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The contents of this report reflect the views of the author, who is
responsible for the facts and the accuracy of the data presented herein. The
contents do not necessarily reflect the official views or policies of the
Washington State Department of Transportation or the Federal Highway
Administration. This report does not constitute a standard specification or

regulatiaon.



FOREWARD

This manual presents criteria for implementing the results of the
Washington State Department of Transportation (WSDOT)/University of Washington
Highway Runoff Water Quality research project completed in 1982. It consists
of two volumes: Volume 1 states criteria for the protection of water
resources in nine potential problem areas associated with operating highways;
and Volume 2 presents the basis for these criteria. Companion documents to
this manual are: (1) Suggested Revisions to WSDOT Manuals for Implementing
Washington State Highway Runoff Water Quality Research Results; (2) Highway
Hydraulic Manual (Washington State Department of Highways, 1972) and (3) Guide
for Water Quality Impact Assessment of Highway Operations and Maintenance
(Horner and Mar, 1982). The Highway Hydraulic Manual guides the design of
highway drainage systems. The third document should be consulted to conduct a
detailed environmental assessment when water quality criteria in this manual
indicate that such an assessment is recommended. Other manuals issued by the
Washington State Department of Transportation also cover aspects of these
issues and should be consulted, as appropriate, in the design, specification,
construction planning, and maintenance planning phases,
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SECTION 1

BASIS OF CRITERIA FOR IDENTIFICATION OF WATERS
POTENTIALLY SENSITIVE TO HIGHWAY RUNOFF



1.01. Basis of Criteria for Streams and Rivers

Basis of Domestic Water Supply Criterion:

The Washington State Department of Social and Health Services (1983) has
sel water quality standards for public water systems. Constituents
represented in these standards that may be affected by highway runoff and for

which a data base is available to Judge the potential effect of that runoff
are:

Fecal coliforms < 50/100 mi (Class AA waters) or 100/100 ml (Class A
waters)

Lead < 0.05 mg/1

Zinc < 5 mg/]

Copper < 1 mg/1
Nitrate-Nitrogen < 10 mg/1
Chloride < 250 mg/1

Turbidity < 5 NTU over background

No standard was set for sodium, but the regulations require monitoring of
that element in public water supplies so that information can be provided to
those on sodium-restricted diets. A maximum of 20 mg/1 was selected on the
recommendation of the U.S. Environmental Protection Agency (1973) for the
protection of individuals on sodium-restricted diets.

The research demonstrated that protection of water supplies from impacts
by the above agents would also offer protection from impacts by others, such
as organics and other metals, for which standards have been set (Zawlocki et
al., 1981; Wang et al., 1982; Mar et al., 1982).

The impact assessment guide (Horner and Mar, 1982) presents a series of
graphs with which the probability of exceeding any given concentration of a
pollutant in any storm event may be estimated at different levels of dilution
or treatment of highway runoff. These graphs were plotted for high and Tow
traffic cases in Eastern and Western Washington. They were used in this
analysis to determine the necessary dilution of highway runoff to reduce the
probability of violating a standard to no more than 0.1 percent (one storm in
every 1000 storms), an arbitrarily selected value representing a low
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frequency. Llead was the most critical pollutant, requiring the greatest
dilution for protection of domestic water supply at the set level. No
treatment capability in the public water system was assumed, except for fecal
coliforms and turbidity, although the dilution level established on the basis
of lead should insure maintenance of the turbidity standard, at least. Thus,
the criterion would protect water supplied by small and relatively
unsophisticated systems.

After the needed levels of dilution of highway runoff were established
for the tastern and Western Washington high and Tow traffic cases, it was
reasoned that dilution ratio is approximately equal to the ratio of areas
occupied by the highway and the watershed as a whole, corrected for any
difference in runoff coefficients. This assumption implicitly ignores
differences in the time of concentration (Washington State Department of
Highways, 1972) between runoff from highway and watershed areas. Although
these differences mean that maximum runoff from the highway generally will
reach the stream much faster than maximum runoff from elsewhere in the
watershed, an analysis demonstrated that the differences may be ignored and
the simple equation given used as long as the total watershed area is at least
five-to-ten times the highway area. This ratio of areas is maintained in
almost all actual cases. With such a ratio, at least the dilution predicted
by the equation will be attained because water yield from the total catchment
area will compensate for the faster hydrograph response from the highway
catchment.

In the absence of intermediate data between the high and low traffic
cases, a linear relationship was assumed to establish drainage area
relationships for intermediate traffic levels. This assumption of linearity
is the basis for the equations given for Ry- These equations are strictly
valid in the ADT ranges 7,700 - 53,000 for Western Washington and 2,000 -
17,300 for Eastern Washington, which provided the data base, but may be used
for estimates slightly outside those ranges if necessary. It is likely,
however, that the maximums will not be exceeded in actual cases of highway
drainage to a single point.

The Tower critical ratios for Fastern Washington represented by the
equations for Ry are a consequence of the higher pollutant loadings to
roadways in relation to traffic volume observed there compared to Western
Washington. These higher lcadings are considered to be the result of greater
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pollutant transport to highways from adjacent lands due to coarser soils, less
vegetation cover, and higher and more continuous winds.

The highway runoff coefficients recommended in Table 1-2 are from the
research results and are lower than those traditionally used for pavement
because of the spray removal of water by relatively high speed traffic.

Basis of Fish Habitat Criterion:

Water Quality Standards for Waters of the State of Washington give
specific, quantitative standards only for fecal coliforms, dissolved oxygen,
total dissolved gas, temperature, pH, and turbidity. Fecal coliforms are not
a threat to fish life, and runoff from operating Washington highways does not
significantly impact dissolved oxygen, total dissolved gas, temperature, or
pH, {Mar et al., 1982). Total suspended solids, for which considerable
highway runoff data are available, is a surrogate for turbidity. Most of the
concern with respect to highway runoff effects aon fish Tife involves heavy
metal toxicants (Portele et al., 1982; Mar et al., 1982), for which the Water
Quality Standards only make the qualitative statement that concentrations of
such materials shall be less than those that may affect public health, the
natural aquatic envirornment, or the desirability of the water for any
designated use. The U.S. Environmental Protection Agency, however, has
established such standards (Federal Register, 45 FR 79318-79379, November 28,
1980). For heavy metals, maximum permissible concentrations depend on the
total hardness of the water, since divalent cations that constitute hardness
are generally antagonistic to heavy metals. For the purpose of selecting
general standards for this analysis, total hardness values of 50 and 100 mg/1
as calcium carbonate were applied to Western and Eastern Washington,
respectively. The maximum stream or river concentrations for the protection

of aquatic life on this basis are:

Maximum Concentration (mg/1)

Metal Western Washington Eastern Washington
Lead 0.074 0.170
Zinc 0.180 0.320
Copper 0.012 ¢.022
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No formal standards have been set for total suspended solids or chloride.
For the former constituent, the U.S. Environmental Protection Agency (1978)
recommended a concentration no higher than 80 mg/1. McKee and Wolf (1963)
reported that 95 percent of U.S. waters sustaining good fish life had less
than 170 mg/1 chloride, and that concentration was taken as a standard for
this analysis.

The assessment proceeded exactly as described under the Basis
of Domestic Water Supply Criterion, In this analysis, lead was the most
critical pollutant for both Eastern and Western Washington high traffic cases,
and total suspended solids was most critical for low traffic cases in both
geographic areas.

It should be noted that the Washington State Department of Fisheries has
prepared Stream Catalogs that provide salmonid utilization data for most
streams in Western Washington. These catalogs have been issued in two
volumes: Volume 1 for the Puget Sound area {Williams et al., 1975) and Volume
2 for the coastal region (Phinney et al., 1975).

1.02. Basis of Criteria for Lakes

Basis of Lake Eutrophication Criterion:

The equations represent a combination of two simple mathematical models,
one predicting phosphorus loading from an operating highway and one
forecasting the response of a phosphorus-limited lake to that loading. The
phosphorus loading model was developed from the Washington State Highway
Runoff Water Quality research results and is as follows (Horner and Mar, 1982):

. vDS/yr
Ly = K, K (T56800¢

where: Lp = annual total phosphorus loading (units of mass/yr)

Kp = coefficient representing proportion of total suspended solids
that is phosphorus (2.1 x 10'3)

K = total suspended solids loading rate (6.5 1b/highway mile/1000

VDS for Western Washington and 26 1b/highway mile/1000 VDS for
Eastern Washington)
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VDS/yr = total vehicles traveling during storm periods in a year =

(ADT) (wet hr/yr)
24 hr/day

highway runoff coefficient

Ch

The number of wet hr/yr can be established from precipitation duration data
presented by Horner and Mar (1982). For development of the criterion, four
cases typical of broad areas of Washington were analyzed: (1) Western
Washington interior lowlands, (2) Western Washington high mountain and coastal
locations, (3) Eastern Washington low altitude arid areas, and (4) Eastern
Washington higher altitude semi-arid areas.

The lake response model was proposed by Dilion (1975). It states, in one

algebraic form, that:

Le=P. 2 (p+ 00+

H

where: L. = critical annual phosphorus loading creating a eutrophic state
(units of mass/unit area/yr)

P. = critical early spring phosphorus concentration creating a
eutrophic state (10 pg/1)

z = mean depth (units of length)

p = flushing rate (yr'l)

Several assumptions pertain to this model, most importantly that the limiting
nutrient for algal growth is phosphorus and that the lake is a mixed,
homogeneous body. Although the second assumption often does not hold at all
times of the year, the model has been found to apply with reasonable accuracy
in a large variety of cases (Welch, 1980).

The two models were related by dividing L by lake surface area (A),
equating with L » and solving algebraically for A. Introduction of highway
character1st1cs (using 0.75 for CH), and unit conversion factors yielded the
following equation:

a - 243 x 1073 k (ADT) W
z (p+ 009

where: A = lake surface area (acres)
K is given above
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W = wet hr/yr (1000, 1800, 400, and 600 used for cases 1-4 above,
respectively)
L = highway segment length (miles)
ADT = average daily traffic
z = lake mean depth (ft)
p = flushing rate (yr'l)

Substitution of the appropriate values for K and W produced the four equations
given in the criterion.

Data on three lake characteristics (A, z, and p) are required to apply
the criteria. Lakes of Washinyton, Volumes 1 and II, (Washington State
Department of Conservation, 196la, b} has data on many lakes in the state. In
the absence of readily available data, these quantities can be estimated and
assistance is available to do so from the WSDOT Headquarters Hydraulic
Section., Area can be approximated from a scale map by planimetry or an
alternative technique. The mean depth is the ratio of the lake volume to the
surface area, If the volume is missing, it can be determined by a bathymetric
(sounding) survey. 1In a small lake such a survey is not difficult or
time-consuming and can be done with a manual sounding line.

The flushing rate is the number of times per year the entire water volume
of the lake is renewed. It is the reciprocal of the water residence time and

can be found as the ratic of the annual water outflow rate to the lake volume.
Assuming no large net groundwater inflow or outflow:

0=I1+P-E

where:

annual water outflow rate
annual water inflow rate

annual precipitation volume

m 0 — O
1]

annual evaporation volume

A1l quantities have the units of volume/yr. I, P, and E may be estimated as
follows:

L=pA,cC,
P=pA
E=¢eA
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where: p = annual precipitation depth (units of depth/yr)

= area of the lake's watershed (units of area)

Cw = watershed runoff coefficient (ratic of runoff volume to
precipitation volume) (refer to Table 1-1 and the note to that
table for estimation of a composite runoff coefficient)

A = lake area (units of area)

= annual depth of water evaporated (units of depth/yr) (Figure 1-1)

Basis of Domestic Water Supply Criterion:

The theory upon which this criterion was developed is that highway runoff
could enter water intakes with potentially insufficient dilution if the
intakes and drainage discharge point are closer than the distance pollutants
could diffuse in the lake before complete flushing occurs. Further, even if
the spacing is adequate, the beneficial use would be potentially threatened
unless an adequate dilution ratio is maintained.

To define the first condition (spacing), the diffusion rate of pollutants
was estimated from relationships and data presented by Canale and Weber (1972)
and Pasciak and Gavis (1974). To apply this information, a current velocity
had to be assumed. A value of 10 cm/sec was selected, representing a
relatively high current velocity in standing water and, therefore, on the
conservative side. This assumption and the methods from the literature
produced an estimated diffusion velocity of 6.3 x 10'3 cm/sec, from which,
with the proper unit conversions, the condition stated was derived,

It is recognized that data on lake water residence time may not be
readily available, especially for relatively small and obscure lakes. This
parameter can be estimated as described in the Basis of Lake Eutrophication
Criterion. However, because small lakes generally have water residence times
of less than one year, it can be stated quite safely that the condition will
be met in the case of such lakes if the discharge point and intakes are spaced
at least one mile apart.

Development of the second condition (dilution) was based on the same
water quality standards as used for the streams and rivers domestic water
supply criterion. Critical dilution ratios also were determined as described
in the basis for this criterion, using the probability charts in Horner and
Mar (1982) and a violation probability of 0.1 percent. Lead was the most
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critical pollutant. Again, a linear relationship was assumed to estimate
necessary dilution for traffic volumes other than those providing the data
base. This assumption was the basis for the equations for DC‘

To estimate the actual dilution of runoff in a lake, it was assumed that
runoff would be completely mixed throughout the lake volume in a period of
time equal to the lake water residence time. With this assumption, the
dilution ratio can be determined by mass balance as:

O = QRG * VG
Cp Cpllg + V)
where: CL = pollutant concentration in lake after mixing
Cp = pollutant concentration in highway runoff

QR = highway runoff flow volume over period equal to lake water
residence time
VL = lake volume

CL = equilibrium pollutant concentration in lake before runoff

It is assumed that CL is substantially less than Cp and can be considered
negligible by comparison. That assumption simplified the dilution ratio to:
¢ - @

CR QR + VL

Qp may be estimated by the Rational Method for areas less than 50 acres
according to:

Q= Cyl Ay

Making this substitution yields the ratio given in the criterion.

No data exist to develop a specific criterion for lakes subject to sodium
chloride deicing agent runoff, as has been done for streams and rivers.
However, it is believed that maintenance of the necessary dilution ratio based

on lead will prevent exceeding the 20 mg/1 sodium limit in domestic water
supplies as well.

Basis of Fish Habitat Criterion:

Development of this criterion was based on the same water quality
standards as used for the streams and rivers fish habitat criterion. The

fundamental theory, assumptions, critical dilution ratios, and the method of
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estimating actual dilution were derived in the same manner as described for
this criterion. In this analysis, lead was the most critical pollutant for
high traffic cases, and total suspended solids was most critical for low
traffic cases.

As with the streams and rivers case, no data exist to develop a specific
criterion for sodium chloride deicing agent, Again, it is believed that
maintenance of the necessary dilution ratio based on the above analysis will
prevent exceeding a chloride concentration harmful to fish as well.



Figure 1-1 Mean Annual Lake Evaporation (Inches) in Washington
(U. S, Department of Commerce, 1968)
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Chapter 173-201 WAC

WATER QUALITY STANDARDS FOR WATERS OF THE
STATE OF WASHINGTON

WAC

173-201-010  [ntroduction.

173-201-025  Definitions.

i73-201-035 General considerations,

173-201-045  Gencral water use and criteria classes.

173-201-070  General classifications.

173-201-080  Specific classifications—Freshwater.

173-201-085  Specific classifications—Marine water.

173-201-090  Achievement considerations.

173-201-100  Implementation.

173~201-110  Surveillance.

173-201-120  Enforcement.

DISPOSITION OF SECTIONS FORMERLY CODIFIED IN THIS

CHAPTER

173-201-020 Water use and quality criteria. [Statutory Authority:
RCW $0.48.035. 78-02-043 (Order DE 77-32), §
173-201-020, filed 1/17/78; Order 734, § 173-201-
020, filed 7/6/73.] Repealed by 82-12-078 (Order
DE 82-12), filed 6/2/82. Statutory Authority: RCW
$0.48.015.

173-201-030 Water usc and quality criteria—General water use
and criteria classes. {Order 73-4, § 173-201-030,
filed 7/6/73.] Repealed by 78-02-043 (Order DE
77-32), filed 1/17/78. Statutory Authority: RCW
90.48.035.

173-201-040  Water use and quality criteria—General considera-
tions. [Order 734, § 173-201-040, filed 7/6/73.)
Repealed by 78-02-043 (Order DE 77-32), filed
1/17/78. Statutery Authority: RCW 90.48.035.

173-201-050  Characteristic uses to be protected. [Statutory Au-
thority;: RCW $0.48.035. 78-02-043 {Order DE 77-
32), § 173-201-050, filed 1/17/78; Order 734, §
173-201-050, filed 7/6/73.] Repealed by 82-12-078
(Order DE 82-12), filed 6/2/82. Statutory Author-
ity: RC'W 90.48.035.

173-201-060  Water course classilication. [Order 734, § 173-201-
060, filed 7/6/73.] Repealed by 78-02-043 (Order
DE 77-32), filed 1/17/78. Statutory Authority:
RCW 90.48.035.

173-201-130  Definitions. [Order 73-4, § 173-201-130, filed
7/6/73.] Repealed by 78-02-043 (Order DE 77-32),
filed 1/17/78. Statutory Authority: RCW 90.48.035.

173-201-140  Miscellaneous. [Statutory Authority: RCW 90.438-

{035, 78-02-043 (Order DE 77-32), § 173-201-140,
filed 1/17/78; Order 73-4, § 173-201-140, filed
7/6/73.] Repealed by 82-12-078 (Order DE 82-12),
filed 6/2/82. Statutory Authority; RCW 90.48.035.

WAC 173-201-010 Introduction. (1) The purpose of
this chapter is to cstablish water quality standards for
surface waters of the stale of Washington purszant to
the provisions of chapter 90.48 RCW and the policics
and purposes thercof,

(2) This chapter shall be reviewed periodically by the
department and appropriatc revisions shall be
undertaken.

(3) The water use and quality criteria set forth in
WAC 173-201-035 through 173-201-085 are estab-
lished in conformance with present and potential water
uses of the surface waters of the state of Washington

(6/2/82)

and in consideration of the natural water quality poten-
tial and limitations of the same. These shall be the sole
criteria for said waters. [Statutory Authority;: RCW 90-
-48.035. 82-12-078 (Order DL 82-12), § 173-201-010,
filed 6/2/82; 78-02-043 (Order DE 77-32), § 173-
201-010, filed 1/17/78; Order 73-4, § 173-201-010,
filed 7/6/73.]

WAC 173-201-025 Definitions. (1) Background
conditions: The biological, chemical, and physical condi-
tions of a water body, upstream from the point or non-
point source of any discharge under consideration.
Background sampling location in an enforcement action
would be upstream from the point of discharge, but not
upstream from other inflows. If several discharges to any
water body exist, and enforcement action is being taken
for possible violations to the standards, background
sampling would be undertaken immediately upstream
from each discharge.

(2) Department: State of Washington department of
ecology.

(3) Director: Director of the state of Washington de-
partment of ecology.

(4) Fecal coliform: That portion of the coliform group
which is present in the intestinal tracts and feces of
warm-blooded animals as detected by the product of
acid or pas from lactose in a suitable culture medium
within 24 hours at 44.5 plus or minus 0.2 degrees
Celsius.

{5) Geometric mean: The nth root of a product of n
factors.

(6) Mean detention time: The time obtained by divid-
ing a reservoir's mean annual minimum total storage by
the 30—day ten—year low-flow from the reservoir,

(7) Permit: A document issued pursuant to RCW 90-
48.160 et seq. or RCW 90.48.260 or both, specifying
the waste treatment and control requirements and waste
discharge conditions.

(8) pH: The negative logarithm of the hydrogen ion
concentration.

(9) Primary contact recreation: Activities where a
person would have direct contact with water to the point
of complete submergence, including but not limited to
skin diving, swimming and water skiing.

(10) Secondary contact recreation: Activities where a
person's water contact would be limited (wading or fish-
ing) to the extent that bacterial infections of eyes, cars,
respiratory or digestive systems or urogenital areas
would normally be avoided.

(11) Surface waters of the state: Include lakes, rivers,
ponds, streams, inland waters, saltwaters, and all other

[Ch. 173-201 WAC—p 1]



173-201-025%

surface waters and water courses within the jurisdiction
of the state of Washington.

(12) Temperature: Water temperature expressed in
degrees Celsius (°C).

(13) Turbidity: The clarity of water expressed as
nephelometric turbidity uaits (NTU) and measured with
a calibrated turbidimeter. .

(14) Upwelling: The annual natural phenomenon
where the summer prevailing, northerly winds parallel to
Washington's coast produce a seaward transport of sur-
face waters. Cold, deeper more saline waters rich in nu-
trients and low in dissolved oxygen rise to replace the
surface water. The cold, oxygen deficient water flows
into Puget Sound and other coastal estuaries replacing
the decp water with lower dissolved oxygen concentra-
tions reaching the surface during late summer and fall.

(135) USEPA: United States Environmental Protection
Agency.

(16) Wildlife habitat: Waters of the state used by
fish, other aquatic life and wildlife for any life history
stage or activity. [Statutory Authority: RCW 90.48.035.
82-12-078 (Order DE 82-12), § 173-201-025, filed
6/2/82; 78-02-043 (Order DE 77-32), § 173-201-0725,
filed 1/17/78.]

WAC 173-201-035 General considerations. The fol-
lowing general guidelines shall apply to the water quality
criteria and classifications set forth in WAC 173-201—
045 through 173-201-085 hereof:

(1) At the boundary between waters of different clas-
sifications, the water quality criteria for the higher
classification shall prevail.

(2) In brackish waters of estuaries, where the fresh
and marine water quality criteria diffcr within the same
classification, the criteria shall be interpolated on the
basis of salinily; except that the marine water quality
criteria shall apply for dissolved oxygen when the salin-
ily is one part per thousand or greater and for fecal co-
Liform organisms when the salinity is ten parts per
thousand or greater.

(3) The water quality criteria hercin established shall
not apply within an authorized dilution zone adjacent to
or surrounding a waste—waler discharge.

(4) Generally, waste discharge permits, whether is-
sued pursuant to the National Pollutant Discharge
Elimination System or otherwise, shall be conditioned in
such manner as to authorize discharges which meet the
water quality standards.

(a) However, persons discharging wastes in compli-
ance with the terms and conditions of permits shall not
be subject to civil and criminal penalties on the basis
that discharge violates water quality standards.

{b) Permits shall be subject to modification by the
department whenever it appears to the department the
discharge violates water quality standards. Modification
of permits, as provided herein, shall be subject to review
in the same manner as originally issued permits.

{3) Nonpoint sources and water quality standards.

{a) It is recognized that many activities not subject to
a waste discharge permit system are now being per-
formed in the state, which result in conflicts with the
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water quality standards of this chapter. Further, the de-
partment has not developed 2 program which, in a rea-
sonable or fully satisfactory manner, provides miethods
or means for meeting such stundards. Persons conduct-
ing such activities shall not be subject to civil ur criminal
sanctions for violation of water quality standards if the
activities are either:

(i) Conducted in accordance with management prac-
tices set forth by rules of the department.

For example, promulgation of regulations by the de-
partment which set forth approved management prac-
tices or other effiuent limits shall be accomplished so
that activities conducted within such regulations, (i.e.,
Forest Practices Rules and Regulations chapter 173--202
WAC and Title 222 WAC) will achieve compliance with
water pollution control laws. When the regulations are
violated, the waler quality standard can be enforced as
deseribed in WAC 173-201. 045 through 173--201-085;
ar,

{ii) Subject to a regulatory order issued bv the de-
partment relating to specific activities as provided for in
WAC 173-201-100(2).

{b) Management practices or regulatory orders de-
scribed in WAC 173-201-035(5) hereof, shail be sub-
ject to modification by the department whenever it
appears to the department that the discharge violates
water quality standards. Modification of management
practices or regulatory orders, as provided herein, shall
be subject to review in the same manner as the originally
issued management practices or regulatory orders.

{(6) The water quality criteria herein established for
total dissolved gas shall not apply when the stream flow
exceeds the 7-day, 10-year frequency flood.

(7) The total arca and/or volume of a receiving water
assigned to a dilution zone shall be as described in a
valid discharge permit as nceded and be limited to that
which will:

(a) Not cause acute morialities of sport, food, or
commercial fish and shellfish species of established bio-
logical communities within populations or important
specics to a degree which damages the ecosystem.

(b) Not diminish aesthetic values or other beneficial
uses dispreportionately.

(8) The antidegradation policy of the state of
Washington, as generally guided by chapter 90.48
RCW, Water Pollution Control Act, and chapter 90.54
RCW, Water Resources Act of 1971, is stated as
follows:

(a) Existing beneficial uses shall be maintained and
protected and no further degradation which would inter-
fere with or become injurious to existing beneficial uses
will be allowed.

{b) No degradation will be allowed of waters lying in
national parks, national recreation areas, national wild-
life refuges, nmational scenic rivers, and other areas of
national ecological importance.

(c) Whenever waters are of a higher quality than the
criteria assigned for said waters, the existing water
quality shall be protected and waste and other materials
and substances shall not be allowed (o enter such waters
which will reduce the existing quality thereof, cacept, in
these instances where:
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(i) It is clear that overriding considerations of the
public interest will be served, and

(ii) All wastes and other materials and substances
proposed for discharge into the said waters shall be pro-
vided with all known, available, and reasonable methods
of treatment before discharge.

(d) Whenever the natural conditions of said waters
arc of a lower quality than the criteria assigned, the
natural conditions shall constitute the water quality
criteria.

(¢) The criteria and special conditions established in
WAC 173-201-045 through 173-201-085 may be mod-
ified for a specific water body on a short-term basis
when necessary to accommodate essential activities, re-
spond to emergencies, or to otherwise protect the public
interest. Such modification shall be issued in writing by
the director or his designee subject to such terms and
conditions as he may prescribe. The aquatic application
of herbicides which result in water use restrictions shall
be considered an activity for which a short—term modifi-
cation generally may be issued subject to the following
conditions:

(i) A request for a short—term modification shall be
made (o the department on forms supplied by the de-
partment. Such request generally shall be made at least
thirty days prior to herbicide application.

(ii) Such herbicide application shall be in accordance
with state of Washington department of agriculture
regulations.

(iii) Such herbicide application shall be in accordance
with label provisions promulgated by USEPA under the
Federal Insecticide, Fungicide, and Rodenticide Act, as
amended. (7 U.S.C. 136, et seq.)

(iv) Notice, including identification of the herbicide,
applicator, location where the herbicide will be applied,
proposed timing and mcthod of application, and water
use restrictions shall be given according to the following
requirements:

(A} Appropriate public notice as determined and pre-
scribed by the director or his designee shall be given of
any water use restrictions specified in USEPA label
provisions.

(B) The appropriate regional offices of the depart-
ments of fisheries and game shall be notified twenty—
four hours prior to herbicide application.

{C) In the event of any fish kills, the departments of
ccology, fisheries, and game shall be notified
immediately.

{v) The herbicide application shall be made at times
30 as 1o

(A} Minimize public water use restrictions during
weckends.

(B) Completely avoid public water use restrictions
during the opening weck of fishing season, Memorial
Day weckend, July 4 weekend, and Labor Day weekend.

(vi) Any additional conditions as may be prescribed
by the director or his designee.

(N In no case, will any degradation of water quality
be allowed if this degradation interferes with or becomes
injurious to existing water uses and causes long—-term
and irreparable harm to the environment.
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(g) No waste discharge permit will be issued which
violates established water quality criteria, except, as
provided for under WAC 173-201-035(8)(e).

(9} Due consideration will be given to the precision
and accuracy of the sampling and analytical methods
used as well as existing conditions at the time, in the
application of the criteria.

(10) The analytical testing methods for these criteria
shall be in accordance with the most recent editions of
"Standard Methods for the Examination of Water and
Wastewater,” published by the American Public Health
Association, American Water Works Association, and
the Water Pollution Control Federation, and "Methods
for Chemical Analysis of Water and Wastes," published
by USEPA, and other or superseding methods published
and/or approved by the department following consulta-
tion with adjacent states and concurrence of the
USEPA.

{11) Deleterious concentrations of radicactive materi-
als for all classes shall be as determined by the lowest
practicable concentration attainabie and in no case shall
exceed:

(a) 1/100 of the values listed in WAC 402-24-220
(Column 2, Table II. Appendix A, Rules and Regula-
tions for Radiation Protection); or,

(b) USEPA Drinking Water Regulations for radionu-
clides, as published in the Federal Register of July 9,
1976, or subsequent revisions thereto.

{12) Deleterious concentrations of toxic, or other non-
radioactive materials, shall be determined by the depart-
ment in consideration of the Quality Criteria for Water,
published by USEPA 1976, and as revised, as the au-
thoritative source for criteria and/or other relevant in-
formation, if justified.

(13) Nothing in this chapter shall be interpreted to be
applicable to those aspects of governmental regulation of
radioactive wastes which have been preempted from
state regulation by the Atomic Energy Act of 1954, as
amended, as interpreted by the United States Supreme
Court in the cases of Northern States Power Co. v.
Minnesota 405 1J.5. 1035 (1972) and Train v. Colorado
Public Interest Research Group 426 U.S. 1 (1976).

(14) Nothing in this chapter shall be interpreted to
prohibit the establishment of effluent limitations for the
control of the thermal component of any discharge in
accordance with Section 316 of the Federal Clean Water
Act (P.L. 95-217 as amended). [Statutory Authority:
RCW 90.48.035. 82-12-078 (Order DE 82-12), § 173-
201035, filed 6/2/82; 78-02-043 (Order DE 77-32), §
173-201-035, filed 1/17/78.]

WAC 173-201-045 General water use and criteria
classes. The following criteria shall apply to the various
classes of surface waters in the state of Washington:

(1) CLASS AA (EXTRAORDINARY).

{a) General characteristic. Water quality of this class
shall markedly and uniformly exceed the requirements
for all or substantially all uses.

(b) Characteristic uses. Characteristic uses shall in-
clude, but not be limited to, the following:

(i) Water supply (domestic, industrial, agricultural).
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{ii) Stock watering.
(iii) Fish and shellfish:

Salmonid migration, rearing, spawning, and
harvesting.
Other fish migration, rearing, spawning, and

harvesting.

Clam, oyster, and mussel rearing, spawning, and
harvesting.

Crustaceans and other shellfish (crabs, shrimp,
crayfish, scallops, etc.) rearing, spawning, and
harvesting.

(iv) Wildlife habitat.

(v) Recreation (primary contact recreation, sport
fishing, boating, and aesthetic enjoyment).

(vi} Commerce and navigation.

(c) Water quality criteria.

(i) Fecal coliform organisms.

(A} Freshwater - Fecal coliform organisms shall not
exceed a geometric mean valve of 50 organisms/100
mL, with not more than 10 percent of samples exceeding
100 organisms /100 mL.

(B) Marine water — Fecal coliform organisms shall
not exceed a geometric mean value of 14 organisms/100
mL, with not more than 10 percent of samples exceeding
43 organisms/100 mL.

(i1} Dissolved oxygen.

(A) Freshwater — Dissolved oxygen shall exceed 9.5
mg/L.

(B) Marine water — Dissolved oxygen shall exceed 7.0
mg/L . When natural conditions, such as upwelling, oc-
cur, causing the dissolved oxygen to be depressed near or
below 7.0 mg/L, natural dissolved oxygen levels can be
degraded by up 10 0.2 mg/L by man-—caused activities.

(iii) Total dissolved gas shall not ¢xceed 110 percent
of saturation at any point of sample collection.

(iv) Temperature shall not excced 16.0° C (freshwa-
ter) or 13.0° C (maring water) duc to human activities,
Temperature increases shall not, at any time, cxceed
1=23/(T+35) (freshwater) or t=8/(T-4) (marine water).

When natural conditions exceed 16.0° C (freshwater)
and 13.0° C (marine water), no lemperature increase
will be allowed which will raise the receiving water tem-
perature by greater than 0.3° C. o

For purposes hereof, "L" represents the permissive
temperature change across the dilution zone, a.nd "T"
represents the highest existing temperature 1n this water
classification outside of any dilution zone.

Provided that temperature increase resulting from
nonpoint source activities shall not exceed 2.8° C, and
the maximum water temperature shall not exceed 16.3°
C (freshwater).

{v) pH shall be within the range of 6.5 to 8.5 ({resh-
water) or 7.0 to 8.5 (marine water) with a man-—-caused
variation within a range of less than 0.2 units.

(vi) Turbidity shall not exceed 5 NTU over back-
ground turbidity when the background turbidity is 50
NTU or less, or have more than a 10 percent increase in
turbidity when the background turbidity is more than 50
NTU.

{(vi1) Toxic, radioactive, or deleterious material con-
centrations shall be less than those which may affect
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public health, the natural aguatic environment, or the
desirability of the water for any use.

{viii) Aesthetic values shall not be impaired by the
presence of materials or their effects, excluding those of
natural origin, which offend the senses of sight, smeil,
touch, or taste.

{2) CLASS A (EXCELLENT).

{a) General characteristic. Water quality of this class
shall meet or exceed the requirements for all or substan-
tially all uses.

(b) Characteristic uses. Characteristic uses shall in-
clude, but not be limited to, the following:

(i) Water supply {(domestic, industrial, agricultural).

(ii) Stock watering.

(iii) Fish and shellfish:

Salmonid migration, rearing, spawning, and
harvesting.
Other fish migration, rearing, spawning, and

harvesting,

Clam, oyster, and mussel rearing. spawning, and
harvesting.

Crustaccans and other shellfish (crabs, shrimp,
crayfish, scallops, etc.) rearing, spawning, and
harvesting.

(iv) Wildlife habitat.

(v) Recreation (primary contact recreation, sport
fishing, boating, and aesthetic enjoyment).

(vi) Commerce and navigation.

(c) Water quality criteria.

(i) Fecal coliform organisms.

(A) Freshwater — Feca! coliform organisms shall not
cxceed a geometric mean value of 100 organisms/100
mL, with not more than 10 percent of samples exceeding
200 organisms,/ 100 mL..

(B) Marine water -- Fecal coliform organisms shall
not exceed a geometric mean value of 14 organisms/ 100
ml., with pot more than 10 percent of samples cxceeding
43 organisms /100 ml..

(ii} Dissolved oxygen.

{A) Freshwater — Dissolved oxygen shall exceed 8.0
mg/L.

{B) Marine water — Dissolved oxygen shall exceed 6.0
mg/L . When natural conditions, such as upwelling, oc-
cur, causing the dissolved oxygen to be depressed near or
below 6.0 mg/L, natural dissolved oxygen levels can be
degraded by up 10 0.2 mg/L by man—caused activities.

(iii) Tota! dissolved gas shall not exceed 110 percent
of saturation at any point of sample collection.

(iv) Temperature shall nol exceed 18.0° C {{reshwa-
ter) or 16.0° C {marinc water) due to human activitics,

Temperature increases shall not, at any time, exceed
1=28/(T+7) (freshwater) or t=12/(T-2) {marine
water),

When natural conditions exceed 18.0° C (freshwater)
and 16.0° C (marine water), no temperature increase
will be allowed which will raisc the recciving water tem-
perature by greater than 0.3° C.

For purposes hereof, "t" rcpresents the permissive
temperature change across the dilution zone: and "T*

represents the highest existing temperaturc in this water
classilication outside of any dilution zone.
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Provided that temperature increasc resulting from
nonpoint source activities shall not exceed 2.8° C, and
the maximum water temperature shall pot exceed 18.3°
C (freshwater),

(v} pH shall be within the range of 6.5 to 8.5 (fresh-
water) or 7.0 to 8.5 (marine water) with a man-caused
variation within a range of less than 0.5 units,

(vi) Turbidity shall not exceed 5 NTU over back-
around turbidity when the background turbidity is 50
NTU or less, or have more than a 10 percent increase in
turbidity when the background turbidity is more than 50
NTU.

{vii) Toxic, radioactive, or deleterious material con-
centrations shall be below those of public health signifi-
cance, or which may cause acute or chronic toxic
conditions to the aquatic biota, or which may adversely
affect any water use. )

(viii} Aesthetic values shail not be impaired by the
presence of materials or their effects, excluding those of
natural origin, which offend the senses of sight, smell,
touch, or taste.

(3) CLASS B (GOOD).

(a) General characteristic. Water quality of this class
shall mect or exceed the requirements for most uses.

(b) Characteristic uses. Characteristjc uses shafl in.
clude, but not be limited to, the following:

(i) Water supply (industrial and agricultural).

(i) Stock watering.

(iii) Fish and shelifish:

Salmonid migration, rearing, and harvesting.

Other fish migration, rearing, spawning, and
harvesting,

Clam, vyster, and mussel rearing and spawning.

Crustaceans and other sheilfish (ctabs, shrimp,
crayfish, scallops, etc.) rearing, spawning, and
harvesting.

(iv) Wildlife habitat.

(v) Recreation (secondary contact recreation, sport
fishing, boating, and aesthetic enjoyment,

{(vi) Commerce and navigation.

(c) Water quality criteria.

(i) Fecal coliform organisms.

(A) Freshwater — Fecal coliform organisms shali not
exceed a geometric mean value of 200 organisms/ 100
mL. with not more than 10 percent of samples exceeding
400 organisms /100 ml..

(B) Murinc water - Fecal coliform organisms shall
not - cxceed a  geometric mean value of 100
organisms/100 ml., with not more than 10 percent of
samples exceeding 200 organisms/ 100 ml..

(it) Dissolved oxygen.

(A} Freshwater — Dissoived oxygen shall exceed 6.5
mg/L.

(B) Marine water - Dissolved oxygen shall exceed 5.0
mg/L. When natural conditions, such as upwelling, oc-
cur, causing the dissolved oxygen to be depressed near or
below 5.0 mg/L, natural dissolved oxygen levels can be
degraded by up 10 0.2 mg/L by man—caused activities,

(iii) Totai dissolved gas shall not exceed 110 percent
of saturation at any point of sampie collection.

(iv) Temperature shall not exceed 21.0° C (freshwa-
ter) or 19.0° C (marine water) due to human activities.
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Temperature increases shali not, at any time, exceed
1=34/{T+9) {freshwalcr) or t=16/T (marine water).

When natural conditions exceed 21.0° C (freshwater)
and 19.0° C (marine water), no temperature increase
will be allowed which will raise the receiving water tem-
perature by greater than 0.3° C.

For purposes hereof, "t" represents the permissive
temperature change across the dilution zone; and "T”
represents the highest existing temperature in this water
classification outside of any dilution zone.

Provided that temperature increase resulting (rom
nonpoint source activities shall not exceed 2.8° C, and
the maximum water temperature shall not exceed 21.3°
C (freshwater).

(v) pH shall be within the range of 6.5 to 8.5 (fresh-
water) and 7.0 to 8.5 (marine water) with a man—caused
variation within a range of less than 0.5 units,

{(v1) Turbidity shall not exceed 10 NTU over back-
ground turbidity when the background turbidity is SO
NTU or less, or have more than a 20 percent increase in
turbidity when the background turbidity is more than 50
NTU.

(vii) Toxic, radioactive, or deleterious material con-
centrations shall be below those which adversely affect
public heaith during characteristic uses, or which may
cause acute or chronic toxic conditions to the aquatic
biota, or which may adversely affect characteristic water
uses.

(viii) Aesthetic values shall not be reduced by dis-
solved, suspended, floating, or submerged matter not at-
tributed to natural causes, so as to affect water use or
taint the flesh of edible species.

(4) CLASS C (FAIR),

(a} General characteristic. Water quality of this class
shall meet or exceed the requirements of selected and
cssential uses.

{b) Characteristic uses, Characteristic uses shall in-
clude, but not be limited to, the following:

(1) Water supply (industriai).

(i1) Fish (salmonid and other fish migration).

{iii} Recreation (secondary contact recreation, sport
fishing, boating, and aesthetic enjoyment).

(iv) Commerce and navigation.

(c) Water quality criteria marine water,

(i) Fecal coliform organisms shail not exceed g geo-
metric mean value of 200 organisms/100 mL, with not
more than 10 percent of samples exceeding 400
organisms/100 mL,

(ii) Dissolved oxygen shall exceed 4.0 mg/L. When
natural conditions, such as upwelling, occur, causing the
dissolved oxygen to be depressed near or below 4.0
mg/L, natural dissolved oxygen levels can be degraded
by up to 0.2 mg/L by man-caused activities.

(iii) Temperature shall not exceed 22.0° C due to hu-
man activities. Temperature increases shall not, at any
time, exceed t=20/(T+2).

When natural conditions exceed 22.0° C, no tempera-
ture increase will be allowed which will raise the receiv-
ing water temperature by greater than 0.3° C.

For purposes hereof, "t" represents the permissive
temperature change across the dilution zone; and "T"
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represents the highest existing temperature in this water
classification outside of any dilution zone.

(iv) pH shall be within the range of 6.5 to 9.0 with a
man—caused variation within a range of less than 0.5
units.

{v) Turbidity shall not exceed 10 NTU over back-
ground turbidity when the background turbidity is 50
NTU or less, or have more than a 20 pereent increase in
turbidity when the background turbidity is more than 50
NTU.

(vi) Toxic, radioactive, or dcleterious material con-
centrations shall be below those which adversely affect
public health during characteristic uscs, or which may
cause acute or chronic toxic conditions to the aquatic
biota, or which may adversely affect characteristic water
uses.

(vii) Aesthetic values shall not be interfered with by
the presence of obnoxious wastes, slimes, aquatic
growths, or materials which will taint the flesh of edible
species.

(5) LAKE CLASS.

(a) General characteristic. Water quality of this cluss
shall mect or exceed the requirements for all or substan-
tially all uses.

(5) Characteristic uses. Characteristic uses shall in-
clude, but not be limited 1o, the following:

{i) Water supply (domestic, industrial, agricultural).

(ii) Stock watering.

(iii) Fish and sheilfish:

Salmonid migration, rearing, spawning, and
harvesting.
Other fish migration, rearing, spawning, and

harvesting.

Clam and mussel rearing, spawning, and harvesting.

Crayfish rearing, spawning, and harvesting.

{iv) Wildlife habitat.

(v) Recreation (primary contact recreation, sport
fishing, boating, and aesthetic enjoyment).

{vi) Commerce and navigation.

{c) Water quality criteria.

(i) Fecal coliform organisms shall not exceed a geo-
metric mean value of 50 organisms/ 100 mL, with not
more than 10 percent of samples exceeding 100
organisms/ 100 mL.

(ii) Dissolved oxygen — no measurable decrease from
natural conditions.

(iii) Total dissolved gas shall not exceed 110 percent
of saturation at any peint of sample collection.

(iv}) Temperature — no measurable change from natu-
ral conditions.

(v) pH - no measurable change from natural
conditions.

(vi) Turbidity shall not cxceed 5 NTU over back-
ground conditions.

{vii) Toxic, radioactive, or deleterious material con-
centrations shall be less than those which may affect
public health, the natural aguatic environment, or the
desirability of the water for any use.

{viii) Aesthetic values shall not be impaired by the
presence of materials or their effects, excluding those of
natural origin, which offend the senses of sight, smell,
touch, or taste. [Statutory Authority: RCW 90.48.035.
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82-12-078 (Order DE 82-12), § 173-201-045, filed
6/2/82; 78-02-043 (Order DE 77-32), § 173-201-045,
filed 1/17/78.]

WAC 173-201-070 General classifications. General
classifications applying to various surface water bodies
not specifically classified under WAC 173-201-080 or
173-201-085 are as follows:

(1) All surface waters lying within the mountainous
regions of the state assigned to national parks, national
forests, and/or wilderness areas, are classified Class AA
or Lake Class.

(2) All lakes and their feeder streams within the state
are classified Lake Class and Class AA respectively, ex-
cept for those feeder streams specifically classified
otherwise.

(3) All reservoirs with a mean detention time of
greater than |5 days are classified Lake Class.

(4) All reservoirs with a mean detention time of 15
days or less are classified the same as the river scetion in
which they arc located.

(5) All reservoirs cstablished on preexisting lakes are
classified as Lake Class.

(6) All unclassified surface waters that arc tribularies
to Class AA waters are classified Class AA. All other
unclassified surface waters within the state are hereby
classified Class A. [Statutory Authority: RCW 90.48-
035, 82-12-078 (Order DE 82-12), § 173-201-070,
filed 6/2/82;, 78-02-043 (Order DE 77-32), § 173~
201-070, filed 1/17/78; Order 73-4, § 173-201-070,
filed 7/6/73.]

WAC 173-201-080 Specific  classifications—
Freshwater. Specific fresh surface waters of the state of
Washington are classified as follows:

(1) American River. Class AA
{2) Big Quilcene River and tributaries. Class AA
{3) Bumping River. Class AA
(4) Burnt Bridge Creek. Class A
(5) Cedar River from Lake Washington
to Landsburg Dam {river mile 21.6). Class A
{6} Cedar River and tributaries from
Landsburg Dam (river mile 21.6) to head-
waters. Special condition — no waste dis-
charge will be permitted. Class AA
(7) Chehalis River from upper boundary
of Grays Harbor at Cosmopolis (river mile
1.1, longitude 123°45'45" W) to Scammon
Creek (river mile 65.8). Class A
{8) Chehalis River {rom Scammon Creck
(river mile 65.8) to Newaukum River (river
mite 75.2). Special condition — Dissolved
oxygen shall exceed 5.0 mg/L f{rom June 1,
to September 15. For the remainder of the
year, the dissolved oxygen shall meet Class
A criteria. Class A
(9) Chehalis River from Newaukum Ri-
ver (river mile 75.2) to Rock Creek (river
mile 106.7). Class A
(6/2/8D)



{10) Chehalis River, from Rock Creck
(river mile 106.7) to headwaters.

(11) Chcehalis River, south fork.

(12) Chewack River.

(13) Chiwawa River.

(14) Cispus River.

(15) Clearwater River.

(16) Cle Elum River.

(17) Cloquallum Creek.

{18) Clover Creck from outlet of Lake
Spanaway to inlet of Lake Steilacoom.

(19) Columbia River from mouth to the
Washington-Oregon border (river mile
309.3). Special conditions — Temperature
shali not exceed 20.0° C due to human ac-
tivities. When natural conditions exceed
20.0° C, no temperature increase will be al-
lowed which will raise the receiving water
temperature by greater than 0.3° C: nor
shall such temperature increases, at any
time, exceed 0.3° C due to any single source
or 1.1° C due to all such activities com-
bined. Dissolved oxygen shall exceed 90 per-
cent of saturation,

(20) Columbia River from Washington—
Oregon border (river mile 309.3) to Grand
Coulee Dam (river mile 596.6). Special con-
dition from Washinglonf()rcgon border (ri-
ver mile 309.3) to Priest Rapids Dam (river
mile 397.1). Temperature shall not exceed
20.0° C due to human activities. When nat-
ural conditions exceed 20.0° C, no tempera-
ture increase will be allowed which will raise
the receiving water temperature by greater
than 0.3° C: nor shall such temperature in-
Creases, at any time, exceed 1=34/(T+9).

(21) Columbia River from Grand Coulee
Dam (river mile 596.6) to Canadian border
(river mile 745.0).

(22) Colville River.

(23) Cowceman River from mouth to
Mulholland Creek (river mile 18.4).

(24) Coweemun River from Mulholland
Creek (river mile 18.4) to headwaters.

(25) Cowlitz River from mouth to base of
Riffe Lake Dam (river mile 52.0).

(26) Cowlitz River from base of Rijffe
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Class AA
Class A
Class AA
Class AA
Class AA
Class A
Class AA
Class A

Class A

Class A

Class A
Class AA
Class A
Class A
Class AA

Class A

Lake Dam (river miic 52.0) to hcadwaters. Class AA

(27) Crab Creck and tributaries,

(28) Decker Creek.

(29) Deschutes River from mouth to
boundary of Snoqualmie National Forest
(river mile 48.2).

(30) Deschutes River from boundary of
Snoqualmie National Forest (river mile
48.2) to headwaters.

(31) Dickey River.

{32) Dosewallips River and tributaries.

(33) Duckabush River and tributaries.

(34) Dungeness River from mouth to
Canyon Creek (river mile 10.8).
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(35) Dungeness River and tributaries
from Canyon Creek (river mile 10.8) to
headwaters.

(36) Duwamish River from mouth south
of a line bearing 254° true from the NW
corner of berth 3, terminal No. 37 ta the
Black River {river mile 11.0) (Duwamish
River continues as the Green River above
the Black River).

(37) Elochoman River.

(38) Elwha River and tributaries.

(39) Entiat River from Wenatchee Na-
tional Forest boundary (river mile 20.5) to
headwaters.

(40) Grande Ronde River from mouth to
Oregon border (river mile 37). Special con-
dition - Temperature shall not exceed 20.0°
C due to human activities. When natural
conditions exceed 20.0° C. no lemperature
increase will be allowed which will raise the
receiving water temperature by greater than
0.3* C; nor shall such temperature in-
creases, at any time, cxceed 1=34/(T+9).

(41) Grays River from Grays River Falls
(river mile 15.8) to headwaters.

(42) Green River {Cowlitz County).

(43) Green River (King County) from
Black River (river mile 11.0 and point where
Duwamish River continues as the Green Ri-
ver) to west boundary of Sec. 27-T2IN-
R6E (west boundary of Flaming Geyser
State Park at river mile 42.3).

(44) Green River (King County) from
west boundary of Sec, 27-T2IN-R6E (west
boundary of Flaming Geyser State Park, ri-
ver mile 42.3) to west boundary of Sec. 13-
T2IN-R7E (river mile 59.1).

(45) Green River and tributaries (King
County) from west boundary of Sec. 13-
T2IN-R7E (river mile 59.1) to headwaters.
Special condition — No waste discharge will
be permitted.

(46) Hamma Hamma River and tribytar-
1C8§,

(47} Hanaford Creck from mouth to cast
boundary of Scc. I5-TISN-R2W (river
mile 4.1). Special condition Dissolved oxy-
gen shall exceed 6.5 mg/L.,

(48) Hanaford Creck from east boundary
of Sec., 25-TISN-R2W (river mile 4.1) to
headwaters.

(49) Hoh River and tributaries.

(50) Hoquiam River (continues as west
fork above east fork) from mouth to river
mile 9.3 (Dekay Road bridge) (upper limit
of tidal influence).

(51) Humptulips River and tributaries
from mouth to Olympic National Forest
boundary on east fork {river mile 12.8) and
west fork (river mile 40.4) {main stem con-
tinues as west fork).

173-201-080
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(52) Humptulips River, east fork from
Olympic National Forest boundary (river
mile 12.8) to headwaters.

{53) Humptulips River, west fork from
Olympic National Forest boundary (river
mile 40.4) to headwaters.

{54) Issaquah Creek.

(53) Kalama River from lower Kalama
River Fails (river mile 10.4) to headwaters.

(56) Klickitat River from Little Klickitat
River (river mile 19.8) to headwaters.

{57) Lake Washington Ship Cana! from
Government Locks (river mile 1.0) to Lake
Washington (river mile 8.6). Special condi-
tion — Salinity shall not exceed one part per
thousand (1.0 ppl) at any peint or depth
along a line that transects the ship canal at
the University Bridge (river mile 6.1).

(58) Lewis River, east fork, from Multon
Falls {river mile 24.6) to headwaters.

{59) Liule Wenatchee River,

{(60) Methow River from mouth to
Chewack River (river mile 50.1).

(61) Methow River from Chewack River
{river mile 50.1) to headwaters,

(62) Mill Creek from mouth to 13th
street bridge in Walla Walla (river mile
6.4). Special condition — Dissolved oxygen
concentration shall exceed 5.0 mg/L.

(63) Mill Creek from 13th Street bridge
in Walla Walla (river mile 6.4} to Walla
Walla waterworks dam (river mile 25.2).

(64) Mill creek and tributaries from city
of Walla Walla waterworks dam (river mile
25.2) to headwaters. Special condition — No
waste discharge will be permitted.

{65) Naches River from Snoqualmie Na-
tional Forest boundary (river mile 35.7) to
headwalers,

{66) Naselle River from Naselle "Falis"
(cascade at river mile {8.6) to headwalers.

(67) Newaukum River.,

(6%) Nisqually River from mouth 1o Al-
der Dam (river mile 44.2).

(69) Nisqually River from Alder Pam
(river mile 44.2) to headwaters.

(70) Nooksack River from mouth to Ma-
ple Creek (river mile 49.7).

(71) Nooksack River from Maple Creek
(river mile 49.7) to headwaters.

(72) Nooksack River, south fork, from
mouth to Skookum Creek (river mile 14.3).

(73) Nooksack River, south fork, from
Skookum Creek (river mile 14.3) to head-
waters.

(74) Nooksack River, middle fork.

(75) Okanogan River.

(76) Palouse River from mouth te south
fork (Colfax, river mile 89.6).

(77) Palouse River from south fork
{Colfax, river mile 89.6) to ldaho border

(Ch. 173-201 WAC—p 8|
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(river mite 123.4). Special condition — Tem-
perature shall not exceed 20.0° C due to
human activities. When natural conditions
exceed 20.0° C, no temperalure increase
will be allowed which will raise the receiving
waler lemperature by greater than 0.3° C;
nor shall such temperature increases, at any
time, exceed t=34/(T+9).

{78) Pend Oreilic River from Canadian
border (river mile 16.0) to Idaho border (ri-
ver mile 87.7). Special condition - Temper-
ature shall not exceed 20.0° C due to
human activities. When natural conditions
exceed 20.0° C, no temperature increase
will be allowed which will raise the receiving
water temperature by greater than 0.3° C;
nor shall such temperature increases, at any
time, exceed t=34/(T+9).

(79) Pilchuck River from city of
Snohomish waterworks dam (river mile
26.8) to headwaters.

(80} Puyallup River from mouth to river
mile 1.0,

{81) Puyallup River from river mile 1.0 to
Kings Creek (river mile 31.6).

(82) Puyallup River from Kings Creek
(river mile 31.6) to headwaters.

(83) Queets River and tributaries.

(84) Quillayute River.

(85) Quinault River and tributaries.

{86) Salmon Creek (Clark County).

(87) Satsop River from mouth to west
fork (river mile 6.4).

(88) Satsop River, east fork.

(89) Satsop River, middle fork.

(90) Satsop River, west fork.

(91) Skagit River from mouth to Skiyou
Slough-lower end (river mile 25.6).

(92) Skagit River and tributaries (in-
cludes Buker. Suak. Suiattle, and Cascade
Rivers) from Skiyou Slough -lower end, (ri-
ver mife 25.6) 1o Canadian border (river
mile 127.0).

{93) Skokomish River and tributaries.

{94) Skookumchuck River from Bloody
Run Creek (river mile 21.4) to headwaters.

(95) Skykomish River from mouth to
May Creek (above Gold Bar at river mile
41.2).

(96) Skykomish River from May Creek
{above Gold Bar at river mile 41.2) to
headwaters.

(97) Snake River from mouth to
Washington-Idaho-Oregon border (river
mile 176.1). Special condition

{a) Below Clearwater River (river mile
139.3). Temperature shall not cxeeed 20.0°
C due to human activities. When natural
conditions exceed 20.0° C, no lemperature
increase will be allowed which will raise the
rcceiving waler temperature by greater than

Class A

Class A

Class AA
Class B
Class A
Class AA
Class AA
Class AA
Class AA
Class A
Class A
Class AA
Class AA
Class AA

Class A

Class AA
Class AA
Class AA

Class A

Class AA
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0.3®* C; nor shall such temperature in-
creascs, at any time, exceed 1=34/{T+9).

(b) Above Clearwater River (river mile
139.3). Temperature shall not exceed 20.0°
C due 1o human activitics. When natural
conditions cxceed 20.0° C, no temperature
increase will be allowed which will raise the
receiving water temperature by greater than
1.3° C; nor shall such temperature in-
creases, at any time, exceed 0.3° C duc to
any single source or 1.1° C duc to all such
activitics combined.

{98) Snohomish River from mouth and
east of longitude 122°13'40°W upstream to
latitude 47°56'30"N (southern tip of Ebey
Island river mile 8.1). Special condition:
Fecal coliform organisms shall not exceed a
geometric mean valuc of 200,
organisms/ 100 mL. with not more than 10
percent  of samples exceeding 400
organisms,/ 100 mL.

(99) Snchomish River upstream from lat-
ttude 47°56'30"N (southern tip of Ebey Is-
land river mile 8.1) to confluence with
Skykomish and Snoqualmie River (river
mile 20.5).

{100} Snoqualmie River and tributaries
from mouth to west boundary of Twin Falls
State Park on south fork (river mile 9.1).

(101) Snoqualmie River, middle fork.

(102) Snoqualmic River, north fork.

(103) Snoqualmic River, south fork. from
west boundary of Twin Falls State Park (ri-
ver mile 9.1} 10 headwaters.

(104) Soleduck River and tributaries.

(105) Spokane River from mouth to
ldaho border (river mile 96.5). Special con-
dition — Temperature shall not exceed 20.0°
C duc to human activitiecs. When natural
conditions cxceed 20.0° C, no temperature
increase will be allowed which will raise the
teceiving water temperature by greater than
0.3° C; nor shall such temperature in-
creases, at any time, exceed t=34/(T+9),

(106) Stehekin River.

(107) Stillaguamish River from mouth to
north and south forks (river mile 17.8).

(108) Stillaguamish River, north fork,
from meouth to Squire Creck (river mile
31.2).

(109) Stillaguamish River, north Tork,
from Squire Creck (river mile 31.2) o
headwalers.

(110) Stillaguamish River, south [ork,
from mouth to Canyon Creek (river mile
33.7).

(111) Stillaguamisk River, south fork,
from Canyon Creek (river mile 33.7) to the
headwalters.

(112) Sulphur Creek.

(113) Sultan River from mouth to Chap-
lain Creek (river mile 5.9).

(6/2/82)
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{114) Sultan River and tributaries from
Chaplain Creek (river mile 5.9) to hcadwa-
ters. Special condition - No waste discharge
will be permitted above city of Everett di-
version dam (river mile 9.4).

(115) Sumas River from Canadian border
(river mile 12) to headwaters (river mile
23).

{116) Tieton River.

(117) Tolt River, south fork and tributar-
ics from mouth to west boundary of Sec.
31 -T26N-R9E (river mile 6.9).

(118) Talt River, south fork from west
boundary of Scc. 31-T26N-R9E (river mile
6.9) to hcadwaters. Special condition — No
wiste discharge will be permitted.

(119) Touchet River, north fork from
Dayton water intake structure (river mile
3.0) to headwaters.

(120) Toutle River, north fork, from
Green River 1o headwaters.

(121} Toutle River, south fork.

{122) Tucannon River from Umatilla
National Forest boundary (river mile 38.1)
to headwaters.

(123) Twisp River.

(124) Union River and tributaries from
Bremerton waterworks dam (river mile 6.9)
to headwaters. Special condition — No waste
discharge will be pcrmitted.

(125) Walla Walla River from mouth to
Lowden (Dry Creck at river mile 27.2).

{(126) Walla Walla River from towden
(Dry Creck at river mile 27.2) to Orcgon
burder (river mile 40). Special condition -
Temperature shall not exceed 20.0° C duc
to human activitics. When natural condi-
tions exceed 20.0° C, no temperature in-
crease will be allowed which will raise the
receiving water temperature by greater than
0.3° C; nor shall such temperature in-
creases, at any time, cxceed t=34/(T+9).

(127) Wenatchee River from Wenatchee
National Forest boundary (river mile 27.1)
to headwaters.

(128) White River (Pierce-King Coun-
ties) from Mud Mountain Dam (river mile
29.6) to hcadwaters.

(129) White River (Chelan County).

(130) Wildcat Creek.

(131) Willapa River upstream of a line
bearing 70° true through Mailboat Slough
light (river mile 1.8).

(132) Wishkah River from mouth to river
mile 6 (SW 1/4 SW 1/4 NE 1/4 Sec. 21-
TISN-R9YW),

(133) Wishkah River from river mile 6
(SW 1/4 SW 1/4 NE 1/4 Sec. 21-TI8N-
R9W) to west fork (river mile 17.7).

(134) Wishkah River from west fork of
Wishkah River (river mile 17.7) 1o south

173-201-080
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boundary of Sec. 33-T2IN-R8W (river
mile 32.0).

{135) Wishkah River and tributaries from
south boundary of Sec. 33-T2IN-R8W (ri-
ver mile 32.0) to headwaters. Special condi-
tion — No waste discharge will be permitted. Class AA

{136) Wynoochee River from mouth to
Olympic National Forest boundary (river

Class AA

mile 45.9) Class A
(137} Wynoochee River from Olympic

Natiwnal Forest boundary (river mile 45.9)

10 headwaters, Class AA

(138) Yakima River from mouth to
Sunnyside Dam {river mile 103.8). Class B

(139) Yakima River from Sunnyside Dam
(river mile 103.8} to Cle Elum River {river
milc 185.6). Special condition - Tempera-
ture shall not exceed 21.0° C due to human
activities. When natural conditions cxceed
21.0° C, no temperature increase will be al-
lowed which will raise the receiving water
temperature by greater than 0.3° C. nor
shall such temperature increases, at any

time, exceed t=34/(T+9). Class A
(140) Yakima River from Cle Elum River
(river mile 185.6) to headwaters. Class AA

[Statutory Authority: RCW 90.48.035. 82-12-078 (Or-
der DE 82-12), § 173-201-080, filed 6/2/82; 78-02-
043 (Order DE 77-32), § 173-201-080, filed 1/17/78;
Order DL 73-22, § 173--201 -080, filed 11/16/73; Order
73-4,§ 173--201-080, filed 7/6/73.]

WAC 173-201-085 Specific classifications-—Ma-
rine water. Specific marine surface waters of the state of
Washington are classified as follows:

{1) Budd Inlet south of latitude 47°04'N

(south of Pricst Point Park). Class B
{2) Coastal waters: Pacific Ocean from
llwaco to Cape Flattery. Class AA

(3) Commencement Bay south and east of

a line bearing 258° true from "Brown's

point” and north and west of line bearing

225° true through the Hylebos waterway

light. Class A
(4) Commencement Bay, inner, south and

cast of a line bearing 225° true through

Hylebos Waterway light except the city wa-

terway south and east of south 11th Street. Class B
(5) Commencement Bay, city waterway

south and east of south 11th Street. Class C
(6) Drayton Harbor, south of entrance. Class A
{7} Dyes and Sinclair Inlets west of ion-

gitude 122°37'W. Class A
{8) Elliott Bay east of a line between Pier

%1 and Duwamish head. Class A

{9) Everctt Harbor, inner, north and cast
of u line bearing 121° true from light "4"

(Snohomish River mouth). Class B
(1) Grays Harbor west of longitude
123°59'w, Cluss A

ICh, 173-201 WAC~p 10]
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(11) Grays Harbor east of longitude
123°59'W 10 longitude 123°45'45°W (Cos-
mopolis Chehalis River, river mile 3.0,
Special condition - Dissolved oxygen shall
exceed 5.0 mg/L.

(12) Guemes Channel, Padilia, Samish
and Bellingham Bays east of longitude
122°39'W  and  north  of latitude
48°27'20"N.

(13) Hood Cunal.

(14) Mukiiteo and all North Puget Sound
west of lungitude 122039 W (Whidbey,
Fidalgo, Guemes and Lummi Isiands and
state highway 20 bridge at Deception Pass),
except as otherwise noted.

(15) Oukland Bay west of longitude
123°05'W (inner Shelton harbor).

(16) Port Angeles south and west of a line
bearing 152° true from buoy "2" at the tip
of Ediz Hook.

(17) Port Gamble south of latitude
47°51'20"N.

(18) Port Townsend west of a line be-
tween Point Hudson and Kata point,

(19) Possession Sound, south of latitude
47°5T'N.

(20) Possession Sound. Port Susan,
Saratoga Passage, and Skugit Bay cast of
Whidbey Islund and state highway 20
bridge at Deception Pass between latitude
47°57'N {Mukilteo) and latitude
48°27'20"N (Similk Bay), excepl as other-
wise noted.

(21) Puget Sound through Admiralty In-
let and South Puget Sound, south and west
to longitude 122°52'30"W (Brisco Point)
and longitude 122°51'W (nerthern tip of
Hartstene Island).

(22) Sequim Bay southward of entrance.

(23) South Puget Sound west of longitude
122°52°30"W (Brisco Point) and longitude
122°51'W (northern tip of Hartstene Island,
except as otherwise noted).

(24) Strait of Juan de Fuca.

{25) Willapa Bay seaward of a line bear-
ing 70° true through Mailboat Stough light
{Willapa River, river mile 1.8).

Ciass B

Class A
Class AA

Class AA

Class B

Class A
Class A
Class A

Class AA

Class A

Class AA
Class AA

Class A
Class AA

Class A
(Statutory Authority: RCW 90.48.035. 82-12-078 (Or-

der DE 82-12), § 173-201-085. filed 6/2/82, 78-02-
043 (Order DE 77-32), § 173-201-085, fited 1/17/78.]

WAC 173-201-090 Achievement considerations. To
fully achieve and maintain the foregoing water quality in
the state of Washington, it is the intent of the depart-
ment to apply the varivus implementation and enforce-
ment authoritics at its disposal, including participation
in the programs of the Federal Clean Water Act (r.r.
95 217y as appropriate. 1t is also the intent that cogni-
zance will be 1aken of the need for participalion in co-
operative progrums with other state agencics and private

(6/2/82)
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groups with respect to the management of related prob-
lems. The department's planned program for water pol-
lution control will be defined and revised annually in
accordance with section 106 of said federal act. Further,
it shall be required that all activities which discharge
wasles into waters within the state, or otherwise ad-
versely affect the quality of said waters, be in compli-
ance with the waste treatment and discharge provisions
of statc or federal law. [Statutory Authority: RCW 90-
A48.035. 82-12-078 (Order DE $2-12), § 173-201-090,
filed 6/2/82; 78-02-043 (Order DE 77-32), § 173-
201-090, filed 1/17/78; Order 73-4, § 173-201-090,
filed 7/6/73.]

WAC 173-201-100 Implementation. (1) Discharges
from municipal, commercial, and industrial operations.
The primary means to be used for controlling municipal,
commercial, and industrial waste discharges shall be
through the issuance of waste disposal permits, as pro-
vided for in RCW 90.48.160 and following.

(2) Miscellaneous waste discharge or water quality
effect sources. The director shall, through the issuance
of regulatory permits, directives, and orders, as are ap-
propriate, control miscellancous waste discharges and
water quality effcet sources not covered by WAC 173-
201--100(1) hereof. tt is noted that, from time to time,
certain short—term activities which are deemed neeessary
to accommodate essential activities or to otherwise pro-
tect the public interest may be specially authorized by
the director as indicated in WAC 173-201-035(8)(e),
under such conditions as the dircctor may prescribe,
even though such activities may result in a reduction of
water quality conditions below those criteria and classi-
fications established by this regulation. [Statutory Au-
thority: RCW 90.48.035. 78-02-043 (Order DE 77-32),
§ 173-201-100, filed 1/17/78; Order 73-4, § 173-201-
100, filed 7/6/73.]

WAC 173-201-110 Surveillance. A continuing sur-
veillance program, to ascertain whether the regulations,
waste disposal permits, orders. and directives promul-
gated and/or issued by the depariment are being com-
plied with, will be conducted by the department staff as
follows:

(1) Inspecting treatment and control facilities.

(2) Monitoring and reporting  waste discharge
sharacteristics.

(3} Monitoring receiving water yuality. [Statutory
Authority: RCW 90.48.035. 78 002 043 (Order DE 77
32), § 173-201 110, filed 1/17/78; Order 73-4, 8173
201110, filed 7/6/73.]

WAC 173-201-120 Enforcement. To insure that the
provisions of chapter 90.48 RCW, the standards for wa.
ter quality promuigated herein, the terms of wasie dis-
posal permits, and other orders and directives of the
department arc fully compiied with, the following en-
forcement tools will be relicd upon by the department, in

(6/2/82)
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cooperation with the attorney general as it deems
appropriate:

(1) Issuance of notices of violation and regulatory or-
ders as provided for in RCW 90.48.120. Under this sce-
tion, whenever in the opinion of the department a person
is violating or about lo violate chapter 90.48 RCW, the
department shall notify said person of its determination.
Within thirty days said person shall notify the depart-
ment of the action taken or being taken in response 1o
the department's determination, whereupon the depart-
ment may issue a rcgulatory order as it deems appropri-
ate. Whenever the department deems immediate action
is necessary to accomplish the purposes of chapter 90.48
RCW, it may issue a regulatory order without first giv-
ing notice and thirty days for response.

(2) Initiation of actions requesting injunctive or other
appropriate relief in the various courts of the state, as
provided for in RCW 90.48.037.

(3) Levying of civil penalties as provided for in RCW
90.48.144. Under this section, the director may levy a
civil penalty up to five thousand dollars per day against
& person who violates the terms of a waste discharge
permit, or who discharges without such a permit when
the same is required, or violates the provisions of RCW
90.48.080. If the amount of the penalty, which is subject
to mitigation or remission by the department, is not paid
within thirty days after receipt of said notice, the attor-
ney gencral, upon request of the director, shall bring an
action in superior court to recover the same.

(4) Initiation of a criminal proceeding by the appro-
priate county prosecutor, as provided for in RCW
90.48.140.

(5) Issuance of regulatory orders or directives as pro-
vided for in RCW 90.48.240. [Statutory Authority:
RCW 90.48.035. 82-12-078 (Order DE 82-12), § 173-
201-120, filed 6/2/82; 78-02-043 {Order DE 77-32), §
173-201-120, filed 1/17/78; Order 73-4, § 173-201-
120, filed 7/6/73]
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SECTION 2

BASIS OF CRITERIA FOR
SPECIFICATION Of
VEGETATED FILTER AREAS



2.01. Basis of Criteria for Feasibility of Vegetated Filter Areas

The sensitive water criteria represent the principal basis on which to
determine the need for pollutant mitigation. These criteria can be applied at
a very early stage of highway project development. The impact assessment
guide can provide a more detailed level of analysis but requires more complete
information, such as would be davailable at a later stage. 1If the analysis

indicates a need for runoff treatment, vegetated drainage is recommended
because of its demonstrated effectiveness in removing various types of
pollutants, its adaptability to highway design at low cost, and its low
maintenance requirements.

Important mechanisms in pollutant removal in a vegetated drainage course
are sedimentation and filtration of solids and plant uptake of dissolved
quantities. Operation of these mechanisms is promoted by intimate and
extended contact between the flow and the vegetation, This contact requires a
close-growing cover of water-resistant grassy, rather than woody, species.
Almost all of the previous experience with overland flow treatment has been on
slopes in the 2-8 percent range. As long as hydraulic transport is sufficient
and safety and roadway stability are not endangered, a minimum slope
specification is not required in the case of highway runoff. If these
conditions are met, ponding of the flow would not be detrimental and would
increase the residence time for treatment. With a slope greater than 8
percent, excessive velocity and insufficient detention time may occur. Slope
variation up to 8 percent does not appear to affect performance appreciably.

The appended literature review covers each of these subjects in greater
detail.

2.02. Basis of Criteria for Design of Vegetated Filter Areas
Over-the-shoulder versus distribution from a collection point is

determined by the highway design characteristics. The use of a broad
vegetated slope versus a channel is based on overall drainage system design
and the geometry of the slope. Broad vegetated drainage courses are generally
100-200 ft in length, shorter than channel requirements. However, broad
slopes need considerably more width to allow sheet flow of the drainage.

Other than length, dimensions and construction of the channel configuration

2-1



are determined more by hydraulic considerations than by water quality
requirements.

The appended literature review discusses hydraulic loading rate
specifications. Although most experience is with advanced treatment of
secondary municipal effluents by overland flow, these effluents typically have
pollutant concentrations the same order of magnitude as highway runoff (Mar et
al., 1982). Hydraulic loading rates of 2.5-5.5 in/week are specified for
these systems, Although overland flow systems in municipal service usually
operate 1-3 shifts each day, five or six days a week, while runoff is more
intermittent, equivalent treatment capacity is required during the period of
flow. Therefore, the rates specified in this criterion were determined from
the weekly rates given in the literature divided by 5 days/week.

2.03. Basis of Criteria for Maintenance of Vegetated Filter Areas

The maintenance recommendations are based on experience gained during the
Highway Runoff Water Quality research project, as well as that reported by
other observers. The vegetated channels studied in the Seattle area had not
been scraped in the recorded past. In one case the adjacent freeway had been
in operation approximately 20 years. The recommendations follow the principle
of basing drainage course maintenance on a demonstrated need to guard
hydraulic performance, as well as the runoff treatment function.

2-2






SECTION 3

BASIS OF CRITERIA FOR

SPECIFICATION OF DETENTION FACILITIES



3.01. Basis of Criteria for Requirement of Detention Facilities

The first two conditions represent use of a detention device for
hydrologic control, The first depends on the existence of specific
regulations that have been passed by certain jurisdictions to maintain stream

flow rate patterns equivalent to those in an undeveloped watershed. The
second condition refers to a situation where no regulation exists but a stream
has been found to be potentially sensitive to the effects of peak discharge
increase as a result of use for salmonid or other fish rearing, spawning,
and/or harvesting,

As pointed out above, vegetated drainage courses generally are superior
to detention facilities in reducing runoff contaminants of various types,
However, a vegetated drainage course may not be warranted where large solids
Toadings occur but other pollutants are minimal, e.g. on a lightly traveled
mountain highway. Where solids loadings are high and a vegetated drainage
course is required for other pollutants, deposition may increase the
maintenance requirement of the vegetated drainage course excessively and cause
its removal from service if not preceded by a sedimentation basin.

3.02. Basis of Design Criteria and Considerations for Detention Facilities

The criteria and considerations represent current WSDOT practice,
supplemented by the results of some recent studies on the performance of
detention facilities. The mathematical criteria were derived from
recommendations by Sylvester and DeWalle (1972). The appended Tliterature
review presents more detail on detention device performance and design.



SECTION 4

BASIS OF CRITERIA
FOR HANDLING OF SPOILS



4.01. Basis of Criteria for Spoils Disposal

Roadside sweepings, catch basin sediments, and ditch cleaning spoils
consist of relatively large particles, which are not as erosive and do not
contain quantities of contaminants as great per unit volume as do finer
particles, Nevertheless, these sediments have some erosion and contamination
potential. Surface waters can be protected from these potentials by 1imiting
contact with large volumes of runoff water through disposal on slightly sloped
areas not in major drainage paths. The maximum slope is the same as
recommended for vegetated drainage courses. The spacing from a water body is
the recommended length of a vegetated drainage channel to receive essentially
the maximum treatment of runoff (Mar et al., 1982).

Wang et al, (1982) found that lead, zinc, copper, and other metals in
highway runoff tend to accumulate in the top two inches of soils and in the
first 30 and 150 ft of mud and vegetated drainage ditches, respectively. The
difference in the accumulation in the two types of ditches is due to the
relatively small capability of bare, compacted soil to capture pollutants
relative to organic soils and vegetation. Removal occurs in a mud channel
only where large particles are deposited near the beginning of the ditch.
Once captured, metals have little tendency to move either vertically or
longitudnally, even after a long period of highway operation without ditch
cleaning. Toxic effects appeared in bioasssays only when aquatic organisms
were exposed to runoff trom highways transporting more than 10,000 ADT
(Partele et al., 1982}. Therefore, these more contaminated sediments can be
dealt with separately from ather sediments, both saving costs and providing
environmental protection. The greater level of portection recommended for
these sediments involves isolation from both the public and the surface
environment.



SECTION 5

BASIS OF CRITERIA FOR WOODWASTE
FILL LEACHATE CONTROL



5.01. Basis of Criteria for Woodwaste Fill Leachate Control

In laboratory and field experimentation, Vause et al. (1980) found that
woodwaste leachate pollutant concentrations declined exponentially with time.
Within one year they reached levels not considered to create a significant
impact potential if leachate enters surface water or groundwater. The same
level of protection offered by weathering of woodwaste can be provided by
measures designed to prevent the formation of Teachate, treat it, and/or
dilute it sufficiently.

5-1



SECTION 6

BASIS OF CRITERIA FOR
HIGHWAY SANDING



6.01. Basis of Criteria for Highway Sanding

The effectiveness of particle transport by flowing water is inversely
related to particle size and density. The use of relatively large and/or
dense sand particles can prevent transport in runoff. A precise analysis of
the necessary particle characteristics depends on data on runoff velocity.
The WSDOT Headquarters Hydraulic Section can assist with this analysis.
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SECTION 7

BASIS OF CRITERIA FOR
HIGHWAY RUNOFF DILUTION



7.01. Basis of Criteria for Highway Runoff Dilution

The general criterion is identical to Level I of the impact assessment
guide procedure (Horner and Mar, 1982). To ensure protection of the receiving
water ecosystem, it requires that the highway consume a minimal fraction of
the total receiving water catchment and either provide runoff treatment by
vegetation, or equivalent, or transport a relatively low traffic volume.

The criterion for specific cases is derived from the physical principle of
conservation of mass.

/-1



SECTION 8

BASIS OF CRITERIA FOR
HIGHWAY CLEANING



8.01. Basis of Criteria for Highway Cleaning

Sweeping is relatively effective in capturing large particles but less
effective with smaller particles. Vacuuming along with sweeping improves the
capture of smaller particles. All of the possible conditions listed generally
introduce relatively large particles. Some of these conditions are
continuing, while others are intermittent or isolated incidents. Highway
cleaning is best suited to the latter types, but a permanent installation,
such as a detention basin, may be warranted with a continuing pattern.

Flushing is a fairly slow process, requires equipment that may not be
easily available, and uses a large volume of water, which becomes a waste
product. Therefore, it is best suited for nonroutine use on a small scale
“when the wastewater will not create secondary problems.
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SECTION 9

BASIS OF CRITERIA FOR
STREAM CHANNEL MODIFICATION



9.01. Basis of Criteria for Stream Channel Modification

Even with relatively careful design and construction adhering to the
criteria, unavoidable environmental impacts attend stream channel

modification. First, a period of time is required for recovery of a natural
substrate and favorable benthic habitat. During this period, the overall
smaller-than-normal particle size distribution introduces a degree of
instability that is particularly evident in the event of highly elevated flow.
Second, riparian vegetation loss is practically unavoidable, is aesthetically
detrimental, and may result in increased water temperatures and reduced fish
productivity if extensive. Therefore, channel modification should be regarded
as a last resort,

Due to the energy relations in flowing water, natural streams tend to a
meandering pattern (Horner and Welch, 1978). Maintenance of this pattern and
the original gradient assists in maintaining a current velocity distribution
similar to the undisturbed channel and in preventing erosion, biotic habitat
alteration, and downstream flooding. Current velocity is an important
determinant of the habitats for aquatic 1ife (Horner and Welch, 1978) and also
of the erosive potential of the flow. Also due to energy considerations,
natural streams tend toward an alternating pattern of pools and riffles, both
of which are important habitats for aquatic life (Horner and Welch, 1978),

Reconstructed banks require rip-rap and revegetation to prevent erosion,
Revegetation should also be concerned with reestablishing lost shading, which
1s apparently one of the impacts of channel modification of longest duration.
Lack of shading can raise summer water temperatures, especially in small
streams, to the potential detriment of salmonid fish.

9-~1
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REVIEW OF THE LITERATURE

Retention and Detention Facilities

Preceding the concern with runoff water quality, the problem of runoff
quantity and recelving stream peak flow increase had begun to receive
attention. Retention and detention of stormwater in holding basins, followed
by release at relatively slow rates, was prescribed as the solution to the
quantity problem, and a large number of new R/D facilities was installed
throughout the nation. Considering the particulate settling potential offered
by such devices, public works personnel soon began to regard them as at least
a partial solution to runoff quality problems as well.

The research record on R/D devices primarily concerns flow attenuation.
Some work has been accomplished to investigate their performance in improving
runoff water quality, mostly within the last five years. Speaking both
generally and in regard to highway applications, however, the available
knowledge has been insufficient to design, build, and operate the facilities
with regard to specific conditions. This review will cite work that has
advanced the knowledge of R/D treatment effectiveness, design, and operations
and maintenance in various applications and will highlight concepts that
contributed to the proposed work plan development. It will concentrate on
operating urban and highway sites, rather than construction sites experiencing
s0l]l erosion.

The terms retention and detention are often used interchangeably.
Technically, detention basins are small impoundments having short holdup times
and ungated outlets. Retention basins, on the other hand, store water longer
under the control of outlet structures (Dally et al., 1983), Except where
these distinctions matter in the discussion or where a reference has reported

one or the other, this proposal will use the general term R/D facilities.



removal. Employing the same data as Davis et al. (1978), McCuen (1980) found
sediment removal efficiency to vary between 2 and 98% over different storms,
with the highest efficiencies associated with the smallest storms and longest
detention times. One aspect of the U.S. Environmental Protection Agency’s
(1982) Nationwide Urban Runoff Program involved detention bagin effectiveness.
This study established the following typical pollutant removal efficiencies
for detention: T55--65%; Pb=--19%; Cu--41%; total phosphorus (TP)—-25%, Dally
et al. (1983) investigated the performance of two urban detention facilities

and documented negative efficiencies at times due to resuspension of sediment.

Design of R/D Facilities:

Various protocols exist to design R/D facilities with Tespect to
hydrologic considerations. Common methods include that of Yr janainen and
Warren (1973) for watershads under 200 acres in size and the Soil Conservation
Service and Colorado Urban Hydrograph methods for larger catchments, These
procedures generally employ the Rational Method to estimte runoff volume from
the smallest watersheds (less than 50 acres) and the Unit Hydrograph otherwise.

R/D deslign based on water quality considerations is less standardized.
Those procedures available fall into two broad categories: (1) theoretically
based methods, generally relying on particle settlement according to Stokes
Law, and (2) mechanistic models or statistical treatments derived from
empirical data. Methods of the first type are usually based on textbook
treatments (e.g. Linsley et al., 1975) but have not been widely checked for
accuracy in actual use., The National Cooperative Highway Research Program
(1980) produced a design manual for construction site sedimentation basins
that bases hydrologic design on the Rational Method and sediment trapping on
Stokes Law, Empirical treatments include that of Driscoell (1982), who
proposed an equation relating detention basin solids removal with particle
settling velocity, flow rate; "basin area, and turbulence. Mays and Bedient
(1982) constructed a model using a dynamice programming scheme that optimizes
cost, size, and location of a detention basin in urban watersheds. Davis et
al., (1978) developed a model that 11llustrates the difference in R/D design
criteria for flow rate control versus water quality control and alds a user in
finding a design best suited to achieving selected objectives. The approaches
cited represent a range of possibilities that will be considered in analyzing

the results of the proposed research to fulfill the stated objectives.



In most R/D applications water output 1s primarily surface discharge.
However, highway agencies have employed such designs as groundwater recharge
basins (Weaver, 1971) and ponded storage in interchange areas (Johnson,
Personal communication), where evapotranspiration or outflow to groundwater
predominate. R/D facilities frequently are employed for temporary water
pollution control during highway construction, and there has been recent
consideration of converting some of these installations to permanent service
during highway operations (Conroy, Personal communication). Determining
features required for compatible dual service is a subject that will be
addressed in the proposed research.

R/D devices are generally conceived as holding areas excavated or
constructed off the vehicular lanes. Porous pavement is a special category of
holding capacity established within or beneath the roadway. This subject also
will be given attention in the review. In-line catch basins will be
eliminated from consideration because they offer no significant detention and
may add to pollutant concentrations in the "first-flush" (Lager et al., 1977),
although Aronson et al. (1983) have observed pollutant removal in such devices

if maintained well.

Performance of R/D Facilities:

The useof R/D facilities as treatment devices has been supported by both
laboratory and field research, although an insufficient record is available to
predict performance over a wide range of conditons or to serve as a strong
foundation for design and operating criteria. Whipple and Hunter (1981)
quantified pollutant settleability in laboratory water columns and applied the
data to estimate detention basin pollutant removal capabilities. They
concluded that 32 hr residence time in an undisturbed pond six feet (1.83 m)
deep would reduce varlous stormwater constituents as follows: total suspended
solids (TSS)-=70%; lead (Pb)—60%Z; Zinc (Zn)--17-36%; hydrocarbons——65%;
biochemical oxygen demand (BOD), copper (Cu), and nickel (Ni)--20-50%. 1In a
similar study Randall et al. (1982) found that a 48 hr settling period removed
90, 86, and 64% of the TSS, Pb, and BOD, respectively, from parking lot runoff.

Basing their work on field data, Davis et al. (1978) analyzed treatment
efficiency of R/D processes by a series of regression analyses. Curtis and
McCuen (1977), tﬁrough the same process, identified storage volume, basin

length, and detention time as significant predictor variables of pollutant



In addition to devising formal design procedures, some investigators have
published design guidelines based on observation of operating R/D facilties.
For example, Kathuria et al. (1976) recommended the following, based on study

of surface mine sedimentation ponds:

Minimum 10 hr detention time for design storm

Maximum 2 x 107" m/s overflow velocity

Maximize basin surface area to the extent possible
Install trash barriers, velocity checks at the inlet, and

non—-perforated risers

Data gathered in the proposed work will be analyzed to determine the

cost-effectiveness of design criteria of this nature.

Operation and maintenance of R/D Facilites:

R/D facilities in urban runoff service often have operating control
capability, e.g. by changing orifices or adjusting outlet depths. Such
capability is not as appropriate in highway locations because of their
relative remotenesé.

Assuming proper design for service conditions, R/D performance depends to
a large extent on maintenance (Kathuria et al., 1976), These investigators
also provided maintenance recommendations, including regular sediment removal,
cleaning of outflow pipes, and repair of spillways and embankments when
necessary. Kamedulski and McCuen (1979) added cutting of vegetation in the
splllway as a concern. Cost—effective maintenance strategies for R/D

facilities in highway service will be a matter to be 1nvestigated specifically

in the proposed research.

Porous Pavements:

Stormwater holdup could be provided in open-grated concrete or asphalt or
In the subbase beneath pavements (Thelan et al., 1972). ©Porous concrete and
asphalt and concrete lattice blocks have been used in parking lots to reduce
stormwater drainage offsite but, apparently, have bheen applied for this
purpose on a street of highway only once (Field et al., 1982a, b). Most state
highway agencies have tried open—graded pavements to improve skid resistance
and achieve other operating advantages, but there has been little thought or

study given to their potential hydrological and water quality benefits in



highway service or the possible problems associated with such applications.
Day et al. (1982) have tested concrete grid pavements and have found them to
affect both the quantity and quality of stormwater runoff favorably.

The subject of porous pavements will be studied further during Task A of
the proposed work. Following this study, a decision will be made on the
allocation of résources to retention/detention basins versus porous pavenents
during Task B. The allocation may be split between the two subjects, most
likely emphasizing R/D basins, or may be devoted totally to R/D basins. The
laboratory work plan developed during Task B will present and defend the

decision.

Overland Flow

Land treatment of wastewater can take three fundamentally different
forms: (1) rapid infiltration, (2) slow-rate infiltration, and (3) overland
flow. The three are distinguished by the mode and rate of application of
wastewater, the soils and vegetation involved, and the ultimate disposition of
the renovated water. Overland flow processes are those in which the ma jority
of the effluent is surface discharge after treatment through interaction with
surface soils and vegetation. Unlike the other two processes, solls 1in the
overland flow case tend to be of relatively low permeability. Because of
their dependence on distribution of the water under pressure via spray
equipment, rapid and slow-rate infiltration generally are not feasible for
highway applications and will not be discussed further.

Overland flow systems can be in either of two configurations: (1) sheet
flow over a broad, vegetated surface area or (2) passage through a vegetated
channrel. There are no inlierent features of efther configuration that limlt
their use in the highway setting, but the long experience in channeliing
highway drainage may favor the second in practice. Over—the-shoulder drainage
across grass exemplifies the first approach and may have cost-effectiveness
advantages of avoiding regular ditch maintenance and concentrated discharge to
a receiving water at a single point, however. The following discussion will
consider both configurations.

Overland flow offers potentially important environmental advantages in
cases of high pollution potential (e.g. high traffic highways) and sensitive
receiving waters, with relatively low installation and operation and

maintenance costs {Mar et al., 1982), Depending on hydrologic and treatment



requirements, land availability, climate, and other factors, a highway
drainage system could be designed to incorporate both R/D facilities and
overland flow. One specific goal of the proposed tesearch will be to develop
guidelines relating recommended application of the various technologies alone
or in combination to circumstances prevalent on existing and yet-to-be-buiilt

highways.

Previous Applications of Overland Flow:

Most previous applications of overland flow have been in the area of
polishing pretreated municipal sewage, although two installations have treated
food processing wastewater (Hinrichs et al., 198G). Melbourne, Australia, has
operated a municipal wastewater polishing overland flow system for many years
(McPherson, 1979). All of these systems utilize broad surfaces over which
water is distributed in sheet flow. Table 2 summarizes the characteristics of
U.S. overland flow systems and provides ranges of the key design, operating,
and performance variables.

Highway runoff frequently drains over vegetation, and there has been some
consideration of the environmental value of such practices in highway agencies
(Conroy, Personal communication). However, informed design of systems to meet
specific environmental protection goals 1is essentially nonexistent, probably
because there is little knowledge on which to base such design. Research data
on overland flow application to stormwater runoff treatment are scarce,
although two lnvestigations 1in the highway realm have been completed (Bell and
Wanielista, 1979; Wang et al., 1982; Little et al., 1983). The following
discussion will summarize thoge aspects of the overall research record that

have some relevance to highway applications and have influenced the Work Plan,

Design and Construction:

S0ils underlying overland flow systems generally are of relatively low
permeabllity, so that the ma jority of the applied water discharges as surface
runoff. The range of desirable permeability rate 1s 0.006-0,6 inch/hr
(0.015-1.52 cm/hr) (Moser, 1978). With wastewater concentrated at the
influent end of overland flow fields, excessive infiltration would reduce
contact between contaminants and the treatment media. Common soil textural
classes are clay, clay loam, and silty clay. It is preferable to have a soil

of at least one foot (0.30 m) depth (Moser, 1978) capable of supporting a
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close~growing cover of water resistant grasses (Sutherland and Myers, 1982),
Favorable soil properties are pH = 5.5-8.4, cation exchange capacity (CEC) >
20 meq/100 g, sodium £ 5% of CEC, calcium = 60-70% of CEC, and potassium =
5-10% of CEC (Metcalf and Eddy, Inc., 1977). Where soils of high permeability
or otherwise poor properties are present in a highway setting requiring runoff
treatment, two Strategies are available: import better so0il or use a R/D
device exclusively, particularly a groundwater recharge basin. The research
will consider the economic and environmental implications of these strategies,
expecially the potential threat to groundwater quality.

Surface preparation is an important determinant of performance in the
case of sheet-flow overland flow systems. Proper grading is required to
prevent ponding. The recommended sequence is coarse and fine grading,
followed by hand planing (Sutherland and Myers, 1982).

Most engineered, sheet-flow overland flow systems have been seeded with
specific grasses. The vegetated highway drainage channels investigated by
Wang et al. (1982) and Little et al. (1983) exhibited high pollutant removal
efficiencies with naturally occurring growth. Common grasses established on
overland flow slopes are rye, fescue, reed canary, and Bermuda (Minrichs et
al., 1980). Sutherland and Myers (1982) reported that Kentucky 31 tall fescue
and reed canary grasses have provided high levels of performance in both cold
and warm climates. Palazzo et al. (1980) investigated various grasses and
found that tall fescue and orchard grasses were best able to germinate under
low nutrient conditions and on a slope. On the other hand, reed canary grass
needed relatively large nutrient and water supplies, and perennial rye grass
experienced winter kill, Invaders Included Kentucky bluegrass and quackgrass,
which served well to remove the nutrients from wastewater, and barnyard grass,
which was aggressive but died off in the fall. The proposed research will not
seek to investigate differences in performance resulting from different
vegetation but will employ specific grasses shown to be usable under a range
of conditions, as well as natural mixtures.

The geometry of overland sheet—flow plots is generally rectangular on a
slope of 2-8 percent (Bouwer, 1976). Reported slope lengths almost always
have been in the range 100-200 ft (approximately 30-60 m) (Hinrichs et al.,
1980). Sutherland and Myers (1982) noted that little improvement in
effectiveness has been seen with longer slopes. Widths are selected to treat

the design flow at the recommended hydraulie loading rate (discussed below).



Sutherland and Myers (1982) concluded that slope and length are tolerant
variables within the ranges cited, i.e. variation within these ranges affects
performance littlte. Wang et al. (1982) discovered that pollutant
concentrations In vegetated channels declined exponentially with length.
Typically, 50 percent reduction of suspended solids and lead occurred within
60 ft (18.3 m) and 80 percent within 180 ft (54.9 m). The cross—section of
such a channel depends on the hydraulic requirements of transporting a design
flow without floeding. The proposed experiments will hold slope and length
constant in the case of sheet~flow surfaces and will investigate the hydraulic
requirements and pollutant removal as a function of length for vegetated
channels,

Table 2 indicates a number of different means of applying wastewater to
overland flow systems. Only the perforated trough and pipe are appropriate to
gravity flow highway runoff. No special applicator is needed to introduce
flow to vegetated channels.

Table 2 reports hydraulic loading rates of 4.2-44 cm/wk (1.7-17.3
Inches/wk) for sheet-flow sites, but 6.4~14 cm/wk (2.5-5.5 inches/wk) is the
usual range. Metcalf and Eddy, Inc. (1977) recommended a selection low in
that range if slope exceeds 6 percent, slope length is less than 45 m (148
ft), or the location has a harsh winter climate; and a choice high in the
range if the evapotranspiration or percolation rate is relatively high.
Municipal and industrial overland flow treatment plants usually have operated
a portion of each day for 5-6 days of the week, but storm runoff would be more
intermittent. Thus, the hydraulic loading recommendations are not necessarily
applicable to the case at hand and will be investigated further in the
research.

A final design issue is overland flow effluent collection and transport
to the receiving water. The tailwater ditch should be engineered for
hydraulic efficiency and prevention of erosion and may itself be grass—lined.
For such ditches Metcalf and Eddy, Inc. (1977) recommended 0.3-1 percent side

slopes and less than ! percent longitudnal slopes.

Operation and Maintenance:
A major advantage of overland flow compared to alternative treatment
Processes is that relatively little operating attention is needed. Although

the municipal wastewater facilities representing the bulk of the reported



experience generally are attended daily, the only operating requirement at
highway sites should be occasional malntenanca.

Potential maintenance activities Include harvesting vegetation, removing
sediment, and cleaning distribution equipment. Harvesting has been the norm
at the municipal and industrial sites, but the highway channels studied by
Wang et al. (1982) and Little et al. (1983) never were cut. Harvesting is
more likely to be a necessity on sheet-flow surfaces than in channels, where
the need would depend on climate, vegetation, and ditch capacity. Regarding
sediments, the best strategy would appear to be prevention of the delivery of
large solids loadings to the overland flow systems through preliminary
settling. Sediment removal then should be based on hydraulic necessity, rather
than an inflexible timetable, and should be performed to minimize disruption
of vegetation growth,

A natural question concerning maintenance of land treatment facilities is
the need to deal with pollutant accumulation In soils and vegetation. The
evidence, presented below, is that pollutants generally are tightly bound and
do not tend toward mobility either vertically or longitudnally., Soils in a
channel draining runoff from a heavily traveled Seattle freeway had not been
disturbed in 20 years of operation, and there was no evidence of pollutant
break-through either to lower soil horizons or toward the end of the channel
(Wang et al., 1982). Lee et al. (1976) noted that heavy metals in the
Vicksburg system tended to be concentrated in solls near the point of
application, indicating that any removal that might eventually be necessary
would be localized. They also suggested that surface soils, 1if ever
saturated, could be plowed under to fix pollutants in the subsoils, although
the need for this action seems unlikely in the absence of highly contaminated
waste streams. As discussed later, plant uptake of potentially toxic material
does occur, opening the question of use or disposal of harvested Crops.

Based on the above discussion, operating and maintenance questions for
the proposed research are the necessity of harvesting, the degree of
contamination of vegetation and its disposition, and rates of sediment

deposition.

Mechanisms Operating in Overland Flow Treatment:
Successful design and operation of any treatment system depends on

understanding of the physical, chemical, and biological mechanisms operating



to fulfill its functions. Overland flow systems affect runoff hydrology and
remove solids, metals, organics, microorganisms, and nutrients from the
wastewater. This section will consider the mechanisms associated with each of
these functions.

Most fundamentally, the design of an overland flow system depends on the
hydraulic and pollutant loading rates in relation to the capacity of the site
to transport water and remove pollutants and the discharge requirements.
Figure 1 is a common representation of overland flow hydrology, which can also

be expressed by the water balance equation:

Wastewater application + Precipitation =

Evapotranspiration + Percolation + Discharge

WASTEWATER EVAPOTRANSPIRATION
APPLICATION

GRASS AND VEGETATIVE LITTER

SLOPE 2-8 % SHEET FLow nore

- COLLECTION
PER OLaTIE - ,/

e 100-200 FT e

Figure 1: Overland Flow

A common distribution among the output quantities is approximately 20%
evapotranspiration, < 20% percolation, and > 60Z discharge. -Hydrologic design
of sheet—flow systems is according to the water balance, selected hydraulic
loading rate, and a deteuntion time of 20-45 minutes (Reed et al., 1979). In
the case of channels, the hydrologic design depends on the water balance and
hydraulic transport requirements. Design for treatment effectiveness is
separate from hydrologic design, although the two must be reconciled.

Solids removal in overland flow is very straightforward, occurring as a
result of sedimentation and filtration by the vegetation (Bouwer, 1976;
Metcalf and Eddy, Inc., 1977). 1In stormwater runoff in general and highway

runoff in particular, majorities of other important classes of pollutants,



including organics, nutrients, and metals, are present in particulate form or
are associated with general Particulate matter through adsorption or other
surface processes (Gupta et al., 198!; Mar et al., 1982). 1In both our
Washington State studies (Portele et al, 1982; Wang et al., 1982) and the
Envirex work (Gupta et al., 1981), dissolved metal fractions were found to be
an extremely small proportion of the total metals. Zawlocki et al. (1982)
found that an average of 80 percent of the extractable organics in Washington
highway runecff was particulate. As a consequence, effective solids would also
yield efficient reductions of other pollutants of interest.

Overland flow has exhibited highly efficient metal removal ia general
(particulate and dissolved}, primarily as a result of the adsorptive capacity
of the organic layer on the soil surface (Peters et al., 1981). Other metal
removal mechanisms of lesser importance are precipitation, ion exchange, and
plant uptake (Spyridakis and Welch, 1976). The degree of uptake depends
primarily on the plant species and the metal, with cadmium and zinc shown to
be most mobile in uptake (Olson et al., 1983},

There is evidence of two pProcesses operating to immobilize metals in
plant tissue following uptake: (1) complexation by free ions in root cell
walls, and (2) enzyme-mediated incorporation into shoot tissue (Bradshaw et
al., 1978). Heavy metals are toxic to plants, in general, although tolerance
is commonly observed and has been well-studied. Apparently, some members of a
given species have genes producing metal tolerance, and the development of
tolerant populations in exposed environments is a result of natural selection
(Bradshaw et al., 1978).

Organic contaminants, whether solid or dissolved, can be reduced by
bacterial decomposition if they are biodegradable and if they come inte
contact with the soil organic layer. Adsorption of soluble organics i{n that
layer is another important removal mechanism (Spyridakis and Welch, 1976).

Highway runoff has been found consistently to exhibit sizeable
concentrations of bacteria regarded as Indicators of the presence of pathogens
{Horner et al., 1977; Gupta et al., 1981). Overland flow processes can remove
microorganisms, primarily through entrapment of the sollds harboring them
(Bouwer, 1976).

Because of their roles in influencing algal growth in surface waters,
nitrogen (N) and phosphorus (P) are the nutrients of greatest interest in

runoff. Nakano et al. (1981) listed the mechanisms important in N removal as:



(1) adsorption of ammonium ions by the soil surface, (2) nitrificatlion of
ammonium to nitrite and nitrate, (3) transport of nitrate to the anaerobic
zone in the saturated soil pores, (4) denitrification of nitrate to gaseous
forms in the anaerobic zone, and (5) plant uptake. They expressed the view
that nitrate transport is the step most limiting to the rate of N removal.
Nitrification is reduced as pH declines since the process produces hydrogen
ions., Therefore, neutralization (e.g. with caleium carbonate) would promote
this mechanism. Alternate wetting and drying, as generally occurs in practice
in overland flow, provides opportunity for both the aerobic oxidation
(nitrification) and anaerobic reduction (denitrification)'steps. Scott and
Fulton (1979) observed that plant uptake was most important in the system they
studied, exceeding 1 Kg N/ha/day during vigorous plant growth. Plants
appeared to serve as ammonia strippers, taking up ammonium and then evolving
ammonia gas. Khalid et al. (1981) concurred, finding uptake to account for
23-62 percent of the applied ammonia-nitrogen while Palazzo et al. (1979)
found uptake was responsible for 64 percent of the total N removal,

Primary P removal mechanisms are adsorption, precipitation, and plant
uptake of the soluble fraction (Metcalf and Eddy, Inc., 1977; Spyridakis and
Welch, 1976). Precipitation of phospherus has been promoted In overland flow
processes by aluminum sulfate addition (Lee et al., 1976; Lee and Peters,
1979). Palazzo et al, (1979) observed plant uptake to account for 54 percent
of the total P removal. It should be noted that nutrients taken up by plants
may be released and escape in the effluent if the plants are left to die and
decay in the field or channel, rather than being harvested.

With the proposed research primarily having an applied interest,
investigation of mechanisms will not be primary objcetlve. Nevertheless,
the data gathered for other purposes will be analyzed to reveal any insights

that will add to the knowledge of mechanisms.

Performance of Overland Flow Treatment:

Substantial data are available on the treatment efficiency of existing
overland flow processes. Besides the reductions reported for BOD, TSS, N and
P in Table 2, McPherson (1979) has provided efficiencies for these
constituents realized at the Melbourne, Australia, overland flow plant.

Median values during warm weather operations follow:



BOD -- 95% Total N -— 87%
TSS -— 95.5% Total P —— 507%

McPherson (1979) analyzed differentials in removals of the individual
constituents comprising the total N. The plant averaged 80 percent reduction
of organic N but only 20 percent removal of ammonia-N, for an overall 45
percent N reduction, among the lowest reported. Widely varying success in P
removal has been reported, ranging from 30-89 percent. The Vicksburg
experimental plant achieved consistent reductions exceeding 80 percent
(maximum 98 percent) by applying stoichiometric amounts of aluminum sulfate to
the field (Lee et al., 1976; Lee and Peters, 1979).

Other efficiency data have been reported for heavy metals, as follows:

McPherson (1979) Peters et al. {(1981)
Cu 307 86%
Cr 85 -
Fe 40 92
Pb 95 -
Hg 85 -
Ni 60 95
Zn - 88

In our study of the performance of grass-lined channels in highway
drainage service (Wang et al., 1982), we observed consistent 80 percent
teductions of TSS and Pb in a 180 ft (54.9 m) length. More soluble metals,
such as Cu and Zn, were reduced by approximately 60 percent in this distance.
Little et al. (1983) collected limited data on nutrient and oil and grease

removals in one of these channels and observed the following:

Removal Range

(%) No. Storms
Total P 5-85 9
Soluble Reactive P < 0=-73 6
NitratetNitrite-Nitrogen 40-85 5
0il and Grease 67-93 3



tion, as well as locations where snow remains for a period of time and then

releases accumulated pollutants upon melting,

Analysis and Design of Overland Flow Systems:

The development of definitive design protocols for land treatment systems
has lagged as a result of the lack of coordinated studies aimed at gathering
data to support such development. Progress also has been retarded by
differing site conditions. Experience gained operating a number of experi-
mental and full-scale overland flow systems in recent years, however, has
begun to yield generalized information that can be applied elsewhere (Smith
and Schroeder, 1983). These points have been emphasized in the foregoing
discussion.

Overcash and Pal (1979) have presented a thorough, systematic approach to
design of land treatment systems for industrial wastes that is adaptable to
other applications. The procedure depends upon identification of the
land-limiting constituent (LLC), the quantity (including water) that will
determine the system design features for given treatment goals in relation to
the assimilative capacity of the natural treatment media. Relating specific
waste characteristies to site conditions permits designing on the basis of
slte-specific factors. Since assimilative capacities usually are not
avallable, application of the method does require study to establish them.

The authors have presented three assimilation models for: (1) quantities that
decompose or are taken up by plants, (2) quantities that accumulate without
decomposing or migrating, and (3) conservative quantities that migrate.
Overcash and Kendall (1981) demonstrated the application of the technique for
textile industry waste.

Application of the Overcash and Pal (1979) procedure to highway runoff
treatment by overland flow would require definition of runoff characteristics
and assimilative capacities. The former category of information is available
as a result of studles such as performed by Envirex (Gupta et al., 198l¢), our
University of Washington group (Mar et al., 1982) and CALTRANS (Racin et al.,
1982). 1In the latter case the research need is to establish LLC assimilative
capacity for typical soils and vegatation types, along with an efficient
protocol designating how the necessary experiments should be performed in

other circumstances.



In two late fall storms, soluble reactive P at the channel outlet exceeded
that at the inlet, probably because of release from dead plant material.

These results and those reported for the Hanover plant in Table 1
indicate that reduced overland flow system performance must be expected in the
winter. Jenkins and Martel (1979) observed high TS$S removals all winter at
Hanover, but efficiency in BOD reduction declined at temperatures below ADC.

N removals decreased below IQOC, and ammonia-N reduction was nil. P removal
of 80 percent in summer declined to zero in the winter. Honachefsky (1978)
observed that natural vegetation performed better than less diverse seeded
grawth in the winter and that ice build~up was beneficial to performance.
Storage has been prescribed for smatll municipal overland flow systems in cold
climates but would not be practical in the case of highways. Further research
ts required to establish the best winter management strategy for overland flow
slopes or channels in highway runoff service.

Several workers have investigated the movements of pollutants in overland
flow systems. Scott and Fulton (1979) found that removals of TSS, BOD, and
total organic carbon in a sheet-flow field were exponential functions of Flow
distance, while organic N and heavy metals losses Lncreased directly with
length. Wang et al. (1982) observed TSS and metals to decline exponentially
with length in highway runoff channels. Lee et al., (1976) found that heavy
metals accumulated in soils close to the point of application, suggesting an
exponential rather than a linear model. David and Williams (1979), Wang et
al. (1982), and Olson et al. (1983) studied captured metal mobility in
overland flow field soils. All agreed that metals concentrated in the upper
soil layers (top 4 cm) and have shown little tendency to move vertically over
long time spans. Wang et al. (1982) also were concerned about lengitudinal
transport to the end of the channels and "break-through" resulting from
saturation of binding capacity. They saw no evidence of such movement, even
in a channel that had been transporting runoff from a heavily traveled freeway
for 20 years.

The major research question associated with overland flow performance in
the highway setting concerns wintertime effectiveness and how it might limit
the usefulness of the process or require special management. There should be
comprehensive performance checks for the ma jor runoff constituents in climates

that experience winter die-back of vegetation but 1little or no snow accumula-—



Economic analysis and costs of overland flow systems have been presented
by Christensen (1978), Reed et al. (1979), Hinrichs et al. (1980), U.S.
Environmental Protection Agency (1980), Overcash and Kendall (1981), and Roy
F. Weston, Inec. (1982). Derived from the municipal experience, specific
construction and operation and maintenance costs are not applicable to the
highway case. Research should give attention to cost-effectiveness analysis
to develop design guidance om this basis. Analogous to the evaluation of
municipal land treatment cost-effectiveness presented by Christensen (1978),
this analysis should compare costs versus performance for different size
applications and various alternatives (e.g., dual R/D-overland flow systems,

as well as stand-alone systems).,
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