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IMPORTANT

. DIVISION

PERMITS
(Qffice of wWater
Enforcement and
" Permits)

CRITERIA & STANDARDS
(0ffice of Water
Regulations and
Standards)

MONITORING AND DATA
SUPPORT (Office of
Water Regulations
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GROUP (CAG) (Office
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301(g) RELATED ACTIVITY
9’

overall review and
coordination; use of
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updates on EPA criteria;
review of alternative
criteria derivation
methods

fate models/wasteload
allocations/design
conditions

carcinogenicity determin- -
ations; updates of CAG
list

human health risk analyses;
criteria updates and Multi-
Media documents, and ADI
derivations

bDench scale treatment
studies
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I. Introduction

A. Purpose of this Manual

The purpose of this manual is to asslst applicants,
‘States, and EPA Regions in developing section 301{g) variance
reques;s and reviewihg completed section 301{g) requests, This
manual outlines the rcoles for each‘of the parties involved 1in
the variance process and identifies techniques and methods of
use in the section 301(g) preccess. If any of the methodologies
or conditions recommended in this ménual seem lnappropriate to
an applicant's situation, the applicant may use alternative
methods bat must first get approval from EPA {(the Directér of
OWRS and Regional Adminlistrator have separate responsibilitiesy
during the early consultation sujgoested 1n the rejgulatiens address;ﬁg

40 CFR Part 125, Subpart F.*

B. Statutery Background

The Clean Water Act reguires achievement of best available
technoiogy economically achievable (BAT) effluent limitations
for all nnnconventional pollutants by July 1, 1384 or not more
than three years after EPA establishes the limitations, up to

July 1, 1987, whichever is later. Section 30l(b)(2)(F).

Section 301(g) of the Clean Water Act {(P,L. 95-217) establishes
a mechanism whereby a discharéer ﬁay obtain a modification of the
requirements of section 301(b)(2){F). The discharger can be
granted a section 30l(g) variance by showing that the modified
requirements will meet certain environmental criteria. These
The regulatibn 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 Water

Act:
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0 the new limitation will net be less than required by

best practicable control technology currently available (&PT).

© the new limitation will comply with applicable water

guality stanaards specific to the nonconventional pollutant.,

o} the modification will not result in any additional reguirements

on any other pcint or nonpoint scurce.

o the modification will not Interfere with water qualilty
which assures protection of public drinking water supplies
and the protection and propagation of a balanced population
ot fish, shellfish, and wildlife, and allows recreational

activities in and on the water.

o the modification will not result in a discharge of pollutants
in quantities which may reasqnably be anticipated to poée an
unacceptable risk to human health or the environment due to
acute toxicity, chronic toxicity (including carciﬁogenicity,

mutagenicity or teratogenicity), biocaccumulation, persistency,



lines where warranted. Congress determined that it was possible

that the BAT reguirements 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 unnecessafily 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 recognition
of the delays encountered with section 316(a) thermal variances

and its expectation that the section 3Cl(g) process be as expedi-

tious as possible,

j -Variance Process

C. Summary of Section 301

=

To make the variance process as efficient and expeditioqs

" 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 guestion and that number bhe met at the
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consents to the

edge of the State mixing zone. (See Figure 1I)
To avoid lengthy studies (iL.e., s

impact assessments which require exten

EPA recommends use of section 304(a) w

unless relevank criteria do not exist

of the QOffice of Water Regulations and

‘development of other criteria, notwith

"relevant 304(a) criteria. Therefore,

standing the existence of

the criteria or applicable

water quality standards should be the

usual basis of 301i(g}

variance determinaticns. Essentially

the applicant's ability to meet State

site-specific) water quality criteria

the variance hinges on
standards or EPA (or other

for nonconventional pollutants,

at the edge of an autiiorized mixing zone. . Compliance with water ,

quality standards or criteria at the edge of the mixing zone

would provide EPA with a strong basis

for conecluding that aguatic

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
The following is a summary of the steps reguired to gain
a section 3081{g) variance., These steps are discussed in more
detail in section II.
] TAanki Ffur mnAallntant ao nAancanttant s anal
A = Lucll‘—&&: EU*LUM“II\- A AT JENII R W Bl Y Lrdl o d Wil A @
2. Ensure compliance with BPT or BPJ/BPT,
3. Pemonstrate no impact on other point and nonpoint sources.
4. Ensure compliance with applicable State water quality
standards, or EPA water guality criteria at edge of State
mixing zone if there is no State standard.
5. Damonstrate no impact on water sunplies.
6. Demonstrate no impact on recreaticonal activities.
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7. Ensure no impact on human health.
B. Demonstrate no synergism/persistency causing adverse impact.

D. ADDllcant Resnonslb111t1es

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 (g} requirements} The burden of proof is on the applicant.

The applicant should work as closely as possible with the
State and Rejional permitting authdrity in ordér to determine an
acceptakle plan for develdpinq a completed request. The applicant
is encouraged to conduct an early consultation with the State
and Region to outline the studies and data that will be contained’
in its completed request. Thié will help to avoid denial of an

appiication based on incompleteness or misinterpretation of the

secticn 301(g) regquirements.

Appendix G is a 301l(g) checklist which is_designed to help
the aprlicant file an adequate, completed request. The checklist
includes ali the topics and informational needé which must be-
addressed by an applicant in order to be considered for a section
301(g) variance. Failure to address these topics adeguately

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:

o State concurrence reguired.

o State water quality standards must be met.

& State mixing zones must be used.

AR—-31
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© State Agency responsible for wastelecad allocationé {other

point sources) must make determination abeut impact of PMEL

on other sources.

Saection 301(g) authorizes thé 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;_seé 40 CFR 124.62(d). A étrong State
role in the seétion 301l(g) variance process is nonetheless assured
because the statute requires that no modifi=sd effluent limitation
may be granted unless the State concurs. If a State waives its
right to approve or deny the variance, the reguest will be denied.
40 CFR 124.62 specifies the way in which the State is involved

in a section 30l{g) determination.

%/H/The Sta£e Director of an NPDES-approved State may deny of

. forwvard to the Regional Admiﬁisttator with a written CONCUrreénce,

or squit to the EPA Regional Administrator wifhout recemmendation,

a completed request for a'séction 301{g) variance (40 CFR 124.62(E)}.
In non-NPDES States, the State Director may provide certification

of a permit containing a section 301(g) 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 gquality standards.
If a mixing zone or zone of initial dilution (in marine waters)
is defined in the Stéte water quality standards, it will be used
in the section 301(gq) analysis when comparing concentrations of
the discharged npnconventional pqllutant to the water qualify

standard or water guality criteria, (whichever is more appropriate)AR-31
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define acceptable concentrations of the noncenventiocnal pollgtants.
If the State has no mixing zone, the State should work with the
applicant to derive a site-sgpecific mixing zone for section

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

that case the‘propésed modified effluent limitation must be met

at the point of discharge (end of pipe).

In addition to the ahove responsibilities, the section
‘301(g) regulation reguirus a State to determine whether the
applicant's modified effluent will result in any additional
regquirements on other point or nonpoi&t sources, The State must
determine whether there are anv wasteload allocation/total maximum
daily lcad requirements for the nonconventional peocllutant in the

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

prevent compliance with these requirements.

F. EPA Regional Role
Section 30l{g} requirés the Reqibnal-Administrator to deny

or approve each 301l(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 s§ecies 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 c!osely together on making a section 301(qg)

AR—-31
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variance decision.

s

. Early Consultatio

EPA recommends that all applicants hold an early consultation
with Federal and State permitting authorities. The applicant can
discuss the tentative plan for developing the contents of its
compléted 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) completed
regquest. THe early consultation should help the applicant avoid
unnecessary or inadequate: testing and could lead to a redirsction

of the applicant's proposed study.

During the early consultation, the appiicant should discuss a

plan of study describing the proposed modified effluent limitation,

Tarly consultation is particularly recommendeﬁ if: (1) the
proposed modified effluent limitation is for a pollutanﬁ 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 ;vailable; (2) the proposed modified effluent
limitation is for a pollutant or pollﬁtant parameter which is
suspected of being a éarcinogen (Applicénts may determine whether
the nonconventional pollutant has been evaluated by the Carcinogen

Assessment Group (CAG) of EPA, and whether it is suspected of

AR-31



.
being a carcinogen, by calling CAG at (202) 382-7315); (3) the
applicant haé reason to believe that the pollutant or pollutant
parameter for which the variance is requested will.contribute to
synergistié 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. D gggmgqin _Factors in _a Section 1~lgq1‘!§riancg

The ﬁollowing 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; howevei, an applicant may present
its own méthods and suggestions to the EPA Region and Headguarters.
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‘consulta;ion period hefore

1 . .
proceeding. Section 125.53(b) discusses the recommended time

periods when early consultatiocns should be held.

A. Pollutant Check

The first step an applicant must take is to identify the
nonconventicnal polliutant 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 admihistrafive

action, are eligible for section 30l{g) variances. (Official

delistings will be publicly noticed in the_Federal Register.)
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301(g) DECISION LOGIC

YOXIC POLLUTANT
IDENTIFY POLLUTANT <
* ‘ CONVENTIONAL POLLUTANT

NG
NONCONVENTIONAL POLLUTANT v

2. Davalop Proposad Modified Effluent Limitstion (PMEL) for Nonconventional
Polluunt {(Must mest BPT and WUQ standards st 8 minimum}

Compara concentration of nonconventional at edga of Mixing Zone with
EPA aquastic e toxicity criterion or hurmnan hesaith criterion numbaer,
whichever pquatic life toxicity criterion or humen hsalth critarion number,
whichever is most stringent. {f WQ standacds apply, usa them}.

( . If Pollutant Paramater (such a2 COD,TOC, of TKN) Is under variance considaration,
compars concantration of nonconvantional Pollutant Paramaeter at adga of MZ 10
critarion number which was derived by testing whole al‘fluunt and expressed as a

parcantage of whois effluant
i PROVISIONAL REQUIREMENTS

sa. if no recently derivad critaria (Nov B0 mathodology) use Red Book critaria
bb. if no Rad Book critaris, derive criteria yoursalf using Nov. 80 mathodology

cc. if no human heaith number, datermins impact through litersture search or
detiva human heatth criterion by using EPA Nov. 80 methodology.

[ OPT!ONS

" as. applicant may use EPA methodology 1o develop sits-specific critarion
bb. appiicant may derive their own criteria with their own methodology
upon approval of EPA

da. Concentration of Nonconventional Poliutamt #t edge of mixing zone is
grests: than EPA criteria being smployed

4b. Concantration of Nonconventions! Poliutant st edge of mixing zone is
loes than or equal 1o criterion number being smployed

5. Immmﬂmmarﬂmhm«?"——w

8. impact on Public Water Supply ? _———w
* drxo b

7. impact on sddibons! requikements YES
to othar Point and Nnopoint Sources ~———————e=

VARIANCE GRANTED VARIANCE DENIED
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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 metheds
guch as GC/ME are suggested teo validate that no teoxic pollutants

make up the pollutant parameter.

B. Compliance with BPT Limitations

The owner/operator of a point source must demonstrate that
the proposed modified effluent limitation (PMEL)} qill. at a |
minimum, be.as strinjent as BPT for the nonconventional pollutant
in guestion. ‘If an applicant requests a variance from a BAT
guideline when there is no BPT guideline for that specific
industrial subcategory, the permitting authorify must determine
a BPT/BPJ (hest rrofessiona®! judgment) limit for that pollutant

which will serve as a minimum reguirement.

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 cecntrols
its nonconventional pollutant, it should contact its State
permitting or water quality éuthority. 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,

R-31
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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 %Eﬁ,HEEE?i“t Sources

The cwner/operatdr of a point source must demonstrate that
the medified effluent limitation will not result in any additional

requirements on any other point and nonpoint sources.

The section 30l{g) requlation requires that a section 301{qg)
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 ény additional treatment,
pollution centrol, or other requirements on any other point or
nonpeint -scurces. The applicant should contact the State water
guality 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 Cffice and/cr EPA

Headquarters. The State determination must include a rationale

for its conclusion.

If wasteload allocations have not been established in the
locale of the sectién 301(g) variance applicant, EPA recommends
that the applicant identify other point sources in the vicinity
of the modified efflpent 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

AR-31
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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. I[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 evidgnce of no effect on other point sources will result

in a denial of the vartance.

With regard to receiving waters where WLAs and TMDLs are
absent, the section 301{(g) requlation requires that once a
section 301l{g) variance has been granted, the State must
'establish numerical water gquality standards for the noncbnventional
pollutant and WiAs and TMDLs for the section 301(g) source and
the other dischargers in the vicinity., This must he done within
the 5 year permit term for the scection 301{g) permittee and
before the permit containing the section 30l(g) variance is
reissued. The ratinnale for this reguirement is that many of
lthe 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 resulting
- data from a'seption 301(g) variance should be applied to the
development of site-specific water qqality standards and wastelocad
allocations and total maximum daily loads. Since States must by
law review their water guality sgandards every 3 years, this require-
ment should not impose any ﬁndue extra administrative burden cn then.
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

Section 301(g}) requires an applicant to assure protection

AR-31
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of water guality which will! protect the following:

i. 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 effluenf_
limitation will not adversely affect any public water supplies
that are in the vicinity of the point of discharge. The modified
effluent limitation must not prevent a planned or existing public
water supply ffom being used, or from continuing to be used, as
a public water supply., or have the elfect of regquiring any public

water supply to proviae additiconal treatment.

The applicant should contact the State permitting authority
to determine whether there are or will be pﬁblic 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
reguest would be dénied. 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 reguest would be denied.

2. Recreational Activities

The applgcant must demonstrate that the PMEL willlnot
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

AR—31
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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 sectlion 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 Jdue
to the PMEL, unless such restrictions are rc;tineiy imposéd

arocund industrial discharges.

The applicant shouid take an inventory of recreational
activities in the area of the discharqé and determine if the
séction 301{g) variance wculd affect these activities. For
example, does the PMEL, after dilution in the mixing zone, exceed
human health related standards or criteria? Human health criteria
protéct humans from both body contact and the consumption of
water, fish or shellfish containing harmful 1evels of pollutants.
An aguatic life critericon is a good measure of the potential
impact to a fish population associated with a specific recreational

use such as trout fishing.

3._Balangg§ Population of Shellfish, Fish and Wildlife

Section 301{g) requires the applicant to demonstrate that a
section 30l(g) variance will not interfere with the attainment or
maintenance of water gquality which shall assure protection and
propagation of a balanced population of fish, shellfish and
wildlife. At the same time, the statute requireé that human
health and the environment be protected from acute and chronic

toxicity, persistency, bicaccumulation and synergistic propensities.

AR-31
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{(Chronic toxicity, according tc section 301{g}, includes carcinogen-

icity, teratogenicity, and mutagenicity.)

Applicants are urged to use State water guality 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. Usiling these standards would consideraﬁly simplify
the demonstration. Such standards are usually déscribed as
"fishable!swimmable,; "drinking water,“.or gaquatiC‘life“ standards.
State staﬁdards protecting designated uses such as "industrial"™
or "agricultural" are not acceptable to demonstrate compliance
with section 30l(g). 1If the State has water quality standards
which protect aguatic life and human health on other water bodies

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

¢

1f State standards are inadequate to protect aguatic 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
Acbjectiveé-which underlie the segtion 301(g} staﬁﬁtory criteria
{including acﬁte and chronic toxicity and bioaccumuiation}.
The criteria, designed to protect aguatic 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
heaith 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 crit§§ﬁ531
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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.

H

An applicant, with EPA approval, may develop modified criteria
if it feels it 1s necessary to reflect site-specific watér quality
characteristics or if it thinks the EPA criteria are inappropriate.
EPA's guidance document entitled "Water Quality Standards Handbook,”
December 1983, specifically outlines guidelines for deriving site-
specific water qualiﬁy ériteria for the protection of aguatic

life and 1its uses. For more information, refer to section III-C.

Use qngiomoqitogiﬁg

Meeting a water quality standard or water guality
criterion ié a good indication that water quality is being main-
tained. However, the additional use of some kind of biological ~
monitoring (whole effluent bicassays or instream surveys) can
serve as a good too} 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 ﬁhe aguatic community in the

receiving stream. Biomonitoring also will help to further account AR-31
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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 gquality standards or EPA water guality criteria
do not include consideration of human health (such as a dripking
water standard or a human health criterion), the-applicant should
use the most stringent agquatic life toxicity criterion number as
a baseline requirement and also demonstrate that human health
is not being affected. EPA dces not expecf every aﬁplicant to
verform the scieﬁtific studies necessary to develop specific
human health criteria numbers when those numbers are unavailable.
Instead, 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
chronical]y toxic to humans. If the pollutant will cause
acute or chronic toxicity at the discharée level, the variance

will be Senied.

With regard to chronic toxicity, the applicant should first
determine whether the ﬁollutant 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 net have a human health'numbér. usually contain some information
on mutagenicity, teratogenicity, and carcinogenicity; applicants
should review these documents for this informatibn. { See seétion

II1-A.) The applicant should secondly determine whether an AR-31
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acceptable daily intake (ADI) 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.) at (513) 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.

Te examine carcincgenicity, besides reviewing the data in the
critaria documents and other literature sources, the applicant is
urged to sce if the nonconventional pollutant is on EPA's Carcinogen
. Assessment Group (CAG) list of potential and known carcinogens.

Call CAG at {202) 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 applican; should determine the level at
which carcinogenic activity occurs and which route of exposure is
prominent {oral, inhalation) and compare this to the secticn

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

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

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

The applicant also can use the November 28, 13980 criterion
. derivation methodology to determine human health criteria (see
Appendix C at 45 FR 79347). This methodoclogy, however, . is very

detailed ‘and costly. It is a matter of discretion on the applicant's
AR-31
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part whether to use this methodology. If the methodology is
used, there is dreater assurance that an adeguate assessment of

potential human health  impacts has been made for the nonconventional

pcllutant.

An approach to addressing one aspect of human health impact
is to détermine the bioconcentration factor-(BCF) of the pollutant.
A ‘bloconcentration factor relates the concentration of a chemical
in water to the concentration ij aquatic organisms. Since accumulation
zardous

« According to

is hazardous if clearance of the pellutant'i, ranid, but a BCFP
above 100 and certainly above 1000 indicates a great potential

for danger. Accordingly. EPA recommends that if a nonconventional
rollutant has a BCF éreater than 100, more information should be
obtained on this pollutant with regard to chronic £0xicity and
effects such as carcinogenic;ty.Amutagenicity, teratogeniéity.

The November 1980 criterion derivation methodology (45 FR 79341)
provides gquidelines for deriving an acceptable bioconcentration
factor. In addition, if no measured value of BCF is availlable,
BCF may be estimated from the octancl-water partition coefficient,
Kow by use of the following regression equation (Veith et al.,
1980): Log BCF = (0.76 Log Kgy!) - 0.23. Since the bioconcentration
factor alone is not conclusive evidencg of an impact to human

health, other significant data should be reviewed to make a

complete human health risk assessment.

I1I. EPA Water Quality Criteria

AR-31
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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 c;iteria to apply in a section
301{(g) variance assessment:
1. The most recently published ambient water quality

v for the nonconventional pollutant:

2. The Red Book, Quality Criteria for Water,

1976, if no criterion document exists published

since 19746.
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The following (s a discussion of each of these sources of water

quality information.

pm

PA 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 aguatic life and human health
criteria numbers based on those data and EPA approved methodoclogies.

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

AR-31



at 49 FR 4551, Feb. 7, 1984. See Appendix B.) These documents
will present the équatic life criteria as 3 different numerical
criteria:

a. a 30 day average

b. a maximum concentration

c. a g96-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 confaminated aguatic 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 Bogk 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
critericn number for the nénconventional pollutant, the applicant

should use the most stringent number,
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Acetone
Dibenzofurans
Methoxychlor
Chlorophenoxy herbicides
Malathion

Parathion

Mirex

Kepone

Iron

Barium

EPA encourages'section 301(g) applicants to refer to these

documents

and human

. These documents will bhe available from EPA

on the documents and the studies contained

and use data where applicable to address aquatic life
health impacts of these nonconventional pollutants.
during 1984. Information

in the documents can

be obtained by calling EPA's Environmental Criteria and Assessment

Office in Cincinnati at (513) 684-7511.
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. . .
Criteria in

Application of

In determining whether a variance regquest is justified, the
instream water éuality 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 guality 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 qua]ify standards, or water quality

AR-31



criterion and the results of any tests required for synergism
or persistency [sée 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 Existing
B T or Applxcant Wishes to Modify Cr

ter;a/Standards

- —— ————n e a

Crit
iteria

When there. are no existing water guality standards or watef
quality criteria available for the nonconventional pollutant, it
.is recommended that the applicant derive a water guality criterion
oﬁ its own. In these cases the §pp1icant is urged to use EPA's
‘methodoliogy for developing criﬁeria numbers (45 FR 79341 Appendix
B - Guidelines for Deriving Water Quality Criteria for the ¥Frotec-

tion of Aguatic Lif
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of Water Regulations and Standards {(OWRS) approves anoth
{A summary of EPA's criterion derivation metho
in Appendix B.) EPA has made revisions to the Nov

These can be found at 49 FR 4551 {See Appendi

In any case where an applicant dﬁes 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

. . N {
which species are accurate representatives of local biota before

AR-31



approving the substituted selection. It should he noted that
the applicant must protect against human health effects.
IV. Special Considerations
1
A. Pollutant parameters (COD, TOC, TKN, Tctal phenols)
EPA recommends that section 3101(g) applicants seeking a
variance ftrom a Lollutant parameter such as COD, TDC, TKN or

total vhenols, use one of two procedures:
o EPA's criterion derivation methodology, or

o Bench scale treatments.

1. Criterion Derivation Methodology for Aguatic Life

To determine whether a pollutant parameter may quéllty for a
section 301(yg) variance using the EPA criterion derivation method-
ology ., the applicant must foliow the acute and chronic toxicity
tests reguirements prescribed in the'EPA methodology and conduct
the tests with whole effluent. For example, 1f an applicant is
deriving a criterion number for a nonconventional pollutant para-
meter such as chemical oxygéﬁ demand (COD), acute and chronic
toxicity tests must be run on the whoie effluent of which COD 1s

a component. The toxicity tests are conducted with increasingly

diluted samples of the whole effiuent rather than diluted concen-

trations of a single pollutant, The resulting criterionm number

- FR— e 1N Ry | &£ 1 P
fraction of the 100% whole sffluent., For esxample, if acute bio-
. - ~ [ FTYN o | T h e
assays are conGucieqa, tne whole seffluent should be assayed and

{LC50}) should be identified. After conducting several acute
and chronic biocassays, the resulting critericn number might be,
for example, 20% of the whole effluent, The applicant would
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have to prove that there 1is 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 permlt writer must assure that any reducticn of

a pollutant parameter concentration in the applicént's effluent
is achieved by treatment, not by increased in-plant flows.

Given the new whole effluent criterionrnumber, the applicant
would re-evaiuate the wheole etfluent concentration at the edge
of the mixing zone, {See Figures 111 and 1V.) See Appendix B,
especially sections IV - VII. Wwhere the EPA criterion derivation

methodology calls for bicassay result:

ut

such as LCS0 or ECS50

hould use the percent effluent which
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Because téxic and éonventional 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. 1f toxics are present,
they must be controlled by BAT or discharged at levels equivalent

to BAT treatment,

The apblicant is also réquired to make 2 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 1980pp_31
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human health criterien Qerivation methodologf {Appendix C at 45
FR 79347), if applicable. It is recommended that each component
of the-pallutant 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 pellutant 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
s that the section 3N1(g) variance request is based on COD
representative of applicant’'s effluent, The applicant should

list the pollutants that are in detectable guantities comprising

the COD, the percentage of these pollutants in the C0OD, and the

expected wvarianhility of these compbnents,

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 BPpT
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 significanﬁ 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 ére met, then the effect of the pollutant parameter at the AR-31
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Before using a bench scale treatment procedure, the applicant
should oufline, during the early consultation, the specific
taxicity testing or biolagical effects testing which will be used
to prove no significant impact due to the pollutant parameter,

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

toxic pollutant is part of the whole effluent that the toxic
pollutant does not affect the toxicity evaluatién of the noncon-
ventional poliutant at PMEL concen;rations.' 1f section 307(a)

toxic pollutants are part of the whole effluent, toxicity associated
with the toxic component must be isolated from any discussion or
measureménts 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 poﬁulation of shellfish,
fish and wildlife. EPA recommends discussion of these tests

during the early consultaticn,

Human health impact of the pollutant parameter must algo b

[}

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 AR-31
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methods must be approved by EPA Cincinnati and Headguarters.

3. Downstream Effects

Because the nature of many.pollutant parameters is not well
understood, applicants should demonstrate that pollutant paraheters-
such as nuériénts and oxygen demanding materials will not cause
downstream effects which violate State water guality 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.

Mixing Zones/Dilution and Fate Models

1. Mixing Zone Determination

In most cases, the impgct of a PMEL will be judged at the
edge of the State mixing zone, If the State's mixing zone provi-
éion 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 reguired to meet the criterion
number {(or applicable State water quhlity standard) at the
point of discharge. (Appendix D is a listing of mixing ione

dimensions by State.)

In some cases a State may not have a mixing zone polic¢y but
may have other parameters in its water quality standards designed
to determine water guality and the fate of pollutant discharges

after initial mixing. For example, in Pennsylvania wasteload

AR-31
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allocations and other water guality analyses are conducted assuming
complete mixing at the point of discharge. Dynamic models are
also used to evaluate the behavior of non-conservative subsfanées
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 30l(g) determinations, State water guality
standard programs which rely upon predictive models and wastelead
allocations 'in place of mixing zones should apply their models

to the 301(g) determinaticn. In seme 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 ammonia
discharge enters a highly alkaline downstream area with increased

temperature anid reduced dissolved oxygen content,

I1f the étate has no mixing zone policy or boundary but does
have approved mixing and dilution predictive models, those should
be used in the applicant's section 301l(g) completed request.

EPA guidance on mixing zones is available in the Water Quality
Standards Handbook, November 1983. Coples of the Handbook can
be obtained from EPA's Criteria and Standards Division. cCall

(202) 245-3042.

2. Marine Discharges

Wwhen 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’
ma;ine ﬁixing zone as part of its water quaiity standards. It

there is none, the applicaht should apply the zone of initial

AR-31
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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 30l(g) waiver will result in
compliance with water gquality standards and will not impact other
point and nonpoint source discharges, predictive water guality
modeling should be performed using either dﬁlution analysis or
fate and transport models. Dilution analyses using mixing zone
models are adeguate for evaluating the impact of wastewater
discharges only when the following cond;tiohs are ﬁet: {1} the
pollutant of interest exerts its méximum effectlimmediafely after
discharge and (2) either the substance is conservative or én
isolated discharge situation exists in which there is a‘single
discharger or a discharger located beyond interacticn with other
dischargers. ©Ppollutant kinetics and the travel time of the
discharge will determine whether these conditions will occcur.
Fate and transport models are, therefore, requiked 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.

wWhen dilution analyses are appropriate, the 30l(g} waiver
applicant is encouraged to use an EPA-approved mixing zone
model (Appendix F)}. These models predict the concentration of

a pollutant at a specified distance after a specified time of

AR-31
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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,
A1l computations must be based on sampling data representative
of critical conditions. The critical flow chosen for model
predictions should be approved Sy the State and EPA Region before

costly computer rescurces are expended.

The applicaﬁt may also use predictive mixing zone models but
Eirst,ﬁust gain éppro;al from the EPA Regional Administrato; and
State permitting authority. In any case, the applicant should
provide a diagraﬁ showing the boundary of the mixing zone, the
point of diséharge, and the pollutant concentration isopleths

generated in the mixing zone.

when fate and tranpbrt modeling is reqguired, the 301(95 walver
applicant is encouraged to use an EPA-approved farfield model. 1If
phyteplankton effects,on'dissolved,oxygen are significant in a-
recelving. 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 Receiving Water Application
Qual I " . rivers
Receiv II : rivers and estuaries
WASP rivers, estuaries, lakes
CLEAN lakes
LAKECO lakes
WQRRS lakes
DEM estuaries
MIT-DNM estuaries
estuaries

EXPLORE-I

AR-31



-32-

If 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:

Model Receiving Water Application
EXAMS, MEXAMS rivers, estuaries, lakes
TOXIWASP rivers, estuaries, lakes
CTAP rivers, estuaries, lakes
WASTOX rivers, estuaries, lakes
SERATRA rivers

MICHRIV rivers

HSPF rivers

FETRA rivers and estuaries

SLSA rivers and lakes

These models are described in the guidance documents listed
in Appencdix H., For further information, contact the Wasteload

Allocation Section of the Dffice of Water Regulations and Stan-

tards at (202% 382-7056.

C. Synergistic Propensities

The section 301{(g) regulation fequires an applicant to demon-
strate that synergistic pr@pensities will not cause an impact to
‘human health or aguatic 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
effect of each agent alone. For example, both tetrachloride and
ethancl are hepatotoxic agents, but together they produce much
more liver injury than the mathematical sum of their individual
effects on the liver would sugéest. For the purposes of section
30l(g), EPA recommends a broad assessment under the heading of

~Synergistic Propensities. In addressing synergism, an applicant

AR-31
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should include an assessment of the combined effects of twd or
more pollutants, an assessment of effects produced by combining
pellutants and different physical factors, and an assessment of
the potential for pollutants to combine chemically and form a
more toxic substance. To make suéh 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 nonceonventional pollutants alone,

To address this aspect a section 30l(g) applicant should be
review the literature to determine whethef its effluent or the
effluent and the receiving water will contain dangerous combinations
of pollutants. An applicant could also conduct toxiéity 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 applicable, to determine whether synergigm-is occurring in
an-applicant's effluent, These techniques could include conducting
acute and chronic bioassays on the whole effluent and separate
fractionq of the whole effluent to determine whether the nonconven~
tional component of the effluent, when coﬁbined with the toxic or
conventional'fractions, exhibits synergistic gqualities. (See
Walsh and Garnas, 1983) 1In cases whére 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 AR-31
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conuld 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-

tration 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
£
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[

amines. Another dangerous combination o
total phenols and chlorine., If the nonconventicnal peorticn of

phencls combines with chlorine, the result may be highly

[nd
Q
rr
£
P

chlerinated phencls,
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EPA strongly urges applicants to describe their plan to deter-
mine whether synergism is occurring in their effluent during the
early consultation.

D. Persistency

The section 301{(g) regulatidn 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
-pollutanf concentration will be altered (and tOVwﬁat 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 AR-31
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prépared 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 tb analyze the chemical
structure and propefties of the pollutant. The octanol-water
partition coefficient, the degree of halogenatibn, the molecular
weight of the compound can help correlate the biological activity

of structurally related cdmpounds to the physical parameters of

the chemicals.

. a - —~T Y. - —-
E. Indicator Pollutants

An applicant can receive consideration for a section 30l(g)
‘variance only under very specific conditions. 40 CFR 125.3(9}
of the Environmental Permit Regulations states that if a pollutant
is being used as an indicator fgor a toxic or conventional peollu-
‘tant it cannot be considered for a section 301(g) variance.
However, a nonconventional pollutant may be considered for a
section 30l(qg} 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. Tctal Phenols

In keeping with the NPDES Litigation settlement of June 7, AR-31



-36~-

1982, EpPA rec0gnizes.that total phencls_may be considered for
section 30l(g} variance requests as long as certain conditions
‘are met. Because total phenols (as tested by 4AAP)} is a pollutan:
parameter, it would be subject to the fequiréments 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 éresent
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
applicént should establish critical design conditions during
early consultations with State and EPA officials. in some cases,
State water quélity 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 Wastelo§9 Allocation
Section of the office of Water Regulations and Standards. These
guidance documents outiine procedures for determining the critical
temperature, pH, and flow conditions that should:be used in
steady ﬁtate mixing zone or fate and transport modeling of streams
and rivers. Futuré documents will be prepared on appropriate

design conditions for steady state lake and estuary modeling.

AR-31



in the absence of EPA guidance on lake and estuary design
conditions, the applicant should consider water guality modeling
in the waterbodies during pericds of minimum dilution. 'fhe.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 pericds 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 3H1(h).waivers. ‘The 301(h) program
regquires that the zone of initial diiution 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

il aE S
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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 béth the applicant and the
State and Regional representatives]hold an early consultation and
determine what is expected from each applicant before a ccmpleﬁed
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 completed reguest,
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B. Toxic Pollutants (Xot eligible for a 201l{(g) wvariance)

The following comprise the list of toxic pollutahts
designated pursuant tec section 307(a)({l) of the Clean Water
Act. .

Acenaphthene
Acrolein
Acrylonitrile
Aldrin/Dieldrin -
Antimony and compounds
Arsenic and compounds
Asbestos
Benzene
Benzidine
Beryllium and compounds
Cadmuim ani compounds
Carben tetrachloride
Cr.ordane (technical mixture and metatclitec)
Crnicrinated benzenes {(otner than dichlorobenzenes)
Crhlorinated ethanes (including 1,2-dichloroetharne,
.l ,l=wrichlorocethane, and hexachloroethane)
Chriocalxy: ethers (chlorcethyl and mixed ethers)
Crnliorinazed naphthalene
r.orinated chenols {other than those listed elsewhere:
incluies trichlcrcocphencls and chlorinated crescls)
Chlorecform -
z—chicrognencl
Crnromiam and compounis
Copper and compounis
Cyvanides
DDT and metadolites
Dichlorcbenzenes (1,2-, 1,3-, and l,4-dichlorobenzenes)
Dichlorobenzidene ,
Dichlorcethylenes (1,l-, and 1l,2-dichlorocethylene)
2,4-cdichlorophenol
Dichlcropropane and dichloropropene
3C. 2,4-dimethylphenocl
3i. Dinitrotoluene
32. Diphenylhydrazine
33. Endosulfan '
34. Endrin and metabolites
35, Ethylbenzene
36, Fluoranthene
37. Haloethers {(others than those listed elsewhere;
includes chloroghenylphepnyl 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
bromeform, dichlorobromomethane)

- L] . .

.

PAAs @ o o W N
[WARN AN PO N S T o I .
T oa - - - .

b p s
.

—+
| o)
.

et pe
m -
L]

Y=}

YR AT U U S PO RN 5 B
L

B R RO BRI R R BRY R RN B

W0 o
.

The term "compounds"™ shall include organic and inorganic
compounds. ‘ AR-31



39.
40,
41.
42.
43,
44.
45.
46,
47,
48.
49.

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

56,
57,
58,
59.
60.
6l.
62.
63.
64.
65.

[44 FR 44502, July 30, 1979, as amended at 46 FR 2266,
Jan.8, 1981; 46 FR 10724, Feb 4, 1981])

Heptachlor and metabolites
Hexachlorobutadiene
Hexachlorocyclohexane
Hexachlorocyclopentadiene
Iscphorone
Lead and compounds ‘
Mercury and compounds ’
Naphthalene
Nickel and compounds
Nitrobenzene
Nitrophenols (including 2,4-dinitrophenol,
dinitrocresocl)
Nitrosamines
Pentachlorophenol
Phenol
Phthalate esters :
Polychlorinated biphenyls (PCBs)
Polyaromatic hydrocarbons (inclucing
benzanthracenes, Dbenzopyrenes, benzo-
fluoranthene, chrysenes, dibenzoanthracenes,
and indenopyrenes) ’
Seleniur and compounds

ilver and compounds )
2,3,7,8B-tetractlorocibenzo-p~cioxin (TCDD)
Tetrachlorecethylene
Thallium and compouncs
Toluene
Tcxaphene
Trichlorcethylene
Vinyl chloride
Zinc and compounds

AR-31



C. MAJOR NONCONVENTIONAL POLLUTANTS

The following nonconventional pollutants are common to a grea:

numdber of industrial dischargers and as such are expected to be
limited by effluent guidelines for some industrial subcategories.

Eluminum

Ammonia

Barium

Chemical Qxygen Demand

Crlorine

{CCD)

nonconventional in the Pest:
red as toxic)

cides

AR-31



APPEXDIY B

The following apmendix contains the two sets of gquidelines for
deriving water gualivy criteria as presented by EPA on Novermber
28, 1980 in the Federal Register (45 FR 79341). The first set

of quidelines (Apperdix B) is interded for deriving water dquality
criteria which protect aguatic 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 should be applied in a 301(g) assessment if there
are no existing EPS water quality criteria or State water quality
standards for the nonconventional pollutant in question.

Appendix B—Guidelines for Deriving
Water Quality Critera for the Protection
of Aquatic Life and Its Uses

Intreduction

This version of the Guidelines
provides clarifcations, additional
details, und technical and edilorial
changes in the Jast version publisked in
the Federal Register [44 FR 15570 March
15, 1979)]. This version incorporates
changes resulling from comments on
previous versions and from experience
guined during U.S. EPA’s use of the
previous versions. Fuhire versions of the
Guidelines will Incorporate new idess

and data s their usefalnens is
demonatrsted.
Criteria may be sed o several

forms. The numerical form is commonly
ussd, but descriptive and procadural
forms can be used tf numerica) criteris
are not possible or desirable. The
purpose of these Guidelines is to
describe an objective, Internally
consistent and appropriate wayof

" deriving sumerica] water quality criteria
{or the protection of the uses of as well
&3 the presence of, aquatic organisma.

A numerical critarion might ba
thought of as an esiimate of the highest
concentration of 4 substancs in water

- which does not present g significant risk

1o the aquatic organisms In the waler

and thelr uses, Thus the Guidelines are
intended to derive criteria which will

protect aquatic conmunities by

protecting most of the species and their
uses most of the time, byt not .

AR-31



79342

Federal Register / Vol. 45, No. 231 / Friday. November 28, 1880 / Notices

neceasarily all of the species all of the
time. Aquatic communities can tolerate
some siress and occasional adverse
2ffects on a few species, and so total
protection of all of the species all of the
time {2 not necessary. Rather, the
Guidelines attempt ta provide a
reasonable and adequate amount of .
protaction with only s small possibility
of considerable overprotection or
underprotection. Within these
constraints, {t eeems sppropriate to err
on the side of overprotection

The numerical aquatic life criteria
derived using the Guidelines are
expressed 83 two numbers, rather than
the raditicnal one number, so that the
criteria can more accurately reflect
toxicological and practical reslities. The
combinatcn of both a maximum value

and a 24-hour average value i3 designed

to provide adequatie protection of
aquatic life and its uses from acute and
chronic loxicity to animals, toxicity to
plants and bloconcentration by aquatic
organisms without being as restrictive
as a one-number criterion would have to
be to provide the ssme amout of
protection. The only way to assure the
same degree of protection with & ane-
pumber eriterion would be to use the 24-
bour average a5 & concentration that is
not to be exceeded at any time in any
place. .

The two-number criterion is {ntended
to identify an sverage pollutant
concentration which will produce a ¢
waler qualtiy generally suited to the
mainienance of aquakic life and its uses
while restricting the extent and duration
of excursions over the average 10 that
the total exposure will not cause
unaccaptable adverse sffects. Marely
specifying an average value over a time
period I» insufficient, enless the period
of time !z rather short, because of
concentration higher than the aversge
value can kill or cause substantial
damage in skort perfods. Furthermore,
for some substances the affect of
intermittent high sxposures is
cumulative. It is therefore necessary to
place an upper limit on pollutant
concentrations to which aquatic
orgenisms might be exposed. sspecially
when the maxinnum velue is not much

er than the average value. For some
substances the maximum may be so
much higher than the 24-hour sverage
that in gny real-world situstion the
maximum will nsver be reached if the
24-bour average Iy achieved. In such
cases tha 24-hour iverage will ba
limiting and the maximum will kave no
peactical significance, except to indicats
that elevated concentrations are
-acceplable as long as the 24-bour
averuge Is achieved.

" ‘Theae Guidelines have been
developed on the assumption that the
results of laboratory tests are generally
useful for predicting what will happen in
fleld situations. The resulting criteris are
meant {0 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 1o be
considered, but not necessarily
protected, if relevant dats ars available,
with at least onw specific exception. This
exception Is the accumulation of
residues of organic compounds in the
siscowet subspecies of lake trout which
vccurs (n Lake Superior and contains up
to 67% fat in the fillets (Thurston, CE,
1962, Physical Characteristica and
Chemical Composition of Two
Subspecies of Lake Trout, J. Fish. Res.
Bd. Canade 19:39-44). Neither siscowat
nor crganisms in the Grest Salt Lake are
intenlionally protected by these
Guidelines because both may be too
atypical,

With appropriate modifications these
Guidelines can be used to derive crteria
for any specified geographical area,
body of water (such a0 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 adequste information is
available concemning the effects of the
substance of concern on appropriate
species and their uses. However, the
basic concepts descibed in the
Guidelines should be modified only
when scund scientific evidence
indicates that a criterion produced using
the Guidelines would probably
significantly overprotect or underprotect
the presencs or uses of aquatic life.

Criteria produced by these Culdelines
ara not enforceable numbers. They may
be used in devaloping enforceable )
pumbers, such as water quality
siandards and effluent standarda,
Howaver, the development of standards
may take into account additional factors
such associal, tegal. economic, and.
hydrological considerations, the
snvironmenta! and analytical chemistry
of the substance. the extrapolation from
Iaborstory data to fleld situetions, and
the relationship betwaen the species for

. whick deta are available and the

species which ars to be protacted.
Because fresh water and sall water
(ineluding both estusrine and marine
waters] have basically different
chemical compositions and becauss
freshwatar and saltwater species rarely
inhabit the same water simultanecusly,
separais criteria should be derived for
these two kinds of waters. Howwver, for
some substances sufficient data may not

be available to allow derivation of one

" or both of these criteria using the

Guidelines.

These Guidelines are meant to be
used after & decision is made that a
criterion is needed for a substance. The
Guidelines do not address the rationale
for making tha! decision. If the potent:al
for adverse effects on aquatic life and
its uses are part of the basis for deciding
whether or nol a criterion is needed for
a subslancs, thes# Guidelines may be
helpful in the collaction and
Interpretation of relevant data.

1 Define the Substance for Which the
Criterion Is To Be Derived
A. Each separate chemicsl which

. would not ionize significantly in most

oaturai bodies of water should usualiy
be considered = separate substance,
excep! possibly for structurally simila:
organic compounds that only differ in
the nueber and localion of atoms of a
specific halogen. and only exist in farge
quantities as comumercial mixtures of the
various compounds, and apparently
have similar chemical, biologicel, and
toxicological properties.

B. For chemicals, which would loaize
significant]ly in mosi natural bodies of
water, such as Inorganic salts, organic
acids and phencls, all forms that would
be in chemical equilibrium should
usually be considered one substance
For metals, each different valence and
each different covalently bonded
organomelallic compound should
usually be considered a separate
substance.

C. The definition of the substance may
also need to take into account the

.analylical chemistry and fate of the

substance.
II. Collect and Review Avoilable Dota

A. Collect all available dats oa the
substance concerning (1) toxicity to, and
bicaccumnulation by, aquatic animals
and plants, {2} FDA action leveis, and
{3) chronic feeding studies with wildlife.

B. Discard all daia that are pot
svailable in hard copy (publication,
manuscript, letier, memorandum, etc.)
with encugh supporting information to
indicate that acceptable test procedures

- ware used and that the results are

relizble. Do not assume that all
published data sre acceptable.

C. Discard questionable data. For
wxample, discard data from tests for
which no control treatment existed. in
which too many organisma in the control
treatmsent died or showad signs of stress
o disease, or {n which diatilled or
defonized water was used as the
dilution water for aquatic organisms.
Discard data on formulated mixtures
and emulsifiable concentrates of the
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necessarily data on lechnical grade
material,

D. Do not use data obtained using:

1. Brine shrimp, because they usually
oniy ococur naturaily in waier with
salinify greater than 35 g/kg.

2. Species that do not have
reproducing wild populations resident
in—-Yul not necessarily native to—North
America. Resident North American
species of fishes are defined as those
listed in A List of Eommon and
Scientific Names of Fishes from the.
United States and Canada™, 3rd ed.,
Specis]l Publication No. B, American
Fisheries Sociely. Washington, D.C.,
1970. Dats obtained with non-resident
species can be used to indicate
relationships and possible problem
areas, but cannot be used in the
derivation of criteria.

3. Organisms that were previously
expased to significan! concentrathons of
the test material or ather pollulants.

i Alnimum Dota Base

A. A minimum smoun! of dats should

be avsilable to help cnsure that each of
the four major kinds of possible adverse
effects receives some consideration.
Results of acute and chronic toxicity
tests with a reasonable number and
vanety of aquatic animals are necessary
sa that data availzble for tested species
can be considered a usefu! indication of
the sensitivities of the numerous
unlesled species. The requiurements
concerning toxicity to aquatic plants are
less stringent because procedurss for
conducting tests with plants are not as
well developed and the interpretation of
the results is more questionable. Data
concerning bioconcentration by aguatic
srganisins can only be used if other
relevant data are available.

B. To derive = criterion [or freshwaler
aquatic life. the following shauld be
available: .

i. Acuie tents (see Section IV]) with
freshwater animals in at lesst wight
differant families provided 1hat of the -
wight species:

—at least one is a salmonid fish

—at least one is a non-salmonid fish

—a1 least one is a planktonic crustacean

—at least one is a benthic crustacean

—at least one is & benthic insect

~at least one of the benthic specles (s a
detritivore

2. Acute-chronic ratios (see Section
V1) for at lsast theas apecies ol aquatic
animals provided that of the three

- species:
—atjeast one Iy a fish
—at least one is an invertebrate
—5t Janst ona iz 2 freshwater species

({the other two may be saliwater

species)

3. At lesit one 185t with a freshwater
glga or a ehronic test with a freshwater
vascular plant {see Section VIII). I
planls are siong the aquetic organisms
that ere most sersitive ig the substance,
{esis with mere than one species Ahould
be available,
4. Atleast one acceplable
bioconcentration factor determined with
an equatic animal species, if & maximum
permissible tissue concentration is
available (see Section 1X).
C.To darive = grilerion for caltwater
agquatic life. the following should be
available:
1. Acute tests [see Section IV) with
saltwater animals in at least eight
differant familias provided that of the
eight species: :
—at least twg diflerent fish families are
iricluded
—at least five different Invertebrate
famulies are included

~—etither the Mysidae or Penneidae
family or both are included

—=&t least one of the invertebrate
farmilies ia in a phylum other than

Arthropoda

2. Acule-chronic ratios {sews Section
V1} for at least three species of squatic
arimals provided that of the three
species:
~~at least one is a fish
—at least one is an invertebrate
—at leasi one is & saitwater apecies [the

other two may be freshwater species)

3. At least one test with a saliwater
tlzz or & chronic test with 5 zaltwater
vescular plant {aee Section VIII). If
plants are armnong the aquatic arganisms
most sensitive to the substance, tests -
with more than cne species should be
svailabla.

4. At least one acceplable
bioconcentration factor determined with
an sguatic animal species, if a maximum
permissible tisave concentration is
avaiiabie {see Section LX}.

D. if al] the requirements of the
minimum dalx base are mel, a crilerion
can usually be derived. exceptin special
cases. For example. & crilerion might not
be poasibie if the acute-chronic ratios
vary greaily with no apparent pattern.
Alzo. if 8 criterion is to be related i &
wa'er quality characteristic, {see
Sections V and V1), more dats will be
necessary. '

Similarly, f the minimum data
requirements irs ool satisfled, generally
a criteripn should not be derived. excapt
in special cases. One such special case
would be when less than the minimum
amount of acute and chronic data are
svailable, byt the avaiiable data clearly
indicate that the Fina! Residus Value

would ba subatantislly lower than sither.

i+ LX)

the Final Chronic Vslue or the Final
Plant Value.

A. Appropriate measures of the acule
{short-

term) toxicity of the subsiance fo
varicus speciss of aquatic animals are
used to calculate the Final Acute Value.
1] acute values are available for fewer
than twenty species, the Final Acule
Value probabiy should be lower than
the Jowewt value. On the other hand. if
acute values are svailable for more than
twenty species, the Final Acute Value
probably should be higher than the
iowsst value, unjess the most s2nsitive
species iz an important one. Ahhough
the procedure usad to czlculate the Firel
Acute Value has s3ome limitations. it
apparently is the best of the procedures
cuwrently available.

B. Acute toxicity tests should be
conducted vsing procedures such as
thoae deacribed in:

ASTM Standard E 729-80, Practice for
Conducling Acute Toxicity Tests with
Fishes, Macroinvertebraies, and
Amphibianas. Ameniean Society for
Tesling and Materials, 1816 Race Street,
Philadelphia, PA 19103,

ASTM Standard E 724-80, Practice for
Conducting Static Acute Toxicity Tes!s
with Larvae of Four Species of Bivalve
Moiluscs, American Society for Tesung
and Msierizls, 1918 Race Street,
Philadelphia. PA 19103. ‘

C. Results of acute tests in which focd
was added fo the test solutions should
not be used. because this may .

unnecessarily affect the results of the
tes!,

D. Results of acute iests conducled
with embryos should not be used (but
see Secltion IV E.2). becauie-1bis is often
an insensitive-life stige.

E. Acute values should be based un
endpoints and lengths of exposure
appropriate o the life stage of the

‘species tested. Therelore, only the

foiiowing kinde of dais on acuie ioxicity
to aquatic anima!s should be used:

1. 48-hr ECS0 values based on
immobilization and 48-hr LC50 values
fot firat-inster {less than 24 hours old]
daphnids and other cladocerany. and
second- or third-instar midge larvae.

2,48 = 0%-hr ECEo values based on
incomplete shell development and 48- 1o
90-br LCS0 values for embryos and
larvae of bamacles, bivalve molluscs
{clams, mussels, oysters, and scallope},
sea wiching, lobsigrs, crabs, shrimps.
and sbalones. .

A oahr ECS0 values based on
decressed shell deposition for oyaters.

4. 96-hr EC30 velues on
immobilization pr Joss of equilibrium or
both and 98-hr LCS0 values for aquatic
snimals, except for cladocer=ne, midges,
and animais whose behavior or
physiclogy allows them to avoid
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axposure o toxicant or for whom the
acuts adverse affect of the axposure
cannot be sadequatsly measured Such
frshwaler and saltwater animala
include airbreathing mollusca, unionid
clama, operculate snails, and bivalva
malluscs, except for soma speciss that
csnnaot “close up” apd thus prevant
expoaure lo toxicant, mti ] t:u bay
scallop {Argopecten irradians

F. th the use of LC30 or EC50 values
for durutions akorter apd longer than
thoss listed above, 3ee Section X.

G. If the scute toxicity of the
substance 10 saqualic animala has been
shown to be related to & water quality
characteristic such a3 herdness for
freshwater organismy or salinity for
saltweler organisms, & Final Acute
Equation should be derived based on
that water quality charactaristic. Co to
Section V.

H H the acute toxicity of the
substance has not been adequately
shown to be related fo & water ?n.uh'ry
characteristic, for each species for
which at lesst one acute value is
aveilable, calculate the geomatric mean
of the results of ail flow-through teats in
‘which the toxdcant concentrations were
massured. For & species for which no
such resull is available, calculate the
geometric mean of all available scute
values. Lo, results of fow-through tests
{n which tha txicant concantrations
were nat messured and regulta of static
mnd renswal tests based on initial total
toxicani concentrations.

Note—The geomatric mesn of N numbers
Is pbisined by taking the N** root of the
product of N pumbers. Alternalively, the
grometric maan can be calculated by adding
the logarithma of tha N numbers. dividing the
mbyN.tndhkin‘ﬂuurﬂo?of!ht :
quotient. The tric mean of twa numbers
can also be sted as the sgoare roct of
the peoduct of the two pumbers. The
geometric mean of oo number is that
nurnber, Eithar satursl (base 4] of cotamnon
(base 10) bogarithms can be wsed to calculale
geometric means as long aa they are wsed
consistently within sachk set of dala, La. the
antilog used must maich the logarithe used.

L Count the numberwN of spacies for
which a species mean acute vafue is
available.

}. Order the species mean scute
values from low to high Take the
common logarithms of the N values {log
mean values). :

K The intervals (cell widths) for the
lower cumelstive proportion
calculations are 011 common log units
spary, starting from the lowest log value.
The value of B.11 is an estinsate of
aversge jon and was calculatsd
from repiicate species acute values.

L. Starting with the lowest log mean
value, separate the N values into

:lmala {or cslla) calculated in Step IV.

M. Calculata cumulativa proportions
for each non-empty htervl.r by summing
the number of values in the prasent and
all lower [ntarvals and dividing by N.
These calculations only need to be done

* for the first three non-smpty intervala

{or cells).

N. Calculats the arithmetic meaz of
the log mean values for aach of tha three
intervals.

O. Using the two interval mean acule
values and cumulative proportions
closest to 0.05, linearly extrapolate or
Interpolste to the 0.05 log concentration.
The Final Acute Value is the antilog of
the 0.05 concentration.

In other words, where
Prop(1) and cone{1) are the cumulativa

roportion and mean log value for the
cwest non-eropty interval.

-Prop{2) and conc{2) ars the cumulative

proportion and mean log value for the
second lowest non-empty interval
A = Slope of the cumulative proportions
BwThe 0.05 log value
Then: ]
A =[085~ Prop{1j]/[Prop{2) - Prop{1)}
B=canc(1)+ A [conc(Z)--canc{1)]
Final Acute Value =208
P.If for an Important species, such as
a recreationally or commercially
important species, the geometric mean

-of the acute values from figw-through

tests in which the toxican!
concentrations were measured is lower
thay the Final Acute Value, then that
geometric mean should be used as the
Final Acute Value.

Q. Go 1o Section V1.

V. Final Acuts Equation

A. When enough data are available to
show that acuts toxdcity to two or more
species s similarly affected by a water
quality characteristic, this sffect can be
taken fnto account as described below.,
Pooled regression analyeis should
produce similur results, although dats
available for individuel species would
be weighted differently.

B. For each species for which
comparable aciits toxicity values are
available at two or mors diffarent
values of a water quality charscteristic
which apparently alfects toxdcity,
perform a least squares regression of the
patural logarithms of the acuts toxddity
values on the natural logarithms of the
values of the water quality ,
characteristic. (Natural Jogarithms
{logarithms to the base ¢, denoted as In]
are used herein merely because they are
eksier to use on some band calculators
and computers than common logatithms
[logarithms to the base 10]. Consistent
use of either will produca the same

result.) No transformation or a different
transformation may be used if it fils the
dala better, but appropriate changes wii!
be necessary throughout this section.

C. Determing whether or not each
acuts alops s meaningful, taking into
account the rangs and number of values
of the water quality characteristic
tested. For example. a slope based oc
four daia points may be of limited value
if it {s basxd only on data for a narow

. range of values of the water quality

characteristic. On the other hard »
slope based on only two data poinis
may be meaningful if It 1s consisten:
with other Information and if the two
points cover a broad enough range of
the water quality characteriatic. If
meaninghul slopes afe not available fo:
at least two species or if the availabie
slopes are not similar, return to Section
IV. H., using the resulls of testy
conducted under conditions and .»
water similar ta those commonly used
for toxicity tests with the species )

D. Calculate the mean acute slope [\
as the arithmetic average of 8]l the
meaningful acute slopes for individual
species.

E. For vach species calculate the
geometric mean (W) of the acute toxic:ty
values and the geometric mean [X) o!
the related values of the water qualily
characteristic. )

F. For each species calculate the
logarithmic intercept [Y) using the
equation: YeIn W— V(o X).

G. For gach species calculate the
species mean acute intercept as the
mn‘lag of Y. .

H. Obtzin the Final Acute Intercept by
using tha procadure described in Section

V. 1-0, except insert “Iotercept” for

“Velys™, .

L If for an {mportant species, such 83 a
recreationally or commereially
important speces, the intercept
calculated only from results of flow-
through tests {n which the toxican!
concentrations were measured is lower
than the Final Acute Intercept. then that
Intercept should be used s the Final
Acuts Intercapt. -

1. The Pinal Acute Equation ia written
s .(\' undity sharssiaristic] +in ﬂ. wh'm
V=maan acote slope and Z=Final
Acuts Intercept.

VL Final Chronic Valus

A. The Final Chronic Value can be
calculated in the same manner s the.
Final Acute Valus or by dividing the
Final Acute Valus by the Fina! Acute-
Chrosic Ratio, depending on the data
available. In some cases it will not be
possible to calculaie a Final Chronic
Value.

B. Uie only the results of fow-through
(except renawal is acceptable for
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daphnids) chronic tests in which tha
concentralions of toxitant in the test
solutions were measured. ‘

C. Do not use the resulis of any
chronic test in which survival, growth,
or reproduction ameng the controls wes
unaccepiably low.

D. Chroaic values should be based on
endpoints and lengths of exposure
appropriate to the species. Therefore,
only the resulta of the following kirds of
thronic loxicity tests should be vsed:

1. Life-cycle toxicity tests consisting
of exposures of each of several groups
of individuals of a species to a different
concentration of the toxican? throughout
a life cycle, To ensure that gli life stages
and life processes are exposed. the test
skould begin with embryos or newly
katched young less than 48 hours old
(less Lhan 24 hours old for daphnids).
contipue through maturation and
reproduction. and with fish should end
not less than 24 days {30 days for
salmonids} after the hatching of the next
generation. For fish. data should be
chtained and analyzed on survival and
growth of adults and young, mataration
of males and famales. embryos spawned
per female. embryo viability (salmcnids
only) snd hatchability. For daphnids,
data should be obtained and anaslyzed
on survival and young per female.

2. Partial life-cycle toxicity lesta
consisting of exposures of each of
several groups of individuzals of &
species cf fish 1o a different
concentration of the toxican! through
most portions of a [ife cycle. Partial life-

" cycle tesls are conducted with fish
species thal require more than & year (o
reach sexual maturity, so that the test
can be completed in less than 15
months, bul stil] expose all mejor Jife
stages to the loxicant. Exposure 1o the
toxicant begine with immature juveniles
at ]east 2 montha prior to active gonad
development, continues through
maturation and reproduction, and enda
nol less than 24 days (90 days for
salmonids) sfier the hatching of the next
generation. Data should be obislned and
analyzed on survival and growth of
adults and young. maturstion of males
and females, embryos spawned per
female. embrya viability (salmonids
only) and hatchability.

3. Early-life-gtage loxicity lests
consisting of 28- to 32-days (80 days
post-hatch for salmonids) exposures of
the zarly life stages of u specien of fish
from shortly after fertilization through
embryonic, larval, and early juvenile
development. Daia should be obteined
and analyzed on survival and growth.

E Do not use the results of an early-
life-stage test if results of a life-cycle or
partial Life-cycle 1eal wilh the same
species are available.

F. A cluonic value is obtained by
celevlatling the geometric mean of the
lower and upper chronic limits from a
chronic test. A lower chronic limit {1 the
highes! tested concentration {1) in an
acceptable chronic test, {2) which did
not cause the occurrence {which was
statistically significantly different from
the control at p=0.05) of & specified
adverse effect. and (3) below which no
tested concentration caused such an
occurtence. An upper chronic limit is the
lowes! lested concentration (1) in an
acceplable chronie test. {2).which did
cause the occwrence (which was
-atatistically significantly different from
the control at p=0.05) of & specified
adverse effect and (3) ahove which all
tested concentrations caused such an
OCCU_I’I‘EHCE.

Note.~~Various sutkors have used »
variety of 1erms and definitions 1o interpret
the results of chronic (ests, 30 reported
results should be reviewed carefully.

G. If the chronic toxicity of the
substance {o aquatic animals has been
adequalely shown to be related to &
water quality characteristic such as
hardness for freshwater organisms or
salinily for saltwater organisms, a Final
Chronic Eguation should be derived
based on that water quaslity
characteristic. Go 1o Section VIL

H. U chronic values are aveilable for
eight speciet as described in Section IL
B.1or Il C.1, a species mean chronic
value should be calculated for each
species for which et least one chronic
value is available by calculeting the
geometric mean of all the chronic values
for the species. The Final Chronic Value
should then be obtained using the
procedures described in Saction IV. 1O,
Then g0 to Section VI M,

1. For each chroaic value for which at
teast one approprisie acute value is
available, calculate an acute-chronic
ratio, using for the numerator the
arithmelc average of the results of all
standard Bow-through acute tests in
which the concentrations wers
messwred and which are from the sams
study as the chronic test. If such an
acuie test is not available. me for the
numerator the results of a standard
acute test performed at the same
lsboratory with the same species,
toxican? and dilution water. If no such
scute test Iy available, use the species
mean acute value for the numerator,

Nola.—1If the scute toxicily or chronic
toxiclty or both of the substance have besn
adequalely shown o be related to s water

ualtty characteriatic, the numeraior and the
enominalor must be based on terta
performed in the same water. -

J. For each species, calcuate the
apecies mean acute-chronic ratio as the

geometric mean of all the acute-chronic
ralios available for that species.

K. For some subifances the species
mean acute-chronic ratio seems to be
the same for all species. but for other
substances the ratio aeems 1o increase
as the species mean acute value
increases. Thus the Final Acute-Chronic
Ratio can be cblained in two ways,
depending on the date available.

1. If no major trend is spparent and
the acute-chronic ratios for a number ol .-
species are within a factor of ten, the
final Acute-Chronic Ratic should be
calculated as the gaometric mean of al)
the species mean acute-chronic ratics
sveilable for both freshwater and
saltwater species.

2 If the species medn acute-chronic
ratio seems to increase as the species
mean acule value increases, the value of
the gcute-chronic ratio for species
whose acute values are close 1p Lhe
Final Acute Value should be chosen as
the Final Acute-Chronic Ratio.

L. Calculale the Final Chronic Value
by dividing the Final Acute Value by the
Fina} Acute-Chronic Ratic.

M. If the specias mean chronic value
of an important species, such asa
commercially or recrestionally
imporiant apecies, is Jower than the
Final Chronle Value, then thal species
mean chronic value shouid be used as
the Final Chronic Value.

N. Go to Section VIIL

VII. Final Chronic Egquation

A_For each species for which
comparable chronic toxicity values are
available al two or more differeat
values of a water quality characteristic
which apparently affects chronic
toxicity, perform a lesal squares
regreasion of the natural logarithms of
the chronic toxicity values on the
natural Jogarithmy of the water quality
characteristic values. No transformation
or a different transformation may be
used if it fils the data better, but
sppropriate changes will be necessary
throughou! this section. It is probably
preferable, bul not necessary. to use the
same transformation that was used with
the acute values in Section V.

B. Determine whether or not each
chronic slope s meaningful. taking into
account the range and number of values
of the water quality characteristic
fested. For example. & slope based on
four data points may be of limjted value

_if itis based only on deta for s narrow

range of values of the walsr quality
characteristic. On the other hand. s
siope based on only two data points
may be meaningful if it {s consistent
with other information and if the two
points cover a broad encugh range of
the water quality characteriatic. If 8
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weaninghd ¢ ic is oot
waﬂul::t for st least one spacies. return
to Section VI. H.

C. Calcufate the mean chronic slope
(L} as the arithmetic average of ali the
raeaainghul chronle slopes for individusl
apecies.

D. For each species calculate the
geometric mean (M) of the loxicity
values and the geometric mean (P) of the
reinted values of the waier guality
characteriatic.

E For each species calculate the
logarithmic intercept (3} uaing the
equation: Q=In M—L{In P).

F. For each apecies calculate 2 species
mean chronic intercept as the antilog of
0 ‘
~'G. Obtain the Final Chronic Intercept
by using the procedure described in
Section IV. I-0. except inserl
“Intercept™ for “Value™.

H I theapacies mesn chronic
intercept of an important species, such
as 8 commercially or recreationally
important apecies, is lower than the
Fina] Chronic Intercepl then that
species mean coonic intercept should
be vsed as the Final Chronic Intercepl.

1 The Fiaua Chronic Equation iz
written ag & LleWeier yaenu harvcteiou «
® where L=mean chronic slope and
R Final Chronic intercept.

Viil. Finol Plant Value

A, Appropriate measures of the
loxicity of the subalance to aquatic
plenta are used to compare the relative
sensitivities of aquatic plants and

anim
animala

B. A value Is & concentration which
decreased growth (&3 measured by dry
weight, chlorophyll, ste.} Lt a 86-kr or
longer test with &n alga or in & chronic
ieat with so aquatic vascular plaat.

C. Obtain the Final Planl Value by
selecting the lowest plan! value from a
tes! in which the toxican! concentrations

were maasured.

IX. Final Residue Volue

A_Tha Final Residue Value ia derived
in order to {1) prevent comusarciaily or
recrestonally important aquatic
organisms from exceeding relgvant FDA
actica [svels and [2) protect wildlife,
Including fishes and birds, that eat
aguatic orgaaisms from demopstrated
adverse efacts. A residue value is
calculated by dividing & maximum
permissible tisvoe concentration by an
appropriais bloconceniraiion iacior
{BCF} where the BCY 1s the quotient of
the concentration of 8 snbstance in alf
or part of an aguatic organism divided
by the concentration in water to which
the organism has been exposed A
maximum permissible tiszae
conceatratios ts elther {1} an acton

lavel from the FDA Administrative
Guidelines Manus! for fish oil of for the
edible pertion of fish or shellfish. or (2) 2
maximum scceplable dietary intake
based on chservationa on survival,
growih or repreduction n a chronic
wildlife freding study. If no maximum
permissible tiasue concentration is
available. go to Section X because no
Final Residue Value can be derived.

B. 1. A BCF determined in a
laboratory lest should be used only if it
wae calculated based on measured
concentrations of the substance in the
test solution and was based on an
exposure that continued until either
steady-siate or 28-days was reached.
Steady-atate is reached when the BCP
does not change significantly overa
peried of time, such as two days or 18
percent of the length of the exposure,
whichever is {onger. If u steady-state
BCF is oot avsiiabie for a species, the
available BCF for the longest exposure
ovar 28 days should be used for that
species. .

2 A BCF from u field exposure should
be used only when it is known that the
concentration of the subsiance was
teasonably constant for & long enough
period of time over the range of territory
inhabited by the organisms.

3. if BCF values fram Held exposures

" are consistently Jower or higher than

those from Iaboratory expesures, then
only those values from field exposures
should be ugad if possible.

4. A BCF should be caloulated baged
on the concentration of (he substance
and its metabolites, which sre
structurally similar and are pot much
more soiubie in waier than ibe parent
compound. in appropriate tssue and
should be correcied for the
concentration fn the organisms at the
beginning of the test.

3. A BCF value obtained from a
laboralory or flald exposure that caused
an observable adverse effect on the iest
organism may be ased only if it {s
aimilar to that nbtained with unaffected
organisms at lower concentrations in the
same test, -

8. Whenever a BCF is determinad for
a lipid-soluble substance, the percent

Upids should alss bs determined ia the

" tissue for which the BCF was calculated.

C. A BCF calculated using dry Hsaue
weights must be converted 1o & wet
tisaue weight basis by multiplying the
dry weight BCF vaius by 0.1 for -
plankton and by 02 for individual
species of fishes gnd lovertebratee.

Noie.—Tha values of 0.2 and 0.1 werw
derivad from dats sublished in:

McDiffety, W. F., 1070 Ecology 51975988,
Brocksen. R W. ol al 1088 |. Wildlifs
Mansgement 32:52-75%

Cummins, IC W.. a1 al 1073, Renloay M- 204
)8

snd Drug Adminisnration 1889

Love, R M, 1887, In The Physiciogy of Fishes,
Vol L M. E Brown, ed. Academic Press,
Mew York p. 411.

Ruttner, F.. 108). Fundamentals of Limnoclogy
3rded. Trans. by D.C. Freyand F E| Fny
Univ. of Toronto Press, Torentlo.

Some sdditional valuss can be found in

Scultherne, € D, 1987, The Riolosy of
Agquatic Vascular Plants. Arnold Publishing
Lid., londoa, .

D. If enough pertinent data exist,
several residue values can be calculated
by dividing maximum permissible lissue
concentrations by appropriate BCF
values.

1. For each available maximum
acceptable dietary intake derived from a
chronic feeding study with wildiife,
including birds and agquatic organisms
the sppropriate BCF ia based on the
whole body of squatic species which
constitute or represent a major porion
of the diet of the tested wildlife species.

2. For an FDA uaction level, the
sppropriste BCF is the highest geometric
mean speciea BCF for the edible portion
(muscle for decapods. muscle with or
without skin for fishes. adductor muscle
for scallops and tolal living tissue for
other bivslve @molluscs) of & consums
species, The highest species BCF is used
because FDA action levels are applied
on a species-by-species basis.

E_ For lipid-soiuble substances, it may
be possibie (0 calcuiste addidonai
residue values. Because steady-state
BCF values for a linid-soluble chemical
sesm Yo be proportional to percent hipids
from ope tissue to another and from one
species to another, extrapolations can
be made from tested tissues or species
to untested Ussues or species on the
basia of percent lipids. :

1. For each BCF for which the percem
lipids is kmown for the same tissue for
which the BCF was measured, the BCF
should be pormalized io w one perceni
lipid basis by dividing the BCF by the
parcent linids, This adjustment lo a one
percent lipid basis makes all the
mesgured BCF values comparable
regardiess of the spacies or tissue for
which the BCF was messured.

2 Calculats thy gsometric mean
‘normalized BCF. Data for baoth saltwater
and freshwater species can be used to
determine the mean normalized BCF,
becauss the normalized BCF seems to
ba about the same for both kinds of
orgenisms.

A Residue valuss can then be
calculated by dividing the maximum
permissibla Hasus concentrations by the
mean normalized BCF snd by & percent
lipide value kppropriate to the maximum
permissible dsaue concenration. i.e.,
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Residua Talug = (Raximm permissible tissue concentratiom)

(mqan nornalized ¥CP){appropriate perzeac lipids}

#. For an FDA sction level for fsh oil,
the appropriate percent lipids value is
100.

b, For an FDA action Jevel for fsh, the
appropriate percent lipids value iy 15 [or
freshwater criteria and 18 for yaltwater
criteria because FDA action levels are
applied on a species-by-specien basis to
commonly consurmed species. The edible
portion of the freshwater lake trout
sverzges aboul 15 percent lipids, and
the edible portion of the saltwater
Atantic herring averages about 18
percent lipids (Sidwell, V. D, et al. 1974
Composition of the Edible Portion of
Raw (Fresh or Frozen) Crustaceans,
Finfish. and Mollusks. 1. Protein, Fat. -
Muoisture, Ash, Carbohydrate. Energy
Value, and Cholesterol. Marine Fisheries
Review 38:21-35).

c. For s maximum acceptable dietary
Intake derived from s chronic feeding
study with wildlife, the appropriate
percent lipids is the percent lipids of an
aquatic species or group of agquatic
species which constitute a major partion
of the diet of the wildlife species.

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

X. Other Data

Pertinent information that could not -
be used in earlier sections may be
available concerning adverse efects on
aguatic organismy and their uses. The
mos! important of these are data on
Ravor Impairment, reduction in survival,
growih, or reproduction, or any other
adverse effect that bas been shown to
be biolegically significant. Especially
lmporiant are data for specles for which
no other data are avaiiable. Data from
behavioral, micorcosm, Held, end
physiological studies may also be
available.

X!, Criterfon

A_ The criterion consists of two
concentrations. one tha! should not be

exceeded on the average In a 24-hour
period and one that should not ba
exceeded st any time during the 2¢-hour
period. This two-number criterion is
intended to identily water quality
conditions that should protect aquatic
life and its uses from acuts and chronic
adverse ¢ffects of both cumulstive and
noncumulative substances without being
as restrictive as & oos-number criterion
would bave 10 be to provide the same
degree of protection

B. The maximum concentration Is the
Final Acuts Value or is obtained from
the Final Acute Equation.

C. The 24-hour aversge concantration

" is obtained from the Final Chronic

Value, the Final Plant Velue, and the
Final Residue Value by selecting the
Iowes! available value, unless other
data {see Section X] fom tesats in which
the toxican! concentrations were
measured show that s lower value
should be used. I toxicity is relaled to o
water quality characteristic, the 2&hour
average concentration iz obtained from
the Fina] Chronic Equation, the Final
Plant Value, and the Final Residue
Value by selecting the one that results in
the lowest concentraticns in the normal
range of the water quality characteristic,
unless other data [see Section X) from
tests in which the toxdcant
concentrations were meagured show
that & lower valye should be used.

D. The criterion is (the 24-hour
average concentration) as a 24-hour
average and the concentration should
not exceed (the maximum
concentration) at any time.

XIL Review

A On the basis of all lVlﬂlb!;
pertinent laborstory end fleld

information, determine If the criterfon ks
‘ consistent with sound scientific

evidence. If It Is not, another criterion,
either higher or lower, should be derived
using sppropriste modifications of the
Guidelines.

Thase Guidelinss wers writien by
Churles E Stephan, Doneid L Mount,
David |. Hansen, Jobn H. Gentile. Gary
A. Chapman and Willlam A. Brungs of
the U.S.EP.A. Environmental Research
Laboratories in Corvallis, Oregon,
Duluth, Minnesota, Gulf Breeze, Florida,
and Narraganseit, Rbode Island
Numerous other people, many of whom
do nat work for USEPA., provided
assistance and suggestions.

Appendix C-Giddelines and
Methodology Used In the Preparstion of
Health Effect Assessmnant Chapters of
the Consent Decrea Water Criteria
Documents

I Objective

The objective of the bealth effact
sssesament chaplers of the ambien!
walet crileria documents is to estimate
ambient water concentrations which do
not represent a significant risk to the
public. These astessments should
constitate a review of all relevant
information on individual chemicals or
chemical classes {n order to derive
criterim that represent. in the case of
sutpect or proven carcinogens, varicus
levels of incremental cancer risk or, 1n
tha case of other pollutants. esturates of
no-effect levels. _

" Ideally, ambient water quality cnileria
should represent levels for compounds
in ambient waler that do not pose a
hazard to the human population.
Howaever, in any realistic assessment of
human health hezard, a fundamental
distinction must be made between
absolute safety and the recognition of
some risk. Criteria for absolute safery
would have to be based on detailed
knowiedge of dose-response
relationships in humans, including all
sourcas of chemical exposure, the types
of toxic effects elicited, the existence of
thresholds for the toxic effects, the
significance of loxican! interactions, and
the variances of senaitivities and
sxposure [evels within the human .
population. Iy practice, such absolute
criteria cannot be established because
of deficiencien in both the svailable data
and the means of interpreting this
information. Conssquently, the
individual humin heslth effacts chapters
propose criteria which minimize or
specify the potential risk of adverse
buman efects due to substances in
ambient water. Potential social or
sconomic costs and benefils are not
considared in the formulation of the
criteria
1. Types of Criteria

Amblant water quality criteria are
based on three types of biclogical
endpointy: carcinogenicity. texicity {i.e.,
il adverse affects other than cancer),

d. leptic affects.
For 3: “&u.rpou of deriving ambient
waler quality criteria, carcinogenicity is
regarded as & non-threshold
phenomencn. Using this assumpton,
“safe” of “vo effact™ lavals for
carcinogens cannot be satablished
because sven extremaly amall doses
must be sssumed o elicit a finite
increase in the incidenca of the
resposse. Consequently, water quality
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criteria for catcinogens are presented a3
a range of pollutant concentrations
associated with corresponding
incramental risks.

For compounds which do not manifest
any apparent carcinogenic effect, the
threshold assumption s used in deriving
a criterion. This assumption Is based on
the premise that a physiological reserve
capacity exists within the organism
which is thought to be depleted before
cliinical disense ensues. Alternatively, it
may be assumed that the rate of damage
will be insignificant aver the life span of
the organisin. Thus, ambient water
quality criteria are derived for non-
currinogenic chemicals, and presumably
result in no observable-adverye-sffect
levels [NOAELy) In the exposed buman
population.

In some ingtlances, criteria are based
on organcleptic characteristics, Le.,
thresholds for taste or odor. Such
criterin are eatablished when
insufficient nformation {s available on
toxicologic effects or when the estimate
of the leve! of the pollutan! In ambient
water based on organoleptic effects [y
lower than the level calculated from
toxicologic data. It should be recognized
that criteria based solely ox
organoleptic effects do not necessarily
represent approximations of acceptable
risk levels {or humean health

Seversl ambient water guality criteria
documents deal with classes of
compounds which [nclude chemicals
exhibiting varying degrees of structursal
similafity. Because prediction of
bivlegical effects based solely on
structural parameters Is difficult, the
derivation of compound-specific criteria
{s prefarabix to a class criterion A .
compound-specific criterion is defined
as & level derived from data on exch
individua)] subject compound that does
not represent & significant risk to the
public. For some chemical classes,
however. a compound-rpecific cxiterion
cannot be derived for each member of &
class. In soch instances, it is sometimes
fustifiable to derive a class criterion in
which available data on one member of
8 class may be used to estimate criteria
for other chemicals of the class becanse
s suifident data base is not available
for thoss compounds,

For vome chemicals and chemical
classes, the data base was judged to be
insuffcient for the derivation of a
critetion. In those cases. deliclencles In
ths available information-are detatled
oI Approoch

© 'The humun health effects chapters
sttempt to swnmarire all information on
tha Individual chemicals or classes of
chemicals which might be useful in the
risk assessmnent process to develop

walter quality eriteria. Although primary
emphasis is placed on identifying
epidemiclogic and toxicologic datw,
thess assessments typically contain
discussions on four topics: axisting
lIevels of buman exposurs,
pharmacokinetics, tox!c effects, and
criterion formulation.

For all documents. an attempt is mada
to isclude the known relevant
information. Review articles and reports
ars often used in the process of data
eveluation and synthesls. Sclentific
jutﬁment is exercised in the review and
evaluation of the data in each document
and in the identification of the adverse
effects againgt which protective criterix
are sought. In additon. each of these
documents [s reviewed by a peer
committee of scientis!s familiar with the
specific compound{s). These work
groups evaluste the quality of the
available data, the completeness of the
data sumroary. and the validity of the
derived criterion.

In the analysis and organization of the.
. data, an attempt is made 1o be

consistent with respect to the format

-and the application of acceptabls

sclentifi¢ principles. Evaluaton
procedures used (n the harard
assessment process follow the principles
outlined by the National Acsdemy of
Sciences in Drinking Woter ond Health
{1977) and the guidelines of the
Carcinogen Assesament Group of the
US EPA.

A. Exposure

The exposure section of the heslth
efJects chapters reviews known
information on current levels of human
exposure 1o the individual pollutant
from all sources. Much of the dats was
obtained from monitoring studies of air,
water, food, soil, and human or anima!
tissue residues. The major purpose of
this section is to provide background
information on the contribution of water
exposure relative to all other sources.
Consequantly, the exposure sectioa
Includes subssctions reviewing different
routes of exposure including water snd
food ingestion, Inhalation, and dermal
conlact . .

Information on exposure can be
valuable in developing and assessing a
water qaality criterion. In these
documents exposure from consumption
of contaminated water and .
contaminated fish and sheflfish products
is used in cziterion formulation. Data for
all modes of exposure ars useful in
relating total intaks 10 the expected
contribution from contaminatsd water,
fish. and shellfish [n addition,
information for all routes of exposure,
pot limitad to dricking watet and Sah
and shellfish ingestion, can be used to

fustify or gasesa the feasibility of the
formulation of criteria for ambient
waler.

The use of Fsh consumption as an
axposurs factor requires the
quantitation of pollutant residues in the
adibla portions of the ingested apecies,
Accordingly, bloconcentration factors
{BCFs) are used to relate pollutant
residues in aquatic organisms to the
pollutant concentration In the ambient
watars io which they reside.

To estimate the average per capita
intake of a pollutant due to consumption
of contaminated Ssh and shellfish the
resitits of & diet survey were analyzed 1o
calculate the average consumption of
freshwater and estuarine fish and
shelifish (U.S. EPA. 1830). A species is
cotsidered to be & consumed freshwater
or estuarine Gsh and shellfish species
al some stage in its life cycle. itis
harvested fom fresh or estuarine water
for human consumption in significant
quantities {Stephan, 1980).

Three different procedures are used to
estimate the weighted average BCT
depending upon the lipid solubility of
the chemical and the availability of
bioconcentration data.

For lipld-soluble compounds, the
sverage BCF Is calculated from the
weighted average percent lipids in the
edible portions of consumed freshwater
and estuariné fish and shellfish which
was calculsted from data on
consumption of each species and iis
corresponding percent lipids to be 2.0
percent (Stephan, 1080). Because the
steady-state BCFs for Lipid-soluble

- compounds are proportonal to percent

lipids, bioconcentration factors for Gish
and shellfish can be adjusted to the
average percent lipids for aquatic
organisms consumed by Americana. For
many lipid-soluble pollutan!y, 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 parcent as the weighted
average percent lipids for freshwater
and estuarine fish and shelllish in the
average diet, & BCF, and a
corresponding perceni lipid value. the
weighled average bioconcentration
factor can ba cajculated
Example:
Woeighted average percent lipids for
~ average diet= 3.0 percent
Maasured BCF of 17 for
trichlorosthylene with bluegills at
4.8 percant lpids
Weighted average BCF [or average
diet equals :

17 x 3.0% - 10.6
3.8

AR-31



Federal Register /[ Vol. 45, No. 21 / Friday. No‘vember 28, 1980 { Notices

79349

As an sstimate, 106 is uned for the
BCF

in those cases where an appropriate
bioconcentration factor is not available,
the equatinn "Log BCF = (0.5 Log P}-
0.70" can be uaed (Veilh, et ul. 1879} to
estimate the BCF for aqualic organisme
conteining aboul 7.8 percent lipids
(Veith, 1980) from the octanol/water
partition coefficient P. An adjustment
for percent lipids in the average diel
versus 7.6 percent {s made in order 1o
derive the weighted average )
bioconceatraticn factor.

For non-tipid-acluble compounds. the
available BCFs for the edible portion of
consumed freshweter and éstuarioe fish
and shellfish are weighted according te
consumptlion factors to determine a
weighted BCF representative of the
average diet. :

B Pharmocokineiics

This section summarizes the available
information on the absompiion,
distribution, metabolism. and
elimination of the compoundis) in
humans and experimental mammals.
Conceptually. such nformation is useful

" in vaiidation of infer- and intraspecies
extrapolations, and in charactenzing the
modes of toxin aclion Sufficient
information on absorplion and excretion
in animals. togethet with a knowledge of
ambient concentralions in water, food,
and air, could be uséful in estimating

body burdens of chemicals in the bumaa -

population. Distribution data which
suggest larget organs or lissues are
desirable for inlerspecies comparison
techniques. In terma of the derivation of
criteria, pharmacekinetic data are
essential to estimale equivalent.oral
doses bazed on data From inhalation or
other routes of exposure.

C. Effacts

This section summarizes information
on biological effects in both humany and
experimental mammals resulting in:
scute. subacule, and chronic foxicity,
synergism and/or antagonism,
terstogenicity, mutsgenicity, or
carcinogenicity: .

The major goal of this section is to
survey the suitability of the data for use
in assessment of hazard and 10
detarmine which biclogical end-point,
i.e., von-threshoid, threshold, or
orgunoleptic, should be selected for use
in crilerion formulation :

Because this section attempts to
assess polential human health effacts,
data on documented haman effects are
thoroughly svaluated. Howasver, several
{aciors inherunt in buman
epidemiclogical studies nsually preclude
the use of such data in genersting water
guality criteria. Thess problams, as

sumnmarized by the National Academy

" of Sciences [NAS, 1077} are as follows:

1. Epidemiology cannot teil what
eflects a material will have until aftar
humans have baen exposed. One most
not conduet what might be hazardous
experiments on man.

2. If exposure haa been ubiguitous, it
may be Impossible to assess the effects

of 2 materiaf, because there iz ne

unexposed control group. Statistics of
morbidity obtained before use of & new
material can sometimes be useful, but
when Jalent perfods are variable and
times of introduction and removal of
malerials overlap. historical data on
chronic effects are usually
unsatisfactory, -

3. It i usually difficult to determine
dases [n humann exposures.

4. Usually, [t is hard to identify small
changes in common effects. which may
nonetheless be important if the
population fa large.

5. interactons in & “naiure-designed™
experiment usually cannot be
controlled,

Although these problems often
prevent the use of epidemiological data
in quantitative risk assesaments,
qualitative similerities or differences
and observed effects in experimental
mammals are extremely useful in testing
the validity of animal-to-man
extrapolations. Consequently, in each

case, gh atiempt is made o identily and
ulilize both epidemiologic and animal
dose-response dala. Criteria derived
from such e confirmed data base are
considered to be reliable.

Tite decision io esiabliskr a criterion
based on u non-threshold model is made
after evalunting all availahle
information oo cercinogenicity and
supportive information on mulagenicity.
The approach and conditions for the
qualitative decision of carcinogenicity
are putlined in the 15,8 EDA Interim
Cancer Guidelines (41 FR 21402). in a
report by Albert, ot al. (3877), and in the
Interagency Regulatory Lisison Grou
{IRLG) guidelines on carcinogenic risks
{RLG; 197%). It Is assumed thst a
substance which induces o statietically
significant carcinogenic response In
animals has the capacity 10 cause
cancer in humans. A chemical which
bas bot induced a signiicant cancer
responss in humags or experimental

animals is not identified an a

carcinogen. evag though its metabolites -

or close structural analogues might
Isduce & cardnogenic response or {t waa
showo lo be mulsgenic in an in vilro
Eysigm.

it Is recognized that some potential
buman carcinegens may not bhe
ldentified by the guldelines given above.

For example, compounds for which
there is plausible but weak gualitative
evidence of carcinogenicity in
experimental anjmal systems {such a1
dsta Fom mouse skin painting or strain
A mouse pulmonury adenoma) would be
included in this category. The derivation
of a criterion for humian consumplion
from these studies in pot velid.
regardiesi of the qualitative oufcome. In
addition, there are certain compounds
{2.9.. nickel and bervilium) which were
shown lo be carcinogenic in humans
after inkalation exposure by chemica!
form, but have induced thus far no
response n animals or humans via
Ingasting their soluble salts,
Nevertheless. 2 non-threshold eriterion .
is developed for beryllium because
tumors have been produced in animals
2l a site removed from the site of
administation: in contras!. & thresheld
criterion {s recommended for nicke!
because there iz no evidence of tumars
at sitea distan? resulting from
administretion of nickel solutions by
either ingestion or tnjection .

For thoxe compounds which were not
reported lo induce carcinogenic effects
o for those compounds for which
carcinogenic data are lacking or
insufficient, an aitemp! ls made (o
estimale a no-effectlevel. In many
respects, the bazard evaluation fom
these studies is similar ta thal of
bioassays {of carcinogericity. In ordes
to more closely approximate conditions
of human exposure, prelerence is given
to chronic studies invoiving oral
exposures in water or diet over a
significant portion of the animal life
spatt Grestest confidence is placed in
those studies which demonstrate dose-
related adverss effects as well 23 no-
effect levels. .

There i3 copsiderabie variability in
the biological endpaints used to define a
no-efect laval. Thay miy rangs from
groas effects. such as mortality, 1o more
subtle biochemical, physiclogicsl. or
pathclegical changes. Terstogenicity,
reproductive inpairment, and =~
bekavioral effects aew significent taxic
conseguences of environmental
contamination. In instances where
carcinogenic or other chronic effects
occus st exposure levels below those
tausing israiogenicity, reproductive
frapalrment, or behavioral sffects, the
former are nasd by daviving tha criterion,
For most of the compounds svalvated
thus far, terxtogenicity and reproductive
lmpairment occur st doses pear
maximum tolerated lovals with dose
sdministation schedules well sbove
eatllmated suvironmental exposure
levels. Moregver. informetion on
behavioral effacts. which could be of
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significance, Is not available for most of
the compounds under study.
Consequeantly, most NOAELs derived
from chronic studies are based either on
gross toxic effects or on effects directly
related to functions}l Impairment or
deflined pathological lesions.

- For compounong on which adeqnate
chronic toxicity studies are not
available, studies on #cule and subacute
toxiclty assume greater aignificance.
Acute toxicity studies usually involve
single exposures at lathal of near lethal
doses. Subacute studies often involve
exposures exceeding 10 percent of the
life span of the est ofganiam, &.g., 90
days for the rat wilh an average life
span of 30 months, Such studies are
useful in establishing the nature of the
compound’s toxic effects and other

. psrameters of compound toxjcity. such
s targel organ effects, metabolic
behavior, physiological/biochemical
effects, and patterns of retention and
tissue distribution. The utility of acute
and subacute studies in deriving

anvironmentally meaningful NOELs is

unceriain. although McNamara (1978}
bas developed application factors for
such derivations,

In some cases where adequate data
are not avatlable from studies utihzing
aral routes of administration, no-effect
ievels for oral exposures may be
vatimated from dermal or inhalation
«*udies. Such estimates involve
approximations of the total dosa
administered based on assumptions

about breathing rates and/or magnitude

of absorption.
D. Criterion Rotioncle

This section reviews axisting
standerds for the chemical[s),
summarizes data on current levels of
human exposure, attempts fo identify
‘special groups at risk. and defines the
basis for the recommended criterion.

Information on existing stendards is
induded primarily for comparison with
the proposed waler quality criteria.
Some of the present standards, such an
those recommended by the
Occupaticnal Safety and Health
Administration [OSHA)©r the American
Conference of Governmantal Industrial
- Hygienists (ACGIH}, are based on
toxicologic data bul are intended as
accepiable Jevels far occupational
rather than environmentsl exposure.
¢ -her lavals, fuch as those

ommended by the National Acsdemy
iclences in Drinking Water cnd
. 1lth (1977]) or in the U.S, EPA Interim
i..mary Drinking Water Standards, are
more closely ralated to proposed water
zunlity crileria. Emphasts 1s placed on
etniling the basis for the existing
standards wheraver possible.

Summaries of current levels of human
exposure, presented in this section,
apecifically address the suitability of the
data to derive water quality criteria. The
identification of special groupa at risk,
either becavse of geographical or
occupational differences in axposure or
biological differences in susceptibility to
the compound(s). facuses on the Impact
that theee groups should have on the
development of water quality crileria.

The basis [or the recommendad
criteria section summarizes and
qualifies sl of the data used in
developing tha criteria.

IV. Guidelines for Criterig Derivation

The derivation of water quality
eriteria from laboratory snimal toxicity
data is essentially & two-step procedure.
First, a total daily intake for humans
must be estimated which establishes
either a defined level of risk for non-
threshold effects or a no-effact level for
threshold effects. Secondly, assumptions
must be made about the contribution of
contaminated water and the
consumption of fish/shellfish to the total
daily intake of the chemical. Thess
estimates sre then used to establish the
tclerable daily intake and consequently
the water quality eriterion.

A. Non-Threshold Effects

After the decision has been made that
s compound has the potential for
causing cancers in humans and that
data exist which permit the derivatioa
of a criterion, the water concentration
which is estimated to cause a lifetime
carcinogenic risk of 107" [s determined.
The lLifetime carcinogenicity risk is the
probability that a person would get
cancer sometirne in his or her life
sssuming continucus exposure 1o the
compound. The water conceritration s
calculated by using the low-dose
extrapolation procedure proposed by
Crump (1980]. This procedure is an
improvemen! on the muitistage low dose
extrapolation procedure by Crump, et al
{1877).

The dala used for quantitstive
estimates are of two types: (1) lifetime
animal studies, and (2) human studies
whers excess cancer risk hes been
associated with exposure {o the igent,
In animal studies it is assumad, unless -
svidence exists to the contrary, that if'a
carcinogenic response ocours ot the
dose [evels used in the study, then
proportionately lower responses will |
also ocour at all lower doses, with an
incidence determined by the
sxtrapolation mode! discussed below.

1. Choice of Model.

There s no really solid scientific baais
for any mathematical extrapolation
model which relates carcinogen

exposure o cancer.risks al the
extremely low [evela of concentration
that myst be dealt with in evaluating the
environmental hazards. For practical
reasons, such low levels of risk cannot
be meagured directly either using animal
experiments or epidemiclogic studies
We must, therefore, depend on our
current understanding of the
mechanisms of carcinogenesis for
guidance as to which risk mode! to use.
At the present time, the dominan? view
of the carcinogenic process invelves tre
concept that most agents which cause
cancer also cause irreversible damage
DNA. This position I3 reflectad by e
fact that & very large proportion of
sgents which cause cancer are also
mutagenic. There js reason to expect

" that the quan!al type of biological

rasponse that is characteristic of
mutagenesis is associated witha line -
non-threshold dose-response
relationship. Indeed, there is subslant,a.
evidence from mulagenesis studies w.h
both ionizing radiation and with a wide
variety of chemicals that this type of
dose-response model is the appropriate
one to use. Thia {s particularly true a:
the lower end of the dose-response
curve; at higher doses. thete can be an
upward curvature, probably reflecting
the effects of multistage processes on
the mulagenic response. The linear non-
threshold dose-response relationship is
also conslstent with the relatively few
epidemiological atudies of cancer
responaes to specific agents that eontain
enough information to make the
evaluation possible (e.g.. radiation-
induced leukemia, bresst and thyroid
cancer, skin cancer induced by arsenic
in drinking water, and liver cancer
induced by aflatexin in the diet). There
is also some evidence from animal
experimenta that is consistent with the
linear non-threshold hypathesis {2.4.,
Uver tumors induced in mice by 2-

. acetylaminafludrena In the large scale

EDa study at the Naticnal Center of
Toxicological Ressarch, and the
Initiation stage of the two-stage
carcinogunesis model in the ratliver and
the mouse skin).

Because it has the best, afbeit Limited,
scientific basis of eny of the current
mathematical extrapolation models. the
Linear non-threabold model has been
adopted as the primary besls for risk |
sxtrapolation to low levels of the dose-
response relationship. The risk
assessmeiils made with this model

" should be regarded as conservative,

representing the most pleusible upper
limit for the risk: {.e. the true risk is not
likely to be higher than the estimate. but
it could be smaller.
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The mathematical formulation chosen
to describe the linear. non-threshald
dose-reaponse relationship at low doses
is the improved multistage model
developed by Crump {1960}, This model
employs encugh arbitrary constants to
be zhle to £ almost sny monatonically
[Ancreasing dose-response data and i
incorporates & procedure for estimating
the largeet possible linear slope {in the
85 percent confidence limit sense) al low
‘extrapoliied doses thal is consisient
with the dsta st all dose levels of the
experiment. For thia raason, it may ba
called a "linearized" multistage model.

2, Procedure of Low-Dose
Extrapolation Based on Animal
Carcinogenicity Data.

A_Description of the Extrapolstion
Model

Let P{d) represent ihe lifetime risk
{probability) of cancer at dose d. The

multistage model has tha form

sge mo form
Pldy=1—exp [~ {ge+ qud +qed+. . . +qd"}]
where

q»0.acdi=p 1,2, . ..k

Equivalently.
Ald)=1~-exp[—Iq.d+q.d?+

where.

-+ qud}

A(d) w p{d} - Pia),
1 - Plo)

it the extra risk over background rafe at
doge 4

The point estimate of the coeflicients
Q2.i=01 2. ..,k and consequently -
the extra risk function A{d] s! any given
dose 4, is caloylated by maximizing the
iikeithood function of the data.

The point estimate end the 85 percent
upper confidence limil of the exirs fisk
Ald] arc calculated by using the
compules program GLOBAL 79
developed by Crump and Walsen [1978).
Upper 85 percent confidence limits o
the extra risk and lower §5 percent .
confidence limits on the doss producing
8 given risk are deiermined from a 95

- percent upper confidence Umit 4", on

paramater ¢ Whenever g, 20, stlow

doses extrs risk A{d) bas approximately
the form Ald)} =g, Xd. Therefore, i xd
Ia & 95 percent upper confidence Uimil on
the extra risk and R/q:" is & 95 parcent
lower confidencs Limit on the dose
producing an extra tisk of R Lat 14 be

the maximum value of the Jog-lkalibood
function. The upperlimit g,* s

esleulated buy incresalng g, to s valus
q,* such that when the log-tikelthood is
again mixmized sabject 1o this xed
velus q,* for the lineer coefficient, the
resylting maximum value of the log-
likelihood Ly satisfies the equation
2(le—L)=270554 .

where 270554 is the curmulktve 80
percent point of the chi-square
distribution with gne degree of freedom,
which corresponds to a 95 percent npper
limit {ons-sided). This approach of
computing the upper confidence limit for
the axtra rigk Afd] s an improvement on
the Crump, et al {1977) model, The
upper confidence limit for the extra risk
caleuiated at low doses Is wlways linear,
This [s conceptually conaistent with the
linemy nonthreshold concepi dixcussed
earlier. The slope g," Is taken an an
upper bound of tha potency of the
chemical in Inducing cancer atlow
doses.

In fitting the dose-response model, the
number of terms In the polynomial g is
chosen equaj io {h-1), where h {s the
number of dose groups in the
experiment, including the control group.

Whenever the multistage model does
not fit the data sufficiently, data al the
highest dose s deleted and the model s
refitted to the rest of the data, Thia iy
continued unti] an acceptabie bt to tha
data is obtained To determine whether
ot not & fit is scceptable. the chi-squan
slatistic

h
%2 (X4 - NiP§)2
Y uan & e o
NiPy (1 - Pi)
1l :

is cajculated. where N, is the number of
anirnals in the i dose group, X, is the
pumber of animals io the ™ dose group
with a tumor response, P, s the
probabllity of & response in the i* doxe
group estimated by fitting Lhe mulUsiage
model fo the data. and b ia the nuinber

| of remaining groups.

The {it is delermnined to be
unacceptable whenever chi-squire (X%
is larger than the cumulative 99 percent
point of the chi-sguars disgtribution with
f degreex of fresdom, where f equals the
oumber of dose groups minua the
number of non-zero multistage
coefficiente o -

3, Seiection and Form of Daia used to
Estimata Parameters in the
Extrapelation Modsl

For some chemicals. aevers! studies In
diffarent animal species, strains, and
sexes sach conductsd at several doses
and different routes of # (1
available. A chelce must be made as to
which of the dats sats from several
stodies are {0 be wisd 15 e model. Ji ls
alsp necassary to correct for metabolism
differances between speciss and for
differences in absorplion via different
ronies of administration. The ~
proczdures, listed below, used In
evaluating these data are congistent
wig the estimale of a madmum-iikely-
ris

&, The tumor incidence data are
peparaied scoording to organ sites or
tumat types, The set data [i.e. dose and
tumor iocidence} used in the model is
s5t where th incidence 5 ilatistically
significantly higher than the contro! for
at leaxt ona test doas level andfor
where the tumor incdence rate shows a
statistically significant trend with
respect 10 dose level The dats set which
gives the highest estimate of lifetime”
earcinogenic nsk g, is aelecled in most
cazes. However, eforts are made 1o
exclude dats sets which produce
spuriously high risk estimates because
of a small number of animals. That s, if
two sets of deta show » similar dose-
response relationship and one hasa -
very small ssmple size, the st of data
which bas the larger sample size is
selected for caloulating the carcincgenc
potency.

b. If there are two or more dala sets of
compsarable size which are identical
with respect to species, strain sex, and
tumor siles, the geometric mean of @',
estimated from each of these dats sets is
used for risk sssessment. The geome!sic
mean of pumbers A, Ay . .. L Asis
defived as {(AXAuX .. . XA ™

¢ If sufficien! data exist for twoor -
more yignificanl tumor sites iz the same
study, the sumber of animals wiik at
least one of the specific tumor sites
undar considerntion s used as incidence
data in the model. :

d Follgwing the suggestion of Mantel
and Schneiderman {1975}, we sssume
that mg/surface areafday 1t an
equivajeni cosa between species. Since
to a close appraximation the surface
sres is nronortional 1o the %rds power
of the weight a8 would be the case for &
perfect sphers, the expogure in mg/¥urds
pawer of the body weight/day iz
similarly conaldered to be an equivalent
exposure. [n an animai ekpetismen’, tis
equivalent dose iy computed in the

following mesnan

Let
s tlnen Al srurrmmd o aen )

Les=duriins of epasimant

1, = duration of exposurs

m = sverage Jose per day in myg during

w -dmjm:uiﬁ’:g a; ﬂ: agen! fie., d;ufmg L}
-:::m' whight # gxperiment

Thex, the lifgtime avarage exposure it
ie xm
Le x W73

SOflen 2xboatires are not piven In units
of mg/day, and {t bacomaes necessury to
convart the given exposures Into mg/
day. For example, in most feeding
studies, exposure is expressed as ppm in
the diel In this case ithe exposure (mg/
day)isderved by mmppm x F % ¢

d=
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whera ppm s parts per million of the
carcinogenic agent in the diet, F (s the
waight of the food consumed per day in
kgms, and r is the absorption frection.

In the absence of any dala 1o the
contrary, r is assumed to ba one. Fora
uniform diet the weight of the food
consumed ia proportional to the calories
required, which, in turn, is proportional
to the surface area or the %rds power of
the weight, so that: meppm x W¥ ?xror

m__ ., Pem

213 |

Asn aresull. ppm in the diet is often
assumed to be an equivalent exposurs
between species. However, we fee] that
this is not justified since the calorfes/kg
of food is significantly different in tha
diet of man vs. laboratery animals,
primarily due to moisture content
differences. Instead. we use an
empirically derived feod facter, [=F/W.
which is the fraction of a species body

weight that Is consumed per day as
food. We use the rates given below.

Specuen w *
Man ™ o0
Mar T3 05
Lo oGy 513

Thus, when the exposure is givenasa
certain dietary concentration in ppm, the
exposure In mg/W* *is

m - pom x F

EEEL%rgfﬂ = ppm x f x Wl/3
wWel

When axposure is given In terms of
mg/kg/day s m/Wr=s the conversion is
simply:

M a5 xul/3
rw2i3

When sxposure is via inhalation, the
calculation of dose can be considersd
for two cases where (1} the carcinogenic
agent iy sither a completsly water-
soluble gas or an aerosoland is
absorbed proportionaily to the amount
of alr breathed in, and {2) whers tbe
cardnogen ls a poorly water-soluble gas
which reaches an aquilibrium between
the air breathed and the body
compartmants. After squilibrium Is
reached. the rate of absorpton of these
.agents is expected to be proportional to
metabolic rate, whichin tumn js -
proportional (o the rate of oxygen
consumpHon, which in tarn is a function
of rurface area.

Cose 1

Agents that are in the form of
particulate matter or virtually
completely absorbed gases such as 50,
can reascnably be expected to ba
absorbed propartional to the bresthing
rate. In this case the exposure in mg/day
may be expressed ag: m=IX¥Xr where
lis inhalation rate per day inm? v is
mg/m?of the agent in air, and ¢ is the
absorplion frection.

The inhalation rates, 1, for various
species can be calculated from the
observation (FASEB, 1874} that 25 gm
mice breathe 34.5 liters /day and 113 gm
rats breathe 105 liters/day. For mics and
rats of other weights, W, {expressed in
kg), the surface area proportionality can
be used o determine breathing rates (in
m'/day} aa follows:

For mice, } =0.0345 W/0.025)" 'm?/

d

a
F)"or rats, I=0.105 (W/0.113)¥ 'm3/day
For bumans, the values of 20 m?/day*
is adopled as a standard breathing rate
(ICRP. 1977).

The equivalen! exposure in mg/Wt?
for these agents can be derived from the
air intake data in a way analogous to
the food intake data. The empirical
factors for the air intake per kg per day,
i=1/W based upon the previously stated
relationships, are as tabulated bejow:

lmis

Bowcrty w w
g o o
Rat 03 J«
e o 12

7

Therefore. for particulates or completely
absorbed gases, the equivalent exposurs
In mg/W¥ s ‘

Moo Ivr o ANvr o od/3
We/3 wi3 i

I the abaence of empirical dats ora
sound theorstical argument to the
contrary, the fraction absorbed. 1, s
assumed (o be the same for all species.

Case 2

The dose in mg/day of pertially
solyble vapors is proportional to the 0,
consumption which in turn is
proportional to W*#and to the
solubility of gas n body fluids, which
can be axpressed as an absorpton
coefficiant r for the gas. Therefore, when
expressing the Oy consumption as Gy=k
W3 wherk k Is & constant independent

* From "Recoaamendation of the xternatioaa}
Comtaisedon on Radiclogical Protecton” paga §, the
average breathing rawe ls 107 o0 ¥ pax -bour work
day aod 210" cm® i 24 boors -

of specier. It follows that mak W3 ¥x v
xror

da M
W

As with Case 1. In the ghsence of
experimental information or a sound
theoretical argument to the contrary, the
absorption fraction, 1, is assurmed to be
the same for all species. Therefore, for
these substances a certaln concentration
in ppm or pfm?in experimental animals
{s equivalent 1o the aame concentraticn
{n humans. This is supported by the
observation that the minimum siveolar
concentration, necessary 1o produce a
given "stage” of apesthesia, {n similar in
man and animals [Dripps, et al. 1977)
Whean the animals were sxposed via the
oral route and human exposure is via
Inbalation or vice-versa, the assumption
is made, unless there is pharmacokinetc
evidence to the contrary, the! abserplion
is equal by either exposure route.

e. If the duration of expeniment (L] is
less than the natural life span of the test
animal (1), the slope q,%, of mare
generally the exponent g(d). Is increased
by multiplying o fector (L/L}" We ‘
assume Lhat if the average dose. d. is
continued. the sge specific rate of
cancer will continue to [ncrease as a
constant function of the background
rate. The age specific rates for humans
incresse at least by the 2nd power of the
age and often by a considerably highar
power, as demonstrated by Doll (1971).
Thus, we would expect the cumulative
tunor rate to Incresse by al least the 3rd
power of age. Using this fact, we assume
that the slope q.*, or more generally, the
expornent g{d), would also increase by &t
least the 3rd power of age. As a result. i
the slope q.* [or g{d)] is calculated at
age L,, we would expect that if the
experiment had been continued for the

= kvyr

" full ife span, L. o1 the given average

exposure, the slope g,* {or g(d}} would
bave been increased by at least (L/L,)%

This adjustmant is conceptually
consistent to the proportional hazard
mode] proposad by Cox (1972) and the
time-to-tumor mode! considered by
Crump, et al {1977) whare the ‘
probabliity of cancer at age t and dese d
ls given by P{d.1) =1 exp]~f{t) x g{d})]

4. Calculation of Carcinogenic Potency
Based on Hurnan Data_ If human
spidemiology studies and sufficiently
valid exposurs information are available
for the compound, tb:{ are always used
in some way. If they show a
carcinogenic effect. the data are
analyzed to give an estimate of the
linear dependence of cancer rates on
lifeime average dose, which is
equivalent to the factor q,". U they show
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ne carcinogenic effec! when positive
snimal evidence iy available, then it iy
assumed thet & risk does exist but it is
smaller than could have been observed
in the epidemiologic study, &nd an upper
lirit of the cancer incldence s
calculated assuming bypotbetically that
the true incidence is just below the lavel
of detection In the cohort studied, which
is determinsd [argely by ihe cobor size.
Whenever possible, buman data are
used in perference to animal bioassay
data.

In human studies, the response is
measured (n tarms of the relstive risk of
the exposed cohont of individuala
compared to the control group. Inn the
snalysis of this data, it Is assumed that
the excess risk, or relative risk minus
one, R[X) -1, is proportional 1o the |
lifetime average exposure, X. and thal it
is the same [or all ages. It follows thal
the carcinogenic potency is equal to
[R(X]) ~1)/X mueluplied by the lifetime
risk at thet site in the general
population. Except for an unusually
well-documented human study, the
condidence lmit for the excess risk is
not calculated. due 1o the dufficulty in
accounting for the uncertainty inherent
in the data (exposure and cancer
respanse).

5. Calculation of Weter Quahty
_ Criteris. After the value of ¢,* in {mgf

kg/day) ' has been determined, the

lifetime risk, P, from an average daily
exposure of x mg/kg/day is found kom
the equation P=g,*x. Therefore, if the
lifetime risk is set.at P=10°# for
calculation purposes, the intake. L in
tg/day for a 70 kg perscn can be found
by tha equation: I=70x107%q,"
The intake of the agent [rom ambient
water is sssumed 10 come from two
sources: (1) drinking an sverageof 2
liters of water per day, and {2} ingesting
an average of 6.5 grams of fish per day.
Because of accumulation of residues in
Buh, the smount of the pollytant In fah
* (mg/kg of edible fish is equal 1o a factor
R timea the water concentration (mp/kg
of water]. Therefare, the totel intake |
can be written as sum of two tertoa:
limg/day}=Clmg/1} < Ril{kg
Bsh} x 0.0085 kg fish/day +Cimg/IxR}
day =C[2+0.0085R]) where Cis the
water concentration in mg/L Therefore,
the watler concsntration In mg/l
comrespotding to « Ulatine risk of 107
for a 70 kg person is calcuiated by the
formula:

£ o —70x 105
o1*{Z + 0.

B. Threshold Effects

1. Use of Animal Toxicity Data [Orsl).
In developing guidelines for deriving
criteria based on noncarcinogenie
responses, five types of response levels
are consigered:

NOEL—-No-Observed-Effoct-Lavel

NOAEL—No-Obperved-Adverse-Efsct-Lovel

LOEL—Lowest-Observed-Efect- Lavel

LOA.EL—!Lawut-Dbunmd-Advem-Eﬂed-
Leve

FEL—Frank-Effsct-Lave}

Adverse eects ire defined as any
effects which result in functional
impairment and/or pathological lesions
which may afecl the performance of the
whole organism, or which reduce an

-organism'® ability to respozd to an

additionsl challznge.

One of the major problems ‘
encountered in consideration of these -
concepls regards the reporting of
“obsarved effect levels™ as contrasted to
"observed sdverse effect levels"”, The
terms "adverse” va. "not adversa™ are at
times sausfactorly defined, but due to
Lnr:reanng]y sophisticated lesting
protocois. more sublle responses are
being ideatified. resulting in a need for
judgment regarding the exact definition
of adversity.

The concepls listed above (NOEL
NQAEL LOEL LOAEL) have received
much atiention because they represent
landmarks which help to define the
threshold region in specific experimants.
Thus, if 8 single experiment yields a
NOEL a NCAEL a LOAFl. and &

clearly defined FEL in relatively closely

spaced doses, 1he threshold region has
been relatively well defined: such date
are very useful for the purpose of
deriving a crilerion. On the other hand. a

" claarly defined FEL has Litle utility ta

establishing criteria when it atends
alons, because such a'level gives no
Indication how far removed the data
point i from the threshold region.
Similerly, & free-standing NOEL has
little utility, because there ia no
indication of Its proximity to the LOEL,
since & free-standing NOEL may be
many orders of magnitude balow the
threshold ¢
dB"i;d on the above donfo-;aponu
nssification system, the following -
g:ldslmu {or deriving criterin have

en edopted: _
a. A free-gtan FEL Is unsuitable
for the derivation of criteria,

b. A free-standing NOEL s unsuitable

" for the derivation of eriteris. 1! muitipla

NOELs sre gvailable without sdditional
dats oo LOELs, NOAELs, ot LOAELs,
the highest NOEL should be ased 1o
derive & criterfon

c. A NOAEL LOEL. or LOAEL can be
sultable for criteria derivation. A well- -

-Seanty regults on

defined NOAEL from g thronic (af least
90-day) study may be usad directly,
applying the appropriste uncartainty
{uctor. For a LOEL. a fudgment needs 1o
be made whether it sctually comesponds
10 &« NOAEL or « LOATL, In the case of
& LOAEL an additonal uncertainty
factor is applied: the magnitude of the
additiona) nncertainty factor I3 :
judgmenial and should lis in the range of
1 to 10. Caution must be exercised not to
substtute “Frank-Effect-Levels” for
“Lowerm-UObservable-Adverse-Effect-
Levels™.

4. If for rensonably closely spaced
doses only & NOEL snd a LOAEL of
equal quality are available, then the
appropriate uncertainty factor is applied
to the NOEL

In using this approach the selecilon
and justification of uncertainty faclors
are critical. The basic definition and
guidelines for using uncertainty factors
bas been given by ithe National
Academy of Sciences {1977). “Safety
Fuctor” or "Uncertainty Factor” s
defined a3 & number tha! reflects the
degree or amount of uncertalnty that
must be considered when experimental
dats in animals are extrapolated (o man.
When the quality and guantity of
experimental date are satiafactory, a
low upcertainty {actor is used: when
dala is judged to be inadequate of
equivocal. & larger uncertainty factor is
used The following general guidelines
have been adopted in establishing the
uncertainty factors:

o Valid experimental results from
studies on prolonged ingestion by man.
with 5o indication of carcinogenitity.
Uncertainty Factor=10

b. Experimental results of shudies of
buman ingeston net availeble or scanty
{r.3. ncute exposure coly) with valig
resulls of long-term feeding studies on
experimental anlmals, or in the abrenca
of buman studies, valid soimal studies
on one of mors speciss. No indicetion of
carcinogenicity. Uncertainty Facior = 100

¢ No long-term or acute human date.
sntal animaly
wilk no indlcation of carcinogenicity.
Uncertainty Factor = 1,000

Consid erable judgment must be used in

selecting tha appeopriate safaty lactors
for dariving & criterica. In thoss cases
whars the data do not completely fulfill
the conditions for vos ca
appear 1o be intermediate betweea two
categories aa intermediate uncertainty
fuctar is used Such an intermediate
mocertainty factor may be developed
based on & logaritkmic scale (0.5. 33
being halfway betwesn 10 and 100 on a
logarithmic scale}

In determiping the approprists use of
the uncertainty faciors, the phrase “oo
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indication of carcinogenicity” i3
interpreted as the absence of
carcinogenicity dala from animal
experimental studies or human
epidemiology. Available ahort-term
carcinogenicity screening tests are
reported in the cnteria documents. but
they are not used either for derivation of
numerical criteria nor to rule oul the
uncertainty factor approach.

Because of the high degree of
judgment fovolved in the selectionof a
safety factor, the criterion denvation
section of each document should
provide a detailed discussion and
justification for both the selection of the
safety factor and the data to whichitis
appled. This discussion should reflect a
critical review of the available data
base. Factors to be censidered include
number of animals. species. and
parameters tested: quality of contrals;
dose levels: route: and dosing schedules.
An effort ahould be made to
differentiste between resulls whick
constitute 8 loxicologically sufficient
dala base and data which may be
spurious in nature.

2. Use of Acceptab e Dally intake
{ADI]. For carcinogens. the assumption
of low dose linearity precludes the
necessity for defining total exposure in
the zstimation of increased incremenial
risk. For non-carcinogens, ADls and
criteria derived therefrom are calculated
from lotal exposure data thai include
contributions from the diet and air. The
equation used to derive'the criterion [C)

Jis: C= ADL (DT + INY/{2 14-(0.0065 kg
x R}] where 21 is a3sumed daily water
consumption, D.0065 kg is assumed daily
fish consumption, R is bioconcentration
factor in units of 1/kg. DT is estimated
non-fish dietary intlake, and INis
estimated daily intake by inkalation.

If estimates of Ly and DT cannot be
provided from experiments! data, &n
assumption must be made conceming
tota] exposure. It is recognized that
sither the inability to estimate DT and
IN due 10 lack of data or the wide
varishility in DT and IN in different
statez may add an sdditional element of
uncertainty to the criterion formulation
ptocess. In terms of scientific validity,
the sccurate sstimate of the Acceptable
Daily intaka is the major factor in
satisfactory derivation of water quality
criferia.

3. Usa of Threshold Limit Values or
Anima] Inbalation Studies. Threshold
Limit Values (TLVs) are established by
the American Conference of
Governmental and Industriel Bygienists

'(ACGIH] and represent 8-bour Hme-
weighted average concentrations in sir
that are [ntended to protect workers
from various adverse health effects over
a normel werking lifetine. Similar

values are sel by NIOSH (criteria) and
OSHA [standards)} for 10- and 8-hour
exposures. respectively To the axtent
that theae vaiues are based on sound
toxicologic assessments end bave been
pratective in the work environment, they

- provide useful information for deriving

or evaluating water quaiity criterfa.
However, each TLV must be carefully
examined to determine if the basia of

- the TLV containy data which can be

used directly 1o derive & waler quality
criterion using the uncertainty factor
approach. In addition. the history of
each TLV must be examined to assess
the extent ta which it has assured
worker aafety. In each case. the types of
effects against which TLVs are designed
to prolect are examined in terms of their
relevance 1o exposure from water. It
must be demonstrated that the chemical
1s not a localized irmitant and that there
is oo sigmaficant effect at the site of
entry irrespective of the routes of
exposure (i.e., gral or inhalation}.

If the TLV or similar value is
recommended as the basis of the
cntenon, cansideration of the above
points is explicitly atated in the criterion
derivation section of the document.
Particular emphasis is placed on the
quality of the TLV relative to the
available toxicily data thal normally is
given priority over TLVs or similar
established values. if the TLV can be
justified as the basia for the cirterion,
then the problems associated with the
estimation of acceplable oral doses fom
inhalation data must be addressed.

Estimating equivalencies of dose-
response relationships from one route of
exposure lo angther introduces an
additional element of uncertainty in the
derivation of criteria. Consequently,
whenever possible, ambient water
quality criteria should be based on data
involving oral expasures. if oral dats are
Insufficient, dala from other routes of
exposure may be useflul in the critericn
derivation process,

Inhalation data, including TLVs or
similar values, are the most common
alternatives to oral data. Estimates of
equivaleni doses can be based upon: {1}
available pharmacokinetic data for oral
and inhalation routes, (2) measurements
of absorption efficiency from ingested or
[nhrled chemicals, ar (2) comparative
excretion duta when the associated
metabolic pathways are equivalent to
those following oral ingestion or
inhalation. Given thai sufficient
pharmacokinetic dats ate svailable, the
use of accepted pharmacokinetic models
provides the moat satisfactory approach
for dose conversions. However, if
available pharmecokinetic data are
marginal or of questionable quality,

pharmacokinelic modeling is
inappropriate,

The Stokinger and Woodward (1938)
approach, or similar models based on
assumptions of breathing rate and
absorption efficiency, represents
possible altermnatives when data are not
sufficient to justify pharmacokinetic
modeling. Such alternative approaches.
however. provide less satisfactory
approximations becsuse they sre not
based on phlmacokmwc data.
Consegquently, in using the Stokinger
and Woodward or related madels. the
uncertainties inherent in each of the
assumptions and the basis of each
assumption musi be clearly stated in the
derivation of the criterion.

The use of dala pertaining 1o other
routes of exposure to derive waler
quality criteria may also be considered.
As wrh inhalation data, an attempt s
made lo use sccepted loxicologic and
pharmacokinetic principles to est:mate
equivalent oral doses. i simpliiying
assumphions are used. their bases and
limitatigns muat be clearly apecified.

Because of the uncertainties involved
in extrapolating from one route of
exposure to enother and the consequent
limitations that this may place on the
derived criterion. the decisionto
disallow such extrapolétion and
recommend no criterion is highly
judgmental and musl be made on 4 cxe-
by-case basis. A decision for or agawnst
criteria derivation must balance the
quantity and quality of the ava:dable
data agains! e perceived risk ta the
human pepulation.

If the Stokinger and Woodward [1958)
approach is used to calculate an AN
from & TLV. the genera) equstion Is:
ADI=TLVXBR X DE x d x A,i{AsX SF)
where:

-ADI = Accepteble daily intake in mg

TLV = Concentration in air in mg/m?

DE =Duration of exposure i howrs per day

d=8 days/7 days

A, = Efliciency of absorption from sir

A, = Efficiency of absorption from oral

£xposure

5F = Safety [actor following guidelines given
above

BR= Amo.unt of nir breathed per day: ssume
W0m

For deriving an ADI from an{mal

toxicity data, the squation is:

ADI=C, xDyxxdx A, xBRx70 kg/

(BW, x Ay X 5F) where:

AD] = Acceptable dsily intake in mg

C.=Concentraion in air in mg/m*

Dy= Duration of exposure in hours per day

d=Number of days exposed/aumber of days
abserved

A, wEfficiency of absorption from air

BR = Volume of sir breathed per day inm?

70 kg = Assumnad human body weight

BW, mBody weight of expenmental animels
inkg
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A, =Efficienty of absorption from oral
sure

expo
SF = Safety factor followlng guidelines given

above.

.More {ormal pharmacokinetic medels
must be developed on s compaund-by-
cormpound basia.

1t should be noted that the safety
factors used in the above fortnulee are
intended to nccount for speciea

. variability. Consequently, the mg/

surface area/day conversion factor ix

not used in the derivation of toxicity

based criterion.

€. Organcleptic Critatia

Organoleplic criteria define
concentrations of materials which
impart undesirable taste and/oroder to
water. In developing and wtilizing such
criteria, two faciors must be apprecisted:
the limitations of moaf arganoleptic data
snd the human health significance of
organoleptic properties.

The publications which report laste
and odor thresholds are, with very few
exceplioas, cryphc in their descnptions
ol test mzthodelogies, number of
subjec!y tested. concentralion response
relationshipa, and sensory
characleriatics at apecific
concentrations above threshold. Thus,
the qualiry of organoleptic date is oflen
significantly less than that of toxicologic
dats used in establishing other criteris.
Consequently, a critical evaluation of
the available organoleptic data must be
made and the selection of the most
appropriaie data base for the cntericn
must be based on sound scientific
judgment.

Orgunoleptic criteria are oot based on
toxicologic information and have no
direct relationship 1o potential adverse
humazn health effects. Although
sufTiciently intense or;annlepuc
characteristics could result in depressed
fluid intake which, in turn, might
aggravale a variety of functional disease
states (Le. kidney and circulatory
diseases), such effects are not used in
the derivation process of arganalaptic
criteria unless available deta would
indicate an indiract human health offect
via decreased fluld consumption.
crileria derived solely from orgavoleptic
data are baved upon aesthetic qualities.
oaly.

Since organolaptic and buman health
effects criterin are based on different
endpoints, & distinction must be made
between these two sets of information.
In criteria summaries involving both
types of dala, the following format ia
used:

For compsrison two approaches
were used to derive criterion levels fos
Based on avaliable toxicdty-data,
for the protection of public health tha derived

level i ——. Using available organoleptic
data, for controiling undesirabla taste and
odor quality of ambient water the extimated
level is —. It ahould be recognizad that
orgaroleptic data as a besis for establiahing a
water quality criteria have no demomstrated
relationship to potental adverse human
heaith effecta.

In thowe instances where a lavel to
limi\ toxicity cannot be derived, the
folowing statement is to be
appropriately inserted:

Sulficient data are not available lor
to derive & level which would

prolect againat the potenbal toxicity of this
compound

D. Criterio for Chemjcal Classes

A chemica) class is broadly defined as
any group of chemical compounds which
are reviewed in a single risk assesament

- document, In criterion dervation.

isomera should be regarded as & part of
& chemical class rather than as 4 single
compound, A class ciiterion is an
estimate of risk/safety which applies to
more than one member of a class. It -
involves the use of available data on
one or more chemicals of a class to
derive criterin for other compounds of
the same class in the avent that there
are insufficient data available to deriva
compound-apecilic criteris.

A class cxiterion usually spplies to
each member of a claps rather than to
the sum of the compounds within the
class. While the potential hazards of
multiple toxdcant exposure are not 1o be
minimized, a criterion, by definition,
mosi often applies o an individusl
compound. Exceptions may be mede for
complex mixtures which are produced,
released, and toxicologically tesled as
mixtures {e.g.. \oxaphene and PCBs). For
such exceptions, some attempt is made
to aysess the effects of environmental
partitioning {f.e., different patiemns of
environmentad transport and
degradation) on the validity of the
criterion, If thess effects cannot be
assesssd, an appropriate alatement of
uncertainty should accompany the
criterion.

Since relatively minor structiurel
changes within a ciass of compounds
cas have pronounced sffects on Uieir

- biclogical activities, reliance on class

criteria should be minimized. Whenever
sufficient toxicologic dats are available
oo & chemical within & class. o
compound-épecific criterion should be
derived. Nonetheléss, for some chemical
classes, scientific fudgmenl may suggest
» sufficient degree of similarity among
chemicals withis a class to Justify &
class critericn applicable to soma of al}
members of & class,

The development of a class criterion
akes into consideration the following

1. A datatied review of the chemical and
pbysical properues of chemicals withun the
group should be mads. A close relationsh:p
within ibe class with respect (o chemjca)
adtivity would suggest a slmilar polental 1o
reach common biologica! sites within tisnues
Lik ewise. similar lipid solubilines would
suggest the posaibliity of Comparable
absorption and Hasue distnbuton.

Z Qualitative and quantitative data for
chermjcals within the group are exanuped,
Adequate Woxicologic data on & number of
compounds withis & group provides o mere
resscnabls basis for extrapolabon to other
chemicals of the same class than mirima!
data oo one chemical or a few chemacals
within the group.

3, Simflarities tn the nature of the
toxicologic responst 1o chemicals i the class
provides additional support for the prediction
that the responss Lo other members of the
clags may be sbnllar. In contrast where (re
biological reaponse has been shown le d.fier
markedly oo a qualitative and quartiatae
bana for chemicals within & class, the
extrapolation of u criterion ¢ other members
of tha! clase 1z oot appropnate.

4. Additional suppord for the valid:'y of
axtrapolstion of a iterion 10 other meshers
of & clasy could be provided by evidence of
similar metabolic and pharmacokinetic dats
for some membars of the class

Based on the above considerations. it
may be reasonable in some cases to
divide a chemjcal class into various
subclasses. Such divisicns could be
based on biclogical endpoints (e g_
carcinogens/non-carcinogens), polency.
and/or sufficiency of data {e.2. a
criterion for some members of a class
but no criterion for others). Whileno ¢
pricrilimits can be placed on (ke extent
of subclassification. each
subclassification mus! be explicitly
justified by the available data -

Class criterin, if propery derived and
supporied. can constitute valid scienufic
assessments of potential risk/1alety.
Conversely, the development of & class
criterion from an [nauflficient data base
can lead 1o serious errors ia
underestimating or overestimaling nsk/
safety and should be rigorously svaided.
Although scientific judgmest has a
propat fole in the development of class
criteria, such criteriz are useful and
defensible only if they are based on
adequaie deta and scientific reasoning.
The definition of sufficient data on
similarties in physical chemical
pharmacokinetic, or toxicologic
propertins to justify = class citerion
may vary markedly depending on the
degree of structural similerity and the
gravity of ibe parceived risk.
Conssquenily, Il is imperative that the
criterion derivation section of each
document in which a class criterion is
recommended explicity address each of
the key issues discussed above, and
define, as clearly as possible, the
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limitations of the proposed criterion as
well an the type of data needed 10
gensrate & compound-specilic criterion.

A claes criterion should be abandoned
when there Is sufficient data availabe to
derive a compound-specific criterion
which protects against the biological
effect of primary concern; e.g.. the
availability of & good subchronic study
would not necessarily result in the

. abandonment of & clase criterion based
on polential carcinogenicity.

The inability to derive a valid class
critericn does not, and should not
preclude regulation of a compound or
group of compounds based on concern
for potential human health effects. The
failure to recommend a criterion is
simply a statemen! that the degree of
concein cannol be quantified based on
the available data and risk assessment
methodology.

E. Egsenticl Efements

Some chemicals. particularly certain
metals, are essenual to biological
organisms &t low levels but may be
toxic and/ or carcinogenic ot high levels.
Because of potential toxic eHects, it is
legitimate to establish criferia for such
essential elements. However, criteria
must consider essentiality and cannot
be established at levels which would
result in deficiency of the element in the
humen population

Elemen!s are gcceptad as essentfal if
listed by NAS Food and Nutrition Board
or a comparebly qualifiad panel.
Elements not ye! determined to be
essential but for ' which suppertive data
on essentiality exists need to be further
reviewed by such & panel,

To modify the toxicity and
carcinogenicity based criteria,
essentiality must be quantified either as
a “recommended daily sllowsnce”
(RDA]) or “minimuin daily requirement”
{MDR). These levels are then compared
to estimated daily doses associated with
the adverse effect of primary concern.
The difference between the RDA or
MDR and the daily doses causing a
specified risk level for carcinogens or
ADIs for non-carcinogens defines the
spread of daily doses from which the
criterion may be derived. Becauss errors
are inherent in defining both essential
and maximum lolarable levels, the
£riterion is derived from doas levels
near the center of such s dose range.
The decision to use either the MDR or
RDA s guided by the spread of the
doses and the quality of the assentislity
and toxicity sstimates.

The modification of criteria by
coosideration of essentiality must take
into account sll routes of exposure. If

water i & significant source of the MDR -

or RDA, the criterion must allow for

" attainment of essential intake.

Conversely. even when essentiality may
Le attained rom nonwater sources,
standard criteria derivation methods
may be adjusied if the derived criterion
represents a small fraction of the ADI or
MDR. On 8 case-by-case basia, the
modification in the use cf the guidelines

. may include the yse of different safety

faciors for non-carcinogens or other
modifications which gan be explicitly
justified.

F. Use of Existing Standards

For some chemicals for which criteria
are to be establishad, drinking waler

" standards already exist. These

standards represent not only & critical
sssessment of literature, but alsc a bedy
of human experience since their
promulgation. Therefore, il is valid to
accept the existing standard unless
there is compeiling evidence 1o the
contrary. This decision should be made
after considering the exisling standards
vs. new scientific evidence which has
accumulated since the standards have
been esiablished. There are several
instances where the peer reviaw process
recommended usage of the present
drinking water standards.
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Appendix D—Responss lo Commeants on
Guidetines for Deriving Water Quality
Criteria fot the Prolaction of Aquatic
Lifa and its Uses

-Introduction

Two versions of the Guidelines were
published ixe the Federal Register for
commeni. The first version (43 FR 21508,
May 18, 1978 and 43 FR 29028, July 5.
1879) was simpty published for
comment, The second {44 FR 15926,
March 15, 1079} was pablished as part of
the request for comments on the water
quality criteria fer 27 of the 85
pollutants, The second version was
meant 1o be clearer and more detailed
than the first. but very similar
technically. Since the two versions wera
so sumilar, comments on both will be
dealt with simultanecusly.

Many comments were received that
no draft water quality criteria for any of
the 85 poliutanis ahould have been
issued for public comment until the
comments on the first version of the
Cuidelines had been dealt with
adeguately and the Guidelines changed
appropriately. The cormenta on the first
version were read and the Guidelines
were revised in an sttempt to make the
second version clearsr and more
detailed than the first However, an
axtensive revision of the technical '
content of the Guidelines was not
attempted between the first and secend
versicne because the Agency was
preparing water quality criteria based
on the Guidelines. The Agency could
have avolded this criticism simply by
not publishing any version of the
Guidellnes for commant unti] March 15,
1979, but this would have greatly
reduced the lcngih of time available for
people to conslder the Guidelines and
comment on them. Az it was, some
people commented that the comment
pericd announced on March 15, 1973,
wzs too short.

1. Comment—The procedures used to
derive criteria in the "Red Book” were

concentrations”

upheld in courl and probably should &4l
be ised.

Response—The procedures used in
the Guidelines are similar to some of the
precedures wied 1o develop criteria in
the "Green Book", “Blue Book™, and
"Red Book”, The Cuidelines are
designed to b more objective and
syslematic. 10 deal more adequately
with residues, and to incorporate the
concept of a minimum data base.

2 Commenl—Criteria should be
compllations of critically reviewed data
with oo synihesis or interpretation.

Response—Neither P.L 92-50C sor the
Consent Decres specify the form whick
a criterion must take. The Consent
Decree {para. 11, p. 14] specifies that
such criteriz “shall state, inter 2,
recommended maximum permissible
*, Adequate precedents
have been et in the “Green Book ™.
*Blue Book™, and "Red Book™ for the
form of criteria used in the Guidelines.

3. Commen!—The Guidelines ard
criteria should be developed by
consensus of aquatlic loxicologists rather
than by EPA personne! only.

Reaponse—EPA certainly wants the
Guidelinez and the eritenis to be us good
as possible mnd as scceptahle (o as
many initerested people as possible. To
this énd, EPA has widely distributed
draft versions of the Guidelines and the
criteria documents, discussed them with
many people, considered the comments
received, and made many sigruficant
technical changes and editorial
revisions.'It is questionable whether or
not & true congensus could have beexn
reached by any meains within the ume
avalable. In addition, EFA hasa
legislative responsibility which it should
not delegate to someone elas,

4. Comment~—The Guidelines thould
be updated repularly,

Response—The Guidelines are not
being promulgated as a regulation or
directive. The purpose of pregenting
these Guidelines i to show how the
water quality criteria for aquatic life
wers derived [or the 85 pollutants. If
EPA uses these Guidelines agnin, they
wili be revised to take into eccount new
data, concapts, and ideas.

8. Comment~The cbiectives. purpose.
and limitations of the Guidelines should
be stated.

Response—The Introductory portion
of the Guldclinn bas been axpanded to

address these subjects more fully.
6. Comment—The Guidelines wre too
arobiguous.

Response—The Guidelines have been
revised and rewritten, partly lo improve
clarity and provide sdditional details. It
is pot poulglt to provide explicit details
on ull items; in zome areas only yeneral
guidence can be provided at this lime.
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APPENDIX B .continued

The following Federal Register notice contains
of nine documents containing propoeosed ambient water
criteria for the protection of aquatic life and its

Summaries
quality
uses, Of
new criteria

for ammonia and chlorine. Also included in this notice iz 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.

o
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Water Quallty Criterta; Request for
Comments

AGENCY: Environmental Protection
Agency. -

ACTION: Notice of reques! for comments
an amb:ent water qualty cniteria
documents. .

SUMMAKY: EPA announces the
avaliability for public comment. and
provides summaries ol nine ambient
walter quality critena documenrls. When
published in final form after the review
of public comments, these water quakty
critena may [orm the basnis for
enforceable standards, These critena
are published pursuani to section
3044a](1) of the Clean Water Act.
DATES: Wrilten corurer!s should be
submittad 1o (he person listed directiy
below by May 7. 1984, .

FOR FURTHER INFORMATION CONTACT:
D, Frank Gostomsky. Criteria and
Standards Division [(WH-585). LS.
Environmental Protechion Agency, 401 M
Street, SW., Washington, I C. 20460,
202) 245-3030.

Availability of Documents

This notice conlains summaries of
nine documents conlain:ng proposed
ansbient water quality critena for the
protection of aqualic hie and its uses.
and also contains & summary of
revisions ‘o the document enptled
“Guidehines for Denving Numerical
Naticnal Water Quality Critenna for the
Protechion of Aguatic Life and Its Uses”
[which 18 an updated and revised
version of the Cuidelines previously
published at 45 FR 79341 November 28,
1980). Copies of the complete criteria
"documenis and the revised Guidelines
may be obtained upon regues! from the
person listed above. These documents
sre also availabie for public inspection
and copying duning normal business
hours at: Public Information Reference
Unit, U.S. Environmental Protection
Agency, Room 2404 [rear). 401 M St
SW., Washington. D.C. 20480. As :
provided in 40 CFR Part 2. & reasonable
fee may be charged lor copying services.
Copies of these documents are also
avaiiable for review in the EPA Regional
Office hibraries. A list of the proposed
documents is presented below:
1. Ambient Water Quality Criteria for
Ammonis

2. Ambient Water Quality Cnteria for
Arsenic - )

. 3. Ambient Water Qualcty Criteria for

Cadmium

4. Ambient Water Quality Criteria for
Chlonne

5 Ambient Waler Quality Crileria for

Chromium

6, Ambient Water Quality Crilera for
Copper

7. Ambient Water Quality Criteria for
Cyanide

8. Ambient Water Qualily Criteria for
Lead

9 Ambient Water Quality Critenia for
Mercury

10. Guidelines for Deriving Numericel
National Water Quality Crileria for
the Protection of Aquatic Life and
ils Uses '

SUPPLEMENTARY INFORMATION:
Background

Section 304(a)(1) of the Clean Water
Act [33 U.5.C. 1314{a}(1}) requires EPA
to pubhish and periodicaliy update
ambient waler quahity crileria. These
criteria are to reflect the Jatest seientific
knowledge on the identifiable effects of
poliutants on public health and welfare,
aquatic life, and recreation.

EPA has penodically issued ambient
waler quality criteria, beginmng in 1973
with publication of the “Blue Bock™
{Water Quality Criteria 1972). In 1978,
the "Red Book™ {Quality Criteria for
Water) was published. On November 23,
1980 [45 FR 79318), EPA annouriced the
publication of 64 individual ambient
water quality criteria documents for
poliutants listkd as toxic under section
307{a}{1) of the Cleai Water Act.

Today EPA is announcing the
ava:lablity for public comment of nine
individual water quality eritenia
documents which. upon final
publication, will update and revise
certamn cniteria previously published in
the “Red Book"” and the 1980 ambient
waler quahty cniteria docemeants. The
cnteris documents for ammonia, and
chliorine are intended to eventually
replace cnieria previously published in
the “Red Book.” The cnteria documents
for arsenic, cadmium. chromivm. cepper.
cyanide, lead. and mercury will replace
the aqualic life critena previously
published in the 1980 ambient water
quality criteria documents.

Dated: January 13, 1984,
Jack £ Raven,
Assutant Administraior for Woter.

Summary of Proposed Water Quality
Crileria

1. Ammonic

Freshwater Aguatic Life. To protect
freshwater aquatic life, the criteria for
ammoma are bssed upon ambien! water
temperature and pH with maximum
concentration and 10-day average
values provided. ’

Cnieria vaiues for the pHrange 6.5 to
9 0 and the temperature range 0°C 10
30°C ate provided in the {ollowing
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Soltwater Aquatic Life. Data
available for saltwaler apecies are
inaufficient 1o derive & critenen for
saltwater.

Criteria implementation Guidance.
EPA is considering developing
implementation guidance to accompany
the revised emmoenia chiterra. The
Agency envisions that such guidance
wauld provide information perfaining to
the selection of appropriste cnlena for 2
given water body, and the application of
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fheser seleeteld crtonaon the
eotabishmant of wdter guahfy based
FRLN S HHEALN

DA s sehetiing wot'en Comments on
hun.ng questons pestanung 1o

& ent,t on guidanse for the

e monia chtenas (1Y Should the Agenry
develep cnternta nplementation
g.2ance far ammenia, or does adequate
winimation and knowledge already
ev.51 about the selection and application
of ammonia criterfa? If the response 1o
the former question is “ves.” then (2]
what topics. issues, and technical
nfarmaton should be included in ths
§.dance?

2 Arsemc

Freskwoier Aquot:c Life. To protecl
freshwater aquatic Iife anud jta uses. in
sach 30 consecutive days: (a) The
average concentration of dissnived
tr:valent \norgan:c arsenic
[operat:enzliy defined as the trivalent
1norgamc arsenic that passes through &
0 45 m:cror membrane {ilter} should not
exceed 72 pg/): (b} the maximum
concentration should not exceed 140 pg/
I: and {¢) the concentration may be
between ¥2 and 140 ug/l for up Lo 95
hours. This eriterion »ill probably not
be pretechive wherever the toad,
Cas:rophryne corolinensis. is an
important species.

Not enough data are available to
aliow denvation of numerical national
water quality erteria for freshwater
aguatic Iife for pentavalent inorgarnic
. arsenic OF any Qrganic arsenic
compound. Peatavalent inorganic
arsenic s aculely toxic to reshwater
aquatic an:mals al cencentrations as
low as 830 pg/l. An acute-chronie ratio
of 28 {or pentavalen! inorganic arsenic
wayg obtained with the fathead minnow.
Pentavalent arsenic may be tonic ta
freshwater aguatic plants at
concentrations as low a8 48 ug/l.
Monosodium methangarsenate [MSMA)
1s acutely loxic to aquatic animals al
tonceniralions as low as £.900 ug/l but
ne data are available concerning
chranic tonicity to animels or toxicity to
plants.

Soltwater Aquatic Life. To protect
saltwater aquetic life and its uses, in
each 30 consecutive days: (8) The
aversge concentration of disgglved
tnvalent inorganic arsenic should not
exceed 63 ug/i: (b) the maximum
concentiralion should not exceed 120
ng/l; ard {c} the concentration may be
Lotween 63 and 220 pgfl for up o 96
hours. This criterion will probakbly not
lie protective wherever Sheletoneme
cosigtum, Tholessivsira aastivolis, ur
elampra parvula are imporlanl species,

Very few duta are avairlable
concernirg the tox:ciry of any form cf

arsentc other than trneleidt inorganic
arsente 13 saliwaler aquatic hie. The
availebie data do show thit peniavalent
thosganic arsenis is aculely toxic o
saiiwater anumdls 2l corcertrations as
Iotv as 2.319 g/l and may be toxic (o
sar(water plants at 5-50 pg/l No data
Jra avd:fable concerning the chroniz
tnxicrty of any form of arsenic other
than tnvalent insrganic arsenic lo
sallwater equatic life.

2 Codmum

Freshwaoler Aguatic Life. Because the
aculeand chronic loxicities of cadmium
to sensitive imporiant freshwater
species are aboul the same. lo protect
freshwater aquatic life and its uses. the
concentration (In pgfl) of aciive
cadmium [opetationally defined as the
cadmium that passes through & 0.45 um
membrane Liller alter the sample is
aoidified to pH =4 with miric acid)
should not exceed the numerical valua
given by [1.18[In(hardness)j—- 3.621), For .
example, et hardness of 50, 100, and 200
mg/1 a3 CaC,, the maximum
cencentrations of active cadmium are
2.0, 4.5 and 10 ug/). Dale on the scute
tonicity of cadmium ta braok troul &nd
stnped bass cover & wide range, but if
these species are a8 sensilive as some of

. the values indicate they might be, they

may not be protected by this criterion.

Soltwater Aguatic Life. To ptotect
saltwaler aquatic life and its uses. in
each 30 consecutive days: {a} The
average concentration of mctive
cadmium should not exceed 12 ugfl: {b)
the maximum concenlration should not
exceed 38 ug/l: and (c) the
concentralicn may be between 12 and 38
#glifor up to 98 hours.

4. Chlorine _

Froshwater Aquatic Life. Te protect
freshwater aguatic life and ity uses, in
each 30 coniecutive days: [a) The
average concentration of total rexidual
chlorine should not exceed 8.3 ugfl; (b)
the maximum concentration should not
exceed 14 ug/); and {c} the
concentration may be between 8.3 pg/!
and 14 pg/! for up 1o 98 hours.

Saltwater Aguatic Lifs, To ptotect
raltwaler aquatic life and ita uses. in
each 30 consecutive days: {a) The
sversge concenlralion of chlorine
produced oxidants should nal exceed 7.4
ug/l (b) the maximum concentration
theuld not exceed 13 pg/h and [c) the
conceniation may be between 7.4 ug/l
und 13 pg/l for vp to 96 houre.

Criteria Implemeniation Guidance.
EPA 15 cons:dering developing ctiteria
implementation guidence lo accampany
the revised chlorine criferia. The Agency
cvisiung thal such guidance would
provide information pettaining 1o the

b

sefection of oporopriate criteria fer a
given water body. and the appl.cat.on rf
ihose selected critenia in the
cetallishment of- water quaity based
rollutant controls. .
- EPA is soliciting wrilten commenis on
the laliowing questions periaming la
implementation guidance for the
chlarine eriteria: {1) Should the Agency
develop cntena implementation
guidance for chloriue. or does adequaie
infotmaltion and knowledge already )
ex;st aboyt the selection and epplication
cf chlorine criteria? 1F the response o
the formar question s “yes.” then (2]
what topice. 1saues, and technical
information should be included 1n this
guidance?

5. Chromjum

Freshwater Aquolic Life. To protect
freshwaler aquanic life and its uses. in
each 30 consecutive days: () The
average concentration of dissolved
kexavalent chromium (operationally
defined us the hexavalent chromium
that passes through 4 045 um membrane
flter) should not exceed 7.2 pg/l (b} the
maximum concentrstion should nol
exceed 11 pg/l; and {c) the L
concentrations may be between 7.2 gnd
11 ug/! for up to 66 Hours.

To protect freshwater aguatic life and
its uses, in each 30 consecutive days:

{2} The averaze concentration [in
ug!/} of active trivalent chromium
{aperationaily defined ss the trivalent
chromium that pasaes through 8 045 sm
membrane {ilter after the sample ia
acidified to pH =4 with nitric acid}
thould not exceed the numerical value
given by (0.815{in(hardness)] +0.537}:

[b) The maximum concentration (in
1g/11 should not exceed the numerice]
value given by (0.819[In[hardness)]
+3.568): end

{c} The concentration {in ug/}] may be
between ,[0.819|In[hardness)] +0.537)
and (0.218]In{kardness)] +3.568) for up
to 56 hours, .

For example. at hardnesses of 50, 100,
and 200 mg/] as CaCO, the eriterian
sverage concentrations of active
trivalen! chromiun sre 42 74, snd 130
p#§/! and the erilerion meximum
c-ur;;:entnlions ate 870, 1.500. and 2.700
ugfl

Saltwoter Aquoalic Life. To protect
aaltwater squatic life and its uses, in
each 30 consecutive days: [a) The
average concentration of dissclved
hexavalent chroinium should not exceed
54 ug/l: (b) the maximum conceniration
should not exceed 1.200 pg/L and (¢] 1he
corcentration may be between M ond
1.200 ug/ft for up to 96 hours.

No saltwater criterion can be denved
for trivalent chromium but levels of
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V320 ppdl wene lethal fo the pastern
v sler

5 Copuer

Freshwoerer Aquane Life. To protect
freshwate- agoatic ife and s uses.in ©
vath 30 conseculive days:

{a) The ascrege concentration (i -

pgll) of active copper {nperaliuntully
driined us the copper thal passes
through a 045 pm membrane Bltcr after
the sample is acidified to pH =4 with
nitnc acid! should nel exceed the
numerical value given by
. (0.905]1a(hardhess]] - 1 785}

4] The maximum concentratiun (in
gl shevld not exceed the numerncal
value given by {0.903{ln[hardness)) -
1413} and

{c) The concentratiun {in gg/1) may he
Lelween (0.905(in(hardness]| -1 78%)
and ,jn 003 hardness)] - 1.433) for up to
S8 hours

For example. at hardnesses of 50. 100,
and 200 mg/l as CaCC; the cntenion
aversge concentraliors of active copper
are 5.8.11. and 20 ug 1 and the criierion
maximum concentrat:ions are 84. 18, and
29 pgfl.

Seitwoter Aquotic Life. To protect
saltwater aquatic e and 1ts uses, 1n
vach 30 consecufive days (a8} The
average concentration of achive copper
should not exceed 2.0 ug/l: (b} the
rmaximurd concentration should nat
exceed 3.2 pg/i: and (c) the
concentration may be between 2.0 and
32 pg!l for up to 96 hours

i Cyoenide

Freshwo ter Aquetic Life. Tu protect
[reshwater aquatic life and its uses. 1n
each 30 consecutive days: (a) The
averuge concentration of free cyanide
{the sum of eyanide presentas HCN and
CN-. expressed as CN) should not
exceed 4.2 pg/l: (b) the maximum
concentration should not exceed 22 ug/i,
and {c} the concentration may be

“between 4.2 and 22 pg/1 forupto 98
hours.

Saftwater Aquatic Life. To protect
saliwater aguatic life and its uses. in
each 30 consecutive dayy: (2) The
average concentration of free cyanida
(ke sum of cysnide present as HCN und
CX.,expressed as CN) should not
exieed 0.57 ug/h (b} the maximum
concentration should not exceed 1.0
#E4 and (c) the concentration may be
belween 0.57 and 2 D ug/i for up to 96
hours.

& Leod

Freshwater Aguutic Life. To prolect
freshwater aquatic hfe nd its uses. in
each 30 consecutive days:

{a} The average concentration fin g/
!} of schive Jead {operatipnally derned

a5 the Tead that pusses through a 0.45
rm membeane filter aflter the sample s
ncidified to pH = 4 with milric acid)
shnuld nol exceed the numernical value
even by (1.3:|inthardness)] - 5.245k

[t The muaximum concentration [In
pul/l should nol exceed jhe numernical
value given by {1.34|Infhardness)} -
2N4) and

{c] The concentration [in pgfl) may be
hietween {1.33[In(hardness]) - 5.245) and
A1.34]Inthardness)} - 2.014 for up to &6
hours

Fur example. at hardnesses of 50, 100,
and 200 mg/l as Ca€0, the criterian
average concentrations of aclive lead
are 1.0, 2.5, and 64 ug/l and the criterion
mavmum concentrzlions are 25, 64. and
160 pgfl.

Sultwater Aquolic Life. To protect
saltwater aquatic Iife and its uses. in
euch 30 conseculive days: {a) The
sverage concentration of active lead
should not exceed 8.6 ug/l. (b} the
maximum toncentration should not
exceed 222 ug/k and {c} the
concentration may be belween 8.8 and
220 ug/l for up to 96 hours.

2 Mercury

Freshwater Aquatic Life. To protect
freshwater aqualic life and ils uses. in
each 30 consecutive days: (8] The
averapge congeniration of active mercury
{cperationally defined as the mercury
that passes through a 0.45 xm membrune
fittér afier the sample is acidified to
pH =4 with nitnc acid} should not
exceed 0.20 ug/l: (b} the maximum
concentration should not exceed 1.1 ug/
l. snd (c] the concentration may be
between 0.20 and 1.1 pg/} for up to 98
hours. These values ure based on tests
on divalent inorganic mercary and will
be too high if a substantial portion of the
sctive mercury is methylmercury, These
values will also be too high if
bioaccumulation is greater in 4 field
situation than in laboratory tests. In
addition, the value of 0.20 ug/1 may not
protect some salmonids and
centrarchids from chronic toxicity and
at thal level, bioaccumulation in some
species will be a1 the FDA action levet
of 1.0 mg/kg.

Saltwoter Aquatic Life: Ta protect
saliwuter nqualic life and its uses. in
each 30 consecutive days: {a) The
average concentration of active meccury
should not exceed 0.10 ug/fl: {b) the
maximum concentrsiion should not
exceed 1.9 ugfl: and (c) the
conceniration may be between 8.10 and
1.9 ug/1 for up 10 98 hours. These values
are based on tests on divalert inorganic
mercuty and will be too highf a
subs*antial portion of the active mercusy
15 methylmercury. These values will
also be tuo high \f bicaccumulalion is

BH-Jo

areater1n a held <ouation than it
labinratory tesis

10 Surmary of Revisons b
‘Goardriees far Docving Numwencu!
Nat:orol Water Quolily Cateric fur the

Proteetun of Aquatis Life and lis Uses

This draft revised version of the
Nulional Guidehnes provides
clarificatens, addihonal details.
teehnical and editortal charges from the
guidelines published at 45 FR 78341~
79347, November 23. 1980. These
modilications are 1he result of commenis
receined an the previous Guidelines and
aiso reflect advances in aquatic
taxicology wnd related Nelds The major
techrical changes are:

1. The acute data required for
freshwaler animals has heen chunged o
mclude more tests with inveriebrate
species.

2. The Final Accte Value is row
defined in terms of Famuly Mean Acule
Values rather than Species Mean Acute
Values previousiy deflined. A Family
Mean Acute Value is the geometnic
mean of all the Species Mean Acute
Values available for species in the
farnily. On the average. species within
family are toxicologically much more
sirmilar \han species in different families
and so the use of Family Mean Acute
Vatues will prevent data sels from being
méased by an overabundance of species

inone of a few families.

3 The Final Acute Value 15 nuw
caiculaled using a method that is not
subject to the bras encountered with the
previoss method. In'addution. 115 not
influenced by ane very low vaiue as the
previous method was.

4. The cooterion consists of two
numbers. The critetion averuge -
concentration and the criterion
maximum concentration.

a The cnterion average coRCentralor
15 now used as a 3~day average. rather
than a » 24:-hour average.

b. Excurtions over the average are
Limited ta allow only one 96-hour
episodesn any 30 days.

¢. Instead of being equal to the Final
Acule Vilue, the crilerion maximum
concentration is now obtained by
dividing the Final Acute Value by 2. The
Final Acute Value 1s210terided to protect
85 percemt of & group of diverse species.
unless a : important species 1s more
senniive. However, 3 concentration thal
would severely harm 50 percent of Lhe
fifih perceniile or 50 percenl of »
sens tiveimportant species cannol be
cons:dered to be protective of that
percentie or that species. especially
bewsuse this concentration may exast {or
48 hours on twelve dilferent occasians
every year. Dividing the Final Acyte

AR-31



4534

N

Federal! Register / Vol. 49, No. 26 / Tuesday, February 7. 1984 / Notices

Value by 2 s intended 1o result in a
concentratizn that will not severely
adverseiv aflect oo many of the
organ;sms

5. The preferred duration for acute
12515 with all species of aquatic animals
15 96 hours. although tests as shartas 48
tours are acceplable for freshwater
ciadocerans and mudyges. and for
vmbryos and larvae of saltwater
harnacles, bivaive moiluscs seq wrching,
sobsters. crabs, shrmps and abalenes.

& W hen avarlable, 96-hour EC50
vajues basad on the percentage of
organisms immobilized plus the
sercentage of orgamsms klled are used
mstead of 96-hour LC50 values for fish:
comparab'e EC50 vatues are used
instead of LCS0 values for other species.

7. The requirements for using the
results of tests with aguatic plants have
bren made more stringen! .

Two additional appendices [Apsendix
1 and 2! were edded as pant of the
guidance. Appendia 1 was added !o aid
in determining whether a species should
be considered residentn North Amernica
and ils taxenomic classificatan,
Appendix 2 provides guidsnce for
ca;cuiating of a Fira Acute Value
[FR D, $=2E2 Fricd Jodhotd 8 45 wim]

RILLNIG COOE 8540-40-M,

FEDERAL COMMUNICATIONS
COMMISSION

Meeting of the Telecommunications
Industry Advisary Group Sieering
Committes

Pursuant to section 10{a){2] of the
Federa! Advisory Commnitee Act [Pub.
L. 92-453]. notice is hereby given of a
meeting of the Telecommunicatians
Industry Advisory Group Steering
Commitiee scheduled to meeton
Thursday end Friday. Febryary 23 and
24. 1984. The meeting wili be open to the
public. The meeting ttmes ynd location
are as follows:

Thursdoy. February 23. 1954—8:30 o.m.

FCC Meeting Room # 330, 1200 16th
Sireet NW., Washingion, D.C.

Friday, February 25, 1984

FCC Meeung Reom %855, 1919 M Street
Nw., Washington. D.C.
The agenda i s Iollows:

[ Review of Minules of Previcus Meeting

1l Ceneral Adtmnistrative Matters

i1 Raview of Auditing ard Regulatory
Subcommiltee Report on Recent Tax Law
Changes

1V Review of Reports 1o be submilted 10 the
TIAG Assembly .

\' Dther Business

vl Presenintion of Oral Stefements

vii Adjpurnment

Wtk prior spprovai of the Chawrmran,
Geraid P. Vaughun. oral statements
while ncit favored or encouraged. may
be allowed if time permits and if the
Chairman delerrmines that an ora!

teseatalion is conducive 1o the
effective attainment of Steering
Committee ghjectives Anyane nol a
member of the Steering Commitlee and
wishicg to make an oral presentancn
should contact Stephen T. Dully, Group
Vice-Chairman {202) 634-1509] at least
five days pricr 1o the meeling date.

Wilbam ] Tricarice.

Secretzry, Federa! Communications
Commiss.on.

[FR Doz #4-3211 Fued 3-8-44 & 43 pen]
BLLNG COOT §712-01-4

Telecommunications Industry
Advisory Group (ncome and Other
Accounts Subcommittes

Pursuant to section 10{a}(2) of the
Federal Advisory Committee Act {Pub.
L 82-453). notice 18 herby given of #
meeting cf the Teiecommunications
Industry Adviscry Group's (TIAG)
Income and Cther Accounts |
Subcommuttes scheduled for Thursday
and Friday, February 16 and 17, 1984
The meeling will begin op February 18
819:30 a.m. in the office of GTE Service
Corporation. in Tampa, Florida, &nd will
be open 16 the public. Please contaci the
Subcommitiee Chairman, Glenn L.
Cnifin (214) {659-3484) for details on
meeting locahons. The agenda is as
follows: ’

1. Generel AdminisUuative Matlers
1. Chscuasion of Assignmenty

II. Qther Business

V. Presentatian of Ordl Statements
V. Adjoummaent

With prior approval of Subcommities
Chairman Glenn L. Griilin, oral
stalements. while not favored or
encoursged, may be stlowed at the
meeting if lima permits and if the
Chairman determines that an oral
presentation is conducive to the
effective atainmeni of Sobcommitiee
objectives. Anyone rot & member of the
Steering Committee and wishing to
make an aral presentation should
confact Mr. Griflin ([214) 8593484} at
least five days prior (o the meeting date.

William |. Tricarico,

Secretory. Federal Conmunications
Comimussion.

[V Dot 3217 Filrg 24l 045 o}
LUNG COOH §F12-07-4

fy- 21

Camac Brpadcasting Co., Inc., and
Walda Rose Spears; Applications for
Consolidated Hearing

1. The Commission has before 1 the
foliowing mutually exclusive
appicahons {or a new FM station;

)

1
1
ADCCRN, Sty FS1MM i Feh N Doy’
L]
L

Co ¢ Rovwnt SC |
B waids Rove Spears. A | BPW-gRAT1AN _ -1
ennl 53 . |

A Carac smim-umm._._j Ba-3

2 Pursuant 1o Section 309(#) ol the
Communications Act of 1934, as
amended. the gbove spplications have
been designated for hearing in a
consolidated proceeding upon 1ssues

whose headings are set forth below. The

text of sach of these issues has been
standard:zed and is set forth 1n 15
enitrety in & sample standardized
Hearing Desigrnation Order (HDO) )
which can be found at 48 FR 22428, May
18, 1883. The issue headings shawn
betaw correspond fo issue headimgs
contained in the referenced sample
HDO. The letter shown befors each .
apphicani’s name, above, is used below
to 5:ignify whether the 1ssue in question
spplies ta that particular applicant.
Issue Heoding end Apphcantls)

1. Aur Hazard. B,

2. Comparative. A B
3 Ulumate, A. B

3. U there is any non-standardized
issuels) in this proceeding. the full 1ext
of the issue 2nd the applicant{s} 1o
which it applies are set forth in an
Appendix to this Notice. A copy of the
complate HDO in this proceeding may
be obtained. by writien or telephone
request, from the Mass Media Bureau's
Contact Representaiive, Room 242, 1919
M Street, NW., Washington. B.C. 20554.
Teiephone {202) 632-63H4.

W. Jsn Gay,

Assistant Chief, Awdio Services Division,
Masg Media Burwou

[FR Dwc. $0-3300 Filed 3-8~ &43 s}

NLLIWO CODE ET1a-41.00

New FM Stations; Applications for
Consalidated Hearing; Don and Gall

Stubbiatiaid and John E. Elsner

1. The Commission has before i1 the
following mutually exclusive
applications for a new FM siation:

- W
Apphtart. oy, ard sale Fie Ho ket

Badktan | DPM-AITIOM b
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BENCHY STRLT TRTIATMENT TECHNTLOGIES

- N

The removability matrix (Table 1, next page) on the following
rages shows technologies which have the potential to remove a
specific pollutant. Thus, 1if an industry has a polluticn problen
fer one of the listed nonconventicnal pollutants, technologies
which have the pctential to remcve the pollutant of concern can

be determined, and investigaticn of the technclogies can
commence.

Blank spaces within the matrix indicate that data relating the
techneclegy with the pollutant is net availables and therefore 1
Is assumed that the technhology i1s mot a feasible alternative £
the removal of that specific pollutant. Due to & limited data
base approximate removal

+
L
C

[ e ]

percentages of each pollutant by eaci
technology were nct availakle. However, further inves<tigaticn
into tha Treaztability Manue! and many cf the gther references
l=sted in the tack of this report mzyv reveal the effectiveness cf
the technmzlogy-in remsving a nonconventional pellutant,
BINCHE=-SCTRLEZ 5T ZIES
BEench sczle trezzakiity studies are normally recommended ¢
determine 1f a treatrment technclogy is aprlicaxle feoxr a specific
rollutant. These gtudies can determine pollutant remcovabilitw
anZ CptTimum cperating rarémeters. The Icllowing seciicn de-
gcribesg g genserzl agprcach irn perfomming & bench-scale stuly for
mach technclogy menticnmed in the rmatrix table (Table 1). Thneo
arcrcach will previde the resder with ceneral knowledge of 1h
tench-scale. study, its chéemilcels, meterials, ecuipnment, Treziment
Ve -les, general process steps, and design critveria. This
re t.is limized 4o the extemt-that the Triterid ahsd desicn
st given prcvide the reader with a general knewledge of what
i swired "0 oa bench-scele stady, not g detailed evperimenteal
design feor either a full-scale cr bench-scale study. When a
deralrled bench-scale study is desired, the technclegies should ke
investigated further in the references given in Taeble 2 (page £).
The apprcach tazken for <this report is kroken into two main parts
for each techrnology: peliuvtant applicability and treatability
arprcach. The pollutant applicability lists the nonconventicna.
cllu%ante removed by the technclogy. .The treatahility approach
ists the chemicals ahd materials reguired for the bench-scale
tudy.  Also listed is the type of apparatuns, the appreoximate
apparatus size needed, znd the pollutant loading factors, if
applicable. A general cperatipng procedure for the study is
include

, as well as the operating parameters to be tested and
the recommended results and analyses to be obtazined.

frocedures and eguipftent needed to anzlyze for the various nen-

ccnventicnal pollutants can be found in Reference 17.

AR-31
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TABLE 1. NONCONVENTIONAL POLLUTANT - TREATMENT TECHNOLOGY REMOVABILITY MATRIX

»

Sedimentation X : X

Sceimentation with Chemical :

© Addition X X X X % X ) S

Gas Flotation

Gas Flotation with Chemical
Addition

Filtraton {Granual Hedia)

Uitrafiltration

Activated Sludgs

Trickling Filter

L.agoon

Rotating Biclegical
Conlactors

‘S5team Stripping

Solvent FExtractien

Carbon Adsorpticn

Chemical Oxidation

Air Stripping

Hitrification/Denitrification

Ion Exchange ' X X

Reverse Osmosis X X

Dechlorination

Ozonation X

-
o

Mo oMo oM
-
oo
e i -
P - S

MM W X
=
=
- - S I S

Mo oM oMox

o
F3
-

{continued)
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TABLE 1 (continued)

Rarium Tin _TKN

Sedimentation X
Sedimentation with Chemical
Addition X
Gas Flolation
Gas Flotation with Chemical
' Addition
Filtraton (Gramual Hedia)
Ultrafiltration
Activated Sludge
Trickling Filter
Lagoon
fatating Biological
Contaclors
Steam Stripping
Solvent Extraction
Carbon Adsorplion
Chemical Oxidation
Air Stripping
Hitrification/Denitrification
fon Exchange X X
Reverse Osmosis X X
Bechlorinatiion
Ozonation

=
o5 o=

3]

Hox oM N O o

O D M MM o o=

0

"ot removed by anaercbic lagoon,

hNot removed by aerobic lagoon,

Chiorne

tirr

* Xh
X X
x
X
K
X
X
X
X
X

Organie
Sulfide Nitrate Nitrogen

{"arrosion

Inhibitor surfactanlts

X
X X
X
X
X
X X
H X
X X
X X
X X
X
X X
* X X
A .S
X

X X
X X X
X X

r 3




ED» DESCRIFPTION AND DESIGKN
A gt e - o e o O
TATMENT TECENGCLOGIES

TeCrnCLCGY Reference Fage

e L an s

201-221
A-88
221-227
A-36
227-252
362-373
A-98
22-1
43-1
470-522
725
A-3B
2442-452
534-546
A-80
£33
552«L:3
A=-58
551
452-453
A=70 .
A-T0
42-1

78

121
az-1

BS
277-2k4
A-125
728
35-1
734-739
41-1
A-114
T12-719
T21-734

Sedimantation
Gas Flotation

Filtration

wh L L2 RO L W b L L U Rl o W B L W R

[

p

Chem:czael Ox.daticn
Alr Stripring

Nitrificatien/oDenitrificaticen

A~GE, A-72
30-1
753

icn Exchange

—

39-1

Reverse Osmos1s
: 754

’ [
o WD WD A WD R b o ) B e B L0 W R R R

Dechlorination
Ozonation 591
36-1
3 65

2411 technologies are included in Volume 111 of the
Treatability Manual.

AR-31



SEDIMENTATION

Follutant Anplicabilitv

h

sedimentation can be used to remove the fecllowing noncenventicnal
pollutants: chemical oxygen demand (COD), total organic carbon
(ToC), total Kjeldahl nitrecgen {TKN)} and organic nitrogen.
Sedimentation with chemical addition can be used to remcve these
nenconventional peollutants: COD, iron, phosphorus, color, alumi-

num, flucride, manganese, TCC, barium, tin, TKN, organic nitrogen
and cerrosion inhikitor.

‘mreatabkility Approach

Chemicals such as lime, alum, polymers, ferric chloride, and
sulfide may be added to enhance the settling characteristics cf
uspended particles or to precipitate dissolved materials.
chermicals may be added either individually or in variocus

CIIZilnatlililns.

Thece

For gravity settling of discrete particles (no chemicals added),
g2 bench-scale study woulld reguire a 1 or 2 liter cylinder azs the
necesszry eguipment., Particles cf known diameter and dens:ity
that are zative of the wastewater of concern are inserted
inTe the filled with water. Measurements of distance
gettleld Te &re taken A4 settling rate can be determined
and used gn & pilct-scale grit and settling charker. 7Tnis
Filco~sca is described lzter In this section.

Fer floseoulant-zided setiling, which commonly occurs when chero-
cals are acdded, the apparatus fcr a bench-scale study shoulil
apprexamate a 20-1iter cyvli:inder_with sample ports at several,
intervals. The chemical is added to the wastewater in the cy-
lincder and mixed by suirring uvntil a uniform mixture is obtained.
Tne mixture s allowed to settle and the settling distance :is
reasured at various time intervals. Samples are also taken at
varicus time intervals to determine scolids loadings. From these
sarrlies and measurements setiling rates and total percent re-

movals can be determined. Variables for this study incliude the
chemicai(s) added, its concentraticn, and the influent wastewater
solids cencentraticn.

A4 larger scale, continucus-£flow, bench study may be performed.
Apparatus needed include a 3-liter rapid mixing tank, a l-m®
fiocuiaticon tank and a 6-r? setting tank which has the inlet at
one end and the effiaent weir at the cpposite end. Note these
are approximate and mmy-vary based on hydraulic load, detenticn
time and settling rate. The influent wastewater and flucculating
chemical(s) are added to the rapid mix tank. Slow mixing occurs
in the flocculation tank and settling occurs in the final tank.
Concentrations of the influent and efflusnt from the settling
tank are measured and percent removals determined. Parameters

AR-31



r this continuocus-£flow svstem include the infiuent sclids
ncentraticn, the chemiczl(s) added and its concentraticn,
occulation time, settling time, seitling rates and settling
ank size (length te width ratic).

CAS FLOTATION (DISSCLVED AIR FLCTATICN)

Pollutant Arplicability

NonconvEﬁtlenal pcllutants removed by gas flotation may in clude
CCP, phospherus, TOC, TKEN, and organic nitrogen.

Treatability Approach

To enhance the fleotation characteristics of the pellutants,
chemicals, such as alum, lime, polymers, ferrous sulfate, ferr:
crhleoride, and sodium aluminate may be added. Apparatus reguire
te cenduct a bench-scale study include a 1- to 2-liter capacity
pressurized cylinder, a mixing tank, and a2 2- to 3-liter flicta~
tien tenk with an effluent removal point. teps fcr the kench-
scale study may be as fcllows satu:ate water with air in the
pressurized cylinder at about 40 to 5C rsig for several ninutes.
Add wastewater and flotation-aid {if applicable)} in the rep:d n

(21N Y]

tank, which £flows o the flotation unit. Aallow the a‘ﬁ-satnra
water to mix with the influent by Intrecducing the twe reams
rear the same peint 2n the flctation unit. ir bub*’es u‘:l
gfhere tc the pellutants end rise to the tcp ¢f the flctatico
unit carry.ng the peollutants to the tep. Influent and effluent
concentreticns are measuregd by sampling the apprepr-ate streans
arnd percent remcvals are determined fcr the pollutant of congesn.
Ferficrmence 1s kased cn the air tc sglids ratio regunred tc
achieve a given degree cf clarificaticn.. Other parameters in-
clude the cecngentraticn of particulete metter, the-cuaniity cf
gir used, the rparticle rise velccity, the sclids lcading rzte,
ang the chemical added and its congentration.

FILTRATION

>y

Poliutant Anzlicability

Nonconventional pellutants removed by the filtration process may
include COD, color, TOC, TKN, and eorganic nitrogen.

Treatabilitv Approach

A large variety of media can be used for bench-scale s+tudies on
filtration. Gravel fine sand, and anthracite coal, used ind:-
viduvally or in conblnatzcns. are the most widely used media. The
suggested apparatus for the study is an approximately 1- to 3-m -
deep cylinder with a crecss-sectional area of about 0.1 m2. For
proper operation, the cylinder will reguire a wastewazter influent
and overflow valve at the top and an effluent and backwash
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influent valve at the be Media is placed in the cv

Toom linder a2z
a desired depth and the influent is introduced to the filter z=
the top at a rate between 80 and 400 L/m?-min. The wastewzter
flows through the media and exists at the filter bottom. Meas-
urements of influent and effluent concentrations are taken and
perce“h removals are determined. Wheﬂ a desired head loss s
reached or a breakthrough in the effluent ctoncentration occcurs
backwashing is regquired. Backwashing is accomplished by add:ng
water to the filter at the bottom and fluidizing the bed. The
pollutlng material is removed from the media by the washing and
lows cut the overflow at the top of the filter. Average *a"

wash rates va ary between C.8 ané 2.0 m®/m?-min depending c¢n th

media used. The principal facters to be determined bv the Lenzh

— e e

scale study arce: the percent removal of pollutant; the selecticn
cf the optimally sized filter medium or media and their rescec-
tive depths; the determination ¢f the most appropriate fi_+«rz-:i:r

.rate and terminal head loss; and the egtablishment of the

o e)’.—
pected durazicn of filter run.
ULTRAFIZTRATICON
Tellutant ArolageZilaicy
Uicrafilerzeicn hazs been dercnstrzted to remove In scme porIiCT
“ne fellowing nmongooventicnal pollutants: CC2, coloon, . TiC
crganic nitrogen, anf susisctants.
Treatabillitv Atorcech
The apraretus end material needed fcr a bench-szcele study woull
Include an ultrafizltraticn remkrane having cha:a:te-:st:cs ol
approximately 10 3~ +o 10 Z-opicron membrzane size and C.l- tc
1.C~micron wertrene thiciness, 2nd a pressurized chamber havincs
ene inlet and twc cutlets, cne outlet or each side of the mer-
trare, Influent vastewzter 1s added te the unit on the tep siisz
cf the memtrane under a.pressure of 1C to 100 psig and a fl tra-
ticn flux rate cf approximetely 0.5 o 10 gal/ft?/dav/psi.
Farvicles cf a large meolecular size will be excluded and ccncen-
“rzted by the memkrane and this cenrentrate will exit at the end
cppcsite the wastewater Lniluen The filtered wastewzter passes
-

threugh the membrane and exits a* the bottom cof the unit. Xesz-
surements for influent and effluvent concentratLOﬁs are taken znZ
percent removals determined. The actual size of the membrane
wi1ll be Ltased on <he pclictant to be removed. vVvVariables fco
testing would include the memkrane pore size (exclusicn rating?,

influent concegtraticn, upstream pressure, and filtration fiux
rate.

- AR-31
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ACTIVATED SLUDCE

Ppllutant Applicarkilit

Activated sludge may be effective in remcving the following non-

conventicnal pellutants: COD, phesphorus, ammonia. coior, T4C,
TEN, sulfide, organic nitrogen and surfactants.

Treatability Apporoach

The apparatus needed fecr a continucus-flow bench-scale studyv cn
activated sludge is.a chamber of approximately 0.5- tc 1. G-m2
voiume with an inlet for air, a second inlet for the waslewztsr
feed, an cutlet for the treated effiuent, and an ad-ustakle
baifle to separate the chamber into the aeraticn and seTtiing
steps. The wastewater feed unit should be a flow controlled

system. Before the study is initiated a desired mean cell reten-
tion time should be determined. The first step in the proceduce
iz tc seed the unit with sludge from a well-opera:in; gvsTen
having an initlal volatile-sclids concentraticn of abeut 1,520
mg/L. Stac:lize the unit by supplying air and complete mixinz inm
the aeraticn zcne while allowi ng for satisfectery settling in the
settliing zone. Begin feeding the wastewater at a Ilow rate
necessary to achieve the desired hydrauvlic detenticn time. The
tesT 18 maintalned until appreximate stea;y- tate conditiens ars
reached Tnis s Setected vhen the efflvent BIZ cr C£ID Is gtif:i~
lized oI a constant exygen-uptake rate is-achieved. Sz-zle fo:
BCZ, CC3, suspengef sclids, voiatile suspended sclids, nitrogen
and phesphorus %o ensure that heaithy conditicns fecr the Biclzzi-
cal cegraiztlicn process are maintained. The elfluent s rerzvsi
zfter the settling purtzon cf the charber. Remcval percsntages
&r the polliutenie cf ccnecern are cdetermined by comsaring the
influent and efflvent cencentfaticns. the¥ desired resulis ars
the eoptimun mean cell residence time, the bioclogical crowth wzeld
arnd the decay ccefficient Parameters for operaticn ci the
activa=ed sludge system are hydraulic reternticn time, rmean cell
residence time, amount c¢f air introduced to the syster, initial
sol:ids concertration, and oxygen uptake rate. If activzzed
sludge is going to be used for a nitrification preccess longar
geténtion times and lower organic loadings are reguired.
TRICKLING FILTER
Pollutant Apolicability
Nonconventional pellutants removed by trickling filters are CCIT,
ammonia, colora TOC, TKN, organic¢ nitrogen, and surfactenis.
Treatability Acproach
The types of media most widely used in trickling filter applica-
tions are rocks, wooden slats or plastic forms. Apparatus needsd



to perform a Ppench-scale study is a drum approximately 5.5- to
1.0-m 1in diameter with supports at the bottem to centain the
media but allow the effluvent to flow through, and a svster
will provide an even distribution of the wastewater over th
_media. Media is placed in the drum at the desired dep<ch.
ent 1s applied to the media and allowed to trickle threugh
media. A microbial growth cccurs on the media which in %
provides for the uptake and oxidaticn of the organics
wastewater. An adequate air supply for the microcrganism
prevent anaercbic conditions is reguired. Effluent ex:ts
bottom of the drum. Hydraulic leoadings are approximately (.
0.48 kg/m3-day, both for an intermediate-rate filter. Efflu
is cclliected and analyzed and compared to the influent concentr:

L Py

ions to cbtain the percent removals. Settling of the ef7luent
after the trickling filter may be necessary to elirinate the
biclecgical solids. Recycling of the effluent to the influen=

[ IR IR w- R

line to reduce the organic loading concentration and irz
treatment efficiencies is ¢ften used and should be cox
gument peramecers are pH, temperature, media type
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and organic and hydraulic lcadings. Slow rate and nigh raze
filters may als¢ be znalvzed by varyving the crganic anid hedszulicz
lcadings and med:ia depths. Informaticn abeut all the
rate svsiems may be fovnd in Metceli and Edéy [2].

LLGOCNS
Pollutant Aoolicabkilias

_agocns are cften ucsed . tc remcve these noncenventicnal TolliutT-
ants: C2ICZ, phosghorus, ammoniez, coler, TOC, TENW, nitrazTte <CI7zn-
ic nizregen, and surfactants. Anaerchbic lagocns shoul =t ke
used Tec remeve ammenla and TN and aercbic lagoons-shoulf moT te
used teo remcve rnitrates

Treatebility Approach

Lagoens may be operated in three general methods:

aercr.c,
fazultative, and anaercbic. The aercbic method may be mechani-
caily or naturally aerated. The mechanically aerated .agc:In s
similar to an activated sludge process, except that there is
tsually ne recycle of the biclegical solids. - Thus, a bench-scele
study for the aerated lagocn wotld be similar to the activated
sludge study discussed previously. The aerchic lagoon ut:il:izes
the natural growth of algae to supply oxygen to the system elc¢ng

with other natural mechanisms. A bench-scale study for the
aercbic lagoom would be similar to the activated sludge but
without the fo¥céd air to the system. Depths for the aerchbic
lageen study shcould be slightly less than the activated sludge in
crder to maintain aercbic ceonditions throughout the lagoon.

Algae must be maintained in the system at approximately 40 to 1CC
mg/L concentration as the oxvgen released by the algae is used kv
the bacteria in the aerobic degradation of organic matter. The



nutrients and carkben dioxide released in this degradaticn are, It
turn, used by the a;gae.. FPerformance depends on organic lceling
degree of ponéd nml ®ing, pH, nutrients, sunlight and temperz:zure
As in the activated sludge process influent and efflue“b gnze
trations are measured to determine efficiency of the systemn.
Aerobic lagoons are often used in series Lo imMprove removal
~-¢c1eu-1es. Full-scale aerobic lagoons vary in depth (0.30 <
1.5 m), pond size (0.25 to 4 hectares) and detention time (4 To
20 days) depending on rate des¢red available area, and organ:ic
.-I.Ouulu, -

A facultative lacoon bench-scale study would be similar vz the
aerchic lageoon study except that the bottom portion of the lazz:zo
is zllowed to ¢o to anaerchic ccnditions while the tep laver :s
aercbic with algae growth. The la}er between is the. Antersedraze
zone that is partly aercbic and anaerobic. Beside the facticore
that affect perfocrmance rmentioned in the zerokic secticn, z243:-
tional factors are siudge acdcecunulation ané suspended scl:ids
centent in the effluent. Ai::::::al informaticn concerning
facultative lagocns mey be found in Metecalf and Eddy [2].

En aneerctic lagsern kench-scale study is similar te the study for
- &n anaerckic dlgesticn process. typical an=e*~~~c digesticn
study 1s performed in an eirtight container that is vo:id cf
gigsclived cxyvgen, heavy metals and sulfides. A detenizcn tire cof
2G-8C davs is reguireZ fcocr a full-scale untt.  The w

sludge ig gdfed te the Cigester and under the anasrcioc

Licng is cenverted 1o methane and carbon dioxide gas.

cf znflvent and efflvent concentreticns will deternine

ess efficiency. Lesgcons are cften ugsed in series to

treztment eff-cfenrmies and sheould ke congsidered Cre

carameters include X, nutrient levels, alkalinity, t

mean cell res:dence time and Zpading faciors.

ROTATING BIQLOCICAT COWTACTORS (RBC)

Pollutant Arrlicekilit

Nenconventional pellutants removed by an RBC unit are {2, po2eE-

phorus, ammenia, celor, TOT, TKN, sulfide, nitrate, organ:ic

ritreogen, and surfactants.

Treatability Acrcroach

Apparatus needed for a bench-scale study of an RBC is & cisc unit

(usuaily plagtic) with 2 surface area of approxim tely 2T =tz 3l
BwETEr

2/rn3 that isesubmerged about 40 to 50 percent in the was<
and rotates at approximately 7.3 m/min (perlpheral speed). These
figures are app¢cx;mately 40/ of full- scale unit requirerments
EZ} A contirnuous flow of wastewater is applied to the syster ag
the flue“t enters the tank where the disc is submerged 3ic-
log a growth occurs on the plastic disc surface. As the disc

-
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rotates, contact betlvweern
wastewater occurs, provicd

.
ing

growth from the disc surface.

-

achieved the effivent exits the tank area.

the sclids is regquired of

the blomass and organic material :
for the uptake of the org .
rotation of the disc alsc keeps solids from settling in the dis

tank, provides oxygen to the biclogical growth, and shears excess

Lol
14

-
P

th
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2
e

~
-

After desired detenticn times are

-
P

Influent

Usually settling of
the- disc tank effluent.

A
—

setiled effiuent concentirations are measured to determine removal

efficiencies. Organ‘c and . hyérauvlic loadings for the disc unit
must be sim:zlar to a ;dag: scale LdullLLy Recommended values
are: an organic loading of zbout 0.48 to 1.0 kg of BGDs/m of
media_and a hvdraulic loading of 0.0% to 0.0% m-,duv,m_'cf
media®. In most cases multiple units are applied in series t¢
improve treatment efficiencies. Treatment parameters are crganic
and hydrauvlic loadings, temperature, detention time, percent
submerged, rotaticnal UelDCl*V and pﬁ’?n*:q# to hnkremove‘. Tor
nitrification of ammonia and organic nitrogen and denitrifizat:cn
of nitrates, detention times are extended, organic and hyZdraul:c-
loadings should be less, and addit:icmal Ln_hs may be necesszrv
STEAM STRIPFING

Pollutant Arplicakril:ity

Steam stripring can be used tc remcve the fcllowing nencenven-
ticnel pollutants: ZZ, ammconia, T2I, TN, sulfide, and crceni:
nitroge:n.

Tregtakilicy Arsroach

A variewy oI columns can fe useld for the striprping process.
Armong them are a packed tewer, a sleve tray distillaticen and
ruzzle cac d;“t;l_a:: : cclim. T Egulpment recuired-for g rench-
scale treatability study using a packed column includes feed
tan¥s, heax ex:ha:ce-, and pumps. The colnn“ should be about &
te 3C-¢m in diameter, 1.2- to 1.8-m high, with Rashig rings or
Berl saziles as comronly used pa :K:ng materials. Tull-scale
ceclumns vary between C. €- and 3.l-m in diameter ané 1.2- tec 12-m
high. The feed water i1s purmped frem the feed tank though the
heat exchanger where it is br ught to near bolllng p01nt tempera-
tures. The wastewatier sniers the column

near the top from th

side and is distributed evenly by & common unit such as a spray

ElSt:lDL or.

.-

The wastewater flows down the column by gravity
tear enters from the s:de at the bottom of the column and

£5
up the column in a countercurrent fasnion. The ligquid and ste
f.ow rates are sometimes expressed as a ligquid to gas ratio.
Bench-scale flow rat®s should pe approximately 0. Joa 2 /day foz
ligquid and 0.1 md/day for steam at about 1 to 2 psi Full-sc
rates are as high as 45 m*/hr at 5 to 11 psi [4}. belUEﬁt is
dravn off the bottom of the column and can be recycled to the
dpata frem Treatability Manual, Volume III.

C‘v”

ale
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influent. Cocndensate is remcved from the tor ¢f the column. The
influert and effluent are analvzed and compared for finzl trezv-
ment efficiency. Operating parameters are feed ccncentrations,
wastewater temperature, pressure, pH and liquid and gas feed
rates. Stripping cclumns are oftes divided into several transfer
units, each unit being separated by a redistribution and packinc
suppert plate, to improve tréatment efficiemcy. Calculating the
number of transfer units for a bench-scale or full-scale unit Is

Nonconventional pollutants remcved by solvent extraction (liguzi-
liguid extracticn) are COD, color, TSC, TKN, organic nitrcgen,
and surfactants.

Treatahili<w Avovrcach

Amecng the many soivents that can be used feor the sytracticn
pcrocess are crude oil, light c¢il, benrene, toluene, isoprosyl
ether, tricresy) phoschate, z2nd others., There ares tws types cf
extracticn colurmns that can be used, simple gravity and rechani-
cally agitated. The simple gravity can be thé spray, sircle
pacrxed c©r perfcrated plate type. The mechanically aglTatsed Tyze
czn be the gulsed packed, pulsed perforated or recipreceting
rlzte tTire. Facked towers use a commeon packing materzal, such &=
Berl sacziles. Arparatus for a-labecratory bench-scale stuly are
gtandard separazcry funnels. Using large batches cf scluzzens
afd the gsclvent and wastewater to the funnels. invert the fun-
nels apprcxarmately 5C times per 1 <¢ 2 minuies tg reach egulili-
rium extraciicn steafyv-state conditions.

CAREIN ADSCEPTICH

Pollutant Arzclicability

Carbon adscrption can be used to remove the following nonconven-
t2cnel pollutants: COD, phospherus, ccleor, TOC, TKN, organ:ic
nitrogen, corrosion inhikitor, z2nd surfactants.

Materials and apparatuns needed to perform the bench-sgale study
are several l-liter jars and mixers, and granular or powdered
carbon. Various known ameunts of carbon are placed in each jar
ranging from approximately 0.5 to 50 grams depending con the

pellutant concentration to be removed. Five hundred milililiters
of wastewater are placed inte each jar and mixed for 3 to 6

%cbtained from Treatability Manuzl cdatz sheets, Velume I11.
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~hours. Sarmcles are taken.and anzlyzed for pellutant ccncentra-

tions. Removal efficierncy is determined by ceomparing the :mitial
and the finzl concentraticn of the pollutant. This data can s&l=:
be used to determine an adsorptien isotherm that describes tThe
arount of pollutant adsorbed as a furiction of the poliutant+
concentraticn. Depending on_ the results obtained, with the
suggested carbon desage range, it may be desirable to repeat
above procedure using a dzf‘erent set of dosages to furbheL
define the isctherm characdteristics and Temovability potent: I,
hdd‘t1onal continucus-flow bench- scale studies can be performed
similar the filtrat:on bench-scale study previousl
except‘tha: activated carben is used as the media. This type cf
bench-scale study is performed to compare various carbon samples.
check heaf loss agzinst flow rates and bed depihs, check backwash
- £Low rate and efficiency of the system for poliutant rencval i

either study, parametfers that affect performance are the inf:
characteristic and con:e:t:a_lon, the adsorptive p:c ev*les ct
whe carbon and the amount c¢f activated carbon used.

- e
PR

y discusse:d,

Nongonventicnal nollutants removed by chemical coxidation are:
ZIZ, amrenie-~rnltrcogen, colcor, TIC, TrN, sullide, crganic nitro-
gen, and surfsctants
Treatzk:
Wany cxidizing agents can fe used in this chexdcal process, sucn
as chlicrIine, CIGh&, pLLasslum permaneanate, hydrogen peroalie.
cnreric ar:d, scénum Ryrpechlcrize,. cclc‘Lm_hypoc"lo:ite gnd mEnv
cLhersg. {C2zme ani czenstien ere ciscussed innoa later secticr.
Depending cn the cx:idizing acent used, the pH may need to be
ad-usted tg provide eptirmum cenditiens for the oxidizing process
nd this can ke acrexplished by adding an appropriate acid oo
alkal: trparatis regulred for the bench-scale 5*"d} is & miming
tank, uwseld te mix the oxidizing agent and wastewvater, and a
settling tank o preClp;tate any i“so¢ub1e oxldlzed material,

metals, or cther residu The first step in the process ig <<
add the appropriate chem_cal to adjust the pH. Next, in the

mixing tank acdd the cxidizing agent and the vastewater. Add:-
ticnal time may be allowed tc ensure complete mixing and ex:d::z
ing. Depending on the oxidizing agent used, heat may be liber-
ated and coeling of the sample may be necessary. ‘Additional

steps of adding moxe cxidant, readjusting the pH and adding more
cxidant, may be desired. After all reactions are complete precip-
itaticn in the settling basin is suggested. The effluent from
the settling basin is compared %c the original concentraticn to
determine percent removals. Parameters for this test include the

oxidizing acent used, its concentration, pollutant removal de-
sired, and PH.

-3
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AIR_STRIPPING
Pollutant Apgliicability
Alr stripgi

pollutants: ammcnia,
Treatability Approach

Chemicals and materials required to per

TKN,

and fr

ng may be used to remove the ‘ollowlqg nonconve

ee chlorine.

L
PRy~

-

form a bench-scale study

are lime [Ca(CH]}p] which is used to raise the pH of the wastie-

water p*lor tc The s;rlpylng tower and a packing material,
about 1.3-cm diameter.

plastic, wood

or PVC pige,

Apparatus

required for the bench-scalie study inludes a rapid mix tank,

flocculation tank (for slow mixing), a settling tank, and the
A full-scale stripring tower is about &- to
ravlic

stripping tower.
7.5-m high and e
lcading and a 2, 2
scale &
PCne.U::
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determ.ne
retweern
cf wastewater
t-’:e :’f-.ﬁ,-u.'!!
are sev-tled cuz
cf trhe
flow enzte
fashion.
~he aToeon

..."16
s#al_

"
Toe

v
tesn

= -
e
0

=
et

IS I N

E

e vy
RIS TR BN 1IN}
rt

yordr iy

[ trsnt) oo

-

cd OOt et

riﬂlr
.

b
M

Q0O gt n 1y
1ot

ent
Recarbonatio:
Parameters

)
.
i

1.7

Fh

0
H

+

Pt
uul

SC

-
a

-

1R
[ O o B O TR o

nwoto

L1+]
"

~c 3,740 3

xc:ra..:_:c

cCXimate am

from

interacticn of air znd treazed wasbewa:::

1p

r ot [N

¥,

ot

oot

£ b= p} M :J'

-

M

-

l(‘: '.r

releases
wower.

is analvzed and ccmpa:ed W
Yo determing Ureatme

ncnlia
ng cf
are

th

FH,

air/m3 ligquid

ster in the p

rped to handle a 2.4 to 6.0 m*/m?/hr hyd
Bench.-
rper *"s should nct be as tall as a full- sca*e urit,
lcauln, and air flow shoul
The fir

air flow.

4. be simil
ro"ed"*e ig tc

a2x

a

o

of lirme to add tc achieve a X

slurry and the cont
sicw mixed

apid mix tank
ﬁ“sph“e angd

$a0 e

-

gy

it c the a
The effluent,

e final efflu
temperature,

anc packing material and density.

o
h -
- marda a

CATION/DENITRIFICATION

Pol

atbilitv

Nonconventional pollutants removed by the nitrxification /de

fication process are:

nitrogen.

Treatabilitv Approach

a

mmonia,

TKN, nitrate,

ard
Ca C.'l i
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There are several ways in which the nitrifitation/denitrificatic“
cf wastewater can be performed.

ling filter, a rotating biological contactor (RBC),
ditch (modified low-rate activated sludge process),
Bench-scale studies have been presented previcugly

bed reactor.

C- 14

Some of the methods are a2 tr
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an oxidaticn
and & h="<°“
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fcr all of these processes, except an oxidation ditch. In

P =4
cases longer detenticn times are reguired so that all cf the
caticn step) prior to the anaerchic (denitrification) step.
Lower BOD loadings are algo required. The effects of tempsrziure
or the nitrification/dernitrification process should be
considered.

Y-

An oxidation ditch is similar to ar aerated lagcon, except
there is a constant flow around the ring-shaped ditch. The
full-scale operation for an oxidation Aditch reguires a ring-
shaped channel approximately 1~ to 1.5-m deep, a mean cell
tion time of 20-3C days, and a hydraulic detention time of
hours. BRench-scale pperations may need to operate at near full-
scale ccnditions to ensure proper removal efficiency. Influens

is added at cne end of the ring where it is aerated and cizcu-

- -

lated by a rotor. The effluernt is drawn off at the oppesite ent
0f the ring from the influent. Further description cf the

process can be found In Metcalf and Zddyv [2]. Trestment parar-
eters Itclude organic and hydraulic loadings, detentscn tim
rean cell retenticn time, and flow veleocity.

ITMN OEVTHEANGE

Pollutent Azcoiogekilivy

Nenmeenventicnzl pollutants removed by the ion exchange process
are: ircn, phosghorus, ammenia, ccler, aluminum, mancanese
Farivm, tin,.TKN, nitrate, corrosion inhibitor, and surfactants.
Treatiatilivy Attroach

e a ~arge nurser c¢f ilon exchange materials that can he
pellutant remcval depending on the contaminant and :iis
cencentraticn. Some consideration to the prcper ex-

aterizl should be completed prior te commancing the

o Arparatus required fer a bench-scale study incliudes z

: cal icn exchange bed, tanks for solution storage, and a
nu £ purps. Depending cn the wastewater to be treated and
the exchange resin used, filtration units before or an ammoniz-
.

tripping 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 apprecximately 0.25- to 1.0-m.
Wastewater is added at the top of the exchanger under pressure,
passes through the resin bed and exits at the bottom. Hydraulic
loadings should be appreximately 0.2 to 0.4 m3/m?.min. Once the -
bed is exhausted Dackwasing, regeneration and rinsing processes
shotld be tested to check on economics of the technology. Inil

-
ent and effluent ceoncentrations are measured and percent removacs
calculated to determine the technolegy feasibility. The factcrs
that affect perfermance are the exchange capacity (a measure of
+he totzl uptake of a specific ion), selactivity (preference of
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one Xind of exchangeable i
{types cf iong that are ex
exchangers are often used to imprcove treatment per¢c:ma e and
remove a larger variety of pollutants. The wastewater ig fairse
passed throug“ a cation exchanger where the positively charged
ions are rep;acec by hvdrogen ions. Then the wastewater passes
over an anionic exchange resin where necative Zons are reciazed
by hydroxide ions. :

REVEIRSE OSMOSIS (RO}

p—t

iy

Pellutant Applicabil

Non,uuve“tloqal pol’uuanus removed by reverse OsSIEeSis are ir
phosghorus, armonia, cc’or, aluminunm, flucride, manganese, ba
tin, TKN, nitrate, creganic nitregen, cerresion inhibiter, and
surfactants,

H

tcorpach

"~ =T -
—-eaTall iV ATTC 2040

The chemicals reguired for a bench-scale eatability study weuld
be thcse used tc lewer the pE to a range ©f 4 to 7 in order o
Frevent scaling. Memirane materials are widespread, with The Two
most cermmen types heinc cellulcse acetate and nyloh The arza-
ratus fcor the Treatafility study includes pretreatment egulprent,
a reverse osmosis untt and a high pressure ;:m,. & typrcal
full-srale crerzticen would reguire zhout 430 o 60L psi pressure
at abcout 20 to 23°C. The wastewater is first pretrezted, usually
with a2 carkon adscrptlicn unit. The flow then goes i1nts the RL
unit 2% cne end unier pressure and the renhrane sepzrates the
pcllutant and proguct water The przduct effluent exits &t poris
at the side and The ccncentrated brine exits a7 the crpes:zie exd
to the influent. Influent ard-effluent Teonecentrazizons are reis-
vred and compared tc determine treatnment efficiencies. FLux
rates t“LoLgH the rmerntrane should be a* reximately 0.20 to €=l
m? /day/m?, Parameters affecting per ormance include the pmesirarne

type, the operating pressure and the pcil"*aﬁb to be remcved.

DECELQRINATICN

Follutant Applicability

Dechlorination is used to remove the free or combined cklerine in
wastewater.

Treatability Approach.

Commonly used chemicals for the reduction of the chlorine are
sulfur dioxide (S50,), sodiun sulfite, sodium metakrisulfate, and
scdium thiOSLlfate. For a bench-scale treatability stucdy appa-
ratus reguired will be holding tanks for the 50, gas and waste-
wabe-, injection lines for the SO, gas, an eductor, and a mixing
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tank. Because the recuired contact time for the S0, and chlorite
is small (less +than 5 seccnds) a contact chamber is

e

not necessary.
Chemical (ccommonly sulfur dicxide) feed rate should be approxi-
mately 1.1 1b/lb residual chlorine. Feed rates for other chem:-
cals will vary. The bench-scale procedure reguires the 50, gas
to flew from the helding tank to an educteor where the 50, is
mixed with water to form a liguid solutien. This soluticn is
then fed into a mixing tank where the sclution water and chlori-
nated influent are thereughly mixed. The effluent from the
mixing tank and the chlorinated influent concentrations are
measured angd treatment efficiency can be determined.

The key contrcl parameters for this process are preoper dgsage cof
SC; based on precise monitering ¢f the chlorine residual and
adeqguate mixing at the point of application of 50;.

CZONATICN
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he gas flow. The preccedure :
enerator with eoxvcen cylinder
B ass ccntainers with one-liter cf
ide scLuticn at about & 20 g/L concentration. Fill
gactor with wastewater. Adjust the czonater gas
flew teo the desired flow rate using the roteometer and diver:
S~reters cf the gas f£low through one of the glass containers.
The gas stream is then diverted throuch the waste sample and
pzcnatien continues for the des:ired ccntact time. Samples shoull
be taker at intermediate times. Pass the gas to the remaining
glass containers to ensure that a2ll the ozone is captured. At
the end of the contact time stop the gas flow and remove the
splutions from the reactcrs. Measure the residual concentration
of the pollutant of ccncern and compare to the original concen-
ration for treatment efficiency. Treatment parameters are the
contact time, the guantity of ozcne applied, pH, temperature,
concentraticn of wastevater cdnstituents and the efficiency of
the ozone wastewater contactor, A continuous-flow pilot study
may also be analyzed. For this pilot study or information on the
batch study see Reference 8. .
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RATICNALE FCR THTD DEVELOPMINT OF TRZATABILITY PROTOCIL

PUXZOSE

The objective of this report is, first, to provide to indus<rial

r municipal perscnnal a list of feasible treatment alternatives
for contrelling specific nonconventional pollutants. And, sec-
ond, to present a general bench-scale treztability approach for
each treatment alternative,.

These objectives are achieved in a matrix table of eighteen
nonconventional pollutants and the varicus treatment alternatives
that can be used to remove these peollutants, and by providing a
general approach to the bench-scale treatablllty'study for each
treatment alternative listed in the matrix. This general ap-
proach is broken down inte the following sections: pollutant
applicakility, whick lists the pollutants that the technology has
the potential to remove; and treatability approach, which de-
scribes the chemicals, mater:als and apparatus required, the
generzl steps, the important design fac;o*s the results tc re
pbtawned, and the eperating parameters fcr the bench=-scale gtudy.

ETEZETACE

E. Mairix Tertle

i Metheds

The data gathered fcr the matrix table was cempiled through two
methsods. Farez, date was ccrmpiled from Volumes 111 and V of the
Treztar:lity Manuel. Veolume Iil's subiect material is Technolc-
gies. Thnis volume glves a techhv‘0g¢cal cescrlpt on primery’
funceicn, basic ope

c

o} ra:;ng principles, design criter Common
modificaticns and agppl 'ca*ions, llmlbaticns, stahus, envircn-
mental impact and chemical reguirements for each technology. In
addition, pellutant renovablllty data sheets for wvarious indus-
tries and summary tables for each technrlogy are included.
Velume V ¢f the Manual summarizes much of Volumes I to IV and
provides a quick reference and evaluation scheme for the NFDES
permit writers, enforcerent pearscnnel and industrial or munici .pé
personnel. In Appendices C and D of Volume ¥V are tables show ﬁg
¥edian Removal Efficiencies and Ppllutant Treztability Index of
different control technologies for various pollutants. rom
Volume III and Volume V, Appendix C and D, information on pD’ZLu
ant removability potential by the various technologies was
gathered,

The second methed for data gathering was through a general liter-
ature search. A bibliegraphy of this literature is shown at the
end of the report so that additicnal information on technologles
and pollutant removability may be obtained.
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The focus of Volumes II1 and V of this Treatability Manual is eon
the conventional and toxic pollutants with little emphasis enn the
ncnconventional pellutants. The matrix table presented in this
repcrt has been designed to emphasize the noncomventicnal pollus--
ants as a centinuation of the Treatability Manual's informat:icn.
The purpose of the matrix, then, 1s to show that the marked
technelogies have the potential to remove a specific pollutant.
Fer example, i£

an industry has a proklem of iron in their was<e-
water, pctential treatment alternatives are sedimentation with
chemical additicn, filtraticn, chemical oxidation, ion exchance,
reverse osmcsis and ozonaticn. :

Blank spaces within the matrix.indicate that data relating the
technelogy with the pollutant 15 not available and, therefore, 1T
is assumed that the technclcgy is not a feasible alternative £z

the remcval of that specific pollutant.

Tecknologies net maen-
© cecnsidered Lo the study becsause

-~
-_—1

tigred in the. ma ware nc
data were not av

B, Bangh-Sczle Stusies
. ¥ethcois

Barch-gzale trestafllity stuody infcrmaticn was obteined through =z
generazl l.werature search. The kiklicgraphies are listed &t Ths
razw ¢f tnis regort. Vericus Zar-test aznd bench-scale studles,
crerating parameters, desilgn criteria and process steps were
feund in tne varicus Tepsris and the testis and criteria most
representative ¢f thls recort were used.

2. Exrglanation

The bench-scale treztability studies are presented in a general
-fermat te alleow tersonnel with a treatment problem To prepare Icr
and understand the megnitude cf the study and to provide the
approximate steps reguired for the study. For many of the tezh-
nclogies, additional information . 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 removed best by a combination of treatment processes,
such as filtration before a carbon adsorption system, however,

these combinations are not within the scope-of this report.

AR-31
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Rev:ew 0f State Mixing Zone Policies

A review of individual State mixing zone policies (listed
on pages 3 and 4 of this appendix) shows that forty eight of
the 50 States make mention of a mixilng zone in some form.
Thirty-one out of 50 states f{and 2 territories) include actuel
mixing zone dimensions in thelr water guality standarés. For

§ -

strearms, 17 of these 3] states model thelr rmixing zone guidel:ines

h

=

regoirements on the Green B00% (water Quzlity Criterza, .9¢E
h

Tre remaining States with defined mixing zones wvary in
their reguirements, allowing dimensions from as low as 1/S
of the cross-sectional area (Ohio) to as high as 374 0of tre
cross—-sectional area ({Scuth Dakota}). Ohic uvses 1/Z ¢f the
stream width as a nmixing zone boundary. West Virginia includes
a length dimension in its pixing zone policy: for warn water
fisheries, no nixing zone may have a length exceeding ten tires
the average width of the mixing zone; and for cold-water

fisheries streams, no nixing zone may have a length exceeding

five times the average width of the nixing zone.
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Two states make no reference Lo mixXing zZones at all:

Arizona and Fennsylvania. Accordingly, EPA does not recognize

any rmixing zones in those 5States, and water guality reguirenments
rust be met at the point of discharce unless the State an

the a

o]

p.icant develOp & case-py-case MixX1ng zone.

Mixing zone dimensions for lakes vary fron State to State

depending con the relative £ 1

lakes 1in each State. Trree cf

w

Lz

34l

[
“he gsix states that 1nclude rixing zone dimensions for lakes

(Alaska, Delawere, T

r

iorice’ use Li% scrfiace area as a cenhera.

CEETEN [T

¢ ‘iiTnluan, West Virginia offer

The policy on estsaries has peen sonewhat similar to thas

for Lakes. In most cases they are both grouped together The

-

A
M

states that do nmention estuaries mixing zone dimensions (Flor:i:Za
and D.C.) use 10% cross-sectional area as their mixing zone

boundary.
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State-by-State Mixing Zone Dimensions

State

Alabama
Alaska

Arizena
Arkanszas
Califocrnia
Coiorado
Cennecticus
Lelaware

.C
e
lc

.

E

.
-

O
oW

-
~
—

a1

Incizansa

Icwa

Kansas
Kentucky
Louisiana
Maine

Maryland
Massachussetts
Michigan

¥innesota
¥ississippi
Missouri
Montana
Nebraska

New Jersey
Hew Hampshire
New Mexico
New York
hevada

Nertn Caroline
North Dakota

Water Body

0
river, streams
lakes
0
large streams
G
G
streame
streams
lakes
estuary
G
strezmes, rivers

lernes, estuaries
¢

all

stireams

streams
streams
streams
streams
streams
streams
0
0
streams
Lake Michigan
streams
¢
streams
D
¢
streams
streams
streams
streams
streams
U
streams

n-3

{Ala

i

InlalalA

IAfAIAIAEAT A ATA IAlA]A]A

Rt Tat Rl

{n

I~jAalalAlA

Cs

u

area
SA = surface area
not listed

o
!

Dimensions

3]
1/3 CS
10 % sa
0
174 ¢cs
0
¢
1/4 CS
1/3 Cs
10% sA
10k C5
9]
BCOO merers
10% potal lengih
122,600 R &0
10 sa
o
{
600 £t raciucs
1/4 Cs
1/4 CS
1/4 CsS
1/4 €8
1/3 Cs
l1/4 C5
i/4 Cs
0
¢
1/4 CS
1000 £+ radius
l/4 CS
0
1/4 CS
0
¢
1/4 ¢cs {thermal)
1/4 CS§
1/4 Cs
1/2 C8 {(thermal}
l1/3 ¢cs
]
1/4 CS

Cross=gsecticn

al
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QL:o

Cklahoma
Oregon
Pennsylvania
Rhode Island
South Carcl:ina
Scuth Dakota

Tennessee
Texas

Utah

Vermoent
Virginia
Wasnington
West Vircinia

b

receiving watercourse

moutn
streams

tn

&l
L]
L11]

5

stream

[ 3 X
3 fr
bt bt F

n

‘r

Tootan

i

rr

3

1:

L

K-ara s
P4 r3ora by

£

H
(11}
5

oy crin

K
n

o
B

[11]
y
n

v
[N

X,
m
(7]

cf receiving

rq

fish

ToOoOOw ol O

ot

fisr

wn in

toft

t

r

M @

ams
ams

£ 1/3 Cs
1/5 Cs
1/4 CsS

| ~

0
< 3/4Cs or
100 yards of
stream width

0

< 1/4 CS
- 0
1/4 CS

o

G
£ 33% €5
< 20% C53
E 300° any
direction
< 1/4 C&
- o

C
1/4 C
400 £
4000
174 C

e

-
[

Pal Py Pt Kl
(1 ot 0

1/4 C5 (thermal)
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) ' . . ' ) APPTIIIN K
(Dilution Considerations for Marine Discharges

{exzerpted fram the 301(h Technical Support Decament)
PHYSICAL ASSESSMENT

A physical assessment of the applicant's discharge 15 necessary to
determine the initial dilution that will be achieved, the zone of initial
diluzion {Z10), and the farfield transport and dispersicn of the effluent,

Municipa) 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
momertum and bupyancy of the effluent relative to Seawater are primarily
responsible for entreinment of seawater, although in some circumstances
ambient currezntd and turbutence also contribute to Initial dilution.

fne conseguence of the entrainment process is that the density of the
rising plume becomes greater anc approaches that of the ambient waters along
its trejectory, If a sufficient ambient vertical density gradient or a
stras;fication zone (like a pycnocline) is present, the plume can spread
horizorteliy 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 Requiremerts

Characteristics of the discharge and physical environmental conditions

at the discharge site are needed to calculate initial dilution. Information
is required for the perfod(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
caicultations 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 informaticn for the
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period{s)} of minimum stretli¥ication, It is not necessary for the applicant
to calculate tne initial. dilution for each port but only for that segme~t of

the diffuser witn the highest flow rate per unit diffuser length or for tne
port with the highest flow rate.

Effiuent fiow 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 :ne
~vertical gradient of density relative to the density of the wastewater,
larger applicants will need to evaluate a substantial amount of data fror
beth the disc'har;e site and nearby areas having similar environmerntal
concitions before selecting a worst.case density profile,
currents may affezt tne

Since amtient
initial dilution achieved, & modest amgunt of
current (tne lcwest 10 percentile} can be used in predicting initial
dilution. (

Initial dilutior is the flux-averaged dilution (averaged ove- :ne
‘cross-sectional area of the plume) dchieved during the period when dilution
is primarily a result of plume entrainment. It is characterized by 2 %ine
scale on the order of minutes, With proper loca2tion and design, marine
outfails can achieve initial dilution values of about 100 to} or better
before the plume begins a transition from essentially vertical flow to an
essentially horizontal flow dominated by ambient oceanographic congitions.
For the purpose of this evaluation process, "dilution®™ is defined as the
ratio of the total volume of 2 samgle (ambient water plus wastewater) to the
volume of wastewater in that sample. A dilution of 100 to 1, therefore, is
‘a4 mixture composed of 9§ 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 inftial
dilution which will be achieved, These factors include:

Discharge depth
Flow rates

Density of effluent
Density gradients in the receiving water
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mujert cJrrent speed anc directicn
Diffuser characteristics

Port sizes

Port spacing

Port prientation

There are 2 number of methods and models available to calculate the
inftial dilution to be expected for different oceanographic and diffuser
conditions. This section describes several methods 6f computing initial
dilution.

Computer Modgels

Several methemeticel models are available from EPA which are
appropriate for cifferent cceancgraphic and diffuser conditions. A summary
of the characteristics of these models is presented in Table V-1 and a brief
descriptron of them is provided here:

) PLUMI - Anglyzes a single, pcsitively buoyant plume in an

arcitrarilty stratified sfagnant environment.

&  OUTPLM - Analyzes a single, positively buoyant plume in an
arbitrarily strat:fiec flowing envirgnment.

9 DEHPLM - Analy:es a myltiport, positively buovant plume in a
linearly stratified Tlawing recejving water,

] MEZRGE - Anaiyzes either positively or negatively buoyant
discharges. The model analyzes a plume element through the
history of its trajectory and dijution, accounting for the
affects of adjacent plume interference in 2 receiving water
with arbitrary vertical density and current vartation,

0 LINE - Treats djscharges 2s a line source accounting for
adjacent plume interference., The model is capable of
analyzing positively buoyant discharges in an arbitrarily
stratified receiving water with 2 current flowing parallel
or perpendicular to the diffuser.
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_E V-1, SUMMARY OF PLUME MODEL CHARACTERISTICS

Current Curfent. Density Profile

Name Speed Directiong @ Port Type Type

PLUME no single arbitrary
QuUTPLM yes 90° single arbitrary
DKH? yes 70° <¢ « 110° multiple linear
MERGE yes 9¢° ‘multiple arbitrary
LINE yes D <€ < 180° Yine arbitrary .
¢ reet €lowt ercend’

° zular to the diffuser axis has current direction
range cf possible angles is 0 to 180°.
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The first three of these models are described in detail by Teeter and
Baumgartner {1979) and are adequate for most situations. The model HMERGE is
a generalization of OUTPLM. The model LINE 15 a generalization of Rober:ts
(1979). Neither MERGE nor LINE has been pubiished in the open literature
but both have been used fn the evaluation of section 301(h) applications.
A1l of these models are available from the EPA. Applicants are not required
to use any of the models listed 1n Table ¥-1. [If other methods are used,
however, the application should include 3 detailed description.of the
method (s} employed and demonstrate that the method(s} provides reascnable
estimates of initial dilution. |

Other metnogs to determine imitial ailution may incluce in situ
ohservations, However, if in sity observations are wused, the appiicant
'sho.id demonstrate that they represent the c¢ritical dilutions, not merely a
'typica} dilution. 1In ad¢ition, there are a number of other mathematital
modets availabie in the publishedg literature which can be adaptez f¢-
estimating initial dilution. References which describe several of thase
moce’s are: Adraham (1963, 1971),; Baumgariner and Trent (1970); Baumga-iner
et 21, {1571); Briggs (19£%); Brooks {1673}, Cederwall {1971)}; Davis {167%,;
Davis ang Shirezi (167&); Fan (1%€7); Hirst (1971a, b); Kannberg anc Savis
(1676); Xor ant Fan. [1G78;; Morton (1659, Morton et al. (1856); Priestiey
and Ball (1955); Rouse et al. (1952); Sotil {1971); Teeter and Baumgar:ner
(1579); and winiarsxi anc frick (1976). '

ZONE OF IKITIAL DILUTION (Z1D)

The ZID is the region of initial mixing surrounding or adjacent to the
end of the outfall pipe or diffuser ports and includes the underlying
seabed. The 2ID describes an area in which inhabitants, including the
benthos, may be chronically exposed to concentrations of pollitants in
excess of water quality standards or at least to concentrations greater than
those predicted for the critical cenditions described above, The ZID does
not attempt to describe whe-area bounding the entire mixing process for all
cenditicns, or the total area impacted by the sedimentatign of settleable
‘material.
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In genaral, tne ZiD can be considered to include that bottom arez2
within a distance equal to the water depth from any point of the diffuszsr
and the water column abeove that area, Figure V-1 shoés'severa} examples ¥o-
different diffuser configurations and corresponding ZID dimensicns.

DISPERSICN AND TRANSPORT

A general description of the ambierdt currents expected within tne
influence of the diffuser site is required by EPA, ‘Since this descripingn
is primarily of use in the determination of where the effluent wastefielz "3
1ikely to be transpOrteE during several days' time, the response to tnis
subseztion should be of sufficient detail for this purpose.

In a region
where currents are predominantly tidal

in nature, current persistance a-
the mean current speecd and its vyartance, with respect to the prirary
direction(s) of water flow, should be given.

ri

If the currents have largs
components unre.ated to tical influences {(e.g., wind induced currests), then
a more detailed analysis should be performed. The mean, variance, anc
direction of the tidal component shoule. be determined, as wall as a syncpsts
of the nontidal current speed, direction, and persistence. Degth variations
in currents are important at depths where the effluent wastefiela is
trapped.

The basis fo~ the current estimates should be provided. Acce
"sources of information are site-specific measurements anc/or pusiisnes
measurements or precictions. The Tidal Current Tables published annually Ly
the U.S. Department of Commerce [see USDOC (1979a, b}] provide tidal curre-:
informztion for a large number of locations. ' Infarmation fr
publisned documents is usable if the documents are available 1
request,

om cLher
0

Expected or measured dilutions at significant shoreline stations shc.ic
be included. Section VI of this document provides further guidance on
computing farfield dilutions for water quality parameters.
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7. 301(g) CMPUTER MDOELS. FOR
PREDICTING DILUTION

The following section recoomends corpruter models that can
be used to prediet the misdng characteristics of 1©DES
discharges wider a variety _of hycrological conditions.
(‘\oh included in this section are individual progras
tings. These ave avallable from EPA headguarters.)

.~ 7

Aiditional guidance on the use of
develorsing wasteloaZd
wastelsad ~llocation
Suppore Tivision, DEf;
{Prone (2 }oO3B2-TC3EE

matheratical rodels in
al.ocations 1s availatle froe the
section. of the MonitorinT and Cata
ce of Water Requlations anc Qta"“a..
. Also see Appencix i,

s
Y
!
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I. INTRODUCTION
Qilution of effluents discharged into receiving waters is accomplished
by different mixing mechanisms along the path cof the plﬁme.‘ In the "near
field" of the source, dilution is primarily caused by jet induced entrainzen:.
This is a rapid process and far overshadows dilution caused by ambient tur-
bulence. As the excess velocity of the jet decreases, entrainment rates
decreasz to the point where ambient diffusion also becomes important. This

is called the interzediate field, Further out, the excess plume velocizy

is so small tha: asbient diffusion is the predominant mixing mechanisz.
This is called the far field or passive diffusion :zene. |

Mixing at all stages is affected by axbient currents, physical beoun-
daries ané bucvancy. Ferces due %o buoryency are usually characterized bty

k]

the deasizetric Froude nusbher defined as FD = Uﬁf(g'L) where g' is the

dc:si:y.rgdu:ed gravity glo,-ca!/e, and Lois a characteristic length usually
caken as discharge §ia==:e: for cirpular submerged jets and discharge channel
depth fcr rec:zhgulz: surface jers, High Froude numsbers of the order ¢i 1300
or grearter mean bucyancy is negligible as compared tc momentus and discharge
is called a mementuz jet. Froude nmumbers less than unit imply high buovaney
and result in buogant plumes 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 documcnt 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 nusbers refer to references. Other numbers refer to equations.
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iz, DILUTION OF POLLUTANTS IN FRESH WATER

The discharge of pollutants into inland rivers, lakes and estuaries

is accomplished through a variety of outfalls. They vary from discharges

into deep lakes from submerged single port or multiple port diffusers to
surface discharge into 2 shalleow, fast moving river. As & Tesult, there is
no single analytical model that can be used to predic:t the fate of these
pellutants from all types of discharges and ambient conditionms.

The most

direct way cf deterxzining poillutant concentrations downstrean of the dis-

charge of an exisiing cutfall is by physical measurement. Such field

suTveys are gulte satisfactery 1f troperly conducted. Nom-polluting tracers

can alsc be injected into the eflluent that give more accuTate indications ¢f
ments cf pollutants thezseives {5). Care must be tak

tec insure accurazy andé a number of readings should be cade at eack lcca

icn se oz good statistizal aéerage can be determined.

ge grifd type transient numerical mcdels:-have beem developed to de-

ntc a few heavily used water wayvs including tidal

estuaries (6. 7These models usually require censiderable time and effors

to run and are therefore costly, Their accuracy is highly dependent on the
users ability to describe ambient conditions and on the diffusion model
employed in the program. These models can be used to predict the fare cof
pollutants if sufficient validation data are available to insure accuracy.
The simplist method®of predicting dilution values for these discharges
is through integral computer models or closed formlanllytical models, These
models are in nost cases és good or better in predicting dilution from the

cutfalls in guestion than present numerica] models (6). The difficulty with

these models is that they tend to become specialized and only give accurate
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results for a particular :ypelof putfzll. The user must, :hcrcfcrﬁ. be
careful to use only a model that was intended to predict the condition he
is concerned with,

- The output fren the;e medels is net always in the form z user wishes
and some mo&ificaticns'may be required. For example, some wodels give the
minimum dilution at the center of the plume. This dilution is defined as
the local volumetric flow rate divided by the dischargs flow rate, This can
be interpreted as the inverse of the ratio of local centerline pollutant con-
centration, C/CO. Cther wodels give average plune dilution which is always
greater than that at the cenzerline and an expression depending on plune
shape must be used to determine paximum concentrations ar the center.

The cbject of this document is To suggest models that can be used o
predict the fate of pellutants for a variety of conditions and give d=czils

on each model 2s tc input, owtput and limitations.
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ther than physical measurenenis and validated mumerical models, the

following integral models

pellutants in fresh water.
will be up-dated as better
several types of discharge
to predict concentrations.

focllowing sections.

TABLE I.

Discharge C

1.  RECOMMENDATIONS

are recommended for predicting dilution of
It is expected that these recommendations
methods become available. Table I presents
conditions and the suggested'model to b? used

Each nmodel 1is discussed in detail in the

RECOMMENDEZ MOIDEL APPLICATIONS

snditions S

H

Surface discharge int
such

; ; -
that the pluzme 2

—a B

iz notv attached te the bor=eorx.

Tents ooderate, U fUO

u -
Lanw

Surface discharge
sucn that the plume i

bozroz but at high apbient

the plume to attach t
u/u > 0.7,
a' o _

2 single cr multizle
depth that desired
2d before the pluxe

rbient currents per-

© a deep

Teceliving water
loats on

the surface and
Ambient cur-

PS5

< C.,5.

© 3 deep receiving water
s not atiached 20 the
currents causing
near shere,

PDSM

o the

Surface discharge intc a shallow receiving
water such that the plume is attached to the
botton.

Discharge density equal to ambient densily.

Surface discharge inte a shallow Teceiving water

with azbient currents high enough tc cause the
plume to be attached to both bottom and near

shore.
sity,

F-5

Azbient currents poderate, U /U < 0.5,

Discharge density equal td ambient den-

MCBEN

PSY
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There are wany concditions nct covered in the above table such as
long terz predictions in a tidal estuary or submerged discharge into
shallow water with buoyant plumes that surface. For those cases that
are not adequately described in the above table, it is suggested that
field measufements.be used to determine dilution. Conservatife pre-
dictions can be made for submerged discharge into shallew receiving
water where the plume surfaces Tapidly by using the PDS model assuzing
the plume is entirely at. the sﬁrface. For submerged discharges of
non-buoyant fluids inte shallow water at an orientaticn such that the

plume does not sturfzzs, the DXHPIM model! can be used.
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Iv. YEXHF LM MODEL

THEQRETICAL DEVELOPMENT

" The cozputer mocdel DXHPLM {7, 8) is an approach to the problem of

submerged single or merging multiple plumes. For multiple plumes the

detailed dynamics of the merging process is considered instead of simpli-

Lvim
Tyin

g the problex 20 an idealized slot plume or to a ceoobination of

plume and slot plume. DKHPLM considers three zones of plume behavior;

zones ©f flow establishment, single plume established flow andé nerging.

The first.+wn zones are based on the analvsis of Hirst (4, §, for a

Zlcwing eavironment. In the zone of merging,

supeTizposed.  This alleows a smooth transition as

cn water then gradually merge

with their neighbers.’ EZguaticens Ior the coenservation of mass, peollutans,
energy and momantus ave cevelsted for 2ll three iones. Ioiraincent is

an exylicit funczion dependent cn the lecal Froude number, plume spacing,

13N

excess velocrty and ambient veleocity. Sinilar lateral profiles, a 3/2

power approximaticn of a3 Gaussian, are assumed for velocity, concentration
and te=perature. These profiles are superinpesed in the merging zone.

A complete theoretical develepment of this model is beyond :he.scope of
this paper but can be found in the references cited above., The following

is a brief summaTy.

Zone of Flow Estzblishment

-All quantities are assumed uniformly distributed in the plume at the
point of discharge. In the zone of flow establishment, these unifomm

profijes change to similar profiles as the boundary layer diffuses inwar
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to the centerline of the jet. The rate at which the profiles of velecity,
concentration and tezperature develop may vary. The integrated forms of
the governing equations are:

conservation of mass,

dfds,rti rdr==~liar~a (rv)=_¢ 1)

consazvation of energy,

d/ds {’ v(T-T ) rdr=-4d T,/ds {” Urdr-liarew (rvT) (22

cohservation of pollutant,

i

-d C_/¢ds j" grdr-limr-o{rv C)

d/ds [7 U (C=C) v dr ] (3)
conservation of meoentum in the s eguatjon,

g8/ds {’ UZ rér=UE sing; cosk, + {n g (p, - p)/pd) r dr sinB, (4

~Y¥imp+o (ru v7) ‘

where &, is the hcorizental angle between the centerline and the x axis and
g¢: is the angle beiween the centerline and the horizontal. Two additicnal
~integral equations have been develcped from equation (4) fo describe mezen-
tum in two adciticnal plume coordinants. 1hese "natural' coordinants of
the plume, descTibed in (4}, ave converted to conventional three-dimencional
Cartesian coordinantes for model output. Implicit in the deriv#tion ct
these equations are the assumptions that: |

a) flow is steady in the mean,

[-)] flow is fully turbulent,

¢) fluid is incompressible and density variations are in;luded

only in the bucyancy terms,
d)  all other fluid properties are constant,
e} no frictional heating,

f) pressure variations are purely hydrostatie,

AR—-31

F-%



§)} changes in density are small encugh to be approximated
by a linear equation of state,
B)  flow within the jet is axisymmettic,
i} flow within the jet tan be approximated as boundary
layer flow,
i) the azbient is infinire in extent,
Several of the assumptions are cocpensated for in the solution. The zone
of flow establishment uses a special entrainment function {see Equation
(128) cf (8) which is a funciion of local Froude nusber, velocities,

dizmetrer,- spacing, and thickness of the developed flow Tegion.

Zcne of Egrablished Flow

Tne equaticns cf mass, eneTgy, pellutant,

and romentum feguaticns
1 - 4), and the addizicnal pozentur eguzticns mentioned above are alsc
solved in the zone of estzblished flow, buT are cast into a slightly

LRSS

diffarent forz., The governing eguations are written in a cylindrical
coordinant systes where ¢ is the circumferential angle around the pluze
' i

and cross section and the independent variables are r and s. These are

evaiuated using the assumed 1/2Z power approximation to Gaussian lateral

profiles. The angle 8; is the angle between the centerline projected to
the xy plane and the x axis, €; is the angle between the centerline and

the xy plane. These angles relate the two'coordinate systems. Another
‘entrainment function i€ used in the zone of established flow which is 2
function of the lecal Froude number, velocities, plume diameter, and

spacing.
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-Zone of Mergping

When adjacent plumes begin to éverlap, the discharge is no longer
considered axisymmerric, The distridutions of plume properties are super-
imposed. Another entrainment functicz is used which also considers the
variable entrainment surface duiing merging. A drag term is also intro-

duced to account for the additional bending of the plumes afrer merging.

MODEL DESCRIPTION

In the zone of flow establishment, the svstez of six governing equa-
tions are solved simultaneously (subroutine SIMQY and stepred forwazd in
space by a Harzing's modified predicier-correcticr method (subTcurine HPCG:.

This procedure continues until velocity, Temperature and concentration

become fully developed. Scbrputine OTTY conzzins the results which are
swcred as initial condizicons for the zone of established flow.

Ir the zone of established flow, sixilar preofiles and the integral
nethod allcw scluticn ef the six governing egquations for the sixz unknowns
inizialiy by lunge-Kutta integral approximazion and thenm by the Hamming's
mocified predictor-corresior method. At the peint where the plumes over-
lap, the assumed similarity no longeT applies. The merging plubes have
axes of sympetry along the discharge line and normal to it. Only one
quadrant of g plume, taken to a midpeint of the overlap nfea, is evaluarted.
The profiles are superimposed in this region-using integral sipilarity
coefficients, Above thespoint where the plume and the ambient have equal
density, résults are obtained by extrapolation. |

The program itself contains many comments and explanations which serve

as further documentation.
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EXAMPLE INPUT, QUTPUT AND MOTEL LISTING

Input

As an exazple case, suppose a diffuser 50 m long discharges 0.5 m3/sez.

The ports ave 0.178 m in diameter, oriented vertically, and spaced 5 o apar:.

The anbient currents are assumed to be 0.4 m/sec and normal to the discharge

line. (Note that the angle cf currents to the diffuser should be withi

S

about 20° of normal.) The velocity through the discharge ports is 2.0 ofsec.

The e£flyent i

w

fos]
~1
{3

)
0°C and 0.09 "/oo. (Note that the effluent should Rave

some finite temperature éifference with the acbient.) The anbient at the

level of ¢ischarge is 15.C*I. The am

-

Tient tezperature gradient is negli-

gible but pust be finite. DPischarge is 50 z beslow the suface. Computer

Soxze cozgutess do net Initialize sterage teo zere auwteomaticzlliy. I net,

& contrel caxd must he used to set the ceve *o zero Yefore DIMPIM will -m
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U0 - Initfal Jet velocity, m/sec.
UA - Current speed, m/sec.

TO - Initial jet temperature, °C.
€O - Initial jet salinity, o/oo,

TAOD- Ambient temperature at the level of discharge, °C.
discahrge, °C.

CAD~ Ambient salinity at the leve) of
TIZ~ Temperature gqradient, °C/m.
CIZ- Salinity gradient, o/oo/m.
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Port diameter, m

iz prtmah, 1

Horizonta) discharge angle {DEG) relative to the current (70<THI<1ID) 90" normal to current.
Angle of disbharge from the horizontal, DEG.

Kumber of diameters along centeriine at cutoff,

fort spacing, m.
Depth, m.
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Qutput

Exampple cutput and program listing follow. The initial input con-
ditions are printed aleng with dimensionless conditions. The first section
of daza listing.concerns the zone of flow estzblishment. The columns iist:
length along the plume axis (S8), horizontal distance parallel with discharge

Iine (X}, horizental distance nermal to the discharge line (Y), vertical

distance fromx the level discharge (), the horizontal angle from th

ne o

b2

umets

axis to the discharge line (TH1}, the angle the plume's axis makes froz the

Teccer-

horizontal (THZ},'the radius {B), porential core widths fo; velocicy,

_concentration (RU, RT and RC), rerpalized centeriine disparizies

of velpcity, tezperatures and concentration with the ambient [DUCL; 0Tl
£L)}, the ambient density normalized by the density of

the discharge

n the zone of established flew, width and average dilutien 73700

M =
o

are also given, Tine I1s given in sezcnds.  The centerline dilution bafcre

Q/Q, = 0.52 Q/q, | | | 53

after cozplete merging,

11

Q./G, = .70 ¥/, _ (&)

hased on the zssumed distributions cof concentration ané velocity.
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DKHPLM  SAMPLE OUWTPUT

SOLUTEON TO MULTIPLE BUDYANT DISCMARGE PROBLEN UITH ANBIEKT CURREHIB AND VERTICAL GRADIENTS

DKIPLN EXANPL

BISCHARGE VELOCITY = 2,00-H/S ¢ TENP. = §7.00-DED £
4 DEPTH =

DIAKESER =  .18-N ~ »s SPACIND »

£ RUN

3.00-H

ANDIENT COHDITIONS AT DIGCMARGE ELEVATION, VELOCLITY
AHBIENT STRATIFICATION GRADIENTS »+ TEMPERATURE

’
?

ANBLENY COUDITIONS AT BIGCHARGE -

PORTY SPACING L/p = 20.07

0 FROUDE ND = AP.10 S VELOBCITY RATID = 200  STRATIFICAYION HO = stsedoe
4 I0KE OF FLOU ESTABDLISHNENT -~ ALL LENROTIIB ARE IN KETERS
S X 1 1 T e B kY RT
G.00 ¢.00 9.00 .00 %0.00 F0.00 0.000 -G8y .08?
07 .00 «00 .09  ¥o.00 BD.74 L0131 078 078
.lﬂ -.00 .00 .lﬂ 79.00 B?alﬂ -07| 1065 0055
w27 -.00 01 .27 90,00 B85.M 412 8351 031
« 36 ~, 00 02 .34 10,00 81,10 1534 «033 033
N -.00 .01 AL %0.00  A0.57 204 +018 01é
BTARTING LENGTH, T » 310 ‘
;s' '.00 .0‘ ls| 90.00 ?9-55 ,-2‘3 noog
STARTIND LENOTH, VELOCITY = N3 :
-1 090 .04 .31 0.00 28.54 . 242 JOoo
0 10KE OF ESTABLISHED FLOU
] X Y 1 TH TH2 LID¥N puCtL PICL
o .00 + 04 L1 .00 78.34 A6 Y] 778
1.22 .00 1 1.41  %0.00 208.i8 1.2 127 + 3358
1.73 0¢ 1.14 1.26  %0.00 §7.50 1.33 047 «243
2.4 .00 {.84 1.44 70,00 13.n2 1.28 024 A7l
x= . :
T
e Eoth

HONBINEHSIONAL
JENP»  L80233 SALINITY»10,0000¢ DENSITYV= 1.00071

L3

o¢ SALINITY =

30.00-M
O‘O‘H’S e IEHP- e
~OD00I0-DER C/N

JAP-PPT

13.00-DEQ £

TEXPORs  .000000 BALGR= 9.000090

Re

.0BY
078
.08
931

- L0335

Db

BCCL

798
-334
«24]
.Ivt

¢4 GALINITY »o

Il'l

st SALINITY =
0.000000-PPT/N

DEROR= =-.0000G000

PLCL

1,000
1,000
1.000

1,000

‘ looo

- 1.000

f.008

978

TINE

pUCL  DICL
000 1.000
276 1,000
970 1,000
JBE 1,000
J74 1,000
987 1,000
J460 1,000
P60 .90
Pl

1,00091
1.0009)
1,00071
1.00001

.28
Q'?
2.0
.71

«70 PPIT

Pi

1.00091
1.00091
1.000%1
1.0009)
1.00091
1.00071

.1.00091
1.00071%
ased
2.11
P50

13.36
20.0¢

TINE
0.



LE-HV

1.34
4,25
1.9
5.67
8,30
72.10
7.0

- 9.23

10,46
12.08
13.50
14,73

16,33

t7.78
1?.20
20.42
22.03
24.70
27,74
310.57
33.44
38.27
v
1t.98
44.03

47.40
30.3)
34.22
41,92
67.82
73.31
79.01
04.70
70.40
94,10

00

.00
.00
.00
.00
.00
00

© «00

X

.00
.00
.00
.90
|°o

.00
+00
.00
.00
.00

.00

.00

B 1)

2.34 1.41
J.az .74
4,12 1.87
4.0 i.7é
3.33 2.05
6-24 ZoIJ
4.793 2.20
.36 2.14
7.78 2.4¢4
11.20 2,57
12.62 2.48
14.04 2.77
13.47 2.87
DKHPLN EXANPLE RUM
Y 1
14.0¢ 2.935
18.31 J.04
17.73 i.12
21.13 1.1%
24.00 1.M
28.84 3.4
29.47 1.40
32.33 3.72
J3.38 1.84
- 38.22 3.95
41.07 4.04
13.92 A.16
PLUNES MERDIND.
44.74 4,26
47,81 4.34
53.30 4.5
60.%7 4.70
46.49  4.03
72.38 A.%?
76.08 5.13
63.77 5.27
0747 5.40
73.14 3.33

-oo
.00

00

.00

.00
.00
00
.00
00
00

.00,

L 00
- 00
‘00

20.00
70.00
90.00
90.00
90.00
70.00
90.00
10.00
90.00
90.00
90.00
90.00
70,00

T

y0.00
70.00
70.00
90.00
70.00
§0.00
70.00
90.00
¥0.00
90.00
70.00
70.00

§0.00

$0.00
20.00
?0.00
90.00

24.00°

9¢.00
70.00
¥0.00
¥0.00

10.85
?.03
6.0]
2.28
6.68
8.20
5.89
J.16

A2
4.34
4.04
3.7¢
3.59

T2

3. N

1.26

J.12
.00
2.80
2.84

2.30

2.3%
"2.29
2.20
2.13
‘2.04

I.78
1.87
1.70
1.58
r.50

1.43

t.30
‘.]5
131
1.22

VBTl

3.52
1.2
1.7
3.80
3.97
412
1.27
A4
4.54
1,47
4,80
1.92

5.04
.04
5.40
J. 64
3.07
6.09
4.3
§.92
6.73
4.74

g7

005
IOO?
008
004
003
002
.002
001
D00
000
000
000
000

t

t

1

DUCL

-.000
-.000
-.000
001
L0010
001
001
001
000
000
000
000

H

[ 0 I S B SERAY N |

-.000
000
000
«000
000
JG00
-.000
000
000
~.000

1

1

160
133
21
RN
102
AT
. 08¢
079
.072
054
041
057

L0354

DICL

L0531
048
044
044
.oqo
037
034
032
030
029
027
028

0025
024
2022
020
008
017
014
013
04
013

140
133
g2
i1
.102
Kb
.00y
079
072
N
L0481
037
034
1.2,

DLCL

. 051
.48
L0448
J044
040
037
015
. 032
L0360
Nyl
.027
L0248

.023
024
022
020
018
L0t7
014
015
004
L0143

t.
00091

1.
00071

{

1.
00071

!

i
ta
1.
1.
1.
I.
I,

L
i,
1.
i.
1.
1.
A.
1.
1.
]'
fa
1.

1-
.
ll’
o
l.
l’
1.
‘0
1.
1.

poov!
oo
coovl

00091
0eor1
00091
00091

ooovt

00091
00¥
0

Pl

poort
Q0091
goo71
00071
ooovl
00091
pooy)
ooom)
oborl
00091
0007]
ocovt

00071
00091
00071
poovt
o007t
00071
00o0v1
00091
40091
00071

9.37
7.70
7.43
11.18
12. 94
14.71
14.40
20.03
23.5¢
2718
310.73
34.30
37.87

TIKE

.44
45,02
48.57
32,16
59.34
b6.44
73.40
80.73
87.89
$5.04

162.18

199.32

116,44
123.40
137.87
152,13
146.42
180.69
174.93
20¥.22
223.48
237.73

24.24
20.71
32.35
35.59
i6.48
41.64%
44.40
§7.92
55.06
5?.¥9
64.74
6%.33
73.04

a/00

78.23
§2.33
88.74
90.92
99.07
107.04
§14.85
122.54
13013
137.43
145,04
[52.44

159.75
166,71
179,40
191.47
202,62
211,23
223.41
231,31

242,92
252.33
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101.7% .00 §00.835 5.86 90.00 .22 7.13 ~.049 J12 012 100088 251,97 261.54
107,39 00 304.55 5.786  R0.00 t.23 7.3 ~.000 WO Q12 1.00071 284,25 27049
1ie,00 . 00 17,94 .03 %0.00 1.22 7.76 =000 1 010 1.0007C  2V4.73 280,39
130,22 00 128,13 6,27 90,00 1.2¢ g6  ~.000 007 007 1.00090 323,23 305.97
141,64 D0 10,72 6,31  90.00 1.9 8.5¢  ~.000 . 008 008 1.0007) 331,74 321.23
153,046 00 132,11 .74 §0.00 t.18 B.v4 -.000 08 008 1,000 300,24 340.38
144,45 00 143,50 4.97  90.90 1.17 ?.14 ~.000 007 07 1,0009F 408,72 137.18
173.84 00 12487 . 7,20 96,00 P18 ?.73 000 00 04 1.00091  4372.20  373.%0
184.C9 .00 183.12 7,41 §0.00 bo 13 10.14 000 008 008 1.00071  464.80  J¥0. 13
178,27 00 197.3) 7.48 90.00 1.13 10.33 000 008 004 1.00071  ARIL2B 406.77
207.45 00 208,79 7.B% . 90,00 1.13 10.93 000 003 003 1.00071 521.7& 423.27
221,05 00 220.07 8.1 P0.00 f.14 11,33 000 003 LH03  1.00091 330,24 43r.%)
242,84 W00 242,97 8.57° 90.00 1.14 12.12 .000 .003 L0053 1.00091  E07.19  472.09
244,82 00 243,435 F.02  ¥o.00 1.14 12,914 D09 004 D04 17,0009 444,14 505.77
207,40 .Og * 708,43 7.47 .00 J.13 13.7} 000 004 004  1.00091 721.08 §30.58
Ji2.19 00 31,2 7.92 v .13 14.51 .000 004 D04 1.00091 220000 571,33
334,92 L00 - 333,77 10,37 90,00 .13 15.30 000 O 004 1.00091  B34.PT 404.05
337.78 00 354,77 10,82 F0.00 1.13 16.10 0090 004 2004 100095 BP1.B7? 634,73
DUIPLH EXAMPLE RUN : I, = ¢

5 X 1 1 RIIE 2 - WIDIH buck DTCL beclL r TIHE g/00
JB0,54 00 3I79.355  H1.27  £0,00 1.13 14.%0 000 003 003 1.00071  940.80  4469.40
103,32 00 402,33 tl.72  F6.00 F $2.7¢ L0000 J003 Q03 1.00091 100572 702.04
T4286.10 0 00 42511 12,17 %o,00 .13 18.30 L000 2003 2003 1.00091 1042.43 734.47
448,07 L00 47,8 12,40 0,00 .13 17.34 L0003 D03 L0071 119,854 747.20
474,48 00 AP3LA4 13,31 F0.00 .03 20.%1 000 L0083 0T 1.000%1 1233.40 BI2.47

NO OF INTEGRATION SVEPS=2092 N0 OF HALVINGSY 0  ABSERR= 00100  PRHEV{5)e 0.000 FINAL BPACE = 4.000
14.034 CP GECONPR EXECUTIDN TIME
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V. PLS MODEL

THEORETICAL DEVELOPMENT

| The theoretical analysis used to develop the steady three-dimensional
surface plume program (PDS} is based on a model by Prych (10). It has been

nodified considerably and tuned to a large set of field and laboratery data

by. Shirazi and Davis (11).

The following is a brief verbal sumary of the model. ~The method of
analysis is an integral approach which assumes similarizy of temperatur
and velocity profiles and the principle cf entrzinment and armbient d&i
The zone of flow cs:ablishme:t_ncar the discharge is handled in an apprexi-
mate wmanner.

It assimes that the plume makes no contact wizth

ith the beiztom
or shoreline. As z result, should nct be used wh;re gecmetric boundaries
interfere with the plume unless It is bevend the region of in
files of temperature anc velscity ate assuzed 0 be
maximusm values at the surface. These trofiles zre-superimpbDsed om the
arbient current. Other azsuscticns implicic '; the derivation of the
governing eguations are the same as outlined in the DKHPIM model except the
~ geometry of the discharge is assumed to be rectangular in shape of depth,

/

HO, and width, WO, at the surface of the receiving water.

The integral form ¢f the conservation of mass is satisfied by calcula-
ting vertical and horizontal jet induced entrainment as well azs wvertical and
horizontal anmbient diffu;ioﬁ. The wertical components are a functicn of the
local Richardson number which accounts for reduced entrainment due to
bueyant convecticn. The mementum equatien includes drag.forces, viscous
shear forces, internal pressure forces due (0 density differences and

changes in momentum due to entrainment of ambient fluid. The energy equation



includes heat loss ta the aimesphere by convection. Spreading in the
horizental direction is broken into two parts. One is spreading due ¢
non-bucyant entrainment and the other is a buoyant spreading tera which
is a function of the density difference and local aspecr ratio of the
plume, .

The program is written in FORTRAN 4 and consists of a main prograc
entitled PDS and six subroutines XHPCG, ARFA, FCT, RED, SIGMAT and OUTP,
The main program PDS reads the inpur variables, initializes ccnstantg
and calls subroutine XHPUS which perforzs the actual calculation. Sub-
routine YXHPCG is a standard IBM scientific subroutine which performs the
sTep-wise integraticon of differentzial ;quations by the Hamzming Predictex-

Corrector Method.

H

step-wise integration of the area enclosed by

Y
s
o

Subroutine ARZ

isotherzs. 5Subroutines FCT calculates the derivatives of the prograrc

-«

rarizkles which are used in ¥HPLI. Subroutine RID calculates the reduc-

of lezal Richardson number.

1]
1]
b ]
rt
m
(T,
™
th
g
0y
1Al
b
[v]
of

ticn in vertical entrain
SIGMAT is used to calculate water density from temperatumre and salinizy.
Subroutine CUTP prints out the Input parameters followed by desired output

variables at each integration step along the trajectory of the plume.

 EXAMPLE INPUT, OUTPUT AND MODEL LISTING | -
Inpur

Input to the PDS pmogram consists of one card giving the number of
cases to be calculated folldwed by a set of thrcé cards for each case.
Ags an exanple case, ccnsi&er the discharge of 1.0.m3fs of water at an

angle of 90" relatzive to the off-shore current in a large fresh water

AR-31



lake, The achkient current is 0.2 m/s. The discharge channel is 2.0 =

wide and the water depth in the channel is 0.3 m. The discharge tegrerasus

is 17°C and the azbient tegperature is 15°C. Winds and relative humidity

are wpoderate. The computer punch card format for this input follows.

utput
et s—

Durput for the exazple case given in the Irput section follows aleng

with a complete program listing. Cutput includes a primtout of input values

and dimensicnless fcrm. Then for each integration step, the

Tersy,

follewing-are listed: distance aleng the pluze centerline (5 - meters:

distance downstrezm of the discharze in the direction of the ambient cu-cent

(X - meters), distance cut into the Teceiving water no-mal to the azbient

surrent (Y - reters’, loczl plume flow directicn relative 1o the ambient

current TH - degrees), excess texperature at plume centerliine (T - °C3,

time it has taken a rpartical cf fluid <o travel fromn the peint of discharze
r 4 B

b |

1o the printout peint traveling aleng the plume centerline [TIME - sec.’

-

average dilution (Q/QU), =inizuz centeriine dilution (QM/Q0) (neze: cilutizn

-

values cannct be obtained frozm temperature datd unless the hea: loss to

the atmosphere is zero), depth of plume given as /2 o, (H - meters), wicth
cf plume given as 272 G, (W - meters) where c is the standard deviation of
the Gaussian distribution. At the end of this princtout follows a table
giving the arez enclésed within surface isotherms, If'integra:ion did not
progress far ehough to have the isotherms close at the plume centerline
only partial areas are listed and so dQsignated.

The output for the exazple case listed above follows along with a com-

plete listing of the program.

g-21 AR-31



LE-HV

KK

I3

Il I T T

—

. ~ -
5 3 1 F B g J 3
KK = Number of runs to be made
(Thils card 1a only required at the begloning of each dats deck. Followinpg this card
ate gats of three cards for each casc to be vun ns described on the Following three cards)
g
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Card # 2
Example Input
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vo HO g iA T0 TA THO
2.0 .5 1.0 0.2 7.0 15.00 90.0
F10.5 F10.5 F10.5 F10.5 Fi0.5 F10.5 F10.5

L

1L

I}

L

n

TIL

—
o

01!

g

Hil

.lllk-.-

1

[

H!

n{

oL

WO = Dlpcharge width ~ meters
O = Discharge depth - meters
V0 = Dlacharge veloclty - Meteralwec.
UA = Amblent veloclty ~ meterafsec.

TO = Discharge tempavrmture -

TA =« Amblent temperature - ¢
THO & Discharge direction relatlve to amblent current - degrees

Induy 2 qduexg

t¢ p2es

sQ4

F-au




L E-HY

SLIH

- » -
o o k=

IO T i

SAL "AK E EV Fil
0,0 0.00001] .05 0.2 0.02 500,
Fl0.5 F10.5 F10.5 £10.5 F10.5 F10.5

L

— A A

AL

091

I

SL)

1 JLL{F

5y

|
SAL = Snllnlty e/oo {The amblent and discharge sallalty are assumed to be the same)
{3 avevage.

AK = Dimenslonless surface heat tiansfer coelflcient, héﬂC Uo‘

For calm days at high humidity, use 1079,

E = Entralament cocfficlent.

EV = RATIO of vertlcaol to horlzontal amblent diffusion coeffictent.

A value of 107

For dry, wifidy days use 1079,

1s supgested unless a better valus Ls known,

Eif » Dimensionless horizontal smblent turbulent diffusion coefflcient, ﬂﬂ;JUoHO._ A
value of 0.02 is sugpested unless a better value 1y known for the particular

receiving wvater {n question.

L _—

[ WO RS

F-5

A volue of 0,05 (s supgested unless a better vealue Ll known,
A value of 0.2

:ndux atd:‘,'xg
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LE-HV

POS  SAWPLE DUTPYT »

FLOATING VAKH WATER JETS -~ SAAPLE RUR DF PUS PROGRAN ‘ \ PAGE

ANBIENY COMDITIONS ¢ TENP, TA» 5.9 DEG. € , VEL. UAx L14 M/SEC ,HEAT COHVECTION = .100FE-0M

DISCYARGE CONDITIONS » TENP, TO=s t2.0 DEG. C ,VEL, UO= 1.00 H/SEC ,WIDTH 4#0= 2,00 H. ,DEPTH HiQ= .50 K. LAMGLE 90.0%

. TRO.= 25.¢ £ = L0300 ,CD = 1,0000 CF = 0.0000 RE » 0. ¥ 5 L200E000 EW = ,200E-01
S5(8.} XiN.) TiN.) TIHLDEG.) IX.TENP {DED, T TIHE{SEC.) asae on/a¢ © DEPTN(H.} WIBTHIN.
2.27 AT 2.21 7.5 2.000 . «A3BE+04 2,000 1.000 22 J. 447
2.42 V32 2.4 7é.8 1.952 APGECDE .04y Lo 740 J.3z22
1.30 1 2.32 76.1 1.707 523E 0] 2,097 1.049 738 1.598
2.23 14 .47 73.4 1,04 ' L557E+0 2.146 1,073 273 J.674
2.597 1 1.82 .7 1823 LSP2E40 2.0 1,092 J72 3J.747
3.03 .41 2.¥7 74.0 P.784 +B2BE401 .42 1. B0y 3.825
3.0 I3 1.12 71.3 1.747 LAB4ED) L2904 <824 J.700
1.52 T .02 3.42 72.0 1.477 “LFITEROL 2,38 LM 838 4.011
3.83 .12 3.A 70.4 L.o1d BIBEED] 2.480 1,240 887 4,202
1.14 £.0] 4.01 49.3 I.33¢ JTO0E+D) .91 1,287 720 4,332
4,43 1,44 {.10 8.1 1,500 LFEIE4DY 2,847 1.1 JFay 4.3502
5.68 1.3 4.87 43.3 1. 403 SIAERQD 2,852 1.4 1.004 4.7299
d.70 1.4d 3.41 42.8 1.318 LAIAED2 3.0 1,347 ).955 3.00]
4.3 1.7, .78 40.4 F.24% L54E002 3.212  1.404 1.103 3,382
4.73 2.20 £.52 3B.1 F.rne L 178E402 1.388  1.494 1.148 S5.647
7,358 2.82 7.04 4.0 1.1 Z201E002 .38 1281 f.109 o 5.F44
g,20 2.96 7.34 Jl.? 1.072 ‘ C22SE402 3,731 1.B44 §.237 6.2
B.83 3.3% B.0% st.y 1,024 251E402 J.9%98  1.P4p 1.262 4,490
7.43 .75 ' 8.54 38.0 P04 2776002 j.082  2.000 1,293 $.754
10.70 4.549 9,47 44, 713 JIIEN02 4.3 2.1 1.353 rA
11,95 J.44 10,34 11.3 832 LITIEN02 §.692  2.348 1.404 s.74)
13.20 §.37 .y 4¢.8 091 LASTEED2 £.972  2.4%% 1.440 B.218
14,45 7.13 11.%% 18.3 J97 : VI24EE02 J.282  Z.441 1.408 8,474

FLb
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16,93
19,43

2.9

24,45
24.73
27.43
34.45
15,43
44,45
49,43
54,43
37.43
44,43
iv. 13
74,43
79.45
04.43
BY.AS
94,435
9%.435
104.43
109.43
114.45
117,45
124.43
129.43
134,43
139.435
144,45
147,43
154,43
t39.43
144,43
169,40
174,43
i79.43
184.43
189,43
174,43
199.45
204,45
209,43
214,45

?.37
11,48
13,48
15,99
19,14
20,44
25,11
20.87
34,482
3%.50
44,13
49.23
54.12
57.01
£3.93
48.87
23.81
78.7%
83.70
80.45
£3.41
98.57
103.53
108,590
113.47
118,44
123.42

128,39

131.37
138.13
143.33
148,31
133.2¢
158.260
143.28
148.23
173.24
170.22
183,21
188.2¢0
173.19
199.18
203.17

13.47
14,81
16.04
12,17
10,22
1.1¢
20.97
22.55
21.%7
23,27
26,47
272.37
26,40
28.58

30,45
3.l

32,10
12.84
J1.58
M.
J4.92
35.35
J&. 14
18,72
32.27
37.80
38.131
Jo.8o

- 39,27

7.7}
40.17
10,40
41,01
A4l
41,80
42.18
42.53
42,70
41.25
43,59
43,92
14,24
34,50

.2
3o.8
26,1
23.8
23.9
22.1

1915 )

17.4
13.8
14.4
13.2
12.3

— — -
L=~
. =
—_ g

. LI

«''a & a = . .

td s Cad bl fad oM e e e e o e LW LA LW
G e L 4 ] E.uulo-o-o-.?-\..\.;uwfn:a-o

LA83
¥
a7
LS4
L312
LA04
L4130
402
372
LY
2125
L1084
L2079
274
+281
249
.230
.22

LY

L2190
L202
I ¥5
.108
8]
L75
67
oA
57
.13
150
L1435
.14l
PRV
R
130

N2

124
121
110
115
12
1o
L1408
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JB47E102
LB20E102
LI62C¢02
1156403
336000
LSIEYD]

LABBEVOY

7EH0]
L2E7E40]
L3060l
L350E10]
LIRIEN0S
LA435E403
A7PEVOD
L02JE10]
L547E401
LSIIEH0]
LESBERDQ]

LOIEHDY -

LALED]
L2F2E40]
LBIBEHD]
LBB4E+0]
LFI0EHDD
LJP74E0]

LLO2E4Q4

L107E404
1526404
LAEE+04
J2ERDY
LI 28E404
L1I0EC04
LIISEH04
LIAOEO4
EETRL]
LTARE104
LS540 04
JI9PE 404
L1446+ 04
1406404
L 73E404
LI20T 404

intfana

5.839
6,367
8.870
7.353
7.61¢
B.270
9.139
7,967
10.74%

(11,352

12,320
13.078
13.028
14.574
15.317
14.05D
16.800
17.5342
18.283
t7.031
19.77%
20.50

21.208

22.044
22.804
23.372

24,340

25,117
23.068
26,447
27449
28.233
27.024
29.014
30.411
Jt. 408
12.209
31,013
13.6820
JA4. 639
315.442

14,257
1r NN

.01

3"“]
3.435
. 877
3.910
4,133
4,549
1,984
5.355
3.774
b.140
§.539
§.914
7.287
7.63D
B.02Y
B.400
8.771
7.143
7.513
1.8%0
10.244
10.44]
11.022
P1.40]
11.786
12129
12.554
[2.744
13,334
13.725
14,117
14.512
14.700
15.303
15.704
14.109
14,507
14.910
17.31%
17.721
10,120

PO T

1,350
1.602
{,644
1,679
1,710
1,730
1,703
1.02%
1,041

1,095
1.927
1.936
Il?ﬂ?
2.01¢
2.048
2.070
2.107
2.137
2,148
7,173
2.225
2.254
2.283
2,13
2,342
2.371

2.4010

2.430
2.459
2,467
2,51
2,547
2,573
2.602
2,430
2,650
2,466

2.713
2.741

2.748

7.798

7.821

y nwn

7.563
10,301
11,132
11,004
12,502
13,249
14.508
13,600
16,203
17,832
1B.030
19.703
20.702
24,300
27,444
21.174
24.000
24,045
25.430
26,378
27.109
27.02%
28,327
27,215
29.89)
30,5346
31,219
31.0353
J2.487
3304
13.727
14,313
14.93%
35.527
R PERF

J8.891

17.241
37.020
18,307
36941
37.407
40.0312.
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217.43 208.14 44.84 1.3 103 LAB7E¢04 32,4995 18.947 2.874 41,102
224.45 213,13 45.13 LY 103 JAT2E404 318,747 19.3%9 2.703 41.42¢
229,43 218,14 45.45 1.1 .10l JAR2ER04 18,342 1971 2,930 42,192
234,43 121,43 43,71 3.2 099 2026404 40,370 20.185 2.9%6 42,421
239,435 22013 44.01 3o 097 : L207E104 41.200 20.609 2,582 43,183
284,45 233.12 - 44,28 1.1 073 L211E404 42.012 21.01% J.008 43.4694
249,45 234,11 44,34 3.0 073 CATEE+04, 42.867 21,413 3.034 44.200
234,43 243.190 44.80 2.7 3,059 44.702

071 S221E404 43.703 21.8%52

AREAS OF EXTESS TENPERATURE FOR
SAMPLE RUN OF PDS PROGRAN

EXC. TEHP. (DEG. C) AREA (50. M)
A0 _ L207E+04
20 LS56E+0]
30, L224E003
A0 LI11E40]
.30 ' AI7E4072
.40 AOAEQ2
70 2720402
.80 JPSE402
.10 « 144E402

1.00 _ J11EQ2
1. 10 «B45EOI
1,20 4838101
.30 - ] ~u32E40Q1
140 REFIZIN
1.50 . WIE1E+D])
1.40 “JO1E+0]
1.70 . .240E401
1.80 . «204E401
1.70 JS7EOL
2.00 ARIXT

2,410 €P SECONDS EXECUTION TINE



VI, "PDEMY MODEL

M-

THEORETICAL DEVELOPMENT
The nodified PDSM model is designed to predict the dilution of

three-dimensicnal surface plumes that are attached to the near shore

but not attached to the bottom, The model is essentially the same as

the PDS model except it assumes that the maximur concentration and

temperature are at the near shore. To do this, a method of images is

the line of symmeiry. The input and output

(e

used with the shore used as
te the Po3M model is idertical to the PDS oodel and therefore will nez

be discussed Sfurther. A FORTRAN listing of the cocmputer program follows.

£ AR-31
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MOBEN

Card ¢l

Exaﬁple Input

fmw e b remwm————— e e

andino By jo do 3yl Ju 3Ino pajujad £7 paes iyl wo Fupyiduy

go

70

&0
£0
[
i0
20

10

LTI

1

: !

VAZIT4

NOY IVINL
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Vil TMOBAN' MODEL

THEORETICAL DEVELOPMENT

The MOBAN model is a two-dimensional surface plume model developed

by Motz and Benetict. Details can be found in reference (13). It assurmes

that the plume is attached to the bottom of the receiving basin or river

but not attached toc the shore. This model is valid for low ambient

CUTTEents fUO/Ua < 0.5) and shallow receiving water. It is an integral

nodel similar to the PDS model but bucyancy effects are not included, zs

a result it is limitzed to discharge £luids at oy near the recediving wzter

e vertically averaged conservatiom equations usin

-t

the principal of entrainment and £1uid drag. Integration of the eguations

is carried put in a ster-wise ma

nner along the trajectory ¢f the pluze.

n the original MOBAN model, the enirainzent coefficient was an input

variable that varied depending con the ratio of acbient to discharge
VeIOCITY kn empirical expression has been included.in the present pro-

d¢evendence in accordances with the authors

suggested values. This expression is E = 0.05 « (.49 (Ua/UDjIs The
plume width and distance to the end of the initial zone of flow estab-
lishment are also approximated by emperical expressions.

The program is written in FORTRAN 1V ;ﬁd consists of a main pro-
gram, MOBAN, and three subroutines, ZRKGS, FCT and OUTP. The main pro-
gram reads in the iﬁput Variables, calls IRKGS that performs the actual
integration, using a Runge-Kutta method, and then calculates surface
isethers areas and prints them out. Subroutine FCT calculates the
derivatives of the prograc vargables for use in ZRKGS; OUTP prints out
desired variables as called by‘ZRKGS.
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BETAD TO Qo LY 70 ua TAM TO4 KF
60. 1.5 24.7 0.8 6.2 - 0.1 9.2 0.2 2
" F9.4 F9.4 F3.4 F3.4 F9.4 F9.4 F3.4 F3.4 12

T

L

i

1T

it

Ul

S |

I

the rate of temperature decay)

Py " I 3 -
2 A _ © o © o
BETAD = Dlscharge direction relative to amblent current - degreea
TG = Digclinrge excess tomperature relative to nmbicnt -G
o = Discharpge volumetcle flow vate ~ m’/a
wo = Hidth of dlacharge channel - metars
z0 = Mecharge fluld Depth ~ metecra
A = Amblent veloclty ~ m/a
TAH = Ambient Lemperature - C
TO4 = Temperature cut-off factor - T/TO . Program atops when the
o excess temperature ratlo reaches thls value
"KF w Surface convection hest tranafer factor
Blank or 1 for zero convection o %
2 for maderate convectlon » 9o
3 for hlgh convection & g
(The valuo plcked han no offect on dllutlan tn this program, juat bt

3ndey @pdmexy

r-3%




Outout
it el

Datput for the sample case given above follows along with a compleze

listing of the program. OQutput consists of all the input variables. Then
for each integration step the following are listed: <distance along the
plume centerline, ARC(m), centerline temperature, TEMP((), centerline
excess tegperature, EX TEMP((), centerline velocity, U(em/s}, pluze widsih,
WIDTH{m), average dilution, Q/Q0, minimur centerline Qilution, Q4/QC,
distance downstream, i{zm), distance out into the receiving water normal ¢
the aobient current, Y(z), local plume flow direction, BE?A(deg:ees;, and
time of travel from discharge to printout point, TIHE(S:.V AfT 2

plume excess tegpperaiure ratie is reduced o the input cut-off ratie, inte-
gration stops and a tabie givin

ing areas within surface isotherms is prinzed

cut. For zerp suriace heat transfer, these isotherms egual lines cf
censtant concentratich.

The output for the example case considered above follows

aleong with & couplete Trogran listing.

r -3t - AR-31



L E—HV

MODAN  SAMPLE OUTPUT

1 KOTL-BEHEDICT HOREL TRIAL KUN QF WOTZ-BAMIDICT PHOGRAX

UISCHARGE ANGLE = 40.0 DBEGHEES

DISCHARGE EXCESS TENPERATUKE = 1.5 DEGREES €
VOLUNETRIC DISCHARGE KATE, 0 = 24.7 LU.W/S
DISCHARGE UILTH = 10,8 NETEKS :
P1SCHARGE BEFTH = 4,2 RETERS

AMBIENT VELOCITY = .} METERS/SEC

AMUIENT TEMPEKATURE » 9.2 DEGHEES C

1ENP. CUT-OFF FACTOK = ,200 BELTA-1/DELTA-TO
CORVECTIVE HEAY THAMSFER FACTOR =~ 2

ARC(N) TEAPC(L) £X TENPI(C) ULEN/S5)  WIDTHH) Q/ao H/G0 XiH) Tt BETA TIHELS)
11,39 10.70 1.50 4,43 §7.28 1.42 1.00 7.47 B.3Y 48,99 0.9
(1.48 10.49 1.49 54,06 17,54 [.43 . .01 7.47 6.8l 48,87 2t.44
11.98 10,47 1.47 5340 17.03 1,44 1.04 7.84 ¥.04 48.77 22.00
12,28 10.44% 1.44 33.29 1B.12 1,48 1.02 5.04 .27 40,48 22,37
12,59 10,463 1,45 R 18.41 L. 47 1.03 B.2¢é 7.4% 40,33 - 23,13
12.80 10,44 b.44 52.54 10.70 i.48 1.04 B.47 .7 4b,44% 23.73
13,22 10.42 1.42 52.17 i7.00 1,30 1.04 8.48 ¥.v7 40,33 24.33
13.55 10,481 1.4l Ji.00 19.30 1,51 1,05 B.v0 10.2) T 48,22 24.90
13.87 16,480 1,40 IR L R B Y 1.52 1.06 $.12 10.4% .10 23.41
14.2) 10.5% 1.3% 51.67 19.92 1.34 1.07 7.35 10.74 42,99 26.37
§4,535 10.37 1,32 . 50.72 20.23 1.5% 1.07 ¥.52 10,98 47 .84 4,94
14.%0 10,36 1.38 30,34 20,33 to3b 1.08 9.8! 11.22 42,74 27.41
13.25 10.53 V.35 50.01 20.88 1,30 S ha0P 10.04 - 11.48 47,63 28.33
15.41 16,54 1.34 49,48 2.4 1,59 1.40 19.27 11.74 42,83 29,06
15.78 16.351 1.7 9.5 21.34 1. 40 1.10 19.33 12.01 47,42 28.79
16,335 14.52 1.32 42.%7 1,08 1.42 1.1 10.79 12,29 47,30 0.3
14.73 10.30 1,30 18.43 22.23 1.63 1.12 (RIS 12.34 {2.18 31,33
17.12 14.4¥ V.29 48.29% 72.58 .43 (IR 11.31 12.85 47,64 2.1
17.51 10.48 (.28 47.94 22,71 1,44 1.14 11.37 13.13 48,74 32.7%4
17.9] 10,47 1.27 47.42 13.30 1.47 (PR R B 13.41 . 44,082 11.78
18.34 LR LY T 1.28 47 .30 23,44 V.69 1.13 12.13 13.72 44.70 34,63
168.73 10,45 1.23 A6.%7 24.04 1.70 1.18 12,44 14,0 46,59 33,052
17,15 10,44 1.24 46,45 24,410 1,22 1.17 12,70 4.3} 44.4¢8 6. 49
. F-35



EXAMPLE INPUT,

Input ro
Any muzmber of
cards. Input

the discharge

width and dept

anc a suxface
the discharge

channel 472 =

amhient cuvrent and &an excess

and te-peratu-e are 0.1 ofs and 5.2 C

transfer is ocdevate,

fellows. '

QUTPLT AND MOZEL LISTING

the MOBEN mode!l consists of two cazds for each case run.
cases can be Tun back to back by simply stacking input
consists ©f an identification card and a card containing
angle; voiumetric discharge rate, excess temperature,

h, azbient velocity and temperature, a cut-off factor,

heat transfer coefficient factor. As an example, consider

of 24.7 £¥/s of an industrial effluent through a discharge

deep and 0.8 =

wxd

wide at an angle of 60" relative to the

- -

, Tespectively, and surface heat

iy

The conputer punch card format for this input

tezperature of 1.5°C. The ambient velocity

AR-31
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104,7%
106.81
100.Y)
.o
113,20
113,38
b17.68
1iv.93
122.30
124040
122,14
129,41

1321y -

134,76
137.44
140,12
142.92
145,72
148.4)
15.39
134,40
157 .64
140.87
144,00

142.32

170,44
174,11
172.57
18,20

134.83 .

100, 42
192444
195,39
200.35
204,51
209,47
213.03
217.38
221.9%
228.32
2313
23611

. w
B R R N S T B RN
[ ]

— e i B3 G Bd e e LA D= O

-

g G g g ) = W) 0 S0 O N2~ ) ~q =D

o
-3

57
s

1)

.55

.34
1
33
1)
.52
8-¥

1]
I5°
.50
Ay
.47
.40
.48
.47
247
R
.‘b
.43
A3
A4
44
.43

A2

27.82
27.47
27,32
7,10
22.04
2870
28,73
28,42
26.48
24.14
28.20
24,07
23.74
25.81
23,487
25,35
25.42
23.29
25,14
25.04
4.9
24.79
24,47
24.5%
24,4}
24.31
24,19

“24.08

21.95
23,83
.73
23,42
215t
23.40
23,29
23,18
21.07
22,94
22.84
22,73

T 22.63

22.54

ag. 1y
BY. 4
y0.82
92,103
?3.533

94,90 -

94,32
$7.74
79.20
FOD.48%
102,44
103,44

105,28

108.73
108,33
109.74
.39
113.23
114,73
114,482
118.37
120,42
121.%2
123,72
125,59

127.44

129,37
131.28
133.27
i35, 24
132,27
139,33
141,48
143.354
145.74
147.92
150,20
152.44
154,00
157,13
157,36
161,790

J.80

3.7
3,74
3.78
3.82
3.08
3.07
3.93
3.9%
1.00
1.04
4.08
4.12
16
1.20
1,24
4.28
1,32
1.3
'RT
4,45
549
134
1.58
1.43
1.48
4,72
.77

4.82

4.897
4.9
4.v7

3.02

3.07
3.2
5.17
3.2
3.28
5.34
5.40
5,45

9.51

F,37

1.9?
1.98
1,99
2.00
2.0
2.02
2.04
2,05
2.04
2.07
2.08
2.97
2.10
2.1
2.12
2.13
2“‘
215
2.15
2.17
2.19
2.20
2.2
2,22
2.23
2.24
2.23
2.28
2.7
2.28
2,27
2.3}
2,32
2.3
2.34
2.35
2.34
2.37
2.38
2.37
2.40
2.42

7%.44
B1.13
B2.92

BA.AB

B4.33
B8.37
90.30
¥2,23
§4.2%
Ph.24
Y6.37
100,48
i02.49
104.70

S 107,21

107.52
111.74
114,36
115,89
bi9,.43
122.08
124.73
127.31
130,30
133.2]
135,13
1394079

142,25 -

145,48
148,48
132,93
155.42
158,94
162,81
144,23
149,95
173.87
1727.7¢%
181.90
106.03
190.37
174,71

47.48
48.78
67.93
7108
72.24
73.4

74.62

75.93
77.08
76.32
79.60
50.9%
&2!2'
83.51
84.0%
B6.25

07,46
8Y.0¢
20,51

A RS

?3.43

74.73

P4.47

yB.0¢t

Pv.3%
ter.12
102.81%
104.44
106.13
107,81
109.33
1i1.28
113,08
114.87
116.72
118.5b
120,48
122.38
124.38
126.32
128,34

S1310.39

31,22
33.04
32.83
32,44
32.44
32.28
32.08
3.8
31,49
31.50
H.H
.0
3.
30.72
30.32
36.32
J0.12
27%.92
29.72
29.52
29.32
29.11
28.%1
28.71
28.50
28.39
208,09
27.88
27,487
7,44
27,23
27.03
24.83
26,82
24,41
24.20
25.70
25.77
2%.35
23. 14
25.12
24.%40

274.42
303,25
31142
tg.12
2.1
335.00
343.7%
35321
361,24
370.22
3I79.8
38%.04
3908.74

T4006.%0

419.32°
429.7%
440.77
431.00
443.32

74, %Y

487.18
499 .41
qt12.28
323.1¢
538.75
332.37
564.47
381.03
594,15
11,12
6272.24
§43.29
440,13
872,048
474.07
712.727
73i.61
730.54
220.48

C 790,51

BEi.81
012.84



LE-HV

If.58
20.01
20.44

20.?‘ R

21.37
21.84
22.32
22.00
23.29
21.79
24.3
24.82
25,14
25.89
24.45
27.00
27.57
28.15
28.21
29.33
29.95
30,35
31.20
1 .54
32.50
33,14
331.85
14,33
15.24
33.93
J8.49
37.42

38.1%

38.95
37.74
40,33
41.33
42.17
43,02
43.87
§4.73

_ 45,43

10.43
10.42
10.41
10,40
10.38
10.37
10.34
10,33

10.34.
10,33

16.32
10.31
i0.30
10.29
10.26
1¢.28
10.27
16.24
10,25
10.24
10.23
10,22
10,21
1e,20
19.19
0.8
10.17
10.17
10,14
¢, 13
10,14
10.13
10,12
10.12
10.11
1o, 10
10,07
10,08
10.07
10.07
10.04
10.05

1.23
1.22
F.2

1.20
1.18
1.17
[T
.13
.14
LE3
.12
A1
1,10
1.0%
.08
.60
1,067
1.04
1.03

1.04

1.03
1.02
.01
1,00
.79
.78
.97
97

73
.7
.73
.72
.12
.
0
.07
.48
.07
.87
.04
83

16.33
LE
43.47
45.37
45.08
44.77
AdL 47
A4,17
41.07
41.580
431.28
42.9¢
42.70
£2.42

T 42,04

31,84
41,58
4.3
11.03
10,77
10,30
10,24
19,97
9.7
37.43
v 20
38.Y5
38.70
38.45
10,20
37.18

.72

37.48
37.24
37.00
16,77
34,34
16.131
ab. 08
15.04
35,44
15.42

24.80
25.18
25.58
25.%8
24.39
26.00
17,22
77,44
28,00
28,51

28.74 .

27.41
29.07
30.12
lo.®y
3i.28
1t.77
32,2
J2.78
1.7
313.79
34,30
JA. T
35,37
15,92
.47
37.04
37.60
38,10
38,77
iv.¥?
.94

40.50

41,20
41,84
2.7
4332
41.7D
44,45
45.12
A5.01
£4.51

1.73
1.73
1.7¢
1.78
t.B0
1.0t
.03
1.04
b, 04
1,80
.8y
(I A
F.93
I, 74
1.0
1.78
1,9%

2.01

2.9
2.03
2.04
.00
2.10
2.12
2.14
C 2414
2.1
.20
2.22
2,2
2,23
2.7
2.30
.11
2.34
2.38
2.6
2.40
2.42
2.4
2,44
2,47

1.18

]

.17
1.20
.21
1.22
1,22

P23

1.24
1,23
1.24
1.27

R

.28
1.27
1,30
1.4
1.32
P33
1.34
1.4
1.33
1,34
1.37
1.738
.39
1.40
1.41
.42
] 43
1,43
1.44
1,43
1.4
1.47
1.48
P4
.50
1.5
1.52
1.53
1.54

13,00
13,30
13,61
13.92
14.24
1.5
14.90
15,24
15,59
15,94
V6.30
18,44
17.04
17.42
17.82
18.21
18.42
19.03
19,146
19.87
20.33
20,78
21.24
21,70
22,17
22.47
23.17
21,47
24,20
24,72
25.28
25.81
28.37
24.94
27.33
28.12
26.74
29.33
29.99
30,4
31.30
11.97

14,84
4,73
13.28
13.460
13.93
16.24
15.41
16.93
12,314
17,48
18.02
18,3Y
18,77
ir.14

SRS

11.92
20.32
20,22
21.13
21.04
21.%7
22.1%
22.83
23.27
21.72
24.17
24.44
23.1

25,39
26,07
26.5b
27.08
27.57
28.08
28.40
28,13
2Y.47
0.2

30.77
31,13
3.9

32.48

44,23
45,21
45.08
43.98
45.83

45,71

43,350
43,43
45.12
43.19
45.04
44.73
44.80
44,484
44,33
44,39
44,28
44,12

43.78

43.83
41.71
43.57
43,47
43.29
43.13
4.0t
42.84
42.72
42,57
42.43
42.28
42.1]
4).%8
41.84
41.4%
41,54

41,30

41,2}

40,91
40.77
10.462

- 37,34

79.28
39.25
40,24
41,24
42,29
4.3
84,43
45.59
16.72
47,91
19,11
50.35
31,41
52.92
34.23
55,41
54.79
58.43
$9.07
51.40
62,91
44.52
84.12
67,79
4%.47
71.22
72.99
74.83
76,49
70.41
00.34
82.37
84.43
B4.74
89.90
91.14
93.39
?5.74
98.10
100.37
103.03
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241.14 T R ¥ 22.44. 184,49 3.57 2.43 199.28 132,50 24.43 B3%.22

248,17 7.9 + 33 2.3 18699 3.43 2.44 201.84 134,50 24,44 872N
251.4% 7.5% .33 .24 To%. 80 5.49 2.45 200,48 134.78 25.24 T01.434
234.73 7.33 +33 22,14 172,19 5.73 2,45 213.51 139. 74 24.02 723.2¢
282.12 ?.54 234 22.04 b2, 90 5.82 2.47 218,39 141,19 73.80 ¥39.49
2572.88 "1 4 .94 177,59 BB 2.48 2123.,4% i43.4] 23.59 $75.80
223.74 #.53 3 21,06 o040 TO5.93 2,47 212%.07 145,76 23.35%  1002.397
277,40 7.53 +J3 2i.7% tn3. 1Y d.00 2.0 214,45 148,08 23,13 1029.44
285.70 7.52 .32 2t. 42 184,11 b.om 2,32 240,13 150,49 22.%0 1052.9)
29594 ?.52 32 21.55 107.01 4.13 2,43] 245,83 132.80 T 22.48 1084.52
290.47 7.61 3] 21,43 1¥2.03 6,22 2.34 2%1.684 153.38 22.43 114,83
30497 Sl 3 21.36 193.0¢4 8,29 2.33 257.87 157.8% 22,22 t142.27
Jth.e? 7.9 o3t 21,26 1¥8.23 8,38 2.38 244.23 180,45 21,9 179,34
318,75 y.30 .30 21,42 P PRY .43 7 2,52 270,84 183.01 21,76 1212.09
3124.01 7.3 30 21.08 294 .44 8,51 2.58 27t.40 165.70 21.53  1246.44
GISOTHERN AREAVACRES)  AKEA(SG. KA.} RAT1D AREAZZ {BEC/M) AREACE/(BOBO) TIRE{SEL)
1,00000 ' L0484 0001744 11y 7.75%4 JA0471E+00 44.118)
e 3D000 1.7047 170373 L2000 78022 43008402 1212.002%

1.330 CP SECORDS EXECUTION TIKE
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44,55
47,44

18,41
47.34
50.34
31.8
92.3%

33.38

54,42
55.48
54.38
57.48
59.02
af. 1y
81,14
42.92
431,53
84.77
64,05
$7.32
48,84
69,96

7.

72.7%
4.4
75.54
77.04%
78.52
80.04
81.80
83,20
64,79
94,48
88.12
87.84
71,57
73.34
$5.18
?7.02
78.087
100.83
102.77

16.04
10.04
10,03
10.02
10.01
10.01
10.00
7.77
7.70
$.78
B.¥7

?.78

7.9
¥.73
7.74
p.71
.93
p.92
7.71
7.91
7.70
7.8¢
y.87
7.68
7.88
.07
7.08
?.086
7.85
7.04
7,04
7.8
¥.83
?.82
?.01
.81
v.00
9.80
$.77
v.78
y.70
?.2?

LB
A4
.03
B2
.81
.M
.00
.7
.20
.78
.27
76
.74
.73
.7
e
73

72

.71
71
70
.49
'3
.48
.48
A7
N1
Y

45 -

44
o84
.41
. 4]
.42
.41
.41
A0
.60
a9
Iﬁn
.30
W37

45,29
34,70
14,27
34,33
34,34
3414
31.%]
.72
31.52
33.32
3312
3jz2.v2
32.72
32,33
32,34
32,19

3.vs

1).77
31,59
31,414
11,22
3104
30,88
10,49
30.51
10.34
30,147
Jo.00
27.083
29,68
29.;?
29.31
29.17
29.01
28.04
28,47
78,33
768.30
20.22
70,07
27.92
22.77

47.22
A7.%3
48,44
49.40
50,15
50.90
51,40
52,44
33,28
54.05
34.00
55.70
S6.54
37.37
50,24
5%.13
40,02
4091
41,04
32.76
63.70
44,85
§5.43
46.40
§7.40
48,460
47,84
70,47
71.73
72.7¢
73.00
74.97
76.10
77.12
78.38
77.5)
10.73
B!.91
al.14
04.36
85,41
fa.0u

2.351
2.33
2.33
2.58
2.40
2.62
2.63
2.87
2,49
.72
2.74
2.27
2.79
2.82
2,84
2.87

.89

2.92
2.9%
2.7
3.00
3.0)
3.06
-J.08
3N
3.4

.17

3.20
1.2
J.28
J.27
1.32
3.35
1.18
J.41
J.44
3.8
3.8
1.54
3.57
1.81
3,84

F-3%

1.53
L.54
{57
1.58
1.59
1.40
P81
bosl
b2
1.4
1,44
1.43
1.8
1,47
.68
1,49
.70

1.7t

1.71
1.73
1.74
1,73
1.74
1.77
1.78
1.79
1.81
1.082
1.81
.84
1,85
{.88
1.87
1.88
1,89
1.%0

.91

L.72
1,73
1.94
1.93
}.Pé

12.4¢
33.34
34.08
34.81
35.3%
14.32
37.11
37.89
18.71
39.53
10,39
424
12.13
43,03
43.95
44,88
15.83
14.82
17.83
A40.084
19.89
50.95
52.05
53.15
34.29
55.44
56.63
57.81
59.08
80.32
6163
42.93
64,29
85,85
§7.07
88.47
49.97
71,43
73.00

74

76,14
17,70

33.08
313.47
J4.89
35.52
35.13
36.00
37.45
18.12
18,79
17.48
10.16
40,87
41.58
42.31
13.04
43.80
44,53
4%.13
44.10
46.70
47.70
48.52
49.33
30.20
31.04
51.92
52.7¢
33.4%
54.39
335,92
58,44
57.40
58,33
37.13
40.31
$1.313
42.34
43,38
44,42
45.30
45,37

A0.44
40.31
40.13
39.97
39.83
1%.47
1851
3v.e
39,03
30,86
38.70
38,31
38.37
16.20
35.03
37.84
J17.70
37.52
37.38
37.18
37.01
J4.64
36.47
35.49
34.32
3514
35.94
15.748
35,481
35.43
13.25
J35.07
34.89

34070

34,52
J4.34
J4. 14
33.97
331.7%
31.40
13.41

105684
108.24
110,94
113.70
114.55
119,42
122,42
123.4}
128.38
131.75
135.0%
138.30
141.85
145.34
148.76
152,43
154,48
166,13
164,35
160.39
122,81
176,88
181.29
185.75
190.4!
195,10
199.99
204.92
216.04
215.23
220,42
224.07
231.73
237.44
743.42
249.42
255.70
242.00
240.40
273.23
02,14
209,13
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VIIT. PSY MODEL

THEORETICAL CONSIDERATIONS

The PSY two-dimensicnal shore- at;a:hed surface plume river medel

iz based on the theoretical solution to the steady-state convective-

diffusion equation by Paily and Sayre (13) It does not handle jet in-

M

duced entrainment. As a result it is a far field model or a model where
initial momentuz of the discharge is small compared to ambient moment

In additien, since it is two-dimensional with no vertical diffasion,

it shculd cnly be used where the receiving water is shallow and the pluze

is attacked to the botton.

Th® ETVeImIng equ :azicn for this model 15,
hild (ac = 2 heE & (s (7

where h = local decth c¢f flow; U = depth-averaged velocity in the str

-t

wise direction; 4C = depth-average vzlue of concentration in excess of the

arbient; F_ = overall transverse mixing coefficient gcnera:ed by a:bic::

‘<

turbulence and bend induced seccndary motion; and x and y = distances in

the streac-wise and transverse directions respectively. This equation can

be sinplified by intr oc¢c1ng a new transverse coordinate defined as,

5=t §hués | (8).
Q, | |
where Qr = total river discharge. If tiver depth and velocity are constant,
p is sizply the fraciional distance to the point in question frem the near
shore, y/W, where W is the river width., Substituting (8) into (7) and te-

arrasging, the convective-diffusion equation becomes,
: 2

}: (97
3 (./_\.(.) = C__c___l(AC)

~Yo
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where h is the average river depth, W is-the ave:agé widtﬁ of the river

(both in meters), n is Manning's coefficient, o is the dimensionless

transverse mixing coefficient defined as e = Ey/HU,. The shear velocity,

U, is defined a5 U, = (gﬁk)h where S is the slope of the river energy

gradient. For wmost tivers, § is the tiver slope. Manning's coefficient
é

is an empirical constant having dimensions of (1ength);/ . Reccmmended

values are given below,

Type of Surface Manning's Cosfficient, n
Smooth rivers, no baulders'cr rush 0.D25
Moderately rough with medivm sized rocks 0.05
Irregular with large boulders 0.10

Urnfersunately the velue ¢f 2 can vary cocasiderably from river to river.

Ir relztively straight unifcrm sections of a river, the fcllowing expres-
sion kzs been found to De Teasonable, a = 0.1 - 0.0019(W/R). A correlaticn

for sinusus vivers cobialined from severzl scurtes using primarily Missouri

e = c.s('n'.f:‘:;--z{u;u,;z(ﬂfkc)z ' (1'5)
where R is the radius of curvature of the river.  The numerical co-
efficients in these ecuaticns can be used if nothing better is available
for the particuiar ziver in questicn but should be modified when bettes
information czn be found. Wwhen 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 settisons with D assumed to be constant

but different in each section.

p o3 AR-31



where D is the Transverse diffusion factor defined as

D = hZUEyqu . (10)

Equation (9) can be solved with appropriate initial conditions in

terms of the probability density function. See {13} for details. The

solution for the maxioum concentraticn at the near shore for a concentrated

source at the origin is given by the following expression which includes

the effects cf reflegtions from the far shore,

C G i #Gr' jg t )‘7
- = =] |+ Z -—= |1 11
XA ezl s

where Qu is the discharge flow Tate, zand Cb

. This solution is plotted qn Figure 1 labeled

is the standard deviation
given by G} = (2".3‘3:};i

"concentTrated source', The other curves on this figure ave for discharges

inkka

with a finite siied spurce.
This is given as P = Q./QT where
i
Qi is the averages flow within the plume at x equal to zero. Fer most
industrial dischacges, setting P = 0 has litzle effect on the far field

dilution.

The accuracy of the PSY model is highly dependent on the ability cf the
zo determine the apprepriate value of D. Paily amd Sayre (13) recoo-
zend thzt D be calculated from an equation of the form,.

- 5/
Dan3.13a (W) /W

(12)
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I1f a miforn de',;}th and velocity are assw=ed, the sclutien to
equation (9) can be integrared to yield surface areas within given Lizes
of censtant concentration, A-cooputer progranm has beén written <to
perform this integraticn and iz givenm in this report as the "PSY”
model. When the transverse diffusfon factor, river depth, and
width are given as & function di.stan;e dwust:ea::‘ and with river
aod discharge flow rates given, this program prints out the larera®
distance freom shore to selacted lines of constant concestration azd the
surface area within them as a funefon of distance dowvnstrez=.

Tkia i1s shown on Fig. 2 for the sazple case comsidered later. As
an exz—le, the axga printed our for = = 408 m and C/CO = 0.1 is

2
320 & amd represents the area berwmen the near shore, the ceocmcemcrazicon

If=e C/CO = 0,.) and x = 405 =. It 13 showm on the figure as the
crossharched zrez, The lateral digtance to this line 4s yp = £.2% =
at this walue of x. Therefcre, vhen vp goes to rero, the ceocezmctratico

line reaches the strre rod the area is complete. TUp watil thez, ke

atezs printed our are only partial areas.

EXAMPLE INPUT, OUTRUT AND MODTL LISTING

. Exapple

Consider the discharge of 1.07 m*/s inte a moderately Tough TiveT
whose flow rate is 72.28 md/s. The average river width and depth are
109 » and 1.0 m, respectively. The river slope is 13/1000. Discharge
is on a bend in the river where the bend radius is 1000 m., About 1000

~ -
= belcw the discharge the river straightens out and remains uniferm fer
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several thousand meters, The problex is to £ind the shoreline dilution

as a function of distance downstrean and the surface a-ea that has z

dilution of 10 or less.

The procedure i35 to find o and then D for each section of the river.

' From these and the distance downstream, the appropriate Dx gan he found

for use with Figure 1. Iz this casec QQer i3 used for Qi/Qo = 0.0l4,

Froz the data given, the folleowing are determined for the

‘curved section,

U s Q_/hk = 72.28/(109x1.0) = 0.663 n/s

—-.1.2 P - ke -
U, = (ghS) = {S.B x 1.C x 13/:1000)° = 0.361 m/s

4/1{\_2'1 ,,‘_2 ~ T~ - -‘-2 1 - nn\z
a = CLALI0E 1. 0T (CL6E3/0.361) 7 (2.0/71002)

LH

1.0

a value cf n - 0,08 is selected, which gives,

26

For the stTalght sectien,
e = 0.1+ §.00L80106/1.0) = 0.31

which yields,

2

9. = 0.05 x 3.13 x 1.0 x (1.2°7%/108)% = 1.32 x 1073 (1/n)

D, = 0.05 x 3.13 x 0.31 x (1.0)°"%/ (10932 = 4.3 x 10" (1/2)

For the curved pertion, DX i% sizmply Dlx. Since the straight section

is below this, Dx there is given by Dx = Dlxl + Dz(x - x}) where x
the distance to the beginning of the straight section from the discharge.

Using the flow rates given and the values of D determined above, the

following table was generated using Figure ] with P = 0,014,

F-{e

1

is
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Distance Downsirean

Minizves Dilution
from Source {m)

Alcng Near Shore {inverse of concentrazion

-
Al i

100

4,34
500 . 3.72
1000 13.2
1500 14.6
2000 7 15.8
2500 ' 16.5

The areas within the concentration lines was foimd by mmoing
progTam PST.

The co—puter pumched card forzat with values for thi

exza=—Ie aleng with the output ad a2 complete Fortran listing follew

frem the cutput listinmg, it is seezn that s éilutlen of 10 or less

{C/CO = 0.1 or greater) is contained within an area @f 3560 nz wviss
the contour 1ins closing at the shorve 565 ¢ dovmstveam of the

discharge.
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NsL 40 qR SLIM
2 1.07 72.28 2000,
110 F10.2 F10.2 Pi0.2

UL

S|

q_ 1

i

L

1]

e ———

- ~ xS I d oo
‘__JD (=4 ﬂ‘ o .0
N5L = Number of Survey Locatlons on River
(At least one and a moxlmum of 20)
Q0 = Discharge flow rate (mJ/a)
yR = Rivar flow rate (mnfu)
SLIM = Diatance downstream where calculations are te stop (meters)

j

¢ qQEVD
LOENI ITIRVS
ASd




-4V

5X Sh s n
0.0 109. 1.0 L.320-3 (Fteht card of set)
1000. 109, 1.0 &L IFE-6 {Secind card since NSL = 2)
F10.) F10.3 F10.1 E10.0
s g J L - L‘} ..___H ° 3 3 S
sX Distance downatceam of dluchafgu where river data sre given
sB Width of river at thls point., Used until a different value lg glven
on next card. {(meters) .
sD Depth of river at this peint.
D Tranaverse diffuation factor (1/metera)
o
&
o8
+} b e
o1
- S
F-350 7

[,
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PSY  SAMPLE OUTPUT

SOLUTION TO SURFACE DISCHARGE PRODLEN WITH SNORE- ATTACHED PLUKE

CASE | SARPLE RUN OF PSY PROGRAM
oo DISCHARGE FLOW RATE = 1.070 CUDIC HETER/SECOND ¢
+¢ RIVER FLOW RATE " 72.280 CUBIC METER/SECOND  »# _
AREA {A) --METLRe*2 LATERAL DISTAMCE (YP) --HETER FROM DISCHARGE BANK
COMCENTRATION RATIOD C/CO
.01 .05 .10 .30 .59 ‘ .
DISTALLE A b A P A ¢4 4 (A A P TIME (SEC
.10 J07E40Y  3.18 L985Ee00 2,77 L95BE400 1.47 LBOSE#D0  2.41 LB12E400 2,18 LSTAESD
1.20 .382£408 3,70 JIBO0) 3.2 LIZ3IEe0t 3,02 ‘.2B5E401 2.1 L253Ee0) 2416 L17BE+D
2.80 L103E402 4035 LJEVAERD) 3.4 LB3I7ELE] 3.9 LORBEIOD  2.44 L590E401 2416 JAHEHD
4.60 J258E102 5.38 J220E402 4.41 L201E¢02 3,94 L158E402  2.88 L1286402 2,12 LORZED
12.40 JABEH02 479 L535E+402  5.40 JAZ7ERDD  4L67 LI50E062 J.10 L253E+02 178 JABAEN0 T
25.20 1546403 B.4B JAMEGI  6.72 LIHAEeQ3  3.464 JJAsER02 309 3476402 0.00 IZAE0:
15.20 L3596403  10.82 L2796403 810 J2160403  ba56 J12BE+03  2.20  ATTACHED TO BMORE JAP2EH0Z
45.20 JS92E€0T 1248 LA52E401  PLH JI7IENQT 7414 JSIERDY  0.00 JJI4FEI0Z
83.20 LB55Een  13.05 JBA2E00) 992 J5206003  7.58  ATTACMED 1O SHOURE J27E40]
J05.20 LJH14E¢04 15,04 LBA7EROT 10,57 L&75E401  7.88 T LIGBENDS
125.20 JAGER0L 1811 108Er0R 11,14 JBISEr0Y  8.0Y JEBEHD]
145.20 JA7PE404 17,07 LH29E004 L84 LPPEE+OY  B.23 L2H6EH0Y
145.20 CJHAEROL 17,73 LA5IE04 12,10 L M4EE04 8,32 L240E+03
§B5.20 JI5QE404 18,79 L1708 12,47 JA3IEe04 6.35 L275E403
205.20 207404 19,35 L203E404  12.85 JIS0Ee0d 8.4 LI050403
225.20 LI2VE+04 20.28 L229E404 13,17 JIABE104 8,30 : L335E403
245,20 JI20E404 20,97 JI56E404 13,44 LI03E+04  B.22 LI64EH01
265.20 ATZE+DE 21,83 L283E404 13,72 J199Es04 8,10 LIv4Ero3
285.20 LASLENOE 22,23 JJI0Er0A 13,97 L2IGE+04 795 LAZAEHDD
105,20 LSO1Ee 08 22.04 JIIVERGA 14-19 LIRIE0d 7077 LAS4E10]
125.2¢ SABE+04 23041 LJIAPE0Y 1437 JHAL0E 7,55 LABICH0D
345.20 LSPSEt0A 23,98 J39SE404 14.30 L261E 0k 7030 LGLIE103
145.20 LSAAEE04 24,49 LA2SEH0A 14,75 L2250¢04 7,01 .543E403
305.70 LB93Er04 25.00 LANSE04 1ALD] JOUPELOA 4L47 _ 5726403

b
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405.20
425.20
445,20
443,20
405.2¢
505.20
325.29
545.2
565,00
563,390
405.20
425.20
545,20
445,20
05,20
705.20
225.20
743.20
763,20
785.70
B05. 20
825.20
545,20
885.20
083.20
905.20
$23.20
945,20
945,20
$85.20
1005.20
1043.20
1085.20

- 1125.20

1163.20
1203.20

744E101

ATIEA04
LO4PE O
LJOTEVO4

PISEIO0A

~AOIE+DD
LHO2E405
LVI2E40%
~118E+035
A24E 405
< PI0EBS
<FISEQ5
JA2E+03
~ TAE03
+ESHEOD
JIEQE DS
LIB2ERDY
«N7IERCH
LIBOEDD
. IBAEVDS
«TFIE+DS
LAPRECOS
2048E40%
L21IE0 05
+212CE+03
I27E10S
+23IE40S
LJ40Er0%
+248E405
J253E00%
2828405
2FEERDS
~2TIELO3
SJOSERQS
. 320E405
LINAE1 05

25.50
25.90
2é. 44
16.89
27.31
27.75
28.17
28.37
28.78
29.35
29,23

1010

Jo. 44
30.81
315
.47
31,83
32.13
32.47

2.7%

1).10
33.40
33.70
33.9%
J4.38
3457
34.985
35.12
35.3¢
35.64
35.08
Ja.od
34.72
14,37
36.93
38.72

LABSEDA
SI19E404
LH43E04
IP7ELDS

© LA0DERDA

LAITEHOH
LA70E404
LAOLEON
LAIIE0A
74SE+DA
ZFZEI0)
LBIPEL04
LOBLE DY
JO93E004
LFISEDY
“P57E¢04
JFIDEHOA
~EQ2E107
LO00GEN03
JOPESDT
SNI2E405

-+ HISE+0%

LH1BE0S
228107
JN2A50405
+12BE103
LJIELDS
AIAE DS
I30E405
SIALEHQS
JAIE05
LJS0FE403
NGZ7E403

- 153E 405

~149E+03

C WI7SE+DS

15,04

13.19
15.0
19,42
15.33
it.42
15.70
15.78
15.085
15.91
152.94
14,01
14,035
1é.08
16.11
16.43
14,63
18,18
th. 14
1,18
16,18
16,45
16,13
14,11
16.09
16,08
16.02
i5.9¢9
13.¥4
15.%0
15.84
i3.82
15.78
15.74
15.70
15,46

SI02E 04
LIIAE 104
L3125E404
318004
~JARE04
«JISTE¢04
1556404
LI98E4+04

6.29
3.04
5.38
4.74
4.03

J.04

.82
0.00

ATIACHED TO SHORE

r-5%

LA00EHE

LA3E10

LA62E 00

AFP1E+D

J2IEHD

LIEND

LB0E+D

BI10E40

A40Een

B70E 40,
APPE,
JP29E 40
LPIFERD
JPORE O]
A0LE104
- JOSE104
J0BE Y
LEFIE404
J14Ev 04
JA172E404
NIDERDY
L123E004
<I28E¢D4
LI2PEH04
T326404
L135E404
JdJ7E4DA
A40E404
L4386 04
JI48E+Q4
T4FE404§
LIS3E04
JALERDE
AA7E 004
IZIE D4
LPPRE 04
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12453.20
1205.20
1325.20
1365.20
1405.2

1445.20
1483.20
1523.70
1545.00
1605.20
1645.20
1685.20
1225.20
1245.20
1805.20

1045.20 |

18085.20
192520
1965.20
2000,00

~J4FE+45
3648405
+J79E403
~JVAED3
+AQFELD5
A24E405
LAJYELDS
A54E+403
~ALVEHQS
+AGAERDD
«J00E*Q3
a{SE105
»IJIELQS
+»ad§E+02
«ab2E03
SAF7E40]
«373E403
AOFEHQS
LAZTEHON
+OALEHDS

34.80
37.04
37.20
37.36
37.52
37.48
37.83
37.97
35.34
38,29
30,44
38.%9
18.74
36.98
3r.03
v. 17
i7.32
37.44
37.40
17.72

LTH2E105

LHOBE DS
LIPAEH0S
L200E+05
L207E405
L21IEHDD
J2IFENDS
L225E403%
LIIEAOS
RIZEHRD
J2AIEHDS
L2AVEADD
L2556 405
2STER0T
L287E400
J27JE4DD
279EDG
285E1D5
~2T1E+DD
«2FBEDT

{3.42
15.57
15.32
15.48
15.42
i5.37
13.32
13.26
15.20
15,14
15.08
15.02
14,93
14.89
14.82
14.73
14.6?
14.40
14,52
14,40

. 1B5E+Y
JPRIERD:
LAPFE4Ds
203E404
L209E404
LHSE04
LI2VEHDA
2276404
L2JJE404
L2IVE40A
L244E104
L250E404
AOHE404
L262E404
.2&68E404
S274E+04
L200E+04
2066404
J292E¢04
.29BE404



IX  NOMENCLAIURE

c Concentratien

(‘.;P’&'.‘!9 * Dimensionless concantrarien ratio - inversa of dilturioz
D Transverse diffusicn facter, equation (1Q)

Ey ‘ Overall transverse mixing coefficienz

% Discharge densimetric Froudes number

h River depth in PSY model. h is average value.
E Plume depch in PIS aﬁd PDSM medels

n Hanndsg's coefficient

P Transvarse coorcinate in PSY podel '
P Icizial dilutior facier, PS5Y medel

Q Yolunmertic fipow rare

Q/Qo Diluzien

T Fadial cocrcdinate in DEEEIM wodel

Rc: Radiuvs of river béad

s Streaxline ecoordinate in DKEPIYmodel

S Slope of river energy line

u Plime streamrise velocity

v transverse velocity

T Velociry

U, Shear velocit} - (gﬁS)LI

x,¥ Comrdinates

hgl Trazmsverse coordinate i» PSY putpur

W River width

a Diffusion coefficinnt,'fSY model

8 Flow mgle

D Fluid density

Srandar? Zdeviavien cf distrivuricn fumeotien

54 AR-31
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Subgeripts and Swmerscripes

a

Ambient

Maxdimum or plume cegterline
Discharge

River

Free stream

Turbulent quanticy
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Appendix G

Section 301{g) Checklist

State and Regiﬁnal personnel should use this checklist when
reviewing section 301(9) variance reqguest. Section 1301(g) applicants
may also use this checklist to ensure their application addresses
and documents all necessary items, ' The checklist‘covers all the
factor% EPA has identified as important in considering a section
301(g}) request. As the importance of each item will vary from
sité to site, a careful review of the checklist by the permit writer
and the applicant, during the early consultation-periqd, can help
the applicant determine the degree to whichreach of these factors

must he addressed.

How To Use This Checklist '

EPA recommends that Regiocnal and State personnél use this
checklist first to determine what the applicant should submit in
its completed reguest and secondly, to review the submitted

completed section 301(g) variance request.

The checklist consists of a4 series of questions addressing
the sfatutory factors listed in section 30l{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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I. Preliminary Information

Did the applicant provide the follaowing:
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 17

3. Facility ID Number (FPA ID Number)?

4. Name, title, telephone number and address of person in tha
firm to contact abeut the section 301l(g) completed reguest?

5, Identificatiorn of the nonconventional pollutant{s) cr gollutant
parameter for which a section 30.(3) variance is socught?
4
f. The 40 CFR citaticn for the specific effluent guideline
containing the limitation frorm whizh the sectiom 3C1{g)
variance is5 scught?

7. The date the initial reguest [(ir accordance with 40 CFR 133.21%)
for the section 301(g} variance was submitted tc EP2? [(Was
a postcard subritted by Septemher 1978, or was an irnitial
request submitted 270 days after the promulgation of the
applicable guideline?)

8. The date the applicable BAT effluent guideline(s) was promul-
gated? (If nc PAT efflrLert guidelines were proruigated, the
date the notice of preparaticn of the draft RPJ/BAT permit was
published.)

9, The proposed modified effluent limitation (PMEL) for the mror-
conventional pollutant?

10, The promulgated BPT effluent guideline limitations? (1f no
BPT guideliine exists, the limitation derived by the State/
Region.) '

11, The permit compliance schedule?

12. A list or description of State water quality standards applicatls
to the nonconventional pollutant{s)?

II. Environmental Quality Information

A. IMPACT TO POINT AND NONPOINT SQURCES
Did the applicant provide:
1. an analysis of the potential impact of thé applicant’'s PMEL on

other point and nonpoint sources in the vicinity of the point
of discharge?

AR-31
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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 autheority)?

b, obtain a determination from the State or interstate agency{s)
having authority to establish wasteload allocations indicating
whether the discharge of the PMEL 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?

B. IMPACT TO RECREATIONAL ACTIVITIES

Did the applicant pravide:

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? T

SPECIFICALLY, DID THE APPLICANT:

a. ldentify recreational activities in and on the water in the
vicinity of its discharge?

b, 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 analysia of the potential impact of the PMEL to public water
supplies in the vicinity of its discharge?

SPECIFICALLY, DID THE APPLICANT:

a. 1ldentify the public water supplies in the vicinity of its
discharge?

b. Provide an analysis which demonstrated that the PMEL would rot
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?

b-3
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or

D.

IMPACT TO AQUATIC LIFE AND HUMAN HEALTH

pid the applicant provide:

i.

E,

a demonstration that the PMEL would still maintain water guality

_which protects the propogation of a balanced population of
‘ghellfish, fish, and wildlife and that the PMEL would not

pose an unacceptable risk to human health and the environment
bacause of biocaccumulation, persistency, acute toxicity,
chronic toxicity (including carcinogenicity, teratcgenicity,
mutagenicity) or synquistic effects?

SPECIFICALLY, DID THE APPLiCANT:

identify a State water quality standard or an EPA water guality
criterion {(most recently published or Red Book) for the noncon-
ventional pollutant which protects both aquatic life and human

health at the edge of the mixing zone?

derive a site—specific criterion number for the nonconventiocnal
pollutant using an EPA-approved criterion derivation methodclogy,
and if so, were local species used in the criterion derivation
approved by the Regional Administrator?

derive a criterion for the nonconventional pollutant u51ng another
method which was approved by OWRS?

derive a safe concentration for the nonconventicnal pollutant

by some other approved means such as field testing, literaturs
search, biomonitoring?

demonstrate that the PMEL, after dilution in the mixing zone,
would meet that water quality standard or criterion?

demonstrate that all other factors such as biocaccumulation,
persistency, and synergistic propensities have been adequately
addressed? (See guestions on per51stency and synergism 1in
Section ITII of the checklist)

MODELLING AND FATE AS RELATED TO SECTION 301{g)} VARIANCES

pDid the applicant:

1.

Provide an aerial-view map of the facility and the surrounding
area illustrating the boundary of the Staté mixing zone and
the concentration isopleth of the nonconventional pollutant
from point of discharge to the mixing zone boundary?

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 rodel
of cheoice?

4., State how the mixing zone was determined 1f it was npot an
approvesd State water guality standard mixing zone ({case-by-case
basi1s1}? . : :

5, Frovide basis for the design flow used in makirg dilutinr
calculations?

ITl. Special Considerations

A. POLLUTANT PARAMETERS (COZ, TOC, TKN, Tctal phenols)
Did the apglicant:

1. Ident:i1fy the cherical corstituents of the pollutart parareter
ig ~ut the exigtence of toxics in the polliotart para-

L.

merer? (Toxics may be feund in trace amounts or at lecels

eguivglent tgo BeT .
2, [de-tify the rears by which the constituents were idertified

le.g., GT./M2)

3. Derive a critericr nurber f2r the pcllutant parameter Ly a3pg
the EFA critericn derivaticon methodology ¢f Novembher 10970 tc
the whole effluent and expressing the resulting critericr in
percent effiljyent?

1y b

4., Deterrine tthat the pcllutant parameter was neot a source of
toxicity after conducting a bench scale treatrmert study?

5. Determine a safe level of the pollutant parameter by condictin:
a literature search?

6. Assess the potential for husar healtt impact of the nenconver-
tidnal peollutant parameter?

R, SYNERGISTIC PROPEKRSITIFS

Did the applicant:

1. Identify potentijial syﬁergistic propensities in the effluent ard

receiving water?
SPECIFICALLY, DID THE APPLICANT:

a. identify possible chemjical reactions between compounds prcducing
more toxic pellutants?

b. identify possihle reactions dependent upon physical parameters
such as increased toxicity related to increasing or decreasing
temperature, pH, alkalinity, conductivity, flow {(turbuience!,
or suspended solids.

c. identify possible icint effects where two compounds affect an
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corganism in two different ways simultaneously? (E.g. one

pollutant affecting respiration, another the central nervous
system, )

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
fractions?} :

e. examine the potential for additivity in the effluent?

C. PERSISTENCY
Did the applicant:

1. Identify pollutants which could impact aquatic life or human
health due to persistency?

SPECIFICALLY, 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. ceonduct structural analysis of the principal components in the

effluent to determine whether the compounds are of a persistent
nature?

' AR-31
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APPINLIN

The followinge lists rrovide the current status of the Techricsl
Guidance ¥anuals for Performing Wasteloal A.loacations. These have been
developed by the Office of Water Regulations and Standards, Monirtoring and
Data Support Division, IZ vou have any guestions about any of these docarensr

or would like a cory of one of these documents please call (.70 2EL-710s7,
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WASTELOAD ALLOCATION GUIDANCE BOOKS AND CHAPIERS

GENERAL GUIDANCE

STREAMS AND RIVERS

1. BOD/DO Impacts
2+ NUTRIENT/EUTROPHICATION IMPACTS
3. Toxic SusSTANCES [MPACTS

ESTUARIES

1. BOD/DD ImpacTs

2- NUTRIENT/EUTROPHICATION IMPACTS
3. Tox1c SUBSTANCES [MPACTS

LAKES AND IMPOUNDMENTS

1. BOD/DO IMpacTs

2+ NUTRIENT/EUTROPHICATION [MPACTS

Toxic SuesTances IMeacTs

DESIGN CONDITIONS

1. Deston Frow

.2+ DesioN TEMPERATURE

5. Destew PH ~

4. Deston EFFLUENT FLow

5. Desion Rate ConsTanTs
PERMIT AVERAGING

* SCREENING MANUAL

1. Tox1¢ QrcaNic AND CONVENTIONAL POLLUTANTS
2+ Toxic MeTALS

INNOVATIVE PERMITS

BIOMONITORING

1. Desian ConDiTIONS

2- PERMIT AVERAGING

3. MopeLing ToxicITy /
4. Mixixe ZONE
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EINAL NATIONAL GUIDANCE
DATE THE FOLLOWING FINAL NATIONAL GUIDANCE HAS BEEN ISSUED:

- mwﬁﬁhﬁmmﬂmmmﬂm

(AugusT 29, 1983)

- LaKEs AND IMPOUNDMENTS, CHAPTER 2, EUTROPHICATION

(AususT 29, 1983)

- Streass AND RIVERS, CHAPTER 1, BOD/DO ]HPACTS

(OcToBER 3, 1983)

- STREAMS AND RiveERs, CHAPTER 2, EUTROPHICAT}ION

(scHEDULED DEcemrer 1933)

o To

0 THE FOLLOWING FINAL NATIONAL GUIDANCE IS PLANNED FOR RELEASE IN THE

‘COMING YEAR:

- StreamMs AND RIvers, CHAPTER 3, Toxic SUBSTANCES

(sCHEDULED SEPTEMBER 198Y4)

- PerIT AVERAGING PERIODS

{SCHEDULED SEPTEMBER 1984)
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DRAFT_MANUALS FOR HEADQUARTERS AND REGIONAL REVIEW AND COMMENT

0 WITHIN THE PAST YEAR, THE FOLLOWING DRAFT summ&:a MANUALS WERE SENT
70 THE HEADGUARTERS AND REGIONS FOR REVIEW AND COMMENT:
- Streams AND RIVERS. CﬁApTER 2, EUTROPHICATION
- PERMIT AVERAGING
- StrEars aND Rjvems, CHAPTER 3, Tox1c SUBSTANCES
- Desigy ConpiTions, CHapter I, Desien FLow
- [NNOVATIVE PERMITS

0 DraFTs OF THE FOLLOWING WLA GUIDANCE MANUALS ARE UNDER DEVELOPMENT AND

SCHEDULED FOR RELEASE TO THE HEADQUARTERS AND REGIONS FOR REVIEW AND

COMMENT DURING FY84:

- DES1GN CONDITIONS, CHA?TER 2-, DesioN TEMPERATURE
- Desicn Conpitions, CHapTER 3, DEsich PH

- Estuaries, Cuaeter 1, BOD/DO ImPacTs

~  ESTUARIES, CHAPTER 2, EUTROPHICATION

-  Lakgs AND IMPounDMENTS, CHAPTER 3, Toxit SuBSTANCES
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PREPARATION OF THE FOLLOWING DRAFT WASTELOAD ALLOCATION GUIDANCE

MANUALS 1S SCHEDULED FOR INITIATION DURING FY84:

- .EENEBQ, Guipance (Novemser 1983}

- Eéluﬂﬁlﬁﬁ; CHAPTER 3, Toxic SuBsTances (March 1984)

- DEsigN LQSQITIQNS,{CHAPTER 4, EFFLUeNT FLow (Octoer 1983)

- Desion Conprrions, CHapTER 5, RaTe ConsTanTs (To.BE DETERMINED)

- Lakes anp JMpounpMenTs, CrapTer 1, BOD/DO Impacts (To Be
DETERMINED)

DEVELOPMENT OF THE FOLLOWING GUIDANCE MANUALS ON THE BIOMONITORING

APPROACH [S ALSO PLANMED FOR INITIATION IN FY8Y4:

= PerM1T AVERAGING FOR GENERIC Toxicity (Novemper 1983)
- DESI;N ConprTions FOR GENERIC ToxiciTy (NovemBer 1983)
- MopELING GENERIC TexiciTy (DecemBer 1983)

- Mixing Zone (To 8" DETERMINED)
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TECHNICAL TRAINING SEMINARS PLANNED FOR FYBU ARE:
-~ BOD/DO MoDELING IN DaLLas, Januvary 1984
= Toxic SuBsTANCES IN ATLANTA, March 1984
- TOXIC‘SUBSTANCES'IH San Francisco, May 1984

- DesieN ConDiTions/PERMIT AVERAGING, AucusT 1984

(LocaTioN 7O BE DETERMINED)

- InnovaTIvE PERmITS, AucusT 1984

{LocATiOoN To BE DETERMINED)
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