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ABSTRACT

Un-ionized ammonia concentrations in the South Fork Palouse River (SFPR) at Pullman often
exceed state water quality standards. Effluent from publicly-owned treatment works (POTWs)
from the cities of Moscow and Pullman comprises most of the river flow during July-November
of a typical year and during any month of the year for design low flows. The Albion POTW
makes up a relatively small fraction of the fotal river flow. Ecology ambient monitoring station
34B110 was recommended for developing design conditions for temperature and pH in
combination with data collected by Pullman POTW upstream and downstream from the POTW
outfall, and by Ecology during water year 1992 in Paradise Creek at the state line. Semi-annual
total ammonia criteria for Paradise Creek at the state line were proposed based on design
conditions for temperature and pH, and regressions with Ecology station 34B110.

Total maximum daily loads (TMDLs) for ammonia were established for critical points in the
SFPR. Waste load allocations (WLAS) for POTWSs, load allocations (LAs) for nonpoint sources,
and a margin of safety were factored into the analysis. Semi-annual and monthly periods for
permitting were evaluated. Exemptions from mixing zone size limits were also considered.
Four alternatives were considered for evaluating TMDLs: monthly and semi-annual limits, each
with and without mixing zone size restrictions, Semi-annual limits were recommended instead
of monthly limits for administrative simplicity. An engineering analysis of the treatment process
is recommended to determine feasibility of operational changes or improvements required to
meet the proposed ammonia limits. Comparison of proposed limits with 1991 data from Pullman
POTW suggests that the proposed limits could be achieved. Permit limits for effluent ammonia
for the Albion POTW may be unnecessary during February and March, but may be required
during April and May.
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1.0 INTRODUCTION

The South Fork of the Palouse River (SFPR) at Pullman drains approximately 130 square miles
around Pullman, Washington and Moscow, Idaho (Figure 1). The area is dominated by grain
fields and pastures. The major land use is farming with the principal crops of wheat, peas, and
lentils. Residential, commercial, and industrial developments are clustered around the two
towns. Populations in both towns vary seasonally due to the presence of University of Idaho and
Washington State University campuses. The town of Albion is located approximately seven river
miles (RM) downstream from Pullman.

The SFPR has often been rated as having the worst water quality in the state, based on Ecology
ambient monitoring data collected in Pullman (Singleton, 1980; Moore, 1984; Thielen, 1986).
Past investigations by Ecology have identified several point and nonpoint source problems in the
SFPR basin (Bernhardt and Yake, 1978; Yake, 1981; Joy, 1987). The SFPR is designated
Class A under Chapter 173-201A WAC, and is regulated to meet or exceed requirements for:
water supply (domestic, industrial, agricultural); stock watering; salmonid and other fish
migration, rearing, spawning, and harvesting; wildlife habitat; and primary contact recreation,
sport fishing, boating, and aesthetic enjoyment. The SFPR is currently listed as not attaining
swimmable/fishable goals (section 304(1)(1)(A)(ii) of the federal Clean Water Act) and
consistently exceeds state standards for fecal coliform. Joy (1987) noted verdant and widespread
growths of attached algae, weeds, mosses, and periphyton attributed to abundant nutrients.
Summer temperatures frequently exceed, and diel dissolved oxygen concentrations frequently are
less than, Class A standards.

Three publicly-owned treatment works (POTWs) discharge wastewater to the SFPR: Albion
POTW at RM 14.1; Pullman POTW at RM 21.3; and Moscow POTW to creck mile
(CM) 6.9 of Paradise Creck. The Moscow POTW discharge is located in Idaho approximately
0.5 miles from the state line. During periods of low flow, the Moscow POTW comprises nearly
the entire flow of Paradise Creek and the SFPR until confluence with the Pullman POTW
discharge. POTW flows have the potential to account for most of the total river flow during any
month of the year.

The Moscow POTW provides secondary treatment with trickling filters. The Pullman POTW
provides secondary treatment with seasonal nitrification. Maximum monthly design flows for
Moscow and Pullman POTWs are 3.5 and 4.3 million gallons per day (mgd), respectively. The
Albion POTW discharges from a facultative lagoon to the SFPR only during the months of
February through May with a design flow of 0.12 mgd.

Effluent flows reported by Moscow POTW prior to 1992 did not account for diversion of
approximately 72 million gallons of effluent for irrigation and 0.22 mgd recycled to the primary
clarifier. The current NPDES permit for Moscow POTW 1equires reporting of actual flows to

Paradise Creek.






The city of Pullman is considering diversion of a portion of effluent flows during April through
October. Seasonal diversion of Pullman POTW effluent of approximately 126 million gallons
has been proposed (Don Nichols, Ecology ERO, personal communication).

The objectives of the present study are to:

L] determine the loading capacity of the SFPR to discharges of ammonia for protection of
aquatic life criteria for un-ionized ammonia (WAC 173-201; EPA, 1986);

L] examine the sensitivity of dissolved oxygen concentrations to ammonia and biochemical
oxygen demand (BOD) loads from POTWs;

o recommend total maximum daily loads (TMDLs), waste load allocations (WLAs), and
load allocations (LAs) consistent with Ecology’s guidance on TMDLs (Ecology, 1991).

The Pullman POTW discharge is the only National Pollutant Discharge Elimination System
(NPDES) permit in the SFPR basin that contains limits on effluent ammonia. The Pullman
POTW currently has the following effluent ammonia limits: no limitation from December
through March; 5 mg/L as N during April and November; and 1 mg/L as N from May through
October. The current permit limits are interim limits until adoption of a TMDL and WLA.,

2.0 METHODS

2.1 Intensive Surveys During 1991

Ecology conducted intensive surveys in July and October 1991 of water quality and flow profiles
between Paradise Creek near the state line (CM 6.4) and SFPR RM 8.9 below the Albion
POTW. The intensive surveys coincided with Class II inspections of the Pullman POTW and
Albion POTW (Glenn, 1992). Surface water grab samples were collected at stations shown in
Figure 1. Intensive survey station SF2 is at the same location as Ecology ambient station
34B110.

Field analyses included: temperature by probe and mercury thermometer; dissolved oxygen by
modified Winkler titration; and pH and specific conductance by probe (APHA et al., 1989).
Stream discharge was measured at selected sites using either 2 magnetic or propeller flow meter.

Grab samples collected for laboratory analyses were stored in the dark on ice and received via
air freight or hand delivery by the Ecology/USEPA Manchester Environmental Laboratory
within 24 hours of collection. All analyses were performed using approved procedures (EPA,
1983; APHA et al., 1989). All field and lab measurements are presented in Appendix A.



2.2 Historical Data Analysis

Ecology has collected monthly water quality data in the SFPR at Pullman (Ecology station
34B110 at RM 22.2) since 1970 (Appendix B). Ecology also collected monthly data during
water year 1992 from Paradise Creek at the state line and other stations in the SFPR basin
(Appendix C; Hallock, 1993). Ecology data were examined to describe seasonal and annual
trends in water quality. The USGS has recorded daily discharge in the SFPR at Pullman
(RM 22.2) and in Missouri Flat Creek between 1933 and 1981. Ecology water quality data and
USGS flow data were used to compute design conditions for TMDL modeling. Historical water
quality data and USGS flow data were analyzed using the statistical software package
WQHYDRO (Aroner, 1991) and SYSTAT® (SYSTAT, 1990).

The Pullman POTW has also collected water quality data (temperature, pH, dissolved oxygen,
and ammonia) from the SFPR immediately upstream and downstream from the POTW outfall
(RM 21.3) at approximately weekly intervals since May 1990 as part of its NPDES requirements
(Appendix D). These data were used to evaluate mixing zone criteria for ammonia.

3.0 RESULTS AND DISCUSSION
3.1 Seasonal and Annual Water Quality Trends at SFPR RM 22.2

3.1.1 Ammonia Concentrations

Ammonia concentrations vary seasonally (Figure 2). Lowest values occur during warmer
summer months. The seasonal pattern may be influenced by seasonal changes in loading and
instream nitrification as temperatures change. Annual concentrations are relatively constant from
year to year. Monthly and annual median ammonia concentrations typically range between 0.1
and 0.5 mg/L as N, but individual observations frequently exceed 1 mg/L as N.

3.1.2 Ammonia Criteria Excursions

Ammonia concentrations at SFPR RM 22.2 (Ecology ambient station 34B110) have shown
repeated excursions above chronic criteria between 1970 and the present (Figure 3). Most
excursions occur during summer months, but some were observed in all months except January,
February, and March (Figure 4). The Pullman POTW monitoring data showed ammonia criteria
excursions during seven months of the year upstream from the POTW outfall and six months
of the year downstream between 1990 and 1992,
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Figure 2. Monthly and annual variation in ammonia
at Ecology Station 34B110, 1970-92,
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Figure 3. Ammonia concentrations in the South Fork Palouse River (348110)
as percent of the chronic and acute toxicity criteria. Values greater than

100 percent exceed criteria.
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3.1.3 Temperature and pH

Total ammonia in water contains two compoenents: ionized (NH,*) and un-ionized (NH,).
Ammonia toxicity is caused by the un-ionized fraction present in water, which is a function of
temperature and pH. Seasonal patterns in temperature and pH result in seasonally changing
criteria for total ammonia. The un-ionized fraction of ammonia increases as temperature and
pH increase.

Figure 5 presents seasonal trends in temperature and pH. Temperatures peak in July in excess
of the Class A criterion of 18°C. Summer pH also exceeds the Class A criterion. Seasonal
increases in pH are probably caused by photosynthesis of algae and macrophytes in the river.

3.1.4 Dissolved Oxygen and Nutrients

Although the major focus of this analysis is ammonia, other parameters are related to ammonia.
Dissolved oxygen is related to ammonia because of the demand for oxygen by nitrification.
Nutrient concentrations are also relevant because algal productivity influences dissolved oxygen
levels. Monthly ambient monitoring data at SFPR RM 22.2 shows nutrient concentrations
typically 10 to 100 times greater than levels which might limit algal growth (Figures 6 and 7;
assuming algal growth limitation by nutrients does not occur above 0.10 mg/L of nitrate, nitrite,
plus ammonia N and 0.025 mg/L of soluble reactive P). '

Dissolved oxygen measurements at SFPR RM 22.2 show occasional excursions below the
Class A standard of 8 mg/L during May through September (Figure 8). However, the ambient
monitoring data probably do not represent potential minimum concentrations which would occur
before sunrise or at critical locations below POTWs. The intensive surveys during July and
October 1991 (Appendix A) probably are more representative of minimum concentrations at
critical locations and times of day. Diel minimum dissolved oxygen of less than 8 mg/L was
consistently found at most stations. Lowest dissolved oxygen concentrations were found in
Paradise Creek at the state line. Monthly sampling at the state line during water year 1992
shows a median daytime dissolved oxygen of less than 4 mg/L (Appendix C; Hallock, 1993).

3.2 Ammonia TMDL

The following sections present the procedures and design conditions used for evaluating ammonia
TMDLs, The order of presentation is: 1) design river and POTW flows; 2) mixing zone
temperature and pH; and 3) models for accounting for in-stream nitrification and
background/nonpoint sources. Then, the TMDL, WLAs and LAs for total ammonia are
developed.
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3.2.1 Duration and Frequency of Design Flows

Permit limits and WLAs have been traditionally based on a single critical period when the
assimilative capacity of a waterbody is lowest. The 7-day-10-year low flow (7Q10) is stipulated
by Ecology for such annual limits for most pollutants (Ecology, 1985; Chapter 173-201A WAC).
However, Ecology guidance recommends the 30-day-10-year low flow (30Q10) for annual
ammonia limits for facilities designed to remove ammonia (Ecology, 1987). Permit limits
derived using the annual 7Q10 or 30Q10 are intended to apply during all months of the year
even though those flows may only occur during summer months (EPA, 1988).

Ecology policy encourages use of seasonal permit limits for ammonia (Ecology, 1987). TMDLs
and WLAs were evaluated for monthly and semi-annual periods. Annual design conditions were
not evaluated because they would require overly restrictive permit limits. Seasonal WLAs and
permit limits allow greater use of the loading capacity of a receiving water. However, design
conditions for seasonal permit limits must be chosen to ensure that the allowable frequency of
exceeding aquatic life criteria is not exceeded. For example, if the same return period (e.g.,
10 year return period for 30Q10) is used for design conditions for annual, semi-annual, and
monthly limits, then the semi-annual limits would be twice as likely to exceed criteria, and
monthly limits would be about seven times more risky compared with annual limits (EPA,
1984). Table 1 presents annual and seasonal return periods for design conditions that have
equivalent probability of annually exceeding criteria. Semi-annual and monthly design flows
would require 20 and 114 year return periods, respectively, to maintain the same annual risk of
exceeding criteria as the traditional 7Q10 or 30Q10 annual design flow.

In consideration of EPA guidance and criteria (EPA, 1986; EPA, 1984) and Ecology policy
(Ecology, 1987), seasonal design conditions were selected to maintain the same annual risk as
an annual 30Q10. Therefore, the seasonal design flows selected for evaluation of ammonia
TMDLs for the SFPR are: '

L 30-day-20-year low flows (30Q20) for semi-annual periods;
L 30-day-114-year low flows (30Q114) for monthly periods.

The periods chosen for semi-annual limits are April-October and November-March. These .
periods were chosen in consideration of seasonal changes in POTW flows, river flows, and
aquatic life criteria for ammonia, The selected semi-annual periods maintain the same annual
risk as annual permits and also maximize allowable POTW loading to most efficiently utilize
loading capacity of the river. The method used to select semi-annual periods is presented in a
later section since it requires evaluation of monthly WLAs.
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Table 1. Return periods for equivalent annual
probability of meeting water quality standards for
various permit intervals.

Y = Return Period (1)

{Years)
P = Annual
Number of Falilure
Seasons Probability
Permit Interval N P = 10%
= 1/10 years
Monthly 12 114.4
Seagonal 4 38.5
Semiannual 2 19.5%
Annual 1 ' 10.0

1) ¥Y=4{1-(1-P)*1/N)} "~ (-1)

14



3.2.2 River and POTW Flows

The distribution of monthly mean flows in the SFPR at RM 22.2 is presented in Figure 9.
Monthly mean flows range from greater than 100 cubic feet per second (cfs) during February-
~ March to less than 10 cfs during July-November. Low flows in the SFPR show an increasing
trend during the period of 1960-80 (Figure 10), possibly because of increasing Moscow POTW
flows during this period. The last 10 years of the period of record (1971-81) were selected for
computing design flow statistics because of the observed increase in low flows.

The intensive surveys of July and October 1991 were used to check the surface water flow
balance for the SFPR basin from Paradise Creek at the state line to SFPR RM 8.9 (Figure 11).
In general, the sum of measured surface flow sources (Paradise CM 6.4, Airport CM 0.0, SFPR
RM 23.6, Missouri Flat CM 0.0, Pullman POTW, and Albion POTW) adequately account for
the observed profiles of flows throughout the river segment.

Pullman POTW effluent flows for 1989-91 are shown in Figure 12 and Appendix E with
temperature, ammonia concentrations, and ammonia variability. Effluent flows vary seasonally
with minimum flows in June-July and maximum flows during January-March. The maximum
monthly average POTW flows are approaching 85% of the design flow of 4.3 mgd. Summer
average design flows are often exceeded during dry-weather months of September and October.

The distribution of monthly flows during 1989-91 was used to estimate critical seasonal flows
for the Moscow and Pullman POTWSs by scaling the design flows (3.5 mgd for Moscow and 4.3
mgd for Pullman POTW) proportional to the 1989-91 monthly average flows. This was
accomplished by the following procedure:

] Step 1: 1989-91 averages were calculated for each month for each POTW,

o Step 2: the maximum monthly average POTW flow for the 1989-91 period was found
for each POTW.

® Step 3: the ratio of each monthly average to the maximum monthly average during
1989-91 was calculated for each POTW.

* Step 4; the monthly ratios from step 3 were multiplied by the design flows (3.5 mgd for
Moscow and 4.3 mgd for Pullman POTW) to estimate the distribution of monthly
average flows when the highest monthly average POTW flow reaches the design flow.

The fraction of POTW effluent expected in the SFPR at critical POTW flows is shown in
Figure 13, The combination of critical flows from the Moscow POTW and Pullman POTW are
estimated to comprise the majority of the river flow during July-November of a typical year and
during any month of the year for low river flows. Albion POTW makes up a relatively small
portion of the low river flows. Critical river and POTW flows are summarized in Table 2.
Critical conditions for TMDL modeling were assumed to be represented by a combination of low
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Table 2. Summary of critical flows for the ammonia TMDL.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Apr-Cct Nov-Mar

oom-c-ssmsmssmmasssooo-os Monthly mammeema v ><-+ Semi-annual -->
Limits Limits

BACKGROUND /NONPOINT SOURCES

Paradise Cr at Stateline (1) 5.03 5.36 5.42 4,74 4.24 2,60 2.16 2.56 3.67 3.86 5.15 4.99 3.79 6.43
$.F. Palouse R above Paradise Cr (2) 0.00 0.62 1.24 0.31 0.62 0.62 0.31 0.93 0.62 0.62 1.87 0.62 0.45 1.09
Missouri Flat Cr (2) 0.00 0.20 0.40 0.10 0,20 0.20 0.10 0.30 9.20 0.20 0.60 .20 0.21 0.35
POINT SOURCES

Moscow POTW (3) 5.03 5.36 5.42 4.74 4.24 2.60 2.16 2.56 2.95 3.79 4.02 3.95 3.79 4,02
Pullman POTW (3) 6.52 6.65 6.32 6.26 4.83 4,12 3.86 4.62 5.82 5.71 5,55 5.33 5.82 R
Albion POTW (4) 0.19 0.19 0.19 0.19 0.19 0.19

1) Paradise Cr at Stateline estimated by sum of natural flow above Moscow POTW with design flow from Moscow POTW.
Monthty flows from Moscow POTW were estimated as design flow scaled by distribution of monthly
flows during 1989-91. Critical semi-annual POTW flows were estimated as maximum monthly average for each season.
Natural Paradise Creek flows above Moscow POTW were estimated as difference between USGS station 13348000 and sum
of flows from SF Palouse above Paradise Creek, and existing {1989-91) Moscow POTW flows.
Flows from Moscow POTW to Paradise Creek during 1989-91 were estimated from NPDES DMR data after subracting
0.22 mgd for recycle to the primary clarifier, and 72 million gallons for irrigation during June-September each year.
2) Missouri Flat Cr estimated by Log-Pearson Type 3 analysis of usGs
13348500. South Fork Palouse above Paradise Cr and Fourmile Cr were
estimated by scaling USGS 13348500 statistics proportional to drainage
areas {drainage areas of 5.F. Palouse above Paradise Cr, Missouri Flat
Cr, and Fourmile Cr are 84, 27, and 72 square miles, respectively}.
3) Puliman POTW flows estimated based on design flow of 4.3 mgd scaled monthly
proporticnal to 1989-91 monthly average flows (see text). Critical semi-annual flows were assumed equal to maximum
monthly average during critical portions of each period.
4) Discharge permitted during February 1 through May 31 only.
Design flow = 0.12 mgd (0.19 cfs).
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flows from natural sources and high POTW flows calculated as described above., This
combination provides a reasonably conservative estimate of conditions when effluent dilution will

be lowest,

3.2.3 Mixing Zone Considerations

Ecology uses WAC 173-201A-100 to define mixing zones for NPDES discharges. This
regulation recognizes separate chronic and acute points of compliance.

In no case shall the zone of chronic criteria violation in rivers be greater than the most
restrictive combination of the following:

o shall not utilize more than 25% of the river design flow or occupy greater than 25% of
the width of the channel;

® shall not extend in the downstream direction more than 300 feet plus the depth of water
over the diffuser;

. shall not extend upstream more than 100 feet.

In no case shall the acute criteria violation in rivers be greater than the most restrictive of the
following:

] shall not utilize more than 2.5% of the river design flow;

® shall extend no more than 10% of the distance from the edge of the outfall structure to
the upstream and downstream boundaries of an authorized mixing zone;

L shall not occupy more than 25% of the width of the waterbody.

Exemptions from the maximum size limits of mixing zones are allowed under some
circumstances under WAC 173-201A-100(12). The volume of water in the effluent may provide
a greater benefit to the existing or characteristic uses of the river due to flow augmentation than
the benefit of removing POTW discharges, if such removal is the remaining feasible option for
complying with mixing zone size limits. Since POTW discharges comprise the majority of low
flow in the SFPR, removal of POTW flows would substantially reduce instream flows, especially
during summer months (Figure 13). Therefore, to the extent that it is desirable to maintain
existing low flows, the POTW discharges should be considered for possible exemption of mixing
zone size limits under WAC 173-201A-100(12).
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3.2.4 Critical Conditions for Temperature and pH

Ecology station 34B110 at SFPR RM 22.2 provides the only long-term record of pH and
temperature in the river basin (Figure 5). Data from 1971 to the present time were used to
determine design conditions for TMDL modeling. The monthly 90th percentiles of temperature
and pH were selected for design conditions for monthly permits (Table 3).

Design conditions for semi-annual periods were selected from critical portions of the permitting
periods. Critical periods were selected based on occurrence of lowest monthly average flows
during the 1971-81 period. For the April-October permit period, critical low flows occurred
only during the months of July-October. For the November-March permit period, critical low
flows only occurred in November. The 90th percentiles of temperature and pH during critical
portions of semi-annual permit periods were selected as design conditions for semi-annual
permits (Table 3).

The Pullman POTW has been collecting SFPR pH and temperature data upstream and
downstream from the POTW outfall at approximately weekly intervals since May 1990
(Appendix D). These data show consistently higher temperature and lower pH in the
downstream station relative to upstream. The same trend was observed during July and October
1991 intensive surveys. Ammonia criteria are expected to be less restrictive immediately
downstream from major POTW inputs due to the influence of POTW effluent on ambient
temperature and pH (Figure 14). The Pullman POTW monitoring of pH and temperature
upstream and downstream from the effluent discharge was used to calculate regression equations
(significant at the 95% confidence level) to predict downstream conditions as a function of
upstream conditions. The Pullman mixing zone regression equations were used to adjust the
90th percentiles from Ecology station 34B110 to estimate design conditions for the mixing zone
of the Pullman and Albion POTWs in the SFPR (Table 3).

Ecology ambient monitoring data during water year 1992 included monthly sampling of Paradise
Creek at the state line and station 34B110 (SFPR at Pullman). Temperature and pH were found
to be significantly higher and lower, respectively, in Paradise Creek at the state line compared
with station 34B110. Regression equations (significant at the 95% confidence level) were
developed relating Paradise Creek conditions at the state line with station 34B110. The design
conditions from the longer record at station 34B110 were adjusted by the regression equations
to predict design conditions in Paradise Creek at the state line (Table 3). This method was
considered to provide the most representative estimate of critical conditions because of the
relatively short record of monitoring in Paradise Creek. '

3.2.5 Instream Nitrification and Background/Nonpoint Sources

Ammonia criteria become progressively more restrictive in the river proceeding downstream
from the Moscow POTW until the Pullman POTW is reached, at which point criteria become
less restrictive again due to reduced pH caused by the POTW effluent (Figure 14). At the same
time, ammonia concentrations in the water column decrease dramatically proceeding downstream
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Table 3. Design conditions of temperature and pH.

<-- Ecclogy Ambient -> <-- Pullman WTP ~-> <-- Paradise Creek -->
Station 34B110 Mixing Zone at State Line
(1) (2) (3)
Temperature pPH Temperature PH Temperature PH
{deg C) (s.U) {deg C) {5.U) (deg C) (8.U)
Jan 3.64 8.12 6.29 7.69 9.86 7.44
Feb 6.86 8.03 9.28 7.64 12.23 7.41
Mar 9.10 7.90 11.36 7.56 13.89 7.38
Apr 14.00 8.80 15,92 8.12 17.50 7.61
May 18.60 8.90 20.20 8.18 20.90 7.64
Jun 20.70 9.14 22.15 8.34 22.45 7.70
Jul 21.57 8.69 22.96 8.05 23.0¢9 7.59
Aug 21.40 8.70 22.80 8.06 22.97 7.5%9
Sep 16.30 8.60 18.06 8.00 19.20 7.56
oct 13.70 8.50 15.64 7.93 17.28 7.54
Nov 8.76 8.24 11.05 7.77 13.64 7.47
Dec 5.80 8.01 8.30 7.63 11.45 7.41
Apr-Oct 20.46 8.60 21.93 8.00 22.27 7.56
Nov-Mar 8.76 8.24 11.05 T.77 13.64 7.47

1y 90%tiles of ambient monitoring data. For semi-annual periods, 90%tiles of
critical portions of each season were used, where critical portions were
defined by occurrence of low flows.

2) Based on regression of downstream versus upstream
temperature and pH from Pullman WTP data (1990-92) applied to
Ecology station 34B110 values:
Mixing Zone Temperature (deg C) = 2.904 + 0.9297 * {34B110 Temperature (deg C)]
{P<0.05; std Exr of Estimate = 2.04 deg C)
Mixing Zone pH (S.U.) = 2.592 + 0.6284 * [34B110 pH (S.U.)]
{P<0.05; Std Err of Estimate = 0.21 S.1.)

3) Regression of Paradise Creek at Stateline (PCSL) versus Ecology Station 34B110
for water year 1992 monthly monitoring data
PCSL Temperature (deg C) = 7.171 + 0.7381 * [34B110 Temperature (deg C)]
{P<0.05; Std Err of Estimate = 1.87 deg C)
PCSL pH (S.U.) = 5.305 + 0.2624 * [34B110 pH (8.U.))
(P<0.05; sStd Err of Estimate = 0.14 S.U.)
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from the Moscow POTW (Figure 15). Ammonia concentrations decrease much faster than
criteria due to rapid instream nitrification. Therefore, the loading capacity of the river may be
safely characterized by criteria at three critical points: Paradise Creek at the state line; SFPR
in the Pullman POTW mixing zone; and SFPR in the Albion POTW mixing zone. However,
instream nitrification must be accounted for between these points to realistically estimate the
ammonia concentrations immediately upstream from Pullman and Albion POTWs for alternative
loadings from point and nonpoint sources. WLAs for Pullman and Albion POTWSs depend on
three major factors: aquatic life criteria in the mixing zone, concentrations immediately
upstream, and allowable dilution flows based on WAC 173-201A.

Dissolved oxygen concentrations are affected by instream nitrification as well as oxidation of
carbonaceous biochemical oxygen demand (CBOD), photosynthesis, and respiration. The
relationship between dissolved oxygen and other parameters is discussed in a later section.

The decrease in ammonia concentration in the water column occurs through the process of
nitrification, which is the oxidation of ammonia to nitrite and nitrate by Nitrosomonas and
Nitrobacter bacteria, respectively (EPA, 1985). This reaction is commonly described as a first-
order process:

C=C,e™

where C is the ammonia concentration at any given point (mg/L as N), C, is the starting
ammonia concentration (mg/L as N), K is the first-order rate constant (day') at ambient
temperature, t is the travel time (days) from the starting point to the downstream point of
interest, and e is the base of natural logarithms. Travel time is estimated as the distance
travelled by a parcel of water divided by river velocity.

The first-order nitrification rate constant is usually considered to be dependant on temperature.
The relationship between the rate constant and temperature is described by:

K = K20 * 1‘.08(1-20)

where Ky, is the rate constant at 20 degrees C (days™), and T is ambient temperature
(degrees C).

The first-order rate constant for nitrification was determined by linear regression (significant at
the 95% confidence level) of the natural logarithm of ammonia concentrations versus travel time
downstream in Paradise Creek from the state line to CM 0 (Figure 15). In addition to the July
and October 1991 sampling, monthly monitoring data during water year 1992 were also used
to estimate nitrification rate constants. The data from 1991 and water year 1992 were pooled
to estimate an overall nitrification rate constant (K,o) of 8.2 £ 5.8 day™ at 20 degrees C (mean
+ standard deviation). The lowest 10th percentile was used for a design condition. Assuming
a log-normal distribution, the lowest 10th percentile nitrification rate constant (K,,) was found
to be 3.0 day at 20 degrees C.
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The rapid rate of instream nifrification mitigates cumulative impacts of the POTW discharges.
Ammonia concentrations were found to decrease to near background levels between Moscow and
Pullman POTWs even though concentrations started at or above aquatic life criteria at the
Moscow POTW (Figure 15). The WLA for the Puillman POTW is not greatly affected by
loading from Moscow POTW if ammonia criteria are met in Paradise Creek at the state line.
The WLA for Pullman POTW is based on the assumption that Paradise Creek meets criteria at
the state line based on temperature and pH in Table 3. The Moscow POTW does not currently
contain effluent limits on ammonia even though ammonia standards are currently exceeded in
Paradise Creek in Washington. USEPA Region 10 and the state of Idaho are responsible for
bringing conditions in Paradise Creek into compliance with WAC 173-201A at the state line.

USEPA Region X is presently evaluating WLAs for Idaho discharges. The temperature and pH
values listed in Table 3 (either monthly or semi-annual) are recommended to establish criteria
for total ammonia in Paradise Creek at the state line for the Idaho WLAs as well as immediately
downstream from Pullman and Albion POTWs. Critical conditions of temperature and pH for
Paradise Creck at the state line, as well as the corresponding criteria for total ammonia are as
follows:

Period Temperature pH Chronic Acute
Criterion Criterion
4-day average 1-hour average
°O) {s.u.) Total Ammonia | Total Ammonia
(mg/L as N) {mg/L as N)
April-October 22.3 7.56 1.1 9.4
November-March 13.6 7.47 1.8 13.

Nonpoint sources of ammonia from various tributaries were found to be relatively dilute
compared with POTW effluent (Table 4). For the purpose of TMDL modeling, nonpoint
sources were included by assuming that instream nitrification could reduce water column
ammonia to no less than 0.05 mg/L as N, which is the flow-weighted average concentration at
SFPR RM 23.6, Airport Creek, and Missouri Flat Creek (Table 4). Joy (1987) reported a
similar nonpoint source ammonia concentration during September 16-17, 1986,

3.2.6 TMDL. WLAs. and LAs for Total Ammonia

Monthly and semi-annual periods for permitting were evaluated. Exemption from mixing zone
width or flow limits was also considered. Alternative allocation schemes were based on
changing mixing zone requirements. Four alternatives were considered for evaluating TMDLs
as follows:

o Application of the mixing zone rule limiting available dilution flows to 25% of upstream
flows for chronic and 2.5% for acute:
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Table 4. Summary of flous'and ammonia concentrations for headwaters, nonpoint
sources, and point sources during 1991 Ecology surveys,

EESXSEERARNRNEES

<= July 24-25, 1991 -->

<-» October 1-2, 1991 -->

Total Total Total Tetal
Flow Ammonia Ammonia flow Amnonia Ammonia
(cfs) {ma/L (lbs/d {cfs) {mg/L {lbs/d
as N) as N) as N) as N)
HEADWATERS
Paradise (M 6.4 3.37 0.614 11.2 3.29 4,257 7.5
SFPR RM 23.6 0.32 ¢.015 0.026 0.18 0.012 6.012
NONPOINT SOURCES
Airport Creek 0.05 0.048 0.013 0.05 0.013 0.004
Missouri Flat Creek 0.5 0.020 0.054 0.1 0.022 0.012
POINT SOURCES
Pul lman WTP 4,21 0.020 0.454 5.28 0.087 2.478
Albion WIP 0.06 1.170 0.37% 0.06 1.170 0,379
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- Alternative 1A: Monthly design conditions with maximum mixing zone size of
25% and 2.5% of river design flow for chronic and acute, respectively;

- Alternative 1B: Semi-annual design conditions with maximum mixing zone size
of 25% and 2.5% of river design flow for chronic and acute criteria, respectively;

Exemption from mixing zone rules for maximum width or percentage of river flow
available for dilution:

- Alternative 2A: Monthly design conditions with maximum mixing zone size of
100% of river design flow for chronic and acute.

- Alternative 2B: Semi-annual design conditions with maximum mixing zone size
of 100% of river design flow for chronic and acute;

The method used to determine WLAs for Pullman and Albion POTWSs was as follows for each
alternative:

Step 1: Select design condition temperature and pH at Ecology station 34B110 (Table 3).
90th percentiles of either monthly or semi-annual periods were used. For semi-annual
periods, the critical period during each season was restricted to the period of occurrence
of low natural flows for estimating 90th percentiles. For the April-October season, the
critical period only occurred during July-October. For the November-March season,
lowest flows occurred in November. [Example: for the April-October season, the 90th
percentile temperature and pH (from July-October) were 20,46 degrees C and 8.60
standard units].

Step 2: Calculate POTW mixing zone temperature, pH, and ammonia criteria from
regression of Pullman POTW downstream versus upstream values applied to temperature
and pH from Step 1 (Table 3). Also use regression of Paradise Creek at state line versus
Ecology station 34B110 to estimate temperature and pH for Paradise Creek at state line
from values in Step 1, [Example: for the Pullman POTW mixing zone during the April-
October season, critical temperature = (20.46)(.9297)+2.904 = 21.93 degrees C, and
critical pH = (8.60)(.6284)+2.592 = 8.00 standard units].

Step 3: Estimate monthly and semi-annual POTW design flows for Pullman and Albion
POTWs (Table 2). Monthly design flows at Pullman were estimated based on design
maximum monthly flow (4.3 mgd) scaled monthly proportional to 1989-91 monthly
averages. Semi-annual flows for Pullman POTW were estimated as the maximum
monthly estimate during critical periods of each semi-annual season. Albion POTW
design flow for February-May was assumed to be 0.12 mgd. [Example: for the Pullman
POTW during the April-October season, the maximum monthly POTW flow during July-
October is predicted to be 5.82 cfs]. '
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Step 4: Estimate the monthly and semi-annual river flow balance. Flows from
background/nonpoint sources and from POTWs were assumed to represent all flows in
the system and be at design flows in Table 2. SFPR flow upstream from the Pullman
POTW was estimated as the sum of flows from Paradise Creek at the state line, SFPR
above Paradise Creek, and Missouri Flat Creek. SFPR flow above Albion POTW was
estimated as sum of SFPR flow upstream from Pullman POTW plus Pullman POTW
flow. [Example: for the Pullman POTW during the April-October season, the critical
flow upstream from the POTW is estimated as the sum of Paradise Creek at the state line
(3.79 cfs), SFPR above Paradise Creek (0.65 cfs), and Missouri Flat Creek (0.21 cfs),
which equals 4.65 cfs].

Step 5: Estimate the instream nitrification rate. A first-order nitrification rate constant
(Ky; day™?) of 3.0 day” was assumed at 20°C based on the 10th percentile of 1991-92
data. Monthly and semi-annual nitrification rates (K; day™') were adjusted to design
ambient temperature from Table 3. [Example: for the April-October season, the
nitrification rate between Paradise Creek at the state line and the SFPR at the Pullman
POTW is (3.0)(1.082045%) = 3 1 day™ at ambient temperature of 20.46 degrees C].

Step 6: Calculate design ammonia concentrations immediately upstream from Pullman
and Albion POTWs (C,,). For Pullman POTW, assume that Paradise Creek at the state
line begins at the chronic criterion value from temperature and pH in Step 2 (Table 3),
then use the first-order decay equation to estimate the concentration above Pullman
assuming instream concentrations cannot decrease to less than 0.05 mg/L as N. For
Albion POTW, assume that Pullman discharges at the WLA (calculated in following
step), then use first-order decay equation to calculate concentration above Albion POTW.
Exponential equations relating velocities in stream reaches to flow at SFPR RM 22.2
were calibrated from July and October 1991 measurements and exponents from
McCutcheon (1989). Velocities equations are as follows: between Paradise Creek at the
state line and Pullman POTW, velocity (ft/sec) = 0.325 [Flow at SFPR RM 22.2
(cfs)]°4; between Pullman and Albion POTW, velocity (ft/sec) = 0.330 [Flow at SFPR
RM 22.2 (cfs)]°* [Example: for the Pullman POTW during the April-October season,
the ammonia concentration upstream = (1.1)(e™®?*™) = 0,067 mg/L as N for an initial
concentration of 1.1 mg/L as N at the state line, nitrification rate of 3.1 day, and travel
time of 0,901 days at ambient velocity of 0.59 ft/sec].

Step 7: Calculate TMDL of ammonia for the SFPR at Pullman and Albion from the |
mass balance equation:

TMDL = ALC * (Q,, + Quow)
where ALC is the aquatic life criteria for total ammonia (mg/L as N), Q,, is the upstream

river flow from Step 4, and Q,, is the critical POTW flow. [Example: for the Pullman
POTW during the Apnl—OctobeI season, the chronic ALC is 0.67 mg/L as N, Q,, 1 is 4.65
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cfs, and Q, 18 5.82 cfs. Therefore the TMDL is (0.67)(4.65 + 5.82) multiplied by a
conversion factor of 5.3936, which equals 37.8 Ibs/day as N].

Step 8: Calculate the load allocation (LA) for upstream backgroundlnonpomt sources
from the mass balance:

LA =Q,*C,

[Example: for the Pullman POTW during the April-October season, the LA for upstream
sources is (4.65 cfs)(0.067 mg/L as N){5.3936) = 1.7 Ibs/day as N].

Step 9: Calculate WLAs for Puliman and Albion POTWs from a simple mass balance
equation:

WLA = ALC * [( *Q,, + Quw )/ Quow 1 - [ Cip * ( £*Qyp / Qpoe )]

where f is the fraction of upstream flow allowed for the mixing zone (25% and 2.5% for
chronic and acute for Alternatives 1A and 1B; 100% for Alternatives 2A and 2B).
[Example: for the Pullman POTW during the April-October season and Alternative 2B:
ALC = 0.67mg/L as N, f = 0.25, Q,, = 4.65 cfs, Q. = 5.82 cfs, and C,, = 0.067
mg/L. as N. Therefore, the WLA = (0.67)[(0.25*4.65+5.82)/5.82]-
[0.067%(0.25%4.65/5.82)] = 0.79 mg/L. as N. The mass loading for the WLA is
calculated by multiplying the WLA concentration (0.79 mg/L as N) by the critical POTW
flow (5.82 cfs) and the conversmn factor of 5.3936 to obtain (0.79)(5.82)(5.3936) =
24.8 lbs/day as NJ.

Step 10: Calculate water quality-based permit limits from the WLAs incorporating
effluent variability using the method of EPA (1991a). The effluent coefficient of
variation (CV) for ammonia was assumed to be 0.6; 20 samples per month were assumed
for Pullman POTW and 4 per month for Albion; Z-statistic for long-term average and
daily maximum permit limits was 2.326 (99 %tile); and Z-statistic for monthly average
permit limits was 1.645 (95 %tile). [Example: for the Pullman POTW during the April-
October season, following calculation procedures of EPA 1991a (detailed in Appendix-
F-2), the permit limits for total ammonia were found to be a daily maximum of 1.9 mg/L
as N and monthly average of 0.76 mg/L as N. These concentration limits correspond
to mass load limits of a daily maximum of 60 lbs/day as N and a monthly average of 24
Ibs/day as N for the critical POTW flow of 5.82 cfs].

The detailed intermediate calculations for the four alternatives are presented in Appendix F. A
summary of the ammonia TMDLs, background LAs, POTW WLAs, and proposed permit limits
for alternative pexmit scenarios is p:esented in Appendix F-4. A margin of safety, which is
required for assigning WLAs and LAs in a TMDL (EPA, 1991b), was incorporated through
conservative assumptions.
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Semi-annual permit limits for the Pullman and Albion POTW, assuming mixing zone width and
flow restrictions are enforced, are as follows [Alfernative 1B effluent ammonia limits in terms
of total ammonia as N; permitted loads were calculated using design flows for Pullman (5.82
cfs for April-October and 5.55 cfs for November-March) and Albion (0.12 mgd) POTWs]:

Apr-Oct Nov-Mar
mg/L Ibs/day mg/L lbs/day
Pullman POTW Total Ammonia-N
Daily Max 1.9 60. 4.8 144.
Monthly Avg 0.76 24. 1.9 57.
Albion POTW Total Ammonia-N
Daily Max 12. 12. 23, 23,
Monthly Avg 5.9 5.9 11. 11.

Semi-annual permit limits for the Pullman and Albion POTWSs, assuming exemption from mixing
zone width and flow restrictions, are as follows (Alternative 2B effluent ammonia limits in terms
of total ammonia as N):

Apr-Oct | Nov-Mar
mg/L lbs/day mg/L Ibs/day
Pullman POTW Total Ammonia-N
Daily Max 2.8 88. 7.2 215.
Monthly Avg 1.1 35. 2.9 85.
r Albion POTW Total Ammonia-N
Daily Max 84. 84. 155. 155.
Monthly Avg 42. 42, 77. 78.

The method used to select the optimal semi-annual periods depends on results of monthly WLAs
as described in EPA, 1984 (Table 5). The method begins by determining monthly WLAS using
appropriate monthly design conditions. The 12 months of the year are divided into two
contiguous groups so that the sum of the minimum monthly WLA times the number of days in
each group is maximized. The optimal semi-annual periods are found by systematic trials of
selected groups of months. To start the process, the year is divided into two groups: the month
with the lowest WLA (period 1); and the other 11 months (period 2). Next, the minimum WLA
from periods 1 and 2 are multiplied by the number of days in each period and these products
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Table 5 Selection of semi-annual permit periods for load optimization.

Al 1A Alt 1A
Month  Puliman  Pullman Pullman
Design Ammonia Ammonia
Flow Monthly Avg Limit Monthly Load
mgd mgN/L #N/day
Jan 422 21 74.0
Feb 4 30 21 754
Mar 409 22 : 751
Apr 405 o088 297
May 312 060 1586
Jun 267 037 82
Jul 250 064 134
Aug 298 065 162
Sep 376 10 314
Oct 369 13 400
Nov 358 20 598
Dec 345 22 633
Dry/Wet Min  Daysin Time-wid Min  Daysin Time-witd
Season Monthly  Season Effluent Monthly Season  Effluent
Periods Avg Ammonia Limit Avg Ammonia Load
During During
Season Season
mg/L days mg/L #/day days #/day
Jul 028 N 1335 31
Aug~Jun 037 334 824 3
038 mg/L 87 #/day
Jun-Jul 0.28 61 13.35 61
Aug-May 08 304 1562 304
0 55 mg/l 15 2 #/day
Jun-Aug 0.28 92 13.35 92
Sep-May 086 273 15.62 273
052 mg/L 15.0 #/day
May-Aug 0.28 123 13.35 123
Sep-Apr 088 242 2874 242
0868 mg/t 24 2 #{day
Apr-Aug o238 153 1335 153
Sep-Mar ¥ 212 3138 212
070 mg/L 238 #/day
Apr-Sep 028 183 13.35 183
Oct-Mar 13 182 4003 182
0.79 mg/l 26.7 #/day

Apr-Nov 0.28 244 1335 244
Dec-Mar 21 121 863.34 121
088 mg/l. _ 29 9 #/day
Apr-Dec 0.28 275 13.35 274
Jan-Mar 21 80 73.95 91
073 mgit 28 & #/day
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are added together to estimate the time-weighted annual average POTW load. For the next
iteration the contiguous month with the next highest WLA is added to period 1 and deleted from
period 2 and the time-weighted annual load is recalculated. This step is repeated until the
periods which provide the maximum annual load are found. The optimal semi-annual periods
were found to be April-October and November-March using this procedure. Semi-annual permit
periods are recommended over monthly periods for administrative simplicity and because both
schemes require similar levels of treatment throughout the year.

Alternatives 2A and 2B are provided to show the maximum loading which could be allowed if
the POTWs are exempted from mixing zone size restrictions. In general, this exemption allows
for some increased loading. The Water Quality Program will need to decide if the exemption
for mixing zone size is appropriate for these facilities. If no exemption is allowed, then results
for either Alternative 1A or 1B can be used depending on whether semi-annual or monthly
average limits are required. :

Pullman POTW WLAs and permit limits for all alternatives were found to be more restrictive
than the existing permit. Permit limits will be required during all months to meet the proposed
WLASs. Proposed semi-annual permit limits for monthly average and daily maximum ammonia
were compared with Pullman POTW data from 1991 (Figure 16). Proposed permit limits under
Alternative 2B would have been met during 1991, with the exception of monthly average during
April 1991 and daily maximum during May and June 1991. The more restrictive limits of
Alternative 1B were also met for 10 of 12 months and 5 of 12 months, respectively, for monthly
average and daily maximum limits. An engineering analysis of the treatment process would need
to be conducted to determine feasibility of operational changes or improvements required to meet
the proposed limits. However, the comparison with 1991 data suggests that the proposed limits
could be achieved.

WLAs for Albion POTW are generally much less restrictive than for Pullman POTW because
of greater dilution. Glenn (1992) reported effluent total ammonia of 1.2 mg/L as N in July
1991. This observation suggests that values as high as 16 mg/L as N could be expected if
effluent ammonia has a CV of 0.6 (EPA, 1991). Therefore, ammonia limits may be required
if the Albion POTW is not exempted from mixing zone width and flow limits.

The WLAs for Pullman and Albion would probably not be reduced significantly if nonpoint
sources are reduced (e.g., through use of best management practices or changes in land use).
Nonpoint sources make up a relatively minor portion of the TMDL. Reductions of nonpoint
loading sources would protect water quality more, but such reductions would probably mainty
be achieved during seasons that are not critical for consideration of WLAs. Application of
mixing zone size limits provides a reserve for water quality protection since the sum of WLAs
and LAs is less than the loading capacity. :
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Figure 16. Comparison of Pullman POTW effluent ammonia during 1991 with proposed
semi-annual permit limits for monthly average and daily maximum
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3.2.7 Monte Carlo Simulation of Ammonia

Monte Carlo simulation was used to combine the water quality model and permit limit
calculations with statistically described inputs. The purpose of Monte Carlo simulation of
Pullman and Albion POTW permit limits was to examine whether design conditions assumed in
the preceding analysis were too conservative compared with frequency requirements of the water
quality criteria. The major advantages of Monte Carlo simulation for derivation of permit limits
are (EPA, 1992):

L It can directly estimate the permit limits that correspond to the allowable frequency and
duration requirements of the water quality criteria.

® It can be used with the same steady state water quality model that is used for the point-
estimate method (section 3.2.6).

. It can incorporate the cross-correlation and interaction of model variables such as river
flow and temperature.

Using this technique, probability density functions are assigned to each term in the water quality
model reflecting the variability in that characteristic. Then, with synthetic sampling, values are
randomly chosen from the distributions of each term. These values are inserted into the model,
and a prediction is calculated. After this is repeated a large number of times, a distribution of
predicted values results, which reflects the combined uncertainties of all model variables. A
detailed description of the steps used in Monte Carlo simulation for estimating ammonia limits
for Pullman and Albion POTWs is presented in Appendix G.

Results of Monte Carlo simulation yielded similar permit limits compared with the point-estimate
method. Permit limits based on Monte Carlo simulation are as follows:

Apr-Oct Nov-Mar

Pullman POTW Total Ammonia-N (mg/L as N)
Daily Max 2.1 4.7
Monthly Avg 0.83 , 1.9

Albion POTW Total Ammonia-N (mg/L as N)
Daily Max 12. 28.
Monthly Avg 6.2 14.

This result suggests that the design conditions assumed in section 3.2.6 are reasonable and not
overly conservative for protection of water quality criteria. Results using the point-estimate
method of section 3.2.6 are recommended for establishing permit limits.
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3.2.8 Analysis of Dissolved Oxvgen Sag

A Streeter-Phelps model was used to estimate the dissolved oxygen concentration at critical
points below the Moscow, Pullman, and Albion POTWs, This approach accounts for the
demand for oxygen from carbonaceous BOD (CBOD), nitrogenous BOD (NBOD) from
nitrification of ammonia, the deficit from photosynthesis and respiration by algae and plants, and
reaeration. NBOD from organic forms of nitrogen were considered to be negligible because of
the relatively slow rates of hydrolysis of organic N compared with more rapid CBOD decay and
nitrification rates. The dissolved oxygen model used in this report is more complex than the
DOSAG spreadsheet used by Ecology permit writers (Ecology, 1992) because it accounts for diel
changes, photosynthesis, and respiration.

The diel average and minimum dissolved oxygen concentrations below a POTW are described
by the following equations in relationship with the saturation concentration (calculated by APHA
et al., 1989 equation and EPA 1985 equation for elevation adjustment), daily average deficit
below saturation at the point of critical sag, and diel range of dissolved oxygen:

cavg =6 - Dc

Cm,-n = Cs-Dc-Ac/Z

C, = exp [ -139.34411 + (1.575701 * 10°/Ty)
-(6.642308 * 107/T,Y) + (1.2438 * 10'%T%)
-(8.621949 * 10"/T,* 1 * [1 - 0.0000355 E]

where:

Cng = diel average dissolved oxygen (mg/L)

Cny = diel minimum dissolved oxygen (mg/L)

c, = saturation concentration at ambient temperature (mg/L)

D, = diel average dissolved oxygen deficit (mg/L)

A, = diel range of dissolved oxygen (mg/L)

Ty = temperature (degrees Kelvin)

E = elevation (2300 fect above sea level).

The equations for the dissolved oxygen deficit (D), which is the diel average suppression below
the saturation concentration, is as follows (Thomann and Mueller, 1987):

D = D, exp[-K,t.] (initial deficit)

+ [K/(K,-Kllexp(-Kt)-exp(-K¢t)] Ly (ultimate CBOD)
+ [K /(KK Iexp(K t)-exp(-K )] LY (NBOD)

- [1 - exp(-K;t.)] (p./K) (photosynthesis)
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+ [1 - exp(-K,t.)] (R/K) (respiration)

K, = [10.3 Q%] * 1.047120 (CBOD decay rate)
K, =7776*U*S *0.8882 * 1.0249% (reacration rate)
K, = 3,0 * 108129 (nitrification rate)
where:
D, = initial deficit (mg/L)
L, = initial ultimate CBOD concentration (mg/L)
LY = initial NBOD concentration (mg/L; 4.57 times ammonia-N)
K, = reaeration rate (day’ base e; Tsivoglou-Wallace equation, EPA, 1985)
K, = CBOD decay rate (day” base e; Wright-McDonnell equation, EPA, 1985)
K, = nitrification rate (day” base e; measured)
P. = gross photosynthesis (mg/L-day; measured)
R = gross respiration (mg/L-day; measured)
t, = travel time to critical sag (days)
Q = flow (cfs)
T = temperature (degrees C)
U = stream velocity (ft/sec)
S = channel slope (ft/ft).

The travel time to the critical location of minimal dissolved oxygen (t) below each POTW was
estimated using the following equation (Thomann and Mueller, 1987):

. = [I/K K9] Ln {K/KJ[1 - Do(K,-K/ (KL}

The gross photosynthesis and respiration rates were estimated from measurements of the diel
range of dissolved oxygen concentrations (A,; mg/L) during July and October 1991 surveys as
follows (Thomann and Mueller, 1987):

P. = 3.2 A,
R = 0.25 p,.

The model parameters and results for alternative concentrations of CBOD and NBOD in POTW
effluent are presented in Appendix H. The accuracy of the model was tested by comparison of
predictions with observations during July and October 1991 surveys. The model was found to
predict daily average and minimum dissolved oxygen at the point of critical sag with an
approximate standard deviation of 0.7 mg/L (root mean squared error of observed versus
predicted values). The location of the lowest dissolved oxygen was predicted with an accuracy
of about one mile below Moscow and Pullman POTWs,
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The sensitivity of dissolved oxygen in the river was examined for effluent 5-day CBOD (CBOD;)
in the range of 0 to 45 mg/L and ammonia decreasing from proposed limits in section 3.2.6
(ultimate CBOD was estimated from CBODS by assuming a constant ratio of 1.47; EPA, 1985).
This analysis showed that further reductions in ammonia below the recommended limits in
section 3.2.6 will provide only minor increases in dissolved oxygen. Assuming that ammonia
is reduced to the proposed limits, dissolved oxygen would be most sensitive to reductions in
CBOD concentrations, Figure 17 shows the sensitivity of dissolved oxygen to various
concentrations of effluent CBOD at critical points below Moscow, Pullman, and Albion POTW
for critical conditions during the April through October season.

The Class A standard for dissolved oxygen of 8 mg/L is probably not attainable during critical
conditions in the SFPR and Paradise Creek. High temperatures in summer result in diel average
saturation concentrations that are approximately 8 mg/L at critical conditions. Therefore, a
relatively small amount of diel range and deficit could drive concentrations below the standard.
Since normal diel ranges of 1 mg/L or greater should be expected in any natural stream (EPA,
1980), the Class A standard would probably be violated even if all POTW loads are eliminated.
Reductions in nutrient loads would reduce but not eliminate diel fluctuations in dissolved oxygen.
If stream temperatures can be reduced during summer (e.g., through riparian management to
increase shading), then dissolved oxygen concentrations may also increase. For example, if the
Class A temperature criterion of 18 degrees is attained during summer, the saturation
concentration of dissolved oxygen would be 8.7 mg/L (after accounting for Pullman elevation
of 2300 feet above sea level). Therefore, the daily average deficit and half the diel range
combined must be less than 0.7 mg/L, which is unlikely, to attain the Class A standard for
dissolved oxygen at 18 degrees C.

Achievable targets for dissolved oxygen during the April-October and November-March periods
were estimated from the Streeter-Phelps model assuming that POTW effluent from Moscow and
Pullman is limited to 10 mg/L of CBOD; year-round. Even if effluent CBOD; is limited to
10 mg/L and ammonia is limited to meet aquatic life criteria, the Class A standard of 8 mg/L
as an instantaneous minimum would not be attainable under critical conditions for most of the
year. The targets for attainable dissolved oxygen are as follows for Paradise Creek and the
SFPR if POTWs are allowed to discharge with reduced BOD and ammonia limits:

Lowest Instantaneous
24-hour Average Minimum
April-October 5 mg/L 4 mg/L
November-March 8 mg/L 6 mg/L

The target for lowest 24-hour average represents the lowest daily average that is likely at the
critical conditions for each season. Seasonal average concentrations would be higher than the
lowest 24-hour average because the critical conditions would probably only occur for a short
period of time at most.
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Figure 17. Critical DO concentrations below Moscow, Pullman, and Albion POTWs

for various effluent BOD5 concentrations, April-October critical conditions.
Effluent ammonia was assumed at proposed limits to meet un-ionized criteria.
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Effluent from the Pullman POTW currently discharges 5-day BOD at less than 10 mg/L during
the summer even though the NPDES permit allows up to 45 mg/L. Moscow POTW had effluent
5-day BOD of about 20 mg/L during 1991 surveys. If a nitrification unit process is added to
the Moscow POTW, it is possible that lower effluent CBOD could also be expected. Existing
BOD limits in the Albion POTW permit are adequate to meet the proposed targets for dissolved
oxygen (Figure 17). EPA (1980) suggests that CBOD; limits for POTWs as low as 10 mg/L
can be justified by the type of modeling analysis presented in this section.

3.2.9 Effect of Proposed Diversion of Pullman POTW Effluent

The city of Pullman has proposed to irrigate a city park and a new golf course with wastewater
from the Pullman POTW, Approximately 128 million gallons of wastewater would be diverted
for irrigation during the April through October period (Don Nichols, Ecology Eastern Regional
Office, personal communication). A peak daily rate of diversion is estimated to be 1.5 mgd.
For the purpose of estimating the effect of the proposed diversion of wastewater on permit
limits, WLAs for ammonia were recalculated assuming Pullman POTW flows would be reduced
by 1.5 mgd through the April through October period. This analysis represents a first
approximation of the maximum benefit of the proposed diversion on ammonia limits. A more
refined analysis could be conducted if monthly diversion rates could be accurately estimated.

A comparison of critical POTW flows and monthly ammonia WLAs for the discharge to the
SFPR during the April through October period is as follows (ammonia WLAs with effluent
diversion were calculated using the method presented in section 3.2.6; monthly POTW flows
without diversion are from Table 2 after converting from cfs to mgd; WLAs without diversion
are from Appendix F-4 for Alternative 1A):

Without Diversion Diversion of 1.5 mgd

Flow | WLA | WLA | Flow | WLA WLA
mgd | mg/L | Ibs/d mgd | mg/L | lbs/d

Apr | 405 | 088 | 30. | 255 | 093 | 20
May | 3.12 | 060 | 16. | 162 | 070 | 95
Jun | 266 | 037 | 82 | 116 | 045 | 4.4
ral | 249 | 064 | 13. | 099 | 076 | 63
Aug | 299 | 065 | 16. | 149 | 076 | 9.4
sep | 376 | 10 | 31 | 226 | 11 | 2L
Oct | 369 | 13 | 40. | 2.19 | 1.5 | 27
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This analysis shows that the proposed diversion will probably have a minimal effect on permit
limits for ammonia concentration. A similar analysis for dissolved oxygen showed that the
proposed diversion would also have a minimal effect on permit limits for BOD concentration.
WILA concentrations at rates of diversion exceeding 1.5 mgd were calculated and found to be
insensitive to the amount of diversion until nearly complete diversion. Effluent loading of
ammonia and BOD to the SFPR would be substantially less depending on the amount of
diversion.

4.0 CONCLUSIONS AND RECOMMENDATIONS

L Un-ionized ammonia concentrations at Ecology station 34B110 often exceed chronic
aquatic life criteria. Most excursions occur during summer months, but January through
March were the only months without excursions .

° Ammonia concentrations in excess of chronic criteria were observed in Paradise Creek
near the state line during October 1991. The cause of excessive ammonia concentrations
during Ecology surveys appears to be the Moscow POTW.

L Dissolved oxygen measurements at Ecology station 34B110 show occasional excursions
below the Class A standard of 8 mg/L during May through September. However, the
ambient monitoring data probably do not represent potential minimum concentrations
which would occur before sunrise or at critical locations below POTWs, The intensive
surveys during July and October 1991 probably are more representative of minimum
concentrations at critical locations and times of day. Diel minimum dissolved oxygen
of less than 8 mg/L was consistently found at most stations. Lowest dissolved oxygen
concentrations were found in Paradise Creek at the state line. Monthly sampling of
Paradise Creek at the state line during water year 1992 shows sub-standard dissolved
oxygen throughout the year.

. River flows recommended for semi-annual and monthly steady-state modeling were 30-
day-20-year and 30-day-114-year low flows, respectively. These design flows are
equivalent to annual critical conditions required under WAC 173-201A.

L Effluent from Moscow and Pullman POTWs comprises most of the river flow during
July-November of a typical year and during any month of the year for design low flows.
The Albion POTW only discharges during February through May and makes up a
relatively small fraction of the total river flow.

L Temperature and pH at Ecology station 34B110 are recommended for developing design
conditions in combination with monitoring data collected by Pullman POTW upstream
and downstream from the POTW outfall and by Ecology during water year 1992 in
Paradise Creek at the state line. Weekly monitoring of upstream and downstream
temperature and pH by Pullman POTW shows consistently higher temperature and lower
pH downstream from the outfall. Paradise Creek at the state line shows a similar pattern
compared with Ecology station 34B110, The design conditions of temperature and pH
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in the two POTW mixing zones and in Paradise Creek at the state line were estimated
by applying regression equations to 90th percentiles of data at station 34B110. For semi-
annual permit periods, 90th percentiles were developed from critical portions of each
season, which were defined as months shown to exhibit critical low flows.

Critical conditions of temperature and pH for Paradise Creek at the state line, as well as
ammonia criteria, are proposed as follows (criteria in terms of total ammonia as N):

Period Temperature pH Chronic Acute
Criterion Criterion
4-day average 1-hour average
(deg C) (s.u.) Total Ammonia | Total Ammonia
(mg/L as N} (mg/L as N)
April-October 22.3 7.56 1.1 0.4
November-March 13.6 7.47 1.8 13.

USEPA Region X, in consultation with Idaho Division of Environmental Quality, should
establish WLAs and LAs in Idaho to meet the ammonia and dissolved oxygen critetia for
Paradise Creek at the state line.

Rapid instream nitrification was observed during 1991 intensive surveys and in ambient
monitoring data collected during water year 1992. The nitrification rate was estimated
assuming first-order kinetics. A 10th percentile nitrification rate constant of 3.0 day*
at 20°C was used for steady-state modeling to develop WLAs. Ammonia concentrations
were found to decrease to near background levels between POTW discharges.

Nonpoint sources of ammonia were found to be relatively dilute compared with point
sources. Nonpoint and background sources were included by assuming instream
concentrations cannot decrease to less than 0.05 mg/L as N based on intensive survey
data from 1991 and 1986.

A margin of safety, which is required for any TMDL, was incorporated by the use of
conservative design assumptions.

Semi-annual and monthly periods for permitting were evaluated. Exemptions from
mixing zone flow limits were also considered. Four alternatives were considered for
evaluating TMDLs: monthly and semi-annual limits each with and without mixing zone
flow restrictions. Semi-annual limits are recommended instead of monthly limits for
administrative simplicity.

Semi-annual permit limits for the Pullman and Albion POTWs, assuming mixing zone
size restrictions are enforced and Washington State standards are met in Paradise Creek
at the state line, are as follows (Alternative 1B effluent ammonia limits in terms of total
ammonia as N):
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Apr-Oct Nov-Mar

mg/L Ibs/day mg/L Ibs/day
Pullman POTW Total Ammonia-N
Daily Max 1.9 60. 4.8 144,
Monthly Avg 0.76 24. 1.9 57.
Albion POTW Total Ammonia-N
Daily Max 12, 12, 23. 23.
Monthly Avg | 5.9 5.9 11. 11,

Semi-annual permit limits for the Pullman and Albion POTWs, assuming standards are
met at the state line and POTWs are exempted from mixing zone flow restrictions, are
as follows (Alternative 2B effluent ammonia limits in terms of total ammonia as N):

Apr-Oct Nov-Mar
mg/L Ibs/day mg/L lbs/day

Pullman POTW Total Ammonia-N

Daily Max | 2.8 8. 7.2 215.

Monthly Avg 1.1 35. 2.9 85.
Albion POTW Total Ammonia-N

Daily Max 84, 84. 155. 155.

Monthly Avg | 42. 42, 77, 78.

Pullman POTW WLAs and permit limits for all alternatives were found to be more
restrictive than the existing permit. Permit limits will be required during all months for
the Pullman POTW to meet WLAs for ammonia. An engineering analysis of the
treatment process is recommended to determine feasibility of operational changes or
improvements required to meet the proposed ammonia limits. Comparison of proposed
limits with 1991 data suggests that the proposed limits could be achieved.

Monthly permit limits may be specified for Pullman POTW if preferred (Alternatives 1A
or 2A). Use of monthly limits may allow greater utilization of available loading
capacity. However, monthly limits are more restrictive than semi-annual limits during
some months. Monthly permits are generally more difficult to track and do not
necessarily provide more protection of water quality criteria than semi-annual limits,
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Permit limits for ammonia for the Albion POTW may be required. An effluent
monitoring program is$ recommended to define effluent concentrations of ammonia and
determine whether there is a reasonable potential to exceed WLAs presented in this
repoit.

The Class A standard for dissolved oxygen of 8 mg/L is probably not attainable during
critical conditions in the SFPR and Paradise Creek. High temperatures in summer result
in dissolved oxygen saturation of only 8 mg/L at critical conditions. Therefore, a
relatively small amount of BOD load or diel fluctuation could drive concentrations below
the standard. If stream temperatures can be reduced during summer (e.g., through
riparian management to increase shading), then dissolved oxygen concentrations may also
increase.

Achievable targets for dissolved oxygen during the April-October and November-March
periods were estimated from a steady-state model assuming that POTW effluent from
Moscow and Pullman is limited to 10 mg/L. of CBODS year-round. Even if effluent
CBOD; is limited to 10 mg/L and ammonia is limited to meet aquatic life criteria, the
Class A standard of 8 mg/L as an instantaneous minimum would not be attainable under
critical conditions for most of the year. A special condition for dissolved oxygen may
need to be adopted in WAC 173-201A for Paradise Creek and the SFPR if POTWs are
allowed to continue discharging effluent. The targets for attainable dissolved oxygen are
as follows for Paradise Creek and the SFPR if POTWs are allowed to discharge with
reduced BOD and ammonia limits:

Lowest Instantaneous
24-hour Average Minimum
' April-October Smg/L 4 mg/L
November-March 8 mg/L 6 mg/L

Effluent limits for CBOD; of 10 mg/L are proposed for the Moscow and Pullman
POTWs to meet realistic targets for dissolved oxygen in Paradise Creek and the SFPR.
Existing limits for Albion POTW are adequate to meet the dissolved oxygen targets.

The proposed diversion of effluent from the Pullman POTW for irrigation of a city park
and a new golf course was found to have a minimal effect on permit limits for ammonia.
A sensitivity analysis of ammonia WLAs for various amounts of diversion showed that
permit limits would not be greatly affected until nearly total diversion during the April
through October season.
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Results of field and lab measurements during 1991 intensive surveys
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APPENDIX B

Ambient monitoring data from Ecology station 34B110

B-1



Appendix B: Water quality data from Ecology station 348110, Missing data are reported as "999999"
For resulis at the detection limit, the values reported are half the detection limit

TFemp- Cond-  Diss. pH  Total Total Total Soluble Hard- Turb- Fecal Nitrate Nitrite Flow Date
erature  uctivity Oxygen Susp Ammonia P Reactive ness idity Coliform  +Nitrite as N
Solids as N P as N
(um/fcm {mg/L (CFU
{deg C) @25C) (mg/L) (s.0.)  (mg/) (magN/L) {mgPA) (mgP/L) CaCO3) (NTU) /100ml) (mgN/L) (mgN/L} (cfs)

2 999999 121 77 999999 0.19 114 0.36 999999 160 1200 11.27 999999 999999 701209
36 241 102 72 959999 999999 355 999999 099090 370 1200 999999 999989 999998 710126
04 327 124 75 999999 02 123 1.19 599889 25 999989 3.31 998999 999999 710209
33 295 1186 76 999999 028 038 054 999999 65 099909 2.37 998598 899999 710223
25 356 123 7.8 999999 039 0.93 058 599998 65 999999 2.5 999899 999999 710309

4 211 117 7.6 9999899 0.08 11 103 998999 170 899999 213 999599 990898 710323
96 255 99 7.7 990999 808989 223 1.95 ©99999 35 8999099 264 999999 999999 710406
88 284 102 78 999999 oo 0.88 0.7 959899 25 999999 394 990999 999999 710420

142 269 85 78 999999 008 081 089 £99988 25 999939 3.13 999999 999999 710804
84 300 108 79 999999 012 091 0.81 999999 25 999999 2215 959999 989999 710518
96 243 84 7 3 999999 0.43 241 2.2 999899 680 999999 433 999999 999999 710602

i3 305 89 79 899998 .1 093 053 999999 210 999999 224 999999 998998 710615

136 385 83 8 0998909 999999 188 159 999899 15 999999 286 999999 g 710706

215 674 &1 81 999989 0.12 283 269 999999 15 999999 198 999999 & 710720

204 680 48 7.5 999999 0.1 296 256 999999 45 999999 183 999989 6 710803

15 700 77 71 999909 002 298 2381 999999 10 9993989 3.42 99999% 4 710817

17 597 73 77 999989 014 195 114 999999 10 999999 345 999999 & 710907

8 B840 82 76 999999 8 41 3.89 999999 8 999999 2,54 9899898 5 710821
86 500 87 8 999999 0.25 55 52 140 7 999999 999999 999999 5 731017
94 670 117 85 999899 0:.29 65 6.4 120 5 999999 9999390 999999 5 731029

5 330 85 76 999999 12 47 0.52 a2 360 999999 9899938 99U989 B2 731113
18 480 11 79 9999869 0.4 t.5 1.4 120 22 999999 999993 999999 25 731127
25 300 117 77 999999 048 076 054 90 45 998999 999998 999999 g3 731211
53 200 94 75 999999 077 068 0.27 85 200 900 999998 899999 293 731218

999999 380 1058 7.5 999999 031 085 0.6 110 15 999909 999999 999999 66 740108

1 230 18 77 999999 0.39 0.55 048 76 40 490 999999 999099 215 740122
09 180 128 75 999999 0.7 0.6 0,28 64 75 400 999999 999999 373 740205
12 150 13 76 999999 058 0.55 0.3 66 100 1200 999999 999999 200 740220
28 200 118 76 999998 ozz 078 024 71 130 820 5580899 0809L8eg 262 740305
43 220 17 78 999999 032 0.48 028 €8 39 900 999999 999999 165 740319
38 210 12 74 999999 .38 1.2 0.25 42 200 840 999999 999999 289 740402
75 240 108 77 999989 az8 056 0.4 72 20 580 9598999 999899 93 740416

136 300 89 8 000089 029 0.66 0.53 83 16 450 999999 9999388 44 740507

104 400 a1 7.8 989889 1 18 0.9 98 40 9998999 . 998999 G99999 48 740521

131 360 86 7.8 999989 027 11 0.82 100 12 1100 ©999988 999599 22 740604

202 430 7 8 999989 011 15 14 999999 11 1600 999989 999999 15 740819

16.5 480 8 79 999898 0.34 2 2 130 17 520 999999 999939 10 740700

171 660 69 81 999999 076 33 33 140 4 1100 999999 959999 § 740723

162 770 64 81 995999 0.14 33 33 160 8 320 995999 999999 5 740806

135 790 79 82 9959959 898999 33 32 160 8 150 999999 999999 5 740820

1486 710 75 82 999999 999999 5 42 150 10 300 999999 999999 5 740904

198 740 8.1 79 999999 0.13 ] 48 180 11 130 $89990 999999 & 740017
83 958999 9993939 6.5 999999 1.6 52 4.4 999999 84 3520 46 999999 9 771026

7 230 999999 6.3 999999 0.68 1.5 i 999899 240 3400 4.8 999999 18 771128
02 250 9998983 7.2 999999 0.6 103 077 999999 210 360 7.25 999999 21 771220
15 255 13 6.8 999999 039 0.71 56 999999 120 120 79 999909 45 780124
22 210 129 7 999999 0.43 056 (39 950909 185 450 38 999999 68 780214

114 250 102 72 999999 01 0.58 038 998989 78 260 49 999999 40 780328
14 275 95 8 999999 013 087 082 999999 43 423 45 999999 30 780425
it6 275 105 82 999999 .19 0.72 0.68 ©998989 70 €300 3 999899 22 780523
42 400 81 8 9989499 03 12 11 9599989 70 10 24 999899 6 780620
188 550 9 84 999999 013 36 -35 9989999 40 2100 38 999999 4 780725
14 4 450 101 81 14 002 24 2.2 999909 85 5400 36 998899 7 780822
131 520 101 84 5 014 47 4.6 999899 6 1800 78 999999 5 780926
97 600 11 82 1000 006 39 26 9599999 8 1100 63 989998 7 781024
77 560 103 81 85 054 28 11 S99899 70 675 56 959899 10 781129

1 530 12.3 738 1600 0.38 32 27 999999 15 525 6.4 999099 8 781220
04 540 959989 78 71 0.6 2.7 2.1 993999 900009 220 62 999889 8 780125
18 295 12 83 a8z 0.47 052 044 999999 120 420 9 9989989 76 790222
57 250 123 73 1580 017 044 035 999999 25 540 43 999999 81 790320

116 400 a8 79 12z 026 0358 0.37 999999 39 2300 32 999989 79 790425

186 480 71 7 438 0.17 0.97 0.3 999999 39 4200 44 999999 24 790522

142 505 93 7e i8 18 999999 0.68 999999 80 3200 4 998899 13 790619

17 999999 g2 74 7 011 012 21 999999 80 3200 37 999599 5 790724

154 840 98 73 24 004 0.44 49 999998 5 3150 47 999599 5 790828

122 700 97 77 24 005 57 55 999099 15 200 72 999899 6 790925
95 800 1z 74 9 002 33 29 999999 10 650 78 999999 8 791023



Appendix B: Water quality data from Ecclogy station 34B110. Missing data are reported as "999999"
For resuits at the detection limit, the values reported are half the detection limit.

Temp- Cond-  Diss pH Total Total Total Soluble Hard- Turb- Fecal Nifrate Nitrite Flow Date
erature uctivity Oxygen Susp Ammonia P Reactive ness idity Coliform +Nitrite as N
Solids as N P as N
{umfem {mg/L (CFU
(deg C) @25C) (mg/l) (s.u) (mglL) (mgN/L) {mgPt) (mgP/L) CaCO3) (NTU) /100mL) (mgN/L) {mgN/L) (cfs)
24 543 128 72 120 a12 15 22 999999 40 720 66 8999999 8 791127
52 485 118 74 20 023 2.2 999999 999999 25 275 g 999999 16 791218
18 400 129 73 18 042 097 087 999898 60 180 12 899999 31 800122
66 190 1186 72 180 0.43 0865 0.41 999999 205 166 86 999999 76 800227
51 310 11 69 27 0.4 oes 05 999999 160 675 69 099999 41 800325
124 330 102 79 13 o0z 015 014 999999 85 1080 1.3 999998 22 800422
12 270 91 73 120 001 0.82 039 999999 175 790 3 999999 44 800529
137 290 92 78 130 004 11 0.77 999999 80 68700 18 999999 12 800624
215 570 8 78 12 008 32 31 999999 10 950 1.3 999999 6 800722
10 600 938 77 22 0.06 36 32 999999 65 450 776 999999 5 800828
10 600 10.4 77 15 36 386 14 999999 35 475 053 999999 6 800923
98 636 99 73 19 018 35 35 999889 35 320 9.18 999899 5 801021
61 470 109 76 30 014 15 0.2 999999 35 850 8.805 999999 8 801118
34 500 106 72 17 005 2 999998 999999 60 450 614 999998 8 801216
34 440 11 7 12 004 16 1.3 909999 75 710 523 999999 10 8i0120
54 240 103 69 49 0.18 0.17 999999 999999 36 875 6.45 999999 80 810223
59 360 101 73 15 1.4 1.3 1.3 989999 28 1050 7025 999989 20 810324
94 310 83 76 12 oo7 059 053 988999 40 780  4.225 999999 34 810421
128 300 96 72 44 038 0.46 0.46 999998 70 675 3.17 999999 28 810526
172 490 89 75 14 0.15 1.9 1.9 999009 150 1100 4025 999999 5 810721
i686 500 88 72 100 0.2 989999 2.45 999989 860 750 4.225 999999 3 810818
87 550 10 72 1 007 3.9 37 999999 35 870 7.57 989888 5 810822
88 575 98 75 31 025 999999 35 8599959 30 230 63 999989 5 811020
64 610 89 72 10 007 35 3.2 999999 8 480 7 999909 7 81111
57 370 108 8 30 028 0.4 999999 999999 130 1500 4.7 995999 18 811208
15 230 118 74 600 037 999999 0.26 999999 260 720 9125 999999 744 820126
32 160 8 74 2900 018 003 0.005 999999 980 4600 7.15 999999 750 820215
5 204 102 77 170 014 0.27 025 999999 180 220 5025 999999 260 820315
9 235 12 79 28 006 999999 023 999999 33 390 425 999999 90 820419
98 321 126 86 9 007 0.52 0.42 999999 8 110 405 999999 400 820510
18 318 139 95 8 016 05 05 989899 7 370 305 999999 260 820606
205 560 132 g2 4 005 18 17 999999 5 680 275 989999 6 820711
216 580 146 g1 8 008 23 22 9889099 6 160 3125 989999 4 820817
13 505 119 85 41 004 2 19 999989 11 250 305 999999 9 820914
73 520 13 a1 8 009 28 28 999999 6 3500 495 993999 7 821019
5 525 12 82 4 083 26 21 999999 6 3700 42 999999 10 821116
24 420 135 79 14 013 12 1 909999 23 100 76 999889 20 821228
386 310 128 78 120 0.18 015 9989888 898089 410 1200 6.8 999998 42 830125
79 241 105 76 79 0.1 006 999998 999999 100 300 7.35 999998 180 830222
91 252 103 8 18 02t 0.33 999998 999999 31 999999 6.05 999999 68 830322
153 330 147 92 11 002 0.5 058 999899 12 150 5.05 999999 33 830418
219 350 17 86 7 014 0.75 0.75 999999 8 370 325 999999 18 830524
218 390 118 86 8 015 13 13 999989 7 1400 2.05 999999 8 830628
222 455 131 86 4 005 18 16 999999 2 630 3.225 999969 4 830719
179 480 87 8 10 014 26 2.5 999999 16 2900 5.05 999999 6 830823
152 580 12 86 29 002 27 999999 999999 62 17000 5.9 999999 5 830927
98 485 12 78 4 oos 28 23 999900 7 600 625 999999 7 831025
35 435 131 8z 9 o014 1.1 1.1 999899 21 440 7.85 8999999 16 831129
o4 415 137 79 32 034 076 0.74 999999 28 180 8.825 0999999 20 831220
a4 288 134 78 14 066 064 999888 899989 22 210 8.15 999999 28 840117
32 330 123 8 61 0.57 023 999999 999899 89 580 6.625 999899 35 840207
52 270 118 79 98 03 0.12 999988 999999 110 190 6.35 999999 62 840306
6.8 210 113 79 140 0.3 0.1 9999889 999999 180 290 5525 989899 140 840410
126 317 123 9 90 oo7 0.24 999999 999999 67 480 4.5 999998 32 840508
177 321 137 9.1 14 009 0.5 999999 999999 13 250 2425 999999 21 840612
214 435 19.2 95 28 004 0.47 999999 999998 1 220 3825 999999 & B40710
184 535 13 87 10 006 28 28 999999 8 950 445 999999 4 B40814
136 535 118 85 8 016 42 38 999998 9 9900 7 65 995999 5 840911
141 600 11 84 13 008 4 3.7 999999 11 1200 6,125 999999 6 841009
82 382 98 8 21 019 135 999988 899999 37 3100 5.55 999999 15 841113
2 275 12 79 130 032 0.16 999999 999899 350 980 5425 999999 44 841211
i2 440 13 78 5 036 1.4 1.4 999999 i1 220 8025 999999 15 850115
41 232 121 75 100 0.24 999999 0.22 999999 200 260 9425 999099 108 850312
74 190 11 78 370 0.1 002 999999 9999899 260 150 8125 999999 270 850402
114 270 12 886 1 0.06 0.38 999999 599999 9 200 4.1 999999 26 850507
188 372 88 gz 16 999999 999989 999999 999999 18 1200 999999 999999 15 850611
158 540 111 86 16 01 3 26 998998 999999 810 541 999009 4 850813




Appendix B: Water quality data from Ecology station 34B110. Missing data are reported as "999999".
For results at the detection limil, the values reported are half the detection limit.

Temp- Cond-  Diss pH  Total  Total Total Soluble Hard- Turb- Fecal Nitrate Nitrite Flow Date
erature uctivity Oxygen Susp. Ammonia P Reactive ness idity Coliform +Nitrite as N
Sclids asi P asN
{um/fem (mg/L {CFU

(deg C) @25C) {mg/L) (s} {ma/l) {mgN/L) (mgP/L) {mgP/L) CaCO3) (NTU) A00mL} {mgN/L) (mgN/L} {cfs)
111 320 86 7.8 999989 §99999 999999 999999 080800 0889800 5800 989988 999998 14 850917
8 320 83 79 42 999599 999999 999999 989998 999999 2600 999098 959589 15 851022
1 510 142 84 8 0.46 23 2.3 999899 9999899 210 7705 999999 8 851119
o7 525 137 8.1 10 1.1 25 2.2 999999 098989 2600 5905 999999 10 851210
13 295 12 999999 35 0.53 0.39 0.39 958999 989858 22000 4.805 9995999 36 860114
16 323 128 77 999999 999989 909989 999899 999399 990099 560 999989 999999 37 860211
81 230 114 79 48 0.2 0.26 026 999999 999899 330 532 999999 110 860311
87 320 108 82 14 029 09 0.47 899999 12 360 375 999999 33 860415
125 350 187 88 099999 004 11 11 999993 7 540 047 999999 19 860513
20 395 127 87 089299 004 17 14 999998 5 200 288 999999 8 860610
188 540 icz2 84 g 009 22 21 999998 4 999998 416 999999 5 880708
191 600 9 81 999599 0.09 1 24 999999 999999 4500 2.14 999399 4 80812
16 580 g3 8 999999 900909 999099 34 999898 15 1400 999999 898999 5 BB0S0Y
83 498 it2 81 20 998999 999999 36 999898 17 900 999999 999899 1¢ 881021
7 585 115 82 4 006 998998 3.5 999998 4 590 6.74 998699 6 851104
12 487 126 72 15 079 599999 998988 B888999 16 260 1315 999899 15 861209
12 480 132 B1 7 026 1.3 999999 999999 6 2500 819 599999 10 870113
43 303 114 72 80 056 047 0.5 8995989 30 520 1109 999998 46 870210
65 265 105 71 60 036 055 056 999999 899889 3300 452 999999 48 870317
112 372 127 79 9 011 0.88 0.85 999999 11 700 543 999889 16 870414
173 440 11 86 25 013 14 1.9 9599999 22 9992938 1.87 999999 11 870505
138 400 1286 86 15 0.04 1.1 9939999 999999 9 1700 999999 999989 9 870802
1956 490 118 85 9 01 0.72 2 999999 4 4500 6,16 999899 6 870707
19 540 10 84 16 011 29 27 999998 5 5000 3.8 999999 5 870804
16 620 1186 85 8 007 34 36 999999 999999 1500 999999 9999399 6 870908
112 562 87 78 7 008 46 37 999999 3 3300 999999 999999 11 871006
11 560 108 82 3 0.09 4.6 4.5 999999 4 1100 999998 999999 7 871103
41 443 112 79 17 016 999999 988889 99YY999 14 490 999999 999999 12 871208
08 500 131 76 it 089 14 1.2 999999 10 740 999999 999999 11 88O112
11 445 143 78 21 075 1.3 105 999999 16 180 999899 999998 14 880202
58 383 116 78 47 076 0.86 088 999999 37 850 999999 9998909 18 880308
44 281 127 786 94 025 0.52 042 998989 32 490 999999 999999 590 880405
94 352 122 8 21 0.35 1.1 0.96 999999 13 3500 999999 080899 18 880503
133 395 103 81 31 999909 509688 12 898898 12 700 999999 989959 i6 880607
148 390 84 8 16 0086 1 1.8 999989 11 2600 999699 ©98089 8 880705
166 720 125 84 9 0.04 32 2.98 $999838 6 1300 999989 999989 5 880802
132 600 123 85 3 0.01 35 36 999999 2 870 999989 999699 7 880913
136 530 117 83 1 0.1 35 52 999999 3 330 53 011 7 881004
6 370 117 78 & 0.07 25 21 599599 4 410 7 007 10 881107
43 415 104 76 5 0.6 24 22 988899 7 2000 85 0186 12 881208
1.9 510 124 81 57 0.24 1.9 1.9 959999 . 24 3700 57 004 12 890103
999898 433 19 74 9 0.8 0.94 007 999999 g 30000 10 oo 9 890207
12 182 85 75 680 022 0005 013 999999 110 999998 84 003 300 890307
54 213 116 78 40 o021 044 032 999999 22 300 72 0086 82 890404
12 330 111 8 4 2 077 066 999999 5 180 4.6 018 32 890502
208 403 g2 85 6 006 1.32 122 999999 42 8200 329 008 9 890606
182 560 13 86 12 003 247 233 995999 59 1800 5.69 005 5 890705
204 645 1.3 85 4 008 2 56 264 008089 27 3700 3.5 006 2 890808
155 510 117 87 13 004 243 255 998999 54 1800 4 81 008 9 890905
10 560 129 85 8 003 369 371 999999 27 350 557 0.01 12 891003
69 340 102 81 22 114 1.23 118 999999 19 650 403 0.08 12 891107
67 270 o8 8 210 0.43 999598 0.61 999993 70 1400 544 0.08 56 891205
38 233 107 74 999999 999999 0.33 025 9989898 300 360 11 004 130 200109
15 462 127 77 25 042 0.8 064 999999 21 140 836 012 7 800206
48 326 118 78 32 024 0.52 044 989289 24 170 745 007 11 S00306
127 340 127 84 9 0.18 083 068 999989 12 200 513 018 5 800403
91 319 108 82 31 o2 058 0.56 998999 17 710 338 009 21 900508
135 228 g3 78 102 0.1 013 0.3 999999 48 620 214 004 37 900605
199 525 101 84 i2 0.04 098 1356 999999 51 4700 423 0.03 6 800710
194 600 107 86 999999 999999 1.89 1.82 999999 67 1700 288 999999 3 900807
163 648 107 84 9 0.03 28 26 999999 38 1500 7.24 0.04 7 800904
86 650 113 82 7 0023 36 2.7 9999998 32 5600 106 0026 4 901009
42 402 11 79 33 017 117 1.01 999999 455 970 461 0.1 21 801108
35 465 1141 79 15 044 089 08 999859 19 680 6.07 009 24 901204
16 497 128 77 8 0.14 14 1 999999 6 6700 622 0.04 16 910108
34 188 114 77 1050 0.282 136 0.155 999989 330 830 584 0.039 135 910205
36 212 116 77 560 012 023 017 990999 195 300 759 002 210 910305




Appendix B: Water quality data from Ecology station 34B110. Missing data are reported as "999999°
For results at the detection limit, the values reported are half the detection limit.

Temp- Cond- Diss. pH  Total Total Total Soluble Hard- Turb- Fecal Nitrate Nitrite Flow Date
erature  uctivity Oxygen Susp Ammonia P Reactive ness idity Coliform +Nitrite as N
Solids as N P as N
{um/cm (mg/L {CFU
{deg €) @25C) (mg/L) (s.e)  (mg/t) (mgN/L) (mgP/L) (mgP/L) CaCO3) (NTU) /100mL) (mgN/L) {mgN/L) (cfs)
104 340 125 88 25 0299 0626 0473 999999 13 500 398 0124 26 910402
124 380 141 88 9 0224 0822 0959 8995999 6.5 999993 342 0174 17 910807
141 340 103 82 44 0059 0425 0493 999999 24 380 284 0048 18 910604
185 458 10 84 12 0.028 1.082 (.967 999999 g1 570 2901 0034 6 910709
214 501 91 g2 14 0.03 132 118 999999 72 4100 298 0024 3 910806
148 720 112 84 4 0051 237 238 999999 25 1900 758 0018 5 910803
85 845 105 B3 9 424 525 455 995599 8.2 650 306 0076 999999 911008
6.2 388 92 78 27 0292 155 1.49 999989 20 2900 358 0087 999999 911105
38 435 115 77 12 0.115 132 1.14 559999 10 1500 842 (0059 998999 911203
28 455 129 g2 & 0.02 1.31  0.232 999999 7 180 543 0005 099999 920107
29 394 119 78 20 049 0861 0.772 999999 25 999999 6.82 0.154 999998 920204
74 372 103 78 999999 000000 009909 999999 999990 G99999 999999 998999 999999 989988 920303




APPENDIX C

Ambient monitoring data from Ecology supplemental stations during water year 1992

C-1
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APPENDIX D

Pullman POTW monitoring data of the S.F. Palouse River



Appendix D: Pullman WTP monitoring data from the S.F. Palouse River.

UPSTREAM STATION: DOWNSTREAM STATION:

Temp- Dissolved Total Temp- Dissolved Total
Yr Mo Day Time erature Oxygen pH NH3-N erature Oxygen pH NH3-N

{deg C) {mg/L) {S.U.)  (mgN/L) (deg ©) {mg/L) {S.U}  (mgh/L)
90 5 21 930 125 7.0 0.25 14.5 6.9 0.43
80 5 21 1500 185 77 0.23 19.0 7.4 0.32
80 5 29 900 142 - 69 0.28 145 6.8 0.28
90 5 29 1500 15.1 73 0.82 152 71 0.73
90 6 6 915 16.0 67 0.25 1565 6.8 0.25
90 6 6 1530 16.3 70 0.25 185 6.9 0.32
90 6 14 1000 145 71 017 1556 7.2 0.15
90 6 14 1500 18.0 7.1 017 18.0 71 013
g0 6 18 1000 17.2 7.0 021 18.0 6.9 c19
90 6 18 1500 228 7.3 0.13 22.0 7.2 0.11
890 6 26 1045 215 7.5 0.13 217 74 017
90 6 26 1500 14.8 79 .11 245 7.7 023
90 7 6 1030 18.0 7.6 028 18.8 7.3 0.85
90 7 5 1500 211 81 0.15 218 7.8 075
a0 7 12 1000 18.0 72 73 048 183 88 7.2 025
80 7 16 1100 168 8.0 7.3 046 18.9 101 7.3 1.05
a0 7 16 1430 209 94 76 0.25 20.8 101 73 0.25
90 7 20 1000 156 88 82 023 17.6 106 80 034
90 7 20 1500 208 116 7.6 0.51 220 136 75 0.30
90 7 24 1245 187 7.7 7.4 1.53 20.0 10.0 74 0.28
90 7 24 1500 200 10.2 78 030 211 105 75 0.48
g0 7 28 950 181 . 83 76 013 203 91 74 0.17
90 7 28 1440 235 116 7.8 028 240 11.7 7.6 0.15
90 8 1 1100 200 71 7.4 0.32 . 220 103 7.3 0.28
80 8 1 1515 240 10.6 8.2 032 241 1.0 7.6 0.28
90 8 5 1000 18.8 8.0 7.8 0.08 21.0 8.9 7.5 0.08
90 8 5 1430 24.0 13.0 84 0.15 25.0 131 8.1 013
90 8 9 1045 209 87 77 0.21 220 8.7 7.3 0.30
9 8 9 1515 23.0 11.4 81 0.06 226 g2 74 0.1
90 8 13 1100 20.3 92 7.7 019 222 10.8 75 0.23
S0 8 13 1430 240 105 83 017 245 128 7.8 025
90 8 17 1030 172 10.2 76 009 205 100 72 0.30
90 8 17 1430 185 122 79 0.09 215 112 7.3 0.61
90 8 21 1015 16.2 889 7.4 032 183 88 7.1 039
90 8 21 1430 19.0 11.0 78 0.17 20.0 109 71 082
90 8 25 1030 16.0 7.9 79 a.21 19.0 .74 74 0.32
90 8 25 1430 19.0 127 84 0.30 20.7 11.0 78 061
80 8 29 1100 17.2 13.0 84 021 21.0 11.2 777 0.59
90 8 29 1500 208 16.6 8.0 021 221 125 B4 043
80 9 2 1100 16.1 12.3 84 0.36 20.3 118 7.8 043
90 9 2 1430 1.9 86 84 006 220 13.8 84 0.21
90 9 6 1015 17.8 11.0 82 0.21 212 104 7.8 028
90 9 6 1445 225 142 87 017 235 120 8.2 c.21
90 9 10 1100 19.0 80 82 032 211 108 7.8 0.32
90 9 10 1500 219 14.6 88 o1 238 12.0 8.0 0.15
90 9 14 1000 12.8 83 88 0.05 159 80 - 84 0.05
90 9 14 1445 17 0 132 86 005 212 106 83 0.05
80 9 18 1030 147 70 84 005 19.0 95 7.6 0.05
90 9 18 1443 17.3 13.9 86 0.05 209 109 7.6 005
80 9 22 1030 138 94 80 005 18.8 8.0 76 005
80 9 22 1440 16.8 136 86 0.05 212 10.9 7.6 0.05
90 9 26 1030 15.1 87 80 0.05 19.9 86 76 005
90 9 26 1430 17.0 124 B5 0.11 205 102 7.7 0.10




Appendix D: Pullman WTP monitoring data from the S.F. Palouse River.

UPSTREAM STATION: DOWNSTREAM STATION:
Temp- Dissolved Total Temp- Dissoclved Total
Yr Mo Day Time erature Oxygen pH NH3-N erature Oxygen pH NH3-N
{deg ©) {mg/L) {S.U)  (mgN/L) {deg C) {mg/L) {8.U)  (mgN/L)

90 9 30 1040 124 92 80 0.05 187 9.5 74 0.05
80 9 30 1500 159 150 88 0.05 207 10.8 76 0.05
80 10 4 1100 179 104 81 0.05 17.4 8.8 7.8 0.05
90 10 4 1500 151 132 84 0.15 19.0 10.3 7.5 0.05
80 10 8 1045 65 123 82 0.05 13.9 101 7.6 0.32
80 10 8 1500 87 148 86 0.05 15.5 11.4 7.8 0.33
80 10 12 1030 98 9.0 7.7 0.05 14.8 84 7.6 013
a0 10 12 1445 112 126 82 0.05 15.4 9.6 7.4 0.40
90 10 16 1015 97 95 76 0.35 13.8 8.4 7.2 0.22
90 10 16 1430 110 11.9 7.8 0.33 - 150 9.2 7.2 0.54
90 10 20 1000 6.1 101 8.3 005 115 92 7.6 005
90 10 20 1400 83 125 84 on 132 102 7.6 012
90 10 24 1020 75 97 76 016 12.8 86 74 0.20
90 10 24 1445 10.0 9.9 7.7 020 14.0 92 73 056
90 10 28 1045 13.2 8.8 7.6 0.05 18.3 8.0 7.4 0.05
90 10 28 1405 13.7 10.6 7.9 0.05 198 9.4 7.4 0.05
90 11 1 1030 8.0 96 7.6 034 115 83 7.0 0.38
90 11 1 1445 8.2 9.0 7.7 0.05 115 82 7.2 083
90 11 5 1030 6.4 10.8 82 025 95 91 77 065
90 11 5 1430 6.8 10.2 78 0.24 92 95 74 120
90 11 9 1015 89 9.6 7.6 0.05 125 82 73 018
90 11 9 1430 90 94 82 0.11 123 81 7.5 170
90 11 13 1030 85 92 78 0.05 131 77 7.3 0.44
90 11 13 1430 80 9.0 82 014 126 80 7.5 240
90 11 17 1125 58 115 78 0.55 11.6 8¢ 7.3 0.30
80 11 17 14585 6.5 11.3 7.8 - 074 112 8.8 7.2 1.40
90 11 21 1000 4.0 102 78 0.59 7.8 98 7.4 0.44
90 11 21 1440 50 10.8 7.6 0.31 6.8 .97 7.2 028
90 11 256 1045 87 10.0 7.3 0.25 8.0 92 7.2 0.19
90 11 25 1400 7.8 87 7.2 026 8.3 95 7.0 0.26
90 11 29 1030 4.0 11.0 7.6 0.40 7.5 94 7.3 023
90 11 29 1430 4.8 10.5 7.8 026 7.4 9.1 7.4 1.30
90 12 3 1030 29 122 77 0.37 6.5 106 7.6 026
80 12 3 1445 38 11.2 77 0.42 6.9 102 7.6 122
90 12 7 1030 20 116 78 0.48 6.0 10.0 7.5 0.24
90 12 7 1430 31 11.0 77 0.65 6.0 96 7.3 1.54
90 12 11 1045 42 10.7 76 0.39 55 103 7.4 029
90 12 11 1445 45 10.8 77 0.31 5.1 107 7.4 0.54
90 12 15 1030 14 11.9 78 0.95 59 95 7.5 0.59
90 12 15 1345 1.8 12.6 7.8 0.63 52 94 7.6 053
90 12 19 1215 0.5 13.0 78 1.02 38 11.0 7.5 073
90 12 19 1500 0.4 121 81 1.01 31 108 7.8 110
90 12 23 1040 FROZEN 4.7 105 7.3 0.84
90 12 23 1420 FROZEN 39 111 7.5 0.79
90 12 27 1000 07 11.2 7.5 0.29 4.0 102 7.4 024
90 12 27 1425 05 11.6 7.4 0.40 35 101 7.2 023
90 12 31 1010 FROZEN 31 o112 74 0.20
90 12 31 1430 FROZEN 33 111 7.6 0.42
91 1 4 1020 10 123 76 018 32 11.0 7.6 0.14
91 1 4 1500 09 11.9 80 032 31 11.0 7.6 0.68
91 1 8 1015 18 124 76 03 4.0 111 74 0.43
91 1 8 1500 22 123 30 030 4.0 110 7.8 0.65
91 1 12 1040 12 122 7.6 0 86 18 11.8 7.5 0.80



Appendix D: Pullman WTP monitoring data from the S.F. Palouse River.

UPSTREAM STATION: DOWNSTREAM STATION:

Temp- Dissolved Total Temp- Dissolved Total
Yr Mo Day Time erature Oxygen pH NH3-N erature Oxygen pH NH3-N

{deg O) fmg/L) (S.U.)  (mgh/D) {deg C) (mg/h) (8.U)  (mgN/L)
91 1 12 1515 03 122 73 0.50 086 12.0 72 0.59
91 1 16 1020 08 134 74 024 09 13.0 76 0.36
91 1 16 1445 15 127 74 0.19 19 12.6 7.2 036
91 1 20 1015 01 134 75 0.31 12 12.6 74 028
91 1 20 1245 0% 132 7.3 027 19 126 7.4 024
91 1 24 1000 1.0 126 77 0.80 28 12.0 7.3 061
91 1 24 1500 15 129 77 0.68 30 122 7.6 066
91 1 28 1030 1.0 12.7 77 1.10 33 1156 74 0.93
91 1 28 1430 12 115 7.7 0.90 3.1 11.2 7.5 175
91 2 1 1020 25 12.3 7.7 110 5.0 11.0 75 0.76
91 2 1 1500 30 11.0 7.8 1.28 52 104 7.8 220
91 2 5 1020 31 126 7.2 0.28 a7 120 71 026
91 2 5 13156 4.7 116 7.1 024 4.5 15 7.3 026
91 2 9 1110 39 12.8 7.3 0.41 51 118 7.5 .44
g1 2 9 1315 51 124 70 027 59 11.8 73 0.34
91 2 13 1015 50 12.0 76 0.35 6.0 11.1 75 028
9t 2 13 1500 49 10.8 75 0.41 6.4 10.7 7.9 0.73
91 2 17 1045 38 12.3 75 032 53 11.7 7.6 027
91 2 17 1410 58 123 74 0.30 6.2 11.6 72 0.32
91 2 21 1030 6.0 118 76 0.23 6.5 11.2 7.6 0.22
91 2 21 1500 7.3 10.6 74 027 80 10.4 7.6 027
91 2 25 1100 53 125 72 0.51 60 11.8 72 0.49
91 2 25 1450 7.0 116 75 048 80 11.1 74 0.79
91 3 1 1030 51 11.6 7.5 0.58 60 10.8 7.2 0.50
91 3 1 1515 6.0 10.6 7.9 0.85 6.3 10.8 7.9 1.30
91 3 5 1045 3.0 12.8 7.2 0.27 3.1 122 72 028
g1 3 5 1300 41 122 7.5 0.23 41 11.8 74 0.40
99 3 9 1045 52 120 7.8 0.28 58 11.5 7.5 024
91 3 9 1415 6.3 116 7.5 0.19 6.3 11.2 7.4 018
91 3 13 1000 41 118 74 0.31 49 11.4 74 026
91 3 13 1445 . 58 114 73 0.20 6.0 11.3 72 037
a1 3 17 1045 6.1 1186 76 018 6.5 11.5 7.8 015
91 3 17 1450 8.8 108 77 0.05 89 10.7 7.8 0.05
91 3 21 1030 9.0 108 76 0.15 6.3 11.0 7.6 0.05
91 3 21 1500 80 109 77 0.12 8.1 10.6 7.6 022
91 3 25 1030 4.5 122 77 021 55 114 76 0.59
91 3 25 1300 58 i1.8 78 005 6.1 116 76 1.22
91 3 28 1030 55 130 80 034 6.8 12.0 7.8 032
91 3 29 1500 86 121 8.1 018 8.0 i1.8 80 072
91 4 2 1020 10.5 126 8.0 0.33 11.8 119 74 0.31
91 4 2 1500 11.1 132 86 019 12.0 12.8 83 0.85
91 4 6 1115 7.9 12.4 7.7 014 9.0 11.8 7.4 018
91 4 6 1450 108 121 8.0 0.12 11.2 11.8 7.7 023
M 4 10 1030 42 118 7.5 035 56 11.2 7.2 030
91 4 10 1515 6.0 111 76 0.28 70 11.2 7.4 058
91 4 14 1130 10.3 133 8.4 0.13 111 128 8.0 012
91 4 14 1440 12.9 136 88 0.05 137 12.8 8.5 0.05
91 4 18 1230 114 14.2 84 0.41 12.9 142 8.0 0.30
9t 4 18 1520 145 134 88 0.39 14 8 13.4 86 023
91 4 22 1015 12.8 120 84 0.38 140 117 7.9 o4
9t 4 22 1315 172 131 88 0.14 17.6 130 8.6 072
91 4 26 1040 95 13.2 81 0.19 111 12.6 7.8 0.16
9t 4 26 1440 115 12.9 83 005 12.8 130 82 0.81



Appendix D: Pullman WTP monitoring data from the S.F. Palouse River.
UPSTREAM STATION: DOWNSTREAM STATION:

Temp- Dissolved Total Temp- Dissolved Total
Yr Mo Day Time erature Oxygen pH NH3-N erature Oxygen pH NH3-N

{deg C) (mg/L) (8.U)  (mgN/L} {deg C) {mg/L) (S.U)  (mgNfL)
91 4 30 1100 99 137 81 042 118 121 7.7 0.25
91 4 30 1430 13.8 134 86 0.11 148 140 84 0.93
91 &5 4 1115 136 147 84 041 139 131 82 0.05
91 5 4 1320 15.1 156 89 0.39 15.6 152 86 0.13
91 5 8 1015 11.0 89 78 064 115 87 74 0.45
91 5 8 1500 130 86 73 058 11.7 85 7.2 0.54
91 5 12 1120 144 118 80 0.33 137 11.6 78 0.15
91 5 12 1455 133 11.2 82 026 14.8 106 80 0.05
91 5 16 1030 147 10.2 77 0.05 14.9 104 78 0.05
91 5 16 1445 171 12.8 86 0.05 17.3 13.4 84 0.05
91 5 20 1030 111 104 75 0.13 116 97 7.6 0.12
91 5 20 1500 15.0 10.0 7.5 o1 14.8 85 7.5 0.05
91 5 24 900 138 9.5 76 0.05 14.0 94 76 0.05
91 5 24 1330 16 2 89 80 012 16.7 92 79 0 49
91 5 28 1100 125 9.0 7.0 0.11 133 85 72 0.05
81 5 28 1430 162 8.8 74 012 16.2 85 7.4 0.16
g1 6 1 1120 14.3 10.2 7.9 0.11 15.9 10.0 7.8 0.18
91 6 1 1415 18.0 9.6 82 0.05 18.6 8.6 79 0.05
91 6 5 1100 131 88 7.5 013 140 87 75 0.05
91 6 5 1510 131 9.1 80 0.05 138 85 76 0.76
91 6 9 1045 14.5 8.9 7.9 0.05 154 80 77 0.05
91 6 9 1415 18.8 8.8 79 0.05 178 89 75 0.05
g1 6 13 1100 139 9.2 76 005 14.0 80 7.4 0.05
91 6 13 1510 14.0 91 79 0.05 14 9 90 77 0.05
81 6 17 1050 141 9.8 79 0.05 154 96 78 0.05
91 6 17 1500 18.0 94 81 ¢.10 190 96 7.8 0.27
g1 6 21 1100 136 8.9 76 0.30 142 85 74 01
81 6 21 1500 16.0 83 77 025 16.2 83 7.6 0.24
91 6 25 1045 16.9 8.7 7.8 0.11 175 85 76 0.1
91 6 25 1500 200 84 8.0 0.16 20.0 85 77 0.80
g1 6 29 1115 17.5 7.6 7.8 012 18.3 83 77 0.05
a1 6 29 1410 168 7.4 7.7 0.05 17.1 8.1 7.7 0.05
g1 7 3 1130 214 9.5 7.8 0.05 129 94 7.4 0.05
91 7 38 15825 216 86 7.8 0.05 169 94 74 - 1.55
g1 7 7 1145 193 11.0 79 0.05 206 1356 7.8 0.05
81 7 7 1500 23.4 11.6 80 0.05 195 144 7.8 0.05
g1 7 11 1110 191 11.1 82 011 20.5 124 7.8 014
g1 7 11 1430 233 124 82 0.05 238 13.0 8.0 0.15
81 7 15 1045 189 10.3 78 0.05 20.3 i10 7.7 0.05
91 7 15 1445 218 12.4 8.1 015 21.9 11.8 7.6 0.05
81 7 19 1040 171 10.0 786 0.05 19.4 109 7.4 0.05
91 7 19 1450 225 12.2 79 0.05 23.0 13.4 7.7 0.05
91 7 23 1045 203 9.7 80 0.05 220 111 8.0 0.05
91 7 23 1500 259 11.4 79 0.05 252 122 7.7 0.05
91 7 27 1115 18.3 10.4 79 0.05 21.0 11.0 7.8 0.05
91 7 27 1315 216 10.7 80 0.05 230 11.8 77 0.05
91 7 31 1045 195 95 78 0.05 215 10.2 7.6 0.05
91 7 31 1515 241 122 80 005 248 117 7.6 0.05
81 8 4 1100 20.0 97 75 014 218 10.0 7.7 0.05
91 8 4 1500 245 11.4 81 0.05 251 112 76 019
91 8 8 1000 195 80 75 0.05 215 85 71 005
91 8 8 1500 24 2 104 8.0 005 250 108 77 0.05
91 8 12 1110 164 96 79 005 198 g9 74 005




Appendix D: Pullman WTP monitoring data from the S F Palouse River.
UPSTREAM STATION: DOWNSTREAM STATION:

Temp- Dissolved Total Temp- Dissolved Total
Yr Mo Day Time erature  Oxygen pH NH3-N erature  Oxygen pH NH3-N

(deg C) (mg/l) (S8.4.)  {mgN/L) (deg ©) {mg/L) (S5.U)  (mghN/L)
91 8 12 1500 193 11.2 g2 0.05 220 112 7.6 0.05
91 8 16 1000 181 76 7.6 0.15 18.0 78 7.2 0.05
91 8 16 1330 208 1.8 8.1 0.05 211 107 7.2 0.05
91 8 20 1050 191 87 80 013 218 97 76 o1
91 8 20 1515 235 104 8.3 005 241 10.6 7.8 .05
91 8 24 1100 169 87 80 011 18.4 9.1 72 0.11
91 8 24 1350 194 107 80 0.26 21.7 106 76 0.20
91 8 28 1100 16.8 88 78 0.13 20.0 92 72 011
a1 8 28 1500 18.5 10.7 82 0.05 21.0 101 77 0.11
91 9 1 1140 16.0 93 78 027 19.2 B7 75 0.05
91 9 1 1515 13.9 115 80 020 20.3 106 72 025
91 9 5 1045 13.5 556 80 0.05 20.0 87 7.5 017
91 9 5 1515 195 11.4 8.1 0.05 222 96 77 1.22
91 9 9 1045 130 10.0 80 012 179 g1 76 0.13
91 9 9 1500 15.8 111 83 0.05 19.0 89 77 0.05
91 9 13 1045 13.9 87 79 o 181 7.4 76 0.26
91 9 13 1445 158 113 81 0.05 18.1 g6 73 0.13
M 9 17 1100 13.0 103 80 0.05 18.0 93 73 0.11
M 9 17 1430 16.1 11.6 81 0.05 20.0 11.0 73 0.05
91 921 915 1.0 89 80 0.05 15.5 8.4 74 0.05
91 9 21 1330 141 83 81 0.05 18.0 101 7.5 0.05
i 9 25 1100 11.8 102 76 0.05 17.5 8.9 75 0.05
91 9 25 1430 148 12.0 83 0.05 196 104 76 005
9t 9 29 1115 125 102 80 0.1 177 8.9 75 0.05
91 9 29 1430 14.3 110 84 0.05 18.0 94 7.6 005
91t 10 3 1100 99 82 80 011 16.0 8.3 7.5 005
91 10 3 1500 121 124 82 0.05 17.0 104 75 005
91 10 7 1000 7.6 95 77 23 149 7.8 69 1.00
91 10 7 1300 93 102 7.6 259 161 8.6 71 098
91 10 11 915 85 87 78 159 15.9 7.3 7.3 066
91 10 11 1500 112 124 79 152 16.1 9.8 71 076
91 10 15 1045 87 9.0 78 0.29 15.5 83 7.3 015
91 10 15 1430 115 12.6 79 0.21 16.7 10.2 69 013
91 10 19 1130 80 10.3 79 031 14,6 87 75 o011
91 10 19 1315 121 12.6 7.8 0.19 16.8 9.9 75 005
91 10 23 500 6.1 8.6 77 016 14.0 6.8 74 012
91 10 23 1500 7.7 10.6 80 0.05 125 88 76 005
91 10 27 1130 6.0 97 7.4 063 10.6 82 6.8 039
91 10 27 1500 6.1 88 7.5 084 100 7.9 6.9 060
91 10 31 900 35 9.2 7.8 113 9.9 7.8 7.5 050
91 10 31 1445 51 87 7.9 057 9.1 79 7.6 060
g1 11 4 1045 40 94 7.8 054 10.0 §2 73 024
91 11 4 1500 54 94 7.8 028 8.9 838 76 0.30
91 11 8 910 75 89 7.6 028 11.8 7.5 72 014
91 11 8 1440 81 97 7.6 0.46 122 83 71 0.20
g1 11 12 1015 89 8.4 7.7 027 12.3 72 7.3 0.14
91 11 12 1430 98 8.8 80 019 13.0 8.0 78 019
91 11 16 1016 35 10.0 79 015 10.0 83 7.0 0.05
g1 11 16 1400 4.0 86 80 014 10.0 8.1 77 0.13
g1 11 20 1030 57 121 7.6 046 8.1 10.2 72 0.25
91 11 20 1500 6.5 108 76 1.30 8.0 8.8 75 0.54
91 11 24 1030 4.0 11.0 75 0.60 6.8 10.0 7.0 0.25
91 11 24 1245 40 82 72 0.34 7.0 8.0 74 0.33




Appendix D: Pullman WTP monitoring data from the S.F. Palouse River.
UPSTREAM STATION: DOWNSTREAM STATION:

Temp- Dissolved Total Temp- Dissolved Total
Yr Mo Day Time erature Oxygen pH NH3-N erature Oxygen pH NH3-N

(deg C) {mg/L) (8.U)  (mgN/L} {deg C) {ma/L) (S.U.) (mgN/L)
91 11 28 1015 27 12.3 78 0.16 33 112 7.4 015
91 11 28 1230 29 131 74 0.35 39 11.4 7.6 021
91 12 2 1100 31 13.4 78 0.12 61 114 7.6 0.33
a1 12 2 1510 4.0 87 78 0.15 61 6.9 7.5 0.47
91 12 6 1045 6.0 112 77 0.96 71 8.0 74 0.56
91 12 6 1445 61 7.3 76 090 7.4 7.9 72 0.90
91 12 10 1030 286 10.8 77 0.60 52 12.0 7.4 0.46
91 12 10 1500 29 9.6 76 017 50 95 72 0.25
91 12 14 1000 1.0 99 74 0.23 50 85 69 0.45
91 12 14 1315 0.0 78 75 0.36 55 77 69 090
g1 12 18 1030 20 85 75 0.60 50 86 7.2 059
g1 12 18 1500 23 124 79 0.38 6.0 9:8 76 052
g1 12 22 1015 15 10.2 80 0.58 5.0 9.2 72 0.34
91 12 22 1400 30 87 76 oM 5.0 8.1 71 029
91 12 26 1045 1.0 127 7.5 011 49 95 7.1 0.11
91 12 26 1500 20 g1 7.6 0.15 3.9 88 72 015
91 12 30 1050 20 136 7.3 0.05 4.5 117 7.5 0.05
g1 12 30 1445 3.0 10.6 80 005 50 10.6 7.8 0.05
g2 1 3 1000 0.9 11.6 7.9 0.05 3.0 105 7.6 0.05
92 1 3 1445 15 10.0 74 0.05 3.1 92 7.4 0.44
g2 1t 7 1015 18 1.2 8.0 0.05 4.0 103 75 0.05
a2 1 7 1500 20 85 8.1 0.05 38 89 78 Q.70
g2 1 11 1015 1.0 91 74 0.05 40 89 71 023
92 1 11 1445 18 89 7.6 0.05 30 72 72 021
g2 1 15 1010 20 96 76 0.43 6.1 8.0 71 0.29
82 1 15 1445 30 12.2 8.0 0.30 61 8.8 78 0.41
g2 1 19 1010 00 89 7.2 0.13 40 7.4 71 010
82 1 19 1430 10 8.0 7.8 013 45 7.3 75 0.05
92 1 23 1040 11 10.4 74 0.27 3.0 87 7.2 0.22
92 1 23 1500 1.8 9.7 75 0.39 3.0 86 7.4 0.36
92 1 27 1015 20 12.6 75 0.33 4.0 86 72 0.18
92 1 27 1500 31 13.8 76 0.23 4.0 105 76 0.59
g2 1 31 .1045 39 10.4 75 0.16 52 86 74 0.20
92 1 31 1500 4.0 97 72 015 5.1 90 7.1 0.64
g2 2 4 1045 1.5 10.8 76 067 4.1 94 7.3 0.56
92 2 4 1450 30 97 75 0.34 50 87 7.6 1.35
92 2 8 1020 20 106 72 056 4.9 93 71 031
92 2 8 1445 30 8.6 71 050 51 88 70 035
92 2 12 1000 35 104 73 0.78 6.2 87 6.9 0.54
g2 2 12 1505 6.0 132 80 066 80 9.4 77 058
92 2 16 1005 3.0 96 72 031 55 92 7.0 039
92 2 16 1330 48 a5 74 0.05 6.9 9.2 7.0 0.05
92 2 20 1040 4.0 110 7.2 0.25 4.5 9.8 7.3 020
92 2 20 1445 4.9 106 71 080 4.5 84 7.2 016
92 2 24 1010 48 9.0 7.4 014 5.1 8.3 7.2 014
92 2 24 1500 50 81 7.8 010 58 8.1 7.6 014
g2 2 28 1040 6.0 10.0 7.6 028 7.0 89 74 025
92 2 28 1430 6.9 92 74 0.25 72 87 7.0 052




APPENDIX E

Summary of Pullman POTW effluent quality during 1989-1991



Appendix E: Pullman WTP effluent ammonia concentrations during 1989-91.

Monthly  Number of Monthly Monthly Monthly
Monthly  Average Effluent Average Std Dev CV
Average Influent  Ammonia Effluent Effluent Effluent
Flow Temp Samples Ammonia  Ammonia ~ Ammonia

Month

{mgd) (deg C) (mgN/L) (mgN/L)

JAN-91 3.38 9.7 31 2.02 1.86 0.920
FEB 3.15 13.8 28 1.30 1.01 0.776
MAR 3.1 13.4 31 1.65 1.50 0.910
APR 3.04 15.6 30 1.16 0.88 0.758
MAY 2.52 16.5 31 0.47 070 1.491
JUN 2.07 176 30 0.53 0.91 1.705
JUL 1.99 19.7 31 0.30 057 1.920
AUG 2.31 213 31 0.24 0.39 1.621
SEP 29 212 30 0.18 0.14 0.812
OCT 279 200 31 0.17 0.12 0.685
NOV 2.75 16.8 30 018 0.15 0.849
DEC 255 14.9 31 0.67 0.90 1.343
JAN-90 3.08 11.2 31 5.36 4.61 0.861
FEB 3.48 11.3 28 1.73 1.77 1.022
MAR 277 12.0 31 112 1.13 1.010
APR 3.11 14.1 30 0.80 0.63 0.786
MAY 2.49 14.3 31 0.41 023 0.556
JUN 215 14.9 30 0.26 0.1 0.443
JUL 1.96 17.3 31 0.51 053 1.039
AUG 2.31 18.4 31 0.79 0.55 0.700
SEP 295 18.2 30 0.27 0.21 0.756
OCT 289 16.3 31 0.65 063 0.967
NOV 293 13.5 30 1.55 1.26 0.811
DEC 2.82 10.9 31 0.60 0.53 0.877
JAN-89 335 14.2 7 1.60 1.74 1.084
FEB 3.38 15.1 7 1.17 1.64 1.399
MAR 3.63 12.7 8 2.06 2.20 1.064
APR 3.27 15.8 26 2.67 2.50 0.937
MAY 2.26 17.7 31 0.89 1.41 1.581
JUN 1.98 19.0 30 2.36 4.67 1.980
JUL 1.86 20.7 31 1.55 3.52 2274
AUG 232 21.6 31 0.12 002 0.197
SEP 2.90 21.0 30 0.29 017 0.564
OoCT 291 18.9 31 0.22 0.20 0.910
NOV 2.66 16.0 29 1.30 1.87 1.437
DEC 2.65 13.9 31 3.74 3.72 0.994




APPENDIX F

Detailed calculations of WLAs and permit limits for Puflman and Albion POTWSs
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Appendix F.1: Criteria used for monthly and semi-annual permit limit analvsls for ammonla. NH3CRIS.WKI\CRITSMRY

A: Monthly Permit Limits B: Semi-Annual

Limits
Jan Feb Mar Apr May Jun Jul Aug Sep Ot Nov Dec Apr-Cct Nowv-Mar
INFUT FOR ECOLCGY STATION 34B110 DATA
i. Sampla Ambient Temparature (seasonal 80%tlle) 3.64 .86 2.10 14.00 18.60 20.70 21.57 21.40 16.30 13.70 8.76 5.80 20.48 B.78
2. Sample Ambient pH [seasonal 20%tiie) 812 8.03 7.80 8.80 8.80 9.14 6.69 870 8,80 8.50 8.24 B.01 860 624
INPUT FOR ADJUSTMENT OF ECOLOGY STATION 348110 DATA TO PREDICT PULLMAN WEP MIXING ZONE CRITERIA
i. Regression estimate of Mixing Zone Temperature (deg C) 6.29 8.28 11.36 15,82 20,20 2215 22.96 22.80 18.06 15.64 11.05 8.20 21.93 11.05
2. Mining Zone pH by Regression (S.U.) 7.69 7.64 7.56 812 8148 8.34 8.05 6.08 .00 7.83 .07 7.83 B.00 771
3. Acute TCAP (Salmonids present- 20; absent. 25) 20 20 20 20- 20 20 20 20 20 20 20 20 20 20
4, Chronic TCAP {Salmonids present- 18; absant- 20} 15 15 15 15 15 15 15 15 16 15 15 15 15 15
OUTPUT FOR CRITERIA AT PULLMAN WTP MIXING ZONE
i. Intermadiate Caleulations:
Acuta FT 2.58 210 1.82 1.33 1.00 1.00 1.00 1.00 1.14 1.35 1.86 224 1.00 1.86
Chronic FT 2.58 210 1.82 1.4 1.4 1.41 1.4 141 1.41 1.4 1.88 2.24 141 1.86
FEH 1.21 1.26 1.38 1.00 1.00 1.00 3.00 1.00 1.00 1.03 1.14 1.28 1.08 114
RATIO 18 18 20 16 18 16 1e 18 1€ 16 18 16 18 1€
pKa .88 9.75 9,66 9.53 €.39 9.33 831 2.3 9.46 9.54 .89 8.79 9.34 2.68
Fracticn Cf Tetal Ammenia Present As Un-ionized 0.68% 0.76% 0,74% 3.74% 5B81% 9.14% 526% 5.28% 3.30% 241% 1.18% 0.66% 4.33% 1.18%
2, Un-ionized Ammonia Criteria:
Acute (1-hour} Un-ionized Ammeonia Criterion {ug N/L} 88,7 80.7 88.7 161.2 2137 2137 213.7 2147 186.4 152.8 1009 74.6 213.1 100.8
Chronic t4-day) Un-ionized Ammanis Criterion (ug N/L) 13.1 14.2 1386 28.1 231 281 29.1 284 28.0 261 194 12.8 28,0 19.4
3. Tetal Ammonia Criteria:
Acute Total Ammeania Criterion {ug N/L) 30,076 10,831 11,701 4,310 3,680 2,339 4,080 4,048 5,647 6,355 8,575 10,928 4,918 8,575
Chronic Total Ammonia Criterlon (ug N/L) 1,623 1,865 1,829 778 501 318 553 551 are 1,168 1,649 1,882 870 1,648
INFUT FOR ADJUSTMENT OF ECOLOGY STATION 348110 DATA TQ PREDICT PARADISE CR AT STATE LINE
1. Paradise Cr Stateline Temperature by Regression (deg C} ©.86 12.23 13,89 17.50 20,90 22.45 23.08 2287 19.20 17.28 13.64 11.45 22.27 1384
2, Paradise Cr Stateline pH by Regression (5.1} 7.44 7.41 7.36 7.61 7.64 7.70 7.5% 7.59 7.56 7.54 747 .41 756 747
3. Acute TCAP {Salmonids present- 20; absent- 25) 20 20 20 20 20 20 20 20 20 20 20 20 20 20
4. Chronic TCAP {Salmonids present- 15; absent- 20) 15 15 15 15 15 15 15 15 15 15 15 15 15 1%
OUTPUT FOR CRITERIA AT PARADISE CR AT STATE LINE
i. Intermediate Calculations:
Acute FT 201 1.71 1.68 118 1.00 1.00 1.00 1.00 1.06 1.21 1.55 1.80 1.00 1.55
Chrotile FT 2., 1M 1.53 1.41 1.4 1.41 741 14 1.41 1.41 1.55 1.80 1.41 1.55
FPH 1.54 1.58 1.64 1.29 1.28 1.20 1.32 132 1.35 1.38 1.49 1.59 1.35 1.4¢
RATIC 23 24 25 18 17 16 12 18 20 20 22 24 20 22
pKa 873 8.65 9.60 5.48 8,37 9.3z 9.30 a3 8,43 9.49 8.61 9.68 8.33 9.61
Fraction Of Tetal Ammertia Present As Un-ionized 0.50% 0.57% 0.80% 1.84% 1.862% 2.34% 1.88% 1.87% 1.35% 1.10% 0.72% 0.53% 1.68% 0.72%
2. Un-icnized Ammonia Criteria:
Acute {1-hour) Un-lonized Ammonia Criterion {ug N/L) €9.0 79.2 85.3 1386 1698 178.4 161.6 162.0 149.7 1278 827 74,6 15841 g2.7
Chronic (4-day) Un-ionized Ammenria Critericn (ug N/ a2 10.3 10.7 2.8 211 24.3 1686 187 17.6 168 129 8.7 17.8 128
3, Total Amimonia Criteria;
Acute Total Ammonia Criterion {ug NiL) 13,804 13813 14,260 10,411 9,323 7624 8,616 8,862 11,411 11,581 12,900 14,084 9,422 12,800
Chronic Total Ammonia Criterion (ug N/} 1,850 1,813 1,784 1,484 1,162 1,028 092 1,001 1,308 1,505 1,768 1,624 1,050 1,796




Appendix F.2: Alternatives 1A (monthly} and 18 (semi-annual) WLAs and permit {imits for am monia discharge from Pullman WTP and Albion WTP. Mixing zones were based on 25% and 2.5% of flow for chronic and acute

Jan Feb Mar Apr May
MONTHLY TMDL/WLA GENERAL INPUT ASSUMPTIONS
i, Monthly Design Flows (cfs);
Paradise Creek at Statellne 8,03 5.26 5.42 4.74 4,24
SF Palouse R above Paradise Creek 0.00 .62 124 0.31 0,62
Missouri Flat Cr 0.00 .20 0.40 0.10 0.20
S.F. Palouse immediately above Pullman WTP 5.03 6.18 7.08 5.15 5.07
2. Pullman WTP Semi-annual Design Flows {cfs} 6.52 &.85 g32 6.28 4.83
S, Albion WTP Design Flows (cfs) .19 0.18 019 0.18 -
5. In-stream nitrification rates:
Nitrification rate at 20 deg C (day”*-1) 2.0 3.0 3.0 2.0 3.0
Temperature for Correction of Rete (deg C} -3.6 8.9 s 14.0 18.6
Nitrlflcation rate at ambient temperature (day”-1) Q.8 1.1 1.3 1.2 2.8
6. In-stream Percent Reduction in Total Ammonia
Estimated Flow at SFPR RM 22.2 (cfs) 5.0 8.0 8.7 3.0 4.8
Velocity, Paradise Cr state line to Pullman POTW {fps) 0.820 0.685 0.694 0.621 0.612
Velocity from Puilman to Alblon POTW (fps) 0.630 0,875 0.705 0.631 0.821
Travel time Paradise Cr state line to Pullman POTW (days) 0.857 Q.800 0.768 0.858 0.869
Travel time from Pullman to Alblon POTW (days) 0.699 0.652 0.628 0.698 0.708
Ammonia Reduction Between Stateline and Pullman WTP 51% 58% 62% 20% 80%
Ammonia Reduction Betwsen Puliman WTP and Albion WTP 44% 50% 55% 73% 85%

i
It

criteria.
B: Semi-Annua!
Limits
Jun Jul Aug Sep Oct Nov Dec Apr-Oct  Nov-Mar
2.80 21§ 2.56 3,687 3.88 515 4,99 379 8.43
o.82 0.31 Q.83 Q.62 0.62 1.87 0.62 0.8% 1.08
.20 0.10 0.30 Q.20 0.20 0.60 0.20 0.21 0.35
3.42 2.57 3.80 4.50 4,68 7.82 5.81 4.65 7.97
4.12 3.88 4.62 5.82 5,71 565 5.35 5.82 5,55
0.19 .18
3.0 2.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
20.7 21.8 21.4 18.3 13.7 :R:} 5.8 20.5 3.8
3.1 3.3 3.3 2.2 1.8 1.2 1.0 3.1 1.2
3.2 2.5 35 4.3 4.5 7.0 5.6 4.4 7.5
0.519 0.467 0.538 0,582 0.592 0.708 c.e4a 0.590 0.728
0.527 0,474 0.544 0.591 0.801 0.720 0.658 0.599 0.740
1.024 1,198 0.982 0,013 0.888 0,750 0.821 0.801 0.730
0.835 0.928 0.808 0.744 0.732 0.611 0.668 0.734 0.585
96% 88% 86% a87% 80% 81% 56% 84% 60%
93% 25% 90% 81% 74% 53% 48% 89% 52%




Appendix F.2 (continued):

A: Monthly Permlt Limits B: Semi-Annual
Limits
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nav Bec Apr-Oct  Nov-Mar
INPUT ASSUMPTIONS FOR PULLMAN WTP WLAs/PERMIT LIMITS
i. Aquatic Life Critenia at Pullman WTP (Total Ammenia mgiL as Ny
Acute (one-hour) Criteria 10.08 10.63 11.70 4.31 2.68 2.34 4.068 4.05 5.85 8,35 B8.67 10,83 4,92 8,57
Chronie (n-day) Criteria 1.82 1.86 1.83 0,78 .50 0.32 0.85 055 0.88 1.17 1.65 1.88 0.67 1.65
2. Receiving Water Concentration Upstream from Pullman WTP
Upstream Concentration for Acute Condition 0,80 0.77 0.67 630 Q.12 0.05 0.05 0.05 0.7 .29 o.71 .81 0.07 073
Upstream Concentration for Chronic Condition .80 077 0.87 0.30 .12 0.05 0.05 0.08 017 .29 o.71 0.81 0.07 0.73
&. Dilution Factors {14Effluent Valume Fraction}))
Fraction of River Flow to Aliow for Acute Dilution Factor 2.5% 2.5% 2.5% 25% 2.5% 2.5% 25% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5%
Fraction of River Flow to Allow for Chronic Dilution Factor 25% 25% 25% 25% . 25% 25% 25% 25% 25% 25% 25% 25% 25% 25%
Acute Recelving Water Dilution Factor 1.02 1.02 1.03 1.02 1.03 1.02 1.02 3.02 1.02 1.02 1.03 1.03 1.02 1.04
Chronic Recelving Water Dilution Factor 1.18 1.23 1.28 1.2l 1.28 1.2% 1.17 J.21 1.18 1.21 1.24 1.27 1.20 1.35
4. Coefficlent of Variation for Effluent Concentration 0.8 0.8 0.8 c.8 0.8 0.6 0.6 0.8 0.6 0.6 0.8 0.8 0.6 0.6
5. Number of days {n1} for chronic average 30 30 30 30 30 20 20 30 30 30 30 30 30 30
8. Number of samples (n2) per month to base permit on 20 20 20 20 20 20 20 20 20 20 20 20 20 20
WLAs and PERMIT LIMITS FOR PULLMAN WTP
i. Z Statistics
LTA Oerivation (99%tile) 2,826 2,328 2328 2.326 2,328 2.326 2326 2.326 2328 2,326 2.326 2.326 2326 2,326
Dally Maximum Permit Limt (99%tile) 2,326 2,328 2326 2.326 2.326 2.326 2,326 2.326 2,328 2,326 2.326 2,326 2.326 2,326
Monthlv Average Permit Limit (95%tile) 1.645 1.645 1.845 1.645 1.845 1.845 1.845 1.645 1.845 1.645 1.645 1,645 1.645 1.845
2. Calculated Waste Load Allocations (WLA’s)
Agcute (one-hour) WLA 10.25 10.88 12.01 4.39 .77 238 413 4.13 573 .48 8.84 11.20 5.02 8,85
Chronic {ni-day) WLA 2.12 2,12 215 0.88 0.80 0.37 0.64 0.85 1.02 1.35 1.87 217 0.79 4.98
3. Back-Calculation of Long Term Averages (LTA's)
Slgma (same for acute and chronic) Q0,555 0.555 0.565 0.555 0.555 0.555 0.555 0.555 0.555 0.555 0.555 0.555 0.855 0.555
Mu for Acute WLA 1.038 1.085 1.186 0.180 0.038 -0.420 0.128 0.128 0.46C 0.579 0.880 1.126 0.323 0.891
Mu-n1 for Chronic WLA 0.487 0.497 0512 -0.387 -0.762 «1.237 -0.708 -0.679 -0.239 0.045 0.425 0.522 -0,480 0.427
Mu for Chrenic WLA 0.580 0.349 0385 -0.535 -0.810 -1.385 -0.854 -0.826 -0.386 -0,103 0.277 0.375 -0,837 0.280
LTA for Acute (one-hour] WLA 3.29 3.49 3.86 1.41 1.21 Q.77 132 1.83 1.85 208 284 3.60 1.61 2.84
LTA for Chrenic (n1-dayy WLA 1.65 1.65 1.68 0.68 Q.47 0.29 0.50 0.51 0.7 1.05 1.54 " 1.70 0.62 1.54
Mest Limiting LTA (minimum of acute and chronic) 1.65 1.65 1.68 068 0.47 0.28 0.50 0.51 078 1.05 1,54 1.70 0.62 1.54
4. Deryation of Permit Limits From Limiting LTA
Mu for daily maximum permit limit 0.350 0.349 0.365 -0.535 -0.910 -1.385 -0.854 -0.826 -0.386 -0.108 0.277 0.375 -0.637 0,280
Mu-n2 for monthly average permit limit 0.484 0.484 0.508 -0,390 -0.765 -1.240 -0.709 -0.681 -0.242 0.042 0.422 0,519 -0.493 0.424
Sigma"2.nfor monthly avg permit limit 0.018 g.018 - 0018 0.018 0.018 0.018 o.o18 0.018 0.018 0.018 0.018 0.018 0.018 0.018
Daity Maximum Permit Limit 5.15 5.15 5.23 213 1.46 0.9 1.55 5,58 2.47 3.28 4.79 528 1.82 4.80

Monthly Average Permit Limit 2,04 2.04 207 084 0.58 0.36 0.61 0.63 0.8 1.20 1.80 209 0.76 1.80




Appendix F.2 (continued):

A: Monthly Permit Limits B: Semi-Annual
Limits
Jan Feb Mar Apr May Jun Jul Aug Sep Cct Mov Dec Apr-Oct  Nov-Mar

INPUT ASSUMPTIONS FOR ALBION WTP WLAS/PERMIT LIMITS

i Water Quality Standards/Criteria {Concentration)

Acute {one-hour) Criteria 10.82 11.70 4,31 3.68 4.92 8,57
Ghronlc {n-day) Criterla 1.86 1.83 0.78 0.50 0.67 1.85
2, Upstream Recelving Water Concentration
Upstream Qoncentration for Acute Sondition .73 0.62 0.17 0.05 0.05 0.59
Upstream Concentration for Chronic Condition .73 0.62 0.17 Q.05 0.05 0.59
3. Ditution Factors (1/{Effluent Volume Fraction})
Fraction of River Flow to Allow for Acute Dilution Factor 2.5% 25% 2.5% 2.5% 2.5% 2.5%
Fraction of River Flow to Allow for Chronic Dilution Factor 25% 25% 25% 25% 25% 25%
Acute Receiving Water Dilution Factor ’ 2.728 2.802 2.537 2,832 2.410 2.807
Chronic Receiving Water Dilution Factor - 18.28 19.02 16.37 14,32 15.10 19.07
4, Goefficient of Varlation for Effluent Goncentration 0.6 .8 0.6 0.6 0.6 0.8
8. Number of davs {n1) for chronic average 30 a0 a0 a0 a0 30
6. Number of samples (n2) per month to base permit on . 4 4 4 4 4 4
WLAs and PERMIT LIMITS FOR ALBION WTP
i. Z Statistics
LTA Derivation (39%tile) 2.326 2.326 2.328 2.326 2.326 2.328
Dailv Maximum Permit Limit (28%tile) 2.326 2.326 2.326 2326 2,328 2,326
Monthly Average Fermit Limit {95%tile) 1.645 1.645 1.845 1.845 1.845 1.645
2. Calculated Waste Load Allocations (WLA's)
Acute fone-hour} WLA 2774 31.67 10.67 851 11.78 22.89
Chronic n1-day) WLA 21.48 23.65 10.14 6,45 8,40 2071
3, Back-Calculation of Long Term Averages (LTA's)
Sigma isame for acute and chronie) 0.555 0.555 0.555 0.555 0.555 0.555%
Mu for Acute WLA 2.033 2166 1.078 0.851 1177 1.845
Musnt for Chronic WLA 2.813 2,809 2,062 1.610 1.887 2777
Mu tor Chronic WLA 2.6686 2.761 1.8156 1.463 1.838 2.62g
LTA for Acute (one-hour] WLA 8.01 16.17 3.43 273 3.78 7.38
LTA for Chrenis (n1-day} WLA 18,78 18.45 7.1 5.04 7.34 16.18
Most Limiting LTA (minimum of acute and chronic) 891 1017 3.43 273 a8 7.38
4. Derivation of Permit Limits From Limiting LTA
Mu for daily maximum permit limit 2.033 2.168 1.078 0.851 1.177 1.845
Mu-n2 for monthlv average permit imit 2144 2.276 1.188 0,962 1.287 1,958
Sigma"2-n tor menthly avg permit limit 0.088 2.086 0.086 0,086 . C.088 0.086
Dally Maximum Permit Limit 2774 .87 10.67 8.51 11.8 23.0

Monthly Average Permit Limit 13.83 . 15.79 5.32 4.24 5.8 1.8




Appendix F.3: Alternatives 24 {monthly) and 2B (sem+annuall WiLAs and permit fim is for ammonia discharge from Pullman WTP and Alblon WTP, Mixing zones were based on 100% of fiow for chronic and acute criteria.

A: Meonthly Permit Limits B: Seml-Annuat
Limits
Jan Fak Mar Apr May Jun Jud Aug Sep Qct Nov Dec Apr-Nov  Dec-Mar

I
il

MONTHLY TMDL/WLA GENERAL INPUT ASSUMPTIONS

i. Monthly Design Flows {cfs):

Paradise Creek at Stateline 5.03 5.36 5,42 4,74 4.24 2.60 2.18 2.56 3.67 3.86 515 4.98 .79 6.43
SF Palouse R above Paradise Creek Q.00 0.62 1.24 0.3 0.82 0.62 o.21 0.93 0.62 0.62 1.87 0.62 0.65 1.09
Missouri Flat Cr 0.00 0.20 .40 0.0 .20 0.20 0.10 0.30 0.20 0.20 0.80 0.20 c.21 0.35
S.F. Palouse immediately above Pulman WTP 5.03 6.18 7.08 515 8.07 3.42 2.57 380 - 450 4.68 7.82 5.81 4,65 7.87
2. Pullman WTP Sem:-annual Design Flows (ofs) &8.52 6.65 6.32 626 4,83 4.12 3.86 4.62 5.82 8.71 5,55 5.33 5.82 5.55
C. Albion WTP Design Flows (cfs) 0.19 0,19 .18 0.18 0.19 0.18
8. In-stream nitrification rates:
Nitrification rate at 20 deg C (day*-1) 2.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.0 3.0 3.0 3.0 3.0
Temperature for Correction of Rate {deg C) 3.6 8.9 a.1 14.0 18.6 20.7 21.8 21.4 16.3 18.7 8.8 58 20.5 8.8
" Nitrification rate at amblent temperature (day"-1) o8 1.1 1.3 1.9 2.6 31 3.3 a3 22 1.8 1.2 1.0 3.1 1.2
€. In-stream Percent Reduction in Total Ammonia
Estimated Flow at SFPR RM 22.2 (cfs) 5.0 8.0 6.7 5.0 4.9 3.2 2.5 3.5 4.3 4.5 7.0 5.6 4.4 7.5
Velecity, Paradise Cr state line to Pullman POTW (fps) 0.620 0.665 0,694 0.621 0.e12 0,519 0.467 0.538 0.582 0.582 0.709 0.648 0.590 0.728
Velceity frem Pullman to Albion POTW {fpst 0.83C 0.675 0,705 0631 a.e21 0.527 0.474 0.544 0.581 0.601 0720 0.658 0,599 0.740
Travel time Paradise Cr state line to Pullman POTW (days) 0.857 0.800 0,766 0.856 0.869 1.024 1.138 0.982 0.913 0.898 0.750 0821 | 0.501 0.730
Travel time from Pullman to Albion POTW {days) 0.899 0.852 0.625 0.698 0,708 0.835 0.828 0.808 0,744 0.732 08611 0,669 0,734 0,885
Ammonia Reduction Between Statellne and Pullman WTP 51% 58% 82% an% o0% 6% 98% 96% 87% 20% 81% 56% 94% 80%

Ammonia Reduction Between Pullman WTF and Albion WTP 44% 50% 55% 73% 85% 83% 5% 83% 81% T4% 53% 48% 86% 52%




Appendix F.3 {continued):

A: Monthly Permit Limits B: Semi-Annual
Limits
Jan Feb Mar Apr May Jun Jul Aug Sep Cct Nov Dec Apr-Oct  Nov-Mar
INPUT ASSUMPTIONS FOR PULLMAN WTP Wi As/PERMIT LIMITS
i. Aquatic Lile Criteria at Pullman WTP (Total Ammonia mg/l. as N}
Acute {one-hour} Criteria 10.08 10.63 11.70 4.3% a.68 234 4.08 4.05 5.6% 6.35 8.57 10,92 4.92 857
Chronic (n-day) Criteria 1.82 1.86 1.83 0.78 0.50 0.32 0,55 0.55 0.88 1.17 1.68 1.88 0.67 1.85
2. Recelving Water Concentration Upstream from Pullman WTP
Upstream Concentration for Acute Condition 0.80 077 0.87 0.30 012 0.05 0.0% 0.05 047 0.28 0.71 0.81 0.07 0.73
Upstream Concentration for Chronic Condition .20 Q.77 0.67 0.30 0.12 0.08 0.08 005 0.7 0.29 0.71 0.81 0.07 0.73
§. Diluticn Factors (1/{Effluent Volume Fraction})
Fraction of River Flow to Allow for Acute Dilution Factor 100% 100% 100% 100% 100% " 100% 100% 100% 100% 100% 100% 100% 100.0% 100.0%
Fraction of River Flow to Allow for Chronic Dilution Factor 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Acute Recsiving Water Dilution Factor 1.77 1.83 2.1z 1.82 2.05 1.83 1.687 1.82 1.77 1.82 2.37 2.08 1.80 2.42
Chronic Recelving Water Dilution Factor 1.77 1.83 212 i.e2 205 1.83 1.67 1.82 177 1.82 2.37 2.08 1.80 2.42
4. Coefficlent of Variation for Effluent Concentration 0.6 0.8 .6 0.6 0.8 0.8 c.e 0.6 0.8 0.6 0.8 0.8 0.6 0.6
5. Number of days {n1} for chronic average 20 30 jclal 30 30 30 a0 30 30 30 a0 30 30 30
6. Number of samples (n2) per month to base permit on 20 20 20 20 20 20 20 20 20 20 20 20 20 20
WLAs and PERMIT LIMITS FOR PULLMAN WTP
1. Z Statistics
LTA Detivation (98%tile) 2.3286 2.326 2,326 2.328 2.326 2328 2.328 2.326 2.326 2,326 2.326 2.326 2.326 2.326
Daily Maximum Parmit Limit (99%tile} 2.326 2.326 2,326 2.326 2.326 2,326 2,328 2326 2.326 2.328 2.328 2.326 2.328 2326
Manthly Average Permit Limit (95%tile) 1.645 1.645 1.845 1.645 1.645 1.645 1.845 1.645 1,648 1.845 1.645 1.645 1.845 1.845
2. Calculated Waste Load Allocations (WLA's)
Acute {one-houry WLA 17.15 18.80 24.01 7.80 7.42 4.24 €,73 7.34 2.88 11.32 19.39 21.85 8.80 19.72
Chrenie ini-day} WLA 2,71 2.88 312 1.17 0.90 0.54 c.28 0.96 1.43 1.88 2.94 3.05 1.15 2.96
3. Back-Calculation of Long Term Averages (LTA's)
Sigma (same for acute and chronic) 0.555 0.555 0.5565 0.555 0.585 0.555 0.555 0.555 0.555 0.555 0.555 0.555 Q.555 - Q.555
Mu for Acute WLA 1.552 1,606 1.889 0,739 0.714 3,154 0.817 0.703 1,000 1.197 1.675 1.769 0.885 1.892
Mu-n1 for Chronic WLA 0.742 0.805 0.883 -0.088 ~0.354 -0.868 -0.374 -0.282 0.100 0,381 0.825 0.881 -0,113 0.831
Mu for Chronic WLA 0.585 0.857 0.7386 -0.248 -0.502 -1.016 -0.521 -0.429 -0.048 0.233 0.678 0.713 -0,2681 2.683
LTA for Acute tone-hour) WLA 5.51 6.36 sl 244 2.38 1.36 216 2.36 317 3.64 8.22 7.05 2.82 6.33
LTA for Ghronic {n1-day) WLA 212 2.25 2.43 .81 0.7 0.42 0,69 0.75 111 1.47 2.30 2.38 0,90 231
Most Limiting LTA (minimum of acute and chronic) 212 2,25 2.43 081 0.71 0.42 0.68 0.75 1.11 1.47 2,80 2.08 0.90 23
4, Derivation of Permit Limits From Limiting LTA
Mu for daily maximum permitimit 0,595 0.657 0736 -0.246 -0.502 -1.016 -0.521 -0.439 -0.048 0.232 0.678 0.713 -0.261 ¢.€83
Mu-n2 for monthly average permit lmit 0.740 0.802 0.881 <0101 -0.357 -G.871 -0.377 -0.284 0.097 0.378 0.822 0.858 -0.1186 0.828
Sigma"2-n for monthly avg permit limit 0.018 0.018 0018 0.018 G.018 0.018 Q.018 0.018 0.018 0.018 0.018 0.018 c.oig 0.018
Dally Maximum Permit Limit . 8.5¢ 7.0 7.88 2.84 220 1.32 216 234 3,46 4.58 715 7.41 2.80 7.18

Monthlv Average Permit Limit 281 2.78 3.00 113 0.87 0.52 0.85 0.83 1.a7 1.82 2.84 2,94 1.1 2.85




Appendix F.2 (continued:

A: Manthiv Permit Limits

B: Semi-Annual

Limits
Feb Mar Apr May Jun Jul Sep Oct Nov Dec Apr-Oct  Nov-Mar

INPUT ASSUMPTIONS FOR ALBION WTP WLAS/PERMIT LIMITS
i. Water Quality Standards/Criteria {Concentration)

Acute (one-hour) Criteria 10.63 11.70 4.31 3.68 4.82 8.57

Chronic in-day} Criteria 1.86 1.83 o078 0.50 .67 1.65
2. Upstream Receiving Water Concentration

Upstream Concentration for Acute Condition 0.93 0.83 0.21 0.08 0.07 078

Upstream Coneentration for Chronic Condition 0.93 0.83 0.21 0.08 0.67 0.79
3. Dilution Factors (1/{Effluent Volume Fraction})

Fraction of River Flow 1o Allow for Acute Dilution Factor 100% 100% 100% 100% 100,0% 100.0%

Fraction of River Flow to Allow far Chronic Dilution Factor 100% 100% - 100% 100% 100% 100%

Acute Recelving Water Dllution Factor 70.133 73.091 62.476 54,206 57,383 73.261

Chronic Recelving Water Dilltion Factor 70.13 73.09 62,48 54.29 57.38 73.26
4. Coefficlent of Varation for Effiuent Concentration 0.6 0.6 0.6 0.6 06 0.6
5. Number of days in1) for chronic average 30 20 30 30 30 30
6. Number of samples (n2) per month to bage permit on 4 4 4 4 4 4
WLAs and FERMIT LIMITS FOR ALBION WTP
i. Z Statistics

LTA Derivation (99%tite} 2.326 2.328 2,326 2.328 2328 2.326

Daliy Maximum Permit Limit (89%tile) 2.326 2.328 2326 2,326 2,328 2.326

Monthiv Average Permit Limit (95%tile) 1,845 1.845 1.645 3.645 1.645 1.645
2. Calculated Waste Load Allocations (WLA's)

Acute ione-hour) WLA 681.86 795,74 256,17 195.66 278,27 571.27

Chronic {n1-day) WLA £66.74 74.24 35.52 23.10 34.43 63.89
3. Bagk-Calculation of Long Term Averages {LTA's)

Sigma {same for acute and chronic) 0.555 0.555 0.555 0.555 0.555 0.555

Muter Acute WLA 5,235 5.389 4,256 3.887 4,339 5058

Mu-n1 fer Chronlc WLA 2,947 4,053 3.318 2886 3.285 3.803

Mufcr Chronic WLA 3.798 3.805 3.168 2738 3.137 3.755

LTA for Acute (one-hour) WLA 218.84 255.50 82,25 82.82 89.35 183.43

LTA for Ghronic (n1-day] WLA 52.08 57.83 arre 18.03 26.86 49.85

Most Limiting LTA {(minimum of acute and chronic) 52.08 57.83 27.72 18,03 28.86 49.85
4, Derivation of Permit Limits Frem Limiting LTA

Mu for daily maximum permit limit 3,799 3.805 3.1é8 2738 3137 2.755

Mu-nz far monthly average permit imit 3.910 4.018 a.278 2.849 3.248 3.866

Sigma"2-n for menthly avg permit imit 0.086 0.086 0.086 0.086 0.086 0,086

Caity Maximum Permit Limit 162.19 180.41 86.32 56.14 837 155.3

Moenthly Average Permit Limit a0.a5 89,83 43.03 27,99 4.7 7.4




Appendix F-4. Summary of ammenia TMOL, WTP Wi_As, and permit Imits for alternative permit scenarics.
Units are total ammonia in lbs/day as NH3-N or mg/L as NH3-N as noted. NH3CRIS, WKI\SMAY2

A: Monthly Permit Limits B: Semi-Annual
Limits
Jan Feb Mar Apr May Jun Jul Aug Sep Cct Nov Dec AprOct Nowv-Mar
ALTERNATIVE 1A and 1B: MIXING ZONE MAX OF 25% and 2.5% of UPSTREAM FLOW FOR CHRONIC AND AGUTE.
TMDL: *[bs/day NH3-M 118.6 1201 13241 47.9 287 13.0 19.2 25.0 48.9 856 1179 11341 a37.8 118.3
Nonpeint/Background LA: * 24.5 25.6 257 8.4 3.2 0.2 0.7 1.0 4.2 7.4 20,1 254 1.7 30.8
POTW WLA: 74.6 781 73.4 28.6 187 83 13.2 16.3 312 41.5 58.0 82.5 24,8 5941
Reserve Unallocated Loag: 208 27,4 330 9.9 79 AT 5.2 7.7 2.8 18,6 28.0 25.2 1.3 29.4
POTW WLA: mg/l NH3-N 2.1 21 2.2 0.88 080 037 084 0.55 1.0 13 ‘290 2.2 0.78 20
PERMIT LIMITS:
Dailv Max: mgil NH2-N 5.2 s.2 5.2 2.1 1.5 o 1.5 18 2.5 3.3 4.8 53 1.8 4.8
Monthly Avg: * 2.0 2.0 241 0.4 0.58 038 061 0.82 098 1.3 19 21 0.76 1.8
Daily Max: {bs/dav NH3-N 161 185 178 7z 38 20 3z 40 77 101 143 152 80 144
Monthly Avg: * 72 73 kal 28 15 8 1a 18 at 40 57 60 24 57
TMDL: |bsfday NH3-N 331.0 133.8 48.7 272 38.5 121.0
Nonpeint/8ackground LA: 50.5 44,7 10.4 29 2.8 43.0
POTW WLA: 27.8 .7 10.7 8.5 1.8 23.0
Reserve Unallocated Loag: 52.7 57.5 27.6 158 23.8 55.0
POTW WLA: mgfl NH3-N 28 az 11 a5 12 23
PERMIT LIMITS:
Daily Max: mgfl NH3-N 26 32 11 85 12 23
Monthly Avg: 14 16 5.3 42 5.9 11
Dally ivax: Ibsfday NH3-N 28 a2 1" 85 12 23
Monthlv Avg: # 14 16 5.3 4.2 5.9 1
ALTERNATIVE 24 and 2B: MIXING ZONE MAX OF 100% of UPSTREAM FLOW FOR CHRONIC AND ACUTE,
TMDL: Ibs/day NH3-N 119.8 128,1 1221 47.9 26.7 13.0 19.2 25.0 46.9 €5.6 117.1 1131 37.8 119.3
Nonpoint/Background LA: ¥ 245 25.6 25,7 4.4 a2 0.9 07 1.0 42 74 281 26.4 1.7 30.8
POTW WLA: ® 85.4 103.5 106.4 39.5 238 12,0 16.5 240 447 58.1 §6.0 87.7 361 68.5
Reserva Unallocated Load: 0.0 0.0 0.0 0.0 00 0.0 0.9 00 0.0 0.0 0.0 0.0 0.0 0.0
POTW WLA; mg/L NH3-N 27 28 31 1.2 0.80 0.54 0.89 10 1.4 19 29 30 1.2 3.0
PERMIT {IMITS:
Daily Max: mg/L NH3-N 8.8 7.0 18 2.8 22 1.3 22 23 35 4.5 7.2 74 2.8 7.2
Monthly Avg: ¥ 2.6 2.8 3.0 1.4 0.87 0.52 0.85 0,93 i4 1.8 28" 2.9 14 28
Daity Max: Ibsfday NH3-N 232 251 259 96 57 29 45 58 108 141 214 213 a3 215
Monthly Avg: ¥ g2 100 103 a8 23 12 18 23 43 56 B85 B84 a5 as
THMDL: Ibsfday NH3-N 131.0 133.9 48,7 ere 385 121.0
Nonpoint/Background LA: 841 59.6 13,1 41 4.0 57.0
POTW WLA: 66.8 74.3 366 231 345 64.0
Reservo Unallocated Load:; 0.0 0.0 0.0 0.0 0.0 a.0
POTW WLA: mg/l. NH3-N 87 74 36 23 34 84
PEAMIT LIMITS:
Daily Max: mg/l NHa-N 162 180 86 58 a4 155
Monthly Avg: a1 20 43 28 42 77
Daily Mau: Ibs/day NH3-N 162 181 86 56 84 . 155 -
Monthly Avg: B a1 80 43 28 42 - 78




APPENDIX G

Derivation of Permit Limits by Monte Carlo Simulation
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Monte Carlo simulation was used to combine the water quality model and permit limit
calculations with statistically described inputs. The major advantages of Monte Carlo simulation
for derivation of permit limits are (EPA, 1992):

L It can directly estimate the permit limits that correspond to the allowable frequency and
duration requirements of the water quality criteria.

* It can be used with the same steady state water quality model that is used for the point
estimate method.

] It can incorporate the cross-correlation and interaction of model variables such as river
flow and temperature.

Using this technique, probability density functions are assigned to each term in the water quality
model reflecting the variability in that characteristic. Then, with synthetic sampling, values are
randomly chosen from the distributions of each term. These values are inserted into the model,
and a prediction is calculated. After this is repeated a large number of times, a distribution of
predicted values results, which reflects the combined uncertainties of all model variables.

The following steps describe the Monte Carlo procedure used to estimate water quality-based
permit limits for total ammonia:

Step 1:  Estimate 30-day seasonal low flow for USGS gaging stations for each Monte Carlo
iteration. Weibull distributions of annual 30-day low flows for USGS stations
13348000 and 13348500 were estimated. The lowest 30-day low flows for each year
of 1971-81 were calculated and the Weibull distribution was fit using WQHYDRO
(Aroner, 1992). The Weibull distribution was found to closely represent low-flow
frequencies in the SFPR and Missouri Flat Creek, and is the most widely used
distribution for low-flow frequency analysis (Nathan and McMahon, 1990). The
following parameters describe the low flow distributions using the notation of Haan
(1977) for flows in cfs:

Weibull Apr-Oct Nov-MéI‘
Parameter

USGS Station 13348000, 1971-81
Alpha 2.8922 0.7435
Beta 4.4580 11.910
Epsilon 1.6170 6.7620

USGS Station 13348500, 1971-81
Alpha 3.6000 0.9052
Beta 0.3190 1.9986
Epsilon 0.1268 0.2880
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Step 3:

Estimate river flows for each iteration immediately above Pullman POTW as sum of
natural flows of Paradise Creek excluding Moscow POTW, design discharge from
Moscow POTW, natural flow from SFPR above Paradise Creek, and Missouri Flat
Creek. River flow immediately above Albion POTW was estimated by also adding
design flow from Pullman POTW. POTW design flows were estimated as highest
monthly averages for the season of interest when the POTW reaches the design
capacity maximum monthly flow. The distribution of monthly average POTW flows
for the 1989-91 period was scaled proportionally to the ratio of:

{maximum monthly design flow) / (maximum monthly 1989-91 flow)
to estimate seasonal design flows when the POTWs are at maximum monthly design

flows. The resulting seasonal design flows for Moscow, Pullman, and Albion
POTWs are as follows:

POTW Apr-Oct Nov-Mar
POTW Design Flows (cfs)

Moscow 4.80 5.42

Pullman 6.26 6.65

Albion 0.19 0.19

Natural river flows from Paradise Creek (i.e. excluding Moscow POTW) were
estimated as the SFPR flows at USGS 13348000 less SFPR flows from above
Paradise Creek and current Moscow POTW flows. SFPR flows from above Paradise
creek were estimated as Missouri Flat Creek flows at USGS 13348500 multiplied by
the ratio of drainage areas of SFPR above Paradise Creck and Missouri Flat Creek.
Flows at the USGS stations were randomly selected from the Weibull distributions
for Monte Carlo simulation estimates of flows above the POTWs.

Estimate temperature and pH distributions at Ecology station 34B110. Distributions
of temperature and pH for permitting periods were estimated from critical periods
within each permitting period. Critical periods were selected based on occurrence
of lowest monthly average flows during the 1971-81 period. For the April-October
permit period, critical low flows occurred only during the months of July-October.
For the November-March permit period, critical low flows occurred during
November. A log-normal distribution was assumed for temperature and normal for
pH. Means and standard deviations of critical temperature and pH were found to be
as follows:
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Step 4:

Step 5:

Parameter Apr-Oct Nov-Mar
| Temperature (degrees C)
Mean 14.82 5.61
Std Dev 4.28 2.50
pH (standard units)
Mean 8.10 7.81
Std Dev 0.50 | 0.52

Temperature and pH distributions were found to be independent of flow for the
critical periods, with the exception of July-October temperature, A regression
analysis of July-October temperature versus flow was used to estimate temperatures
for the April-October permit period:

Jul-Oct Temperature at 34B110 (deg C) =
27.334 * [Jul-Oct Flow at 34B110 (cfs)] * (-0.3755)
Std Dev = 3.90 deg C

Estimate mixing zone temperature and pH for each iteration by regression analysis
of Pullman POTW upstream and downstream data. The regression equation was
applied to temperature and pH at Ecology station 34B110 to estimate mixing zone
temperature and pH. The regression equations for temperature and pH are:

Mixing Zone Temperature (deg C) =
2.904 + 0.9297 * [34B110 Temperature (deg C)]
Std Dev = 2,04 deg C
r2 = (0.91

Mixing Zone pH {s.u.) =
2.592 + 0.6284 * [34B110 pH (s.u.)]
Std Dev = 0.21
r?2 = (.58

Estimate temperature and pH of Paradise Creek at the state line for each iteration by
regression analysis of monthly monitoring data during water year 1992 (unpublished
Ecology ambient monitoring data). The following regression equations were
obtained:

Temperature of Paradise Cr at State Line (deg C) =
7.171 + 0.7381 * [34B110 Temperature (deg C)]
Std Dev = 1.87 deg C
1?2 = (.85
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Step 6:

Step 7:

Step 9:

pH of Paradise Cr at State Line (s.u.) =
5.305 + 0.2624 * [34B110 pH (s.u.)]
Std Dev = 0.14
2 = (.28

Acute and chronic aquatic life criteria for total ammonia were calculated for each
iteration from randomly selected temperature and pH estimates from Steps 4 and 3.
Results of Step 4 were used to estimate criteria for Pullman and Albion POTW
mixing zones. Results of Step 5 were used to estimate criteria for Paradise Creek at
the state line.

Estimate instream nitrification rates for each iteration. The nitrification rates were
randomly selected from a log-normal distribution with mean of 8.15 day’ and
standard deviation of 5.76 day! (base €) at 20 degrees C based on monitoring data
during water year 1992. Nitrification rates (K) at ambient temperature (T) were
estimated from rates at 20 degrees C (K,,) by the equation:

K = Ky * 1.080

Estimate ammonia concentrations immediately upstream from Pullman POTW and
Albion POTW for each iteration. For Pullman POTW, Paradise Creek at the state
line was assumed to begin at the chronic criterion calculated in Step 6. Then
nitrification rates from Step 7 were used in a first-order decay equation to estimate
the concentration above Pullman POTW assuming a minimum concentration of 0.05
mg/L as N. For Albion POTW, Pullman POTW was assumed to discharge at the
WLA (calculated in the following step), then the first-order decay equation was used
to calculate concentration above Albion also assuming a minimum concentration of
0.05 mg/L as N. The first-order decay equation used to account for nitrification was:

Cp = G * exp(-Kt)

where C,, is the ammonia concentration immediately above Pullman or Albion
POTW, C, is the chronic criterion for Pullman POTW or the mixed river
concentration below Pullman (at Pullman’s WLA) for the Albion POTW, K is the
nitrification rate from Step 6, t is travel time from C, to C,, (0.89 days from Paradise
Creek at state line to Pullman POTW; 0.69 days from Pullman POTW to Albion

POTW).

Estimate acute and chronic WLAs for Pullman POTW and Albion POTW for total
ammonia for each iteration. A simple mass balance equation was used:

WLA = ALC*[(f*Qup+ontw)/ontw]-[Cup*(f*Qup/ontw)]
where ALC is the aquatic life criterion for total ammonia from Step 6, f is the

fraction of upstream flow allowed for the mixing zone (25% for chronic and 2.5%
for acute), and Q,, is the POTW design flow from Step 2.
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Step 10:

Calculate water quality-based permit limits for each iteration from the WLAs
incorporating effluent variability using the method of EPA (1991). The effluent
coefficient of variation (CV) for ammonia was assumed to be 0.6; 20 samples per
month  were assumed for Pullman POTW and 4 per month for Albion; 30-day
averaging period for chronic; Z-statistic for long-term average and daily maximum
permit limits was 2.326 (99 %tile); and Z-statistic for monthly average limits was
1.645 (95 %tile). '

Run Monte Carlo simulation for 1000 iterations using @RISK (Palisade Corporation)
and Lotus 1-2-3 (Lotus Development Corporation) to obtain distributions of seasonal
WLASs and permit limits. The WLAs and permit limits corresponding to an annual
excursion frequency of once every three years were selected to meet the frequency
requirement of WAC 173-201A-040(3). For semi-annual permits, excursion
frequencies of once every six years for each season were assumed to correspond to
an annual excursion frequency of once every three years (EPA, 1984), The resulting
daily maximum and monthly average permit limits were obtained:

Apr-Oct . Nov-Mar

Pulilman POTW Total Ammonia-N (mg/L as N)
Daily Max 2.1 4.7
Monthly Avg 0.83 | 1.9

Albion POTW Total Ammonia-N (mg/L as N}
Daily Max 12. 28.
Monthly Avg 6.2 14,
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Appendix H-1
PARADISE CREEK DO PREDICTIONS BELOW STATE LINE
Temperature = 22.27 degrees C

Stateline NH3-N =11 BODE =465, 30, 20, 10, 0

EFFLUENT CHARACTERISTICS (Moscow POTW)

Discharge (¢fs) (max monthly avg Apri-Oct) 379 aze a7 aA7e are 379
CBODE (mgiL) (max weekly avg) 45 30 20 10 5 [
Ammonia (mg/L) {chronic crierion at state fine sssumed to ost max woukly avg) 1% 1.1 1.t 1.1 11 1.t
NBOD (mai) 5.027 5,027 5.027 5.027 5027 5.027
Dissolved Oxygen {mg/L) (assume at sat’n wf tomp) 7.982 7.988 7988 7.988 79688 7988
Temparature (deg C) (regrassion est for 20%tie ot stateline) 2027 227 z227 2227 22.27 2227
2 RECEIVING WATER GHARACTERISTICS (Physical data for Paradiss Cresk to Griticdl Sag)
Upstrsam Discharge {¢f) fassume) o [} [¢] 1] [} [+3
Upatream CBODS (mg/L) {load=0} 20 20 2.0 20 20 20
Upstroam NEOD (mgil) (load=0} 0.2 0.2 0.2 0.2 0.z 0.2
Upstream Dissonved Oxygen (mg/l} 7.9838 7.588 7.888 7.988 7.988 7.988
Upstream Tem perature {deg <) =227 2227 2207 2827 297 2227
Elevation (ft NGVD) 2300 2300 2300 2300 2300 2800
Downstream Avaiage Channel Slope (1) 000392 000392 D.00322  0.00392 000392  Q.00382
Dewvnstream Avarage Shannel Cepth (8) 0.8 6.8t 0.8% X1 o.8f 0.83
Downstream Avermge Channel Velocity (fps) 0.59 059 0.59 .58 659 0.59
3. REAERATION RATE (Base o) AT 26 deg © {day™1) 15.92 1592 15.92 1592 15.92 15.92
Referance Suggest Suggest Suggest  Suggest  Suggest  Suggest
Value Valuo Vahie Value Value Value
Churchill S.86 9.85 9.96 9.88 9.86 9.86
O'Connor and Dobbins 1362 13.62 1aez 1362 1362 13.62
Owens 2233 2233 233 2233 2233 2033
Taloglou-Wallace 1592 15.92 16.92 16.82 15.92 1592
4, 800 DECAY RATE (Base ¢) AT 20 deg C {day™-1) 333 233 23 333 333 a.83
Referance Suggest Suggest Suggest  Suggest  Suggest  Suggest
Value Valuo Value Value Value Value
Wright and McDonnell 1979 233 232 433 333 333 333
QUTPUIT #awet = acptde ek
1 INTIAL MEXED RIVER CONDITICN
CBODS (mg/l) 45,0 0.0 20.0 0.0 50 0.0
NBOD (mg/L) 5.0 50 5.0 50 50 50
Dissolvad Oxygen (ma/L) a.0 zo0 a0 a0 80 a0
Temparature (dog C) =23 223 23 223 223 223
2 TEMPERATURE ADNUSTED RATE CONSTANTS (Base o)
Reasation {day"-1) 16.80 15,80 16.80 1680 18.80 16.80
BOD Decay (day™-1) 370 370 3,70 70 3.70 470
3. CALCUEATED INfTIAL ULTIMATE CBODY AND TOTAL BODU
Inkial Mixed CBODU [mgl) 65.2 441 294 147 74 LT3
Inkial Mixed Total BODU (CBODU + NBOD mg/l) nz 49.1 M4 19.7 124 50
4 INITAL DISSOLVED CXYGEN DEFICIT
Saturation Dissolved Oxygen (ma/l) 7988 7.988 7.988 7.988 7.988 7.988
Inkial Deficit (ma/L) Q.00 000 2.00 0.00 - 0.00 0.0
5. TRAVEL TIME TO CRITICAL DO CONCENTRATION (days) 012 0.12 at2 042 042 o1z
5. DISTANGE TO CRITICAL DO CONCENTRATION (miles) i1 111 i 111 k] 11
7 CRITICAL DO DEFICIT (mg/L) 1022 708 4,94 283 1728 072
8 CRITICAL DO CONCENTRATION (mg/L} [negative value indicates DQ = ¢] -223 093 3.04 515 821 7a7

Full solttion DO defict (Chapter 6.4 4 of Thomann and Muelior, 1987 eqns a, b, ¢ s and f):

1 Reaction Rates (same Ka and Kd a3 zbove, Kn may be different)

Ka = seaeration ("1 base e at ambient lemperature) . 16.80 16,280 1689 16.80 16.80 16.80
Kd = BOD decay (d"-1 base & at ambient tem perature) 370 370 376 370 370 a7
Kr = overall BOD fess rate {d*-1 base o at am bient temp) 370 70 370 a7 are 70
Kn = nitrification (d"-1 base e ak am bient tem porature) 3.57 as7 3.57 357 357 sy
pa = daily averaged gross photeeynthesis (mg/L/d} 9.70 9.70 9.70 e.70 2.7¢ /7
R = dally averaged gross mespiration (mg/Lid) 243 243 243 243 243 243
half of giurnal DO range {mg/L) 15 15 5 i5 15 15
() = inftial value of DO defict (/L) 0.000 0.000 2,000 0,000 2.000 2.000
9.500 6.334 4222 21 1.088 0.000
0,704 0.704 0.704 0.704 Q704 Q704
(&} = defick dusto gross photosynthests (mg/L) 0485 <0485 -0.485 +0.495 -0.485 -0.495
(R = dofick due to gross respiration {mg/L) 0.124 0.124 o124 2124 0124 alz4
D = arbro+o+f = total DO deficit 2t point of eritical sag (mo/) 9.833 6.666 4 565 244 1388 0,333
DO =DOsat - D = daily avg DO at point of criical sag {mg/L} -~1.845 1321 3.432 5.544 B.599 7 655
DOmin = DO - (half diumal range) = diel min BO at point of arkival sag (mail) +3.345 0179 1.932 4.044 5,099 8155
{negative values for DG or DOmin indicate DO = 1]
Remaining CBCDS and NBOD abeve Pullman WTP
Trave! tine from Pamdise Cr at state linsto SFPR RM 21.3 {days} 0904 0.904 0.504 0.904 Q.804 0.804
CBODS remaining at SFPR RM 21.3 above Pulman WTP {mgl) 1.580 1.060 0.707 0.353 0177 0.000
NEBOD remaining at SFPR R 21 3 above Pullman WTP (mg/l) 0.199 0.199 0198 0199 0198 0189
esbanne e trone
Daily A ged Gross Ph ynthesis and Respiration (pa and B) esti d from
Diurnal minfmax DO data for Paradise Creok
using eqn 6.44 and 8.48 of Thomann and Muoller, 1987: Halt
Diurnal
Creek Mile DATE DOmax DOmin Teomp pa . R Range
(ma/} {mg/L) (degl)  (mg/llfd)  (mg/lid) {ma/L}
6.4 910724 510 270 20.85 Tea 192 120
St 911001 1.70 1.30 _ 1885 1.28 0.32 T0z0
34 910724 270 4.50 20.8 18,64 4.18 260
34 911001 4.30 270 137 552 128 0.80
24 911002 4.00 290 125 52 0.88 0.55
10 910724 12.70 525 2225 27.04 878 423
.0 911001 1250 7.80 131 15.04 378 235
1.9 a11002 10.80 710 118 1218 304 1.80
0.0 N0724 10.20 875 2215 11.04 276 1.72
00 911001 1040 .50 1275 288 272 0.45
0.0 911002 10,60 8.25 10.85 4.32 108 0.67

AVG: Q.70 243 152




Appendix H-2

S FORK PALOUSE RIVER DO PREDICTIONS BELOW PULLMAN WTF
Temperature = 21.93 degrees C

Pullman NH#N = 75 BODS = 45, 30, 20, 10, 0

EFFLUENT CHARACTERISTICS (Pullman WTP)

Decharge (cfs) (max monthly avg during AprikOdl) 582 582 582 ser 582 [-X:~]
GBODS (mg/} {max weekly avg) 45 20 20 10 5 0
Ammonla {mg/l) {assume max monthly avg esiimates max weekly avg) Q78 0.76 075 0.76 0.78 0.76
MBCD (mg) 3473 3473 3472 3473 2473 2473
Dlssotved Coryyen (mgL) 8,040 8,040 ao40 8,040 5.040 8.040
Temperalure {deg €) 21563 2193 2193 2193 2193 a1e3
2 REGEIVING WATER CHARACTERISTICS (Qually of SFPR abowve Puliman and physical data In SFPR)
Upatieam Olscharge efs) 47 4.7 47 4.7 47 4.7
Upstteam CBODS = max of 2 or remalning from decay In Paradise CI (gL} 2,600 2000 2060 2000 2060 2000
Upstream NBOD = max of 0.2 of fetmalning rom decay In Paradiss &r (mgl) 0.200 0.200 0.200 0200 3260 0.200
Upstieam Dissolved Oxygen (mg/L) (assume al sa’nw/lemp) a.04 8.04 £.04 8.04 6.04 8.04
Gritical Sag Tempesature {deg C) {fegression est of 96%the in mixing zone) 21.93 21.83 21.93 2168 21.93 21.93
Ekevation (T NGVD} 2300 22300 2300 2000 2300 2300
Downstream Average Ghannel Slope (i) Q00316 Q00816 000315 0.00316  0.00318  0.00316
Downstream Average Ghannel Depth (1) (Ju&Oct avg of SF2-9) 0758 o788 0.768 0766 A7ES 0766
Downstream Average Channel Veloclly (fps) ulOd avg of SF2-9) 0.597 0.567 0897 o.587 0567 0,657
& REAERATION AATE (Base £) AT 2¢ deg ¢ (day 1) 782 782 782 702 782 782
Reterence : Suggest Suggest Sugges!  Suggedt  Suggest  Suggest
Vatue Vvalug Vale Value Valug Value
Churghl 1.23 1123 11.23 1123 11.23 11.23
O'Conngr and Dobbins 1523 1523 1523 16.23 1523 15,23
Qwens. 25.64 26.64 25.64 25.64 26.64 2664
Tsivoglou-Walkace 7.82 e Ta2 7az 782 7ez
4 80D DEGAY RATE (Rase ) AT 20 deg C (day™-1) 325 225 3.25 aAze 325 a2s8
Reference Sungest  Suggest  Suggest  Suggest  Suggest  Suggest
Value Value Vahie Valug Value Value
wiight and McDonnell, 1479 3.25 328 325 3.25 azs a2s
OUTPUT - e
1 {NITIAL MIXED RIVER CONDITION
¢BODS {mg) 258 175 120 64 a7 -X]
NBOD (mgL} 20 20 20 20 20 20
Disstived Oxygen {ma/L) 80 &0 8.0 8.0 8.0 [=1]
Temperature {deg G) 219 219 219 218 21 218
2 TEMPERATURE ADJUSTED RATE CONSTANTS (Base ¢)
Regeration (day"-1) L] 818 818 818 218 818
BOD Devay (day™-1} 255 255 355 285 385 AB5
A CALGULATED INITIAL ULTIMATE GBODU AND TOTAL BODU
Inkial Miked GBODU (mg/l) 37.9 287 178 a4 5.4 13
inBal Mixed Tolal BODY (CBODWY + HBOD, mgil) 389 7T g6 1.5 74 a3
4. INITIAL DISSCLVED OXYGEN DEFICIT
Satwration Dissoled Oxygen {my/L} 8.040 8040 8.040 8.040 and0 8040
Inthal Defict (mgt) 0.00 Q.00 0.00 0.00 Q.00 0,00
& TRAVEL TIME TO CRITICAL DG CONCENTRATION (days) o018 oia 018 218 o1 18
& DISTANCE TO CRITICAL DO CONCERTRATION (miles) 176 176 176 178 178 176
7 CRITICAL DO DEFICIT (mgrL) 214 435 459 262 169 0.76
& CRITICAL DO CONGENTRATION (mgil) [negative value Indicates DO = 0] ‘110 169 a56 542 535 728
Full solutlon DO defick (Chapler 3.4.4 of Thomann and Muelier 1287 eqrsa, hoo.e andf):
1 Readtion Rales {same Ka and Kd as above, Kn may be difterent)
Ka = leaeration (d™-1 base e al amblent temperature) 818 818 818 -AL] 818 ata
Kd = BOD decay (d"-1 base e at amblent temperature) a.65 256 3.86 E=X-11 256 256
Ki = ovetall BOD loss rde (d*-1 bass e at ambient lemp) 455 355 385 ass 3.65 3.55
Kn = nirilication {4™-% base e a ambient lemperature) ] 348 348 248 3.48 3.48
pa = dally averaged gross phetosynthesis {mg/L/d) 17.03 17.08 17.63 17.03 17.08 17.03
R = daily averaged gross fespiration (mg/Lid) 426 4.26 4.26 426 4.26 428
hatt of dhurpal DO range {mgL) 286 265 256 268 2.66 2.66
{a) = inkial value of DO defick {ma/t) Q.60 0.000 0.600 0.000 0.000 0.000
(1) = defict due to CBOD (mgl) B.661 5865 4.025 2163 1.232 0.301
(c} = defict dueto NBOD (mg/L) D.454 0.454 2454 0.454 0.454 0.454
(€) = defict due to gress phdosynthesls (mgi) 1,806 1.605 1.605 1,605 -1.605 1,808
iy = deficit due fo grees respiation (ng/'L) a4 0.40% 2.401 0.401 0.401 o040
D = atbsosa+t =tolal DO detich at paint of crtical sag (my/L} 72 5133 23276 1414 0.482 Q449
DO = DOsat - D = daly avy DO at point of critical sag (ML) 2100 2502 4784 6,526 2.650 8.489
DOMmIN = DO - {hali tlurmal range) = diet mis DO &t polnt of orkical sag (ma/L} =11 0.242 2104 2066 4,896 5820
Tnegative values for DO of DOmIn Indicate DO = 0]
Remalning CBODS and NBOD above Ablon WTP
Travel lime from SFPR RM 21.2 1o 14.1 {days) Q737 0.737 0.737 0,737 0.737 0.737
GBODS remalning at SFPR RM 14,1 above Alblon WTP (mg/L) 1.880 1.275 0.872 0.488 0.267 0.085
NBOD remalning at SFPR RM 21 3 above Albion WTP {mg/l) 0,166 D185 2155 0155 0165 0165

e

Dally Aveiaged Gross Phelosynthests and Resplration (pa and R) estimated from
Diurnal minfmax DO data for $ Fark Palouse River

1=ing eqn 6 44 and 6,46 of Thomann and Muelier 1997: Halt
Dlurnal

River Mie DATE DOmax DOmin na R Range
{mg/) (mg) {mglsd {mglLi} {mga)

=2 «10724 1225 780 1424 aE66 223
214 10724 1210 460 26.56 664 418
-3 $10724  11.05 460 2066 524 .26
187 910724 14.30 485 31.84 7.66 455
149 sto724 1180 5.20 1oz 4.5 300
19.9 910724 17.00 6.00 16 4 250
121 210724 10.08 500 1616 3.04 253
22 211001 1285 9.08 1216 3,04 1.80
1.4 911001 1278 7.70 1616 4.04 253
1.2 911001 2,50 6.70 9.28 232 146
18.7 11008 1510 520 31.88 782 4.95
14.9 911001 1050 7.40 .2 248 1.56
14.9 1100t 1110 a10 a6 24 1.50
121 211007 11,80 6.80 15,68 as2 245
a9 911001 1010 620 6.00 .82 096

AVG: 1703 4.26 268
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Appendix H-3
S FORK PALOUSE RIVER DO PREDICTIONS BELOW ALBION WTP
Temperature = 22.27 degrees C

Albion WTP NH3-N = 6.9, BODS = 45, 3¢, 20, 10,0
EFFLUENT CHARACTERISTICS {Albloh WTF)

Desoharge fofs) (max monthly avg during Apd-May} o019 oie 019 .19 (A1) o1g
CBODSE (moA) (max weekly avg) a5 30 20 10 3 o
Ammonia {mgi) (assume max monthly avg estimales max weakly avg) 2] 5e &8 %] 5.9 5%
NBQD {mgsl) 28,963 26.963 25,953 26,953 26,983 26,963
Dissolved Oxygen {mg/L) 8.040 8,040 8040 B8.040 £.040 a047
Temperatute {deg C) 21,83 213 21.92 2t 53 2193 215
2 RECEIVING WATER GHARACTERISTICS (Qualty of SFPR above Puliman and physical data in 3FPR)
Upstieam Dischaige {efs) 10.52 1052 1052 1062 10.52 1052
Upstteam GBODS = max o 2 af temalning fiom decay beiow Pullman (mg/l) 2.000 2000 2000 20600 2000 2000
Upstreatn NBOD = max of 0.2 of remalning fiom decay bekow Puliman (mgil) 0,200 0.200 0.200 0.200 0200 0.200
Upstream Disolved Oxygen {ng/) (assume ab s2'n w/ lemp} B.04 804 8.04 B804 ao04 204
Gilticail Sag Temperalure {deq ) (regression est of 90%t e in m iking Zone) al.5a 21.93 21,92 2183 21.93 21.93
Elevaion (t NGVD) 2300 2300 2200 200 2300 2300
Downstream Avetage Channel Slope () 000318 0003156 0.00318 000316 0.0CA18  GOGATE
Dowrstream Average Channel Depth (f) (JuiaQd avg of SF2-9) 0.758 0.756 0.756 0.756 0.765 0.758
Downstream Avesage Channel Velocy (1ps) (ulkOct avg of $F2-8) 0597 Q597 0.597 0.557 0597 0,687
A REAERATION RATE (Base ) AT 20 deg G {day™-1) 782 78z 762 702 7.82 Tz
Reference Suggest  Suggest  Suggest  Suggest  Suggest  Suggest
Value: Value Valie Value Valve Valve
<hurchill 11.23 .23 i2s 1123 123 1.2
O'Connor and Dobbing 16.23 1623 1623 1523 1623 1823
owens 2654 2654 2684 25.64 26.64 2554
Tsiveglou-Wallace 7.e2 rez 7o 782 782 782
4 BOD DECAY RATE (Base €) AT 20 deg G (day™" 1} asz ases age apz aze a2z
Reterence Sugges!  Suggest  Suggest  Suggest  Suggest  Sugges
Value Valuee Valve Value Value Value
Witght and McConnetl, 1579 aze kg =) aaz a2z 32z
SUTFUT wnenam
1 INTAL MIXED RIVER CONBRITION
CBODS (mg/L} 28 26 23 21 21 20
HNBOD {mgL) 07 o7 o7 [¥s 07 o7
Dissolvid Oxygen (mgl) an B8O 8.0 ao 80 f-2=]
Temperature (deg <) zte 133 219 219 2le 21y
2 TEMPERATURE ADJUSTED RATE CONSTANTS (Base &)
Reaerallon (day"-1} -3 13 813 aie #18 ais a8
SO0 Decay (day™-1) asz2 a5z as2 a62 a5z a5z
A GALCGULATED IN{TIAL ULTIMATE CBCDU AND TOTAL BODU
Inklal Mixed CBCDU (mg/L} 41 37 a4 21 a0 28
Intial Mixed Total BODU (GBODU + NBOB, mgA} 47 43 4.1 a6 ar a5
4, INITIAL DISSOLVED GXYGEN DEFICIT
Saluration Dissolved Oxygen (me/ly 2040 8.0d40 8.040 8.040 £.040 2.040
Initial Dedick (mg/L) 0.0 0.00 2,00 0.00 .00 .00
& TRAVEL TIME TO CRITICAL DO CONCENTRATION (days) o8 (1] .12 018 [+2:-3 e
& DISTANCE TO CRITICAL DO CONCENTRATION [mifes) 177 177 177 177 177 177
7 CRITICAL DO DEFICIT {mg/L) 108 085 093 0.87 o84 [=2-1 0
& GRITICAL DO GONGENTRATION (mg/L) [negative value indicates DO = 0] 596 7.05 711 717 720 723

Full solution DO defled (Chapter 6.4.4 of Thomans and Muefler 1987 egqhsa b c e and f:

1 Resaction Rates (sama Ka and Kd as above, Kn may e difterent)

Ka = reaeralion (¢"-1 base e at ambient temperature) a1s 818 =513 a1a ale 238
Kd = BOD decay (¢"-1 base & al amblent temperalure) 262 asz 252 asz2 asz asz
«r = overall BOD loss rale {d*-1 base & a ambient temp) a5z a5z as2 a5z 352 252
®n = nirficzion (G*-1 base & & ambient tem perature) 348 246 248 3.48 248 a4
pa = daily averaged gioss photosymithes's (mad /o) 17.08 17.02 7.0 17.08 17.02 17.08
R = dally averaged groes respiration {mgy/Lid) . 426 4.26 4.28 4.26 428 4.28
halt of diurnat DO range (ML) 268 o586 266 266 266 2668
{a) » Intlal value of DO defict (mg) 0.000 0.000 0,000 2000 Q.000 0.006
) = defict dueto GBOC (mgil) 0.926 2035 0776 0717 0.657 0.658
e = defkit due to RBOD {mgiL) 0.152 o152 o152 0152 oi52 0152
(&) = defict dueto gross phdosynthesis (mg/L) 1,608 1.608 -1.608 1.608 -1.608 -1.600
{f} = delich due to gross respiration (mg/'L} 0.402 0.402 0402 0.402 0.402 0.402
0 = ashroresf = total DO defict &t point of crtkal sag (mg/L) o126 az17 Q277 0335 0968 LEESY
DO = DOsat - O = dally avwg DO at paint of critical =ag (ML) 6160 a.258 8317 8378 8.408 £.435
DOmIs = DO - (half Glumal 1ange) = diel min DO at point of crlical sag (ML) 5509 5598 5.657 5716 5745 5778

[negawe values for DO or ROMin indicale DO = 0]

Remaining CBODS and NBOD above Alblon WTP

Traveltime trom SFPR RM 21.3 10 14.1 [days) 0.737 0.737 0.737 0.737 Q737 Q.737
CBODS remakning at SFPR M 14.1 above Alblon WTP (mg/L) 0.206 o.188 Q173 0,160 0152 0.147
NBOD remaiming at SFPR RM 21.3 above Alblon WTP (mg/L) 0.052 0,052 0.052 a.052 a.052 0.052

ot nmneamaRakn 2t 2k SERNE IFENESNER SRS RIS AR S RORSNR 1T

Dally pa and R egtimated fzom
Diumat minfmax DO data for S Fork Pakuse River

using &n 6.44 and 8.4 of Thomann and Mueller 1987: Hatt
Diurnal

River Mils DATE DOmax Oomin pa R Range
(mgL) (mgA)  (mglud) (Mg} (mgl)

f=-%-1 910724 1226 780 1424 356 2226
.4 210724 mie 4.80 26,68 6.64 4.16
oz 10724 11.06 4.50 2086 524 5276
- 910724 14.30 4.35 a1.84 7.86 4.976
4.9 910724 1130 %30 182 4.6 2
4.0 a10724 $1.00 5.00 18 4 26
1 910724 10.06 5.00 1818 404 2526
-X-] 211001 $2.85 2.05 1218 o4 1.8
214 11001 1275 770 1816 4.04 2626
212 211001 .60 670 a2g 232 148
167 211001 15,40 5.20 a1.6a 7.92 4.85
149 911001 o850 7.60 .92 248 158
14,0 a11001 1110 &10 o8 24 1.8
131 a0 .80 590 16.68 ase 246
ag a11001 w010 820 .08 1.62 0.5

AVG! 17.03 426 2568






