
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































VII.

Freshwater tidal creek community

Dominant plants (great variation with locality)
Eurasian water milfoil (Myriophyllum spicatum)
Horned pondweed (Zannichellia palustris)
Yellow pond 1ily (Nuphar luteum)

Subdominant plants
Readhead grass (Potamogeton perfoliatus)
Wildcelery (Valisneria americana)
Sago pondweed (Potamogeton pectinatus)

Dominant animals
Snapping turtle (Chelydra serpentina)
Red-bellied turtle (Cnrysemys rubriventris)
Eastern painted turtle (Chrysemys p. picta)
American Coot (Fulica americana)
Belted kingfisher (Ceryle alcyon)
American eel (Arguilla rostrata)
Carp (Cyprinus carpio)
White catfish (Ictalurus catus)
Bluegill (Lepomis macrochirus)
Pumpkinseed (Lepomis gibbosus)
Largemouth bass (Micropterus salmoides)
Chain pickerel (Esox niger)
Black crappie (Pomoxis nigromaculatus)

Subdominant animals
Dragonflies (Odonata)
Midges (Te¢ndepedidae)
Mosquitoes (Culicidae)
Spattail szrniner (Notropis hudsonius amarus)
Pirate poerch (Aphredoderus sayanus)
Golden siiner (lNotemigonus c¢. crysoleucas)
Creek chucsucker (Erimyzon o. oblongus)
Banded kiiiifish (Fundulus diaphanus
Mosquito Pish (Cambusia affinus)
Yeliow perch (Perca flavescens)
Eastern mudmirznow (Umbra pygmaea)
Northern watcr snake (Natrix s. sipedon)
Pied-billed grebe (Podiceps auritus)
Canada goose (Branta canadensis)
'cod duclt (Aix sporsa)
Mallard (fnas p. platyrhynchos)
Black ducls (Anas platyrhynchos rubripes)
#11 (Anas &acuta)
ican widgzzon (Anas penelope)
Grzen-winoec teal (Anas carolinensis)
Ring-necked duck (Aythya collaris)
Burfleheed (Bucephala albeola)
Common merganser (lMergus merganser)
Ring-billed gull (Larus delawarensis)
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ZONATION OF DOMINANT MACROBENTHOS IN THE POLYHALINE ZONE

Leptosynapta tenuis (E)
Gemma -gemma (B)

Ampelisca verrilli (A)
Nephtys picta (P)
Spiophanes bombyx (P)
Tellina agilis (B)

Phoronis psammophila (Ph) .
Ampelisca vadorum (A)
Nephtys magellanica (P)
Clymenella torquata (P)
Turbonilla interrupta (G)
Macoma tenta (B)

Peloscolex gabriellae (O)
Ceriantheopsis americana (An)
Acteocina canallculata (G)
Mulinia Iateralis (B)
Heteromastus Iiliformis (P)
Spiochaetopterus oculatus (P)
Pseudeurythoe sp. (P)
Edwardsia elegans (An)
Paraprionospio pinnata (P)
Phoronis muelleri (Ph)
Sigambra tentaculata (P)
Nephtys incisa (P)
Ampelisca abdita (A)
Micropholis atra (E)
Ogyrides IImIcola (D)
Cirriformia grandis (P)
Asychis elongata (P)

A - Amphipoda - Bivalvia

B
An - Anthozoa D - Decapoda (Crustacea) G

Shallow

Deep

Medium Sand PFine Sand Muddy Sand Silt-Clay

E

- Echinodermata
- Gastropoda

0 - Oligochaeta
P - Polychaeta
Ph - Phoronida



DOMINANT MACROBENTHOS OF THE MESOHALINE ZONE

Species Largely Restricted to Sand Bottoms

Gemma gemma (B)

Mya arenaria (B)

Cyathura polita (I)
Leptocheirus plumulosus (A)

Eurytopic Species More Common or More Abundant on Sand Bottoms

Glycera dibranchiata (P)

Edotea triloba (1)

Heteromastus filiformis (P)
Macoma mitchelli (B)
Pseudeurythoe paucibranchiata (P)
Eteone lactea (P)

Species Largely Restricted to Mud Bottoms

Leucon americana (C)

Eurytopic Species More Common or More Abundant on Mud Bottoms

Nereis succinea (P)
Macoma balthica (B)
Scoloplos fragilis (P)

Very Ubiquitous Species

Glycinde solitaria (P)
Paraprionospio pinnata (P)
Pectinaria gouldii (P)
Peloscolex gabriellae (O)
Péloscolex heterochaetus (0)
Acteocina canaliculata (G)

- Amphipod

- Bivalvia

- Cumacea
Gastropoda
- Isopoda

- Oligochaeta
- Polychaeta

TOoOHGOOQW >
|
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DOMINANT MACROBENTHOS IN TIDAL FRESH WATERS

Oligochaeta
Dero digitata
Ilyodrilus templetonit
Limnodrilus cervix
Limnodrilus udekemanus
Peloscolex multisetosus

Bivalvia
Corbicula manilensis (James River)
Pisidium casertanum

Amphipoda
Gammarus fasciatus

Insecta
Chaoborus punctipennis
Coeloptanypus sp.
Procladius sp.
Hexagenia mingo
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DOMINANT MACROBENTHOS OF THE OLIGOHALINE ZONE

Rhynchocoela
Unidentified white nemertean

Polychaeta
Scolecolepides viridis
Laeonerels culveri
Heteromastus filiformis

Oligochaeta
Peloscolex heterochaetus

Bivalvia
Congeria leucophaeta
Macoma balthica
Macoma mitchelli (=phenax)
Rangia cuneata

Isopoda
Chiridotea almyra
Cyathura polita
Edotea triloba

Amphipoda
Gammarus daiberi
Leptocheirus plumulosus

Insecta
Cryptochironomus fulvus
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SECTION 4

WATER QUALITY STANDARDS AND CRITERIA
PERTINENT TO THE CHESAPEAKE BAY

by

Donald F. Boesch
and
Marvin L. Wass
Virginia Institute of Marine Science
Gloucester Point, Virginia 23062



INTRODUCTION

As concern about water pollution has grown, water
quality standards have understandably developed as a con:
sequence of the desire to simplify and objectivize pollution
control procedures. From the start standards and water use
classifications have been controversial, often thought to be
too restrictive by those discharging wastes, or oversimplified
by those seeking to preserve or enhance water quality. How-
ever, current trends are toward both proliferation and for-
malization of standards affecting water quality.

. As one facet of the continuing studies on the existing
conditions of the Biota of the Chesapeake Bay we undertook to:
1) identify all federal and state standards, criteria and
guidelines concerning or affecting water quality; 2) indicate
which of these are most pertinent to water quality in the
-Chesapeake Bay; 3) evaluate the biclogical bases of these
regulations and objectives with particular emphasis on the
biota occurring in the Bay; 4) indicate those areas where
water quality may not conform to the standards or guidelines;
and 5) assess the impact of compliance with these standards
on Chesapeake Bay ecosystems.

In our Interim Report we presented summaries of the water
quality criteria existent or being proposed at that time and
identified those pertinent to the Chesapeake Bay. In this
report we update this compendium. For the indepth evaluation
of these criteria and standards (goals 3, 4 and 5 above), we
planned to address eight specific water quality problems
identified as being of importance in Chesapeake Bay. These
together with a brief description of the reasons for selection,
are (order of listing of no particular significance):

1) Nutrients (specifically nitrogen and phosphorus
compounds): even with the broad application of
~secondary treatment of sewage, nutrient loading
will continue to be a problem as the area pop-
ulation grows; nutrient loading is implicated in
algal blooms in tidal-freshwater Potomac and
James rivers and may be a factor in red water
blooms in higher salinities.

2) Dissolved oxygen: 1low DO phenomena occur annually
in deeper waters of the Bay (e.g., upper Bay and
Rappahannock River) and the feeling exists that
they are increasing in frequency, duration and

-distribution; extensive oxygen depletion of waters
below 17 ft in the lower Potomac this summer; even
though direct organic loading via sewage
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and industrial wastes should diminish, the
secondary effects of nutrient loading may
cause oxygen depletion,

3) Temperature: effects of power plants have
generated much controversy; power plant siting
has thus become a serious problem.

4) Chlorine: residual chlorine has been respon-
sible for mortalities of plankton entrained in
power plant cooling waters and for fish kills
near sewage treatment plants (e.g. James River,
summer 1973); and may become an increasing problem
because of new limitations for coliform bacteria
in sewage effluents.

5) Fecal pathogens: high fecal coliform counts
have recently caused closure of extenisve shell-
fish grounds, particulariy in Maryland and there
is widespread feeling that coliform determinations
are indadequate and/or inappropriate.

6) Dredge spoil: 1local agencies increasingly
disfavor overboard disposal of '"polluted"
spoil; availability of "land" disposal sites
is decreasing, although the material from
maintenance dredging requiring disposal is
probably increasing.

7) Heavy metals (particularly mercury, copper,

~ lead, zinc, chromium and cadmium): concen-
tration occurs in sediments and organisms;
association with sewage and industrial effluents
and dredge spoil.

8) O0il: increasing transport occurs in the Bay;
several refineries are planned; there is a
potential onshore impact of outer continental
shelf o0il development.

Because of the mid-contract reduction of funding, how-
ever, we were able to complete analyses for only two --
chlorine and o0il. It is unfortunate that the other topics
could not be covered similarily, but fortunate that these
two represent pollutants whose potential importance in the
Chesapeake Bay is just becoming realized and thus has not
been reviewed before.

Nonetheless, we have endeavored to point out, where
possible, the implications of new water quality criteria
and effluent standards for Chesapeake Bay environmental
quality problems in addition to those thoroughly reviewed.
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Standards, Criteria, Objectives, Classifications and
Limitations

Considerable misunderstanding exists concerning the semantics
of the various regulations and recommendations related to
water quality. The terms "standard" and '"criterion" have
dis§inct1y different and now rather formal meanings (Fig.
3-1).

[
Standard applies to a definition, established by governmental
authority, of acceptable quality for an intended use. As such
it has official regulatory or quasi-legal status. Standards
reflect political, economic and social, as well as scientific,
factors and may include plans for implementation and questions .
of water use and management.

Criterion applies to a scientifically based recommendation of
the Iimits of alteration which do not affect the suitability
of water quality for an intended use. Criteria are taken into
consideration and often form the bhases of standards. Neither
"standard" nor "criterion'" are synonyms for such commonly used
terms as ''objectives" and '"goals'. Objectives represent aims
or goals toward which to strive to achieve certain desirable
conditions. As such they are not rigid regulations, but may
in fact include certain standards and schedules which may be
enforced. An example is the National Pollution Discharge
Elimination System (NPDES) which is discussed below. Despite
the rather precise definitions of the terms '"standard" and
"criterion'" to be found in such sources as McKee and Wolf

(1), Federal Water Pollution Control Administration (2),
Warren (3), and National Academy of Sciences/National Academy
of Engineering (4), confusion is often propagated by alternate
uses of these terms or by the introduction of new terms.

Standards and criteria are generally developed to apply to
particular water use classes. Thus, water use classifications

are made with the intention that all waters within a certailn
class be maintained suitable for a particular designated use.
The proposed Environmental Protection Agency water quality
criteria apply to five classes of usage: Recreation, Public
Water Supply, Freshwater Life and Wildlife, Marine Life and
Wildlife, and Agriculture. State water use classifications
are generally based on suitability for public water supplies,
contact recreation, shellfish harvesting, and propagation of
trout.

Other terms are often used concerning regulations and recom-
mendations related to water quality, e.g. ''guidelines",
"'requirements'" and "limitations". Of these the meaning of
"limitations" deserves elaboration because its usage is be-
coming widespread in the context of effluent limitations.
These are in reality effluent "standards" in that they set
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FEEDBACK

Fig. 3-1. Relationship of water quality criteria and standards
(NAS/NAE, 1973).

CRITERIA for specific Recreational and
Qualities and quantities, — Aesthetic Waters
based on scientific Public Water Supplies
determinations, which uses in Fresh Waters
must be identified and Marine Waters
may have to be controlled. Agricultural Waters

Industrial Water
Supplies
Identification
pathway
v
IDENTIFICATION
Analytical methods (The operation needed
(chemist, biologist, : for detecting and
engineer, recreational neasuring charac-
specialists & others). teristics of water.)
MONITORING
Deployment of measuring (The chronological
instruments to provide and spatial sam-
criteria and information pling operations
for assessment and control needed.)
STANDARDS

Definition of acceptable
quality related to unique
local situation involving
political, economic and
social factors and including
plans for implementation

and questions of water use
and management.



specific limits on the permissible characteristics of efflu-
ents which must be met in obtaining discharge permits. Thus,
although effluent limitations may not relate specifically to
the quality of natural water bodies, their effect on water
quality may be profound. :

Background

Early water quality criteria concerned the suitability of
water for human consumption and evolved from simple physical
tests of taste, odor or appearance to microbiological cri-
teria, once the germ theory of disease was recognized. But
it was not until this century that scientific advances were
broadly applied to the measurement of water quality and that
criteria were developed for uses other than public water
supplies. '

Water quality criteria and standards have been extensively
promulgated by federal, state and interstate agencies since
the 1940's (see 1 and 3 for a full discussion of these
developments). Of particular significance was the impact

of the Federal Water Pollution Control Acts of 1948 and 1956
- as amended by the Water Quality Act of 1965, which required
that the states adopt water quality standards applicable to
interstate waters and a plan of implementation and enforce-
ment of these standards. As a means of assisting the states
in determining standards, the Federal Water Pollution Control
Administration published in 1968 the Report of the National
Technical Advisory Committee entitled "Water Quality Cri-
teria'", often referred to as the '"Green Book'", containing
recommendations on criteria for various water uses.

By far the most sweeping legislation on water pollution
control ever passed is the Federal Pollution Control Act

of 1972 (P.L. 92-500). It extends ultimate jurisdiction

of all navigable waters to the Federal government and sets

a national goal of elimination of all discharges by 1985,
P.L. 92-500 requires the development by the states of water
quality standards which must be approved by the Administrator
of the Environmental Protection Agency, and requires that
effluent limitations for point source discharged be promul-
gated. The Act also requires that the Administrator develop
and publish water quality criteria accurately reflecting the
latest scientific knowledge on health and welfare, aquatic
organisms and communities and on the concentration and dis-
persal of pollutants. EPA has released proposed water qual-
ity criteria (5), to replace the "Green Book", which are
largely based on recommendations from the National Academies
of Science and Engineering (4). When the full implications
of the Act are realized, it is apparent that these water
quality criteria will have impacts, unprecedented by their
predecessors, on the water quality standards developed by
the states.
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The Scientific Bases of Standards and Criteria

The bases of scientific knowledge upon which water quality
criteria for public, agricultural, and industrial water
supplies are based are far more adequate than those for
aquatic life., Also, in these cases our technology allows
some pretreatment of substandard quality. Determination

of acceptable water quality for the survival, reproduction
and growth of marine and freshwater organisms is far more
difficult than determining the water quality needs of other
uses.

Water quality criteria for marine and freshwater life are

. typically based on short-term laboratory bioassays in which
there is a determination of the concentration of pollutant
which is lethal to half of the population of a test species
in a fixed period of time, often 96 hours (96 hour LCsgp).

The criterion is usually set lower (perhaps by one or two
orders of magnitude) than this lethal level by multiplication
by a more or less arbitrary 'application factor". The appli-
cation factors are set with a consideration of the sublethal
effects which are known or predicted for the particular pol-
lutant and the propensity for accumulation and concentration
of the pollutant in the environment and in organisms.

Acute toxicity bioassays have been widely criticized on a
number of grounds. The most basic criticism is that tests
run on one or a few species cannot be expected to reflect
the response of the many species which constitute aquatic
comnunities. Often, exceptionally hardy species, such as
goldfish, flathead minnows or killifish, are used as the
test organisms because they are generally easily obtainable
and can be maintained in the laboratory with relative ease.
"Fragile" species which are difficult to keep in the labora-
tory, yet are more sensitive to toxicity, are not generally
used for practical reasons. Furthermore adult organisms are
most often used, whereas the juveniles and larvae are gener-
ally the more sensitive life stages. The existence within
species of physiological races with varying susceptibility
to toxicants further complicates the extrapolation of bio-
assay results,

Most bioassays are of short duration and the assessment of
chronic effects, perhaps as measured by the ability to com-
plete a life cycle, although highly desirable, remains often
prohibitively expensive. Acute and chronic bioassays of
lethal toxicity do not, of course, reveal the potential of
sublethal effects, such as those influencing migration and
other behavior patterns, susceptibility to disease and pred-
ators, reproduction, genetics, nutrition, or physiology.
Such sublethal effects are of increasing concern and their
assessment offers the biggest challenge to water pollution
biology.



Despite these serious shortcomings, practical considerations
often leave little choice but to develop criteria based on
acute lethal bioassays and conservative application factors.
Further research on chronic and sublethal effects and on the
effects on communities of organisms will undoubtedly enhance
our understanding and should be strongly supported, but within
the time frame of the implementation of water quality stand-
ards as dictated by the Federal Water Pollution Control Act

of 1972, it will be acute toxicity data which will provide

the bases of water quality criteria,

IDENTIFICATION OF RELEVANT STANDARDS AND CRITERIA

This compilation is limited to criteria and standards for
marine and freshwater life, wildlife, recreation and aes-
thetics. Standards and criteria pertaining to water supplies
and agricultural and industrial uses are not included. In
addition to water quality standards and criteria, federal
legislation and effluent limitations are discussed because
they bear importantly on water qualiiy.

Federal Water Pollution Control Act of 1972

In addition to setting the goal of the elimination of the
discharge of pollutants by 1985, providing legislative

approval of a massive program of water pollution control
technology, and establishing a discharge permit system, the
Act (especially Title III) includes sections which have far-
reaching consequences for water quality standards and criteria.

The Act requires achievement of effluent limitations for point
-sources, other than publicly owned treatment works, through
the '"best practicable control technology currently available",
(BPCTCA) by July 1, 1977; appropriate pretreatment for dis-
charges into public treatment facilities; and '"secondary
treatment” of wastes from publicly owned treatment works

by the same date. Effluent limitations for point sources
requiring application of the '"best available technology
economically achievable'" (BATEA) must be achieved by July 1,
1983 and they must reflect significant progress toward the
goal of elimination of discharge of pollutants. Publicly
owned treatment works must achieve 'best practicable control"
by the 1983 date. The Environmental Protection Agency is
currently developing effluent limitations reflecting BPCTA
and BATEA levels for a number of classes of point sources

and for '"secondary treatment'". These are discussed below
under Effluent Limitations.

The Act requires EPA to review all state water quality
standards, water use classifications and the criteria on
which these are based (for all waters within state), and
to promulgate appropriate standards if a state does not
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adopt them., It also requires EPA to develop and publish
criteria for water quality accurately reflecting the latest
scientific knowledge on health and welfare, aquatic organ-
isms and communities, and concentration and dispersal of
pollutants.

Other stipulations of the Act which bear on water quality
relate to enforcement, water quality inventories which must
be conducted by the states and EPA, o0il and hazardous sub-
stances, marine sanitation devices, and thermal discharges.

EPA Water Quality Criteria

As directed by the Federal Water Pollution Control Act of
1972, the EPA released in October, 1973, "Proposed Water
Quality Criteria'" to be used in the development of stand-
ards by the states. These criteria were to reflect the
latest scientific knowledge on: (1) all identifiable
effects of pollutants on human health, fish and aquatic
life, plant 1life, wildlife, shorelines and recreation;
(2) concentration and dispersal of pollutants; and (3)
effects of pollutants on biological community diversity,
productivity and stability, including factors affecting
rates of eutrophication and sedimentation.

These criteria are largely based on those developed at the
request of EPA by the Committee on Water Quality Criteria

of the Environmental Studies Board of the National Academies
of Science and Engineering (4) which were summarized in our
Interim Report. The EPA criteria vary little from those
proposed by NAS/NAE, and a full comparison of the two has
been published by the EPA (6).

Included for reference in this report are summaries of the
criteria for marine and freshwater aquatic life (Table 3-1),
wildlife (Table 3-2), and recreation (Table 3-3).

Although some of the criteria are specific numerical limits,
most of those pertaining to aquatic life are put in terms of
acute toxicity to species in the locality under considera-
tion. They are of the typical form of an application factor
(usually 0.1 - 0.01) applied to the concentration of the
constituent in the water in question which causes death
within 96 hours to 50 percent (LCgp) of a test group of

the most sensitive important species in the locality under
consideration, This is often supplemented by a specific
more liberal numerical limit which should not be exceeded.
It should be noted that for the purposes of the criteria,

an "important species'" is defined as an organism that is:
() commercially or recreationally valuable; (2) is rare

or endangered; (3) affects the well-being of valuable,

rare or endangered species; or (4) is critical to the
structure and function of the ecological system.
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Table 3-1. Summary of EPA Proposed Water Quality Criteria for freshwater and marine
and estuarine aquatic life.

Parameter Freshwater Marine § estuarine

1. Acidity, Alkalinity and pH

a. pH ; 6-9 6.5-8.5
) no change of 0.5 above

seasonal extremes
b. Alkalinity 75% of natural el

c. Acidity no addition.  e-c----

2. Dissolved Gases

a. Ammonia 0.05 LCsp 0.1 LCsp
never >0,02 mg/1 never >0.4 mg/1
b. Chlorine 0.003 mg/1 0.1 LCsp
0.005 mg/1 for 30 min. never >0.01 mg/1
c. Dissolved Oxygen Based on seasoﬁal tem- 6.0 mg/1 except by
perature; minimum 4 natural phenomena

mg/1 at 310C

d. Hydrogen Sulfide 0.002 mg/1 0.1 LCs0
: never >0.01 mg/1

e. Gas Pressure 110% atmospheric  see-----
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Table 3-1 (Continued)

Parameter 4 Freshwater Marine § estuarine

3. Inorganics (Ions and Free Elements/Compounds)

a.  Aluminum L meememeoo 0.01 LC¢,, never >1.5 mg/1
b. Antimony = m----- .- 0.02 LCgp, never >0.2 mg/1
¢. Arsenic = eeeeseaa-- 0.01 LCSO, never >0.05 mg/1
d. Barium = e-eeee---- 0.05 LCgp, never >1 mg/l
e. Beryllium = cem-e-oo-- 0.01 LCg,, never 1.5 mg/1
f. Bismuth  ee--e----- none prescribed
Boron  emeeme-ea- 0.1 LCq,
h. Bromide  eeee-ea-oo- 0.1 mg/1
(molecular)
(ionic) eemeeeoa- 100 mg/1
i. Cadmium 0.03 mg/1 in hard water 0.01 LCggp (0.001 96 hr LCgy
0.004 mg/1 in soft water in presence of other
one tenth of these where metals). never >0.01 mg/1)
salmonids or crustaceans :
develop. : :
j. Chromium 0.05 mg/1 0.01 LCgp, never >0.1 mg/1

k. Copper 0.1 LCgg ‘ 0.01 LCgy, never >0.05 mg/1
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Table 3-1 (Continued)

Parameter Freshwater

Marine § estuarine

3. Inorganics (Ions and Frec Elements/Compounds (continued)

Fluorides

Iron = eeeemema==

Lead 0.03 mg/1

Manganese

Mercury 0.2 ug/1

Molybdenuﬁ
Nickel 0.02 LCgg

Phosphorus
Selenium 00000 @ ece-ceeeoa--
Silver = emmeeeaoa-

Thallium

- e ™ e e - -

Uranium =000 eememeee--
Vanadium

Zinc 0.005 LCgp

0.1 LCgg, never >1.5 mg/1
0.3 mg/1

0.02 LC50 24 hr average,
0.01 LCs5p, never 0.05 mg/1

0;02 LCgq, never >0.1 mg/1
0.01 LCgp, never <1.0 ug/l
0.05 LCgy

0.02 LCgq, never >0.1 mg/1
0.01 LCg(, never >d.i ug/1
0.01 LC5gp, never >0.01 mg/1
0.05 LCgg, never >0.5 ug/1

0.05 20 day LCgq, never
>0.1 mg/1 .

0.01 LCg,, never >0.5 mg/1
0.05 LCgg
0.01 LCgp, never >0.1 mg/1
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Table 3-1 (Continued)

Parameter

Freshwater

Marine § estuarine

4, Organic Compounds

a. Cyanides

b. Lincar alkylate
sulfonates

c. O0ils - 1.

d. Phthalate esters

e. Organic Mercury

f. Polychlorinated
biphenyls

' g. Phenolic compounds

5. Pesticides

a. General

0.05 LCgg, never >0.005
mg/1

0.05 LCgy, never >0.2
mg/1 )

not visible on surface
enulsified concentrations
0.05 96 hr LCsp

hexane extractable sub-
stances 1in sediments not
>1000 mg/kg

never >0.3 ug/1
never >0.2 ug/1
(average total never
>0.05 ug/1)

not >0.002 ug/1
not >0.5 ug/g in tissue

0.05 LC59, never >0.1
mg/1

0.01 LCs

NN =

0.1 LCgg, never >0.01
mg/1

. no visible film
. no odor or tainting
. no deposits on shores

or bottoms



¢T-¥

Table 3-1 (Continued)

Parameter

Freshwater

5.

Pesticides (continued)

Organochlorines

Aldrin

DDT

TDE
Dieldrin
Chlordane
Endosulfan
Endrin
Heptachlor
Lindane
Methoxychlor
Toxaphene

Organophosphates

Azinphosmethyl
Ciodrin
Coumaphos
Diazinon
Dichlorvos
Dioxathion
Disulfate
Dursban
Ethion

EPN
Fenthion
Malathion
Mevinphos

" Naled

Recommended permissible
maximum concentration (ug/1)

0

OO OCOOOOOO

0
0
0
0
0
0
0
0
0
0
0
0
0
0

.01
.002
.006
.005
.04
.003
.002
.01
.02
.005
.01

.001
.1
.001
.009
.001
.09
.05
.001
.02
.06
.006
.008
.002
.004

Marine § estuarine
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Table 3-1 (Continued)

Parameter Freshwater Marine § estuarine
5. Pesticides (continued)
c. Organophosphates (continued)
Oxygenmeton methyl 0.7
Parathion 0.03
Phosphamidon 0.03
TEPP 0.3
Trichlorophon 0.002
d. Carbamates eeemeeeaoaean
Carbaryl 0.02
Zectran 0.1
e. Herbicides, Fungicides eeeesecoono-
and Defoliants
Aminotriazole 300
Dalapon 110
Dicamba 0.2
Dichlobenil 37
Dichlone 0.7
Diquat 0.5
Diuron 1.6
2-4, D (BEE) 4
Fenac (sodium salt) 45
Silver (BEE) 2.5
Silver (PGBE) 2
Simazine 10
f. Botanicals -
Allethrin 0.002
Pyrethrum 0.01
Rotenone 10.0
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Table 3-1 (Continued)

Parameter

Freshwater

Marine § estuarine

10.

Physical (Except Temperature)

a., Color

b. Turbidity

Radioactivity

Solids

a. Total dissolved solids
and hardness

b. Suspended and settle-
able solids

Tainting Substances

Temperature

<10% change in compensation
point, no more than 10% of

biomass of photosynthetic

organisms below compensation

point

" "

organisms harvested must
not exceed radiation
protection guidelines

no significant changes in
biological communities

not >80 mg/1

bioassays and organoleptic
tests

complex criteria depending
on thermal tolerances and

requirements of sensitive

species

- e e e e - = - e

organisms harvested
must not exceed
radiation protection
guidelines

increase not >2.2°C
(4.0°F) during Sept.-
May or 0.8°C (1.5°F)
during June-August
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Table 3-2.

wildlife,

Parameter

Summary of EPA Proposed Water Quality Criteria for freshwater and marine

Freshwater Marinel

Acidity, Alkalinity and pH

a. pH
b. Alkalinity and Acidity

Light Penetration

Solids

a. Salinity

b. Settleable solids

Specific Harmful Substances

a. Toxins (bOtulism
poisoning)

b. 0ils

c. DDT and derivatives

same as for aquatic life = ------
alkalinity 30-130 mg/1 ------
departure from natural
conditions not >50 mg/1

<10% change in compensation @ = = ------
point, no more than 10 o/oo '

of biomass below compensation

point

close to natural conditions, = ------
no rapid fluctuations

should be minimized = eeeo--

factors éhould be managed as = = o------
to minimize risk of disease
outbreak

no visible floating oils = ------
1 mg/kg (wet weight) in 50 mg/kg/wt weight

aquatic plants § animals in fish consumed
by -birds
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Table 3-2 (Continued)

Parameter ‘ Freshwater

Marine1

4, Specific Harmful Substances (continued)

d. Aldrin, dieldrin, endrin, = = ----------
and heptachlor

e. Other chlorinated = cececcnu--

hydrocarbons ;

f. Polychlorinated biphenyls no increase
(PCB's)

g. Mercury ' 0.5 ug/g in fish

5. Temperature

no changes in natural
freezing patterns and
dates

sum of 5 mg/kg (wet
weight) in fish eaten
by birds

50 mg/kg (wet weight)
in fish eaten by birds

0.5 mg/kg (wet weight)
in fish eat®&n by birds

Except for specific substances listed, the marine aquatic life criteria are

acceptable for application to coastal and marine waters inhabited by wildlife.
The freshwater wildlife criteria are in general acceptable for application to

estuarine wildlife.



Table 3-3. EPA Proposed Water Quality Criteria for recrea-
tional waters. _

A. Aesthetic Considerations

1, Aesthetics - General

a. All surface waters should be capable of supporting
life forms of aesthetic value

b. Surface waters should be "free'" of .

(1) materials that form objectionable deposits

(2) floating debris, oil, scum, etc.

(3) substances producing objectional color, odor,
taste or turbidity

(4) materials which produce undesirable physiol-
ogical responses in humans, fish and other
animal or plant life

(5) substances or conditions which produce
undesirable aquatic life

2. Nutrient (Phosphorus)
-- no limit is prescrlbed

B. Recreational Waters

1. Clarity -- secchi disc visible at 4 ft.
for bathing and swimming waters
-- bottom visible in '"learn to
swim'" areas
-- equal to minimum required
safety standards in diving
areas

2. Microorganisms

a. Bacteriological indicators (fecal coliform
bacteria)

-- as a minimum be suitable for
recreation where there is _
little risk of ingestion (not
to exceed average of 2000/100
ml or maximum of 4000/100 ml)

-- for intimate contact recreation
average of 200/100 ml and <10%
of samples during 30 day period
>400/100 ml
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Table 3-3 (Continued)

B.

Recreational Waters (continued)

b. Viruses

pH

Shellfish

Temperature

4-19

no limit prescribed

bathing waters 6.5 to 8.3
never <5 or >9

fit - for human consumption
as per '"Sanitation of
Shellfish Growing Areas"

<30°C (86°F) in bathing or
swimming waters except where
caused by natural conditions



The practice of establishing criteria based on toxicity data
for the locality under consideration has the desirable attri-
bute of allowing the criteria (and thus standards) to reflect
local variability, however it also may cause confusion in the
setting and enforcement of standards and may result in uneven
application of the law. However, given the lack of data on
the effects of many pollutants and the widely variable natu-
ral conditions, there seems no reasonable alternative to this
practice, at least for some time to come.

It remains to be seen just how the proposed EPA criteria are
to be used in setting water quality standards. EPA plans
that they will be incorporated into revised state water
quality standards under the direction of EPA Regions by

means of policy guidelines developed by the EPA Office of
Water Planning and Standards. These guidelines have not yet
been fully developed but they will have provisions for waters
to be exempted from specific criteria on a case-by-case basis
for specified periods when naturally occurring conditions
exceed limits of EPA criteria or other extenuating conditions
prevail to warrant such exemptions.

Effluent Limitations

EPA has now promulgated or proposed effluent guidelines,
limitations and new source standards of performance for
industrial categories. These categories are listed in
Table 3-4, together with reference to the publication of
the final or proposed limitations. Limitations are being
formulated for several other industrial categories to be
finalized within a year and these are also listed in Table
3-4.

The effluent guidelines, limitations and standards of
performance are generally complex, varying with industrial
subcategory and usually stated in terms of mass emission
per unit product. Thus, they are difficult to interpret

in terms of water quality since it is often impossible even
to deduce from them the concentrations of pollutants in
effluents, muchless those that would result in the environ-
ment. Furthermore, they are typically based on standard
waste treatment parameters such as biological and chemical
oxygen demand, suspended and dissolved solids and pH, rather
than considerations of the potentially harmful chemical con-
stituents of these wastes.

We have not here attempted to summarize all of the proposed
effluent limitations. Some are discussed under the detailed
evaluations of criteria and standards related to oil and
chlorine, However, we should point out that the impact of
these regulations on water quality may be substantial for
two reasons: (1) they are relatively more specific and
enforceable than water quality standards and (2) they mostly
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Table 3-4. Industrial categories for which effluent limitations guidelines and
standards have becn or are being developed.

Industrial Categories for Which Limitations Code of Federal
Have Been Promulgated or Proposed ' Regulations Reference

Group I, Phase I

Glass Manufacturing 40 CFR 426
Cement Manufacturing 40 CFR 411
Feedlots -40 CFR 412
Phosphate Manufacturing 40 CFR 422
Rubber Processing 40 CFR 428
'Ferroalloy Manufacturing 40 CFR 424
Inorganic Chemical Manufacturing 40 CFR 415
Electroplating : 40 CFR 413
Asbestos Manufacturing ‘ 40 CFR 427
Meat Product and Rendering Processing : 40 CFR 432
Plastic and Synthetic Materials Manufacturing 40 CFR 416
Nonferrous Metals Manufacturing 40 CFR 421
- Sugar Processing 40 CFR 409
Canned and Preserved Fru1ts and Vegetables Proce551ng 40 CFR 407
Grain Mills 40 CFR 406
Soap and Detergent Manufacturing 40 CFR 417
Fertilizer Manufacturing 40 CFR 418
Petroleum Refining 40 CFR 419
Dairy Product Processing 40 CFR 405
Leather Tanning and Finishing 40 CFR 425
Pulp, Paper and Paperboard Mills 40 CFR 430
Organic Chemicals Manufacturing 40 CFR 414
Builders Paper and Board Mills 40 CFR 431
Canned and Preserved Seafood Processing - 40 CFR 408
Timber Products Processing 40 CFR 429

Iron and Steel Manufacturing 40 CFR 420
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Table 3-4 (Continued)

Industrial Categories for Which Limitations
Have Been Promulgated or Proposed (continued)

Code of Federal
Regulations Reference

Textile Mills

Steam Electric Power Plants

Industrial Categories for Which Limitations Are
Being Formulated

"Proposed 39 FR 4628

39 FR 24750
Proposed 39 FR 8294
39 FR 17449

Group I, Phase

Rubber Processing

Electroplating

Timber Products Processing

Inorganic Chemicals Manufacturing
Plastic and Synthetic Materials Manufacturing
Ferroalloy Manufacturing

Organic Chemicals Manufacturing
Nonferrous Metals Manufacturing
Phosphate Manufacturing

Fertilizer Manufacturing

Asbestos Manufacturing

Meat Products and Rendering Processing
Grain Mills

Canned and Preserved Seafood Processing
Glass Manufacturing

Sugar Processing

Iron and Steel Manufacturing

Pulp, Paper and Paperboard Mills
Builders Paper and Board Mills
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Table 3-4 (Continued)

Industrial Categories for Which Limitations Are

Being Formulated (continued)

Group II-

. Auto and Other Laundries

Paving and Roofing Materials

Transportation Industries

Paint and Ink Formulation and Printing

Fish Hatcheries and Farms

Canned and Preserved Fruits and Vegetables Industry
Miscellaneous Chemicals

Miscellaneous Food and Beverages

Machinery and Mechanical Products Manufacturlng

Coal Mining

Petroleum and Gas Extraction, Handling Storage and Residues Disposal
Mineral Mining and Processing Water Supply

Ore Mining and Dressing Stream Supply

Structural Clay Products

Pottery and Related Products

Concrete, Gypsum and Plaster Products

Furniture and Fixtures Manufacturing

Point Source Discharge Categories Not Otherwise Covered



require substantial improvements in waste treatment by 1977
and virtual elimination of discharge -by 1983. For example,
the effluent limitations for the steam electric power indus-
try stipulate no thermal discharge into natural waters, and
thus the virtually complete reliance on recirculating cooling
systems (cooling towers, etc.), by 1983. It is hard to
imagine the proffering of a water quality criterion which
would have an equivalently drastic effect.

With so much at stake, the development of the effluent limita-
tions has been surrounded by substantial controversy. First,
there is the matter of the degree to which economic, social
and non-water quality environmental impacts should be taken
into account. These were taken into account by EPA in the
formulation of the effluent limitations as required under

the Act (PL 92-500). However it has been further suggested
that a procedure be established whereby, when applying the
limitations in the issuance of discharge permits, other
factors, such as plant age, size and location and economic
impacts are taken into account. This so-called "matrix
approach'" would mean that the limitations would be no more
than guidelines on which wide discretional variances could

be applied. Although the matter is still far from resolved,
EPA has issued a policy statement on variances from the
effluent limitations (7).

The second controversy involves the relationship of the
effluent limitations to water quality. It is important

to note that compliance with the effluent limitations does
not provide exemption from water quality standards. The

Act specifically states that whenever discharges of pollu-
tants, with the application of required effluent limitations,
would interfere with the attainment or maintenance of water
quality, effluent limitations shall be established which can
reasonably be expected to contribute to the attainment or
maintenance of water quality /Section 302 (a)/ and further
requires the states to identify those waters for which the
effluent limitations are not stringent enough to implement
applicable water quality standards /Section 303 (d)/. But
the question has been raised that, In light of the substan-
tial costs of meeting the effluent limitations, is it justi-
fiable to meet limitations when it would result in little

or no improvement in water quality. With no industrial
category is this controversy so intense as with the power
generating industry. The cost of meeting the 1983 limita-
tions has been estimated by the industry to be $48 billion
and industrial representatives argue that this would result
in little environmental improvement for the receiving waters
of many plants. To further complicate matters, another
section of the Act /Section 316 (a)/ which pertains spe-
cifically to thermal discharge allows the exemption of
plants from the effluent limitations if the operators can
demonstrate a lack of environmental damage due to their
operation.
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The Act also requires that EPA define the effluent limitations
for "secondary treatment" from publicly owned sewage treatment
works. These limitations must be achieved by federally fi-
nanced facilities by July 1, 1977. These limitations are
given in Table 3-5.

Toxic Pollutant Standards

Section 307 (a) of the Federal Water Pollution Control Act
requires that the Administrator of EPA publish a 1list of
"toxic pollutants', with effluent standards for such pollu-
tants, which take into account their toxicity, persistence, .
degradability and importance of organisms which might be
affected by these pollutants.

Proposed regulations on toxic pollutant effluent standards
have been published (8) and are summarized in Table 3-6.
These standards govern the concentrations of nine pollutants
in effluents and set limits on mass emission rates. The
limits depend on the size or flow rate of the water body.

Ocean Dumping Criteria

The Marine Protection, Research and Sanctuaries Act (P.L.
92-532), as well as the Federal Water Pollution Control Act
(P.L. 92-500), requires the formulation of criteria on which
decisions as to issuance of permits for ocean dumping may be
based. The EPA has therefore published interim ocean dumping
criteria (9) which shall apply to the granting of permits for
dumping materials at approved dumping sites, Two of the ap-
proved sites lie off the mouth of Chesapeake Bay. Further-
more it seems probable that these criteria will be applied

to the disposal of solid wastes, principally dredge spoil,
within the Bay system. Thus they are of great importance

to water quality in the Bay and of obvious importance to the
interests and responsibilities of the Corps of Engineers.

The interim ocean dumping criteria are summarized in Table
3-7.

State Water Quality Standards

Maryland

New water quality standards have recently been promulgated
by the Maryland Department of Water Resources (10) and are
reproduced in Table 3-8. The Department of Water Resources
has also issued ground water standards, general effluent
limitations, regulations pertaining to the prevention of
oil pollution, and requirements for discharge permits
implementing the National Pollutant Discharge Elimination
System. These recent new regulations and policy statements

reflect the requirements of the Federal Water Pollution
Control Act,

| 8-25
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Table 3-5. Effluent reductions to be achieved by secondary
treatment. To be met by all federally financed
treatment plants by July 1, 1977,

Biological Oxygen Demand (BODg)

-- maximum monthly average, 30 mg/l

Suspended Solids

-- maximum monthly average, 45 mg/1l

- Fecal Coliform Bacteria

-- maximum monthly average, 200/100 ml
-- maximum weekly average, 400/100 ml
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Table 3-6. Proposed Environmental Protection Agency regulations on toxic pollutant

effluent standards (8).

Toxic Pollutant

Low flow <10 cfs
Lakes <500 acres

Limits are also set on mass emission rates. For
particulars the EPA regulations should be consulted.

Low flow >10 cfs
Lakes >500 acres

Coastal waters

1. Aldrin § Dieldrin

2. Benzidine

3. Cadmium

4, Cyanide
5. DDT (including DDD and DDE)

6. Endrin
7. Mercury
8. Polychlorinated Biphenyls (PCB‘s)

9. Toxaphene

No

No
No

No
No

No

No

No

No

discharge

discharge

discharge

discharge

disch?rge
discharge
discharge
discharge

discharge

ug/1
ug/1

ug/1

ug/1
ug/1

ug/1

ug/1
ug/1

ug/1
ug/1

ug/1
ug/1

ug/1
ug/1

ug/1

fresh water
salt water

fresh water
salt water

fresh water
salt water

fresh water
salt water

fresh water
salt water

fresh water
salt water




Table 3-7. Summary of Environmental Protection Agency criter-
ia for the evaluation of permit applications for
ocean dumping (40 CFR 227).

Prohibited materials

Completely prohibited:

-- high-level radioactive wastes

-- radiological chemical or biological warfare agents

-- materials insufficiently described to permit eval-
uation of impact

-- persistent inert materials which may float or remain
in suspension

Prohibited in all but trace concentrations:

-- organohalogen compounds (total concentration not
>0.01 toxic concentration) '

-- mercury and mercury compounds (not >0.75 mg/kg in
solid phase or 1.5 mg/kg in liquid phase)

-- cadmium and cadmium compounds (not >3.0 mg/kg in
solid phase or 6.0 mg/kg in liquid phase)

-- 0il taken on board for dumping (should not produce
visible sheen in undisturbed water sample)

Materials requiring special care /permit based oﬁ demon -
stration by bioassay (0.01 of 96-hr LC;,) that adverse
effects will be minimal/ '

-- elements, ions or compounds of arsenic, lead,
copper, zinc, selenium, vanadium, beryllium,
chromium and nickel

-- organosilicon compounds

-- inorganic processing wastes including cyanides,
fluorides, titanium dioxide, and chlorine

-- petrochemicals and organic chemicals

-- biocides

-- oxygen consuming and/or biodegradable organic matter

-- low-level radioactive wastes

-- toxic pollutants and hazardous substances

-- materials immiscible with seawater

Hazards to fishing and navigation

-- wastes must not interfere with fishing or navigation
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Table 3-7 (Continued)

Large quantities of materials

-- dumping must be controlled to prevent damage to the
-environment or to amenities

Acids and alkalis

-- no adverse affects on pH
-- no adverse synergistic effects

Containerized wastes

-- materials disposed of must decay, decompose or radio-
decay to environmentally innocuous material within the
life expectancy of container

-- only short-term localized effects would result from
rupture

-- must not pose hazard to fishing or navigation

Materials containing living organisms

-- must not extend range of biological pests, viruses,
pathogenic micro-organisms, etc.
-- must not degrade uninfected areas

-- must not introduce viable species not indigenous to an
' area

Dredged material

Unpolluted material

-- considered unpolluted if (1) essentially sand and
gravel, (2) water quality at dredging site is ade-
quate accordlng to State water quality standards
for propagation of fish, shellfish, and wildlife
and associated biota typical of a healthy ecosystem,
or (3) it produces a standard elutriate in which the
concentration of no major constituent is 1.5 times
the concentration in water at the disposal site
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Table 3-7 (Continued)

Dredged material (continued)

Poliuted material

-- so classified if it does not meet above criteria

-- can be disposed of if it can be shown that the
place, time, and conditions of dumping are such
as to produce a minimum impact on environment

\ . 4"30



Virginia

The Virginia State Water Control Board's water quality
standards are, like those in Maryland, based on water

use classification. There are six major classes based

on waterbody type and two subclasses based on suitability
for primary or secondary contact recreation (Table 3-9).
Furthermore the Water Control Board has promulgated special
standards for particular bodies of water. Because of the
obvious importance to Chesapeake Bay, the special bacteri-
ological standards for shellfish growing areas are included
in Table 3-9.

In general, the state water quality standards are far more
limited in scope than the new EPA water quality criteria.
They concern at most only dissolved oxygen, temperature, pH,
turbidity, and coliform bacteria. State bacteriological
standards comply with the EPA criteria and pH standards are
slightly more restrictive. However, state dissolved oxygen
standards are lower than those recommended by EPA. Temper-
ature standards are difficult to compare to those complex
criteria proposed by EPA. It remains to be seen the degree
to which EPA will require states to alter their standards

to comply with the criteria and to adopt new standards for
the myriad of other parameters for which there are criteria.
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Table 3-8. Water quaiity standards for the State of Maryland.
REGULATION 08.05.04.03 - RECEIVING WATER QUALITY STANDARDS
This regulation is effective May 1, 1973

The following receiving water quality standards are
established to protect the uses indicated. Where the waters
of the State* are, or may be, affected by discharges* from
point sources®, these standards shall apply outside of a
mixing zone* designated by the Administration*.

CLASS I WATERS

Water Contact Recreation and Aquatic Life

Bacteriological Standards

There shall be no sources of pollution®* as determined by
a sanitary survey, and the fecal coliform* content of these
waters shall not exceed a log mean of 200/100 ml.

Dissolved Oxygen Standard

The dissolved oxygen concentration must be not less than
4,0 mg/liter at any time, with a minimum daily average of not
less than 5.0 mg/liter, except where, and to the extent that,
lower values occur naturally®,.

Tempefature Standard

1. Thermal effects shall be limited and controlled so
as to prevent:

a. Temperature changes that adversely affect aquatic
life;

b. Temperature changes that adversely affect spawn-
ing success and recruitment; and

c. Thermal barriers® to the passage of fish.
2. Temperature elevations above natural must be limited

to 59F, and the temperature must not exceed 90°F,
outside of designated mixing zone.
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Table 3-8 (Continued)

This limitation of temperature changes in Class I
waters does not preclude the discharge of warmed
water. Warming of a portion of a body of water is
permissible if it will not produce substantial
detriment and if the volume of the new temperature
is of such size and duration that the exposure of
organisms or life stages thereof, is less than the
time associated with deleterious biological effects
at that particular temperature.

pH Standard

Normal pH values must not be less than 6.5 nor greater
‘than 8.5, except where--and to the extent that--pH values
outside this range occur naturally.

Turbidity Standard

1.

Turbidity shall not exceed levels detrimental to
aquatic life; and

Within limits of Best Practicable Control Technology
Currently Available*, turbidity shall not exceed for
extended periods of time those levels normally pre-

vailing during periods of base flow* in the surface
waters; and

Turbidity in the receiving water* resulting from any
discharge shall not exceed 50 JTU (Jackson Turbidity
Units) as a monthly average, nor exceed 150 JTU at
any time.

CLASS II WATERS

Shellfish Harvesting

Bacteriological Standards

1.

The Most Probable Number (MPN) of coliform organism*
must not exceed 70/100 ml, as a median value and not
more than 10 percent of the samples shall exceed an
MPN of 230/100 ml for a five-tube decimal dilution

test. (or 330/100 ml, where the three-tube decimal

dilution test is used), and
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Table 3-8 (Continued)

2. Must also comply with the sanitary and bacteriolog-
ical requirements as set forth in the latest edition
of "National Shellfish Sanitation Program Manual of
Operations'.

Dissolved Oxygen Standard

Same as for Class I waters.

Temperature Standar

Temperature elevations above natural must be limited to
4°F in September through May, and to 1.5°F in June through
August, outside of designated mixing zones.

pH Standard

Same as for Class I waters.

Turbidity Standard

Same as for Class I waters.

CLASS III WATERS

Natural Trout Waters

Bacteriological Standards

Same as for Class I waters.

Dissolved Oxygen Standard

The dissolved oxygen concentration must be not less than
5.0 mg/liter at any time, with a minimum daily average of not
less than 6.0 mg/liter, except where, and to the extent that,
lower dissolved oxygen values occur naturally. '

Temperature Standard

1. No significant thermal changes; and
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Table 3-8 (Continued)

2. Temperature must not exceed 68°F beyond such distance
from any point of discharge as specified by the
Administration, except where, and to the extent that,
higher temperature values occur naturally.

pH Standard

Same as for Class I waters.

" Turbidity Standard

Same as for Class I waters.

CLASS IV WATERS

Recreational Trout Waters‘

Bacteriological Standards

Same as for Class I waters.

Dissolved Oxygen Standard

Same as for Class I waters.

Temperature Standard

1., Thermal effects shall be limited and controlled so

as prevent: ‘
a. Temperature changesthat adveréely affect aquatic
life;

b. Temperature changes that adversely affect spawn-
ing success; and

c. Thermal barriers to the ﬁassage of fish,
2. Temperature must not exceed 75°F beyond such distance
from any point of discharge as specified by the

Administration, except where, and to the extent that,
higher temperature values occur naturally.
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Table 3-8 (Continued)

pH Standard

Same as for Class I waters.

Turbidity Standard

Same as for Class I waters.

* The meaning of this term is described in Regulation
08.05.04.01 - DEFINITIONS
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Table 3-9. Watér quality standards for the Commonwcalth of

PRIMARY CLASSIFICATION OF WATERS

Dis. Oxygen.mg/i pH

‘Major Geographical Area or Daily

Class other Description of Waters Minimum Average

Virginia.

'Temperature OF

Rise above

~Natural

Maximum

I Open Ocean (Seaside of the 5.0 --- 6.0-8.
Land Mass)

II Estuarine (Tidal Water - - 4.0 5.0 6.0-8.
Coastal Zone to Fall Line)

III Free Flowing Streams 4.0 5.0 6.0-8.
(Coastal Zone and Piedmont
Zone to the Crest of the
Mountains)

IV Mountainous Zone 4.0 5.0 6.0-8.

\' Put and Take Trout Waters 5.0 6.0 6.0-8.

VI . Natural Trout Waters 6.0 7.0 6.0-8.

5 4
1

5 4
1

5

5

5

.0(Sept.-May)
.5(June-Aug.)

.0(Sept.-May)
.5(June-Aug.)

5

87
70
70




Table 3-9 (Continued)

SUBCLASSES TO COMPLEMENT MAJOR WATER CLASS DESIGNATIONS

Subclass A

Waters generally satisfactory for use as public or municipal
water supply, secondary contact recreation, propagation of
fish and aquatic life, and other beneficial uses.

Coliform Organisms. Fecal coliforms (multiple-tube fermenta-
tion or MF count) not to exceed a log mean of 1000/100 ml.
Not to equal or exceed 2000/1000 ml in more than 10% of
samples.

Monthly average value not more than 5000/100 ml (MPN or MF

count). Not more than 5000 MPN/100 ml in more than 20% of

samples in any month. Not more than 20,000/100 ml in more
than 5% of such samples.

Subclass B

Waters generally satisfactory for use as public or municipal
water supply, primary contact recreation (prolonged intimate
contact; considerable risk of ingestion), propagation of fish
and other aquatic life, and other beneficial uses.

Coliform Organisms - Fecal coliforms (multiple-tube fermenta-
tion or MF count) within a 30 day period not to exceed a log
mean of 200/100 ml, Not more than 10% of samples within a
30-day period will exceed 400/100 ml.

Monthly average not more than 2400/100 ml (MPN or MF count).
Not more than 2400/100 ml in more than 20% of samples in any
month., Not applicable during, nor immediately following
periods of rainfall.*

*With the exception of the coliform standard for shellfish
waters, the enforceable standards will be those pertaining
to fecal coliform organisms. The MPN concentrations are
rctained as administrative guides for use by water treatment
plant operators.



Table 3-9 (Continued)

Special Standards for Shellfish Growing Areas

In those sections of Class IA, IB, IIA and IIB waters within
this State where leased private, or public shellfish beds are
present, the following bacterial standards shall be estab-
lished in addition to other bacterial standards adopted for
the protection of primary or secondary recreation:

Coliform organisms - The median MPN shall not exceed
70/100 mI, and not more than 10% of the samples ordi-
narily shall exceed an MPN of 230/100 ml for a S5-tube
decimal dilution test (or 330/100 ml, where a 3-tube
decimal dilution is used) in those portions of the
area most probably exposed to fecal contamination
during the most unfavorable conditions. '

In addition, the shellfish area is not to be so
contaminated by radionuclides, pesticides, herbi-
cides or fecal material so that consumption of the
shellfish might be hazardous.
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REVIEW OF STANDARDS AND CRITERIA RELATED TO OIL

STANDARDS AND CRITERIA

A large number of federal and state laws and regulations, as
well as water quality standards and criteria, relate to the
discharge of o0il into surface waters. In addition, several
international agreements regulate the discharge of o0il from
ships at sea, however these apply to international waters
outside of the concern of this report.

Congress has declared it a policy of the United States that
there should be no discharges of oil into or upon the navi-
gable waters, contiguous zones and adjoining shorelines of
the United States (11). The difficulty of implementing this
policy is manifest in the plethora of overlapping laws and
regulations concerning the discharge of oil. A summarization
of the various federal legal authorities relative to o0il pol-
lution control is given in Reference 12. The two most impor-
tant legal authorities are the Federal Water Pollution Control
Act, as amended and the 0il Pollution Act of 1961 as amended.
The former Act largely supercedes the latter with regard to
internal navigable waters such as the Chesapeake Bay. The
Federal Water Pollution Control Act Amendments of 1972 (PL
52-900) prohibit the discharge, in harmful quantities, of

0il to the waters of the U. S. The Act establiishes fines

and penalties for prohibited discharges, failure to report
such discharges and other violations of regulations and

makes the discharger liable for removal costs (11). Based

on the authority of this Act, various pollution prevention
regulations (12) and contingency plans (13) have been
promulgated.

A key question in terms of both minimizing environmental im-
pact and implementation of these regulations concerns the
definition of "harmful guantities'" of oil. PL 92-500 requires
that the President determine ''those quantities of oil and any
hazardous substance, the discharge of which ..... will be
harmful to the public health or welfare of the United States,
including but not limited to, fish, shellfish, wildlife, and
public and private property, shorelines and beaches." The
resultant regulations issued by EPA (12, 14) define harmful
discharges as those which: 1) violate applicable water
quality standards or 2) cause a film or sheen upon or dis-
coloration of the surface of the waters or adjoining shore-
lines or cause a sludge or emulsion to be deposited beneath
the surface of the water or upon the adjoining shorelines.
Exempt from this definition are discharges of oil from a
properly functioning vessel engine,
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Tiis general standard of nc visible sheen or sludge is similar
to the relevant state water quality standarda, and EPA cri-
teria, TFor cxamnle, the Maryland general standards state that
waters shall be free from ”floating debris, oil, grease, scum,
and other floating materials ... in amounts sufficient to be
unsightly to such a degree as to create a nuisance, or inter-
fere directly or indirectly with water uses (10).'" The EPA
water quality criteria (5) include a criterion of no visible
sheen or deposits on the shore or bottoms. The criteria for
marine and estuarine waters further stipulate that no odor or
tainting of fish and shcilfish occur and those for fresh wa-
t ers include bioassay-determined concentrations (0.05 96 hr

50 emulsificd concentration) and a maximum level of 1000
mg/ g dry welght of hexane extractable substances ("oil and
grease'") in sediments. Criteria set by EPA for determining
the acceptability of dredged spoil overboard disposal stip-
ulate a maximum of 1500 mg/kg dry weight (9).

Thus the applicable standards and criteria rely, for the most
part, on visual detection of o0il in the environment. or, at
best, gross chemical analysis and, except for the bioassay
crlterlon for freshwaters, arc not based on biological ef-
fects. As will be discussed below, this is attributable to
the complex and variable nature of oils and a general lack

of understanding of the fate and effects of o0il in aquatic
environments, as well as the necessity for a quick and prac-
tical method of detection.

The laws and regulations discussed to this point are geared,
for the most part, to the control of accidental or irregular
discharges of oil from ships and offshore and onshore oil
handling facilities., 0il may also be introduced into the
aquatic environment as chronic or continuous discharges from
industrial processes, domestic sewage plants and land runoff.
Relatively iew water quality or discharge standards are aimed
at controlling these chronic discharges which often are not
detectable as slicks or surface films, Effluent standards
for discharge of oil have been proposed for only a few of
the industrial categories considered by EPA -- this despite
the fact that oil is a wastewater constituent of many 1ndus-
trial processes,

The most obvious industrial C¢tegory for discharge of o0il is
petroleum refining., Only one refinery currently discharges
into tidal waters of Chesapeake Bay, however several others
have been proposed. Effluent limitations guidelines have
been promulgated covering total discharge, storm runoff and
trcated ballast for several industrial subcategories (Table
3-10). The refining discharges are given in terms of allow-
able cmission per volume of product processed (i.e. in
kilograms of oil and grcabc in the wastcwater compared to
the Volume of 0il entering the refinery), and are difficult
to relate to more familiar cffluent concentrations. Using
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Table 3-10. Effluent limitation guidelines for oil and grease
discharges for the petroleum refining industry
p :
(15

).

Industrial BPCTCAlL BATEAZ New Sources
Subcategory (in kg/1000 cu m of feed product)

A. Topping

Max., daily 2.8 0.34 1.6

Max. ave. 2.2 0.28 1.3
B. Low Cracking

Max. daily 4.0 0.51 2.6

Max, ave. 3.2 0.40 2.1
C. High Cracking

Max. daily 5.0 0.68 3.3

Max. ave. 4.0 0.54 2.6
D. Petrochemical

Max. daily 6.2 0.74 3.6

Max. ave. 5.0 0.59 2.8
E. Lube

Max. daily 8.6 1.4 7.1

Max. ave. 6.9 1.1 5.7
F. Integrated

Max, daily 10.8 1.5 7.4

Max. ave. 8.6 1.2 5.9
Speciai Allocations BPCTA BATEA New Sources

(in kg/cu m of flow)

Stormwatcr runoff

Max. daily 0.010 0.002 0.010

Max. ave. 0.008 0.0016 . 0.008
Ballast water ,

Max. daily 0.40 0.002 0.010

Max. ave. 0.008 0.0016 0.008

1 BDPCTCA: Best practicable control technology currently
available; standards to be achieved by 1976.

2 BATEA: Best available technology economically achievable;
standards to be achieved by 1983. .
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the ratios for product: wastewater voluries used in the
preparation of the guidelines (16) the following are
approximations of oil and grease effluent concentrations
for all industrial subcategories:

BPCTCA BATEA New Source
Maximun daily 10 ppm 1.5 ppm 6 ppm
Maximum average 8 ppm - 1.0 ppm 5 ppm

However, as will be later discussed, mass emission rates
based on plant capacity may be more valuable in assessing
impact. Thus the o0il refinery located on the York River
which produces 50,000 barrels/day would be required to
discharge on the average no more than 32 kg (70 1bs. or
roughly 10 gallons) of o0il and grease per day. However
the Virginiaz Water Control Board (17) estimates a mass
emission rate of 707 1b/day (320 kg/day) from this facil-
ity,* despite the low effluent concentrations reported

(1.8 ppm).

A new '"high cracking'" refinery, say of 100,000 barrels/day
capacity, locating on the Chesapeake Bay would be required
to discharge no more than an average of 41.31 kg/day oil
and grease and be required to cut that to 8.58 kg/day by
1983. Thus, its yearly discharge would be 15 metric tons
(ca. 4,500 gallons) initially and 3.1 metric tons (ca. 540
gallons) subsequent to 1983.

Effluent limitations are also given for oily storm water
runoff anc ballast water treated at a refinery. They would
allow an average discharge of not more than 8 ppm o0il and
grease in the effluent and 1.6 ppm after 1983,

Effluent limitations guidelines for several other industrial
categories also set standards for "oil and grease' discharges,
e.g. those for the fertilizer, ferrous and nonferrous metals,
ferroalloy, meat, seafood and rubber industries. These are
also based on emission rates per unit of production and the
units of production vary widely, making the standards diffi-
cult to translate into environmentally meaningful terms.

Also the chemical nature of the "oil and grease'" (i.e.

hexane extractable materials) emitted varies tremendously,
depending on the industry. By way of comparison though,

new source standard mass emission rates of o0il and grease

* DJischarge incluces process wastewater, cooling water,
stormwater runoff and ballast water.
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< only be 3.. kg/day from an average (106,000 tons/year)
cnia plont. These should be compared with the 41.3 kg/day
rom the ny otnetical 100,000 barrel/day 0il refinery con-
idered above.,
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OIL IN CHESAPEAKE BAY

The Chesapeake Bay has thus far been spared from large catas-
trophic oil spills of the type that has gained notoriety in
recent years., However, several small, biologically damaging
spills have occurred. The United States Coast Guard main-
tains oil spill statistics for the Bay area based on field
observations and investigations. These records show that
the amount of o0il spilled annually in the Bay has been

" typically 60,000 to 100,000 gallons, or on the average 300
netric tons/year. O0il spills are most frequent in Hampton
Roaas and Norfolk port areas, in the lower York River, and
in the Baltimore Harbor area.

More difficult to estimate are the chronic discharges of oil
into the Chesapeake Bay. The potential sources of discharge
arc many, including municipal sewage industrial wastes, ship
generated wastes, commercial and pleasure boats, urban runoff
and river inpuct.

Municipal Sewage

No data exist on the oil and grease content of sewage dis-
charged into the Bay. 0il and grease content of Hyperion
Qutfall effluents (one-third of which receive secondary
treatment) discharged into the Pacific Ocean off Los Angeles
averaged 19 mg/l oil and grease (18). Effluents from other
outfalls in Southern California generally had higher o0il and
grease concentrations -- up to 70 mg/l. O0il and grease from
nunicipal sewage has been estimated to be one-half composed
of petroleum oils (19). Thus, a rezlistic estimate for the
typical concentration of petroleum oil in sewage is 10 mg/1l.
The discharge of municipal sewage into the tidal waters of
the Chesapeake Bay system is estimated to be roughly 900
million gallons per day (mgd) (20), thus the discharge of
0il from this source would be 36 metric tons/day or just
over 13,000 metric tons/year or approximately 3 million
gallons/year,

Industrial Wastes

Available data on effluent emissions and concentrations for
industrial cischarges are generally confined to those re-
ported on permit applications filed with the Corps of
Engineers. They are usually based on the analysis by the
industry of a very few samples and thus are notoriously
unreliable. Nonetheless it is possible to use these data
to loosely approximate emission rates.
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Table 3-11. Mass emission of "oil and grease'" .into tidal
waters of southeastern Virginia (17).

Mass Emission Rate

lbs/day
James River Basin
James River
Fall Line to Appomattox Riv. 57
Appomattox Riv. to Chickahominy Riv. 19,736
Chickahominy Riv. to Pagan Riv. 18
Pagan Riv. to Nansemond Riv. : 61
Nansemond Riv. to Elizabeth Riv. (0.02)
Elizabeth River to Mouth (0.26)
Appomattox River
Chickaheminy River 24
Pagan River (0.24)
Nansemond River 74
Elizabeta River 298
Total James River Basin ~ 20,294
(below Fzll Line)
York River Easin (below Fall Line) 707
Chesapcake Bay Basin 8
‘(south of Yoxk River Mouth)
Total 21,013
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Mass enission rates from industrial sources have been corpiled
for the southeastern Virginia area (17) (Table 3-11). Based
on thecsc data the mass emission rate for this area is 3,500
metric tomns/year of oil and grease. Assuming that southeast-
ern Virginia accounts for no more than half of all the indus-
trial enissions to the Bay and again making thc admittedly
unsubstantiated assumption that one-half of this is petroleum
0il, the annual mass emission rate of o0il into the Chesapeake
Day from industrial sources would be at least 3,500 metric
tons (roughly 0.8 million gallons) or about one-fourth of

the amount from municipal sewage.

Shivping

Waste o0il generated by commercial ships may be contained in
bilge or ballast water, the release or which is prohibited
in navigabliec waters if a visible sheen would be formed.
Thus, technically, very little o0il should be willfully
discharged into the Bay by the more than 9,000 commercial
vessels which annually call on Chesapeake Bay ports (21).
Illegal or accidental discharges do occur, but it is impossi-
ble to accurately estimate the magnitude of these emissions.
But it seems improbable that this addition would amount to
more than 100,000 gallons or roughly 400 metric tons would
be discharged from commercial ships.

Federal regulations regarding the discharge of oil in con-
tiguous zones, new international agreements on the discharge
of o0il from ships on the high seas, and the possibility of
the extention of territorial seas, all combine to make the
shore based treatment of ship borne oily wastes more desir-
able or necessary. The volume of oily wastes which must be
discharged at Hampton Roads if ships are prohibited from
discharging at sea is estimated to be 102 million gallons
by 1975 (22). This waste contains approximately 2% oil
(i.e. over 2 million gallons), however if this waste is
treated onshore and the resulting discharge is <10 ppm

0il, a mass emission of only about 3 metric tons/year

(ca. 1000 gallons) results. Thus, although the release

of treated or untreated ship-generated oily wastes may

yet have adverse local environmental effects, in terms

of mass emission to the Bay this source would be minor.

Boats

The input of petroleum into the Bay from small vessels 1is
similarly difficult to account. In fact, the great vari-
ations in vessel size, engine type, fuel consumption and
opcration time makes impossible anything but a crude,
educated guess.
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The total number of registered vessels in the portions of
Maryland, Virginia and the District of Columbia adjacent
to the Chesapeake Bay and its tidal tributaries is over
160,000 (21). Outboard engines discharge 8-10% of their
fuel consumption through the cooling water-exhaust system
(23). Boats with inboard engines lose a considerably
smaller portion of their fuel to the water body. None-
theless, a per boat average of 5 gallons of petroleum lost
per year is probably of the right order. Thus the annual
emission of petroleum from boats is estimated at 800,000
gallons or 3000 metric tonms.

Urban Runoff

The National Academy of Sciences (19) estimated an annual
contribution of 0.1 million metric tons (ca. 27 million
gallons) of o0il to the world's oceans from urban runoff.
Runoff from suburban Long Island contained from 10 to as
much as 60 ppm of oil and grease, a substantial proportion
of which would be petroleum o0il. Comparable data are not
available for Chesapeake Bay urban areas, and extrapolation
is difficult because of lack of information on the volume
of urban runoff. However, if contaminated runoff were 10%
of the total annual rainfall within the 470 square miles
encompassed by Washington, Baltimore, Richmond, Norfolk and
Newport News/Hampton, and if the concentration of petroleum
0il in this runoff were 10 ppm, then over 300,000 gallons
or approximately 1000 metric tons annually enters from run-
off, This hypothetical figure appears a realistic propor-
tion (i.e. one percent) of the NAS global estimate.

River Inputs

Estimating the input of petroleum hydrocarbons from the
rivers draining into the Bay is again made difficult by the
lack of data. NAS (19) estimated the global input from
rivers to be 1.6 million metric tons per year. Based on
their estimate of a concentration of 0.3 mg/l of petroleum
hydrocarbons for the Mississippi River and a freshwater
discharge of 6 x 1010Am3/year to the Chesapeake Basin, the
annual addition of petroleum from river runoff is estimated
to be 18,000 metric tons. The NAS report suggested much of
this would be adsorbed to sediment particles.

Summary of Inputs

A balance sheet of these crude approximations of inputs of
petroleum to the Chesapeake Bay is given in Table 3-12,

The overwhelming percentage of total input attributable to
chronic, low-level inputs of petroleum from sewage, industry
and upstream sources is striking. In most minds, oil pol-
lution in the coastal environment is thought of mainly, if
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- Table 3-12. Summary of

estimated annual inputs of petroleum into the Chesapeake Bay.

Source Estimated Annual Input Percentage of Total
(metric tons = 1.1 short tons)

0il Spills 300 " 0.8%
Munieipal Sewage 13,000 34.9%
Industrial Sources 3,500 9.4

Ship Generated Wastes 400 1.1%
Boats 3,000 8.1%
Urban Runoff 1,000 2.7%
River Inputs 16,000 43.0%

Total

37,200




not exclusively, in terms of marine transportation related
sources. The subject usually brings to mind tanker or ter-
minal spills. This exercise in estimating a mass emission
budget does not suggest that these accidental losses are
unimportant, because they have resulted in documented bio-
logical damage in the Bay, but emphasizes the magnitude and,
thus, potential seriousness of non-accidental chronic inputs.

To be sure, the petroleum inputs from sewage, industry and
runoff come in very small, albeit continuous, doses. The
effective concentrations in the environment would therefore
be expected to be less than in the case of an oil spill.
Disperson of these low concentrations and biodegradation
of the petroleum may be expected to further lessen the
chance of toxic buildup of petroleum. However, petroleum
hydrocarbons may persist in the environment for very long
periods of time (some compounds longer than others) and
may have a tendancy to be taken up and concentrated in
bottom sediments and in organisms (24). Thus the low
levels emitted from the source may allow buildup of toxic
concentrations of petroleum hydrocarbons.

The sources of oil pollution are not spread round the Bay
but are concentrated primarily on the James River estuary
(Hampton Roads and the Richmond-Hopewell area) and in the
Baltimore area. Of course these are sites of input of many
other pollutants as well and the synergistic effects of the
petroleum with other pollutants must be considered. O0il
spills are most frequent in the lower York River, the Hampton
Roads area, and the Baltimore Harbor area. Largest inputs
of municipal sewage (Fig. 3-2) and greatest urban runoff are
at Baltimore, Washington, Hampton Roads and Richmond. Indus-
trial sources of petroleum hydrocarbon center at Hopewell,
Yorktown, the Elizabeth River and Baltimore Harbor. Some
ship generated wastes are released in Hampton Roads and
Baltimore harbors and along shipping lanes. O0il pollution
from motor boats may be especially intense in the vicinity
of the many marinas in the Bay area, which are often located
in poorly flushed creeks. The input of petroleum from the
Susquehanna and James rivers must be greater than that from
other rivers entering the Bay, since they have high flow
rates and drain more urbanized or industrialized areas.

Much of this petroleum must be degraded or deposited in

the uppermost Bay and the upper tidal James where much

of the suspended sediment load is deposited.

0il in the Bay Environment

One may ask, in light of these seemingly substantial chronic
inputs of 01l to the Chesapeake Bay, what level of contami-
nation exists in Bay environments? Here again, assessment
of the problem is hampered by lack of data. No data exist
for concentrations of petroleum hydrocarbons in water or in
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Figure 3-2, Location of major sewage treatment plants in the
Chesapeake Bay. Numbers are discharge rates in
million gallons per day. Larger numbers are
cu?ulative sums of inputs into the Bay. (After
20). ,
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fish, shellfish or other organisms. Some data do exist for
"oil and grease' concentrations in sediments. Sediment
samples taken in Baltimore Harbor by EPA's Annapolis Field
Office (25) ranged from 420 to as much as 81,220 mg/kg oil
and grease. Many samples from the inner harbor had concen-
trations in excess of 10,000 mg/kg (i.e. 1% by weight). 1In
contrast sediments in the vicinity of Tangier Island con-
tained only from 140 to 460 ppm o0il and grease. Sediments
collected from the York River Entrance Channel ranged from
30 to 1210 mg/kg, with most with less than 700 mg/kg (26).

"0il and grease" content represents naturally occurring -
lipids and hydrocarbons as well as petroleum hydrocarbons,
thus it is impossible to determine what portion of the '"oil
and grease'" concentration is petroleum. Also the natural
hydrocarbon-1lipid content of bottom sediments and their
ability to concentrate petroleum depend on the grain size
of the sediments and the sedimentation rate. All things
considered, it appears that any '"oil and grease' concentra-
tion above 1000 to 1500 mg/kg almost certainly represents
contamination with petroleum. The EPA criterion for over-
board ‘disposal of dredged material of 1500 mg/kg (9) and
the EPA water quality criterion (5) of 1000 mg/kg in fresh-
water sediments thus do not appear unreasonably strict.

ENVIRONMENTAL EFFECTS

In the only study of the effects of 0il on Chesapeake Bay
organisms, Bender, Hyland and Duncan (27) described the
effects of a small oil spill on intertidal communities in
the lower York River. The species richness of the inter-
tidal benthos was substantially reduced where the oil
reached shore, compared to adjacent control sites. Fur-
thermore, recovery in terms of both species richness and
similarity of the fauna to control sites was not shown
until two years after the spill. Aqueous extracts of
Bunker C fuel o0il, similar to that spilled, proved most
toxic to two of the crustaceans (Gammarus mucronatus and’
Pagurus longicarpus) and one polychaete worm (Spiochae-
topterus oculatus) tested.

il Spills

The extensive literature on the environmental. effects of
0oil spills has been summarized in several reviews (24, 28,
29), thus a detailed review will not be attempted here.

In summary though, o0il can kill marine life directly
through: (1) coating and asphyxiation, (2) poisoning
through direct contact or ingestion, (3) exposure to
water-soluble toxic petroleum components, (4) destruction
of juvenile forms, and (5) disruption of body insulation °
of warm blooded animals. Furthermore, oil may have harm-
ful indirect effects, including: (1) destruction of food
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sources, (2) synergistic effects that reduce resistance to
other stresses, (3) incorporation of carcinogenic and poten-
tially mutagenic chemicals, (4) reduction of reproductive
success, and (5) disruption of chemical clues essential to
survival, reproduction or feeding.

The actual observed effects of oil spills have varied tremen-
dously, though, and many spills have been reported to do
little damage. The severity of an o0il spill is dependent

on: (1) the dosage of o0il an environment receives, (2) the
physical and chemical nature of the o0il spilled, including
the effects of weathering, (3) the location of the spill,

(4) the time of year of the spill, (5) the prevailing weather
conditions, and (6) the techniques used to clean up the spill
(30). Biological recovery from the effects of oil spills may
be quite rapid or may extend to more than a decade after the
initial accident (19) depending on the community in question
and whether oil persists in the environment, particularly in
sediments.,

Chronic Pollution

Surprisingly, very little research has been conducted on the
effects of chronic inputs of petroleum on coastal and estu-
arine communities. Much of the information available has
been reviewed by the National Academy of Sciences (19),
Copeland and Steed (31) and Baker (32).

Refinery effluents may have considerable impact on benthic
life in confined bodies of water where dispersion of the
effluent is not rapid (32). For example, animals inhabiting
sediments in Los Angeles Harbor that received large quanti-
ties of 0il industry wastes were eliminated or limited to a
single tolerant polychaete (33). The greatest effects were
apparently due to the depletion of oxygen on the bottom by
oxygen-demanding wastes that concentrated in the sediments,
Also, saltmarsh plants were killed by a refinery effluent
released in sheltered tidal creeks at Southampton, England
(34). On the other hand, effluents released in more exposed
~waters with rapid dispersion seem to have considerably fewer
biological effects (32).

Studies on phytoplankton (35) and zooplankton (36) of Gal-
veston Bay, Texas, indicate decreased species diversity in
the area near the Houston Ship Channel, which is heavily
burdened with petrochemical as well as other toxic wastes.
The effects of lowered salinity and other toxicants compound
the picture, however, and the field evidence that chronic

0il pollution affects planktonic communities is not complete.
However, the more refined experiments of Gordon and Prouse
(37) indicate photosynthesis in chronically polluted coastal
waters may be affected.
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Swimming animals may vacate an unfavorable area and thus
avoid harm. Hence, fish may be absent or less diverse
around refinery outfalls or bleedwater discharges (38).
This may effectively reduce fishery productivity in certain
local areas (39). '

Among the shallow water ecosystems of the Texas coast, those
receiving oily wastes are charhcterized by lowered species
diversity, large diurnal fluctuations in dissolved oxygen
concentration, and sometimes near-anaerobic reducing con-
ditions at the bottom (31). Community metabolism -- the
combined amount and relationship of photosynthesis and
respiration of the whole community -- fluctuates wildly,
Under some conditions, both photosynthesis and respiration
are depressed by highly toxic materials; under others,
metabolism is stimulated due to the decomposition of

waste products and release of nutrients.

The effects of oil inputs from such land-based sources as
domestic and industrial wastes and urban runoff have received
even less attention. Farrington and Quinn (40) traced the
cause of high concentrations of petroleum hydrocarbons in
sediments and clams in Narragansett Bay, Rhode Island to
domestic sewage effluents, Hard clams from contaminated
sediments there showed signs of physiological stress and
abnormal growth (41). Pfitzenmeyer (42) found the benthic
communities in Baltimore Harbor especially depauperate in
black, petroleum-smelling muds, but of course the addition
of a wide range of pollutants there complicates the delim-
iting of causitive factors.

EVALUATION

Adequacy of Standards and Criteria

The legislation and regulations pertaining to oil spills are
certainly adequate for the protection of life in the Bay, in
that they virtually prohibit any spilling of oil. The im-
provements of safety regulations, surveillance and tracing
of spilled o0il, control and enforcement would probably reduce
the frequency, magnitude and impact of o0il spills in the Bay.
However, it is impossible to completely eliminate the risk
of 0il spills. If tanker traffic substantially increases.

in the Bay, maritime traffic control schemes and other

safety precautions should be established to prevent the
chance of collision,

On the other hand, the regulations, standards and criteria
pertaining to chronic discharges of petroleum do not seem
adequate. The inputs of petroleum from three major sources,
domestic sewage, boats and urban runoff are largely unreg-
ulated. For those sources for which discharge standards
apply, the standards are put only in terms of total hexane
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extractable "oil and grease'", while it may be trace pollutants
not easily treatable by conventional means which may be envi-
ronmentally harmful. For example, although the biological
treatment of oils in waste water set forth in the refinery
industry effluent limitations guidelines may be effective

in reducing total "oil and grease'" concentration, petroleum
hydrocarbons less susceptible to biodegradation, such as the
more toxic aromatics and naphthalenes, may escape treatment,
Unfortunately, very little is known of the hydrocarbon con-
stituents of treated wastes from refineries and other indus-
trial sources, and they probably vary widely.

Our uncomfortable ignorance about the effects of chronic,

. petroleum pollution does not allow a realistic appraisal of
the effects of inputs from chronic sources on Bay ecosystems,
The high levels of oil in sediments in Baltimore Harbor and
probably in the Hampton Roads area nonetheless provide cause
for concern. Furthemore, the real probability of greatly
expanded development of an onshore petroleum industry in

the Chesapeake Bay area, which may attend recovery of oil
under the outer continental shelf off Delmarva or deep water
port development, poses a threat of unknown proportions for
the Bay. Clearly, more information on petroleum pollutants
and their effects is required in order to set standards and
guidelines adequate for the protection of the environment,

Research Recommendations

1.) Characterization of the chronic petroleum inputs
into the Bay is required.

2.) The fate, including processes of degradation and con-
centration of o0il in the Bay environment needs investigation.

3.) Research on the effects of acute and, particularly,
chronic inputs of petroleum on Chesapeake Bay communities is
needed,

4.) Sublethal effects of low concentrations of petrol-
eum hydrocarbons on aquatic organisms should be studied.
Particularly worrisome are the possible effects of petroleum
hydrocarbons on the detection of chemical clues by migrating
estuarine organisms.

5.) Finally, research on the character, fate and effects

of chronic additions of petroleum should be coupled with
research on effective treatment technologies.
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REVIEW OF STANDARDS AND CRITERIA RELATED TO CHLORINE

INTRODUCTION

Chlorine is used in many industrial processes but its main
uses which are of greatest importance to water pollution are
(1) as a disinfectant of waste waters for the protection of
public health and (2) for antifouling in water intakes and.
cooling water systems, particularly by power plants.

Chlorine is a powerful oxidizing agent and its high toxicity
is the reason for its use as a biocide., It is highly soluble
in water, where it may be present as free available chlorine
in the form of hypochlorous acid or hypochlorite ion. How-
ever free chlorine degrades rather rapidly, especially in the
presence of light, to chlorides, major and harmless constit-
uents of marine and brackish waters. Chlorine may react with
other compounds in solution, however, and the end product may
be much more stable than free chlorine. Especially in waste
waters, chlorine may react with ammonia to form chloramines
which are slightly less toxic than free chlorine but decom-
pose much more slowly. The sum of free chlorine, inorganic
chloramines and some organochloramines is referred to as
available chlorine, ‘

STANDARDS AND CRITERIA

Neither Maryland nor Virginia have water quality standards

for maximum levels of chlorine permissible in natural waters.
On the other hand, states often have regulations concerning
the minimum levels of residual available chlorine in waste
waters. For example, Virginia requires a residual chlorine
level of 1.0 mg/l for sewage effluent leaving contact tanks
and 2,0 mg/1 for facilities discharging into shellfish waters.

The Environmental Protection Agency's Water Quality Criteria
(5) suggest that 0.003 mg/1l of residual chlorine be the
maximum for chronic exposure and 0.05 mg/l1 for short term
exposure for freshwater aquatic life and that an application
factor of 0.1 applied to the 96 hour LCgy should be the cri-
terion for marine and estuarine waters gut that concentra-
tions in excess of 0.01 mg/l are unacceptable. The document
hastens to add, however, that as more knowledge of toxicity
of chlorine to marine organisms becomes available the cri-
terion should probably be equivalent to that set for fresh
water. ’

The proposed Effluent Limitations Guidelines for the steam
electric power generating industrial category includes stand-
ards for the discharge of chlorine (43). Under these pro-
posed regulations, free available chlorine concentration
must not exceed an average of 0.2 mg/l nor a maximum of 0.5
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mg/1l during one two hour period per day under the Best Prac-
‘ticable Control Technology Currently Available by 1977,
Furthermore, no discharge of available chlorine would be
allowed under the Best Available Treatment Economically
Achievable, the 1983 limitations. Currently, it is common
practice in the operation of power plants to chlorinate to
-a 0.5 to 1.0 mg/1l residual chlorine level for 30 minutes to
an hour several times a day or to continuously maintain a
residual level of 0.5 mg/l.

There are stipulations both in the proposed effluent limi-
tations and in the Federal Water Pollution Control Act

(PL 92-500) for variances from these rigid standards. The
proposed limitations allow, at the discretion of EPA, for
higher levels of chlorination and/or longer dosing periods
if required to maintain necessary cleanliness in the cooling
water system, Section 316 (a) of the Act further allows
exemption of electric power generating plants from the
effluent limitations if it can be shown that no environ-
mental harm is resulting from its operation.

It is significant to note that no effluent standards for
chlorine have yet been proposed for sewage treatment plants.
In fact the standards for secondary treatment set by EPA for
maximum concentration of fecal coliform bacteria of 200/100
ml require substantial disinfection. 1In this country chlo-
rine is almost exclusively used as the disinfectant, It is
not known at this time whether future sewage effluent stand-
ards required by the Federal Water Pollution Control Act will
stipulate effluent standards for chlorine.

CHLORINE AND THE CHESAPEAKE BAY

Although known as a water pollution problem in fresh waters
for some time (45), chlorine was not suspected of being
harmful to Chesapeake Bay organisms until recently. The
researchers at the Natural Resources Institute of the
University of Maryland showed that chlorination of cooling
water at the Chalk Point power station reduced primary
productivity of the phytoplankton passing through by as
much as 91%, resulting in as much as a 6.6% maximum loss

in primary production in the adjacent tidal segment of the
Patuxent River (46). Heavy mortalities in zooplanktonic
copepods passing through the plants cooling water system
were likewise attributed to chlorination (47). Experiments
done with populations of the important zooplanktonic cope-
‘pod Acartia tonsa from the York River showed that residual
chlorine concentrations of 0.75 mg/l similar to those
employed at the Yorktown power station were likewise

lethal (48). -
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Although previously shown by Tsai (49) to be the cause of
serious effects on fish communities in freshwater streams

in the Chesapeake Bay drainage basin, chlorination of sewage
had not been known to have deleterious environmental effects
in the tidal waters of Chesapeake Bay until it was implicated
as the cause of large fish kills in the James River during
the spring and summer of 1973 (50). An investigation led

by the Virginia State Water Cbntrol Board concluded, after
extensive field surveys and bioassays in the field and lab-
oratory, that the cause of the mortality of over one half
million fish was residual chlorine from the James River and
Small Boat Harbor sewage treatment plants of the Hampton
Roads Sanitation District. It was shown that the processed
waste water was routinely overchlorinated largely because of
inadequate application of analytical techniques. In fact,
probably one of the most common causes of environmental prob-
lems with chlorinated discharges is gross overchlorination
(45). Reduction in the level of chlorination resulted in
immediate alleviation of the fish mortality, but necessitated
temporary closure of shellfish grounds.

Measurements of residual chlorine in the vicinity of the
sewage outfalls during the period of the fish kill yielded
concentrations of 0.2 to 0.7 mg/1l at the James River treat-
ment plant (at the mouth of the Warwick River) and 1.0 - 2.2
mg/1l at the Small Boat Harbor plant (at Newport News Point).
Subsequent monitoring (51, 52) of available chlorine concen-
trations in the James River has found concentrations often
greater than 0.5 mg/l in the vicinity of sewage outfalls and
concentrations of up to 0.4 mg/1l, but usually less than 0.1
mg/l at locations quite far removed from outfalls (Fig. 3-3).

Currently, the Virginia State Water Control Board at the
request of the Virginia Marine Resources Commission has
ordered a reduction in the level of chlorination during
the season of larval recruitment to the important James
River seed oyster grounds., However, because of plans to
greatly enlarge the capacity of the James River plant,
necessitated by a burgeoning population and extension of
service, periodic reductions of chlorination can be, at
best, only a temporary solution,

The James River fish kill suggests that deleterious effects--
though not necessarily of equivalent magnitude--may be
realized in other segments of the Bay receiving chlorinated
sewage effluents. Nearly one billion gallons of sewage is
discharged into the tidal waters of the Chesapeake Bay sys-
tem every day (20). Most of this is chlorinated to varying
degrees., The distribution of these inputs (Fig. 3-2) sug-
gests that the areas where the potential of deleterious
"effects of waste water chlorine is most serious are the
Baltimore Harbor-Back River area, the upper tidal Potomac
River, the lower James River-Hampton Roads-Elizabeth River
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Figure 3-3. Residual chlorine concentrations in the lower
James River estuary. Values are ranges of
monthly measurements taken in spring, 1974
by Adams (51). Circled values were measured

by Huggett (52).
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area and the upper tidal James River. However, this does not
preclude the possibility of deleterious effects resulting from
small sewage treatment plants, particularly if they discharge
into small or confined bodies of water.

ENVIRONMENTAL EFFECTS OF CHLORINE

Several timely reviews of the.effects of chlorine on aquatic
life have recently been published (45, 53, 54) so no attempt
will be made to provide a complete rev1ew. Most of the
available information pertains to freshwater organlsms and
it indicates that aquatic organisms vary widely in their
tolerance of chlorine. Generally short term exposure
(several minutes to several hours) to concentrations of
residual chlorine of 0.2 mg/l is lethal or otherwise harm-
ful to many freshwater fishes and brown trout are killed
after only 2 minutes exposure to 0.04 mg/l. Longer exposure
to concentrations of 0.1 to 0.2 mg/l is lethal to most spe-
cies tested and some crustaceans may be killed by concentra-
tions of less than 0.01 mg/1.

Few data exist on the chlorine toxicity levels for marine

and estuarine species. However, it appears that LCsQ's

for several fishes and invertebrates common to Chesapeake

Bay are in the neighborhood of 0.2 to 0.1 mg/l, i.e. similar
to those for all but the most sensitive freshwater species.
On this basis and considering the application factor of 0.1
recommended in the Water Quality Criteria, residual chlorine
concentrations greater than 0.01 mg/l are potential harmful.
Concentrations exceeding this level are routinely encountered
in the lower James River.

Free chlorine degrades rapidly in the environment but the
combined forms, chloramines and chlorinated organic com- .
pounds, are much longer lived. Given the high concentration
of ammonia and reactive organic compounds in treated sewage,
it is unlikely that much of the residual chlorine discharged
would be in the form of free chlorine.” Little is known of
the residence time of chloramines and organochlorides in the
estuarine environment,

EVALUATION

The seriousness of the probleA suggests that states should

adopt water quality standards for residual chlorine., For
these the EPA proposed criteria appear reasonable. However,
analytical problems (45) would make monitoring and enforce-
ment difficult.

Because the major source of residual chlorine is public
treatment facilities, they cannot simply be turned off if
water quality standards are exceeded. The societal con-
flicts between the need for economical waste disposal,
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public health requirements and environmental considerations

do not meet with easy solutions. From the environmental per-.
spective, however, it seems imperative to test and implement
alternate disinfection technology in order to eliminate or
reduce the input of toxic chlorine into aquatic ecosystems,
Alternatives include disinfection with ozone and ultraviolet
light (51). Both of these have drawbacks. Ozone is expen--
sive and ultraviolet light is ineffective with turbid efflu-
ent. More practical seems to be dechlorination of chlorinated
wastes by reaction with sulfur dioxide, sodium bisulfite,
sodium thiosulfate or activated carbon (53). Investigations
conducted on dechlorinated effluents in the San Francisco Bay
area (55) indicate that dechlorination by the addition of
sodium bisulfite consistently removed all chlorine- induced
toxicity in both primary and secondary sewage effluents.
Furthermore, Dean (53) estimated that disinfection with
chlorine followed by dechlorination should cost not more

than 1.3 times the cost of disinfection alone.

Finally, it is obvious that research is urgently needed on
the effects of residual chlorine on estuarine species and
communities, the fate and persistence of combined chlorine

in the Chesapeake Bay, and analytical methods for the routlne
analysis of chlorine in estuarine waters.
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CONCLUSIONS

Recently promulgated regulatidéns and others in the process

of development -- most of which were provided for by the
Federal Water Pollution Control Act of 1972 -- will result

in substantial changes in water quality standards and in

the patterns of input of pollutants into the Nation's waters,
In the immediate future, industrial discharges will be most
directly affected as effluent limitations are applied and the
National Pollution Discharge Elimination System is more fully
developed. More difficult to predict is the success of re-
ducing or eliminating pollutant discharges from publically
owned sewage treatment plants and from non-point sources.

To accurately assess the impact of compliance with these
standards and regulations on Chesapeake Bay ecosystems is a
virtually impossible task. In part this is due to a lack of
knowledge about the fate of pollutants introduced into the
Bay. Thus, our ability to predict environmental concentra-
tions which would result after elimination of point sources
is limited. More basically, though, there is an embarrass-
ing ignorance of the present effects of pollutants on Bay
ecosystems., This lack of knowledge of the state of health
of the Bay makes difficult any prognosis for improvement or
recovery. Perhaps the forthcoming National Commission on
Water Quality studies on the environmental impact of the
Federal Water Pollution Control Act will shed some light,
but it seems, for the time being at least, that discharge
elimination goals will be pursued with little or no quan-
titative knowledge of the environmental effects of these
actions. '
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INTRODUCTION

Although hydraulic models have been used for many years in .
dredging studies relative to navigation, their aid in attempt-
ing to understand biological processes has been largely neg-
lected. Probably the reasons for this slow development can
be attributed to the relatively few models constructed of the
estuary or river where biological research is conducted and
the comparative inaccessibility of the actual model to the
scientists wishing to use them. Another factor may be that
the scientific community was not familiar with the capabil-
ities of the physical models and instruction on its potential
uses was not made available.

With the construction of the Chesapeake Bay Hydraulic Model
on Keént Island, Maryland, many of these limitations are
removed. This model of the largest and probably most impor-
tant estuary in the world will soon be available for inves-
tigators who might have use for such an instrument. Also,
this model is probably accessible to more scientists than
any other similar model yet constructed.

An objective of this phase of the contract was to determine
the various uses the Chesapeake Bay Hydraulic Model will have
for biological problems. This information was to have been
obtained by means of questionnaires sent to various workers
in the field.

An earlier study of this contract identified and inventoried
scientists, especially biologists, who are active in Chesa-
peake Bay research (Kerby and McErlean, 1972). Approximately
1200 workers were contacted of which 644 responded. This
list of respondent investigators formed the basis of the
participants in the questionnaire survey for data on bio-
logical uses of the hydraulic model.

A total of 559 questionnaires were sent to scientists from
this above list and a list of other more recent personnel
involved in Bay research, of which approximately 15% were
returned (85). This rate of response must be considered
good if one examines the type of information solicited on
the questionnaire. It was decided that a ''question and
answer'" type of survey would provide more information than
merely a '"choice'" type questionnaire even though the percent
response would be less. The respondents were not requested
to identify themselves, which, hopefully, was to give more
freedom on imaginative answers.

(92 ]
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Replies to each of the five questions listed on the question-
naire are listed in Appendix I of this report. It was felt
important to retain as much original wording and individual
thought as possible, therefore, the answers are essentially
the same as received. Only word-for-word duplication of
ideas, as well as personal references, have been eliminated.
Some of the biological studies expressed on the question-
naires, in the writer's opinion, cannot possibly be conducted
with the model as designed, however, these ideas were also
included in the replies. These fall into the categories of
direct observation of particular biological phenomena.

Possible uses of the hydraulic model as an aid in under-
standing particular biologically related problems have been
summarized and presented in the diagram (Fig. 1). These are
the physical and chemical parameters upon which biological
systems in the Bay are so dependent. For an orderly place-
ment, the possible uses as listed on the returned question-
naires, have been arranged under three major headings:
hydrographic, or those studies concerned with water quality
or movement; topographic, those involving physical change;
and instructional, which is concerned with education,
demonstration, and tests to prove some particular theory

or mathematical model. Under each of these major headings
of concern are the general physical and chemical investiga-
tions capable of being tested with the hydraulic model in
order to explain some biological phenomena. More specific
studies are listed below each of these as one or two word
summaries, These are the areas of investigation, as sug-
gested by the canvassed scientific personnel, to which the
hydraulic model may be employed.

Studies dealing with specific organisms or biological activ-
ities which may be investigated with the hydraulic model are
listed in the order of the number of times they appeared on
the questionnaires (Table 1). Replies to the first question,
pertaining to the research in which they are presently en-
gaged, are separated from the answers to the second question
which dealt with their opinion of possible uses of the model.
These two lists are very similar, which may be expected since
both questions were completed by the same person with specific
interests in a particular field of research. It is of inter-
est to learn that the hydraulic model has uses in practically
all phases of biological research, including algae, rooted
aquatic plants, bacteria, invertebrates, and vertebrates.
Several investigators pointed out that direct biological
simulation with a hydraulic model is an impossibility and
would probably lead to erroneous results. The research would
have to be of the physical and chemical nature as diagrammed
in Fig. 1, and then applied to data from the prototype before
- it would be of any biological value.
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An inquiry as to the amount of knowledge various investigators
have had with other hydraulic models indicated a general lack
of experience in this field. The James River Hydraulic Model
used by the Virginia Institute of Marine Science with refer-
ence to oyster larvae distribution was the most well-known.
Other models referred to were the Waterways Experiment Station
model of the Chesapeake and Delaware Canal, the model of the
Hudson estuary and New York Bight, and the Narragansett Bay
Model. Private ownership, availability, and physical limita-
tions of the model have apparently restricted usage of the
models in the past. These will be eliminated with the com-
pletion of the Chesapeake Bay Hydraulic Model.

Prototype data which may be made available to various inves-
tigators for use in conjunction with model studies appear to
cover a wide range of activities. Many of these data have
appeared in previous publications and are already available
to the scientific community. Some investigative institutions
have been collecting data for many years and these will never
appear for public distribution but are available from their
files for general usage. Specific knowledge of data required
and familiarity of the many research institutions of the Ches-
apeake area is necessary. As the Chesapeake Bay Hydraulic
Model matures, a reference library of such available data

and where it may be located can be incorporated in its facil-
ities for scientific investigators. '

- Mathematical modeling of entire biological systems is becoming
more common as research data on specific processes and inter-
actions are made available. These conceptual models remain
more or less in the realm of theory unless they can be proven
to be correct. One method of testing would be through the use
of the hydraulic model. Also, the hydraulic model can be used
in many instances to obtain input data for the numerical model.
The summary of responses to this question on mathematical bio-
logical techniques is interesting and indicates the importance
of computer science in biological research. More and more
research personnel are being trained in this area and the
‘hydraulic model will become an essential instrument of their
progress.



Table 1. Summary of replies where specific organisms or
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biological fields of research were mentioned to
questions: 1 (Can the model be of use to your
present research program?), and 2 (What possible
uses do you foresee?),

Present research Possible uses
Planktonic organisms 1. Plankton distribution
Fish movements 2., Shellfish larvae dispersal
Menhaden larval transport 3. Menhaden transport
Sea nettle distribution 4, Invertebrate larvae
Nursery area production 5. Oyster spawning
Fish distribution 6. Fish larvae
Juvenile blue crab 7. Eelgrass distribution
dispersal 8. Bacteria and virus patterns
Shellfish setting 9. Algae growth
Flora and fauna changes 10. Crustacean recruitment
Oyster hatcherys work 11, Fish eggs movements
Bacterial associations 12, Microbial pollutants
Benthic invertebrate 13, Clam spawning/setting
ecology 14, Oyster drills
15. Disease organisms
16. Benthic invertebrate

ecology



May 1974

Dear Colleague:

The Chesapeake Bay Hydraulic Model being comstructed by the U. S. Ammy
Corps of Engineers on Kent Island, Maryland, near the eastern end of the
Chesapeake Bay Bridge, promises to be very valuable to the engineer, water
resource planner, and scientist. It will provide a means of reproducing on
a manageable and measurable scale some of the physical phenomena that occur
in the Bay system, and will promote effective liaison among the agencies work=-
ing in the Bay, help to reduce duplication of research, and assist public
understanding of the Bay and its best uses.

It should be emphasized that the hydraulic model, with inherent capacities
and limitations, is only another instrument of the scientist; there are questions
it cannot answer and it cannot interpret results. It can help define certain
physical effects such as thermal discharges and changes in salinity patterms
resulting from the diversion of fresh or salt water inflows, but the model will
not be able to define the effects of these environmental changes on the organisms
and biological conditions of the Bay. Biologists and others will have to inter-
pret the effects of these physical changes on the biota of the Bay and give the
planners and decision-makers an assessment of the full environmental impact.

The Baltimore District of the Corps, who is responsible for construction
of the model, has requested that members of the scientific community identify
desired testing programs in order to promote greater and more effective uses
of the model. These uses do not necessarily have to be within your particular
area of expertise, but may encompass any phase involving model testing. After
reading the enclosed pamphlet, would you please complete the questionnaire and
return it in the prepaid envelope. Your help will be invaluable and appreciated.

Sincerely,

Y

Hayes T. Pfitzenmeyer
Chesapeake Bay Biota Project

Chesapeake Research Consortium, Incorporated
100 Whitehead Hall  The Johns Hopkins University
The Johns Hopkins University  University of Maryland
' Baltimore, Maryland 21218  Smithsonian Institution :
(301) 366-3300 Extension 766  Virginia Institute of Marine Science



Usesof the - Lo
Hydraulic Mode! - %

The hydraulic model is one of the most versatile instruments eveiléble to the hydraulic
engineer and water resource planner, scientist, and engineer. in the Chesapeake Bay Study the

hydraulic model will provide s means of reproducing to @ manageable scale phenomena that v

occur throughout this large snd complex estuarine body. Undoubtedly, studies planned in

conjunction with the model will uncover problems of which serious students of the Bay regims

sre a3 yet unaware. As an instrument and physicsl display, the hydraulic model will be

unexcelled in its potentist for the education of an interested public in the scope and magnitude

of the problems and conflicts of uss that can beset this water resource in the future. As an

operational focal point, it will promote more effective lisison sinong the sgancies working in -

the Bay waters, helping to reduce duplication of research and leading elso to accelerated
spreading of knowledge smong tho interested perties of the public. -

_'. Research problems that will use the hvduulic model for theit study Include

1. . Determine the sa!mity dmnbunon within the Bay evstem md studY the mects of_"‘ i

. various factors on salt water intrusion; = .
Study the mechanics of estuary flushing.

distribution, R
Study seasonal varmions of salmuv dnsmbunon

-

. and salinities,

O NA WON

- waters,

nuclear and fossil fuel power piants, and port facilities.

» discharge conditions relative jo the Bay system,
Investigate waste assimilation capacity of the Bay and its mwmm. (T ime of me;age
end waste dispersion tests, re-aeration coefficients.)
Study shoasling characteristics of the Bay snd its trlbuterlee :
Locate ship hendling problems, current actions peculiar to Bay's waters thai may be

-0 ©® ® ~.

-h ab

conditions on the movement of water masses.
12. Make a quslitative appraisal snd focation of shore srosion problom oroes.
13. Study the dispersion of oyster larvae by tides and currents to areas suitable for culture,
14, Study the possible biological effects in conjunction with the disporsal of silt particles in
certain methods of dredging disposal,

16. Study the possible influences of environmentsl conditions in !l'nmuarlne envlronmnn('

on t’\l comrol of noxious weeds, jellyﬂnh and cmaln parasites,

- Determine .the effects of upweam impoundmenu end ‘basin diversions on salmitv_j_

Determine the e{fects of navioation orojects md channel geometry chenges on curtenu,
Develop better informauon on the circulation and upwelling current pattems of the Bav _
Determine ptelerred slte locattons of sewsge trestment plants, Under water oumms.

Investigate existing waste disposal facilities, outfall locations, etc for lmprovemont of

dangerous to both recrestions! snd commercis! boating, snd the effects of storm~
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Information , ST EEL " Information
AUTHORITY:  Section 312 of the River and Harbor Act of 1965 . ; .;j It R Tvpo - Fixed Bed, Distorted '
SCOPE: Complete investigation and study of water ¢ utilization md conxrol of the' o Shener _ Approximtcly 635 000 . "’ S
. Chesapeake Bay Basin including, but not limited to, navigation, fisheries, - » : IR
" flood control, control of noxious waods. water pollution. water qualnv P ’ Longth 2 _ o 1030 ft SR
control, bl.dl mnion snd rocrutlon. L o : “‘Ildth B 7680 ft. =
Construction. opomion. and maumenaneo ol .a hvdrwlic modal of tha:'. Area of Model ' o
Chesapuluaavaadn. . s , T o
L : Mean Low Waxer ’ 166,000 sq. ft.
DESCRIPTION: Chesapuko Bay is the largest estuary in tho Unmd Smes o B © .~ Mean High Water 184,000 sq. ft.
. Length of Bay ~ 195 miles CoE R Co : e . T +20 Contour. - 273,000 sq. h
B N R . ,'_,'l'otal paved _gsacns -
~ Width of Bey — 4 to 30 miles o o _ s
Average depth of Bay — 28 feat K R : - Volumu of er
Water surface area {Marvland & Virginia) — 4,300 square miles | - Mean Low Water - 60,000 cu. ft.
Chesapeake Bay Drainage Basin — 64.170 squm mm ) L . Ordinary Tide 4,000 cu. ft.

Tidal Shoreline — 7,300 miles SDring Tlde RN -5,000 cu. n. _

Deepest point in Bay — 174 !utnufsloodv Point .-+ fength of templou 130,000 fr. (26
B ',j__miles) used in model construcuon

LN

"~ Fedby nlm malof rivcr stream:
S - Wlt.f Supply Sump 85 000 cu. ft.
Choptank . Patuxent Reppshannock e :
.. Jarmnes Pocomoke Susquehanna o Y Pupe Diamaeters 'or supply-feturn 24 to
Namicoka Potomac York e . .S '38in, o *
Approximowy 50% of the tota! fresh water entering the Bav comes from © T Metal strips cmbedded in model permit
the Susquehanna River, . ~ . sdjustment of frictional resistance to
sccurately reproduce the bay’s tides,

'A "’ currents, and salinities,

- APPROXIMATE MODEL LIMITS

TR , , § .. CONVERSION OF MODEL DATA TO PROTOTYPE REQUIREMENTS
This sits, the former IR S O Modelv i ' Flclor o " Prototype
sastern terminus of the R gl S o ’ S
Sandy Point — Matapeske 3 11¢. R . Depth 100 f1.
Ferry, will be developed as o : 1. N Length or width 1.000 fz.
the Chesapeake Bay . .10 S . - . Slope 1 -
Model Complex, which L fcu.ft. o : Volume 100,000,000 cu. ft. .
will include one of the y 4 eu. ft. per sec. Discharge 1,000,000 cu. ft, per sec.
world’s lsrgest werking - L ) 11t. persec, . Velocity 10 ft. per toc. !
scale models Of an SSIUBIY. ... .. o sl e e o e weryannt s 7.45 minutes Time - © 32 hourg and 25 minutes - '
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QUESTIONNAIRE

Can the Chesapeake Bay Hydraulic Model be used in any
research in which you are presently involved? If yes,
please explain.

What biological applications or tests can you foresee for
the Chesapeake Bay Model?

Have you had previous experience with another hydraulic |
model, testing some biological parameter? If so, briefly
describe.

Do you have any data of unique environmental or biological

"conditions which have occurred in the Chesapeake Bay or

tributaries which you' think might be used in future re-
search involving the model?

Do you work with, or are you aware of, any mathematical
biological techniques that can be utilized with hydraulic
model studies? If so, please specify.
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MODEL CAPABILITIES AND LIMITATIONS

To a degree, the limitations of tests will vary according
to the area and the depth of water being tested.

Tidal elevations in the model will be measured to 0.001
foot, which represents 0.10 foot in the prototype.

Current velocities will be measured to 0.02 foot per
second (fps) in the model, corresponding to 0.2 fps in
the prototype. Verification procedures will probably
indicate that representative model velocities may vary
up to a maximum of 20 percent from that in the prototype.

Salinity in the model will be measured to the same accu-
racy as prototype measurements, horizontally, vertically,
and with respect to time,

Regarding temperature measurements, the model cannot be
used to predict prototype temperature; however, changes
in model temperatures can be measured to + 0.1 degrees.

.Sedimentation and shoaling tests will normally be conduc-

ted with a shoaling material simulant called gilsonite.
Test results are generally qualitative. :

Dye concentrations in dispersion tests will be measured
to one part per billion. Previous model studies indicate
that the model can be used to predict the distribution of
concentration of conservative water quality constituents
to an accuracy of about 20 percent.

Wind effects and prototype evaporation will not be repro-
duced since the model scale is distorted.

A semi-diurnal tidal cycle of 12.41 hours can be repro-
duced in the model to 7.45 minutes, and a year of record
in nature can be simulated in less than 4 days of contin-
uous operation.
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A.

APPENDIX I.
SUMMATION OF REPLIES TO QUESTIONNAIRE

CAN THE CHESAPEAKE BAY HYDRAULIC MODEL BE USED IN ANY
RESEARCH IN WHICH YOU ARE PRESENTLY INVOLVED? IF YES,
'PLEASE EXPLAIN.

10.

11,

Distribution of planktonic organisms with respect to
salinity gradients and tidal cycles.

Modeling and predicting the advection of pollutants,
especially nutrients,

Qualitative indications of sediment dispersion at
mouths of rivers.

Higher density, nutrient and trace element enriched
water accumulates in anoxic zone of central Bay during
summer, In what way does this water mix into upper
Bay water and into lateral tributaries? Does this
water act as a nutrient source for late summer plank-
ton blooms (mahogany water) in upper Bay?

Transport mechanics of menhaden larvae from the
Atlantic Ocean to the low-salinity tributaries of
Chesapeake Bay.

To assist in understanding how certain locations are
hydrodynamically prone to infestation of sea nettles,
Also the productlon and contribution of nursery areas
of many organisms may be enlightened through this
facility.

Salinity ranges throughout Bay and under various
flushing conditions. Could help explain fish and
zooplankton distribution.

Estuarine flushing: Possibly residual times of toxic
organic and inorganic compounds.

Studies of tidal flushiﬁk and salinity gradients will
reveal that physical parameters of a system are as
important as any biological ones.

Effects of sewage discharge and power plant discharge
on aquatic organisms.

Teaching students about hydraulic modeling.
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12,
13,

14,

15.

16.

17,

18.
19.

20.
21.

22,

Study of current direction and velocity relative to
geometric changes, i.e., jetties - manmade structures.
Study of tidal surges - flooding.

Study of nearshore sediment transport.

For studies on dispersal of juvenile blue crabs, it
would be helpful to know the current patterns moving
up the Bay, at depth, between June and October.
Halocline patterns would also be useful.

The Chesapeake Bay Hydraulic Model could be of use
to us in helping to determine which areas are most
likely to need frequent biological surveys because.
of changing environmental conditions. An example
of this would be oyster settings, clam settings,
and fish migration patterns which can be greatly
affected by both environmental and manmade changes
in the topography of the Chesapeake Bay and its
tributaries.

We feel the model may bear on our interest in the
persistence of plankton patches in river systems
and the main Bay-stem.

Many possible uses by the State of Virginia as a
regulatory agency involving permits for discharges.

Remote possibility to study the survival and disper- .
sion of phytoplankton species that are natural to or
introduced into the model.

The model, with some modifications, will be very
useful in shoaling studies. .

Physical relationships to magnitudes of spec1f1c
populations,

Sediment movement; stratified flows; shore erosion.

In a saline marsh-ecology project conducted in St.
Mark's Wildlife Preserve, Florida. One of the areas
of investigation is loss of nutrients and detritus

to the estuary and quantification of energy movement.
Such a model as you describe would be very useful in
determining nutrient and detrital movement per tidal
cycles. The rate of washing out dyes or tagged detri-
tus could be followed.

The Model can be used to site sewage-treatment plant
outfalls (i.e., the present siting activity).
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23,

24,

25,

26.

27,

If model is sufficiently sophisticated; it may be
used to predict the dispersion and advection of
pollutants from a specified source.

I am working with the distribution and abundance of
canvasbacks and otﬁer waterfowl in the Bay in rela-
tion to the flora and fauna of the Bay. If the model
can be used to predict the changes and abundance of
the flora and fauna, I should be able to make a cor-
relation with the waterfowl.

We are presently involved with shellfish sanitation
work on the estuaries leading into the larger rivers.
We are interested in how these larger rivers (Potomac,
Rappahannock, e.g.) affect flushing characteristics
of the sub-estuarine (e.g., Yeocomico R., Nomini R.,
etc.). ‘

The Hydraulic Model should be useful in connection .
with the oyster hatchery being built in the Bay area.
The determination of the effect of multiple-layer
oyster-growing trays in the rivers and bays could

be ascertained.

Studies of Water Supply Problems.

a, Effects of embdyments, impoundments, and other
flow alterations on supply patterns,

b. Consequences of increasing consumptive-use pat-
terns such as ﬁossible fresh-water shortages.

Studies of Water Quality Problems.

a. Determination of area and degree of impact of
certain urban and/or industrial wastes and runoff.

b. Patterns of suﬁurban and/or agricultural runoff
and dispersion.

c. Waste-water coﬁtrol and reclamation.

d. Effects of wetiands on water quality.

e. Areas affected?by sewage treatment plant effluents.
f. Dredging and o?erboard spoil disposal problems.
Conservation of Fi¥h and Wildlife Resources

a. Mechanics of input, transport, and dispersal of
materials toxic to Chesapeake Bay organisms.
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28.

e.

Dispersal patterns of regulated food contaminants
throughout the habitats of commercially utilized
species.

Boundaries and potential effects of basic habitat
alterations such as salinity displacements.

Definition of environmental alterations induced
by natural phenomena such as hurricanes and
tropical storms.

Tides, currents, and dispersal patterns associ-
ated with fish mortalities.

Studies of Erosion and Sedimentation.

a., Patterns of natural erosion and sedimentation in
estuarine waters.

b. Effects of specific human activities on sedimen-
tation rates and patterns.

c. Evaluation of methods of stabilizing shorelines
and protecting tributaries from excessive
sedimentation.

Recreation.

a. Site capacity studies for marinas, fishing piers,

- and other recreational facilities.

b. Effects on established recreational areas such as
beaches by other activities such as dredging and
spoil disposal.

c. Studies of the effects of municipal, industrial,

and agricultural activities on the habitats of
sports-harvested species.

Feasibility and Impact Studies for Proposed Projects.

Power plant siting studies.
Sewage treatment plant siting studies.
Waste and spoil disposal siting studies.

Any other pr0posed'project involving potential
physiochemical alteration of the environment.

We are interested in bacteria associated with sus- -
pended particulate matter and with sediment,
Therefore, the effects of current, salinity, and
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29,

30,

31.

32,

33.

temperature in affecting distribution of particulate
matter, hence, bacteria would be of interest to us.

To study changes in benthic invertebrate population
and community structure under altered environmental:
conditions. ‘ _

Fish movements, effects of alterations upon fish
avoidance or attractions. General zones of salinity
in which fish might be encountered.

Studies of water motion and mixing in Bay using
radioactive cesium fallout as a tracer. Model will
be valuable to test tracer method.

Scaled-down nutrient enrichment studies. Sedimenta-
tion studies. Dispersion studies.

Entrainment of biota at power plant sites.
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B.

WHAT BIOLOGICAL APPLICATIONS OR TESTS CAN YOU FORESEE FOR
THE CHESAPEAKE BAY MODEL:

1.
2,

10.

Plankton distributions

Biological applications must be inferred from rela-
tively few physicochemical parameters. These can,
however, be used to identify geographically the
various hydrographlc regimes, which may require
different management procedures. More biological
information would be indicated.

This model could be useful in determining expected
salinities and temperatures along Chesapeake Bay,
which in turn could be used to assess the impact of
power plants and other industrial development along
the Bay.

Gross indications of dispersion of larval stages of
shellfish,

Physical models may be very important in the testing
and managerial implementation of biological models,
This importance stems from the use of hydraulic models
to predict the spatial and temporal distributions of
nutrient materials, toxic chemical species, suspended
sediment, currents, and other factors which may be
inputs to biological response models. Hence, even
though biological phenomena cannot be directly con-
sidered using physical models, these models may be
required for the real worlds of application of math-
ematical models to biological processes.

With proper light-energy and source-water, would it
be possible to reconstruct the late summer hydro-
graphic conditions and attempt to see effects on
algae growth?

Effects of long-term re equivalent to 10-20 years of
perhaps Melon Kovetch™Cycle studies.

Current transport mechanics for menhaden, other flshes
and invertebrate larvae.

Distribution of detritus, plankton and other nutrients,
Sedimentation and cycling of metallic ions.

Oyster spawning success - seed areas - characterize
fromknown and look for similarities. Use statistical
reliability criteria.

Prediction of extreme salinity conditions under peri- -
ods of maximum and minimum discharge.
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11.

12,

13,

14,
15.

16.

17.

18,

19,

20.

Analysis of the fate of waste plumes under varying
conditions so that a real extent of discharges and
concentrations can be estimated. Biologists can
then use this information on the planning of 1lab-
oratory experiments to determine the effects of
living systems. »

I would like to know the relative importance or lack
of importance of the tributaries such as the Anacostia
River to the water-flow down this section of the
Potomac, I would also like to know the proportional
roles played by man-made effluents - sewage plants

and heated power plants.

Evaluate impact of STP outfalls on shellfish growing
areas.

Life cycle studies,

Effect of power plants, pesticide programs, and indus-
trial development, Transport of fish larvae within
Bay. Effect of residential development and resulting
pollution. Recruitment studies involving commercially.
important crustaceans.

Changes in distribution of fish and invertebrates
related to the impact of power plants and sewage
discharge.

Movement of fish eggs due to circulation of water in
the Bay.

Distribution and dilution effects on microbial pol-
lutants as related to shellfish resources; public
health aspects of waterborne toxicants and viable
disease agents.

Movement of pollutant chemicals in water and sediment,
into, within, and out of the.estuarine model.

If changes in salinity, temperature, turbidity, and
silt deposition occur to an extent whereby marsh,
swamp and other wetland vegetation is affected, or
if pollution deposition occurs to such an extent
then certainly any research involving marsh and/or
aquatic vegetation would benefit from knowledge of
indicated changes as predicted by the model. How
much change would be required and whether or not
such a degree.of change would be within the model's
capability would have to be determined. Effects of
erosion on wetlands. Transport of detritus from
marshes throughout the Bay - greatest and/or most
valuable source of productivity and sinks and trans-
port. Effects of ice formation and scouring.
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21.

22.

23.

24,
25.

26.
27.
28.

29,

30.

31.

32.
33.

The Chesapeake Bay Model could provide mass transfers

- of materials, species, etc., among sections of the

Bay as inputs to '"'seasonal", or quasi-steady state,
ecosystem models.

Helping to determine what effects weather changes,
etc., can have on oyster settings, clam settings,
clam/oyster spawnings, etc. An example of this
would be the effects of the changing of a shoreline
pattern by building a bulkhead, etc.

Using dye innocula or, with suitable illumination, an
actual phytoplankton introduction which is subse-
quently sampled over time.

Thermal (Nuclear Power Plant Discharges).

Erosion and shoaling in beds of oysters, clams, eel-
grass, and marshland at water's edge. Effects of
unusual storms or seasons on salinity and silt load.
Rate of transport for pollutants,

Hydrodynamic distribution of pollutants .from point-
sources through dye and chemical studies.

Efgects of dispersed wastes as related to aquatic
life.

The dispersion and rate of degradation of various
pollutants,

The model can be used to determine some circulation
change (mostly local) due to natural abnormal stages
(flood or storm surges) or pollutant movements. Then
the results can be applied to ecosystems as input
functions. Direct biological simulation (for in-
stance dispersion of larvae, etc.) is impossible and
the results may be misleading.

Flushing rates and relations between net flows, in
and out, surface and bottom, and precipitation rates
as they affect change in biological recruitment of
certain species.,

Investigations of pollution and alteration of estu-
arine systems.

Influence of organisms on sedimentation (by deduction).
Environmental pollution.
Plankton studies.

Chemical and physical, ocean.or estuarine studies.
Sedimentation. :
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34.

35,

36,

37.

38.

39.

40,

41.

42,

43,

Vegetative experimentation.
Controlled radiation.

Mixing at river junctions and in vicinity of wetlands.
Movement through defined channels in wetland areas.

I think the model should increase its biological capa-
bility especially in regard to determining the cause
of the decline of vegetation.

We need to know dilution, flushing and time of travel
in order to understand coliform and fecal collform
patterns throughout the Bay.

Sewage effluent tracing.
Bacterial die-off,

Comparison of distribution of hypothetically totally
passive plankton organisms with actual distribution,
in a study of intrinsic controls over dispersion,.

Distribution and setting of oyster larvae.

Intrusion of oyster drills with dredging and increased
salinities.

Intrusion of MSX and other disease organisms.
Modifications of spawning grounds of fishes - and
larval distributions.

By determining current patterns in the Bay, it may be
possible to predict and lessen the impact of toxic
pollutant discharges on fisheries.

Planktonic larval distrlbutlon and dispersal.
Population control by salinity, temperature, etc.
Population dispersal.

The ability to define and project certain significant
physical parameters of the physico-chemical environ-
ment allows a more refined focusing of b1oassay enter-
grlses, endowing the model with application in the
iological realm., It is appropriate to state that

“this type of relationship exists as a significant

factor in most areas of biological investigation
and given man's tendencies to constantly alter the
existing environment, the model should be of con-
siderable value to future investigations.

Biological applications would be to determine the
distribution of bacteria and viruses in the Chesapeake
Bay as affected by current, turbidity, suspended mat-<
ter, etc.
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44,

45.

46.

47.
48.

49.
50.

51.

52.

53.

Document herbicide and pesticide run-off to the Bay
and correlate the oyster reproduction with its flow
pattern. Do same for heavily chlorinated sewage
effluents.

Study changes in benthic invertebrate populations
and community structure under altered environmental
conditions and studies of production (yield) under
different conditions.

Identification of probable sinks for heavy metals and
other toxins introduced in particulate form, Coupled
with data on temperature, turbulence, salinity, and
water depth, predictions should be feasible of the
probability of remobilization of trace toxins by
resuspension,

Thermal model studies. Electric facilities.

Test to check the distribution by currents of repro-

ductive propagules of plants.

Widely varied uses - in problems involving circulation.

Predict the movement of noxious effluents with respect
to the location of commercial shellfisheries.

Distribution of sediment, pollutants, heat and nutri-
ents from point sources with continuous, instantaneous,
or periodic releases, ,

Possibly bioassay application for certain chemicals
such as chlorine, chloramines, cyanides, etc.
Phytoplankton distribution studies with respect to
wind and tides.

Schooling behavior of fish (young menhaden) and their

- effects on the water quality with respect to uptake

of algae and waste excretion along with respiratory
utilization of oxygen.

Estimates of entrainments for multi-site power plant
installation in the northern end of the Bay.
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C'

HAVE YOU HAD PREVIOUS EXPERIENCE WITH ANOTHER HYDRAULIC
MODEL, TESTING SOME BIOLOGICAL PARAMETER? IF SO, BRIEFLY
DESCRIBE.

1. Mathematical as opposed to physical modeling has been

successfully used for pollution abatement on the
Potomac Estuary, especially with regard to dissolved
oxygen deficiencies and eutrophication parameters.

The use of the James River Model owned by the Virginia
Institute of Marine Science and the U. S. Army Corps
of Engineers was recently considered for projection of
the movement of o0il spills and refinery waste products
in the Hampton Roads area of the James River. This
information was to be utilized to assess potential
impacts on the estuarine biotic community. However,
due to alterations in plant design, these experiments
will no longer be required.

Water Experimental Station Model of C § D Canal.

I have heard about the hydraulic model being used on
the James River which has been for the most part very
useful to the biologists in Virginia.

Models of Hudson Estuary and New York Bight..

A physical model developed by the Alden Laboratories
was used to predict the temperature regime in the
vicinity of a power plant using once-through cooling.
Our company was involved in ana1y21ng the biological
effects of the discharge.

James River Hydraulic Model - oyster larvae distribu-
tion study.

We are familiar with the Narragansett Bay Model used
a few years ago to predict coliform, D. O. patterns.

Salem Church Dam‘proposai. Distribution zone (nursery)

for young-of-the-year alosids and striped bass. Other
marine fish.
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D.

DO YOU HAVE ANY DATA OF UNIQUE ENVIRONMENTAL OR BIOLOGICAL
CONDITIONS WHICH HAVE OCCURRED IN THE CHESAPEAKE BAY OR
TRIBUTARIES WHICH YOU THINK MIGHT BE USED IN FUTURE RE-
SEARCH INVOLVING THE MODEL?

1. Plankton data as a result of hurricane AGNES on the
lower Bay. York River distributions.

2. We have extensive data holdings on upper Chesapeake
Bay and some tributaries including the Potomac
estuary. Monthly observations of water quality
parameters, especially nutrients, are available.

3. Rice Division (Nus Corporation) is currently under-
taking a study of chemical and biological water
quality in the Hampton Roads vicinity of the James
River estuary. These data may be utilized at some
future date in conjunction with model research and/or
model development.

4. Opeﬁ-water metabolic estimates from Rhode and West
Rivers, 1970 through 1974,

S. Over 10 years of oyster setting records for Tred Avon
River, Broad Creek, and Harris Creek. Also salinity
and temperature (weekly and some daily) for Tred Avon
River.

6. I have biological data on Potomac River from Chain
Bridge to Piscataway Creek from 1970 to 1971 and 1973
to 1974. Also I have plankton data at 10-mile sites
to Pt. Lookout. Presently, I have an O. W. R. P,
grant with the Dept. of Interior to study the aufwuchs
microcosms collected on mid-river buoy/floats and Blue
Plains sewage final sedimentation tanks.

7. Limited bacteriological data in Virginia tributaries
collected in our efforts to open shellfish areas
closed as a result of hurricane AGNES.

8. Tide recording in Spa Creek and noted frequencies
higher than for a normal tide cycle. We think they
represent seiches.

9. I have some data on the effects of declining salinity
and of sedimentation upon the inshore macroinverte-
brate fauna.

10. Salinity fluctuations over past years that may relate
to spread of disease organisms such as MSX, Paramoeba,
etc,

11, Elizabeth, Back River, etc., from present RANN Contract.

\
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12.

13.

~14.
15.

16.

17.

18,
19,

20,

Much published data concerning waterfowl populations:
abundance, distribution, sex ratios, etc. Also much
unpublished data concerning invertebrate sampling in
the Bay and extensive weights and measurements of
Rangia in Potomac and Baltimore Harbor.

Limited data on coliform, fecal coliform, and fecal
streptococcus, ’

Hydrographic nutrient and zooplankton data before,
during, and after flooding from tropical storm AGNES -
lower Chesapeake Bay.

Worked on "Operation York River" and 'Over-Ride'" after
hurricane CAMILE hit Virginia. Measured physical
parameters with other people from VIMS.

The broad scope and constant nature of the investiga-
tive programs of the Department of Natural Resources
has contributed to compilation of a large and compre-
hensive data band which includes data on most environ-
mental or biological conditions in recent years.

We have data concerning bacteria associated with
particulate matter, and the influence of salinity
and current on the distribution of these bacteria.
(U. of Md. Dept. of Microbiology).

Have information on the distribution and abundance of
aquatic grass beds.

Tracer work. since 1968 using Cesium, inéluding AGNES
data.

We find the upper ends of most tidal embayments or
creeks to be conducive to eutrophication as a result
of the various undefined physical phenomena of flow,
sedimentation rates, etc, It would be nice to be
able to quantify some of these effects.
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B.

DO YOU WORK WITH, OR ARE YOU AWARE OF, ANY MATHEMATICAL
BIOLOGICAL TECHNIQUES THAT CAN BE UTILIZED WITH HYDRAULIC
MODEL STUDIES? IF SO, PLEASE SPECIFY,

1.

2,

10.
11.

12.

I believe that selected studies can be described and
tested.

Possibly bacterial densities in tidewater can be
related to runoff and flow conditions, but we have,
no hard data pertinent,

My doctoral research project is concerned with the
mathematical modeling of biological response. At
present, a model of primary productivity has been
calibrated and tested. A conceptual model of aquatic
food web interactions has been formulated and calibra-
tion efforts have been initiated. The dissertation
paper is entitled "A mathematical model of eutroph1-
cation in Lake Mead."

Only general loading, productivity models with phyto-
plankton and, to much lesser extent, bacterioplankton
and bacterlobenthos.

The Annapolis Field Station of E.P.A. has done much
modeling work., =

Lehigh University has computer program for the Behrens
Natural Resource Utilization Model.

Write College of Fisheries, University of Washington,
concerning Cedar River - Lake Washington study which
looked at this habitat in a systems analysis manner.

The Delaware Estuary Water Quality Model of the
O'Connor - Thomann (Manhattan College) variety and

" the hydrodynamic model of D. Harleman and his col-.

leagues at M.I.T. See Tracor, Inc., Estuarine
Modeling: "An Assessment'", E, P. A, (U. S. Govern-
ment Printing Office, Washington, D. C., Cpts. 2, 3,
and 5).

Analysis of variance for production data which permits
assessing overtime, characteristic differences in
phytoplankton performance with position in the Bay.
See study of Jamaica Bay.

Best way may be to develop numerical models based on
physical data obtained from model experiments.

Hybrid computation involving loglc gates and track
and store units.,
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13.

14.

15.

16.

17.

18,

19.

20.

Systems analysis using differential equations. Use
the model for scaling.

There are a number of computer models (e.g., Univ.
of Oregon, Water Resources Engineers, E.P.A.) that
simulate estuary conditions (temperature, salinity,
sediment flow, etc.) which influence biological con-
ditions: These models could be (and should be)
tested under laboratory control in the Bay Model.

I am aware of some math techniques that might perhaps
be applied to hydraulic model studies, i.e., statis-
tics, fluid mechanics, similarity conditions, etc.

Attached is a list of references we have considered
in some of our work., (References for Outfall Studies,
see Appendix I.) :

The Department of Natural Resources is presently con-
tracting for two modeling studies of the Chesapeake
Bay. Both studies are transport models, one involving
the transport of sediments, and the other dealing with
dissolved solids. While neither study is focused on
the biological, both can be applied to problems in-
volving transport of biologically significant mate-
rials, such as toxicants.

Larval fish dispersal may follow some dispersion
tendency such as salinity. Test homing and voluntary
migration versus random involuntary dispersals,

Use of bottom dwellers, such as clams, as indicators
of tracer and salt concentrations and thus water move-
ment and mixing.

Striped bassISpawn-entrainment computer models.
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APPENDIX I.

REFERENCES FOR OUTFALL STUDIES
(Annotated)

April 21, 1971
Santo A. Furfari
Northeast Technical Service Unit .
USPHS/FDS
Davisville, Rhode Island 02854

Bailey, Thomas E., 1966. Flourescent-Tracer Studies of an
Estuary. J. Water Poll. Contr, Fed. 38, No. IZ, 1989-Z00T.
(Dec.) California Studies; dyes; instruments; tracing methods,
evaluate results,

Beckman, Wallace J. 1970. Engineering Considerations in the
Design of an Ocean OQutfall. ~Water POI%. Contr. Fed. 42, No.

N 05-1831, (Oct.). Comprehensive listings of considera-
tions for ocean outfalls. Useful 1ist for site selection on
page 1808 (19 factors). Used for Wantagh, N. Y.

Belt, Robert M. 1964. An Oceanographic Study of Sewage
Discharge into Kailua (Hawaii) Bay. Water and Sewage Works.
368- , (Aug.). Practical field studies with dye, floats,
described. ‘

Diachishin, Alex N. 1957. Report on Chan eé in Pollution
Distribution in Narragansett Baﬁ ocEEsioneg by Lower Bay
Hurricane Protection Devices. ept. HEW., (mimeo). Practical
descriptions, examples; Pritchard's method; eddy diffusivity.

Falk, L. L. 1966. Factors Affecting Outfall Design. Water
and Sewage Works, Ref., No. R-233 to R-237 (Nov.). Shows dye
studies; density differences in rivers; explains Rawn's work
with Froude Number.

Foxworthy, J. E. et al. 1966. Dispersion of a Surface Waste
Field in the Sea. J. Water Poll. Contr., Fed. 38, No. 7,
1170-1193. (July). California studies on currents, etc.,
dispersion, plumes; formulae given. '

Gunnerson, C. G. 1958, Sewage Disposal in Santa Monica %%Z'
California. Proc. ASCE, J. San. Eng. Div. SA I, paper 1534,
1-28. (Feb.). Practical study of eddy diffusivity, bacteri-
~ological factors, combining t-90 values (dilution, die-off)
and requirements of sewage treatment.

Hamemoes, Poul. 1966. Prediction of pollution from Planned

Wastewater Outfalls. J. Water Poll. Contr. Fed. 38, No. 8,
- . ‘Kugc,o
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Hetling, Leo J., and O'Connel, Richard L. Estimating Diffusion
Characteristics of Tidal Waters. Water and Sewage Works. How
to derive scale factors, diffusion characteristics; Potomac
River; turbulent pipe-flow analogy.

Ichiye, Takashi. 1968. Hydrography, Tides and Tidal Flushin
of Great South Bay - South Oyster Bay, Long Island. Trans. o
the National Symp. on Ocean Sciences of Engineering on the
Atlantic Shelf, Marine Tech. Soc., 15-62. (Mar.). Extensive
mathematical studies with tidal prism considerations. Flush-
ing rates of pollution.

Ketchum, Bostwick H. 1951, The Flushing of Tidal Estuaries.
Sew. and Ind. Wastes. 23, No. 2, I98-208. (Feb.). Tidal prism
concept; useful for outfalls 1nto tidal rivers; well-mixed,
and good salinity gradients.

Pearson, Erman A. 1965, Some Developments in Marine Waste

Dis osal. Presented at Conf. of Inst. of Sew. Purification,
ﬁur%am, South Africa, May 3-7 (mimeo.). Useful formulae for
mixing, diffusion calculations; field study procedures; bac-
teriological decay.

Waldichuk, Michael. 1965. Estimation of Flushing Rates from
Tide Helght and Current Data in an Inshore Marine Channel of
the Canadian Pacific Coast. Proc. of the 2nd Inter., Water
PoIl. Res. Conf., Tokyo, 1964. Pergamon Press Reprint.
Flushing studies, rates of mixing (used by Kétchum), examples.
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