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I . Introduction 

A. Purpose of this Manual 

The purpose of this manual is to assist applicants, 

States, and EPA Regions in developing section 301(g) variance 

requests and reviewing completed section 301(g) requests. This 

manual outlines the roles for each of the parties involved in 

the variance process and identifies techniques and methods of 

use in the section 301(g) process. If any of the methodologies 

or conditions recommended in this manual seem inappropriate to 

an applicant’s situation, the applicant may use alternative 

methods but must first get approval from EPA (the Director of 

OWRS and Regional Administrator have separate responsibilities) 

during the early consultation suggested in the regulations addressing 

40 CFR Part 125, Subpart F.* 

B. Statutory Background 

The Clean Water Act requires achievement of best available 

technology economically achievable (BAT) effluent limitations 

for all nonconventional pollutants by July 1, 1984 or not more 

than three years after EPA establishes the limitations, up to 

July 1, 1987, whichever is later. Section 301(b)(2)(F). 

Section 301(g) of the Clean Water Act (P.L. 95-217) establishes 

a mechanism whereby a discharger may obtain a modification of the 

requirements of section 301(b)(2)(F). The discharger can be 

granted a section 301(g) variance by showing that the modified 

requirements will meet certain environmental criteria. These 

* The regulation referred to is the proposed regulation which 
appeared at 49 FR 31462, (8-7-84). If changes are made when 
the regulation is promulgated, this manual will be modified 
accordingly. 
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criteria were specified in the 1977 amendments to the Clean hater 

Act: 

• the variance is not available for pollutants designated 

as toxic, conventional, or as a thermal component of a 

discharge. 

• the new limitation will not be less than required by 

best practicable control technology currently available (BPT). 

• the new limitation will comply with applicable water 

quality standards specific to the nonconventional pollutant. 

• the modification will not result in any additional requirements 

on any other point or nonpoint source. 

• the modification will not interfere with water quality 

which assures protection of public drinking water supplies 

and the protection and propagation of a balanced population 

of fish, shellfish, and wildlife, and allows recreational 

activities in and on the water. 

• the modification will not result in a discharge of pollutants 

in quantities which may reasonably be anticipated to pose an 

unacceptable risk to human health or the environment due to 

acute toxicity, chronic toxicity (including carcinogenicity, 

mutagenicity or teratogenicity) , bioaccumulation, persistency, 

or synergistic propensities. 

The legislative history of the 1977 Amendments to section 

301 Of the Clean Water Act (CWA) makes it clear that Congress 

intended relief from promulgated BAT effluent limitations guide- 
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lines where warranted. Congress determined that it was possible 

that the BAT requirements might result in the application of 

excessive controls to certain kinds of pollutants. Where sufficient 

information could be generated on these pollutants to make a 

judgment concerning their effects on receiving water, appropriate 

relief from unnecessarily stringent limitations should be provided. 

Congress envisioned that the Administrator would develop a pollutant- 

specific waiver without affecting necessary BAT limitations on 

the remainder of the pollutants in the discharge. The enactment 

of section 301(g) was the result of an effort to eliminate "treatment 

for treatment's sake" for nonconventional pollutants. 

The legislative history also contains Congress's recoqnition 

of the delays encountered with section 316(a) thermal variances 

and its expectation that the section 301(g) process be as expodi- 

tiaus as possible. 

C. Summary of Section 301(c$-Variance Process -- ---^ .-_ ___--- -.---a---- -- --- 

To make the variance process as efficient and expeditious 

as possible, EPA recommends relying primarily upon State water 

quality standards or EPA section 304(a) water quality criteria, 

together with the methodologies for developing the criteria. 

At a minimum, the proposed modified effluent limitation (PMEL) 

must meet applicable State water quality standards. In those 

cases where State standards do not individually address a 

nonconventional pollutant, EPA recommends that a specific 

criterion number be identified or developed for the pollutant or 

pollutant parameter in question and that number be met at the 
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edge of the State mixing zone. (See Figure 11 

To avoid lengthy studies (i.e., site-specific environmental 

impact assessments which require extensive resources and time), 

EPA recommends use of section 304(a) water quality criteria 

unless relevant criteria do not exist or the EPA Director 

of the Office of Water Regulations and Standards consents to the 

development of other criteria, notwithstanding the existence of 

relevant 304(a) criteria. Therefore, the criteria or applicable 

water quality standards should be the usual basis of 301(g) 

variance determinations. Essentially the variance hinges on 

the applicant’s ability to meet State standards or EPA (or other 

site-specific) water quality criteria for nonconventional pollutants, 

at the edge of an autilorized mixing zone. Compl iance with water 

qua1 i ty standards or criteria at the edge of the mixing zone 

would provide EPA WI t:! a stron:] basis for concluding that aquatic 

life and human health will be protected from acute and chronic 

toxicity. Additionally, however, all other statutory factors 

will have to be addressed on a case-by-case basis such as synergism, 

persistency, etc. 

Steps to Gaining a Variance -m--b- - 1-u-a 

The following is a summary of the steps required to gain 

a section 301(g) variance, These steps are discussed in more 

detail in section II. 

1. Identify pollutant as nonconventional. 
2. Ensure compliance with BPT or BPJ/BPT. 
3. Demonstrate no impact on other point and nonpoint sources. 
4. Ensure compliance with applicable State water quality 

standards, or EPA water quality criteria at edge of State 
mixing zone if there is no State standard. 

5. Demonstrate no impact on water supplies. 
6. Demonstrate no impact on recreational activities. 



PMEL + Ii/MING ZONE DILUTICM i’;.d;-i’ BE ISTATE 
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7. Ensure no impact on human health. 
8. Demonstrate no synergism/persistency causing adverse impact. 

D. Applicant Responsibilities ..---.--------_-_-----_--_- 

The primary responsibility of the applicant is to file a 

completed request which adequately addresses each of the statutory 

factors. The applicant will be responsible for conducting all 

tests and making all demonstrations of compliance with the section 

301 (q) requirements. The burden of proof is on the applicant. 

The applicant should work as closely as possible with the 

State and Regional perm.itting authority in order to determine an 

acceptable plan for developing a completed request. The apy;l icant 

is encouraged to conduct an early consultation with the State 

and Region to outline the studies and data that will be contains,! 

in its complete? request. This will help to avoid denial of an 

appiication based on incompleteness or misinterpretation of the 

section 301(g) requirements. 

Appendix G is a 301(q) checklist which is designed to help 

the applicant file an adequate, completed request. The check1 ist 

includes all the topics and informational needs which must be 

addressed by an applicant in order to be considered for a section 

301 (g 1 variance. Failure to address these topics adequately 

will most likely lead to a denial. 

E. State Role --- 

A number of aspects will involve the State where the variance 

request originates. They are: 

0 State concurrence required. 
0 State water quality standards must be met. 
0 State mixing zones must he used. 



-6- 

0 State Agency responsible for wasteload allocations (other 
point sources) must make determination about impact of PMEL 
on other sources. 

Section 301(q) authorizes the EPA Administrator to approve 

section 301(g) variance requests. The Administrator has delegated 

the final approval authority to the Director of the Office of Water 

Enforcement and Permits, formerly referred to as the Deputy 

Assistant Administrator; see 40 CFR 124.62(d). A strong State 

role in the section 301(g) variance process is nonetheless assured 

because the statute requires that no modified effluent limitation 

may be granted unless the State concurs. If a State waives its 

right to approve or deny the variance, the request wi 

40 CFR 124.62 specifies the way in which the State is 

in a section 30!(g) determination. 

11 be den ied. 

involved 

The State Director of an NPDES-approved State may deny or 

forward to the Regional Administrator with a written concurrence, 

or submit to the EPA Regional Administrator without recommendatio?, 

a completed request for A section 301(g) variance (40 CFR 124.62(b)). 

In non-NPDES States, the State Director may provide certification 

of a permit containing a section 301(s) variance and such certi- 

fication of the permit shall constitute the State’s concurrence 

in the variance. Thus, States may exercise a veto over a proposed 

modified effluent limitation. 

Applicants must meet relevant State water quality standards. 

If a mixing zone or zone of initial dilution (in marine waters) 

is defined in the State water quality standards, it will be used 

in the section 301(g) analysis when comparing concentrations of 

the discharged nonconventional pollutant to the water quality 

standard or water quality criteria, (whichever is more appropriate). 



State’s mixing zone (defined 

1 be used to review water qua 

The by its water quality standards) 

wil lity effects even when an independent 

criterion number, not a State water quality standard, is used to 

define acceptable concentrations of the nonconventional pollutants. 

If the State has no mixing zone, the State should work with the 

applicant to derive a site-specific mixing zone for section 

301(q) purposes, unless the State prohibits a mixing zone. In 

that case the proposed modified effluent limitation must be met 

at the point of discharge (end of pipe). 
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In addition to the ahoyle responsibilities, the section 

301(q) regulation requirlds a State to determine whether the 

applicant’s modicie:I effluent will result in any additional 

requirements on otilpr point or nonpoint sources. The State must 

determine whether there are any wasteload allocation/tots! maxi-ur: 

daily ioad requirements for the nonconventional pollutant in the 

area of the discharge and whether the applicant’s discharge will 

prevent compliance with these requirements. 

F. EPA Reqional Role ..-- - - -.-.-- - --- 

Section 301(q) requires the Regional Administrator to (leny 

or approve each 301(g) variance request which is forwarded to the 

Region by the State. Approved requests will be forwarded to EPA 

Headquarters for final approval or denial. The Regional Administrator 

will also be responsible for approving or denying the use of 

substitute (local) test species in site-specific criteria development. 

It is recommended that the Regional Administrator consult the 

State permitting authority before making a decision on a species 

substitution. It is anticipated that Region and State represen- 

tatives will work closely together on making a section 301(q) 
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variance decision. 

G. Early Consultation --~-----.----^--_---- 

EPA recommends that al 1 applicants hold an early consultation 

with Federal and State permitting authorities. The applicant can 

discuss the tentative plan for developing the contents of its 

completed request either in person, by phone, or correspondence. 

The early consultation will allow EPA, the State and the applicant 

to determine what is required to prepare a section 301(g) complete!7 

request. The early consultation should help the applicant avoid 

unnecessary or inadequate testing and could lead to a redirection 

of the applicant's proposed study. 

During the early consultation, the applicant should discuss a 

plan of study describing the proposed modified effluent limitation, 

a general description of the data, studies, experiments and other 

information to be submitted, including any other data and informatio? 

necessary to assist the Regional Administrator and State Director 

in determining whether the applicant's plan of study is adequate. 

Early consultation is particularly recommended if: (1) the 

proposed modified effluent limitation is for a pollutant or pollutant 

parameter for which the State has not adopted a numerical standard 

and the applicant does not plan to use a published EPA numerical 

criterion or none is available; (2) the proposed modif ied effluent 

limitation is for a pollutant or pollutant parameter which is 

suspected of being a carcinoqen (Applicants may determine whether 

the nonconventional pollutant has been evaluated by the Carcinogen 

Assessment Group (CAG) of EPA, and whether it is suspected of 
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being a carcinogen, by calling CAG at (202) 382-7315); (3) the 

applicant has reason to believe that the pollutant or pollutant 

parameter for which the variance is requested will contribute to 

synergistic or additive effects in the effluent or receiving 

water: and/or, (4) the applicant plans to request an extension 

for filing a completed request as provided in 40 CFR 122.21(n)(2). 

II. Determining Factors in a Section 301(g) Variance 

The following paragraphs discuss the factors that need to 

be addressed in order to be considered for a section 301(g) 

variance. Many of the sections provide EPA recommendations 

on how they should be addressed: however, an applicant may present 

its own methods and suggestions to the EPA Region and Headquarters. 

If an applicant believes there is a better way of addressing 

an issue under section 301(g), the applicant should discuss the 

option with EPA during the early consultation period before 

proceeding. Section 125.53(b) discusses the recommended time 

periods when early consultations should be held. 

A. Pollutant Check 

The first step an applicant must take is to identify the 

nonconventional pollutant for which a variance is sought 

(See Figure II). Toxic pollutants found on the section 307(a) 

list of toxic pollutants and conventional pollutants listed 

under section 304(a)(4) are ineligible for a variance under 

section 301(g). See Appendix A or 40 CFR 401.15 and 401.16. 

However, delisted pollutants, those pollutants removed from the 

307(a) list of toxic pollutants through EPA administrative 

action, are eligible for section 301(g) variances. (Official 

delistings will be publicly noticed in the Federal Register.) 



Figure II 

301 (g) DECISION LOGIC 



Pollutant parameters such as COD, surfactants, TOC, total 

etc. are also eligible for a section 301(g) variance phenols, as 

long as none of the constituents is found on the toxic or conven- 

tional pollutant lists (or if found on these lists, the pollutants 

must be properly limited by BAT or BCT). Analytical methods 

such as GC/MS are suggested to validate that no toxic pollutants 

make up the pollutant parameter. 
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B. Compliance with BPT Limitations 

The owner/operator of a point source must demonstrate that 

the proposed modified effluent limitation (PMEL) will, at a 

minimum, be as stringent as BPT for the nonconventional pollutant 

in question. If an applicant requests a variance from a BAT 

guideline when there is no BPT guideline for that specific 

industrial subcategory, the permitting authority must determine 

a BPT/BPJ (best Professional judgment) limit for that pollutant 

which will serve as a minimum requirement. 

C. Compliance with State Water Quality Standards 

At a minimum, the PMEL must meet the State water quality 

standard for the nonconventional pollutant. If an applicant 

does not know the State water quality standard which controls 

its nonconventional pollutant, it should contact its State 

permitting or water quality authority. EPA recommends that a 

section 301(g) applicant determine impact on aquatic life and 

human health by first reviewing water quality standards which 

address these concerns (i.e., fishable/swimmable, drinking water 

standards). If the State water quality standards for a nonconven- 

tional pollutant address aquatic life and human health concerns, 
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the applicant can determine whether the PMEL would violate those 

standards by measuring the nonconventional pollutant concentration 

at the edge of the mixing zone. A violation would mean an immediate 

denial of the variance. 

D. Other Point and Nonpoint Sources 

The owner/operator of a point source must demonstrate that 

the modified effluent limitation will not result in any additional 

requirements on any other point and nonpoint sources. 

The section 301(g) regulation requires that a section 301(g) 

applicant obtain a determination from the State or other inter- 

state agency(s) having authority to establish wasteload allocations 

(WLAs) and total maximum daily loads (TMDLs) indicating whether 

the applicant’s discharge will result in any additional treatment, 

pollution control, or other requirements on any other point or 

nonpoint sources. The applicant should contact the State water 

quality or permitting authority and ask them to provide a written 

determination. The determination should be attached to the variance 

request if it is forwarded to the EPA Regional Office and/or EPA 

Headquarters. The State determination must include a rationale 

for its conclusion. 

If wasteload allocations have not been established in the 

locale of the section 301(g) variance applicant, EPA recommends 

that the applicant identify other point sources in the vicinity 

of the modified effluent limitation and determine whether the 

increased nonconventional pollutant load expected in the receiving 

stream if a variance is granted would affect any other source’s 
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treatment requirements. The applicant may accomplish this by 

conferring with the State permitting agency or with the point 

sources most likely to be affected. If the modified effluent 

limitation under section 301(g) resulted in additional requirements 

on these dischargers, the 301(g) variance would be denied. Failure 

to show evidence of no effect on other point sources will result 

in a denial of the variance. 

With regard to receiving waters where WLAs and TMDLs are 

absent, the section 301(g) regulation requires that once a 

section 301(g) variance has !wen granted, the State must 

establish numerical water quality standards for the nonconventional 

pollutant an,3 WLAs an,! TMDLs for the section 301(q) source and 

the other dischargers in the vicinity. This must be done within 

the 5 year Fermi t term for the section 301(g) permittee and 

before the permit containing tile section 301(q) variance is 

reissued. The rationale for this requirement is that many of 

the factors considered in a section 301(g) review are also considered 

in the development of water quality standards (under section 303(c) 

of the Clean Water Act). Accordingly, it follows that the resultincl 

data from a section 301(g) variance should be applied to the 

development of site-specific water quality standards and wasteload 

allocations and total maximum daily loads. Since States must by 

law review their water quality standards every 3 years, this require- 

ment should not impose any undue extra administrative burden on them. 

EPA has a number of draft documents which may assist a State in 

developing WLAs and TMDLs. They are listed in Appendix H. 

E. Maintenance of Water Quality --_-_-- We _--- -- - ---.- 

Section 301(g) requires an applicant to assure protection 
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of water quality which will protect the following: 

1. Public water supply 
2. Recreational Activities 
3. Balanced Population of Shellfish, Fish, Wildlife 
4. Human Health Considerations 

1. Public Water Supply _--_--_-_-__- _____^_ 

The applicant must demonstrate that the modified effluent 

limitation will not adversely affect any public water supplies 

that are in the vicinity of the point of discharge. The modif ied 

effluent limitation must not prevent a planned or existing public 

water supply from being used, or from continuing to be used, as 

a public water supply, or have the effect of requiring any public 

water supply to provide additional treatment. 

The applicant should contact the State permittinq authority 

to determine whether there are or will be public water supplies 

in the area and then contact the public water supplies in the 

vicinity of the discharge to determine if the PMEL would affect 

their operation. If they are affected, a section 301(g) variance 

request would be denied. The applicant should also determine 

from the permitting authority whether State or local drinking 

water standards would be violated by the PMEL. If standards 

would be violated, the request would be denied. 

2. Recreational Activities -- ----a-.---- -- 

The applicant must demonstrate that the PMEL will not 

adversely affect recreational activities beyond the mixing zone 

boundary. If a recreational use is affected, a section 301(g) 

variance request would be denied. The section 301 (g) regulation 

requires that the PMEL not interfere with recreational activities 
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beyond the mixing zone boundary (or zone of initial dilution, 

whichever is applicable), including without limitation swimming, 

diving, boating, fishing and picnicking and sports activities 

along shorelines, river banks, lake shores and beaches. 

The section 301 (g) regulation also requires that there 

are no Federal, State, or local restrictions on recreational 

activities within the vicinity of the applicant’s outfall due 

to the PMEL, unless such restrictions are routinely imposed 

around industrial discharges. 

The applicant should take an inventory of recreational 

activities in the area of the discharge and determine if the 

section 30!(g) variance would affect these activities. For 

examnple, does the PEEL, after dilution in the mixing zone, exceed 

human health related standards or criteria? Human health criteria 

protect hunans frm kJoth body contact and the consumption of 

water, fish or stleilfish containing harmful levels of pollutants. 

An aquatic life criterion is a good measure of the potential 

impact to a fish population associated with a specific recreational 

use such as trout fishing. 

3. Balanced Population of Shellfish, Fish and Wildlife __._-._ -_- --_------ --I -- -Ip--- ---- * 

Section 301(g) requires the applicant to demonstrate that a 

section 301(g) variance will not interfere with the attainment or 

maintenance of water quality which shall assure protection and 

propagation of a balanced population of fish, shellfish and 

wildlife. At the same time, the statute requires that human 

health and the environment be protected from acute and chronic 

toxicity, persistency, bioaccumulation and synergistic propensities. 
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(Chronic toxicity, according to section 301(g), includes carcinogen- 

icity, teratogenicity, and mutagenicity.) 

Applicants are urged to use State water quality standards 

in making a section 301(g) variance demonstration, if those 

standards address the required aquatic life and human health 

concerns with respect to the specific pollutant or pollutant 

parameter. Using these standards would considerably simplify 

the demonstration. Such standards are usually described as 

“fishable/swimmable,” “drinking water,” or "aquatic life” standards. 

State standards protecting designated uses such as “industrial” 

or "agricultural" are not acceptable to demonstrate compliance 

with section 301(g). If the State has water quality standards 

which protect aquatic life and human health on other water bodies 

in the State, these can be used in a section 301(g) assessment. 

If State standards are inadequate to protect aquatic life 

and human health, or are not available with respect to the 

specific pollutant or pollutant parameter, EPA recommends use 

of the section 304(a) criteria to evaluate the environmental 

impact of the PMEL. These criteria address several of the 

objectives which underlie the section 301(g) statutory criteria 

(including acute and chronic toxicity and bioaccumulation). 

The criteria, designed to protect aquatic life and human health 

uses, consist of numerical concentrations of specific pollutants. 

They are based on data and scientific judgments on the relationships 

between pollutant concentrations and environmental and human 

health effects. When using a section 304(a) criterion number, 

the most recent EPA criterion document should be consulted and the 

most stringent criterion should be chosen (i.e., the latest criteria 
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for ammonia and chlorine are presented at 49 FR 4551, February 7, 

1984). For latest updates on criteria development, please contact 

the Criteria and Standards Division at EPA (202) 245-3042. 

Most State water quality standards and EPA water quality 

criteria do not cover persistence and synergistic propensities. 

The applicant must be address these factors separately. See 

Section IV (Special Considerations) for discussions of ways for 

applicants to address synergistic propensities, and persistence. 

An applicant, with EPA approval, may develop modified criteria 

if it feels it is necessary to reflect site-specific water quality 

characteristics or if it thinks the EPA criteria are inappropriate. 

EPA’s guidance document entitled "Water Qua1 ity Standards Handbook," 

December 1983, specifically outlines guidelines for deriving site- 

specific water quality criteria for the protection of aquatic 

life and its uses. For more information, refer to section III-C. 

Use of Biomonitoring -.-- ------- -.e.-- -- 

Meeting a water quality standard or water quality 

criterion is a good indication that water quality is being main- 

tained. However, the additional use of some kind of biological 

monitoring (whole effluent bioassays or instream surveys) can 

serve as a good tool to further verify that a balanced population 

of aquatic life is being maintained over time. 

EPA recommends that permit writers (State and EPA) incorporate 

biomonitoring requirements into section 301(g) permits once a 

variance is granted to verify that the variance, once in place, 

will not result in an impact to the aquatic community in the 

receiving stream. Biomonitoring also will help to further account 
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for synergistic effects (and other combined impacts of effluent 

and receiving water) in and around the effluent. Refer to EPA’s 

draft biomonitoring guidance manual (A Technical Support Document 

for Water Quality-Based Toxics Control, May 1984) to determine 

appropriate biomonitoring techniques for the 301(g) applicant. 

4. Human Health Considerations 

If State water quality standards or EPA water quality criteria 

do not include consideration of human health (such as a drinking 

water standard or a human health criterion), the applicant should 

USC the most stringent aquatic life toxicity criterion number as 

a baseline requirement and also demonstrate that human health 

is not being affected. EPA does not expect every applicant to 

perform the scientific studies necessary to develop specific 

human health criteria numbers when those numbers are unavailable. 

Instea:j, the applicant should retrieve and analyze relevant 

literature and data to determine whether the nonconventional 

pollutant (at the discharge level) is known to be acutely or 

chronically toxic to humans. If the pollutant will cause 

acute or chronic toxicity at the discharge level, the variance 

will be denied. 

With regard to chronic toxicity, the applicant should first 

determine whether the pollutant is a known or suspected carcinogen, 

teratogen, or mutagen. The applicant can do this a number of 

ways. First, EPA criteria or Multi-Media documents, while they 

may not have a human health number, usually contain some information 

on mutagenicity, teratogenicity, and carcinogenicity; applicants 

should review these documents for this information. (See section 

III-A. 1 The applicant should secondly determine whether an 
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acceptable daily intake (AD11 is available for a particular 

chemical. ADIS represent a level of intake of a particular 

chemical that is expected not to elicit any chronic toxicity. 

Applicants may call the Environmental Criteria and Assessment 

Office in Cincinnati (ECAO-Cin.1 at (5131 684-7531 to determine 

whether an ADI for a certain nonconventional pollutant is available. 

If not, ECAO can provide guidelines for their determination. 

To determine mutagenicity, an applicant may follow EPA’s 

proposed guidelines for determining mutagenicity found at 47 FR 

53200, Pesticides Registration: Proposed data requirements, Nov- 

ember 24, 1982. 

To examine carcinogenicity, besides reviewing the data in the 

criteria tlocuments and other literature sources, the applicant is 

urged to sr?e if the nonconventional pollutant is on EPA’s Carcinogen 

Assessment Group (CAG) list of potential and known carcinogens. 

Call CAG at (2021 382-7343 to determine which pollutants are on the 

list and which ones have been added or deleted. If the pollutant 

is on the CAG list, the applicant should determine the level at 

which carcinogenic activity occurs and which route of exposure is 

prominent (oral, inhalation) and compare this to the section 

301(g) variance conditions. If response data on carcinogenicity 

exists, then low risk concentrations (e.g., levels which give 

one in 100,000 excess risk) should be estimated. 

The applicant also can use the November 28, 1980 criterion 

derivation methodology to determine human health criteria (see 

Appendix C at 45 FR 79347). This methodology, however, is very 

detailed and costly. It is a matter of discretion on the applicant’s 
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part whether to use this methodology. If the methodology is 

used, there is greater assurance that an adequate assessment of 

potential human health impacts has been made for the nonconventional 

pollutant. 

An approach to addressing one aspect of human health impact 

is to determine the bioconcentration factor (BCF) of the pollutant. 

A bioconcentration factor relates the concentration of a chemical 

in water to the concentration in aquatic organisms. Since accumulation 

of pollutants is generally assumed to be potentially hazardous 

it is desirable that a material show a low BCF. According to 

Stern and Walker, 1978, a BCF of a 100 may not indicate a substance 

is hazardous if clearance of the pollutant is rapid, but a BCF 

above 100 and certainly above 1000 indicates a great potential 

for danger. Accordingly, EPA recommends that if a nonconventional 

pollutant has a BCF greater than 100, more information should be 

obtained on this pollutant with regard to chronic toxicity and 

effects such as carcinogenicity, mutagenicity, teratogenicity. 

The November 1980 criterion derivation methodology (45 FR 79341) 

provides guidelines for deriving an acceptable bioconcentration 

factor. In addition, if no measured value of BCF is available, 

BCF may be estimated from the octanol-water partition coefficient, 

K ow by use of the following regression equation (Veith et al., 

19801: Log BCF = (0.76 Log Kow) - 0.23. Since the bioconcentration 

factor alone is not conclusive evidence of an impact to human 

health, other significant data should be reviewed to make a 

complete human health risk assessment. 

III. EPA Water Quality Criteria 
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A. Existing EPA Water Quality Criteria for Nonconventional 

Pollutants 

EPA recommends an applicant review the following sources to 

determine which water quality criteria to apply in a section 

301(g) variance assessment: 

1. The most recently published ambient water quality 

criterion document (or Federal Register notice) 

for the nonconventional pollutant; 

2. The Red Book, Quality Criteria for Water, 

1976, if no criterion document exists published 

since 1976. 

3. A Multi-Media Document (If no criterion document 

or Red Book number exists for the nonconventional 

pollutant) 

The following is a discussion of each of these sources of water 

quality information. 

EPA Water Quality Documents 

An EPA water quality criterion document is a publication 

which presents the most recent toxicological data on a pollutant 

and provides the derivation of aquatic life and human health 

criteria numbers based on those data and EPA approved methodologies. 

There are, presently, criteria documents for 65 toxic pollutants 

or pollutant classes. 

Criteria documents for two important nonconventional pollutants, 

ammonia and chlorine, are presently being published for public 

comment. (Proposed criteria for ammonia and chlorine can be found 
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at 49 FR 4551, Feb. 7, 1984. See Appendix B.) These documents 

will present the aquatic life criteria as 3 different numerical 

criteria: 

a. a 30 day average 
b. a maximum concentration 
c. a 96-hour range 

There are, in addition, two human health criteria numbers. The 

more stringent of these numbers is designed to protect human health 

from the toxic properties of a pollutant if ingested from drinking 

water or contaminated aquatic organisms. The other criterion 

protects human health from the toxic properties of a pollutant if 

ingestion of contaminated organisms alone occurs. Each human health 

criterion number also incorporates data on mutagenicity, carcino- 

genicity and teratogenicity. 

Red Book Criteria 

When there are no recently published water quality criteria, 

EPA recommends the applicant review the Red Book for applicable 

water quality criteria. If the Red Book offers more than one 

criterion number for the nonconventional pollutant, the applicant 

should use the most stringent number. 

Multi-Media Documents - 

If an applicable State water quality standard or EPA water 

quality criterion (including a Red Book criterion) has not been 

developed for a nonconventional pollutant, the applicant 

requesting a variance should generate a number or examine EPA's 

Multi-Media Documents for pertinent aquatic life and human health 

data. Multi-Media Documents address the aquatic life and human 

health toxicity of nonconventional pollutants in different environ- 
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mental media - air, water, soil. These documents will not include 

EPA recommended criteria numbers or safe exposure levels but 

will provide a great deal of scientific data which may be helpful 

in making a section 301(q) variance determination. These documents 

will offer results from studies, lowest effect levels, and no- 

ef feet levels for the following nonconventiona 1 pol lutants: 

1. Acetone 
2. Dibenzof urans 
3. Methoxychlor 
4. Chlorophenoxy herbicides 
5. Yalathion 
6. Parathion 
7. Mirex 
8. Kepone 
9. Iron 

10. Barium 

EPA encourages section 301(q) applicants to refer to these 

documents and use data where applicable to address aquatic life 

and human health impacts of these nonconventional pollutants. 

These documents will be available from EPA during 1984. Information 

on the documents and the studies contained in the documents can 

be obtained by calling EPA’s Environmental Criteria and Assessment 

Office in Cincinnati at (513) 684-7531. 

B. Application of Criteria .~_ ----- ---- - -.- in Section ---~-- 301(q) Determinations -- ------ -- --- 

In determining whether a variance request is justified, the 

instream water quality that would result from a discharge con- 

trolled by the PMEL (after dilution in a State mixing zone) 

should be compared with the most stringent water quality criterion 

(human health or aquatic life toxicity) for the pollutant. If 

the PMEL will not result in poorer water quality than that des- 

cribed by the State water quality standards, or water quality 
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criterion and the results of any tests required for synergism 

or persistency (see Section IV-C), the PMEL is acceptable for 

the purposes of section 301(g) provided all other statutory 

requirements are met. 

C. Procedures Where There Are No Existin 
3 

Criteria/Standards - -- - -- ---s---.--p -- ---r -- - --^- 
or Applicant Wishes to MaiTfy-rr'teria---- 

----- - 
___-.-.-_-_---_- --.--.- --^---__^_-__-__- 

When there are no existing water quality standards or water 

quality criteria available for the nonconventional pollutant, it 

is recommended that the applicant derive a water quality criterion 

on its own. In these cases the applicant is urged to use EPA's 

methodoioqy for developing criteria numbers (45 FR 79341 Appendix 

B- Guidelines for Deriving Water Quality Criteria for the Protec- 

tion of Aquatic Life and Its Use, Nov. 19801, unless the Office 

of 'Water Regulations and Standards (OWRS) approves another method. 

(A summary of EPA's criterion derivation methodology is pro\lided 

in Appendix B.) EPA has made revisions to the Nov. 1980 methodology. 

These can be found at 49 FR 4551 (See Appendix 8). 

Xn any case where an applicant does not agree with EPA's 

criteria or methodology, the applicant may generate its own 

criterion number, using its own methodology, provided that 

the alternative methodology for deriving criteria is scientifically 

valid and will generate criteria that protect fishable/swimmable 

uses. The Director of OWRS will make determinations. Where the 

applicant wishes to substitute local biota into the EPA methodology, 

the applicant should first have the selection of biota approved 

by the Regional Administrator. See Section I-G on early consultation. 

The Regional Administrator should consult the State to determine 

which species are accurate representatives of local biota before 
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approving the substituted selection. It should he noted that 

the applicant must protect against human health effects. 

IV. Special Considerations 

A. Pollutant Parameters (COD, TOC, TKN, Total phenols) 

EPA recommends that section 301(g) applicants seeking a 

variance from a pollutant parameter such as COD, TOC, TKN or 

total phenols, use one of two procedures: 

• EPA's criterion derivation methodology, or 

• Bench scale treatments. 

1 . Criterion Derivation Methodology for Aquatic Life 

To determine whether a pollutant parameter may qualify for a 

section 301(g) variance using the EPA criterion derivation method- 

ology, the applicant must follow the acute and chronic toxicity 

tests requirements prescribed in the EPA methodology and conduct 

the tests with whole effluent. For example, if an applicant is 

deriving a criterion number for a nonconventional pollutant para- 

meter such as chemical oxygen demand (COD), acute and chronic 

toxicity tests must be run on the whole effluent of which COD is 

a component. The toxicity tests are conducted with increasingly 

diluted samples of the whole effluent rather than diluted concen- 

trations of a single pollutant. The resulting criterion number 

is expressed as a percent of the whole effluent - a diluted 

fraction of the 100% whole effluent. For example, if acute bio- 

assays are conducted, the whole effluent should be assayed and 

the percentage of the whole effluent which caused 50% mortality 

(LC50) should be identified. After conducting several acute 

and chronic bioassays, the resulting criterion number might be, 

for example, 20% of the whole effluent, The applicant would 



-25- 

have to prove that there is sufficient dilution within the mixing 

zone to meet the 20% whole effluent concentration at the mixing 

zone edge or, if dilution is insufficient in the mixing zone, 

the applicant would have to reduce the level of the pollutant 

parameter in the effluent and re-measure the whole effluent 

toxicity. The permit writer must assure that any reduction of 

a pollutant parameter concentration in the applicant’s effluent 

is achieved by treatment, not by increased in-plant flows. 

Given the new whole effluent criterion number, the applicant 

would re-evaluate the whole effluent concentration at the edge 

of the mixing zone. (See Figures III and IV.) See Appendix B, 

especially sections IV - VII, Where the EPA criterion derivation 

methodology calls for bioassay results such as LC50 or EC50 

values, the applicant should use the percent effluent which 

resulted in the LC50 or EC50 when deriving final acute,/chronic 

values. 

Because toxic and conventional pollutants are ineligible 

for a variance, the section 301(g) regulation requires an applicant 

to identify those constituents of the whole effluent which are 

conventional or on the section 307(a)(l) toxic pollutant list. 

A GC/MS screen for toxics is recommended. If toxics are present, 

they must be controlled by BAT or discharged at levels equivalent 

to BAT treatment. 

The applicant is also required to make a human health impact 

assessment to ensure that the nonconventional pollutant parameter 

and none of its constituents will cause human health impact. EPA 

recommends a literature search on the pollutant parameter or 

development of a human health criterion using the November 1980 
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human health criterion derivation methodology (Appendix C at 45 

fR 793471, if applicable. It is recommended that each component 

of the pollutant parameter be evaluated with regard to human 

health impact. See the section II - E(4) above on addressing 

human health impacts. 

Note: In many cases a pollutant parameter such as COD will have 

variable constituents from day to day. Accordingly, the applicant 

must assess the variability of its COD or other pollutant parameters 

so that the .se,::ion 301(g) variance request is based on COD 

representative of applicant’s effluent. The applicant should 

list the pollutants that are in detectable quantities comprisin-; 

the CC)D, the percentage of these pollutants in the COD, and the 

expecte? varia3illtJ* of these components. 

2. Bench Scale Treatment Technologies .- - 

Bench Scale Treatment Technologies (Appendix C) are smail 

(i.e., "bench") scale treatment strategies designed to simulate 

an effluent where only one pollutant or pollutant fraction is 

removed from the whole effluent by the proposed BAT and BPT 

treatment technologies. using these methods, an applicant can 

compare the measured toxicity or effect attributed to a whole 

effluent with and without a pollutant parameter controlled at 

BPT and BAT levels. If an applicant can be demonstrate that 

the existence of the pollutant parameter treated to BPT in the 

whole effluent does not contribute to a significant increase in 

acute or chronic toxicity or synergistic effects, that no section 

307(a) pollutants are present, and that all other section 301(g) 

factors are met, then the effect of the pollutant parameter at the 
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edge of the mixing zone and downstream can be disregarded and 

the section 301(g) variance may be granted. 

Before using a bench scale treatment procedure, the applicant 

should outline, during the early consultation, the specific 

toxicity testing or biological effects testing which will be used 

to prove no significant impact due to the pollutant parameter. 

The applicant must also demonstrate that if a section 307(a) 

toxic pollutant is part of the whole effluent that the toxic 

pollutant does not affect the toxicity evaluation of the noncon- 

ventional pollutant at PMEL concentrations. If section 307(a) 

toxic pollutants are part of the whole effluent, toxicity associated 

with the toxic component must be isolated from any discussion or 

measurements of toxicity of the whole effluent containing the 

nonconventional component treated. The concern is for “masked 

effects” where the toxic treated at BAT will mask the toxicity 

effects of the nonconventional pollutant treated at BPT. 

The applicant must also obtain approval of any toxicity 

test employed from the State permitting authority and the EPA 

Regional Office. The type and number of tests must be chosen 

carefully in order to protect a balanced population of shellfish, 

fish and wildlife. EPA recommends discussion of these tests 

during the early consultation. 

Human health impact of the pollutant parameter must also be 

addressed by the applicant. If bench scale treatment procedures 

are employed, the applicant must specify which human health effect 

test methods will be used after the bench scale treatment simulates 

the appropriate effluent quality. Human health risk assessment 
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methods must be approved by EPA Cincinnati and Headquarters. 

3. Downstream Effects 

Because the nature of many pollutant parameters is not well 

understood, applicants should demonstrate that pollutant parameters 

such as nutrients and oxygen demanding materials will not cause 

downstream effects which violate State water quality standards. 

There is concern that many pollutant parameters may not cause 

impacts immediately beyond the mixing zone but further downstream, 

beyond the immediate vicinity of the discharge. Pollutants 

should be examined for latent fate and effects in all cases. 

Mixinq Zones/Dilution and Fate Models - 

1. Mixing Zone Determination 

In most cases, the impact of a PMEL will be judged at the 

edge o f thb? State mixing zone. If the State’s mixing zone provi- 

sion is not specific with regard to physical dimensions, a 

mixing zone may be determined on a case-by-case basis by the 

State permitting authority and the applicant. If the State 

forbids use of a mixing zone boundary as part of its water quality 

standards, the applicant will be required to meet the criterion 

number (or applicable State water quality standard) at the 

point of discharge. (Appendix D is a listing of mixing zone 

dimensions by State.) 

In some cases a State may not have a mixing zone policy but 

may have other parameters in its water quality standards designed 

to determine water quality and the fate of pollutant discharges 

after initial mixing. For example, in Pennsylvania wasteload 
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allocations and other water quality analyses are conducted assuming 

complete mixing at the point of discharge. Dynamic models are 

also used to evaluate the behavior of non-conservative substances 

such as toxic organics and pesticides which may mix and recombine 

with other compounds and substrates in a number of ways. For 

the purposes of section 3nl(g) determinations, State water quality 

standard programs which rely upon predictive models and wasteload 

allocations in place of mixing zones should apply their models 

to the 301(g) determination. In some cases, a mixing zone will 

not serve as a purposeful boundary when the activity of a non- 

conventional pollutant takes place far beyond the mixing zone 

boundary. For example, acute toxicity may occur if an ammania 

discharge enters a highly alkaline downstream area with increased 

temperature and reduced dissolved oxygen content, 

If the State has n3 mixing zone policy or boundary but does 

have approved mixin and dilution predictive models, those should 

be used in the applicant’s section 301(g) completed request. 

EPA guidance on mixing zones is available in the Water Quality 

Standards Handbook, November 1983. Copies of the Handbook can 

be obtained from EPA's Criteria and standards Division. Call 

(202) 245-3042. 

2. Marine Discharqes 

When an applicant applies for a section 301(g) variance for 

an ocean discharge containing nonconventional pollutants, the 

applicant should determine whether the State has an estuarine or 

marine mixing zone as part of its water quality standards. If 

there is none, the applicant should apply the zone of initial 
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dilution (ZID) referenced in the section 301(h) regulation and 

technical support document which was developed for marine municipal 

waste discharges. See Appendix E. 

3. Water Quality Models 

In order to demonstrate that a 301(g) waiver will result in 

compliance with water quality standards and will not impact other 

point and nonpoint source discharges, predictive water quality 

modeling should be performed using either dilution analysis or 

fate and transport models. Dilution analyses using mixing zone 

models are adequate for evaluating the impact of wastewater 

discharges only when the following conditions are met: (1) the 

pollutant of interest exerts its maximum effect immediately after 

discharge and (2) either the substance is conservative or an 

isolated discharge situation exists in which there is a single 

discharger or a discharger located beyond interaction with other 

dischargers. Pollutant kinetics and the travel time of the 

discharge will determine whether these conditions will occur. 

Fate and transport models are, therefore, required whenever: 1) 

a pollutant exerts delayed water quality impacts or 2) slow 

degradation rates relative to travel time and/or scour and resus- 

pension of sorbed pollutants result in an upstream discharge 

affecting downstream dischargers. 

When dilution analyses are appropriate, the 301(g) waiver 

applicant is encouraged to use an EPA-approved mixing zone 

model (Appendix PI. These models predict the concentration of 

a pollutant at a specified distance after a specified time of 



-31- 

dispersal, If the applicant chooses an EPA model, the computer 

model must be identified and the printout containing the data 

and results must also be submitted with the completed request. 

All computations must be based on sampling data representative 

of critical conditions. The critical flow chosen for model 

predictions should be approved by the State and EPA Region before 

costly computer resources are expended. 

The applicant may also use predictive mixing zone models but 

first must gain approval from the EPA Regional Administrator and 

State permitting authority. In any case, the applicant should 

provide a diagram showing the boundary of the mixing zone, the 

point of discharge, and the pollutant concentration isopleths 

generated in the mixing zone. 

When fate and tranport modeling is required, the 301(g) wai*ler 

applicant is encouraged to use an EPA-approved farfield model. If 

phytoplankton effects on dissolved oxygen are significant in a 

receiving water and a 301(g) waiver would result in increased 

ammonia and phosphorus discharges, it is recommended that these 

pollutants be predicted with one of the following fate and transport 

models: 

Model 

Qua1 II 
Receiv II 
WASP 
CLEAN 
LAKECO 
WQRRS 
DEM 
MIT-DNM 
EXPLORE-I 

Receiving Water Application 

rivers 
rivers and estuaries 
rivers, estuaries, lakes 
lakes 
lakes 
lakes 
estuaries 
estuaries 
estuaries 
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1f a 301(g) waiver would result in increased discharge of 

nonconventional pesticides or metals which reach downstream 

discharges or exert delayed water-quality impacts, the following 

fate and transport models should be considered for use: 

Mode 1 

EXAMS, MEXA?lS 
TOXIWASP 
CTAP 
WASTOX 
SERATRA 
MICHRIV 
HSPF 
FETRA 
SLSA 

Receiving Water Application 

rivers, estuaries, lakes 
rivers, estuaries, lakes 
rivers, estuaries, lakes 
rivers, estuaries, lakes 
rivers 
rivers 
rivers 
rivers and estuaries 
rivers and lakes 

These models are described in the guidance documents listed 

in Appendix H. For further information, contact the Wasteload 

Allocation Section of the Office of Water Regulations and Stan- 

4ards at (202; 382-7056. 

C. Synergistic Propensities 

The section 301(g) regulation requires an applicant to demon- 

strate that synergistic propensities will not cause an impact to 

human health or aquatic life, According to Casarett and Bruce, 

1980, a synergistic effect is a situation in which the combined 

effect of two chemicals is much greater than the sum of the 

ef feet of each agent alone. For example, both tetrachloride and 

ethanol are hepatotoxic agents, but together they produce much 

more liver injury than the mathematical sum of their individual 

effects on the liver would suggest. For the purposes of section 

301(g), EPA recommends a broad assessment under the heading of 

Synergistic Propensities. In addressing synergism, an applicant 
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should include an assessment of the combined effects of two or 

more pollutants, an assessment of effects produced by combining 

pollutants and different physical factors, and an assessment of 

the potential for pollutants to combine chemically and form a 

more toxic substance. To make such an assessment the applicant 

must identify the pollutants and the physical conditions in the 

effluent and the receiving waters which may combine to cause 

greater toxicity or impact than may be commonly suspected from 

the individual nonconventional pollutants alone. 

To address this aspect a section 301(g) applicant should be 

review the literature to determine whether its effluent or the 

effluent and the receiving water will contain dangerous combinations 

of pollutants. An applicant could also conduct toxicity tests 

with each of the chemicals in its effluent and compare the sum 

of the toxicities with the toxicity of the whole effluent. To 

accomplish this, the applicant may apply biomonitoring techniques, 

where appl icable, to determine whether synergism is occurring in 

an applicant’s effluent. These techniques could include conducting 

acute and chronic bioassays on the whole effluent and separate 

fractions of the whole effluent to determine whether the nonconven- 

tional component of the effluent, when combined with the toxic or 

conventional fractions, exhibits synergistic qualities. (See 

Walsh and Garnas, 1983) In cases where effluents are highly 

complex, this may be impractical and the applicant may have to 

rely upon a literature search. 

With regard to pollutants and physical parameters in the 

receiving stream, the applicant should be aware of combinations 

of varying temperature, pH, and dissolved oxygen levels which 
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could increase the toxicity of the effluent and the receiving 

stream. For example, the toxicity of ammonia is very much depen- 

dent upon pH and temperature. As alkalinity increases, the concen- 

tratron of highly toxic un- ionized ammonia also increases. 

Another area of concern is the possibility of two pollutants 

combining to form a more toxic substance. For example, when 

ammonia and chlorine are in the same effluent or receiving waters, 

they may combine to form more toxic and persistent chlorinated 

amines. Another dangerous combination of pollutants ma). be 

total phenols and chlorine. If the nonconventional portlon of 

total phenols combines with chlorine, the result may be highly 

toxic chlorinated phenols. 

EPA strongly urges applicants to describe their plan to deter- 

mine whether synergism is occurring in their effluent daring the 

early consultation. 

D. Pers’istency 

The section 301(g) regulation requires the applicant to 

demonstrate whether the nonconventional pollutant will impact 

human health or aquatic life due to persistency. The applicant 

should determine the fate of the nonconventional pollutant with 

regard to its chemical structure and concentration in the environ- 

ment. The applicant should determine whether the pollutant or 

pollutant concentration will be altered (and to what degree) by 

such chemical or physical reactions as volatilization, photolysis, 

adsorption, absorption, oxidation, hydrolysis, etc. This can be 

accomplished through a review of the literature or direct measure- 

ments. Direct analytical methods must be cited if used. EPA has 
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prepared a draft document which outlines different methods for 

assessing the fate of a pollutant. The document entitled “Chemical 

Fate Test Guidelines” is available from NTIS at (703) 487-4650 or 

the EPA Office of Toxic Substances library at headquarters, 

referenced as USEPA 560/6-82-003. 

Another way to assess persistency is to analyze the chemical 

structure and properties of the pollutant. The octanol-water 

partition coefficient, the degree of halogenation, the molecular 

weight of the compound can help correlate the biological activity 

of structurally related compounds to the physical parameters of 

the chemicals. 

E. Indicator Pollutants 

An applicant can receive consideration for a section 301(g) 

variance only under very specific conditions. 40 CFR 125.3(g) 

of the Environmental Permit Regulations states that if a pollutant 

is being used as an indicator for a toxic or conventional pollu- 

tant it cannot be considered for a section 301(g) variance. 

However, a nonconventional pollutant may be considered for a 

section 301(g) variance if its role as an indicator can be elimi- 

nated. To do so, either: (1) the nonconventional pollutant 

being used (or proposed for use) as an indicator must be replaced 

by another indicator or (2) individual permit limits must be placed 

on the toxic or conventional pollutants for which the indicator is 

being used. 

F. Total Phenols 

In keeping with the NPDES Litigation settlement of June 7, 
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1982, EPA recognizes that total phenols may be considered for 

section 301(g) variance requests as long as certain conditions 

are met, Because total phenols (as tested by 4AAP) is a pollutant 

parameter, it would be subject to the requirements of section 

125.54(e)(2) of the section 301(g) regulations. Therefore, the 

applicant must demonstrate that the total phenols in its effluent 

do not include toxic phenolics, that those toxic phenolics present 

are at BAT concentrations or that the toxic phenolics are directly 

controlled by BAT effluent limitations. 

G. Design Conditions 

While EPA realizes it cannot impose standard design con- 

ditions on all tests and demonstrations provided as evidence for 

a variance, it is still important that 301(g) applicants strive 

toward a high degree of consistency in their approaches. The 

applicant should establish critical design conditions during 

early consultations with State and EPA officials. In some cases, 

state water quality standards will specify low flow conditions 

(e.g., 7010). Under such circumstances, the applicant must use 

the State-specified low flow conditions. Appendix H has a list 

of design condition documents prepared by the Wasteload Allocation 

Section of the Office of Water Regulations and standards. These 

guidance documents outline procedures for determining the critical 

temperature, pH, and flow conditions that should be used in 

steady state mixing zone or fate and transport modeling of streams 

and rivers. Future documents will be prepared on appropriate 

design conditions for steady state lake and estuary modeling. 
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In the absence of EPA guidance on lake and estuary design 

conditions, the applicant should consider water quality modeling 

in the waterbodies during periods of minimum dilution. The river 

inflow to lakes and estuaries could be set at the design conditions 

recommended for streams and rivers, Lake modeling could then be 

performed at periods of low water levels as well as spring and 

fall overturns. Estuarine modeling could be performed at slack 

tides during periods of maximum stratification and/or minimum 

dilution. 

Mixing zone modeling of marine discharges should follow the 

guidelines developed for 301(h) waivers. The 301(h) program 

requires that the zone of initial dilution be determined for 

periods of critical minimum dilution. These periods are defined 

as a function of maximum vertical density stratification, minimum 

initial density differences, maximum waste flow rate, and minimum 

currents. 

IV. EPA Section 301(g) Checklist 

EPA has provided prospective section 301(g) applicants and 

State and Regional Officials with a checklist of factors EPA 

recommends the applicant and all reviewers (State, Regional 

officials) address when preparing or reviewing a section 301(g) 

completed request. This checklist (Appendix G) spans several 

areas that might affect the granting or denial of a variance. 

All of these subjects do not have to be addressed with an extra- 

ordinary amount of supporting data, but the more completely and 
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concisely they can be addressed, the greater the chance an appli- 

cation will not be rejected due to lack of information or in- 

completeness. 

It is strongly recommended that both the applicant and the 

State and Regional representatives hold an early consultation and 

determine what is expected from each applicant before a completed 

request is filed. The checklist may serve as an agenda for an 

early consultation and may be used as an outline for preparation 

of the complete,? request. 
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APPENDIX A 

POLLUTANT CHECK 

A. 

1. Pollutants listed under section 304(a)(4) 

Conventional pollutants (Not eligible for a 301(g) variance: 

The following comprise the list of conventional pollutants 

designated at 40 CFR 401.16 pursuant to section 304(a)(4) of the Act. 

1. Biochemical oxygen demand (BOD) 

2. Total suspend solids (TSS) (nonfilterable) 

3. pH 

4. fecal coliform 

5. Oil and grease 

(44 FR 44501, July 30, 1979) 
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B. Toxic Pollutants (Not eligible for a 301(g) variance) 

The following comprise the list of toxic pollutants 
designated pursuant to section 307(a)(1) of the Clean Water 
Act. 

1. Acenaphthene 
2. Acrolein 
3. Acrylonitrile 
4. Aldrin/Dieldrin 
5. Antimony and compounds* 
6. Arsenic and compounds 
7. Asbestos 
8. Benzene 
9. Benzidine 
10. Beryllium and compounds 
11. Cadmium and compounds 
12. Carbon tetrachloride 
13. Ch1ordane (technical mixture and metabolites) 
14. Chlorinated benzenes (other than dichlorobenzenes) 
15. Chlorinated ethanes (including 1, 2-dichlorobenzenes) 

16. 
1,1,1-trichloroethane, and hexachloroethane 

Chloalkyl ethers (chloroethyl and mixed ethers) 
17. Chlorinated naphthalene 
18. Chlorinated phenols (other than those listed elsewhere; 

includes trichlorophenols and chlorinated cresols) 
19. Chloroform 
20. 2-chloropnenol 
21. Chromium and components 
22. Copper and components 
23. Cyanides 
24. DDT and metabolites 
25. Dichlorobenzenes (1,2-, 1,3-, and 1,4-dichlorobenzenes) 
26. Dichlorobenzidene 
27. Dichlorcethylenes (l,1-, and 1,2-dichloroethylene) 
26. 2,4-dichlorophenol 
29. Dichloropropane and dichloropropene 
30. 2,4-dimethylphenol 
31. Dinitrotoluene 
32. Diphenylhydrazine 
33. Endosulfan 
34. Endrin and metabolites 
35. Ethylbenzene 
36. Fluoranthene 
37. Haloethers (others than those listed elsewhere: 

includes chlorophenylphenyl ethers, bromophenyl- 
phenyl ether, bis(dichloroisopropyl) ether, bis- 
(chloroethoxy) methane and polychlorinated diphenyl 
ethers). 

38. Halomethanes (other than those listed elsewhere; 
includes methylene chloride, methylchloride, methylbromide 
bromoform, dichlorobromomethane) 

* 
The term "compounds" shall include organic and inorganic 
compounds . 
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39. 
40. 
41. 
42. 
43. 
44. 
45, 
46. 
47. 
40. 
49. 

50. 
51. 
52. 
53. 
54. 
55. 

56. 
51. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 

Heptachlor and metabolites 
Hexachlorobutadiene 
Hexachlorocyclohexane 
Hexachlorocyclopentadiene 
Isophorone 
Lead and compounds 
Mercury and compounds 
Naphthalene 
Nickel and compounds 
Nitrobenzene 
Nitrophenols (including 2,4-dinitrophenol, 
dinitrocresol) 
Nitrcsamines 
Pentachloropnenol 
Phenol 
Phthalate esters 
Polycnlorinated biphenyls (PCBs) 
Polyaromatic h.ydrocarbons (incluclns 
benzanthracenes, benzopyrenes, kenzo- 
fluoranthene, c.Crysenes, dibenzoanthracenes, 
and indenop},renes) 
Selenlcm and com;o~ncs 
Silver and compounds 
2,3,7,8-tetrachlorocibenzo-p-aioxin (TCDD) 
Tetrachloroeth}*lene 
Thallium, and com2odncs 
Toluene 
Tcxa;>hene 
Trichloroethylene 
Vinyl chloride 
Zinc and compounds 

[44 FR 44502, July 30, 1979, as amended at 46 FR 2266, 
Jan.8, 1981; 46 FR 10724, Feb 4, 19811 
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C. MAJOR fGOKCONVENTIO%AL POLLUTANTS 

The followin-, nonconventional pollutants are common to a grea: 
nutier of industr ial dischargers and as such are expected to Se 
limited Sy effluent guidelines for some industrial subcategories. 

Aluminum 

Ammonia 

Test;c:2es Call those ccr:sldere5 n3ncor,ventional in the Pest:c:<ec 
bL*4-* I- ,ip- i?.e 22, r.at iisted as toxic) 

Tctal ?ker.-,ls i4.k\?: 



APPENDIX B 

The following appendix contains the two sets of guidelines for 
deriving water quality criteria as presented by EPA on November 
28, 1980 in the Federal Register (45 FR 79341). The first set 
of guidelines (Appendix B) is intended for deriving water quality 
criteria which protect aquatic life and its uses. The second set 
of guidelines (Appendix C) on page 79347 is intended for making 
human health assessments about a particular pollutant. Both sets 
of guidelines offer methodologies for deriving water quality criteria. 
These guidelines showed be applied in a 301(g) assessment if there 
are no existing EPA water quality criteria or State water qualit)- 
standards for the nonconventional pollutant in question. 

Appendix B-Guidelines for Deriving 
Water Quality Criteria for the Protection 
of Aquatic Life and Its Uses 

Introduction 

This version of the Guidelines 
provides clarifications, additional 
details, and technical and editorial 
changes in the last version published in 
the Federal Register [44 FR 15970 (March 
15, 1979)]. This version Incorporates 
changes resulting from comments on 

preview versions end from experience 
gained during U.S. EPA’s we of the 
previous versions Future versions of the 
Guidelines will incorporate new ideas 
and data as their usefulness is 
demonstrated. 

Criteria may be expressed in several 
forms. The numerical form is commonly 
used, but descriptive and procedural 
forms can be used if numerical criteria 
are not possible or desirable. The 

purpose of these Guidelines is to 
describe an objective, internally 
consistent end appropriate way of 
deriving numerical water quality criteria 

for the protection of the uses of, as well 
as the presence of aquatic organisms. 

A numerical criterion might be 
thought of as an estimate of the highest 
concentration of substances in water 

which does not present a significant risk 
to the aquatic organisms in the water 
and their uses. Thus the Guidelines are 
intended to derive criteria which will 
protect aquatic communities by 
protecting most of the species and their 
uses most of the time, but not 
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necessarily all of the species all of the 
time. Aquatic communities can tolerate 
some stress and occasional adverse 
effects on a few species. and so total 
protection of all of the species all of the 
time is not necessary. Rather, the 
Guidelines attempt to provide a 
reasonable and adequate amount of 
protection with only a small possibility 
of considerable overprotection or 
underprotection. Within these 
constraints, it seems appropriate to err 
on the side of overprotection 

The numerical aquatic life criteria 
derived using the Guidelines are 
expressed as two numbers. rather than 
the traditional one number. so that the 
criteria can more accurately reflect 
toxicological and practical realities. The 
combination of both a maximum value 
and a 24-hour average value is designed 
to provide adequate protection of 
aquatic life and its uses from acute and 
chronic toxicity to animals, toxicity to 
plants and bioconcentration by aquatic 
organisms without being as restrictive 
as a one-number criterion would have to 
be to provide the same amount of 
protection. The only way to assure the 
same degree of protection with a one- 
number criterion would be to we the 24 
bow average as a concentration that is 
not to be exceeded at any time in any 
place. 

The two-number criterion is intended 
to identify an average pollutant 
concentration which will produce a 
water quality generally suited to the 
maintenance of aquatic life and its uses 
while restricting the extent and duration 
of excursions over the average so that 
the total exposure will not cause 
unacceptable adverse effects. Merely 
specifying an average value over a time 
period is insufficient unless the period 
of time is rather abort because of 
concentration higher than the average 
value can kill or cause substantial 
damage in abort periods. Furthermore, 
for some substance the effect of 
intermittent high exposures is 
cumulative. It is therefore necessary to 
place an upper limit on pollutant 
concentration to which aquatic 
organisms might be expected, especially 
when the maximum value is not much 
higher than the average value. For some 
substances the maximum may be so 
much higher than the 24-hour average 
that in any real-world situation the 
maximum will never be reached if the 
24-hour average is achieved. In each 
cases the 24-hour average will be 
limiting and the maximum will have no 
practical significance, except to indicate 
that elevated concentrations are 
acceptable as long as the 24-hour 
average is achieved. 

These Guidelines have been 
developed on the assumption that the 
results of laboratory tests are generally 
useful for predicting what will happen in 
field situations. The resulting criteria are 
meant to apply to most bodies of water 
in the United States. except for the 
Great Salt Lake. All aquatic organisms 
and their common uses are meant to be 
considered but not necessarily 
protected. if relevant data are available. 
with at least one specific exception. This 
exception is the accumulation of 
residues of organic compounds in the 
siscowet subspecies of lake trout which 
occurs in Lake Superior and contains up 
to 67% fat in the fillets (Thurston, C.E, 
1982, Physical Characteristics and 
Chemical Composition of Two 
Subspecies of Lake Trout. J. Fish. Res. 
Bd. Canada 19:39-44). Neither siscowet 
nor organisms in the Great Salt Lake are 
intentionally protected by these 
Guidelines because both may be too 
atypical. 

With appropriate modifications these 
Guidelines can be used to derive criteria 
for any specified geographical area. 
body of water (such as the Great Salt 
Lake). or group of similar bodies of 
water. Thus with appropriate 
modifications the Guidelines can be 
used to derive national, state, or local 
criteria if adequate information is 
available concerning the effect, of the 
substance of concern on appropriate 
species and their uses. However. the 
basic concepts described in the 
Guidelines should be modified only 
when round scientific evidence 
indicates that a criterion produced using 
the Guidelines would probably 
significantly overprotect or underprotect 
the presence or uses of aquatic life. 

Criteria produced by these Guidelines 
are not enforceable numbers. They may 
be used in developing enforceable 
numbers, such as water quality 
standards and effluent standards. 
However. the development of standards 
may take Into account additional factors 
such as social, legal, economic, and 
hydrological considerations, the 
environmental and analytical chemistry 
of the substance, the extrapolation from 
laboratory data to field situations, and 
the relationship between the species for 
which data are available and the 
species which are to be protected 

some substances sufficient data may not 

Because fresh water and salt water 
(including both estuarine and marine 
waters) have basically different 
chemical compositions and because 
freshwater and saltwater species rarely 
inhabit the name water simultaneously, 
separate criteria should be derived for 
time two kinds of waters. However. for 

be available to allow derivation of one 
or both of these criteria using the 
Guidelines. 

These Guidelines an meant to be 
used after a decision is made that a 
criterion is needed for a substance. The 
Guidelines do not address the rationale 
for making that decision If the potential 
for adverse effects on aquatic life and 
its uses are part of the basis for deciding 
whether or not a criterion is needed for 
a substance, these Guidelines may be 
helpful in the collection and 
Interpretation of relevant data 

1. Define the Substance for Which the 
Criterion Is To Be Derived 

A. Each separate chemical which 
would not ionize significantly to most 
natural bodies of water should usually 
be considered a separate substance. 
except possibly for structurally similar 
organic compounds that only differ in 
the number and location of atoms of a 
specific halogen. and only exist in large 
quantities an commercial mixtures of the 
various compounds. and apparently 
have similar chemical, biological. and 
toxicological properties. 

B. For chemicals, which would ionize 
significantly in most natural bodies of 
water, such as inorganic salts. organic 
acids and phenols. all forms that would 
be in chemical equilibrium should 
usually be considered one substance 
For metals, each different valence and 
each different covalently bonded 
organometallic compound should 
usually be considered a separate 
substance. 

C The definition of the substance may 
also need to take into account the 
analytical chemistry and fate of the 
substance. 

II. Collect and Review Available Data 

A. Collect all available data on the 
substance concerning (1) toxicity to. and 
bioaccumulation by. aquatic animals 
and plants. (2) FDA action levels. and 
(3) chronic feeding studies with wildlife. 

B. Discard all data that are not 
available in bard copy (publication 
manuscript letter, memorandum. etc.) 
with enough supporting information to 
indicate that acceptable test procedures 
ware used and that the result are 
reliable. Do not assume that all 
published data are acceptable. 

and emulsifiable concentrate: of the 

C. Discard questionable data. For 
example. discard data from tests for 
which no control treatment existed, in 
which too many organisms in the control 
treatment died or showed signs of stress 
or disease, or in which distilled or 
deionized water was used as the 
dilution water for aquatic organisms. 
Discard data on formulated mixtures 
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rubstance of concern. but not 
necessarily deta on technical grade 
materiaL 

D. Do not use data obtained using. 
1. Brine shrimp. because they usually 

onlv occur natwallv in water with 
6al;lity greater tba;l 35 g/kg. 

2. Srmies that do not have 
reproducing wild populations resident 
in-but not necesrarily nebve to-North 
America. Resident North American 
species of fishes are defined as those 
listed in “A List of Common and 
Scientific Name6 of Fisher from the 
United States end Canada”. 3rd cd.. 
Special Publrcatron No. 8. American 
FIshcries Society, Washington. D.C.. 
1970. Data obtained with non-resident 
species can be used to indicate 
relatlonships and possible problem 
areas. but cannot be used m the 
derivation of criteria. 

3. Organisms that were previously 
exposed to significant concentrabons of 
the lest material or ot..er pollutants. 

III. hf;mmum Data Bose 
A. A minimum amount of data should 

be a\ ailable to help ensure that each of 
the four major kinds of possible adverse 
effets receives some consideration. 
Results of acute and chronic toticrt) 
tests with a reasonable number and 
variety of aquatic animals are necessary 
so that data available for tested species 
can be considered a useful in&cation of 
the sensitivities of the numerous 
untested species. TIie requjurementr 
concerning toxicity to aquatic plants are 
less stringent because procedures for 
conducting tests with plants are not as 
well developed and the interpretation of 
the results is more questionable. Data 
roncemkg bioconcentratlon by aquatic 
organisms can only be ured if other 
relevant data are available. 

B To derive a criterion for freshwater 
aquatic life, the following thould be 
available: 

1. Acute tests (see Section Iv) with 
freshwater animal6 in at least eight 
different families provided that of the 
eight species: 
-at leart one ir a salmonid Aah 
4t least one is a non-salmonid fish 
-al least one is a lanktonic cnrstacean 
-at least one is a Fl enthic crustacean 
-at least one is a benthic insect 
-at least one of the bcnlhic species is a 

detritivore 
2. Acute-chronic ratios (see Saction 

‘JI] for at least three species of aquatic 
animal6 provided that of the three 
species: 
-at least one Is a fish 
-at least one i6 an invertebrate 
-at least one is a frerhwater rpecies 

(the other two may be saltwater 
species) 

3. At least one test with a freshwater 
alga or a chronrc test wrth a freshwater 
vascular plant (see Sectlon VIII). If 
planls ara among the aquatic organisms 
that ue most sensitive to the substance. 
test6 with more than one specie6 should 
be available. 

4. At least one acceptable 
bioconcentration factor determined with 
an aquatic timal species, if a maximum 
permirslble tissue concentrabon is 
available (ace Section UC). 

C. To derive a criterion for saltwater 
aquatic life. the following should be 
sva~lable: 

1. Acute tests (see Section Iv) with 
saltwater animal6 in at least eight 
dlfferent families provided that of the 
eight species: 
-at least two different fish families are 

mcluded 
-at least five different invertebrate 

fanuhes are included 
-either the Myridae or Penaeidae 

family or both are included 
-at least one of the invertebrate 

families is in a phylum other than 
Arthropoda 
2. Acute-chronic ratios [see Section 

VI) for at least three specie6 of aquabc 
ar.r.mals provided that of the three 
rpecies: 
-at lea61 one is a fish 
-at least one is an invertebrate 
-at least one is a saltwater specie6 [the 

other two may be freshwater species) 
3. At least one test with a saltwater 

alga or a chronic test with a raltwater 
vercular planr (see Section Vrrr). If 
plants are among the aquatic organisms 
most sensitive to the rubstance. tests 
wth more than one 6pecier rhould be 
available. 

4. At least one acceptable 
bioconccntration factor determined with 
an aquatic animal cpecier. if a maximum 
permjsribls tissue concentration is 
available (see Section IX). 

D. If all tba requirements of the 
minimum data base are met. a criterion 
can usually be derived. except in special 
cases. For example. a criterion might not 
be possible if the acute-chronic rrtior 
vary greatly with no apparent pattern. 
Alro. if a criterion is to be related to a 
wa!er quality chrrrctarirtic. [see 
Sections V and VII). more data will be 
naceswy. 

Similarly, If the minImum &tr 
requirements are not rrtisfled, generally 
a criterion should not be derived. axcapt 
in special cases. One much apccirl case 
would be when lo6 than the minimum 
amount of acute and chronic data VI 
available, but the avallablc data clearly 
indicate that the Final Ra6idue Value 
would be rubstantially lower then either 
the Fmal Chronic Value or the Fural 
Plant Value. 

IV. Pie1 Acute Value 
A. Appropriate measuxes of the acute 

(short-term) toxicity of the subsrance lo 
various species of l quabc animals am 
used to calculate the Final Acute Value. 
If acute values are rvallable for fewer 
than twenty rpccier. the Final Acute 
Value probably rhould be lower than 
the lowest value. On the other hand. if 
acute values art available for more than 
twenty 6pccier. the Foal Acute Value 
probably should be higher than tbe 
lowest value, unSe66 the most 6ens:live 
specie6 is an important one. Althoup5 
the procedure used to calculate the Flr.al 
Acute Value has some hmitrtlons it 
apparently is the best of the procedties 
currently available. 

B. Acute toxicity test6 rhould be 
conducted uring procedure6 6ucb as 
those described m: 

ASTM Standard E 729-w). Practice far 
Conducting Acute Toxicity Test6 wqth 
Firher. Macroinvertebrates. and 
Amphibians. Amencan Society for 
Testing and Materials, I@16 Race Street, 
Philadelphia. PA 19103. 

ASTM Standard E 724-&3. Practice for 
Conducting Static Acute Toxicity Tests 
with Lamae of Four Speaes of Blval\ e 
Molluscs. American Societ) for Testing 
and Materials. 1818 Race Street. 
Philadelphia, PA 19103. 

C Re6dtr of acute tests in whlcb food 
was added to the test rolctions should 
not be used. because thir may 
unnecessarily affect the result6 of the 
test. 

D. Results of acute te6ts conducted 
with embryos rhould not be ured (but 
see Section fV.E.2). bauus~this 16 often 
an Insensitive life stage. 

& Acute values should be based on 
endpointa and lengths of exposure 
appropriate to the life rtage of the 
rpecirr tested Therefore. only the 
follom kinds of data on acute tolric~!~ 
to l quadc animala rhould be used: 

1. (bhr ECXt values based on 
lmmobilitrtfon and rShr LC!iO values 
for fint-inrtu (Iem than 24 hour6 old) 
drphnida and other cladocerans. and 
aacond- or third-inrtu m.i&e larvae. 

2.4& to Whr ECW values based on 
incomplrlr shall development and 48. to 
Oabr LcSO valuer for embryo6 and 
luvae of barnader. bivalve mollusa 
(clama muaaa1r. oysters, and rulloprl. 
aea urchins, lobrten. crabs, shrimp& 
md abalonea 

3. Mu EC30 vrlu& based oo 
dacrraaod rho11 deposition for oysters. 

4. @Mu Ecso vaher on 
immoblllration or lorr of equilibrium or 
both and obhr, LCS0 values for aquatic 
animala. except for cladocerans. midges. 
and animals whore behavror or 
physiology allows them to avoid 
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ACUtOAdWfWdf0CtOfth0OXpO8UN 
wt be AdquAtely meAaurecL swb 
fN8hWAter Md ulhwter MheL 
lndude dr-brmthlng oadueca unionid 
duna 0pedAte 0aAuh Md bhdve 
mauuncaAxceptfareoaleepedutJlAr 
connat -cbu up” and tbua prrven1 
l xpMuN to taxkant 8ucll u the boy 
wllop (Aqppcten irmdians). 

F. For tha w of LC50 or EC30 valuer 
for duraeiooa ahortar and longer than 
tbu lIntAd l bove, ue sectioo x. 

c. If lhe ecute toxicity of the 
aubrtanca to aquatic animala har bcco 
down to be ralated to a watar quality 
chAmctlubtlc ouch l s hrdoua for 
frerhwater organirma or salinity for 
aaltwaler -#ma. a Firul Acute 
Equetion should be derived baaed on 
thn1 water quaky charecteri~tie Co to 
secrioo v. 

H If the acute toxicity of the 
rubrtanca hu not been adequately 
rbown to be related to l water quality 
chuecteriadc for each rpecier for 
which rt leart one acute value la 
l vailabla. ulculare the geometric mean 
of the reault# of Au now-thugb luta lo 
which the taxiwot cooaotrotions were 
meuund For l rpeder for which oo 
such rerult L available, &zulata the 
geometric meeo of AU available acute 
rhea Le, fwulta of flow-thfvogb test8 
la which the taxiunt wountratiotu 
were not mwured and rerulta of ahtic 
uu! renewal tutr baaed on iaitia.l total 
toxica umcentrndons. 

-‘t%a ~JOEUMC ICM of N aumben 
bobtainedb~tak@tJwN”nzotofthe 
pmduc! of N o&n. Aher~t~vely. tbr 
psxr~ctric meaa CM be c.dcolrtd by l ddin( 
tAelo@Uu~oftbaNaumberudividuqthc 
aambyN.aodtakgtheaatil of&a 
quoticat. l-ha 

c$Y g 
uic mu0 0 two oumbett 

Maalaoba l t8dartbcqMmmotof 
the pduct of ttu two aumben. lthr 
gaa¶BeMc wee darn oumtmr L &UC 
oumbw. tlthm Mtud (bus e] or Mmmoo 
(brwlOJb@thauunbeudtoukuh~r 
geaaeMcuuuuarb~aatbryaratwd 
CUWlUOOUY~Udl~dd0~LctbO 
naulqoudlmatautitbelo@uithmuud 

1 Clmot the nomber=N of epoch lot 
which 0 rpedee mAM ralte VAhle b 
avaIlable. 

1. order the qedee rn.M l wte 
valueafromlowtohlgh,Tak8tha 
CWllOWlOgUithtMdtb0N*JUU(lg 
meM rduer). 

K The lotelde (cell widttu) for tbs 
lowercrrmddvepropodloa 
cdcuJruofu am Qll ooolmoo~onlte 
rparc rtutiq fkun the loweat lo# ralue. 
ne wlue of a11 la an ntimrtr of 
rwra* 

E”d.’ 
ha And WA8 UlwlAled 

frwo rep ate rpeder acute valua. 
L starung with the lowert bg m8m 

wh~e. upamte the N wJuer Into 

fntavelr (or ah) calculated &I Step IV. 
K 

u cdculrte cumJnuw 
for l ech non-empty lnterv s 

fwpardoor 
by l ummina 

rbe 0uIober of wluee in the praaaoc aDd 
d hver lotervala ud divldiq by N. 
‘There ulculetio~ only need to be done 
for the firat three non-empty intervale 
(or celh). 

N. Celwl~te the uithmctic menn of 
the lo# mean values for each of the thr8e 
intervals. 

0. Uring the two interval mean acute 
valuer and cumulative proportiona 
clorot to 0.05. linearly extrapolate or 
Interpolate to the 0.05 loll concentration. 
Ibe Final Acute Value ir the antilog of 
the 0.05 cooceotrntlon 

In other wordr, where 
Prop(l) and cone(1) are the cumda tive 

P 
rvpotion and IO~M log value for the 
owest non-empty interval. 

Rap(~) and conc(~) am the cumuladve 
proportion and mcul log value for the 
aacood lowert non-empty interval. 

A = Slope of the cumulative propartio~ 
B= The 0.05 log value 
Tbeaz 
A- P-05 - ~P(lMprQP(Zk f+Mlll 
B -coat(l) + A (coot(z) -cone(l) J 
F4 Acute Value = ld 

P. If for an important rpedea l ucb aa 
a recrtationally or commercially 
important apeder, the Btometric mean 
of the acute values from flow-thr0ug.b 
tertr in which lhe toxicant 
cancentrntiona we= meuured ir lower 
thao the Fmd Acute Value, tben thee 
geometric meno rhould be ured aa the 
Foal Acute Value. 

Q. Co to Section Vl. 

V. Final Acute Equation 
A Wbeo enough data are available to 

rbow that rcute tolddty to hvo or mom 
rpecier ta rlmilariy affected by a water 
qudity charActer4atiG thlr effect CM be 
taken into account l described below. 
Pooled regrearlon analyeir nbodd 
produce rtmuu nrulta AMmugb &to 
l vaflable for Lndkidual apodea would 
be welgbted differwntl . 

B For each rpeder or wbkh r 
-parable ‘acute toxicity rah~er are 
l vrilrble at two or m0c1 diffweat 
valuer of a water quality Cb~ctelWk 
which rppardy ~Eecta toxidty, 
perform a Irart quun tW#raaioa of the 
Mtud ltquithme afb~w&yh~ 
value# on the Mtwal 

% whm of the water qu ‘ty 
chuuterlrtlc (NAtural lo#Armne 
(lguftbau to the ke e, denoted U IaJ 
am wd her& meraly bocauu they are 
errkr to use on worn. hand caklatarr 
and anaputara thM common lgulrhmr 
pagAllthola to the be lo]. cba#iot8nt 
uu of either will produce the oame 

tetdt.] No truufonnation or a drfferent 
Ufonnrtion mry be used if it fits the 
data better. but appropriate chtiges H.I;~ 
be aaceaury throughout thir rectlon 

C Dc!erdne whether or not each 
acute elope La meaningful. taking into 
account the v and number of valoes 
of lhe water quality characterishc 
tested. For exemple. a rlope based or. 
four data pohtr mry be of limited ve:t:e 
if 11 b hued only on &t~ for I narrow 
rrnge of values of the water quality 
cbaracterietk On the other hacd a 
alope baaed on only two data po~n:s 
may be meaningful if iI la conri5ten: 
with other Information and if the TV 3 
pointa over a broad enough range o! 
the water quality characterirlrc.. If 
mcnningfd rlopo are oot l val!able for 
nt least two rpedea or if the l vai:abar 
eloper are oat rimlIar. rehrrn to Sec::rr. 
Iv. H.. unb the rerulta of test5 
conductad undar conditions and .r. 
water l lmilar to those ccounoniy used 
for told&y taeta with the rpeaer 

D. Calculate the mean acute slope (L-j 
l the uithmetk l vcrage of all the 
memingfd acute eloper for individaai 
rpecier. 

E For each rpedcr calculate the 
geometric mea0 (w) of the l cute lox~c:r:, 
valuer and the geometric menn (X) o! 
the related valuea of the water qualrt! 
chanderimtic 

F. For cad epeciu calculate the 
lagtirhmic lotetccpc m u.9ing the 
equation: Y=ln W-V(ln x) 

G. For each rpecier ulculate the 
apedas mew l wte intercept as the 
an&lo of Y. 

H 8 btain tha Fhl Acute Intercept by 
or& thr procedure described in Se&or. 
Iv. I4 vt tnaart “fnrercept” for 
“ValUr”. 

L If for an importaot speciea ruch a5 a 
recreetiweUy or commercially 
fmporknt apedea. the intenept 
ulculrted only km rerulta of flow- 
through terta la which the toxicant 
coacea~~Uon~ worm measured ir lower 
&AO the FM Acute Intarcapt. then that 
latuwpt rhauld be rued aa the Final 
Acute lntnupt 

J. The Rnal Acute Equation ir written 
a8 en- - -Pb t), where 
V- meeo mute alope and 2 = Final 
AcuteIotArcept 

Vl Find Chronic V&e 
A.neFloAlQlmllkVAhJeunbe 

ulwhbd to the woe manner •~ the 
FblAlAWt0VAlWOt 

20 
dMding the 

FloAl Aate vahu by Final Acute- 
Chrodc RAUO. depending oo tbr data 
l vaflable. In aoma a-1 It will not be 
porrible to calculate l Fml Chronic 
VAlue. 

8. uw ally the multe of flow-through 
(except renewal la acceptable for 
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daphnids) chronic tests in which the 
concentrations of toxicant in the test 
solutions were measured. 

C. Do not use the results of any 
chronic test in which survival. growth. 
or reproduction among the controls was 
unacceptably low. 

D. Chronic values should be based on 
endpoints and lengths of exposure 
appropriate to the species. Therelore. 
only the results of the following kinds of 
chronic toxicity tests should be used: 

1. Life-cycle toxicity tests consisting 
of exposures of each of several groups 
of individuals of a species to a different 
concentration of the toxicant throughout 
a life cycle. To ensure that all life stages 
and life processes are exposed. the test 
should begin with embvos or newly 
hatched young less than 48 houn old 
(less than 24 hours old for daphnids). 
continue through maturation and 
reproduction and wrtth fish should end 
not less than 24 da),s (90 days for 
saknonids) after the hatching of the next 
generation. For fish. data shouid be 
obtained and analyzed on survival and 
growth of adults and young. maturation 
of males and females. embryos spawned 
per female. l mbyo viability (salmcnids 
only) and hatchabihty. For daphnids. 
data should be obtairred and analyzed 
on survival and young per female. 

2. Partial Me-cycle toxicity tests 
consisting of exposures of each of 
several groups of indrviduals of a 
species of fish to a &fferent 
concentration of the to&ant through 
most portions of a life cycle. Partial life- 
cycle tests are conducted with fish 
species that require more than a year to 
reach sexual maturity, so that the test 
can be completed in less than IS 
months. but still expose all major life 
stages to the toxicant. Exposure to the 
toxlcant begins with immature juveniles 
at least 2 month5 prior to active gonad 
development continues through 
maturation and reproduction. and ends 
not less than 24 day5 (90 days for 
salmonids] after tha hatching of the next 
generation. Data should be obtained and 
analyzed on survival and growth of 
adults and young. maturation of males 
and females. embryos spawned per 
female. embryo viability (salmonids 
only] and hatchability. 

3. Early-life-stage toxicity tests 
consisti 

2% 
of 2& to g&days (80 days 

post-hat for aaknonids) exposures of 
the early life stages of a sptdes of fish 
from shortly after fertilization through 
embryonic. lmal, and early JuvcniJe 
development. Data should be obtained 
and analyzed on 5wivaJ and growth. 

E Do not u5e the results of an early 
life-stage test Jf results of a life-cycle or 
partial hfe-cycle test with the 5ame 
species are l vaiJa ble. 

F. A chronic value is obtained by 
calculating the geometric mean of the 
lower and upper chronic limits from a 
chronic test. A lower chronic limit is the 
highest tested concentration (I) in an 
acceptable chronic test. (2) which did 
not cause the occunmce (which was 
statisticaJly signifkantly different from 
the control at ~-0.0~) of a rpccified 
adverse effect and (3) below which no 
tested concentration caused suds an 
occurrence. An upper chronic limit is the 
lowest tested concentration (I) in an 
acceptable chronic test. (2).whkb did 
cause the occurnnce (which was 
statistically significantly different from 
the control_at p=O.OS) of a specified 
adverse effect and (31 above which all 
tested concentrations caured such an 
occurrence. 

h’ots.-Vsriour suthorr bsvc used s 
vrncty of terms and deftiuons to mterpret 
the ttsuhs of chronic tests. so nportcd 
results should be reviewed cuefully. 

G. If the chronic toxicity of the 
substance to aquatic animals ha5 been 
adequately shown to be related to a 
water quality characteristic such as 
hardness for freshwater organism5 or 
salinity for saltwater organisms. a Final 
Chronic Equation should be derived 
based on that water quality 
characteristic. Go to Sectron VII. 

H. Jf chronic values are available for 
eight species as described in Section JR. 
B.1 or III. C.1. a species mean chronic 
value should be calculated for each 
specie5 for which at least one chronic 
value is avarlable by calculating the 
geometric mean of alJ the chronic values 
for the species. The Final Chronic Value 
should then be obtained uring the 
procedure5 described in Section JV. J-C. 
Then go to Section VI. h4. 

1. For each chronic value for which at 
least one appropriate acute value is 
available. calculate an acute-chronic 
ratio, using for the numerator the 
arithmetic average of the rerullr of all 
standard Dow-through acute testa in 
which the concentrations ware 
measured and which an fmm the same 
study as the chronic test. Jf such an 
acute test is not available, use for the 
numerator the results of a standard 
acute test performed at the same 
laboratory with the same species, 
to&ant and dilutfon water. If no such 
acute test Is available, use the species 
me8n acute value for the numerator. 

NotoAf tbr l cuta toxtdry or chronic 
toxicity or both of tbr substance bavr been 
adequately sbowo to be nlatad to a water 

1 
oaltty charscteristtc the numrrator and tba 
l nonunrtor must be based on ~rrts 

performed in the same water. - 
1. For each species. ulcuate the 

species mean acute-chronic raU0 as the 

geometric mean of rll the acute-chronic 
ratios available for that species. 

K. For some substances the specie5 
mean acute-chronic ratio seems to be 
the same for all rpecies. but for other 
substances the ratio seems to increase 
as the species mean acute value 
lnaeases. Thus the Final Acute-Chronic 
Ratio can be obtained in two ways, 
depending on the data available. 

1. Jf no major trend i5 apparent and 
the acute-chronic ratios for a number o? 
rpecies are within a factor of ten. the 
final Acute-Chronic Ratio should be 
calculated an the geometric mean o! a:1 
the species mean acute-chronic ra!.cs 
available for both freshwater and 
saltwater species. 

2. Jf the species mean acute-chronic 
ratio seems to increase as the species 
mean acule value increase5. the va:9e cl 
tbe acute-chronic ratio for species 
whose acute values are close to the 
Fmal Acute Value rhould be chosen as 
the Final Acute-Chronic Ratio. 

L Calculate the Final Chronic Value 
by dividing the Final Acute Value by the 
Fmal Acute-Chronic Ratio. 

M. Jf the species mean chro.tic value 
of an important species, such as a 
commercially or recreationally’ 
important species, I5 lower than the 
final Chronic Value. then that species 
mean chrome value should be used as 
the Final Chronk Value. 

N. Go to Section VIlJ. 

VII. Find Chmnic Equation 
A. For each rpecies for which . 

comparable chronic toxicity values are 
available at two or more different 
values of a water qua@ characteristic 
which l pparenUy affect5 chronic 
toxicity. perform a least square5 
regression of the natural logarithms of 
the chronic toxicity values on the 
natural logarithma of the water quality 
characteristic values. No transformation 
or l different transformation may be 
wed if It Dts the data better, but 
appropriate changes will be necessary 
throughout this section. It is probably 
preferable. but not neceasuy. to use the 
oame truuformatioa that was wed w~tb 
the acute values in Section V. 

8. Determine whether or not each 
chronic alope la meaningfuL taking into 
account t&u rage and number of values 
of the water quality &uacte.risUc 
tested For axample. a slope based on 
four data points may be of limited value 
if 11 is based only OD data for a nmw 
range of values of the water quality 
characteristic On tbe other hand a 
dope based on only two data pointa 
may be meanin&J Jf It Is consistcot 
with other information and if the two 
points cover a broad enough range of 
the water quality characteristic II a 
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chnmk slope ia oat 
l vailab l for at least one apedcr. return 
lo section VI. I-l. 

C CJcuIrtc the mean chronic alopc 
(I,) 81 the uHhmcUc avenge of all the 
me- CllfOOiC 8lOpcr for fndMdU*l 
apudes. 

D. For erch apedee ulculate the 
pxoetric mean (M) of the toxicity 
values and the geometric mean (‘P) of the 
&ted v8lues of the water quality 
cbnrncterl8tic 

E Pot each apedca caMate the 
logarithmic intercept (Q) using the 
equation: Q-In M- L(ln P). 

F. For each spedes calculate a species 
menn cluonic intercept 88 the antilog Of 

Q 
G. Obtrin the Final Chronic Intercept 

by using the procedure desnibed in 
Section Iv. I-0. except insert 
‘2nterce t’ for ‘Yaluc’. 

H. If tg e 8pecie8 mean chronic 
irtcntpt of an importnnt species. such 
~a 8 commefcid.Jy or rtcreationallp 
lrrportlnt species. is lower than the 
FlnJ Chmnic Intercept. then that 
species mean chronic intercept should 
be used as tbc Final chronic lntencpt. 

L The Final Chronic Equation is 
tinen *, e aJrr(ram emdo -d-* 
p, where L-mean chronic slope and 
RI Final Chronic Intercept. 

VIII. Final Plant Vaiuc 
A Appropriate measures of the 

toxicity of tbc rubstance to aquatic 
plants are used to compare the relative 
aenaitivitiea of aquatic plants and 
l imnJn. 

B. A value is a concentration wblch 
dearsed growth (as measured by dry 
weight chlorophyU. etc.) in a Ssbr or 
longer test with a0 dgn or io a chronic 
teat wttb 80 l quattc vascular plant. 

C Obtain the Final Plant Value by 
aelecting the loweat plant value from a 
test In which the toxiunt concentration.8 
were mraaured. 

LX. Final Rujdrn Value 
A 7%. Fion.l Reddue Vdue ia dmrived 

Ln order to (1) plwmt axuaadr1ly or 
mcm*thldly llqmrtMl rquatlc 
0gMiama from exe nhvult FDA 
action IrveIa urd (2) prutoc~ wf.ldUfa, 
indudiog 5ahea and birda. that oat 
l qu8Mc ~ullama from dalloaatx8td 
rdveraa l ffec& A ~aidur v&e ia 
uldrted by dMdio# 8 mAxhmD 
permiadblr Uaaw ColmltretroabyM 
aPPffJ@- Mnanrmtretion fBaor 
IW=PIwbermlboBCPl8tbeqDo~td 
tbewaaa~ltonofranbatanc8ind 
orputof~rquatic~divided 
by the o~aantntlao ta water to rvhlch 
thecqpnlamhe8beeaexpoaedA 
maximum puxdaaible Usaw 
cooceamh b dthr (I) aa rctlm 

level from the FDA Admini*tmtfve 
Guidelines Manual for 5th oil or for the 
edible portion of fish or shellfish. or (2) 8 
maximum acceptable dietPry intake 
based on observations on 8urvtva.l. 
growth or reproduction tn a chronic 
wildlife feeding study. If no maximum 
permissible tissue concentration Is 
available. 80 to Section X beceuse no 
Final Residue Value can be derived. 

8.1. A BCF determined in a 
laboratory teat should be used only if it 
was calculated based on measured 
concentrstiona of the substance in the 
test aolution and waa based on on 
l xporure that continued until either 
steady-state or &clays was reached. 
Steady-state is reached when the BCF 
does not chawe significantly over a 
period of time. such as two days or 16 
percent of the length of the exposure, 
whlchever ia longer. If a steady-state 
BCF is not available for a species. the 
available BCF for the longest exposure 
over 28 days should be used for that 
species. 

Z. A BCF from a field exposure should 
be used only when it is known that the 
concentration of the substance was 
reasonably constant for II long enough 
penod of time over the range of terntory 
inhabited by the organisms. 

3. If BCF valuer fmm field exposures 
are consistently lower or bigher than 
those from laboratory exposures, then 
only those values from field exposures 
ahould be used if possible. 

4. A BCF should be calculated baaed 
on the concentration of the substance 
and its metaboliter. which are 
atn~cturally similar and are not much 
more soluble in waler than (he parent 
compound. in rppmpriate tissue and 
should be corrected for the 
concentration la the organisms at the 
beginning of the lest. 

5. A BCF value obtained from a 
laboratory or 5rld rxpoaure that cauacd 
an obaervablr rhrerae effect oo the teat 
orgndsm my ba used only if it is 
ahiIrr to thnt obt&ned titb unaffected 
organlam at lower amcenmtiona In the 
same test. 

b Whenever l XF is determined for 
a llpid-soluble aubatance. the percent 
Upids should alao be determined in the 
tiaue for which the BCF WBI calculated 

C. A 8(=F tahhted using dry tiaauc 
uebhta muat be mavertrd to a wet 
tissue we@t baa& by multIplying the 
dry webht BCF value by 0.1 for 
plrnkton and by 0.2 for Individual 
apedar of 5&a and Lnvertebratar 

Not..--Tb vdoea of a2 and a1 were 
derived hri dote plbbahed IK 
McDiffrn W. F, 1Om Wogy 5197SBOa 
Bmckaen. R W, 04 al 1oSa 1. WIldtile 

Mmrgemtnt SZU-tb 

cummiM. K. w. 81 AL lu3. lzcdqy w 336 
54s. 

F’micidc Anr!yticJ Manu~I. Volume L Food 
And DN# Admmira~tion 1w. 

Love, R M. laa7. In The Pbyrioigy of FIrher. 
VoL 1 K E Brown. l d kadanuc Prc~r. 
New Yort p. 411. 

Ruttnrr. F.. 1tNU. Fundmmttalr of Lm-~ol~g,~ 
3rd cd. Trmnr. by D. C. Prey and F. f J F? 
Umv. of Tomato Rem. Toronto. 
Some l ddtUaul vrlua CM k found in 

Bdborpe. C D, 1~. The Bioloqy of 
Aquatic Vase&r Phtr. Amold Publtrbng 
LUL London 

D. If enough pertinent dnta exist. 
several residue velues can be calculated 
by dividing maximum permissible tissue 
con#ntrations by apprvpnate BCF 
valuer. 

1. For each l vailable maximum 
acceptable dietary intake derived fmrr. a 
chronic feeding study with wildlife. 
including birdr and aquatic oganigms 
the appropriate BCF is based on the 
whole body of aquatic ap&ies which 
constitute or represent 8 major potion 
of the diet of the tested wildlife species 

2. For M FDA action level. the 
appropriate BCF ia tbe.highest geometric 
mean apeciea BCF for the edible portion 
(muscle for decepods. muscle with or 
without akin for fishes. adductor muscle 
for icallops and total Ii- tissue for 
other bivalve molluacr) of a consumed 
species. The highest species BCF is used 
because FDA action levela are applred 
on a species-by-species basis. 

E For LipId-soluble substances. it may 
be possible to ulculate additional 
residue values. Because steady-stale 
BCF values for a lipid-soluble chemical 
seem to be proportional to percent hplds 
from one tirsue to another and from one 
apec~tr to another. extrrpolations can 
be made from teated tissues or species 
to untcated tiaauea or apecres on the 
basis of percent Upids. 

1. For each BCF for which the percent 
lipida ir known for the wme tissue for 
which the BCF was measured. the BCF 
abould be no~lized to 8 one percent 
lipid buia by Ivldig the BCF by the 
peruot lipida. ‘Whir l djuattnent to 8 one 
percent lipid buia makes all the 
maaaurmd BCF vaJuea compuable 
qpdle88 of ttu apedes~or tissue for 
which the BCF wna mreaurd 

L Calculate tba pmetrlc mean 
taamdined KS. Dan for both sal~ater 
and fr~abwr~ ape&s can be used to 
L.;r mew normalized BCF. 

md BCF seems to 
krboutthoauneforbothlclndsof 
or/h- 

3. Residue vrlun cao then be 
calculated by dividing the mrximwo 
~rmisaiblr rlaaue amccntrrtions by the 
mean nornulhd BCT rnd by a percent 
Upids value appropriate to the maximum 
permissible tiaaue concentration. i.e. 
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Baridw value - (maxima mmieaibla tiaeua eoncrnttarioa) 
(maa norralirod BCI)(apptopriate pwcooc lipidr) 

a. For an FDA action level for 5ah oil, 
the appropriate percent llpidr value ir 
loo. 

b. For an FDA action level for fish the 
appropriate percent Upidr value ie IS for 
bcrhwatcr criteria and 18 for raltweter 
criteria because FDA l cUon levelr are 
applied on a rpecier-by-rpecier basis to 
commonly consumed rpecier. The edible 
portion of the frecrhwater lake trout 
l veragcr about 15 percent lipida. and 
the edible portion of the raltwater 
Atlantic herring averages ebout 16 
percent lipids (Sidwell. V. D.. et al. 1974 
Comporition of the Edible Portion of 
Raw (Fresh or Frozen) Crustaceans. 
Fmfish. and hfollurkr. 1. Protein. Fat. 
Moisture, Ash, Carbohydrate. Energy 
Value, and Cholesterol. Marine Fisheries 
Review 36:2l-35). 

c. For a maximum acceptable dietary 
intake derived from a chronic feeding 
study with wildLfe. the appropriate 
percent lipids is the percent lipids of an 
aquatic species or group of aquatic 
species which constitute a major portion 
of the diet of the w-Wife species. 

F. The Final Residue Value is 
obtained by aelecting the lowest of the 
available residue values. It should be 
noted that in many cases the Final 
Residue Value will not be low enough 
For example, a residue value calculated 
from an FDA action level would result in 
an average concentration in the edible 
portion of a fatty specie* that is at the 
action level. On the average half of the 
individuals of the rpecies would have 
concentrations above the FDA action 
level. Also. the result* of many chronic 
feeding studies are concentrations that 
cause adverse effects. 

x. Other Dot0 

Pertinent information that could not 
he used in earlier rectiona may be 
available concern@ adverse r5ecta on 
l quatic orgtirmr and their wea. The 
most important of these are data on 
flavor impairment reduction In rurvival 
growth or reproduction. or my other 
l dvene effect that bar been rhown to 
be biologically riOnlflunt ILprclally 
importa@ M data for rpeder for which 
no other data M available. Data from 
behavioraL mkorcorm 5&l and 
phyriologk.al rtudler may alao ba 
available. 

XI. Cnlen’on 

A The criterion consist0 of hvo 
concentrrtioru. one that Nhould not be 

exceeded on the average in I &hour 
period and one that rhould not ba 
exceeded at any time durlna the U-hour 
period. Thir two-numbar criterion ir 
intended to identity water quality 
conditiona that rhould protect aquatic 
life and Ita WII from acute and chronk 
l dverre affectr of both cumulative and 
noncumulative rubrtancar without baiq 
as rertricthe am a one-number crtterion 
would have to be to provide the rame 
degree of protection. 

B. The maximum concentrrtton Is the 
Final Acute Value or Is obtalned from 
the Final Acute Equation. 

C. The &hour rvcrrge concantration 
is obtained from the Final chronic 
Value. the Final Plant Value, and the 
Final Residue Value by selecting the 
lowest available value, unless other 
data (see Section X) hrn teats in which 
the toxicant concentrations were 
measured show that a lower value 
should be used. If toxicity ir related to a 
water quality characterirtic the &hour 
average concentration Is obtained km 
the Final Chronic Equation. the Fiial 
Plant Value. and the Final Residue 
Value by aelecting the one that results tn 
the lowest concentrations ln the normal 
range of the water quality cbaracterirtic. 
unless other data (see Section X) 5~rn 
tests in which the toxicant 
concentrationr were measured rhow 
that a lower value rhould ba wed 

D. The criterion ir (the &hour 
average concentration) l a 24-hour 
l verqe and the concentration should 
not excaad (the mudmum 
concenhrtion) at any time. 

XII. Review 

A On the barlr of ail l vaflable 
pertinent labontory and 5eld 
lnfomrtioa determine U the crituion L 
conrfstrnt with round rdentinc 
evldeace. If It b not mother uitrrloa 
l ltber higher or lower, rhould be derived 
wing appropdate modi5cationr of the 
Guideliner. 

There Culdeliaee were writtea by 
Charlea E Stephp Md 1 Mount, 
David J. Huuen, Joha H CeatUe, Guy 
A. Chapmu~ and Wilhm A Brung of 
the U.S.E.PA. Eaviratua8ntal Roeurcb 
tboratorier in CorvaIlk OrrpsL 
Dulll~ !btinaerota Gulf Breue. Flora 
and Narryaarett Rhode bland. 
Numerow other people, many of wbm 
do not work for U.SEPA, provided 
rrrirtence Md r~rtionr. 

Appendix CXhdddbes and 
?&&&It; Ueed In the Repantioa of 

Ameumeat Chapter3 of 
the Cam8nt m Water Criteria 
Documenta 
I. Objecth 

The objec&e of the health effect 
l rreaament chapten of the ambicn! 
water criteria documents is to l rtznate 
amblent water dncenbationr which do 
not reprwent a significant nsk to the 
public There l arerrmentr should 
conatlhte a review of all relevant 
information on individual chemicals or 
chemical dames in order to dcr.ve 
aitefia that reprerent. in the case o! 
rurpect or proven cucinogenr. vanou 
level8 of in0emantal cancer risk or. m 
the cue of other polluknts. cstuzates of 
no-effect levelr. 

Ideally, ambient water quallb cnlena 
should rrprcrent levels for co~pc~s1L76s 
in ambient water that do nor pose a 
hazard to the human population. 
However, in any realistic assessment of 
human health hazard. a fundamen:al 
distinction muat be made between 
absolute safety and the recognition of 
some rik Criteria for absolute safe2 
would have to be based on detailed 
knowledge of dose-response 
nlationsh.ipr in humans. including all 
8ourcu of tiemica exposure. the b-pes 
of toxic effecta elicited. the l tirtence of 
threrholda for the toxic effects. the 
a’ignifiwce of toxicant interachons. ar.d 
the variancer of renritivtties and 
exporure levelr within the human. 
population. In practice. wch absolute 
criteria cannot be established because 
of defidender in both the available data 
and the means of interpreting this 
information. Cowequently. the 
individual human health effects chapters 
pmporr &aria which minim~ite or 
rpadfy the potential risk of adverse 
human e5ecta due to rubstancec in 
ambianl water. Potential social or 
econoa~Ic co& and benefit8 are not 
ConriM In the formulation of the 
dterir 

If. Tjpu of C&en’0 
Ambient w&t quality criteria art 

bared on thrte typo of biological 
mdpointr: uniao~enicity, toxicity (i.e.. 
rff;dF l 5ecta other lbur can-). 

w$~yJ~f~o;;?;is 

regarded u a non-bshold 
phenomenon. U&q this arr-ploa. 
“de’ w bo &ct” levela for 
tud~ocl(tl -aDot ba l rtablished 
becaw WQI l xtnmely rmall dorem 
mwt he rrrumed to elicit a finite 
lncrern la the lnddenu of the 
reqb0nu. Coaaaquently. water quality 
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crbria for urdnogcn~ UI presented JJ 
a ruqp’of poautant concentratlonJ 
rJJocirtedwith comJponding 
incr8mantAl risks. 

For compounds which do not manifest 
any apparent urdnogenic effect the 
threshold assumption is used in deriving 
l criterion This rssumption is based on 
tJ~e premise thrt a physiological reserve 
capaiity udsts within the ogeni~m 

which is thought to he depleted before 
dhiul dfserse ensues. Altemrttvely. It 
may be usumad that the rate of damage 
will be hsignifbnt over the life 8pJn of 
tbe organism. Thus. ambient waler 
quality criteria are derived for non- 
urdnqd~ chemicds. and presumably 
result in no observable-adverse-effect 
hd.s (‘NO-) ln the exposed human 
population. 

In some instances. uiterin are based 
on organoleptic churcteristics. Le.. 
thmsholdr for taste or odor. Such 
criteria vt established when 
fnsufsdrnt information Is rvallable on 
toxkolqgic effects or when the estimate 
of the level of the pollutant In ambient 
wdu based on orgonoleptic effects is 
lower then the level calculated from 
toJc41ogic data. It should be recognized 
that criteria based solely on 
organoleptic effects do not necessarily 
represent approximations of acceptable 
risk levels for human health 

Several ambient water quality criteria 
documents deal with ilaases of 
compounds which include chemicals 
&biting varying degrees of stnxtural 
sidaiity. Because prediction of 
biological effects based solely on 
structural parameters Is difficult the 
de&tion of compound-specific &teria 
is pmfenblr to l drss criterion A 
compound-sflc criterion is de&led 
as l level derived from data on each 
Individual subject compound that does 
not reprtsmt a significant rLsk to the 
public For some chemicoI classes. 
however. I compound-sped5c uiterion 
cannot be derived for arch member of a 
class. In such hstanceh lt ir sornetlmes 
justlfirblr to derlvr l class criterion h 
which available data on one member of 
a dus may k wad to atimatr uiterir 
for other chemkals of the CIAJJ becau.8~ 
I suPIident data base is not available 
for thou annpoundr 

For some chemicals rod chea~U 
draser the &ta haw wu Judged to be 
insuf5dent for the derivation of I 
aitdon J.u thosa’caies, dafidrndes in 
thr avaIlable lnfonnation are detailed. 

III. i4fhpod 
7b human health effects chapten 

at-pt b 8ummuka dl tnfomruon on 
theiadlddrulchodcd~or dames of 
~crlrrrhIchmightbewefultnthe 
rid uoasment pmcess to dwelop 

water quality criteria. Although primary 
l mph4sis ir placed on Identifying 
epldemlologic and toxicologic data, 
these l sessmantr typically contain 
discussions on four topiu: existing 
levels of human exposum. 
phumrcokinetlcs, toxic effects, and 
criterion formulation 

For all documents. an attempt is made 
to include the known relevant 
informrtion Review articles and reports 
am often used in the p-s of data 
evaluation and rynthnis. Sdentiflc 
lu 

“&” 
l nt 1~rxerdJcdlnthrreview and 

eva urtion of the data ln each document 
and in the identification of the rdverse 
effects galrut which protective criteria 
are sough In rddition l uh of these 
documents ls reviewed by a peer 
wmrnittee of scientist8 familiar with the 
specific compound(s). These work 
groups evaluate the quality of the 
rvriloble data. the complettness of the 
drtr summuy. md the validity of the 
derived cAterion. 

In the analysis and organization of the 
data. an attempt is tiade to be 
consistent wtth respect to the format 
rnd the application of acceptable 
sdentific princtples. Evaluation 
pmcadurcs used in the hrurd 
assessment process follow the principles 
outlined by the National Audemy of 
Sciences In Drinking Watur and Health 
(1~7) and the guidelines of the 
Cudnogen hrsessment Group of ‘he 
u.s EPA 
A Exporufv 

The exposure section of the health 
effecta chapten reviews known 
information on Cumnt levels of human 
exponvc to the individual pollutant 
from all sows. Much of the drtr was 
obtained from monitor& studh of rtr. 
water. food roll. and human or u&A 
tissue residues. The major purpose of 
this section is to provide background 
informetion on the contribution of wrter 
exposw r&the to aU other souses. 
ConseqwnUy. Uu ex-posw sad00 
includes subsections nvirwing Merent 
router of mxpoaurr Include water and 
food ingesthb lnhal~tiop and dumal 
contact. 

Information on exposure can be 
valuable h developing and u~esrlng l 
water qnalily crltertoa In the88 
documents exposum born consumption 
of con-ted water and 
umtamhhd &h and sballfisb productl 
ts used tn ultdon fonnulrtloa Data for 
all moder of expowe am weful La 
ralrting total Intake to the expoctod 
wntribuuon km m-ted rnti, 
Ash and shellfish la addition, 
infonnatton for all routes of upoaurw 
not llo&ed to drt&ng water md Lh 
and shellfish ingestion. can be used to 

Justify or asseu tht feasibility of the 
formukion of criteria for ambient 
w8ter. 

The use of fish comunption as an 
l xposw fector requires the 
quantitation of pdhmt residues in the 
edible portions of the ingested specter. 
Accordingly, bioconcentrrtion factors 
(BCFs) are wed to relate pollutant 
residues in aquatic organisms to the 
pollutant con~nbmtion lo the ambient 
waten tn which they reside. 

To arthate the rverrge per capita 
Make of I pollutant due to wnsumpt:on 
of contaminated fish and shellfish the 
msuh of a diet Jwey were analyzed IO 

ulcuhta the werage consump~on of 
freshwater and estuarine fish and 
shell5sh (US. EPA 1980). A species 1s 
considered to be l consumed freshwater 
or estuuino fieh and shellfish species L’ 
at some stage in its life cycle, it is 
banrested from fresh or estuarme water 
for human conrumption in s&r-&cant 
quantities (Stephan IHO). 

lbree different procedures are used to 
estimate the weighted average BCF 
dqending upon the lipld solubility of 
the chemical and the availability of 
bioconcentration data. 

For lipid-soluble compounds. tbe 
average BCF is c&&ted from the 
weighted average percent bpids in the 
edible portions of consumed freshwater 
and l stuarine fish and shellfish wtuch 
was calculated frum data on 
conmunptlon of each species and its 
corresponding percent lipids to be 3.0 
percent (Stephan 1880). Because the 
steady-state BCFs for lipid-soluble 
C0mpoud8 m proportional to penenl 
lipids. bioconcsntration factors for fish 
and sbellfiah un be adjusted lo the 
average percmt lipids for aquatic 
organisms consumed by Americans. For 
many lipid-soluble pollutants. there 
exists at least one BCF for which the 
percent lipid value was measured for the 
tissues for which the BCF IS determined 

With 3.0 pucent IS the weighted 
average percent lipids for freshwater 
and estua.ri~ fish and shellfish in the 
wrmga diet. l BCF, and a 
corresponding percent lipid value. the 
weighted average bioconcentrrtion 
factor cm be ulculrted 

ExAmplr. 
Weighted average percent lipids for 

rvv diet I g.0 percent 
Mewwed FICF of 17 for 

Mchlorwthylene with bluegills at 
4.8 pmwllt lipids 

Weighted rvwge BCF for rveregt 
diet equals 

17 x 3.oT = 10.6 
4.8% 
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As an l stimett. 10.6 is used for the 

In those cases where en rppmpriate 
BCF. 

bioconcentration rector ic not available, 
the equation “Log BCFL (0.85 Lag P)- 
0.70" cm be used (Veils. et al. 1979) to 
estimate the BCF for aquatic organisms 
containing ebout 7.6 percent Ii 
(Veith. 1960) from the octanol water P 

ids 

partition coefficient P. A.n adjustment 
for Percent lipids in the l verege diet 
versus 7.6 percent Is mede in order to 
derive the weighted average 
bioconcentretion fector. 

For non-lipid-soluble compounds. the 
avoiloble BCFJ for the edible portion of 
consumed freshwater end otuarine fish 
and shellfish l re weighted according to 
consumptron factors to determine a 
weighted BCF representative of the 
average diet. 
B. Pharmocokinetics 

This section summarizes the available 
information on the absorption. 
distribution. metabohsm. end 
elimination of the compound(s) in 
humans and experimental mammals. 
Conceptually, JUCh information is useful 
in validation of inter- and introspecies 
extrapolations, and in characterumg the 
modes of toxic action Sufficlenl 
information on absorption and excretion 
in animals. togeher with I knowledge of 
smbieot concentrstions in weter. food, 
end air. could be useful in estimatmg 
body, burdens of chemicals KI the human 
population. Distribution dot4 which 
suggest target organs or tissues are 
desirable for interspecies comparuon 
techniques. in terms of the derivabon of 
criteria. pharmawkinetic data are 
essential to estimate equivalentPra1 
doses based on drta from inhalation or 
other routes of exposure 

c. &ffec& 
This section summarizes inform4Uon 

on biological l fleets in both humans and 
experimental m4mm418 resulting IIX 
rcute. subrcute. and cbronlc toxicity. 
synergism and/or antagonism. 
teratogenicity. mulagerddty, or 
urcinogenicity. 

The IUAjOr gOAl Of thfl 8eCtiOl-1 (8 t0 
survey the stitrbility of the data for use 
in assessment of hazard and to 
determine which biolqlcal end-point, 
i.e, non-thr8sho]d, threshold, or 
o~anoteptic should ba wkt8d for use 

in criterion fonnulatian 
Because this aaction attempta to 

l sJesJ potenti bwnrn brrlth effects, 
datr on docwnentrd human effecta l ra 
thoroughly evaluated Howewr. sewr4l 
frcton lnhennt fn human 
epidemiologiul ~tudiu uswl!y pnclude 
the use of such data in generating water 
quahty criteria. These problama, u 

summarized by the National Academy 

1. Epidemiology cannot tell what 
effects 8 material will have until after 

of Sciences (NAS, 1977) ere 4s follows: 

humans hsve bttn exposed. One must 
not conduct whet might be hazardous 
experiments on man. 

2 If exposure has been ubiquitous. it 
msy be impossible to essess the effecta 
of 4 mrterial. because there is no 
unexposed control group. Statistics of 
morbidity obtained before use of a new 
material can sometLmes be usehd. but 
when latent ptrlods am variable end 
times of introduction and removal of 
malerials overlrp. historical data on 
chronic effects are usually 
unsatisfactory. 

3. It is uruelly difficult to determine 
doses in human exposures. 

4. Usually, It is hard to identify small 
changes in common effects. which may 
nonelheless be important if the 
pOpU~¶tiOD iJ lUge. 

5. Intersctions in 4 “nature-designed” 
experiment usually cannot be 
controlled. 

Although these problems often 
prevent the use of epidemiological data 
in quantitative risk asressments. 
quaIllative similarities or bffercnces 
between documented effects in humans 
end observed effects in experimental 
mammals are extremely useful in testing 
the validity of animal-to-man 
extrapolations. Consequentll(, in each 
case. en attempt is made to identify and 
utilize both epidemiologic and animal 
dose-response data. Cnteria derived 
from ruch 4 conf&ned data base 4re 
considered to be reliable. 

The decision to establish 4 criterion 
based on a non-threshold model is made 
after cv4lurting 4ll l v4il4ble 
tnformrtion on uhcinogenicity and 
supportive Information on mut4gtnlcltyy. 
The rpproach and conditions for the 
quahatlve decision of urcinogenidty 
am outlIned In the US. EPA Interim 
Cancer Cuidellnsr (41 FR Zl4Ct2). In a 
report by Albert. et al. (1977), 4nd in the 
lnterrgency Regulatory Liaison Grou 
WC) guidelines on caxinogenic ilr f: 8 

(IRLC. lu79). It la 4JJumafl thrt 4 
JubJtance w&b induces w #t4ti#ti~l~y 
significant crrcinqtnlc response in 
animrls has lht upadty to cause 

cancer in b- A chadcd whkb 
bra not induwd a eignifkant anoer 
response b bumuls or rxperlmental 
animals is not Idenntiiled AD a 
udnogen. wag though Ita metabolltes 
OT do84 JbuctWal aIlh@JOJ El@lt 
induce 4 carcinogenic WJpCVlJe or it was 

shown to be mutqenlc Lo an in ti&w 
J)‘Jtem. 

It Is nc0gnIred that some patenti 
human cucinqens mry not be 
Identified by the guideher gtven above. 

For example. compounds for which 
there is plrusib!e but week qU¶htative 
evidence of uminogeniclty in 
experimental animal systems (such 4s 
date from mouse skin painting or strain 
A mouse pulmonuy l denome) would be 
included in this category. The derivation 
of l criterion for human consurnpbon 
frbm these studies in aot valid 
mgerdless of the qualitative outcome. Ln 
rddition. there en certain compounds 
(e.g.. nickel 4nd beryllium) which were 
shown to be carcinogenic in humans 
after inhalation exposure by chemlca! 
form. but have induced thus far no 
response in animals or humans via 
ingesting their soluble 841ts. 
Nevertheless. 4 non-threshold cnterion 
is developed for beryllium because 
tumors heve been produced in an:.r,a!s 
at 8 site removed from the sire of 
scimhi~tr~tiotx in contrast. 8 threshold 
criterion is recommended for nicke! 
because there 1~ no evidence of twMrs 
at Bites distant n8u1tiq from 
rdrninlstrrtion of nickel solutjons by 
either ingestion or injection 

For those compounds which were not 
reported to induce carcinogenic effects 
or for those wmpounb for which 
carcinogenic data art lacking or 
insuificient. M attempt is made to 
estimate 4 no-eRtct level. In man) 
respects. the baurd l valuation from 
these studies is similar to that of 
bioasJayJ for carcinogenicity. k~ order 
to more closely rpproximate wndibons 
of human l xPosure, preference is given 
to chronic JhlditJ involving oral 
exposures in wetar or diet over 4 
significant potion of the animel life 
span Greatart confidence is plrced in 
those studies wbicb demonsbrte dose- 
relrted advert effects AS weti as no- 
effect levels. 

There b considerable variability in 
the biological endpoints used to define 4 
m-effect level. Tbay may range from 
mar effec& 8uc.b 18 mortality. to more 
subtle biochemiul. phpslological. or 
prthological changer. Teratogenlcity. 
rtpducth’8 iJnpdm!nf and 
bebaviorrl effects arm JiglIifiC4llt toxic 
conaequencea o~envtr0nmental 
contrminrtion. Ia inrtances where 
cudnogeJc or other chronic effects 
occur at ucposum lewls below tb080 

WUJb# terstgrddty, 
03 

rodUCtlV0 
hu@rmmt QI bebad rffock lhe 
former m uaad tn d@ri* tba crlttrion. 
For omst of the armpounds evaluated 
thus far. tern-d 

a 
and mpmductivc 

hpahent occur at oses near 
mrxhum tohBti hds with dose 
l dmlnistratiom scbwhles well above 
l Jtlm4td arvtronmeatal exposure 
levels. Moreover. lnformrtion on 
behavtoral offecta. which could be of 
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significance, ~a oot available for moat of 
the compounds under study. 
Consequently, mo51 NOAEL5 derived 
from chronic rtudrer are baaed either on 
grass toxic effecta or on pffectr directly 
related to functional impatrmeot or 
defied path01 ‘cal Ierionr. 

For compoun s on which adequate 7 
chronic toxicity rtudies are not 
available. rtudier on acute and rubacute 
toxicity assume greater rignificance. 
Acute toxicity rtudier usually involve 
ringle exposures at lethal or near lethal 
doses. Subacute 5tudicr often involve 
exposure5 exceeding 10 percent of the 
life span of the test oqaoirm. e.g.. 90 
days for the rat wilh an average Ilfe 
5pan of 30 months. Such rtudies are 
useful in establishing the nature of the 
compound’5 toxic effects and other 
parameters of compound toxicity. such 
5s target organ effects, metabolic 
behavior. physiological/biochemical 
effect!. and patterns of retenhon and 
tissue dirtribution. The utility of acute 
and subacute studies in derivmg 
environmentally meaningful NOELs is 
uncertain l hhough McVamara [197’s) 
has developed rpplicatioo factors for 
such derivations. 

In some cases where adequate data 
are not available from studies utihung 
9ral route5 of administration. no-effect 
ievels for oral exposurea may be 
04mated from dermal or inhalation 
a !&es Such estimatea involve 
approximations of the total dose 
administered based on assumptions 
about breathing rates and/or magnitude 
of absorption. 
D. Criterion Rationale 

This section review5 existing 
rtanduds for the chemical(s), 
sumroarizcr data on current levels of 
human exposure, attempts to identify 
5pecial gruup5 at risk. and defines the 
basis for the recouuneoded criterion. 

Information on existing standards is 
Included primarily for comparison with 
thr proposed water quality criteria. 
Some of the pmseot standuds, such as 
those recommended by the 
Occupational Safety and Ho&h 
Admini5tratioo [OsHA)w tllr AmrllcM 
Conference of Covemmental IndurMd 
Hygienista (ACCIH). m baaed on 
toxicologic data but w Mended as 
acceptable levels for occupational 
rather than mvironmeatd l xpo5u.m. 

r ,ber level* 6uch a5 tboae 
ommended by the Nationrl Audemy 
;denus in Dnhkiq Water and 
drl, (1077) or In the us EPA Intertm 

;. .mry Ddnkiq Water Standarda, m 
more closely related to proposed water 

f 
uality criteria. Emphaslr ls placed on 
l tailing the hair for the existing 

rtandards wbenver porrible. 

Summrles of current levels of human 
exposure. presented in this rection, 
specifically address the ruitability of the 
data to derive water quality criteria. The 
Identification of rpecial groups at risk, 
either because of geographical or 
occupational’differences in exposure or 
biological differences in 5usceptibility to 
the compound(s), focuses on the impact 
that these groups should have on the 
develo 

The i 
ment of water quality criteria. 
asir for the recommended 

criteria section summarizes and 
quahfies all of the data used in 
developing the criteria. 
N. Guidelines for Cn’tcrio Derivation 

The derivation of water quality 
criteria from laboratory animal toxicity 
data is essentially a two-step procedure. 
First, a total daily intake for humans 
must be estimated which establishes 
either a defmed level of risk for non- 
threshold effects or a nweffect level for 
threshold effects. Secondly. asrumptions 
must be made about the contribution of 
contaminated water and the 
consumption of fish/shellfish to the total 
daily intake of the chemical. These 
estimates are then used to establish the 
tolerable daily intake and consequently 
the water quality criterion. 

A. h’on-Thnshold Effects 
After the decision has been made that 

a compounQ has the potential for 
causing cancers in humans and that 
data exist which permit the derivation 
of a criterion. the water concentration 
which is estimated to cause a lifetime 
carcinogenic risk of 10-l is determined. 
The lifetime carcinogenicity risk is the 
probabibty that a person would get 
cancer sometime in his or her life 
l 5ruming continuour exposure to the 
compound. The water concen’tration 1s 
calculated by uring the low-dole 
extrapolation procedw proposed by 
Grump (IRIO). This procedure is an 
improvement on the multistage low dose 
extrapolation procedure by Grump. et al 
Wm. 

The data ured for quantltattve 
l 8timate5 are of two types: (1) lifetime 
animal studies. and (2) human rtudier 
where excess cancer risk ha5 been 
associated with exposure to the rrnt, 
In animal studies It I5 assumed unleu . 
evidence exista to the contrrry. that U l 
carcinogenic mponre occur3 at the 
dose levels used in the study. &en 
proportionately lower nrponaer wifl 
rho occur at dl lqwer doaer. wttb an 
inddence determined by the 
extrapolation model discuued below. 

1. Choice of Model. 
There is no really solid scientific basic 

for any mathematical extrapolation 
model which relater carcinogen 

exposure to cancer risks at the 
extremely low levelr of concentrallcn 
that must be dealt with in evaluatmg the 
environmental haurdr. For pracbcal 
rcasoru. ruch low levels of risk cannot 
be measured directly either using anlrr.al 
l xperlment5 or epidemiologic studies 
We must, therefore. depend on our 
current understanding of the 
mechani*m* of carcinogenesis for 
guidance as to which risk model IO LS~ 

At the present time. the dominant \‘Ic:\ 
of the carcinogenic process involves :r.e 
concept that most agents which cause 
cnncer also cause irreversible dama;? *; 
DNA. This porition 1s reflected by t’.~ 
fact that a very large proportron of 
agents which cau5e cancer are a!so 
mutagenic. There is reason to expect 
that the quanta1 type of biologIca: 
response that is charactenstlc of 
mutagenesis is associated with a 1::~ ,: 
non-threrhold dare-response 
relationship. Indeed. there is subsrant,a: 
evidence from mutagenesis studies w,:h 
both ionizing radiation and with a wide 
variety of chemical5 that this Q-pe of 
dose-response model is the appropr:a*e 
one to use. This I5 puticularlg true a! 
the lower end of the dose-response 
curve; at higher doses. there can be ar. 
upward curvature. probably reflecting 
the effecta of multistage processes on 
the mutagenic response. The Imea: non. 
threshold dose-response relatlonshlp :s 
also cordstent with the relatively few 
epidemiological rtudies of cancer 
responses to specific agents that contain 
enough information to make the 
evaluation porsible [e.g.. radiation- 
induced leukemia, breast and thyroid 
cancer. rkin cancer induced by srsenlc 
ln &inking water, and liver cancer 
Induced by aflatoxin in the let). There 
I5 also rome evidence from animal 
experiments that is consistent with the 
linear non-threshold hypothesis (e.g.. 
her tumors tnduced In mice by Z- 
l cetylaminofluorene tn the large rcale 
Eat study at the National Center of 
T~hdoghl Research, and the 
Inlthtioo Stage of the two-stage 
cuctnogmesir model in the rat liver and 
the mouse skin). 

Becauaa it ha5 tbr best, albeit limited. 
sdentific bad5 of any of the Current 
mathemadul l xtrrpolatton models. the 
hm.r non-habold model has been 
adopted aa the primmy basis for risk 
utrapo~atioa to low levels of the dose- 
mspmae rddonrblp. The risk 
l mumenb made wtth this model 
Dodd br warded as conservative. 
representing the moat plausible upper 
bmit for the rLalc 1.0, the tme risk is not 
Uel~ to be higher &an the estimate. but 
It could be smaller. 
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The mathematical formulation chosen 
to describe the linear% non-threshold 
dose-response relationship at low doses 
is the improved multistage model 
developed by Grump (ISeO). This model 
employs enough arbitrary constants to 
be able to fit almost any monotonically 
increPring doss-response data and it 
incorporates a procedure for crtimating 
the lugest porrlble linear slope (in the 
95 percent confidence limit sense) at low 
extrapolatad doses that Is consistant 
with the data at all dose levels of the 
experiment. For this reason. It may be 
called a “linearized” multistage model. 

2. P~~cedura of Low-Dose 
Extrapolatioa Based on Animal 
Carcinogcnicity Data. 

A Description of the Extrapolation 
Model 

Let P(d) represent the lifetime risk 
(probabihty) o! cancer at dose d. The 
mulbstage model has the form 
F’(d-)==r -cxp (-[q.+q,d +qd’+. +q,d’)) 
where. 

q,>g. and I-O. 1. z . Ir 
Equirrlcntly. 

A(d)=f-exp (-fq,d+q,d’+ r. +q,d’)] 
where 

A(d) m P(d) - pblv 
1 - P(0) 

is the extra risk over background rate at 
dose d 

The point estimate of the coefficients 
q,4 i=o) 1, 2 . . . , k. and consequently 
the extra risk function A(d) at any given 
dose d. is calculated by maximizing the 
likelihood function of the data. 

The point estimate and the 85 percent 
upper cotidence limit of the extra risk 
A(d) arc calculated by using the 
computer program GLOBAL 79 
developed by Crurnp and Watson (197Q). 
Upper 85 percent confidence limIti on 
the extra risk and lower 95 parcent 
cc&dance limits on the doss producing 
a given risk are determined from a 95 
percent uppar coafidcnw limit q,*. oo 
paramater ql. Whenever ql l b at low 
doses extra risk A(d) bar approximately 
the form A(d)-q,xd. Tbemiom. q,xd 
is a 95 percent upper confidence limit on 
the extra rIak and R/q,’ is a US wt 
lower confideaa bit cm the dose 
producing an u&a dsk of R tat t be 
the rwxbaum value of the h&h8lIhood 
fuacdoa nit upper ustllt q,’ ir 
cd&ted buy &mar@ , to a v&a 
q,’ such that when the I* E al0ood Is 
l Ll umximld subject to this fixed 
value q,’ for the linear coeffident the 
resuhlng maximum value of the log- 
Iikelihood L utidies the equation 
2(l4-L)=27%!54 

where 2.7@& is the cumulative BO 
percent point of the chJ-squara 
distribution with one degree of freedom. 
which corresponds to a QS percent upper 
limit [one-sided). This approach of 
computing the upper confidence limit for 
the extra risk A(d] IS an tmprovemant on 
the Ciump. at al [1977) model. The 
upper confidence Umlt for the extra rtsk 
calculated at low doses 1s always linear. 
This ia conceptually consistent tith the 
linear nonthreshold con t discussed 
earlier. The elope q,’ la 3 en as 8n 
upper bound of tbe potency of tht 
chemical in lndudng cancar at low 
doses. 

In Btting the dose-response model the 
number of terms in the polynomial g is 
chosen equal to (a-1). when h is the 
number of dose groups in the 
experiment including the control group. 

Whenever the multistage model does 
not fit the data sufficiently, data at the 
highest dose is deleted and the model is 
refitted to the rest of the data. This Is 
continued until an acceptable fit to tha 
data is obtained To determine whether 
or not a fit is acceptable, the chi-square 
statistic: 

h 

x2 I (Xi - NiPi)2 
NiPi (1 - Pi) 

i-1 
is calculated where h’, is the number of 
animals ia the iu dose gmup. X, is the 
number of animals in the iU dose group 
with a tumor response, P, Is the 
probablllty of a response in the I~ doae 
group artimated by fitting the multistaga 
model to the data. and h ia the number 
of nmainlng poupr. 

The fit Ia determined to be 
unacceptable whenever chi-squue (X7 
is luger than theccumula tiva 99 percent 
point of the chi-aquam dirtibudon with 
f dagreer of fmedom. when f aqualr thr 
number of doaa groups minua the 
number of non-zero multistage 
coef5cieotr 

3. Salactioa and Fomr of Data used to 
Estimate Metem in the 
Extrapoladno Modal 

For some chemicals. several studier in 
different animal spacirr. straina, and 
sexes rach coaductod at aa~ml doaaa 
and diffennt rartaa of a 
available. A cMca must ran au& u to 
which of th8 da8 wts from D8wral 
rtudiaawloboWedia&omod3Itla 
dso Bacusuy to unmt ror met8bolIMl 
dlffemncea batwaan apaciaa and far 
d.iffemnccr In l buxpUoa via dIffmmt 
rooter of rdmlnisbrtfon T%a * 
proceduns. listed below, uaad la 
l vJuating thasa data am conaiatcnt 
with the estimate of a maxlmrrm-Iikaly- 
risk 

a. The tumor inddenu data am 
separated l ccmding to organ sites or 
tumor typer.Iha met data (i.e, dose and 
tumor Lncidance) used in the model is 
set wham the incidance is statisbcally 
rigrdfimntly hi&r than the confml for 
at least ona teat dose level and/or 
whcm tbr nrr~r inddence rate shows s 
rtatbticdy -cant trend w~tb 
mspect to doaa IevcL The data set which 
give8 the highest estimate of l&time’ 
carcinogenic risk q,’ is selected IP mz: 
cues. However, efforts an made to 
exclude data sets which produce 
rpuri~udy high risk estimates because 
of a 8ma.U number of azumals That IS. if 
two eats of data show I simller d2se- 
response relationship and one bag a 
very small sample size. the set c! data 
which has the lager ramp!e size !s 
selected for calculating the cax:npgenlc 
potency. 

b. If them ua two or more data sets ol 
comparable size which are ident&! 
with respect to species. straia sex. and 
tumor rites. the geometric mean crf 9,‘. 
estimated from each of these data sets iv 
used for risk assessmant The geomc!ric 
mean of numbers A,. Al. . . . . A, IY 
defined as (A,xA.x . . . x&l’ - 

C If rufkient data exist for two c: 
mom aignihant tumor sites in the saae 
study, the number of animals WII!Z al 
least one of the specific tumor ,i!es 
under consideration is used as inc:dence 
d&i in the model 

d Following the suggestion of Mantr: 
and *eiderman (1975). we ass,.me 
that mgfsurface uaafday is an 
equivalent dose between species. !&cc 
to a close approximation the surface 
ama is praporUorrJ to the %rds power 
of the weight as woJd be the case for a 
perfect sphem. the exposure in mgl+Jrds 
power of the body weight/day is 
similarly considered to be an equivalent 
urporum. In an animal experimen!. ths 
equivalent dose Ir computed in the 
following mannaE 
L8t 
I.-duratioa of axpar&ent 
l-dumualldrxpomm 
m=avamgadaaa~dayInmgduring 

rdministzatloa of the l genf [i.e.. dung 1) 
w-•vc 

atliz!r 
rat@ of Qo rxperIInenfll 

Tbm. the Ufatime l varage exposure is 

lc x Ip 

d=-4TijTTs 

\Oftcn cxposuma 8m not given la unjls 
of mgldry, ~4 It bacomea necassary to 
go~vat th #hea exposures IntO mg/ 

day. For example. in most leading 
atudks. rxpoaura ia axpmssed u ppm in 
the dieC In thh uu the exposum (rng/ 
dry)iaderlvadby:m-ppm x F x r 
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where ppm In pub per million of the 
cardnogenic agent in the diet F 18 the 
weight of the food consumed ptr day in 
kgm. and r ia tbc absorption fraction. 

ln the rbaence of my data to the 
contrary. r 1~ usu5ed to be one. For a 
uniform diet the wtigb of the food 
consumed is proportional to the caloriea 
required which. in turn. is proporbonrl 
to the surface area or the %rda power of 
the weight JO that: mappm x W” ‘x r or 

-Q ppm 
m 

ru2'3 
AJ a result ppm in the diet ir often 

assumed to be an equivalent exposure 
between species. However, we feel that 
thisis not justified rime thedorier/kg 
of food is significantly different in the 
diet of mm vs. laboratory animals, 
primarily due to moisture content 
differences. Instead. we UJC an 
empirically derived food factor, f-F/W. 
which is the fraction of a apeciea body 
weigh that is consumed per day as 
food. We UJC the rates given below. 

kn ro OOZS 

k! 035 003 

yo 00) 013 

T~uJ. when the exposure ir given as a 
certain dietary concentration in ppm. the 
OXpOSWt ill II&w’ ‘iJ 

w - ppm x f x idI3 

When exposure is given h terms of 
mglkgjday-•/Wr-s the conversion ia 
simply: 

m 
,w213 

= 5 x bill3 

Wbenexponvrl~viahhahtionthe 
ukdation of dose can be considered 
for two UJ8d when (1) the dogrnic 
l gent ia either a completely uata- 
soluble gJJ~UWoMl andia 
rbaorbed proportionally to the unouat 
of dr bnrthed tn. and (2) wbau thr 
cardnogaa Is a poorly wrtu-uduble pi 
which reacher M 

@ll 
uilibrlum between 

the air tmrthed an the body 
corn 

r 
ants. After quAlibr&um Is 

rta ad. &a rate of l baorpUon of there 
4genta is 4xpectad to he propcntiond to 
5et4bok r8te, which In bun ir 
plwportloclal to the nte of oxygen 
amsumpuotL which in turn ls 4 fwlcuoo 
of surface uua. 

Cure 2 
Agent4 that are in the form of 

prticulrte matter or vutually 
completely rbaorbed gaaea such as SO, 
can naaonrbly he expected to be 
absorbed proportional to the breathing 
rate. Ld this case the exposure in 5g/dry 
may be l xpreaaed aa: m-1 xv x r where 
1 ia inhalation rate per day in 5'. v b 
mglms of the agent in l ir, and r ia the 
absorption fraction.. 

The inhalrtion mteJ, L for VarIOua 
species can be calculated from the 
observation IFASEB. 1874) that 25 gm 
mice brertbe 34.5 Literalday and 113 gm 
rets breathe 1W liters/day. For mice and 
rats of other weights. W, (expressed in 
kg), the surface area proportionality can 
be used to detetmhe breathing rate8 (in 
m*/day] as follows: 

For mice, I-0.0345 yW/o.ow)” ‘m’j 
day 

For 
For 

rots, I-O.105 (W/O.l13)‘!~‘/day 
humans. the values of zo 5Ydav. 

in adopted na a standard breath& nie 
pcRP. 19771. 

The equivalent exposure in mg/W*” 
for these agenta can be derived fro5 the 

air intake data in a way analogous to 
the food intake data. The empirical 
factors for the air mtakc per kg per day, 
i = I/W based upon the previously stated 
relationshipa. are a8 tabulated below: 

,m I, 
w w 

YLn -.-78 om 
noI 038 0.M 
Leo 8.w 13 

Therefore. for puticulrtes or completely 
absorbed graer. the equivalent expoaum 
in mg/W*a ’ ia: 

In the absence of empirical data or a 
aound theoretical ugwnent to the 
contrary. the fraction absorbed. r, ia 
raaumed to be the rune for all apedea. 

case 3 
-I-ho dow in mg/day of partially 

+oluble vrpora Ir pmportlonel to the 4 
consumption whlcb In hum la 
proportionaltoWs”mdtothr 
aolubility of pa in body fluid* whkh 
can ha expressed 4s 4n 4btorptloo 
co&dent r for the gra. Therefore. whra 
expnsa@ tbs Q conawnption u Q-k 
WI’ ? wbri) Ir L a conatant kdmdent 

of speder. it follows that m-k w” * x v 
x r or 

d - 57-f kvr 

A, with Cue 1. In thr rbaence of 
l xperhnental information or a sound 
tbeorttkd ugurnenl to the contrary. the 
absorption fraction r. Ir raaurned to be 
tbe name for all apedea. Therefore for 
there rubstances a certain concentration 
in ppm or p/ma in experimental animals 
1s equivalent to the sune concentrrbon 
In humans. Thin Ir supported by the 
obaervrtion that the minimum alveolar 
concentration neceasuy to produce a 
@ven “at4ge” of aneatheai4. la stilar in 
man and UlhdJ (Drippa. et al. 1977) 
When the urtmrls were oxposed via the 
oral mute and human exposure in na 
lnhalatlon or vice-versa, the rsrumption 
ir made. unleaa there is pharmacolunetrc 
evidence to the contrary. that absorption 
is equal by either exposure mute. 

e. lf the duration of exptnmen~ (I.) ir 
less than the natural Me span of the test 
ani (L). the slope q,‘* or more 
generally the exponent g(d), is increased 
by multiplying a factor p/lJ*. We 
assume that if the rverage dose. d. is 
continued. the age specific rate of 
cancer will continue to increase a8 a 
constant functlon of the background 
rttc. Tht l gt rptdic rrttr for humans 
iocrease at lea81 by the 2nd power of the 
age and often by a considerably hgher 
power. JJ demonstrated by Doll (1971). 
Thur, we would expect the cumulabvc 
tumor rate to lncrerae by at lerat t!!e 3rd 
power of age. Using thir fact. we 4ssume 
that the alope q,‘, or mom generally. the 
exponent g(d). would also increase by at 
least the 3rd power of age. h a result. d 
the slope q,’ [or g(d]] is calculated at 
age L, we would expect that if the 
experiment had been continued for the 
hll life apan. L at the given average 
l xpoaurt. the alopt q,’ [or g(d)] would 
have been lncreaaed by at leaat (I./L)‘. 

Thlr l djuatxnent is conuptually 
conrirtenttothr proportion4~ bawd 
model pmpoaod 

2 
Cox (1~72) and the 

time-to-tu5or m rl conridered by 
Crimp. at d (19~1 when the 
probabllfty of cancer rt age t and doae d 
b @van by Rbtl-l-up[-fWxg(dll 

4. C4lcul4ticmofC4rdnogenic Potency 
&kred on Human Dal& If human 
l pide5lology studios and auffidendy 
valid expoeu~ lnfornutiou am l vrllrble 
for the compound, the 

K 

are alwrya used 
lnsamew4y.Iftbeya 0~4 
cucinqe~c affect the data are 
analyzed to give an eathate of the 
lineu dependence of cmcer rater on 
Iifethe average dose, which ia 
qtivrlcnt to the factor 9,‘. If they ahow 
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no crrcmogenic effect when poritivs 
rnimal evidence is available. then It 1s 
assumed that a risk doer exist but it is 
smaller than could have been observed 
in the epidemiologic study. and an upper 
limit of the cancer incidence is 
calculated assuming hypothetically that 
the tnrc incidence is just below the level 
of detection in the cohort studied. which 
is determined largely by the cohort size. 
Whenever possible. human dab are 
used in perference to animal bioassay 
data. 

In human studies. the response is 
measured in terms of the relative risk of 
the exposed cohort of individus la 
compared to the conA group. In the 
analysis of this data. it is assumed that 
the excess risk or relative risk minus 
one. R(Ix) - 1. is proportional to the , 
lifetime average exposure. X. and that it 
is Lhe same Ior all ages. II follows that 
the carcinogenic potency is equal to 
p(X) - 1)/X mulbp!ied by the Uehme 
risk at that rite ti Lhe general 
population. Except for an unusually 
well-documented human study. the 
confidence bmjt for the chcesg risk is 
not calculated due to the difficulty in 
accounting for the uncertainty inbcrenl 
in thr data (exposure and cancer 
response]. 

5. Calculation of Water Quality 
Criteria. After the value ol q,’ in (mg/ 
kg/day)-‘has been determined the 
liletlme risk. P. from an average daily 
exposure of x tug/kg/day 1s found from 
the equation P- q,‘x. Therefore. if the 
lifetime risk is set at P-~~-‘for 
calculation purposes. the intake. L in 
m&day for a 70 kg person can be found 
by the equation:1 -70~1o-~/q,* 
The intake of the agent from ambient 
water is urumed to come from two 
rourur: (1) ddkiq an l vcrqp of 2 
littn of water per day, and (2) ingesting 
an average of 63 gram of fish per 6y. 
Because of rccumulr tion of mldurr In 
Iish the amount of the pohtmt In flsb 
(w/k8 of edible firb) Is equal IO a factor 
R tiea the water concen@ation (RI& 
of water]. Therefore. the totrk intake I 
can be written as rum of two tmnr: 
Ume/d~y)-C(=e/~lxR(1/4 
Brb)xO.alM kg arhtday+t&gIlx?1/ 
dBy=c(Z+O.at6sR) WiJua c ID tbt 
WI tcr CQnceobr ff on In mg/L nlcrefora 
the water concentrrtion in a@ 
cormsp~odiag to l Ufetlmc rLsk of 10” 
for a 70 kg parrou Ir calculated by the 
fontluh: 

C- 70 x 10-s 
al*12 l 0.m 

B. Threshold Eflects 

1. Use of Animal Tordcjty Data (Oral). 
In developing guidelines for deriving 
criteria based on noncarcinogenlc 
responses. five types of mspoa.se leveh 
are considered: 

LCVCI 

Adverse effectr are defined as any 
effeclr wbkh result in functional 
impairment and/or pathological lesions 
which may affect the performance of the 
whole organism or which reduce nn 
oqanism’s ability to nrpond to an 
additional challenge. 

dtfined NOAEL ti l chronic (at leart 
Way) rtudy may be orcd directly. 
applying the l ppropfiatc uncertainty 
factor. For a u)a a )udgmeat needs to 
be made whether it l ctually corresponds 
toaNOAELoraLOAELfDthecaseof 
1 LOAEL a~ l ddltioaal unurtainty 
factor is applied: tht mageltudt of the 
additional unce~inty factor ts 
judgmenfal and should Ue in the range ol 
1 to 10. Caution must be exercised not lo 
aubstltute “Ru&-EfYect-Levelr” for 
‘Lowttt-Obwrvable-Advmc-Eflect- 
Levels”. 

d If for nuoarbly dosely rpaced 
doses only a NOEL and a LOA.EL of 
equal quality are available. then the 
appropriate uncertainty factor is applied 
to the NOEL 

One of the major problems 
encountered in consideration of these 
concepts regards the reporting of 
“obsened effect IeveL” as contrasted to 
“obsemed adverse effect Ievelr”. The 
terms “adverne” w. “not adverse” are at 
times sausfactorily defined. but due to 
increasingly rophistiicated testing 
protoco:s. more rubtle responses are 
berg identified resulting in a need for 
judgment regm the exact definition 
of adversity. 

The concepts listed above (NO% 
NOAEL LOR LOAEL) have received 
much attention because they represent 
landmarkr which help to define tbe 
threshold region in specific experiments. 
Thus. if a single experiment yields a 
NOELrI\;OAELrLOAELandi 
clearly defined FEL in relatively clorely 
spaced doses. the threshold region has 
been relatively well defined: such data 
am very useful for the purpore of 
deriving a criterion On tba other hand a 
clearlp defined FE!. has little utUity h 
l rtablirhfng czltcrlr when It stands 
done. because ruch a level giver no 
iadJution how Iar rtmoved the data 
point ic from the thtarhold region. 
Simi!uly. a free-standing NOEL her 
little utility. because there Is no 
Iadicetion of Its proximity to the LOEL 
rincerfm-rtmdh#NO~mryk 

many orders of magnitude below the 
threes;:“,“; on. 

%e rbovt dor~mrpDD#t 
dudBcatioa ryrtem tht followtq 
tideliner for derivlry criterh brvo 
been adopted: 

In uring this approach the selection 
and justification of uncertainty factors 
art criticaL The basic definition and 
guidelines for using uncertainty facton 
bar been given by the National 
Academy of Science (19-7). “Safety 
Factor” or “Uncertainty Factof’ is 
defined JI a number thrt reflects the 
degree or amount of unccrta~nty that 
must be conridertd when txperimental 
data in animala an extrapolated to mm. 
When the quality and quantity of 
experimental data ut rrtirfactov, 8 
low uncertainty factor is used; when 
data is judged to be inadequate or 
equivocal. l luger uncertainty frctor is 
used T%e following general guidelines 
have been adopted In establishing the 
unctrtlinty factors: 

a. Valid experimental results from 
rtudier on prolonged ingestion by mm. 
wttb no kadicatlon of urcinogenicity. 
Uncertainty Factor I 10 

b. Experimental rerutts of rtudies of 
humln ingestion not available or scanty 
[t.r- l cutt l xpmum only) with valid 
ruuha of loxq-teim feodiq rtwiio on 
rxptdme~t~I mnbnab, ot in tht l brenu 
of human studies, valid a&ml rtudjer 
00 ON Or molt 8peciu. No idiution Of 
cucinogenidty. Uaurt&aty Factor - 100 

c No bg4erra DC uute human dab 

a. A free-rtuxliq FEL Ir umdtabie 
for the dcrhtioa of Pjtwia. 

b. A fre+stan 
d”f 

NOEL b unsuitablr 
for the derlvrtion o alteti. If mukiplr 
NOEL em rvArble without rddftionrl 
dab on LOEtr. NOAELr or LOAEk 
tht highest NOEL rhouid br s4 to 
derive a criterion 

Uncertainty Factor = 1m 
Cooridmble mt must be wed in 
nlectlq th0 eppmprhtr ufrty frcton 
ftXdUiVh#~crltrrka.hthou~U~ 
where tbr data do not annpletcly h4fiil 
tb8cmdlti~foroD8cm~~ 
l ppeu to be iatermtdiatt between two 
ategofiwaa -ttun#rwmty 
fm&u Is Wed such M iatumtdirtt 
lsDart&ry factor My bt &vtIDped 
buedoarIa@thmkrclle(~.~53 
b$rlg~rlg~vecm10ud1000118 

~ANOAELLCEL.~~LOAQ~D~~ 
rul table for crttti derlvrtion A well- 

In dtw the rppmprfrte ase of 
th8 urmrtahty fadorr. the phruc bo 
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indlcrtioo of csrcinoganicrty” is 
interpreted as the rbscncc of 
crrcinogcnicity data from animal 
experimental atudles or buman 
epidemiology. Available short-term 
crrcinogenicity screening tests are 
reported in the cnteria documents, but 
they are not used either for derivation of 
numerical criteria nor to rule out the 
uncertainty fsctor approach. 

Because of the high degree of 
judgment involved in the selection of a 
safety factor. the criterion denvrtion 
section of each document should 
provide a detailed dlscussion and 
justification for both the selection of the 
safety factor sod the datr to which it is 
opplled. This dlscussion should reflect a 
crltlcal review of the rvsilrble data 
base. Factors to be considered include 
number of animals. species. rnd 
parameters tested. quahty of controls; 
dose levels: route: and dosrng schedules. 
An effort shouid be made to 
dlfferentirte between results which 
coostltute a toxicolo@ca!ly su!Lclent 
data base and data which may be 
spurious in nature 

2. Use of Acceptable Daily lntoke 
(ADI). For carcinogens. the assumption 
of low dose linearity precludes the 
necessity for definmg total exposure In 
the estimation of increased incremental 
nsk. For non-carcinogens, ADIs and 
criteria denvedtherefrom are calccle ted 
from total exposure data that include 
contributions from the diet and nir. The 
equation used to derive the criterion (C) 
is C==ADI-(DT+Ih~/(2I+(O.~ kg 
x R)] where 2 I is rssumed daily water 
consumption. 0.0065 kg is assumed dally 
fish consumption. R is bioconcentration 
factor in units of I/kg. M is estimated 
non.fisb dietary intake, and IN is 
estrmated daily intake by inhalation. 

if l sumates of L4; and DT cannot be 
provided from experimental data, an 
assumption must be msde concerning 
total exposure. It is recognized that 
either he inability !o estimate DT and 
LV due to lack of data or the wide 
variability III M md IN in different 
strtes may add an rddftiorul element of 
uncertainty lo the criterion fonnulrtlon 
process. In terms of sdcntiflc valId.ity. 
the accurate estimate of tbr Acccptable 
Daily Intake is the mrjor factor in 
satisfactory derivation of water quabty 
titetia. 

3. Ust of Threshold Limit Values or 
Anirwl lnbalation Studies llurshold 
Limit Valuer (TLVs) VI estrblisbed by 
the Amuiuo coaftnnw of 
Covemmmtal and lndwtrirl Hygitni~t, 
(ACGIH) and nprtsent &hour time- 
weighted l vtrrge concentrations in air 
that are intended to protect workers 
from vtriouttdventbttllhtffecttovtr 
8 nonnal working Ufttime. Similar 

values are set by NIOSH [criteria) and 
OSHA [standards) for 10. and &hour 
exposures. respectjvei), To the extent 
that these values are based on sound 
toxicologic assessments and have been 
protective in the work environment hey 
provide useful information for deriving 
or evaluatig wster quaiity criteria. 
However. each TLV m,st be carefuHy 
examined to determine if the basis of 
the TLV contams data which can be 
used directly to derive I water quality 
criterion using the uncertainty factor 
approach. In addluon. the history of 
each TLV must be examined to assess 
tbe extent to which it has assured 
worker safety. In each case. the types of 
effects against which TLVs are designed 
to protect are examined in terms of their 
relevance to exposure from water. II 
must be demonstrated that the chemical 
IS not a loca!lzed imtant and that there 
ts no sigruficant effect at the site of 
entry inespective of the routes of 
exposure (i.e.. oral or inhalation). 

If the TLV or similar value is 
recommended as the basis of the 
cntenon. consideration of the above 
points is explicitly stated III the criterion 
derivation section of the document. 
Particular emphasis is placed on the 
quahty of the TLV relative to the 
available toxicity data that normally is 
given pnority over TLVs or similar 
establIshed values. If the TLV can be 
justified as the basis for the cirterion. 
then the problems associated with the 
tstlmation of acceptable oral doses from 
inhalation data must be addressed. 

Estimating equivalencio of dose- 
response relationsbtps from one route of 
exposure to another introduces an 
rddi~onol element of uncertainty in the 
derivation of titeria. Consequendy. 
whenever possible, ambient water 
quality criteria should be based on data 
involving oral exposures. if oral data are 
insufficient, data from other routes of 
txporurt moy be useful m the criterion 
derivation proctrr. 

lnhrlrtioo data. including TLVs or 
similar v4lues. an the most common 
tltematives to oral data. Estimates of 
equivalent doses can be based upon: (I) 
rvrilrble pbarmacokinttic data for oral 
and inhalation routes, (2) mersurtments 
of l bsorptioo efficiency from ingested or 
inhaled cbemluls, or (31 comparatlvt 
exaction data when the associated 
metabolic ~atbways are equivalent to 
those following oral ingestion or 
tirlrtion. Given thrt sufficient 
pbrrmtcokinttic dttr rrt rvtilable. the 
UJL of l ccapttd pbrnnacokinttic modrls 
provides the most satisfrctory approach 
for dose conversions. However. tf 
available pbrrmrcokinetic data am 
marginal or of quectlonabk quality, 

pbsrmacokhetic modeling is 
inappropriate. 

The Stokinger and Woodward (19%) 
approach. or similar models based on 
assumptions of breathing rate and 
absorption efficiency. represents 
possible l )tematives when dsta are not 
sufficient to justify phannacokinettc 
modelmg. Such rltemative spproaches. 
however. provide less srtisfactov 
approximations because they trt not 
based on pharmacokinetic drta. 
Consequently. in using the Stokinger 
and Woodward or related models. the 
uncertainties Inherent in each o! the 
assumptions and the basis of each 
assumption must be clearly stated In the 
derivrtton of the criterion. 

The use of data pertaining to other 
mutes of exposure to derive waler 
quabty criteria may also be conslde:ed. 
As wflh inhalation data. an attempt IS 
made to use accepted toxico!ogic and 
pharmacokinetic prrnciplcs to cs::mate 
tqulvalent oral doses. U simplifying 
rssumptlons are used. their bases and 
limitations must be clearly specified. 

Because of th~uncertamtles involved 
in extrapolating from one route of 
exposure to another and the consequent 
limitations that this may place on the 
derived criterion. the declslon IO 
disallow such l xtrepolauon and 
recommend no &tenon is hghly 
judgmental and must be made on a c.k- 
by-came basis. A decision for or agams: 
criteria derivation must balance the 
quantity and quality of the arallab!e 
data against a perceived risk to the 
human population. 

If the Stokinger and Woodward (t958) 
approach is used to calculate an AD1 
from a TLV, the general equation is: 
ADI=TLVxBRxDExdxA,/(Ac,xSF) 
where: 
ADI - Acceptrble dally tntrhe ir mg 
TLV-Concentration in air in ml/m’ 
DE = Duration of exposure UI hous per dry 
d=5dryr/fdrys 
A,= Efficiency of absorption from sir 
&-Efkkny of l bsorptioa from oral 

l xpnsw 
SF - Salsty factor followtn~ guidelines 01% en 

above 
BR - Amount of air breathed per day. assume 

lOUI 

For deriving UI ADI from animal 
toxici data. the equation is: 
ADI=C,xD,xdxA,xBRx70 kg/ 
(BW,X&XSF) where: 
ADI - Acceptable daily intake in mg 
C.- Conctnh8boa in rir In a&n8 
Ds- Durstion of l xgosw III hours per day 
d-Number of days exposed/number of da)s 

observed 
A.-Efhiency of sbsorption from sir 
BR - Volume of sir breathed per dry In III’ 
M kg-Assumed buman body weight 
BW,-Body wrir)rl olexpenmrnlrl l rumrlr 

in kg 
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&-Efficiency of l bsorpIion from oral 
rx-posllN 

SF&f;; fsctor foflowdn~ guidelines @en 

hfort foormal phannacokinctic modela 
musl be devtloped on a compound-by- 
compound brsrs. 

It should be noted ha! the safety 
factors ustd in the rbovt formulae are 
intended to l ccoun! for sptcies 
variabihty. Consequently. tht mg/ 
surface uta/day conversion factor is 
not used in tht derivation of toxldty 
bastd criterion 

C. Organoleptic Criteria 

Oganoleptic criteria define 
concentrations of materials which 
impart undtsirable trste and/or odor to 
wattr. In dtvtloping and ut&zirg such 

critena two factors must be appreciated: 
the limitations of most organoleptic data 
and the human hcallh significance of 
organoleptic properties. 

The publications which report taste 
and odor thresholds are. with very few 
exceptions. cryptic in their descnptions 
of test methodologies, number of 
subjects tested. concentration response 
relatjonships. and sensory 
characteristics at specific 
concentrations above threshold. Thus. 
the quality of organoleptic data is often 
significantly less than that of toxicologic 
data ustd in tstablishing other CrileriL 
Consequenlly. a critical evaluation of 
the available organoleptic data must be 
made and tht selection of the most 
appropriate data base for the cnlerion 
must be based on sound sdentic 
judgment. 

Orgaooleptic crittria are not bastd on 
loxicologic infonnatioo rod have no 
direct relationrhip to potential advtrte 
human htalth effects. Although 
sufficieady intense 0ganolepOc 
charact@stics could result in depressed 
fluid intic which. in turn. mighbl 
aggrtvatta varitty offunctional dlsttat 
states (i.t, kldnty and circulatory 
distasts). such tffbcts tnnotuatd in 
the dthttion proceaa of organok tic 
criltria unltss tvailtblt data wo up d 
indica tt an irl&tcl humul hull tfftct 
via dtcrtastd flrrld conaumptioo. 
cnttna dtrivtd soltiy from oqtnoltptic 

data art based upon l tathttIc qualities 
only. 

Sincr ~tnoltptic and buman LaMi 
tffects aittria art butd onditftmot 
tndpoints. a dlrtinctioo musl bt madt 
bttwttn thtst two ma of iIlfoImatloa 

In crfttrir 0ummarit0 lrlvohdng both 

tfpes of btr, tht followbq format is 
wed 

For olwpariaa~ m hvo l pptoachr 
wcrt wed lo drrlvr cr(te6m levels fc~ 
- Butd m avdab~e totidry dab. 
for the pmactioo of public hcrlth thr ddnd 

lrvtl is -. Uring wailable organolcpt~c 
date. for amtrolliq undesirable tasle and 
odor quality of ambient WYI ter the es-ted 
level ir -. It abouid be recognued that 
orgmolaptx data .I. bus for cstablirhuy a 
weter quality criteria hevc no demonstrated 
rtlrtionrkp to potential rdvene bumrn 
health effecta. 

In those instances where a level to 
hit toxicity cannot be derived. the 
fouowi~g slatement is to be 
appropriately inserted: 

Sufficient drta em not rvrilablc for 
to derive a level which would 

prolecl l #rlnst the potBnti touclt-j of thlr 
compound 

D. Crirerio for Chemicd Classes 

A chemical class is broadly defined ns 
any group of chemical compounds which 
are reviewed in a single risk l sresrment 
document. In criterion derivation. 
isomers should be regarded as a part of 
a chemical class rather than as a single 
compound. A class criterion is an 
estimate of risk/safety which applies to 
more than ont member of a class It 
involves the use of available data on 
one or more chemicals of a class to 
derive criteria for other compounds of 
the same class in the event that there 
are insufficient data available to derive 
compound-specific criteria. 

A class criterion usually tpplies to 
each member of a class rather thin to 
the sum of the compounds within the 
class. \h+hile the potential hazards of 
multipie toxicant exposure are not to be 
minimized. a criterion, by defirution. 
most often applies 10 an individual 
compound. Exctplions may be made for 
complex ahtww which ut produced 
released and toxicologically tested as 
mixtun~s (e.g.. toxaphene md PC&). For 
such exceptions, some attempt is made 
to assess thttfltcts of tnvironmental 
partition@ (Lt. Merent pttitms of 
environmtatal transport and 
dtgradation) on the validity of tht 
crittrior~fftbetttfftctscan.aolbt 
assessed an tpproprittt smhmtat of 
uncertainty should accompany tht 
criterion. 

Since relrtinly adoor 8tnichral 

char-go wit&o t claim of compuundr 
can have pronouncad efftcta on their 
biological l ctiv4tits.rthactoodtss 
crittdt thould be - wbtoevtr 
suBicitnt iox~ahglc dttr art tvtihblt 
on a dttoxlul wIthb a dau t 
compound-epedflc ubrlon should be 
derived. Noattheleea. for somt chemhl 
dassts, acimtifJc judgmtaf may tuggut 
a sufhitnt degrtt of aimilu+ty among 
chtmlcdJ wib a dus to justiy a 
dars dtarion rppliubla to KILW of atI 
mtmben of l char. 

Tht devtlopmear of a class crittrion 
takts into considtrttion the follow@ 

1. A dotaiM review of tbr cbeinlul and 
phyrld pfwperuaJ of cbemIc& wlhln tile 
pp rbould be made. A close nf~ti.~t~~;p 
lvuhin the claw WI& rerpecl lo chcmiul: 
l dtivlty would swrc s stmilrr potrn~r~ to 
rmcb common btolo@ca! ritcr nithm r~r~uer 
likewire. ridu Upid eolub~l:~wr would 
ruatr( the possibility of comprnblc 
l brorption and W distnbutlon 

L Qditethr and quantitaevc &t~ for 
chemicah wlthlrr the group art txunmtd 
Adequlr Loxkol* data on a oumbtr ol 

compounda wtthm a group prowdee e men 
marombte barb br l xtrapolatron to 0th 
cbemicda of the umt darr hu mii-ma! 

date on one cbemiul or l few chtmdr 
within Ihr poup. 

3. SbnIldtira in the nrturr of the 
~oxicologk responu to chcmds m h CISSS 
prwidem l ddltional support for tie prtc!~u~~ 
thal the rwpowe lo 0th membtn of tbc 
drrr may ba ri.du. h contra#~ where he 
biolog4 mtpontt htr bttn shoua 40 dfier 
markedly on l qualitative and q;ar:l:rt.,c 
bears for chemiulr tithin I ~9~s. the 
extmpolrllon of I criterion to olhcr nez~b~r~ 
of lhrl dare u sol l ppropmle. 

4 Additional support for the vrlld:*) of 
exbrpdrbon of I crlkrion lo olbtr mtobt~ 
of I clrs~ could be provide? by tmdcncc c! 
rim:lu metabolic sod pbrmacokker~~ CDI~ 
lor romt memhen of the class 

Based on the above considerations. it 
may be reasonable in some cases IO 
divide a chemical class into various 
subclasses. Such divisions could be 
based on biologiul endpoints [e g- 
carcinogens/noncucmogens). polezcj. 
and/or su&ieacy of dau (e.g- a 
criterion for some memben of a class 
but no criterion for olbers). bt’lde no o 
priori limits can be placed on the extent 
of subdasslfication. each 
subclassification must be explicitI) 
justified by the l vailrble datr 

ClasJ crittrir. if properly derived and 
supported. un constitute valid screnufic 
l sstssmeo~s of pottntial rirk/safery. 
Coovtnely. tbe devtlopment of a class 
crfltrion from UI insufficienl data base 
can lead to wrioua UTO~ in 
undtrrrtimttinOarover+rtimatingnsk/ 
safety and should bt rigorously avolded 
Although acitotihc judgmtnt has a 
proptr role h tha developmen! of class 
critedt. tucb ultttia art uathrl and 
defensible only if thty am based on 
adtquah data and scitntific reasomng 
The d&&ion of aunlcitnt data on 
alJddues ia phyJIcal dMokal. 
phumtc&n8tic a toxhlogic 
propeTlita to Juaufy t Jars erittrioo 
may vy muktdly dtptndig on tht 
dtgrte of structural ridlady and tht 
gravfty of tbt puulvtd list 
hlJtQUtdy. II ia lmperativt that the 
crittrioa drrivtth ttctioo o? tacb 
d-tnt io w&b a class uilerion is 
recommended rxplidty address etch of 
tbtkeyluuts ditcurttd abovt. l od 
defma. as dearly as possiblt. Lht 
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ltitationa of tbc prupased criterion as 
well as the type of data needed lo 
generate a compound-specific criterion. 

A dasa criterion should be abandoned 
when there ~a sufficient data availabe to 
derive a compound-rpecific criterion 
which protectr againrt the biological 
effect of primary concern; e.g.. the 
availabJity of a good tubchrotic study 
would not necessarily result in the 
abandonment of a class criterion based 
on potential carcinogenicily. 

The inability to derive a valid class 
criterion doer not. and should not 
preclude regulation of a compound or 
group of compounds based on concern 
for potential buman health effects. The 
failure to recommend a aitenon is 
simply a statemen! that the degree of 
concern CJMO~ be quantified based on 
the available data and risk assessment 
methodology. 
E. hsential Elemcn ts 

Some chemicals. particularly certain 
metals. are l srenbal to biological 
organisms at low levels but may be 
toxic and/ or carcinogenic at high levels. 
Because of potenllal toxic effects. it is 
legitimate to establish criteria for such 
crrential elements. However, criteria 
must consider essentiality and cannot 
be catablished at levels which would 
result in deficiency of the clement in the 
human population. 

EIementr are accepted as essential if 
listed by EiAS Food and Nutrition Board 
or a comparably qualified panel. 
ELementa not yet determined to be 
errenhal but for which supportive data 
on essentiality exista need to be further 

reviewed by such a panel. 
To moddy the toxicity and 

carcinogenicity based criteria. 
craentiality must be quantified either as 
a “recommended daily alhwanct” 
(RDA) or “minimum daily requirement” 
(MM). Tbera levels are then compared 
to estimated daily doses associated with 
the adveraa effect of primvy concern. 
The difference belweea the XDA or 
KDR and the daily doaaa uuaQ a 
spadfied risk level for cudnogena or 
ADIS for nonurcinogeru d&h the 
spread of daily doses fram which the 
criterion may be derlvad. Ikuusr trr~rs 
are inherent in defining both eaaential 
and muimum tolarable Iavala. the 
titerion ia derived from ti lavala 
near th8 center of such a doar range. 
The d&ion to we l ith b h4DR or 
XDA la guided by the apraad of the 
dosea and tha quality of the ~~amtiJlity 
and toxicity rsthrtrr. 

The modiRutlon of criteria by 
conaidention of l asantlality must take 
into 4cc0lAnt al1 router of axposurc. If 
water Is a rignlficant souxa of the MDR 
or XDA the criterion must allow for 

attainment of essential intake. 
Conversely. even when essentiality may 
be attained from nonwater sources, 
standard criteria derivation methods 
may be adjusted if the derived criterion 
represents a small fraction of the AD1 or 
MDR. On a case-by-case basis. the 
modification in the use of the guidelines 
may include the use of different safety 
factors for non-carcinogens or other 
modifications which can be explicitly 
jurrdled. 

E USC of Exlstlng S:andords 

For some chemicals for which criteria 
are to be established. drinking water 
standards already exist. These 
standards represent not only a critical 
assessment of literature, but also a body 
of human experience rince their 
promulgation. Therefore, it is valid to 
accept the existing standard unless 
there is compelhng evidence to the 
contrary. This decision rhould be made 
after conrideting the existing rtandardl 
vs. new scientific evidence which has 
accumulated since the standards have 
been established. There are reveral 
instances where the peer review process 
recommended usage of the present 
drinking water standards. 
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Appendix D-Rerponw to Comments on 
Guidelioes for Deriving Weter Quality 
Crit8ri.a for the Rote&on of Aquatic 
Life l d Its Uses 

Introduction 

Two versions of the Guidelines were 
publlshed in the Federal Register for 
commenL The firrt version (43 FR 21506. 
May la we and 43 FR mxa ]dy 5. 
1978) was simply published for 
conuncnl. The #econd (44 l% 15928. 
March 15.1g79) was pabllshed as part of 
the request for commentr on the water 
quality criteria for 27 of the 65 
pollutants. The second version was 
meant to be clearer and more detailed 
than the first but very similar 
~echnkally. Since the two verrions were 
so sunilar, commcntr on both will be 
dealt with simultaneously. 

Many comment@ were received 1& 
no drab water quality criteria for any of 
the Bs pollutants should have been 
isrucd for public comment until the 
comment6 on the fit version of the 
Guidelines had been dealt with 
adequately and the Guidelines changed 
rpproprialely. The comments on the first 
venion were read and the Cuideiiner 
were revised in art attempt to make the 
recond version clever md more 
detailed than the fM. However, an 
extensive revision of tbe technlul 
content of tha Cuideltnn was not 
attempted between Ibr An! and second 
versions because the Ag8ncy was 
preparing water quaUty uittrir bared 
on the Guidelines. The &ency could 
have avoided this critictam simply by 
not publism my venioo of the 
Cuidellnes for comment until Much IS, 
197% but thlr would have p~atly 
reduced the Ir 

“$” 
of the wailable for 

people to consi er the Guidelines wd 
comment oa lhem. Aa Lt wm. mar 
people commented that the commenf 
period announced on Ah& IS, 1970, 
wu too rhort. 

Y. Comment-The procedures used to 
derive criteria in the “Rd Book” ware 

upheld in couri and probably should cnR 

RerponrtTIte procedures used in 
be used 

the Cuideltner are similar 10 some of the 
procedures used to develop criteria in 
the “Green Book”. “Blue Book”, and 
“Red Book”. The Cuidellner are 
derlgned to be more objechve and 
systematic to deal mom adequateI) 
vvitb residues, and to incorporate the 
concepl of a minimum data base. 

% Commen~--Criteria should be 
compilations of critically reviewed data 
~4th no synthesis or interpretation 

Response-Neltber P.L 92-500 car the 
Consent Decree specify the form whrct 
a cr!Wrion must tie. The Consent 
Dea-ee (para. 11. p. 141 specifies &at 
such criteria “rh4ll rtrte. inter a.‘lc. 
recommended maximum petirs;Slt 
concentrations”. Adequate precedcn!s 
have been ret in the “Green Book”. 
“Blue Book”. and “Red Boo)i” fc: ttc 
form of criteria used U-I the Culde!;ncs. 

3. Commenl-The Cddeltnes ar.2 
a4tetir should be developed by a 
consensus of aquatic toxicoloqsts rather 
than by EPA perronnel only. 

Response--EPA certainly wants the 
GuideIines and the criteria to be as good 
as porsible and as rcceptablc la as 
many interested people as possible. To 
this end, EPA has widely dstributed 
draft venionr of the Guidelines and the 
criterir documenta. discussed them w::h 
many people. considered the comments 
received and made many sigmficanr 
technical changes and l htoria! 
revisions. It ir questionable whether or 
not a true consenrw could have beer. 
reached by any mean, within the ume 
rvallable. In rdditioh EPA has a 
legislative responsibility which it rhould 
not delegate (0 someone else. 

4. Comment-7%e Guidelines should 
be ripdated regularly. 

Response-The Cuidetines are not 
be@ promulgated as a regulation or 
&active. The purpose of prerenhng 
theu Guidelines Is to ahow how the 
water quality criteria for aquatic hfe 
wert derived for tbe 65 pollutants. lf 
EPA uus these Guidelines qrin, &ey 
wtU be mviud to tie inlo account new 
d&a cuacxpts. md Ideas. 

1. CornmenlLThe objectives. purpose. 
and limitations of the Guidclmes should 
be stated 

Reaponso--The Introductory portion 
of the Cuidrllnes has ken expanded to 
rddms Obese rub ecta more fully. 

TL h Conunent- GuideLines are too 
unbiguow. 

Rnponr~-Tbr Guidelines have be~n 
mvlud and mwrines plrily to improve 
dulty and mvide rdcUtfonaI d&ails. It 
IO not poul K le b provide explicit detaila 
on alI items: in some rreas only Ienenl 
Ndanu w be provided at this time. 



APPENDIX B continued 

The following Federal Register notice contains summaries 
of nine documents containing proposed ambient water quality 
criteria for the protection of aquatic life and its uses. Of 
particular interest for section 301(g) purposes are new criteria 
for ammonia and chlorine. Also included in this notice is a 
summary of revisions to the document entitled “Guidelines for 
Deriving Numerical National Water Quality Criteria for the 
Protection of Aquatic Life and Its Uses” (which is an updated 
and revised version of the guidelines previously published at 
45 FR 79341, November 28, 1980. 
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IOW-FRL 2514~21 Chromium 

Water Ouallty crlterla; Aequoat for 

Comment8 

6. Ambient Water Quallty Crlterla For 
Copper 

AGLNCV: Environmental F'ro~cc~ion 

Agency. 
ACTION: Solice o! rcques! for comments 
on ambient water quahty crlterlr 
documents. 

7. Ambtent Water Quality Criterta for 
Cyanide 

SUUMARV: EPA announcea the 
a\aliabIIIty for public comment. and 
provider summanes of nine ambient 
water quality cntena documenls. N’hen 
pzbllshed In final form after the renew 
of p~b!~c c4mmentr. there water qua!:ty 
crltenr may form the basis for 
enforceable standarda. These cntena 
are pubhshed pursuant 10 rec(lon 
?@(a](I) o! the Clean IVater Act. 
DATES: Written comr.en!s sbo~ld be 
submitted IO the person listed directly 
below by May 7.19W. 
COll FURTHER INFORMAnON COWAICT. 

Dr. Frank Gosfomrkl. Cnteza ar.d 
Standards DI\qsion ~‘H-585]. L’.S 
Envuonrnentai Protec!ron Agency. 4Ul M 
Street SW.. Warhlr.g!on. DC. m&I 
(202) 24s-3030. 

8. Ambient Water Quahty Criteria for 
Lead 

9 Ambient Water Quahty Crtteria for 
Mercurv 

10. Cuideiines for Deriving Numerical 
Nattonal \Valer Quality Criteria for 
the Protection of Aquatic Life and 
Its Uses 

SUCPl.fYErTrAl)Y INtOllYAflOn: 

Background 

Section JM(a](l) of the Clean Water 
Act 133 USC. 1314(r)(l)) requires EPA 
to publish and periodically update 
ambient waler quahty crilena. These 
cr:teria are to reflect the latest sclentlfic 
knowledge on the identifiable effects of 
pollutants on public health and we!Fare. 
aquatic Me. and recreation. 

Availabilify of Documents 
Ttus nollce contams summanes of 

nine documents conta:n:ng proposed 
amblent water quahty critena for the 
protectlon of aquatic life and its uses. 
and also contams a summary OF 
revisions to LJW document l r.btled 
“Guldelmes for Denvtng Numerical 
Satronal Water Quality Critena for the 
hotectlon of Aquatlc LiJe and Its Uses” 
[which IS an updated and reblsed 
version of the Gtidelmer previously 
?ubllahed at 45 FR 19341 November 28. 
~980). Copies of the complete titena 
documents and the revised Guldelmer 
may be obtamed upon request From the 
penon lIsted above These documents 
are also available For public Inspection 
and copymg durmg normal business 
hours II: Public Information Reference 
Unit. U.S. Ennronmenrai Rotaction 
Agency, Room 2404 [rear). 40¶ M St.. 
SW., Washington. D.C 2Lwdo. Aa 
provided in 40 CFR Part I a naronablc 
Fee may be charged for copying servicer. 
Copies of these document8 are rlro 
evaliable For re~lew In the EPA RegIonal 
Offrce Ilbrarier. A IIS~ of the proposed 
documents ir presented below: 

I. Ambient Water Quality Cnleria for 
Ammonia 

EPA has penodically issued amblent 
water quality criteria. beginnmg In 1873 
wcth publlcation of the “Blue Book” 
(Water Quality Criteria 1972). In 1976. 
the “Red Book” (Quality Criteria For 
Water) was publlshed. On November 28. 
1980 (45 FR 79318). EPA announced the 
pub!lcation of 64 individual ambient 
water quality criteria documents for 
pollutants list&d as toxic under section 
307(a)(l) of the Clear5 Water Act. 

Today EPA IS announcing the 
ava:labl!ity for public comment of nine 
lndlvldual water quality cnterla 
documents which. upon final 
publlcatlon. w,:i L;pdate and rewse 
certain criteria prevlous!y pubhshed In 
the “Red Book” and the 1980 amblent 
water qualtty cnleria docwnCnta. The 
cnteria documents for ammoma. and 
chlorine are intended 10 eventually 
replace criteria previously published in 
the “Red Book.” The cnterja documents 
for arsenic. cadmium. chromium. copper, 
cyanide. lead. and mercury will replace 
the aquatic life mterta previously 
publmhed in the 1980 ambient water 
quakty criteria documents. 

Dated: January Il. 19M. 
jack L Ravaa. 
ASJISfanf Admrnrrfrwfaf~or wotar 

Sumznary of Propoaed Water Quality 
Crilefia 

1. Ammonia 

2. Ambient Water Quality Cnleria for 
Arsenrc 

3 Amblent Water Qualtty Cnteria for 
Cadmium 

F~shwafcr Aquafic L/c. To prurect 
freshwater aquarlc life. the criteria for 
ammonla are based upon ambient water 
temperalure and pH with maximum 
conccntratlon and 30-day average 
values provrded. 

4 Ambient Waler Quahty Criteria for 
Chlorme 

5 Amhlent Waler Quality Crllena for 

Crlterla values for Ihe pH range 6.5 to 
9 0 and the temperature range O’C to 
SO’C are provided IIT the Followmg 

tables. Total ammoma concenlrallons 
equrvalent to each NH, crlterwn arc a!sc 
pro\ ided m these tables. 

(1) hhW.Wu &MO ~CEkTRATlOhS ECD 

AuuorlA ’ 

gel oc SC i 1oc ISC 2oc 25 c 3: : 

Dy oc i SC I tot t5c ?3c zsc xt 

*¶o:wIB CWZ~!OaMc ow& 0oM: cm: :x4: 
e?~c~27.ow4l,ow6~ 0im1,0om’ 0006’ :x4’ 
100 Co%? oww!owM’oocw~oaw 3am 0cb.w 
?2¶ ooobr oocm,oo1u’oo~u OClU CClLI i:‘u 
lY) oooor co~u,ooz2o 00220 oc22c oczx c3:z 
77s :om oc2m oat0 omro omc cc3.c CCI’C 
640 00138 oaw~om~o owl0 om70 0031: 3c)-0 
~2yoom 002r0,003~0 om~o:om~o om’o cm*? 
IW CO?.2 00211 00313 0031: OCllO co31c GCI’: 
~noor*sloo?~cloaco~omlo~on~o 003’0 003’0 
Boo oolw’oo2l*‘owlo,oalo oa10 cm.0 1:l’: 

tioio;ow low on loio 103, iom c !S 
b75,011 lOa3 on IOza 1017 1013 c 10 
SW.010 ]om (040 0 31 011 100@ 0 07 

1 

Sahwatrr AquatIc L//c. Data 
available for saltwater rpecler are 
insufficient IO derive a critenon for 
raIlwaler. 

Critcrro implemen~afion Guidance 
ITA is considering developmg 
impiementalion gutdance lo accompany 
the revised ammoma crlterIa The 
Agency envtrionr that such guidance 
would provide information pertamIng 10 

the selecrlon of appropriate crlterla !cr a 
given water body. and the l pptlcatlon of 



Fres.L t+ a/e.- .-I qtiat:c Li:‘e. To protect 
freshwater aquatic life and its uses. III 
pa:h 30 cor.secu!lve da1.s. (a] The 
d\ erapc concenlratlon of dlsscl\,ed 
tr.:.~!~‘~t .r.organ:c arsen:c 
(sperdt:cnzl:), defined as the frlvalent 
lnorgan;c araenlc that passes through a 
o 45 m:c:or: membrane fl!ter] should not 
exceed 72 rg/l, (b] the maximum 
ccncen!ra tlon rhou!d not exceed 140 pg/ 
1: and (c:] the conccntratlon may be 
be!ween 72 and 140 rg,‘l for up to 96 
hours. This cr:terion ~111 probably not 
be protechve wherever the toad. 
G3s!rtp?rj*ne carulinensls. is an 
1.mportant species. 

Sot enough da:a are avallsble to 
aliow denvation of numerical natlonal 
water qcali!y cr.:erla for freshwater 
d<,a:ic I:!e for pentabalent morgar.!c 
arsenic or any organic arsenic 
compound. Pentavalent inorganic 
arsenic IS acu!ely toxic to freshwater 
aquahc sn:mals et concentrations as 
low as 850 rg,‘). An acute-ctrfmic ratio 
of 28 for pcntavaltnt inorganic l rsensc 
was obtained WI&I the fathead minnow. 
Pentavelent anenic may be to~c to 
freshwater aquatic plants at 
conccnlr8:ions as low as 46 pg/l. 
Monosodium methaneancna te [MSMA) 
1s acutely toxic lo aquatic animals at 
concentrations as tow a5 LOa, rg/l but 

no data are rvailablc conctmiq 
chmnic lorlc~ty to animal5 of toxicity to 
plrn!s. 

Soirworer Aquatic Life. To protect 
saltwater aquatic life and it5 u5ts. in 
each 30 conrecutive dayr: (a) The 
average concentration of dissolved 
trrvalent rno anic l rrenic rhould not 
exceed 63 rg 7 I; (b] the maximum 
concentration should not cxcccd 120 
+g!l. acd (c) the concentration may be 
Lctween 63 and 120 rg/l for up to 96 
hours. This criterion wdl probably not 
I)e protective wherever SMetanemo 
cc.s!orum. Thalossr~srm oest~ L.O~IS. or 
(!bnp~o purl U!T are importdnl species. 

Very !ew data are avadable 
ccqcerntrg the tox.clry of any form of 

drsP.itc otb,er th3r. lrlr.9:c;tI inorpJ?rC 

arscntc 15 sa!th.i!er dqu.itic: 11fe. The 

avn:ltt!de d2:8 do show rhat pcn:aueieat 

IllO:~d~lC arsenic IS acutely fOk’C to 
53i:w~tr: an:md!S al corCr:tratbonS as 

low as 2.319 pg/i and mdy bc ~OAIC lo 
sd!ti\Jter plants at S-30 rg!l No ddta 
dre a\d:iable concerning the chtontc 
tnxlc:‘:: of any !orm of arsenic other 
than trlvdlent inorgamc arsenic to 
sclltwatrr aquatic I:fe. 

3 CcJm;,m 

Fr~shwoh~ Aqcorlc LJfe. Because the 
acute’and chronic toxlciiies of cadmium 
to sensltlve important freshwater 
specie5 are about tie ramc. to protect 
freshwater aquatic hfe and its use5. the 
concentration (m pa/l] of active 
cadm:um (operationally defined as the 
cadmium that passes through a 0.45 km 
membrane filter after the sample ir 
ecldlfled to pH=4 wltb m:tric acid) 
should not exceed the numerical value 
given by .[l.16[!n(hardness))-3.~1). For 
example. at hardness of 50. 100. and ZOO 
mg/l as CaCG. the maximum 
concentrations of active cadmium are 
2.0, 4.5. and IO pg/l. Data on the acute 
toxicity of cadmium to brook trout and 
rtnped be55 cover a wide range. but if 
these species are a5 rensitive as some of 
the values indicate they might be. they 
may not be protected by thir criterion. 

Sol.%afcrAoootic Life. To pmtect 
raltwater rquatic life and its her. III 
each 30 consecutive days: (a] The 
rverage concentration of active 
caclm~um should not exceed 12 kg/l; @) 
the maximum concentration should not 
exceed 38 rg/I: and (c)the 
concentration may be between 12 and 38 
pgll for up to 96 hours. 

4. Chlorine 

Freshwcter Aquatic Life. To protect 
freshwater aquatic life and its uses. in 
each 30 consecutive days: (a] 7%~ 
average concentration of total residual 
chlonne rhould not exceed 8.3 pa/l; (b) 
the maximum concenttation should not 
exceed 14 rg/l; and (c] the 
concenmtion may be between &3 w/I 

and 14 pg/l for up to Q6 how. 
S&wafer Aquolic Life. To pmttct 

raltwatar aquatic life and it5 ~5~5. In 
each 30 conrecutivc days: (a) The 
average concentration of chlorine 
produced oxidants should not exceed 7.4 
pg/l; (b] the maximum concentration 
rhould not exceed 13 pg/l; l rtd (c] the 
concentration may be between 7.4 rg/l 
und 13 pg/l for up to 9C hours. 

C.*:/erla Imp!emen~otian Cuidonce. 
EP.4 ts consldcring dcvcloping cnteria 
implcmcntation guidance to accompany 
the rcoiscd chlorine crrttria. The Agrncy 
cnv1512ns that such gaidanct would 
provide Information pertaining to the 

selccllor. cl upprcprrate crt*Pr:a fcr a 
g:len wa!eT body. end the ;ppl.c,4’.or. r! 
those selected crrterla m the 
cs:ab!:shment of WdfCr qua:lfy basrd 
rcrlll;tant conLrols. 

EP.I IS sr)l:cltmg written commc~:s on 
tbe IolioHmg questIons periaan:pg ;J 
i.mplcmentation gvidance lot the 
cklonne critt:ia: (I) Should the Ager.:! 
develop cntens implenenlation 
guidance for chlorine. or does adequare 
Infolmal;on rnd knowledge alread) 
earst about the selection and app!lca:lon 
of chlorrne criteria? If the response IO 
the former question 15 “yer.” then j2] 
what topicr. t5sues, and technical 
reformation rhould be included In tb~s 
guidance? 

S Chromium 

Freshwater AQIJO~JC L#e. To protea 
freshwater aquatlc life and its uses. L? 
each 30 constcutlve days: la) The 
average concentration of dissolved 
hexavalent chromtum (operationali): 
defined 85 the hcxavalent chromtum 
that passes through a 0.45 pm membrane 
filter) rhould not exceed 7.2 pg/l; (b) the 
maximum concentration should not 
exceed 11 rg/l; and (c) the 
concentratlons may be between 7.2 8c.d 
11 &~&7/t fOr Up t0 96 ho-. 

To protect freshwater aquatic hfe ay.d 
itl user. in tech 30 consecutive days: 

(a] The average concentration [In 
~81)) Of active triVa!ent chromium 

(operationally defined as the tnvalcnt 
chromium that parset through a 0.45 Frn 
membrane filter sfter the sample is 
acidified to pH=4 with nitric acid) 
should not exceed the numerical value 
given by .(o.ll9(in(hardness]]+0.537~. 

(b) The maximum concentration (in 
pall) should not exceed thr numerical 
value given by (O.glQ~ln~hardntss)] 
+X+68); and 

(c)The concentration (in rg/I) mry be 
between ,(O.glQ[ln(hordne55]J+0.537) 
and (0.8l9[ln(hardness)]+ 3.566) for up 
IO 86 hourr. 

Fcr exam 
P 

It. al hrrdnt58es of SO. 100, 
and ZOO mg I IS CsCO. Lhc criterion 
rversge concentrations of active 
trivalent chromium rn 42 74. and 130 
pg/l rnd the criterion msximum 
concentrations are 870.~500. and 2.700 
4. 

Saltwubr Aquoft’c Life. To pro!ect 
saltwater aquatic lift and its uses. in 
each 30 consecutive days: (a] The 
average concentration of dissolved 
hexavatcnt chromium 5hould not exceed 
S4 rg/l: (b) the maximum concenlrrlIon 
rbould not exceed 1.200 rg/I; and (cl f!?e 
cor*centrstion may be between W ond 
I.30 ;rg/l for up to 96 hours. 

h’o sdltwoter cntcrion can be derived 
for trl\slrnt chromium but levels of 



FTSLih i:c’f .4yx,:,c I.,fl,. -I 0 pm1ct.t 
~ICshHdtI~’ aquatic llfc and 11s uses In 
corh 30 cuns~cut~~c d.:)s. 

(a) The abcrdge conccntrdl,cm 1181 
kg!t] of acflre copper [nperdtlur..;ll~ 

dr,cned JS the coFprr thdt pnq*c.s 
through a 9 45 pm membr;tnr f:ttcr dltcr 
the sample 1s aodrf,pJ to pH =4 with 
nltrlc actdt should CCI excerd I~I. 
numerird! value g:ven ‘ny 
.(o.WS~ln[harclness~~ - 1 :a\). 

(bj The mamrnum concentratlvo (m 
rqtl) shculd not cxcrrd the n;;mrncal 
value given by (0.9tXlln[ha:dncss))- 
I 413): and 

(cl The concentrattun [rn rg/l] may he 
between .(0.W5(ln~hardnrsr)) -1 785) 
and ,(O ogj(hardness!] - I.4131 for up lo 
96 hosrs 

For example. at ha:dncsses of .W. 100 
.nd Xt mg!l as CaCOI the cnterlon 
aberage concef6trallor~ of active copper 
are 5 i3.11. and 20 kg/I and the cnferion 
mdxlmum concen!ra!:ons are 8.4. 16. and 
29 rgll. 

Sdrwoter Auuotx Life To protect 
saltwater squatlc ltle and 11s kes. In 
each 30 consecutive days [a) The 
average concentration of active copper 
should not exceed 2.0 &I; lb] the 
rr.ax~mum concentration should not 
exceed 3.2 rg,‘I: and [c] the 
concentration may be between 2.0 and 
3 2 ,+‘I for up to 96 hours 

: Cpnrde 

Fres.fwofer Aquclic Llk To protecl 
!:r.shwater aquatic life and its uses. In 
eJch 30 consecutive days: (a) The 
aberage coiicentratlon of free cyanide 
ithe rum of cyanide present LB HCN and 
CS-. expressed as CN) should nol 
exceed 4.2 rg/l: (b] the maximum 
concentration should not exceed 22 rg!I. 
crnd (c) the concentraflon may be 
betneen 4.2 and 22 rg/l for up to WI 
houn 

Solrwoter Aquotrc Life. To protect 
saltwater l quatrc life rnd its uses. in 
each XI consecutive days: (a) The 
average concentration of free cyanide 
(the sum of cyanide pnaant as HCr(i and 
CS-. expressed as CS) should not 
er;r?ed 0.57 rg/l: (b) the maximum 
ccmcentratlon should not exmed 1.0 
rg/i. and (c) the concentration may b+ 
between 0.57 and 1.0 Ug/l for up to 98 
hours. 

8 Lead 

Ft-eshnofer Aquorrc L.l,fe. 1’0 prutecl 
freshwater rqustlc ltfe ond its uses. art 
erch 30 consecutive days: 

(r] The average conccotration (In & 
11 of nctIKe lead (operatlonally dcLned 

It5 the lcrd that P,IZWS through a 0.4~ 
km mcmlrilne flftcr after the rumple IS 

;Icldtllcd to pH :4 wth nrtrtc acuJ) 

qhcluld not exceed the numcrlccrl vdlu~, 
t’\cn try ,(t.3;(ki(hardncss)~-5.Z45): 

(t) The mitlinium concenlratlon 11n 
r;/l; shtruld not exceed the numerIcal 
VJIUU given by [l.f;lln(hdrdncsslj - 
z 014). and 

lc] The concentrtitlon (in ~$1 m.+y be 
hvtwecn ,~1.~lln(harJncss)J -5.245) and 
.[1.34[ln~hnrdne~s)]-2014 for up to % 
hours 

For example. at h.&nessct of SO. 100. 
and 200 mg/l as C&O, the cr:terlon 
awrap concentrahons of active lead 
tire 1.0. 2.5. and 64 &I and the criterion 
maximum concenlratmns are 25.64. and 
160 /#!I. 

Su/:woter .‘lquot/c b/e. To protecl 
sdltwater aquatic lilt and Its uses. tn 
each 30 consecu!i\e days: (a) The 
average concentration of active lead 
should not exceed 8.6 &I. (b) the 
maximum concentration should not 
exceed 220 ug/l: and (c) the 
concentration may be between 8.6 and 
EO kg/l for up to 96 hours. 

9 hll?lruJy 

Freshwater Aquofic Ljje. To protect 
freshwater aquatic life and its uses. in 
each 30 conseculwe days: (a) The 
average concenlratlon of active mercury 
(operati6nally defined as the mercuy 
that passes through a 0.4s km membrane 
filter after the sample II acldlfled to 
pH =4 with mtnc acid1 should not 
exceed 0.20 rg/L (b) the maximum 
concentration should not exceed 1.1 ~g/ 
I. and (cl the concentration may be 
between 0.20 and 1.1 rg/l for up to 9tl 
hours. These values are based on tests 
on divalent inorganic mercury and wrll 
be too high if a subrtantlal portion of the 
active mercury is methylmercury. These 
values will also be too high if 
b~oacci~mulafion ir gnefer rn 8 field 
rltuation than in laboratory tests. In 
oddltion. the value of 0.20 *g/l may not 
protect some salmonids and 
centrarchids from chronic toxicity and 
l ~ that level. bioaccumulation in kme 
species will be at the FDA action level 
of 1.0 mglb. 

Wtwoter Aquatic L$Y To protect 
saltwater aquatic life and its uses. in 
each 30 conrecutive days: (u) The 
rverage concentration of active mercury 
should not exceed 0.10 *g/1: (b] the 
maximum concentration should not 
exceed 1.9 &I: and (c) the 
concentration may be between 0.10 und 
1.9 rp/l for up to 96 hourr. These values 
dm based on tests en divrlect inorganic 
mcrcurJ and will be too high II a 

scbs’antial portlon of the active mcrcurj 
IS methylmercury. These values wll 
also be too hrgh II bioaccumul.tron is 

Th:\ draft revlscd version of the 

Sdtlondl Guldrlmo provtdes 
ci6rIrlctit~ons. nddltlonal detail,. 
technIcal and edltorlal channes !r!)m thr 
guldellnes publlshcd at 45 FR 79341- 
7934:. November 2a. 1980. These 
modllicatlons are the result of comment\ 
rewIbcd on the prwtous Guldrllnes rend 
also reflect advances In aqUd!lC 
fox~colopy und relared fields Th), rc,+,r,: 
trchnlcal changes are: 

1 The acute data required for 
freshwater animals has been changed to 
Include more tests w:th Invertebrate 
species. 

2. The Floal .-Ici;te Value is T.OH 
defined m terms of Family Mean Acl;lr 
Values rather than Species Mean Acult 
Values previously defined. A Family 
.Mean Acute Value IS the geometric 
mean of all the Species Mean Acute 
Values available for species In the 
lamb!>. On the aberage. specter wtthln a 
family are torlcologicaily much more 
slmlldr than species ln drfferent fanlllr~t 
and so the use of Family Mean Acute 
Values nilI prevent data sets from being 

blabed by an overabundance of S~CCIP~ 
in one or a few families. 

3 The Fmal Acute Value IS ntiti 
calcL!ated using a me:hod that IS not 
subject to the bias encountered wr!h the 
previous method. In addlt:or.. I: :s not 
influenced by one very low baiue as trw 
previous method uas. 

4. The criterion consists of two 
numbers. The criterion average 
concentrrtlon and the critenon 
maxl,num concentration. 

a The cr~tarmr. average coflcen!rd!.o? 

IS now used as a 3@da) average. rather 
than dS a 2+hour average. 

b. Excunions over the averepe are 
lImIted IO allow only one %-hour 
episode In any 30 ddyr. 

c Instrad of being equal IO the Final 
Acute Value. the cntenon maximum 
concentratton IS now obtained by 
drvldtnp the Final Acute Value by 2. The 
Final Acute Value 1s Intended to protect 
95 percent of a group of dtverse species. 
unless a : important species IS more 
sensrttve. However. a concentration that 
would severely hrrm 50 percent of the 
fiflh percenlilc or 50 percent of a 
sensltlve Important species cannot br 
consIdered to be protective of that 
perctntlle or that species. cspecirliy 
bctstuqe thtr concentration may exist for 
96 hours on twelre different occasions 
c:Kery year. D~\ldmg the Final Acute 
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I’dlue by 2 is intendrd IO result In J 
ccnccr.trallzn Ihal H.I~I not sekere!ly 
k\erselr a!!ec: too many of the 
orgbn:s:.is 

s The pre!er:ed dura:ion for acu!e 
tests tvlth all spectes of aquatrc anlm;j!s 
IS 96 k-curs. although lesls as sh?:l as 48 
Cnu:s are acceptable lor freshwater 
ciadocerans and midges. and for 
Pmtr!,os and larl,ae of salrwdter 
barnacles. blcdi\e moiluscs sed u:ck:nS. 
iuLster<. crabs. sl~r~nps and abalones. 

6 \\ hen avaIlable. 96hour EC% 
rn;ties based on the percenlage of 
urpanrsms ~mmob~hted plus the 
;rr:r:tage o! organisms krlled are used 
Inslead of &hour LCSO values for ftsh: 
compard, &‘e EC50 t alues are used 
instead of LCSO values for other species 

7. The requrremenls for us!ng Ibe 
results of rests H.I!~ aqua:ic plants have 
been made more strlngen! 

Two adjlbona! appeer.drces (A?;endlx 
I and 2) Here e&ied as part of the 
ql;;dance Ap>endrx I Hds edded !o ald 
In deternumng whether a species should 
be consldered readen! U-I Sorth Anerlca 
and JIS taxonomlc dassrfkatlon. 
Appendix i! provtdes guidance for 
ca;cula!mg of a Ftna; Acute Value 
lfnkm-aafdd~ l.Sus, 
SuYm COOI 6- 

FEDERAL COhiMUNlCATlONS 
COMMISSION 

Meeting of the Telecommunications 
Industry Advisory Group Steering 
Committee 

Pursuant to dectlon lD(a)[-?) of the 
Federal Advisory CommIttee Act (Pub. 
L. 92453). nofice is hereby given of a 
mcetlng of the Telecommunrcatlons 
Industry Advisory Croup Steering 
CommIttee scheduled to meet on 
Thuxday and Friday. Febrc:ary 23 acd 
24. 1984. The meermg will be open fo the 
PJSIIC. The meeting ttmes and location 
are as follows: 

Thursday. Februuy 23, 1984-&3U 0.11). 

FCC Meeting Room *33& 12M 19th 
S:rect NW.. Waabington. D.C 

Frtdo,: February 2.5, 1984 

FCC Meeting Room 3 856.1919 M Skeet 
NW.. WashIngton. DC. 
The agenda ir as follows: 

I Review of Mmlcs of Previous kfccliq 
II Gncral Adminlslnlwr Mallen 
Iii Review of Audlrq and Rqtulrtory 

~~bc~mm~~rcc Report on Recent Tax law 
Changer 

IL’ Rc\ww of Repor! IO be submllted IO the 

Wa:t p:lor approval of the Chalrrran. 
Cera;d P. Vaughan. oral 6:atements 
while no1 laBored or encouraged. may 
Le allowed if time permrfs and if the 
Chairman de!rrnlnes that an oral 
p:esentatlon IS conducive to tbr 
efiecllve alldlnmenl of S!eenng 
Commitlee objectives Anyone not a 
member of the Steer1r.g CommIttee and 
wlsht-g to make an oral presentation 
should contact Stephen T. Dully. Croup 
Vice-Chalrman (202) 63&ISO9) at least 
kve Jays ptior IO ~‘nc meerlng date. 

Telecommunications Industry 
Adv!sory Group lncomt and Other 
AcCoun!S Subcommittee 

Pursuant to secbon lO[a](t) of the 
Federal Advisory Committee Act {Pub 
L. Q-463). notice IS herby given of a 
meetrng of the Teiecommunrcationr 
Industry Adv!sory Croup’s (TIAC) 
Income and Other Accosts 
Subcon-su!tee scheduled for Thursday 
and Friday. February 16 and 17.19w. 
The meeting will begin on February 16 
at 9:30 a.m. in the office of GTE Service 
Corporation. in Tampa, Florida. and will 
be open to the public. Plearc contact tie 
Subcommittee Chauman. Glenn L 
Cnffm (214) (65KM64) for details on 
meeting locations. The agenda is as 
follows: 

1. Cenerel Adrrjnlrtrrlivc Marten 
II. kcurwon of Assignments 
III Other Buslncar 
IV. Prewnlallon of 0111 Ststcmentr 
V. Adpumment 

With prior approval of Su!xommittce 
Chairman Glenn L CrifTii. oral 
statementa. while not favored or 
encouraged. may bc allowad at the 
meeting if time permit@ and if Je 
Chairman determiner chat M oral 
presentation is conducive to the 
effective attainment of Subcommltlee 
objectives. Anyone not a member of the 
Steering Committee and wishing to 
make an oral pnrentation should 
conlact Mr. Griffin ([2l4) 6543484) at 
least five days prior to the meeting date. 

Willum I. Triurb 
Secretor). Fedemt Cbmmuntcofrona 
Commrr5fon. 

Camac Eroadcrsting Co.. Inc.. rnd 
W&da Rose Spears; Applications for 
Consoridrtcd Hearing 

Y. The Com.mrsslon has before II rhc 
lollowlng mutually l xclurlve 
ap;,,callons for a r.ew FM stallon: 

2 Pursuant to Section 3X(e) ol the 
Communicatior.r Act of 1934. as 
amended the above applications have 
been designated for heanng in a 
conrolldated proceecbng upon Issues 
whose headmar are set forh below. The 
text of each of lhese issues has been 
standard:zed ar.d is se! for& m 11s 
l n:trety in a sa.mpJe rtandardized 
Heanng Deslgzation Order (HDO) 
wh:ch can be found at 40 FR 2328. Mdy 
18.1983. The issue head-s chowu 
below correspond to issue headlngt 
conta:ned XI the referenced sample 
KDO. The letter shown before each 
applicant’s name. above. II used below 
to rlgmfy whether the Issue in quertlon 
appllea lo that particular applicant. 
Irsor Heodmg and Appl,con~:.rl 
1. Au Hazard. 8. 
2. Comparative. A. B 
3 Lltlmrte. A. B 

3. U there is any non-standardized 
issueis) In this proceedmg. the fuJ1 text 
of the issue and the l ppllcantls) to 
whrch it applier are set forth in an 
Append= IO thus Nolice. A copy of the 
complete HDO in thir proceeding may 
be obtained, by wntten or telephone 
request, from the hfasr Media Bureau-r 
Contact Represen:atlve. Room 24Z IQ19 
M Street NW., Washm@or. D.C. 20554. 
Teiephone (X2) 6326331. 
w. Jr0 cay, 

Assrslont Chrrl: Audio Semces Dwirron. 
Moss Medto ButeaLL 

I. The Commission has before It the 
following mutually exclusive 
l pphcatjonr for a new FM rfrtion: 



BENCH SCALE TREATMENT TECHNOLOGIES 
APPENDIX C 

REMOVABILTY MATRIX 

The removability matrix (Table 1, next page) on the following 
pages shows technologies which have the potential to remove a 
specific pollutant. Thus, if an industry has a pollution problem, 
for one of the listed nonconventional pollutants, technologies 

which have the potential to remove the pollutant of concern can 
be determined, and investigation of the technologies can 
commence. 

Blank spaces within the matrix indicate that data relating the 
technology with the pollutant is not available and therefore It 
is assumed that the technology is not a feasible alternative for 
the removal of that specific pollutant. Due to a limited data 
base approximate removal percentages of each pollutant by each 
technology were not available. However, further investigation 
into the Treatability Manual and many of the other references 
listed in the back of this report may reveal the effectiveness of 
the technology in removing a nonconventional pollutant. 

BENCH-SCALE STUDIES 

Bench scale treatability studies are normally recommended to 
determine if a treatment technology is applicable for a specific 

pollutant. These studies can determine pollutant removability 
and optimum operating parameters. The following section de- 
scribes a general approach in performing a bench-scale study for 
each technology mentioned in the matrix table (Table 1). This 
approach will provide the reader with general knowledge of the 
bench-scale study, its chemicals, materials, equipment, treatment 
variables, general process steps, and design criteria. This 
report is limited to the extent that the criteria and design 
steps given provide the reader with a general knowledge of what 
is required in a bench-scale study, not a detailed experimental 
design for either a full-scale or bench-scale study. When a 
detailed bench-scale study is desired, the technologies should be 

investigated further in the references given in Table 2 (page 4). 

The approach taken for this report is broken into two main parts 
for each technology: pollutant applicability and treatability 
approach. The pollutant applicability lists the nonconventional 
pollutants removed by the technology. The treatability approach 
lists the chemicals and materials required for the bench-scale 
study. Also listed is the type of apparatus, the approximate 
apparatus size needed, and the pollutant loading factors, if 
applicable. A general operating procedure for the study is 
included, as well as the operating parameters to be tested and 
the recommended results and analyses to be obtained. 

Procedures and equipment needed to analyze for the various non- 
conventional pollutants can be found in Reference 17. 
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TABLE 1. NONCONVENTIONAL POLLUTANT - TREATMENT TECHNOLOGY REMOVABILITY MATRIX 

COD Iron Phosphorous Ammonia -- Color Aluminum Fluoride Manganese TOC 

Sedimentation 
Sedimentation with Chemical 

Addition 
Gas Flotation 
Gas Flotation with Chemical 

Addition 
Filtration (Granual Media) 
Ultrafiltration 
Activated Sludge 
Trickling Filter 
Lagoon 
Rotating Biological 

Contactors 
Steam Stripping 
Solvent Extraction 
Carbon Adsorption 
Chemical Oxidation 
Air Stripping 
Nitrification/Denitrification 
Ion Exchange 
Reverse Osmosis 
Dechlorination 
Ozonation 

X 

X X 
x 

x 

x 
x 
x 
x 
x 

x 
x 
x 
x 
x 

x 

x 

x 

x 
x 
x 
x 

x 

x 

x 
x 
x 
x 
x 
x 

x 
x 
x 
x 
x x 

x 
x 
x 
x 

x 

X 
X 

X 

X 

X 

X 

X 
X 

x 
x 
xa 

X 
X 

X 

X 
X 
X 

X 
X 

X 

X 

X X X X 
X 

X 
X X 

X 
X 

X 

(continued) 
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.--_---.. _ 

Scclimcntat ion 
flar itun Tin TKN 

x X 
Scdlnrntation with Chrmical 

AddLt ian x x X 
Cns Flotation X 
Gas Flotation with Chrnical 

AdcJi t ion x 
Fillraton (Grrnurl Media) X 

Ultrafiltration x 
Activated Slrrdqt X 
Trickling Fi\tc-r X 

Lagoon x” 
Rotatinq Bioloqical 

Coritrctors 
Steam Strippinq 
Solvrnt Extraction 
C.irhon Adsorpt ion 
Chrnical Oxiclat ion 
hir Strippinq 
Hitrification/Drnltrification 
ion Exchanqc K 

x 
X 
x 
x 
X 
X 
x 

x X 
Revrrre Osmosis 
Drchlol-inrtiion 
Ozonat ion 

X X X 

X 

a 
Not removed by anaerobic lagoon. 

h 
Not removed by acrohic layoon. 

X X 
x 

x 
X 
X X 
X X 

X II X X 
x x X 

X x X X 
X K 

X X 
X X X 

x x X 
X 

X X 
X K K 
X X X X 

X 
x x X 

-- -. -. .- .- _- _. . --_--. - 

1 t rr .-- -- -- 01 q.ln ic (‘01 ro5 Len 
Clrlor ,llP !;lllf itlr Nitlatr Nrtrogcn lnllibitor Surfactants 

X 
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.Sec!inentat:on 

Gas Flotation 

Filtration 

La;ocr. 

: cn Exchange 

Reverse Osmosis 

Dcchlorinatlon 
Oronation 

3 
5 
2 
3 
5 

: 
3 
4 

12 
15 

4 
14 

i 
3 
5 
4 
2 
4 
3 
2 

7 
3 
4 

1: 
0 
2 

10 
3 
9 
4 
13 

201-221 
A-88 
221-227 
A-96 
227-252 
362-373 
A-98 
22-1 
43-1 
470-522 
725 
A-38 
442-452 
534-546 
A-80 
433 
552-553 
A-58 
551 
452-453 
h-70 
k-7C 
42-1 
78 
i21 
32-1 
64 
277-264 
A-126 
728 
35-1 
734-739 
41-l 
k-114 
712-719 
721-734 

A-4&, k-72 
30-l 
753 

39-1 
7S4 

591 
36-1 
65 

‘LA11 technologies are included in Volum III of the 
Treatability Kanual. 
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for thi s contincons-flow s*w*stem include the influent scllds 
ccncentraticn, the chemicai(s) added an:! Its concentraticn, 
C1occ:lation time, settling time, settl1r.g rates znd settling -* 
tan.4 size (length to width ratlc). 

GAS FLOT'rTIOh (D?SSCLtTD AIR FLCThTiCN) 

Pollutant Applicability 

Nonconventional pcllutants removed by gas flotation may include 
COD, phosphcrxs, TOC, TIZ, and organic nitrogen. 

Treatability Approach 

To enhance the flotation characteristics of the pollutants, 
chemicals, such as alum, lime, polymers, ferrous sulfate, ferric 
chloride, and sodium aluminate may be added. Apparatus rey.i:ree 
tc ccnduct a bezch-scale study include a l- to 2-liter capacity 
press.:rited cylinder, a mixing tank, ar.i a 2- to 3-liter flcta- 
- ; c - Cd . . t- 2 FL k ~-it:? a7i effl*Jer.t remos*al p0lr.t. Steps fcr the bench- 
scale study mz..y be as fcllovs: sa tcrate water with air in the 
press zrlzeti cylinder at aSo:t 43 to 5C ;sig for several r;ir.L:=es. 
Adi wasteK;ater and flotatlcn-aid (if applicable) in the ra;:d m.;x 
tar.k, which flcws to the flotation ur.it. kliox the a;r-satcrate 
rater tc r.:.ix xi LL tke izficent by iztrc2-2cln; tbie tus strear.s * C-. 
Rear the sic-e 7cir.t I:: the flctaition cr.it. Air Sulkies v~ll 
c--e, -;: Fe tC t1.2 Q - - ,.c --+- - ;=c-*ccc..Ls an 2 rise tz the tc~ cf +3e flctatlcr. 
* . - : c -m:'..‘r-L LC _..A - carr--- - - ,‘ -..= the pv-- - CI..C S -L-P LJ C.._ zc;, . Zrif1cer.t ar.t effl*;er.: 
c-----"-- ->.--.- .?,c,lCT.S are y.c-EC'*-P': L.. -k--Y -2 s arr.,-*A.., "m* the apprcprlate streams 
2,; ..- Fercer.: r e r. t '.' a 1 s are de'e'7:"t-A cc.- ck.p b &.l&..-V b - C.._ pcllutxit of czzcez::. 
Ferfcrz.a::ce is based c:: Ce air tc sslids r a t A ‘0 reqd:re< tc 
ackiek-e a given degree cf ciarlficaticn. Other ?ararr.ezers :z- 
ci-;5e t?.e ccncentraticn of pert-iclLlz:e mutter, the--,-,:azZi ty cf 
a;- Lsed, the particle rise VelCCitj', the sclids lca$lng rate, *& 
ar.i the chem,,ical aZdeC ani its ccncentration. 

PoWutant Asplicabilitv 

Konconventional pollutants removed by the filtration process ma:. 
include COD, color, TOC, TKN, and organic nitrogen. 

Treatability Approach 

A large variety of media can be used for bench-scale studies or; 
filtration. Gravel fine sand, and anthracite coal, used ini:- 
vidually or in combinations, a?re the most widely used media. The 
suggested apparatus for the study is an approximately I- to 3-m 
deep cylinder with a cress-sectional area of about 0.1 m2. For 
prcper operation, the cylinder ~111 require a wasteveter influent 
and overflow valve at the top and an effluent and backvash 

C.-b 



influent valve at the bcttom. Kedia is placed In the cy11nder a: 
a desired dept.? er.d the :r.fluent is introduced to the filter at 
the to; at a rate betveen 8C and 400 L/m2-min. The wasteKa:er 
floss through the media and exists at the filter bottom. FeZiS- 

urements of infLuent and eff1'Jer.t concentrations are taken and 
percent removals are determined. When a desired head loss 1s 
reached or a breakthrough in the effluent concentration occ.~rc 
backwashlng is required. Backwashing is accomplished by add::: 
uater to the filter at the bottom and fluidizing the bed. 22 e 
polluting material is removed from the media by the wask:z,- and 
flows out the overflow at the top of the filter. Average tar>.- 
Gash rates vary between C.8 and 2.0 m3/m2-min depending CT. t.ie 
media used. The pr:ntiFal factcrs to be deterxinec! SV =ke krr.zf.- 
scale study are: the percent removal of pollutant; the seleotlcr. 
cf the o-,ti,r.ally sized filter medium or media and their res;eo- 
tive de;;ths; the dete,z.ln ation of the most appropriate f:ltr~t:t: 
rate and terminal head loss; and +Ae establishment of ee ex- 
pected dxrat:cr. of filzer x3. 

Y>e 2f;3rat-.is ~7.2 rzferlzl zeede? fcr a bench-scale st;:i>* wc-li 
.‘e^-..;G a.re .Llc.c-=- -*wi-- ^C ^..b&I-- c-c:--- -- C-4.. ce7kraze having characteristics ci -^ am--my,-tceq\r 12 3, +-z 12 -2 *sc’ i <.&. a.- ” da -r.:.lcrzz r,erkz ane size and C.:- to 
1. C-7,:crcr. rre.71ra7.e ti:c:-sess, 2nd a FreSsullzed chaher ha*:ir.; 
one ;-:et . ..Z -..- a-- 5'4C cutlets, cne outlet or: each side of the tey- 
b +-2r.e. tie 1r.flser.t \;asteuz:er is added to the ur.lt oy, tie tc;; 51-5 
ci the z.czLraze cnder a Fresscre of 1C to iO0 psig and a flltri- 
L. C" C“.y La . . L&L. rate cf a;;rexlzately C.5 to 1C gal/ft2/day/psi. 
Fart:cles cf a large rclecxlar s Ire vill be excluded and ccncer.- 
* r - +- e ; b ;. c-c Y _ the me:kra!r.e and this ccncentrate will exit at the er.2 
c;;?cs:te the r;aste*:ater Influent. The filtered wastevarer ~~~55s 
thrcugh the menbraze and exits at the bottom of the unit. 1.1 e 6 - 
surements for influent and effluent ConcentratLons are taker. 27.2 
percent removals detexlned. The actc al size of the membrane 
ulll be based on the ?cllx:tant to be removed. Variables fcr 
testing would include the membrane pore size (excluslcn rating!, 
in f 1 2 e .z t conce;trat:cn, u;streem pressure, and filtraticr. flu>: 
rate. 
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Pcllutant Aoolicabillty 

Activated sludge may be effective in remcving the following nor,- 
cozventiczal pCliLtaEtS: COD, phosphorus, ammonia, color, T^^ -"a, 
TM, sulfide, organic nitrogen and surfac%ants. 

Treatability Approach 

The apparatus needed fcr a continuous-flow bench-scale stud:. CT. 
activated sludge is a chamber of approximately 0.5- tc LC-,' 
volume with an inlet for air, a second inlet for the wasze;;zzcr 
feed, an outlet for the treated effiuent, and an ad:uszable 
baffle to separate the chamber into the aeraticn and sezt;:r.g 
steps. The wastevater feed unit should be a flov controlled 
syster.. Eefore the study is initiated a desired mean cull re:en- 
t:on time should be determined. The first ste=, in the ;rcce,':ze 
iS tc see? the cr.it with sludge from a well-operazing sysze: 
having an FZi-ZlZY volatile-solids concentra%icn of abczt 1,s": 
n;c /'L , -1 Stak21ize t?.e ur.it by supplying air and complete rcix:n.g 1: 
the aeratlcr. zcne while allowing for satisfrctc,ry settlln; iZ -,".e 
sertl:z,- zcze. Eezin feeding the vastevater at a flcv rate 
r.e=ec =a-*- -- A,' t 8 acl::eve the desired kydraL:lic deZer.ticn t1r.e. _.._ -ho 
test 1s --t--ta;-~- 1;‘--? e.. ..bW ..-*I apprcximate steafy-state ca~~:ticns 2.~5 
recw.._-. ___- -e;&=; “‘* - S 1s 5etectei L’hF’. ..h.. the efflcent BZZ cr CC: is St?:- 
‘. -&; =-’ a -e--e c2”T.s t2r.t cxyqe--*L;take rate is achieved. EL-;le fcr 
E23, CC>, suspended scllds, volatile sT2sptnded solids, r.:tropez . * an2 ;ncs;k:r.~s te ensze that healthy conditicns fcr tI-..f Slclc;:- 
cal ke;ra2Lticz Frocess are maintaiced. The effl-Ler.z l-c re::*.-ti 
- cc Cd ,er the settling PCrtiOn cf the cha..>er. Rezz*;al ;erCs:r2;fz 
f rr -; v- C.. f ;clictaz:s cf concern are determined kv CC:-=---- t:?e u---..= 
;-.-7..e-* =-r; ec'-..fv" -..--a 1.e -..- -*II ..w ccncentr -aticzs. Other dGsZrG> -results 2rt 
the e;t:r-~... TT?EZZ cell residence tlr,e, the biological ;T:*&-. ~1~1 i 
an2 c-77 decay Cnp6c-i rip-+ . Parameters for operatlcr. ci :?.P 
a(--; yatei sli]A- ure system are hydraulic retesticr. time, rear. cell 
residence tine, amount of air Introduced to the syster. ir.lz:el 
SOll ds c0T.c entratron, and oxygen uptake rate. If act:;-E:ei 
sl*;age is going to be used for a nitrificazion prccess Icr.,-er 
detention times and lower organic loadings are requlre2. 

TRICKLING FILTER 

Pollutant Apslicability 

Nonconventional pollutants removed by trickling filters are CC:. 
arzonia, color, TOC, TF3J, organic nitrogen, and surfartazzs. 

Treatability Approach 

The types of media most widely used in trickling filter applica- 
tions are rocks, wooden slats or plastic f0rrr.s. Apparatus neeifd 



to perfox a bench-scale szudy is a drum apiorcximately f.5- to 
1.0-m in diameter ulth sup?orzs at the bottom to ccnta:n =he 
media but allovwy the effluent ;to flow through, and a system tF.2: 

‘h will provide an even distrryu tion of the wastewater over tYne 
media. Media is placed in the drum at the desired de?::?. - - .7‘ . . A..---- 
ent is applied to the media and allowed to trickle thrcugh zhe 
medi a. -.. cc A microbial growth occurs on the media which in CkL.. 
provides for the uptake and oxidation of the organics in the 
wastewater. PJI adequate air supply for the microcrganisms :o 
prevent anaerobic conditions is required. Effluent ex:ts at ::-e 
bottom of the drum. Hydraulic loadings are approximately C.24 tc 
0.48 kg/m3.day, both for an intermediate-rate filter. r-,,*:er.: -CC‘ 
is ccliected and analyzed and compared to the infll;enr concc~.:~- 
tions to ob:aln the percent removals. Settling of the efiluer.: 
after the trickling filter may be necessary to elimrnate t~.e 
bic:og;cal solids. Recycling of the effluent to the ir.fl,er.r 
line to reduce the organic loading concentration and ,...,,,;e G c-v-h. 
trea 3er.t efficienci es is often used and should be cozs~tered. 
T r e a L-F 0 n t _ ;a.rar;leZers are FH, temzerature, meLa ty?e a:, if;=?. 
and organ: c and hydracllc loadinks. Slow rate ar,5 ‘-;c- rcre ..A>-. 
f-'te rs may 
lca2lngs azti 

alsc be analyze5 by varying the crqa::c ar.i :?y5rz~21:: 
media deF:ks. Info,rrnation abcct all the -.-2r:2tle 

rate systems cay be four.9 in Ke:ca.lf and Eddy [2]. 

Treatabilitv A>proact: 

Lagocns may be operated in three general methods: aerztlc, 
fac*iltat2ve, and anaercbic. The aerobic method mey be mecF.a.r.i- 
tally or naturally aerated. The mechanically aerated la;;:: 1s 
similar to an activated sludge process, except that there IS 
usually no recycle of the blclogrcal solids. Thus, a bench-scale 
study for the aerated lagocz would be similar to the act;vtzei 
sludge study discussed pre\.iously. The aerobic lagoon ut:l:ces 
the natural grovth of algae to supply oxygen to the syszez alcr.; 
with other natural mechanisms. A bench-scale study for the 
aerobic lagoon would be s;milar to the activated sludge but 
without the fotced air to the system. Depths for the aercbic 
lagocn sty dy should be slightly less than the activated sludge 1~. 
crder to maintain aerobic conditions throughout the lagoon. 
Algae must be maintained in the system at approximately 40 to 1CC 
mg/L concentration as the oxygen released by the algae is used k:' 
the bacteria in the aerobic degradation of organic matter. The 
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turn, cse 
degree of 
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20 days) 
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and carbon dioxide releas ed in th,~;ls degradatlcn zre, Ir. 
d by the algae. Ferfcrxan .ce depends on org~:c lo~t:r.; 

pond KFxlng, p:T, n.;trient .s, sur.1igF.t and terperarzre. 
activated sludge process influent and effluent cp--0'- -*.a -.. 

are neasilred to dete,mine efficiency of the system. 
aso3n.s are often used in s cries to improve remcvel 
ies. Fell-scale aerobic 1 agoons vary in depth (0.3: to 
ond size (0.25 to 4 hectar 'es) and detention time (4 ~3 
depending on rate desired, available area, and orga'r.:c 

A facultative lagoon bench- scale study would be sxcilar tc :he 
aercbic lagecn study except &&at the bottom portion cf :he l;;c:r. 
is allowed to g3 to anaerobic ccnditions while the tcp layer L-C 
aercbic with algae growth. The layer between is the ~nzez-ed:~te 
zone that is partly aercbic and anaerobic. Beside the faczzrs 
that a fiect perfoznance renti oned in the aerobic set';-- b-u.., aLi;- 
tional factors are sL25ge accl;Tzlatioc end suspended s.c::<s 
cc..,,.., ir. tke effluent. h?ilticr.sl ir.foz,atlcr. cczcerr.:r.,- -&pm+ 
fa C.L;tavL. ..e -. laqsczs may be foxrid ir: Eetcali 2nd Etiy i2). 

1:czcozventlonal pcllutant s removed by an R&C unit are CCL, -‘Tc- -- - - - - 
phorus, a-Tcn:ia, color, TOC, Tm, sulfide, nitrate, or;ar.:c 
nitrogen, and surfactants. 

Treatability J.>sroach 

Apparatus needed for a bench-scale study of an RBC is a 6:s~ ~::t 
(usually plastic 
m2/m3 

) with a surface area of approximately 2C t: 3: 
that iseubmerged &out 40 to 50 percent in the was:P:atf-’ 

and rotates at approximately 7.3 m/min (peripheral speed). TkeSE 

figures are apprcximately 40% of full-scale unit reguirer*ents 
[21- A condnuous flow of wastewater is applied to the syste, 2.C 
the influent enters the tank where the disc is scbmersed. SlC- 
logical grcwth occurs or: the plastic disc surface. hs the disc 



rotates, contact betueer. the biomass and organic material :r: the 
vastevater occurs, providlny for the uptake of the or,-ar.:rs. YZ;?e 
rctation of the disc also kee,-s solids from settling iz the disc 
tank, provides oxygen to the biological growth, and shears excess 
growth fro,m +Lhe disc surface. After desired detenticn times are 
achieved the effluent exits the tank area. Usually sett2ir.g of 
the solids is required of the-disc tank effluent. Influezt ar.9 
setzled effluent concentr ations are measured to determine removal 
efficiencies. Organic and#hydraulic loadings for the disc unit 
mast be sim:lar to a large scale facility. Recommended values 

* an organic loading of about 0.48 to 1 .O k 
::::a and a hvdraulic loading of 0.03 4 

of BC3,,‘m3 of 

mediaa. In most cases 77” 
to 0.06 m /day/m2-cf 

.-ltiFle units are applied in series tc 
im;rcve trea*Jnent efficiencies. Trea’tment parameters are crgrr.:c 
and hydraulic loadings, temperature, detention time, percent 
submerged, rotational velocity and pcllutant to be rerroved. ___ r’rr 
ni:rification of ammonia and organic nitrogen and denitrif:cat:cn 
cf n:trates, detention: t:mes are extended, organic and hytra*:l:z 
loadings shzx15 be less, and adPIt:cnal units rriay be zecesszrl-. 

?c,*,- ..- ’ - .*C a-’ p,-ic&; 1 ; *\r --*_ 

-ye=* ah- - .-.. -_-u- a--- -* Jv-“r=Ci .-b-V- . . 

h -,-ar:et>, Cf cz --.... 2 -**--- caz te *isef fcr the stripsing process. 
k.oz; ther, are a gacked tc*;er, 2 sieve tray dlstillaticn ar.5 a 
h . , ‘r :. - p u---h ca; d:sr:llatrcz --‘“-7 - ET;lprr.etit r2c*;feC.,Cor a ,her.zl-.- -b-I...-. --- 
scale trezztiilit:; stuc;’ 2s::; a packed coiunn includes feed 
ta- ..:<s , heat excf.ar.,-er, EY.d i’AY>S. The colum.~ should be aLa:: C- 
-Ls 3p,c- .- w c_ .b e.. d;areter, 1.2- E8 1.8-m high, with Rask=ig rings or 
Serl saddles as cc:-7on1~ used packing materials. Full-scale 
CCl.LT2S va rl* between C. E- and 3.1-m in diameter and 1.2- tc 12-c 
kick “;G feed vater is F-:.>ed 
heat’ 

-..- frcm the feed tank though the 
excka-cer whe-e it . . . . _ is brc~g>t to near boiling point tez.pere- 

tures. The*wasterater enters the colon near the top from, the 
side and is distributed evenly by a common unit such as a sr;ra: 
distributor . The wastevater flows down the column by gravity. 
Steam enters from the side at the bottom of the column and flcvs 
L;, the colc=nn in a countercurrent fashion. The liquid and steam 
f;or; rates are sometimes expressed as a liquid to gas ratio. 
Bezch- scale flow rate2 should be approximately 0.36 m3/day fcr 
liquid and 0.1 m3/day for steam at about 1 to 2 psia. Full-scale 
rates are as high as 45 m3/hr at 5 to 11 psi (4). Effluent is 
drawn off the bottom cf the column and can be recycled to the 

‘Cata frcm Treatability Kanual, Volume XII. 



influent. Ccndezsate is renc*Jed from the toF cf the colq.-,?. T?.E 
inf1uer.t azd effluent are anal;*zed and cornpared fcr &-r-l treat- -A..C- 
ment efficiency. Operating pararr,eters are feed cc3Ceztratlczs, 
waste’<ater teqerature, pressure, pH and liquid and gas feed 
rates. stripping cclumns are often divided into several transfer 
units, each unit being separated by a redistributloz and pac:;.:ng 
sup?crt plate, to in>rove tre’a’,r,er.: efficiency. Calc*;Lar:zg tie 
nunber of transfer urrits for a bexch-scale or full-scale unit is 
described in several of the reference publications. 

SOI,VE?;T =Y-FAC:!GN - .A 

?0llt:t2r.t Applicabllit~ 

Nonconventional pollut ants remcved by solvent extraction, (1:~::5- 
liq-.:id extr action) are CO;>, color, TX, T?X, orgar.ic nitroger., 
and surfactants. 

?ol lutazt Asrlicabilitv 

Ct!ZbCr. aZse,qztior. can be used to remove the following nczczz.:i-r.- 
tlCna1 ;ollutazts: CO;, phosphcrcs, cclor, TOC, T!W, or;sr.:c 
nitrogen, corrosion inkibltor, and surfactants. 

Treatability Approach 

Materials and apparatus needed to perform the bench-scale st-5y 
are several l-liter jars and mixers, and granular or posierei 
carbon. Various Imown ameunts of carbon are placed in each jzr 
ranging from approximately 0.5 to 50 grams depending on the 
pollutant concentration to be removed. Five hundred millL1itrr.s 
of wastexater are placed into each jar and mixed for 3 to 6 

aObtained frcm Treatability P?anual data sheets, Vclune III. 

C” 2 



hours. Saz;les are taker. an2 ar,z.lyzed for pollutant cczcer.',ra- 
tions. Removal efficiency is dete,n..ined by comparing the :r.:t:al 
and t?%e final concentraticn of the pollutant. This data car. alzc 
be used to determine an adsorption isotherm that describes the 
amount of pollutant adsorbed as a function of the pollutant 
concentration. Depending on-the results obtained, vith the 
suggested carbon dcsage range, it may be desirable to repeat 2L.s 
above procedure using a different set of dosages to fur+her 
define the isotherm characteristics and removability potenylal. 
Additional continuous-flow bench-scale studies can be perfoxed 
similar to the fLltrat:on bench- scale study previously disc:sseti, 
exce?: Cat activated carbon is used as the media. This t'r'T3e cf 
benck -scale study is perf armed to compare various carbon sz.;les, 
check heaC loss agelnst fiow razes and bed depths, check back~as.? 
c- ov race and efficiency of the system for poIlu:ant rencval. 
i:ther 

I:. 
stzby , parameters that affect perfo,znance are the i-r'.'e~t &.._d" 

characte ristlc and conceztratioz, the adsorptive prcperties cf 
the carbcn a-5 tie z.o*.z.t cf aczlvated carbon used. 

+,-:-.. ..--. ,' cx -' A. -.-I - eF;--c -u-u-..‘= G%-.. -- c a:. te xseti 2: this che.5ca.l process, c..-' -u-.. 
as c.".lsr:r.e, czcze, pct3ss:;il: >e,?r.ancarate, Zlydzcgen percxlte. 
c"c~;z ar- r; r;. ..- - =.-.. ..A --\-, S -u--.. ;r..-ce;‘ -- ee C ,'- u..- -4- , caicixn +;ypociills:Zre ani . ..-_. 2 
czkezs. (C2cr.e azi czcxaZ:c~: are d:sczssed ln a later secrlcr.. I 
3e;er.d:r.5 CT. tke c>::Ciz:ng agent used, the ptl may need to tje 
a;- “<C .m* u- ,e? tc ;;rcv:de c;tir..s ccndit:cx for the oxidizing prscess 
a Y-l 2 ’ 2-2:s car. k:e accc:;lls3ed t)* adding af: c>propriaZe acir! cr 
alkal:. . i.c- = yat'cs * r-- rerLired for the bench-scale study is a m=li:::; 
tar;k, xset to r:ix the cxld;z;r, g agent and vastewater, and a 
sett::ng tank tc precipitate any insoluble oxidized material, 
mezals, or czher residues. The first step in *&e process is Cc 
add the a;pr D?riate cher,:,lcal to adjust the pH. Next, in tie 
mixing tank add the cxidizlng agent and the wastewater. hdti:- 
t:ozal time may be alloved Eo ensure complete mixing and cx:d:z- 
i-g. Dependins OS the oxldizlng agent used, heat may be llber- 
ated and cooling of the sample may be necessary. Additional 
steps of adding moxe cxldazt, readjusting the pH and adding more 
oxidant, may be desired. After all reactions are complete precip- 
'c 1 Lat: ‘en in the settling basin is suggested. The effluent from 

the settling tas:r. is compared to the original concentration to 
determine percent remevals. Parameters for this test include tile 
ox:dizir,g ager.t used, its concentration, pollutant removal de- 
sired, and pE. 
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Air str:m-: 
Barr- ng may be used to remove the following nonconve-'L---' . . Cd r..C- 

pollutants: x5cx a, TKN , and free chlorine. 

TreatrSi:ity Approach 

Chemicals and materials required to perfo,? a bench-scale stuJ1. 
are lime [Ca(OH)2] uhi ch is used to raise the pH of the vaste- 
water prior to the stripping tover and a packing material, e::?.er 
plastic, wood, or PVC pipe, about 1.3-cm diameter. 
regdired for 

Apparatus 
the bench-scale study inludes a rapid mix tank, a 

flocculation tank (for slow mixing), a settling tank, and ',"le 
stripping touer. A full-scale stripping tower is about 6- to 
7.5-m high and egu:pped to handle a 2.4 to 6.0 m3/m2/hz hyCra.;liz 
lcadinc and a 2,25C to 3,740 m3 air/m3 liquid air flow. EencL- 
scale apparat,Ls sbs*Lld net be as tall as a full-scale ur;* ..- c, 
hcve:,er,- the‘EyZra-zi:c 1oaZlr.g and air flow should be similar :o 
the ftlll-scale unit. T>e first step in tie proced?;re is to 
ceZer.rlze the a;; rcxlmate cc*.xt of lime to add tc achieve a pE 
i=etr;eer. 1c.5 ar,z 11.5. The 1 iye slcrry and the continuczs flcv 
cf kas:exater are r,ixeZ ir, the ra;ld mix tank ar.: f ; cv ri.:xee 1:: +;, c’p --.. --*.__ b-. , r C--u . cc.. . . r’ CalCi~S phosphate and calcil;. carL;r,a:r 
are ser:led ~1;: 2: the setzling Lasir.. The uasteveter flc.~s Zc + ;. L.,~ :a; cf tl-.e tc.-*er a 2 2 trickles d3k-x r:. -er r,,., through be pack:,; vk;._le 
,..e c,, -lb- e "P'S C"Cv& ..--- -- the sides and up 'Lhe touer in c c. .L r. f e z - 
c ;: r r e .-. t f a s 3 : c .-. . T h e interacticn cf air and treated uaste.<z:fr 
s CY.r. CA 'r S the az,~cr:z a.72 releases It ;-+p the atz.ospIc.ere thro-,-1: L: b.. b" 
C 

..w - G- -w--u at _..- tr; ci the tcxer. *kc. The effixent, wF.lch flczs CL: 
the kctccr;. cf the tch-er, is analyzed and ccmpared uith the :r.fl~- 
e.. _ -- csT.= eF--~'in- PC -. -- --u.. b& 2-rm-Y a . ..b..d tc- dete,z.ir:k *a'Jn*r,t- err- -- er.r:.. A&*-& 
Recarbozatio: azd settling cf the final effluent may be 5ec:ref. 
Parzr!eters for t:le study are FE, temperature, air to liq.222 rzt:: 
and packing material and density. 

P2:lctar.t AgFlicability 

Nonconventional pollutants removed by the nitrificatioz/dex:ri- 
fication process are: 
nitrogen. 

ammonia, TICK, nitrate, and organic 

Treatabilitv Approach 

There are several ways in which the nitrification/denitr~~~c~~~c~ 
of WasteRater can be performed. Some of the methods are a trick- 
ling filter, a rotating biological contactor (RBC), an oxidztlcr. 
ditch [modified low-rate activated sludge process), and 2 ;acI<ef- 
bed reactor. Eench-scale studies have been presented prevlcusl 



fcr all of these processes, except an oxidation ditch. In 21: 
cases longer detenzlcx t:mes are regdired so that all cf t:7e 
nitrogen in the raw uastewater is converted to nitrate (nitr:f:- 
cation ste?) prior to the anaerobic (denitrification) step. 
Lover B03 loadings are also required. The effects of tem;era:Lre 
OR -be nitrificaticn/denitrification process should be 
ccnsidered. 

An oxidation ditch is similar to an aerated lagoon, except t'.~: 
there is a constant flow around the ring-shaped ditch. The 
full-scale o?erati on for an oxidation ditch requires a rin,-- 
shaped channel a;Froximately l- to 1.5-m deep, a mean cell :et~:- 
tlon time of 2G-3C days, and a hydraulic detention t;me of IS-:! 
hours. Bench-scale operations may need to operate at near fill- 
scale conditions to ensure proper removal efficiency. Ir.f:.ier.: 
is adied at cne end of the ring where it is aerated ar,< C:ZCI- 
'ated by a rotor. * The effluent is dram off at the o;,'ssi:r ez, 
Of = 5.5 - ; - *&.A Ld s =-on: the iniluent. Further description of the 
;rccess ~2: be fscrji in KetcElf and Eidv [2]. TreaL7er.r ; ZZL- - 
erers i5cl::de orcjar. ic and hydraulic loadings, detent;cr. +- ,,,e. 
:: e a r. cell reter.t:;r. t:;r.e, ar,2 fl3;’ velocity. 

-‘et-wt:i -. t.; ;m,fTcac;. 
-_ ----- . . 

"-eve are a large r..zker cf 10:: &.I__ exchange materials tfiat car. t,e 
csrd fcr pcll:za,t remc-**al depending on the contaminant and :ts 
: WC’ &I.& -‘LeTi M - cxce strati cn. Some consideration to the prc?er ex- 
char.;e material shscid be completed prior to commencing the 
S +..A., tiu-1. P .c,sarat*:s required fcr a bezch-scale study includes a 
Cl - .,A,; c- - - -r.i- &CC& icz exckazge bed, tanks fcr solution storage, and a 
r:zSer cf piir.;s . Ze?er,dir,o CT: the wastewater to be treated and 
the exckanse resin used, filtration units before or a?. a.r~:r.;e- 
strl?ping unit after the ion exchange unit may be necessary. 
Steps for the treatability tests are to pack the column with the 
exchange resin to a depth of ap?rcximately 0.25- to 1.0-m. 
Wasttzater is added at the top of the exchanger under pressure, 
passes through the resin bed and exits at the bottom. Hydra:i:c 
loadings shccld be ap;rc xlsately 0.2 to 0.4 m3/m2.min. Once the 
bed is exhausted backvaslng, regeneration and rinsing processes 
s.ho*uld be tested to check on economics of the technology. I r. f 1 u - 
ent and effluent ccnceEtrations are measured and percent rem,c*cals 
calculate:! to dete- ,...ine the technology feasibility. The factcrs 
that affect perfcrmance are the exchange capacity (a measure of 
-L L.. e total uptake of a specific ion), selectivity (preference of 
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Pcl?z:tant Acslic&il ,,tv 

Nonscn ventional pollutants removed Sy re-Jerse osaosis are ircr., 
;hosphsrcs, arzonia, cclor, almir.Lz, flucride, xxc~anese, ~EZLL.-T, 
tin, 23, nitraze, crgazic nitroger., ccrrcs~o;; inhikitcr, a22 
scrfactazts. 

Follutant A?glicability 

Dechlorination is used to remove the free or combined cklcrize i: 
uastewater. 

Treatability Approach 

Commonly used chemicals for the reduction of the chlorine are 
sulfur dioxide (SO,), sodium sulfite, sodium metakisulfate, and 
sodium thiosclfate. For a bench-scale treatability study appa- 
ratus require2 will be holding tanks fcr the SO2 gas azd uaste- 
water , injection lines for the SO2 gas, an edzctor, and a rr.iX:Zg 



t E r. . k. Secacse the rerLlred contact time for the SO2 and c-'----p ..-V- A.._ 
is small (less than 5 seconds) a cor.tact ck&zber is not necessary. 
Chemlcai (cc~:.or,iy sulfur dicxide) feed rate should be ap;rcx:- 
mately 1.1 1S/1b residual chlorine. Feed rates for o'ther cher:- 
cals will vary. The bench-scale procedure requires the SO2 
to flow from the holding tank to an eductor where the SO2 1s 

gas 

rr,-xed vith water to fc,rm a li.qdid soluticn. This soluticn is 
then fed into a mixing tank vhere the solution water and chlori- 
na:e? influent are thcroughly mixed. The effluent from the 
mixing tank and the chlorinated i nfluent concentrations are 
measured and treatment efficiency can be determined. 

The key cc ntrcl parameters for +b: ,..,s process are prc?er dosage cf 
SZ2 based on precise monitoring cf the chlorine resldaal and 
adequate mixing at t!!e point of application of S3=. 

PC,,-,a..- -1,.* -c r,,*.,-ii::+.. n,-,,bcl,A,-. 

Nc.r!cc~*:e~~~c- a' -. - ?-7 '..+ "&&I L a n t s ren;o-veG . - by ozcnation are: C33, TSf, 
- a..z43 r. 1 a, CCLCZ, IT:%, sulfide, surfactants, and organic nitrogsr.. 

The c5err.ica.l rep:reZ fcr the berc>-scale batch reactcr treaze- 
b. * ;-,. s'..;" "*A- -,' -u-J IS ,czass13AT, 1oP;Ze. Zq2lprent required fcr t:-.e 
S +L .; 5 .,' i mcl . b.. ,,ies a:. c;c.?e ~eT.eza:cr, 
cc::iiners, a 3-later ,-lass 

fccr i-iiter sealed giacf 
reacrcr, a glass Frit diffuser, a 

f-d:-way class ;-al;*e r:o.s:tei cr. the side cf the reactcr in. crder 
-c -4 w;' - - t .-i 2 -' a ;‘ per:cSrc sz.ples, a rczcmeter to ccntrcl gas flop, 
a zd 2 we: test rr.eter tc rzeasxre the gas flow. The prcced:.re 1s 
as follcus: s :a r t ;; ; 2.e czcze- generator w:t:h oxygen cy:lnder 
attacLoA ..-u. Fill 5F.e sealed glass ccnzainers with one-liter cf 
potass;LY :od:de sc;ction et about a 20 g/L concentration. ,,,, 7; - 
the 3-later reactor with wastewater. Adjust the czonator gas 
flew to the desired flog rate using the rotometer and divert 
1, _ r*'ers ..a” cf the sas f;ow throu~k one of the glass containers. 
7k.e Gas strem is then di;.erted t.?rcx:h the waste sample and 
ozcnatloz ccntlnues fcr the des:red ccntact time. Samples s?.culd 
be taken at inte,Tedlate times. Pass the gas to the remaining 
glass containers to ensure that a11 the ozone is captured. At 
the end of the contact time stop the gas flow and remove the 
sol-utions from the :eactcrs. Keas zre the residual concentreticn 
of the pollutant of ccncern and compare to the original concen- 
tration for treatment efficiency. Treatment parameters are the 
contact time, the quantity of ozcne applied, pH, temperature, 
concentraticn of wastedater cbnstituents and the efficiency of 
the ozone wasteuater contactor. A continuous-flow pilot study 
may also be analyzed. For this pilot study or information on t!?e 
batch study see Reference 9. 



The objective of this report is, first, 
or municipal per scnnal a list: of feasibl 
for controlling s?ecif ic nonconventional 
ond, to present a gene -al bench-scale tr * 
each trea-zent a lterna tive. 

to provide to indust 
e treatmen .t alternat 

pollutant 5. And, s 
,eatability approach 

These objet tives are achieved in a matrix table of eighteen 
q;nconventional po l?utants and the varicus treatment alterzatiqb*es 
L&rat can be used to remove these pollutants, and by providing a 
general approach to the bench-scale treatability study for each 
trea+aent alte rnative listed in the matrix. This general ap- 
proach is broken down into the following sections: pollutant 
ap;liczLil' A 1: YI whit? lists the pollutants that the technoloT2* has 
the potent: al to remove; and treatability approach, which de- 
scribes tie c:7'er.icals, materials and apparatus required, +& U.e ce-o-aq ..-- - ste;:s, tl'ze ir.?crta.r.t design factors, the res?dLts tc be 
&ta:r.ed, azd the c;eratiz; ;;araze:ers fCZ the bench-scale stu2:;. 

The data cathere fcr tke rratrix table was ccm;iled throcc:: tc.'=; 
zetIh;tis. First, dz:t was cczgsled frsm VolLTes III and V-cf the 
"Yeatti:l:t>* Kan*;el. -* -\7 h ,1lz.e Ii I's subject rrlaterial is Techzrlc- 
52es. 2:s vzl~ie q:ves a te~n2log;cal'desrip~~~n~ priizazy. 
fume’; *AL LA CT,, basic operating principles, design criteria, cozmon 
t 0 ?:ficz-' --= 2r.d a~~~icatlocs, we V.-e limitaticns, status, environ- 
mental impact 2nd c,h.eclcai requirements for each technology. z r. 
addition, pcllctant removability data sheets for various indus- 
tries and sL---v* br.tac) tbles for eat h technology are included. 
VO Lime V cf the Kanual sYummarizes much of Volumes I to XV and 
provides a quick reference and evaluation scheme for the KPDES 
permit writers, enforcement personnel and industrial or municipal 
personnel. In Appendices C and D of Volume V are tables shoving 
Median Removal Efficiencies and Pollutant Treatability Index of 
different control technologies for various pollutants. Frorr. 
Volume III and Volume V, Appendix C and D, information on pollut- 
ant removability potential by the various technologies was 
gathered. 

The second method for data gathering was through a general liter- 
ature search. A bibliography of this literature is shown at the 
end of the report so that additional information on technoiogles 
and pollutant removz.b:lity may be obtained. 



2. Explanation 

The focus of Volumes 1:: and Y cf this Treatability Kanuai is CT. 
the conventional and * ,cxic pollutants with little en?hasis on the 
ncnconventional Fcll*Atants. The matrix table presented in this 
re?crt has beer. designed 
ants as a contin*:ation 

to e.m?hasize the nonconventional pcllut- 
of the Treatability Kanual's informat:cr.. 

The p.JTose of the matrix, then, is to show that the marked 
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T':;e bench-scale treatability studies are presented in a general 
fcnat tc alley personnel with a treatment problem to prepare fcr 
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azprcximate steps required for the study. For many of the terh- 
r.clogles, ad<: tionai infon;ation may be desired if an in-depth 
bench- scale study is to take place and it is suggested that the 
references at the end of this report be consulted. Some pollut- 
ants may be remcved best by a combination of treatment processes, 
such as filtration before a carbon adso,-ption system, however, 
these combinations are not within the scope of this report. 
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APPENDIX E 

Review of State Mixing Zone Policies 

A review of individual State nixing zone policies (listed 

on pages 3 and 4 of this appendix) shows that forty eight of 

the 50 States make mention of a mixing zone in some form. 

Thirty-one out of 50 states (and 2 territories) include actual 

mixing zone dimensions in their water quality standards. For 

streams, 17 of these 31 states model their mixing zone guidelines 

requirements on the Green Book (Water Quality Criteria, 1968) 

guidelines. Those guidelines provide that the zone of mixing 

shall not exceed 1/4 of the cross-sectional area and/or volume 

of the stream flow, and the remaining 3/4 of the stream shall 

be maintained as a zone of a passage for swimming and drifting 

organisms and shall remain of such quality that stream ecosystems 

are not significantly affected. 

The remaining States with defined mixing zones vary in 

their requirements, allowing dimensions from as low as 1/5 

Of the cross-sectional area (Ohio) to as high as 3/4 of the 

cross-sectional area (South Dakota). Ohio uses l/2 of the 

stream width as a nixing zone boundary. West Virginia includes 

a length dimension in its nixing zone policy: for warm water 

fisheries, no nixing zone may have a length exceeding ten times 

the average width of the mixing zone, and for cold-water 

fisheries streams, no mixing zone may have a length exceeding 

five times the average width of the nixing zone. 
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Two states make no reference to mixing zones at all: 

Arizona and Pennsylvania. Accordingly, EPA does not recognize 

any mixing zones in those States, and water quality requirements 

must be net at the point of discharge unless the State and 

the applicant develop a Case -by-case mixing zone. 

Mixing zone dimensions for lakes vary from State to State 

depending on the relative size of lakes in each State. Three of 

the six states that include mixing zone dimensions for lakes 

(Alaska, Delaware, Florida) use 10% surface area as a general 

boundary. 

The other three (Illinois, Michigan, West Virginia) offer 

300-1000' radial limits around discharge points as a mixing zone 

limit. (Florida also employs a radial limit as well as their 10% 

surface area limit depending on whichever proves smaller.) 

The policy on estuaries has been somewhat similar to that 

for lakes. In most cases they are both grouped together. Those 

stares that do mention estuaries mixing tone dimensions (Florida 

and D.C.) use 10% cross-sectional area as their mixing zone 

boundary. 
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cs = cross-sect icz2! 
area 

Sk = surface area 
0 = not listed 

State-by-State Mixing Zone DineRsions 

State 

A labaT,a 
Alaska 

Arrzcna 
Arkansas 
California 
Colorado 
Ccr,nezt icct 
belaL;are 

c.c . 
Gecry ; a 
Flc-*-a & .” 

?.: innesota 
nississippi 
Elissour i 
Montana 
Nebraska 
New Zersey 
New H a..?sh ire 
Sew Kexico 
New York 
Kevada 
5crt.5 Carolina 
Kort.5 Dakota 

k'ater Body 

0 
river, s t reans 
lakes 

0 
l arse streaTs & 

c 
G 

streaTc 
stre&T,s 
lakes 
est*dary 

c 
St rear.s, rivers 

Lakes, estuaries 

0 
c 

all 
stre2L7.s 
strean:s 
streaTs 
stre2LT.s 
stfeaT<s 
s treans 
st reaT,s 

II 
streams 
Lake F ich igan 
streams 

0 
s treaTs 

i 
streams 
strems 
strems 
streams 
streams 

U 
streams 

Dimensions 

0 
< l/3 cs 
5 10 % SA 

0 
5 l/4 cs 

0 
c 

< l/4 cs 
T l/3 cs 
7 10% SA 
z lob cs 

0 

C 
0 

< 6CG ft radi,zs 
T- I;'4 cs 
T Ii4 cs 
-T l/4 cs 
7 l/4 cs 
T l/3 cs 
T l/4 cs 
1 i/4 cs 

0 
0 

< l/4 cs 
7 1000 ft radius 
5 l/4 cs 

0 
5 l/4 cs 

0 
0 

< l/4 CS (themal) 
7 l/4 cs 
7 l/4 cs 
7 l/2 CS (themal) 
x l/3 cs 

0 
( l/4 cs 
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or.10 

Oklaho;na 
Oreson 
Pennsylvania 
iihode Island 
Soutn Carcl;na 
South Dakota 

Tennessee 
Texas 
Lltah 
Venr.ont 
Virginia 
Kasr.lr.~ton 
Kest V:rS:n:a 

. . b:“‘” L = -1. : siands 

r eceivlq waterccurse 
zc:tr. cf receivirq 
strea,r.s 

0 
0 

streams 
0 

streams 

0 
streaT.s 

0 
streams 

0 
0 

war, water fish strear7s 
cc 16 water fisr. streaT.s 

1a*.es 

5 l/4 CS (theme1 
0 

< 3/4 cs or 
iO0 yards of 
stream width 

0 
< l/4 cs 

0 
5 l/4 cs 

0 
0 

< 33% cs 
7 20% cs 
7 300' any 
Zirectizr. 



Dilution Considerations for Marine Discharges 
APPENDIX E 

(excerpted from the 301(h) Technical Support Document) 

PHYSICAL ASSESSMENT 

A physical assessment of the applicant's discharge is necessary to 
determine the initial dilution that will be achieved, the zone of initial 
dilution (ZID), and the farfield transport and dispersion of the effluent. 

Municipal wastewater effluent discharged into the ocean through 
submerged outfalls creates a buoyant plume that rises quickly toward the 
surface, entraining significant amounts of ambient saline water. The 
momentum arc buoyancy of the effluent relative to seawater are primarily 
responsible for entrainment of seawater, although in some circumstances 
ambient currents and turbulence also contribute to initial dilution. 

One consequence of the entrainment process is that the density of the 
rising plume becomes greater and approaches that of the ambient waters along 
its trajectory. If a sufficient ambient vertical density gradient or a 
Stratification zone (like a pycnocline) is present, the plume can spread 
horizontally at a level of neutral buoyancy below the sea surface. If a 
sufficient density gradient is not present, the diluted wastewater plume 
reaches the surface and flows horizontally. 

INITIAL DILUTION 

Data Requirements 

Characteristics of the discharge and physical environmental conditions 
at the discharge site are needed to calculate initial dilution. Information 
is required for the period(s) of maximum stratification and other critical 
periods. A diagram or verbal description of the diffuser length and 
diameter, port orientation, and arrangement with respect to the seabed and 
to other ports will be used by EPA to assess the adequacy of the 
calculations and the adequacy of the design. For multiport diffusers, the 

design flow of each port is requested, as unequal flow may influence the 
actual dilution achieved. It is also helpful to have information for the 



period(s) of minimum stratification. It is not necessary for the applicant 
to calculate the initial dilution for each port but only for that segment of 
the diffuser with the highest flow rate per unit diffuser length or for the 
port with the highest flow rate. 

Effluent flow data are required for the computations. Historical data 
should be used to determine the minimum, average dry-weather, average 
wet-weather, annual average, and maximum flows. 

Since initial dilution calculations can be strongly dependent on the 
vertical gradient of density relative to the density of the wastewater, 
larger applicants will need to evaluate a substantial amount of data from 
both the discharge site and nearby areas having similar environmental 
conditions before selecting a worst-case density profile. Since ambient 
currents may affect the initial dilution achieved, a modest amount of 
current (the lowest 10 percentile) can be used in predicting initial 
dilution,. 

Initial dilution, is the flux-averaged dilution (averaged over the 
cross-sectional area of the plume) achieved during the period when dilution 
is primarily a result of plume entrainment. It is characterized by a time 
scale on the order of minutes. With proper location and design, marine 
outfalls can achieve initial dilution values of about 100 to 1 or better 
before the plume begins a transition from essentially vertical flow to an 
essentially horizontal flow dominated by ambient oceanographic conditions. 
For the purpose of this evaluation process, "dilution" is defined as the 
ratio of the total volume of a sample (ambient water plus wastewater) to the 
volume of wastewater in that sample. A dilution of 100 to 1, therefore, Is 
a mixture composed of 99 parts of ambient water and 1 part of wastewater, 

Adequate initial dilution is necessary to assure compliance with water 
quality standards. A number of factors Influence the degree of initial 
dilution which will be achieved. These factors include: 

Discharge depth 
Flow rates 
Density of effluent 
Density gradients in the receiving water 



Ambler: CJTWnt Speed and direction 

CIiffuser cr,arac:eristics 

?ort sizes 

?ort spacing 

Port orientation 

There are a number of methods and models available to calculate the 

initial dilution to be expected for different oceanographic and djffuser 

conditions. This section describes several methods of computing initia' 

dilution, 

Cornouter Models 

Several cat~e?a:iczl mo?els are available from EPA which are 

dppropri ate for c:fferen: cceancgraphic an6 diffuser conditions. A summary 

of :he charact eristics of these moc'e!s is presented in idblt? V-l and a brief 

descrip:lon of thes is providea here: 

‘)I “LJ: r-V,,- - Analyzes a singie, pcsitively 320jan: plume in an 

arb:trarily stratified stzgr.2r: eriironnent. 

OZ7r"LY - Analyies a srngie, positively buoyant plume in dn 
arbitrarily strat:fiec flowing environment. 

DKHPLY - Analyzes a multiport, pcsitively buoyant plume in d 

linearly stratified flowing receiving water. 

Lr MER”L - Analyzes either posi tively or negatively buoyant 
discharges. The model analyzes a plume element through the 

history of its trajectory and dilution, accounting for the 

effects of adjacent plume interference in d receiving water 

with arbitrary vertical density and current variation. 

LINE - Treats discharges ps d line source accounting for 

adjacent plume interference. The model is capable of 

dndlyZing positively buoyant discharges in an arbitrarily 

stratified receiving water with a 'current flowing parallel 

or perpendicular to the diffuser. 



TX:E V-1. SU~'!!!MY OF PLUME h!OXL CHARACTERISTICS 

Model Current 
Nane Speed 

Current 
Directionc a 

Density Profile 
Port Type We 

PLUr"E 

052:t* 

no 

yes 9o" 

single 

single 

arbitrary 

arbitrary 

CKH:,h! 700 <rr < HO0 multiple 

ME;;: Yes 9c” multiple arbitrary 

LItiE yes o 2 E I 180' line arbitrary 

* F -". ?-F-em. c clcti;q; per:endftular 
E = 9-c 

to the diffuser axis hasOcurrent direction 
. TT,E W;CES: rzn;e cf pcssible angles !s 0 to 180 . 



The first three of these models are described in detail by Teeter and 

Baumgartner (1979) and are adequate for most situatfons. The model MERGE is 

a generalization of OUTPLM. The model LINE is a generalization of RoSer:s 

(1979:. Neither MERGE nor LINE has been published in the open literature 

but both have been used in the evaluation of sectfon 301(h) applications. 

All of these models are available from the EP&. Applicants are not required 

to use any of the models listed In Table V-l. If other methods are used, 

however, the application should include a detailed description of the 

method(s) employed and demonstrate that the method(s) provides reasona3le 

estimates of initial dilution. 

Other mezhocs to determine initial cilution may incluce in situ 

observations. However, if in situ observations are used, the ap;::cac: 

sho-id de,monstrate that they represent the critical dilutions, not merely a 

typical dilution. In adcition, there are a number of other mathemat?ctil 

models availaS;e in the pu;3!' ,shed literature which can be adaqteT1 fc- 
es:lr,a:lnj Jrit'ai dilution. References uhicn describe several of tt,ese 

mole: s are : CISraham (i962, 197:); Baum9artner and Trent (197C); Gaun9?-:ner 

et 8:. (i97:); Brigss (1955); Brooks (1973); Cederwall (1971); Davis (1575;; 

Cavis and Shirazi (:97&); Far; (1967); Hirst (lgila, b); );annberg ant Saris 

(:5;6); Kor .a*~: Ez: (!Ci2:; !!ortorh (1959); Morto? et al. (1956); Priest;ey 

and Eall {1955); Rouse et al. (1952); Sot71 (1973); Teeter and Baumgartner 

(1979j; and 2iniarski ant Frick (1976). 

ZO.YE OF Ih'ITIAt DILUTiOh' (ZID) 

The ZiD is the region of initial mixing surrounding or adjacent to the 

end of the outfall pipe or diffuser ports dnd includes the underlying 

seabed. The ZID descrfbes dn drea in which inhabitants, including the 

benthos, may be chronically exposed to concentrations of pollutants in 

excess of water qudlity standdrds or dt ?eaSt to concentrations greater thdn 
those predicted for the critical conditions described above. The ZID does 

not attempt to describe We-area bounding the entire mfxing process for all 

conditions, or the total drea impacted by the sedimentation of settleable 

material. 



In general, tne Z;C cat be cor,s:Gered to include that bottom a-?? 

within a distance equal to the water depth from any point of the diffzsl- 

and the water column above that area. Figure V-l shok several examples fs' 

different diffuser configurations and corresponding ZID dimensions. 

DISPERSIOh AND TRANSPORT 

A general description of the ambient currents expected within th? 

influence of the diffuser site is required by EPA. Since this descr~pt1;' 

is primarily of use in the determination of where the effluent wastefielc 's 

likely to be transporte'd during several days’ time, the response to t"'s 

subsection should be of sufficient detail for this purpose. In a reg?on 

where currents are predominantly tidal in nature, current persisten:e a-2 

the mean currer,: speed and its variance, with respect to the pr:rary 

direct ion(s) of water flsi, should be given. If the currents have ia-;? 

components unrelated to tical influences (e.g., wind induced currents), the? 

a mere detailed analysis should be performed. The rean, variance, ant 

direction of the tidal component shoulc be determined, as well as a sync,"s:s 

of tr;e nontidal current speed, direction, and persistence. De;tk va';at:orS 

in currents are impcrtant at depths where the effluer,t wastefield 1s 

trapped. 

The basis for the current estimates should be provided. Accp;t~>'G 

sources of information are site-specific measurements anC/or pub;lsne: 

measurements or predictions. The Tidal Current Tables pub1 ished annually >j 

the U.S. Department of Commerce [see USDOC (1979a, b)] provide tidal curre:: 
information for a large number of locations. Information from c:CE' 

publisned documents is usable if the documents are available to EP: c’ 
request. 

Expected or measured dilutions at significant shoreline stations she-:c 

be included. Section VI of this document provides further guidance on 

computing farfield dilutions for water quality parameters. 



SINGLE POINT 

LINEAR DIFFUSER 

L-DIF FUSEA 

Figure V-l. Diffuser types ard corresponding ZID 
configurations 



APPENDIX F 

7. 301(g) COMPUTER MODELS FOR 
PREDICTING DILUTION 

The following section recommends computer models that can 
be used to predict the mixing characteristics of NPDES 
discharges under a variety of hydrological conditions. 
(Not included in this section are individual program 
listings. Thee are available from EPA headquarters.) 

Additional guidance on the use of mathematical models in 
developing wasteload allocations is available from the 
Wasteload Allocation section of the Monitoring and Data 
Support Division, Office of Water Regulations and Standards 
(Phone (202) 382-7056). Also see Appendix H. 
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1. INTRODUCTION 

Dilution of effluents discharged into receiving wafers is accomplished 

by different nixing mechanisms along the path of the plume. In the “near 

field” of the source, dilution is primarily caused by jet induced entrainment. 

This is a rapid process and far overshadows dilution caused by ambient tur- 

bulence. As the excess velocity of the jet decreases, entraiment rates 

decrease to the point where ambient diffusion also becomes important. This 

is called the intermediate field. Further out, the excess plume velocity 

is so small that ambient diffusion is the predominant mixing mechanism. 

This is called the far field or passive diffusion zone. 

Mixing at all stages is affected by ambient currents, physical boun- 

daries and buoyancy. Forces due to buoyancy are usually characterized by 

the densimetric Froude number defined as FO = UO/ (g'L)½ where g' is the 

density reduced gravity g |r o - r a | / r o and L is a characteristic length usually 

taken as discharge diameter for circular submerged jets and discharge channel 

depth for rectangular surface jets. High Froude numbers of the order of 100 

or greater mean buoyancy is negligible as compared to momentum and discharge 

is called a momentum jet. Froude numbers less than unit imply high buoyancy 

and result in buoyant pluses or thermals. Buoyant forces may be either pos- 

itive as in thermal discharges or negative where dissolved solids or salinity 

cause the discharge to be more dense than the ambient. 

It is beyond the scope of this document to present a history and devel- 

opment of plume modeling along with a complete literature review. Interested 

readers may find good reviews in references (1-4)*. 

* Underlined numbers refer to references. Other numbers refer to equations. 
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I’ A. DI LLlTiOS OF POLLUTANTS Ih’ FRESH WATER 

The discharge of poiluta?.ts into inland rivers, lakes and estuaries 

is accomplished -&rough a variety of outfalls. They vary from discharges 

into deep lakes from submerged single port or multiple port diffurers to 

surface discharge into a shallow, fast moving river. k a result, there is 

no single analj-tical model that cul be used to predict the fate of these 

pollutants from all types 0 f discharges and ambient conditions. ihe DOS= 

dire=: uay cf Cetezizing ?o:!*~tant conceztrarions domtream of the dis- 

charge of-ar, cxistizg Ou:fali is by physical measurement. Such fieid 

scrr’eys are c.zite sarlsfacrc? If ;raper:y conducted. Non-polluting tracers 

cc-l a:sc be ir.je:red ir.:o t;?e effi2er.t that give more accurate indications cf 

Ai ‘r-r: -- -b)kay, -6 - c.~=em,e-~-~s cc u-r-c-ir,. ,. -c- - ?c: i’Jti7.t.c themselves (2). Care must be taker. 

KC 3. ir.s.ce acz.xa:y ar.l a zuz:tr oi readings should be made at eat.. iccazic:: 

:. r. c~*-~ticn cc a gzzd sratisrl:a: a*:erage can be derercined. ,..-- 

k.rge grid t>Te trar.sier.r r.~zmerLca: mcde!s:have been doveloped to de- 

scrite ciscl-.a.rges ir,::! z feb hervily used water ways including tidal 

estuaries (6;. These models usuaily require considerable time and effort 

cc 72:: ahz . .._ are therefore ccstly. Their accuracy is highly dependent on 2.e 

users abilit)* to describe amtient conditions and on the diffusion model 

employed in the program. these models can be used to predict the fate cf 

pollutants if su fficienr validation data are available to insure accuracy. 

The simplist rezhod’of predicting dilation values for these discharges 

is t3roug)l integTa1 computer models or closed form analy’tical models. These 

7iodels are in :csf cases as good or be tter in predicting dilution froo tSe 

outfalls in auestio:: char. Freser,t numerical models (6). The difficulty with 

these models is that they tend to become specialized and only give accurate 



results for a particular type of outia!:. ihe user must, therefcre, be 

careful to use or.ly a model that was intended to predict the condition he 

is concerned with. 

The output from zhesc models is no t alrsays in the form a user wishes 

and some modifications’may be required. For example, scme models give tie 

minimum dilution at the center of the plume. This dilution is defined as 

the local volumetric flow rate divided by the discharge flow rate. isis car. 

be interpreted as the inverse of the ratio of local centerline pollutant ccn- 

centration, C/CO. Other models give average plume dilatior. which Is albays 

greater t:?an -,?Hi at rF,e cer,fe’-l’ -.lne and an expression depending on pltLTe 

shape CNSC be xsed to dere zinc naxinum concentrations at the center. 

The object of this Coc*zrer,t is fo suggest models that can be used to 

-predict the fate of ?cllL:ar,ts for a variety of condirions and give det.ziIs 

cr. each model 2s to i-T::, o*dr?ut and lir,itatio?A. 



III. RECO!+l=UDATI ONS L. 

fol 

Other than physical measurements and validated xaaerical models, the 

owing integral models are recommended fcr predicting dilution of 

pollutants in fresh water. It is expected that these recommendations 

will be up-dated as better methods become available. T8ble I presents 

several types of discharge conditi ons ad the suggested model to be ued 

to predict concentrations. Each model is discussed in detail in the 

following sections. 

TtiLE I. ECOWENZE” M33EL APPLICAiIOf3 

ZiscY.tr~c Csnditiozs Suggested Moie 1 

3 -. 

2. 

2. 

4. 

5. 

ccncer.tra tio~s are rea:hed before the pliwe 
reaches t?.e surizce. A3ier.t currents per- 
r,:;te 1. 

Surface discharge inrc a deep receiving uater 
s ‘Li c h t k a f . the p1cze floats cn zhe s*;riace and 
1s no- attached tc the bottcn. ; ATbier,= cur- 
rezts moderate, U ‘2 a’ 0 < C.5. 

Surface discharge in:=c a deep receiving vater 
SLC~ that the p!;L7e is not attached to the 
botton but a: high ambient cxrrenrs causing 
the plume to attach to the near shore, 
ua/uo > 0.i. 

Surface discharge into a shalloti receiving 
water such that the plume is attached to the 
bottom. Ambient currents moderate, U /U < 0.5. 
Discharge density equal to mbient de&i?y. 

Surface discharge into a shallow receiving water 
with t-,bient currents high enough to cause the 
plume to be a ttached to both bottom and near 
shore. Discharge density equal to ambient den- 
sity. 

P3S 

PDSM 

MOBEK 

PSY 



There are many conditi0r.s net coverel in the above table such u 

long ter;l predictions in a tidal estuary or rubnerged discharge into 

shallow water with buoyant plums that surface. For those cafes that 

are not dequately described in the above table, it is suggested that 

field meuurements be used to detemine dilutio?. Conservative pre- 

dictions can be made for submerged discharge into shallow receiving 

water where the plume surfaces rapidly by using t??e PDS model assuzir:g 

the plume is entirely at the surface. For submerged discharges of 

non-buoya.zr fl-Ads 12to shallow water at an orre7iraricn such that t!!e 

pl~e does zot surface, the !J!S?LY mode! car. be used. 



IV. “CKXF’W’ KDEL 

The cozq~rer oodel DW?IA (I, S, Is an approach to the problem of 

submerged single or merging cultiple plumes. For multiple ‘plumes the 

detailed dynmics of the merging process is considered instead of siq:i- 

fyicg the prob:ez to an idealized slot plme or to a combination of 

plume and slot plme. DKXP!?! considers three zones of plume behavior; 

zones cf Cow esta5lis?-mezr, single pl=e esraSlished flou ar,d nerging. 

7: e c; ‘5’ **- c- two :3r;es arc based on the a.7.alysis of Hirst (5, 5 r’or a 

p!ce in a srraziflel, flowing ensiroment. Ir: the zone of nerging, 

re: -;5--: vc “‘“‘Ls . a&.* ‘-A.‘& r”’ z.re s.+eri=;csed. Tnis allows a ~1200-91 zra~.sitior: as 

sir.g:e ;:.zes kegi:. fc cczpere fcr di:stic:: vazer then Fzi:a::y merge 

w; rL -;e; - - *.. S.6 AL zeigk5crs. Ec;;aticx icr the cczser;ation of mass, ?c”**‘--- -rrc&*. , 

e-erc.. c.2 ~,:,“ya’-.‘- a-e ,se..e’-Tes *I ~ “-..-I - c,, 2.’ * s-r - e-b .A t:*.ree zones. - ._ aizent Is fVp‘ 

ar. eqlclt 5;rctisn depenter,r cn the loco: Fro:?e nqzber, _rlme s?acir,g, 

excess set!oc~f~~ tni icbier,t selo:i:y. Sixi iar lateral profi:es, a 3): 

Tower a:;:: x 1 z a t 1 2 :. c of a Cacss:.a.,, are assmed fcr velocity, concenrrazicz 

and tezperatxre. “;?;ese profiles are sqeriqcsed in the merging 5one. 

A cox;lete theoretical deselopnent cf this node1 is beyorrd the scope of 

this paper but cm be found in the references cited above. The fO!lO~i~:g 

is a brief suzory. 

Zone of Flow Establishment 

All quantities are assumed uniformly distributed in the p’,-me at tSe 

point of discharge. In the zone of flow establishment, these uniform 

proflies chaEge to similar profiles as zhe boucdzry layer diffuses in:uard 

F-7 



to the centerline of the jet. 7he rate at which the profiles of velocity, 

concentration and teqeratxe develop may vary. The integrated fo= of 

the governing equations are: 

conservation of mus, 

d/ds f U r dr = -liar r + 0 (r V) = E 
0 

conservation of energy, 

(1) 

d/b p f~ (T-To) r dr = - d ToIds p U r dr - lim r + m (r v7*) 
0 

(2; 

co&ervation of pollutant, 

d/& f u (c-cm) r dr = -d Cm/ds C u r dr - lirn r + 0 (r v* C') 
0 

cjj 

conservation of mxezf2z In the s equation, 

d/ds p uz r dr 
0 

= U E sine, cose2 + p g (p, - p)/p,) r dr sine2 (41 
0 

- lim r + 0 (r u* v') 

where e: is the hcri:cnt a! angle between the centerline and the x tis azt 

e2 is the angle berxeer. the cer,terline and the horizontal. >o ad2iricr.z: 

integral eqxatiors kave beer. develqel fror, equation (4) JO describe mc-,er.- 

tm in wo adliticzal plme cocrdinants. 1 hese “natural” coordinantz of 

the plume, described in (f), are converted to conventional three-diEer,siozal 

Cartesian coordiaantes for node1 output. IyJlicit in the derivation cf 

these equations are the assumptions that: 

aI flow is steady in the mean, 

bl flow is fully turbulent, 

c> fluid is incompressible and density variations ax included 

only in the buoyancy terms, 

d) all other fluid properties are constant, 

el no frictional heating, 

fl pressure variations are purely hydrostatic, 



PI chmges in dens ity are sna:l l ~~gh ro be npproxicared 

by a lizear equation of state, 

hl flow within the jet is axisy-cnnetric, 

il flow within the jet can be approximated as boundary 

layer flow, 

jl the arzbicnt is infinite in extent. 

Several of tSe usuqtions are compensated for in *the solution. The :or.e 

of flow establiskent uSes a special en trainment function (see Equation. 

(126) cf (S; which is a frz?cr;on of loca! Froude rr~~ber, velocities, OCR: 

dizetcr,- spaci-r,g, a,~: thickness of the develqed fiou regios. 

Acne cf Esra>:is3ed F!ou 

2ifftrer.r fcrz. ze gove--;- _ ..-..g equations are *:l:ts~ in a cy!izdrica! 

coordir.ar.r sysrec ukere c is rke circu:r.ferential angle around the ;!*zx 

and cross section. and the independent variables are T and s. 3ese art 

l va;;;atei using the assuned 3/2 power approximtion to Gaussian lateral 

prcfiles. The angle 91 is the angle between the centerline projected to 

the xy plane ad the x axis, e2 is the angle between the centerline and 

the xy plane. These angles relate the two coordinate systems. Another 

entrainment function iZ used in the zone of established flow which is a 

function of the local Froude nuher, velocities, plune dimeter, and 

spacing . 



Zone of Merging 

When adjacent plwes begin to cverla;, the Cis&arge is no longer 

considered axispetric. The distributions of p!me properties are super- 

imposed. Another entraimenr functioc is used which also considers the 

vatiable entrainment surface duiing merging. A drag term is also intro- 

duced to account fcr the additional bending of the plumes after merging. 

MODEL DESCRIl’TIOh’ 

Xn the :one of flow l srablisbent, the system of six goverr,ing equa- 

tions are sol-red- skz:tancouly (subroutine SIMS) and stepped fo%azd iz 

space by a Hz-.rizg’s modified Fredictcr-correctcr method (subroutine HPCS]. 

?.I s -;roceLze ccnri~es *~tiI velociry, tes-,erar’;-• and concestrarion 

beccte f*dl1y Ceveio~ei. 1_1_ t..LwCCf; ne OTT1 cmtzi:: 5 the results *:r.ich are 

srcred 2s iz:itial conlirizs for the tcne cf established flov. 

I r. f S e :cze of es:aj:isheZ flc,s, siz.=ilzr Frcfiies and the integral 

setSol a:!c\; scluticn cf :?.e six gcvezlxg equaziozs for fhc six unknorics 

ir,itialiy by I:z?ge-Kurra integral a;,rcxi%zticn and then by the Haz.Cng’s 

mcdified Tredictzr-correcrcr method. At the pzint where the plumes over- 

%, the asszed sizilari:y no longer applies. The merging plunes have 

axes of s)“uetry along the discharge line and nomal to it. Only one 

quadrant of a plume, taken to a midpoint of the overlap area, is evaluated. 

The profiles are superimposed in this region wing integral similarity 

coefficients. Above the-pain- c where-the plume and the ambient have equal 

density, results are obtained by extrapolation. 

3e program itself contains mny cements and explanations which sene 

as further doctunentation. 



Input 

AS an example case, sqpcse a difF&er 50 c long discharges 0.5 m3/sec. 

The ports are 0.178 m in diameter, oriented vertically, md spaced 5 m apaz. 

The ambient cuzzects are assued to be 0.4 m/set and noraal to tFIe Cisc;L.ar,-e 

line. (?iote that the angle cf currents to the diffuser should be vith:lr. 

about 20’ of noma! .) Re velocity through the discharge ports is 2. C r/set. 

The ecClue-+ is 17 ** ..C .ZO’C 2nd o.c9 O/00. (Note :;L,az tie effluent shoz:d have 

sane “r4*e tezperatzre difference wit,’ the az5ier.r.j .& .-C The a2Siez:t at the 

level of Clsckarge is L5.C.t. The zfient teqerature pdienz Is negli- 

gij:e 5-r szst be C:-;‘e. _A.._ c CiscF.arge is 5: c below +e suz$act. Ccr~*;r er 

? *A!!?, C2’; C-,-r E*- -:zs : wr..t -u rc*.“G. *“* *..* -... ““L rCI** ‘-:TOUs* 

Soze coqxztrs dc EC: i:itia:ire stcrage to :ero auroxazically. If net, 

a coztrc: ct-J --*s- be *se2 tc set *c -b c rhe ctre t3 tero Seforc DiZ-F'v will rz. 



33 HEADER INFORMATION (Nil) I 
1 

0 DKHPLH EXAMPLE RUN 1 
I 

53 - Number of runs to follow (O=one run). 



uo - Initlal jet velocity, m/set. 
UA - Current ipeed, m/set. 
TO - Initial Jet temperature, "C. 
co - Initial jet salinity, o/00. 
TAO- Ambient temperature at the level of discharge, "C. 
CAO- Ambient salinity at the level of discahrge, "C. 
TIZ- Temperature gradlent, V/m. 
CIZ- Salinity gradlent, o/oo/m. 



;--- - -m-a- 7 
I 

1 
$ 

; 

---we 1-m- -.--.-------u*- 

I 

I 

f 
i 

I 

I 1 
00 TIIl ; T112 1 Sf SPACE : H 

I--- 

-.m-- --- 

t 
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% - 

I 
HorIrontal discharge angle (DEG) relative to the current (70~T111~110).90* normal to current. 

TK? - Angle of dlsbharge from the horizontal, fIfG. I 

&CE 
- Humber of dfameters along ccntcrllne at cutoff. i 
- Port spacing, m. 

H - Depth, m. 
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ourput 

Example octput 

ditions are printed 

and prograni listing follow. 3e irktiai input con- 

along with dimensionless conditions. 73e firs: section 

cf dara liszi:: g concerns -he zone of flow establishwnt. The coluxs list: 

length along the plume axis (S), horizontal distance parallel with discharge 

line (X), hori: mtal distance normal to the discharge line (Y), vertical 

distance from the level discharge (Z), the horitontti angle from the s1.ze’ s 

axis to the discharge line (ml), the angle the plume’s axis makes fry t?.e 

hori:or,ral [THZ), r.Le radius (B), potential core widtk for veloci:~, tez;e:- 

arxre a:?- cc:cen:rarion (RL’, RT ar,d RC), r.crmali:ed ceatcr;ine dis;arl::ts 

of velocity, :e=?eratzre and conceztratioz with tSe znbient (YJCt,, 3TCi 

a7.l 3tCL), :te ,a,,‘cier.r dcr.sity non=a!i:el by the densfry of the Clsc:?arge 

[FI) 2~1 ncz-Li=ezsicnz: rir.e (TZ?E:. 

-w -Le *.a s.. zc7.e CL c establlsked flcu, uidt?. and average dl::tic:. I:,:_; I 

arc also piye:. Tis;e is giver. ir. se:cr.ts. Tne cer,:erline Ci:sricr. btfcre 

:“,3e 2f nergizg is: 

QJQO 
= 0.52 Q/C, 

QGO 
= C.70 Q/Q 

0 
(61 

based on z:?e assumed distri3uriom cf concentration and velocity. 



DKIIPIJi SAMPLE OllTFlJT 

SOLUTIOI TO MJL7lPl.E BUOYAll DISCllARGE PROBlEti UIlll AHBlENT CURRENTS AND VERTICAL ORADIEN78 

DKNPLII EXAHPLE RUN 1.). 

DISCllARGE VE13ClTY l 2.00~ll/S . 7EIIP. m 17.00-DE0 C 6) SALINIIY n .O?-PIT 
DiAi!tTER = . te-n @@ SPAClHO l 5.00-H a@ DEP7H l 50.00-n 

AHDIENT CONDITIONS AT DIGCIIAROE LLEVATIOH, VELOCITY l .40-M/S @@ TttiP. l IJ.OO-DE0 C l @ GALIYITY l 

AHBIEtlf STRATIflCATIO# ORADIEWIS ** TEMPERATURE e* .000010-DE0 C/U ~~ sfw~w *6 o.oooooo-PP1/h 
# 

AMlEH7 CllllDf7lOHS A7 ;ISCllARGE - HOHDItlEHSlONAl 
TEHP* .8023S SALINfTY=10.00000 DENSIIIm 1.00091 

PORl SPACIWB l/D 9 28.01 
0 FROUDE NO l 49.10 ,VELOCllt RA7lD l *zoo 

0 ZOHE OF FlOU ESlADLISHtIEHT -- 
S X Y Z 1111 TM2 I RU RI RC DUE1 DTCL DCCL PI 7tHE 

0.00 0.00 0.00 0.00 90.00 
.09 .oo .oo .09 90.00 
.16 -.oo .oo .18 90.00 
.2? -.oo l * 01 .I7 90.00 
.Jb L.00 .02 .3& 90.00 
.I4 -.oo .03 .44 90.00 

871R71110 LENO7ll, 1 . ,510 
.Sl -rOO .04 .31 90.00 

STARTIM LENOTH, VElOCfTf l .SlO 
.Sl .oo .04 .Sl 90.00 

90.00 0.000 .089 .089 .089 1.000 
88.74 .033 .078 .078 .078 ,996 
87.18 ,071 ,066 .Obb .Obb .990 
85,JI .l12 ,051 .OSl .OSI .9B4 
83.10 .156 .03s .OJS .035 .9?b 
80.57 .204 .Olb .Olb .01b ,961 

1.00091 
1.00091 
1.00091 
1.00091 
1.00091 
1.00091 

0.1 
.( 

:1 
. 

. . 
. 

. . 

78.SS .24l ,000 1.00091 .! 

70.54 .242 .ooo 

,910 

.910 

PI 

1.000 
I .ooo 
1.000 
1.000 
I .ooo 
t .ooo 

I .ooo 

.99a 

I .ooo 
1.000 
1.000 
1.000 
1 .ooo 
I.000 

1 .oot 

,990 1.00091 J.? 

0 ZONE Of ~STABL1SltED FLOU 
B X v Z 111 I 1112 

.Sl .oo .04 .Sl 90.00 78.54 .4e .9bO .998 .99e l.00091 .2b 2.11 
1.22 .oo .30 1.01 90.00 28.19 1.21 .I27 .356 ,356 1.00091 .?P 9.40 
1.93 .oo 1.lb 1.28 90.00 17.50 l.SS .047 .I43 .243 l.00091 2.34 15.36 
2.43 .oo I.64 1.46 90.00 13.22 I.70 ,024 .I91 *IPI 1.00091 3.91 20.09 

TEI(POR= .OOOOOO GAlGIl. 0.000000 DLRQRm -.OOOOOOO 

ALL lENOTlt8 ARE IN AElER8 

~IDTII DUCL DTCL DCCL 

.90 PPl 

TIME O/PO 



3.36 
4.23 
4.96 
S.67 
6.30 
7.10 
7.01 
9.23 

10.66 
12.08 
13.50 
14.93 
11.3s 

.oo 2.54 1.61 

.oo 3.42 1.76 

.oo 4.12 I.87 

.oo 4.e3 I.96 

.oo 5.53 2.05 

.oo 6.24 2.13 

.oo 6.95 2.20 

.oo Il.34 2.14 

.oo 9.78 2.46 

.oo 11.20 2.57 

.oo 12.62 2.10 

.oo 14.04 2.77 

.oo 15.47 2.87 
DKllPlH EXAHPLE RUN 

90.00 IO.85 1.96 .OIS 
90.00 9.03 2.14 .009 
90.00 II.03 2.27 .OOb 
90.00 7.20 2.30 .004 
90.00 6.60 2.40 .003 
90.00 6.20 2.37 .002 
90.00 5.80 2.46 .002 
90.00 S.IO 2.02 .OOl 
90.00 4.71 2.96 .ooo 
90.00 4.34 3.09 .ooo 
90.00 4.04 3.21 -.ooo 
90.00 3.79 3.32 -.ooo 
90.00 3.59 3.42 -.ooo 

.I60 

.IJS 

.I21 
III 

:I02 
,095 
,009 
.079 
.072 
.Obb 
.061 
,057 
,034 

.I60 1.00091 

.I33 1.00091 

.I21 1.00091 

.I11 1.00091 

.I02 1.00091 

.09s 1.00091 

.009 1.00091 

.079 1.00091 
,072 1.00091 
.Obb 1.00091 
.Obl I .00091 
.057 I .00091 
,054 I .00091 

I.D. l 0 

5.57 24.24 
7.70 20.91 
9.43 32.35 

11.18 35.59 
12.94 30.60 
14.71 41.b4 
lb.40 44.40 
20.03 49.92 
23.S9 55.06 
27.16 59.99 
30.73 64.74 
34.30 69.35 
37.97 73.04 

s X Y 2 1111 1112 UlDlll DUCL DTCL DCCL PI TIME o/00 

17.78 .oo lb.89 2.93 90.00 3.41 3.52 
19.20 .oo lB.31 3.04 90.00 3.26 3.62 
20.62 .oo 19.73 3.12 90.00 3.12 3.71 
22.0s .oo 21.15 3.19 90.00 3.00 3.80 
24.90 .oo 24.00 3.34 90.00 2.80 3.97 
27.74 .oo 26.84 3.47 90.00 2.64 4.12 
30.59 .oo 29.19 3.bO 90.00 2.so 4.27 
33.44 .oo 32.53 3.72 90.00 2.39 4.41 
36.29 .oo 35.38 3.84 90.00 2.29 4.54 
39.14 .oo 38.22 3.95 90.00 2.20 4.67 
41.98 .oo 41.07 4.06 90.00 2.13 4.00 
44.03 .oo 43.92 4.16 90.00 2.06 4.92 

.OJI .OSI 1.00091 41.44 70.23 

.040 .040 1.00091 45.02 82.53 

.04b .046 1.00091 40.39 06.76 

.044 ,044 1.00091 S2.16 90.92 

.040 .040 1.00091 59.31 99.07 

.037 .037 1.00091 66.46 107.04 

.034 .03s 1.00091 73.60 114.85 

.032 .032 1.00091 00.73 122.54 

.OJO .030 1.00091 87.89 130.15 

.029 .029 I .00091 95.04 137.63 

.027 .027 1.00091 102.18 145.06 

.OZb .OZb 1.00091 109.32 152.44 

PLUHE8 RtROttlb 

47.60 .oo 46.76 4.26 90.00 1.98 5.04 
SO.33 .oo 49.61 4.3b 90.00 1.87 S.16 
Sb.22 .oo 55.30 4.53 90.00 1.70 5.40 
61.92 .oo 60.99 4.70 90.00 1.58 5.64 
67.62 .oo 66.69 4.05 90.00 I.50 5.07 
73.31 .oo 72.30 4.99 90.00 1.43 6.09 
79.01 .oo 78.08 s.13 90.00 1 .JO 6.31 
04.?0 .oo 03.77 5.27 90.00 1.3s 6.52 
90.40 .oo 09.47 5.40 90.00 I.31 6.73 
96.10 .oo 95.16 5.53 90.00 1.23 6.94 

-.ooo 
-.ooo 
-.ooo 
-.OOl 
-.901 
-.OOl 
-.OOl 
-.OOl 
-.ooo 
-.ooo 
-.ooo 
-.ooo 

-.ooo 
-.ooo 
-.ooo 
-.ooo 
-.ooo 
-.ooo 
-.ooo 
-.ooo 
-.ooo 
-.ooo 

.025 .ozs 1.00091 I lb.46 159.75 

.024 .024 1.00091 123.60 166.71 

.022 ,022 1.00091 137.87 179.60 

.020 .020 1.00091 152.1s 191.47 

.OlO .OlO 1.00091 166.42 202.62 

.017 .Ol7 1.00091 160.69 213.23 

.Olb .016 1.00091 194.95 223.13 

.OlS .OlS I .00091 209.22 233.31 

.014 .014 1.00091 223.40 242.92 

.Ol3 .OI3 I.00091 237.73 252.33 



101.79 
107.49 
110.00 
130.27 
141.65 
153.06 
164.45 
175.84 
!8b.C3 
l98.77 
209.65 
221.05 
243.84 
261. b2 
209.40 
312.19 
334.97 
357.76 

.oo 100.115 

.OO iOb.35 

.oo 117.94 

.OO 129.33 

.OO 140.72 

.oo 152.11 

.oo 113.50 

.oo 174.09 

.oo 18S.T2 

.oo 197.31 

.OO 208.70 
l OQ 220.09 
.OO 242.07 
.OQ 2bJ.15 
.O 
.o I 

a tUS.43 
311.21 

.oo ,333.99 

.oo 351.77 

S.bb 
5.70 
6.03 
6.27 
6.51 
4.74 
6.97 
7.21 
7.43 
7.66 
7.89 
8.11 
8.57 
9.02 
9.47 
9.92 

10.37 
IO.82 

DKflPLH EXAftPlE RUN 

s X Y 2 

3eb.sr .oo 379.55 11.27 
403.32 .OO 402.33 II.72 
42b.11 .OO 425.11 12.17 
448.09 .oo 447.89 l2.bl 
494.46 .oo 493.44 13.31 

90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 

Ill! 

90.00 
90.00 
90.00 
90.00 
90.00 

1.27 7.15 -.ooo .0!2 
I.25 7.35 -.ooo .Oll 
1.22 7.76 -.ooo .OlO 
1.20 0.16 -.ooo .009 
1.19 0.56 -.ooo .008 
I.18 0.96 -.ooo .ooe 
I.17 9.34 -.ooo .007 
1.16 9.75 .ooo -006 
I.15 10.14 .ooo .OOb 
I.15 10.33 .ooo .OOb 
I.15 10.93 .ooo .OOS 
I.14 Il.33 .ooo .oos 
I.14 12.12 .ooo .oos 
I.14 12.91 .ooo ,004 
I.13 13.71 .ooo .004 
I.13 14.51 .ooo .004 
1.t3 IS.30 .ooo .OD4 
I.13 16.10 .ooo ,004 

UIDlll DUCL DlCt DCCL 

lb.90 
17.70 
10.50 
19.31 
20.91 

.ooo 

.ooo 
,000 
.ooo 
.ooo 

.00!00 

,003 
.003 
.OOJ 
.003 
.003 

I3 
I3 
I3 

NO OF INTEGRATION STEPS-2892 NO Of llRLVINOS~ 
ll.OJb CP GECONDII EXECUTION TIWE 

0 ABSERR= 

.OIZ 

.OlZ 

.OlO 

.009 

.ooa 

.OO% 

.007 
,006 
.OOb 
.OOb 
.oos 
.oos 
.OOS 
.004 
.004 
.004 
.004 
.004 

I.D. 

.003 

.003 
,003 
.OOJ 
.003 

1.00091 
1.00091 
1.00091 
1.00091 
1.00091 
1.00091 
1.00091 
1.00091 
1.00091 
1.00091 
I .00091 
1.00091 
l.00091 
1.00091 
1.00091 
1.00091 
1.00091 
1.00091 
. 0 

?I 

1.00091 
1.00091 
1.00091 
1.00091 
1.00091 

251.99 261.56 
266.25 270.65 
294.75 280.53 
J23.2S 305.99 
351.74 323.23 
300.24 34o.:a 
408.72 357.16 
437.21 373.97 
464.80 390,Izl 
493.26 406.79 
521.71 423.37 
SS0.24 439.91 
607.19 472.09 
164.14 505.77 
721.01 530.Sll 
770.01 571.33 
834.93 604.05 
wt.87 436.73 

IIKE O/DO 

948.80 669.40 
1005.72 702.04 
1062.65 734.67 
1~19.Sb 767.20 
1233.40 832.47 

PRNT(S)* 0.000 fINA 6PACE * 4.000 



V. ES M3DEL 

THEOR!TIcXL DEVELOP=‘? 

The theoretical aalysis used to develop *he steady three-dimersionol 

surface plume program (3DS) is based on a model by Prych (10). It hu beer, 

modi fied considerably and tuned to a large set of field and laboratcry data 

by Shira:i and Davis (11) . - 

The following is a brief verbal summa? of the model. The method of 

analysis is an integral a?Freac? shicb assmes similarity of temperature 

and velocity profiles and the Trinciple cf entrtin~ent and a..bient Ciff-sltr.. 

Ze tone cf f:cv es:eblishnezt near the disch=ge is handled in an a?prcxi- 

Late Car.3eT. !r ass’zaes that Zk.e plc..e cakes no ccr.frct wit:? the bc:tcm 

cr shoreline. ks a resl:r, it shou;c net be used &here gecmerric bc*zdtriez 

interfere with t5e p!*zne ur,!ess it is beycnd the region of iateresr. kc- 

fi:es cf te=Terar*dre ad ve:ocir>* are ass,=& :o be Gzzssia:: ir. shase ~lfk 

zaxiz2z vaI;les at the s*zrface. ke crofl!es kre-sqerinqosed 02 the 

ar5iezt c2rrer.r. O-he- a;s’*--‘: . . . _ bul,.c~s implicit in the derivation of t3e 

gove,..,.. m;-g equations are the saTe as outlined in the DWPIA node1 except Cc 

gecnetry cf the discharge is assmed to be rectangular in sha?e of depth, 

HO, and width, NO, at the surface of the receiving water. 

The integral form cf the conservation of mass is satisfied by calcula- 

ting vertical and horizontal jet induced entrainment as well as vertica! and 

hori:ontal ambient diffuriom. The vertical components are a function of the 

local Richardson number which accounts for reduced entrainment due to 

bucyant convection. The momentum equation includes drag forces, viscous 

shear forces, internal pressure forces due to density differences and 

changes in nonent*um due to entrainment of acbient fluid. The energy equarior: 



includes heat loss to the arwsphere by convection. Spreading in -Sle 

horizontal direction is broker. ir,to cvo parzs. One is spreading due fc 

non-buoyant l ntraimcnt and the o*;her is a buoyant spreading ters whic.z.z 

is a function of the density diffetence and local aspect ratio of the 

plUUle. 

The prograzc is written in FQRTWiK 4 and consists of a main program 

entitled PDS and six subroutines KHPCG, AREA, FCT, RED, SIGHAT and OLC7’. 

The main program PDS reads the input variables, inirializes constants 

and calls sbrourine K+?CS w;ricfi performs the actual calculation. Sub- 

roctir,e PPCG is a stanCarl. Z9M scientific sxbroztine which perfor;cs :he 

step-wise integraricn of dlfferenzia! equations 3y the Ha.uzing Predicrcr- 

lorrec c ‘or Method. 

Szbrourine AFL4 is H zre;-l;ise izzegra:i3c of the area enclcsed b?’ 

iso:)lezs. SuSrourir;e ‘CT ca!cu:ates t:-.e derivatives of the program 

varizbles wkich 2re used in iZ<?Ct. S~hro~rin e EC calculates tke red::- 

c ; .&CT; in verriczl l nfraizer.: as a f;z?:tlcz of ICC&.! Richardso:: number. 

S I G?,‘A’T is used tc ca!cultte *‘attr density from tesperature and sa;ir.iry. 

Subroutine CL’TP jxizts out the input parameters fo!loved by desired out?‘: 

variabies at each integration step ai0r.g the trajectory of the plume. 

EXAMPLE INPUT, OUTPUT AKD MODEL LISTING 

Input 

Input to the PDS pagram consists of one card giving the number of 

cases to be calculated followed by a set of three cards for each case. 

As an l xanple case, consider the discharge of 1 .O m'/s of vater at an 

angle of 90’ relative to the off-shore current in a large fresh uater 



lake. The azhient w current is 0.2 n/s. The disc!!arge channel is 2.0 z 

uide and tie water dc?th ir. tAe c;L.a,nel is 0.5 m. The discharge teeTerat:re 

is 17.C and the azhient teqerature is 15’C. Kinds and relative humidity 

are noderate. i%e cofqxter p.znch card fcrzat for this input follows. 

chtput 

Dut?ut fcr the exzqle case given in the Inut section follows alcng 

with a conplete program listing. OUtput includes a printout of input sa:zes 

in dizezsicna! azd dizezsiczless fczz. T5.m for each integration ste?, ::?e 

fo!: cvir.g -are listec!: Cisr2xe a!cng zhe ?lme centerline (S - meters:, 

disraz:e do*m75rrem of the discharge in the direczion of the ambient CJTT~T.: 

(X - refers;, distance c:: ir.to the receisizg water ncr;cal to the a25ier.t 

^.._W t-e ;r’ _ c--a . . . teters:, 10~21 F1*se f:c*k direcricr. relative tc 2.e a3bier.t 

c’drre27= I-* ~ . 67 - degrees), excess te=?erarzre at p!uze cearer!ine (7 - ‘C;, 

*ive * .a.- :t has taker. a Farcical cf f:xii :o travei from the pcir.r of disti.arie 

to the pri:tc:t pcizt trrvelizg alc?g the ;!qxe ctr.terline ~f:!G - sec.;, 

average di!ztior. [Q/QC) , r,lr.i=*z centerline dilation <Qn/QO) (mte: cllzri::. 

values cax:3t be obtained fro= teqerature dara unless the heat loss to 

t3e arnosF5ere is reroj, de:r!: cf pl*z.Te given as f7 uh (H - me?ers), wit:5 

cf pluae giver, as 2~7 uz (k’ - neters) where c is the standard deviation cf 

the Caussim c!lstributioc. kt the end of this printout follows a table 

giving the area enclosed within surface isothtnns. If integration did not 

progress far enough to have rhe isothems close at the plum centerline 

only partial areas are listed and so designated. 

The out?ct for the example case listed above follows along vith a ccm- 

plete listing of the program. 
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ate sate of three cards for each cnea to be run ns described on the folioulng three cerds) 



E RlJN OF PDS 
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Anything on this cord La prlntcd out at the top of every paRe of output. 

_-- -_._ -- .__ _ _ ____ .--- -- 1 
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L 

140 

2 .o 

FIO.S 

110 110 

0.5 1 .Q OZ- --- . . 

FlO .S F10.5 F10.3 

II A TO 

YO = Dlscharee vldth - meters 
110 - Dlrchargt depth - meters 
uo - Dlschnrl)t vcloclty - hlcttrs/scc. 
VA = Ambient velocity - meterslsec. 
TO - DLwhargt tcnptrtturc - C 
TA - &&lent temperature - C 
TflO - Dirchrrgc dfrcctlon relative to ambient current - degrees 

-  - - - I _ -  



SAL - Snllnlty o/o0 (The ambient rtnh dla6hrrrge snlfnlty erz assumed to be the eamc) 

AK = Oimensionless surface heat tlanafer cocfflcient, h//r: \I . A value of loss is average. 

For calm days at high humldlty, ure 10e6. For dry, vlk; dsys ugt 10-4. 

E - Entrainment coefficient. A vnlue of 0.05 1s ouEgertcd unless I better value Ir known. 

EV - RATIO of vertical to horizontal nmblcnt diffueion coefficient. A value of 0.2 

Is l ugp,estcd unlers a better vnlua 1s known. 

El1 - ~lmen~lonlera horlzontnl amblent turbulent dlfflrslon coef flcient, E,/ue. A 

value of 0.02 is suggested unless a better vnlue 1s kuoun for the perticzl4r 

receiving vattr In question. 



PIX SiV1PCE T)UTPUT ’ 

FLOAllHG UAkH UhlER JETS -- SAflPLE RUN OF PDS Paocnnn PAGE t 

Atl~ICMl CONOt1I0NS : TENP. lA* 15.0 DEG. c , VLL. UA= .?O M/SEC , MA1 COHVECT IOIl = .IOOE-04 

DISCllARGE COHDlllONS I TEHP. 101 17.0 DIG. C ,Vfl. 110~ 1.00 II/SEC ,UIDIll UO= 2.00 Ii. ,DEPTH HOa .30 n. ,AHGLE 9O.OE 

FRO ' 25.0 E = .OSOO 4 CD = 1.0000 CF * 0.0000 RE = 0. IV F .230EtOO EH . .ZOOL-01 

stn. 1 X(8.1 rcn.1 lUlllEG. I EX.lE#P (DEO. C) 

2.27 .4v ’ 2.21 77.5 2.000 
2.42 .s2 2.Jb 76.8 I .PS? 
2.se .Sb 2.S2 76.1 t.907 
2.75 .bO 2.47 7'5.4 t.a&l 
2.09 .b4 2.e2 74.7 I .823 
1.0s .bI 2.97 74.0 I.784 
3.20 .73 3.12 73.3 1.747 
3.52 .02 3.42 72.0 I.671 
3.83 .I2 3.71 70.6 1.613 
4.14 1.03 4.01 69.3 I.SSI 
4.45 1.14 4.30 b7.0 I,500 
5.00 I.37 4.B7 bS.3 11.403 
3.70 1.64 5.45 62.0 I,. 3 I# 
6.33 l.tb s.00 60.4 I.245 
4.03 2.2e b.S2 se.1 1.100 
7.58 2.b2 7.04 36.0 1.173 
9.20 2.91 7.511 5J.P 1.072 
B.63 3.55 0.0s 51.9 1.626 
9.4s 3.7s 0.52 so.0 ,904 

10.70 4.58 9.47 4b.l .913 
11.95 J.4& IO.34 4J.S .952 
13.20 b.39 II.19 40.6 .OOl 
14.45 7.35 II.99 38.3 ,757 

.4SBE401 

.49OC~OI 

.523EtOt 

.5571401 

.592EtO1 

.628E4OI 

.bblEtOl 
.739f601 
.6IBE4Ol 
,900EtOI 
.90SEtOl 
.116Et02 
. lJbf402 
. IS&f@02 
.I701402 
.2OIE402 
.22x402 
.2sIE402 
.277Et02 
.353f 402 
.393Et02 
.4371+02 
.524E402 

o/no ON/O0 DEPTlt(H.) UIDlll~tl. 

2.000 
2.049 
2.097 
2.14b 
2.194 
2.242 
2.290 
2.385 
2.480 
2,574 
2.db? 
2.es2 
3.034 
3.212 
3.386 
5.561 
3.731 
3.998 
4.062 
4.302 
4.692 
4.992 
5.282 

I .ooo 
1.024 
1.049 
1.073 
1.097 
1.121 
1,145 
I.193 
1.240 
1.267 
I l 334 

,426 
.Sl7 
,606 
.694 
.7Bl 
,866 
.94? 

1 
1 
2.OJl 
2.191 
2.546 
2.496 
2.641 

w.722 
.?40 
l ?S0 
,775 
,792 
.809 
.82b 
.039 
,889 
,920 
.94? 

1.004 
1.055 
1.103 
1.140 
I.109 
1.227 
1.262 
I.295 
I .3:13 
1.404 
I.440 
I .lilb 

3.447 
il.322 
3.590 
3.674 
3.749 
3.825 
3.900 
4.051 
4.202 
4.352 
4.SO2 
4 .?99 
3.093 
J.302 
S.bb? 
5.146 
6.221 
A.490 
6.731 
?.?b? 
?.761 
0 .?.]A 
B.b?4 



16.9s 9.37 13.47 34.2 
19.43 Il.48 14.81 30.8 
21.9s Il.bb lb.04 26.1 
24.45 13.89 II. I7 25.8 
2b.9S lB.lb 10.22 23.9 
27.43 20.46 19.19 22.2 
34.45 25.13 20.97 19.5 
39.45 29.87 22.35 17.4 
44.4S 34.67 23.9? 1s.e 
49.45 39.50 2s. 27 14.4 
54.45 44.1s 26.47 13.2 
59.45 49.23 27.57 11.3 
b4.4S 54.12 28.60 II.4 
b9.15 sq.01 29. Jb IO.7 
74.45 63.95 JO. 45 10.1 
79.45 69.07 JI.JO P-3 
84.4S 75.81 J2. IO 9.0 
09.45 78.75 3Z.Eb E.S 
94.45 83.70 33.56 8.1 
97.4s 8B.65 34.27 7.7 

104.4: 93.61 34.?2 7.3 
109.45 9E.S? 15.55 7.0 
114.45 103.53 36.14 b.7 
I 19.45 IOB.50 36.72 6.4 
124.45 115.47 J7.27 b.2 
129.45 11a.44 J7.80 6.0 
134.45 121.42 30.31 5.7 
139.45 llB.JP 38.80 3.5 
144.45 133.37 59.27 5.3 
149,43 138.JS 59.71 3.2 
I’J4.45 143.33 40.17 5. 0 
IS9.4S 148.11 40.60 4.e 
Ib4.4S ISJ.29 41 .Ol 4.7 
169.45 1sa.2e II .4I 4.5 
174.4s lbJ.21 41 .eo 4.4 
179.45 lbB.2S 41. I0 4.1 
104.45 173.24 42.5’5 4.2 
lfl9.45 1?0.22 42.90 4.0 

194.45 183.21 45.25 3.9 
199.45 IBfl.10 45.59 3.0 

204.45 193.19 43.92 I.? 
109.4J t90.1n 4t.24 .I . h 
214.45 101. II 44 ** .JJ 3.s 

.685 

.6?8 

.502 

.544 

.51? 

.404 

. 438 

.407 
,372 
,346 
.325 
.306 
.Ill9 
.I?4 
.I61 
-249 
.230 
.2?0 
.2I9 
.210 
.202 
. I95 
. 108 
.lEll 
,175 
.I69 
. lb4 
.I59 
. IS4 
*IS0 
. 145 
,141 
. I37 
. I34 
. I30 
. I27 
. 124 
. I?1 
. 110 
. 115 
. II2 
. I10 
. IOfI 

.667EtO2 

.820E t02 
.PB?f to2 
. I lSftO3 
.1331to3 
.lSlEt03 
. IrIflE t03’ 
.227EtO3 
.267Et03 
.JOUftO3 
.3SOf to3 
.J93Et05 
.4JSEt03 
.479ttOJ 
.52JE t0J 
.Sb7EtO.l 
.bl IE+OJ 
.6;6EtO3 
.70lE*OJ 
.74bEt03 
.7921103 
.838Et03 
.8841*03 
.93OEtO3 
.97bftOJ 
.102Et04 
.107EtO4 
. I IlEt 
. I IbEt 
0 lZlE~O4 
,12bEtO4 

3OEtO4 
35ftO4 
401 to4 
44Et04 
49f to4 
54E to4 

.1JPE*O4 
, 164t*04 
.160ft04 
.173Et04 
.17llFt04 

Into tn~ 

s.e39 2.919 
6.367 3.183 
6.070 3.435 
7.353 3.677 
7.019 3.910 
8.270 4.135 
9.139 4.569 
9.967 4.904 

10.769 5.385 
f1.552 5.776 
12.320 6.160 
13.078 6.539 
13.028 6.914 
14.574 7.267 
15.517 7.650 
lb.058 9.029 
I b.000 e. 400 
l?.S42 6.771 
18.28s 9.143 
19.031 9.515 
19.779 9.B90 
20.531 10.266 
21.206 IO.645 
22.044 11.022 
22.004 I I.405 
25.572 11.786 
24.540 12.170 
2S.llJ 12.556 
25.888 12.944 
26,617 Il.114 
21.447 13.725 
28.235 14.117 
21.024 14.512 
29.811 14.908 
30.41 I IS.JOS 
3I.4OB 15.704 
32.209 16.105 
33.013 lb.507 
33.020 16.910 
34.630 17.315 
35.442 17.721 
36.757 lI-i.l7lI 
I’ n’7 Ill ‘1) 

1 .x0 P.‘JbS 
I .602 IO.301 
1,644 11.152 
I .6P9 11.804 
I.710 12.502 
I .73? 13.249 
I.705 14.306 
1.025 15.600 
I.061 lb.703 
1 .QPS 17.032 
I .9;17 IO.030 
I.930 I9.?05 
1.909 20.702 
Z.Ol? 21 .suu 
2.048 ?2.444 
2,070 23.274 
2.107 24.000 
2.137 24.065 
?.lbb 25.630 
2.193 26.370 
2.225 27.109 
2.254 27.025 
2.283 20.527 
2.315 29.21; 
2.542 29.831 
2.371 30 6 .‘J: 
2.401 31.210 
2.430 31.053 
2.459 J2.407 
2.401 31.1 I1 
2.s14 33.727 
2.545 34.535 
2.575 34.935 
2.602 33.527 
2.630 3b.112 
2.650 Jb.191 
2,606 37.263 
2.715 37.020 
2.741 30.307 
2.760 313.941 
3.796 39.409 
7.8?3 40.053 
7 n-n tn -lrl 



219.4s 208.16 
224.45 213.15 
229.45 21E.14 
254.45 223.13 
ZIP. 45 228.13 
244.45 235. I2 
249.45 236.11 
2S4.4S 245.10 

44.06 3.5 
4s. I5 J.4 
45.45 3.3 
IS.73 3.2 
46.01 3.1 
46.20 3.1 
46.54 3.0 
lb.10 2.9 

,IOS 
.I03 
.I01 
.099 
.097 
.OPS 
.093 
.09l 

AREAS Of EXtESS TENPERATURE FOR 
SAtlPlE RUM OF PDS PROGRAH 

EXC. TEMP. (DEG. C) AREA (SD. tl, 

.I0 .2071+04 

.20 .5SbEtO3 
*JO .224Et03 
.40 .111Et03 
.SO .639E+O? 
.bO .404C+O2 
.70 .272E+02 
.80 .195E+02 
.90 .14bE+OZ 

1.00 .IllE+OZ 
1.10 .865EtOI 
1.20 .6eJEtOl 
I.30 .552E+Ol 
1.40 .444E+OI 
I.:0 .JblEtOl 
I .bO .JOIEtOl 
1.70 .248EtOI 
l.EO .2041*01 
I.90 .167EtOl 
1.00 113E*Ol 

2.110 CP SECOHDS EXECUTIOW l&E 

.187EtO4 37.895 18.947 2.876 41.102 

. l92EtOl 30.717 19.359 2.903 41 .b29 

.I97EtO4 39.S42 19.771 2.930 42.132 

.202EtO4 40.370 20.195 2.956 42.671 

.207EtO4 41.200 20.600 2.902 43.185 

.2llEtOi 42.032 21.016 3.ooe 43.694 

.ZlbEtOl, 42.017 21.433 3.034 44.200 

.22lEtO~ 45.703 21.852 3.059 44.702 



TtiEOUTICAL DEVELOPm\T 

771~ aodified PC.94 model is designed to predict the dilution of 

three-dimensional surface pluses that are attached to the near shore 

but not attached to the bottom. l?~e model is essentially the s;L3e as 

the PDS model except it assumes that the maxim-~ concentration and 

temperature are at the near shore. To do this, a method of irzages is 

used with the shcre use2 as tke lir,e of syz~ery. The input z~,,d ocr;~t 

tc * t n e PZ3-4 rod-e!. is ider.tical to the P2S model azd therefcre ~~ ” r,;t d-e 

be d’sc**_csed Z-.,-h - - x FSEFAi\ 1; 5’;-- cf the C”’ ___ ,..er. * .A..& I,l?zter progrm fcl:ows. 



TRIAL 1 

I 2044 
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---__ 

hnythlng on thlr card 1s prlntcd out nt the top of the output 
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_ _--- ---- --- __--_____ _ - - -- -_- 
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Le. “?!33ky’ MDDEL 

THEORETICAL DEVELOPN3-i 

The HOBAS model is a two-dimensional surface plume model developed 

by !3ott and Benetict. Details can be found in reference (13). It assums 

that the plume is attached to the bottom of the receiving basin or river 

but not attached to the shore. This model is valid for low ambient 

currents ~o/Ua < 0.5) and shallow receiving water. It is an integral 

mode! s-imilar to the ?DS model but buoyancy effects are not included, az 

a -esult . ir is !ir,i zed to discharge fluids at or near tbe receiv:ng water 

dezity. It solves tf,e vertically averaged conservation equations wlzg 

:he principal of l r.rrai?sen: and fluid drag. Ir,tegration of the equati0r.s 

is cz.rried out ir. a step-sise ;r.ar.zer aiong the trajectory cf the pl*uze. 

-v -a. the original M3A!! r,ole:, r:le er.rr2lmer.t coefficient was an incc:r . 

variable that varied depezd2r.g CT. t:-.e ratio of ambient to discharge 

. . 
ve.o::ty. .LT e--‘-<Cal expressicr, $a5 been included.-in the p.resent, pro- “‘.*-- - 

graz :?.a: apprcxizares tF.1: ieTender.ce in accordar.ce with the authors 

suggested values. ?.is eqressior. is E = 0.05 + 0.49 (U,/Uo) % . ne 

plme VidKk ar.C distance to the end of the in;-: ,,,a1 zone of flow estab- 

1 ishmez: are also a?zroxicareC by erperical expressions. 

The progru; is bTitten in FORM IV and consists of a main pro- 

graz, MOBAX, and three subroutines, ZRKCS, FCT and WTP. The main pro- 

gram reads in the input V,ariibles, calls ZRKCS that pcrfoms the actual 

integration, using a Rungt-Kutta nethod, and then calculates surface 

iscthezz areas and prints them out. Subroutine FCT calculates the 

derivatives of the program variables for use in ZRKCS. OWP prints out 

desired variables as called by ZRKCS. 



BETAD m 

60. 
I 

1.3 

F9.4 I F9.4 F9.4 
I 

F9.4 
I 

FYI.4 

IlA I-AH TO4 KF 

0.1 I 9.2 I 0.2 I I 2 

k-9.4 I F9.4 I F9.4 12 I I 

DETAD - Discharge direction relative to nmhient current - degreea 
To - Dlrcharge excess tcmpernturc! rclntlvc to amblent - C 

‘10 - Dlschsrge volumctrlc flow rnta - mJ/r 

WO - Vldth of dlscharp,e channel - mctara 

20 = IJlscharKc fluid kpth - meter8 
IJA - Amblent valoclty - m/s 
TAU I Amblent temperature - C 

TO4 - Temperature cut-off factor - T/TO . Progrem stops when the 
cxcee8 tcnpcrrturc rstlo renchcs this value 

KP - Surfsca convectton heat tranrfet fnctor 

ltank or 1 for zero convection 
2 for moderate conveCtlon 

3 for high convection 
(RIG .valuo plckcd has no affect on dllutlon In thlr PfoBr~~, just 

the rstc of temperature decay) 



OUt3Ur 

Output for the saq:e case given above follows along with a coz;le:e 

listing of the program. output consists of a?1 the inTut variables. The:: 

for each ir.tegration ste? the following are listed: distance along -he 

plume centerline, ARC(m), centerline temperature, TEMP( 0 , ccnter!ir,e 

excess teqxratxre, EX T9lP (0 , centerline velocity, U(m/s) , plcze sic!rh, 

WIDTki (a> , avenge dilution, Q/QO, tinimm centerline dilution, Q?VQC, 

distance domstrearr, X(n), distance out fnro the receiving water nona: tt 

the a&ler.t c~rrez:t, Y (IZ) , local plume flov direction, BEik(legreez] , ar.2 

time of travel from Iisc;L.arge to FriTi;tOGt Faint, fIME(sJ. After the 

? !-z-e excess teqerar*ze ratio is reduced to the input cut-off ratic, ir.:c- 

catio;? stc?s ad a ta.t!e gisir.g areas witkin surface isothezs is ;rir.rci 

CU.. EGT rero suriace heaz zrazsfe:, these isotherm eq*Ga! lines ci 

ccrstaz:f conce~.zra:ic7.. 

7T.e ou:szt fcr th,e exzy; l case considered above folIous 

a1cr.g Gi:k a c::t.;:e:e ;rocm ilSZi,?p. 



MOll AN 

I MIZ-IEHEDICl HOPE1 lnlnc kuIi of mmvmIci 

DISCHARGE I\NGLE = 60.0 DEGhELS 
OISCHARGE EXCESS TEHPERAlUkE = 1.5 DECI'IEES C 
VOlUtlElRlC DISE~lARI;L kl\lE, 0 = 24.7 CU.H/S 
DISCIMRGE U1111t l 10.8 nElEkS 
IrlSCHI\RGt lrEPTH = 4.2 METERS 
hHBlEM1 VElOC.11‘1 * .l tiElERS/SCC 
AHlrlENl TEfiPER~lUhE = 9.2 DEGkEES C 
IEHY. GUI-OFF FAClOk * .200 BEllA-l/DELIA-10 
CONUECllVL MAT IRAWSFER FAClOk l 2 

nkc(ru lEIIP(C) 

I l-.39 10.70 
11.18 10.69 
Il.98 IO.67 
12.28 10.66 
12.59 10.63 
12.po IO.64 
13.22 10.62 
13.53 IO.61 
13.97 10.60 
14.21 IO.59 
14.35 10.57 
14.90 IO.Sb 
IS.?S IO.55 
IS.61 IO.54 
IS.98 IO.53 
16.3s 10.52 
16.73 IO.SO 
17.12 10.49 
17.51 10.48 
17.91 10.47 
18.31 iO.46 
18.73 IO.45 
19.15 IO.44 

EX IEIIPIC) IllCH/S) UICltl(H, 

1.SO 
1.49 
I.47 
I.46 
1.45 
1.44 
1.42 
I.41 
1.40 
1.39 
1.37 
I .Jb 
I .3s 
I .34 
i.33 
1.32 
1.30 
I.29 
I.?R 
I.21 
1.26 
1.25 
1.24 

54.45 
S4.66 
s3.60 
53.29 
F2.92 
52.54 
52.17 
51 .OO 
51.44 
51 .d7 
50.72 
SO.36 
SO.D’l 
4 9 ,6’b 
49.31 
48.97 
!8.63 
40.29 
47.9b 
47.b2 
41.30 
4b.V? 
46.65 

17.78 I.42 
-II.Sb 1.43 
17.03 1.44 
10.12 I .4b 
IO.41 I.47 
10.70 i.4e 
19.00 I.30 
19.30 I.51 
19.60 1.52 
19.92 1.34 
20.23 I.55 
20.55 I .Sb 
20.80 1.SD 
21.21 I .s9 
21.54 1.60 
?I .l-lB I.67 
22.23 I.63 
22.58 I .bS 
22.93 1.66 
23.30 1.67 
23.bb 1.69 
24.04 1.70 
24.41 1.72 

SMPLE OUTPUT 

PkOGRllH 

O/O0 on/a0 

1.00 
I .01 
I.01 
1.02 
1.03 
1.04 
1.04 
I.05 
I .Ob 
1.07 
1.07 
1.08 
1.09 
I.10 
I.10 
1.11 
I.12 
I.13 
I.14 
1.14 
1.1s 
1.16 
1.17 

Xlti, 

7.47 
7.67 
7.86 
8.04 
8.2b 
8.47 
0.68 
e.90 
9.12 
9.35 
9.s7 
T.81 

10.04 
10.2P 
IO.53 
10.79 
II.04 
Il.31 
II.57 
11.05 
12.13 
12.4\ 
17.10 

PElA IItlE(S) 

n.39 48.98 20.91 
e.01 48.87 21.u 
9.04 40.77 22.00 
9.27 40.66 22.57 
9.49 4a.s3 23.15 
9.73 48.44 23.75 
9.97 40.33 24.33 

IO.21 48.22 24.90 
10.45 48.10 2J.Al 
IO.71 47.99 26.27 
10.96 47.80 26.94 
11.22 47.76 27.63 
Il.48 47.65 28.33 
11.74 47.53 29.06 
12.01 47.42 29.79 
12.29 47.30 JO.Jb 
12.36 47.18 31.33 
12.95 4?.Ob 32.13 
13.13 46.94 32.94 
15.43 46.02 33.79 
13.72 46.70 34 .bJ 
I4.03 46.50 3J.S2 
14.33 44.46 36.41 



Input 

Input to 

Any nuder of 

cards. Inpt 

the discharge 

the MCSEN node! consists of two cards for each case m. 

cases can be run back to back by simply stacking input 

consists of an identification card and a card contaizing 

angle, volumetric discharge rate, excess temperature, 

biidt5 md de?th, azbiezt velocity and teqerature, a cut-off factor, 

and a surface heat transfer coefficient factor. & an example, consider 

the discharge of 24.7 r3,1s oi an indlztrial effluent through a dir:!-.rrge 

chaz:r.el 4.2 L deer, ar.C :C. S c wide at an a.7g:e of 6C’ relative to t5e 

L3ier.r cxcezt and an excess teqerar3re of 1.j.C. The mbient ve!ocity 

ax2 tez?erar*Lre are C. 1 L,“S a;71 S. 2 C, respectively, and surface heat 

t7ar.s fer is zzlerarc . T?.e coz;Ezer p*r.c!: card fonzat for this izpzt 

fC”CUS A& . 



I Ok.79 9.77 
I 06.81 9.76 
I 06.91 9.76 
I II.01 9.7s 
I 13.20 9.74 
I lJ.30 9.74 
I 17.66 9.73 
I 19.93 9.73 
I 22.30 9.72 
I 24.68 9.72 
I 27.14 9.71 
I 29.61 9.71 
I 32.19 9.70 
I 34.76 9.70 
I 37.44 9.19 
I 40.12 9.69 
I 42.92 9.60 
I 45.72 9.60 
I 40.63 9.17 
I 51.5s 9.b7 
I 34.60 9.66 
I 57.64 9.66 
I 60.82 9.65 
I 64.00 9.65 
I 67.32 9.64 
I 70.64 9.64 
I 74.11 9.63 
I ?7.57 9.63 
I 81.20 9.62 
I 84.83 9.62 
I LIB.62 9.11 
I 92.41 9.61 
I 96.30 9.60 
2 00.33 9.60 
204.51 9.59 
208.67 9.s9 
213.03 9.59 
217.38 9.58 
221.9: 9.S8 
126.32 9.57 
731.31 9.57 
236.11 9.56 

.57 

.Sb 

.Sb 

.ss 

.54 

.54 

.s3 

.S3 

.32 

.52 

.?iI 

.Sl 

.so 

.SO 

.I9 

.I9 

.40 

.48 

.4? 

.47 

.4b 

.4b 

.I5 

.I5 

.44 

.44 

.I3 

.43 

.I2 

.42 
,kI 
#II 
.40 
.40 
.39 
.39 
.39 
.3B 
.3B 
.37 
.37 
.36 

27.62 8Ll.19 3.68 
27.47 BP.48 3.71 
27.32 90.82 3.74 
27.10 92.1s 3.78 
27.04 93.53 3.0? 
26.90 94.90 3.0s 
2b.?S 96.32 3.89 
26.62 97.74 3.93 
26.48 99.20 3.96 
26.34 100.63 4.00 
26.20 102.16 4.04 
26.07 103.66 4.08 
25.94 105.21 4.12 
23.81 106.75 4.16 
25.67 lOD.3S 4.20 
2s.ss 109.94 4.24 
23.42 III.59 4.28 
IS.29 113.23 4.32 
23.16 114.93 4.36 
2s.04 I lb.62 4.41 
24.91 118.37 4.45 
24.79 '20.12 4.49 
24.67 121.92 4.34 
24.55 123.72 4.5n 
24.43 IZS.SP 4.63 
24.31 127.44 4.60 
24.19 129.37 4.72 
24.00 131.28 4.77 
23.96 33.27 4.82 
23.85 I 35.24 4.07 
23.73 I 37.29 I,92 
23.62 I 39.33 4.97 
23.SI I 41.46 s.02 
23.40 I 43.56 5.07 
23.29 I 45.76 3.12 
23.18 I 47.93 5.17 
23.07 I 50.20 5.23 
22.96 I 52.46 s.20 
22.86 I sr.no S-34 
22.73 I 51.13 5.40 
22.65 159.56 5.45 
22.54 161.90 5.51 

I.97 79.46 67.60 
l.9B 81.15 68.78 
1.99 82.92 69.93 
2.00 64.68 71.06 
2.01 86.53 72.24 
2.02 88.37 73.41 
2.04 90.30 74.62 
2.05 92.23 75.83 
2.06 94.25 77.08 
2.07 96.26 78.32 
2.06 98.37 79.60 
2.09 100.48 80.88 
2.10 102.69 82.21 
2.11 104.90 03.53 
2-12 107.21 B4.B9 
2.13 109.52 EA.25 
2.14 Ill.94 87.66 
2.15 114.36 BP.06 
2.16 116.89 90.51 
2.17 119.43 91.9s 
2.19 122.08 93.4s 
2.20 124.73 94.93 
2.21 127.51 96.47 
2.22 130.30 9B.01 
2.23 133.21 99.59 
2.24 136.13 101.17 
2.25 139.19 102.81 
2.26 142.25 104.44 
2.27 145.46 106.13 
2.28 140.68 107.81 
2.29 152,os 109.53 
2.31 155.42 Ill.?8 
2.32 158.96 113.06 
2.33 162.31 111.87 
2.34 166.23 116.72 
2.35 169.9s llB.56 
2.56 173.67 120.48 
2.37 177.79 122.30 
2.30 llll.90 124.36 
2.39 1116.03 126.52 
2.40 190.37 IIB.36 

1.42 194.11 '150.39 

33.22 296.42 
33.04 303.75 
32.85 311.42 
32.66 319.12 
32.46 327.19 
32.28 335.30 
32.08 343.78 
3I.B9 X2.31 
31.49 361.24 
JI.SO 370.22 
31.31 379.61 
31.11 389.06 
JO.91 39B.96 
30.72 400.90 
30.52 419.32 
30.32 429.79 
JO.12 440.?7 
29.92 4Sl.00 
2R.72 463.37 
29.St 474.99 
29.32 487.18 
29. II 4v9.43 
28.91 512.28 
28.71 525.19 
28.50 330.75 
20.30 352.37 
28.09 564.67 
27.BB SBl.05 
27.67 SPA.15 
27.46 All.32 
27.25 627.26 
27.03 643.29 
2b.BJ 660.13 
26.62 67?.Ob 
26.41 694 .B7 
26.20 712.77 
23.98 ?Jl.Al 
25.77 750.54 
25.55 770.48 
25.34 790.51 
25.12 611.63 
24.90 032 .B4 



I9.SB 10.43 
20.01 10.42 
20.46 to.41 
20.91 10.40 
21.37 IO.38 
21.84 IO.37 
22.32 IO.36 
22.00 IO.35 
23.29 10.34 
23.79 10.33 
24.31 IO.32 
24.02 IO.31 
25.36 IO.30 
2S.BP 10.29 
26.45 IO.28 
27.00 IO.28 
27.57 10.27 
28.15 10.26 
28.74 IO.25 
29.33 10.24 
29.95 10.23 
30.56 10.22 
31.20 IO.21 
3I.Bk 10.20 
32.50 IO.19 
33.lb IO.18 
33.85 IO.17 
34.53 IO.17 
35.24 lO.lb 
33.9s IO,15 
36.69 to.14 
37.42 IO.13 
38.19 IO.12 
38.95 IO.12 
39.74 IO.11 
40.f3 10.10 
41.3s 10.09 
42.17 IO.08 
43.02 10.07 
43.07 10.07 
44.7s lO.Oh 
45.63 10.0s 

I.23 46.33 24.80 I.75 
1.22 46.01 25.18 I.75 
I.21 45.69 25.58 1.76 
1.20 45.39 25.98 I.78 
I.18 kS.OB 26.39 I.BO 
1.17 44.77 2b.fIO I.01 
I.16 44.41 27.22 I.03 
1.1s 44.17 ?7.64 I.nr 
I.14 45.07 28.011 I .Ob 
I.13 45.50 20.51 I .BO 
I.12 41.28 28.96 1.89 
I.11 42.99 19.41 I.91 
1.10 41.70 29.n#J 1.93 
1.09 42.42 50.31 I.94 
I.08 41.14 30.01 I .9b 
1.00 41 .86 31.28 I.9B 
1.07 41.58 31.77 1.99 
I .Ob 41.31 32.26 2.01 
I.05 41.05 12.76 2.03 
I.04 40.77 33.27 2.0s 
I.03 '0.50 33.79 2.06 
1.02 40.24 34.30 2.08 
I.01 29.97 34.nk 2.10 
1.00 39.71 35.37 2.12 

.99 39.45 35.92 2.14 

.9B 39.20 36.47 2.16 
l 97 3B.TS 37.04 2.18 
.97 30.70 37.60 2.20 
.?A 30.45 30.10 2.22 
09s 30.20 38.77 2.23 
.94 37.76 39.37 2.25 
.93 37.72 59.96 2.27 
.92 37.48 40.50 2.30 
.92 37.24 41.20 2.32 
.9l 37.00 41.04 2.34 
.90 36.77 42.47 2.36 
.a9 Jh.34 45.12 2.38 
.eo 36.31 45.10 2.40 
.07 Jb.DB 44.45 2.42 
.n7 3s.nb 45.12 2.44 
.n4 3T.hk ks.nl 2.4b 
.n5 55.47 4b.Sl 2.49 

I.18 13.00 14.64 
I.18 l3.30 14.9s 
I.19 13.61 IS.IB 
1.20 13.92 13.60 
I.21 14.24 IS.93 
1.22 14.56 16.26 
1.22 14.90 lb.61 
1.23 15.24 lb.95 
I.24 15.59 17.11 
1.2s 15.94 17.66 
I.26 16.30 18.02 
1.27 16.66 lB.39 
1.28 17.04 18.77 
I.28 17.42 19.14 
1.29 17.82 19.53 
I.50 18.21 19.92 
I.31 III.62 20.32 
1.32 19.03 20.72 
I.33 19.46 21.13 
1.34 19.89 21.34 
1.34 20.33 21.97 
1.35 20.78 22.39 
1.36 21.24 22.83 
1.37 21.70 23.27 
l.JB 22.19 23.72 
I.39 22.67 24.17 
1.40 23.17 24.64 
I.41 23.67 25.11 
1.42 21.20 25.59 
I.43 24.72 26.07 
I.43 25.26 26.56 
I.44 25.81 27.01 
I.45 26.37 27.57 
l.kb 26.94 28.08 
1.47 27.53 28.60 
I.48 38.12 29.13 
1.49 20.74 29.67 
I .so 29.35 JO.21 
1.51 29.99 30.77 
I.52 30.64 31.33 
I.53 31.30 31.91 
1.54 JI.91 32.48 

46.33 
Sb.?I 
46.08 
45.96 
43.03 
45.71 
45.50 
45.45 
45.32 
45.19 
45.06 
44.93 
44.00 
44.66 
44.53 
44.39 
44 .I6 
44.12 
43.?8 
43.63 
43.71 
45.57 
43.43 
43.29 
43.13 
43.01 
42.86 
42.72 
42.57 
42.43 
42.20 
42.13 
41.98 
41 .Bk 
41 .A9 
41 .!I4 
II .3B 
41 .23 
41 .Oll 
40.93 
40.77 
40.62 

37.34 
JB.28 
39.23 
40.24 
II .26 
42.29 
43.37 
44.43 
45.59 
46.72 
47.91 
49.11 
SO.35 
51.61 
32.92 
Sk.23 
55.61 
56.99 
58.43 
s9.09 
61.40 
62.93 
&k.SZ 
66. I2 
67.79 
69.47 
71.22 
72.99 
74.03 
7A.bB 
70.61 
OO.J& 
82.59 
84.63 
06.76 
80.90 
91.14 
93.39 
95.74 
9n.10 

100.57 
IOJ.OS 



241.14 9.56 
246.17 9.5s 
251.46 0.55 
256.75 9.55 
262.32 9.54 
267.88 9.54 
2?3.74 9.S3 
279.60 9.53 
285.70 P.52 
291 .?A 9.52 
290.47 9.61 
304.99 9.51 
311.87 9.51 
318.75 9.50 
326.03 P.50 

.36 22.44 164.49 

.35 22.34 166.99 

.35 22.24 tb9.60 

.33 22.14 172.19 

.34 22.04 174.90 

.34 21.94 177.59 

.33 2l.Bk 100.40 
l 33 21.74 183.19 
.32 21.64 IBb.11 
.32 21.55 189.01 
.3I 21.45 192.05 
.3I II .3b 195.06 
.3l 21.26 198423 
.30 21.17 201.37 
-30 21.08 234.66 

OlS01)IERN AREA(ACRE6) ALEA(S0. Kll.1 

I .ooooo .048b .OOOl9bb 
.30000 4.7047 ,0190393 

I.SJO CP SECONDS EXECUTION TIM 

5.57 2.43 199.28 132.50 
5.63 2.44 203.86 134.60 
5.69 2.45 200,bll 136.78 
5.75 2.46 213.51 lJB.94 
5.82 2.47 218.59 141.19 
S.BB 2.48 223.69 143.43 
5.9s 2.49 229.07 145.76 
6.01 2.50 234.45 lkB.OB 
b.OR 2.32 240.13 ISO. 
6.15 2.53 245.83 152.88 
6.22 2.54 251.84 135.36 
6.29 2.55 257.87 157.86 
6.36 2.56 244.25 160.45 
6.43 2.57 270.64 163.01 
b.SI 2.58 277.40 165.70 

RATIO 

.A667 
.2000 

AREA/O (SEC/II) 

7.9S96 
770.0221 

24.68 053.22 
24.4b 877.71 
24.24 901.44 
24.02 923.29 
23.80 950.49 
23.58 97s.00 
23.35 1002.57 
23.13 1029.46 
22.90 1057.93 
22.60 loab.52 
22.45 1116.03 
22.22 1147.27 
21.99 ll79.Sb 
21.76 1212.00 
21.53 1246.46 

ARIA*E/(LO*BO) 

.b847lE+OO 
,lAJOOE~02 

7ltlE(SEC) 

bb.1 I83 
1212.0029 



IA.53 10.04 .Ok 
47.46 IO.04 .Bk 
40.41 IO.03 .03 
49.36 10.02 .B2 
so.34 10.01 .BI 
Sl.33 IO.01 .lll 
52.33 10.00 .oo 
53.36 9.99 .79 
54.42 9.9e .7n 
55.40 9.98 .78 
51.50 9.97 .77 
57.60 9.96 .76 
38.82 9.96 .7b 
59.95 9.95 .75 
61.14 9.94 .74 
62.!2 9.93 .73 
63.55 9.93 .75 
64.77 9.92 .72 
66.03 9.91 .7l 
67.32 9.91 .7l 
60.64 9.90 .70 
69.96 9.09 .A9 
71.34 9.B9 .69 
72.71 9.B0 .bB 
74.14 9.80 .bB 
73.Sb 9.07 .A7 
77.04 9.Bb .bb 
70.32 9.06 .A6 
00.01 9.05 .bS 
01 .bO 9.84 .bk 
0J.20 9.04 .A4 
04.79 9.B3 .A3 
0b.kb 9.03 .A3 
ea.12 9.82 .62 
09.Bk 9.01 .A1 
91.57 9.01 .A1 
93.36 9.00 .bO 
VS.16 9.80 .A0 
97.02 9.79 .s9 
PB.B9 9.78 .sn 

100.83 9.7R .SR 
102.77 9.77 .57 

J5.20 
J4.90 
34.77 
34.55 
34.34 
34.14 
31.93 
33.72 
53.52 
33.32 
33.12 
32.92 
32.72 
32.53 
52.34 
32.15 
31.96 
31.77 
3I.SV 
31.41 
31.22 
31 .b4 
30.86 
JO.A9 
30.51 
30.34 
30.17 
3O.OO 
29.83 
29.66 
29, 9 

3 29. 3 
29.t7 
29.01 
28.04 
,10.69 
28.53 
2B.3B 
28.12 
70.07 
71.92 
21.11 

47.22 2.51 I.55 32.66 33.OB 40.46 105.64 
47.9.J 2.53 I .Sb 33.36 33.67 40.31 108.24 
40.66 2.35 1.57 34.00 34.20 40.15 I IO.96 
49.40 2.50 I.58 34.81 34.09 39.99 113.70 
50.15 2.60 1.59 35.36 33.52 39.83 114.53 
50.90 2.62 I.60 36.32 36.15 39.67 119.42 
5l.bll 2.65 I.61 37.11 36.00 39.51 122.42 
S2.4h 2.67 I.61 37.09 37.45 39.3s 125.43 
SJ.Ib 2.b9 1.62 38.71 30.12 39.19 120.50 
34.05 2.12 I .bJ 39.s3 30.79 39.03 131.73 
sk.on 2.74 I.64 40.39 39.40 30.06 135.05 
55.70 2.77 I .bS 41.24 40.16 30.70 IJB.30 
56.54 2.79 I.66 42.13 40.07 38.33 141.85 
57.39 2.02 I .A7 43.03 41.50 30.37 lkS.34 
5ll.2b 2.Q4 1.60 43.9s 42.31 30.20 IkB.VB 
59. II 2.87 I.69 44.OB 43.04 30.03 152.63 
60.02 2.09 1.70 I!i.BS 43.00 37.06 136.40 
bO;Vl 2.92 I.71 46.82 44.55 17.70 160.33 
61.04 2.9s 1.72 47.83 45.33 37.52 164.35 
62.76 2.97 1.73 40.84 46.10 37.36 160.39 
63.70 3.00 1.74 49.09 46.90 37.18 112.61 
64.65 3.03 I.75 50.95 47.70 37.01 176.06 
65.63 3.06 I .76 52.05 40.32 36.04 101.29 
66.60 3.08 1.77 s3.15 49.35 36..dl 105.73 
67.60 3.11 1.70 54.29 50.20 36.49 190.41 
68.60 3.14 1.79 55.44 51.04 36.32 195.10 
69.64 3.17 I.01 56.63 51.92 36.14 199.99 
70.67 3.20 I.02 37.83 32.79 3S.96 204.92 
71.73 3.23 I.03 39.00 33.69 35.70 210.06 
72.79 3.26 I.84 60.32 34.39 35.61 213.23 
73.00 3.29 I.85 bl.bJ s3,32 35.43 220.63 
74.97 3.32 I.06 62.93 fb.44 35.25 226.07 
76.10 3.33 I.87 64.29 57.40 33.07 231.75 
77.22 3.3B I.BB 65.65 58.33 34.09 237.46 
70.38 3.41 I.89 67.07 59.33 34.70 243.42 
79.53 3.44 I.90 60.49 60.31 34.52 249.42 
80.73 3.40 I.91 69.97 Al.33 34.34 2ss.70 
81.91 J.SI 1.92 71.45 62.34 34.16 212.00 
83.14 3.54 I.93 73.00 63.38 33.97 260.60 
04.36 3.57 1.94 74.54 64.42 31.79 275.23 

RS.h.\ 3.61 I .95 76.10 63.30 33.60 202.16 

Bb.UU 5.64 I .?b 17.10 66.37 33.41 209.13 

c-38 
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VIII. PSY MOOEL 

THEOFETIUIL CONSIDEUTIONS 

The PSY two-dimensional shore-attached surface plume river model 

is based on the theoretical so lution to the steady-state convective- 

diffusion equation by Paily and Sayrc (12). It does not handle jet ir,- - 

duced entrainment. As a result it is a ft- field model OY a model where 

initial mODe2t’Lz3 of the discharge is small compared to ambient moment-c. 

In addiricn, since it is two-dimensional with no vertical diffasior,, 

it sScul2 ccly be used where the receiving water is sMlow and zSt r--e w:,..m 

is atraked tc rke botton. 

7-.e gcverr.izg equaticr. for this node1 is, 

where h = local de;:S cf ilO%; L) = depth-averaged velocity ir, the strezz- 

wise directicr.; b.C = Cesrh- average value of concentration in excess cf t?.e 

turbulence ant be2d induced seccndary motion; and x ti y = distances in 

the str eaz-w- se and I transverse 

be simplified by introducing a 
-q 

directions respectively. This equarior. czz 

new tra..verse coordinate defined as, 

where Qr l total river discharge. If river depth and velocity are constazt, 

p is simply the fracrional distance to the point in question from the near 

shore, y/h’, where It is the river width. Substituting 

arranging, iSe convective-d i fsdsion equation becomes, 

(8) into (7) and re- 

(9) 



where r is -be averrge river depth, k’ is the average width of 5e river 

(both in meters), n is Maxing’s coefficient, a is the dtiensionless 

trmsverse nixing coefficient defined ti a = E 
J 

Ku,. The shear velocity, 

U, is defined u C, * (g&) ‘3 where S is the slope of the river energy 

gradient. For most rivers, S is t!!e river sloi~e. Ma&g’s coefficient 

is an enpirical constant having dimensions of (length) l/6 . Recomended 

values are given below, 

T)Te of Surface Naming ’ s Cotffi cier.r , n 

Smooth rivers, no bo::Cers CT brxh 0.025 

0. OS 

0.10 

Uhfcrr-cate!y the v;:*ue cf 3 c2n va? csnsiber25ly from riser to river. 

Ir. re:;tisely strzi,A,r *c:r.ifcz secticx ci a river, the fcllcwirrg eqres- 

s:on h.2s been feu.52 to be rezsozatle, a = 0.1 - O.O019oJ/h). A ccrreiaric:. 

Cr- -.w- 5 iTl~~.:c*~s risers c5rai:el frc:. seser2i sczrces us5r.g priz.ari!y !+!isso~:ri 

Xver dtza (!s: is, 

where R is the radius of curvature of the river. The numerica! co- C 

efficiezts ir, these ec,za:icns can be used if no:hing better is available 

for the particular river in questicn but should be modified uhen better 

information can be found. hhen The stretch of the river where dilution 

values are desired is large, the value of D may change. In this case, 

the river should be divided into sections with D assumed to be constant 

but different in each section. 



where D is the Transverse diffwion factor defined as 

D - h2UEy/Q: (10) 

Equarion (9) can be solved with appropriate inititi conditions ic 

terms of the probability dtnsiry function. Set (13: for details. The - 

solution for et ElaxinLm conctn traticn at the near shoz for a concezrrated 

SOLTCC at tt;t origin is given by the following t?ression wh:ich includes 

t,,t effects cf rtfltctiox fro= :fit far short, 

lhis is given u P - pi/Q, where 

% is the average flow within r>e Flume rt x equal to zero. For DOS: 

i3dus:r ial discharges, setzing P = 0 has 1it:lt effect on the far field 

dilution. 

The accuracy of the PSY model is highly dependent on the ability cf the 

user zo deterrAze the ap;rc?rlatt value of D. PLly aad Sayre (13) recoz- 

=er,d that D be calculated fro-, an equation of the form, 

D I 7: 3.13 1 (I:) - 5?6,,ti2 
(12) 



If a unfform de?& and velocity art uis\zzcd, t!~c sclu:im to 

equation (9) czn be integrated to fitId surface areas tit% give= lkes 

of wtaat conctntrrtim. A-wquttt program hts bea c%t:c to 

pttfom thfs inttgracia and Fs given in tbti report as the “PST 

Wdtl. Whtn the transverse diffusion factor, river depth, tnd 

width art given a a functfcm dhtanct dovnstre~~~ azd vi& river 

od disc!mrgt flow rates givtn, thb program prints out the iattrd 

R?c:X.lCt frcm short to selected lines of coostznt concmtratioz azl ti.e 

surcact ara ~<~!da &em as a fuactim of c!h:azct d-rrezz. * 

T!~I La shm m Fig. 2 for the saql.a cbst considered later. k 

as -1t, the area pz!~~tC out for x - 403 XI zmd C/CO - 0.1 2, 

X29 m2 cd re;reses:s tSc area btzvtcz tbt zcer shore, tit cczcer~r~~~~~ 

Ike C,‘C3 - 0. I azd x - LCS z. It is shm ua the figcrt as tic 

cross’~:ckec! area. 3e Lateral tistaact to t!~+r lint is yp - 6. :S = 

at tits ViLl’JC of x. -l-here fcrt ) ~31123 up goes to ztroL the cmce=rra:i- 

!'7e reazes the skcre ad tit area is coqlttc . Ep mEi C-.(.(2, ‘ke 

k’t ts ;rL=zeC act are only- partial areas. 

Exmple 

Consider the discharge of 1.07 m3/s into a moderately rough river 

whose flow rate is 72.28 m3/s. The average river width and dqth are 

109 m and 1.0 m, respectively. 77~ river slope is 13/1000. Discharge 

is on a bend in the river where the bend radius is 1000 m. Aboct 1000 

z belt:; the dischzrgc the river straightens 0’~: ani renains mifcz i:: 



. 

RIVER FLOW DIRECTION 

c/co = 0.05 



several thousand meters. The problem is to find *Sle shoreline dilcticn 

u a functi on cf distance dowstrea3 ar,d the surface ~‘ea that has a 

dilution of 10 or less. 

The proced*xe is to find a arid then D for each section of -zhe river. 

From these and the distance doh’nstrean, the appropriate Dx can be found 

for use with Figure 1. Iz this USC Q,/Q, is wed for Q,/Qo - O.Olc. 

Fro-, t!!e data givez, the following are Cetcxined for the 

curved section, 

u I t/G = 7~.;s/(1@9x:.0) = C.663 n/s 
* 

u . - (gFS;‘*’ = {S.S x 1.C x 13/iOOO)' = 0.361 m/s 

0 - c.4(:cs,‘x;2 (C.6t3;‘C.36ij2(:.D/iO~~j2 c 1.0 

?l = C.05 x 3.13 x 1.C x (1.:; =/ 109) 2 = 1 .j2 x 10e5(1/mj 

c * o.:r G.OClS ;!OS/i .G) = 0.31 

which yields, 

D2 * 0.05 x 3.i3 x 0.31 x (1.0) s/a! (109) 2 = 4.3 x 1o-6(1/E) 

For the curved portion, CR i’s simply D1x. Since the straight section 

is belou this, 3x there is given by Dx = Dlxl l DZ(x - X1) where x1 is 

the distance to the beginning of the s rraight section from the discharge. 

Using the flow rates given and the values of D determined above, the 

following table k’as generr:ed using Figxe 1 vith P - 0.014. 



Distance Domstrea3 PLnim-G Dilurion 
from Source (m) Alcng h’ez Shore (inverse of concentration 

100 

500 

1000 

1500 

2000 

2500 

4.34 

9.72 

13.2 

14.6 

lS.S 

16.5 

(C/co = 0.1 or grea:er) is cozt~td vi thi3 an area of 3360 m2 viti 

the coztour lkt dosir: g at kc short 565 c domst-taz of the 

dls chazge . 
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Discharge flow rate (m’h) 

River flou rata d/s) 
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FSY SMtPLE OVTPUT 

SOLUllOM '10 SURFACE DISCHARGE PRODLfH UITtt :ttDRE- ATTACHED PlUItE 

CASE I SAHPLE RUN Of PST PROGRAB 

@* DISCUARGE FtOU RAlE - 1.070 CUBIC HETEWSECDHD *. 
@* RIVER FLOU RATE . 72.280 CUBIC flEJER/SECOWD .* 

DISTnf:tE 
.I0 

1.20 
2.00 
6.00 

12.40 
25.20 
45.20 
65.20 
85.20 

tc5.20 
125.20 
145.20 
I65.20 
te3.20 
205.20 
225.20 
245.20 
265.20 
285.?0 
JOS.20 
325.20 
345.20 
365.20 
505.70 

AREA IA) --ttElER*@Z LATERAL DISTANCE tYP) --HETER FROH DISCHARGE DANK 

.01 
A 

.107E4Ot 

.302E40! 

. toxd2 

.2sa002 

.b40E 402 

.tb4E403 

.359E403 

.SP:EtOJ 

.855E,fiJ 

.i14Et04 

.145E404 

.t79E@O4 

.2t4cto4 

.253E404 

.20X404 

.JZVEtOl 

.37OE+O4 

.412E+O4 

.4SbEtOI 

.5311404 

.;-lUE*OI 

.;9’J1404 

.644E+04 

.693E+O4 

YP 
3.18 
3.70 
4.35 
5.30 
4.79 
B.bU 

IO.82 
12.46 
13.05 
15.04 
lb.11 
17.07 
17.45 
18.79 
19.s5 
20.2il 
20.97 
II .b3 
22.23 
22.04 
33.41 
23.96 
24.49 
25.00 

CONCENtRAlIUH RATIO c/co 
.05 

A 
.PBSEtOO 
.33erto1 
.894EtOt 
.220E402 
.SJSE402 
. 131E+03 
.279E+03 
.452Et03 
.642E+03 
.847E403 
.lObE*Ol 
. I29E+O4 
.153EtOJ 
. t78E404 
.203E+O4 
.229t404 
.256E(O4 
.283EtO4 
.llOE*04 
.JJPEIOI 
.Jb?E~OI 
.39bC,O4 
.425E+04 
.4551104 

VP 
2.77 
s.21 
3.74 
4.43 
5.40 
6.72 
9.10 
9.11 
9.92 

to,59 
Il.16 
11.66 
12. IO 
12.49 
12.85 
13.17 
13.46 
13.72 
13.97 
14.19 
14.39 
1t.50 
14.75 
14.91 

. IO 
A 

.950EtOO 

.JZ3E4OI 

.837E401 

.20lEtO2 

.47?E#O2 
.114Et03 
.23bEtO3 
.373EtOJ 
.JZOE,03 
.675Et03 
.035EtO3 

.998E+03 

.I IbEt 

.t33EtO4 

. lSOEtO4 

.lbbEt04 

.103Et04 

. I99EtO4 

.2I'JCtO4 

.231cto4 

. ?QdC 104 

.76lC~O4 

.2”1EfO4 I I 

.ZfJPE~OI 

YP 
2.67 
3.02 
3.39 
3.94 
4.69 
5.64 
6.56 
7.16 
7.50 
7.00 
9.09 
0.23 
0.32 
8.35 
0.34 
8.30 
8.22 
8.10 
7.95 
7.17 
7.55 
7.30 
7.01 
6.61 

YP 
2.41 
Z.SI 
2.66 
2.ee 
3.10 
3.09 
2.20 
0.00 

ATTACHED TO SHORE 

.30 
A 

.88SE+OO 
'.205E+Ol 
.698E*Ot 
.t58E+02 
.35OEt02 
.74bEt02 
.t28E403 
.ISIE+OS 

.SO 
R YP 

.OIZE+OO 2.1s 

.253E,Ot 2.16 

.SPOE+Ot 2.16 

.12ttE402 2.12 

.253E+02 I.79 

.367E+O2 0.00 
IITTACUED JO 6llORE 

TIME (SEC 
.594E40 

l l78EtO 
.416E+O 
.892E+O: 
.I04EcO: 
.3?4E+O; 
.b?ZE*O; 
.969E+Oi 
.127E+OJ 
.ISbE403 
.ICbE403 
.?lbE,03 
.245EtO3 
.275c+o3 
. JO!iL 403 
.335El03 
,.364E+O3 
.394E403 
.424E+O3 
.454E*O3 
.4r13tto3 
.513cto3 
.513E+03 
.5/'21@03 



405.20 
425.20 
445.20 
465.20 
405.20 
5os.20 
s25.20 
54S.?O 
SbS.?O 
JDS.?O 
605.20 
625.20 
645.20 
665.20 
bD!a.IO 
705.20 
725.20 
74S.20 
163.20 
785.20 
8OS.20 
82S.20 
BIS.20 
065.20 
08S.:O 
POS.70 
t2s.20 
943.20 
9b5.20 
9m.20 

1005.20 
1045.20 
1oes.20 
1125.20 
llbS.20 
12os.20 

.744t+o4 

.79SE*O4 

.94TEtO4 

.POlLtOl 

.95sEto4 

. IOlEtOs 
,107EtOS 
. ll?E,OS 
. IlklEt 
.124EtO5 
l IJOE*bS 

. 1361405 

.142EtOS 

. IlOEtOS 

.154E*05 

.lbOE+OS 

.lb7E+OS 

.173E405 

.l8OE4OS 

.lB4E+OS 

.193E+OS 

. 199EtOS 

.ZObE+OS 

.213E+OS 

.22CE*OS 

.227EtOS 
a 233f#Of 
.24OE,OS 
.248EtOS 
.2ZdEeOS 
.262E,OS 
.274EtOS 
l 29lEtos 
.3OsL*Os 
.32OE4OS 
.J34L*OS 

25.50 
25.98 
26.44 
26.09 
27.33 
27.75 
20.17 
28.57 
20.96 
29.35 
29.73 
30.10 
30.4b 
JO.01 
31.15 
31.49 
31.83 
32.15 
32.47 
32.79 
33.10 
33.40 
33.70 
31.99 
34.28 
34.st 
34.BS 
35.12 
35.39 
35.66 
35.00 
36.05 
3b.22 
Jb.39 
36.55 
36.72 

.4DZE+O4 

.5lSE404 

.54Jf404 

.577E404 

.bODEtO4 

.bJPC+O4 

.670E+O4 

.701EtOt 

.733Eb04 

.765E404 
.797ElO4 
.D29EtO4 
.BblL404 
.093C+O4 
.915E404 
.957EtO4 
.99OE~Ol 
.lO2Etos 
.l05~tOs 
.l09E405 
.IlZEtOS 
.I 1SE+OS 
.ttDE+OS 
.132Et03 
, l?X*O5 
.llOE405 
.131E+OS 
.t341*05 
.lJDf+OS 
.t4tE+05 
. 144EtOS 
.l5OE+OS 
.lS7EtOS 
.lb3E405 
.IAPEtOS 
.175E+OS 

IS.06 
15.19 
j5.31 
15.42 
IS.55 
11.62 
ts.70 
15.78 
i5.m 
IS.91 
15.96 
lb.01 
If.05 
t6.00 
lb.11 
6.13 
b.15 
b.lb 
6.16 
6.16 
6.16 

16.15 
16.13 
lb.11 
lb.09 
lb.06 
16.02 
15.99 
IS.94 
IS.70 
15.86 
15.82 
15.78 
15.74 
IS.70 
15.56 

.302EtOI 6.29 

.3141to4 5.Ob 

.325CtO4 5.36 

.3361404 4.7b 

.344EtO( 4.03 

.3SlL404 J.04 

.35x404 .e2 

.35bE,O4 0.00 
AIlI\CtiED TD StIDRL 

.60?E4C 

.63?E@O 

.bi2EtO 

.69lEtO 

.?2IE40 

.75lE40 
.7DOE*O 
.DlOf*O 
.DIOEtO 
.D70E40. 
.899EtO. 
.929E 40; 
.959E40; 
.PoP~to: 
.lOzEt01 
. 10x404 
,lOBEtO4 
.lltEdOI 
.tllE404 
.lt7EfO4 
. I?OE+O4 
.123EtO4 
.lZbE+O4 
.lL!PE404 
.13?E*O4 
,135E404 
.tf7EtO4 
. l4OE404 
.t43E+O4 
.14bE#O4 
. 1491+04 
. lSSE404 
.16lEt04 
. 167tt04 
.I731404 
. J79ttO4 



1245.20 .34?EtOS 36.88 
1 205.20 .344EtoS 37.04 
1325.20 .379EtOS 37.20 
lJbS.20 .394E+05 37.36 
1405.?0 .403E+OJ 37.52 
1443.20 .424E+OS 37.60 
1403.20 .439EtOS 37.83 
1525.70 .4!i4E+05 37.99 
1S65.20 .449EtOs 30.14 
l bOS.20 .404E+oS 30.29 
1645.20 .sooE+o5 30.44 
1 b0:.20 .SlSE+os 3B.S9 
1725.20 .SJlEtOS 38.74 
1765.20 .S4&E+O3 38.88 
1805.20 .Sb?E@OS 39.03 
1045.20 .S77E4OS 39.17 
1atJs.20 .593EtOS 39.32 
1925.20 .bWE+OS 39.46 
1965.20 .62SE+OS 33.60 
2000.00 .64lEtOS 39.72 

. le2E~os 

.lDDE@OS 

.194L,OS 

.200E40S 

.207E+OS 

.213E,OS 

.llPE@OS 

.22SE+OS 

.23tE4OS 

.237E*OS 

.243EtOS 

.249E+OS 

.2;SE+OS 

.2blE+OS 

.267E@OS 

.273E,OS 

.279E*OS 

.2DSE ,OS 

.29tE+OS 

.29bE+OS 

IS.62 
IS.57 
IS.52 
lS.llt 
IS.42 
15.37 
15.32 
IS.26 
15.20 
15.14 
is.08 
15.02 
14.95 
14.89 
14.02 
14.75 
14.67 
14.60 
14.52 
14.4s 

. lDSE40 

.19lE+O* 

.197E+O1 

.203E*O4 

.209E+O4 

.31x+04 

.2?1E404 

.227E 404 

.233E+O4 

.Z.lPE+Ol 

.244E+04 

.2;OE+04 

.25bE+O4 

.24X 404 

.26BE104 

.274E404 

.2OOE404 

.206E+94 

.292Et04 

.290E+O4 



C 

c/co 

D 

E 
Y 

FO 

h 

E 

n 

P 

P 

g 

C/Q 0 

r 

R 
C 

S 

S 

U 

V 

u 

“* 

X*Y 

n 

u 

a 

8 

0 

F 
. 

Concentration 

DFPcnsionlcss concentration ratio - inverse of diluzlos 

Transverse diffusion factor, cqrnticm (10) 

herall transverse midng eocffidcnr 

DFs &arge densimcttic Froudc number 

River depth in PSY model. E Is rpcragt value. 

Pluze &p--h in PDS ad PDSE models 

?!azz’kp s coefficient 

Trazsver se coorliaate ir: PSY model 

:zi:tal dF1c:ic~ factcr, PSY model 

Tol*xettic flcs rate 

TJ’,lc+~oe 

h?irl cocrlhate iz DKEX?! model 

R al’,*s of rive: be%& 

S:redbe ccordk ate in DE!?~odcl 

Slope of river energy 113c 

P1.3-e streazf-<se velocity 

transverse velocity 

Vclocirp 

- r, ShcAr velocity - (ghS) 

&adZmtcs 

Trasvcrsc coordinctt Ia PSP output 

Xver vldth 

Diffusion coefficient, PSP model 

Flov ~glc 

Fluid density 

St~~dar?. It-.<rrfcn cf distri5~rlc3 f-ctc?frn 

C-H 



s&scripts nl SmerscriDts 

a A5fent 

m H&m or ?luue ccaterXne 

0 Discharge 

t River 

(D Free stream 

, Iurbdecz (iuastfty 
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Appendix G 

Section 301(g) Checklist 

State and Regional personnel should use this checklist when 

reviewing section 301(g) variance request. Section 301(g) applicants 

may also use this checklist to ensure their application addresses 

and documents all necessary items. The checklist covers all the 

factors EPA has identified as important in considering a section 

301(g) request. As the importance of each item will vary from 

site to site, a careful review of the checklist by the permit writer 

and the applicant, during the early consultation period, can help 

the applicant determine the degree to which each of these factors 

must he addressed. 

How To Use This Checklist 

EPA recommends that Regional and State personnel use this 

checklist first to determine what the applicant should submit in 

its completed request and secondly, to review the submitted 

completed section 301(g) variance request. 

The checklist consists of a series of questions addressing 

the statutory factors listed in section 301(g) of the CWA. 

State and Regional personnel will determine whether to grant a 

variance based upon the information furnished in response to the 

various factors outlined in the checklist. 
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1. Preliminary Information 

Did the applicant provide the following: 

1. Legal name and mailing address? 

2. Name and address of the point source for which the variance 
is being sought if it is different from Number 1? 

3. Facility ID Number (EPA ID Number)? 

4. Name, title, telephone number and address of person in the 
firm to contact about the section 301(g) completed request? 

5. Identification of the nonconventional pollutant(s) or pollutant 
parameter for which a section 301(g) variance is sought? 

6. The 40 CFR citation for the specific effluent guideline 
containing the limitation from which the section 301(g) 
variance is sought? 

7. The date the initial request (in accordance with 40 CFR 122.21) 
for the section 301(g) variance was submitted to EPA? (Was 
a postcard submitted by September 1978, or was an initial 
request submitted 270 days after the promulgation of the 
applicable guideline?) 

8. The date the applicable BAT effluent guideline(s) was promul- 
gated? (If no BAT effluent guidelines were promulgated, the 
date the notice of preparation of the draft BPJ/BAT permit was 
published.) 

9. The proposed modified effluent limitation (PMEL) for the non- 
conventional pollutant? 

10. The promulgated BPT effluent guideline limitations? (If no 
BPT guideline exists, the limitation derived by the State/ 
Region.) 

11. The permit compliance schedule? 

12. A list or description of State water quality standards applicable 
to the nonconventional pollutant(s)? 

II. Environmental Quality Information 

A. IMPACT TO POINT AND NONPOINT SOURCES 

Did the applicant provide: 

1. an analysis of the potential impact of the applicant’s PMEL on 
other point and nonpoint sources in the vicinity of the point 
of discharge? 
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SPECIFICALLY, DID THE APPLICANT: 

a. Identify all the point and nonpoint sources in the vicinity 
of its discharge (with assistance of State permitting authority)? 

b. obtain a determination from the State or interstate agency(s) 
having authority to establish wasteload allocations indicating 
whether the discharge of the PHEL would result in an additional 
treatment, pollution control, or other requirements on any point 
or nonpoint sources? (The State must include a discussion of 
the basis for its conclusion.) 

If neither a or b were addressed: 

c. Confer with nearby point sources to determine the possible 
impact on those sources if the PMEL were approved in a 
section 301(g) variance? 

A. IMPACT TO RECREATIONAL ACTIVITIES 

Did the applicant provide: 

1 . An analysis of the potential impact the PMEL would have on 
recreational activities in and on the water in the vicinity 
of the discharge? 

SPECIFICALLY, DID THE APPLICANT: 

a. Identify recreational activities in and on the water in the 
vicinity of its discharge? 

5. Provide an analysis which determined whether the PMEL would 
interfere with recreational activities beyond the mixing zone 
including without limitation swimming, diving, boating, fishing 
and picnicking and sports activities along shorelines and 
beaches? 

C. IMPACT TO PUBLIC WATER SUPPLIES 

Did the applicant provide: 

1. an analysis of the potential impact of the PMEL to public water 
supplies in the vicinity of its discharge? 

SPECIFICALLY, DID THE APPLICANT: 

a. Identify the public water supplies in the vicinity of its 
discharge? 

b. Provide an analysis which demonstrated that the PMEL would not 
prevent a planned or existing public water supply from being 
used, or from continuing to be used as a public water supply, 
or have the effect of requiring any public water supply to 
provide additional treatment? 
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D. IMPACT TO AGUATIC LIFE AND HUMAN HEALTH 

Did the applicant provide: 

1. a demonstration that the PMEL would still maintain water quality 
which protects the propogation oE a balanced population of 
shellfish, fish, and wildlife and that the PMEL would not 
pose an unacceptable risk to human health and the environment 
because of bioaccumulation, persistency, acute toxicity, 
chronic toxicity (including carcinogenicity, teratogenicity, 
mutagenicity) or synergistic effects? 

SPECIFICALLY, DID THE APPLICANT: 

a. identify a State water quality standard or an EPA water quality 
criterion (most recently published or Red Book) Ear the noncon- 
ventional pollutant which protects both aquatic life and human 
health at the edge of the mixing zone? 

or b. derive a site-specific criterion number for the nonconventional 
pollutant using an EPA-approved criterion derivation methodology, 
and if so, were local species used in the criterion derivation 
approved by the Regional Administrator? 

or c. derive a criterion for the nonconventional pollutant using another 
method which was approved by OWRS? 

or d. derive a safe concentration for the nonconventional pollutant 
by some other approved means such as field testing, literature 
search, biomonitoring? 

e. demonstrate that the PMEL, after dilution in the mixing zone, 
would meet that water quality standard or criterion? 

f. demonstrate that all other factors such as bioaccumulation, 
persistency, and synergistic propensities have been adequately 
addressed? (See questions on persistency and synergism in 
Section III of the checklist) 

E. MODELLING AND FATE AS RELATED TO SECTION 301(g) VARIANCES 

Did the applicant: 

1. Provide an aerial-view map of the facility and the surrounding 
area illustrating the boundary of the State mixing zone and 
the concentration isopleth of the nonconventional pollutant 
from point of discharge to the mixing zone boundary? 

2. Identify which model was used to determine the dilution pattern 
of the nonconventional pollutant and provide a basis for using 
that particular model? 
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3. Provide any field data to calibrate and validate the ro>e: 
of choice? 

4. St3tr how the ~ixln; tone was determIned if 1t was not an 
a p p r 3 9.’ P ? State uater quality standard mixing Zcne (ClSe->j'-c~s*? 
basis)? 

5. Frcvide basis for the design flow used In making dllc:icr 
calculations? 

II I. Special Ccnsiderations 

A. PCLLI’TTAXT PARA%?F?EPS (COD, TOC, TKN, Tctal pher,olsl 

Did the a,-;licant: 

2. I?+?-tif' -f the red-c 5s wC:cb the corstit,zents were lder:;f:edl 
'e.r;. , c,C.'UC) 

3. 3eriTJ? a criterlcr nl;Tfer __ 6-r +l?e me! htant 
the EPA crlterirr derivaticc methczology cf 

sarameter “1’ aF;ly;-; 
?;cvem?er 105” tc 

the whcle effluent and expressing the resulting crlter:cr := 
percen: efflde?t? 

4. Deterrine that the pcllzta-: Farameter was net a source 2f 
toxlclty after conducting a bench scale treatme-t s:;;?;.? 

5. Determine a safe level of the pollutant parameter by cr‘n2Lcti:; 
a 1 i terature searcp,? 

6. Assess the pctential fcr human healt! impact of the ccnco’ve-- 
tiona! pollutant parameter? 

P. SYNERG:STIC PROPENSiTIFS 

Did the applicant: 

1. Identify potential synergistic propensities in the effluent ar2 
receiving water? 

SPECIFICALLY, DID THF APPLICANT: 

a. identify possible chemical reactions between compounds producing 
more toxic pollutants? 

b. identily possible reactions dependent upon physical parame:ers 
such as increased toxicity related to increasing or decreasing 
temperature, pH, alkalinity, conductivity, flow (turbcie,ncel, 
or suspended solids. 

c. identify possible joint effects where two compounds affect an 
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organism in two different ways simultaneously? (E.g. one 
pollutant affecting respiration, another the central nervous 
system. I 

d. apply biomonitoring techniques to determine whether synergism 
is occurring in applicant’s effluent. (Were toxicity tests 
conducted on separate toxic, conventional, or nonconventional 
fractions and then on the whole effluent to determine differences 
between the toxicity of the whole effluent and the different 
Eractions?) 

e. examine the potential for additivity in the effluent? 

C. P ERS I ST ENCY 

Did the applicant: 

1. Identify pollutants which could impact aquatic life or human 
health due to persistency? 

SPECI FI CALLY , DID THE APPLICANT: 

a. examine chemical or physical reactions such as volatilization, 
photolysis, adsorption, absorption, oxidation and hydrolysis to 
determine the fate of the nonconventional pollutant? 

b. apply direct analytical methods or conduct a literature search 
to determine the persistency of the nonconventional pollutant? 

c. conduct structural analysis of the principal components in the 
effluent to determine whether the compounds are of a persistent 
nature? 



APPENDIX H 

The following lists provide the current status of the Technical 

Guidance Manuals for Performing Wasteload Allocations. These have been 
developed by the Office of Water Regulations and Standards, Monitoring and 

Data Support Division. If you have any questions about any of these documents 
or would like a copy of one of these documents, please call (202) 382-7056. 
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WASTELOAD ALLOCATION GUIDANCE BOOKS AND CHAPTERS 

GENERAL GUIDANCE 

STREW AND RIVERS 

1. BOD/DO IMPACTS 
2. NUTRIENT/EUTROPHICATION IMPACTS 
3. TOXIC SUBSTANCES IMPACTS 

ESTUARIES 

1. BOD/DO IMPACTS 
2, NUTRIENT/EUTROPHICATION IMPACTS 
3. TOXIC SUBSTANCES IMPACTS 

LAKES AND IMPOUNDMENTS 

1. BOD/DO IMPACTS 
2. NUTRIENT/EUTROPHICATION IMPACTS 
3. TOXIC SUBSTANCES IMPACTS 

DESIGN CONDITIONS 

1. DESIGN FLOW 
2. DESIGN TEMPERATURE 
3. DESIGN PH 
4. DESIGN EFFLUENT FLOW 
5. DESIGN RATE CONSTANTS 

PERMIT AVERAGING 

SCREENING MANUAL 

1. TOXIC ORGANIC AND CONVENTIONAL POLLUTANTS 
2. TOXIC METALS 

INNOVATIVE PERMITS 

BIOMONITORING 

1. DESIGN CONDITIONS 
2. PERMIT AVERAGING 
3. MODELING TOXICITY 
4. MIXING ZONE 
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f!NAI GUIDANCE 

0 TO DATE THE FOLLOWING FINAL NATIONAL GUIDANCE HAS BEEN ISSUED: 

I\ S~LEKDG PMEBN FOR Tom AND CONVENTIONAL PQU~ANTS 

(AUGUST 29, 1983) 

EKES AND IMPOUN~ENTS, CHAPTER 2, EUTROPHICATION 

(AUGUST 29, 1983) 

~TRFAT,S ANP RIVERS, CHAPTER 1, HOD/DO IMPACTS 

(OCTOBER 3, 1983) 

JTRFWS AN3 RIVERS, CHAPTER 2, EUTROPHICATION 

(SCHEDULED DECEMBER 1983) 

o THE FOLLOWING FINAL NATIONAL GUIDANCE IS PLANNED FOR RELEASE IN THE 

COMING YEAR: 

ins AND RIVERS, CHAPTER 3, TOXIC SUBSTANCES 

(SCHEDULED SEPTEMBER 1984) 

- - 

WIEDULED SEPTEMBER 1984) 



r DRAFT 4ANUALS FOR HFADQUARTFRS AND RFGIM REVIEU AND COPVILN~ 

0 WITHIN THE PAST YEAR, THE FOLLOWING DRAFT GUIDANCE PMNUALS WERE SENT 

TO THE HEAWUARTERS AND REGIONS FOR REVIEW AND COMMENT: 

STRFA~S AND RIVFRS, CHAPTER 2, EUTROPHICATION 

MT AVERAGING 

STREWS AND RIVFRS, CHAPTER 3, TOXIC SUBSTANCES 

SICK CONDITIONL CHAPTER 1, DESIGN FLOW 

JNY~VATIVE PEWITS 

o DRAFTS OF THE FOLLOWING WLA GUIDANCE PMNUALS ARE UNDER DEVELOPMENT AND 

SCHEDULED FOR RELEASE TO THE HEADQUARTERS AND REGIONS FOR REVIEW AND 

CCMHENT DURING FY84: 

SIGN CONDITIONS, CHAPTER 2, DESIGN TEMPERATURE 

SIGN CONDITIONS, CHAPTER 3, ~SIGN PH 

P %WUiG PfWEWRE FOR TOXIC f’hU 

- &UAW CHAPTER 1, BOD/DD IMPACTS 

- m CHAPTER 2, EUTROPHICATION 

MES AND IMPOUND CHAPTER 3, TOXIC SUBSTANCES 



LS PIANU FOR FY84 

0 PREPARATION OF THE FOLLOWING DRAFT WASTELOAD ALLOCATION GUIDANCE 

WANUALS IS SCHEDULED FOR INITIATION DURING p184: 

&NFRAI GUIDANCE (NOVWER 1983) 

~TUA~ CHAPTER 3, Toxr c SUBSTANCES (RARCH 1984) 

&IGN CONDITIONS, CHAPTER 4, EFFLUENT FLOW (OCTOBER 1983) 

SIGN CONDITIONS, CHAPTER 5, RATE CONSTANTS (To BE DETERPIINED) 

LC\KFS AND IMPOUNDMENTS, CHAPTER 1, WD/D3 IMPACTS (To BE 

DETEFUIINED) 

0 DEVELOPMENT OF THE FOLLWING GUIDANCE MANUALS ON THE BI~WNITORIN; 

APPROACH IS ALSO PLANPED FOR INITIATION IN FY84: 

PERMIT AVERAGING FOR GENERIC TOXICITY (NOVEMBER 1983) 

DESIGN CONDITIONS FOR GENERIC TOXICITY (NOWBER 1983) 

NODELING GENERIC TCXICITY (DECEMBER 1983) 

MIXING ZONE (To 8' DETERMINED) 



TECHNICAL TRAINING SEMINARS 

0 TECHNICAL TRAINING SUIINARS PLANNED FOR FY84 ARE: 

&ID/DO MODELING IN DALLAS, JANUARY 1984 

TOXIC SUBSTANCES IN ATLANTA, MARCH 1984 

TOXIC SUBSTANCES IN SAN FRANCISCO, MAY 1984 

DESIGN CONDITIONS/PERMIT AVERAGING, AUGUST 1984 

(LOCATION TO BE DETERMINED) 

INNOVATIVE PERMITS, AUGUST 1984 

(LOCATION TO BE DETERWNED) 




