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Abstract

The Spokane River regularly violates water quality standards for zinc. Standards for lead and
cadmium are also exceeded frequently, especially at higher flows. A procedure for
determining Waste Load Allocations (WLAs) for all NPDES point source discharges to the
Spokane River was developed based on meeting aquatic life criteria in the effluent. Permit
limits for NPDES dischargers will be developed in the future for each individual discharger
under Ecology’s current schedule for permit cycles. Effluent limits for cadmium, lead, and
zinc will be determined by comparing existing concentrations of metals in effluent, where
adequate data exist, with the water quality criteria associated with the effluent hardness.
Whichever results in the lower permit limits will be chosen.

This method should not result in any unreasonable compliance issues and minimizes the
addition of metals to a system that is already exceeding the criteria. It is also an alternative to
developing very stringent water quality-based effluent limits that are severely restricted due to
excessive upstream and out-of-state metal sources. This approach is consistent with the intent
of the anti-degradation policy of the federal Clean Water Act and the policy enunciated in the
Washington State Water Pollution Control Act (RCW 90.48) requiring “... all known available
and reasonable methods by industries and others to prevent and control the pollution of the
waters of the state ...(AKART)”.

Waste Load Allocations are established as a maximum discharge concentration (micrograms
per liter) rather than a discharge loading (pounds per day). The federal Clean Water Act
allows for the use of allocations in mass per time or other appropriate measure. In this case, a
concentration measure is appropriate, because the relationship between the effluent-based
criterion and receiving water quality holds for all effluent and river flow rates.

The Spokane River at the state line is the upstream boundary for the present Total Maximum
Daily Load (TMDL) in Washington. The proposed TMDL and analysis to address point
source discharges and other sources of metals in the Spokane River requires that the Spokane
River will meet Washington state’s water quality standards, at a point where the river enters
Washington State, within a reasonable period of time. The ultimate success and
appropriateness of this TMDL/WLA depends solely on whether the Idaho Department of
Environmental Quality or EPA develops and implements an adequate TMDL/WLA and
management plan that will result in meeting Washington’s water quality standards at the
upstream end of the Spokane River.
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Introduction

Objective

The Spokane River regularly has elevated levels of zinc, and frequently bas elevated levels of
lead and cadmium. The river does not meet water quality standards for these metals. The
Washington State Department of Ecology, Idaho’s Division of Environmental Quality (IDEQ),
and the U. S. Environmental Protection Agency (EPA) are evaluating regulatory actions to
address this issue. The various entities that are permitted under NPDES to discharge to the
Spokane River have also been active in proposing approaches to regulate water quality in the
Spokane River.

The objective of this report is to propose an approach for regulating point source dischargers in
Washington under a Total Maximum Daily Load (TMDL), instead of developing unreasonably
stringent water quality-based effluent limits on a case-by-case basis when upstream
concentrations of metals already exceed criteria. At the same time, Idaho and EPA are
developing a TMDL to control pollution sources in Idaho. One of the necessary objectives of
the Idaho and EPA TMDLs is to meet Washington’s water quality criteria in the Spokane
River. This TMDL by Ecology addresses NPDES discharges in Washington, and uses an
approach that will preferably be similar to EPA’s proposed regulation of NPDES dischargers
in Idaho. '

Spokane River Dischargers and Hydrology

The source of the Spokane River is Lake Coeur d’Alene located in Idaho (Figure 1). The river
flows in a westerly direction from Lake Coeur d’Alene, across the state line, to the city of
Spokane. From Spokane, the river flows in a northwesterly direction to its confluence with the
Columbia River. In Idaho, the following wastewater treatment plants (in order proceeding
downstream from the river source) are permitted to discharge to the river:

¢ City of Coeur d’Alene Advanced Wastewater Treatment Plant (AWTP)
e Hayden Area Regional Sewer Board (HARSB) Publicly-owned Treatment Works (POTW)
e City of Post Falls POTW (also serves the City of Rathdrum)

Continuing downstream, the dischargers in Washington are as follows:

e Liberty Lake POTW

o Kaiser Aluminum Industrial Wastewater Treatment Plant (IWTP)
e Inland Empire Paper Company IWTP

e City of Spokane AWTP ’
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The current and projected effluent design flows from the NPDES dischargers are presented in
Table 1 (SRDG, 1997).

Substantial inflows of groundwater enter the river beginning downstream from the Liberty
Lake outfall. The groundwater inflows significantly increase the river flow rate, especially
when surface water flows are low. Table 2 presents the equations used to estimate the aquifer
inflow and outflow to the river based on the compilation of data used for the phosphorus
attenuation model of the basin (Patmont et al., 1985; Patmont et al., 1987).

Aquifer inflows and outflows were assumed to be correlated to river flows up to a flow of
4,000 cfs from Lake Coeur d’Alene based on the evaluations by Patmont ez al. The total net
aquifer inflows range between about 500 to 800 cfs depending on river flow. For comparison,
the combined effluent flow from all current NPDES dischargers is about 128 cfs. The lowest
7-day average flow with a 10-year recurrence for the Spokane River at the upstream end near
Post Falls (river mile 100.7) is approximately 187 cfs; the highest 7-day average flow with a
10-year recurrence is approximately 36,000 cfs; and the annual average flow is approximately
6,300 cfs.

A recent groundwater modeling study by CH2M-Hill suggests that aquifer exchange may be
less than previous estimates (CH2M-Hill, 1998). However, the results of the CH2M-Hill
study were not used for this study because their reach definitions were not as detailed, and
their findings are still under review. Also, if future review of the aquifer exchange rates
results in confirmation of CH2M-Hill estimates, then the recommended effluent limits to meet
criteria for cadmium, lead, and zinc will not change because the concentrations of metals in the
aquifer are much lower than water quality standards, and therefore the recommended effluent
limits do not depend on the aquifer exchange rates. However, for future evaluations of limits
for other constituents that are a function of available dilution (e.g. ammonia), it may be
preferable to use the revised aquifer exchange rates by CH2M-Hill.

TMDL Boundaries

Cadmium, lead, and zinc concentrations in the Spokane River at the state line often exceed
water quality standards. The Bunker Hill Superfund site is the largest source to discharge ’
heavy metals in the Idaho sub-basin (IDEQ, 1998). More than a century of deep-shaft mining
activities for sulfide-based heavy metals has elevated levels of cadmium, lead, arsenic, and
zinc in the South Fork Coeur d’Alene River, which discharges into Lake Coeur d’Alene.
Although measures have been taken to dramatically reduce loading to the South Fork, existing
concentrations of some metals are still above those in most surface waters of the nation.

IDEQ is currently developing a TMDL for metals and is initiating projects to further reduce
metals loads to the South Fork., That TMDL also must have the objective of eventually
meeting Washington’s water quality standards in the Spokane River. The EPA is working
closely with the IDEQ to ensure that progress in reducing loads of metals continues in Idaho.
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Ecology is also monitoring the trend in water quality at the state line to detect expected
decreases in metals concentrations.

The outlet of Lake Coeur d’Alene is a logical upstream boundary for a separate TMDL
analysis to address point source discharges and other sources of metals in the Spokane River,
provided that IDEQ develops an adequate TMDL and management plan to meet Washington’s
water quality standards at the border. However, delays in TMDL development in Idaho have
caused Washington State to proceed with a TMDL/WLA which begins with the upstream reach
of the Spokane River beginning at the Idaho-Washington state line, and the downstream
boundary located below the outfall for the City of Spokane’s AWTP. Spokane is the most
downstream NPDES discharger, and is therefore considered to be the most downstream
potential contributor of significant concentrations of cadmium, lead, and zinc.

Data Analysis and Modeling

Water Quality Criteria for Cadmium, Lead, and Zinc

Water quality criteria to protect aquatic life (established in WAC 173-201A-040) apply to the
dissolved fraction for cadmium, lead, and zinc and are calculated with the following equations
for chronic (4-day average concentration in micrograms per liter not to be exceeded more than
once every three years) and acute (one-hour average concentration in micrograms per liter not
to be exceeded more than once every three years based on hardness in milligrams per liter as
CaCO,): ’

Dissolved Cadmium

Chronic < (1.101672-((LN(bardness))*(0.041838)))*EXP(0.7852*(L.N(hardness))-3.49)
Acute < (1.136672-((LN(hardness))*(0.041838)))*EXP(1.128*(LN(hardness))-3.828)

Dissolved Lead

Chronic < (1.46203-((IL.N(hardness))*(0.145712)))*EXP(1.273*(L.N(hardness))-4.705)
Acute < (1.46203-((LN(hardness))*(0.145712)))*EXP(1.273*(L.N(hardness))-1.46)

Dissolved Zinc

Chronic < 0.986*EXP(0.8473*(LN(hardness))+0.7614)
Acute < 0.978*EXP 0.8473*(LN(hardness))-+0.8604)
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Figures 2 and 3 depict two hypothetical waters in relation to the water quality criterion curve
for cadmium, lead and zinc. If one were to mix the two waters, the resulting mixed
concentration of metals and hardness would always fall on a straight line between the two
points. Assuming Point A is the Spokane River, meeting the water quality criteria as it exits
Lake Coeur d’Alene, a discharge (Point B) at or below the effluent-based criterion would
result in a mixture that falls below the criterion curve. Because of the concave shape (bending
downward) of the cadmium and zinc criteria curves, any combination of cadmium, zinc, and
hardness for the discharge that falls below the curve will mix with river water (A) to form a
mixture that also falls below the curve. Therefore, in this situation, the effluent-based
criterion approach is protective of state water quality standards.

However, for lead, the criterion curve is convex, or bending upward, leaving open the
possibility that a mixture could exceed the criterion even when the waters individually fall
below the criterion (a straight line between two points on the criterion curve will fall above the
curve). If discharges do not exceed the lead concentration on the tangent line associated with
the effluent hardness, the lead criterion will not be exceeded in the mixture of effluent and
river water (Figure 3 and Appendix A). This approach is recommended to assure that limits
are protective of state water quality standards.

If other sources of water with greater hardness than the river are also added to the mixture, for
example groundwater or tributaries, then the resulting mixture including these multiple sources
would also meet the criteria provided that no single source exceeds the criteria for cadmium or
zinc, or exceeds the tangent line for lead. If the effluent concentrations of metals are below
aquatic life criteria, then the metal toxicity in the river below the outfall is reduced by the
hardness affect, which allows the river to either be closer to meeting the water quality standard
or creates a small safety buffer.

Effluent Data

Typical effluent data are presented in Appendix B. The Spokane River Dischargers Group
(SRDG) is currently collecting samples to characterize effluent quality. Appendix B presents
preliminary results from the November-December 1997 sampling, as well as sampling by the
City of Spokane AWTP from July 1996 through April 1998. All samples of effluent from all
dischargers have been found to meet the chronic aquatic life criteria for cadmium, lead, and
zinc at the effluent hardness. Effluent lead has also been consistently below the tangent
equation for lead shown in Figure 3.

River Modeling

A mass-balance model of the Spokane River was developed to evaluate the effect of different
effluent loading on metals and hardness. The model includes a flow balance that accounts for
inflow of water from the outlet of Lake Coeur d’Alene, inflow from NPDES dischargers, and
inflow/outflow from the aquifer and Hangman Creek. The model divides the river into reaches
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" as shown in Table 2. For each reach, the flow balance is calculated from the following
equation: :

Qdown = Qup + andcs + Qaquifer
where:
Quoun = flow at the downstream end of the reach (cfs)
Q,, = flow at the upstream end of the reach (cfs)
Qupaes = flow from NPDES dischargers (Table 1) (cfs)
Q,quiter = flow from or to the aquifer or tributary (Table 2) (cfs)

The mass balance for hardness was calculated from the following equation:
Hdown = [Qup Hup + andcs andes + Qaquifer Haquifcr ] / Qdown
where:
H,,., = hardness (mg/L as CaCO,) at the downstream end of the reach
H,, = hardness at the upstream end (assumed to be Hy,,, from previous reach)
H,,s = hardness of NPDES effluent
H, e = hardness of aquifer (if aquifer inflow) or H,, (if aquifer outflow)
For metals, the mass balance was as follows:
Mdis.down = Fdown[ Qup M(xcc,up + andes M(rcc’npdes + Qaquifar ercc,aquifer] / Qdown

where:

Miis.aown = dissolved metals (ug/L) at the downstream end of the reach

Fyw = fraction of dissolved/total recoverable metals at downstream end of reach
Meep = total recoverable metals at upstream end of reach (=M goun / Fiown from

previous reach)
M = total recoverable metals of NPDES effluent

trec,npdes

Mecaquirer = total recoverable metals of aquifer (if aquifer inflow) or My, (if aquifer

outflow)

The fraction of dissolved/total recoverable metals was estimated to equal the conversion factor
used to convert the total recoverable criteria to the dissolved criteria (EPA, 1996). It was not
considered necessary to use site-specific ratios of dissolved/total recoverable metals because

the conversion factors generally represent a worse-case scenario of higher fractions of

dissolved metals, and the use of site-specific ratios was not expected to result in different
conclusions provided that all sources meet water quality criteria at their respective hardness.
Aquifer inflow of total recoverable metals to the river was assumed to equal the dissolved

metals concentration estimated during model calibration.
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Model Calibration

Calibration of the model to actual conditions in the river involved estimation of aquifer
hardness and metals to match observed concentrations in the river. All other inputs in the flow
and mass balance equations were directly estimated from available data:

e The effluent flow rates were assumed to be the current flows presented in Table 1.
e Aquifer inflow/outflow rates were estimated as presented in Table 2.

e Outflow from Lake Coeur d’Alene was assumed to be various values between the normal
range of 300 to 20,000 cfs.

¢ Effluent hardness was assumed to be approximately 145 mg/L as CaCO, based on the 10"
percentile hardness for the Spokane AWTP (CH2M-Hill, 1997). Effluent hardness from
Kaiser IWTP was assumed to be a lower value of 120 mg/L as CaCO, based on the
mixture of river and groundwater used for the production process.

e Effluent total recoverable cadmium, lead, and zinc were assumed to be approximate
maximum values reported by the SRDG (0.3 ug/L cadmium, 2.5 ug/L lead, and
100 ug/L zinc).

o The ratio of dissolved/total recoverable metals was assumed to equal the conversion factor
for the chronic criteria evaluated at the hardness of the river water. The effluent was
assumed to partition at the same ratio of dissolved/total recoverable metals as the river at
the mixing zone boundaries and after completely mixing with river water.

¢ The hardness for the outflow from Lake Coeur d’Alene was assumed to be 20 mg/L as
CaCO,. This represents the seasonal 10™ percentiles for the low flow (July-February) and
high flow (March-June) seasons (Pelletier, 1994), and also the 5" percentile of hardness
from all seasons. Hardness was not found to be correlated with flow at the upstream end
of the Spokane River (Appendix C).

e The hardness at river mile 85.3 and 66 was assumed to equal the 10% prediction limits
from the regression equations with flow presented in Appendix C.

e The dissolved cadmium, lead, and zinc in the outlet of Lake Coeur d’Alene was assumed to
equal the upper 90% prediction limit from the regression equations with flow presented in
Appendix C for river mile 96-100.7. ‘

e The dissolved cadmium, lead, and zinc at river mile 63.5-69.9 was assumed to equal the
upper 90% prediction limit from the regression equations with flow presented in
Appendix C. ‘
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Relationships between hardness, metals, and flow are known at various locations in the
Spokane River based on long-term ambient monitoring data (Appendix C). The model was
calibrated for hardness by starting with the known upstream hardness and trying various values
for groundwater hardness until the mass balance model predicted the observed downstream
hardness. After the hardness was calibrated, the same approach was used to estimate the
dissolved cadmium, lead, and zinc of the aquifer/tributary inflow. Appendix C presents the
results of model calibration of aquifer hardness and metals.

Model Application to Various Scenarios of Effluent and River
Flows

The calibrated mass balance model was next used to estimate concentrations of metals in the
river for a variety of river flows and effluent flows (Appendix D). The model was used to
evaluate whether water quality standards would be violated in the river if the effluent meets
end-of-pipe limits based on effluent hardness. The following assumptions were made:

o The hardness for the outflow from Lake Coeur d’Alene was assumed to equal 20 mg/L as
CaCo,.

e The dissolved cadmium, lead, and zinc in the outlet of Lake Coeur d’Alene were assumed
to equal the chronic criteria for protection of aquatic life at the hardness of the river.

e The dissolved cadmium and zinc in the effluent from NPDES dischargers were assumed to
equal the chronic criteria for protection of aquatic life for the hardness of the effluent
(Figure 2). '

e The ratio of dissolved/total recoverable cadmium and zinc was assumed to equal the
conversion factor for the chronic criteria evaluated at the hardness of the effluent or river
water. The ratio of dissolved/total recoverable metals in the effluent was used to test
whether criteria were met in the effluent. The effluent was assumed to partition at the
same ratio of dissolved/total recoverable metals as the river at the mixing zone boundaries
and after completely mixing with river water.

o Tor lead, the convex shape of the criterion curve precludes the use of the conversion factor
as a default translators to a total recoverable lead limit. Appendix E presents a spreadsheet
illustrating the problem. Two hypothetical waters are mixed, and total recoverable lead is
tracked. The use of the default translation causes the effluent to exceed the water quality
criterion at certain dilutions. Therefore, the total recoverable lead in the effluent from
NPDES dischargers was assumed to equal the value predicted from the tangent line for the
chronic criteria for total recoverable lead shown in Figure 3. Appendix E presents a
comparison of alternative methods for estimating the WLA for total recoverable lead.

e Aquifer inflow/outflow rates were estimated as presented in Table 2.
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e Effluent hardness and aquifer hardness, dissolved cadmium, lead, and zinc were as estimated
during calibration.

Various combinations of effluent and river flows were evaluated as follows:

e Current effluent flows combined with outlet flows from Lake Coeur d’Alene of 300, 2,000,
and 20,000 cfs,

o 20-year projected effluent flows combined with outlet flows from Lake Coeur d’Alene of
300, 2,000, and 20,000 cfs (this scenario was run for zinc only because the conclusions for
zinc were expected to be representative of cadmium and lead also).

e 50-year projected effluent flows combined with outlet flows from Lake Coeur d’Alene of
300, 2,000, and 20,000 cfs (this scenario was run for zinc only because the conclusions for
Zinc were expected to be representative of cadmium and lead also).

e 20-times current effluent flows combined with outlet flows from Lake Coeur d’Alene of 300,
2,000, and 20,000 cfs. This scenario was chosen to show the potential effect of extremely
high flow rates from NPDES dischargers.

The results of the model runs (Appendix D) show that the water quality standards for cadmium
and zinc would not be exceeded in the river if the effluent meets end-of-pipe limits based on
effluent hardness. The water quality criteria for lead would not be violated if the maximum
concentration of total recoverable lead in the effluent does not exceed the value predicted from
the tangent line for the equation for the chronic criteria for total recoverable lead shown in Figure
3. The relationship between effluent-based criteria and receiving water quality holds for all
river and effluent flow rates.

Proposed TMDL Approach

Permit limits for all point source discharges to the Spokane River will be established by
comparing potential limits based on meeting aquatic life criteria at effluent hardness with
AKART limits based on maintaining existing concentrations of metals in effluent, where
adequate data exist. Whichever method results in lower limits will be selected for the permit.
AKART based limits would be reevaluated at each permit re-issuance. These limits may
change over time, but could never exceed the aquatic life criteria based limits. This method
should not result in any unreasonable compliance issues and minimizes the addition of metals
to a system already exceeding the criteria due to pollutant loading from an upstream state.
This is consistent with the intent of anti-degradation policy of the federal Clean Water Act and
the policy enunciated in the Washington State Water Pollution Control Act (RCW 90.48)
requiring “... all known available and reasonable methods by industries and others to prevent
and control the pollution of the waters of the state ...” .
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The use of effluent hardness in the criteria equations to determine the potential limits will be
termed the “effluent-based criterion” approach. There are several ways to illustrate the effect
of effluent hardness on river metals conditions. In simple terms, applying the effluent-based
criterion is analogous to treating the effluent discharge as if it were a tributary that has higher
hardness levels than the river. The tributaiy would be allowed to achieve less stringent (i.e.,
higher) metals criteria by virtue of its elevated hardness levels. Similarly, the criteria applied
to protect the mainstem would be more stringent due to its lower hardness levels. The focus of
concern then becomes the point of mixing between the tributary and river.

The analogy to a tributary can be extended to selection of a load allocation (LA) for a tributary
or a WLA for a point source. The LA for a tributary to a water quality-limited river would be
the existing concentration in the tributary if it is lower than the criteria at the hardness of the
tributary. Similarly, the permit limits for the NPDES dischargers will be either the potential
Jimits based on meeting criteria at efftuent hardness, or the potential limits based on
maintaining existing concentrations (performance-based), whichever is more restrictive.

Waste load allocations (WLAS) are established as a maximum discharge concentration
(micrograms per liter, ot ug/L) rather than a discharge loading (pounds per day). TMDL
regulations allow for the use of allocations in mass per time or “other appropriate measure”
(40 CFR 130.2). In this case, a concentration measure is appropriate because the relationship
between the effluent-based criterion and receiving water quality holds for all effluent flow
rates. The use of effluent flow to establish a loading limit would not only be unnecessary, but
also could be misconstrued to represent a restriction on effluerit flow. Also, a loading limit
could require unnecessary TMDL and permit modifications to change loading limits as
communities grow and flows increase.

Waste Load Allocations (based on meeting the aquatic
life criteria at effluent hardness)

For cadmium and zinc, potential limits based on aquatic life criteria for all point source
discharges to the Spokane River are estimated from the water quality criteria associated with
the effluent hardness. For lead, limits based on aquatic life criteria are estimated from the
point on a line tangent to the lead criterion curve (intersecting the curve at the river hardness
value) associated with the effluent hardness. Figure 4 shows the recommended equations for
each metal.

The chronic aquatic life criteria are expressed as 4-day-average dissolved metal concentrations.
The 5th percentile value of the effluent hardness for each facility should be used by permit
writers to establish aquatic life criteria at effluent hardness for derivation of potential limits.
Permit writers will also translate the dissolved criteria into total recoverable metal limitations
pursuant to the NPDES regulations and Ecology’s Permit Writer’s Manual.
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The hardness of the wastewater effluent is significantly higher than the hardness of the
Spokane River. The metals criteria for protection of aquatic life are based on hardness,
because the toxicity of metals to aquatic life decreases as hardness increases, Thus, as the
Spokane River flows downstream, its loading capacity (its total maximum daily load) for
metals increases due to inflows of higher hardness water (mainly groundwater and to a lesser
extent effluent discharges). While the loading capacity changes are relatively minor on the
Idaho stretch of the river, changes in river hardness and flow due to groundwater inflows and
effluent discharges result in significant loading capacity increases in Washington.

Because of the concave shape (bending downward) of the cadmium and zinc criteria curves
(Figure 2), any combination of cadmium, zinc, and hardness for the discharge that falls below
the curve will mix with river water to form a mixture that also falls below the curve.
Therefore, in this situation, the effluent-based criterion approach is protective of state water
quality standards. However, for lead, the criterion curve is convex, or bending upward,
leaving open the possibility that a mixture could exceed the criterion even when the waters
individually fall below the criterion (a straight line between two points on the criterion curve
will fall above the curve). If discharges do not exceed the lead concentration on the tangent
line associated with the effluent hardness, the lead criterion will not be exceeded in the mixture
of effluent and river water (Figure 3).

The criterion curve for lead also affects the options available for translating a dissolved lead
WLA into a total recoverable lead WLA for NPDES permitting. This issue is discussed later
in this document in the “Example Calculations” section.

Potential Limits (based on performance)

Washington State law (RCW 90.48) requires that dischargers use all known available and
reasonable methods to prevent and control the pollution of the waters of the state (AKART).
A performance-based assessment of existing condition in the effluent is a good measure of
what can be reasonably achieved using the existing technology. Performance-based limits
would be established using the statistical methods in Ecology’s Permit Writer’s Manual
(Ecology, 1998) and EPA’s Technical Support Document (EPA, 1991). These performance-
based limits would be reevaluated during each permit re-issuance.

Since many dischargers do not have adequate data to estimate the effluent concentration of
metals, a monitoring program will need to be established. Ecology’s Permit Writer’s Manual
recommends that greater than 10 samples are required to estimate effluent variability.
Therefore, the recommended minimum sampling frequency is monthly sampling for at least
12 months to provide sufficient data to estimate effluent quality of metals. The sampling and
analysis methods should be conducted under a Quality Assurance/Quality Control Project Plan
(QAPP) that describes the methods to be used. EPA’s 1600-series methods (EPA, 1995) are
recommended for sampling trace metal concentrations that are less than detection limits for the
usual 40 CFR Part 136 methods, unless the QAPP demonstrates that alternative methods are
sufficient the measure the expected concentrations. '
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Implementation of WLAs in NPDES Permits

The WLAs will be implemented as permit limits in the NPDES permits for each facility.
Using statistical permitting procedures, Ecology will determine whichever potential limits are
more restrictive based on comparison of:

o Potential limits based on meeting aquatic life criteria at effluent hardness, or

e Potential limits based on maintaining existing concentrations of metals in effluent
(AKART), where adequate data exist.

Whichever method results in lower limits will be selected for the permit limit.

Example Calculations: WLAs for the Spokane AWTP

The following calculations are provided as an example of the waste load allocation method for
each facility. The example calculation is performed for the City of Spokane Advanced
Wastewater Treatment Plant (SAWTP). During permit development, similar calculations
would be performed for each facility, based on the effluent hardness and metals data available
to the permit writers.

A Microsoft Excel spreadsheet was developed to perform the calculations (Appendix F). The
equations used in the spreadsheet are presented in Appendix G. Appendices F and G should be
consulted to follow the calculations presented in this example.

The equations that were used in the spreadsheet to calculate permit limits were taken from the
EPA Technical Support Document for Water Quality-based Toxics Control (EPA, 1991), and

have been widely used in the Ecology NPDES program (Ecology, 1998; e.g., Ecology’s
PWSPREAD and TSDCALCT7 spreadsheets).

WLAs (based on meeting the aquatic life criteria at effluent
hardness)

1. Estimated 5th percentile hardness

SAWTP has collected 234 samples of effluent hardness between 6/25/96 and 2/18/98. The
5th percentile hardness for this sample set is estimated to be 138 mg/L.

2. Chronic aquatic life criteria

The following calculations were performed to establish the chronic aquatic life criteria
(ALC) for cadmium, lead, and zinc for the SAWTP facility.
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e Chronic ALC for dissolved cadmium = (1.101672-[In(hardness)(.041838)]) *
(e(.7852[in(llardness)]».3‘49)) — 131 ug/L

il

e Chronic ALC for dissolved lead
dissolved Lead

0.02378(hardness) - 0.05505 = 3.23 ug/L

e Chronic ALC for dissolved zinc = .986e¢8¢7nterdnessi+ 7618 — 137 ng/],
3. Ratio of total recoverable/dissolved metals, and
4. Chronic aquatic life criteria for total recoverable metals

For cadmium and zinc, default conversion factors in the federal criteria can be used to
translate dissolved criteria to total recoverable metals. The conversion factors are
1/(1.101672-[In(hardness)*(.041838)]) for cadmium, and 1/.986 for zinc. For the SAWTP
facility, with a hardness of 138 mg/L CaCO;, the default translators are 1.12 for cadmium
and 1,01 for zinc.

Development of effluent-specific translators is also allowable, using parallel total
recoverable and dissolved effluent samples to derive a conservative ratio of total
recoverable-to-dissolved metals. Translators based on ratios in the river should be used if
they are more restrictive than ratios for effluent.

The chronic aquatic life criteria, in terms of total recoverable cadmium and zinc, for the
SAWTP example are as follows:

e Chronic ALC for total recoverable cadmium = 1.46 ug/L
e Chronic ALC for total recoverable zinc = 139 ug/L

For lead, the convex shape of the criterion curve precludes the use of the conversion factor
as a default translator to a total recoverable lead limit. The use of the default translation
causes the effluent to exceed the water quality criterion at certain dilutions (Appendix E).

As with cadmium and zinc, an effluent-specific translator is allowable. Development of
this translator will require characterization of total recoverable and dissolved concentrations
at a number of points between 0 and 100% effluent (diluted with ambient water, sampled at
the same time) to ensure that the translator is protective of the dissolved criterion at all
points of mixing.

Another option for developing total recoverable lead limits is to convert the dissolved
criterion curve to the associated total recoverable criterion curve using the default
conversion factor (see Figure 3). Then a tangent line to this curve at the river hardness
value is used as the chronic aquatic life criterion for total recoverable lead, rather than
using the dissolved criterion tangent (Figure 4) and an effluent-specific translator.
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Using this approach and Figure 3 in the SAWTP example, the chronic aquatic life criterion
for total recoverable Lead is:

e Chronic ALC for total recoverable lead = 3.49 ug/L total recoverable lead
5. Number of samples (n2) required per month for compliance monitoring

For the SAWTP example, 2 samples per month were assumed as a requirement for
compliance monitoring. This number could be changed to any reasonable value between
once per month and daily sampling.

6. Coefficient of variation for effluent metals

Effluent samples for metals were collected by SAWTP between 7/12/96 and 4/2/98. The
coefficients of variation for cadmium, lead, and zinc were estimated from the 31 samples
collected:

e CV for total recoverable cadmium = 0.431
e CV for total recoverable lead = 0.335
e CV for total recoverable zinc = 0.283

7. Calculate maximum daily and average monthly permit limits from the aquatic life criteria

The statistical method for calculating permit limits from the aquatic life criteria is presented
in the EPA’s Technical Support Document for Water Quality-based Toxics Control (EPA,
1991). A spreadsheet was developed to simplify the calculation procedure (Appendix F).
Equations for the spreadsheet are presented in Appendix G.

The first step is to back-calculate a long-term average (LTA) concentration of metals that
corresponds to the chronic aquatic life criteria (ALC). The LTAs for cadmium, lead, and
zinc are as follows:

e LTA for total recoverable cadmium = 0.91 ug/L
e LTA for total recoverable lead = 2.4 ug/L
e LTA for total recoverable zinc = 101 ug/L

The next step is to calculate the maximum daily limit (MDL). The maximum daily limits
(MDLs) for cadmium, lead, and zinc are as follows:

e MDL for total recoverable cadmium = 2.2 ug/L
» MDL for total recoverable lead = 4.9 ug/L
e MDL for total recoverable zinc = 186 ug/L
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The last step is to calculate the average monthly limits (AML). The average monthly limits
(AMLS) for cadmium, lead, and zinc are as follows:

e AML for total recoverable cadmium = 1.4 ug/L
e AML for total recoverable lead = 3.4 ug/L
e AML for total recoverable zinc = 138 ug/L

Potential Limits Based on Performance

A performance-based assessment of the existing condition in the effluent is a good measure of
what can be reasonably achieved using the existing technology. Performance-based limits
would be established using the statistical methods in Ecology’s Permit Writer’s Manual
(Bcology, 1998) and EPA’s Technical Support Document (EPA, 1991). This evaluation would
occur during each permit re-issuance cycle and would be documented in the Fact Sheet. The
Fact Sheet is the basis document for each permit. While these performance-based limits may
change over time they could never exceed the aquatic life criteria based limits.

Since many dischargers do not have adequate data to estimate the effluent concentration of
metals, a monitoring program will need to be established. Ecology’s Permit Writer’s Manual
recommends that greater than 10 samples are required to estimate effluent variability.
Therefore, the recommended minimum sampling frequency is monthly sampling for at least
12 months to provide sufficient data to estimate effluent quality of metals.

Waste Load Allocations (the most restrictive of limits based on
aquatic life criteria or performance)

The last step is to assign permit limits in terms of maximum daily and average monthly limits
for the NPDES permits. The potential limits based on steps I and II above will be compared,
and the most restrictive values will be chosen. This would be documented in the Fact Sheet
during each permit re-issuance cycle.
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Figure 2. Chronic aquatic life criteria for dissolved Cd, Pb, and Zn.
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Table 1. Current and projected future effluent design flows from NPDES dischargers to the Spokane River.

NPDES Discharger

City of Coeur d'Alena AWTP

HARSB POTW

City of Post Falls {includes City of Rathdrum) POTW
Liberty Lake POTW

Kaiser Aluminum IWTP

Inland Empire Paper Company IWTP

City of Spokane AWTP

Total;

mgd

6
1.8
3.1

1

23.3

44

83

cfs

9.3
2.0
4.8
1.6
36
6.2
68

128

20-Year 50-Year 20-Times
Projection Projection Current (1)
cfs cfs cfs
13 18 186
34 8.4 40
6.3 21 96
1.9 286 31
45 54 72
7.7 9.3 12
84 118 . 1362
161 231 1799

1) for "20-times current”, the current flow rates from industrial dischargers were doubled instead of multiplying by
20 to provide and extreme worst-case for illustrative purposes,
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Derivation of the tangent equation for the chronic criteria for dissolved Lead

The tangent to the Lead criterion curve for any point can be found by taking the first derivative
and evaluating it at that point. The numerical formula for the first derivative of the criterion
curve at a hardness of 20 mg/L as CaCO3 is as follows using the symmetrical central
difference approximation:

dy/dx = (f(x+h) - f(x-h)) / 2h

where:
y = chronic Lead criteria equation = f(x)

= (1.46203-((Ln(x))*(0.145712)))*EXP(1.273*(Ln(x))-4.705)
X = hardness (20 mg/L as CaCO3 for the critical river hardness)

h = small deviation in hardness (0.001 mg/L as CaCO3)
dy/dx = first derivative of the Lead criteria equation, which is the slope of the tangent
equation

for x=20 and h=0.001, the first derivative is calculated from the following steps:

f(x+h) = (1.46203-((Ln(20.001))*(0.145712)))*EXP(1.273*(1.n(20.001))-4.705)
= 0.420554791

f(x-h) = (1.46203-((Ln(19.999))*(0.145712)))*EXP(1.273*(L.n(19.999))-4.705)
= 0.420507233

dy/dx = (f(x-+h) - f(x-h)) / 2h
= (0.420554791 - 0.420507233) / (0.002)
= 0.023779

= 0.02378

Therefore, the slope of the tangent equation at a hardness of 20 mg/L is 0.02378. The intercept
(b) for the equation for the tangent is calculated from the equation for a straight line: °

y = x(dy/dx) + b
which can be rearranged to solved for the intercept b:

X = hardness (20 mg/L as CaCO3 for the critical river hardness)
y = (1.46203-((Ln(20))*(0.145712))*EXP(1.273*(Ln(20))-4.705)
= 0,420531012
dy/dx = 0.023779
b y - x(dy/dx)
= (. 420531012 - 20(0.023779)
= -0,05505

i
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/

CADMIUM

SPOKANE RIVER DISCHARGERS
OUTFALL CADMIUM & HARDNESS CONCENTRATIONS

CHRONIC STANDARD
HARD (PPM) CAD STND. (PPB)
0.001 0.00
30 0.44
60 0.76
90 1.04
120 1.31
150 1.56
180 1.80 -
200 1,95
DATE|OUTFALL OUTFALL CONC. RIVER CONC. FILTERED?
' CADMIUM HARDNESS | CADMIUM HARDNESS . :
(PPB) - (PPM) (PPB) (PPM)
11/21/97|SPK 0.101 164 0.20 50 NO
SPK 0.088 164 0.3 50 YES
12/5/87|SPK 0.104 166 1 0.27 39 NO
~|SPK 0.079 166 0.16 . 39 YES
12/9/97|CDA 0.142 140 0.34 22 NO
CDA 0.142 140 0.29 22 YES
KA 0.198 86 0.281 30 NO
KAl 0.245 86 0.28 30 NO
KAl 0.134 86 0.189 30. YES
KAl 0.004 86 0183 30 YES
12/12/97 KAl 0.14 - 80 0.13 35 YES
KAl 0,132 80 0.15 35 YES
KAl 0.293 90 0.37 35 . |NO
KAl 0.302 .90 ©0.309 35 NO
12/18/97|CDA 0.131 132 . INO
CDA 0.128 132 . , - {YES
HAY 0.139 92 NO
HAY . 0144 92 - - * YES
POST 0.143 96 NO
POST 0.136 96 YES
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LEAD

SPOKANE RIVER DISCHARGERS
OUTFALL LEAD & HARDNESS CONCENTRATIONS

CHRONIC STANDARD
HARD (PPM) LEAD STND. (PPB)
0.001 0.00
30 0.69
60 1.66
90 2.78
-120 4.01
150 5.33
180 6.72
200 7.69
DATE[OUTFALL. OUTFALL CONC. " RIVER CONC. FILTERED?
LEAD HARDNESS LEAD HARDNESS :
(PPB) (PPM) (PPB) (PPM)
11/21/97|8PK 1.88 164 0.894 50 NO
SPK 1.63 164 0.156 50 YES
12/5/9718PK 218 166 1.62 39 NO
SPK 1.6 166 0.173 . 39 YES
12/9/97|CDA 1.975 140 1,07 22 NO
CDhA 1.684 140 0.141 22 . |YES
KAl 0.775 86 1,2 . 30 NO
KAl 0.764 .86 1.18 30 NO -
KAl 0.173 . 86 | o161 30 YES
KAl 0.148 86 0.139 30 YES
12/12/97|KAI 0.291 90 0.13 35 YES
KAl 0.165 90 0.15 35 YES
KAl 0.861 90 116 - 35 NO
KAl 0.849 90 <147 35 NO -
12/18/97|CDA 1,45 132 - INO
CDA 1.13 182 : YES
HAY 1.32 92 NO
HAY 1.31 92 - V k YES
POST 1.3 96 NO
POST 1.18 96 . YES
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SPOKANE RIVER DISCHARGERS
OUTFALL ZINC & HARDNESS CONCENTRATIONS

ZINC

CHRONIC STANDARD
HARD (PPM) 2n STND. (PPB)
0.001 0
30 43
60 78
90 110
'120 140
150 169
180 197
200 216
DATE|OUTFALL ‘OUTFALL CONC. RIVER CONC. FILTERED?
ZINC . HARDNESS ZINC HARDNESS
(PPB) (PPM) (PPB) (PPM)
11/21/97|SPK 56 164 53 . 50 NO
SPK 54 164 46 50 YES
12/5/97|SPK 68 166 66 39 NO
SPK 44 166 51 ‘39 YES
.12/9/97|CDA 54 140 93 22  [NO
CDA 56 140 83 22 YES
KAl 51 86 65 30 NO
KAl 48 86 90 30 NO -
KAl 51 . 86 53 30 YES
KAl 58 86 59 30 YES
12/12/87{KAl 37 90 64 35 YES
KAl 31 90 64 35 [YES
KAl 47 90 66 35 NO
KAl 48 90 64 35 NO
12/18/97|CDA 62 132 NO
~ CDA 59 132 YES
HAY 57 92 NO
HAY 59 92 YES
POST 72 96 NO
POST 89 96 YES
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Appendix C.1

Hardness data and relationship with flow
(Pelletier, 1994)




Appendix C1. Hardness data from the Spokane River near Stateline and Pdst Falls (RM 96-100.7) (Pelletier, 1994).

Spoxana Rivar 96-100.7, Hardness {mg/% an Caco3), 1963-94
PILR » hazd8394.txt  Column » 1

RESULTS 1
Humber of datn ,.v.ciens 97
sv.. Conf Linit {W) .. 31,4158
Hean ... (95% CX} oovues 29,4348
seos Cong Bimit (L) .. 27.4538 $pokane Rlver Mile 96.100.7
Btd Erz Mesn ......ap.en 0,9973 Hardness vs Flow
#td Daviation .... . 8.5656 &0
Cosf of Variabtion ..v... 0,3250 .
Coaf 0f SKOWnoss ....... 2.3469
NeXUTEOSLE +vvivvavarvas 10,4564 50 M
GO0m MOAR ...vieiinirnes 28,2361 g .
* * *
HEXABUR «ovairriierianer 84.0000 2 40 . R
0,950 POEG 4everrrarvees 447000 . 3 o s,
Uaddan cvierrerinreeians 27,0000 ] ot v
0.050 PAEE -vuiriiiniins 20,0000 2 10 AR .
HADABUR (venreneencrenes . 15.0000 g T IRt <%,
TR crrriennneieneeaanns 13.0000 » e
... Conf Linmit (V) .. 26,9108 g 2 . ** *
Trim. Maan {2x10%) ..... 28,3243 E .
+eer Conf Limit (L) .. 27.7379 x 10
Trim Monn 8td Brx ...... . %.8652
Wins, Hean {2x10%8) ..... ¢ 28,7500
Winsorod Std DBY ..u.aes a.2929 0 faas
Tukey Trimonn .. 28,2500 100 .~ 1000 Flow(els) 10000 100000
ModAD*1.483 .... 6,8735 -
HUADYL.ABY Liiiiiinianns 9.5429
Herdriess Hardness
{mp/L as {mg/L as
Slatlon  River Milo Date Tine €aCO3) Flow {cfs) Statien River Milo Datg Time CaCod) Flow (ofs)
BTA130 1007 26.0c83 020 18 1860 . B7A190 100.7  08-Nov-88 120 26 2180
STA1S0 1007 30-Nov-83 910 39 4620 STA100 1007 07-Dec-68 716 20 4060
57A190 1007  2%.Dec-83 800 36 4820 : © o BIMI0 L1007 0d-dan-89 705 30 2620
67A180 1007 18-Jan-84 730 a8 5440 ' 67A190 100.7  0B8-Feb-89 720 26 2610
B7A190 1007  08-Feb.84 715 28 0820 57A180 100.7 06-Mar-86 735 37 2030
§7A190  100.7  O7-Mer84 760 36 5800 67A180 1007 05-Apr8D 725 25 12700
$7A190 1007 11-Apr8s 825 a8 11200 574190 1007  03-May-89 715 26 21300
57A100 1007 09-May-B4 840 84 11200 §7A100 © 1007 07-Jun-89 800 27 11800
S7A1R0 1007 13Jun-84 820 46 15300 STAI90 1007 06~Juk39 716 31 11700
STAI00 1007 11-Jul-84 015 a2z 2460 - 57A190 1007 09-Aug-89 720 38 477
57A180 1007  15-Aug-B4 618 27 670 S7A180 1007  06-Sep-89 736 23 1120
B7A190 1007 12.6opbd 030 44 1730 $7A180 1007 04-Oct-B9 | 715 24 1910
B7A150 1007 10-Oct-84 855 6 1830 S7A190 1007 08-Nov-89 705 22 2140
BTA10 1007  14-Nov-8B4 810 44 2780 67A190 100.7  06-Dec-89 720 30 11300
B7A190 1007  12Dec04  B4D 44 A100 67A190 1007  10-Jan-80 736 26 9800
STAI80 1007  16-Jan-85 805 32 1630 ©O57A190 1007 07-Feb90 735 24 * 5240
87180 1007  06-Fob-86 850 40 1600 ) STA190 1007 07-Mar80 720 25 7500
57A180 1007 13-Mar856 830 36 2220 i 57A190 1007 04-Aprop 760 24 14400
G7A180 100.7  03-Apr-8% 655 40 7240 BTA1ED 100.7 09-May-00 7386 20 16400
57A190 1007 0BMuy85 626 2t 19300 SIA190 100.7  08Jun-90 730 17 24100
67A180 1007 12-Jun-85 835 000989 16300 5TA190 1007 1-Juk90 710 21 2480
57A180 1007  14-Aug-85 B0 23 873 67A190 1007 08-Aug-8d 745 24 845
67A180 1007  18-Bop-85 805 898089 2240 57A190 100.7  05-8ep90 655 23 305
57A180 1007  23.04.85 810 23 1830 57A190 1007 10-0c1-80 728 23 1470
57A180 1007  20-Now85 B30 51 4440 - S7A100 100.7  07-Nov-90 720 23 2080
57A180 4007  11-Dec85 815 993989 4110 5TA150 960  05.000-80 720 24 15600
57A180  100.7  15.Jan-86  80S 34 1650 B7A160 9.0 09-Jan-81 730 23 4500
57A180 1007  12-Fob-86 035 3 6620 STA150 96.0 06-Feb-91 710 23 5730
57A190 1007  12Mar0 810 37 22900 574160 96,0 06-Mar-94 700 23 17100
57A180 1007 16-Apr86 815 26 12600 5TA150 28,0 03-Apr-61 710 23 £940
57A180 1007 14-May-88 810 990088 0070 §7A150 96.0  08-May-01 720 2 13000
S7A180 1007 1f-Jun-80 830 . 20 . 4000 : $7A150 96.0 08.Jun-91 045 23 13500
57A190 1007 08-Jul86 765 39 1420 STA150 96,0 30-Jut-91 700 20 4550
S7A190 1007 13-AugBS  TIS M 326 8TA150 6.0  O7-Aug-01 645 20 1950
57A190 1007  10-Sep86 730 268 320 B7A150 96.0  04-8ep.ot 705 21 749
STA190 1007  22-O0¢i-85 030 999080 2310 . 5TA150 26,0 09-Oct-91 708 o990800 1910
67A180 1007 05-Nov-86 735 899008 2060 67A150 6.0 09-Nov-91 710 20 2150
57A180 1007 10-Dec-86 730 92 3800  57A150, 26.0 04.D0c-91 710 24 2600
57a190 1007 14-Jan-87 800 28 2470 57A150 98,0 08Jan-92 710 998999 3030
57A100 1007  14-Feb-87 ' 730 23 2800 S7A150 860  05Febo2  TI5 22 8810
57AiS0 1007  18-Mar87 520 32 13700 67A150 96.0 04.-Mard2 843 998809 10400
B57A180 100.7  15-Apr-87 705 38 11600 57A150 95.0 03-Apt-H2 645, 4988999 6890
B7A180 1007  08-May-87 800 48 15500 57A150 9.0  0B-May92 630 096590 5050
57A180 1007  03-Jun-87 650 30 3230 67A160 98.0 03-Jua-92 835 000888 2530
S7A10  100.7  08-Juke7 735 3 1600 5TAI50 £8.0 08-Juk82 640 900669 1150
B7A180 100.7  05-Aug-87 740 27 576 57A160 90.0 05-Aug-92 610 089000 847
S7A180 1007  09-8ep-87 800 - 29 1160 S7A150 880 . 10-Sop-92 640 999069 237
B7AI80 1007  07-0c-87 730 25 984 57A160 96,0 07-0c1-92 700 000089 1440
B7AS80 1007  04-Nov.07 745 26 1160 . 57A160 66.0  04-Nov-92 643 899995 2030
S7AI0 1007  08-Dec-B7 740 30 2160 E7A160 66.0 03-Dpe-92 730 999990 3260
S7A190 1007 13Jan88 745 30 1720 57A150 96.0 08-Jan-83 . 750 009999 2070
S7TA190 1007 03.Feb-88 735 15 1510 X STAY50 86.0 03.Feb-93 700 009909 2280
STA180 1007  09-Mer88 740 41 4880 S7A150 28.0 03-Mer-93 620 909900 - 1820
57A180  100.7  06-Apr88 610 27 10900 67A150 08.0 07-Apt-93 645 259699 18000
67A180 1007  04-May-88 645 20 10400 57A150 960  05May-d3 730 080500 18600
57A180 1007 G8-Jun-88 710 21 6960 57A150 26.0°  08-Jun-93 805 000999 6700
67A190  100.7  08-Jul-80 716 26 1020 57A150 86,0 07-Jul-03 700 969959 4050
57A190 1007 03-Aug-88 720 26 621 57A150 6.0  04-Aug-93 710 . 909890 1230
67A180 1007  14-Bep88 705 28 1080 §TA150 98.0  03-Sep-03 710 999958 1160
67A180 1007  05:Ock88 720 28 1080



Regression of hardness and flow for station 54A120 (HARDREGR.WK1, 07-Apr-94 )

(kmob)
Data from Log tog
Qct-83 to base 10  base 10
Sep-93 [Flow [Hardness
sonted by {cfs)]  (mg/las
flow ' CaCO3)} :
Xi Yi XiYi Xir2 Yis2

2480006 1001226 4.938254 6.150434 3.964981
2875061 2.041392 5860120 8.265977 4,167284
2063315 2012837 5.964671 8781238 4.051513
3.041392 2041392 6.208676 0.250069 4.167284 .
3006910 1982271 6.138915 6.590851 3.929309 -
3103803 1.886400 5.865296 0.633697 3.558847
3107209 1.929418 5995109 9.684753 3.722657
3.133538 2,012837° 6307303 9.819086 40515613
3436720 1.807627 5952926 08390156 3.800988
3.173186 1.860231 6931420 1006011 3.494027
3476091 1.924279 6,111688 10.08765 3.702850
3.005300° 2082785 6.717626 10.40261 4337994
3.065272 1.832508 5965316 10.59679 3.358088
3.260071 1.863322 6.0745656 1062808 3.471972
3.271841 1845098 6.036868 1070494 3.404388
3.287801 1.903089 6.256982 10.80084 3.621761
3.303106 1.838842 6.074079 1091110 3381365
3,330413° 1.763427 5.872944 11.09165 38.108678
3359838 1.778161 5.974295 11.28849 3.161821
3969215 1.778161 5990975 1135161 3.161821
3472912 1.857332 6,264619 11.37653 3.443684
3.385606 1.763427 5970272 1146232 3,109678
3432069 1702391 6.163225 11.78527 3.212667
3.445604 1.755874 B5,050049 11.87218 3.083086
3.510545 1.785320 6.267480 1232392 3.187402
3518217 1.792301 6.287062 1234269 3.212667
3523746 1.740362 6.132606 1241678 8.028862
3.530199 1778151 6.277229 1246280 8.161821
3541570 1.707570 6.047495 1254278 2915795
3.618048 1.602059 5.796330 13.08027 2666596
3.650016 1763427, 6.453998 13.39408 3.1 09678
3.683947 1.681241 6.193608° 13.57146 2826672
3690196 1.653212 6100678 1361764 2.733111
3.722633 1.653212 6.154304 13.85800 2733111
3.732303 1.843452 6.134012 13.93076 2.700936
3778151 1.579783 5068661 14.27442 2495718
3783803 1,681241 6.361664 14.31792 2826572
3.806858 1501064 6.066957 - 14.49216 2531486
3860338 15797683 6.098498 14.90220 2406716
3.883661 1.570783 6.135344 1508282 2495716
3.894869 1.579783 6.153051 1517000 2495716
4004321 1.431863 5731640 1603458 2048802
4041392 1623249 6560187 1633285 2.634838
4045322 1.612783 6.524231 16.36463 2601071
4.064467 1.477121 6003697 1651981 2.181887
4064457 1462397 6943856 1651981 21 38607
4107209 1.462397 6008375 16.86017 2.138607
4110580 1.633468 6.714618 16.89604 2.668219
4110689 1.491361 6.180376 16,89694 2.224159
4161368 1531478 6.373047 17.31698 2.345427
4108657 1.568201 . 6584341 17.62872 2459256
4.204119 1.462397 6.148096 1767462 2.138607
4200515 1.414973 6.956351 17.72001 2002149
4281033 1.462397 6260574 18.32724 2138607 -
4.332438 1447158 6269723 1877002 2004266
4382017 1.342422 5882519 19.20207 1.802098

SUM: ‘201.6380 ©06.25844 13423031 736.2885 167.4085
N: 56
MEAN: 3600696 1.718900




Regression of hardness and flow for station 54A120 (HARDREGR.WKT1, 07-Apr-94 )

SOURCE OF SUM OF DEGREES MEAN

VARIATION SQUARES OF FREEDOM SQUARE
TOTAL 1.950829 86

LINEAR 1724865 1 17248664
REGRESSION

RESIDUAL 0.225963 ) 54 0.0041845
Slope (B): -0.41026

Y intercept: 3.196130

R squarad: 0.884170

F Statistic: . 412.2020

Std Err of B: 0.020207

Std Err of Y estimate: 0.084687

Plot of observed hardness and lower 20% confidence limit of predicted
hardness (using 1-talled t-statistic, probability=0,10) at Station 54A120

Hardness vs Flow at 54A120 (K™ 6_4')

130

120F
—. 110
8 100
< 90
O gof
& 70r
< 60
£ 50t
= 400
@ 30-
5 20 |
xca 10 T | i 1 ] i
T 0ola4lgli2l16lo0l24l

2 6 10 14 18 22 26

(Thousands)
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, Comparison of hardness at Ecology
stations 54A120 and 57A145, WY 1973 (sorted by 54A120)
File HARDHARD.WK1

06-Apr-94
Hardness . Hardness
(mg/L. as , (mg/L as
CaCO3) CaCQ3)
| at . - at
Date 54A120 _ 57A145
o Rm Gl IRMES3
730424 ' 31 23
721227 o . 34 25
730327 35 - ‘ 27
730410 : . 36 27
730313 36 26
721212 ' - 36 26
730320 37 ' 26
730118 ' 37 27
730812 41 27
730222 44 32
730925 ~ 48 ‘ 33
730227 49 31
730626 52 .33
730912 : 53 33
721010 58 ' 35
721119 : 58 39
721031 61 39
730711 65 59
721129 ' 66 41
730821 79 60
730724 96 - 110

730807 110 - - 72




Tl

Bm £5.3

Ragression of hardnoss at station 57A146 vs 54A120 (HARDAEG2.WK1)}

Log
Data from base 10
Oct-72t0  Hardness |Hardness
Sep-73 {mgit. as  {mgl as
sorted €aCog) Calo3)]
by 54A120 @ 54A120 @ 57A148
M 66.0) {RM 85.3)
Xi Yi XiYi Xir2 Yirg
31 1361727 4221356 461 1.884302
34 1,397040 4752096 1156  1.954236
35 1.431363 50.08773 1226 2048802
36 1.431363 51.52909 1206 2.040802
36 1.414973 5093304 1296 2.002149
38 1.414973 50.93804 1286  2.002149
37 1.414973  52.35401 1369 2.002149
37 1431363 5296045 1369 2.048802
41 1.431383 58.68691 1681 2.048802
44 1,605149 66,22659 1936  2.265476
48 1518513 72.88866 2304 2305884
49 1491361 73.07672 2401 2.224159
52 1.518513 7896272 2704 2305884
53 1518513 80.48123 2809 2.305884
68 1.844068 8955594 3064 2.364146
58 1.,591064 9228174 3369 2531486
61 1.591064 97.05494 3721 2.531406
65 1,770852 1151083 4225 3.136916
66 1,612783 106.4437 4356  2,601071
79 1776181 140.4739% 6241 3.15182%
96 2041392 1959736 9216 4,167284
110 1.867332 204.3065 12100 3.443684
SUM: 1962 3406880 1870080 70390 53.38038
N: 22 ’
_MEAN: 5281818 1548662
SOUACE OF SUM OF ORGRAEES MEAN
VARIATION SQUARES OF FREEDOM SQUARE
TOTAL 0.622041 21
LINEAR 0.563328 1 0.553323
REGRESSION
RABSIDUAL 0.088717- 20 0.003435
Stopo {B): 0,007834
Y.intercopt: 1.434788
R squared: 0,889528
F Statistic: 161.0423
Std Ervof B! . 0,000817
Std Err of Y estimate: 0,058816
90% Prediction Limits
——
8]
o 130
Q 120f
O 110f
8 100}
< 90F
2 aof
—— ‘70_
¥ 6o}
h .
< 501
N~
w40
-t
© 30
g 20f"
& "% s 70 ool
= 30 50. 1 70 90 110
B 40 ° 60 80 100

Hardness at 54A120 (mg/L as CaCQO3)
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Appendix C.2

Metals data from the Spokane River at the
Stateline Bridge at river mile 96 (compiled by
Hopkins and Johnson, 1997)
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Appendix C.3

Metals data from Spokane River between river
miles 63.5-69.9
(compiled by CH2M Hill, 1997)
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Appendix C3. Metals daa from Spakane River Mile 63.5-69.9 (compiled by CH2M-Hill, 1987).

" DATA FOR GRAPHING - c:nm»oﬁwa Values not Included. All Concentrafions in ug/L.

SOURCE  STA Name River Mile Date Flow (cfs) TR Ag DisAg TR Cd Dis Cd TRCu Dis Cu TR Hg TRPb Cis Pb TRZ2n DisZn
SAWTP W Fort Wright (Meenach Bridge) 839 GR27/96 5944 0.2325 0.1575 0.35¢ 0.1915 0.000382 1.99 0,351 45.7 347
SAWTP Fw Fort \Wright (Meenach Bridge) 69.9 T112/96 3072 0.225 0.108 0.25 Q.13 0.00144 132 0.306 452

SAWTP FW Fort \wright (Meenach Bridge) 88.8 71988 2174 0.001288 0,163 013 0258 0.151 0.000883 0.82 00752 354 286
SAWTP [Vl Fort Wright (Meenach Bridge} 69.8 7128496 1827 012 0.129 0.0657 0414 0.0888 0.0001985 1.01 127 18.5
SAWTP Fw Fort Wright (Meenach Bridge) §9.9 8112196 1624 0.0181 0.1 0.07535 0462 0.324 0.000359 0.884 0.05835 - 23 16.25
SAWTP W Fort Wright (Meenach Bridge) 69.9 8/19/96 1036 0.0688 0.0488 0.535 0.306 0.000281 0.751 0.105 207 14.9
SAWTP W Fort Wright {(Meenach Bridge) £9.9 of5196 1118 0.0508 0.0198 0.0747 0.04118 0,505 0.438 0.000557 1.83 0.0824 18,6 182
SAWTP W Fort Wright (Meenach Bridge) 89.9 9/12/96 2250 0.0956 0.57¢ 0,035 0.000363 176 232 1.34
SAWTP FW Fort Wright (Meenach Bridge) €9.9 4425187 25970 0.0248 0.0673 0.559 0.338 123 Q752 0.00232 7.70 1.63 113 894
SAWTP Fw Forl Wright (Meenach Bridge) £9.5 577157 30582 0.0369 0.0134 0.401 0.280 0.978 0.5858 0.00305 116 240 88.2 B87.7
SAWTP W Fort Wright (Meenach Bridge) 68.9 5118167, 41085 0.0475 0.0110 0.488 0225 1.4347 05775 0.01463 18.4 1.83 84.5 485
SAWTP FW Fort Wright (Meenach Bridge) 689 /2197 30038 0.0t19 0.0198 0448 0313 0.9725 0.5801 0.00083 - 9.9 163 89.2 9.1
SAwWTP FW Fort Wright (Meenach Bridge) 69.9 6/16/97 21351 0.0164 0.0147 0.436 0277 0.7026 0.5084 0.00138 74 152 78.8 &1.0
DOE Bap B54A120 &8 10/2/95 1720 0.044 0.488 0.0010 0.110 24.1
DOE &P 54A120 86 8/5/86 1860 0.091 . - 0.450 0.0010 0.087 18.0
DOE B&P 54A120 ’ 66 12/4/95 26800 0.2%¢ 0.418 0.0010 0232 80.2
DOE B&P 54A120 66 613/96 15100 0.254 0.510 0.0010 1.470 538
DOE B&P 54A120 €6 25196 6540 . 0.283 0.698 0.0010 0.866 730
DOE B&P 54a120 66 419196 11000 0.280 0.831 0.0010 4,270 £6.8
DOE Rifie Club 635645 7128092 1328 0.028 0058 1.0900 0.184 0.00086 0896 . 0183 409 202
OCE Rifle Club 63.5-64.6 a24/92 1836.3 0.137 1.2500 1.5 . 516

DOE ’ Rifle Club 83.5-64.7 11125192 3153 0.203 0.188 1.0500 0974 0.00122 1.0 017 105.0 80.6
DOE Rifle Club £63.5-64.8 127193 3415 0.133 0.048 3.3300 0.00414 23 g1 486
DOE Rifte Club £3.5-64.9 3/31/83 16882 0.501 0251 1,2800 (.86 0.00365 32 0.24 T79.0 943
DOE - Rifle Club §3.5-64.10 52553 17134 0344 0.233 0.0670 0.48 0.00168 54 078 738 616
DOE Rifte Club 63.5-64.11 8/11/93 2246 0,127 0.085 1.2800 118 0.00081 08 0.14 77.0 84.5
DOE Rifle Club 63.5-84.12 /8153 1738 0.164 0,091 0.7400 081 0.00150 0.9 0.20 558 458
DOE Riverside State Park - right bank 6.0 5/8197 0.307 0.65¢ 247 738
DOE T.J. Meenach bridge - center . €6.0 51887 0282 086386 1.93 B1.3
DOE Riverside State Park - right bank 68.0 5120/57 0.281 0628 - 1.84 613
DOE Riverside State Park- right bank 66.0 5122197 0250 0.728 247 54.2
DOE Riverside State Park - right bank 660 /5197 0310 0.608 161 721

Tables&Appendices. xIs\AppC3, 4/30/98
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Appendix C.4

Model calibration for hardness, cadmium, lead,
zinc (calibration location are shown in the
| shaded cells)
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Appendix D.1

Results for Cadmium



Dissolved Cd after complete mix at current effluent design flows.
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Dissolved Cd after complete mix at 20X current effluent design flows.
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Appendix D.2

Results for Lead



Dissolved Pb afiter complete mix at current effluent design flows.
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‘Dissolved Pb after complete nﬁx at 20X current design flows.
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Appendix D.3

Results for Zinc



Dissolved Zn after complete mix at current effluent design flows.
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Dissolved Zn after complete mix at 20-year projected design flows.
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Dissolved Zn after complete mix at 50-year projected design flows.
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Dissolved Zn after complete mix-at 20X current effluent design flows.
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Appendix E



Appendix E. Comparison of alternative formulas for caleulating WILAs for total recoverable Pb,

WLA for total recoverable Pb = dissolved tangent / conversion factor

Hardness WLAs for fotal recoverable Pb:
dissolved tangent / conversion factor
WLA = (0.02378(hardness)-0.06505)/
{1.46203-{{LN(hardness))*(0.145712)}))
(mg/l. as CaCO3) (ugiL)
Effluent: 180 4.798
River: 20

Hypothetical mixed concentration of river and effluent
dilution= 2 <.-- violates if DF>2

conversion
factor
=(1.46203-
~({LN(hardness))
*(0.145712)))

0.732

1000

dissolved
Ph
criteria
‘equation

(ugfL)

3.902

0.410

total rec

WLA for total recoverable Pb = total recoverable tangent

Hardness WLAs for total recoverable Pb:
total recoverable tangent
WLA = (0.0261*(Hardness)-0.1118)
(mg/l. as CaCO3) (ugfly
Effluent: 150 3.803
River: 20

Hypothetical mixed concentration of river and effluent
dilution= 2 <--- meets criterla at all dilution factors

conversion
factor
=(1.46203-
-{(LN(hardness))
*(0.145712)))

0.732

1.000

dissolved
Pb
criteria
equalion

(ugil)

3.902

0.410

dissoived dissolved Pb
Pb Pb exceeds
= WLA =WLA * chronic
conversion criterion?
factor
{ugi.) {ugiL)
4.80 3.5 No
0.41 0.41 No
260 2.12 Yes
total rec dissolved dissolved Pb
Pb Pb exceeds
=WLA = WLA * chronlc
conversion criterion?
factor
(ugil) (ugil)
3.80 2.78 No
0.41 0.41 No

Hardness WL As for total recoverable Ph:
dissolved tangent
WLA = (0.02378(hardness)-0.05505)
{mgit. as CaCO3) (ugiL)
Effluent: 180 3.512
River: 20

Hypothetical mixed concentration of siver and effluent .
dilution= 2 <-.- meets criteria at all difution factors

85

conversion
factor
=1

- 1.000

1,000

0815

Metals Criterla.xIs\nypothetical Pb, 4/29/98

E-1

dissolved
Pb
criterla
equation

(ug/t)

3.902

0410

2.108

WLA for total recoverable Ph = dissblved tangent (effluent conversion factor = 1)

total rec dissolved dissolved Ph
Pb Ph exceeds
=WLA =WLA* chronic
conversion criterion?
factor
{ugh.) (ugiL)
3.61 3.51 No
0.41 0.41 No
1,96 1.60 No




Appendix F



Appendix F. Spreadsheet for calculation of WLAs and permit limits for total recoverable Cd, Pb, and Zn for NPDES dischargers to
the Spokane River. The input values are for the example described in the text for the Spokane AWTP.

Cd Pb Zn

1. Effluent hardness 5th percentile (mg/L as CaCO3): 138 138 138
2. Chronic aquatic life criteria for dissolved metals (ug/t.) . 1.31 3.23 137
3. Ratio of total recoverable / dissolved metals 1.12 - 1.01
4. Chronic aquatic life criteria for total recoverable metals (ug/L.) 1.46 3.49 139
5. Number of samples (n2) required per month for compliance monitoring: 2 2 2
6. Coefficient of variation for effluent total recoverable metals: 0.431 0.335 0.283
7. Calculated limits using the equations in Box 5-2 of the 1991 TSD
Z statistic for water quality-based LTA derivation (89%!tile): 2.3263 2,3263 2.3263
Z-statistic for water quality-based daily maximum permit limit (89%tile): 2.3263 2.3263 2.3263
Z statistic for water quality-based monthly average permit limit (95%tile): 1.6449 1.6449 1.6449
number of days (n1) for averageing of chronic aquatic life criteria: 4 4 4
ot 0.170385 0.106363 0.077043
oh2-nt; 0.045394 0.027670 0.019824
LTA for chronic (n1-day) aquatic life criteria: 0.91 24 101
oh2-n2; 0.088817 0.054595 0.039264
Maximum Daily Limit (ug/L): 22 4.9 186
Average Monthly Limit (ugfL): 1.4 ’ 3.4 138
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