pond is incorporated in the design, then pollutant removal efficiencies will be determined by
the average hydraulic residence time in the pond. Ranges of average annual removal rates

for wet and extended detention dry facilities are shown in Table 6-1.
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There are alimited number of existing onsite ponds, which were previously designed for
flood control, that provide removal efficiencies equal to that of wet detention basins. There
are, however, seven specific systems that do not, at present, provide maximum removal
efficiencies. These structures will be evaluated and, if feasible, design changes will be
considered to retrofit the structures to provide for alarger hydraulic residence time, so that

the structures will provide the maximum removal efficiency.

Three regional flood control detention ponds will be evaluated during the term of the permit
to determineiif retrofitting the systems would provide additional pollutant removal from
stormwater. If retrofitting is shown to be feasible, pollutant reduction loads will be
determined as part of the evaluation.

6.4 PROGRAM FOR PESTICIDE, HERBICIDE AND FERTILIZER

The City plans to address this element of the Stormwater Management Program through
management of municipal users and public education. The City's ongoing monitoring will
provide additional data regarding the presence of these pollutants in stormwater runoff. The
City will report on the type of and number of educational mailings sent out each year of the
permit term. Available information on the volume of these materials collected as part of the

City's household hazardous waste collection program will be reported during the permit term.

6.5 PROGRAM FORILLICIT DISCHARGES AND IMPROPER DISPOSAL

The City proposesto develop an illicit discharge ordinance that will prohibit non-stormwater
discharges to the storm sewer system. The implementation and enforcement of this
ordinance will reduce pollutant loadings to the storm sewer system system by prohibiting the
discharge of sanitary, industrial, and other wastes (e.g., used oil and household chemicals).
In order to detect and removeiillicit discharges and improper disposal into the storm sewer
under the new ordinance, the proposed program includes. ongoing field screening activities

to monitor and evaluate dry weather flows in the storm sewer system, and storm sewer
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investigations which include system mapping, field surveys, and upstream source
identification. Once the sources of illicit discharge or improper disposal have been
identified, the owner will be required to operate in compliance with the ordinance. This
action will remove the discharge to the storm sewer system and should result in a 100%

reduction in pollutant load from that source.

The spill response program operated by the Knoxville Emergency Response Team (KERT)
and coordinated with other local, state and federal agencies will continue to respond to
hazardous material spills during the term of the NPDES permit. Theinitial containment of
the spill by KERT and subsequent cleanup by the responsible party will prevent pollutants
from entering the storm sewer system and receiving waters. The reduction in pollutant load
to the system will be a function of the nature of the spill and the response time. For example,
if the response time allows for complete containment of the spilled material and if total
removal of the material is possible, then the operation should achieve 100 percent removal of
the pollutant load that, otherwise, may have been discharged to the storm sewer system.

Programs for reporting of illicit discharges, and proper management and disposal of used ail
and toxic material, will also reduce the pollutant loads from the discharges of the storm sewer
system. Asthe public becomes aware of the pollution associated with stormwater and the
impacts on the receiving waters, reporting should provide the City with another mechanism
to detect illicit discharges and improper disposal, in addition to the City's field screening and
storm sewer investigation programs. The City can then respond to have the discharges
removed and thus reduce the pollutant |oad to the system. Educational programs for proper
management and disposal of used oil and toxic materials will reduce the pollution load by
informing the public of the pollution impacts caused by improper procedures and by
providing them with alternative disposal procedures, such used oil collection at service
stations, recycling programs at local drop-off centers, and collection sites for household

hazardous wastes.
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For the various programs to detect and remove illicit discharges and improper disposal, the
reduction in pollution loads will be afunction of several responses to the program, including:
the level of enforcement of the new illicit discharge ordinance, the number of calls and mail-
ins to the City reporting illicit discharges, the amount of used oil and household chemicals

that are delivered to drop-off sites, and the amount of material collected for recycling.

6.6 PROGRAM FOR INDUSTRIAL FACILITIES

The City's program for industrial facilitieswill rely primarily on data collected under the
ongoing field screening program to detect spills or discharges downstream from industrial
facilities. Detection and removal of these spills or discharges will be documented and the
pollutants removed from the City's stormwater system will be assessed on a case-by-case

basis.

As part of KUB's existing pretreatment inspection program, KUB inspectors will fill out a
new stormwater checklist as part of their annual inspection of industrial permit holders. The
checklist will identify materials within each facility which may be exposed to stormwater
runoff. The effectiveness of this program will be assessed in terms of the number of
inspections performed during each year of the permit term and number of corrective actions

taken. The checklist will also inventory any previous known spills or leaks.

6.7 PROGRAM FOR CONSTRUCTION SITES

Construction site pollution will be reduced by requiring additional erosion and sediment
control devices under arevised City ordinance. The use of structural controls such as
sediment basins and traps, perimeter dikes, and sediment barriers (straw, burlap and synthetic
materials) can reduce solid pollutant loads by 70 to 80 percent, and dissolved pollutant loads
to amuch lesser extent. The number of site inspections and enforcement activities of the

construction site program will be documented during each year of the permit term.

NPDES Permit Application 6-6 May 1993
Municipa Part 2 Supplement City of Knoxville, TN



6.8 KNOWN IMPACTS OF STORMWATER CONTROLS ON GROUNDWATER

The City of Knoxville was one of the sites of the Nationwide Urban Runoff Project (NURP)
performed by TVA during 1981-1983. One of the unique aspects of the Knoxville NURP
study was the investigation of the impact of urban runoff on groundwater resources. Much of
Knoxville is underlain by soluble carbonate rock which is known to cause the following
impacts on local hydrology:

. Reduction or elimination of stream baseflow in carbonate areas
. Reduction in storm peak discharge

. Increases in the impacts of urbanization on flooding

. Reduction in the transport of pollutants from awatershed

Groundwater tracer studies conducted under the TVA NURP study within the City
concluded that stormwater drainage into sinkholes can be a probable source of groundwater
contamination to water wellsdrilled in karst formations. The TVA NURP study also
concluded that although carbonate-rock influenceslocal hydrology in many areas of the City,
particularly in the Second Creek area, many pollutants are trapped in the overlaying soils.
Under the TVA NURP study, no direct measurement of groundwater quality was performed.
The indirect evidence suggested that urban runoff hydrology and pollutants may impact areas
underlain by soluble carbonate rock. Other NURP studies in Fresno, CA and Long Island,
NY which did investigate groundwater impacts resulting from deliberate recharge of urban
runoff into aquifers. In these cases, recharge of runoff did not appear to threaten
groundwater quality. The NURP study showed that in most areas soil processes are efficient
in retaining pollutants in stormwater runoff close to the land surface. Pollutant breakthrough
of the upper soil layers of stormwater BMPs that had been recharging for more than 20 years
was not evident in either the Fresno, CA or the Long Island, NY NURP studies. Harper
(1988) compared groundwater quality beneath stormwater management systems with surface
water quality and also groundwater quality for control areas. Stormwater characteristics,
with the exception of afew parameters, were shown to have very little effect on groundwater
quality beneath stormwater BMPs. Since large portions of the City of Knoxville are
underlain by soluble carbonate rock, special studies assessing groundwater quality impacts of
stormwater discharges and BMPs will be considered during the permit term.
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7.0 FISCAL ANALYSIS

7.1 REGULATORY REQUIREMENTS

The Part 2 NPDES stormwater regulations require inclusion of the following programsin the
permit application [CFR 122.26 (d)(2)(vi)]:

"For each fiscal year to be covered by the permit, a fiscal analysis of the necessary
capital and operation and maintenance expenditures necessary to accomplish the
activities of the programs under paragraphs (d)(2)(iii) and (iv) of this section. Such
analysis shall include a description of the source of funds that are proposed to meet
the necessary expenditures, including legal restrictions on the use of such funds.”

The objective of this section isto describe the budget requirements of the City's current and
proposed stormwater programs and to describe the financing mechanisms necessary to
support these programs. Section 7.2 addresses the estimated capital, operation, and
maintenance costs for current City programs as well as for new programs proposed under the
NPDES stormwater permit. Section 7.3 describes financing options needed to fund the

management programs.

7.2  FISCAL ANALYSIS

A comprehensive cost analysis for the stormwater permit program is presented in Table 7-1.
This table presents estimated costs for existing stormwater management programs as well as
for costs which are proposed under the new NPDES management program. The analysis
includes estimated costs for:

. Salaries,
. Vehicles and equipment,
NPDES Permit Application 7-1 May 1993

Municipa Part 2 Supplement City of Knoxville, TN



Table 7-1

Existing  Fiscal Year  Fiscal Year Fiscal Year Fiscal Year Fiscal Year
1992-1993  1993-1994  1994-1995  1995-1996  1996-1997  1997-998

Salaries (U
Engineering Department
Civil Engineering $175,000 $180,250 $185,658 $191,227 $196,964  $202,873
Planning and Technical Services $105,000 $108,150 $111,395 $114,736 $118,178  $121,724
NPDES Stormwater Management $0 $120,000 $123,600 - $127,308 - $131,127 - $135,061 -
Service Department
Existing Drainage Maintenance $979,000 $1,008,370  $1,038,621  $1,069,780  $1,101,873 $1,134,929
Water Quality Maintenance $0 50 $111,240 -~ $114,577-  $118,015 - $121,555 -
Subtotal  $1,259,000  $1,416,770  $1,570,513  $1,617,628  $1,666,157 $1,716,142
Equipment
Engineering Department
Samplers/Flowmeters $12,000 $54,000 $18,000 =  $12,000 - $12,000 - $12,000
Accessories/Computer/Software $4,000 $15,000 $15,000 - $15,000 - $15,000 - $15,000 -
Service Department
Drainage Maintenance $366,000 $366,000 $366,000 $366,000 $366,000  $366,000
Water Quality $0 $0 $50,000 ~  $50,000 $50,000 ©  $50,000 -

Subtotal $382,000 $435,000 $449,000 $443,000 $443,000  $443,000

Contract Services @

NPDES Permit Assistance $232,000 $25,000 $25,000 - $25,000 - $25,000 - $25,000
Stormwater Utility Rate Study $0 $300,000 $0 $0 $0 $0
Laboratory Services $0 ° $15,000 $15,000 - $15,000.- $15,000 -~ $15,000
USGS Services $52,000 $12,860 $13,503 - $14,178 $14,887 - $15,631

Subtotal $284,000 $352,860 $53,503 $54,178 $54,887 $55,631

Capital Improvements Budget®
Drainage CIP for FY91-92

Tiffany Lane/Aubrey Lane $215,000 $0 30 $0 $0 $0
Drainage CIP Assumed for FY 94-95 $0 $0 $500,000 $0 $0 $0
Drainage CIP Assumed for FY 95-98 $0 $0 $0  $1,000,000 $1,000,000 $1,000,000
Water Quality Improvements @ $0 30 $250,000 $500,000 $500,000  $500,000

Subtotal $215,000 30 $750,000  $1,500,000 $1,500,000 $1,500,000

Total  $2,140,000 §$2,204,630  $2,823,016  $3,614,807  $3,664,044 $3,714,773
NPDES Mandatory $300,000 $541,860 $621,343 $873,063 $881,029  $889,247
% NPDES Requirement of Total 14% 25% 22% 24% 24% 24%

Notes:
(M Assumes a 3.0% annual increase

@ Previous year contract services for preparation of NPDES Permit application prior to
FY 92-93 = $325.000 (CDM) + $105,000 (USGS) = $430,000

® CIP Budgets may be more or less in any given year and may be prorated over the permit term

“® Assumes water quality contol features can be piggybacked on Drainage/Flooding CIP projects and that a Stormwater Utility
has been created with a fee structure adequate to fund the projects
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. Contract services, and
. Capital improvements.

7.2.1 SALARIES

Detailed summaries of the staffing requirements and estimated salary costs of each new
management program proposed under the City's NPDES Part 2 permit application are
presented in the report describing the specific program. These estimated costs are based on
current employee base salary rates plus fringe benefits. Annual salary projections assume
phased implementation of the stormwater management program and a 3% annual increase
over the 5-year permit term. The new positions include a Stormwater Management Engineer,

three level 11 Engineering Technicians, and afive-person Service Department field crew.

7.2.2 EQUIPMENT

The proposed Stormwater Management Program will involve expenditures for purchasing
new equipment required as part of certain program elements. Mgjor equipment expenditures
include: stream restoration heavy equipment and truck(s); two vehicles for site inspections;
samplers and flowmeters for water quality monitoring; and computer hardware, software, and

accessories.

Based on detailed data compiled by the Service Department for FY 91-92, equipment costs
related to existing drainage maintenance programs are $366,000 per year. These equipment
costs are projected to remain constant during the 5-year permit term. Specific additional
heavy equipment that will be required for the proposed stream restoration field crew has not
been identified. Discussions with the Service Department indicate that these equipment costs
are likely to be on the order of $50,000 per year. This cost would include operation and
maintenance (O& M) and assumes capital costs for one-time purchase of heavy equipment is
allocated over the 5-year permit term. The types of equipment required and costs will be
further defined during the first year of the permit term.
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The cost for vehicles for site inspections is estimated to be approximately $5,000 annually
over the permit term. The cost for water quality monitoring equipment is estimated to be
$54,000 during FY 93-94, $18,000 during FY 94-95, and $12,000 annually for the remaining
three years of the permit. Annual costs for computer hardware, software, and accessories are
estimated to be $15,000 over the 5-year permit term.

7.2.3 CONTRACT SERVICES
For some aspects of the proposed management programs, it may be more efficient for the

City to engage contract services. These services have been categorized as follows:

. Laboratory services for analysis of samples collected as part of the ongoing
monitoring program and the illicit connection and improper disposal program;

. NPDES permit assistance for assistance with database management,
establishing monitoring stations, conducting BMP pilot studies, etc.;
. USGS services for assistance with water quality monitoring; and

. A stormwater utility rate study.

The estimated cost for laboratory services is projected to be approximately $15,000 annually.
NPDES permit assistance is projected to be approximately $25,000 per year. Continued flow
monitoring by the USGS is projected to be $12,000 per year. The State Stormwater
Legidlation provides sufficient authority for the City to implement a stormwater utility. The
cost for preparing a stormwater utility rate study is projected to be $300,000 during FY 93-94.

724 CAPITAL IMPROVEMENTS

Estimated costs for capital improvements were determined from budget projections of
projects targeted by the Knoxville Engineering Department. Additional costs for NPDES
water quality improvements assume that water quality control features can be "piggybacked"
on the targeted drainage/flooding CIP projects. Capital improvements for water quality
improvements include construction of regional BMP facilities as described in the
management plan for residential and commercial areas. The City will consider committing

funds for capital improvements once a stormwater utility is approved and implemented.
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7.3  FUNDING SOURCES

Sources of funding within the City of Knoxville include the General and Sales Tax funds
which are tax-based and Enterprise funds which are revenue-based. Enterprise funds are
established by City ordinance and the General Fund must pay for all items not paid for under
Enterprise funds. Enterprise funds must be used only for functions and activities specified by
ordinance and this generally appliesto activities faling with the jurisdiction of the individual
utilities/department associated with the fund. Under the proposed FY 92-93 budget, all new

stormwater activities within the City will be paid for by Enterprise funds.

The Tennessee State Legidature recently passed Stormwater Management Legislation
(Senate Bill No. 68 and House Bill No. 56) which provides the City of Knoxville with
sufficient enabling authority to implement the required NPDES stormwater management
programs. Thislegidation aso provides the City with the option to finance the stormwater
management program with a stormwater utility. The City is currently considering a
stormwater utility study which would determine billing rates for property owners who
discharge stormwater to the municipal storm sewer system. Typically, stormwater utility
rates are based on the percentage of impervious areaon a property. The City has considered
applying the Stormwater Utility Fee through the Knoxville Utility Board (KUB) existing
billing system. If the City chooses to implement a Stormwater Utility, the fee system would
be devised to provide sufficient funding for all of the proposed NPDES stormwater

management programs.
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APPENDIX A

CITY OF KNOXVILLE

MODEL STORMWATER ORDINANCE
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MODEL ORDINANCE PROVISIONS
40 CFR 122.26(d)(1)(ii) - PREAMBLE AND DEFINITIONS

ORDINANCE NO.
AN ORDINANCE OF THE CITY COUNCIL OF THE
CITY OF [ | ADOPTING PROVISIONS RELATING TO
USE OF THE STORMWATER SY STEM

WHEREAS, the federal Clean Water Act (33 U.S.C. 1251 et seq.), as implemented by
regulations of the U.S. Environmental Protection Agency adopted November 16, 1990 (40
CFR Part 122), make necessary the adoption of local ordinance provisions relating to the
Stormwater System; and

WHEREAS, the [city] is seeking to comply with all provisions of federa and state law; and

WHEREAS, the [city council] has conducted legally noticed public hearings and has
provided all interested parties an opportunity to be heard on these ordinance provisions;

NOW, THEREFORE, THE CITY COUNCIL OF THE CITY OF [ } DOES
ORDAIN AS FOLLOWS:

Article 1.0 Title, Purpose and Definitions

This ordinance shall be known as the "City of [ ] Initial Stormwater Control
Ordinance", and may be so cited.

Section 1.1 Purpose and Intent

The purpose of this ordinance is to promote the health, safety and general welfare of the
inhabitants of the City of [ |. Thisordinanceisintended to comply with federal and
state law and regul ations regarding water quality.

Section 1.2 Definitions

@ Authorized Official: any employee or agent of the city authorized in writing by the
Director to administer or enforce the provisions of this ordinance

(b) Director: the Director of Engineering

(© Discharge: any direct or indirect entry of any solid, liquid or gaseous matter

(d) Person: any natural individual, corporation, partnership, institution, or other entity

(e Site of Industrial Activity: any area or facility used for manufacturing, processing or raw
materials storage, as defined under 40 CFR Section 122.26(a)(14) of regulations of the
U.S. Environmental Protection Agency, as amended

()] Stormwater: any stormwater runoff, and surface runoff and drainage

(9 Stormwater System: the system of conveyances used for collecting, storing, and
transporting Stormwater owned by the city but not including any facilities intended to be
used in accordance with applicable law for collecting and transporting sanitary or other
wastewater
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MODEL ORDINANCE PROVISIONS
40 CFR 122.26(d)(1)(ii)(A) - INDUSTRIAL ACTIVITY

Article 2.0 Industrial Activity
Section 2.1 General Prohibitions

Any Discharge into the Stormwater System in violation of any federal, state, county,
municipal or other law, rule, regulation or permit is prohibited.

Section 2.2 Specific Prohibitions

By adoption of industrial activity stormwater regulations or by issuance of industrial activity
stormwater permits, or both, the Director may impose reasonable limitations as to the quality
of Stormwater (including without limitation the designation of maximum levels of pollutants)
Discharged into the Stormwater System from Sites of Industrial Activity. Any promulgation
of such regulations and issuance of permits by the Director shall be in accordance with
applicable law.

Section 2.3 Administrative Orders

The Director may issue an order to any Person to immediately cease any Discharge
determined by the Director to be in violation of any provision of this ordinance, or in
violation of any regulation or permit issued hereunder.

Section 2.4 NPDES Permits

Any Person who holds a National Pollutant Discharge Elimination System (NPDES) permit
shall provide a copy of such permit to the Director no later than the later of: sixty (60)
calendar days after the effective date of this ordinance or sixty (60) calendar days after
issuance.
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MODEL ORDINANCE PROVISIONS
40 CFR Section 122.26(d)(1)(i)(B) - ILLICIT DISCHARGES

Article 3.0 lllicit Discharges
Section 3.1 General Prohibitions

Except as set forth under Section 3.3 of this ordinance or as in accordance with avalid
NPDES permit, any Discharge to the Stormwater System that is not composed entirely of
Stormwater is prohibited.

Section 3.2 Specific Prohibitions

Any Discharge to the Stormwater System containing any sewage, industrial waste or other
waste materials, or containing any materialsin violation of federal, state, county, municipal,
or other laws, rules, regulations, orders or permits, is prohibited.

Section 3.3 Authorized Exceptions

Unless the Director determines that it is not properly managed or otherwise is not acceptable,
the following Discharges are exempt from the general prohibition set forth under Section 3.1
of this ordinance: flows from fire fighting, water line flushing and other contributions from
potable water sources, landscape irrigation and lawn watering, irrigation water, diverted
stream flows, rising groundwaters, direct infiltration to the Stormwater System,
uncontaminated pumped groundwater, foundation and footing drains, water from crawl space
pumps, air conditioning condensation, springs, individual residential car washings, flows
from riparian habitats and wetlands, and dechlorinated swimming pool contributions.

Section 3.4 lllicit Connections

No Person may maintain, use or establish any direct or indirect connection to the Stormwater
System that resultsin any Discharge in violation of this ordinance. This prohibition is
retroactive and applies to connections made in the past, regardless of whether made under a
permit, or other authorization, or whether permissible under laws or practices applicable or
prevailing at the time the connection was made.

Section 3.5 Administrative Order
The Director may issue an order to any Person to immediately cease any Discharge, or any

connection to the Stormwater System, determined by the Director to be in violation of any
provision of this ordinance, or in violation of any regulation or permit issued hereunder.
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MODEL ORDINANCE PROVISIONS
40 CFR Section 122.26(d)(1)(i)(C) - SPILLS AND DUMPING

Article 4.0 Spillsand Dumping
Section 4.1 Genera Prohibitions

Except as set forth under Section 3.3 of this ordinance or as in accordance with avalid
NPDES permit, any Discharge to the Stormwater System that is not composed entirely of
Stormwater is prohibited.

Section 4.2 Specific Prohibitions

Any Discharge to the Stormwater System containing any sewage, industrial waste or other
waste materials, or containing any materialsin violation of federal, state, county, municipal,
or other laws, rules, regulations, orders or permits, is prohibited.

Section 4.3 Notification of Spills

As soon as any Person has knowledge of any Discharge to the Stormwater System in

violation of this ordinance, such Person shall immediately notify the Director by telephoning

[ ], and if such Person is directly or indirectly responsible for such
Discharge, then such Person shall also take immediate action to ensure the containment and
clean up of such Discharge and shall confirm such telephone notification in writing to the
Director at [ ] within
three calendar days.

Section 4.4 Administrative Order

The Director may issue an order to any Person to immediately cease any Discharge, or
connection to the Stormwater System, determined by the Director to be in violation of any
provision of this ordinance, or in violation of any regulation or permit issued hereunder.
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MODEL ORDINANCE PROVISIONS
40 CFR 122.26(d)(1)(ii)(E) - REQUIRE COMPLIANCE

Article 5.0 Enforcement
Section 5.1 Civil Penalties

Any violation of any provision of this ordinance, or of any regulation or order issued
hereunder, shall be subject to a civil penalty up to a maximum of $ per day for each
violation.

Section 5.2 Crimina Penalties

Any intentional or willful violation of any provision of this ordinance, or of any regulation or
order issued hereunder, shall be subject to a crimina penalty up to a maximum of $
per day, or imprisonment of up to one year, or both, for each violation.

Section 5.3 Injunctive Relief

Any violation of any provision of this ordinance, or of any regulation or order issued
hereunder, shall be subject to injunctive relief if necessary to protect the public health, safety
or general welfare.

Section 5.4 Continuing Violation

A Person shall be deemed guilty of a separate violation for each and every day during any
continuing violation of any provision of this ordinance, or of any regulation or permit issued
hereunder.

Section 5.5 Enforcement Actions

The Director may take al actions necessary, including the issuance of notices of violation

and the filing of court actions, to require and enforce compliance with the provisions of this
ordinance and with any regulation or permit issued hereunder.
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MODEL ORDINANCE PROVISIONS
40 CFR 122.26(d)(1)(ii)(F) - INSPECTION AND MONITORING

Article 6.0 Inspections and Monitoring
Section 6.1 Authority For Inspections

Whenever necessary to make an inspection to enforce any of the provisions of this ordinance,
or regulation or permit issued hereunder, or whenever an Authorized Officia has reasonable
cause to believe there exists any condition constituting a violation of any of the provisions of
this ordinance, or regulation or permit issued hereunder, any Authorized Official may enter
any property, building or facility at any reasonable time to inspect the same or to perform
any duty related to enforcement of the provisions of this ordinance or any regulations or
permits issued hereunder; provided that (a) if such property, building or facility is occupied,
such Authorized Official shall first present proper credentials and request permission to
enter, and (b) if such property, building or facility is unoccupied, such Authorized Official
shall make areasonable effort to locate the owner or other person having charge or control
of the property, building or facility, and shall request permission to enter. Any request for
permission to enter made hereunder shall state that the owner or person in control has the
right to refuse entry, and that in such event that entry is refused, the Authorized Official may
enter to make inspection only upon issuance of a search warrant by a duly authorized
magistrate. If the owner or person in control refuses permission to enter after such request
has been made, the Authorized Official is hereby authorized to seek assistance from any
court of competent jurisdiction in obtaining entry. Routine or area-wide inspections shall be
based upon such reasonabl e selection processes as may be necessary to carry out the
purposes of this ordinance, including but not limited to random sampling and sampling in
areas with evidence of stormwater contamination, non-stormwater discharges, or similar
factors.

Section 6.2 Authority For Monitoring and Sampling

Any Authorized Official may establish on any property such devices as are necessary to
conduct sampling or metering of Discharges to the Stormwater System. During any
inspections made to enforce the provisions of this ordinance, or regulations or permits issued
hereunder, any Authorized Official may take any samples deemed necessary.

Section 6.3 Requirements For Monitoring

The Director may require any Person engaging in any activity or owning any property,
building or facility (including but not limited to a Site of Industrial Activity) to undertake
such reasonable monitoring of any Discharge(s) to the Stormwater System and to furnish
periodic reports.

NPDES Permit Application Appendix A May 1993
Municipa Part 2 Supplement Page A-7 City of Knoxville, TN



APPENDIX B

USGS REPRESENTATIVE

MONITORING DATA

NPDES Permit Application Appendix B May 1993
Municipa Part 2 Supplement Page B-1 City of Knoxville, TN



STORMMTER DATA FOR KNOXVI LLE, TENNESSEE,
By George S. Qutlaw and Robert A. Aycock

1991-92

U S. GEOLOGE CAL SURVEY
Open-Fil e Data Report 93-xxx

Prepared in cooperation with the

CI TY OF KNOXVI LLE, TENNESSEE

Nashvill e, Tennessee

1993
NPDES Permit Application Appendix B
Municipal Part 2 Supplement Page B-2

May 1993
City of Knoxville, TN



U.S. DEPARTMENT OF THE INTERIOR

BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information Copies of this report can be
write to: purchased from:

District Chief U.S. Geological Survey

U.S. Geological Survey Books and Open-File Reports
810 Broadway, Suite 500 Federal Center,

Nashville, Tennessee 37203 Box 25425

Denver, Colorado 80225

NPD_ES Permit Application Appendix B May 1993
Municipa Part 2 Supplement Page B-3 City of Knoxville, TN



CONTENTS

Page
ADSt I aCt . 7
Introduction. . ... ... .. . . . . . 8
Description of nmonitored Watersheds. ......................... 11
Description of sampled storms. ............ .. ... ... iiuin... 15
Qual ity assurance and quality control ........................ 18
Stormrunoff mean concentrations and
Loads at nmonitored watersheds. .......................... 19
References. .. ... . . . . . 44
Suppl enental data - Increnental rainfall and discharge
Values for sanples storms............................... 45
| LLUSTRATI ON
Figure 1. Locations of watersheds and nonitoring
Stations in the Knoxville stornmater
Monitoring network. . ... ... ... .. . .. . .. ... .... 10
TABLES
Tabl e 1. Wat ersheds in the Knoxville stormater
Monitoring network........................... 12
2. Date and tine of storm and sanpling; rainfal
anounts before, during, and after sanpling
for storm volune of stormrunoff; and
volunme of stormrunoff sanmpled............... 16
NPDES Permit Application Appendix B May 1993

Municipa Part 2 Supplement Page B-4 City of Knoxville, TN



TABLES- - Cont i nued

Page
Tabl e 3. Daily rainfall amounts for 4 days
precedi ng the day of sanple collection....... 17
4. M ni mum reported val ues for anal yzed
constituents. .. ... ... ... .. . . . .. ... 20
5. Stormrunoff mean concentrations of volatile
organi ¢ conpounds for sanpled stornms......... 27
6. Stormrunoff mean concentrations of acidic
organi ¢ conpounds for sanpled storns......... 29
7. Stormrunoff mean concentrations of base/neutral
organi ¢ conpounds for sanpled stornms......... 30
8. Stormrunoff nmean concentrations of organic
pesticides for sanpled storns................ 33
9. Storm runof f mean concentrations of toxic
metal s, cyanide, and total phenols for
sanpled storms. . ........ ... . . . ... 35
10. Stormrunoff mean concentrations of
convential pollutants, pH values, and
wat er tenperature for sanpled stornms......... 36
11. Stormrunoff mean concentrations of additional
constituents and physical property val ues
for sanpled stornms............ ... . ... ... .... 38
12. Storm | oads for constituents with stormrunoff
mean concentrations above m ni mum
reported values. .. ... ... ... ... . . . . . . . .. .. .. .. 40
NPDES Permit Application Appendix B May 1993

Municipa Part 2 Supplement Page B-5 City of Knoxville, TN



CONVERSI ON FACTORS

Mulitply By To obtain

Inch (in.) 25.4 mllinmeter

Square nile (m? 259.0 hect ar e

Square nile (m? 259.0 square kil oneter

Cubic foot (ft3) 0. 02832 cubi c meter

Cubic foot (ft3) 28. 32 liter

Cubic foot (ft3) 28, 320 cubi c centimeter

Cubi ¢ foot per second (cfs) 0. 02832 cubi c neter per
Second

Pound, avoirdupois (IDb) 0. 4536 ki | ogram

M crosi emens per centineter 1.0 m crohns per

at 25° Celsius (uS/cm centineter at

25° Cel si us

Tenperature in degrees Celsius (°C) may be converted to degrees
Fahrenheit (°F) as foll ows:
°F =1.8 * °C + 32

Use of trade nanes in this report is for identification purposes
only and does not constitute endorsenent by the U S. Geol ogi cal
Survey.
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STORMMTER DATA FOR KNOXVI LLE, TENNESSEE, 1991-92

By CGeorge s. Qutlaw and Robert A. Aycock

ABSTRACT

The Knoxville stormnater nonitoring network consists of five
urban wat ersheds in Knoxville, Tennessee, that were nonitored
with rain gages and streanfl ow gages. Each wat ershed was
nonitored during three stornms to devel op i nformation about the
seasonal relation between |and use, rainfall, and stormwater
quality. Information was collected for 15 stornms occurring from
March 1991 t hrough August 1992. This informatiomw ||l assist the
City of Knoxville in neeting U S. Environnmental Protection Agency
regul ations ained at reduci ng the amount of pollution carried by
Knoxvill e stormmater to the Tennessee River.

Stormnat er-qual ity characteristics presented in this report
i nclude stormrunoff nean concentrations of selected volatile
or gani ¢ conpounds, acidic organi ¢ conpounds, base/neutral organic
conpounds, organic pesticides, toxic netals, and conventi onal
pol lutants. Al so, several physical properties of the stormater
wer e anal yzed.

Laborat ory anal yses of Knoxville stormmater found several
constituents in each catagory at concentrati ons above m ni num
reported values. Storm | oads were conputed for these
constituents by nultiplying the concentration by the vol unme of

stormrunoff and a conversion factor.
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| NTRODUCTI ON

Pollution is a problemwhich greatly affects the water
resources of the United States. Many activities of society
contribute to this problem by producing pollutants that are
nobi | i zed by the energy of rainfall and transported in stormater
to streans, rivers, |akes, and ground water. Generally, the
pollution carried by stormrunoff does not cone froma single
identifiable source. This type of pollution is referred to as
nonpoi nt source. In recent years, governnent regulations have
been i nplenmented to reduce the severity of nonpoint-source water
pol l uti on caused by urban stormater.

Currently, Federal stormmater regulations apply to cities
havi ng nore than 100, 000 residents (U S. Environnental Protection
Agency, 1992). These regulations require large cities to perform
studies to identify the type, concentration, and anount of
pollutants present in stormnvater. Such an analysis is
acconpl i shed by nonitoring the quantity of precipitation and the
quantity and quality of stormrunoff from watersheds with

different | and-use characteri stics.
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To assist with characterizing stormmvater quantity and
qual ity at Knoxville, Tennessee, the u.s. Geol ogical Survey
(USGS), in cooperation with the Gty of Knoxville, established
t he Knoxville stormnater nonitoring network. The nonitoring
network (fig. 1) consists of five urban watersheds that have been
instrunmented with a rain gage and a streanfl ow gage. Each
wat er shed was selected to represent a different type of |and use
in the Knoxville area.

Sanpl es of stormnater were nmanually collected at the gages
and sent to the USGS National Water Quality Laboratory in Arvada,
Col orado, for analysis of all constituents presented in this
report except suspended sedi nent, biol ogi cal oxygen demand, and
fecal bacteria. Suspended sedi nent concentrations were neasured
at the USGS Al abama District sedinment |aboratory; biol ogical
oxygen demand was determined at the Knoxville Utilities Board
Kewauhee Wastewater Treatnent Plant Laboratory; and fecal
bacteria counts were determ ned by the USGS Tennessee District.
For constituents with concentrations above m ni mum reported
val ues, storm |l oads, in pounds, were conputed by multiplying the
concentration by the volune of stormwater and a conversion
factor. This report presents results of these anal yses for 15

storns.
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EXPLANATION

é:xé::ifzzst::j Vatershed
1. Third Creek tributary
2. Fourth Creek tributary at
Middlebrook Pike
3. Fourth Creek tributary at
Wellington Drive
4. Ten MNile Creek tributary
5. First Creek tributary
Study area Monitorjng statiop--
! 4 ra?n(ail,gstreamf?ow
wvater quality
Figure 1.--Location of watersheds and.mon@torin% stations in the
Knoxville stormwater monitoring network
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DESCRI PTI ON OF MONI TORED WATERSHEDS

Land use in Knoxville is conposed of approximtely
70- percent devel oped | and and 30-percent undevel oped | and. The
devel oped | and is approxi mately 50-percent residential,

10- percent conmercial, 2-percent industrial, and 8-percent other
urban | and uses, including parks and golf courses. Watersheds in
the Knoxville stormnater nonitoring network (table 1) allow for
characterization of stormrunoff from areas of residential,
comercial, and industrial |and use.

Stormrunoff froman area of |ight commercial and industrial
devel opment with bul k-fuel storage and shipping term nals was
nonitored at Third Creek tribuary at Third Creek Road
(watershed 1). The nonitoring station was |ocated at the
downstream side of the culvert at Third Creek Road about 300 feet
fromthe intersection of Third Creek Road and M ddl ebr ook Pike.
The 0.64-square-mle watershed is conposed of approxi mately
10- percent conmerci al devel opnent, 10-percent industri al
devel opnment, 14-percent residential devel opnent, and 9-percent
streets and roads. The renaining 57 percent of the watershed is

undevel oped.
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Table 1.--Watersheds in the Knoxvill e stormvater

noni t ori ng network

[ Drai nage area is given in square mles]

Wat er shed
nunber Station Station Drainage Primary
on nmap nunber name area | and use
1 03497041 Third Creek 0. 64 Li ght commerci al
tributary at and industri al
Third Creek Road wi t h bul k-f uel
st or age
2 03497103 Fourth Creek 0. 84 Moder at e
tributary at comerci al and
M ddl ebr ook Pi ke i ndustri al
3 034971055 Fourth Creek 0.58 Concentr at ed
tributary at comer ci al
Vel lington Drive
4 03499193 Ten Ml e Creek 0. 27 Hi gh-density
tributary at residenti al
Chi shol m Trai |
5 03495905 First Creek 0. 23 Low density

tributary at
M dl ake Drive

resi denti al

NPDES Permit Application
Municipa Part 2 Supplement

Appendix B
Page B-12

May 1993
City of Knoxville, TN



Stormrunoff froman area of noderate commercial and
i ndustrial devel opnent was nonitored at Fourth Creek tributary at
M ddl ebrook Pi ke (watershed 2). The nonitoring station was
| ocated at the downstream side of the culvert at M ddl ebrook Pike
about 900 feet west of the intersection of M ddl ebrook Pike and
Wi sgar ber Road. This 0.84-square-nmle watershed is conposed of
approxi mately 25-percent industrial devel opnent, 15-percent
commerci al devel opnent, 12-percent residential devel opnent, and
12-percent streets and roads. The remaining 36 percent of the
wat er shed i s undevel oped.

Stormrunoff froman area of concentrated conmerci al
devel opnment was nonitored at Fourth Creek tributary at Wellington
Drive (watershed 3). The nonitoring station was | ocated about
50 feet upstreamfromthe culvert at Wellington Drive about
300 feet fromthe intersection of Wllington Drive and Ki ngston
Pi ke. This 0.58-square-mle watershed is conmposed of
approxi mately 38-percent conmercial devel opnent, 18-percent
residential devel opnment, and 17-percent streets and roads. The
remai ni ng 27 percent of the watershed is undevel oped.

Stormrunoff froman area of high-density residential
devel opment was nonitored at Ten Mle Creek tributary at Chi sholm
Trail (watershed 4). The nonitoring station was | ocated 30 feet
fromthe end of Chisholm Trail. This 0.27-square-mle watershed
i s conposed of 52-percent high-density residential devel opnent,
6- percent comrerci al devel opnent, and 8-percent streets and

roads. The renmining 34 percent of the watershed is undevel oped.

NPDES Permit Application Appendix B May 1993
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Stormrunoff froman area of |owdensity residenti al
devel opnment was nonitored at First Creek tributary at M dl ake
Drive (watershed 5). The nonitoring station was | ocated about
30 feet downstreamfromthe culvert at Mdl ake Drive about
400 feet fromthe intersection of Mdl ake Drive and Fountain
Road. This 0.23-square-mle watershed is occupi ed by about
62-percent | owdensity residential devel opnent, 1-percent
commerci al devel opnent, and 16-percent streets and roads. The

remai ni ng 21 percent of the watershed is undevel oped.

NPDES Permit Application Appendix B May 1993
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DESCRI PTI ON OF SAMPLED STORMS

Rai nfall hyetographs and di scharge hydrographs were recorded
with automatic instrunments at each of the nonitored watersheds
(fig. 1; table 1). The instrunents record rainfall anmounts and
streanfl ow di scharge every 5 mnutes. Rainfall data is used to
characterize stormduration, stormintensity, and antecedent
noi sture conditions. Streanflow data is used with water-quality
data to determ ne stormrunoff nmean concentrations and storm
| oads.

During this study, water-quality sanples were collected and
anal yzed for 15 stornms. The location; date and tinme of storm and
sanpling; rainfall amounts before, during, and after sanpling for
storm volunme of stormrunoff; and the volunme of storm runoff
sanpl ed have been provided for each storm (table 2). Daily
rainfall amounts for 4 days preceding the day of sanple
collection (table 3) provide information about antecedent
nmoi sture conditions.

The Suppl enental Data section in this report provides
increnental rainfall and di scharge val ues for the nonitored
storns. Information about rainfall amount, duration, and
intensity, and volunme of stormrunoff is provided by these

i ncrenental val ues.

NPDES Permit Application Appendix B May 1993
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Table 3.--Daily rainfall anounts for 4 days preceding the
41 day of sanple collection

[ Rainfall anpbunts are given in inches; TC, Third Creek tributary;
FM Fourth Creek tributary at M ddl ebrook Pike; FW Fourth Creek
tributary at Wellington Drive; TM Ten Mle Creek tributary;

FC, First Creek tributary]

Daily rainfall amounts for precedi ng days

Wat er shed
nunber Storm
on nmap nunber 1 2 3 4
1 TC1 0. 00 0. 00 0. 00 0. 00
TC2 .00 .00 .00 .00
TC3 .00 .00 05 10
2 FmL 00 .00 00 50
Fwve 00 .00 00 00
FMVB 00 .00 00 65
3 FwWL 00 .00 25 00
FwW2 00 .00 00 00
FWB 00 .00 00 00
4 TML 00 .00 00 1.00
TMR 00 .00 00 40
T™MB 00 .00 00 00
5 FC1 00 .00 00 00
FC2 10 .00 00 00
FC3 00 .00 00 20
NPDES Permit Application Appendix B May 1993
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QUALI TY ASSURANCE AND QUALI TY CONTROL

Throughout this study, a programof quality control and
qual ity assurance of the field and | aboratory methods used to
coll ect and analyze all water sanples was in force. A procedures
manual was devel oped to provide field personnel with a standard
operating procedure for collecting, handling, processing, and
shi ppi ng water sanples. Standard forns were devel oped and used
for field data collection, requesting analytical services, and to
provi de a chain of custody when shippi ng water sanples. The
pur pose of the quality assurance and control programwas to
ensure the accuracy of the data presented in this report.

Qual ity-control sanples collected during the course of this
study included equi prent blanks, trip blanks, and replicate
sanpl es. These sanples were coll ected, handl ed, processed, and
shi pped to the | aboratory foll ow ng guidelines set forth in the
procedur es manual

Anal ysi s of equipnent and trip blanks found no contam nation
of water sanples during collection, handling, shipnment, storage,
or |aboratory analysis. Analysis of replicant sanples found no
significant difference between regular storm sanples and
replicant sanples. Furthernore, the U S. Ceol ogi cal Survey
Nat i onal Water Quality Laboratory perfornms continuous quality
assurance and quality control of the |aboratory equipnment and

techni ques used to determ ne the values presented in this report.

NPDES Permit Application Appendix B May 1993
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STORM RUNOFF MEAN CONCENTRATI ONS AND STORM LOADS
AT MONI TORED WATERSHEDS

St ormnat er sanpl es were collected for 15 stornms at the
noni t ored wat ersheds during the period March 1991 t hrough August
1992. Laboratory anal yses of stormmater sanples were conducted
for a wide range of constituents (table 4). The general
categories of these constituents are volatile organi c conpounds;
aci di c organi c conpounds; base/neutral organi c conpounds; organic
pesticides; toxic netals, cyanide, and phenols; conventi onal
pol lutants, pH, and water tenperature; and additional
constituents and physical properties.

Di screte water sanples were collected at approxi mately
15-minute intervals for a period up to 3 hours for the storns.

A fl ow wei ghted conposite sanple was generated for each storm by
conbining the discrete sanples in equivalent proportion to the
vol une of stormrunoff represented by the discrete sanple. The
fl ow wei ghted conposite sanple was anal yzed for all constituents
except volatile organi c conpounds, cyani de, phenols, fecal
bacteria, field pH water tenperature, oil and grease, field
speci fic conductance, and suspended sedi ment. Values for the

| atter constituents were determ ned fromone or nore of the

di screte sanples. Results of these |aboratory anal yses were
assunmed to be representative of the nean value for the total

anount of runoff produced by the storm

NPDES Permit Application Appendix B May 1993
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Table 4.--Mnimum reported values for analyzed constituents

[ Laboratory code refers to anal ytical procedure described
by Fi shman and Friednman, 1989; pg/L, mcrogranms per liter;

mg/ L, mlligranms per liter; pS/cm microsienens per
centineter; col/100 nmL, colonies per 100 mlliliters;
--, no data]

M ni mum
Laborat ory reported

Consti t uent code val ue

Vol ati | e organi ¢ conpounds

Acrolein, total, in pg/L 1650 20

Acrylonitrile, total, in pg/L 1651 20
Benzene, total, in pg/L 1287 .2
Bronoform total, in pg/L 1288 .2
Carbontetrachloride, total, in pg/L 1289 .2
Chl or obenzene, total, in pg/L 1290 .2
Chl or odi br onorret hane, total, in pg/L 1291 .2
Chl or oet hane, total, in pg/L 1292 .2
82-Chl oroet hyl vinyl ether, total, in pg/L 1293 .2

1658 1
Chloroform total, in pg/L 1294 .2
Di chl or obr ononet hane, total, in pg/L 1295 .2
1, 1-Dichl oroet hane, total, in pg/L 1297 .2
1, 2-Di chl oroet hane, total, in pg/L 1298 .2
1, 1-Dichl oroet hyl ene, total, in pg/L 1299 .2
1, 2-Di chl oropropane, total, in pg/L 1301 .2
1, 3-Di chl oropropene, total, in pg/L 1302 .2
Et hyl benzene, total, in pg/L 1303 .2
Met hyl bromi de, total, in pg/L 1304 .2
Met hyl chl oride, total, in pg/L 1318 .2
Met hyl enechl oride, total, in pg/L 1305 .2
1,1, 2, 2-Tetrachl oroet hane, total, in pg/L 1306 .2
Tetrachl oroet hyl ene, total, in pg/L 1307 .2
Tol uene, total, in pg/L 1308 .2
1, 2- Transdi chl oroet hene, total, in pg/L 1300 .2
1, 1, 1-Trichloroethane, total, in pg/L 1309 .2
1,1, 2-Trichl oroethane, total, in pg/L 1310 .2
Trichl oroethylene, total, in pg/L 1311 .2
Vinylchloride, total, in pg/L 1313 .2

Aci di ¢ organi c conpounds

2-Ch|o rophenol, total, in pg/L 1056 5
2, 4- Di hIorophenoI total, in pg/L 1057 5
2, 4- Di net hyl phenol, total, in pg/L 1059 5
NPDES Permit Application Appendix B May 1993
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Table 4.--Mnimum reported values for analyzed c

onsti tuents--

Cont i nued
M ni mum
Laborat ory reported
Consti t uent code val ue
Aci di ¢ organi ¢ conpounds- - Conti nued
4,6-Dinitroorthocresol, total, in pg/L 1060 30
2,4-Dinitrophenol, total, in pg/L 1061 20
2-Ni trophenol, total, in pg/L 1062 5
4-Ni trophenol, total, in pg/L 1063 30
Par achl or onet acresol, total, in pg/L 1055 30
Pent achl or ophenol, total, in pg/L 1064 30
Phenol, total, in pg/L 1065 5
2,4,6-Trichl orophenol, total, in pg/L 1058 20
Base/ neutral organi c conpounds
Acenapht hyl ene, total, in pg/L 1067 5
Acenapht hene, total, in pg/L 1066 5
Ant hracene, total, in pg/L 1068 5
Benzi dine, total, in pg/L 1069 40
Benzo (A) anthracene, total, in pg/L 1070 10
Benzo (A) pyrene, total, 1n pg/L 1073 10
Benzo (B) fluoranthene, total, in pg/L 1071 10
Benzo (GHI) perylene, total, in pg/L 1074 10
Benzo (K) fluoranthene, total, in pg/L 1072 10
Bl S (2-Chl or oet hoxy) nethane, total, in pg/L 1076 5
BIS (2-Chloroethyl) ether, total, in pg/L 1077 5
BI' S (2-Chl oroi sopropyl) ether, total, in pg/L 1078 5
BIS (2-Ethyl hexyl) phthalate, total, in pg/L 1094 5
4- Bronophenyl phenyl ether, total, in pg/L 1079 5
N- Butyl benzyl phthalate, total, in pg/L 1075 5
2- Chl or onapht hal ene, total, in pg/L 1080 5
4- Chl or ophenyl phenyl ether, total, in pg/L 1081 5
Chrysene, total, in pg/L 1082 10
1, 2,5, 6- D benzant hracene, total, in pg/L 1083 10
4], 2-Di chl or obenzene, total, in pg/L 1085 5
1314 .2
4], 3-Di chl or obenzene, total, in pg/L 1086 5
1315 .2
8], 4- Di chl or obenzene, total, in pg/L 1087 5
1316 .2
3, 3-Dichl orobenzidine, total, in pg/L 1088 20
Di ethyl phthalate, total, in pg/L 1089 5
Di nret hyl phthalate, total, in pg/L 1090 5
NPDES Permit Application Appendix B May 1993
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Table 4.--Mnimum reported val ues for anal yzed constituents--

Cont i nued
M ni mum
Laborat ory reported
Consti t uent code val ue
Base/ neutral organi c conmpounds-- Conti nued
Di - N-butyl phthalate, total, in pg/L 1084 5
2,4-Dinitro toluene, total, in pg/L 1091 5
2,6-Dinitro toluene, total, in pg/L 1092 5
Di -N-octyl phthalate, total, in pg/L 1093 10
Fl uor ant hene, total, in pg/L 1096 5
Fl uorene, total, in pg/L 1095 5
Hexachl or obenzene, total, in pg/L 1097 5
2Hexachl or obut adi ene, total, in pg/L 1098 5
1675 .2
Hexachl or ocycl opent adi ene, total, in pg/L 1099 5
Hexachl or oet hane, total, in pg/L 1100 5
| ndeno (1,2,3) pyrene, total, in pg/L 1101 10
| sophorone, total, in pg/L 1102 5
®Napht hal ene, total, in pg/L 1103 5
1677 .2
Ni t robenzene, total, in pg/L 1104 5
N- Ni t r osodi net hyl anmine, total, in pg/L 1105 5
N-Ni t rosodi - N-propyl am ne, total, in pg/L 1107 5
N- Ni t r osodi phenyl anine, total, in pg/L 1106 5
Phenant hrene, total, in pg/L 1108 5
Pyrene, total, in pg/L 1109 5
21, 2,4-Trichl orobenzene, total, in pg/L 1111 5
1673 .2
Organi ¢ pesticides
Al drin, total, in pg/L 0350 0.01
1624 .04
2 Al pha benzene hexachloride, total, in pg/L 0806 .01
1619 .03
2Bet a benzene hexachloride, total, in pg/L 0807 .01
1620 .03
2Li ndane, total, in pg/L 0359 .01
1621 .03
®Del ta benzene hexachloride, total, in pg/L 0808 .01
1622 .09
Chl ordane, cis isoner, total, in pg/L 1628 .1
Chl ordane, trans isoner, total, in pg/L 1626 .1
NPDES Permit Application Appendix B May 1993
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Table 4.--Mnimum reported val ues for anal yzed constituents--

Cont i nued
M ni mum
Laborat ory reported
Consti t uent code val ue
Organi ¢ pestici des--Conti nued
2Chl ordane, total, in pg/L 0351 1
1637 .1
P,P DDT, total, in pg/L 1636 .1
P,P DDE, total, in pg/L 1630 .04
P,P DDD, total, in pg/L 1633 .1
®Dieldrin, total, in pg/L 0355 .01
1629 .02
Endosul fan | al pha, total, in pg/L 1627 1
Endosul fan Il beta, total, in pg/L 1632 .04
Endosul fan sulfate, total, in pg/L 1635 .6
2Endrin, total, in pg/L 0356 .01
1631 . 06
Endrin al dehyde, total, in pg/L 1634 .2
®Heptachlor, total, in pg/L 0357 .01
1623 .03
®Hept achl or epoxide, total, in pg/L 0358 .01
1625 . 8
2Arochl or 1016 PCB, total, in pg/L 0809 1
1641 .1
aArochlor 1221 PCB, total, in pg/L 0810 1
1639 1.
aArochlor 1232 PCB, total, in pg/L 0811 1
1640 .1
aArochl or 1242 PCB, total, in pg/L 0812 1
1642 .1
aArochl or 1248 PCB, total, in pg/L 0813 1
1643 .1
aArochlor 1254 PCB, total, in pg/L 0814 1
1644 .1
aArochlor 1260 PCB, total, in pg/L 0815 1
1645 .1
®Toxaphene, total, in pg/L 0360 1
1638 2
Toxi c netals, cyanide, and phenol s
®Antinmony, total, in pg/L as Sb 0080 1
1646 10
NPDES Permit Application Appendix B May 1993
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Table 4.--Mnimum reported val ues for anal yzed constituents--

Cont i nued
M ni mum
Laborat ory reported
Consti t uent code val ue
Toxi ¢ netals, cyanide, and phenol s--Conti nued
®Arsenic, total, in pg/L as As 0118 1
1584 1
Beryllium total, in pg/L as Be 0236 10
Cadmium total, in pg/L as Cd 1555 1
Chromium total, in pg/L as Cr 0762 1
Copper, total, in pg/L as Cu 1559 1
®Cyanide, total, in ng/L as Cn 0023 .01
1648 .01
Lead, total, in pg/L as Pb 1561 1
Mercury, total, in pg/L as Hg 0227 1
Ni ckel, total, in pg/L as N 1563 1
Phenol s, total, in pg/L 0052 1
2Sel enium total, in pg/L as Se 0286 1
1585 1
4Silver, total, in pg/L as Ag 1553 1
1647 .5
Thallium total, in pg/L as TI 1569 5
Zinc, total, in pg/L as Zn 0296 10

Conventional pollutants, pH and water tenperature

Bi ol ogi cal oxygen denmand, in ng/L --

Chem cal oxygen denmand, in ng/L 0076 10
Coliform fecal, col/100 ni - - - -
Streptococci, fecal, col/100 nL --
0027 1

Roe at 180° Celsius, dissolved, in ng/L
Roe at 105° Cel sius, suspended, in ng/L 0169 1
pH, field, standard units -- --
pH, | aboratory, standard units 0068 1
Water tenperature, field, degrees Cel sius -- --
Ni trogen, NO2 + NGB, total, in ng/L as N 0304 .05
®Nitrogen, NH4 + organic, total, in ng/L as N 0084 .2
1688 .2
®Phosphorus, dissolved, in ng/L as P 0128 .01
1685 .01
®Phosphorus, total, in ng/L as P 0129 .01
1686 .01
Ol and grease, total, in ng/L 0127 1
NPDES Permit Application Appendix B May 1993
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Table 4.--Mnimum reported val ues for anal yzed constituents--

Cont i nued
M ni mum
Laborat ory reported
Consti t uent code val ue
Addi ti onal constituents and physical properties
Speci fi ¢ conductance, field, in ps/cm -- --
Speci fi ¢ conduct ance, |aboratory, in ps/cm 0069 1
Al kalinity, laboratory, in ng/L as CaCQO3 0070 1
Cal cium dissolved, in ng/L as Ca 0659 .02
Chl oride, dissolved, in ng/L as d 1571 .1
Magnesi um dissolved, in ng/L as My 0663 .01
Pot assi um dissolved, in ng/L as K 0054 .1
Sodi um dissolved, in ng/L as Na 0675 .2
Sul fate, dissolved, in ng/L as SO4 1572 .1
Car bon, organic, total, in ng/L as C 0114 .1
Sedi ment, suspended, in ng/L -- --

& Two | aboratory nethods were used to analyze this constituent.

NPDES Permit Application Appendix B May 1993
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Laboratory codes and m nimumreported values (table 4) are
provi ded to docunent nethods used to deternmi ne constituent val ues
presented in this report (Fishman and Friedman, 1989). During
this study, several constituents were anal yzed using two mnet hods.
The change in | aboratory methods was the result of a revision of
| aborat ory anal ytical schedules, that was inplenented in |ate
1991 to provide a nore thorough and econom cal water-quality
testing program In nost instances where a constituent was
anal yzed by two nethods, the first |aboratory code applies to
stornms sanpl ed from March 1991 t hrough August 1991 and the second
| aboratory code applies to storns sanpled from Septenber 1991
t hrough the end of the study.

Constituent concentrations and physical property values are
reported for 28 volatile organic conmpounds (table 5), 11 acidic
organi ¢ conpounds (table 6), 45 base/neutral organic conmpounds
(table 7), 27 organic pesticides (table 8), 13 toxic netals,
cyani de, and phenols (table 9), 11 conventional pollutants, pH
and water tenperature (table 10), and 11 additional constituents
and physical properties (table 11).

Storm |l oads (table 12) are provided for constituents with
stormrunof f mean concentrati ons above m ni numreported val ues.
These | oads, reported in pounds, were conputed by nultiplying the
constituent concentration by the volune of stormrunoff and a

conversion factor.
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Table 5.--Storm-runoff mean concentrations of volatile organic compounds

for sampled storms

[All concentrations were determined from discrete samples and are reported as

micrograms per liter; <, below minimum reported value; a,
--, no data; TC, Third Creek tributary; FM, Fourth Creek tributary

analysis;

sample diluted for

at Middlebrook Pike; FW, Fourth Creek tributary at Wellington Drive; TM, Ten
Mile Creek tributary at Wellington Drive; FC, First Creek tributary]

Carbon- Chloro-
tetra- di-
Acro- Acrylo- Bromo- chlor- Chloro- bromo-
Storm lein, nitrile, Benzene, form, ide, benzene, methane,
number total total total total total total total
TCl -- - 2 <0.3a <0.3a <0.3a <0.3a
TC2 -- -- 92 <.2 <.2 <.2 <.2
TC3 <20 <20 160 <.2 <.2 <.2 <.2
FM1 -- -- <.2 <.2 <.2 <.2 <.2
FM2 <20 <20 <.2 <.2 <.2 <.2 <.2
FM3 <20 <20 <.2 <.2 <.2 <.2 <.2
FW1 -- -- <.2 <.2 <.2 <.2 <.2
FW2 <20 <20 <.2 <.2 <.2 <.2 <.2
FW3 <20 <20 <.2 <.2 <.2 <.2 <.2
™1 -- -- <.2 ' <.2 <.2 <.2 <.2
TM2 <20 <20 <.2 <.2 <.2 <.2 <.2
T™M3 <20 <20 <.2 <.2 <.2 <.2 <.2
FC1 -- -- <.2 <.2 <.2 <.2 <.2
FC2 <20 <20 <.2 <.2 <.2 <.2 <.2
FC3 <20 <20 <.2 <.2 <.2 <.2 <.2
2_
Chloro- Di- 1,1-Di-
ethyl- chloro- 1,1-Di- 1,2-Di- chloro-
Chloro- vinyl- Chloro bromo- chloro- chloro- ethyl-
Storm ethane, ether, form, methane, ethane, ethane, ene,
numbexr total total total total total total total
TC1 <0.3a <0.3a <0.3a <0.3a <0.3a <0.3a <0.3a
TC2 <.2 <.2 <.3a <.2 <.2 <.2 <.2
TC3 <.2 <1l <.2 <.2 <.2 <.2 <.2
FM1 <.2 <.2 <.2 <.2 <.2 <.2 <.2
FM2 <.2 <1l <.2 <.2 <.2 <.2 <.2
FM3 <.2 <1 <.2 <.2 <.2 <.2 <.2
FW1l <.2 <.2 <.2 <.2 <.2 <.2 <.2
FW2 <.2 <l .2 <.2 <.2 <.2 <.2
FW3 <.2 <1 <.2 <.2 <.2 <.2 <.2
TM1 <.2 <.2 <.2 <.2 <.2 <.2 <.2
T™M2 <.2 <1 .4 <.2 <.2 <.2 <.2
TM3 <.2 <1l <.2 <.2 <.2 <.2 <.2
FC1 <.2 <.2 <.2 <.2 <.2 <.2 <.2
FC2 <.2 <1 <.2 <.2 <.2 <.2 <.2
FC3 <.2 <1 <.2 <.2 <.2 <.2 <.2
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Table 5.--Storm-runoff mean concentrations of volatile organic compounds

for sampled storms--Continued

Methyl- 1,1,2,2-
1,2-Di- 1,3-Di- Methyl- ene- Tetra-
chloro- chloro- Ethyl- Methyl- chlo- chlo- chloro-
Storm propane, propene, benzene, bromide, ride, ride, ethane,
number total total total total total total total
TC1l <0.3a <0.3a 1.8 <0.3a <0.3a <0.3a <0.3a
TC2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
TC3 <.2 - .7 <.2 <.2 <.2 <.2
FM1 <.2 <.2 <.2 <.2 <.2 <.2 <.2
FM2 <.2 -- <.2 <.2 <.2 .2 <.2
FM3 <.2 - <.2 <.2 <.2 <.2 <.2
FW1 <.2 <.2 <.2 <.2 <.2 <.2 <.2
FW2 <.2 -- .2 <.2 <.2 <.2 <.2
FW3 <.2 -- <.2 <.2 <.2 <.2 <.2
T™1 <.2 <.2 <.2 <.2 <.2 <.2 <.2
™2 <.2 -- <.2 <.2 <.2 .3 <.2
TM3 <.2 - <.2 <.2 <.2 <.4 <.2
FC1 <.2 <.2 4 <.2 <.2 <.2 <.2
FC2 <.2 -- <.2 <.2 <.2 <.2 <.2
FC3 <.2 -- <.2 <.2 <.2 <.2 <.2
Tetra- 1,2- 1,1,1- 1,1,2- Tri-
chloro- Transdi- Tri- Tri- chloro- Vinyl-
ethyl- chloro- chloro- chloro- ethyl- chlor-
Storm ene, Toluene, ethene, ethane, ethane, ene, ide,
number total total total total total total total
TCl <0.3a 8 <0.3a <0.3a <0.3a <0.3a <0.3a
TC2 <.2 100 <.2 <.2 <.2 <.2 <.2
TC3 <.2 190 <.2 <.2 <.2 <.2 <.2
FM1 <.2 <.2 <.2 <.2 <.2 <.2 <.2
FM2 .5 <.2 <.2 1 <.2 <.2 <.2
FM3 <.2 <.2 <.2 <.2 <.2 <.2 <.2
FW1 <.2 <.2 <.2 <.2 <.2 <.2 <.2
FwW2 1.7 2.3 <.2 <.2 <.2 <.2 <.2
FW3 <.2 <.2 <.2 <.2 <.2 <.2 <.2
™1 <.2 <.2 <.2 <.2 <.2 <.2 <.2
T™M2 <.2 .3 <.2 <.2 <.2 <.2 <.2
TM3 <.2 <.2 <.2 <.2 <.2 <.2 <.2
FC1 <.2 1.2 <.2 <.2 <.2 <.2 <.2
FC2 <.2 <.2 <.2 <.2 <.2 <.2 <.2
FC3 <.2 <.2 <.2 <.2 <.2 <.2 <.2
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Table 6.--Storm-runoff mean concentrations of acidic organic compounds
for sampled storms

[All concentrations were determined from flow-weighted composite samples and
are reported as micrograms per liter; <, below minimum reported value; --, no
data; a, sample diluted for analysis; b, sample destroyed during shipment; TC,
Third Creek tributary; FM, Fourth Creek tributary at Middlebrook Pike; FW,
Fourth Creek tributary at Wellington Drive; TM, Ten Mile Creek tributary; FC,
First Creek tributary]

4,6-Di-
2~ 2,4-Di- 2,4-Di- nitro- 2,4-Di- 2- 4-
Chloro- chloro- methyl- ortho- nitro- Nitro- Nitro-
Storm phenol, phenol, phenol, cresol, phenol, phenol, phenol,
number total total total total total total total
TC1l <5 <5 5 <30 <20 <5 <30
TC2 <5 <5 <5 <30 <20 <5 <30
TC3 <5 <5 <5 <30 <20 <5 <30
FM1 <5 <5 <5 <30 <20 <5 <30
FM2 <5 <5 <5 <30 <20 <5 <30
FM3 <5 <5 <5 <30 <20 <5 <30
FWl <5 <5 <5 <30 <20 <5 <30
FW2 b b b b b b b
FW3 <5 <5 <5 <30 <20 <5 <30
TM1 <5 <5 <5 ) <30 <30a <5 <30
T™M2 <5 <5 <5 <30 <20 <5 <30
TM3 <5 <5 <5 <30 <20 <5 <30
FC1 <5 <5 <5 <30 <20 <5 <30
FC2 <5 <5 <5 <30 <20 <5 <30
FC3 <5 <5 <5 <30 <20 <5 <30
Penta- 2,4,6-
Parachloro- chloro- Trichloro-
Storm metacresol, phenol, Phenol, phenol,
number total total total total
TC1 <30 <30 <5 <20
TC2 <30 <30 5 <20
TC3 <30 <30 10 <20
FM1 <30 <30 <5 <20
FM2 <30 <30 <5 <20
FM3 <30 <30 <5 <20
FW1 <30 <30 <5 <20
FW2 b b -~ b
FW3 <30 <30 <5 <20
™1 <30 <30 <5 <20
TM2 <30 <30 <5 <20
T™3 <30 <30 <5 <20
FC1 <30 <30 <5 <20
FC2 <30 <30 <5 <20
FC3 <30 <30 <5 <20
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Table 7.--Storm-runoff mean concentrations of base/neutral organic compounds
for sampled storms

[Al1 concentrations were determined from flow-weighted composite samples and are
reported as micrograms per liter; <, below minimum reported value; --, no data;

b, sample destroyed during shipment; TC, Third Creek tributary; FM, Fourth Creek
tributary at Middlebrook Pike; FW, Fourth Creek tributary at Wellington Drive; TM,
Ten Mile Creek tributary; FC, First Creek tributary]

Benzo Benzo (B) Benzo
Ace- Ace- (A7) Benzo fluo- (GHI)
naphth- naphth- Anthra- Benzi- anthra- (A) ran- peryl-
Storm yvlene, ene, cene, dine, cene, pyrene, thene, ene,
number total total total total total total total total
TC1 <5 <5 <5 -- <10 <10 <10 <10
TC2 <5 <5 <5 -- <10 <10 <10 <10
TC3 <5 <5 <5 <40 <10 <10 <10 <10
FM1 <5 <5 <5 -- <10 <10 <10 <10
FM2 <5 <5 <5 <40 <10 <10 <10 <10
FM3 <5 <5 <5 <40 <10 <10 <10 <10
FW1 <5 <5 <5 -- <10 <10 <10 <10
FW2 b b b b b b b b
FW3 <5 <5 <5 <40 <10 <10 <10 16
T™1 <5 <5 <5 <40 <10 <10 <10 <10
TM2 <5 <5 <5 <40 <10 <10 <10 <10
TM3 <5 <5 <5 <40 <10 <10 <10 <10
FC1 <5 <5 <5 -- <10 <10 <10 <10
FC2 <5 <5 <5 <40 <10 <10 <10 <10
FC3 <5 <5 <5 <40 <10 <10 <10 <10
Benzo BIS BIS BIS (2- BIS (2- 4-
(K) (2- (2- Chloro- Ethyl- Bromo- N-Butyl 2-
fluo- Chloro- Chloro- iso- hexyl) phenyl benzyl Chloro-
ran- ethoxy) ethyl) propyl) phthal- phenyl phtha- naphth-
Storm thene, methane, ether, ether, ate, ether, late, alene,
number total total total total total total total total
TC1 <10 <5 <5 <5 5 <5 <5 <5
TC2 <10 <5 <5 <5 <5 <5 <5 <5
TC3 <10 <5 <5 <5 17 <5 <5 <5
FM1 <10 <5 <5 <5 <5 <5 <5 <5
FM2 <10 <5 <5 <5 <5 <5 <5 <5
FM3 <10 <5 <5 <5 <5 <5 <5 <5
FW1l <10 <5 <5 <5 5 <5 <5 <5
FW2 b b b b b b b b
FW3 <10 <5 <5 <5 <5 <5 <5 <5
™1 <10 <5 <5 <5 <5 <5 <5 <5
™2 <10 <5 <5 <5 <5 <5 <5 <5
TM3 <10 <5 <5 <5 <5 <5 <5 <5
FCl1 <10 <5 <5 <5 <5 <5 <5 <5
FC2 <10 <5 <5 <5 <5 <5 <5 <5
FC3 <10 <5 <5 <5 <5 <5 <5 <5
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Table 7.--Storm-runoff mean concentrations of base/neutral organic compounds
for sampled storms--Continued

4- 3,3-
Chloro- 1,2,5,6- : Di-
phenyl Dibenz- 1,2-Di- 1,3-Di- 1,4-Di- chloro- Diethyl
phenyl Chry- anthra- chloro- chloro- chloro- benzi- phthal-
Storm ether, sene, cene, benzene, benzene, benzene, dine, ate,
number total total total total total total total total
TC1 <5 <10 <10 <5 <5 <5 -- <5
TC2 <5 <10 <10 <5 <5 <5 == <5
TC3 <5 <10 <10 <5 <5 <5 <20 <5
FM1 <5 <10 <10 <5 <5 <5 -- <5
FM2 <5 <10 <10 <5 <5 <5 <20 <5
FM3 <5 <10 <10 <5 <5 <5 <20 <5
FW1 <5 <10 <10 <5 <5 <5 - <5
FW2 b b b <.2 <.2 <.2 b b
FW3 <5 <10 <10 <5 <5 <5 <20 <5
TM1 <5 <10 <10 <5 <5 <5 <20 <5
TM2 <5 <10 <10 <5 <5 <5 <20 <5
TM3 <5 <10 <10 <5 <5 <5 <20 <5
FC1l <5 <10 <10 <5 <5 <5 -- <5
FC2 <5 <10 <10 <5 <5 <5 <20 <5
FC3 <5 <10 <10 ‘<5 <5 <5 <20 <5
Di- Di-N- Di-N-
methyl butyl 2,4-Di- 2,6-Di- octyl
phthal- phthal- nitro- nitro- phthal- Fluor- Fluor-
Storm ate, ate, toluene, toluene, ate, anthene, ene,
number total total total total total total total
TC1 <5 <5 <5 <5 <10 <5 <5
TC2 <5 <5 <5 <5 <10 <5 <5
TC3 <5 <5 <5 <5 <10 <5 <5
FM1 <5 <5 <5 <5 <10 <5 <5
FM2 <5 <5 <5 <5 <10 <5 <5
FM3 <5 <5 <5 <5 <10 <5 <5
FW1 <5 <5 <5 <5 <10 9 <5
FW2 b b b b b b b
FW3 <5 <5 <5 <5 <10 8 <5
TM1 <5 <5 <5 <5 <10 <5 <5
T™™2 <5 <5 <5 <5 <10 <5 <5
TM3 <5 <5 <5 <5 <10 <5 <5
FC1 <5 <5 <5 <5 <10 <5 <5
FC2 <5 <5 <5 <5 <10 <5 <5
FC3 <5 <5 <5 <5 <10 <5 <5
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Table 7.--Storm-runoff mean concentrations of base/neutral organic compounds

for sampled storms--Continued

Hexa-
Hexa- Hexa- chloro-
chloro- chloro- cyclo- Hexa- Indeno Iso-
ben- buta- penta- chloro- (1,2,3) pho- Naphth- Nitro-
Storm zene, diene, diene, ethane, pyrene, rone, alene, benzene,
number total total total total total total total total
TC1 <5 <5 <5 <5 <10 <5 <5 <5
TC2 <5 <5 <5 <5 <10 <5 <5 <5
TC3 <5 <5 <5 <5 <10 <5 <5 <5
FM1 <5 <5 <5 <5 <10 <5 <5 <5
FM2 <5 <5 <5 <5 <10 <5 <5 <5
FM3 <5 <5 <5 <5 <10 <5 <5 <5
FW1 <5 <5 <5 <5 <10 <5 <5 <5
FW2 b <.2 b b b b .6 b
FW3 <5 <5 <5 <5 19 <5 <5 <5
™1 <5 <5 <5 <5 <10 <5 <5 <5
T™M2 <5 <5 <5 <5 <10 <5 <5 <5
TM3 <5 <5 <5 <5 <10 <5 <5 <5
FC1 <5 <5 <5 <5 <10 <5 <5 <5
FC2 <5 <5 <5 <5 <10 <5 <5 <5
FC3 <5 <5 <5 <5 <10 <5 <5 <5
N- N-
N-Nitro nitro- Nitro- 1,2,4-
sodi- sodi-N- sodi- Tri-
methyl- propyl- phenyl- Phen- chloro-
Storm amine, amine, amine, anthrene, Pyrene, benzene,
number total total total total total total
TC1 <5 <5 <5 <5 <5 <5
TC2 <5 <5 <5 <5 <5 <5
TC3 <5 <5 <5 <5 <5 <5
FM1 <5 <5 <5 <5 <5 <5
FM2 <5 <5 <5 <5 <5 <5
FM3 <5 <5 <5 <5 <5 <5
FW1 <5 <5 <5 <5 6 <5
FW2 b b b b b <.2
FW3 <5 <5 <5 <5 <5 <5
T™1 <5 <5 <5 <5 <5 <5
TM2 <5 <5 <5 <5 <5 <5
TM3 <5 <5 <5 <5 <5 <5
FC1 <5 <5 <5 <5 <5 <5
FC2 <5 <5 <5 <5 <5 <5
FC3 <5 <5 <5 <5 <5 <5
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Table 8.--Storm-runoff mean concentrations of organic pesticides for sampled storms

[All concentrations were determined from flow-weighted composite samples and are
reported as micrograms per liter;
diluted for analysis; --
tributary at Middlebrook Pike; FW, Fourth Creek tributary at Wellington Drive;
TM, Ten Mile Creek; FC, First Creek tributary]

no data; TC, Third Creek tributary;

<, less than minimum reported value; a, sample
FM, Fourth Creek

Alpha Beta Delta
benzene benzene benzene Chlor- Chlor-
hexa- hexa- hexa- dane, dane,
chlor- chlor- chlor- cis trans Chlor-
Storm Aldrin, ide, ide, Lindane, ide, isomer, isomer, dane,
number total total total total total total total total
TC1 <0.01 <0.01 <0.01 <0.01 <0.01 - - <0.1
TC2 <.01 <.01 <.01 <.01 <.01 -- -- <.l
TC3 <.04 <.03 <.03 <.03 <.09 <0.1 <0.1 <.l
FM1 <.01 .10 <.20a <.01 <.01 - -- <.l
FM2 <.04 <.03 <.03 <.03 <.09 <.l <.l <.l
FM3 <.04 <.03 <.03 <.,03 <.09 <.l <.l <.l
FW1 <.01 <.01 <.01 <.01 <.01 - -- <.l
FW2 <.04 <.03 <.03 <.03 <.09 .1 .1 <.1
FW3 <.04 <.03 <.03 <.03 <.09 <.l <.1 <.l
™1 <.40a <.30a <.30a <.30a <.90a <la <la <la
TM2 <.04 <.03 <.03 <.03 <.09 <.l <.1 <.l
™3 <.04 <.03 <.03 v <.03 <.09 <.1 <.1 <.l
FC1 <.01 <.01 <.01 <.01 <.01 -- -- .1
FC2 <.04 <.03 <.03 <.03 <.09 <.l <.l <.1
FC3 <.04 <.03 <.03 <.03 <.09 <.l <.1 <.l
Endo- Endo-
sul- sul- Endo-
P,p’ P,P’ P,P’ Di- fan I fan II sulfan End-
Storm DDT, DDE, DDD, eldrin, alpha, beta, sulfate, rin,
number total total total total total total total total
TC1 -- - -- <0.01 - == -- <0.01
TC2 -- -- -- <.01 -- -- - <.01
TC3 <0.1 <0.04 <0.1 <.02 <0.1 <0.04 <.6 <.06
FM1 - - - <.01 - -- - <.01
FM2 <.l <.04 <.1 <.02 <.1 <.04 <.6 <.06
FM3 <.l <.04 <.l <.02 <.1 <.04 <.6 <.06
FW1 == = -- <.01 -- -- -- <.01
FW2 <.l <.04 <.l <.02 <.l <.04 .6 <.06
FW3 <.l <.04 <.1 <.02 <.l <.04 <.6 <.06
TM1 <la <.2a <la <.2a <la <.4a <6a <.6a
TM2 <.l <.04 <.1l <.03a <.1 <.04 <.6 <.06
TM3 <.l <.04 <.l <.02 <.l <.04 <.6 <.06
FC1 - - - o1 -- -- -- <.01
FC2 <.l <.04 <.l <.02 <.1 <.04 <.6 <.06
FC3 <.1 <.04 <.l <.02 1 <.04 <.6 <.06
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Table 8.--Storm-runoff mean concentrations of organic pesticides
for sampled storms--Continued

Endrin Hepta- Aroclor Aroclor Aroclor Aroclor Aroclor
alde- Hepta- chlor 1016 1221 1232 1242 1248
Storm hyde, chlor, epoxide, PCB, PCB, PCB, PCB, PCB,
number total total total total total total total total
TC1l - <0.01 <0.01 <0.1 <la <0.1 <0.1 <0.1
TC2 - <.01 <.01 <.1l <.l <.1 <.l <.1
TC3 <.2 <.03 <.8 <.l <1 <.l <.l <.1
FM1 -- <.01 <.01 <.1 <.1 <.1 <.1 <.1
FM2 <.2 <.03 <.8 <.l <1l <.1 <.1 <.1
FM3 <.2 <.03 <.8 <.1 <1 <.1 <.1 <.l
FW1 -- <.01 <.01 <.l <.l <.1 <.l <.l
FW2 <.2 <.03 <.8 <.l <1 <.1 <.l <.l
FW3 <.2 <.03 <.8 <.1l <1 <.1 <.l <.l
T™M1 <.2 <.3a <8a <la <1l <la <la <la
TM2 <.2 <.03 <.8 <.1 <1 <.1 <.l <.l
TM3 <.2 <.03 <.8 <.l <1l <.l <.l <.l
FC1 - <.01 <.01 <.l <.l <.l <.l <.1
FC2 <.2 <.03 <.8 <.1 <1l <.l <.1 <.l
FC3 <.2 <.03 <.8 <.l <1l <.l <.l <.1
Aroclor Aroclor
1254 1260 Toxa-
Storm PCB, PCB, phene,
number total total total
TC1 <0.1 <0.1 <1
TC2 <.l <.1 <1
TC3 <.1 <.l <2
FM1 <.1 <.1 <1
FM2 <.1 <.1l <2
FM3 <.1 <.1 <2
FW1 <.1l <.1 <1
FW2 <.1l .3 <2
FW3 <.1 <.1 <2
TM1 <la <la <20a
™2 <.1 <.1 <2
TM3 <.1 <.l <2
FC1 <.l .1 <1
FC2 <.l <.l <2
FC3 <.l <.1 <2
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Table 9.--Storm-runoff mean concentrations of toxic metals, cyanide,
and total phenols for sampled storms

[All concentrations were determined from flow-weighted composite samples, except
cyanide and phenols which were determined from discrete samples; all concentrations
are reported as micrograms per liter except for cyanide which is reported as
milligrams per liter; a, sample diluted for analysis; <, less than minimum reported
value; --, no data; TC, Third Creek tributary; FM, Fourth Creek tributary at
Middlebrook Pike; FW, Fourth Creek tributary at Wellington Drive; TM, Ten Mile
Creek tributary; FC, First Creek tributaryl

Anti- Beryl- Chrom-
mony, Arsenic, lium, Cadmium, ium, Copper, Cyanide, Lead,
Storm total, total, total, total, total, total, total, total,
number as Sb as As as Be as Ccd as Cr as Cu as Cn as Pb
TC1l 1 14 <10 1 6 11 <0.01 15
TC2 1 2 <10 2 10 14 <.01 23
TC3 <10 14 <10 2 11 23 .01 29
FM1 1 3 <10 1 14 8 <.01 25
FM2 <10 2 <10 <1l 6 -- <.01 18
FM3 <20a 2 <10 <1 6 5 <.01 14
FW1 3 <1l <10 <1l 3 9 <.01 17
FW2 <10 <l <10 2 28 28 .01 14
FW3 <20a 12 <10 <1 3 13 <.01 12
™1 <1l <1l <10 <1 <1l 3 <.01 --
™2 <10 <1 <10 <1 7 6 <.01 5
TM3 <10 2 <10 <l <1 3 <.01 5
FC1 1 2 <10 <1 8 6 <.01 54
FC2 <10 1 <10 <1 12 6 <.01 64
FC3 <10 2 <10 <1l 6 12 <.01 40
Sele- Thal-
Mercury, Nickel, nium, Silver, lium, Zinc,
Storm total, total, Phenols, total, total, total, total,
number as Hg as Ni total as Se as Ag as Tl as Zn
TC1 0.2 2 120 <1 <1l <1l0a 150
TC2 <.l 11 33 <1 <1l <5 200
TC3 <.1 6 150 <2 <l <l1l0a 210
FM1 .1 8 <1l <1 <1l <5 350
FM2 <.1 9 8 <2 <1l <1l0a 240
FM3 <.l 4 3 <1l <1l <5 150
FW1 <.l 3 5 <1l <1 <5 170
FW2 .1 10 11 <1 <1l <5 340
FW3 <.l 4 14 <2 <1 <5 150
TM1 <.l 2 1 <1l <1 —— 20
TM2 <.l 10 3 <1 <1 <5 50
T™3 <.l 1 4 <2 <1 <1l0a 50
FC1 <.l 6 - <1 <1 <1l0a 110
FC2 <.l 6 3 <2 <1 <5 130
FC3 <.l 3 6 <2 <1 <l0a 90
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Table 10.--Storm-runoff mean concentrations of conventional pollutants, pH values,
and water temperatures for sampled storms

[All concentrations were determined from flow-weighted composite samples, except
fecal bacteria, and oil and grease, which were determined from discrete samples;
all concentrations are reported as milligrams per liter, except fecal bacteria,
which are reported as colonies per 100 milliliters; pH was determined from
flow-weighted composite samples, unless otherwise noted, and is reported in
standard units; water temperature is reported as degrees Celsius; <, below minimum
reported value; K, results based on colony count outside the acceptable range;

G, greater than; L, less than; --, no data; TC, Third Creek tributary; FM, Fourth
Creek tributary at Middlebrook Pike; FW; Fourth Creek tributary at Wellington
Drive; TM, Ten Mile Creek tributary; FC, First Creek tributaryl]

Residue Residue
Biolog- Chem- Strep- at 180° at 105°
ical ical Coli- to- Celsius, Celsius,

Storm oxygen oxygen form, cocci, dis- sus- PH,
number demand demand fecal fecal solved pended field
TC1l 72 220 220 720 129 87 7.5
TC2 10 98 2,500 7,400 100 143 7.9
TC3 270 250 K63 950 225 200 8.4
FM1 72 89 K1,300 5,900 56 285 8.2
FM2 21 100 2,000 9,700 135 101 7.4
FM3 52 71 20,000 56,000 54 281 --
FW1 20 130 3,900 45,000 48 43 7.0
FW2 370 650 K6,000 G1,000,000 157 75 26.7
FW3 13 110 2,000 °© K190,000 110 23 27.6
TM1 8 32 22,000 69,000 89 1 7.7
TM2 26 84 690,000 17,000 117 23 7.7
TM3 24 37 10,000 78,000 38 21 8.0
FC1 8 77 24,000 22,000 38 100 --
FC2 36 92 K17,000 41,000 59 220 8.7
FC3 27 130 56,000 48,000 85 186 37.7
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Table 10.--Storm-runoff mean concentrations of conventional pollutants, pH values,
and water temperature for sampled storms--Continued

Nitro- Nitrogen, Phos-
water gen, NH4 and phorus, Phos-
PH, temper- NO2+NO3, organic, dis- phorus, 0il and

Storm labor- ature, total, total, solved, total, grease,

number atory field as N as N as P as P total
TC1 7.1 10.0 0.61 2.2 0.91 1.5 <1
TC2 7.6 22.0 .46 1.3 .56 1.0 1
TC3 7.3 8.8 1.1 3.0 1.6 2.5 <1
FM1 7.9 18.0 .40 1.1 .04 .38 <1
FM2 7.1 16.0 .92 1.4 .38 .53 3
FM3 7.7 23.0 .50 .4 04 .10 <1
FWl 7.0 21.0 .36 2.1 .11 .21 4
FwW2 6.7 17.5 1.6 2.7 .52 .72 12
FW3 6.8 13.0 1.6 1.6 .12 .16 5
TM1 7.5 22.5 .99 .7 .05 .09 <1
TM2 7.2 25.0 1.4 1.8 .09 .14 1
TM3 7.7 23.0 .36 .5 .07 .14 <1
FC1 7.0 17.0 .32 1.2 .17 .32 <1
FC2 7.7 14.5 .32 1.1 .10 .30 <1
FC3 6.9 23.5 1.5 1.7 .24 .33 1

2 Value from a discrete sample taken near the storm peak.
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Table 11.--Storm-runoff mean concentrations of additional constituents and physical

property values for sampled storms

[All concentrations were determined from flow-weighted composite samples except
suspended sediment, which was determined from discrete samples; all concentrations
are reported as milligrams per liter; specific conductance was determined from
flow-weighted composite samples, unless otherwise noted, and is reported as
microsiemens per centimeter at 25° Celsius; --, no data; TC, Third Creek tributary;
FM, Fourth Creek tributary at Middlebrook Pike; FW, Fourth Creek tributary at
Wellington Drive; TM, Ten Mile Creek tributary; FC, First Creek tributaryl]

Chlo- Magne- Potas-

Specific Specific Alka- Calcium, ride, sium, sium,
conduct - conduct- linity, dis- dis- dis- dis-

Storm ance, ance, laboratory, solved, solved, solved, solved,
number field laboratory as CaCo03 as Ca as Cl as Mg as K
TC1l 230 201 81 28 4.8 2.5 2.0
TC2 240 173 54 22 4.6 1.8 1.6
TC3 2448 345 121 51 16 4.2 2.7
FM1 70 110 50 14 2.1 1.0 1.0
FM2 2296 223 73 28 5.9 2.5 2.8
FM3 a71 89 39 12 1.3 90 1.9
FW1 170 84 33 12 1.1 1.1 1.0
FW2 2213 181 51 26 4.7 2.2 2.8
FW3 8201 162 34 20 7.4 1.7 1.3
TM1 2119 126 40 - 20 1.6 1.4 1.7
T™M2 3165 165 48 23 8.0 1.7 2.8
TM3 261 58 24 8.6 1.4 .72 1.8
FC1 60 73 34 9.1 .8 1.0 3.9
FC2 241 75 35 11 .8 1.1 2.0
FC3 299 106 42 14 .4 1.4 3.7
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Table 11.--Storm-runoff mean concentrations of additional constituents and physical

property values for sampled storms--Continued

Sodium, Sulfate, Carbon,
dis- dis- organic,
Storm solved, solved, total, Sediment,
number as Na as S04 as C suspended
TC1 8.0 14 48 86.2
TC2 4.4 11 26 424
TC3 14 36 63 125
FM1 1.7 7.9 15 307
FM2 8.2 30 23 103
FM3 .7 7.9 17 374
FW1 1.2 8.2 27 88.2
FW2 6.0 37 190 70.0
FW3 4.8 24 26 43.2
TM1 .8 11 8. 47.0
™2 3.9 14 27 331
TM3 .6 3.6 11 54.9
FC1 .5 2.6 -- 207
FC2 .3 2.3 25 307
FC3 .7 8.0 32 339

2 value from a discrete sample taken near the storm peak.
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Table 12.--Storm loads for constituents with storm-runoff mean concentrations
above minimum reported values

[All loads are given in pounds; L, less than; G, greater than; --, no data; TC,
Third Creek tributary; FM, Fourth Creek tributary at Middlebrook Pike; FW, Fourth
Creek tributary at Wellington Drive; TM, Ten Mile Creek tributary; FC, First Creek
tributary]

Methyl- Tetra- 1,1,1- 2,4-

ene chloro Tri- Di-
Chloro- Ethyl- chlo- ethyl- chloro- Methyl-
Storm Benzene, form, benzene, ride, ene, Toluene, ethane, phenol,
number total total total total total total total total

TC1 0.013 -- 0.012 -- -- 0.054 -- 0.034
TC2 .30 --= -- -- -- .32 -- --
TC3 . 041 -- .00018 -- -- .048 -- --

FM1 -- -- -- -- -- -- -- --
FM2 -- -- -- 0.00051 0.0013 -- 0.0025 --
FM3 -- -- -- -- -- - -- -

FW1 -- -- -- - -- -- -- --
FW2 -- 0.00042 .00042 -- 0.0036 .0049 -- --
FW3 -- -- -- -- -- - -- --

TM1 -- -- -- -- -- -- -- --
TM2 - .000029 -- .000022  -- .000022  -- --
™3 -- -- -- coe- - -- -- -

FC1 -- -- .00015 -- -- .00044 -- --
FC2 -- -— -- -- -- -- -- --
FC3 -- -- -- -- -- -- -- --

BIS (2-
Benzo Ethyl-
(GHI) hexyl) Indeno
peryl- phthal- Fluor- (1,2,3) Naphth-
Storm Phenol, ene, ate, anthene, pyrene, alene, Pyrene,
number total total total total total total total

TC1 -- - 0.034 -- - -- --
TC2 .016 - -- -- - - -
TC3 .0025 -- .0043 - -- - -

FM1 -- -- -- -- - -- -
FM2 -- -- - -- -- -- -

FW1 -- -- .034 0.061 -- -- 0.040
FW2 -- -- -- -- -- 0.0013 --
FW3 -- 0.10 -- .052 0.12 -- --

TM1 -- -- -- -- -- -- -
TM2 -- -- -- -- -- -- --
™3 -- -- -- -- -- - -

FC1 -- -- -- -- -- -- --
FC2 -- -- -- -- -- -- --
FC3 -- -- -- -- -- -- --
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Table 12.--Storm loads for constituents with storm-runoff mean concentrations
above minimum reported values--Continued

Alpha
benzene
hexa- Aroclor Anti-
chlor- Chlor- Di- 1260 mony, Arsenic, Cadmium,
Storm ide, dane, eldrin, PCB, total, total, total,
number total total total total as Sb as As as Cd
TC1l - - - -- 0.0067 0.094 0.0067
TC2 -- = -- == .0032 .0065 .0065
TC3 -- -- -- == == .0035 .00051
FM1 0.00071 . -- -- .0071 .021 .0071
FM2 -- -- ke -- == .0051 -
FM3 -- -- -- -- -- .091 --
FW1 -- -- -- -- .020 —= ket
FW2 - -- -- 0.00064 - -- .0042
FW3 -- e -- -- -- .079 --
T™M1 -- -- -- -- -- -- -=
TM2 -- -- = -= - -- --
TM3 -- -- == -- -- .0078 -
FC1 == 0.000036 0.0000036 .000036 .00036 .00073 --
FC2 -- -- -- .- -- .00041 --
FC3 - -—- -- . - -- .000016 --
Chrom-
ium, Copper, Cyanide, Lead, Mercury, Nickel,
Storm total, total, total, total, total, total, Phenols,
number as Cr as Cu as Cn as Pb as Hg as Ni total
TC1 0.040 0.074 -- 0.10 0.0013 0.013 0.81
TC2 .032 . 045 == .074 -- .035 .11
TC3 .0028 .0058 0.0025 .0073 -- .0015 .038
FM1 .099 . 056 - .18 .00071 .056 --
FM2 .015 -- -- . 046 -- .023 .020
FM3 .27 .23 -- .64 == .18 .14
FW1 .020 .061 -- .11 - .020 .034
FW2 .059 .059 .021 .030 .00021 .021 . 023
FW3 .020 .085 -— .079 == .026 . 092
™1 -- .00091 - -- ek .00061 .00030
™2 .00051 .00044 -- .00037 ke .00073 .00022
TM3 -- .012 -- .020 - .0039 .016
FC1 .0029 .0022 - .020 -- .0022 --
FC2 .0049 .0024 -- .026 -- .0024 - .0012
FC3 .000048 .000097 -- .00032 - = .000024 .000048
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Table 12.--Storm loads for constituents with storm-runoff mean concentrations

above minimum reported values--Continued

Residue Regidue Nitrogen,
Bio- at 180° at 105° Nitrogen, NH4 and
zZinc, logical Chemical Celsius, Celsius, NO2+NO3, organic,
Storm total, oxygen oxygen dis- sus- total, total,
number as Zn demand demand solved pended as N as N
TC1 1.0 490 1,500 870 590 4.1 15
TC2 .65 32 320 320 460 1.5 4.2
TC3 .053 68 63 57 51 .28 76
FM1 2.5 510 630 390 2,000 2.8 7.8
FM2 .61 53 250 340 260 2.3 3.6
FM3 6.8 2,400 3,200 2,500 13,000 23 18
FW1 1.1 130 880 320 290 2.4 14
FW2 .72 780 1,400 330 160 3.4 5.7
FW3 .98 85 720 720 150 10 10
TM1 .0061 2.4 9.7 27 .30 .30 .21
TM2 .0037 1.9 6.1 8.5 1.7 .10 .13
TM3 .20 94 150 150 82 1.4 2.0
FCl1 . 040 2.9 28 14 36 .12 .44
FC2 .053 15 37 24 89 .13 .45
FC3 .00072 .22 1.0 .68 1.5 .012 .014
Phos- Alka- Chlor- Magnes-
phorus Phos- 0il linity, Calcium, ide, ium,
dis- phorus, and labor- dis- dis- dis-
Storm solved total, grease, atory, solved, solved, solved,
number as P as P total as CaCO3 as Ca as Cl as Mg
TC1 6.1 10 -- 550 190 32 17
TC2 1.8 3.2 3.2 170 71 15 5.8
TC3 .41 .63 -- 31 13 4.1 1.1
FM1 .28 2.7 -- 350 99 15 7.1
FM2 .97 1.3 7.6 190 71 15 6.3
FM3 1.8 4.6 -- 1,800 550 59 41
FWl .74 1.4 27 220 81 7.4 7.4
FW2 1.1 1.5 25 110 55 10 4.7
FW3 .79 1.0 33 1,500 130 48 11
TM1 .015 .027 -- 12 6.1 .49 .43
TM2 .0066 .010 .073 3.5 1.7 .58 .12
TM3 .27 .55 -- 94 34 5.5 2.8
FC1 .062 .12 -- 12 3.3 .29 .36
FC2 .040 .12 -- 14 4.5 .32 .45
FC3 .0019% .0027 .0080 .34 .11 .0032 .011
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Table 12.--Storm loads for constituents with storm-runoff mean concentrations

above minimum reported values--Continued

Potas-
sium, Sodium, Sulfate, Carbon,
dis- dis- dis- organic,
Storm solved, solved, solved, total, Sediment,
number as K as Na as S04 as C suspended
TC1 13 54 94 320 580
TC2 5.2 14 35 84 1,400
TC3 .68 3.5 9.1 16 32
FM1 7.1 12 56 110 2,200
FM2 7.1 21 76 58 260
FM3 87 32 360 770 17,000
FW1 6.7 8.1 55 180 590
FW2 5.9 13 78 400 150
FW3 8.5 31 160 170 280
TM1 .52 .24 3.3 2.6 14
TM2 .20 .28 1.0 2.0 24
TM3 7.1 2.4 14 43 220
FC1 1.4 .18 .94 -- 75
FC2 .81 .12 .93 10 124
FC3 .030 .0056 064 .26 2.7
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SUPPLEMENTAL DATA

Increnental rainfall and di scharge val ues for sanpled storns
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Storm TCl -- March 12 & 13, 1991
Wat ershed 1 03497041 Third Creek tributary at Third Creek Road
[Time is given in hours and m nutes; rainfall amount is given in inches;
di scharge is given in cubic feet per second; rainfall anmount occurring
from 0001 through 1825 was 0. 04 i nch]

Basefl ow-0.40 cubic foot per second

| ncrenent al I ncr enent al I ncrenent a

rai nfall D s- rai nfall Dis- rainfall Dis-
Ti me anount char ge Ti me anount char ge Ti me amount charge
1830 0.01 0. 40 2220 0. 00 2.8 0210 0. 00 3.2
1835 .00 .40 2225 .00 3.0 0215 .00 3.3
1840 .00 . 57 2230 .00 3.6 0220 .00 3.5
1845 .01 . 57 2235 .01 3.7 0225 .01 3.5
1850 .01 . 57 2240 .01 3.7 0230 .00 3.2
1855 .01 .57 2245 .01 3.7 0235 .00 3.0
1900 .00 . 80 2250 .00 4.0 0240 .01 3.0
1905 .01 1.0 2255 .00 4.0 0245 .00 3.0
1910 .00 1.1 2300 .00 4.0 0250 .01 3.0
1915 .01 1.1 2305 .00 4.0 0255 .00 3.0
1920 .01 1.2 2310 .01 4.0 0300 .00 3.0
1925 .01 1.8 2315 .00 4.2 0305 .00 3.0
1930 .01 2.2 2320 .00 4.5 0310 .00 3.0
1935 .02 3.3 2325 .00 4.5 0315 .00 3.0
1940 .01 4.4 2330 .00 4.4 0320 .00 3.0
1945 .01 4.8 2335 .00 4.1 0325 .00 3.0
1950 .00 5.5 2340 .00 4.1 0330 .00 3.0
1955 .01 6.1 2345 .01 4.0 0335 .00 3.0
2000 .01 6.3 2350 .00 4.0 0340 .00 3.0
2005 .00 6.9 2355 .00 3.8 0345 .00 3.0
2010 .00 6.7 2400 .01 3.8 0350 .00 2.9
2015 .01 6.5 0005 .00 3.7 0355 .00 2.8
2020 .00 6.2 0010 .00 3.7 0400 .00 2.8
2025 .00 5.8 0015 .00 3.6 0405 .00 2.8
2030 .00 5.5 0020 .00 3.6 0410 .00 2.8
2035 .00 5.2 0025 .00 3.3 0415 .00 2.7
2040 .01 4.8 0030 .00 3.3 0420 .00 2.7
2045 .00 4.7 0035 .00 3.5 0425 .00 2.5
2050 .00 4.2 0040 .01 3.5 0430 .00 2.4
2055 .00 4.0 0045 .00 3.5 0435 .00 2.3
2100 .00 3.8 0050 .00 3.5 0440 .00 2.2
2105 .00 3.7 0055 .00 3.5 0445 .00 2.2
2110 .00 3.2 0100 .00 3.5 0450 .00 2.2
2115 .00 2.9 0105 .00 3.5 0455 .00 2.1
2120 .00 2.8 0110 .00 3.5 0500 .00 2.1
2125 .00 2.7 0115 .00 3.5 0505 .00 2.1
2130 .00 2.5 0120 .00 3.5 0510 .00 1.9
2135 .01 2.5 0125 .01 3.5 0515 .00 1.9
2140 .00 2.4 0130 .00 3.5 0520 .00 1.9
2145 .01 2.3 0135 .00 3.5 0525 .00 1.9
2150 .01 2.3 0140 .00 3.5 0530 .00 1.9
2155 .01 2.3 0145 .01 3.5 0535 .00 1.8
2200 .00 2.5 0150 .00 3.3 0540 .00 1.8
2205 .00 2.9 0155 .00 3.3 0545 .01 1.8
2210 .00 2.9 0200 .00 3.2 0550 .00 1.8
2215 .00 2.8 0205 .00 3.2 0555 .00 1.7
& Start of sanmpling.
® End of sanpling.
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Wat er shed 1

Storm TC2 -- Apri
03497041

[Time is given in hours and m nutes; rainfal

di scharge is given in cubic feet
from 0001 through 1500 was 0. 00 i nch]

per second;

27, 1991

anount

Third Creek tributary at Third Creek Road

is given in inches;

rainfall anpbunt occurring

Basefl ow-0.20 cubic foot per
| ncr enent al I ncrenent a

rai nfall Di s- rai nfall Di s-
Ti me anount char ge Ti me anount char ge
1505 0. 00 0. 20 1735 0. 00 2.5
1510 .00 . 20 1740 .00 2.5
1515 .00 . 20 1745 .00 2.5
1520 .00 . 20 1750 .00 2.4
1525 .00 . 20 1755 .00 2.2
1530 .01 . 20 1800 .00 2.1
1535 .02 .91 1805 .00 1.9
1540 .02 2.2 1810 .00 1.8
1545 .02 3.6 1815 .00 1.7
1550 .03 6.5 1820 .00 1.6
1555 .09 9.0 1825 .00 1.4
1600 .03 15.0 1825 .00 1.4
1605 .00 16.0 1835 .00 1.3
1610 .00 12.0 1840 .00 1.1
1615 .01 10.0 1845 .00 1.1
1620 .00 8.4 1850 .00 1.1
1625 .00 7.3 1855 .00 1.1
1630 .00 6.6 1900 .00 1.0
1635 .00 5.6 1905 .00 1.0
1640 .01 5.3 1910 .00 .91
1645 .00 4.9 1915 .00 .91
1650 .00 4.5 1920 .00 . 80
1655 .00 4.1 1925 .00 . 80
1700 .00 4.0 1925 .00 . 80
1705 .00 3.7 1935 .00 . 80
1710 .00 3.3 1940 .00 . 67
1715 .00 3.0 1945 .00 . 67
1720 .00 2.9 1950 .00 .57
1725 .00 2.7 1955 .00 . 57
1730 .00 2.5 2000 .00 .57
& Start of sanmpling.
® End of sanpling.
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Wat er shed 1

03497041

Storm TC3 - -

February 13, 1992

[Time is given in hours and m nutes; rainfal

Basefl ow-0.08 cubic foot per second

di scharge is given in cubic feet
from 0001 through 1115 was 0. 00 i nch]

per second;

amount
rai nfall

Third Creek tributary at Third Creek Road

is given in inches;

amopunt occurring

| ncr enent al I ncrenent a

rai nfall Di s- rai nfall Di s-
Ti me anount char ge Ti me anount char ge
1120 0. 00 0.08 1325 0. 00 0. 80
1125 .01 .08 1330 .00 . 67
1130 .01 .08 1335 .00 .57
1135 .00 .08 1340 .00 .47
1140 .00 .16 1345 .00 .40
1145 .00 .16 1350 .00 .40
1150 .01 .13 1355 .00 .40
1155 .00 .13 1400 .00 .40
1200 .00 .13 1405 .00 .40
1205 .00 .16 1410 .00 .33
1210 .01 .16 1415 .00 . 20
1215 .01 .16 1420 .00 . 20
1220 .02 . 20 1425 .00 . 20
1225 .00 .33 1430 .00 .16
1230 .00 .40 1435 .00 .16
1235 .01 .40 1440 .00 .16
1240 .00 .33 1445 .00 .16
1245 .01 .33 1450 .00 .16
1250 .00 .91 1455 .00 .16
1255 .01 1.0 1500 .00 .16
1300 .00 1.1 1505 .00 .13
1305 .00 1.1 1510 .00 .13
1310 .00 1.0 1515 .00 .13
1315 .00 1.0 1520 .01 .13
1320 .00 .91 1525 .00 .13
& Start of sampling.
® End of sanpling.
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Storm FML -- March 27 & 28, 1991
Wat er shed 2 03497103 Fourth Creek tributary at M ddl ebrook Pike
[Time is given in hours and m nutes; rainfall amount is given in inches;
di scharge is given in cubic feet per second; rainfall anmount occurring
from 0001 through 2210 was 0. 00 i nch]

Basefl ow-0.05 cubic foot per second

| ncrenent al I ncrenent a

rai nfall Dis- rai nfall D s-
Ti me anount char ge Ti me anount char ge
2215 0.01 0. 05 0100 0. 00 4.0
2220 .00 .05 0105 .00 3.1
2225 .01 . 05 0110 .00 2.6
2230 .00 .05 0115 .00 2.6
2235 .01 . 05 0120 .00 2.4
2240 .00 .05 0125 .00 2.4
2245 .01 . 05 0130 .00 1.9
2250 .01 .05 0135 .00 1.9
2255 . 03 . 05 0140 .00 1.6
2300 .16 .05 0145 .00 1.6
2305 . 03 .14 0150 .00 1.4
2310 .02 4.0 0155 .00 1.3
2315 .02 24 0200 .00 1.3
2320 .01 36 0205 .00 1.1
2325 .00 36 0210 .00 .91
2330 .01 31 0215 .00 .91
2335 .00 26 0220 .00 .91
2340 .01 23 0225 .00 .91
2345 .00 21 0230 .00 .91
2350 .00 19 0235 .00 .91
2355 .00 17 0240 .00 .91
2400 .00 15 0245 .00 .91
0005 .00 13 0250 .00 .91
0010 .00 11 0255 .00 .76
0015 .00 9.9 0300 .00 .76
0020 .00 8.8 0305 .00 . 63
0025 .00 7.3 0310 .00 . 63
0030 .00 6.7 0315 .00 . 63
0035 .00 5.7 0320 .00 53
0040 .00 5.4 0325 .00 53
0045 .00 4.9 0330 .00 .53
0050 .00 4.2 0335 .00 .53
0055 .00 4.2 0340 .00 .44
& Start of sampling.
® End of sanpling.
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Storm FM2 -- Novenber 20, 1991
Wat er shed 2 03497103 Fourth Creek tributary at M ddl ebrook Pike
[Time is given in hours and m nutes; rainfall amount is given in inches;
di scharge is given in cubic feet per second; rainfall anmount occurring
from 0001 through 1445 was 0. 00 i nch]

Basefl ow-0.04 cubic foot per second

I ncr enent al I ncrenent a

rai nfall Di s- rai nfall Di s-
Ti me anount char ge Ti me anount char ge
1450 0.01 0.04 1725 0.01 4.0
1455 .01 .04 1730 . 00 3.7
1500 .01 .04 1735 .00 3.7
1505 .00 .04 1740 .00 2.9
1510 .01 .04 1745 .00 2.9
1515 .01 .04 1750 .00 2.6
1520 .00 .04 1755 .00 2.4
1525 .01 .04 1800 .01 2.0
1530 .00 .04 1805 .00 2.0
1535 .01 .04 1810 . 00 1.7
1540 .01 .04 1815 .00 1.7
1545 .01 .07 1820 .00 1.7
1550 .01 .17 1825 .00 1.7
1555 .01 .91 1830 . 00 1.4
1600 .02 1.9 1835 .00 1.1
1605 .01 2.4 1840 . 00 1.1
1610 .01 2.9 1845 .00 1.1
1615 .00 4.9 1850 . 00 1.1
1620 .01 5.4 1855 .00 1.1
1625 .00 5.4 1900 .00 .76
1630 .00 6.0 1905 .00 76
1635 .00 6.3 1910 .00 76
1640 .00 8.2 1920 .00 76
1645 .01 7.6 1925 .00 76
1650 .00 7.3 1930 .00 76
1655 .00 5.7 1935 .00 76
1700 .00 5.4 1940 .00 76
1705 .00 4.9 1945 .00 76
1710 .00 4.9 1950 .00 76
1715 .00 4.4 1955 .01 63
1720 .00 4.2 2000 .00 63

& Start of sampling.
® End of sanpling.
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Storm FM3 -- August 21, 1992
Wat er shed 2 03497103 Fourth Creek tributary at M ddl ebrook Pike
[Time is given in hours and m nutes; rainfall amount is given in inches;
di scharge is given in cubic feet per second; rainfall anmount occurring
from 0001 through 1635 was 0. 00 i nch]

Basefl ow-0.00 cubic foot per second

I ncr enent al I ncrenent a

rai nfall Di s- rai nfall Di s-
Ti me anount char ge Ti me anount char ge
1640 0.04 0. 00 1900 0. 00 12
1645 .17 .00 1905 .00 11
1650 .19 .00 1910 .00 10
1655 .04 . 30 1915 .01 9.2
1700 .14 62 1920 .00 8.8
1705 .19 103 1925 . 00 8.2
1710 .07 158 1930 .00 7.9
1715 .10 248 1935 .00 7.3
1720 .01 248 1940 .00 7.0
1725 .17 214 1945 .01 6.7
1730 .02 183 1950 .00 6.7
1735 .00 165 1955 .00 6.0
1740 .00 158 2000 .00 4.7
1745 .00 144 2005 .00 4.4
1750 .00 125 2010 .00 4.4
1755 .01 102 2015 .00 4.4
1800 .00 76 2020 .00 4.4
1805 .00 54 2025 .00 4.4
1810 .00 43 2030 .00 4.2
1815 .01 35 2035 .00 4.2
1820 .00 29 2040 .00 4.0
1825 .00 24 2045 .01 3.7
1830 .00 21 2050 .00 3.4
1835 .00 19 2055 .00 3.1
1840 .00 18 2100 .00 2.9
1845 .00 16 2105 .00 2.9
1850 .00 15 2110 .00 2.6
1855 .00 13 2115 .00 2.4

& Start of sanpling.
® End of sanpling.
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StormFW -- April 8, 1991
Wat er shed 3 034971055 Fourth Creek tributary at Wellington Drive
[Time is given in hours and m nutes; rainfall amount is given in inches;
di scharge is given in cubic feet per second; rainfall anmount occurring
from 0001 through 1720 was 0. 00 i nch]

Basefl ow-0. 0" cubic foot per second

| ncr enent al I ncrenent a

rai nfall D s- rai nfall D s-
Ti me anount char ge Ti me anount char ge
1725 0. 00 0.01 1940 0. 00 2.6
1730 .00 .01 1945 .00 2.1
1735 .00 .01 1950 .00 1.6
1740 .01 .01 1955 .00 1.4
1745 .04 . 03 2000 .00 1.2
1750 .01 4.2 2005 .00 1.1
1755 . 03 3.9 2010 .00 . 98
1800 .01 7.4 2015 .00 . 84
1805 .00 5.3 2020 .00 .77
1810 .00 3.6 2025 .00 .72
1815 .00 2.9 2030 .00 . 66
1820 . 05 2.6 2035 .00 .61
1825 .02 13 2040 .00 . 56
1830 .01 29 2045 .00 .52
1835 .00 39 2050 .00 . 48
1840 .00 46 2055 .00 .44
1845 .00 46 2100 .00 .41
1850 .00 33 2105 .00 . 38
1855 .00 28 2110 .00 . 38
1900 .00 21 2115 .00 .35
1905 .00 15 2120 .00 .32
1910 .00 11 2125 .00 .32
1915 .00 8.9 2130 .00 .30
1920 .00 6.7 2135 .00 .30
1925 .00 5.3 2140 .00 .27
1930 .00 4.2 2145 .00 .27
1935 .00 3.3 2150 .00 . 25
& Start of sampling.
® End of sanpling.
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Storm FW2 -- Novenber 1, 1991
Wat er shed 3 034971055 Fourth Creek tributary at Wellington Drive
[Time is given in hours and m nutes; rainfall amount is given in inches;
di scharge is given in cubic feet per second; rainfall anmount occurring
from 0001 through 1020 was 0. 00 i nch]

Basefl ow-0.00 cubic foot per second

| ncrenent al I ncrenent a

rai nfall Dis- rai nfall D s-
Ti me anount char ge Ti me anount char ge
1040 0. 00 0. 00 1400 0. 00 2.9
1045 .01 .00 1405 .00 2.3
1050 .02 .00 1410 .00 1.8
1055 .02 .02 1415 .00 1.4
1100 .01 1.5 1420 .00 1.2
1105 .00 11 1425 .00 1.1
1110 .00 9.2 1430 .00 . 84
1115 .00 7.0 1435 .00 .72
1120 .00 5.3 1440 .00 . 66
1125 .00 3.9 1445 .00 . 56
1130 .00 2.6 1450 .00 . 48
1135 .00 1.9 1455 .00 .44
1140 .00 1.4 1500 .00 . 38
1145 .00 1.1 1505 .00 .35
1150 .01 . 98 1510 .00 .30
1155 .01 . 84 1515 .00 .27
1200 .01 .77 1520 .00 . 25
1205 .01 . 84 1525 .00 .25
1210 .01 1.8 1530 .00 . 20
1215 .00 2.1 1535 .00 .18
1220 .00 2.4 1540 .00 .17
1225 .00 4.2 1545 .00 .15
1230 .00 3.9 1550 .00 .15
1235 .00 3.3 1555 .00 .13
1240 .00 2.6 1600 .00 .12
1245 .00 1.9 1605 .00 .10
1250 .00 1.6 1610 .00 .10
1255 .00 1.2 1615 .00 .09
1300 .00 1.1 1620 .00 .09
1305 .00 .90 1625 .00 .08
1310 .00 .77 1630 .00 .08
i 315 .00 .72 1635 .00 .08
1320 .01 .61 1640 .00 . 07
1325 .01 . 66 1645 .00 .07
1330 .02 .77 1650 .00 . 06
1335 .01 . 98 1655 .00 . 06
1340 .00 2.9 1700 .00 . 06
1345 .00 4.7 1705 .00 .05
1350 .00 4.5 1710 .00 . 05
1355 .00 3.3 1715 .00 .05
& Start of sanmpling.
® End of sanpling.
NPDES Permit Application Appendix B May 1993

Municipa Part 2 Supplement Page B-53 City of Knoxville, TN



Storm FWB -- March 18, 1992
Wat er shed 3 034971055 Fourth Creek tributary at Wellington Drive
[Time is given in hours and m nutes; rainfall amount is given in inches;
di scharge is given in cubic feet per second; rainfall anmount occurring
from 0001 through 0645 was 0. 00 i nch]

Basefl ow-0.00 cubic foot per second

| ncr enent al I ncrenent a

rai nfall Dis- rai nfall D s-
Ti me anount char ge Ti me anount char ge
0650 0.01 0. 00 1025 0.01 15
0655 .02 .00 1030 .01 16
0700 .02 .00 1035 .01 17
0705 .01 3.1 1040 .01 17
0710 .00 3.6 1045 .01 16
0715 .00 3.6 1050 .01 16
0720 .00 3.1 1055 .01 14
0725 .00 2.4 1100 .00 13
0730 .01 2.3 1105 .00 12
0735 .00 1.8 1110 .01 11
0740 .00 1.4 1115 .00 9.6
0745 .01 1.1 1120 .00 8.5
0750 .00 . 98 1125 .00 7.4
0755 .00 .90 1130 .01 6.3
0800 .02 . 84 1135 .00 6.0
0805 .00 .77 1140 .00 5.3
0810 .00 1.5 1145 .00 5.0
0815 .01 2.9 1150 .01 4.7
0820 .00 3.9 1155 .00 4.2
0825 .00 4.2 1200 .00 3.6
0830 .01 4.2 1205 .00 3.1
0835 .00 4.2 1210 .01 2.6
0840 .00 3.6 1215 .00 2.3
0845 .01 2.9 1220 .00 2.3
0850 .00 2.6 1225 .00 2.3
0855 .00 2.4 1230 .00 2.6
0900 .01 2.3 1235 .00 2.9
0905 .00 2.4 1240 .00 2.9
0910 .00 2.4 1245 .01 2.4
0915 .01 2.4 1250 .00 2.1
0920 .00 2.6 1255 .00 1.9
0925 .00 2.6 1300 .00 1.6
0930 .00 2.6 1305 .00 1.5
0935 .00 2.4 1310 .00 1.3
0940 .00 2.1 1315 .00 1.2
0945 .01 2.1 1320 .00 1.1
0950 .00 1.9 1325 .00 . 98
0955 .00 1.9 1330 .00 .90
1000 .01 1.9 1335 .00 .77
1005 .01 2.4 1340 .00 .72
1010 .02 3.1 1345 .00 . 66
1015 .02 3.9 1350 .00 .61
1020 .02 7.4 1355 .00 .61
& Start of sampling.
® End of sanpling.
NPDES Permit Application Appendix B May 1993

Municipa Part 2 Supplement Page B-54 City of Knoxville, TN



Wat er shed 4

Storm TML -- August
03499193

[Time is given in hours and m nutes; rainfal

di scharge is given in cubic feet
from 0001 through 0825 was 0. 02 i nch]

per second;

14, 1991

amount
rai nfal l

Ten Mle Creek tributary at Chishol m Tr ai

is given in inches;

amobunt occurring

Basefl ow-0.00 cubic foot per
| ncrenent al I ncrenent a

rai nfall Di s- rai nfall Di s-
Ti me anount char ge Ti me anount char ge
0830 0. 00 0. 00 1055 0. 00 0. 29
0835 .00 .00 1100 .00 .29
0840 .00 .00 1105 .00 .29
0845 .01 .00 1110 .00 . 26
0850 .02 .00 1115 .01 .23
0855 .02 .00 1120 .00 .23
0900 .03 . 05 1125 .00 .23
0905 .04 .05 1130 .00 . 20
0910 .03 . 60 1135 .00 .18
0915 .01 1.1 1140 .00 .18
0920 .00 1.1 1145 .00 .15
0925 .01 1.0 1150 .00 .15
0930 .01 . 83 1155 .00 .15
0935 .01 .78 1200 .00 .13
0940 .00 .74 1205 .00 .13
0945 .00 .74 1210 .00 11
0950 .01 . 64 1215 .01 .11
0955 .00 . 60 1220 .00 .09
1000 .00 .52 1225 .00 .09
1005 .00 .48 1230 .00 .07
1010 .00 .44 1235 .00 .07
1015 .00 . 38 1240 .00 .05
1020 .00 . 38 1245 .00 . 05
1025 .00 .32 1250 .00 .05
1030 .00 .29 1255 .00 .04
1035 .00 .29 1300 .00 .04
1040 .00 . 26 1305 .00 .04
1045 .00 . 26 1310 .00 .04
1050 .00 .29 1315 .00 .03
& Start of sampling.
® End of sanpling.
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Wat er shed 4

Storm TM2 -- July 31, 1992

03499193

[Time is given in hours and m nutes; rainfal

di scharge is given in cubic feet
from 0001 through 1810 was 0. 00 i nch]

Basefl ow-0.00 cubic foot per

per second;

amount
rai nfall

Ten Mle Creek tributary at Chishol m Tr ai

is given in inches;

amobunt occurring

| ncr enent al I ncrenent a

rai nfall Di s- rai nfall Di s-
Ti me anount char ge Ti me anount char ge
1815 0.01 0.01 2000 0. 00 0. 26
1820 .02 .01 2005 .00 .19
1825 . 06 .01 2010 .00 .19
1830 .04 .01 2015 .00 .19
1835 .02 .01 2020 .00 .16
1840 .01 .01 2025 .00 .13
1845 .01 .01 2030 .00 .11
1850 .01 .01 2035 .00 .08
1855 .01 .01 2040 .00 .08
1900 .00 .01 2045 .00 . 06
1905 .00 .01 2050 .00 .04
1910 .00 .01 2055 .00 .04
1915 .00 .01 2100 .00 .03
1920 .00 .22 2105 .00 .03
1925 .00 .33 2110 .00 .03
1930 .00 .41 2115 .00 .03
1935 .00 .37 2120 .00 .02
1940 .00 .33 2125 .00 .02
1945 .00 . 26 2130 .00 .02
1950 .00 .29 2135 .00 .02
1955 .00 . 26 2140 .00 .02
& Start of sampling.
® End of sanpling.
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Wat er shed 4

Storm TMB - -

03499193

Sept enber 18, 1992

[Time is given in hours and m nutes; rainfal

di scharge is given in cubic feet
from 0001 through 1015 was 0. 00 i nch]

per second;

anount

Ten Mle Creek tributary at Chishol m Tr ai

is given in inches;

rainfall anpbunt occurring

Basefl ow-0.00 cubic foot per
| ncr enent al I ncrenent a

rai nfall Di s- rai nfall Di s-
Ti me anount char ge Ti me anount char ge
1020 0. 00 0. 00 1255 0. 00 12
1025 .01 .00 1300 .00 8
1030 .01 .00 1305 .00 5.6
1035 .00 .00 1310 .00 4.1
1040 .02 .00 1315 .00 3.2
1045 .01 .00 1320 .00 2.6
1050 .00 .00 1325 .00 2.1
1055 .01 .00 1330 .00 1.7
1100 .02 .00 1335 .00 1.4
1105 .03 .00 1340 .00 1.2
1110 .04 .00 1345 .00 1.0
1115 .05 .08 1350 .00 . 89
1120 .03 .19 1355 .00 .78
1125 .03 . 26 1400 .00 . 69
1130 .02 2.7 1405 .00 . 63
1135 .02 2.8 1410 .00 .58
1140 .01 2.9 1415 .00 .53
1145 .02 2.8 1420 .00 .49
1150 .02 2.6 1425 .00 .45
1155 .03 2.2 1430 .00 . 45
1200 .05 5.2 1435 .00 .41
1205 .04 7.3 1440 .00 . 37
1210 .03 13 1445 .00 .37
1215 .02 14 1450 .00 .37
1220 .03 11 1455 .00 .37
1225 .04 13 1500 .01 .33
1230 .05 15 1505 .00 .33
1235 .01 18 1510 .00 .29
1240 .01 17 1515 .00 .29
1245 .00 14 1520 .00 . 26
1250 .01 14 1525 .00 . 26
& Start of sampling.
® End of sanpling.
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Wat er shed 5

Storm FC1 -- April
03495905

[Time is given in hours and m nutes; rainfal

di scharge is given in cubic feet
from 0001 through 0945 was 0.24 inch]

per second;

19, 1991

anount

First Creek tributary at Mdl ake Drive

is given in inches;

rainfall anpbunt occurring

Basefl ow-0.00 cubic foot per
| ncr enent al I ncrenent a

rai nfall Di s- rai nfall Di s-
Ti me anount char ge Ti me anount char ge
0950 0. 00 0. 00 1135 0.01 4.1
0955 .01 .00 21140 .00 2.7
1000 .03 .00 1145 .00 2.1
1005 .00 .00 1150 .00 1.4
1010 .00 .00 1155 .00 . 96
1015 .00 .00 1200 .00 . 63
1020 .00 .00 1205 .00 . 56
1025 .01 .00 1210 .00 .42
1030 .02 .00 1215 .00 .42
1035 .03 .00 1220 .00 .31
1040 .04 .00 1225 .00 .22
1045 .01 .00 1230 .00 11
1050 .00 .00 1235 .00 .08
1055 .03 .00 1240 .00 .06
1100 .04 .00 1245 .00 .01
1105 .02 .00 1250 .00 .00
1110 .04 .00 1255 .00 .00
1115 .08 .00 1300 .00 .00
1120 .17 .00 1305 .00 .00
1125 .08 .08 1310 .00 .00
1130 .00 5.2 1315 .00 .00
& Start of sampling.
® End of sanpling.
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Wat er shed 5

03495905

Storm FC2 - -

March 6,

[Time is given in hours and m nutes; rainfal

di scharge is given in cubic feet
from 0001 through 1455 was 0. 82 inch]

Basef| ow - 0. 00 cubi c foot

per second

per second;

1992

First Creek tributary at

amount
rai nfall

M dl ake Drive

is given in inches;

amobunt occurring

| ncr enent al I ncrenent a

rai nfall Di s- rai nfall Di s-
Ti me anount char ge Ti me anount char ge
1500 0. 00 0. 00 1635 0.0l e 1.2
1505 .00 .00 1640 .0l e . 96
1510 .00 .00 1645 .00 .70
1515 .00 .00 1650 .0l e . 56
1520 . 03e .00 1655 .0l e .42
1525 . 10e .00 1700 .00 . 37
1530 . 03e .00 1705 .00 . 26
1535 . 03e .00 1710 .00 .18
1540 . 0O4de 2.0 1715 .00 .14
1545 . 02e 2.0 1720 .00 11
1550 . 02e 1.6 1725 .00 .08
1555 . 04e 1.4 1730 .00 .03
1600 . 04de 1.3 1735 .00 .03
1605 . 04e 1.1 1740 .00 .01
1610 . 03e . 96 1745 .00 .01
1615 . 04e 1.5 1750 .00 .00
1620 . 02e 1.7 1755 .00 .00
1625 .0l e 1.7 1800 .00 .00
1630 .0l e 1.4 1805 .00 .00
& Start of sampling.
® End of sanpling.
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[Time is given in hours and m nutes; rainfall anpunt
di scharge is given in cubic feet

Wat er shed 5

Storm FC3 -- April 15, 1992

03495905

Basefl ow-0.00 cubic foot per

First Creek tributary at

per second; rainfal
from 0001 through 1455 was 0. 00 i nch]

M dl ake Drive

is given in inches;

amobunt occurring

| ncr enent al I ncrenent a

rai nfall Di s- rai nfall Di s-
Ti me anount char ge Ti me anount char ge
1500 0. 00 0. 00 a1555 0. 00 0.11
1505 .00 .00 1600 .00 .14
1510 .00 .00 1605 .00 .08
1515 .07 .00 1610 .00 . 06
1520 .23 .00 1615 .00 .03
1525 . 06 .00 1620 .00 .01
1530 .00 .00 1625 .00 .00
1535 .01 .00 1630 .00 .00
1540 .00 .00 1635 .00 .00
1545 .00 .00 1640 .00 .00
1550 .00 .00 1645 .00 .00
& Start of sampling.
® End of sanpling.
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APPENDIX C

ANNUAL LOADING AND EMC ESTIMATE

FIGURES

C-2 through C-4 First Creek and Whites Creek
C-5 through C-7 Second Creek
C-8 through C-10 Third Creek
C-11 through C-13 Fourth Creek
C-14 through C-16 Baker Creek
C-17 through C-19 Ft. Loudoun Lake (Tennessee River)
C-20 through C-22 Goose Creek
C-23 through C-25 Holston River
C-26 through C-28 Knob Creek
C-29 through C-31 Knob Fork
C-32 through C-34 Sinking Creek
C-35 through C-37 Ten Mile Creek
C-38 through C-40 Toll Creek
C-41 through C-43 Turkey Creek
C-44 through C-46 Williams Creek
C-47 through C-49 Woods Creek
NPDES Permit Application Appendix C May 1993
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First Creek and White Creek
Total Watershed Annual Loadings
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Total Watershed Annual Loadings
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Fourth Creek
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Ft. Loudoun Lake
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1.0 INTRODUCTION

This manual presents standard operating procedures (SOPs) for performing ongoing storm
event monitoring as required under the Part 2 National Pollutant Discharge Elimination
System (NPDES) storm water permit application for the City of Knoxville. The manual
presents SOPs designed to fulfill the stormwater sampling requirements for the long-term
sampling program required under 40 CFR 122.26(d)(2)(iii). All samples must be collected
according to the procedures described herein or by using equivalent proceduresto
document the integrity of samples from the time of collection through transport to the

laboratory.

1.1 BACKGROUND AND PURPOSE

Storm water monitoring studies such as the EPA Nationwide Urban Runoff Program
(NURP) have concluded that pollutant concentrations are highly variable both within a
particular storm event and from one event to another. Because of this variable nature of
storm water discharges, EPA has established an overall monitoring scheme where the
collection of water quality datawill, primarily, be accomplished through monitoring
programs during the term of the NPDES storm water permit. Under Part 2 of the permit
application regulations, the City was required to collect samples of storm discharge from
three storm events at 5 representative sampling locations (e.g., 15 stations-storms).
Stations were selected to monitor areas of representative or typical land uses within the
City under Part 1 of the storm water permit application. The representative sampling
program was conducted by the United States Geological Survey (USGS).

The purpose of the Part 2 Representative Monitoring Program was to ensure that the
discharges from the City's storm sewer system could be appropriately represented by the
various existing water quality databases, and could provide a basis for developing the
ongoing monitoring program to be implemented during the term of the permit. The

sampling requirements for the Part 2 permit applications included the analysis for awide
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range of pollutants. Thisanalysis provided the City with the information to target more
specific pollutants when devel oping the requirements for the ongoing monitoring programs
to be conducted during the term of the permit.

The proposed ongoing monitoring program is a required element of the Part 2 permit
application which will be submitted in May 1993. The standard operating procedures of
the ongoing monitoring program, which are documented herein, define the background
and the methods for conducting the ongoing monitoring program during the term of the

permit.

The long-term goals of the monitoring program include:

Identification of pollutants of concern in storm water discharges from
individual urban land use categories and assessment of potential pollutant
Sources.

e Estimation of pollutant loads from individua land use categories based on a
statistically significant number of storm events over arange of
hydrometeorologic conditions.

e Assessment of the performance of specific storm water pollution controls and
the overall storm water management program.

e Identification of receiving water quality impacts resulting from storm water
pollution discharges.

1.2 SCOPE OF THE MANUAL

The overall ongoing monitoring program requirements including water quality parameters,
sampling frequency, and sampling protocols are presented in Section 2.0. Section 3.0
provides detailed descriptions of the procedures for siting and installing storm water
monitoring stations. Operation and programming of automatic samplers and flow meters
are also presented in Section 3.0. Sample collection and equipment inspection procedures

during storm events are presented in Section 4.0.
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Quality Assurance/Quality Control procedures are also addressed in Section 4.0. Data collection
from the monitoring sites and database management after storm events are presented in Section
5.0. Routine inspection and maintenance of flow monitoring and sampling equipment during dry
weather periods are described in Section 6.0. Safety procedures which should be considered in
addition to applicable local, state, and federal industrial safety regulations are presented in
Section 7.0.
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2.0 MONITORING REQUIREMENTS AND OVERALL APPROACH

A characterization plan for a storm event monitoring program (wet weather conditions) for
five monitoring sites representative of commercial, industrial and residential land use
activities was submitted under the Part | NPDES municipal storm water permit
application. Quantitative storm event monitoring data from this representative monitoring
program at these sites was required to complete Part 2 of the NPDES permit application
for municipal storm water discharges. Monitoring of three representative storm events at
the selected five sites and laboratory analyses of designated pollutant parameters was
completed to satisfy this requirement. The Part 2 NPDES permit application also required
aschedule for an estimate of the seasonal pollutant loadings to local receiving waters
based upon results of the representative monitoring program. Flow monitoring was
conducted during the storms in order to collect flow proportional samples and to calculate
pollutant loads. The United States Geological Survey (USGS) conducted the
representative monitoring program which fulfilled the Part 2 permit requirements. The
representative monitoring program and the analysis of the results from the program
provide the foundation for the development of the ongoing monitoring program described
herein.

Threeto five sites will be selected for the ongoing monitoring program during the 5-year
permit term. At thistime, one site has been chosen to be theinitial station installed for
the program. The siteison atributary to Fourth Creek adjacent to the Post Office on
Middlebrook Pike. Thissiteisimmediately downstream of a new commercial/industrial
development called Acker Place, and for the remainder of this text, this monitoring site
will bereferred to asthe "Acker Place Site". This section describes the required
pollutants and sampling protocols for the initial site selected under the ongoing monitoring
program. This section will also serve as the basis for determining the required pollutants
and sampling protocols for the remaining sites to be established during the term of the
permit.
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21 WATERQUALITY CONSTITUENTS

Under the Part 2 NPDES municipal storm water permit application requirements, the city
was required to analyze samples collected during the representative outfall monitoring
program for all priority pollutants as well as for additional conventional pollutants. The
primary purpose of this sampling strategy was to screen awide array of water quality
constituents to target pollutants of concern. For the city's ongoing monitoring program,
the proposed list of water quality parametersis limited to pollutants that were detected in
storm water runoff by the USGS under the representative outfall sampling program.
Storm water samples collected for the representative outfall monitoring program had to be
analyzed for al toxic pollutants listed in Table Il and Table 111 of Appendix D of 40 CFR
Part 122. In addition the samples had to be analyzed for the conventional pollutants listed
in 40 CFR Part 122.26(d)(2)(iii)(B).

The results of the representative monitoring program were analyzed and parameters which
were considered pollutants of concern at a site were targeted for analysis during the
ongoing monitoring program. These parameters were chosen based upon the frequency of
detection and the event mean concentration. If the parameter was found repeatedly at
concentrations considered significant, it was selected for routine analysis during the 5-year
permit term. For the Acker Place site, the pollutant parameters which have been selected
areshown in Table 2-1. Table 2-1 additionally summarizes analytical protocols and
sampling collection requirements that are addressed in Section 2.3.

22  SAMPLING FREQUENCY

Current stormwater NPDES regul ations provide no recommendations for sampling
frequency during the permit term. Since the primary objective of the ongoing monitoring
program is to develop representative storm water quality data to support anaysis of
management program alternatives, it is necessary to establish a statistically significant

database containing storm water quality parameters. The regulations do require an
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Table 2-1

Summary of Sampling and Analytical Procedures for the Ongoing Monitoring Program

for the City of Knoxville Storm Water Management Program

Volume (mL)
Group / Parameter Method (Note 1) Typeof | Preservative | Holding
Container | /Handling Time
Optimum | Minimum
(Note 2)
Arsenic, Chromium, Copper | various EPA 1,000 350 Poly HNO; to 6 months
Lead, Nickel, Zinc pH <2
Total Suspended Solids EPA 160.2 2,000 500 Poly Cool to 7 days
4degC
Chemical Oxygen Demand EPA 410.4 500 250 Poly H,S0O, to 28 days
Total Organic Carbon EPA 415.1 pH <2
PH NA NA NA None None
Nutrients: 500 300 Poly Cool to 28 days
Total Phosphorus EPA 365.4 - - - 4deg C,
NO2 + NO3 EPA 353.2 - -- - H,SO, to
TKN EPA 351.2 - -- - pH <2
Ammonia (total) EPA 350.3 - -- -
Dissolved Phosphorus EPA 365.4 100 50 Poly Cool to 28 days
4deg C,
HzSO4 to
pH < 2,
filtered
Total Sample Volume Required: 4,100 1,450
Notel: Volumesshown aretypical values. Individual laboratory volumes may vary.
Note2: Minimum volumes do not alow for repeat analysis, replicates, or other QC samples.
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estimation of pollutant loading on a seasonal basis, so the database must include data from
enough storms to represent any variances in pollutant loading resulting from seasonal
changes. In order to establish such a database, the proposed program will require
sampling of ten (10) to fifteen (15) storms per year at each site established during the
ongoing monitoring program. The water quality parameters to be analyzed under the

routine monitoring are listed in Table 2-1.

In order to assess the impact of storm water quality management programs on the
pollutants which were not targeted for routine monitoring and to continue to evaluate
overall ambient water quality at the selected outfalls, monitoring for the full suite of
pollutant parameters should be conducted once during the 5-year permit term. The full
suite of pollutants are listed in Table 2-2 and 2-3 which are, respectively, the same
pollutants listed in Table Il and Table 111 of Appendix D of 40 CFR Part 122. In addition
to the toxic pollutants listed in these tables, the following individual conventional

pollutants are part of the full suite of parameters:

¢ Tota Suspended Solids (TSS)

* Total Dissolved Solids (TDS)

¢ 5-day Biochemical Oxygen Demand (BODs)
* Chemical Oxygen Demand (COD)

* pH (grab sample required)

* Oil and Grease (grab sample required)

* Feca Streptococcus (grab sample required)
* Feca m (grab sample required)

* Total Dissolved Phosphorus

e Tota Nitrogen

* Tota Phosphorus

e Total Ammonia plus Organic Nitrogen (Total Kjeldahl Nitrogen).
* Nitrate and Nitrite
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TABLE 2-2

Organic Toxic Pollutants
Listedin Table Il of Appendix D of 40 CFR Part 122

VOLATILES PESTICIDES
Acrolein Aldrin
Acrylonitrile Alpha-BHC
Benzene Beta-BHC
Bromoform Gamma-BHC
Carbon Tetrachloride Delta-BHC
Chlorobenzene Chlordane
Chlorobromomethane 44°'-DDT
Chloroethane 4,4'- DDE

2 - Chloroethylvinyl Ether 4,4'- DDD
Chloroform Dieldrin

Dichlorobromomethane
1, | - Dichloroethane
1,2 - Dichloroethane
1,1 - Dichloroethylene
1,2 - Dichloropropane
1,3 - Dichloropropylene
Ethylbenzene

Alpha-Endosulfan
Beta-Endosulfan
Endosulfan Sulfate

Endrin

Endrin Aldehyde

Heptachlor

Heptachlor Epoxide

Methyl Bromide PCB-1242
Methyl Chloride PCB-1254
Methylene Chloride PCB-1221
1,1,2,2 - Tetrachloroethane PCB-1232
Tetrachloroethylene PCB-1248
Toluene PCB-1260
1,2 - Trans-Dichloroethylene PCB-1016
1,1,1 - Trichloroethane Toxaphene

1,1,2 - Trichloroethane
Trichloroethylene
Vinyl Chloride

NPDES Permit Application
Municipal Part 2 Supplement

Appendix D
Page 2-5

May 1993
City of Knoxville, TN



TABLE 2-2
(continued)

Organic Toxic Pollutants
Listedin Table Il of Appendix D of 40 CFR Part 122

ACID COMPOUNDS

2 - Chlorophenol

2,4 - Dichlorophenol
2,4 - Dimethylphenol
2,6 - Dinitro-O-Cresol
2 - Nitrophenol

4 - Nitrophenol
P-Chloro-M-Cresol
Pentachlorophenoal
Phenol

2,4,6 - Trichlorophenol
2,4 - Dinitrophenol
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TABLE 2-2
(continued)

Organic Toxic Pollutants
Listedin Table Il of Appendix D of 40 CFR Part 122

BASE /NEUTRAL
Acenaphthene Di-n-butyl phthalate
Acenaphthylene 2,4-Dinitrotoluene
Anthracene 2,6-Dinitrotoluene
Benzidine Di-n-octyl phthalate
Benzo(a)anthracene 1,2-Diphenylhydrazine (as
Benzo(a)pyrene azabenzene)
3,4 - Benzocluomthene Fluroranthene
Benzo(ghi)perylene Fluorene

Benzo(k)fluoranthene

Bis (2-chloroethoxy) methane
Bis (2-chloroethyl ) ether

Bis (2-chloroisopropyl) ether
B is(2-ethylhexyl)phthalate

4 - Bromophenyl phenyl ether
Butylbenzyl phthalate

2 - chloronaphthalene

4 - chlorophenyl phenyl ether
Chrysene
Dibenzo(a,h)anthracene

1,2 - Dichlorobenzene

1,3 - Dichlorobenzene

1,4 - Dichlorobenzene

3,3 - Dichlorobenzidine
Diethyl phthalate

Dimethyl phthalate

Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno ( 1,2,3-cd) pyrene
Isophorone
Napthalene
Nitrobenzene
N-nitrosodimethylamine
N-nitrosodi-n-propylamine
N-nitrosodiphenylamine
Phenanthrene

Pyrene

1,2,4 - Trichlorobenzene
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TABLE 2-3

Pollutants Listed in Table Il1
(Toxic Metals, Cyanide, and Total Phenol)
of Appendix D of 40 CFR Part 122

Antimony, total Mercury, total
Arsenic, total Nickel, total
Beryllium, total Phenols, total *
Cadmium, total Selenium, total
Chromium, total Silver, total
Copper, total Thallium, total
Cyanide, total * Zinc, total
Lead, total

1) EPA requires analyses of agrab sample for this pollutant.
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The NPDES storm water regulations require that:

"all samples shall be collected from the discharge resulting from a storm event that is
greater than 0.1 in and at least 72 hours from the previously measurable (greater than 0.1 in
rainfall) storm event.”

However, to ensure that 10 to 15 storms per year can be collected, a minimum of 24

hours between storm events will be used for the proposed program.

Under the city's ongoing monitoring program, the sampling frequencies and monitored

storm characteristics will attempt to meet the following criteria:

Number of storm events 10-15
monitored per year per station

Preceding dry weather period 24 hours

Minimum storm rainfall 0.1-inch (site threshold dependent)
Maximum storm rainfall threshold None

Interval (days) between Not fixed

monitored storm events (approx. 3-4 samples/season).

Proposed sampling frequencies for each type of parameter are summarized in Table 2-4.
The monitoring program will be re-evaluated during the third year of the permit and the
City will decide whether to relocate any monitoring stations at that time. To evaluate
long term trends, the city may wish to continue monitoring at several of the sampling
locations for the entire five-year permit term. Alternatively, there may be future
opportunities for the city to assess BMP performance by relocating monitoring stations

upstream and downstream of BMP facilities.
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Table 2-4

Summary of Constituent Sampling Frequency for the Ongoing Monitoring Program
For the City of Knoxville Storm Water Management Program

Category Group / Parameter Typeof | Frequency of Analysis
Sample (per station)
ROUTINE ANALY SIS
Toxic Metals (1) Arsenic, Chromium, Copper, . .
Lead, Nickel, Zinc Composite | 10-15 storms per year
Sediment Total Suspended Solids Composite| 10-15 storms per year
Organics/ Oxygen Demand | Total Organic Carbon Composite| 10-15 storms per year
Chemical Oxygen Demand Composite| 10-15 storms per year
Nutrients Total Phosphorus Composite | 10-15 storms per year
Dissolved Phosphorus Composite| 10-15 storms per year
NO2 + NO3 Composite| 10-15 storms per year
TKN Composite| 10-15 storms per year
Ammonia (total) Composite| 10-15 storms per year
General pH | e 10-15 storms per year

SPECIAL ANALYSISIN ADDITION TO ROUTINE ANALY SIS

Table Il of Appendix D Volatile Organic Compounds Grab 1 storm/permit term (2)
of 40 CFR Part 122 Base/ Neutral Extractables | Composite | 1 storm/permit term (2)
Acid Extractables Composite | 1 storm/permit term (2)
Pesticides/ PCBs Composite | 1 storm/permit term (2)
Tablelll of Appendix D Antimony, Arsenic,
of 40 CFR Part 122 Beryllium, Cadmium, _ _
Chromium, Copper, Lead, Composite | 1 storm/permit term (2)
Mercury, Nickel, Selenium,
Silver, Thallium, Zinc
Cyanide Grab 1 storm/permit term (2)
Tota Phenols Grab 1 storm/permit term (2)
Genera Oil & Grease Grab 1 storm/permit term (2)
Fecal Bacteria Grab 1 storm/permit term (2)
Hardness Composite | 1 storm/permit term (2)

(1) Routinely analyzed toxic metals are a subset of Table Il of Appendix D of 40 CFR Part 122

(2) Freguency of sampling for full suite of parametersis aminimum of 1 storm per 5-year permit term.
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Upon completion of the first five-year permit term, the City of Knoxville will assess its
long-term monitoring program and develop recommendations during permit renewal for
modifying the sampling frequency based on management program requirements and
additional characterization needs.

23  SAMPLING PROTOCOLS

A flow-weighted composite sample collected over the entire storm event isrequired to
characterize the discharge for astorm. The NPDES regulations alow an exemption which
would allow collection of the sample to be limited to the first three (3) hours of the storm
event. The flow-weighted composite may be collected with an automatic sampler or asa
combination of a minimum of three discrete samples (called aliquots) collected per hour
during the entire discharge or for the first three hours of the discharge. A minimum of 15
minutes between collection of sample aliquotsisrequired. Only one laboratory analysis

of the composite of sample aliquotsis required.

There are three methods for collecting the required flow-weighted composite samples

during storm events:

1. Manual Grab Sampling - Field personnel are present during storm events to manually
collect numerous discrete samples. After the storm event, the individual samples are

manually composited proportional to available flow data.

2. Sequential Time-Paced Sampling - Uses an automatic sampler/flow meter which is
activated by anincreasein flow level. The sampler sequentially collects discrete samples on
aconstant time interval (e.g., every 15 minutes) during the storm. Samples are deposited into

separate containers during the course of a storm event and later manually composited.

3. Composite Flow-Paced Sampling - Uses an automatic sampler/flow meter which combines
all ssmplesinto asingle large container. The flow meter controls the sampler such that
samples are collected on aflow proportional basis{e.g., every 5,000 gallons).

The occurrence of storm water runoff is difficult to predict. Therefore, development of a
reliable database requires a more sophisticated sampling program design than ambient (dry
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weather) water quality assessments, for example. When storm events occur, especialy in
small urban basins with short times of concentration (e.g., the time for storm water to
travel from the most hydraulically distant point in the basin to the outfall point), the peak
loadings of pollutantsin storm water may occur before personnel are ableto arrive at a
site to begin manual sampling. In addition, logistics make storm event sampling difficult
on weekends or in the middle of the night. For these reasons, automatic samplers and
flow meters that are configured to initiate sampling at the beginning of a storm event will

be used for the ongoing monitoring program.

Severa of the parameters listed under the NPDES Part 2 permit application regulations
can only be collected by manual grab samples. For example, volatile organic compounds
(VOCs) cannot be sampled with automatic equipment because automatic samplers impose
apartial vacuum that may cause constituents to volatilize, which thereby invalidates the
sample. To assure the integrity of a sample that will be analyzed for VOCs, the sample
must also be contained in a specific type of bottle that assures zero headspace. Automatic
samplers currently available cannot provide such a sample; therefore, the sample must be
collected manually. There are several other parameters for which the standard sampling

protocols specifically require the collection of grab samples. These parameters are:

) pH

e Cyanide

* Tota phenols
¢ Oil and grease
e Feca coliform

* Feca Streptococcus

These parameters require special handling such asimmediate analysis or preservation and

must be collected manually. Asshown in Table 2-4, however, these parameters are not
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targeted for routine analysis during the 5-year permit term. Rather, these samples are part
of the full suite of pollutants which will only be analyzed once during the 5-year permit
term and will be collected by manually grabbing samples by field personnel located at the
sampling station during a storm event. Additional discussion of manual sampling is

presented below.

231 MANUAL SAMPLING

Manual sampling will not be required for the ongoing monitoring program except for
certain parameters that cannot be sampled by automated methods and must be collected by
manual grab samples as noted in Section 2.3. The strategy for monitoring these
parameters will be to have field personnel placed on alert to arrive at the sampling

stations as soon as practicable after a storm event begins. These personnel will test for

pH and manually collect discrete samples for the parameters for which grab samples are
required for immediate preservation and delivery to the laboratory. .A single grab sample
collected as soon as field personnel arrive at the station after a storm event begins will be
analyzed for these parameters. Under the ongoing monitoring program, manually
collected grab samples should be collected for one (1) storm per station during the 5-year

permit term.

2.3.2 AUTOMATIC SAMPLING

Commercially available automatic samplers typically can be configured to collect either
sequential discrete or flow composite samples. Conversion of the sampler typically
involves replacing the sampler base which holds the bottles and minor changes to the
sample distribution system. For the City of Knoxville ongoing monitoring program,
samplers will initially be configured to collect sequential discrete samplesin the field.
These samples will be manually composited in the [aboratory in reference to the storm
hydrograph. The sampler will be interfaced with aflow meter that will record each

sample event on the flow strip chart and electronic data logger.
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For the ongoing monitoring program, the automatic samplers will be configured with 24
one-liter poly bottles. The sample program will be set to collect one 250 ml sample
aliquot every fifteen minutes during the storm event. A single one-liter bottle will be
filled every hour during the storm up to a maximum of 24 hours. A liquid level actuator
will be used to initiate sampling when the stage (depth) of the channel or outfall reaches a
preselected level. The program will terminate sampling when the actuator detects that the
stage has fallen below the predetermined level. The preselected sampling level is
determined by approximating the stage in the channel or outfall which will occur after
0.1inchesof rainfall. Thissampling level isboth dependent on the particular site as well
as on the seasonal baseflow conditions. The level must be adjusted as necessary to reflect
hydrologic and hydraulic conditions at each site. The storm water sample will be
collected through the vinyl intake tubes and polypropel ene strainers which will be

standard equipment for the City of Knoxville's monitoring program.

After each monitored storm event, the sample bottles which best represent the storm
hydrograph will be selected for compositing using the hydrograph generated by the flow
meter as areference. The procedures for manually compositing multiple samplesinto a
single flow-weighted composite sample for each storm event are documented in the SOP
manual in part B of Appendix D.

2.3.3 SAMPLE COMPOSTING

To produce asingle, flow-weighted composite sample will require analysis of the storm
event hydrograph to select those sampl e bottles that best represent the storm event. If the
sampler is operating on atime-incremental basis (e.g., asample aliquot is collected every
15 minutes), the flow hydrograph can be analyzed to determine the proportion of total
storm event flow each sample bottle represents. A flow composite sample can be
produced by proportionally combining individual samples. If the sampler isoperatedin a
flow-proportional mode, each discrete sample will represent an equivaent flow volume

and selected samples can be composited using equal volumes from each sample bottle to
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produce a flow-proportional storm event composite sample. Laboratory results from the
composited sample will be representative of event mean concentrations (EMCs). The
EMCs can be used to calculate pollutant loads to receiving waters. The EMC does not
provide information about maximum pollutant concentration during the storm or
intra-storm variability. The ongoing monitoring program for the City of Knoxville will

initially employ time-incremental flow sampling.

Figure 2-1 schematically shows the basic procedures for determining event mean pollutant
concentrations from field monitoring samples and data. The procedure shown in the
figure is based on the compositing of time-incremental samples to obtain aflow-weighted
sample. The composite proportions, determined from the hydrograph, will be reported to
the laboratory. A flow-weighted composite sample will be prepared in the lab based on
these proportions. Laboratory analyses will determine EMCs for each parameter tested.

234 FLOW MONITORING

Flow monitoring is essential because storm water pollutant loads cannot be estimated
without accurate flow measurements. Flow monitoring equipment should be capable of
recording sufficient data to generate storm hydrographs (e.g., flow rate vs. time) for
monitored storm events. The hydrographs will be used to derive the required storm
summary information: storm runoff volume, peak flow, and duration. Hydrographs should
a so indicate sample collection times to ensure that flow-weighted composite samples are
collected. Runoff flowsin municipal storm sewer systems are sporadic and typically vary
over awide range during storm events. Flow meters should be installed so that accurate

flow measurements can be obtained over the range of expected storm flows.
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FIGURE 2-1
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Storm sewer systems are designed to convey storm runoff and are typically dry during
periods between storm events. At larger sites, dry weather or base flows may be a result
of ground water. Monitoring sites should be carefully screened to ensure that dry weather
flows, if any, are not attributable to illicit connections or improper disposal. The dry
weather field screening data collected under Part 1 of the permit application should be
reviewed to determine whether improper disposal/illicit connections were detected at the
monitoring site locations. Flow monitoring at sites characterized by dry weather flows

will require extra care to ensure that sampling commences only during storm events.

2.3.5 PRECIPITATION MONITORING

The NPDES regulations require that precipitation data (duration, volume, antecedent dry
period) be provided for monitored storm events. For sites which can not be covered by
existing rain gages, arecording rain gage will be installed at selected sampling sites which
are clear of surrounding rooftops and tree canopy. Monitoring sites in close proximity to
one another can share rain gage information. Precipitation monitoring will be

accomplished using atipping-bucket rain gage and a data logger.

24  Quality Assurance/Quality Control Procedures

Quality assurance/quality control (QA/QC) measures include both field and |aboratory
procedures to ensure the precision accuracy of the data collected as part of the sampling
program. The personnel responsible for setting up and maintaining the automatic
sampling systems and for performing the grab sampling will have access to copies of this
standard operating procedures manual and of equipment instructions to ensure that QA/QC
procedures will be followed. In addition, all personnel will have hands-on training by
qualified personnel in the field prior to initiation of the sampling program. Standard
laboratory QA/QC procedures detailing the analysis of internal QA/QC samples and
chain-of-custody protocols will aso be followed. Associated field and laboratory QA/QC

protocols are discussed herein.
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24.1 FIELD PROCEDURES

Field QA/QC procedures include calibration of sampler pumps and flow meters as well as
other field instruments (e.g., pH meters). The field team will document all of their
activities, observations and measurements in either field logbooks or on pre-printed data
collection forms. In addition, chain-of-custody records will be maintained for all samples
collected for the ongoing monitoring program (see "Chain-of-Custody” section in this
chapter).

QA/QC samples will be generated in the field. The laboratory will not be able to
differentiate the field QA/QC samples from the original samples and, therefore, the
QA/QC samples will be handled as if they were original samples by the laboratory. All
samples will be transported from the field to the laboratory packed inice. Samples may
be put in acooler, or ice can be put directly in the sample bottle carrousel and transported
promptly to the lab.

The following QA/QC samples will be submitted for analysis:
e Travel blanks
* Field blanks
* Fieldduplicates
e Blind standards

e Automatic sampler blanks

Travel Blanks

Travel blanks will be employed to determine potential sample contamination occurring
during: 1) shipment and storage of the samples; and 2) during laboratory handling and
analysis of the samples. Travel blanks are created at the laboratory by filling a sampling
bottle with reagent-grade deionized water. Thetravel blank is then transported to the
sampling sitein the field and then returned to the laboratory for analysis. Travel blanks
should be prepared and analyzed for approximately 10% of monitored storm events.
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Under the city's ongoing monitoring program, approximately 12 to 15 storms will be
monitored at up to five stations each year. To maintain a QA/QC sample collection
frequency of 10% of the monitored storms, atravel blank should be collected once per

year per site.

Field Blanks

Field blanks will be employed to determine potential sample contamination occurring
during: 1) sample collection; 2) handling; 3) shipment; 4) storage; and 5) laboratory
handling and analysis of storm water samples. The field blanks for the grab samples will
be created by transferring reagent-grade deionized water in the field from the collection
container to the appropriate sample bottle and handling them with proceduresidentical to
those used for the original samples. Since thereis no practical method for obtaining a
field blank with an automatic sampler without interrupting the sampler program, field

blanks will not be analyzed for samples collected by automatic sampler. Under the city's

ongoing monitoring program, grab samples will only be collected during one storm at up
to five stations once during the 5-year permit term and at most once each year. To
maintain a minimum QA/QC sample collection frequency of 10% of the monitored
storms, afield blank should be collected at one station during one storm during which

grab samples are collected.

Field Duplicates

Field duplicates will be used to assess natural sample variability or variability attributable
to field collection, sample handling, shipment and storage methods, and to laboratory
handling and analysis. For the grab samples, field duplicates are created by filling 2 sets
of identical grab sample containers at the same location and at the same time from the
same large grab sample. Duplicate samples will not be analyzed for samples collected
from the automatic sampler. Duplicate sampleswill be analyzed for approximately 10%
of the grab samples collected. Under the city's ongoing monitoring program, grab
samples will only be collected during one storm at five stations once per 5-year permit

term. To maintain a minimum QA/QC sample collection frequency of 10% of the
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monitored storms, a field duplicate should be collected at one station during one storm

during which grab samples are collected.

Blind Standards
Blind standards can be used to assess the laboratory's ability to accurately prepare and

anayze the samples for the parameters of concern. Blind standards are created either by
spiking a sample container of reagent grade deionized water with known amounts of the
target analyses or by purchasing prepared solutions of the target analyses and transferring
them to the appropriate sample containers. Thereis no practical method to prepare a
blind standard in the field since field teams will deliver bottles from the automatic
samplers directly to the laboratory. Therefore, blind standards should be prepared only for
the grab sample parameters. Blind standards will be submitted to the laboratory as
original water samples at a frequency of once per year over the 5-year monitoring
program. Submittal of blind standards early in the program will provide an evaluation of

laboratory preparation and analysis procedures.

Autosampler Bottle Blank

To verify the effectiveness of the autosampler bottle cleaning, one set of bottle blanks
should be analyzed for the full suite of autosampled parameters. The bottle blanks should
be generated by filling a set of cleaned autos ampler bottles with reagent grade deionized
water and submitting them blind to the laboratory for analysis. Contamination of the
bottle blanks may indicate a need to revise the bottle cleaning procedure. Bottle blanks
should be submitted to the laboratory as origina water samples at a frequency of one per

year.

QC Sample Labeling/Identification
All QC sample bottles should be pre-labeled on the bottles rather than the cap to identify

the sample for laboratory analysis. The sample labels should include the type of sample
(grab or composite), the type of QC sample (field duplicate, trip blank, etc.), and the field
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team names, date, time, and location. QC sample identification will use the following

format:

OC Sample Numbering Scheme:

QC Samples

S YYMMDD-T-NN

where: S = Siteldentification
TT = Year
MM = Month
DD = Day
T = Typeof sample
G = Grab sample
C = Composite sample bottle
NN = Type of QC sample
01 = Field Duplicate
02 = Autosampler Bottle Blank
03 = Trip Blank
04 = FiedBlank
Example: 01-920710-G-03
This sampleisfrom monitoring site 01 (e.g. Acker Place site), collected on
July 10, 1992. Itisatrip blank grab sample.
Example: 01-920710-C-03
This sampleisfrom monitoring site 01 (Acker Place), collected on July 10, 1992. It isan
autosampler bottle blank.
Blind Standards
7-YYMMDD-G
where: 7 = Blind Standard
YY = Year
MM = Month
DD = Day
G = Grab sample
NPDES Permit Application Appendix D May 1993
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Example: 7-920715-G

This sampleis ablind standard QC sample created on July 15, 1992 and
submitted to the labs blind. The sample numbers for the blind standards
sampleswill al begin with the number 7. The blind standard isagrab QC
sample.

24.2 LABORATORY PROCEDURES

The laboratory is required to follow the requested analytical methodology (40 CFR Part
136 or other any suitable method if no analytical method is approved) for each parameter
in order to produce reliable results. Laboratory analyses should be conducted under a
QA/QC plan developed for this project. For the ongoing monitoring program, Table 2-3
presents a summary of the parameters, optimum and minimum sample volumes, sample

types, containers, preservatives, and holding times.

Laboratory QA/QC measures will include:

* Initial and continuing calibration standards
* Performance check standards

* Method blanks

e Surrogate spikes

* Matrix spikes

e Duplicates.

Initial calibration standards are analyzed at the start of the project and establish the
instrument's working linear range. Continuing calibration standards are generally
analyzed on adaily basis and demonstrate that the instrument's response has not drifted
out of control. The limitsfor theinitial and continuing calibrations are either specified in
the methods or will be specified in the analytical request submitted to the laboratory .
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Performance check standards are prepared by the laboratory separately from the
calibration standards. They are analyzed as a sample by the laboratory and are used to

assess accuracy of the analytical procedures.

Method blanks are generaly in the lab at the time of sample preparation. Method blanks
are analytical controls consisting of all reagents, internal standards and surrogate standards
that are carried through the entire analytical procedure. Method blanks are used to define

the level of laboratory background contamination.

Surrogate spike compounds are added to every blank, sample, matrix spike, matrix spike
duplicate, and standard and are used to evaluate analytical efficiency by measuring

recovery.

A matrix spikeisan aliquot of a storm water sample fortified (spiked) with known
quantities of specific compounds and subjected to the entire analytical procedure in order

to indicate the appropriateness of the method for the matrix by measuring recovery.

A duplicate sampleis a second aliquot of an existing sample that is also analyzed in order

to determine the precision of the method.

243 CHAIN OF CUSTODY

The ability to trace possession and sample handling from time of collection, through
analysis and reporting of results and final disposition will be utilized to ensure the
integrity of the sample results. Thiswill be achieved through the chain-of-custody
process. To establish the documentation necessary to trace sample possession from time
of collection, a chain-of-custody record shall be completed and accompany every storm

sample. Therecord shall contain the following information:

e Sample number/location
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e Signature of collector

e Dateand time of collection

e Sample tag number

e Signatures of peopleinvolved in the chain of possession

* Inclusive dates and times of possession

Blank chain-of-custody forms to be used for al grab and composite samples are presented

in Part C of Appendix D.

A sampleis considered to bein an individual 's custody if anyone or more of the

following conditions exist:

1. Thesampleisin that individual's possession.
2. Thesampleisin view of theindividual after possession has been taken.

3. Thesampleis secured by that individual so that the sample cannot be altered.

An individual who has taken custody of samples must comply with the chain-of-custody
procedures. To maintain chain-of-custody, each individual in custody of the sample must
sign the chain-of-custody forms at the time of accepting and relinquishing sample custody.
Samples shall not be left unattended unless placed in a secured container with the

chain-of-custody record.
In addition to the chain-of-custody procedures, the sampling team will document all field

activitiesin field logbooks. Custody of samples prior to shipment to the laboratory should
be traceabl e through both the chain-of-custody record and the field logbooks.
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25 SAMPLE VOLUME REQUIREMENTS

Sample volume requirements for analysis of the full suite of parameters collected during
the ongoing monitoring program are dependent on individual laboratory requirements.
There should be no problem collecting sufficient sample volume for the manual grab
sample since field crews must be present in the field to collect these samples. Since the
ongoing monitoring problem only calls for, at most, one grab sample per station per year,

obtaining the required volume for the full suite of parameters will not be a problem.

Since fewer pollutants will be analyzed during the routine sampling, optimum and
minimum sample volumes are reduced. Table 2-3 provides the optimum and

minimum sample volumes for each measured group/parameter. These volumes may vary
depending on the laboratory used. It islikely that a storm which fill at least 3 to 4 bottles

will contain sufficient volume for laboratory analysis.

NPDES Permit Application Appendix D

May 1993

Municipa Part 2 Supplement Page 2-25 City of Knoxville, TN



SAMPLE ACKNOWLEDGEMENT / TRANSFER FORM

PROJECT: PROJECT MGR:
SUBMITTED BY:
COMMENTS:

COUNT | CONTAIN. | ID. NO. | SITEID. | DATE | TIME | GRAB/| VOL.
TYPE COMP

CYANIDE

PHENOL

VOA

BACT.

OIlL &
GREASE

METALS
Hg
SOLIDS
BOD5
DIS. P
COD
NUTS
DETERG.
Cu

LABORATORY SAMPLE ACCEPTANCE CRITERIA SATISFIED:
(LAB PERSONNEL)

SAMPLES RELINQUISHED BY: DATE:
SAMPLES RECEIVED BY: DATE:
TRANSFER TIME:

FORM REVISION: 031092
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CITY OF KNOXVILLE
NPDES STORM WATER PERMIT APPLICATION
ONGOING MONITORING PROGRAM

SAMPLE ACKNOWLEDGEMENT / TRANSFER FORM

STATION: STORM EVENT DATE:
SUBMITTED BY: DATE:
SAMPLE TYPE:

COMMENTS:

SAMPLE SAMPLE CONTAINER PARAMETER | % CONTAINER VOLUME
ID VOLUME DESCRIPTION FOR COMPOSTING

LABORATORY SAMPLE ACCEPTANCE CRITERIA SATISFIED:
(LAB PERSONNEL)

SAMPLES RELINQUISHED BY: DATE:
SAMPLES RECEIVED BY: DATE:
TRANSFER TIME:
COMMENTS:
CDM
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3.0 MONITORING STATION EQUIPMENT INSTALLATION,
PROGRAMMING AND RELOCATION

The ongoing outfall monitoring program for Knoxville will employ automatic samplers,

flow meters, and rain gages to collect the required flow composite samples. This section
describes the automatic sampling equipment and typical configurations and installations
for NPDES storm water monitoring sites.

31 SAMPLING SITEANALYSIS

A preliminary analysis should be performed at each monitoring site to predict the
hydrologic and hydraulic storm runoff characteristics from the range of storm events. An
example of a"Storm Water Monitoring Site Analysis' form is presented in Figure 3-1.
This form should be completed for each monitoring site. Sampling station data
summarized on this form include drainage area and hydrologic information. Land use,
impervious area, developable area, downstream receiving waters, and structural BMPs
must be identified for each site. The hydrologic information includes the mean storm
event characteristics as well as characteristics for the "low" (e.g., minus 50% below the
mean) and "high" (e.g., 50% above the mean) storm events. Field data collected during
site ingpections can be summarized on thisform. Field data includes channel geometry

measurements, slope calculations and site sketches.

Runoff can be estimated using standard hydrologic methods. These methods could range
from use of simple Rational Equation runoff coefficients to more sophisticated hydrologic
models such as the Storm Water Management Model (SWMM). Runoff characteristics
should be evaluated to determine: 1) whether sufficient depth of flow will occur over the
storm hydrograph to collect sample through the sampler intake, 2) whether peak flows or
velocities will be a concern during monitoring or grab sample collection by field crews,
and 3) estimated total runoff volume.
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Figure 3-1

IDENTIFICATION
Site Identification # . SAMPLE 1
Database ID #
Description SAMPLE SITE 1 |
OUTFALL DRAINAGE AREA Runoff
Land Use Acres % Total % Imperv. Coeff.
Forest/Open/Agricultural 3.2 5% 5% 0.24
Single Family Residential 59.8 95% 25% 0.39
Multi-Family Residential 0.0 0% 55% 0.61
Office/Commercial 0.0 0% 65% 0.69
Industrial 0.0 0% 75% 0.76
Public 0.0 0% 50% 0.58
Total l 63| 100%| 24%|  0.38]
% Built Out (Is open space developable?)

Name of Receiving Water [ ]

Structural BMPs
Describe Type : NONE
% Coverage of Existing Dev. NONE
% Coverage of Future Dev. NONE
HYDROLOGY
Mean Storm Event Low  Medium  High
Volume (inches) 0.21 0.42 0.63
Duration (hours) 3.5 7.0 10.5
Intensity (in/hr) 0.06 0.06 0.06
Runoff Volume
Runoff Coefficient 0.38 0.38 0.38

Runoff Volume Estimate (gal) 137,404 | 274,808| 412,212
Runoff Volume Estimate (ft*3) 18,370] 36,739| 55,109

Peak Flow
Runoff Coefficient "~ 0.38 0.38 0.38
Raintall Intensity (in/hr) 0.03 0.06 0.12
Estimated Peak Flow (cfs) 0.73 1.46 2.91
NPDES Permit Application Appendix D May 1993
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Figure 3-1

Depth of Flow
Estimated Peak Flow (cfs) 0.73 1.46 2.91
Manning Coefficient 0.25 '0.25 0.25
Channel Slope (ft/ft) 0.02 0.02 0.02
Side Slopes (ft/ft) - 05 0.5 0.5
Bottom Length (ft) 24 2.4 2.4
Normal Depth (ft) . ‘ 0.32 0.56 0.90/|trial & error
0.85384 1.70762 3.41593 computed
0.85394 1.70789 3.41578 check
Measured Cross Section Slope Calculation
X (ft) Y (it Length Depth Slope
0 540 - (ft) (ft) (ft/ft)
1 5.36 0 8.32 NA Upstream
2 4.28 10 8.41 0.01 @ X-section
3 292 20 8.73 0.03 Downstream
4 2.52 0.02 Average
5 2.26
6 155 . CROSS SECTION AT SAMPLE SE
7 1.10 .
7.5 0.27 . '
8| 023 R 7
9 0.07 S , \ Vi
0] 0.00 g L s |
10.5 0.13 > v
11]__0.98 '
12 1.15 7o 2 4 6 8 10 12 14 16 18
13 2147 :
14 2.85 Horizontal (1)
15 3.68
16 4.40
17 4.67
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The site analysis also should consider unusual hydraulic effects at each site. These effects
might include potential backwater effects from downstream structures or waterbodies, and

channel obstructions or configurations that may impact flow rating measurements.

For the Acker Place monitoring station, much of this background site analysis has been
completed by the United States Geological Survey (USGS) as part of the Part 2
representative outfall program. Remaining sites chosen for the ongoing monitoring
program may also include sites which were monitored as part of the USGS program.
Available USGS or TV A reports should be reviewed when conducting site analysis.

32 1SCO 3700 AUTOMATIC SAMPLER

Only "off the shelf" equipment from well-established manufacturers will be used for the
Knoxville NPDES permit term monitoring program. Custom equipment which may be
difficult to operate and maintain over the 5-year permit term should be avoided. The
ISCO 3700 sampler provides high lift capability , accurate delivery of sample volumes,
high sample line velocity of 3 to 5 feet per second, and purge cycle(s) to minimize cross
contamination of samples.

321 GENERAL CONFIGURATION

The ISCO 3700 automatic sampler consists of an intake line/strainer, a peristaltic pump,
sample containers, and a controller. The sampler intake linesare vinyl (3/8 inchinside
diameter) and the intake strainer is polypropylene. The intake strainer is attached at the
end of the intake line and should be securely mounted in awell mixed section of flow.

For the City's ongoing monitoring program, the City's automatic samplers will have a 24
one-liter poly bottles configuration. Until samples are transferred to laboratory containers,
sample liquid will contact only vinyl, teflon, polypropylene, and silicon rubber. For
priority pollutant applications, the sampler should be configured with Teflon-lined intake
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lines, a stainless steel strainer, and glass sample bottles with Teflon-lined caps. The
samplers can be powered by a 12 volt direct current (VDC) deep cycle marine battery or
by adirect AC power line to the site from an electric outlet. The City has established

electrical power to the Acker Place site and will consider the same for future sites.

The flow meters available to the city are configured with a modem to alow connection to
standard tel ephone lines which allows the station to be monitored from aremote office

location during a storm event using a persona computer (PC). The City has provided a

telephone connection to the Acker Place site and plans the same configuration for all

future sites.

There are avariety of ways to configure ISCO 3700 automatic storm water samplersto
collect representative samples from aflow stream. Samples can be collected with afixed
time interval between each sample or after a set volume of storm water has passed the
monitoring point. Initially, the City's samplerswill be configured to sample fixed

volumes at fixed timeintervals.

3.22 INSTALLATION CONSIDERATIONS

Installation of a sampler is highly site specific but general guidelines apply. The sampler
should be located on arelatively flat surface at an elevation not exceeding 26 feet (the
maximum suction lift) above the sampling point. Theintake strainer is attached at the
end of the intake line and must be securely mounted in awell-mixed portion of the flow
stream. The intake strainer should be mounted so the channel bedload of solids or
floating material isavoided. Theintake line should be continuously sloped downhill from
the sampler to the sampling point. The intake line will be protected within a PV C conduit
or aflexible electrical conduit which will be anchored to avoid stress on theline. The
protective conduit should not have sharp bends which could pinch the intake line during
the sampling cycle. The line should be cut to the shortest length possible (even one foot

increments). Thiswill extend battery and/or pump tube life because a shorter pumping
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cycle will be needed to deliver the sample volume. Loops of coiled intake line or kinks
in the intake line must be eliminated. Thiswill facilitate drainage of the intake line
between sample collection and ensure that purging and rinsing the intake lines before

sampling will minimize cross contamination of samples.

3.2.3 PROGRAMMING THE ISCO 3700 SAMPLER

The programming mode in the ISCO 3700 sampler is self prompting. The control panel
of the ISCO 3700 sampler is shown in Figure 3-2. Prompts displayed on the sasmplers's
liquid crystal display (LCD) step through the programming process. If the unit isturned
off or power is disconnected, the programming settings are retained in the sampler's
memory. The sampler will accept only appropriate values for the program settings and
will reject any unacceptable values. The sampler has three operating states: 1) standby,
where the sampler iswaiting for instructions, 2) run, where the sampler is executing a
program or routine, and 3) the interactive state where the sampler is programmed. The
interactive state contains two branches: the program sequence and the configuration

sequence.

Configuration Seguence

The configuration sequence initially sets up the sampler specifications such as clock
setting, bottle options, suction line data, purge/rinse cycles, etc. The configure sequence
also enables various programming options. Figure 3-3 presents the recommended ongoing
monitoring configuration sequence for the ISCO 3700 sampler. The prompt displayed on
the sampler's LCD are presented. The default selection (if any) will be blinking. The
appropriate selection is selected either by pressing the arrow to "move" the blinking
selection to another option or by using the number keys to enter a numerical response.
Configuring the sampler is usually necessary only during theinitial setup at a given
sampling site. Detailed step-by-step procedures for configuring the sampler are presented
in Part B of Appendix D (Procedure B-l).
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Figure 3-3

ISCO SAMPLER MODEL 3700 CONFIGURING WORKSHEET

This example assumes a 24 bottle configuration where each bottle has a volume of 1000 ml.
It assumes a 3/8" ID TEFLON suction line with a length of 25 feet.
Selections shaded will be unique to each site.

IsCo
Display Display Selection Comment
#
1.0 [PROGRAM, CONFIGURE] J (CONFIGURE I Use arrow key and press ENTER/PROGRAM.
SAMPLER
200.0 l SELECT OPTION (< ->) l [ENTER/PROGRAM l Press the ENTER/PROGRAM key.
SET CLOCK
2100 HH:MM  MM/DD/YY ' This display requires five entries.
HH:MM _MM/DD/YY Type the entry and press ENTER/PROGRAM.
200.0 [ SELECT OPTION (< -->) l [ENTER/PROGRAM l Press the ENTER/PROGRAM key.
BOTTLES AND SIZES
2200 f [PORTABLE, REFRIG] ’ponTABLE I Use arrow keys, and press ENTER/PROGRAM.
SAMPLER
2220 r {1, 4, 24] I Configures the sampler for 24 bottles.
BOTTLES
2230 [ BOTTLE VOLUME IS l Enter the bottle size.
—~ML This program uses 1000 mi bottles.
200.0 [ SELECT OPTION (<~ -->) 1 | ENTER/PROGRAM . Press the ENTER/PROGRAM key.
SUCTION LINE
230.0 I SUCTION LINE ID IS l ‘3/8 ] Select the suciton line internal diameter.
{1/4, 3/8] INCH
2310 l SUCTION LINE IS | |TEFLON l NPDES monitoring requires to use of TEFLON
[VINYL, TEFLON} i intake lines.
2320 SUCTION LINE LENGTH Example: 25 ft
IS -- FEET (3 - 99) Be sure length is in even foot increments.
200.0 " SELECT OPTION (< -->) J {ENTER/PROGRAM l Press the ENTER/PROGRAM key.
LIQUID DETECTOR
2400 ( [ENABLE, DISABLE] ’ ‘ ENABLE l This turns the liquid detector on.
LIQUID DETECTOR
2410 I . -'RINSE CYCLES (0 - 3) I Example: 1.
2420 [ ENTER HEAD MANUALLY? J lﬁ) | This adds the suction head setting to the
[YES, NO] programming sequence.
243.0 I RETRY UP TO - TIMES | Example: 1.
WHEN SAMPLING (0 - 3)
200.0 [ SELECT OPTION (<— —>) | FNTERIPROGRAM l Press the ENTER/PROGRAM key.
PROGRAMMING MODE
250.0 [ [BASIC, EXTENDED] i | BASIC J Use arrow keys and press ENTER/PROGRAM.
PROGRAMMING MODE
200.0 [ SELECT OPTION (<~ -->) ‘ IENTER/PROGHAM l Press the ENTER/PROGRAM key.
CALIBRATE SAMPLER
290.0 ! [ENABLE, DISABLE} ‘ l ENABLE ‘ Use arrow keys and press ENTER/PROGRAM.
CALIBRATE SAMPLER :
200.0 r SELECT OPTION (<~ -->) } | ENTER/PROGRAM l Press the ENTER/PROGRAM key.
START TIME DELAY :
310.0 ‘ -~~~ MINUTES DELAY l } [ J Example: 0 minutes delay of start time.
TO START (0 - 9999) Enter 0 and press the ENTER/PROGRAM key.
NPDES Permit Application Appendix D May 1993
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Figure 3-3

1SCO SAMPLER MODEL, 3700 CONFIGURING WORKSHEET

This example assumes a 24 bottle configuration where each bottle has a volume of 1000 ml.
It assumes a 3/8" ID TEFLON suction line with a length of 25 feet.
Selections shaded will be*unique to each site.

ISCO
Display Display Selection Comment
#
200.0 ]’ SELECT OPTION (< ->) l I’E‘NTER/PROGHAM } Press the ENTER/PROGRAM key.
ENABLE PIN
3200 [ MASTER/SLAVE MODE? | INO ' Use arrow keys and press ENTER/PROGRAM.
[YES, NOJ
321.0 l SAMPLE UPON DISABLE? ] | NO l Use arrow keys and press ENTER/PROGRAM.
[YES, NO]
3220 ! SAMPLE UPON ENABLE? J l NO l Use arrow keys and press ENTER/PROGRAM.
[YES, NOJ '
3230 [ RESET SAMPLE I Ives l Use arrow keys and press ENTER/PROGRAM.
INTERVAL? [YES, NO]
2000 i SELECT OPTION (< -->) | |ENTER/PROGRAM ] Press the ENTER/PROGRAM key.
EVENT MARK
3300 ‘ [CONTINUOUS SIGNAL, J | PULSE ] Use arrow keys and press ENTER/PROGRAM.
PULSE]
3320 [ AT THE BEGINNING OF I IFWD PUMPING J Use arrow keys and press ENTER/PROGRAM.
[PURGE, FWD PUMPING]
2000 [ SELECT OPTION (< ->) l lENTER/PROGRAM l Press the ENTER/PROGRAM key.
PURGE COUNTS
340.0 ‘ -— PRE-SAMPLE ] ‘ 150 ’ This sets the number of pre-sample pump counts
COUNTS (0 - 9999) ) needed to purge the intake line. The defaultis 150.
Press the ENTER/PROGRAM key.
3410 ’ -—- POST-SAMPLE ] [819 ‘ This sets the number of post-sample pump
COUNTS (0 - 9999) counts needed to purge the intake line.
Press the ENTER/PROGRAM key.
200.0 [ SELECT OPTION (< —>) | ‘ENTER/PROGHAM ‘l Press the ENTER/PROGRAM key.
TUBING LIFE
350.0 | ——- PUMP COUNTS, I i ] Informational display.
WARNING AT -— Press the ENTER/PROGRAM key.
351.0 ‘ RESET PUMP COUNTER? J i NO l Use arrow keys and press ENTER/PROGRAM.
[YES, NO]
200.0 I SELECT OPTION (<~ —>) l IENTER/PROGRAM I Press the ENTER/PROGRAM key.
PROGRAM LOCK
360.0 [ [ENABLE, DISABLE] I l DISABLE I Use arrow keys and press ENTER/PROGRAM.
PROGRAM LOCK
200.0 l SELECT OPTION (<~ —>) | { ENTER/PROGRAM I Press the ENTER/PROGRAM key.
SAMPLER ID
365.0 I SAMPLER ID NUMBER IS | Example: 01.
P—— Enter value and press ENTER/PROGRAM.
200.0 ; SELECT OPTION (<~ —>) | lExrr PROGRAM | Press the EXIT PROGRAM key.
RUN DIAGNOSTICS
I -~ STAND BY —- | IENTEWPROGRAM —| Press ENTER/PROGRAM to begin
11:59 4/16/92 the programming sequence.
NOTE:
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Program Seguence

The program sequence defines the sampling routine including sampler pacing, sample
volumes, and sample distribution. Initial settings for each program parameter for the City

of Knoxville ongoing monitoring program are presented in Figure 3-4.

Sample pacing options are either flow or time. Time pacing will be used initially under
the Knoxville program. Sample distribution allows sequential or multiplexed sampling.
Under a sequential mode, sample bottles arefilled in order. Multiplexing alows
programming for multiple "bottles per sampl€e" or multiple "samples per bottle". The
Knoxville ongoing monitoring program will initially employ the "samples per bottle"
option because it is useful to collect a series of small aliquots within asingle sample
bottle. The sampler prompts for the required aliquot volume for each sample collected.
Theinitial sample configuration for the Knoxville monitoring program will be four (4)
sample aliquots per 1-liter sample bottle. Each sample aliquot should be 240 mL. The
ISCO 3700 samplers provides a sample volume accuracy of + 10% and repeatable to
within £ 10 mL. Detailed step-by-step procedures for programming the sampler are
presented in Part B of Appendix D (Procedure B-1).

Purge Cycles
The sampler should be programmed to purge the intake tube between collection of sample

aliquots. The purge first fills the intake line until sample liquid reaches the peristaltic
pump. Then the pump reverses, expelling the remaining liquid out of theintake line. The
purge serves two purposes: 1) minimize cross contamination between samples, and 2) to
clear blockage or accumulated solids around the intake strainer. If discrete samplesareto
be collected over the hydrograph, minimizing cross contamination between samplesis
critical. If only asingle flow-composite sample will analyzed, cross contamination is less
critical. Up to three purges can be programmed; however, the purges result in extra
battery power consumption. For the Acker Place site, which has an AC power source,

battery consumption is not a factor and three purges can be programmed. Only one (1),

NPDES Permit Application Appendix D May 1993
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ISCO
Display
#

1.0

210
210
35.0
36.0
31.0
50.0
90.0

3100

141

Figure 3-4

1SCO SAMPLER MODEL 3700 PROGRAMMING WORKSHEET

This example assumes 250 ml aliquots to be taken every 15 minutes, with four aliquots filling a bottle.

Selections shaded will be unique to each site.

Display

Selection

[PROGRAM, CONFIGURE]
SAMPLER

I |PROGRAM

[TIME, FLOW]
PACED SAMPLING

J l TIME

SAMPLE EVERY
-HOURS --MINUTES

e

SAMPLE EVERY
--HOURS --MINUTES

MULTIPLEX SAMPLES?
[YESNO]

| ‘YES

|

[BOTTLES PER SAMPLE,
SAMPLES PER BOTTLE]

‘ SAMPLES PER BOTTLE ]

-- SAMPLES PER
BOTTLE (1-50)

SAMPLE VOLUMES OF
-— mi EACH (10 - 990)

ENTER START TIME?
[YES NOJ

-—- MINUTES DELAY
TO START (0 -9999)

PROGRAMMING SEQUENCE
COMPLETE...

- STAND BY —
11:02:00 4/16/92

START SAMPLING
AT BOTTLE -- (1-4)

-— SAMPLER INHIBITED -~
11:02:00 4/16/92

Comment

Use arrow key and press ENTER/PROGRAM.

Use arrow key and press ENTER/PROGRAM.

Enter "0" to set the hours entry to 0.

Enter *15” to set the minutes entry to 15.

Sets the routine for bottles per sample or
samples per bottle multiplexing.

Use arrow key and press ENTER/PROGRAM.
Enter "4" to set the number of samples

per bottle to 4.

Enter sample volume of 250 ml.

Use arrow keys and press ENTER/PROGRAM.

This sets the program to begin immediately.

This will automatically appear, and will be displayed
briefly before retuming to this standby state.

Press START SAMPLING key to run the program.
Starts the sampling routine with the first bottle.
Press ENTER/PROGRAM to accept.

Display during normal operation.
No entry is necessary.

NOTE:
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however, isrecommended. For other sitesin the program, which may not have an AC
power source, one (1) purge cycle will be used. One purge cycle acts primarily to remove
any accumulated solids from the intake tube, to clear the intake strainer of any settled
sediment, and to rinse small droplets of the previous sample that adhere to the inside on
the intake tube.

3.24 POTENTIAL SAMPLER PROBLEMS

The reliability and performance of automatic samplers can be improved if field personnel
are aware of, and take steps to eliminate, the following potentia problems. Most sampler
problems are associated with the location and mounting of the intake strainer. The
sampler intake strainer should be securely mounted to prevent damage from debris
transported by fast moving storm flows. Cavitation around the intake strainer caused by
high flow velocities can aso be a problem in certain situations. The flexible intake tube
connecting the intake strainer to the sampler is exposed to damage and potential
vandalism. Therefore, the intake line should be encased in flexible electrical conduit
which is either secured with clamps or trenched underground. The intake lines should be
inspected regularly for holes, kinks, or loops which would cause low sample volume or
cross-contamination of samples. All connections, especially the intake tube to the pump
and the intake tube to the strainer, must be tight. The sampler programming should be
routinely checked to verify that parameter selection and status is appropriate for a
particular site. The caps of the sample bottles should be removed and placed in a plastic
bag so as to minimize contamination. Detailed procedures for inspection of samplers and

routine maintenance are presented in Section 6.0.

NPDES Permit Application Appendix D May 1993
Municipal Part 2 Supplement Page 3-12 City of Knoxville, TN



3.3 1SCO 3230 BUBBLER FLOW METER

The 1SCO 3230 flow meters measure flow level and are configured with a dot matrix
printer and internal memory which continuously records data measurements from several
external probesincluding: 1) the flow level in the channel, 2) rainfall accumulations

detected by a connected rain gage, and 3) sample collection times.

3.31 GENERAL CONFIGURATION

The ISCO 3230 flow meter uses a bubbler system to measure flow level. Air, supplied by
an internal compressor, is bubbled out of alinein the stream at a constant rate. The
differential pressure head required to discharge air into the water column corresponds to
the depth of the water in the stream. The pressure is continuously measured and
converted to an electric signal. The relationship between level or head and flow rate
depth measurements (i.e., rating curve) is used to calculate the flow rate. The flow meter
isinterfaced with the sampler and is programmed to activate the automatic sampler when

predefined criteria (e.g., flow and/or rainfall thresholds) for a storm event are met.

For the Knoxville program, the flow meter is programmed to initiate sampling based on
user-selected conditions such as an increase in flow level or a specified rainfall volume
over atime period. The conditions used to initiate storm event sampling are highly site
specific. These conditions should be evaluated after each storm to determine whether
adjustments are necessary. The flow meter can be powered by the same 12 volt direct
current (VDC) deep cycle marine battery used to power the sampler or by adirect AC

line provided to the site.

The flow meter'sinternal memory can be configured to record average flow level over a
user selected time step. A 5-minute recording interval should be used when flows are
changing rapidly (e.g., storm events). During baseflow periods, flows are relatively

constant and longer recording intervals (e.g. 15-minute or 1-hour) should be used.
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3.3.2 INSTALLATION CONSIDERATIONS

The flow meter measures open channel flow in apipe or channel. Open channel flow is
typically monitored at primary and secondary control sections. A primary control section
istypically a structural flow control that produces a flow with a known relationship
between level or head and flow rate. The primary flow control can either be a structure
such as aweir or aflume located in the channel or a uniform and stable section of the
channel or pipe. The secondary measuring device is an open channel flowmeter, such as
the ISCO 3230, which continuously monitors the flow level or head in the channel. A
properly installed weir or flume will produce a known head versus flow relationship
without requiring field calibration; however weirs and flumes partially obstruct flow and
require a certain amount of head loss to work properly. Weirs and flumes are accurate

only over alimited range of flow rates.

Under the Knoxville NPDES storm water program, flow measurements will primarily rely
on existing hydraulic structures (pipe, channels, weirs, etc.). Additiona primary flow
controls such as weirs or flumes will typically not be installed for this program. The
selected monitoring sites will be characterized by sufficiently uniform and stable cross
sections. The flow meter will record continuous stage or level measurements. Flow rate
(cfs) is calculated from the continuous series of stage data after each storm event. The
flow calculations should be based upon initial hydraulic calculations and subsequent
limited field calibration (pipe or channel rating) measurements performed during high

flows.

3.3.3 PROGRAMMING THE ISCO 3230 FLOW METER

Programming the ISCO 3230 flow meter involves configuring the memory of the flow
meter as well as determining the control parameters of the flow meter's program. Most of
the flow meter programming can be performed directly from the flow meter's keypad.

Certain aspects of the programming must be performed through an IBM/compatible
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persona computer. The Knoxville program calls for the stations to be connected to
standard telephone lines, and therefore flow meter programming and collection of
monitoring data can be performed from aremote office location. If asite that is chosen
cannot be accessed by atelephone line, alaptop computer would be needed to allow

on-site programming of the flow meter.

FLOWLINK Software

ISCO FLOWLINK software and a computer are required to program and access the flow

meter memory. FLOWLINK consists of several modules for memory management, data
retrieval, database management and conversions, and report and graph generation. The

module TELEFLOW is used to configure the flow meter's internal memory through a

modem hook-up. The module LAPCOMM is used to configure the memory through a

direct cable connection with alaptop computer. Detailed step-by-step procedures for
configuring and programming the flow meter through TELEFLOW are included in

Part B of Appendix D (Procedure B-1). Proceduresfor LAPCOMM vary only slightly and can be
found in the FLOWLINK user's manual.

Memory Partitions

The flow meter is equipped with approximately 20K of non-volatile Random Access
Memory (RAM). The flow meter's memory can be divided into three partitions. The size
of each memory partition is user-sel ectable and should be determined considering the
recording interval and the amount of data that will be collected between each flow meter
interrogation. The memory partitions must be assigned to record data from the sampler
and rain gage. A minimum of 64 readings can be allocated for the level, flow rate, or
sampler partition and 28 readings for the rainfall partition. The maximum number of
readings is the total capacity of the memory. Thetotal capacity of the memory in
readings varies according to the type of data stored.

Four parameters must be specified when a new partition is created. These parameters are:

type of data (level, flow, rainfall, or sampler); memory mode (rollover or slate) and any
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trigger conditions; size (in number of readings); and data interval (the amount of time
between stored readings). Partitions which store sasmpler data do not require data
intervals. A fifth specification, partition name, is optional. Creating a partition can be
done only through the FLOWLINK software.

The flow meter's memory should be configured for three (3) partitions to store level data,
rainfall data, and sampler data. The level and rainfall partitions should operatein

triggered slate mode. This means that data will be stored in a continuous loop until a

trigger condition (amount of rain, time, level reading, etc.) is satisfied. Once the trigger
condition is satisfied, the flow meter stores data only until the partition memory isfilled.

This prevents storm data from being overwritten. The partition will receive new readings
only after it has been restarted. The sampler partition should store data continuously.

Part B of Appendix D (Procedure B-I) details the steps necessary to set up the ISCO 3230 flow
meter.

Keypad Programming

A schematic of the front panel of the ISCO 3230 flow meter is presented in Figure 3-5.
The flow meter is programmed with the aid of the LCD display. The keypad is used to
enter program quantities and to control certain flow meter functions. The display is used
to show both menu selections available and selections chosen (the entry selected will flash
on the display). The display also indicates operational status and guides the user through
the flow meter programming sequence by showing the step being programmed. Each time
akey is pressed an audible signal is emitted. Channel or pipe rating measurements, if
available, can be programmed into the flow meter. The flow meter can be preprogrammed
for anumber of primary devices (weirs, flumes, etc.). Initial program settings for the

flow meter used for the Knoxville ongoing monitoring program are presented in Figure 3-6.
These programming steps are also detailed in Part B of Appendix D (Procedure B-l). Advanced
programming steps used in conjunction with standard weirs or flumes can be found in the

manufacturer's user's manual for the flow meter.
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Figure 3-5

FLOW RATE UNITS: CFS
Internal TYPE OF WEIR V-NOTCH |
V-NOTCH WEIR >
Plotter : MAXIMUM HEAD: 1,000 FT

Chart ————— FLOW AT 100% LEVEL: 2,500 CFS

SAMPLER INITIATION: OFF
SITEID: 663
REPORT GENERATION: OFF

Liquld

- - e = -

MODE OF OPERATION FLOW
FLOW CONVERSION TYPE: STD
UNITS OF LEVEL MEASUREMENT: FEET

Crystal
Display

ISCO 3230

N~ Bubbler Flow Keter

Programming Instructions

Toplacemeﬂowmtsrhaprogammluamode,pmu---.

Then select from menu cholces using @ or
Or enter & numeric value for each of the program steps fisted below

automsatically advance to noxt program &tep, pross= = ==«

Program Stops .

To accept the blinking cholce or an entered value and

1. Select mode / flow conversion 7. Stte identification number
2. Select sampler inltiation

8. Salect plottar mode of operation

4. Enter plotter full scale reading

8. Select plotter chart speed

€. Set calender clock

To view or change a particdlear program step, prest e e eee=

Enter the program step number from the {ist above and press --@

Toehu;ae program, select from menu cholces or eater numexic value

To relum © & provious vakie, prest e« - cccc-e-c=-

Toacceptavaiue, pro6es = =ewoa

To exit program mode, prees ----_@

3230 Bubbler Flow Meter

Keypad

((e ()6
(a)(s (e Jlesn)
B E)E) )
1I|(:](:)@ﬁ@

Source: ISCO, 1991

CD M Model 3230 Front Panel,

eavironmental engineers, scleatists,
plannecs & managemeat consuftants

Showing Controls
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Figure 3-6

KNOXVILLE NPDES ONGOING STORMWATER MONITORING PROGRAM
ISCO MODEL FLOW METER 3230 PROGRAMMING WORKSHEET

This example assumes a 4 foot diameter pipe with current flow fevel of 0.15 feet.
Selections shaded will be unique to each site.

ISCO

Display Display Selection Comment

#
1.0 | SELECT MODE OF OPERATION | l LEVEL ONLY l Use Arow Key and press ENTER

1. FLOW 2 LEVEL ONLY ’
12 [ SELECT UNITS OF LEVEL MEASUREMENT I | FEET J Selects feet as the unit of measurement
1. FEET 2. METERS

22 l SELECT SAMPLER CONTROL I ENABLE BY LEVEL | Programs the flowmeter to initiate sampling only
¥ 1. ENABLE 2. DISABLE 3. ENABLE BY LEVEL when flow level increases

221 [ ENTER LEVEL AT WHICH TO ENABLE J Enter the level which indicates the beginning

SAMPLER LEVEL: X.XXX FT of storm runoff, usually 0.2 to 0.3 ft above basefiow
222 ONCE ENABLED, SAMPLER WILL: This programs the flowmeter to stop the sampler if
1. STAY ENABLED 2. DISABLE BELOW X.XX FT. the flow talls below the storm threshold level
224 SELECT PLOTTER ON/OFF WITH SAMPLER | ‘ NO ‘ This will keep the plotter operational when the
ENAB: 1.NO 2.YES sampler is enabled
3.0 | SELECT PLOTTER MODE OF OPERATION: J {LEVEL l The plotter will record level information
1. OFF 2. LEVEL
4.0 l ENTER PLOTTER FULL-SCALE READING: | Enter the pipe diameter in feet. Note flowmeter will
100%LEVEL= . FT over-range once effectively doubling this entry
5.0 [ SELECT PLOTTER CHART SPEED: I [1 "MR ] This will generate 24* of chart per day and will
i 1..57HR 2. 1°HR 3.2/HR 4.4"HR provide a hard copy back up of storm data

Example: April 15, 1992 at 2:22 PM

6.0 " SET: YEAR MONTH DAY HOUR MINUTE l
Display will blink prompting input

70 I ENTER SITE IDENTIFICATION NUMBER: l Example: Site #001

SITE NUMBER =

Purges the bubbler line every 60 minutes. More

frequent intervals recommended for high sediment

8.0 r SELECT AUTO-PURGE FREQUENCY
1.OFF 2.5 3.10 4.15 5.30 6.60

Enter the current level at the bubbler
Used for calibration of level readings

90 [ ADJUST LEVEL: UP/DOWN OR VALUE
ENTER PRESENT LEVEL

110 r REPORT GENERATION i ION Switches the internal plotter ON
1. ON 2. OFF 3. PRINT
11.1 ’ CLEAR REPORT AFTER PRINT: } Flo Clears current report after printing
1. YES 2. NO
11.2 ' REPORT INTERVAL TO BE IN: l IDAYS Selects days for reporting interval
1. HOURS 2. DAYS 3. MONTHS
1.3 ENTER INTERVAL IN HOURS: | [ 1 Generales a printed report once per day
DAYS
14 l ENTER THE INTERVAL START TIME: l Example: April 15, 1992 at 2:22 PM
YR: MONTH: DAY: __HR:__ MIN: Display will blink prompting input
12.0 l ENABLE PROGRAM LOCK? J INO ] Disables password
1. YES 2. NO NOTE: password is "3230°
l LEVEL 14:22 15-APR-92 I [ l Display during normal operation.
0.150 FT No entry is necessary.
NOTE:
These entries will be unique for each siteftime
NPDES Permit Application Appendix D May 1993

Municipal Part 2 Supplement Page 3-18 City of Knoxville, TN



3.34 POTENTIAL CONSTRAINTS

Flow monitoring at sites which may be impacted by surcharge during storm events should
be avoided because flow measurements will be inaccurate. The flow meter should be
located within 50 feet of where the bubbler lineis mounted in the stream. Thisisthe
maximum length of the standard bubbler line available. Generally, bubbler lines should
be kept as short as possible. The water level above the bubbler line cannot exceed 10 ft.

Normal position of the bubbler linein the flow stream is at right angles to the flow.
However, flow stream velocities of greater than five feet per second can result in lower
measured liquid levels than the actual level in the flow stream. In this case, the end of
the bubbler line should be positioned downstream parallel to the flow. The flow meter
should be calibrated to the actual flow depth in the pipe or stream.

An advantage of the bubbler type flow meter isthat all of the sensitive electronic
components of the meter are protected in the instrument housing. The bubbler lineisthe
only part exposed to storm flows and potential vandalism. Thisline can be easily and
inexpensively replaced. The bubbler line does require specia care to prevent conditions
that may result in collection of inaccurate data. Holes and kinks can form in the bubbler
line, causing inaccurate level readings. The flow meter must be periodically calibrated
since the level calibration can drift after a period of time. Adjustments may be necessary
to reset the level reading to match the actua flow stream depth. Improper programming
can also cause errors. Detailed procedures for inspection and maintenance of the ISCO
3230 flow meter, presented in Section 6.0, should be carefully followed.
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34  TIPPING BUCKET RAIN GAGE

34.1 GENERAL CONFIGURATION

A schematic of atipping bucket rain gage used to measure rainfall volumeis presented in
Figure 3-7. Rainiscollected in a standard eight-inch National Weather Service (NWS)
cylinder. Rainfall collected in the cylinder is funneled into the tipping bucket mechanism.
The funnel is screened to keep out debris. The bucket tips when a volume equivalent to
0.01" of water over the cylinder orifice has accumulated. Asthe bucket tips, it causes a
0.1-second switch closure which is recorded by an external datalogger. Thetip also
brings a second bucket into position under the funnel, ready to fill and repeat the cycle.
After the rain water is measured, it drains out through the base of the gage. The drain

holes are covered by screensto prevent insect entry.

3.4.2 INSTALLATION CONSIDERATIONS

Careful consideration should be given to the location of the rain gage. The most accurate
measurements are taken in sheltered areas which block wind and eddy currentsin the
vicinity of the gage. Fences or other objects can act together to serve as an effective
windbreak. Asageneral rule, the heights and distances of the windbreak objects should
be uniform. Their height above the rain gage should not exceed about twice their distance
from the gage location. Sinceit is not always possible to select sites which provide
adequate protection from adverse wind effects, an open site away from isolated objects
may also be used.

The rain gage should be calibrated once installed according to Part B of Appendix D (Procedure
B-7). Periodically, therain gage' s calibration should be verified for possible mechanical
problems. These problems are discussed in Section 6.0.

NPDES Permit Application Appendix D May 1993
Municipal Part 2 Supplement Page 3-20 City of Knoxville, TN



Figure 3.7

abneyn ujey 19xong bujdd]l jo ojjewayos

§ju)nsuoo JusWebvusw % sieuus/d
's1S13UB [0S ‘sieoujBue [BIUBWLOIIAUS

WNdo

Joubepyy -

SIN
MAIA U0
89jjli0
jexong ueeJog

Buiddry e/qeAowiey

May 1993

City of Knoxville, TN

Appendix D

NPDES Permit Application

Page 3-21

Municipa Part 2 Supplement



35 EQUIPMENT INSTALLATION PROCEDURES

Storm water monitoring equipment should be installed only after conducting afinal field
investigation to document actual field conditions. The field inspection should provide
sufficient information to fmalize equipment configurations and prepare installation
schematics. Each installation will include a platform, shelter, and intake line protection.
A fiberglass equipment shelter will be installed at each site to provide additional security
and protection for the flow meter and sampler. To the extent possible, equipment
installations should be standardized and prefabricated to ensure consistency between sites

and to minimize installation time required.

351 FIELD INSPECTION

Prior to equipment installation, a field inspection should be performed by personnel who
are familiar with the capabilities of the sampling equipment and have a practical
knowledge of the hydrologic characteristics of the site. A final field inspection isrequired
to evaluate site conditions and to develop site-specific plans which confirm feasibility of
equipment installations and are used to finalize equipment configurations. Thefield
investigation should assess each site for accessibility , hydraulic characteristics, safety

hazards, and feasibility of equipment installation.

Accessibility

Each site should be assessed to determine whether it can be easily accessed by field crews
for equipment installation, maintenance, and storm event inspections. The location of
off-street parking, walking distance to the site, the location of fences, or private property
should be noted during the field investigation.

Accessibility will be difficult at locations where monitoring equipment must be hungin a

manhole. In order to perform the required manual grab sampling, equipment checks, and

NPDES Permit Application Appendix D May 1993
Municipal Part 2 Supplement Page 3-22 City of Knoxville, TN



flow rating measurements, it will probably be necessary to first remove sampling
eguipment from the manhole. Manhole installation may also require installation by field
personnel who are trained in OSHA confined space entry requirements. Manholes along
roads with high traffic volumes or high speed limits should be avoided altogether.

Hydraulic Characteristics

The field investigation should eliminate potential sites where backwater effects caused by
downstream conditions were observed. Field inspections should be conducted (when
possible) during or soon after storm events to determine site conditions during high flow
periods. The locations of upstream tributaries should be aso be noted and the degree of
mixing in the stream as indicated by the presence of plumes, turbulence, or flow velocity
should be assessed.

The type of hydraulic control existing at the site or feasibility of installing a primary flow
control device (weir, flume) should be assessed during the field investigation, although the
Knoxville ongoing monitoring program will typically not require the installation of weirs
or flumes. The development of a stage-discharge rating for open channels requires a
uniform and stable channel for a distance equal to at least six channel widths upstream of
the station. Access for performing rating measurements during storm events
(bridge/culvert or wadable cross section) should be noted.

Safety Hazards
Potential hazards in the immediate vicinity of the monitoring site should be also assessed.

The safety of the field crews as well as public safety aspects should be considered.
Potential hazards include:

e Slips, trips, and falls related to steep slopes or poor footing
* Deep water/high flow velocities
* Proximity to roads with high traffic volume or high speed limit

NPDES Permit Application Appendix D May 1993
Municipal Part 2 Supplement Page 3-23 City of Knoxville, TN



Potential measures to minimize hazards at sites that were otherwise acceptable should also
beidentified. Additional safety equipment required to safely sample at a site (traffic

controls, ropes, etc.) should be also noted.

Site Suitability

Site suitability factors should consider the installation of monitoring equipment and access
by field crews during storm events. The following factors should be assessed during the
field investigation:

*  Property ownership: sites should be identified along public right-of-ways or on
public property where possible.

* Avreatively flat area (4 ft by 4 ft) for an equipment shelter isrequired for
sampling equipment installation.

* Thevertical distance from water surface to the station location should be
considered. The sampler pumps provide a maximum vertical lift capability of
about 25 ft. For manual sampling, the maximum practical length of a sample
dipper is 10 ft to 15 ft.

* Theavailability of AC power should be assessed by noting the distance to the
nearest power line pole. Provision of AC power to the monitoring station will
greatly increase the reliability of along-term automatic monitoring program.

* Thefeasbility of rain gage installation should be assessed by noting the
amount of tree cover and the proximity of tall buildingsin the area around the
sampling station. The maximum practical separation between the sampling
station and the rain gage is 50 ft to 100 ft. A single central rain gage location
can beidentified for sites in close proximity to one another.

* Public safety and security of equipment should also be considered based on
qualitative judgement of the field investigator. The presence of small
children, graffiti, and evidence of existing vandalism should be noted. The
proximity of street lights, existing fencing, and police or fire stations, should
also be noted.

* The potential for backwater conditions from downstream influences at the site
during storm events should be also assessed.
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Actual site conditions and potential hazards should be a primary consideration in
determining whether storm event monitoring is feasible at each candidate monitoring site.
The observations from the field investigation will facilitate proper equipment selection and
installation and will potentially avoid delays and problems. The field investigation results
will improve safety by either avoiding sites that cannot be safely sampled or noting

special equipment needed for certain hazards.

352 EQUIPMENT PLATFORM

An equipment platform will be constructed at each monitoring location. The platform will
provide a base for securing a fiberglass equipment shelter which will house the sampling
equipment. The equipment platforms should be level and measure approximately 4 feet
by 4 feet. Existing concrete pads at the monitoring sites should be considered if available
and suitable. In most cases, the platform can be inexpensively fabricated from exterior
grade plywood. To minimize potential vandalism problems, the plywood base should be
securely mounted to the ground. If arelatively level spaceis available, the sampling
equipment platform can be mounted on precast concrete beams to prevent tipping of the
equipment shelters. The concrete beams can be anchored by small concrete footings. At
sloping sites, alightweight wooden deck should be constructed from pressure treated
wood. Sitework isdifficult and time consuming at many monitoring locations since AC
power typically is not available. Site work can be minimized by prefabricating the

equipment platforms at a central location.

353 EQUIPMENT SHELTER

The flow meter, automatic sampler, and power source should be enclosed within an
eguipment shelter. The shelter can be constructed from wood or molded

fiberglass. All shelters should be insulated, lockable, and ventilated. Provision of
receptacles for AC power supply should be considered. The equipment shelter should

include a flange around the base for bolting it to the equipment platform. Initially, the
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equipment shelters for the Knoxville program will be purchased from Plasti-Fab, a vendor

which manufactures equipment shelters specifically for monitoring stations.

354 INTAKELINES

Exposure of sampler intake tubing and flow meter bubbler line between the equipment
platform and the sampling point in the storm water system should be avoided. Thiswill
minimize vandalism potential and ensure that these lines are not kinked or damaged by

debris or high velocity storm flows.

The sampler intake tube and the flowmeter bubbler line should be routed through 3/4"
PV C dectrical conduit. Installation of the PV C conduit should avoid sharp right angle
bends. Wide radius elbow fittings are available that will minimize the possibility of
kinking the intake lines. The conduit should be secured with conduit clamps every 2 ft to
4 ft. Along earthen areas, the conduit can be secured by driving a 2x4 stake into the
ground. Masonry anchors are required when the conduit must be secured to concrete
surfaces. Sheet metal screws can be used for metal surfaces. If AC power in unavailable,
aprofessional grade cordless drill will be required to install the masonry anchors and

SCrews.

A standard electrical box can be installed in the equipment platform to secure the end of
the conduit at the sampling equipment shelter. Portions of the intake lines which must be
installed along the channel should be aligned to minimize flow obstruction. At sites
where high flow velocities are anticipated, the lines should be anchored every 1 ft to 2 ft.
The sampler intake should be installed midstream and parallel to flow. The sampler
intake should be 3 ft to 6 ft downstream of the flow meter bubbler line to avoid causing

turbulence that may interfere with flow measurements.

The flow meter bubbler line should be installed a sufficient distance upstream from the

outfall to avoid hydraulic effects at the outfall discharge point. The length of the bubbler
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line should be kept as short as possible. The maximum length of bubbler lineis 50 feet.
For pipe installations, the bubbler line should be installed as close to the bottom as
possible. The flow meter bubbler will terminate with a4 ft long 1/8-in 1D stainless steel
tube which should be securely fastened to the channel bottom using masonry anchors and
small diameter cable clamps. The end of the bubbler line should be perpendicular to the
flow. After installation, the intake lines should be hand checked to make sure they are

Secure.

3.5.5 RAIN GAGE MOUNTING POST

The tipping bucket rain gage requires a 12-in by 12-in plywood platform. A 25-ft
connector cableis standard. In locations without any overhead obstructions, the rain gage
can beinstalled on a 6 ft high 4x4 post mounted on the side of the equipment platform.
The base of the post should be attached to a steel post anchor that is bolted to the
equipment base. Steel braces should be used to secure the upper portion of the post to the
equipment housing. The rain gage platform should be level. A cable connectstherain
gage to the flow meter. Small cable staples should be used to fasten the cable to therain

gage post.

3.6 EQUIPMENT RELOCATION

3.6.1 PERMIT TERM YEAR 1 THROUGH YEAR 3

In the first two years of the permit term monitoring program, the City will install
automatic sampling equipment at three to five sites. The ongoing monitoring program
will initially extend monitoring at the five sampling stations monitored by the USGS to
fulfill the Part 2 NPDES permit application requirements.

To increase the reliability and minimize the number of field personnel required to operate

the monitoring program, the City is planning to install AC power and telephone lines to
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each of the long-term monitoring stations. The flow meters available to the city are
configured with a modem to allow connection to standard tel ephone lines, which allows

the stations to be monitored from a remote office location during a storm event using a

persona computer (PC).

Based on the sampling protocols presented in Section 2, approximately 10 to 15 storm
event samples per station per year will be collected over the first three years of the

permit. All sampleswill be analyzed for those pollutants that were found to be present
during the Part 2 monitoring program as presented in Table 2-1. In addition, the full suite
of priority pollutants (toxic metals, volatiles, base/neutral acid extractables, and
pesticides/PCBs) will be analyzed during one storm event per station during the 5-year
permit term. Sampling for the full suite of pollutants will require afield crew to be on
call to manually take grab samples during a storm event. Resource availability might
restrict the frequency of sampling for the full suite of pollutants. Sampling at a frequency
of 10 to 15 storms ayear will provide a statistically significant number of sample points
to refine pollutant loading factors, determine seasonal trends of pollutant loadings (if any),

and assess the long-term effectiveness of management programs.

3.6.2 PERMIT TERM YEAR 4 THROUGH YEAR 5

The ongoing monitoring program will be re-evaluated during the fourth year of the permit
and the City will decide whether to relocate monitoring stations at thistime. To evaluate
long-term trends, the City may wish to continue monitoring at the original sampling
locations for the entire five-year permit term. This should provide sufficient storm event
water quality data over arange of hydrometeorologic conditions to evaluate trends (e.g.,
improving vs. deteriorating water quality). Alternatively, there may be future
opportunities for the City to assess BMP performance by relocating monitoring stations.
For example a pair of monitoring stations located at the inflow and outflow to a structural

BMP facility can be used to quantitatively measure pollutant removal efficiencies. Based
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on the third year evaluation of the program, the City will continue storm event monitoring

during years 4 through 5 at up to five sites.

In addition, during the fourth year of the permit, the City will review the sampling
protocols to determine whether other revisions are warranted. The re-evaluation of the
City's storm water monitoring program will include the number of storms analyzed per
station per year, water quality constituents submitted for laboratory analyses, and sample
collection procedures and equipment. For example, certain constituents which are not
detected in storm water discharges over a2 to 3 year period will be dropped from the
scheduled analyses. Under the City's proposed monitoring program, the full suite of
priority pollutants (toxic metals, volatiles, base/neutral acid extractables, and
pesticides/PCBs) will be analyzed during one (1) storm event per station per permit term.
Pollutants consistently detected in these samples should added to the sampling programin

the long term.

If the sampling stations will be relocated during years 4 through 5, the City will document
the proposed new locations in an annual report. The proposed changes to sampling
protocols, including the reasons for such changes, will be presented in the annual report.
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4.0 STORM EVENT FIELD PROCEDURES

This section describes field procedures to be used immediatel y before and during storm
events. Fina equipment checks and adding ice to the samplersis required before each
storm event. During storm events, field teams are sometimes required to visit each
monitoring station to collect grab samples and check to make sure equipment is operating.
If the rating curve for the site isincomplete, additiona flow rating measurements should
be performed during high flow conditions. Grab sampling will be performed either early

in the storm or during periods of peak runoff if possible.

41  STORM EVENT PREPARATION

The field team should be mobilized immediately prior to and after the storm event to
ensure proper collection of samples and to check that the sampling equipment is properly
prepared and operational. If possible, the field team and the laboratory should be given a
24-hour notice of an approaching storm system. The final decision to mobilize field
teams should be made 4 to 8 hours before the anticipated start of a storm to provide
sufficient time to ice down sampler carrousels and perform final equipment calibration
checks. For the storms which will be analyzed only for the selected pollutants described
in Section 2, field teams should be prepared to inspect the stations immediately prior to
and after storm events. It will not be necessary for field crews to be present at
monitoring stations during storm events except when the full range of priority pollutants

will be analyzed. Thiswill occur at least once during the 5-year permit term.

411 STORM EVENT FORECASTS

The location of the nearest National Weather Service (NWS} station(s} and other local
monitoring stations should be identified to aid in the forecasting of storm events.
Television and radio weather forecasts should also be checked on adaily basis. Local
cable "al weather" channels should also be considered if available. Rainfall recorded for

NPDES Permit Application Appendix D May 1993
Municipa Part 2 Supplement Page 4-1 City of Knoxville, TN



the previous day at the nearest NWS station will also be noted in arainfall database. The
rainfall database will provide a continuous record of rainfall recorded at the NWS stations
aswell as at the NPDES monitoring stations equipped with rain gages. If localized
rainfall patterns result in a discrepancy between gages, only the gage nearest to each
monitoring site should be considered. Rainfall data collected by monitoring stations
equipped with tipping bucket rain gages should be carefully scrutinized since many of
these gages are easily accessible and can be impacted by birds, sprinklers, etc.

An effort should also be made to establish alocal contact who lives/works in close
proximity to each of the monitoring stations. This person should be contacted (during
reasonabl e hours) at the beginning of a storm event to aid in determining conditions at
each site. Thisinformation can be used in conjunction with observations made during site
installation/calibration (e.g., short response time for highly impervious areas vs. longer

response time for more pervious areas) to determine when to mobilize field teams.

4.1.2 FIELD TEAM SCHEDULING

For required grab sampling activities, the field crew has considerable flexibility in
choosing the storm during which grab samples should be taken. The ongoing monitoring
program calls for sampling for the full suite of pollutants at each site at a frequency of at
least once during the 5-year permit term. The maximum number of stations for the
ongoing monitoring program isfive. Therefore, the field team should monitor the weather
forecasts and choose a storm for grab sampling which is convenient to the field team (i.e.
during normal working hours). If necessary, arrangements for field team "on call”
availability during off-hours and weekends should be agreed upon in advance. Phone lists
with home and work numbers should be distributed to all members of the field team.

All necessary sampling equipment should be prepared in advance and stored in areadily
accessible area. A central contact person should be assigned who can make "go" or "no

go" decisions as to whether to monitor a storm event. This person should contact "on
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call" field team members 4 to 8 hours before an anticipated storm event. "On call” field
team members should remain attentive to weather forecasts and weather patterns. The
central contact person should remain particularly alert to weather patterns and predictions

when a storm isimpending.

The laboratory personnel should be notified prior to storm events. Notification should
include: 1) estimates of how many stations are operational, 2) the number of samples
expected (e.g., grab samples only or both grab and composite samples), and 3) an
approximate sample delivery time (if possible). In addition, laboratory personnel should

be notified prior to storm events when no samples will be collected.

4.1.3 EQUIPMENT PREPARATION AND BOTTLE HANDLING

Routine station maintenance inspections (see Chapter 6) should be timed to precede
forecasted storm events whenever possible. In addition, an effort should be madeto ice
down the carousel of empty bottles in the base of the samplersimmediately before a

storm event.

A checklist of equipment to be taken to the field during storm events for collection of

storm water samplesis presented in Part A of Appendix D. Preparation of sampling equipment
should be completed at |east 24 hours before a storm event. New, clean disposable gloves
should be worn at al times during the cleaning and preparing of sample collection

equipment.

Glass or stainless steel equipment must be used for manual collection of storm water
samples that will be analyzed for the full suite of pollutant parameters. The sampler is
configured with a polypropylene intake with vinyl tubing connecting the intake to the
peristaltic pump. The peristaltic pump uses medical grade silicone rubber tubing.

Samples are collected in polyethylene containers in the sampler base.
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Automatic Sampler Equipment Preparation

All sampling equipment which contacts the source liquid must be cleaned with a
phosphate-free |aboratory-grade detergent (Liqui-Nox™ or equivalent), hot water, and a
scrub brush. The equipment must be rinsed well with hot tap water then rinsed 3t0 5
times with deionized water. Equipment used to collect samples to be analyzed for
organics must aso be rinsed twice (in awell-ventilated area) with pesticide-grade
isopropanol, acetone, or hexane. Air dry the sample collection equipment for 24 hours

then seal equipment in plastic bags using ties (do not use plastic tape).

Grab Sample Bottle Preparation

Containers for preservation of storm water samples required under the NPDES regulations
must also be prepared in advance of a storm event. Required sample volumes for each
sample parameter group will be specified by individual laboratories. Table 2-5 liststhe
sample volumes required for analysis by the laboratory for each required parameter group.
Ideally sample bottles will be purchased from a reputable source and will not be re-used.

If sample bottles are re-used, the following cleaning procedures should be followed.

Cyanide Sample Bottles. Containers for samples to be analyzed for cyanide must be

cleaned with nutrient-free |aboratory-grade detergent, rinsed with tap water, rinsed with
1:1 HCl, followed by three rinses with deionized water. The container for samplesto be
analyzed for cyanide will be precharged with NaOH such that the pH of the sample

volume and preservative is greater than 12.

Phenol Sample Bottles. Containers for samples to be analyzed for phenols must be

cleaned with nutrient-free laboratory-grade detergent, rinsed with tap water, rinsed with
1: 1 HCI, and rinsed three times with deionized water. The container for samplesto be
anayzed for phenol will be precharged with H,SO, such that the pH of the sample volume

and preservativeislessthan 2.
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Bacteriological Sample Bottles: Containers for samples to be analyzed for fecal coliform

and fecal streptococcus bacteria must be cleaned with nutrient-free laboratory-grade
detergent, rinsed with tap water, and rinsed three times with deionized water. The

bacteriological sample containers will also be sterilized prior to use.

Qil and Grease Sample Bottles. Containers for samples to be analyzed for oil and grease

must be pre-rinsed with Freon, cleaned with nutrient-free laboratory-grade detergent,
rinsed with tap water, and rinsed three times with deionized water. The container for
samplesto be analyzed for oil and grease will be precharged with H,SO, such that the pH

of the sample volume and preservativeisless than 2.

VOA Sample Bottles (VOA Vials): Containers for samplesto be analyzed for volatile
organic compounds (VOC) will be rinsed with deionized water, hand washed with

nutrient-free laboratory-grade detergent, and rinsed three times with deionized water.
Glassware will then be placed in achemsolv bath for 6 to 8 hours, rinsed with deionized
water, 25% HNOj, and rinsed three additional times with deionized water. Teflon-lined
caps for VOA viaswill be washed with nutrient-free laboratory grade detergent, rinsed
with 25% HNOs, and rinsed three times with deionized water. Containers will be rinsed
with an organic solvent then allowed to air dry before being capped.

Other Constituent Sample Bottles. Containers for samples to be analyzed for all remaining

parameters required under the NPDES regulations (i.e., composite samples listed in Table 2-5)
must be rinsed with deionized water, hand washed with nutrient-free laboratory-grade detergent,

and rinsed three times with deionized water.

For analysis of organic constituents glassware should be placed in a chemsolv bath for 6
to 8 hours, rinsed with deionized water, 25 % HNOs, and rinsed three additional times
with deionized water. Lidsfor glassware will be washed with nutrient-free laboratory-
grade detergent, rinsed with 25% HNOs, and rinsed three times with deionized water.
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Containers will be rinsed with an organic solvent then allowed to air dry before being

capped.

Grab Sample Bottle Handling

Containers for al grab samples must be iced down immediately after sample collection for

transport to the laboratory for analysis (see Section 4.2.2). Therefore, acooler large
enough to contain all grab sample containers for asingle storm event at asingle
monitoring station must be filled with ice prior to arriving at the monitoring site.
Containers for composite samples from a storm event must also be iced down as soon as

possible and covered from light.

Automatic Sampler Bottle Handling

For composite samples collected with automatic samplers, ice can be poured directly into
the sampler base carousel for each monitoring station. 1f composite samples are obtained
manually, a cooler with ice large enough to contain the composite sample containers must

also be prepared.

STORM EVENT PROCEDURES

Prior to the start of a storm, the field team should inspect each monitoring station as
quickly as possible. In the event of problems or delays, a central contact person should be
notified as soon as possible to determine if other personnel or equipment can be diverted
to assist with the collection of storm water samples.

4.2.1 INITIAL PROCEDURES

Equipment Checks

Upon arriving at a monitoring station during a storm event, the team should first check
the status of al equipment. A visual inspection of the flow meter probe and the sampler

intake should be attempted to ensure no debris has accumulated on the probes which may
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interfere with station operation. Thisinspection should not be attempted if the installation
isinamanhole. The rain gage should be similarly inspected for debris. The status of the
storm event as recorded by the monitoring station should then be checked. Detailed
procedures for checking the operation and calibration of the samplers and flow meters are
presented in Part B of Appendix D (Procedure B-l).

Equipment readings which should be checked and verified include:

1) instantaneous flow rate/stage,
2) total rainfall,
3) number of samples pumped

4) time to next sample.

In addition, the print out of the flow meter should be reviewed. The current flow

rate/stage should be checked against a manual measurement.

pH Measurement
A hand-held digital pH meter will be used to field measure pH during the storm event. If

possible, pH measurements should be made by dipping the probe into a well-mixed
portion of the flow, such as the center of flow (both horizontally and vertically) at
approximately the same location (just downstream) as the sampler strainer. Do not

disturb bottom sediments when obtaining pH readings.

Field Notes
All observations made during the storm event site visit should be well-documented in the

field notebook for the monitoring station. Minimum documentation should include:

1) team names,
2) date and time of arrival/sample collection,

3) current weather conditions,
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4) problems encountered such as removal of debris from probes,
5) station maintenance (battery replacement),

6) egui pment programming changes.

In addition, pertinent site visit information should also be recorded on the station

maintenance log located inside the equipment housing.

4.2.2 GRAB SAMPLING PROCEDURES

Manually collected grab samples will be required during one (1) storm event over the
5-year permit term. Field personnel will be required to be present at the monitoring site
during potentially dangerous storm event conditions. All grab samples should be obtained
during the first three hours of runoff from a storm event. New, clean disposable gloves

must be worn at al times during grab sample collection process.

Grab Sample Collection

Wading into the storm water flow should be avoided unless absolutely necessary or if

depth of flow is greater than 2 feet. Use good judgement to ascertain whether wading can
be safely accomplished. All wading should be performed downstream of the automatic
sampler probes and the grab sample should be taken upstream of the wading area.

For manhole install ations, the collection container should be lowered into the manhole
using arope. DO NOT ENTER A MANHOLE DURING A STORM EVENT.

For manual collection of grab samples, rinse the sample collection container and pouring
beaker twice with source sample water. Obtain both the rinse water and the sample water
from an areawhere flows are well-mixed. The samples should be collected from

mid-depth if possible. Samples should be collected just downstream from the sampler intake

strainer. Do not disturb bottom sediments when obtaining grab samples.
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Sufficient sample for all grab samples should be collected at onetime. Table 2-5 liststhe
grab sample volumes required for analyses by the laboratory. Approximately 4.3 mL
(1.1 gal) isrequired (approximately 1/3 of 12.5 quart stainless steel bucket) to fill all of the

parameter specific sample bottles.

Field Processing of Grab Sample
Immediately after collecting the grab sample, the sample should be processed into

parameter specific bottles which are precharged with the appropriate preservatives as
described in Section 4.1.3. These activities should be performed under cover as much as

possible.

One member of the field team should take all notes, fill out labels, etc. while the other
member does all of the sampling (if possible). However, two sets of hands may be

required to hold a sample container steady and to pour sample into the container.

Because severa of the grab sample containers have been precharged with preservatives
(NaOH, H,S0O4, Na;S,03), safety goggles and new, clean disposable gloves shall be worn
by personnel while filling sample containers. All handling of opened grab sample
containers shall be conducted in an open, well-ventilated area. Material safety data

sheets (MSDS) for all preservatives used to precharge sample containers are given in

Part D of Appendix D. Gently swirl samplein bucket and/or pouring beaker immediately
prior to filling sample containers to ensure complete mixing.

VOC Samples. Volatile Organic Compounds (VOC) samples should be obtained
immediately after collection of the initial storm water grab sample. The 40-mL VOA vias
should be completely filled to prevent volatilization and caution should be exercised when
filling avia to avoid any turbulence which could also cause volatilization. Fill vials by
pouring sample from collection container or pouring beaker into vial. Pour the last few
drops of sample into the vial so that surface tension holds the water in a convex meniscus.

Pour afew drops of sample into the cap and then apply cap to ensure that no air bubbles
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remaininthevial. After capping, turnthe vial over and tap it to check for bubbles. 1f

any bubbles are present, remove cap, add additional sample, recap, and recheck.

Other Parameters. Sample containers for cyanide, phenols, fecal bacteria, and oil and

grease samples should be opened immediately before filling to prevent loss of

preservative. After swirling samplein bucket, carefully fill appropriate container near

brim and cap. Fill sample container by pouring sample into container. Do not fill

container by immersing in sample collection container. Use care not to overfill and thus

lose any preservative. Removal of al air bubbles before capping container is not

necessary. All equipment used to obtain grab samples should be thoroughly rinsed with

tap water in the field as soon as possible after use.

Sample Labeling/lIdentification: All grab sample bottles should be pre-labeled on bottle

rather than the cap to identify parameter group for laboratory analysis. Sample labels

should include sample identification, field team names, date, time, and location. Grab

sample identification will use the following format:

S YYMMDD-___
where: S = Site Identification
YY =Year
MM = Month
DD = Day
____=Typeof sample
G=  Grabsample
C#= Composite Sample Bottle,
Number refers to Automatic
Sampler Number
Example: 11-920710-C1
This sample is from monitoring site 11 (Acker Place), collected on July 10, 1992.
It is a composite bottle from the automatic sampler having the ID number of 1.
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Labels should be applied to each sample container using a waterproof pen immediately
after filling. Be sure al container lids are on tight and will not leak. Filled and capped
grab sample containers should be placed immediately on icein asmall cooler. Ice should

completely surround all sample containers.

A chain of custody form (see example of form for grab samplesin Part C of Appendix D) must
be completed for all samples before leaving the site. The form should be completed using a
waterproof pen and placed in awaterproof plastic bag. The completed chain of custody

form should be placed inside the cooler on top of the ice; the cooler then should be taped

shut (fiber tape). The cooler should aso be labeled on the outside. All sampling

activities must also be described in the field notebook for the monitoring station before

leaving the site.

Laboratory Delivery: Delivery of the cooler containing the filled grab sample containers

to the laboratory should occur as soon as possible and not longer than 6 hours after
obtaining samples. The chain of custody form for the storm event grab samples will be
completed by the laboratory as part of delivery of the samples. Completed chain of
custody forms should be filed in the field notebook for that monitoring station.

Detailed, step-by-step procedures for obtaining manual grab samples are presented in
Part B of Appendix D (Procedure B-2).

423 RATING MEASUREMENTS

Rating measurements are required to relate stage (depth) to a discharge rate in the flow
control section (channel, pipe, weir). Rating measurements must be performed during
storm events to calibrate/verify the stage discharge relationship during high flow

conditions.
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All rating measurements should be documented in the field notebooks for each site. Field
crews should compare the flow level during previous rating measurements to the present
flow level in the stream. If lessthan three or four rating measurements have been
previously performed at a particular site, rating measurements should be performed. |If
more than four rating measurements have been performed previously and the present level
iswithin the range of those measurements, additional rating measurements are optional.
Additional rating measurements should be performed if the present flow depth is

significantly higher than all previous rating measurements.

For the ongoing monitoring program, the city will continue to periodically collect stage-
discharge information at the selected monitoring sites during storm flows. Approximately
2 to 3 rating measurements per year should be performed at each site. Thisinformation
will be used to further refine the rating curves devel oped by USGS for each site under the
Part 2 representative outfall monitoring program.

At siteswhere 1.) there is sufficient channel rating data, and 2) the channel rating remains
consistent, the city may consider conversion of the time-paced sampling protocol to a flow
paced protocol. Thiswould require an analysis of monitored storm event runoff volumes
to establish aflow interval that will cover awide range of storms.

Rating measurements should be performed after the grab sample is collected during a
storm event. The velocity-area method is used to estimate the instantaneous flow rate.
Theflow (Q) in achannel is equal to the average velocity (V) times the cross-sectional

area (A) at the point where the average velocity was measured (Q = VXA).

Open channel rating measurements requires a channel cross-section (width and depth) and
flow velocity at intervals across a cross-section of the channel. Closed-conduit
measurements require, at a minimum, three observations across the width of the pipe: one
at the centerline, and one each on either side of the centerline at the mid-point between

the centerline and the pipe wall. Velocity measurements are made using a portable
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current meter (e.g., Marsh-McBimey Model 2000). Detailed procedures and equipment
required for open channel and pipe flow measurements are included in Part B of Appendix D
(Procedure B-3).

424 CONTINGENCY PLANS

This section describes contingency plans to address some of the problems that may be
encountered in thefield. In some cases, monitoring data can be obtained despite equipment
failures or other unplanned factors. The field team should use good judgment to ascertain

whether monitoring at a station can be safely accomplished for a given storm event.

Equipment Malfunction

If the automatic sampling equipment is malfunctioning, several options to salvage the
storm event are available depending on type of equipment malfunction. Field crews
should assess the current conditions at the site with respect to the following criteria:

1) The duration of storm before malfunction observed and forecasts for the
remainder of the storm.

2) Whether the malfunction or problem can be corrected upon detection and thus
enable the remainder of the storm to be salvaged.

3) Whether obtaining data from the present storm event is critical or will the
schedule alow another storm event to be monitored at alater date.

Rain Gage Malfunction: Rainfall data available from the nearest NWS station is probably

sufficient to characterize the storm event. Continue with automatic/grab sample

collection.

Sampler Mafunction: If the malfunction is detected during the first part of storm and if

the malfunction is correctable in situ (e.g., intake blocked), correct problem and continue

with automatic/grab sample collection.
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If the malfunction is detected during the first pan of storm and if the malfunction is not
correctable in situ, consider manually collecting grab samples for compositing. A

minimum of three discrete grab samples (aliquots) must be collected per hour for either
the first three hours of the storm runoff or for the entire storm event. A minimum of 15

minutes between collection of sample aliquotsis required.

Additional bottles should be included with field equipment taken to the site. Note that
grab samples must also be collected as detailed in Section 4.2.2.

Flow Meter Mafunction: If the malfunction is detected during the first part of storm and

if the malfunction is correctable in situ (e.g., debris on probe), correct problem and
continue with automatic/grab sample collection. For other situations where the flow
meter has malfunctioned, the field crew can consider continued monitoring of the storm
event by manually activating the sampler to obtain a minimum of three discrete samples
(aliquots) during either the first three hours of the storm runoff or for the entire storm
event. A minimum of 15 minutes between collection of samplesisrequired. Thefield
crew should carefully note the depth of flow at each sample collection time to develop a
flow weighted compositing scheme. Collection of required grab samples should also

continue.

Inadeguate Sample Volume

As previoudly discussed, required sample volumes for each parameter group are specified
in Table 2-1 for the laboratory. Optimal and minimum sample volumes requirements are
presented for grab sample parameters and composite sample parameters. Field teams must
be physically present to collect grab samples; it is unlikely that there will be insufficient
sample volume for the grab sample.

The optimal sample volumes include additional sample volume necessary for the
laboratory to perform QA/QC analyses for each parameter group. Therefore, it may be
possible for the laboratory to analyze all required pollutants with somewhat less than the
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"optimal" sample volumes. In addition, if analysis of every storm event at the monitoring
station is crucial to meet the permit application deadlines and most of the required sample
volume has been obtained, it may be desirable to perform analyses for as many
parameters as possible. If insufficient sample volume for all required QA/QC analysesis
obtained for multiple storm events, the QA/QC anal yses which are dropped should be
different for each storm event so that QA/QC data for all parameter groupsis available.

Safety/Risk
Safety of field crews should be paramount in the decision whether to monitor a particular

storm event at a particular monitoring station. For example, if there is heavy lightning
activity associated with the storm event, a decision to abort monitoring activities may be
made. If the monitoring station islocated in ahigh crime area, a decision not to monitor
storm events which occur after 12:00 am. may be made. Additional safety information is
presented in Section 7.0.
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5.0 DATA COLLECTION AFTER STORM EVENTS

After each monitored storm event, the field team will be required to collect flow and
rainfall data from each site, prepare a sample compositing scheme, and deliver samplesto
the laboratory for compositing. For the Knoxville program, the samplerswill initially be
time-paced and will collect one 250 mL sample every 15 minutes. For the ongoing
monitoring program, samplers are configured with 24 one-liter polyethylene bottles
which provides sampling coverage of arunoff event with atotal duration of 24 hours.

For the analysis of the storm water for the full suite of pollutants, sasmplers can be
reconfigured with a different base that contains glass bottles. Bases can be configured
with 4 four-liter glass bottles, and the sampler can be reprogrammed to take 1-liter
aliquots every fifteen minutes for the first 4 hours of the storm event. This configuration

would be required to sample for the organic pollutants listed in 40 CFR Part 122.

The field crew should schedule a visit to each site as soon as possible within 24 hours
since the beginning of the storm event. Since the stations should be equipped with
telephone modem connections, the conditions at each station can be monitored from the
office to determine the status of the sampling program. If inspection of the sampling
program reveals that the stage at a station has fallen below the trip level, the sampler will
have stopped sampling and the field crew should visit the site as soon as possible
afterwards. If a station does not have a telephone connection, the field crew can visit the
site before the 24 hour period to check the status of the flow meter and sampler. If a
rainfall event lasts for more than 24 hours, or if two events happen within 24 hours, it
may be necessary to replace the sampler carousel during sampling; thereforeitis
important that the sampler is monitored closely either by field inspection or in the office

by modem.
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This section describes criteria for determining whether a storm should be considered for
laboratory analyses and describes procedures for obtaining data from the monitoring
equipment.

51 TERMINATION OF STORM MONITORING

In general, storm event monitoring should terminate when flows have subsided to levels
reasonably close to those at which sampling was initiated. For smaller storm events,
flows may subside below the minimum flow level used to trigger the sampler and
sampling will terminate automatically. At larger sites with significant baseflow, it may be
necessary to establish a cutoff point along the recession limb of the hydrograph. This
cutoff can simply be expressed as a percentage of baseflow levels (e.g., 150% of
baseflow).

Moriitoring Equipment Status

Upon arrival at each siteimmediately after a storm event, the current status of the sampler
can be checked by pressing the DISPLAY key on the sampler. The sampler carousel

should be visually inspected to confirm that al samples were successfully collected.

If all 24 bottles were filled, the sampler will automatically stop. If the stageison the
falling limb of the hydrograph, but still greater than the "trip" level, the field crew can
reset the program so that the sampling level is greater than the current stage at the station.
The sample carousel can then be replaced, and the program reset. The automatic sampler
will not sample because the "trip” level is higher than the current stream level. Asthe
stage in the channel recedes towards baseflow conditions, the sampling level can be
lowered aswell. Thisis most conveniently managed from the office via the modem, but
can be accomplished by routine field visits. Detailed instructions on setting the sampling
level are presented in Part B of Appendix D.
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52 STORM DATA COLLECTION

The flow meter records rainfall, storm water flow levels, and the sample collection times.
The data are printed on the internal dot matrix printer during the storm event, and are also
stored in the internal memory of the flow meter where it can be retrieved by computer.
ISCO FLOWLINK software must be used to access data stored in the flow meter's
internal memory. Since the stations in the Knoxville program will be connected to
standard tel ephone lines, monitoring data can be collected from an office location using
the flow meter'sinternal modem. If asiteischosen for monitoring which can not be
connected to aphone line, it will be necessary to access the sampler using a laptop or
portable computer.

521 DATA COLLECTION

Data stored in the flowmeter's memory is collected either by adirect cable connection
between an IBM compatible portable computer and the ISCO flowmeter, or through
remote connection via modem and standard telephone lines. Transfer of data requires
invoking the FLOWLINK software package, and downloading the data from the
flowmeter to the portable computer.

For the Acker Place site and other Knoxville monitoring sites which are expected to be
connected to telephone lines, field data collection can be accomplished from a central
location (e.g., office or another connected monitoring site). Datawill be collected from
the flowmeter to a computer using amodem and ISCO FLOWLINK software.

Flow Meter Interrogation Using a Modem
The FLOWLINK module TELEFLOW allows interrogation of the memory partitions

configured in the flowmeter using a 1200 baud modem and computer. TELEFL OW
requires a 300 or 1200 baud modem connected to the COM 1 or COM2 RS232 port of the

computer and a standard tel ephone line connection between the modem and the flowmeter.
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Once the modem is connected to the flowmeter, TELEFL OW softwareis used to
interrogate the flow meter and transfer data from the flow meter's memory to adisk (hard
or floppy) in the computer. A routine data collection schedule can be set up using the
TELEFLOW software. Data collection should be performed as soon as possible after a

storm event.

To collect the data using a modem, load the FLOWLINK software by typing FL and
select TELEFLOW from the main menu. Once TELEFLOW is loaded select
"Phonebook™ from the menu near the top of the computer display. Using the up/down
arrow keys on the computer keyboard, select a site to interrogate followed by the
"Connect" menu command. The modem will dial the selected monitoring site telephone
number and automatically connect the computer to the flow meter. Once connected,

follow the steps for interrogation outlined in Part B of Appendix D (Procedure B-4).

Flow Meter Interrogation in the Field

Field interrogation using a laptop or portable computer is necessary for sites which can
not be accessed by atelephone line. The FLOWLINK module LAPCOMM allows
interrogation of the memory partitions configured in the flowmeter by a laptop computer.
LAPCOMM requires a direct cable connection to communicate with the flow meter.

Once the cable is connected to the flow meter, LAPCOMM software is used to interrogate
the flow meter and transfer data from the flow meter's memory to adisk (hard or floppy)
in the laptop computer. Data collection should be performed as soon as possible after a

storm event.

To collect the data in the field, connect the laptop to the flowmeter via the interrogation
cable which plugs into the laptop's communication ports (COM 1 or COM 2). Load the
FLOWLINK software by typing FL and select LAPCOMM from the main menu. This
will automatically connect the Iaptop to the flow meter. Once connected, follow the steps

for interrogation outlined in Part B of Appendix D (Procedure B-4).
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Resetting Flow Meter Memory
After interrogation, remember to restart partitions A (FLOWDEPTH) and B (PRECIP).
These memory partitions are set up in aslate mode. When a date partition becomes full,

itisno longer able to store new readings. This option allows use of TELEFLOW or
LAPCOMM to instruct the flow meter to begin recording new readings. Although the
option is primarily intended to restart full slate partitions, it can be used on partialy filled
partitions. After Restart is selected for a particular partition operating in slate mode, it
will return to rollover mode until the trigger conditions are again satisfied. When the
Restart option is selected, TELEFLOW will present a menu listing the partitions. Select
the dlate partition where restart isdesired. If arollover partition is selected, TELEFLOW
will not respond to the selection. When TELEFLOW isfinished, it will return to the

Partition Menu.

Data Conversion

The datais downloaded in aformat only FLOWLINK can use. In order to make it
compatible for other software (e.g., LOTUS-123), it must be converted to an ASCI| file.
Thisis done through the EXPORT modulein FLOWLINK. Stepsfor this procedure are
also detailed in Part B of Appendix D (Procedure B-4).

Data Analyses
The flow data can be analyzed using a spreadsheet template which generates a flow-

weighted compositing scheme based on the available samples and the storm hydrographs
showing the sample collection times. The spreadsheet template can also create rainfall
hyetographs.

An example of the flow-weighted compositing scheme for a storm event is presented in
Table 5-1. The compositing scheme identifies the aliquot volume required from each

bottle to prepare a single flow-weighted composite sample. It also identifies where
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aliquot volumes exceed the available bottle volumes and corrects the volume accordingly.
The flow compositing scheme includes chain of custody information and must accompany
the discrete samplesto the laboratory .

A LOTUS 123 v2.3 spreadsheet file, STORM.WK!, is utilized to convert the ASCII file
into a spreadsheet file for computing flow-weighted sample compositing schemes. For
each storm event at a monitoring site, the spreadsheet data is utilized to: 1) generate a
hyetograph and hydrograph with superimposed sample collection times and grab sample
time, 2) associate each bottle with a portion of the storm hydrograph, 3) compute the
sample volume required from each bottle in order to generate a flow composite sample,
and 4) generate atable for transmittal to the laboratory. The transmittal table contains the
site name, date, bottle number, and bottle volume for compositing. Calculation of a flow-
weighted compositing scheme for a sampled storm event is discussed below and outlined
in Part B of Appendix D (Procedure B-5).

Software requirements for transferring sampler data from ASCII format to LOTUS
spreadsheet format are LOTUS v2.3 and SQZ!, ASCII datafiles created by the
FLOWLINK software (PRECIP.CSV, DEPTH.CSV, and SAMPLE.CSV), and LOTUS
spreadsheet files XFER.WK! and STORM.WK!. The XFER.WK! spreadsheet converts
the ASCII files created by the FLOWLINK software into asingle spreadsheet file. The
STORM.WK! spreadsheet calculates a flow-weighted compositing scheme for the storm
event as well as a hydrograph, hyetograph, and statistics for the storm event.
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TABLE 5-1

Example Calculation Of A Flow Weighted Composite Sample
From A Time-Paced Collection (15 minutesintervals).

24 Bottle Configuration (21 1/2 bottlesfilled)

START DATE: 01/01/93

NO. OF SAMPLEBOTTLES: 21 1/2

STORM NO: 1 STATION ID: 11 (Acker Place)
BOTTLE |AVAILABLE| % FLOW | ALIQUOT | COMPOSITE | PERCENT | CORRECTED %
NUMBER | SAMPE | VOLUME % ALIQUOT | REDUCE | ALIQUOT | ALIQUOT
VOLUME VOLUME VOLUME | OF TOTAL
(L) (L) (L) SAMPLE
VOLUME
1 1.00 6.7 % 34 % 0.34 0% 0.34 7%
2 1.00 19.5%| 100% 1.00 0% 1.00 20%
3 1.00 13.5% 69 % 0.69 0% 0.69 14 %
4 1.00 9.1% 47 % 0.47 0% 0.47 9%
5 1.00 7.2% 37% 0.37 0% 0.37 7%
6 1.00 6.3% 32% 0.32 0% 0.32 6%
7 1.00 55% 28% 0.28 0% 0.28 6%
8 1.00 45 % 23% 0.23 0% 0.23 5%
9 1.00 3.8% 19% 0.19 0% 0.19 4%
10 1.00 3.4% 17% 0.17 0% 0.17 3%
11 1.00 31% 16 % 0.16 0% 0.16 3%
12 1.00 29% 15% 0.15 0% 0.15 3%
13 1.00 25% 13% 0.13 0% 0.13 3%
14 1.00 2.3% 12% 0.12 0% 0.12 2%
15 1.00 21% 11% 0.11 0% 0.11 2%
16 1.00 19% 10% 0.10 0% 0.10 2%
17 1.00 1.7% 9% 0.09 0% 0.09 2%
18 1.00 14% 7% 0.07 0% 0.07 1%
19 1.00 11% 6% 0.06 0% 0.06 1%
20 1.00 0.8% 4% 0.04 0% 0.04 1%
21 1.00 0.6 % 3% 0.03 0% 0.03 1%
22 0.50 01% 1% 0.01 0% 0.01 0%
23 0.00 0.0% 0% 0.00 0% 0.00 0%
24 0.00 0.0 % 0% 0.00 0% 0.00 0%
TOTAL 215 100.0 % 5.13 5.13 100 %
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Begin the transfer process by loading LOTUS 123 v2.3 with SQZ! compression into the
computer. Retrieve the file named XFER.WK! using the LOTUS commands "/FR

A \XFER.WK!". Make sure the compression add-in SQZ! isloaded before |oading the
compressed spreadsheet XFER.WK(!.

Next change the default LOTUS worksheet directory to the subdirectory where a sites
compositing data are stored. Import the ASCII data filesinto the XFER spreadsheet using
the LOTUS macro routine. This routine will automatically import al the ASCII datafiles
into the LOTUS XFER spreadsheet. Invoke this routine by holding the ALT key down
while pressing the A key. The conversion takes approximately one minute on a 386

computer with a math co-processor.

Once the import/conversion process is complete, the current spreadsheet file will
automatically be saved to the floppy disk as TEMP.WK!. At thispoint all the ASCII data
files have been converted into the spreadsheet file. Next a spreadsheet file named
STORM.WK! will automatically beloaded. Thisfileis a spreadsheet templatein which
the date, time, depth of flow, precipitation, and samples-taken information from
TEMP.WK! file are copied into.

The STORM.WK! spreadsheet file will automatically calculate a flow-weighted
compositing scheme for a storm event with samples taken every 15 minutes. Sample
times will be marked by an ™*" in column J of the STORM.WK! spreadsheet and sample
bottle numbers will belisted in column N. Adjust the bottle numbersin column N to
reflect the sample times shown in column J. The bottle numbersin column N are
representative of 4 samples taken every 15 minutes. Therefore, if sample number 2 was
taken 30 minutes after sample 1, sample number 2 would be moved down to the correct
sample time, thus adjusting all samples taken after sample number 2 aswell. The percent
flow volumes in the sample bottles in column O must be adjusted as well. The percent
flow volumein a bottle is the volume in a bottle divided by the total sampled volume.

The volume can be calculated in a number of ways depending on the sample collection
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interval. For sample bottles filled less than an hour apart, the volumein abottleis
calculated from the first sample in a bottle to the incremental volume just before the
beginning of the following bottle. If sample bottles are filled over an hour apart, the
volumein abottle is calculated from the first sample in a bottle to the incremental volume
mid-way between the following bottle. The procedure for adjusting the flow-weighted
compositing scheme for avariable sample interval isoutlined in Part B of Appendix D
(Procedure B-5).

Once the compositing scheme has been cal culated, it must be printed and taken to the
laboratory as discussed previously. Next, produce and print the hydrograph and
hyetograph associated with this storm event. Lastly, save the spreadsheet file for future

retrieval and modification.

File Naming Convention

Each dataset from every storm event at every monitoring site should be stored on a
separate floppy disk and backups should be made regularly. The STORM.WK! file
created for every dataset should be saved on the appropriate disk and named using the
DATESITE.WK! naming convention. The DATE should be the date of the last sample
taken in the dataset and the SITE should be the two-digit site code for that monitoring
site. For example, adataset from the Acker Place monitoring station (site 11) containing
samples taken on July 24, 1992 would have the file name 0724921 1. WK!.

5.2.2 COMPOSITE SAMPLE PROCEDURES

After successful storm monitoring, the sampler will contain several bottles which were
filled during the storm event. These bottles are used to prepare a flow-weighted
composite sample representative of the monitored storm event. This section describes
procedures which should be followed for processing the composite sample after each

monitored storm event.
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The sampler controller should be detached from the sampler base and the sample bottles
should be kept in the sampler carousel if possible. The 24 one-liter poly bottles should be
kept in the sampler carousel to avoid inadvertently reordering the bottle sequence. All
filled or partially filled bottles should be immediately capped. Label each bottle by
completing the date, time, team, location, bottle number, etc. on pre-printed forms.

Composite sample identification will use the following format:

SSYYMMDDCNN
where:
SSisthe Site ID (I1, 12, R3 etc.)
YY istheyear (93)
MM is the month (07 = July)
DD isthe day (07 = seventh)
C indicates composite sample
NN is the bottle number in sequence of collection (1, 2, 3 etc.)

Be sure to label bottles and not only the bottle lids.

After labeling and capping sampler bottles, the bottles should be immediately iced down

in the carousel or in a cooler. Ice should completely surround each bottle. A chain of

custody form for composite samples (see examplein Part C of Appendix D) must be completed
for each sampling station using awaterproof pen and placed in a waterproof plastic bag.

The completed chain of custody form shall be taped to the carousel or cooler. A plastic
garbage bag or other opaque cover should be secured to the top of the carousel in order to
minimize exposure of the filled sample bottlesto light. Both the field log and the

egui pment maintenance log (located inside equipment housing) should be completed
describing all sampling activities using a waterproof pen before leaving the site.

Clean, empty bottles should be installed in the sampler. Remember to remove and bag

the bottle caps before installing the sampler controller.
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A compositing scheme for the sample bottles filled during the storm event must be
produced in the office before delivery of the sample bottles to the laboratory. Ensure that
thefilled bottles remain iced down and covered from light during the entire compositing
scheme preparation time. Deliver the filled bottles and the compositing scheme for the
storm event to the laboratory as soon as possible. The chain of custody form shall be
completed by the laboratory as part of the delivery of samples. Completed chain of
custody forms should be filed in the field notebook for that monitoring station. Detailed,
step-by-step procedures for automatic sample handling are presented in Part B of
Appendix D (Procedure B-6).
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6.0 ROUTINE INSPECTION AND MAINTENANCE

Routine site inspection and maintenance of the equipment are necessary components of a
monitoring program. Each station must be kept on ready status to monitor storm events.
During dry weather periods, each site should be inspected at least once aweek. |If
possible, routine inspections should be timed to precede storm events. Maintenance logs
will be completed for all pertinent equipment including pH meters, rain gages, flow

meters, automatic samplers, and velocity meters.

6.1 SITELOG

Up-to-date paperwork for each site will be incorporated into a maintenance log and field
notebook for each station. The maintenance log will verify that each sampling siteis
prepared for the next storm event (e.g., charged battery, clean bottles, program reset, etc.)
The maintenance log should aso note if field equipment needs replacement. Thefield
book will contain all recorded information for each site. Field book information should
include daily rainfall totals, sampler status (# of bottlesfilled, etc.), outfall and stream
physical conditions (presence of debris or excess silt, localized erosion, etc.), and any
other pertinent information. All paperwork should be kept up-to-date.

6.2 INSPECTION PROCEDURES

Site inspections should be conducted at least weekly and should include a thorough check

of the following equipment:

e Power Source

e Sampler
e Fow Meter
e Rain Gage
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6.21 POWER SOURCE

Direct AC power is proposed for al sites which will be monitored during this program.
Power loss should rarely be a problem, but power sources should be checked after severe
weather which could cause a power failure. Batteries are not expected to be utilized for
the Knoxville program but, if used, they need to be charged every two weeks.
Replacement batteries should be available and charged. Test batteries weekly and
especialy after a storm event (more power is used during storms). Check all connections
to the equipment. Clean battery terminals on each site visit. A system of testing,
charging, and labeling batteries should be set up in the office to ensure that fully-charged
batteries are always available and properly labeled.

6.2.2 SAMPLER

This section covers routine inspection and maintenance of the sampler. Inspections should

include the following items:

e [ntakeline

e Desiccant

e Pump tubing

e Cleaning
Intake Line

The intake line should be inspected on each site visit. Check the line for clogging,
kinking, and other potential damage. If avisual inspection is not possible (cases where
the lineisin aprotective conduit or buried), manually activate the sampler. If no sample
or an amount of sample significantly less than what the sampler is programmed for is
delivered, the intake line may be clogged or damaged. When manually sampling, be sure
to use a spare bottle or other similar container to avoid contamination of the sample

bottles in the sampler.
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Replace the intake line when the line becomes worn, cut, contaminated, or otherwise
damaged. In critical sampling, replace the intake line between sampling programs to
avoid cross contamination. When site conditions change, it may be necessary to use an
intake line with a different length.

To replace the intake line, pull the intake line out of the protective PV C conduit. If anew
intake line (either with or without the optional stainless steel strainer) isto be used, install
as described in Section 3. Toinstall the strainer, carefully slip the strainer's tapered
connector inside the intake line and tighten the hose clamp supplied with the strainer. If
the intake line isin good condition and free of kinks and other signs of wear, the tube can
be cleaned (see ISCO 3700 Sampler Instruction Manual) and reused.

Desiccant

The desiccant protects the electronic components inside the control box of the sampler
from moisture damage. Periodically, this needs to be replaced and the old desiccant
regenerated. A humidity indicator, labeled "INTERNAL CASE HUMIDITY," islocated
in the lower left corner of the control panel. It indicates the amount of moisture present

inside the control box. The paper indicator isbluein adry state.

The control box isacompletely sealed unit. It is shipped from the factory with three
fresh 4 ounce bags of desiccant installed inside. This desiccant should absorb any
moisture which may accumulate in the control box. If moisture does accumulate, the
numbered areas on the indicator will turn light pink or white, starting with the area
numbered "20". Thisindicates that the relative humidity inside the control box exceeds
20%. Asmore moisture accumulates, the areas numbered 30" and 40" will turn light
pink or white, indicating relative humidities of 30% and 40%. If the 30% area of the
humidity indicator turns light pink or white, the control unit should be opened, inspected
for leaks, and the desiccant renewed. Thisis done by unscrewing the ten screws around
the outer rim of the control box bezel, and carefully lifting the bezel and cover off the

control box.
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If thereisaleak, it should be repaired by referring to Sections 6.5 and 6.7 in the ISCO
3700 manual or returning the control box to the factory. The factory has specialized
equipment to detect leaks and thoroughly test the units after repair. If no leak is detected,
the desiccant is renewed by removing the three bags of desiccant from the control box,
and placing them in an oven at 250°F for 4 hours. The desiccant bags will return to 90%
of their original capacity. Replacement bags of desiccant are available from ISCO (refer
to the Replacement Parts List in the back of the sampler manual). Before reinstalling the
cover, coat the cover's gasket with alight fllm of silicone grease to seal the control box.
Tighten the ten screws which hold the control box cover and bezel in place using an even

cross-torquing pattern.

Pump Tubing
The pump tube serves two functions: 1) a pump tubing in the peristaltic pump and 2)

distributes the sample liquid from the pump outlet to the sample bottle. The pump tube
consists of asingle 42-inch (103.8 cm) piece of medical grade Silastic™ silicone rubber
tubing. Medical grade tubing is used because of its superior mechanical properties and

because it does not contain any organic materials.

The pump tubing is extremely durable. However, the constant mechanical strain placed
on the tubing by the peristaltic action of the pump will eventually cause the tubing to
fatigue and fail. Inspect the pump tubing in each site visit for wear inside the pump by
removing the cover. Check the tubing for cracks where the pump roller compresses the
tubing. Replace it with a spare pump tube, if necessary. The inspections should be fairly
frequent when the liquid being sampled contains a high percentage of suspended solids. If
the liquid isrelatively free of solids, the inspections can be less frequent. The amount of
tubing (13.5 inches) used in the pump isless than half of the total length of the pump
tubing (42 inches). In some cases, when the tube has not been damaged to the point of
leaking, the tube can be used twice by simply turning it around. Note that the black

bands are used to correctly position the tubing in the pump and are placed on the one end
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only. If thetubing isturned around, the bands cannot be used for reference. Replace the

pump tube every three months.

Cleaning
Sampler and the peripheral equipment such as the intake line, pump tube, and sample

bottles should be cleaned periodically to prevent cross-contamination of samples. Sample
bottles must be cleaned after each event (see Chapter 4). Refer to Chapter 6 of the ISCO

3700 Sampler Instruction Manual for recommended cleaning procedures.

6.2.3 FLOW METER

This section provides detailed instructions on the care and routine maintenance necessary
to keep the flow meter in top operating condition. Included are sections on reactivating
the desiccator, maintaining the bubbler line, servicing the internal plotter, and checking
the level.

Desiccant

The Model 3230 is equipped with a reusable desiccant canister attached by two
thumbscrews to the inside of the flow meter lid and two tubular desiccant cartridges
mounted on the right side of the case next to the connectors. The canister contains silica
gel which absorbs moisture trapped inside the flow meter's case when it is closed, keeping
the inside of the case completely dry during shipment, storage and use. If the caseisleft
open, the desiccant will absorb moisture from the surrounding air. Eventualy, its
absorption capacity will be reached, and it will no longer be able to protect the internal

components of the flow meter.

The desiccant canister should be inspected each time the case is opened. The desiccant
canister has awindow on its side which look blue when the desiccant isin good
condition. As the desiccant absorbs moisture, the window will turn pink. When the

window is pink, the desiccant needs to be regenerated, or replaced with the spare canister
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provided in the flow meter accessory package. Refer to Chapter 4 of the flow meter

manual for replacement and regeneration procedures.

The external cartridges should be inspected during each site visit. When the color is blue,
the desiccant is fine; when jt is pink the desiccant should be replaced. Refer to Chapter 6
of the sampler manual for regeneration and replacement procedures.

Bubbler Line

The bubbler line on the ISCO Model 3230 flow meter should be inspected during each
site visit to make sure that it is not kinked, frayed, cut, nicked, or otherwise damaged. If
the bubbler line is found to be damaged, it should be replaced. A leaky or obstructed line
may cause erroneous level readings and/or decreased battery life as aresult of the pump
having to run more frequently. If it becomes necessary to replace the bubbler line, a new
line may be installed by following the instructions found in Section 3.0 of this SOP

manual.

The outlet of the bubbler line should be inspected during each site visit to ensure that it
has not become obstructed due to the accumulation of sedimentation, debris, or organic
growth. If the lineisfound to be damaged, it should be cleaned, or the tip may simply be
cut off. If clogging of the outlet of the bubbler line proves to be a continuing problem, it
may be desirable to use a bubbler line with alarger inside diameter. However, itis
usually preferable to increase the frequency of the automatic purge operation (see the
following paragraph) rather than increasing the size of the bubbler line. Consult the
factory for specific recommendations regarding the size of the line, special connectors

required, etc.

The Model 3230 is equipped with an automatic purge feature used to clear the bubbler
line with a discharge of air from the pump. This may be useful as an aid to keep the
outlet of the bubbler line clean. The program step SELECT PURGE INTERVAL alows
the user to establish the interval between purge cycles which ranges from five minutes to
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one hour. The manual purge button on the flow meter's front panel keypad also allows

the user to purge the bubbler line at any time by pressing the button.

Internal Plotter

The internal plotter requires little maintenance beyond changing the paper roll and
changing the ink ribbon. Periodic inspection for paper jams should be done. The end of
aroll is near when a one-inch pink band appears on the left side of the take-up roll. The
table below lists the approximate life of a plotter paper roll for the various chart speeds.
Note that thisisvalid for cases where the report generator is off. If the generator ison,

the times will be shorter .

ISCO Model 3230 Internal Plotter Paper Roll
Longevity at Various Chart Speeds
(NOTE: report generator is turned off)

Chart Speed Time Required to Fill
Inches per Hour Full Roll of Paper
4 195 Hours (8 1/8 Days)
16 1/4 Days
32 1/2 Days
0.5 65 Days

6.24 RAIN GAGE

This section discusses the operation and common equipment problems associated with the
tipping bucket rain gage.

A schematic of the tipping bucket electronic rain gage is shown in Figure 3-7. Therain
gage operates as a magnetic switch. The tipping buckets are attached to an L-shaped
bracket with a magnet mounted on it. When the buckets are tipped to either side, the

magnet is located far from the switch sensor and the circuit is open. When the buckets
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fill with rain and tip, the magnet passes over the sensor and momentarily closes the circuit

and registers 0.01 inches of rainfall.

If arain gage is moved from one site to another, the internal components may get jarred
out of alignment (e.g. The magnet is shifted a distance too far from the sensor to be
detected. Also, the magnet may be shifted too close to the sensor, causing the circuit to
not open once the buckets aretilted). Thiswill result in no rain being detected by the

rain gage. The magnet can aso be shifted to one side only. Thiswill result in the
flowmeter only recording half of the total rainfall being collected by the rain gage. The
procedures for repairing and calibrating the tipping bucket electronic rain gage are detailed
in Part B of Appendix D (Procedure B-7).

NPDES Permit Application Appendix D May 1993
Municipa Part 2 Supplement Page 6-8 City of Knoxville, TN



7.0 HEALTH & SAFETY PROCEDURES FOR STORM WATER SAMPLING

Stormwater sampling activities present a variety of potentially hazardous situations.
These procedures and required equipment are to be implemented to minimize this
potential. This section isintended to serve as a guide and may not include all
applicable local, state, or federal regulations that may apply to the Knoxville NPDES
monitoring program. This section is not intended to provide sufficient health and
safety training for field crews. It isthe responsibility of each individual worker to
comply with al applicable regulations. All workers performing stormwater sampling

must read and understand these procedures prior to commencing work.

7.1 SAFETY EQUIPMENT

Advance planning should include determination of necessary safety equipment. This
equipment along with properly trained personnel should be in place before work

commences.

7.1.1 GENERAL SAFETY EQUIPMENT

The following equipment is required to be with personnel during al field activities:

e Fully equipped first aid kit

e Fashlight (waterproof) with extra batteries

7.1.2 TRAFFIC SAFETY EQUIPMENT
The following equipment is required during sampling activities on or near a public

roadway:

e Warning Signs -Orange 36" x 36", diamond shaped, signs. They should
have a weighted base and stand. Use either a"MEN AT WORK" or a
"ROAD WORK AHEAD" sign.
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e Traffic Cones
e Barricades
o Safety Vests - Orange with reflective tape.

e Warning Lights -All vehicles should be equipped with yellow, high
intensity strobe lights. All signs and barricades should be equipped with a
yellow flashing light that contains a photocell to turn the lights on at dusk.

e Manhole Barricade -A barricade which can be placed around an open
manhol e to prevent someone from accidentally walking into the hole.

7.1.3 CONFINED SPACE ENTRY EQUIPMENT

The following equipment is required for activitiesinvolving confined space entry:

e Multigas Meter -This meter should be able to test the air for four gases:
Oxygen (O,, Hydrogen Sulfide (H.S). Carbon Monoxide (CO), and
explosive gases.

e Body Harness
e LifeLine- 2,000 pound test line

e Ventilation Blower - A blower provides air into the confined space
through alarge hose.

e Ground Fault Interrupter - All electrical devices must be plugged into one
of these.

e Lanyards and Buckets - These are to be used for lifting tools and supplies
in and out of a confined space.

e Self Contained Breathing Apparatus (SCBA) Units - At least two NIOSH
approved pressure-demand SCBAs must be set up and readily accessible at
thework site.
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7.1.4 PERSONAL PROTECTIVE EQUIPMENT (PPE)

The following PPE must be on hand when hazardous materials are suspected

and/or within confined spaces:

Safety glasses, goggles or shields
Hard hat

Latex and chemical resistent gloves
Work boots

Protective suits, i.e. coverals, tyvek

Hearing protection

7.2 GENERAL SAFETY RULESAND GUIDELINES

Numerous hazards may be encountered in the course of storm water sampling

Activities. Due care and common sense will alleviate most of these dangers. Some

Hazards which may exist include:

Trip hazards, slippery conditions and sharp objects
Steep slopes

Poor visibility

Fast moving water

Animals and insects

To minimize these potential hazards, adhere to the following rules and guidelines:

Take care aong the edges of fast moving water.

If sampling isrequired at the edge of afast moving body of water, use a
lifeline and a personnel flotation device.

Never work alone.

Keep work area neat, pick up tools.
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e Use adequate lighting when necessary. .

e Have aphone or other means of communication nearby.
e Alwayswear ahard hat in construction areas.

e Never leave open holes unattended.

e Clean up the work area before leaving.

7.3 TRAFFIC SAFETY RULESAND GUIDELINES

Storm water sampling often involves work in and adjacent to traffic. In these casesall
precautions must be taken to protect workers from moving vehicles. To minimize

traffic hazards adhere to the following rules and guidelines:
e Set up work area so that it interferes as little as possible with traffic.
e Plan work when trafficislight.

e Warning signsto alert drivers must be placed at an adequate distance from
the work area. These signs should be equipped with flashing lights for
work at night or when visibility is poor. Usually a"Road Work Ahead" or
a"Men Working Ahead" sign is sufficient for most sites. However, if a
lane closure is necessary on a busy roadway, then another sign is required
to inform drivers which lane is closed. This sign should be located at a
distance of at least 1,000 feet ahead of the closure.

e If possible, place a vehicle equipped with ayellow flashing light,
operational hazard lights, and/or alighted arrow guide between the work
area and oncoming traffic. Block tires.

e All personnel must wear an orange safety vest.

e Use cones and barricades to sufficiently divert traffic safely around the
work area. Use flashing yellow lights at night and when visibility is poor.

o If traffic isdiverted, assign someoneto direct traffic.
e Place barricades or flagging around open manhol es.

e Placedl tools and equipment away from traffic and manhole.
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e Stay visible and watch traffic.

7.4 CONFINED SPACE ENTRY PROCEDURES

7.4.1 CONFINED SPACE

Confined spaces are considered dangerous because toxic gases and vapors accumul ate
to form oxygen deficient, toxic, or explosive atmospheres. Examples of confined
spaces are tanks and vessels; manholes and pipelines; water transmission lines;
tunnels; stilling wells; junction structures; valve and metering vaults; and pumping

station wet wells.

A confined space is one in which the following conditions exist or may exist:

1. Theventilation is so poor that dangerous levels of air contamination and/or
oxygen deficiency could possibly occur, and

2. Accessin or out of the space is difficult because of the location or size of
the opening to the outside.

7.4.2 CONFINED SPACE PRINCIPLES

No field personnel should enter a confined space unless they have received proper
training and all safety precautions are taken. The most important principals to follow
are:

1. Beforework begins, evaluate the space to be entered.

Ask essential questions. |s access aproblem? What about the structural
integrity of the space? Isthe existing ventilation, if any, adequate to
control any dangerous air contamination or oxygen deficiency that may

develop?

2. Have the human and technical resources that you need on the site.

A. Testing equipment - have the right tester for the space.
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B. Ventilation equipment -is the blower big enough to clear the space
if contamination develops?

C. Personal protective equipment particular to the hazards --- gloves,
respirators, hard hats, coveralls, safety glasses or goggles, safety
harness, safety line, and emergency rescue equipment

D. Workers must be trained in the hazards they may encounter in

confined spaces and be prepared for emergencies. Have at least one
standby person trained in CPR.

3. Do It by Numbers.

Have a set of written procedures (see below) to be used every time
confined spaces are encountered. Document the steps that are taken. You
must use the attached "Confined Space Entry Form". Workers may enter
the confined space only after all parts of the entry permit are completed.

4. Maintain an Effective Means of Communication.

It is mandatory to maintain an effective means of communication between
the worker in the confined space and the standby workers whenever
respiratory protection is used, or when the worker in the confined spaceis
out of sight.

5. Use Protective Clothing.

When there is contamination, or the possibility of contamination by
hazardous substances, use protective clothing.
Only explosion safe equipment may be used in confined spaces. Temporary lighting,
whether electrically or battery operated, shall be low voltage, double-insulated, and
explosion-proof.

743 BUDDY SYSTEM

A minimum of two workers must remain outside the confined space when work is
being performed within the confined space. One worker (rescue worker) stands by,
ready to enter the space in the event of an emergency. The other (safety worker)

remainsin visual or audio contact with the personsinside.
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744 MONITORING

Combined combustible gasindicators (CGI or "explosimeter") with hydrogen sulfide,
carbon monoxide, and oxygen detectors must be used to test the atmosphere of the
confined space for the presence of combustible or other dangerous gases and adequate

oxygen levels before entering.

745 MONITORING PROCEDURES

Gases and vapors tend to stratify in confined spaces. The safety worker shall test the
atmosphere within the confined space with the CGI/H,S/O,/CO detector, as described
below. Follow the manufacturer's manual for instrument operation and calibration

procedures.

e Start up, check voltage, and calibrate the combination CGI. Do not
calibrate the detector with the probe in the confined space.

e Insert the probe about 12 inches into the space. Read the meter.
Repeat every 12 vertical inches until the probe is lowered to the bottom of
the space.

e Tothe extent possible, repeat with the probe in pockets, and comers, etc.
e Enter the highest reading for each gas on the Confined Space Entry Form

under "Highest Gas Meter Readings Prior to Entry."

The action requirements for confined space are:

Compound Action Level Action Required
Oxygen <19.5 percent Wear SCBA.
LEL > 10 percent Exit area.
H,S >10 ppm Wear SCBA.
CO >50 ppm Wear SCBA.
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7.4.6 VENTILA TION

Ventilation equipment, such as fixed or portable blowers or fans, of sufficient size and
capacity, shall be used to provide ventilation. All blowers used within confined spaces
will be explosion-proof. Blowers should be coupled with alarge diameter flexible
hose that can direct air into the work area. The exhaust of all gasoline, diesdl, or gas-
operated equipment used near the confined space, must be oriented so that fumes

cannot enter the confined work area.

7.4.7 ENTERING AND WORKING WITHIN CONFINED SPACES

Always inspect the condition of the entry steps of the confined space. If it appears
that the steps will not support your weight, or if the confined space contains no steps,
then some form of ready entry and exit must be provided, such as aladder or
approved hoist.

In spaces into which materials may flow:
e If valves are motor operated - disconnect and engage the lockouts.

e |f thevalves are manually operated - someone must be stationed at the

valve operator or the operators must be chained and padlocked.

Climb into any confined space cautiously. Test each step with a gradua application of
your weight as you descend. Do not carry tools or other objectsin your hands while
climbing in or out of the confmed space. Only one person at atime should descend or
climb aladder. Place a barricade around the open hole to prevent someone from

inadvertently walking into the hole.

Never toss or lay objects on the ground near an open access hole where they can be

accidentally knocked, pushed, or dragged into the confined space. Never drop tools or

NPDES Permit Application Appendix D May 1993
Municipa Part 2 Supplement Page 7-8 City of Knoxville, TN



supplies to the worker below. Lower the object to the worker inside by a hand line,
or abucket attached to ahand line.

Topside workers should be careful of open access holes. Know where the holes are
when moving about. When the job is finished and all objects have been removed

from the confined space, replace the access cover immediately.

748 SAFETY HARNESS AND OTHER PROTECI'IVE EQUIPMENT

A safety harness must be worn when entering, working in, and exiting a confined
gpace. If the access holeislessthan 18 inches, awrist or shoulder/belt harness should
be used. Otherwise, a standard waist harness with "D" rings may be used. A hard hat
must also be worn at al times. Coveralls, boots, gloves, safety goggles, and other

PPE should be worn as necessary, depending upon conditions.

The harness must be worn as designed. A co-worker must inspect the safety harness
after it has been put on to determineif it is properly adjusted, and in the proper
position.

The safety worker should tend the safety line at all times.

e Securethe safety line to anearby well anchored object. Never tie off to
movable equipment or avehicle.

e Thecritical timein terms of safety harness usage is when the worker is
climbing in and out of the confined space. If a mechanized recovery reel
is not used, the safety worker should keep the safety line taut and passit
across the back of their hips and back and between their feet. Grasp both
standards of the rope with afirm grip and keep your eyes on the personin
the confined space.

e Never alow extraslack in the safety line.

e Always keep the safety line away from traffic and equipment with moving
parts.
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7.4.9 RESCUE PROCEDURES

Emergency situations within confined spaces may differ according to the type of
confined space. All equipment for rescue or testing must be inspected, tested and
repaired or replaced as necessary, prior to arriving at the work location. Be ableto
identify your work location with the nearest cross street in case emergency assistance

IS necessary.

A self-contained breathing apparatus (SCBA), in working order, should be ready for

use. SCBAsmust be tested before any employee enters the confined space. At least
one person, in addition to the person entering the confined space, needs to know how
to use the SCBA.

If you arewithin the Confined Space when an emergency occurs:

e Upon detection of a hazard, immediately notify the safety person outside
the space, giving al known details as to the nature of the hazard.

e If possible, exit the area, proceeding to the nearest exit.

If you are outside the Confined Space when an emer gency occurs:

e |f aworker isincapacitated, the rescue worker should assist or help pull
the incapacitated individual toward the exit.

e The backup person should immediately request assistance from emergency
services.

o If appropriate, the rescue worker dons the SCBA and enters to offer
assistance and correct the problem.

e No employee may enter the confined space without a SCBA until all
causes of the incapacitation have been determined.

e The safety worker should remain outside the confined space to lower
necessary rescue equipment into the space and render any other necessary
assistance.
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APPENDIX D -- PART A

WET WEATHER MONITORING PROGRAM EQUIPMENT CHECKLISTS

*  Equipment Checklist for Grab Samples

* Equipment Checklist for Routine Monitoring Station Maintenance
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NPDES STORM WATER PERMIT APPLICATION
ONGOING MONITORING PROGRAM
EQUIPMENT CHECKLIST FOR GRAB SAMPLES

SAMPLING

Grab Sample Bottle Kit (precharged with preservatives) (2 sets)
Stainless Steel Sampling Bucket with Lid (cleaned and sealed)

Line for Sampling Bucket

pH Meter Kit (with spare battery)

Glass Measuring Cup (cleaned and sealed)
Cooler with Ice for Filled Grab Sample Bottles
Ice for Sampler Carousel

Replacement Sampler Carousel (bottles cleaned and sealed)

OTHER

Chain of Custody Forms

Bottle Labels

Fiber Tape

Ziploc Bags (gallon)

Clipboard / Waterproof Pens / Grease Pencil
Field Notebook

Resident Form Letters

Automatic Camera (with extra film / batteries)
Flashlight (2)

Tape Measure

Depth Measurement Rod (if none installed at station)
Data Transfer Unit

Charged Sampler Battery

Strainer Brush

5-gallon Carboy with Tap Water

Garbage Bags with ties

Paper Towels

Keys to Equipment Housing

Equipment Manuals

Sampling Procedure Instructions

SAFETY /
PERSONAL

Hard Hat

Rubber Boots

Safety Goggles
Disposable Gloves (Latex)
First Aid Kit

ID Badge

Safety Line / Rope

Rain Gear
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NPDES STORM WATER PERMIT APPLICATION
EQUIPMENT CHECKLIST FOR ROUTINE

MONITORING STATION MAINTENANCE

EQUIPMENT Replacement Sampler Carousel (bottles cleaned and sealed)
Ice for Sampler Carousel (if prior to storm event)
Data Transfer Unit

Charged Sampler Battery (if batteries used)
Desiccant Replacement Bags (2)

Pump Tubing (5 feet)

Strainer Brush

Keys to Equipment Housing

Step Ladder

Screwdrivers (flat head and phillips head)

Sharp Knife

5-gallon Carboy with Tap Water

Tape Measure

Depth Measurement Rod (if none installed at station)
Clipboard / Waterproof Pens / Grease Pencil
Field Notebook

Resident Form Letters

Automatic Camera (extra film and batteries)
Flashlight

Garbage Bags

Paper Towels

Equipment Manuals

SAFETY / Hard Hat

PERSONAL Work Gloves

Rubber Boots

Safety Goggles
Disposable Gloves (Latex)
First Aid Kit

ID Badge

Safety Line / Rope

Rain Gear

CDM
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APPENDIX D -- PART B

DETAILED PROCEDURES FOR MONITORING STATION OPERATION

* Procedure B-1: Configuring and Programming the ISCO Model 3700
Sampler and ISCO Model 3230 Flow Meter

* Procedure B-2: Proceduresfor Grab Sample Collection for NPDES
Ongoing Monitoring Program (Full Suite of Pollutants)

* Procedure B-3: Standard Operating Procedures for Field Measurement
of Stream Discharge in Open Channels and Closed Conduits

* Procedure B-4: Laptop Data Interrogation and ASCII File Creation
Procedure

e Procedure B-5: Sample Compositing Scheme From FLOWLINK
ASCII File

* Procedure B-6: Proceduresfor Composite Sample Collection for
Ongoing Monitoring Program

* Procedure B-7: Maintenance Procedure for the NPDES Monitoring
Station Rain Gage
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Procedure B-1

CONFIGURING AND PROGRAMMING THE ISCO MODEL 3700 SAMPLER
AND ISCO MODEL 3230 FLOW METER

Preparing the flow meter and sampler requires two steps.

1. Configuring the flow meter and sampler; and
2. Programming the flow meter and sampler.

While each requires a number of detailed steps, you should only need to conduct the
procedure once for each unit. If changes are necessary during the course of the program,
they can be made easily at any time once each unit has been prepared. Programming the
flow meter and configuring and programming the sampler are done through the key pad
on each unit. In order to utilize the flow meter's memory capabilities as well astake
advantage of the variety of sampler enable/disable functions, the FLOWLINK programis
used. This appendix will outline the steps necessary for both procedures. It is organized
in the following manner:

PART I: Configuring/programming the Flow Meter and Sampler Through the
Key Pad
PART II: Programming the Flow Meter and Sampler Through FLOWLINK
PART I:

CONFIGURING/PROGRAMMING THE FLOW METER AND SAMPLER
THROUGH THE KEY PAD

A. FLOW METER

These steps detail the programming necessary to operate the flow meter in LEVEL mode.
For other programming options, see the user's manual. To enter a selection at a particular
step press the corresponding number key, enter a value using the number keys, or use the
left/right arrow keys. Press ENTER to accept the selection.

1. Turn flow meter on.

2. Press GO TO PROGRAM STEP key. The message "Enter Program Step
Number 1-12" will appear.
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3. Select amode of operation. Selecting "LEVEL ONL Y will result in arequest
for the units of measure (feet or meters).

4. Select sampler control. Select ENABLE BY LEVEL.

5. Enter level at which to enable sampler.

6. Select DISABLE BELOW X. XX FT. This programs the sampler to stop
sampling once the level falls below what was programmed in step 5.

7. Select plotter ON/OFF with sampler enable.

8. Select plotter mode of operation (OFF OR LEVEL).

9. Enter the plotter ful1-scale reading (100% LEVEL = XX/XXX FT).

10. Select plotter chart speed. The slower the chart speed, the less paper used
and less power used.

11.  Settheyear, month, day, hour, and minute. This setsthe correct time and
date for the flow meter.

12. Enter the site identification number. .

13. Select the auto purge frequency.

14.  Adjustthelevel. Set thisvalue to the actua level in the stream/conduit.

15. Reset the flow totalizer (YES or NO).

16.  All report generation (ON or OFF). If OFF is selected, skip to step 21.

17. Clear report data after print (YES or NO). If YES s chosen the minimum,
maximum, and average levels and the volume for the period would be cleared.

18.  Setthereport interval (hourly, daily, or monthly).

19. Enter the report interval (print areport every XX hours, days, or months).

20.  Enter interval start time. This sets the beginning time of the report.

21. Enable program lock (YES or NO). If the lock is enabled, that the user must
supply a password before any changes to the program can be made. The
password is"3230."
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B. SAMPLER

These steps detail the programming necessary to configure and program the sampler
operation. For other programming options, see the user's manual. To enter a selection at
aparticular step press the corresponding number key, enter a value using the number
keys, or use the left/right arrow keys. Press ENTER/PROGRAM to accept the selection.
To obtain more information about a particular step, press and hold the STOP key. The
display will show the page number of the users manual which you can consult for detailed
information.

CONFIGURE SAMPLER
NOTE: The Sampler only needs to be configured once at each location.
1. Turn on Sampler.

2. Access the configure sequence by selecting CONFIGURE. Select
CONFIGURE by pressing the Right Arrow key once. When
CONFIGURE blinks, accept the selection by pressing Enter/Program.

3. Press the Left Arrow or Right Arrow key to scroll through the
Configure options.

4. The first option displayed when the Right Arrow key is pressed isthe
Set Clock configure option. If the time displayed on the LCD in the
standby message is not current, reset the time with the Set Clock
configure option. Access the Set Clock display by pressing
Enter/Program.

Pressing the Right Arrow or Enter/Program key on the last entry will
store the values and advance to the next display.

5. To verify the Bottles and Sizes settings, press the Enter/Program key.

6. Because the Model 3700 is a portable sampler, select PORTABLE by using
the Arrow keys. Accept the selection by pressing the Enter/Program key.

7. This sampler has 4 bottles, so select 4. Press the arrow keys until 4 blinks,
then press the Enter/Program key.

8. Enter the bottle size here. press 3-8-0-0 (for the 1 gallon bottles). Pressthe
Enter/Program key.
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9. Press the Enter/Program key at this display to access the Intake Line input
displays discussed in Steps 11 -13.

10.  Thetubing has a 3/8 inch inside diameter. Select 3/8. Pressthe
Enter/Program key to accept the entry and advance to the next step.

11. Select teflon and press the Enter/Program key to accept the selection.

12. Enter the length of the intake line. The length should not include the tube
coupling or the strainer. Press the numbers and the press the Enter/Program
key to accept the entry and move to step 14. If thisis achange from the
suction line settings already in the sampler, the following message will appear
for ashort time.

13. Press the Enter/Program key at this display to access the Liquid Detector
input displays discussed in Steps 14 -17.

14.  Select ENABLE. Press Enter/Program to accept the selection.

15. Enter the number of rinse cycles and press Enter/Program. Rinse cycles
condition the intake line to reduce cross contamination.

16.  This setting determines whether the suction head will be entered manually
during programming or computed by the sampler program. Select YES or
NO, and press Enter/Program to accept the selection.

17. This setting determines the number of times the sampler will try to detect the
presence of liquid for each sample event. Press Enter/Program to accept the
entry.

18.  This setting determines the programming mode of the sampler. Press
Enter/Program. You must select EXTENDED to access the STORM
program. Choose a mode, and press Enter/program to accept the choice.

19. Press Enter/Program to access sampler calibration options.

20. Select ENABLE. Press Enter/Program to accept the selection.

21. Press Enter/Program to access time delay options.

22. Enter a number of minutes to delay the sampler after it has been initially

triggered. Typically, no delay is necessary, so a setting of O minutes should
be entered. Press Enter/Program to accept the entry.
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23. Press Enter/Program to access the ENABLE PIN options.

24. Select "NO" at the Master/Slave mode screen. Press Enter/Program to
accept entry.

25.  Select "NO" at the Sample Upon DISABLE screen. Press Enter/Program to
accept entry.

26. Select "NO" at the Sample upon ENABLE screen. Press Enter/Program to
accept entry.

27.  Select"YES' at the RESET SAMPLER INTERVAL screen. Press
Enter/Program to accept entry .

28.  The next steps define the type event mark the sampler will use. Press
Enter/Program to access options.

29.  Select PULSE. Press Enter/Program to accept entry.
30.  Select FWD PUMPING. Press Enter/Program to accept entry.

31.  Thenext steps configure the pump counter (used for tracking the pump tubing
life). Press Enter/Program to access options.

32. Enter the number of pre-sample counts. Press Enter/Program to accept
entry.

33. Enter the number of post sample counts. Press Enter/Program to accept
entry .

34. Press Enter/Program key to enter the tubing life options.

35. This screen will show the number of pump counts. Press Enter/Program to
continue.

36.  Select "NO" to when prompted to reset the pump counter. Pressthe
Enter/Program key.

37. Set the number of pump counts at which awarning to change the pump
tubing will be given. Press Enter/Program to accept entry.

38.  Press Enter/Program to enter the program lock options.

39.  Select Disable. Press Enter/Program to accept entry.
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40. Press Enter/Program to enter the sampler identification options.

41. Enter the identification number of the sampler (site specific). Press
Enter/Program to accept entry.

This screen completes the Configure section of the sampler. Leave the Configure
sequence by pressing the Exit Program key. The sampler will return to the standby
mode shown in the next display.
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PROGRAM SAMPLER

The steps needed to program the sampler in the BASIC mode follow the procedure
outlined below.

1. Turn the sampler on with the ON/OFF key. The"STANDBY" message will
appear, or if the sampler were turned off while running a routine, the
"PROGRAM HAL TED" message will be displayed.

2. Press the ENTER/PROGRAM key to access the interactive state. Select the
program sequence. If you want to return to a previous display, pressthe
EXIT PROGRAM key. The sampler will return to standby and you can
repeat steps 1 and 2. Then press the ENTER/PROGRAM key to scroll
through the settings until you locate the display in question.

3. Enter the Sample Pacing settings. The sampler will prompt you to select
either time- or flow-pacing.

4, Enter the Sample Distribution settings. The settings in the Sample
Distribution section allow you to perform sequential or multiplexed sampling.

If you want to use bottles-per-sample or samples-per-bottle multiplexing,
select "YES'. The next display will prompt you to select either "BOTTLES
PER SAMPLE" or "SAMPLES PER BOTTLE".

5. Enter the Sample Volume settings. The Sample Volume program section will
aways contain prompts for the sample volume. Depending on the selections
made in the configure sequence, it may contain prompts for the intake head
and for calibrating the sampler .

6. Enter the Key Times settings. In the basic programming mode, you will be
asked if you want to enter a start time for the routine. If you select "YES',
you will be prompted to enter a specific start time and date. If you select
"NQO", the sampler will use the start time delay.

7. The sampler will automatically return to standby.

8. From standby, start the routine by pressing the START SAMPLING key.
This places the sampler into the run state.

Other programming features are discussed in Chapter 4 of the Sampler Manual.
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PART II:
PROGRAMMING THE FLOW METER AND SAMPLER THROUGH FLOWLINK
A. FLOW METER

Preparing the flow meter for the first time requires a number of detailed steps that should
only be conducted once for each unit. Changesto the flow meter can be made at any

time once it has been prepared. The flow meter's 1.D., Clock, and Name will change

with each new sampling site. Refer to Step 6 for programming sequence. The flow
meter's partition(s) will remain the same regardless of site location. Refer to Step 7 for
programming procedures. The procedures below describe programming the flow meter
from aremote location using a modem and the module TELEFLOW. On-site
programming using a laptop computer and using the module LAPCOMM varies only
dightly from these instructions. LAPCOMM procedures can be found in the FLOWLINK
User's Manual.

1 Make sure that a phone line is connected to the computer's modem
connection and thelineisfree.

2. Be sure the flow meter is on.

3. Turn on the computer and enter FLOWLINK by typing FL from the DOS
prompt (C:\>).

4. Select TELEFLOW from the main menu. Sdlect Phonebook from the Base
Menu.

a If the phone number for the site has not been created, select NEW from
the Phonebook Menu. Type the phone number for the site. If a™9" or
similar number is needed to get to an outside line from an office, be sure
to include it in the phone number. The new phone number will be added
to the phonebook listing.

b. If the site's phone number has been created, highlight the phone number
using the arrow keys. Proceed to step 5.

5. Select Connect from the Base Menu. TELEFLOW will contact the flow
meter and present the Connect Menu.

6. Select Adjust from the Connect menu. TELEFLOW will present the Adjust
Menu. The Adjust Menu allows you to establish asite ID number; set the
clock; enter asite name; calibrate the level for the 3230 flow meter, and set
the unit password.
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e.

Select ID from the Adjust Menu. TELEFLOW will prompt you for a
number; you can enter up to three digits.

Select Clock from the Adjust Menu to synchronize the flow meter's clock
with the computer's clock. The computer's current time appears in the
upper right corner of TELEFLOW's screens. The flow meter's time
appears in the status display.

Select Name to enter text for the Site Name. Y ou can enter up to 17
characters. The site name serves as a short description of the site; the
flow meter's addressis atypical entry.

To calibrate the flow meter'slevel readings, select Level. TELEFLOW
will prompt you to enter a new level reading.

Select Quit or press Escape to return to the Connect Menu.

7. Select Partition from the Connect Menu. TELEFLOW will present the
Partition Menu.

a

To create a new partition, select New from the partition Menu.
TELEFLOW will display the Data Type Menu. The Data Type Menu
allows to you specify the type of data stored in a partition. The menu
will contain Level, Rainfall, and Sampler as options.

Select the menu option corresponding to the type of data you want to
storein the partition. If you select Level, Flow or Rainfall, TELEFLOW
will present the New Partition Menu and the specification box. The box
contains the specification fields required to define a new partition:
Memory Type/Recording Mode, Size (Readings), Data Interval, and
Partition Name.

Creating alevd, flow, or rainfall partition requiresfive steps. 1) select
rollover or slate memory mode; i) determine the number of readings
stored in the partition; iii) select thereading interval; iv) enter aname
for the partition; and v) instruct TELEFLOW to create and initialize the
partition in the flow meter. To create alevel, flow, or rainfall partition,
follow stepsi through v, below.

Creating a sampler partition requires three steps. determine the partition
size, name the partition, and instruct TELEFLOW to create and initialize
and partition in the flow meter. To create a sampler partition, follow
stepsii, iv, and v, below.
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Note: Sampler partitions are available in rollover mode only; you cannot
use slate mode memory for sampler partitions. The Mode Menuis
therefore not available for sample partitions. Because sampler datais
event driven rather than time driven, you cannot set atime interval for the

data.

Select Mode from the Partition Menu. TELEFLOW will present
the Mode Menu. The menu contains six options. No Slate, Slate,
Level, Flow, Rainfall, and Time. Select the option which
corresponds to the type of memory you need for the partition.
After you select the memory type, TELEFLOW will prompt you
for aset point. When you complete the set point entries, select
Quit to return to the Partition Menu.

Select Readings from the Partition Menu. TELEFLOW will
prompt you for the number of readings. The minimum is 64; the
maximum is the amount of memory not aready committed to other
partitions. TELEFLOW will round you entries up to the nearest
multiple of 64 and recal culate the amount of time needed to fill the
partition.

Select Interval to set the reading interval for the partition.
Select Name, and enter site name (optional).
Select Create to create and initialize the partition. If you leave the

Partition Menu without first selecting Create, TELEFLOW will not
create the partition in the flow meter.

d. Repeat step ¢ for each additional partition. When you have created the
partition you need, select Quit from the Partition Menu. TELEFLOW will
return to the Connect Menu.

Note: Configure the flow meter's memory in the following way:

PARTITION A:

NPDES Permit Application
Municipa Part 2 Supplement

Datatype = Levd

Mode = LEVEL

Mode Set Point = ??7?? (site specific)
Size (Readings) = 4032 (14 days)
DatalInterval = 5 minutes

Name = 7777

Appendix D May 1993
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PARTITION B:

Datatype = Rainfall

Mode = Rainfall

Mode Set Point = # inches/tirne
Size (Readings) = 6220 (21.6 days)
Data Interval = 5 minutes

Name = 77?7?

PARTITION C:

Datatype = Sampler

Mode = NA

Mode Set Point = NA

Size (Readings) = 960 (10 "full carousel” events)
Datalnterval = NA

Name = ?7?7?7?

Once the flow meter is configured, quit out of the Partition Menu
back to the Connect menu by typing Q or ESC successively until the
menu is reached.

B. SAMPLER

Skip to Step 6 if you have just configured the flow meter partitions. If you are only
changing the sampler controls, begin at Step 1.

1 Be sure sampler and flow meter are on.

2. Make sure that a phone line is connected to the computer's modem
connection and thelineisfree.

3. Turn the computer on and enter the FLOWLINK program by typing FL at the
DOS prompt (C:\>).

4. Enter the TELEFLOW program by selecting TELEFLOW from the main
menu. Select Phonebook from the main menu. Highlight the site's phone
number using the arrow key and proceed to Step 5. (If the phone number has
not been created, refer to Step A-4a above).

5. Select Connect from the top menu.
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6. Select Sampler from the Connect menu. TELEFLOW will retrieve the
Sampler Control Definition currently stored in the flow meter and the
operating status data for any connected sampler.

TELEFLOW will aso present two display boxes in the lower section of the
screen. The first box reports the following information: sampler enabled or
disabled, sampler latched, and pacing enabled or disabled. The second box,
labeled "Sampler Control Definition,” contains four items. the control
condition, the latch setting ("ENABLE SAMPLER CONTINUQOUSLY ..."), the
plotter settings, and the front panel access setting.

a To enable or disable sampler pacing, select Pace from the Sample Menu.
TELEFLOW will present the Sampler Pace Menu. This menu contains
two options: Enable and Disable. Select Disable to disable flow pacing.

b. To create anew SCD, select SCD from the Sampler Menu.

i Select New from the SCD Menu. TELEFLOW will prompt you for
afilename. Press Enter to accept the default or replace the default
with your own file name. (TELEFLOW will not alow you to enter
afile name that already exists on the current data directory.)

ii. Select the condition from the vertical menu; then select Set/Change
from the Conditions Menu to accept the selection. TELEFLOW
will present the SCD Change Menu, and will update the
Conditionsfield of the Sampler Control Definition box with your
selection.

The SCD Change Menu varies according to the selected control
condition. All menuswill include the Conditions, Actions, and
Save options as well as one or two of the following options; Level,
Flow, Rainfall, and Time. To replace the current control condition
with another, select the Conditions option to access the Conditions
Menu again.

iii. To enter the Actions settings, select Actions. When you select
each option of the Actions Menu (Latch, Plot, or Block),
TELEFLOW will present aprompt and a'Yes/No menu. When
you have completed the actions settings, TELEFLOW will return
to the SCD Change Menu.

iv. Select Level to enter alevel set point.
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V. Select Rainfall to enter arainfall set points. an amount of rainfall
measured in atime window. TELEFLOW will present the Rainfall
Set Point Menu. This menu contains two options: Amount and
Time. Select Amount to enter the amount of rain for the set point.
Select Timeto select atime window.

vi. After entering the set points, TELEFLOW will return to the SCD
Change Menu. Select Save from the menu to save thefile to the
current data path. TELEFLOW will prompt you again for afile
name. Renamethefile, if desired. Press Enter to accept the
default file name.

vii.  TELEFLOW will save thefile, return to the SCD Menu, and
update the file name at the bottom of the display. It will also
revisethe "NOTE:" field in the Sampler Control Defmition box to
inform you that the displayed SCD is not the flow meter's current
SCD.

viii.  To send the SCD to the flow meter, select Transmit from the SCD
Menu. TELEFLOW will send the SCD to the flow meter and
change the NOTE field in the Sampler Control Definition box to
inform you that the displayed SCD is now the flow meter's current
SCD.

Note: Samplers should be configured with the following settings:

ACTIONS: Enable sampler continuously once the
conditions are satisfied? NO

Enable flow meter's print/plotter only while
SAMPLE ENABLE isactive? NO

Block accessto SAMPLER ENABLE from
flow meter's front panel? NO

CONDITIONS: Enable sampler on Level and Rainfall
LEVEL: ??7?7? (X axiswith sampling site)

RAINFALL: 0.1inches/ 30 minutes

Once the SCD is configured and transmitted to the sampler, quit
out of FLOWLINK by typing Q or ESC successively until you

reach the DOS prompt (C:\>).
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Procedure B-2

PROCEDURES FOR MANUAL GRAB SAMPLE COLLECTION FOR
NPDES ONGOING STORM WATER PERMIT APPLICATION
(FULL SUITE OF POLLUTANTY)

1. New, clean disposable gloves should be worn at all times during grab sample
collection process including when cleaning/preparing sample collection equi pment
and when obtaining samplesin field.

2. Clean sample collection container, lid, and pouring beaker (glass or stainless steel)
with phosphate-free |aboratory-grade detergent (Liqui-Nox™ or equivalent), hot
water, and a scrub brush. Rinse equipment well with hot tap water then rinse well
with deionized water. Rinse equipment twice (in awell-ventilated area) with
pesticide-grade isopropanol, acetone, or hexane. Air dry sample collection
equipment for 24 hours; place container, lid, and pouring beaker in plastic bag; and
seal bag (without plastic tape).

3. Ensure that pH meter is calibrated to pH buffer solutions.

4. All grab samples should be obtained during the first three (3) hours of runoff from a
storm event after athree (3) day dry period. Note time of sample collection for
correlation with storm hyetograph and hydrograph.

5. Notify lab personnel just prior to grab sample collection.

PROCEDURES

1. Visually inspect sampler and verify that it is working properly.

2. All grab samples should be obtained during the first three (3) hours of runoff from a
storm event after athree (3) day dry period. Note time of sample collection for
correlation with storm hyetograph and hydrograph. Review flow meter printout.

3. Obtain pH measurement of storm water discharge using hand-held pH meter (follow
manufacturer's instructions) in well-mixed center of flow. If unable to access flow
with pH meter, obtain a grab sample from the well-mixed center of flow using a

clean container. Measure pH of grab sample.

4, Rinse sample collection container and pouring beaker twice with source sample
water. Use well-mixed center of flow; do not disturb bottom sediments.
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5. Obtain sample from the well-mixed center of flow at approximately the same
location (just downstream) as the sampler strainer; do not disturb bottom sediments.
For manhole sites, first connect a rope to the stainless steel bucket, then lower the
bucket into the manhole. Do not enter the manhole during the storm event.
Approximately 5,000 mL (1.1 gal) isrequired (approximately 1/3 of 12.5 quart
stainless steel bucket) to fill al grab sample bottles; sufficient sasmple for all grab
samples should be taken at one time.

6. After initial grab sample collection, remaining activities should be performed under
cover as much as possible. One member of the field team should take all notes, fill
out labels, etc. while the other member does all of the sampling (if possible).
However, two sets of hands may be required to hold sample container steady and to
pour sample into container.

7. Because severa of the grab sample bottles have been precharged with preservatives
(NaOH, H,S0O,4, NapS,03), safety goggles and new, clean disposable gloves shall be
worn by personnel whilefilling sample bottles. All handling of opened grab sample
bottles shall be conducted in an open, well-ventilated area. Material safety data
sheets (MSDS) for all preservatives are given in Part D of Appendix D.

8. Swirl sample in bucket and/or pouring beaker immediately prior to filling sample
bottles to ensure complete mixing.

9. Volatile Organic Analysis (VOA) Samples. VOA samples should be obtained
immediately after collection of the initial storm water grab sample. The 40-mL vials
should be completely filled to prevent volatilization and caution should be exercised
when filling avia to avoid any turbulence which could aso cause volatilization.

Fill vials by pouring sample from collection container or pouring beaker into vial.
Pour the last few drops of sample into the vial so that surface tension holds the
water in a"convex meniscus’. Pour afew drops of sampleinto cap and then apply
cap to ensure that no air bubblesremain in vial. After capping, turn the bottle over
and tap it to check for bubbles. If any bubbles are present, remove cap, add
additional sample, recap, and recheck.

10.  Cvanide, Phenols, Fecal Bacteria, and Oil and Grease Samples. Sample bottles shall
be opened immediately before filling to prevent loss of preservative. After swirling
samplein bucket, carefully fill appropriate container near brim and cap. Fill sample
bottle by pouring sample into bottle; do not immerse bottle in sample collection
container. Use care not to overfill and thus lose any preservative. Removal of all
air bubbles before capping is not necessary.
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11.  All grab sample bottles should be pre-labeled on bottle (not cap) as to parameter
group for laboratory analysis. Field completion of the sample identification
including sample ID (seetext for format), crew 1D, date, time, and location should
be completed for each sample using a waterproof pen immediately upon filling
sample bottle. Be sure all bottle lids are on tight and will not leak.

12.  Filled grab sample bottles shall be placed immediately onicein asmall cooler. Ice
should completelv surround all sample bottles.

13.  Thechain of custody form shall be completed for the cooler contents using a
waterproof pen and placed in awaterproof plastic bag. The completed chain of
custody form shall be placed inside the cooler on top of the ice; the cooler then shall
be taped shut (fiber tape). The cooler should also be labeled on the outside.

14.  Thefield log describing all sampling activities must be completed before leaving the
site.

15.  All equipment used to obtain grab samples should be thoroughly rinsed with tap
water in the field as soon as possible after use.

16. Notify lab that you are bringing grab samplesin.

17. Delivery of the cooler containing the sample bottles to the laboratory must be made
as soon as possible and not longer than 6 hours after obtaining samples. The chain
of custody form for the storm event grab samples shall be completed by the
laboratory as part of delivery of the samples. Completed chain of custody forms
should be filed in the field notebook for that monitoring station.
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Procedure B-3
STANDARD OPERATING PROCEDURES FOR FIELD FLOW MEASUREMENT

Stormwater monitoring projects will require use of proper field techniques for flow
measurement. Flow measurements are required to develop stage-discharge relationships for
monitoring stations equipped with automatic samplers and flow meters (stage recording). The
velocity-area method is the established method of making instantaneous flow measurements in
stream channels and closed-conduits (pipes). This method is particularly useful where the flow
is too large to permit the installation of a primary flow device. It isaso useful for checking the
accuracy of aninstalled primary flow device or other flow measurement method.

The basic principle of this method is that the flow (Q) in a channel or pipeisequa to the average
velocity (V) times the cross-sectional area (A) of the channel or pipe at the point where the
average velocity was measured (i.e. Q = A * V). The velocity of stormwater is determined with
a Marsh-McBirney (or compatible) velocity meter; the area of the channel or pipe is calculated
using an approximation technique in conjunction with a series of velocity measurements.

While the velocity-area method is an instantaneous flow measurement method, it can be used to
develop a continuous flow measurement system. This is accomplished by making a number of
individual measurements at different flow rates and developing a curve or curves that relate
water depth, or head, to discharge (generally referred to as a rating curve). This curve can then
be utilized along with a stage recorder to provide a continuous flow record.

This appendix will outline the steps necessary for accurate flow measurement in channels and
pipes. Itisorganized in the following manner:

PART I: Open Channel Flow Measurement

PART II: Closed Conduit Flow M easurement

PART I: OPEN CHANNEL FLOW MEASUREMENT
A. Equipment List

1. Depth
» wading rod, graduated rod, or yard stick

2. Width
» tagline, metallic tape or 50' measuring tape
* survey stakes
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. Véocity
» portable flow meter
e probe mount (approx. 3/8 inches in diameter)

. Miscellaneous

» field data sheets (Figure B3-1 at end of this procedure) .
» wadersor boots

o sdfetyline
o lifejacket
* gloves

e hammer or mallet
Initial Site Investigation (conducted during dry weather)

. Select a cross section and mark with survey stakes.

e dtraight reach, parallel streamlines

» velocity > 0.5 fps; depth > 0.5 ft

» uniform streambed; relatively obstruction free

» uniform flow; free from eddies, backwater, turbulence

» closeto control section or gage station (where applicable)

. Record the width of the cross section using the measuring tape. The number of
observation verticals (points across the cross section where velocity measurements
will be taken) should be chosen such that no subsection contains more than 10
percent of the total discharge. Use the following convention in determining the
amount of subsections:

» each streambank is an observation vertica

e maintain aminimum spacing of 6 inches between verticals across the

section

Record the distances from the stream bank along the selected cross section.

. Install staff gage.

* Besurethe zero level is aigned with the zero level of the flow control
device (where applicable).

* Instal solidly and accurately to stream bank or flow control device.

Flow Measurement

. Measure depth of flow at the centerline of the channel (this determines the
velocity measurement method).

o If depth > 2.5 ft, use the two-point method (0.2 and 0.8 of full depth)

» If depth < 2.5 ft or stage is rapidly changing, use the 0.6-depth method.
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» If velocities are distoned by overhanging vegetation, rocks, piers, etc.,
use the three-point method (0.2, 0.6, and 0.8 of full depth).

2. Record the following information on the field data sheet shown on Figure B3-1 at
the end of this procedure:
» Date and location of measurements
* Depth of flow at centerline
» Velocity measurement method
» Distances from streambank where velocity measurements will be taken

3. First velocity measurement at the streambank. Record the following information:
 Time
» Staff gage height (if applicable)
*  Depth of flow
* Veocity reading(s)

4. Velocity measurementsin the channel. Record the following information:
» Depth of flow at corresponding vertical
* Velocity reading(s) at corresponding vertical

5. Final velocity measurement at the opposite streambank. Record the following
information:
* Time
*  Depth of flow
* Veocity reading(s)
» Staff gage height (if applicable)

6. Record any observations or unusual occurrences.
D. Data Analysis
1. Enter datainto the rating curve spreadsheet devel oped for the site.

2. Calculate flows using the mid-section method (see Figure B3-2).
»  Compute the area of the sub-section suuounding the velocity venical
* Averagethe velocity readings at that vertical
* Multiply the areatimes the velocity to obtain the sub-section flow
» Repeat for each sub-section in the channel cross-section
* Sum the flows through each sub-section to obtain the total discharge
through the cross-section

3. Develop/update rating curve.
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4. QAQC
* Ouitliers
* Rating shifts
* Human error (data entry, calculations, etc.)

PART II: CLOSED CONDUIT FLOW MEASUREMENT

NOTE: For these field measurements, use the Field Data Sheet shown in Figure B3-3 at the
end of this procedure.

A. Equipment List

1. Depth
» Wading rod, graduated rod, or yard stick

2. Width
* 50" measuring tape

3. Velocity
e Portable flow meter
*  Probe mount (approx. 3/8 inches in diameter)

4. Miscellaneous
» Field data sheets (Figure B3-3 at end of this procedure)
*  Waders or boots
o Sdfetyline
o Lifejacket
* Gloves

B. Flow Measurement
1. Record date, time, and location of measurement.
2. Record depth of flow at the centerline.
3. Takevelocity reading(s) at centerline:

o If depth >1.0', use the 2-point measurement method (0.2- and 0.8- depth).
» If depth <1.0', or the flow is rapidly changing, use 0.6-depth method.
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4. At minimum, record velocities at the centerline and at verticals one-half the
distance between the centerline and the pipe wall on either side of the centerline.
Typicaly up to 10 observation verticas will be sufficient. Use the convention
described in Step 3 to determine the number of velocity readings in the verticals.

C. Data Analysis
1. Enter datainto the rating curve spreadsheet developed for the site.
2. Compute the flows:
» Cadculate area using the centerline depth and the attached table.
* Averagethe velocity at each vertical.

* Multiply the areatimes the average velocity to obtain the flow.

3. Develop/update rating curve.

4, QAQC
e Outliers
* Rating shifts

* Human error (data entry, calculations, etc.)
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Figure B3-1
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Figure B3-2
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) . i E ® 5, Where
< ) CRIE q. = discharge through subsection x,
) N ol v, = mean velocity at vertical x,
3\ ] b, = distance from initial point to vertical x,
‘ E b, .., = distance from initial point to preceding vertical,
PN : &, .. = distance from initial point to next vertical, and
5\ ‘ d, =depth of water at vertical x.
P Tl.ms, for example, the discharge through subsection 4 (heavily
outlined in fig. 41)is
EXPLANATION

1.2.3 cceeeeuen Observation venticals Q= U [b‘ ; b’] du

by.b2.63. ....6,
dy,02.03.....d

Dashed lines

Distance, in feet or meters, from the
initial point to the observation vertical

Depth of water, in feet or meters, at the
observation vertical

Boundaries of subsections; one .
heavity outlined is discussed in text

\DDITIONAL COMMENTS/OBSERVATIONS:

The procedure is similar when x is at an end section. The “preced-
ing vertical” at the beginning of the crass section is considered coinci-
dent with vertical 1; the “next vertical™ at the end of the cross section
is considered coincident with vertical n. Thus,

'y
@ =4 [T] d,

and -
Q. =0, [g‘_zﬁ‘ﬂ] d..
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Figure B3-3

Meas. No.
Comp. by

Field Data Sheet for Closed Conduit Velocity Measurements

Date: . Time:
Location:
Flow Conditions:
Comments/
Observations:

FIELD MEASUREMENTS: ]
Depth at Centerline, d: t
« Diameter of Pipe, D: T
Velocity at Observation Vertical Mean Velocity
Observation 02*d 0.8%d 0.6%d in the Vertical
Vertical v v v v
(CLLR) (fps) (fps) (ps) (fps)
.. 1
2
3
4
5
6
7
8
9
10 L e R
FLOW CALCULATION: TI
diD: / 1
ArealDA2: X 0
Area,A: sqft o
Mean Velocity, V: fps :
Total Flow, Q: efs | T
a.Calculate d/D and refer to table on back of this page L ®
to obtain Area/D"2. :
bArea, A = (D*2)*(AID*2)
c.Flow, 0 =A*V,
NOTES: 1. If d >= 1.0 ft, use 2-point velocity measurement method.
Ifd < 1.0 fror if flow is rapidly changing, use 0.6*d velocity measurement method.
2. For Observadon Vertical: CL = Centerline, L = Left of Centerline, R = Right of Centerline.
environmental engineers, scientists,
fanners, & management consultants
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Figure B3-3

Area, Wetted Perimeter and Hydraulic Radius
of Partially Filled Circular Pipes

d area wet. per. | byd. rad. d area wet. per. | byd. rad.
5 2 5o -|p b 2 ="
/
0.01 | c.0013 | 0.2003 | 0.0066 | ©.51 | 0.4027 ]| 1.s908 | 0.2531 eq4. D=4&
002 | 0.0037 | 0.2838 | 0.0132 | 0.52 | 0.4127 | 1.6108 | 0.2561
0.03 | 0.0069 | 0.3482 | 0.0197 | 0.53 | 0.4227 | 1.6308 | 0.2591 7/
0.0« | 0.0105 | 0.4027 | 0.0262 | 0.54 | 0.4327 | 1.6509 | 0.2620 d =1\
005 | 0.0147 | 0.4510 | 0.0326 | 0.55 | 0.4426 | 1.6710 | 0.2649
0.06 | 0.0192 | 0.4949 | 0.0389 | 0.56 | 0.4526 | 1.6911 | 0.2676
0.07 | 0.0242 { 0.5355 | 0.0451 | 0.57 | 0.4625 | 1.7113 | 0.2703 d _ =0.25
008 | 0.029¢ | 0.5735 | 0.0513 | o0.s8 | 0.4723 | 1.7315 | 0:2728 Rl el
003 | 0.0350 | 0.6094 | 0.0574 | ©0.59 | 0.4822 | 1.7518 | 0.2753
0.10 | 0.0409 | 0.6435 | 0.0635 | ©0.60 | 0.4920 | 1.7722 | 0.2776
0.11 | c.0470 | 0.6761 | o0.069s | o.61 | o.s018 | 1.7926 | 0.2797 D* =4X 4
0.12 | 0.0534 | 0.7075 | 0.0754¢ | 0.62 | o.s1u1s | 1.8132 | 0.2818
0.13 : 0.0600 | 0.7377 | 0.0813 | 0.63 | 0.5212 | 1.8338 | 0.2839 oy
014 I 0.0688 | 07670 | 0.0871 | o0.64 | 0.5308 | 1.8546 | 0.2860 =16(F)
0'1s | 0.0739 | 0.7954 | 0.0929 | 0.65 | 0.5404 | 1.875S | 0.288]
016 | 0.0811 | 0.8230 | 0.0986 | 0.66 | 0.5499 | 1.8965 | 0.2899 ,
017 ! o0.0885 | 0.8500 | 0.1042 | ©0.67 | 0.5594 { 1.9177 | 6.2917 Frori CHART
018 | 0.0961 i 0.8763 | 0.1097 | ©0.68 | 0.5687 | 1.9391 | 0.2935
019 : 01039 | 0.9020 | 0.1152 | 0.6 | 0.5780 | 1.9606 | 0.2950 aree. _ (w35
020 ! o.1118 | 0.9273 | 0.1206 | 0.70 | 0.5872 | 1.9823 | 0.2962 z — O
0.21 ; 0.1199 | 0.9521 | 0.1259 | 0.71 | 0.5964 | 2.0042 | 0.2973
022 ° 0.1281 | 0.9764 | 0.1312 | 0.72 | 0.6054 | 2.0264 | 0.2984
0.23 ; 0.1365 { 1.0003 | 0.1364 [ 0.73 | 0.6143 | 2.0488 | 0.2995
0.24 0.1449 1.0239 0.1416 0.74 0.6231 2.0714 0.3006
025 01535 | 1.0472 | 0.1466 | ©0.75 ] 0.6318 & 2-00aa | 03017 Area=0d535x e
0.26 ; 0.1623 | 1.0701 | 0.1516 0.76 0.6404 { 2.1176 | 0.302S ‘
027 | 0.1711 | 1.0928 | 0.1566 | ©0.77 | 0.6489 | 2.1412 | 0.3032 —_
0.258 | 0.1800 | 1.1152 | 0.1614 | 0.78 | 0.6573 | 2.1652 | 0.3037 = 2456>
029 : 0.1890 ! 1.1373 | 0.1662 | 0.79 | 0.6655 | 2.1895 | 0.3040
0.30 ° 0.1982 ¢ 1.1593 ! 0.1709 | 0.80 | 0.6736 | 2.2143 | 0.3042
; _ .
0.31 1 0.2074 , 1.1810 : 0.1755 | 0.81 | 0.6815 | 2.2395 | 0.3044 | R—O-H-éé" 4
0.32 ' 0.2167 ‘' 1.2625 . 0.1801 § ©0.82 | ©0.6893 | 2.2653 | 0.3043
033 ; 0.2260 | 1.2239 i 0.1848 [ 0.83 | 0.6969 | 2.2916 | 0.3041 =0 5844'
0.35 | 0.2355 | 1.2451 | 0.1891 | 0.84 | 0.7043 2.3186 | 0.3038 = 0.
0.35 | 02450 | 1.2661 | 0.1935 | 0.85 | 0.7115 | 2.3462 | 0.3033 ’
0.36  0.2546 | 1.2870 { 0.1978 | 0.86 | 0.7186 | 2.3746 | 0.3026
0.37 | 0.2642 | 1.3078 « 0.2020 | ©0.87 | 0.725¢ | 2.4038 | 0.3017
038 | 0.2739 | 1.3284 1 0.2061 | ©.88 | 0.7320 | 2.4341 | 0.3008
0.39 ¢ 0.2836 | 1.3490 { 0.2102 | ©0.89 | 0.7384 | 2.465s | 0.2996
040 02934 | 1.3694 ! 0.2142 | 0.90 | 0.7445 | 2.4961 | 0.2980
0.41 : 0.3032 | 1.3898 - 0.2181 | ©.91 : 0.7504 | 2.5322 | 0.2963
042 | 03130 | 1.4101 * 0.2220 | ©0.92 | 0.7560 | 2.5681 | 0.2944
0.43 | 0.3229 | 1.4303 | 0.2257 | 0.93 | 0.7612 | 2.6061 | 0.2922
04s | 03328 | 1.4505 | 0.229¢ | 0.94 { 0.7662 | 2.6467 | 0.2896
045 | 0.3428 | 1.4706 | 0.2331 | o0.95 | 0.7707 | 2.6906 | 0.2864
0.46 | 0.3527 | 1.4907 | 0.2366 | ©0.96  0.7745 | 2.7389 | 0.2830
0.47 | 0.3627 | 1.5108 I 0.2400 { 0.97 ¢ 0.7785 | 2.7934 | 0.2787
045 | 0.3727 | 1.5308 { 0'243¢ | 0.98 1 0.7816 | 2.8578 | 0.2735
049 | 0.3827 | 1.5508 : 0.2467 | 0.99 ; 0.7641 | 2.9412 | 0.2665
0.50 | 0.3927 | 1.5704 - 0.2500 & 1.00 ! 0.7854 | 3.1416 { 0 2500
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Procedure B-4

DATA INTERROGATION AND ASCII FILE CREATION PROCEDURE

1 Connect the phone cord to the modem port on the computer. Make sure the phone
lineisfree.
2. Turn the computer on.

3. From the DOS prompt (C:\>), type FL.

4. Select TELFLOW from the main menu. Choose Phonebook from the base menu and
highlight the site using the arrow keys.

5. Select Connect from the top menu. The message "Dialing # ...Please stand by"
will appear. When connected, the message "verifying flow/meter's status” will
appear. The modem might not connect on the first attempt. After afew passes, if
the modem does not connect, check for the following:

a Check the flow meter power: Flow meter must be ON if a connection isto
be made. This step requiresfield inspection.

b. Check the phone number. Isthe phone number correct and doesit have the
necessary "code" to dial out of an office phone system (i.e. a"9" before the
main number).

C. Check the baud rate. The recommended rate is 1200. If TELEFLOW is not
set for thisrate, change it through the "Pgm-Config" menu.

d. Bring a phone to the site and try to dial out from the phone jack. If you can
not call from the site, the phone line is probably bad. Call the phone
company for repair.

6. Select Graph from the Connect Menu. The flow meter has multiple partitions so
TELEFLOW will display the Graph Menu. This menu allows you to specify the
partitions you want to graph: A, B, or C. When the partition is graphed, it is
automatically interrogated, and the data are downloaded to the computer.

a The Interrogate Menu will alow you interrogate the partitions but will not
display a graph of the data. Interrogate allows you to specify which partitions
you wish to interrogate: individually or singularly.

NPDES Permit Application Appendix D May 1993
Municipa Part 2 Supplement Page B4-1 City of Knoxville, TN



7. To retrieve datafrom all partitions, select ALL. If you want datafrom asingle
partition, select the appropriate letter from the menu. When TELEFLOW completes
the interrogation, it will present the Restart Menu to allow you to restart the
partition, if desired. Thiswill occur only when partitions A (Flowdepth) and B
(Rainfal) are interrogated.

8. To restart a partition's memory, select the corresponding letter from the Restart
Menu. After TELEFLOW clearsthe partition, it will return to the Partition Menu.

9. Quit out of TELEFLOW and FLOWLINK. Type"Q" or ESC successively until the
DOS prompt (C:\>) appears.

10.  Turn computer off.
ASCII FILE CREATION PROCEDURE

These steps can be performed in the office.
1 Turn computer on and enter FLOWLINK (see Step 3 on previous page).
2. Select EXPORT from the main menu.
3. Select LEVEL from the menu.

a Select SOURCE.

b. Select adata set from the vertical menu.

 Select DESTINATION. This should be C\FLOWLINK\FLOWDATA (or a
customized site-specific directory).

C. Select LEVEL. To export asegment of the file, select the FIRST and LAST
options to change the first and last reading times.

» Select a24 Hour period to ensure 24 hour storm coverage.

NOTE: Precipitation First and Last options must equal Levels.

d. Select START toinitiate translation from FLOWLINK to ASCII.
EXPORT will prompt for an output filename for the trandlated file.
Enter the filename DEPTH.CSV.
(Only the last part of the filename will change.)
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4. Press the ESC key twice, and select SAMPLER.
a Select SOURCE.
b. Select a dataset from the vertical menu.
* Make sure DESTINATION is correct.
C. Select EXPORT. Enter the filename SAMPLE.CSV.
5. Hit the ESC key twice, and select RAINFALL.
a Select SOURCE.
b. Select a dataset from the vertical menu.
* Make sure DESTINATION is correct.
C. Select EXPORT. Thiswill present the Change Range menu. Use the First
and Last options to change the first and last reading times. Y ou must use the
same interval used for DEPTH.CSV.

d. Select START. Enter the filename PRECIP.CSV. .

6. Quit out of EXPORT and FLOWLINK. Type"Q" or ESC successively until the DOS
prompt (C:\>) appears.

ASCII files have now been created with the file names; DEPTH.CSV, PRECIP.CSV,
SAMPLE.CSV.

NOTE: For more detailed explanations of the interrogation and export steps,
please refer to the FLOWLINK Instruction Manual, Chapters 7 and 9.

Be sure that the filenames shown in Steps 3d, 4c, and 5d are used. If these
filenames are not used, the spreadsheet will not work properly.
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Procedure B-5
SAMPLE COMPOSITING SCHEME FROM FLOWLINK ASCII FILE

The procedures bel ow describe the steps necessary to convert storm data exported

from FLOWLINK into aflow compositing spreadsheet. This spreadsheet, STORM,
automatically imports the data and performs the compositing calculations. Summary
tables, a storm hyetograph, a storm hydrograph, and a chain-of-custody form are
automatically created by the program. The spreadsheet is self-automated and requires
very little user input. The user needs only rudimentary experience with spreadsheetsin
order to follow these procedures. At any point during the execution of the

compositing program, Ctrl-Break can be used to interrupt the calculations.

1 Toload LOTUS 123 Version 2.3, type '123' from any hard drive directory
prompt (i.e. C:\>).

2. Change the default spreadsheet directory to the correct sampling site directory
(i.e. for the Acker Place Site the command could be /FD C:\ACKERY).
Subdirectories must be created before this procedure, and downloaded
site-specific sampler data (i.e. DEPTH.CSV, PRECIP .CSV , SAMPLE.CSV) must
be stored in that site-specific subdirectory.

3. Load the spreadsheet file XFER.WKI from the selected sampling site directory.
This spreadsheet will convert the ASCII file created by FLOWLINK into a
LOTUS 123 spreadsheet file named TEMP.WK 1. (/FR XFER.WK1)

4, The spreadsheet will automatically run the macro routine which converts the
data. Look for command prompts which will appear at the top of the screen.

5. "IMPORT PRECIPITATION DATA? (1=YES/0=NO):"
Sdlect "1" if rainfall datais available for this site.

6. "IMPORT SAMPLE DATA? (1=YES/ 0=NO):"
Select "1" if samples were taken during thistime period. For compositing samples, this
should alwaysbe"1".

7. After the macro has completed, the STORM.WKI spreadsheet will be loaded
automatically. The spreadsheet file TEMP.WKI will contain al the converted
ASCII data.

8. The macro routine to begin the sample compositing scheme in the
STORM.WKI spreadsheet |oads automatically. Look for command prompts
which will appear at the top of the screen.
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0.

10.

11.

12.

13.

14.

15.

16.

"IMPORT PRECIPITATION DATA? (1=YES/0=NO):" (see Step 5)
"IMPORT SAMPLE DATA? (1=YES/0=NO):" (see Step 6)

Y ou must now write on paper the date, time, bottle number and sample
number as shown on the computer screen starting at the cell location AG51.

Move the cell pointer to column "N". These columns show the date and time
which define the X-axis of the storm hydrograph. Find the row in these
columns which contains the date and time nearest to the time when the first
sample was col lected. (from Step 11)

Put an "*" in column "R" at the row which contains the time at which the first
sample was collected.

Type ALT-D (hold the " Alt key and the "d" key at the same time) to continue
with the sample compositing program.

Three different print ranges have been created, PRINTI, PRINT2, and PRINT3,
which define a compositing summary table, a storm event summary table (with
hyetograph and hydrograph) and a chain-of-custody form, respectively. These
three pages can be printed separately by invoking the WY SYWY G Print
command "Print". Choose Range,Set, and then choose a print range (PRINTI,
PRINTZ2, or PRINT3). Select go. Thiswill print the range sel ected.

Save file in the appropriate site directory using the file naming convention
(date and site ID). For example, FEB11931.wkl represents a storm event on
February 24, 199 at site 1 (Acker Place). It isvery important to save thefile
under a new unique name. Thiswill ensure that the template program and the
individual storm data are preserved.
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Procedure B-6

PROCEDURES FOR COMPOSITE SAMPLE COLLECTION
FOR NPDES ONGOING MONITORING PROGRAM

1. New, clean disposable gloves should be worn at all times during handling of
sample collection bottles in sampler carousel.

Prior to Storm Event

2. Perform routine maintenance of station immediately prior to storm event (if
possible). Maintenance should include ensuring that the sampler strainer, the flow
meter probe, and the rain gage cylinder are clean and free of debris.

3. Obtain sampler carousel containing clean, prepared, and capped bottles from
laboratory and install in sampler. Remove lids from clean bottles before closing
sampler. Ice down bottlesin sampler carousel immediately prior to storm event
(if possible).

4. Ensure that fully charged battery (if not connected to direct AC) isinstalled in
sampler.

5. Check that sampler and flow meter are properly programmed and that programis
running.

After Storm Event

6. After storm event is over and/or sample program is complete, download data from
sampler, flow meter, and rain gage by modem (see Procedure B-5 for Data
Interrogation and ASCI|I File Creation).

7. Goto site. Reset program; note equipment reset in equipment maintenance log
located inside equipment housing.

8. Remove bottle carousel from sampler. Immediately cap all bottles. Label each
bottle in carousdl by filling in date, time, crew, location, etc. on pre-printed forms.
Be sure to label bottles and not lids. Exposure of filled sample bottles to light
should be minimized.

0. Immediately ice down filled bottles in sampler carousel. Ice should completely
surround each bottle. Label outside of carousel asto contents including station
location, storm event date and time, and crew ID.
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10.  Thechain of custody form for composite samples shall be completed for the
carousel contents using awaterproof pen and placed in awaterproof plastic bag.
The completed chain of custody form shall be placed inside the carousel on top of
the ice; the top of the carousel then should be sealed with a plastic bag (fiber
tape). The carousel should also be labeled on the outside.

11. Install sampler carousel with empty cleaned bottlesin sampler.

12.  Thefield log describing al sampling activities must be completed using a
waterproof pen before leaving the site.

13.  Attheoffice, transfer ASCII datainto the LOTUS 1-2-3™ spreadsheet files
created for that monitoring site to produce a compositing scheme for the storm
event (see Procedure B-6 " Sample Compositing Scheme from FLOWLINK ASCII
File".) Ensurethat thefilled bottlesin the carousel remain iced down and
covered from light during entire compositing scheme preparation time.

14. Deliver filled bottlesin sampler carousel and compositing scheme for storm event
to laboratory as soon as possible during working hours. The chain of custody
form shall be completed by the laboratory as part of delivery of samples.
Completed chain of custody forms should be filed in the field notebook for that
monitoring station. Obtain another sampler carousel containing empty, capped,
and prepared sample bottles from laboratory.
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Procedure B-7

MAINTENANCE PROCEDURE FOR THE NPDES
ONGOING MONITORING STATION RAIN GAGE

INTRODUCTION

The following "in-field" procedure corrects and calibrates an inoperable rain gage.

1. Remove the funnel from the rain gage.

2. Print areport to list the amount of rain recorded by the flow meter.

3. Flip the buckets back and forth afew times and count each time the magnet
passes over the sensor.

4, Print another report to verify the correct amount of rainfall was detected.

5. If not correct, then gently bend the L-shaped bracket down towards the switch
sensor (asmall black box mounted on a green circuit board) as you move the
magnet over the sensor. Again print areport. If the magnet had been jarred too
far away from the sensor 0.01" of rain should be reported. If no rain was
detected then the magnet was already too close to the sensor so go to step 7.

6. Repeat steps 3, 4 and 5 until you have successfully adjusted the magnet
alignment.

7. Gently bend the bracket away from the sensor as you pass the magnet over the
switch sensor. Again print areport. If the magnet had been jarred too closeto
the sensor 0.01" of rain should be reported.

8. Repeat steps 3, 4, and 7 until you have successfully adjusted the magnet
alignment.

Note: If the flow meter reports only half the amount, then only one side is out of
alignment.

9. If you are not able to get the rain gage to record any rainfall after afew iterations
of the above procedures you may want to bring the rain gage to the office or
bring the ohmmeter to the site (see OHMMETER PROCEDURE).

NPDES Permit Application Appendix D May 1993

Municipa Part 2 Supplement Page B7-1 City of Knoxville, TN



PROCEDURE FOR SERVICING THE RAIN GAGE USING AN OHMMETER

Turn off power to the rain gage.

Set the ohmmeter to "resistance measurement” and connect a probe to each of the
power terminals.

When the buckets are in the fully tilted position the circuit is open and the
resistance should be very high. When the buckets are balanced the circuit is
closed and the resistance should be very low. [f both of these conditions are not
satisfied, the rain gage will not record rainfall.

Adjust the bracket accordingly.

PROCEDURE FOR CALIBRATING THE RAIN GAGE

1.

Connect the rain gage, with funnel, to a flow meter and power source. Make sure
therain gageislevel.

Print areport to determine your starting rainfall amount. Thisvalue will be
subtracted from the calibration value to determine the calibrated rainfall level. .

Carefully measure with a graduated cylinder 824 mL of water. Pour the water
into the rain gage funnel.

It will take approximately three minutes for the water to drain out of therain
gage. Print areport to determine the new net amount of rainfall. Subtract the
rainfall value determined in step 2 from this value to determine the calibrated
rainfall level. The calibrated rainfall level should be one inch.

If therain gage is not calibrated to one inch, adjust the tilt angle of the buckets
by adjusting the screws beneath the buckets. For example, if more than oneinch
is reported, then you need to lower each side. Rotate each screw clockwise the
same number of rotations. If lessthan an inch of rain is reported, then you must
turn each screw counter-clockwise the same number of rotations.

Repeat steps 3, 4, and 5 until the rain gage reports one inch of rain for 824 mL of
water.

NPDES Permit Application Appendix D May 1993
Municipa Part 2 Supplement Page B7-2 City of Knoxville, TN



APPENDIX D -- PART C

SAMPLE CHAIN OF CUSTODY FORMS

* Grab Sample Form

» Composite Sample Form
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SAMPLE ACKNOWLEDGEMENT / TRANSFER FORM

PROJECT: PROJECT MGR:
SUBMITTED BY:
COMMENTS:

COUNT | CONTAIN. | ID. NO. | SITEID. | DATE | TIME | GRAB/| VOL.
TYPE COMP

CYANIDE

PHENOL

VOA

BACT.

OIlL &
GREASE

METALS

Hg

SOLIDS
BOD5
DIS. P

COD
NUTS

DETERG.

Cu

LABORATORY SAMPLE ACCEPTANCE CRITERIA SATISFIED:
(LAB PERSONNEL)

SAMPLES RELINQUISHED BY: DATE:
SAMPLES RECEIVED BY: DATE:
TRANSFER TIME:

FORM REVISION: 031092
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CITY OF KNOXVILLE

NPDES STORM WATER PERMIT APPLICATION
ONGOING MONITORING PROGRAM

SAMPLE ACKNOWLEDGEMENT / TRANSFER FORM

STATION: STORM EVENT DATE:
SUBMITTED BY: DATE:
SAMPLE TYPE:

COMMENTS:

SAMPLE SAMPLE CONTAINER PARAMETER
ID VOLUME DESCRIPTION

% CONTAINER VOLUME
FOR COMPOSTING

LABORATORY SAMPLE ACCEPTANCE CRITERIA SATISFIED:

(LAB PERSONNEL)
SAMPLES RELINQUISHED BY:

DATE:

SAMPLES RECEIVED BY:

DATE:

TRANSFER TIME:

COMMENTS:
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APPENDIX D -- PART D

MATERIAL SAFETY DATA SHEETS (MSDYS)

e Sulfuric Acid (H2SOy)
e Sodium Hydroxide (NaOH)

e Sodium Thiosulfate (NaS;05)

NPDES Permit Application Appendix D May 1993
Municipa Part 2 Supplement Page D-1 City of Knoxville, TN



%96 AIDV OIINAINS

§8-60-60 59pas13dng 98-1Z-01 :91e( 9AN23))7

AT M S0 T KM 0 KMIQUWNWIL] ¢ qieaf] :sdupivy VdIN

‘suojis|nBas [#39p2) PUE 1M ‘|80 Wi Sousjidwad asnsuy
391 0008 : (VIOUED/VADXOW) AipuenD sjqeaioday

*13m23 O} PISNS|P
PUS UO[INjOs Y58 ¥POS A0YIP b [i1ds JO waw ysal] Kyipe)
jusodsip ai5em parasdde YYD © uj pasodsip pus PIzHIUIRILOD
3q Asw 2)58m paziwIININ ‘NI pus s10dea Wos) ojiIosd
Koyespdsas pus Sujyiopd aaiosd aspnbas jouuossad

dn-urapD) "XjW pus Ysu ¥POS 3O AISUOGINQ WNIPOS Yipa |jids
13A00) JUIQI0IQE LU} J3YI0 3O 3ANI-KNRY *AIAJuLIIA

“11p Yips pinby) papiids 30 Jupyee) 3300 pus a1

*F0URIIQNS 3ANFAS 1230 Lusws

pue sjuade Jupnpas pus Supmppo Suans s ¢::i: {if pus sIpmo
‘sapi1208 [miow ‘suadofeq ‘YepARW Sjucia0 'SIT8Q SABM,
sapqpedmodu]

IN330 JOU |)IM
ssopszHIm|og snopaezS]

“Appanadsa

apyins uaBaspdy pue apjuskd uaaspAy snouosjod woj

0) 39pyins pus sapiushd Yipm pus ‘sed IpXolp VOGIEI 18IS
0} SIITUOQITI YilA 51089Y ‘SIWNJ 3A]301100 pus 30} Rdnpasd 0)
WENS JO 321eM Jile 1WA A “3n)InS JO SIPINO JO SAWN) INO ],
$)0porg uogljsodwioda(q snopaszsy

‘231018 pue 930 JO SUOHI|PLOI KIBujpIO J9pUn 2|qEIS
dKmqes

VUG ORAMES - ¢ NOLLYAS

*apows asnssasd

aajijsod 39410 Jo puswap anssasd ay) ug paresado 2daidadey
110} Ype sajusedde Sujyiealq paujsiucd-)1as paaoidde-HSOIN
Pus SUIYI01 3M1I0IE [[0) J8am ‘AL B JO LU IY) U]
suopjsuLIojug |8)23ds

*Jo0d $1ujMu0d pasodxa i) daay

0) pasn aq Aows Awads 3a18p\ “9pROIP UOGIRI JO WNO) ‘eARWIY g

pIap Jupysindu)ixg g
*‘uopud}
5% Asw $3{qlisnquiod 30 sjuade Jupnpas yive uoldEy Jo

1094 01| pus J2T}ppO Juciis B 9 qn3 Inq '3|qHisnquiod 10N
suojsojdxy

gk i phy ansojdxa Kjspuazod

‘ajquuswny) Suiswa|as sixi. .. OW Yive O¥IY ‘vopiud)

25083 Lsw 32]q)13nqwod 3o Nuade Jupapas yive vogosa jo
183y 51 pus 3971ppo SuUI)S ¥ 3] DUBIIGNS Jnq ‘I|qHISNQUID JON
. . 3 aag

*punoj uopisuuoju] ON 21wy uopsiodeng
(4082) 0u971 © 1 :(3H ww) aunssasg Jodep
(JLL) DeST ® €0 > (1 =31v) KisuaQ sodup,

81 K aypadg

*(449) Dupi- 82 2ujog Junppp
(4.065) D01 93 sujog Jugog
.07 ® anuyuy Agniog
*SSIHOPO BOPO

*pinbyy £jj0 ‘ssap0j0) ddumswaddy

d 1913344 TN ]

[BHAB AIs0110D)  isse|D) plezel LOQ

‘$ NOLLDAS aas

*uadixo aad “ynoy)ip st Jupygisauq )) “vonesidsas

1Y aad ‘Qujyieaiq 10U )1 318 Ysa) O) JA0WIS ‘pajeyuy

) ‘uossad snopsucaun ue o) Yinows £q Jupyidue aad 13a3N 3dem
Jo sapjiusnb adus) 1D IDNLLINOA BDNANI LON 0OQ ‘panojisas )|

*saInuil GI 1589 38 30] 3918 JO KYuajd Yim 3242 30 UDys ysny
Laeppaww) 1o81u03 JO 2580 U uspishyd v |3 32382 |18 U]

QIVISdld/XONTouaWNd

‘PV uosjod

san) (32pag 3y} 33pun NOSIOJ ¥ 58 PaLJisse]d 3§ 2dumIsqns siy ],

Qupipuey 32138 Aiydnasoys ysem
‘uopiejiiuaa ajenbape Y £juo sy
*pas0)d saujepuod daay

IS IYIeAq jou 0

‘Bupiop> U0 10 ‘upys uo ‘saka up 133 Jou oQg

“2OVINVA ONNT 3SAYD

AV NOLLYIVEINE ‘GTTVIINI 31 INIWEVI "QIMOTIVMS 31
TVLVA 234 AV 2NSSLL AQ04 TIV OL SNUNG FYAATS ASNYO
1SIW GNV GINDI “ZAISOWY0D M3ONYQ

S S OLLNVOdUd

*ajqeaydde 10N :siuatparduy snopiezeyg
YOSTH twjnunog jeanway)

10°86 W31 Jujn0N

6€6-¥99L ¥ON SVD sjnuo

I0HHA JOo O iswihuouhg
‘NOLLVOIALINAAI 1DNdodd
%96 IOV DIINATINS

“I9UCY AN “SHRY | Y08 "0’d "WOIS|AIQ 513AP0Id 3OS **Iu] 1oy

*uo(18WII0Ju| STY) uodn 23UN||34 40 Jo a5 wol) Bupynsas

saduiuep J0j 3|qIsuodss 3q 10 |j1# JPOINIULIeIY *£13ujpIeddy ‘812434
UOJI¥ILLIO U] ) YO 0 1I0POId 3Y).0) S0 UIIIIY Y0} 135 UOIELLIOJU) i)
0} 193521 Yyym asodsnd Jupna)iand 8 Joj ssauly *6)j)|quILEYIIIW Jo *pajjdiusg
40 55224%2 J3Y)2 SIUNLINM J0 Ny 3433 ou saysw Jpoaaujingy

*avodand Juinopand ¥ 40) saauaisudosdde vy Juinuiadndp ug juawdpnf
UIPUIADPUY 2O} IN[IIIXA JeNWI UOJIBUIIOJU] V1Y) BUIALIIN w¥npPEAIPU]
*A84020 10 S¥AUIA[IUIYAIdWOD 1| 0) ¥ LONUIISIIAII O VIYLW

N {3N) Pondl uj U313y PaLIIU0d UOjNWILJUY 3Y) I nad Jpo.npul vy

0005-786° b€ s9oqunp auoy g £oudd1dwj]
BIB( A19)eQ [BLIIRIAL
JPODPDUIEA

May 1993

City of Knoxville, TN

Appendix D
Page D-2

NPDES Permit Application
Municipa Part 2 Supplement



2%INS

XX TXYTITYY T 'Y

‘Pid® 3Y) 0) J3jem ppu

13A3U U31em 0) PIOE 341 Pps skemis ‘Bujinpip uayp ‘sesodind sayi0
10] 1} 350 PUB JFUJBIUOI INO YSRA 10U O(] "SEHIBW 2jqiedwioou)
pus ‘Ja)em ‘Jeay wosy Kess pus ySijuns AP Jo Jno daay
*adewep jeajslyd wouj 1231034 “adsujmip pood pus sooy 1us)sjsas
PIO® i w208 33wi018 pajEuas *Ap 4003 8 uj 3u0Ig

GO URI0)u] 18] [

‘B30 Y10M U] FONJIPN) YouaIp-yd|nb

PUS UIBIUNO) Yswm A3 UIMIUIEIY  JIPAIRW S1Y) Yipe Supriom
UIYM LIOM 2q JOU PINOYS $I5u3) 181U 3(qissod st Supyseids
23ym plajys 28] jin) v J0/pus 5313308 L1apes jeojwayd a3

T mopddjoag gy

*1081U03 UPS Jarasd 0) 511833400 30 ucide r0d
qs} 's340( ‘s100q Sujpnjou) ‘Fujyio}s awetosd snopaadi) M

wopery upg’

‘woa 3q £sw pooy paujs Jo Jo1esdsas

2391dadej fin) Jjw paniddng ¥ ‘Kjaapswsany 'sso) s 33I|ym
*1341ddns J0183)dsas ay) £q patjaads uopeIIU2IL0I 950 wnwrew
4130 A'LL 291 5wy 00§ 01 dn *|esoual uj ‘usom aq Kew sojesydsas
28puuea (8210 2391d298) Jjn) § papaadxa LALLM L
(pasoaddy HSOIN) isi0)sa)dsay  juuossag

'SI1e19P J0) ‘UORIP3 U JsOW |, $20}dRIY PpUAIWIW0IIY

Jo jenuely v ‘uopis|iudA fesnpu], uawn0p HIDDV

241 01 13j31 3se3|J "wAE Yi0m [Wdua 3y} O] I JO Uossadsip
Sunuaaasd ‘axnos 3 e JWEIN0D Y] JO SUOISSIWI Yy
104ju0d e 3y 35n8Iq pansajasd Ljjwaausd sp uopie)uaa Jsneyxd
19507 “siwp] ainsodx awoquyy sy} mojaq sasasodxa salojdwa

(VML) gw/du |

(ATLL) anjsA BT PlOYs YL FIIDDV-
(vml) nE\uE 1

{1dd) ywry unsodxg 3\qissiunag viISo-
Sy unsodxy ausoquyy

1] [T] 3
w/dw gl 0507
i wunp vopmieyuy By/3w oyiz 05a7 18 8O
(wss1'soaLy)  VIVA XIDIXOL D
Apisipawaw)

YopuUINE [Wjpaw 12p A)suc)se30 spijaka saddn pus Jamop
dupyyy 'sainujw g1 1583 18 30} 3184 JO Kjuapd i 33ha ysup
saunsodxy a3y

‘uspshyd s j&) “saoys pus

2upyio pareujweiuod Jurowas sjym sainuw G 15e3] 18 10)
Ja1em jo Kuayd yip upys ysny £jaieipawn] *13R1u00 Jo asea uj
iansodxy upis

"uoss3d snopsuodun us o} yinow £q Sujyikus aaid saaaN
“Apisppounu uapyshyd ® e “3jqepeat Jj Xjjw 3o s3jem Jo
s3ppuenb 3dsv) aap Bupijwoa anpup | ON O 'pamoyiens ji
uopysaiug

“wep|sdyd

® 18D "vad4xo g Ynayp 5t Jujyieasg 1 voneadsas
1epye aad Supivauq ou )p “spe ysa3j 0} 2M0WIY

*20UBISqNS Y} JO $193))9

943 0) 3jqdacsns 0w 2q Aews uopdung Kiojesydsas pasjedwy
30 swajqoud 343 10 mapsosyp upys Jupsixa-aud Y1 suossay
suopipuod dupspxa-aag Jo uopuaadly

4123} 0} afwuup ssned Lew s10dea 30 i5jw 03 asnsodxa uuaj-Juoy
sansodxy djucay)

‘swing INSSY) 31438
pus ujed 's5upas ‘uojsia passnjq asned ued $aysejds *aajsou0)
' PBu0) A3

*3A300 UBD WING 343435 pus ‘ujed ‘ssaupas Jo swoydwihg *anisos10)
HPuue) upg

sayuserp ‘3ujijwoa

‘1801Y) 3103 IsnEI UED) "Yieap o) Jujpes) ‘Yosto)s pu lecuy)
‘4INOW 24} JO SUINQ 353433 35neI UEI FUIMOJ|EMS *34|50110))
iuopsadug

“Suyisaiq pasoqe) pus “1eaay) pus 2504 3Y) JO UCHIBILLL PRI

Kew swoidwAg ‘swapd 3un) 3snwd Lepy 1265 K10jeardsas soddn

PUB SIULIQUIIW SNOINI IY) UO u_uo:u.u:_m-E.v s3anpoud uopejeyug
suopujuyuy

4933 0) papuWWIOIAS 5§ ISnEYXD jRadusS Jo/pus €30} JO washs v "_._o__a_e._:_ Soaddq HITVAH 7 3ansoaxda v
. wAIsLg  uopejjjuap ai oy q
%96 ADYINIAAING — o e e e e e e $8:5060520251900S R-TZ-QLIEA 3o ——

M =z
mT
()
i
)
c
e
S
>
=
Om
X_
.mw
25
<

5
S &
85
=
23
<< N
.MDWW
]
Q5
o5
Z=



PACE: 2
DATE: 09/19/90 ACCT:s 857366-03
INDEX: 15902601118 CAT NO:; S&S25%% PO NBR: 17831

DEPARTMENT OF TRANSPORTATION LABELING REGUIREMENTS %9 CFR 172,101 AND

SUBPART E:
CORROSIVE

DEPARTMENT OF TRANSPORTATION PACKAGING REQUIREMENTS: *3 CFR 173.2%9
EXCEPTIONS: %9 CFR 173, 2%t

..-.-.o--------------------------.-.--.----.o-..-.-....-o-.------------..----.

TOXICITY

SODIUM HYDROXIDE:

IRRITATION DATA: S00 MG/2% HOURS SKIN-RABBIT SEVERE; 1% EVE-RABBIT SEVERE
S0 UG/2% HOURS EYE-RABBIT SEVERE; 31 MG/2% HOURS EYE-RAEBBIT SEVEREL 400 UG
EVE-RABBIT MILD; 1 MG/30 SECONDS RINSED EVE-RABBIT SEVERE; 1%/2% HOURS
EYE-MONKEY SEVERE,

TOXICITY DATA: 1%0-3%0 MG/KG ORAL-RAT LDS0 (VAN WATERS & ROGERS INC. MSDS),
500 MG/KG ORAL-RABBIT LDLO; 1350 MG/KG SKIN-RABBIT LDSD (VAN WATERS & ROGERS
INC. MSDS); %0 MG/KG INTRAPERITONEAL-MOUSE LDS0; MUTAGENIC DATA CRTECS),

CARCINOGEN BTﬂTUS: NONE,

LOCAL EFFECTS: CORROSIVE- EYE., BKIN, MUCOUS MEMBRANES,

ACUTE TOXICITY LEVEL: TOXIC BY XINGESTION; MODERATELY TOXIC 8Y DERMAL
ABSORPTION,

YARGET EFFECTS: NO DATA AVAILABLE,

PSR T o X YR T R T R Y R R PR R AR L R D R L L Ll Al e bt adnd

HEALTH EFFECTS AND FIRET AXD

INHALATION:

S0DIUM HYDROXIDE:

CORROSIVE, 2S0 MG/M3 IMMEDIATELY DANGEROUS TO LIFE OR HEALTH,

ACUTE EXPOSURE- EFFECTS DUE TO INHALATION OF DUSTS OR MIST MAY VARY FROM
MILD IRRITATION OF THE NOSE AT 2 MG/M3I TO SEVERE PNEUMONITIE DEFPENDING
ON THE BEVERITY OF EXPOSURE, LOW CONCENTRATIONS MAY CAUSE MUCOUS MEMEBRANE
IRRITATION WITH SORE THROAT, COUGHING, AND DYESPNEA., INTENSE EXPOSURES MAY
RESULY IN DESTRUCTION OF MUCOUS MEMBRANES AND DELAYED PULMONARY EDEMA
OR PNEUMONITIE., SHOCK MAY OCCUR
CHRONIC EXPOSURE- REPEARTED EXFOSURES OF 5000 MG/L WERE HARMLESS TO RATS.

BUT 10,000 MG/L LED YO NERVOUSNEES, SORE EYES, DIARRHEA AND RETARDED
GROWTH, PROLONGED EXPOSURE TO HIGH CONCENTRATIONS OF DUSTE OR MISTS
MAY CAUSE DIESCOMFORT AND ULCERATION OF .NASAL PASSACES, RATE EXPOSED
30 MINUTES/DAY TO UNMEASURED CONCENTRATIONS OF S0DIUM HYDROXIDE AEROSOLS
SUFFERED PULMONARY DAMAGE AFTER 2-3 MONTHS, DEATH OCCURRED IN 2 OF 10 RATS
EXPOSED TO AN AEROSOL OF 40X AQUEOUS BODIUM HYDROXIDE FOR Z0 MINUTES,
TWICE A WEEK FOR 3 WEEKS, HISTOPATHOLOGICAL EXAMINATION SHOWED MOSTLY
NORMAL LUNGC TISSUE WITH FOCI OF ENLARGED ALVEOLAR SEPTAE, EMPHVYSEMA,
BRONCHIAL ULCERATION, AND ENLARGED LYMPH ADENOIDAL TIESUES., AN
EPIDEMIOLOGIC STUDY OF 281 WORKERSE CHRONICALLY EXPOSED 7O CAUSTIC DUSTS
FOR 30 YEARS OR MORE FOUND NO EIGNIFXCANT INCREASE IN MORTALITY IN
RELATION TO DURATION OR INTENSITY OF SUCH EXPOSURES.

FIRET AXD- REMOVE FROM EXPOSURE ARER TO FRESH AIR IMMEDIATELY., IF BREATHING
HAS STOPPED, GIVE ARTIFICIAL RESPIRATION, MAINTAIN AIRWAY AND BLOOCD
PRESSURE AND ADMINISTER OXYGEN XF AVAILABLE, KEEP AFFECTED PERSON WARM AND
AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY., ADMINISTRATION OF OXYGEN
gHgg;g sE PERFORMED BY GUALIFIED PERSONNEL. GET MEDICAL ATTENTION

™ ATELY,

BKIN CONTACT:
SO0DIUM HYDROXIDE:
CORROSIVE,

ACUTE EXPOSURE- UPON CONTACY WITH THE SKIN, DAMAGE INCLUDING REDNESS,
CUTANEOUS BURNS, SKIN FISSURES AND WHITE ESCHARE MAY OCCUR WITHOUT
IMMEDIATE PAIN, EXPOSURE TO SOLUTIONS AS WEAK AS 0,03 N (0.12%) FOR 1
HOUR HAS CAUSED INJURY TO HEALTHY SKIN, SOLUTIONS OF 25-50%x CAUSED NO
GENSATION OF JIRRITATION WITHIN 3 MINUTES IN HUMAN GUBJECTS. WITH
SOLUTIONS OF 0, %-%%, IRRITATION DOES NOT OCCUR UNTIL AFTER SEVERAL HMOURS,
SEKIN BIOPSIES FROM HUMAN SUBJECTS HAVING 1 N SODIUM HYDROXIDE APPLIED TO
THEIR ARMS FOR 15 TO 180 MINUTES SHOWED PROGCRESSIVE CHANGES BEGINNING
WITH DISSOLUTION OF THE CELLE IN THE HORNY LAYER AND PROGRESSING
THROUGH EDEMA TO TOTAL DESTRUCTION OF THE EPIDERMIS XN 60 MINUTES,

A S%Z AGUEOUS SOLUTION CAUSED SEVERE NECROSIS TO THE SKIN OF RABBITS

WHEN APPLIED FOR % HOURS., ALKALIES PENETRATE THE SKIN SLOWLY, THE EXTENT
OF INJURY DEPENDS ON THE DURATION OF CONTACT., IF SO0DIUM HYDROXIDE X8 NOT
REMOVED FROM THE SKIN, SEVERE BURNS WITH DEEPF ULCERATION MAY OCCUR,
EXPOSURE TO THE DUST OR MIST MAY CAUSE MULTIPLE S™MALL BURNS AND TEMPORARY
LOSS OF HAIR, PATHOLOGIC FINDINGSE DUE TO ALKALIES MAY INCLUDE GELATINOUS,
NECROTIC AREAS AT THE SITE OF CONTACT,

CHRONIC EXPOSURE- EFFECTE ARE DEPENDENT UPON CONCENTRATION AND DURATION
azyEsggE:RE. DERMATITIS OR EFFECTS SIMILAR TO THOSE FOR ACUTE EXPOSURE

FIRST AXD- REMOVE CONTAMINATED CLOTHING AND SHOES IMMEDIATELY, WASH AFFECTED
AREA WITH SOAP OR MILD DETERGENT AND LARGE AMOUNTSE OF WATER UNTIL NO
EVIDENCE OF CHEMICAL REMAINS (AT LEAST 15-20 MINUTES). IN CASE OF CHEMICAL
BURNS, COVER AREA WITH STERILE, DRY DRESSING, BANDAGE SECURELY, BUT NOT
TOO TIGHTLY., GET MEDICAL ATTENTION IMMEDIATELY,

EYE CONTACT,
SODIUM HYDROXIDE:

NPDES Permit Application Appendix D May 1993
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. . PAGE: 1
DATE: 08/19/90 ACCT: 857366-03
INDEX: 15802601118 CAT NO: ES25%% PO NBR: 17831

XXEODIUM HYDROXIDE SOLUTIONS, %0% AND: SOXEX
ZEEODIUM HYDROXIDE SOLUTIONS, %0% AND 50XEX
ZZEODIUM HYDROXIDE SOLUTIONS,- *0% AND  SO%EX

. MATERIAL BAFETY DATA SHEEYT

------..-..---..--.-----------.---------.----------------...----.------..-.---

FISEHER SCIENTIFIC EMERGENCY CONTACTS: )
CHEMICAL DIVISION GASTON L. PILLORIs (201) 796-7100

1 REAGENT LANE AFTER BUSINESS HOURS; HOLIDAYE:
FAIR LAWN NJ O07%10 ’ 201) 796-7523
€201 796-7100 CHEMTREC ASSISTANCE: (800) %2%-3300

THE INFORMATION BELOW IS BELIEVED TO BE ACCURATE AND REPRESENTS THE BEST
INFORMATION CURRENTLY AVAILABLE TO US, HOWEVER, WE MAKE NO WARRANTY OF
MERCHANTABILITY OR ANY OTHER WARRANTY, EXPRESS OR IMPLIED, WITH RESPECT TO
SUCH INFORMATION, AND WE ASSUME NO LIABILITY RESULTING FROM ITS USE, USERS
SHOULD MAKE THEIR OWN INVESTIGATIONS YO DETERMINE THE SUITABILITY OF THE
INFORMATION FOR THEIR PARTICULAR PURPOSES. ’

SUBSTANCE IDENTIFICATION

CAS=-NUMBER 1310-73~-2
SUBSTANCE: EXSODIUNM HYDROXIDE SOLUTIONS, %0% AND SO%XX

TRADE NAMES/S8YNONYMS;:
CAUSTIC SODA SOLUTION; LYE SOLUTION; SODA LYE; SODIUM HYDROXIDE SOLUTION;
EODIUM HYDROXIDE LIQUID; WHITE CAUSTIC SOLUTION, £S-25%; B5-%10; ES-%1Y,
UN 182%; ACCY017%

CERCLA RATINGS (ECALE 0-3): HEALTH=3 FIREz0 REACTIVITYz1 PERBISTENCE:=D
NFPA RATINGS (SCALE 0-%): HEALTH=3 FIRE:D REACTIVITY=1

COMPONENTS AND CONTAMINANTS

COMPONENT: SODIUM HYDROXIDE PERCENT: %0,0-50.0
CASE 1310-73-2 -
COMPONENT: WATER . : PERCENT: 50,0-60.0

EXPOSURE LIMITE:

S80DIUM HYDROXIDE: .
2 MG/M3 OSHA CEILING .
2 MG/M3I ACGIH CEILING
£ MG/M3 NIOSH RECOMMENDED 1S MINUTE CEILING

1000 POUNDS CERCLA SECTION 103 REPORTABLE QUANTITY

PHYBICAL DATA

DESCRIPTION: CLEAR LIQUID BOILING POINT: 283 F (1%3 ©)
MELTING POINT: 5§95 F (12 ©) BPECIFIC GRAVITY: 1, 5%
VAPOR PRESSURE: 13 MMHG » 60 C PH: ALKALINE MSDS

SOLUBILITY IN WATER: COMPLETE — e ( s__,-—-‘
[P o1 o .+ ¥ S :

5
TGRET

FIRE AND EXPLOSION DATA DATE' ’_7—-4-—‘—'
FIRE AND EXPLOSION HRZARD: RS T TRN. ey
NEGLIGIBLE FIRE MA2ARD WHEN EXPOSED 7O HEAT OR FLAME, CHENHCALlﬂ ~ ‘
. __—_——-"
CHEMICAL NOT 1N USE:

FIREFIGHTING MEDIA: )
DRY CHEMICAL. CAREON DIOXIDE, HALON, WATER SPRAY OR STANDARD FOAM
(1587 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5800, ¥).

FOR LARGER FIRES, USE WATER SPRAY, FOGC OR STANDARD FOAM
(1987 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5800, ).

FIREFXIGHTING: -

MOVE CONTAINERS FROM FIRE AREAR IF POSSIBLE. COOL CONTAINERS EXPOSED TO FLAMES
WITH WATER FROM S®IDE UNTIL WELL AFTER FIRE IE OUT. ETAY AWAY FROM STORAGE TANK
ENDS (1987 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5800,.%, GUIDE PAGE 60).

USE AGENT BUITABLE FOR TYPE OF FIRE; USE FLOODING QUANTITIES OF WATER AS FOG,
:EE#VUFROM AS FARR A DISTANCE AS POSSIBLE. AVOID BREATHING CORROSIVE VAPORS,
PWIND, :

TRANSPORTATION DATA

DEPARTMENT OF TRANSPORTATION HAZARD CLASSIFICATION %8 CFR 172.101:
CORROSIVE MATERIAL '

NPD.E?S Permit Application Appendix D May 1993
Municipa Part 2 Supplement Page D-5 City of Knoxville, TN



PACE: 3

DATE: 09718790 ACCT, 857366-03
INDEX: 15902601118 CAT NO: £S25%% O NBR: 17831
‘CORROSIVE,

ACUTE EXPOSURE- CONTACT MAY CAUSE DISINTEGRATION AND SLOUGHING OF
CONJUNCTIVAL AND CORNEAL EPITHELIUM, CORNEAL OPACIFICATION, MARKED EDEMA
AND ULCERATION, AFTER 7 TO 13 DAYS EXTHER GRADUAL RECOVERY BEGINS OR THERE
I8 PROGRESSION OF ULCERATION AND CORNEAL OPACIFICATION, COMPLICATIONS OF
SEVERE EYE BURNS ARE SYMBLEPHARON WITH OVERGROWTH OF THE CORNER BY A
VASCULARIZED MEMBRANE, PROGRESSIVE OR RECURRENT CORNEAL ULCERATION AND
PERMANENT CORNEAL OPACIFICATION. BLINDNESS MAY OCCUR.

CHRONIC EXPOSURE- EFFECTS ARE DEPENDENT UPON CONCENTRATION AND DURATION
orvsxroggnz_ CONJUNCTIVITIS OR EFFECTSE SIMILAR TO THOSE FOR ACUTE EXPOSURE
MAY OCCUR,

FIRET AID- WASH EYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER, OCCASIONALLY
LIFTING UPPER AND LOWER LIDS, UNTIL NO EVIDENCE OF CHEMICAL REMAINS CAY
LEAST 15-20 MINUTES). CONTINUE IRRIGATING WITH NORMAL SALINE UNTIL THE PH
HAS RETURNED TO NORMAL (30-60 MINUTES)., COVER WITH STERILE BANDAGES. GET
MEDICAL ATTENTION IMMEDIATELY,

INGESTION:

SODIUM HYDROXIDE:

CORROSIVE/TOXIC,

ACUTE EXPOSURE- THE REPORTED LETHAL DOSE IN RAYS IS 1%0-3%0 MG/KG,
INGESTION MAY CAUSE A BURNING SENSATION IN THE MOUTH, CORROSION OF
THE LIPS, MOUTH, TONGUE AND PHARYNX, AND SEVERE ESOPHAGEAL
AND ABDOMINAL PAIN, VYOMITING OF BLOOD AND LARGE PIECES OF MUCOSA, AND
BLOODY DIARRHEA, ASPHYXIA CAN OCCUR FROM BWELLING OF THE THROAT,
MEDIASTINITIS, ALKALEMIAR, PALLOR, WEAK, SLOW PULSE., CARDIOVASCULAR
COLLAPBE, EHOCK, COMA AND DEATH MAY OCCUR, PERFORATYION OF THE ALIMENTARY
TRACT AND CONSTRICTIVE SCARRING MAY RESULT. ESOPHAGCEAL STRICTURE MAaY OCCUR
WEEKS, MONTHS, OR EVEN YEARS LATER TO MAKE SWALLOWING DIFFICULT. THE
ESTIMATED FATAL DOSE IN MAN IS S5 GRAMS, CASES OF GGUAMOUS CELL CARCINOMA
OF THE ESOPHAGUS HAVE OCCURRED WITH LATENT PERIODS OF 12 TO %2 YEARS AFTER
INGESTION, THESE CANCERS WERE BELIEVED TO BE SEQUELA OF TISSUE DESTRUCTION
AND POSSIBLY SCAR FORMATION RATHER TMAN THE RESULT OF DIRECT CARCINOGENIC
ACTION OF SODIUM HYDROXIDE,
CHRONIC EXPOSURE- DEPENDING ON THE CONCENTRATION, REPEATED INGESTION OF

ALKALINE SUBSTANCES MAY RESULT IN INFLAMMATORY AND ULCERATIVE EFFECTS ON
THE ORAL MUCOUS MEMBRANES AND OTHER EFFECTE AS WITH ACUTE INGESTION, .

FIRST AID- DILUTE THE ALKALTI BY GIVING WATER ‘OR MILK IMMEDIATELY AND ALLOV
VOMITING TO OCCUR, AVOID GASTRIC LAVAGE OR EMETICS. ESOPHAGOSCOPY I6 THE
ONLY WAY YO EXCLUDE THE POSSIBLITY OF CORROSION IN THE UPPER
GABTROINTESTINAL TRACT; IXF CORROSION X8 GSUSPECTED, ESOPHAGOSCOPY SHOULD
USUALLY BE PERFORMED WITMIN 2% HOURS (DREISBACH, HANDBOOK OF POXSONING,
12TH ED. 3. MAINTAIN AIRWAY AND TREAT BHOCK, IF VOMITING OCCURS., KEEP HEAD
BELOW HIPE TO HELP PREVENT ASPIRATION. GET MEDICAL ATTENTION IMMEDIATELY,

NTIDOTE:s
0 BPECIFIC ANTIDOTE. TREAT SYMPTOMATICALLY AND SUPPORTIVELY,

REACTIVITY
REACTIVITY,
REACTES EXOTHERMICALLY WITH WATER.
INCOMPATIBILITIES:

BODIUM HYDROXIDE:

ACETALDEHYDE: MAY RESULT IN VIOLENT POLYMERIZATION,

ACETIC ACID: MIXING IN CLOSED CONTAINER INCREASES TEMPERATURE AND PRESSURE,

DC§ZIC ANHYDRIDE: MIXING IN A CLOSED CONTAINER INCREASES TEMPERARTURE AND
ESSURE,

ACIDS: MAY REACT VIOLENTLY,

ACROLEIN: MAY RESULT IN AN EXTREMELY VIOLENT POLYMERIZATION,

ACRYLONITRILE: MAY CAUSE VIOLENT POLYMERIZATION,

ALLYL ALCTOHOL + BENZENE BULFONYL CHLORIDE: POSSIBLE EXPLOSION HAZARD,

ALLYL CHLORIDE: HYDROLYZES.

ALUMINUM: VIGOROUS REARCTION. -

ALUMINUM, ARSENIC TRIOXIDE., SODIUM ARSENATE: MAY GENERATE FLAMMABLE HWYDROGEN

CAS,

.MggNIﬂ AND SILVER NITRATE: PRECIPITATION OF EXPLOSIVE SIVLER NITRIDE MAY

CUR.

- AMMONIUM SALTS: MAY REACT VIOLENTLY EVOLVING AMMONIA GAS,

BENZENE-1,%-DIOL: EXOTHERMIC REARCTION,

N, N°«BISCTRINITROETHYL)UREA: FORMATION OF EXPLOSIVE COMPOUND,

BROMINE: POSSIBLE EXPLOSION XIF NOT BTIRRED CONTINOUSLY,

CHLORINE TRIFLUORIDE: MAY CAUSE VIOLENT REACTION,

CHLOROFORM AND WETHYL ALCOHOL: EXOTHERMIC REACTION.

CHLOROHYDRIN: MIXING IN A CLOSED CONTAINER CAUSES AN INCREASE IN TEMPERATURE
AND PRESSURE,

%=CHLORO~2-METHYLPHENOL: POSSIBLE IGNXITXION,

CHLORONITROTOLUENES: POSSIBLE EXPLOSION,

CHLOROPICRIN: MAY CAUSE VIOLENT REACTION, '

CHLOROSULFONIC ACID: MIXING IN A CLOSED CONTAXINER CAUSES AN INCREASE IN
TEMPERATURE AND PRESSURE,

CINNAMALDEMYDE: EXOTHERMIC REACTION,

COATINGS: MAY BE ATTACKED, -

CY;ggEE¥ AZIDE: MAY FORM SODIUM S-A2ZIDOTETRAZOLIDE, WHICH IS EXPLOSIVE IF

RTED.
2,2-DICHLORO-3, 3-DIMETHYLBUTANE: HAZARDOUS REACTION,

NPDES Permit Application Appendix D _ ng 1993
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PAGE: &

DATE 09/18/90 ACCT: 857366-03
INDE;: isso2601118 CAT NO: ES25ty PO NBR: 17831

2,2-DICHLORCETHYLENE: MAY FORM SPONTANEOUSLY FLAMMABLE MONOCHLOROGACETYLENE,

DIBORANE AND OCTANAL OXIME: EXOTHERMIC REACTION,

ETHYLENE CYANOHYDRIN: MIXING IN A CLOSED CONTAINER CAUSES AN INCREASE IN
TEMPERATURE AND PRESSURE.

FLAMMABLE LIGUIDS: FIRE AND EXPLOSION HAZARD,

GLYCOLSE: MAY CAUSE EXOTHERMIC DECOMPOSITION WITH EVOLUTION OF HYDROGEN GAS.

GLYOXAL: MIXING IN A CLOSED CONTAINER INCREASES TEMPERATURE AND PRESSURE,

HALOGENATED HYDROCARBONS: VIOLENT REACTION.,

HYDROCHLORIC ACID: MIXING IN A CLOSED CONTAINER CAUSES AN INCREASE IN
TEMPERATURE AND PRESSURE. -

HYDROFLUORIC ACID: MIXING IN A CLOSED CONTAINER CAUSES AN INCREASE IN
TEMPERATURE AND PRESSURE,

HYDROGUINONE: RAPID DECOMPOSITION OF HWYDROQUINONE WITH EVOLUTION OF HEAT,

LEAD: MAY BE ATTACKED; FLAMMABLE HYDROGEN GAS MAY BE LIBERATED,

LEATHER: MARY BE ATTACKED,

MALEIC ANHYDRIDE: EXPLOSIVE DECOMPOSXITION. .

METALE: CORRODES METALE, REACTING YO FORM FLAMMABLE HYDROGEN GAS.

SeMETHYL-2-NITROPHENOLs EXOTHERMIC REACTION,

NITRIC ACID: MIXING IN CLOSED CONTAINER INCREASES TEMPERATURE AND PRESSURE,

NITROBENZENE: POSSIEBLY EXPLOSIVE REACTION UPON HEATING IN PRESENCE OF
WATER,

NITROETHANE: FORMS AN EXPLOSIVE BALT,

NITROMETHANE: FORMS AN EXPLOSIVE SALT, ’

NITROPARAFFINS: THE NITROPARAFFINS, IN THE PRESENCE OF WATER, FORM DRY SALYS
WITH ORGANIC BASES, THE DRY SALYE ARE EXPLOSIVE,

NITROPROPANE: FORMS AN EXPLOSIVE BALT,

O-NITROTOLUENE: POSSIBLE EXPLOSION,

OLEUM: MIXING IN A CLOSED CONTAINER CAUSES AN INCREASE IN TEMPERATURE AND
PRESSURE,

ORGANIC PEROXIDES: INCOMPATIBLE, :

PENTOL (3-METHYL-2-PENTENE-%~YN-1-0L): POSSIBLE EXPLOSION,

PHOSPHORUS: MAY FORM MIXED PHOSPHINES WHICH MAY IGNXITE SPONTANEOUSLY IN AXR,

PHOSPHORUS PENTOXIDE: MAY REACT VIOLENTLY ‘WHEN MEATED. .

PLASTICS: MAY BE ATTACKED, )

B-PROPIOLACTONE: MIXING IN A CLOSED CONTAINER CAUSES AN INCREASE IN
TEMPERATURE AND PRESSURE,

PROPYLENE OXIDE: XIGNITION OR EXPLOSION MAY OCCUR,

RUBBER: MAY BE ATTACKED,

S8ODIUM TETRAHYDROBORATE: DRY MIXTURES WXITH SODIUM MHYDROXIDE CONTAXINING
15-%0% OF TETRAHYDROBORATE LIBERATE HYDROGEN EXPLOSIVELY AT 230-270 C,

SULFURIC ACID: MIXING IN A CLOSED CONTAINER CAUSES AN INCREASE IN TEMPERAURE
AND PRESSURE,

1,2,%,5-TETRACHLOROBENZENE: VIOLENT REACTION,

JETRACHLOROBENZENE + METHYL ALCOHOLs POSSIBLE EXPLOSION,

YETRACHLOROETHYLENE: POSSIBLE EXPLOSION, '

JETRAHYDROFURAN: SERIOUS EXPLOSIONS CAN OCCUR. .

TIN: EVOLUTION OF HYDROGEN GAS WHICH MAY FORM AN EXPLOCSIVE MIXTURE.

1:2,1-TRICHLOROETHANOL: EXPLOSION MAY OCCUR,

JRICHLOROETHYLENE: FORMATION OF EXPLOSIVE MIXTURES OF DICHLOROACETYLENE,

TRICHLORONITROMETHANE + METHANOL: MAY CAUSE VIOLENT REARCTION.

WOOL: MARY BE ATTACKED.

ZINC (DUST): FIRE AND EXPLOSION MAZARD.

ZIRCONIUM: MAY CAUSE EXPLOSIVE RERCTION UPON HEATING.

DECOMPOSITION:
THERMAL DECOMPOSITION MAY RELEASE TOXIC FUMES OF GODIUM OXIDE,

POLYMERIZATION:
HAZARDOUS POLYMERIZATION HAS NOT BEEN REPORTED TO OCCUR UNDER NORMAL
TEMPERATURES AND PRESSURES.

e e R L L L L Lk Xy I

ETORAGE AND DISPOSAL
OBSERVE ALL FEDERAL, STATE AND LOCAL REGULATIONS WHEN STORING OR DISPOSING
OF THIS SUBSTANCE, FOR ASSISTANCE, CONTACT THE DISTRICT DIRECTOR OF THE
ENVIRONMENTAL PROTECTION AGENCY, ’
XXSTORAGEXRX

STORE AWAY FROM INCOMPATIBLE SUBSTANCES.,

ZXDISPOSALEER
::g::g:L MUST BE IN ACCORDANCE WITH STANDARDS APPLICABLE TO GENERATORS OF
106 PUS WASTE, 40 CFR 262, EPA HAZARDOUS WASBTE NUMBER poo2,
OUND CERCLA SECTION 103 REPORTABLE QUANTITY,

lxxxxxxx:xtx:xxxxxxxxxxxxxx:xxxxxxxx:xxxxx:x:xxx::xxxxxxxxxxxxxxx::x:xlextzxx
CONDITIONS TO AVOID '

AVOID CONTACT WITH OR STORAGE WITH WATE
R. ACIDS, AND OTHER INCOMPATIEBILITIES.
FLAMMABLE, POISONOUS GASES MAY ACCUMULATE IN TANKS AND HOPPER CARS,

xxxxxxxxxt:sxxxxx:x::xx::xxxxlt:xx:xx:xxxxxxxxxx:xxxl:x:xx:xxt::xxxxxzxxaxlxxl
SPILL AND LEAK PROCEDURES

SOIL SsPILL,

NPDES Permit Application Appendix D ng 1993
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INDEX: 15302601118 CAT NO: EE25%% PO NBR: 17831

DIC HOLDING AREA SUCH AS LAGOON, PFOND OR PIT FOR CONTAINMENT,

USE BOIL. BAND BAGS, FOAMED POLYURETHANE, OR FOAMED CONCRETE TO DIKE SURFACE
FLOW, K

USE FLY ASH OR CEMENT POWDER TO ABSORE BULK LIGQUID,
USE VINEGAR OR OTHER DILUTE ACID TO NEUTRALIZE,

VATER SPILL: '
ADD BUITABLE AGENT TO NEUTRALIZE SPILLED MATERIAL TO PH-7.

OCCUPATIONAL SPILL:

DO NOT TOUCH SPILLED MATERIAL. STOP LEARK IF YOU CAN DO XT WITHOUT RISK, FOR
SMALL SPILLS, TAKE UP WITH SAND OR OTHER ABSORBENT MATERXAL AND PLACE INTO
CONTAINERS FOR LATER DISPOSAL. FOR EMALL DRY SPILLSE, WITH CLEAN SHOVEL PLACE
MATERIAL INTO CLEAN. DRY CONTAINER AND COVER. MOVE CONTAINERS FROM SPILL
AREA, FOR LARGER SPILLE, DIKE FAR AHEAD OF SPILL FOR LATER DISPOSAL, KEEP
UNNECEGSARY PEOCPLE AWAY. ISOLATE HAZARD AREA AND DENY ENTRY.

REPORTABLE QUANTITY (RG): 1800 POUNDS

THE SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT (SARA) SECTION 30% REQUIRES
THAT A RELEASE EQUAL TO OR GREATER THAN THE REPORTABLE QUANTITY FOR THIS
SUBSTANCE BE IMMEDIATELY REPORTED TO THE LOCAL EMERGENCY PLANNING COMMITTEE
AND THE STATE EMERGENCY RESPONSE COMMIESION C*0 CFR 355.4%0), XIF THE RELEASE OF
THIS BUBSTANCE IS REPORTABLE UNDER CERCLA SECTION 103, THE NATIONAL RESPONSE
CENTER MUST BE NOTIFIED IMMEDIATELY AT (800> %2%-8802 OR (202) %26-2675 IN THE
METROPOLITAN WASHINGTON, D.C. AREA (%0 CFR 302, 6).

o--------.-.----.---.---.----.----------------—----.--.--.---.-----o-----..--.

PROTECTIVE EQUIPMENT

VENTILATION:
PROVIDE LOCAL EXHAUST OR PROCESS ENCLOSURE VENTILATION TO MEET PUBLISHED
EXPOSURE LIMITS,

RESPIRATOR: -

THE FOLLOWING RESPIRATORS AND MAXIMUM USE CONCENTRATIONS ARE RECOMMENDATIONS
BY THE U, &, DEPARTMENT OF HEALTH AND HUMAN SERVICES., NIOSH POCKET GUIDE TO
CHEMICAL HAZARDS; NIOSH CRITERIA DOCUMENTS OR BY THE U.S&. DEPARTMENT OF
LABOR, 29 CFR 1910 SUBPART 2, N

THE SPECIFIC RESPIRATOR SELECTED MUST BE BASED ON CONTAMINATION LEVELE FOUND
IN THE WORK PLACE, MUST NOT EXCEED THE WORKING LIMITS OF THE RESPIRATOR AND
BE JOINTLY APPROVED BY THE NATIONAL INSTITUTE FOR OCCUPATIONAL BAFETY AND
HEALTH AND THE MINE BAFETY AND HEALTH ADMINISTRATION (NIOSH-MSHA),

SODIUM HYDROXIODE:

50 MG/M3- ANY POWERED AIR-PURIFYING RESPIRATOR WITH A DUST AND MIST FILTER.,
ANY SUPPLIED-AIR RESPIRATOR OPERATED IN A CONTINUOUS FLOW MODE.

100 MG/M3- ANY EELF-CONTAINED BREATHING APPARATUS WITH A FULL FACEPXECE,
ANY GUPPLIED-RIR RESPIRATOR WITH A FULL FACEPIECE,
ANY AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH
EFFICIENCY PARTICULATE FILTER.

250 MG/M3- ANY BUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE AND OPERATED IN
A PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE,

ESCAPE- ANY AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A MHIGH
EFFICIENCY PARTICULATE FILTER.
ANY APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS.

FOR FIREFIGHTING AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR MEALTH CONDXTIONS:

SELF-CONTAINED BREATHING APPARATUS WITH FULL FACEPIECE OPERATED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE,

SUPPLIED-ATIR RESPIRATOR WITH FULL FACEPIECE AND OPERATED IN PRESSURE-DEMAND
OR OTHER POSITIVE PRESSURE MODE IN COMBINATION WITH AN AUXILIARY
SELF-CONTAINED BREATHING APPARATUS OPERATED IN PRESSURE-DEMAND OR OTHER
POSITIVE PRESSURE MODE,

CLOTHING:
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE (IMPERVIOUS) CLOTHING AND EQUIPMENT
TO PREVENT ANY POSSIBILITY OF SKIN CONTACT WITH THIS SUBSTANCE,

GLOVES:
Eszggveg MUST WEAR APPROPRIATE PROTECTIVE GLOVES TO PREVENT CONTACT WITH THIS
ANCE,

EYE PROTECTION: . .
EMPLOYEE MUST WEAR SPLASH-PROOF OR DUST-RESISTANT BAFETY GOCGLES AND A
FACESHIELD TO PREVENT CONTACT WITH THIS SUBSTANCE.

TEMERGENCY waSH FACILITIES:
PHERE THERE IS ANY FOSSIBILITY THAT AN EMPLOYEE®S EYES AND/OR EKIN MaY BE

EXPOSED TO THIS SUBSTANCE, THE EMPLOYER SHOULD PROVIDE AN EYE WASH FOUNTAIN
AND QUICK DRENCH EHOWER WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE,
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AUTHORIZED - FISHER SCIENTIFIC GROUP, IN
CREATION DATE: 087/219/8S REVISION DﬂTEt 05/703/980

=ADDITIONAL INFORMATION-
THE XNFORMATION BELOW X& BELIEVED TO BE ACCURATE AND REPRESENTS THE BEST
INFORMATION CURRENTLY AVAILABLE TO US, HOWEVER, WE MAKE NO WARRANTY OF
MERCHANTABILITY OR ANY OTHER WARRANTY, EXPRESS OR XMPLIED. WITH RESPECT TO
SUCH INFORMATION, AND WVE ASSUME NO LIABILITY RESULTING FROM ITS USE. USERS
SHOULD MAKE THEIR OWN INVESTIGATIONS TO DETERMINE THE SUITABILXITY OF HE
INFORMATION FOR THEIR PARTICULAR PURPOSES.
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HELUM THIOSULFATERX
%.SODIUM THICSULFATERSR
ZETSODIUM THIOSULFATERX

MATERIAL SAFETY DATA SHEET

EMERGENCY CONTACTS: y
GASTON L., PILLORI: (201) 796-7100

38N NI 10N IIWaHY

FISHER BSCIENTIFIC

CHEMICAL DIVISION
1 REAGENT LANE AFTER BUSINESS HOURS; HOLIDPAYE:
FAIR LAWN NJ O7v10 CR201) 796-7S23

CHEMTREC ASSISTANCE: (800) ¥2%-5300

€201) 796-7100

THE INFORMATION BELOW IS BELIEVED TO BE ACCURATE AND REPRESENTS THE BEST

INFORMATION CURRENTLY AVAILABLE TO US, HOWEVER, WE MAKE NO WARRANTY OF

MERCHANTABILITY OR ANY OTHER WARRANTY., EXPRESS OR IMPLIED, WITH RESPECY TO
AND WE ASSUME NO LIABILITY RESULTING FROM ITE USE. USERE

SUCH INFORMATION,
SHOULD MAKE THEIR OWN INVESTIGATIONS TO DETERMINE THE SUITABILITY OF THE
INFORMATION FOR THEIR PARTICULAR PURPOSES.

PR T T TR R SRR L L DR L L R T R LA L L L Al bl bl S

SUBSTANCE IDENTIFICATION

m.

i - CAG-NUMBER T772-38-7
SUBSTANCE: EX30DIUM THICGULFATEXZ

TRADE NAMES/SYNONYMS: N
THIOSULFURIC ACID (H25203), DISODIUM SALT; THIOSULFURIC ACID, DISODIUM-SALT;
DISODIUM THIOSULFATE; SODIUM HYPOSULFITE; SODIPM THIOSULFATE ANHYDROUS,
BODIUM THIOSULPHATE; DISODIUM THIOSULPHATE; SODIUM THIOSULFATE (NA26203);
S0DIUM OXIDE SULFIDE; SODIUM OXIDE SULFIDE C(NA26203); HYPO, SODOTHIOL,
CHLORINE CONTROL; S6-HYDRIL; CHLORINE CURE; DECHLOR-IT; 6-%%6; NA2E203;

aAcC21710

CHEMICAL FAMILY:
INORGANIC SALT

MOLECULAR FORMULA: MA2.62-03

MOLECULAR WEIGHT: 158,11
~-RATINGE (BCALE 0-3): HEALTH=1 FIRE=0 REACTIVITYzD PERGISTENCE:D
ATYINGE (SCALE 0-%): HEALTH=1 FIREzQ0 REACTIVITV:=O

PR e e T R X R I R R R Y R R L I R L DL L L L L A L Ll L

COMPONENTSE AND CONTAMINANTS

COMPONENT: SODIUM THIOSULFATE PERCENT: 100
CABs T7778-98-7

OTHER CONTAMINANTS: NONE

EXPOSURE LIMITS:
NO OCCUPATIONAL EXPOSURE LIMITS EST.BLISHED BY OSHA, ACGCIH, OR NIOSGH.

[P e e X TR P LY P T RS L L L R R R R R L R L L L L L L A ]

PHYSICAL DATA
DESCRIPTION: ODORLESS, COLORLESS. MONOCLINIC CRYSTALE OR HYGROSCOFPIC POWDER.

MELTING POINT: NOT AVAILABLE SPECIFIC GRAVITY: 1, 667
o/

P ‘:S-I.O IN SOLUTION SOLUBILITY IN WATER: S0%
SOLVENT GOLUBILITY: INSOLUBLE IN ALCOHOL. .

FIRE AND EXPLOSION DATAR

FIRE AND EXPLOSION HAZARD:
NEGLIGIBLE FIRE HAZARD WHEN EXPOSED TO HEAT OR FLAME,

FIREFIGHTING MEODIA:
DRY CHEMICAL, CARBON DIOXIDE, HALON., WATER BPRAY OR STANDARD FOAM

(1987 EMERGENCY RESPONSE GUIDEBOOK, DOT £ S800, %).

FOR LARGER FIRES, USE WATER SPRAY, FOG OR STANDARD FOAM:
C1387 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5800, %),

FIREFIGHTING:
WO ACUTE HAZARD. MOVE CONTAINER FROK TIRE AREA IF POSSIBLE. AVOID BREATHING
~ OR DUSTS; KEEP UPWIND,

PRz Y R PR RS R R R R R R L L L L E L RS L A L R L L R L A L A X L A X X 2

TOXICITY

EODIUM THIOSULFATE:
ANHYDROUS: % GM/KGC SUBCUTANEOUS-RABEBIT LDLO; 6 GM/KG SBUBCUTANEOUS-FROG LOLO,
PENTAHYDRATE: 300 MG/KG/7 DAYS ORAL-HUMAN TDLO; S600 MG/KG

NPDES Permit Application Appendix D
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2350 MG/KG INTRAVENOUS-MOUSE LDSdg 2000 MG/KG

I PAGE: 2

Q‘I’RﬁVENcusébogugbLSbNE
ARCINOGEN S&TA < 0. 1% .
SODIUM THIOCSULFATE MAY BE IRRITATING, THE TOXITITY HAS NOT BEEN FULLY

IVthabEaxtou:uL-nouss LOSD;
EHARACTERIZED, . P

l""°--’- HEALTH EFFECTS AND FIRST AID
NHALATION:
SODIUM PENTAHYDRATE:

QCUTE EXPOSURE- NG DATA AVAILABLE, .

CHRONIC EXPOSURE- NO DATA AVAILABLE.

IRST AID- REMOVE FROM EXP.OSURE AREA TO FRESH AIR IMMEDIATELY. IF BREATHING
HRS ETOPPED, PERFORM ARTIFICIAL RESPIRATION, KEZSP PERSON WARM AND AT REST,
TREAT SYMPTOMATICALLY AND SUPPORTIVELY. GET MEDICAL ATTENTION IMMEODIATELY.

IKIN CONTACT:

S0DIUM THIOSULFATE:
ACUTE EXPOSURE- MAY BE IRRITATING. .
CHRONIC EXPOSURE- NO DATA AVAILABLE,

IRST AXD- REMCVE CONT@.KIN&TED CLOTHING AND EHOES IMMEDIATELY. WASH AFFECTED
AREA WITH SOAP OR MILD DETERGENT AND LARGE AMOUNTSE OF WATER UNTIL NO
EVIDEKNCE OF CHEMICAL REMAINS (APPROXIMATELYV 15-20 MINUTES). GET MEDICAL

ATTENTION IMMEDIATELY,

YE CONTACT:

ODIUM THIOSULFATE:

ACUTE EXPOSURE- MAY BE IRRITATING,
CHRONIC EXPOSURE- NO DATA AVAILABLE.

IRET AID- WASK EYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER OR NORMAL SALINE.
OCCASIONALLY LIFTING UPPER AND LOWER -LIDG. UNTIL NO EVIDENCE OF CHEMICAL
REMAINS (APPROXIMATELY 15-20 MINUTES). GET MEDICAL ATTENTION IMMEDIATELY.

INGESTION:

ODIUM THIOSULFATE: . :
ACUTE EXPOSURE- S00IUM THIOSULFATE IS POORLY ABSORBED FROM THE BOWEL AND

ACTE AS AN OSMOTIC CATHARTIC, INGESTION OF LARGE AMOUNTS MAY CAUSE
DIARRHEA. THE PROBABLE LETHAL DOSE FOR HUMANE IS& O. 55,0 GM/KG,

CHRONIC EXPOSURE- HUMAN EXPOBURE TO 3066 MG/KG OF THE PENTAHYDRATE, FOR SEVEN
DAYSES, RESULTED IN CYANOSIS., SODIUM THIOSULFITE X6 PERMITYED A & FOOD
ADDITIVE. POSSIBLE. HUMAN EXPOSURE EXIETE. OUE YO MIGRATION TO FOOD FROM
PACKAGING MATERIALS. ©

RET AXD- TREAT EYMPTOMATICALLY AND SUPPORTIVELY, GETV MEDICAL ATTENTION
zg:&g!:;ELY. IF VOMITING OCCURS, KEEP HEAD LOWER THAN HIPE TO PREVENT
l [} ON,

NTIDOTE: . :
O SPECIFIC ANTIDOTE. TREAT SYMPTOMATICALLY AND SUPFORTIVELY.

l REACTIVITY

EACTIVITY:
TABLE UNDER NORMAL TEMPERATURES AND PRESSURES.

SODIUM THIOSULFATE:
ACIDS: REACTS RELERSING SULFUR DIOXIOE,
CHLORINE (SOLUTICONS): FORMS SODIUM HYDROSULFATE,
HALOGENS: REACTS.
JIODINE: INCOMPATISBLE,

I LEAD SALTS: INCOMPATIBLE,

iNCOMP ATIBILITIES:

MERCURY BALTE: INCOMPATIEBLE, .

METAL NITRATES: MAY FORM EXFLCSIVE' MIXTURES.
OXIDANTS: REACTS, o

POTASEIUM NITRATE: MIXTURE IS EXPLOSIVE ON HERTING.
SILYER GALTSE: XNCOMPATIBLE.

SODIUM NITRATE: MIXTURE IS EXPLOSIVE ON HEATING.
SODIUM MITRITE: WMAY EXPLODE VIOLENTLY ON KHEAY DRYING.

DECOMPOSITION: .
THERMAL DECOMPOSITION WAY RELEASE TOXIC OXIDES OF SULFUR AND TOXIC S8ODIUM

XIDE.

OLYMERIZATION: ’ :
MA2ZARDOUS POLYMERIZATION HAS NOT BEEN REPORTED YO OCCUR UNDER NORMWAL -
TEMPERATURES AND PRESSURES,

STORAGE AND DISPOSAL
OBSERVE ALL FEDERAL, STATE AND LOCAL REGULATIONS WHEN STORING OR DISPOSING

EF THIS GUBSTANCE. FOR ASSISTANCE. CONTACT THE DISTRICT DIRECTOR OF THE
MNYIRONMENTAL PROTECTION AGENCY.
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XXSTORAGEXX

STORE AWAY FROM INCOMPATIBLE SUESTANCéS.

[ £33 2322322203322 ¢2¢2 32333332333 3333333333333 0332323 123233232332 323223322 2222232
CONDITIONS TO AVOID

NONE REPORTED.

lltltll!!!llltlllx!lllllllllllll!l!l!ll!8li!l'lllllllllt!:888388!8!!!!!!!8:88!
EPILL AND LEAK PROCEDURES

OCCUPATIONAL SPILL:
SWEEP UP AND PLACE IN SUITABLE CLEAN, DRY CONTAINERE FOR RECLRM“TION "OR L.YER‘

DISPOSAL., DO NOT FLUSH WITH WATER. KEEP UNNECESSARY PEQPLE AVAY,

L L R L LT -—----------.---------o-----—-------.~-'--".--.---

PROTECTIVE EQUIPMENT

VENTILATION:
PROVIDE, GENEE‘L OILUTION VENTILATION.

RESPIRATOR: -
THE FOLLOWING RESPIRATORS ARE RECOMMENDED BASED ON INFORMATION FOUND IN THE

PHYSICAL DATA, TOXICITY AND HEALTH EFFECTE GECTIONS. THEY ARE RANKED IN
ORDER FROM MINIMUM TO MAXIMUM RESPIRATORY PROTECTION.,

THE BPECIFIC RESPIRATOR SELECTED MUST BE BASED ON CONTAMINATION LEVELS FOUND
IN THE WORK PLACE., MUST NOT EXCEED THE WORKINGC LIMITE OF THE RESPIRATOR RND
BE JOINTLY APPROVED BY THE NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND -
HEALTH AND THE MINE SAFETY AND HEALTH ADMINIGYRATION (NIOSH-MSHAD.

DUST AND MISET RESPIRATOR WITH A& FULL FlOEPIECE

.IR-PUNIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY PARTICULATE
FILY

POVERED GIR-PURIFYING RESPIRATOR WITH A TIGHT=-FITTING FACEPIECE AND
({XGH-EFFICIENCY PARTICULATE FILTER.

1PE °C° SUPPLIED-AYR RESPIRATOR WITH A FULL' FCOEPIECE OPERATED IN
"REBSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE OR WITH A FULL .FACEPIECE. -

HELMET OR HOOD OPERATED IN CONTINUOUS-FLOW MODE,

BELF-CONTAINED BREATHING AFPPARATUS WITH A FULL FGGEPXECEVOPEleED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE.

FOR FIREFIGHTING AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR HEALTH CONDITIONS::

BELF-CONTAINED BREATHING APPARATUS WITH FULL FACE®ZITE OPERAYED . IN.
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE.

SUPPLIED-AIR RESFIRRTOR WITH FULL FACEPIECE AND OPERATED IN PRESSURE-DEMAND
OR OTHER POSITIVE PRESSURE MODE IN COMBINATION WITH AN AUXILIARY
GELF-CONTAINED BREATHING APPARATUS OPERATED IN PRESSURE-DEMAND OR. OTHER .

POSITIVE PRESSURE MODE. &

CLOTHING: .
EMPLOYEE MUST WERR AFPROPRIATE PROTECTIVE (IMPERVIOUS) CLOTHING AND EQUIPMENT

TO PREYENT REPERTED OR PROLONGED SKIN CONTACT WITH THIE SUBSTANCE.,

GLOVES: ‘
EMPLOYEE WMUST WEAR APPROPRIATE PROTECTIVE GLOVES TO PREVENT CONTACT WITH THIE

BUBSTANCE.

EYE PROTECTION: .
EMPLOYEE MUST WEAR EPLASH-PROOF OR DUST-RESISTANT SAFETY GOGGLES TO PREVENT

EYE CONTACT WITH THIE SUBSTANCE.

EMERGENCY EYE WASH: WHERE THERE IS ANY POSSIBILITY THAT aN EMPLOYEE" S EYES
BE EXPOSED TO THIS SUBSTANCE, THE EMPLOYER BHOULD PROVIDE AN EYE WASH
FOUNTARIN WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE,

AUTHORIZED - FISHER SCIENTIFIC GROUP, INC e
CREATION DATE: 0%/18/86 REVISION oafe. Yosgises

~ADDITIORAL INFORMATION-
THE INFORMATION BELOW Y& BELIEVED TO BE ACCURATE AND REPRESENTS THE BEST
INFORMATION CURRENTLY AVAILABLE TO US, HOWEVER, WE MAKE NO WARRANTY OF
:ngHANT&BILITY OR ANY OTHER WARRANTY, EXPRESS OR IMPLIED, WITH RESPECT TO
INFORMATION, AND WE ASSUME NO LIABILITY RESULTING FROMITS USE. USERS
- MAKE THEIR OWN INVESTIGATIONS TO DETERMINE THE SUITAEBILITY OF THE

CRMATION FOR THEIR PARTICULAR PURPOSES.
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