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Abstract

A water quality modeling study of the Snohomish River Estuary system from Possession Sound to
river mile 20 was conducted using an Environmental Protection Agency supported water quality
simulation program (WASP5) model to simulate hydrodynamics and water quality. The WASPS5
model was developed to assess the capacity of the estuary system to assimilate oxygen consuming
pollutants from point and nonpoint sources. The mode] was calibrated using data collected in
August and September 1993 and confirmed (verified) using data collected in August 1996. An
interim report summarizing water quality in the study area and the development of the WASPS5
model was published in 1995. The present document is-the final report for this Total Maximum
Daily Load (TMDL) study.

The water quality model predicted that natural conditions in a large portion of the estuary would
be below dissolved oxygen standards under critical conditions. The model also predicted that
point sources of oxygen-consuming pollutants would cause an exceedence of the 0.2 mg/L deficit
allowed by the marine criteria when natural conditions are below the standard (the allowable
deficit was also applied to the freshwater portion of the modeled area). The model was used to
recommend waste load allocations (WLAs) for the following existing and proposed point sources
of carbonaceous biochemical oxygen demand (CBOD) and ammonia BOD: the City of
Snohomish Wastewater Treatment Plant (WWTP), Lake Steven’s Sewer District WWTP, the
City of Marysville WWTP, the City of Everett WWTP, and the proposed Smith Island WWTP.
However, the recommended WLAs for ammonia are subject to changes based on mixing zone
toxicity limitations that may be established in the future.
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Introduction

Background Information

In June of 1993, the Watershed Assessments Section (WAS) distributed a proposal and quality
assurance project plan (QAPP) for conducting a Snohomish River Estuary dry season total
maximum daily Joad (TMDL) study (Cusimano, 1993). The project was requested by staff from
Ecology’s Northwest Regional Office (NWRO), because of their concern that population growth
and development in the estuary watershed may cause adverse effects to water quality. Their
major concern was with increased demands on the wastewater treatment plants (WWTPs)
permitted to discharge to the river and sloughs.

Although the major focus of the TMDL study is on point sources of pollution, nonpoint sources
are considered, but only as loads from tributaries entering the Snohomish River or sloughs. WAS
is currently conducting a more detailed water quality assessment of the tributaries and their
drainages to the Snohomish River. A final report of the tributary study is scheduled to be
completed by September 15, 1997,

The Snohomish River Bstuary TMDL study was initiated in the summer of 1993. Figure 1 shows
the general location of the study area. Figure 2 shows the study area and the sampling locations,
and Figure 3 is a more detailed map of the lower river, sloughs and near shore estuary within the
study area. The first sampling survey was conducted on August 16 and 17, 1993. A second
sampling survey, originally scheduled to be collected in the summer of 1994, was rescheduled to
the summer of 1996 to adjust the project schedule to coincide with Ecology’s newly adopted
Basin Approach time frame. An interim report (Phase I) was published by Ecology in 1995
(Cusimano, 1995). The Phase I report summarized the 1993 sampling results, and the
development and calibration of a water quality analysis simulation program or WASPS (EPA,
1993) model of the area from Possession Sound to just downstream of the confluence with the
Skykomish and Snoqualmie Rivers at River Mile 20.5. An analysis of the 1993 data presented in
the Phase I report showed that impacts to the Skykomish River from the WWTPs at Monroe and
Sultan would be minimal. In addition, a TMDL for biochemical oxygen demand in the
Snoqualmie River was completed in 1994 (Joy, 1994). Therefore, the Skykomish and Snoqualmie
Rivers were not included in the modeled area reported in the Phase I document, nor were they
sampled during the 1996 survey.

This document is the final report for the TMDL study. The results and recommendations
presented here will be used to help set permit limits for discharges to the river and estuary system
beginning in 1999. The following topics are summarized: '

1. Water quality data collected in 1996
2. Data collected to improve the accuracy of the calibrated model reported in the Phase I report;

Snohomish River Dry Season Page I
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3. Re-calibration of the water quality model developed from data collected in 1993 and reported
in the Phase I report; _

4. Model verification (confirmation) using 1996 water quality data;

Modeling critical conditions; and

6. Waste load and load allocations based on critical condition water quality modeling
predictions. ‘

W

Further background information on problem definition; basin description; historical water quality;
wastewater treatment plant descriptive information and effluent quality; 1993 sample collection
and field measurement methods, and quality assurance/quality control; and hydrodynamic and
water quality modeling development are reported in the QAPP (Cusimano, 1993) and Phase I
report titled “Snohomish River Estuary Dry Season TMDL Study - Phase I Water Quality Model
Calibration” (Cusimano 1995).

Project Goal and Objectives

The major goal of the Snohomish TMDL study was to develop waste load allocations (WLAs)
and load allocations (L.As) for point and nonpoint sources of pollutants based on summer low
river flow conditions. The specific objectives based on the project goal were as follows:

e Assess the potential for dissolved oxygen depletion from carbonaceous and nitrogenous
biochemical oxygen demand (BOD) from known point sources;

o Identify other water quality variables which may need to be controlled (e.g., metals such as
cadmium, copper, and mercury);

e Determine pollutant loading from point and nonpoint sources and background levels; and

o Determine loading capacity and recommend WLAs and LAs based on water quality modeling.

Page 2 Snohomish River Dry Season
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Sample Collection and
Field Measurements Methods

An intensive survey was conducted on August 27 and 28, 1996, by four sampling teams to collect
water quality samples at all major tributaries, selected river and slough stations, and WWTP
effluents. Figure 2 shows the study area for both the 1993 calibration and 1996 confirmation
surveys. The 1996 sampling network consisted of a subset of stations sampled during the 1993
survey: 16 stations in the river, sloughs, and estuary; 7 tributary stations; and 4 municipal WWTP
effluents. In addition, Ecology’s Ambient Monitoring Section (AMS) sampled at 7 stations along
a transect from the lower river channel into Possession Sound (Figure 4). The data collection
requirements for each of the following study components are discussed below: River, Sloughs,
and Tributaries; Lower River and Possession Sound; and WWTP effluents.

The 1996 survey dates were selected to coincide with annual low river flow conditions and a tide
sequence such that the low (minus tide) and high (approximately MHHW) occurred during the
daylight hours. Appendix A contains graphs of the predicted Tulalip tides for the sampling dates.
The Tulalip tides correspond to the WASPS model seaward boundary. The 1996 survey
conditions were similar to those sampled during 1993. -

River, Sloughs, and Tributary Sampling:
Table 1 lists the parameters that were measured. Appendix B.1 contains the two day sampling
schedules for the three sampling teams that sampled the river, sloughs, and tributaries. All
stations were sampled at low tide, and at high tide from station 16 seaward to stations 34 and 35.
All samples were collected from the center of the channel. At low tide, a single sample was
collected from the surface (approximately 0.2 m below the surface at each station); while at high -
tide samples were collected from the surface and bottom (approximately one meter from the
bottom).

Sampling teams 1 and 2 also collected surface and bottom conductivity measurements at three
stations each between the low and high tide sampling periods: stations 21, 20, and 18 were
sampled by team one; and stations 32, 31, and 23 by team two. In addition, teams one and two
determined the extent of saltwater movement upstream at high tide in Ebey Slough and the
mainstem of the river by taking surface and bottom conductivity measurements along a transect
which saltwater was expected to reach.

Lower River and Possession Sound Sampling:

In conjunction with WAS, AMS collected vertical profile data with a CTD sensor at a series of
stations extending from the lower river into Possession Sound (Figure 4). Parameters measured
with the CTD were temperature, salinity, density, dissolved oxygen, fluorescence, and irradiance.
The profiles were taken on August 27 and 28. Samples were collected and profiles taken during
the later portion of the incoming tide and on the outgoing tide on each of the two days. At each

Snohomish River Dry Season Page 3
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of the seven stations, a CTD profile was done and grab samples taken for dissolved oxygen,
salinity, and chlorophyll . At stations E1, E3, and ES grab samples were collected for dissolved
nitrate-nitrite, ammonia, and orthophosphate; at station E1 samples for total nitrogen and
phosphorus were also collected. The AMS sampling team and team one both sampled at E7
(station 34). '

WWTP Effluent Sampling:

Four WWTPs discharge treated wastewater within the 1996 study area (Figure 2): The City of
Snohomish WWTP discharges to the mainstem at river mile (RM) 12, Lake Steven’s Sewer
District WWTP discharges to Ebey Slough at RM 6.5, thé City of Marysville WWTP discharges
to Steamboat Slough at RM 3.5, and the City of Everett WWTP discharges at two locations to
the mainstern at RM 2.5 and RM 3.5. (Note: all RMs are approximate). Sampling of the
WWTPs consisted of 24-hour composites as well as morning and afternoon grab samples of post-
chiorination effluent from the five discharges. The type of samples and analyses conducted are
listed in Appendix B.2.

Quality Assurance/Quality Control

Analytical procedures and associated precision or reporting limits are listed in Table 1. All
samples for laboratory analysis were preserved as specified in Manchester Environmental
Laboratory Lab Users Manual (MEL, 1994). Laboratory analyses were performed in accordance
with MEL (1994). The data were reported by Ecology’s Manchester Laboratory as usable with
data qualifiers noted. (See the Phase I report for review of quality assurance/quality control for
the data collected during the summer of 1993.)

Salinity/conductivity samples collected Ey WAS and AMS sampling teams in the lower river and

sloughs and Possession Sound, were analyzed using an Autosal® salinometer by the Routine
Chemistry Lab at the University of Washington.

Field sampling and measurement procedures used by WAS followed those specified in WAS
(1993) for pH (Orion Model 250A meter and Triode™ pH electrode), conductivity (Beckman
Model RB-5 and YSI33), dissolved oxygen (Winkler titration), and streamflow (Marsh-McBirney
2000). Temperature was measured using alcohol thermometers and YSI 33 probes. All meters
were calibrated and post-calibrated according to manufacturer’s instructions.

Field sampling procedures used by AMS followed those specified in Eisner ef al., 1994, The
protocols include in-house and external CTD sensor calibrations, field-collected sensor
verification samples (dissolved oxygen measurements were verified with the Winkler method),
replicate samples, and routine cleaning and maintenance schedules. The current calibration
coefficients were entered into the configuration file for use in processing the data with Sea-Bird
Electronics CTD software. Data quality objectives and additional details on field and laboratory
procedures can be found in Eisner e7 al. (1994) and Newton (1995). ‘
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Total variation or precision for field measurements and laboratory analysis was assessed by
collecting replicate samples for approximately 10% of the total number of Jaboratory samples per
parameter. Ten percent of field measurements for conductivity and dissolved oxygen were also
replicated. Replicate precision for field measurements and laboratory analyses, calculated as the
root mean square error of the coefficients of variation, are listed in Table 2. Replicate precision
was acceptable for all variables given the analytical ranges measured.

Data Assessment Procedures

Data reduction, review, and reporting foilowed the procedures as outlined in MEL’s Laboratory
Users Manual (MEL, 1994). The principal investigator ensured that all data were validated
before preparing a final project database by reviewing 100 percent of the data for possible errors.

Snohomish River Dry Season Page 5
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Results and Discussion

Survey Data

The August 1996 and 1993 survey data results are listed in Appendix C. The major purpose of
the 1996 survey was to collect data that could be used to confirm the WASPS5 water quality
model. Overall, the 1996 survey data were consistent with the 1993 survey data. Sampling
results for the WWTP effluents are listed in Appendix C.3. (See the Phase I report for a summary
of the data results collected during the summer 1993). _

Data Collected to Im prbve Model Accuracy

In the Phase I report, five tasks were identified to be completed before confirming the water
quality model results. The five tasks and the actions taken to complete each task are discussed
below. In addition, other data and information collected after the Phase I report was published
are discussed under number six:

1. Mixing characteristics of the estuary

The WASPS model calibration was confirmed by comparing observed and simulated results
for the 1993 survey period (Cusimano 1995). However, it was noted in the Phase I report
that a number of assumptions related to the mixing characteristics of the estuary with respect
to dissolved oxygen, during low river flow, needed to be assessed. Specificaily, the high
values of sediment oxygen demand (SOD) needed to calibrate the water quality model

" possibly reflected inaccurate assumptions about the mixing of marine water from Possession
Sound with fresh river water in the lower river and sloughs. For example, since the maximum
depth of the river and sloughs at high tide are less than 10 meters, the seaward (downstream)
boundary concentrations for salinity and dissolved oxygen were assumed to be represented by
the average of 0-10 meter profile data from Possession Sound. Because dissolved oxygen
concentrations found in the river and sloughs were lower than the profile average
concentration used for the downstream boundary, high model segment SOD levels were set
during model calibration to adjust the model predicted dissolved oxygen concentrations to
those measured.

In order to better define the mixing characteristics of the estuary during low river flow, CTD
profile surveys of temperature, salinity, density, dissolved oxygen, fluorescence, and
underwater-irradiance were conducted during September 1995 and August 1996. Profiles
were taken along a series of stations during low and high tide from the lower river into
Possession Sound (Figure 4). Appendix D contains figures depicting contour plots of the
1996 profile data (1995 profiles are similar to the August 28, 1996 profiles). River mile zero
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on the figures is set at Prieston Point. The results of the profile surveys show that during the
flood tide, the lower river is strongly influenced by some portion of the marine water column
layer in Possession Sound between 0-16.5 meters. This suggest that water with lower
dissolved oxygen concentrations than originally assumed (i.e., deeper water), can affect the
dissolved oxygen concentration in the river and sloughs. (See WASPS Model Re-calibration
and Confirmation Sections for a further discussion of downstream boundary conditions.)

2. Model Geometry Characteristics

As reviewed in the Phase I report, an existing hydrodynamic model developed by Stein ef al.
(1991) was updated and used to simulate segment hydrodynamics. All of the model channel
widths and depths (junction bottom elevations) were reviewed and modified during the
original updating of the hydrodynamic model. River and slough channels were modified based
on orthophoto maps and 63 surveyed cross-sections collected by Snohomish County Public
Works (Snohomish County, 1989). In addition, the junction bottom elevations in the model
segments representing Possession Sound were set at -5 meters MLLW based on the
assumption that estuary freshwater and saltwater mixing would be confined to the upper layer
of water. Since channel lengths were not reviewed and errors in model geometry can
significantly affect model predictions due to differences in hydrodynamic characteristics, it was
recommended in the Phase I report to re-evaluate all model geometry.

The hydrodynamic model geometry was reviewed in 1996. Assessing the model geometry
was done by overlaying the model physical characteristics on USGS 1:24,000 scale maps, then
comparing lengths on corresponding DNR 1:12,000 scale orthophoto maps, and NOAA
1:10,000 scale (for the lower river and Port Gardner) or 1:40,000 scale (for sloughs)
navigational charts. Most of the channel lengths only varied 1-3% from the original value, but
a few of the channels in Ebey Slough were found to be as much as 35% too long. The major
changes made to the channel lengths were the combined reductions in the overall lengths of
channels 97, 98, and 99 of 1,550 meters; and an increase in the length of channel 85 of 220
meters. Model channel widths and most junction depths were found to be accurate within
1-2% percent of those used in the model calibration input file listed in Appendix E of the 1995
Phase I report. However, a number of junction depths representing the area seaward of the
mouth of Steamboat Slough (e.g., junctions 10, 11, 16, 17, 18, 22, 24, and 31) were reduced
from -5 meters to more closely represent their actual depths. Even though some of the areas
represented by the model in Possession Sound are exposed at low tide, the hydrodynamic
model requires water to be in a channel at all times. Thus, tidal flat segment depths must be
deeper than the lowest low tide. Also, in order to maintain model stability at the lowest low
tide of approximately -0.4 meter, the minimum depth must be about 0.5 meter.

3. Critical Conditions for Point Sourcés of Pollution

A set of critical conditions based on defining a critical period of July through October
(summer), were listed in the Phase I report. It was noted that critical conditions for point
source loads should be reviewed by the permit manager(s) to make sure that critical design
flows, concentrations, and loads are consistent with how future permit limits would be
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derived. The NWRO permit manager, David Wright, has reviewed the critical conditions
listed in the Phase I report and provided recommended changes. The most significant changes
were increases in the design flows for the Marysville, Lake Steven’s, and Snohomish WWTPs.
(See Modeling Critical Conditions Table 7 for critical values).

4. Mixing Zone Studies

Another task identified in the Phase I report was to incorporate the results of mixing zone
studies for Everett, Marysville, and Lake Steven’s WW'TPs, with respect to any water quality-
based ammonia limits, into final dissolved oxygen model predictions. However, these studies
are on-going and final results are not available. Consequently, all critical condition modeling
uses effluent ammonia concentrations that could exceed final mixing zone permit limits.

5 1996 Ambient and Effluent Data

The 1996 water quality survey was conducted on August 27 and 28, 1996. The data collected
during the survey, and the 1996 profile data discussed above are used in this report to verify
model predictions. However, one of the data tasks not accomplished was to establish
discharge specific effluent ultimate CBOD/BOD: ratios. Effluent BOD samples were
collected during the 1996 August survey. Laboratory ultimate CBOD test were also
conducted in the summer of 1993 and 1995, but they were not successful. The results of the
1996 yltimate CBOD/BOD; analyses gave a range of ratios from 1.94 for Marysville’s effluent
to 5.14 for Lake Steven’s effluent. Although the data were considered usable, they were not
used because of possible problems with the nitrogen corrections used in the analytical method.
Instead, ratios of 1.5 for Everett’s mechanical (trickling filter treatment) plant and 2.0 for the
other WWTP lagoon systems (secondary treatment) were used (Lund, 1993). '

6. Other Data and Information Collected.

The Tulalip Landfill Superfund Site located on Ebey Island just west of Interstate 5 (see
Figure 2) was identified as an additional loading source of ammonia, and added to the water
quality model at segments 50 and 60 based on an estimated discharge rate of 2,971 lbs/year
(EPA, 1996). -

During the summer of 1995, the YSI 33 meters used to collect conductivity and salinity data
in the river and sloughs were found to have a negative bias between 5-15%, depending on the
meter and concentration range measured. During the 1996 confirmation survey, in addition to
in situ measurements of conductivity/salinity, grab samples were collected and sent to the
University of Washington, Marine Chemistry Laboratory, School of Oceanography for salinity
analysis. The results were used to develop regression relationships with the YSI 33 meters
that were used in both the 1993 and 1996 surveys. The regression corrections were applied to
the 1993 conductivity/salinity estimates and used in the model re-calibration. Appendix C.2
contains the 1993 survey data, including the measured and corrected salinity estimates.
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WASP5 Model Re-calibration

As reviewed in the Phase I report, the WASPS sub-programs DYNHYDS and EUTROS were
used, respectively, to simulate the hydrodynamics and eutrophication kinetics in the Snohomish
River Estuary system. The DYNHYDS5 and BUTROS model networks extend from an upstream
boundary just below the confluence of the Skykomish and Snoqualmie Rivers, to six seaward
boundaries in Possession Sound (Figures 5 and 6). A description of the contents of the specific
model “Data Groups” for each sub-program are contained in the Phase I report, which includes a
review of all parameters, constants, and coefficients used in the model.

The DYNHYDS5 program was used to simulate segment hydrodynamics (e.g., velocities, volumes,
depths, etc.) under changing tidal conditions and steady state river flow.

The EUTROS water quality model was used to simulate simple eutrophication kinetics in the river
and estuary system that include interactions of the following variables: ammonia nitrogen, nitrate
nitrogen, inorganic phosphorus, phytoplankton carbon, carbonaceous BOD, dissolved oxygen,
organic nitrogen, and organic phosphorus.

The EUTROS5 spatial network corresponds to the DYNHYDS network such that each EUTROS
segment corresponds exactly to a hydrodynamic volume element, or junction, and each segment
interface corresponds exactly to a hydrodynamic link, or channel. The hydrodynamic model has
additional junctions outside the EUTROS model network. These DYNHYD3 junctions
correspond to EUTROS boundaries and are denoted in Figure 6 with segment number “0.”

The hydrodynamic and water quality models were modified and re-calibrated to the 1993 water
quality data based on the information and data collected in 1995 and 1996 (reviewed in the
section—Data Collected to Improve Model Accuracy). The first step to recalibrate the model was
to reassess the dispersion coefficients that were determined by matching model-predicted salinity
values to the August 1993 survey salinity data. The corrected salinity values were used to adjust
the dispersion coefficients. (The dispersion coefficients are contained in the EUTROS input file
listed in Appendix E.)

The second step in re-calibrating the water quality model was to adjust the downstream dissolved
oxygen boundary concentrations and model segment SOD values. In the model presented in the
Phase I report, dissolved oxygen concentrations at the downstream boundary represented the
average of 0-10 meter profile data collected in Possession Sound with a CTD on August 24th,

© 1993. The transect profiles collected in the summer of 1995 and 1996 showed that the marine
water most likely influencing water quality in the main river channel is represented by some
portion of the water column between 0.0-16.5 meters in Possession Sound. However, since
transect profiles were not collected in 1993 (only two profiles were collected in Possession
Sound) it was not possible to identify the specific portion of the water column that moved into the
river and sloughs during the 1993 sampling surveys. Instead, the dissolved oxygen (and salinity)
data collected at stations 34 and 35 were used to estimate the boundary concentration. The final
boundary concentration was set to the best model fit with the water quality model segments
corresponding to these sampling stations (i.e., segments 29 and 31).
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Overall, most of the contents of the model data groups are the same as those reported in the
Phase I report. The major changes in the model were lower dissolved oxygen concentrations at
the seaward boundary (from 8.5 to 7.3 mg/L), and the subsequent reduction of SOD in all model
segments from a range of 0-9.5 g/m’-day to 0-4.5 g/m*-day, with values exceeding 2.8 only in the
Jower portion of Ebey Slough. (Reference the DYNHYDS5 and EUTROS Critical Conditions
model input files in Appendix E for specific model conditions.)

The model re-calibration was assessed by comparing observed and simulated results for the 1993
survey period. Table 3 lists the root mean square error (RMSE) between the predictions and
observations for salinity, dissolved oxygen, and ammonia for both the re-calibrated and the
calibrated model reported in the Phase I report. The re-calibrated model RMSEs compare
favorably to the values for the original calibration.

WASP5 Model Co.nfirmation'

Hydrodynamic Model

The DYNHYDS5 model used to confirm the water quality model was identical to the re-calibrated
model except for the specific 1993 and 1996 inflows and tides that represent each sampling
period. :

Water Quality Model

Data from the 1996 survey were used to confirm the re-calibrated EUTROS model following the
procedures described in the Phase I report. The boundary concentrations and summary of flows
and concentrations used to calculate loading are listed in Table 4. Establishing these and other
model characteristics used in the verification are discussed below.

River Flow and Tides -- The Snohomish River upstream boundary and Pilchuck River inflows
were set at the average flow for the two day survey reported from USGS stations 12150800 and
12155300, respectively. Station 12150800 is located on the Snohomish River near the city of
Monroe at about RM 20, and 12155300 is located on the Pilchuck River near the city of
Snohomish. Inflows for other tributaries were set at the two day average flow measured by the
survey team. WWTP discharges measured during the Class II inspections were also included as
inflows. Ground water inflows were set at the same values reported in the Phase I report.

Boundary and Tributary Concentrations -- Upstream (freshwater) boundary concentrations
were set at the average concentration measured during the two day August 1996 survey. The
downstream (marine) boundary concentrations, except for dissolved oxygen and salinity, were set
 at the average of the measurements made at station E1. As with the re-calibration, downstream
boundary concentrations for dissolved oxygen and salinity were estimated from sampling stations
inside the model network, stations E3 and 35, which correspond approximately to the water
quality model segments 24 and 31. (See Modeling Critical Conditions for further discussion of
downstream boundary concentrations and profile data.)
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Effluent Discharge Characteristics -~ WWTP effluent water quality variable concentrations
were derived by Norm Glenn, WAS, from the effluent survey results summarized in Appendix
C3.

Model Segment Characteristics -- The confirmation EUTROS eutrophication kinetic constants
listed in Table 5 were the same as those used in the re-calibrated model and listed in the Phase 1
report (see Phase I report for review on developing rate kinetics). Dispersion coefficients and
SOD were also the same as the re-calibrated model. Segment temperatures and initial conditions
for all water quality parameters were set based on the average of the 1996 two day survey data.

Model Confirmation Results

As with the re-calibration, model confirmation was assessed by comparing observed and simulated
results for the 1996 survey period. Figures 7-13 are representations of salinity and dissolved
oxygen at selected segments which compare confirmation survey data against model predictions
over the two-day August 1996 sampling period. Changing water depths also are shown on the
graphs.

Table 6 lists the overall RMSE between the model estimates and measured values for salinity,
dissolved oxygen, chlorophyll a, ammonia, and total phosphorus. For comparison, Table 3 lists
the RMSE for the calibrated model reported in the Phase I report and the re-calibrated model.
The estimate of model variation represented by the RMSE for dissolved oxygen and ammonia

- demonstrates a good model fit, relative to the ambient data range measured in the modeled
system. A “good model fit” was defined in the Phase I report with respect to three qualitative
criteria: (1) did the variable concentration increase or decrease as expected? (e.g., dissolved
oxygen increases during low tide and decreases during high tide); (2) how did the RMSE compare
to other reported model and observed deviations? (e.g., Pelletier (1993, 1994, 1997) reported
dissolved oxygen RMSEs for models representing the Puyallup, Spokane, and Colville Rivers of
0.20, 0.38, and 0.4 to 0.8 mg/L, respectively; and ammonia RMSEs for the Spokane and Colville
Rivers of 0.01 and 0.01 to 0.05 mg/L, respectively); and (3) how does the RMSE compare to
temporal variability and measurement variability? (e.g., in situ data suggest that diurnal dissolved
oxygen changes upstream of tidal effects were at least 0.2-0.4 mg/L, and the RMSEs for ammonia
were close to the reporting limit). '

The confirmation model estimates for salinity are less accurate than the re-calibrated model results
for values less than 3 ppt. This is likely due to limitations of the DYNHYDS5 model. For
example, DYNHYDS5 treats each segment as a rectangle with a corresponding rectangular cross-
section, however, the actual properties of the cross-sections should be a function of depth and
resemble a trapezoid. In the Snohomish Model, widths of each channel are set to approximate the
channe! width at mid-tide. Consequently, the channels in the lower river and sloughs are 20-30%.
wider (estimated at Langus Park boat launch near Everett’s WWTP) than they should be at low
tide and low river flow. The model channels allow saltwater to remain in the lower reaches of the
river and sloughs at low tide because there is not enough freshwater to displace the saltwater,
given that the channel bottoms are below MLLW and the channel widths are set to mid-tide
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values. The re-calibrated model was more accurate at low salinities because there was
significantly more freshwater river flow during the 1993 calibration survey (2,990 cfs) than in the
1996 confirmation survey (1,840 cfs).

In addition to confirming the model with the 1996 WAS survey data, the model was also
confirmed by simulating iz sifu continuous monitoring data of salinity and dissolved oxygen at
three locations in the lower river, and by simulating the results of a dye study of the city of
Bverett’s WWTP discharge. The continuous monitoring and dye study data were collected by the
city of Bverett, Public Works.

The continuous monitoring data were collected for 72 hours (beginning at 1600 hours on August
26 and ending on August 29) using three YSI PC6000 probes at the locations shown on Figure 3.
Figures 14-16 are plots of the continuous salinity and dissolved oxygen data for August 27 and
28. The grab sample data collected by both the city of Everett and WAS are also plotted. The
model results fit the grab sample data well and compare favorably to the timing and changes in the
in situ data for both salinity and dissolved oxygen. The differences in the in sifu data, grab sample
data, and model estimates are likely due to the following: 1) the model is a vertically averaged
value, while the in situ measurements are taken near the surface, which may account for the
steepness of the changes between high and low tide (i.e., in situ data only reflect part of the water
column during periods that the water column is partially stratified so changes occur more quickly,
while the model provides vertically averaged estimates so changes are more gradual); 2) in situ
dissolved oxygen measurements appear to have some downward drift over time. Plus, the in sifu
monitors appear to measure salinity high at higher values when compared to the grab sample data.

The dye study was conducted on August 14-18, 1995, to determine the degree of mixing and the
steady-state maximum concentration or “reflux” of the WWTP’s effluent in the Snohomish River
estuary (Cosmopolitan Engineering Group, 1996). Dye was injected into Everett’s lagoon and
mechanical plant outfalls for 24 hours (one tidal cycle) beginning at 18:00 August 14 and ending
at 18:00 on August 15, 1995. Dye was measured in the river for five days, including the initial
dye injection period.

Figure 17 shows both the measured dye concentration and the model simulation of the dye
concentration versus time at model segment 37. The measured dye concentration represents a
ten-minute moving average concentration taken in the river midway between the two outfalls.
(Model segment 37 most closely corresponds to the dye study sampling location.) The dye
tracking is part of the USGS superposition method for determining the daily maximum
accumulation of effluent (Hubbard and Stamper, 1972). The method ascribes, for this situation,
that the maximum accumulation of effluent is equal to the initial peak concentration during the
first tidal cycle, plus the peak concentrations for every other cycle (Cosmopolitan Engineering
Group, 1996). :

The graph shows that the model predicted peak dye concentrations are similar to the measured
dye concentrations except for the largest measured peak.  According to the investigator who
conducted the dye study, the differences between the model predicted peak values and the
measured values during day one could be due to incomplete mixing of the dye during the injection
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period (personal communication, William Fox, Cosmopolitan Engineering Group). In addition,
the total dye retained within the model segment, as represented by the area under the time-
concentration curve, is nearly identical to the dye measured (i.e., 0.00617 fraction-days for the
model, and 0.00612 fraction-days for the measured dye).

Overall, the model confirmation studies indicate that the model is a reliable predictor of dissolved
oxygen and ammonia concentrations in the river and sloughs, and can be used to assess the impact
of BOD loading to these areas. However, because the downstream boundary for dissolved
oxygen had to be estimated from data inside the modeled system in both the re-calibration and
confirmation, the effective use of the model to predict water quality under critical conditions was
limited to the area between one segment seaward of the water quality model segments used to set
the downstream boundary dissolved oxygen concentrations, and the upstream boundary. This
fimits the model use for predicting water quality to the area between segments 28 (possibly
segment 24) and 76 in the mainstem of the Snohomish River, and between segments 18 outside
the mouth of the sloughs upstream to segment 76.
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Waste Load Allocations
for BOD and Ammonia

Seasonal Permit Periods

Two seasonal permit periods: sumimer, low river flow; and winter, high river flow were chosen to
regulate dischargers use of the assimilative capacity of the estuary. However, WLAs were only
estimated for the-summer low river flow season, because the model developed for the estuary is
not appropriate to estimate water quality under high river flow conditions. Until an appropriate
model is developed, permit limits for the high river flow season should be based on technology
and mixing zone limits. The following two seasons were selected:

e July-October (low river flow)
e November-June (high river flow)

Waterbody Classification, Dissolved Oxygen
Standard, and Targets for WASP5 Modeling

The Snohomish River from the mouth upstream to the confluence with the Skykomish and
Snoqualmie Rivers is currently classified as Freshwater Class A, which requires a dissolved
oxygen water quality criterion of 8 mg/L. From the river mouth upstream to the southern tip of
Ebey Island a special condition has been established for fecal coliform: fecal coliform organism
levels shall neither exceed a geometric mean value of 200 ¢fu/100 mL nor have more than 10
percent of the samples obtained for calculating the mean value exceeding 400 cfu/100 ml.. Inner
Everett Harbor northeast of a line bearing 121 degrees true from approximately 47°59°5”N and
122°13°44W (approximately southwest corner of pier--Figure 3) is Marine Class B. Possession
Sound (North of Mukilteo) is Marine Class A.

Estuarine systems are transitional environments between saltwater and freshwater habitats. In
recognizing this, WAC 173-201A-060(2) states:

In brackish waters of estuaries, where the fresh and marine water quality criteria differ within
the same classification, the criteria shall be interpolated on the basis of salinity; except that the
marine water quality criteria shall apply for dissolved oxygen when salinity is one part per
thousand (*/,, ) or greater and fecal coliform organisms when salinity is ten parts per thousand
or greater.

Page 14 Snohomish River Dry Season
TMDIL Study - Phase IT



In addition to these criteria and salinity conditional modifications, the marine classification in
WAC 173-201A allows dissolved oxygen levels to be degraded up to 0.2 mg/L. by human-caused
activities when natural conditions are near or below 6.0 mg/L.

In the Phase I report, WAS proposed using the vertically-averaged salinity of 1°/,, at Mean High
Water (MHHW = 11.1 feet) during low river flow to define the estuary’s upstream boundary as a
fixed point, then applying the marine or freshwater criteria upstream or downstream of the defined
point. However, for this report the dissolved oxygen criteria based on the WAC language listed
above was used, such that criteria were applied based only on the 1/, salinity designation. The
vertically-averaged salinity at any time during the tidal cycle was used to define the 1 %/,
condition. Consequently, the marine or freshwater dissolved oxygen criteria apply at different
points in the estuary depending on the tidal conditions. The WAC language was chosen.over the
Phase I report proposed fixed point 1%/, salinity boundary because the quasi-dynamic modeling
results are easier to interpret with respect to changing fresh and marine criteria, and the WAC
language better represents the actual physical and chemical processes occurring in the estuary
(i.e., dissolved oxygen concentrations changing due to tidal changes that brings higher salinity,
lower dissolved oxygen water into the river and sloughs). In this report, the 0.2 mg/L. allowance
for marine waters below the criteria was also applied to the freshwater portion of the modeled
system.

To estimate allowable BOD loading, the dissolved oxygen standard was assumed to be met if the
WASP5 model predicted dissolved oxygen to be greater than the fresh or marine standard based
on the salinity requirement discussed above, or if the human-caused depletion was less than 0.2
me/L when dissolved oxygen was predicted to be below the standard.

Modeling Critical Conditions

Critical conditions were evaluated in the model to estimate the potential effects of current and
future waste loading to the estuary. Critical conditions are those possible physical, chemical, and

" biological characteristics of the receiving water and pollutant loading sources that can increase the
adverse effects of a pollutant of concern {e.g., low river flow and increased temperature would
increase the effect of a given BOD load). For the Snohomish River Estuary, the critical period
was set to July through October (summer) based on a review of ambient data for the drainage by
Ehinger (1993) presented in the QAPP. The ambient data showed that the probable combined
occurrence of high water temperature, low dissolved oxygen, and low river flow would be
restricted to these months.

Table 7 lists estimated critical conditions for the modeled system. The following is a summary of
how the critical condition values for river flow (and tides), boundary and tributary concentrations,
effluent discharge characteristics, and model segment characteristics were established. The
DYNHYDS5 and EUTROS critical condition input files are contained in Appendix E. The Data
Groups and individual model characteristics (e.g., channel depth, dispersion coefficients, etc.) are
noted.
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River Flow and Tides -- Critical river flows for the period were estimated as the 7-day average
low flow with a recurrence interval of once every 20 years (7Q20) (WAS, 1996). Flow
distribution estimates and flow statistic calculations for the Snohomish River were made using
WOHYDRO (Aroner, 1992). Table 8 displays estimated critical flows listed in the Phase I report
for the mainstem of the Snohomish River and its tributaries, including the annual 7Q10 and winter
7Q20 (November through June) statistics for comparison to the summer 7Q20. Derivation of

- these flows is discussed in the Phase I report.

Although no discharge was observed from the “pumped” tributaries (.e., French Creek, the
Marshland, Deadwater Slough, and Swan Trail Slough) during the August 1993 and 1996
surveys, an estimated discharge was included for the critical condition scenario. The average
daily (Tuly-October) pumping rate for French Creek was estimated by Rod Denherder of the U.S.
Department of Agriculture, Renton, Washington, from pumping records for 1993 and 1994,
Since no records were available for the other pumped waters, an average daily value was
estimated from the relative size of these drainages compared to French Creek.

Boundary and Tributary Concentrations

For most water quality variables, critical conditions for the upstream and downstream boundary,
July-October period, were based on the 90th percentile (or 10th for chlorophyll) of data from
Ecology’s ambient stations near the City of Snohomish and near Gedney Island (stations 07A090
and PSS019, respectively). Upstream and downstream boundary temperatures were set at 19.8°
and 15.9°C. Tributary critical conditions were set to the highest values (lowest for dissolved
oxygen and chlorophyll) of those measured during the August 1993 and 1996 surveys, except for
the Pilchuck River, which were based on percentiles of data from Ecology’s ambient station on
the Pilchuck near the City of Snohomish (07B055). In addition, dissolved oxygen at the upstream
boundary was set at saturation, and temperatures for all other tributaries were set at the upstream
“boundary value of 19.8°C.

The seaward boundary conditions for dissolved oxygen and salinity were based on the most
extreme monthly profile data collected from 1990-1996 for the July-October period at PSS019,
which corresponded to the profile data collected on September 20, 1993. The dissolved oxygen
‘recorded on this date ranged from 8.3 mg/L at the surface to 5.6 mg/L at 16.5 meters. (The
profile depth range of 0-16.5 meters was selected as the maximum depth range that could
influence water quality in the river and sloughs, based on the transect profile data collected mn
1995 and 1996.) The median of the 10-meter running average profile data from 0 to 16.5 meters
was used to set the seaward boundary at 6.0 mg/L for dissolved oxygen and 29.5 °/,, for salinity.
A maximum running average depth of 10 meters was selected based on the assumption that no
more than 10 meters of the water column would influence water quality in the channeled river and
sloughs that have maximum depths <10 meters (see profile contour plots in Appendix D).
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Effluent Discharge Characteristics

Effluent critical condition characteristics for flow, ammonia, and CBODs were provided by
NWRO permit writers responsible for managing NPDES permits. The critical condition flows for
the Everett WWTP discharges were set at the summer low flow season permit limits. The flows
used for the other WWTPs were set at the maximum monthly values listed in their respective

“annual permits. All other effluent characteristics were set to the highest value measured during
the August 1993 Class I inspections and the August 1996 effluent sampling survey.

Model Segment Characteristics

All model segment characteristics, except temperature, were those established during model
calibration and re-calibration. Segment temperatures were based on interpolating the 90th
percentile temperatures measured at the following Ecology historical ambient stations located
within the model network: PSS005, PSS008, PSS009, PSS015, PSS016, PSS018, PSS020 and
07A090.

Dissolved Oxygen Model Predictions Under Critical
Conditions

The cumulative water quality impacts of NPDES permit loading alternatives are reviewed in this
section. Alternatives for NPDES discharge limits are based on two possible scenarios: 1) existing
discharges to the estuary, and 2) existing and proposed discharges to the estuary.

Alternative Total BOD Discharge Scenarios
Scenario I: Existing Discharges

Figures 18-20 show the results of the dissolved oxygen model predictions for the existing
discharges to the system under critical conditions. The graphs represent the predicted minimum
and maximum dissolved oxygen concentrations, with and without loading sources (i.e., no point
sources of BOD and nonpoint sources set at estimated background conditions--ammonia = 0.005
mg/L and CBOD = 1.2 mg/L) for the mainstem of the Snohomish River, Steamboat Slough, and
Ebey Slough. The insert graph in Figure 18 shows how predicted values from the 24-day model
run for each model segment were used to construct the dissolved oxygen profiles for the series of
segments corresponding to river miles shown on the X-axis. The profile presented in Figure 18
corresponds to the model segments 2 (seaward boundary), 8, 14, 24, plus all the segments
representing the mainstem of the river (25, 27-30, 34-48, and 71-75) to the headwaters at
segment 76 (Figure 6). The profile in Figure 19 starts at segment 6 (seaward boundary) and
includes segments 12, 18, 31, 32, 49, 50, 54-58. Figure 20 also starts at segment 6 and includes
segments 12, 18, 31, 33, 59-64, 56, and 65-70. The minimum dissotved oxygen profiles
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correspond to the time around high slack tide, while the maximum concentrations correspond to
ebbing (or low) tide conditions.

The critical time, when dissolved oxygen concentrations are the lowest, is around high slack tide.
The dissolved oxygen profiles for the mainstem and sloughs show that the predicted minimum
dissolved oxygen values without loading are below the marine criteria for part of the modeled
system. At high tide the marine dissolved oxygen criterion of 6.0 mg/L would apply to all of the
segments in the lower river and sloughs (i.e., the 1 %/, marine condition is predicted to reach an
upstream point between segments 43 and 46 for all of the high tides during the 24 day model
period). In order to compare the magnitude of the difference between both high and low
dissolved oxygen concentrations with and without loading, the difference between the maximum
dissolved oxygen concentrations with and without loading sources, and the difference between the
minimum dissolved oxygen concentrations with and without loading sources {(as presented in
Figures 18-20) were calculated as the predicted dissolved oxygen deficits for each model segment.
Table 9 presents the numeric results for the predicted dissolved oxygen deficits at low ebbing and
high slack tide, and the percentage of the total deficit attributable to the specific BOD loading
sources for model segments with the largest deficits. For example, Everett’s WWTP BOD
loading accounts for 77 percent of the projected critical condition oxygen deficit at segment 36
around high slack tide (salinity >1 */c0.).

In order to establish WLAs, the model was run with reduced total BOD loads until all segments
 below the marine criterion met the 6.0 mg/L criterion at high tide, or caused no more than a 0.2
mg/L deficit. Table 10 shows the results of three different point source load reduction
alternatives on the model predicted deficits. The first (I) BOD reduction was made by setting all
ammonia point source discharges to 2 mg/L. The results show that this level of treatment would
not be adequate to meet the criteria at all segments. The second (IL) BOD reduction was made by
setting ammonia to 2 mg/L and reducing BODs to 33 mg/L. These results show that this level of
treatment would be adequate to meet the criteria at all segments. The third (III) BOD reduction
was made by setting ammonia at 5 mg/L and reducing BODs 27 mg/L. This level of treatment
also allows all the model segments to meet the criteria. Reductions of ammonia to 2 and 5 mg/L
correspond to a typical effluent quality after activated sludge/nitrification-denitrification in
separate stage and single stage treatment, respectively (Metcalf and Eddy, 1991). The BODs
levels needed to attain compliance with the dissolved oxygen criteria are also attainable with these
levels of treatment (Metcalf and Eddy, 1991).

It should be noted that segment 57 (located near the midpoint of Steamboat Slough, at the
junction with upper Ebey Slough) was found to be the “critical” model segment in the system, or
the segment which requires the most Joad reduction to meet the criteria. Table 9 shows that this
segment receives significant loading from all the major sources in the modeled area. Tt is also
important to note that the level of BOD reduction alternatives listed in Table 10 were made
equally to all point sources without regard to the percent contributions at any one segment, or the
total loading of any one source. Generally, each loading source has its greatest effect on
segments near its discharge, however, contributions to many segments are predicted.
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Tt should also be noted that the minimum dissolved oxygen concentration in segment 57 with and
without BOD loading was predicted to be 5.61 and 6.05 mg/L, respectively. The allowable 0.2
mg/L deficit was applied to the predicted deficit for this segment such that the final dissolved
oxygen with treatment was 5.85 mg/L, which is 0.15 mg/L below the marine criterion. A more
strict interpretation of the marine dissolved oxygen criteria would be to allow only a 0.05 mg/L
deficit at segment 57. However, the 0.2 mg/L deficit was allowed because the criteria states that
natural oxygen levels near or below 6.0 mg/L may be degraded by up to 0.2 mg/L.

Scenario II: Existing and Proposed Discharges

Two new pulp and paper facilities, a de-inking and recycling facility, are being planned for
construction on the site of the former Weyerhaeuser bleached Kraft pulp mill in Everett |
(Figure 3). A cogeneration facility is also planned to be built on the site to supply steam for the
de-inking facility. Process wastewater will be generated from the facilities, and the current plan is
to send the wastewater to the Smith Island Treatment Plant (SITP) for treatment, then discharge
the treated effluent into Steamboat Slough just downstream from the Union Slough junction, into
the area represented by water quality model segment 49 (CH2M Hill, 1996).

The treated wastewater is planned to be intermittently discharged through a new outfall diffuser.
Based on an analysis of the tidal conditions in Steamboat Slough, the effluent is planned to be
discharged twice daily during the ebbing tides starting 30 minutes after high slack and ending 1
hour before low slack for a minimum period of 8 hours per day. The average flow rate for the
intermittent discharge is projected to be 32.7 mgd (12.6 as a continuous daily flow) with a BOD:s
concentration of 63 mg/L and total ammonia concentration of 2 mg/L (CHZM Hill, 1996; Per.
Comm. Robert York, Environmental Engineer, CH2M Hill). An estimate of the ultimate
BOD/BOD; ratio of 1.27 was made from data collected to characterize the effluent of Sonoco
Products Company waste paperboard mill in Sumner, Washington (Pelletier, 1993).

Figure 21 is an example of the modeled SITP intermittent discharge periods for the first 1.5 days
of the tidal sequence used for the critical conditions simulations. Table 11 lists the results of
model predicted dissolved oxygen concentrations for load reduction strategy II listed in Table 10,
plus the same level of treatment with the SITP BOD loading (IV). The results show that the .
SITP discharge would cause additional deficits in the segments representing Steamboat Slough
(i.e., segments 49, 50, 55, 56, and 57) and just seaward of the slough (Z.., segments 31 and 32),
ranging from 0.04-0.07 mg/L. An additional dissolved oxygen deficit of 0.06 mg/L is predicted at
the critical model segment 57. In order to meet the allowable 0.2 mg/L deficit at ali locations
with the SITP BOD loading, all point source dischargers would have to be reduced to 2 mg/L. of
ammonia and 26 mg/L of BODs (Table 11, V). These ammonia and BOD; levels should be
attainable for the municipal WWTPs with separate stage activated sludge/nitrification
denitrification, however, it is not known whether these levels can be achieved by the proposed
new discharge from the SITP.
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WLAs and LAs

Table 12 presents the allowable effluent limits or WLAs for BODs and ammonia that meet the
dissolved oxygen criteria as the maximum daily average concentrations (in mg/L) and loads (in
pounds/day). At this time, ne allocation has been made for future growth (e.g., new discharges,
increased WWTP capacity). Also, if monthly limits are needed, then the statistical procedure
described in the EPA Technical Support Document should be used to establish the maximum
average monthly limit (EPA, 1991). The maximum average monthly limit calculations need to
account for effluent variation and the number of samples per month used to monitor effluent
quality. The nonpoint LA is set at existing conditions (Z.e., no reductions are proposed for
nonpoint sources). Nonpoint source pollutant controls will be addressed in the tributary report
scheduled to be completed in September 1997.
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Uncertainty and Sensitivity Analysis

The WASP5 (DYNHYDS3 and EUTROS) model used to simulate the Snohomish River Estuary
system is a one-dimensional quasi-dynamic model. The DYNHYDS3 sub-program provides real
time variations in tidal heights and velocities (and channel flows) to the EUTROS eutrophication
program. Although EUTROS averages concentrations of water quality variables vertically and
laterally in each segment, it does simulate dynamic changes in a number of state variables. The
resultant complexity of the model is such that a complete uncertainty or sensitivity analysis would
be a monumental undertaking.. However, because the economic and environmental impact of this
project are considerable, a partial but reasonable assessment of model certainty and sensitivity has
been conducted.

The calibration and confirmation of the model results reported in this document and the Phase 1
report using the RMSE of the model predicted and observed values as an estimator of model
uncertainty is an acceptable method of assessing model uncertainty (Reckhow ef al., 1986). For
example, the confirmation of the model suggests that the vertically averaged dissolved oxygen and
~ ammonia concentrations within each mode] segment can be predicted with an average error of
0.39 and .016 mg/L, respectively. The correlation coeficients for the model and predicted values
of salinity, dissolved oxygen and ammonia for the 1993 data were 0.93, 0.94, and 0.78,
respectively, and for the 1996 data they were 0.98, 0.93, and 0.72. The RMSESs and correlation
coefficients suggest that the model is a good predictor of these parameters in the modeled area.

A complete sensitivity analysis for the model at only a small subset of the segments would require
a factorial design which is not possible without analysis software designed to link with the model.
Instead, a one variable-at-a-time approach for some of the major input parameters was used to
show what the effect would be on dissolved oxygen concentrations from changes to some of the
input parameters. Table 13 lists the results for a subset of representative water quality model
segments. The values listed in Table 13 are equal to the percent change in the model predicted
dissolved oxygen concentration after a 10 percent change in each of the model input parameters
listed in the table. For example, a 10 percent change in river flow (upstream boundary input to
the model) would cause a 1.9 percent change in dissolved oxygen at low tide, and a 0.9 percent
change at high tide at segment 34. The sensitivity analysis indicates that for all segments the
model results are most sensitive to temperature, and at high tide the. segments in the lower river
and sloughs are most sensitive to the downstream (or seaward) boundary dissolved oxygen
concentration.
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Conclusions and
Recommendations

e A one-dimensional quasi-dynamic water quality and quantity model of the Snohomish River
Estuary was developed using WASPS. The model was calibrated and confirmed using data
collected during August of 1993 and 1996, respectively. An uncertainty analysis of the
differences between predicted and observed values for ammonia and dissolved oxygen indicate
the model is an acceptable predictor for these variables. The model was developed to evaluate
the capacity of the river to assimilate waste loads from point and nonpoint sources of BOD.
The model was also developed to recommend WLAs for carbonaceous and nitrogenous BOD
that would not violate the dissolved oxygen criteria. '

e The WASP5 model of dissolved oxygen under critical conditions indicates that natural
conditions in a large portion of the lower river and estuary would be below the Marine Class
A dissolved oxygen criteria when salinity in the estuary exceeds 1%,. To meet the allowable
anthropogenically-caused dissolved oxygen deficit of 0.2 mg/L, WLAs are recommended for
the following point sources of ammonia and carbonaceous BOD: the City of Everett WWTP
(two discharges), the City of Marysville WWTP, the Lake Steven’s Sewer District WWTP,
and the City of Snohomish WWTP. In addition, a WLA was determined for a proposed new
discharge by Snohomish River Pulp Company. However, accommodating the new discharge
would require more restrictive WLAs for all the existing dischargers. o

o No reserve for future growth or water quality protection was determined. However, an
allocation for a reserve could be considered during the public review period for this TMDL.

e Data analysis presented in the Phase I report showed that under critical conditions, the City of
Monroe and Sultan WWTPs discharging to the Skykomish River would only have a small
effect on dissolved oxygen concentrations. Permit limits for these discharges were
recommended to be based on technology and mixing zone evaluations only. However, these
WWTP discharges should be reassessed if increases in population are projected to
significantly change the assumed critical effluent flows and concentrations used in the reported
analyses.

e Mixing zone analysis should be completed for all permitted discharges to the river estuary
system, and the results incorporated into the TMDL study and recommended WLAS. |

e Copper was identified as a possible problem poltutant in the Class II inspections reported in
the Phase [ report. Measurable dissolved and total recoverable copper concentrations were
also found in the Snohomish River and Ebey Slough during the 1993 metals screening survey
reported in the Phase I report. Measurable concentrations of dissolved and total recoverable
copper have also been found by AMS at station 07A090 located in the Snohomish River near
the city of Snohomish. It is recommended that a complete review of existing copper data and
an intensive survey of the Snohomish River Estuary be conducted to assess if a copper TMDL
and associated WL.As and LAs need to be established. ‘
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Figure 4.  Sampling stations in the lower river and Possession Sound.
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Figure 21. Exampie of the intermittent discharge periods (solid line on graph) for the Smith Istand Treatment Plant.
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Table 1. Surmnmary of field and laboratory measurements of water, target preeision or detection limits, and methods.

(BOD3s)

Parameter {ail measurements of water) Precision Limit {for field Method!

measuremettts) or Reporting Limit (for

general chemestry)
Field Measurcments
Velocity +0.05 s Cutrent Meter
pH #0.1 8U Field Meter/Electrode
Temperature +0.2°C Alcohol Thermometer
Dissolved Oxygen x .06 mg/L Gas Probe/Winkler Titration
Specific Conductivity * 5% of reading Field Meter/Conductivity Bridge
General Chemistry .
Satinity’
Ammonia nitrogen 0.01 mg/L EPA 350.1
Nitrate+nitrite nitrogen 0.01 mg/L EPA 3532
Total persulfate nitrogen 0.01 mg/L SM 4500 NO3-F Modified
Orthophosphate 0.01 mg/L BPA 3653
Total phosphorus . 0.01 mg/L EPA 3653
Chlorophyll & 0.05 g/l SM 10200H(3), Fluorometer
Ultimate Biochemical Oxygen Demand | 2 g/l NCASL

1 Salinity was analyzed with an Autosal® salinometer by the Routine C

EPA=

SM= Standard Methods

Eavironmental Protection Agency

hemistry Laboratory at the University of Washington.

NCASI= National Council of the Paper Indudstry for Air and Stream Improvement, Inc.
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Table 2. Field Replicate Precision.

Parameter Root Mean Square of
the Coefficient of
Variation (%) of Replicates

1993 Data 1996 Data
Conductivity 1.4 1.0
Temperature 0.9 0.8
Dissolved Oxygen 3.7 0.9
pH 1.3 0.7
Total Persulfate Nitrogen 5.4 4.0
Amgnonia 142 174
Nitrite-Nitrate 1.9 6.9
Total Phosphorus 15.5 12.6
Ortho-Phosphorus ' 3.9 2.7
Turbidity ' 61.4
Total Suspended Solids 2.0
Total Organic Carbon ‘ 5.3
Chiorophyll & ‘ 29.7 4.1
Phaeophytin.a 444 17.6
Total Hardness 4.3
Fecal Coliform 45.1
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Table 3. Root mean square error (RMSE) between the recalibrated mode] predicted (P) and observed (O) values for salinity,

dissolved oxygen, chlorophyll @, ammonia, and phosphorus (for comparison, values from the Phase I report are

presented).
Parameter 1 RMSE? RMSE Range Observed
{munber of pairs) Recalibrated model from Phase I report -

Salinity {ppt) 38 2.10° 2.18 00 -273
Dissolved Oxygen (mg/L) 56 0.32 : 0.23 66 -102
Chlorophylt & (ug/L) 26 1500 1.55 14 - 74
Ammonia (mg/L.) 52 0.0185° 0.0167 0.005% (.140
Total Phosphorus (mg/L) 52 0.0050 0.0050 0.005%- 0.049

& @ o9 W

RMSE =[] 5(Pi- 0]

For salinity values < 3 ppt RMSE is 0.77.

RMSE is 0.66 ug/L excluding two sites in Ebey Slough associated with water quality model segments 60 and 67.
RMSE is 0.0107 mg/L excluding two sites in Ebey Slough associated with water quality mode! segments 60 and 62.
Minimum value is one-half the detection limit.
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Table 5. Summary of BUTRO3 model constants for eutrophication kinstics.

Model Description. Units Value Temperature
Constant Used Correction
Coefficient
K12C Nitrification rate day” 02 1.085
KNIT Half-saturation constant for nitrification- mg C/L. 20
_ oxygen limitation
K20C Denitrification rate day” 0.09 1.045
KNO3 Halfsaturation constant for denitrification mg Oy/L 0.1
oxygen limitation
KiC Saturated growth rate of phytoplankton day™ 1.40 1.066
LGTHTS Light fémulation switch: LGHTS = 1 use Di 1
Toro et al. (1971) formulation.
CCHL Carbonnto-chlgrophyll ratio mg C/mg chla 75
Is1 Saturation light intensity for phytoplankton Ly/day 100 .
growth. .
KMNG1 Nitrogen half-saturation constant for nifrogen  mg N 0.03
for phytoplankton growth, which also affects -
ammonia preference,
KMPG Phosphorous half-saturation constant for mg PO4P/L 0.002
phytoplankton growth. .
NCRB Nitrogen-to-carbon ratio in phytoplankton mg N/L 0.25
PCRB Phosphorus-to-carbon ratio in phytoplankton mg P/L 0.025
KIRC Endogenous respiration rate of phytoplankton day” 0.092 1.045
K1D Non-predatory phytoplankton death rate day* 0.02
KDC CBOD deoxygenation rate day’ 0.152 1.047
OCRB Oxygen to carbon ratio in phytoplankton mg Oxmg C 2.67
K71C . Mineralization rate of dissolved organic day™ 0.10 1.047
nitrogen
FON Fraction of dead and respired phytoplankton 1.0
nitrogen recycled to organic nitrogen
K83C Mineralization rate of dissolved organic day™ 0.10 1.047
phosphorus
FOP Fraction of dead and respired phytoplaniton 1.0
: phosphorus recycled to organic phosphorus
Di Toro et. at. 1971 referenced in the WASPS users manual.
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'Table 6. Root mean square error {RMSE) between the confirmation model predicted (P) and observed (O) values for salinity,
dissolved oxygen, chlorophyll @, ammonia, and phosphorus. .

Parameter | n RMSE? Range Observed
(number of pairs) Recalibrated model

Salinity (ppt) 46 . 3.00° 00 -277

Dissolved Oxygen. {mg/L) 64 0.39 70 -10.7

Chlorophyll a (pug/L) 42 4.43 1.5 - 263

Ammonia (mg/l) 59 0.0163 0.005% 0.112

Total Phosphorus (mg/L) 59 0.0050 0.005°- 0.294

* RMSE= {f S(P; - O/n]

b Jor salinity values < 3 ppt RMSE is 2.4.
¢ Minimum value is one-haif the detection Himit; only one Total Phosphorus value exceeded 0.072 mg/L.
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Table 8. Critical 7-day average low flows in cfs.

Location TQ10Asnual TQ20500ct TQ20n0v1an
Skykomish @ Goldbar 442 401 563
Sultan @ Sultan 40 29 120
Skykomish @ Sultan 580 530 822
Woods Creek @ Monroe 14 13 20
Skykomish @ Monzoe 701 653 993
Snoqualmie @ Mouth 436 398 675

- Snohomish @ KM 20.4 1137 1051 1668
Pilchuck @ Snohomish 58 56 73

Allen Creek @ Ebey S. - 0 -
Quelceda Creek - 4.5 -
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Table 12. Summary of recommended TMDLs and WLAs for water quaiity-based permit limit development

Daily Maximum BODs Daily Mmdmum
Armmonia
mgfL pounds/day mg/L, pounds/day

1. WLAgs without Smith Island Treatment Plant

Everett Mechanical WWTP 27 1805 5 334

Everett Lagoon WWTF 27 2372 5 439 I

Marysville WWTP 27 1377 5 255

Lake Steven’s Sewer District 27 541 5 100

Snohomish WWTP 27 632 5 117
7. WELAs with Smith Island Treatment Plant

Everett Mechanical WWTP 26 1738 2 134

Everett Lagoon WWTP 26 2284_ 2 176

Marysvilie WWTP 26 1326 2 102

Lake Steven’s Sewer District 26 521 2 40

Snohomish WWTP 26 608 2 47

Smith Island Treatment Plant 26 2732 2 210
Backgronnd/Nonpoint LA - 3862° - . 133
Total Maximum Daily Load #1 - 10589 - 1378
Total Maximum Daily Load #2 - 9209 - 842

2 Includes Snohomish River and tributary loads; does not include seaward loads.
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Appendix A

Tides for August 27 and 28

Snohomish River Dry Season
TMDL Study - Phase IT

A-1



Average Tides
Mean Range: 751t
MHHW. 113 #t
Mean Tide: 641t

Tides-Tulalip
hased on Seattie, Washington (NOAA}
48° 380N 122° 1730 W

~ Tuesday, August 27, 1996

Daily Highs & Lows
3:28a 10.4 ft High
1019z -1.2 #t Low
514p 11.4 ft High
10:57p 4.0 it Low

POTy Tide
12:00a 651t
12:30a 7.2 %
1:00a 8.0 &
1:30a 88 fl
200a 851
2:30a 100 ft
3002 103 &
330a 104 &
4:002 10.2
430a S8 1H
E:00a 0.1 1
530a B3 ft
600a 7.3 %
6:30a 81 %
7:00a 48 f
7308 351
8:00a 221
B30a 101
9:00a 00 &
9:30a 0.7 #
10:00a -1.1 1
30:30a -1.2 &
11:00a 0.8 1
11:30a 0.2 |
12:00p O7 &

12800 1.8 4
1:00p 3.2H%
1:30p 485017
200p 631 fi
230p V4%
3:00p 8.7 %
3:30p 981
4:00p 106 1t
4430p 111 0
500p 114 1
5:30p 11.4 &
800 111 #
£:30p 106
700p 99t
730p 9.0 ft
BOOp 80 ft
B30p 704
o00p 60H
9:30p b2l
10:00p 45 4%
10:30p 41 1t
11:00p 401
11:30p 42 %

12:00a 461
© Nautical Software (503) 579-1414

BOZ9 HS

dsgi/ 88




Avarage Tides

Moan Rangs: 751%

MHHW: 111t
Meoan Tide: 641

Tides-Tulalip

based on Seattle, Washington {NOAA}
48° 3,90 N 122° 17.30 W

Wednesday, August 28, 1996

Daily Highs & Lows
4:24a 10.6 ft High
11:07a -1.0 # Low
BE51p 11,7 1t High
i144p 3.0 1t Low

O

(PDT)
12:00a
12:30a
1:00a
1:30a
2:00a
2:30a
3:00a
d30a
4,002
4:30a
5:00a
5:30a
6:00a
6:30a
7:00a
T30a
8:00a
8.30a
9004
9:30a
10000a
10:30a
11:00a
11308
12:00p
12:30p
1:0Cp
1:30p
2:00p
2:30p
3:00p
3:130p
4.00p
4:30p
5:00p
530p
6:00p
6:30p
7:00p
7:30p
8:00p
8:30p
8:00p
2:30p
10:00p
10:30p
11:00p
11.:30p
12:00a

Tice
48 ft
53 #
6.1 1
o0t
7a R
B8 ft
9.6 &
10.2 fi
1051
10.6 ft
041
10,0
93 ft
B4t
73R
61 f
47 1
33fl
201
09 ft
07 R
0.7 1
-1.0 1
091t
-0.4 ft

=

e e e mgm = m = =y

04 #
1.4 %
271
41 #
56
748
854
956 f

108t

1.8 1
1161
174

1141

108

0.2 1t
CER
g2t
74t
52 it
48t
40 R
3.4 8%
RN

3.1 ft
@ Nautical Sol‘m_are

(503) 579-1414

BLE9 WS

d/$1£188
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Appendix B.1. Snohomish River TMDL Sampling Schedule

TEAM1 8/27/96

pH
Station Sample  Site Secchl  Cond NO3-
Sile Location i LABID Tide® Depth Depth  Dise Temp  Salinly no UBOD  NiE3  NO2 TPN  OethoP TP Chloroa
i4  Upriver of Sochomish WIP SNG4 358600 Low  Burface X X X X X X b X X X
15 1mi, below Snehomisl WTE SNOIS 358600 Low  Surface X X X X X X X X X
16 Upsiver of Ebey Slough SNO16 358602 Low  Surface X X X X X X X X X X
REPI6 358603 Low  Surface X X X X X X X X x X
358604 Migh  Surface X X X X . X X X X X X %
: 358605 High _ Bottom % X x X X X X X X
18 By Hwy 2 bridge SNOIBE 358606 Low  Surface X X X X X X X X X X
358607 High  Susface X X X X X X X X. X X X
358608 High Bollem X X X X X X X X X
20 Upriver of Everci WTP SNO20 358609 Fow  Surface X X X X X X X X %X X
358610 High Surface X X hs X X X X X .S X X
358611 High DBollom X X X X X X X X X
21 | mi. downriver Everelt WP SNO21 358617 Low  Surface X p.S X X X X X X X X
358613 High  Surluce X X Y X X X X X X X X
358614 High  Botom X X X X X X X X X
30 Steamboal S, uprivor Ebey 8. mction STM3G 358615 Low  Surface X X X X x X X X X
358616 High  Surface X % X X X b X X X
358617 High Botlom X X X X X X X X
34 Por! Garduer POG34 358618 Low  Surfacoe X X X X X X X X X X
358610 High  Surface X X X X X X X X X X X X
. 358620 High  Bouom X X X X X X X X X
* Sampied both high and Jow tide; surface samples st Jow tide; surface and bottom samples at high tide ’
TEAM 1 8/28/96
pH
Statlon Sample Site Secchit  Cond NO3-
Site  Loeation i LAB D Tide" Depth  Depth  Dise Temp  Salinity DO UBOD  NIB NO2 TPN  Orthe-¥ TP Chiorea
14 Uprlver of Suohomish WTP SNG4 358700 Low  Surface X X X X X X b X X X
15 1 mi. below Snohemish WTP SNOIS  358% Low  Surface X X X X X X X % X
i6 Upsiver of Ebey Slough SNOIS 358702 low  SBurface X X X X X X X X X X
358703 High  Surface X X .S X X X X X X X X
358704 High  Boutom X X X X X X X ¥ X
18 By Hwy 2 bridge SNOI18 358705 Low  Surface X X X X X X X X X X
358706 Hiph  Surface X X X X X X X X X X X
358707 High  Botom . X ¥ X X X X X X
28 Upriver of Evorett WTP SNOI0 338708 Lew  Surface x X X X X x X X X X
358709 High  Surface X X X X X X X X X X X
358710 High  Botlom X X X X X X X he X
21 | mi. downsiver Evercyt WTP SNO2L 338711 fow  Surface X X X X X p.S X X X X
REP2! 358712 Low  Surface X X X X X X b4 X X X
358713 High  Surface X X X X X X X X X X
358714 High Bollom X X X X X * X X X
30 Steamboat S, upriver Bbey 8. junction STM30 358715 Low  Surface X X X X X X X X X
358716 High  Surface X X X X X X X X X
358717 Higk  Beltom X X X X X X X X
34 Port Gardnor POG34 358718 Low  Surface X b8 X X X X X X X X
358719 Hipgh  Swiface X X X X X X X X X X X
358720 High  Botlom X X X X % X X X X

* Sampled both bigh and low Ude; surface samples at low 1ide; surface and botlom samples at high tide




Appendix B.1. Snchomish River TMDL Sampling Schedule.

TEAM 2 8/27/96

pH
Station Sample Slte Secchit  Cond . NO3-

Site  Location I LAB ID Tide*S Depth  Depth  Disc Teanp _ Salinity UBOD N3 NO2 TEN _ (hthe-P TP Chioroa

23 Upriver of Lake Stevens WTP EBE23 358621 Low _ Surface X
‘ . 358622 High  Surface
358623 High Rotlom
%4 Fbey 8. downriver Eake Stevens WEP EBE24 358624 Low  Surface
358625 High Surface
358626 High Bovlom
26 Downriver Allen Creck EBE2S 358627 Low  Surface
358628 High  Surface
358629 High  Botlom
2 Mouth of Ebey Skugh EBE27 358630 low  Surhoe
. 358631 High  Surfiace
358632 High  Dottom
31 Stemmbeal §. Upriver Mayysville WTP STM31 358633 Low  Surface
REP 358634 FLow  Susface
358633 High  Sushse
358636 Hiph  Botlom
32 Moulh of Steamboal Slouy STM32 358637 low  Surface
358638 High Surface
358639 High  Bolom
%% _ Union Slough at I.3 UNS33 358640 low  Surface
358641 High  Surface
358642 High  Bottom
35 Possession Sound PsaIs 358643 High Surface
358644 High Bottom
® Samplod both high and low Lide; surface samples at low tide; surface and botlom samples at high tide,

E b

MM

p, 4
X
T

O ETEEE B Fo3 ) B Bt Bch B B P

2

sabse] alne]

EL I o3 o I e
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TEAM 2 8/28/96

P

Station Sample Sile Seechi  Cond NO3- .
Site  Location D LABID Tidd' " Depth  Depth Disc Temp  Salinity Do UBOD  NH3 NO2 TPN  OrthoP TP Chloréa

23 Upriver of Lake Sevens WTP EBRE2S 358721 Low  Susfhee X *
REP23 358722 Low  Surfaco X
358723 High  Surface X
358724 High _Botlom
21 Ebey §. downriver Lake Stovens WTP EBE2A 358728 Low _ Surface
358726 High Surfaco
358727 Miph  Bolom
26 Downriver Allen Crock EBE2S 338728 Jow  Surfuce
‘ 358729 High Surface
: 358730 High Botom
27 Mouth of Ebey Slough EBREZ7 358731 Eow  Surface
458732 Hish  Surface
358733 High Botlom
31 Steamboat 8. Upriver Marysville WTP STM31 358734 Low  Surface
358735 High Surface
358736 High  Boltom
32 Moulh of Sicamboat Slough STMIZ 358737 Low  Surface
" 858738 High  Surface
: 358739 High  Bouom
33 Lnion Slough at 1-5 UNS33 358740 Eow  Swince
358741 High  Surface
358742 High = Botlom
35 Possession Sound Ps3s 358743 High  Surface
: 356744 High _Botom

© Sumpled both high and low tide; surface samples at low tide; surface and bottom samples at high tide,

il Ddiming
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Appendix B.}. Snchomish River TMDL Sampling Schedule.

TEAM 3 8§/27/9%

pH
Statlon Seochf Cond ' NO3-

Site  Locallon m LABTD Flow Disc Temp BO UBOE NH3 NO2 TEN  Orthe-P TP  Chioroa
10 Downriver of Confluenos SNOI0 358645 X X X X X x X X
11 Upriver of Fronch Creck SNO11 358646 X X % X X X X X X

- . REPIL 358647 X b X X X X X X x
£2  French Crock FRN1Z 358648 2 - X X X X X X by X X
i3 Pilchuok River PILI3 358649 p.S X b4 X X X X X X
17 Marshland MARL 358650 2 X X X X X X X X
19 Deadwaier Slough DEDIS 358651 a X X X X X X X X

22 Swan Trail Slough STS22 358652 a X X X X X X X X
25 Allen Crock ALL2S 358653 X X X X X X X X X
28 Quilosda Creek QIL28 358654 X X X X X X X X X

{a) pate if water was being pumped.

TEAM 3 8/28/96

pH
Station Secchit  Cond NO3- Orilio~

Site  Locatlon in LABID Flow Dise Temp DO BOD35  NH3 NO2 TN P TP  Chioroa
16 Downriver of Conflucncs SNO10 358745 X X X X X X X X
11 Upriver of French Creek SNGE: 358746 X X X X X X X X
12 French Creek FRN12 358747 2 X X ‘X X X X X %
13 Pilchuck River PILI3 358748 X .S X X X X X X X
17 Masshland MARI 358749 2 X . X X X X b4 X X

REPIT_ 358750 X X X X X X X X
19 Deaxdwater Sloy DEP1% 358751 a X X X X X X X X

22 Swan Trait Slough S1822 358752 a X X X X X X X X
25 Alken Creek ALL25 358753 X X X X X X X X X.
28 ° Quiloeds Creek QH.28 358754 X X * X X X X X X

() note if water was being pumped.




Appendix B.2. Snohomish River TMDL WWTP efluent Sampling Schedule.

i’arameter Compusite Sample Grab Sample 1 Grah Samples 2
Sofids4 - X X X
Total solids )

Total non-volatile solids

Total suspended sofids

Totat non-volatile suspended solids

BODG X X X
uson X

NH3 X X X
NO3-NB2 X X X
TKN X X X
Orthe-P X X X
TP X X K
Temperature X X X
M X X X
po X X
Chlorine frae & combined X X




Appendix C

1996 Ecology Survey Data
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Appendix C.3. Laboratory data and field measurements for samples collected from WWTP effluents.

tieneral Chemistry Resulis from Clty of Everett WWTPs, 896,

Location: EHEVI-E EHEV1-1 EREV-2 BfEV-E EffEV2-1 EffEV2-2
Type: Comp Grap Graty Comp Grab Grab
. Date! 8/27-28 8127 8128 827-28 8127 &128
Time, 24 hour p am 24 nour sm am
Parameter Labh Log # 3581 -45 56 -47 ~50 +51 -52

88 7 12 8 ] 8
THNVES 1 4 2 3 2 b
BODS (mgit) e d 4 J

Total Kietdanl N {mg/l) 206 . 16,0 4.4 131
Phosphate - Crtho {mg/L} 4.7¢ E 4.09 405 4,43
Phosphate - Total (mg/L) 4.79

Temperature (°C.) 28" 220 211 30" 2.7 20,6
pH (5.5.) ' 7.59 7.60 7.54 Y- 6.90 6.60

D.O. (mgh) - 5.4 4.8 - 3.8 . 3.85
EffEVA - Effluent to outfall 015, EFEVZ - Effluent to outfai 05a; -E - Ecology sampler.

J means the anaiyte was positivaly [dentitied. The assotiated numerical rasuit is an estimate.
* « lced composite sample.

General Chemistry Results from Lake Stevens' $.0D. WWTP, 8/96.

Location: EHLS-E EfLE-1 EffL5-2
Type: Comp Grab Grab
Date: BI27-28 8127 8128
Time: 24 hour pm anm
Parameter Lab log # 3681 -35 . -36 -37

FHELD SAMPLING

Total Kjeldaht N (mgil) 17.0
Phosphate - Ortho (mgiL) 1.070
Phosphate - Total (mg/L)

Temperature (°C.) 54 18.0 163
pH {s.10.) 7.34 7.38 8,99
D.0. {mgiL) - 8.7 8.1

EfLS - Effluent; -E - Ecology sampler.

-1 - Grab sample taken oh 8/27, -2 - Grab sample taken on 8/28.

U means the analyle was not detected at or above the reported resuit,

J means the analyte was positively klentified, The numericat result is an estimate.
* - leed composite sample.



Appendix C.3. Laboratory data and field measurements for samples collected from WWTP effl

Goneral Chamistry Results from City of Marysvilie WWTP, 8/96.

Locatioh: ENMA-E EffMA-1 FAMA-Z
Type: Comp Grab Grab
Date: 82728 827 828
Time: 24 hour pm am
Parameter Lab Log #: 3581 -40 -41 -42

) 15 G - 15 G

Tota Kjeldahi N mgh) 2.7 * 114
Phosphate - Ortho (mgL) 239 * 2.21
Phosphate - Total (mghL; 480 *

Temperature (°C.) g2m * 214
pH(su) 7.38 * 741
D.C. {mgrt.) - * 166

EffA - Effiuent; -E - Ecology sampler.
-1 - Grab sample laken on 8127, ~2 - Grab sample taken on 8/28.
G means tat the value Is greater than the resull reported due to
sufficlent diiiion of the samples, Resultls & calcuiated estimate.
- Gamples not coflected of observations not made, *_ lced composite sample.

Ganeral Chamistry Resulis from City of Snohomish WWTP, 8796,

Location: EHSN-E EH8N-1 EffSN-2
Type: Comp Grab Grab
Date: 8127-28 827 88
Time: 24 howr P am
Parameter tab Log # 3561 30 -31 32

FIELD SAMPLING

TNVEE 1 .

Tolal Kpetdahi N (mgd.} 284 -
Phosphate - Qrthe gL} 458 v
Phosphate - Total (mg/L) 4,27 *

Température (°C.) B4 . 206
pH (5] 769 . 751
D.O.{mgh) - v 87

EMSN - Filluent, -E - Ecology sampler,

-1 - (rab sample taken on 8/27; -2 - Grab sample laken on 8/28.

& means the analyte was posttively identified. The nssociated numerical resutis an estimate,

* - Samples not collected or chservalions not made, ** . lced composite sample.



Appendix D

Contour Plots of 1996 Profile Transect Data

Snohomish River Dry Season Page D-1
 IMDL Study - Phase II ' '
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Appendix E

WASPS Input Files

Snohomish River Dry Season
TMDL Study - Phase If



DYNHYD5 Input File

Critical Conditions

ANOTIDEL. INP, TIME=Q CRITICAL CONDITIONS HYDRODYNAMIC FILE FOR EUTROWASE
ROBERT CUSIMANQ, WA.DEPT.CF ECOLOGY, October 25, 1936
SR RNk AFEERD: PROGRAM CONTROL DRATAR % sk e de d b des ok ook e e e dedeod sk e de s e ok el e

83 115 00O 45.0 5 1 0000 25.0 0000 [Time Step= 45 sec.i
*'k%l'******&'s: ?RTNTOUT CONTROL DATA*****W**\k’k*****‘k**‘k‘k***%***W*\ki{‘k*******i’*
1.0 1.0 0
106 g 11 18 17

Ekd kR R kR TN O GUMMARY CONTROL, DATAN* ¥ ks ks k& kkdkoh b hd bk wdok doddod bk ddesd de e ook ok ke
1 1 0100 25.0 4 2

*****-&****’D: JUNCTION DATA‘J\'**********’*;\--A”k*‘k’.\'W*'Bc*‘k“k**'A'***i"k**‘kww'k**'k**'k***ir*

Junction Head surface pepth Channel number entering junction
Number (m) Area (m) MLLH  (m)

1 1.6943 2226443, . -5.0 1 Q 0 0 G 0 0 0
z 1.6976 2101893, ~-5.0 2 3 & 0 0 0 0 0
3 1.7010 1854725, -5.0 4 5 0 0 0 0 [ G
4 1.7045 1731141, -5.0 6 7 2 0 0 0 o a
5 0 1.7080 1669349. -5.0 9 i0 Q 0 0 o] 0 0
3 117116 2226443, -5.0 11 0 Q a 0 Y 0 0
i 1.6929 2803443. -5.0 1 2 12 13 14 ¢ 0 0
g 1.6955 3025846. -5.0 3 4 14 18 186 17 0 0
9 1.6990 2198943, -5.0 5 8 18 18 19 0 0 0
10 1.7023 2045937, -5.0 7 19 20 z1 31 32 o 0
11 1.708%2 2713145, -5.0 g 9 21 22 33 34 ¢ 0
12 1.7067 2208976, -5.0 10 i1 22 35 ] 0 @ o]
13 1.6925 1932227. -5.0 1z 23 Z5 0 O 0 O ¢l
14 1.6944 2374524, -5.0 13 15 Z3 24 26 27 0 G
15 1.6977 2262487, -5.0 17 i8 20 24 Z8 29 30 o
16 1.7002 1886242, -0.9 30 31 41 42 43 ¢l 0 0
17 1.7017 2328539, -G.9 32 33 37 38 39 40 41 o]
18 1.7032 1826042, -3.9 34 35 36 37 0 4 0 0
19 1.6931 1370368. ~2.2 25 26 44 45 48 43 o] 0
20 1.6940 999976, -5.0 27 28 48 50 54 0 ¢l 0
21 1.6864 1320202, -2.1 28 43 850G 51 ¢ 0 g 0
22 1.6984 1375385, ~-1.9 40 4z 51 52 0 0 4] ¢l
23 1.697% 1367860, -0.9 39 52 53 61 921 0 0 Q
24 1.6976 1293447, -3.2 36 38 9% 92 0 0 o] G
25 1.6928 128676. -2.1 48 ¢ 0 o 0 0 0 0
26 1.6930 147822. -1.% 44 [+ 0 G 0 0 Q 0
27 1.6918 349195, -1.5 45 4% 47 g 0 ¢ 0 0
28 1.6914 115298. -1.5 46 0 0 o 0 [ 0 0
Z9 1.6914 116719, -1.5 47 0 0 0 0 0 0 0
30 1.6929 2851190, ~5.0 54 55 Y 0 0 0 0 a
31 1.68186 330761, -4.6 55 56 57 O 0 0 0 0
3z 1.6915 156769, ~2.4 56 0 o 0 G Q 0 0
33 1.6909 161451, ~3.7 57 58 G 0 o] 0 o ¢
34 1.6903 352166. ~-3.4 58 59 0 Q o 0 0 ¢
35 1.6902 360108. ~-2.4 59 60 0 0 o 0 0 0
36 1.6805 537696. -1.2 60 61 64 108 0 0 0 ¢
37 1.6934 663111, -3.2 53 62 63 22 Q ¢l 0 0
38 1.6890 1067031, -2.6 62 7% 108 ¢ 0 Q 0 0
39 1.6893 133628%Z. ~2.3 63 23 Y 0 0 0 0 0
40 1.6887 336079, -2.4 64 65 ¢l 0 O 0 0 0
41 1.6814 188683. ~2.4 65 66 0 0 ¢ 0 ¢ 0
42 1.6782 182003. 2.2 66 67 0 0 ¢ 0 G ¢l
43 1.6761 186832. ~3.7 &7 &8 0 0 [ 0 ] ¢
44 1.6814 249220. -0.5 68 69 84 90 0 0 o] 0
45 1.7724 18297¢6. 1.6 69 70 0 Y 0 a 0 0
46 1.8112 156024. ~1.8 70 71 0 0 0 G 0 o]
47 1.8498 111288, ~1.6 Tl 12 0 ¢ 0 G "0 0
48 1.8646 91403, -1.2 T2 73 0 g 0 0 0 0
49 1.8845 121938. -0.5% T3 T4 107 0 0 [ 0 0
50 2.0382 174131, -1.2 74 75 G 0 o 0 i 0
51 2.1230 167059, -1.2 75 76 G 0 ¢ 0 0 0
52 2.1573 113383. ~1.4 76 T g 0 0 0 0 Q
53 2.2189 87025, -1.0 m 78 G 0 o 0 o 0
54 2.2615 176054. -2.0 78 109 0 o] O 0 0 0
55 1.6849 449458, -1.8 79 80 0 0 0 Y 0 ¢
56 1.6802 203386. -2.0 80 81 85 G 0 0 0 ]
57 1.6753 73188. ~-0.5 81 g2 0 G 0 ¢l 0 0

OOC‘»OOOOOOOC)(I}(DCBOOOOOCDCDCZ)OOOOOOOOCDCDOOOOOOOOOOOOOOOOOOOOOOOOD

E-2



P T o e e e e el el o

L6553
L6490
L6755
L6664
.6589
L6607
.6675
6849
L6831
L6707
L6813
6463
L6508
6593
.5622
.65837
6781
L7043
L8204
L3168

L3827

.B786
L3530
-9414
L1500
L2099

115

pus
o
OO0 OOOOOWOOOOLOOONYOSOCOO

OO0 00C000OOCCOCOOOOLOOODO

OO0 oOOOooOOOCLLLLOOoOODOO0

SO OOGCODo000OLOOODOCOTOOOO0

OO0 000OOOCCOCOOOOLLOOLOCO0

SO0 Oo0OCOoooOOO0CTOOROROC0o

LR S CPEANNEL DATA*****i’k****‘k**********'k‘!r-le\lr*’k*k*‘k‘k*‘k**‘k'k‘ic******'k‘k**

Channel Length

Nunber

()
23086,
2113,
2177.
1985.
1921,
1921,
1793.
2306.
1729.
2049.
2306.
2177.
2817.
2049.
1921.
2306,
2497.
1601 .
1601 .
2177.
1985.
2049,
1921.
2177.
2306.
16465,
1793.
2306.
2049.
1409,
1857.
1665,
236%.
2049.
1601 .
2177.
2562,
1793,
2049.
2049,
1668,
172¢9.
2049,
1089,
1217.

768.

768.

895.

61591. ~0.5
58953. -0.5
209072. -2.1
213638. ~-1.9
1810867. ~1.7
114302. -1.7
B2867. -0.4
476240, -1.2
280913, -0.7
110083, -0.7
148623, 1.1
128584. ~0.9
77249, ~0.5
48980, -0, 5
87857 «2.0
115365, 2.1
173080, ~3.1
150098. wi.1
116514, ~1.0
193875, -0.7
203587, 0.5
204176. 1.5
192477. 1.7
180116, 2.4
187842, 4.3
$2928. 4.5
Width Depth
{m) (m)
1931. 6.89
1. 6.70
1931. 6.70
1. 6.70
1931. 6.70
1. 6.70
1931. 6.70
1. 6.70
1931, 6.71
1. §.71
1931. 6.71
1448. 6.69
1. 6.69

1. 6.69
1448. §.69
1. 5.70

1. 5.70
1448, 6.70
1. 6.70

1. 5.70

1. 6.70

3. 6.71

1. 6.69

1. 6.70
1042. 3.69
1. 3.69

1042 6.69
106. 2.69
1042. 2.80
1. 2.60
1448. 2.60
1. 2.60
1448, 2.60
1. 3,60

1448 5.60
1042. 4.90
1. 2.80

1. 2.60
1042. 2.60
1. 2.60

1. 2.60
1042. 2.60
i. 2.60

402 3.19
163 3.19
392 3.19
312 3.19
141 3.69

Direction Mannings Indtial
Degrees

64.
114,
56,
134.
59.
140.
88,
29.

OOODOOOOOOOOODOOOOOOOOODOOOOOOOOOOOCD‘OC}OOOOOOOOOO

N

Yelogity Junction

0.03880
. 05980
.05280
.03420
.04430
L02310
L 01080
. 02940
L02330
L 07410
.03530
L 03050
L03210
L0L116
L04610
L02410
.01340
.04030
L 04450
.01220
.05280
.08370
L00316
LB60206
L02700
L07110
L04500
.10800
.03740
.14200
.00063
L 15300
.01140
L13400
L 02880
L 02460
LOBTTO
.15600
L00512
.08040
L12600
L 01460
L 08840
.00343
L 03330
L00276
.00353
L00851

[+ReRelaleNo]

{

i
oo OOoooO0DOOUOoOoOLOOOOUOLOOooOOOO0

i
<

Connecting
i 7
2 T
2 8
3 8
3 9
4 9
4 10
4 11
5 11
5 12
3 1z
7 i3
7 14
7 8
8 14
8 9
8 15
9 15
g 10

10 15

10 11

13 1z

13 14

14 18

13 19

14 18

14 20

i5 20

15 21

1% 16

10 i8

10 17

11 17

11 18

1z 18

18 24

17 18

17 24

17 23

17 22

16 17

16 22

16 21

18 26

18 27

27 z8

27 29

18 25



hkkkdkkdk kR, CONSTANT INE‘LOW DATA*‘k'}e'\k’-}:****‘k‘k;**‘k**‘k'ir******%*******-}:**i—*%*‘k‘k

49 768,
50 1216.
51 1857.
52 1537.
53 1089.
54 1025.
55 931.
56 643,
57 653.
58 686.
59 730.
60 781.
Gl 1i14.
62 951.
63 10862,
64 905.
65 1251.
64 1145.
67 1383.
68 1526.
69 1571,
70 1181,
71 1425,
72 930.
© T3 B94.
T4 1622.
75 1995.
76 1308.
71 1144.
78 1253.
749 12010
80 708.
81 1333.
82 2005.
83 2220.
84 24186.
85 B28.
86 1629,
87 1588.
88 883,
89 1897,
90 1637.
91 1284,
9z 78,
93 1200,
94 103¢9.
95 1238.
a8 1599.
97 1868.
28 1619.
9% 1201.
100 1425.
101 726.
102 994.
103 819.
104 2710.
105 2683.
106 Z180.
107 1773,
108 1301.
109 2012.
110 1768,
111 1609.
112 1609.
113 1609.
114 1609,
115 1609,
20
Junction Inflow

Nurber ()

83 -29.8

82 ~0.03

g1 ~3.03

80 ~0.03

79 ~0.03

78 ~0.76

758 3.68 360
158. 6.70 14
758. 3.80 4
158. 2.60 9
440 2.59 8
497 6.70 44
343 6.29 7
398. 4.19 97
348. 6.34 360
403 5.24 9
475 4.08 25
322 3.49 46
326 2.59 90
Tre 2.49 76
690. 2.49 i1
32z 3.48 20
142 4.08 112
169. 3.98 161
133 4.63 186
121 3.63 147
102. 2.63 240
103, 3.39 176
93, 3.43 194
101 3.26 93
104 2.52 140
105. 2.61 169
96. 3.28 107
109. 3.44 i01
T4, 3.39 136
87 3.74 . 88
620 2.79 82
217, 3.58 75
68. 2.93 142
27 2.17 114
31. 2.15 191
21 2.02 18
198, 3.73 79
158. 3.67 17
107. 3.46 159
8. 2.86 195
49. 2.21 175
49, 1.97 55.
1. 3.59 319
763 3.10 91
392 2.49 57
464. Z.63 106
65. 2.38 58
87 2.57 138
55. 2.65 113
55. 2.35 149
46, 2.75 34
46. 2.76 129
46, z2.91 7248
61. 3.01 94
70. 3.71 126
&4 4,27 192
64 3.79 157
59 2.56 240
59. 2.55 45
1. 2.49 353
86. 3.14 158
121 1.95 167
121 1.63 167
133 1.52 167
105 1.60 240
118 1.20 140
115. 1.28 140

[Upstream Boundary Inflow]

[French Cresk Inflow]

0.

0.010
¢.021
0.
0
0
0

029

-037
.37
-Gzz
0.022
0.026
G.
0

024
026

0.02¢
0.024
0.037
a.
G
G
0

042

- 027
. 027

035

0.035
0.038
0.038
0.037
0.036
0.034
¢.031
0.031
0.031
0.031
0.031
0.032
G.034
0.048
0.055
0.052
0.052
0.052
0.052
0.055
. 055
G.048
¢.038
0.038
0.
o
0
¢l
0
o]
o]
o]
0
0
a
0
¢
0
0
0
0
0
4]
G
o]
0
0
¢]
0

[ TR N T S N I N T | I T S T T N TR T S T S T T S T S R S I T T R |
O-OOOCDCDOOOOOOOOOOOOOCDOOOOOOOOOOOOOCJOQOOOOOOOOOOOOOOOOOOOOOOOO
M

-0.
-0.
-0.
~Q.
-0.
-0.
-0.

SGL250
L 06190
. 09840
L. 0B750
L12600
. 00256
. 00442
00474
.G21860
L02940
L01860

10100

08040
. 04090
L7180
. 05680
L1500
.14900
L1B800
L 23800
. 39600
.31800
.37080
. 31600
L 32500
LHET00
L 48700
.37600
.52500
.39200
.01630
. 00254
02200
L 00355
.04270
11700
L01970
04520
L10060
L19200
. 083930
. 08520
.16100
.02630
.04960
.01820
. 03880
.00240
V06510
.12300
.15000
.15600
15760
.15760
.18800
L23200
L287700
L39200
. 28100
.08100

33100
29000
47000
43300
50300
59800
57600



*variable inflow data¥*

-1.
-Q.

-0.1

-0.
-0,
-0,
~0.
~0.
-C.
~0.
~0.
-0
0.
-0,

65 [Pilchuk River Inflow]

LERSE S S S R ade SEAWARD BOUNDARY DATA**#'A’:&-A-*%**%******i'*****'k‘k**‘k'k**

0
6
3 1100
Juncetion Time
(hr)
1 0000
z 103
3 138
4 214
5 256
3} 337
7 428
8 518
9 G617
10 T15
11 810
12 S01
13 249
14 1033
15 1115
16 1157
17 1238
18 1325
19 1410
20 1500
21 1584
22 1701
23 1827
24 1958
25 2114
3 2 100
1 0000
2 102
3 137
4 213
5 255
6 336
7 425
8 518
g 3R]
10 714
13 808
1z 900
13 948
14 1032
15 1114
16 1156
17 1238
18 1324
19 1408
20 1459
21 1553
22 1700
23 1828
24 1957
25 2113
3 3100
1 ao00
P 101
3 .36
4 212

20 0 0 0
Head Junotion Wime
(m) (hr)
1.6943 1 538
1.4326 b 624
1.2497 3 710
1.0668 4 758
0.9144 5 852
0.7620 5 951
0.60%6 7 1101
0.4877 8 1227
0.3658 9 1403
0.1829 10 1519
0.0000 11 1607
-0.1829 12 1649
-0.3383 13 1718
-0.3962 14 1746
-0.3962 15 1815
~0.2743 16 1844
0.0308 17 1214
0.3048 18 1950
0.7315 19 2025
1.1582 20 2107
1.5845 21 2152
1.8898 22 2244
2.0726 23 2349
2.0726 25 102
1.9507 26 214
20 0 0 0
1.6976 1 537
1.4328 2 623
1.2497 3 709
1.0668 4 757
0.9144 5 851
0.7620 8 950
0.6096 7 1100
0.4877 8 1226
0.3658 9 1402
0.1829 10 1518
0.0000 11 1606
-¢.1829 12 1648
-0.3353 13 1717
~0.3962 14 1748
~0,3962 15 1814
-0.2743 16 1843
0.0305 17 1913
0.3048 18 1949
0.7315 19 2024
1.1582 20 21086
1.5545 21 7151
1.8898 22 2243
2.0726 23 2348
2.0726 25 101
1.9507 26 213
20 0 0 0
1.7010 1 536
1.4326 2 622
1.2497 3 708
1.0668 4 756

1.0

Head Junction Time

(m}

. 8651
. 8042
L7432
L6518
L5603
L4689
L4079
407¢
L4994
L7127
.8956
.0785
.2614
.3833
. 4747
.5662
L6271
L6271
. 5862z
L4747
L3223
L1394
. 8871
.8346
L8042

FRINN N RN RN

MmN WwWwwowXwwwew

1.

<

L8651
L8042
.7432
.6518
.5603
L4689
L4079
. 4078
.4994
L7127
.B8256
L0785
L2614
. 3833
L4747
.5662
L6271
L6271
.5662
L4747
.3223
.13%4
.9871
.8346
.8042

1.

<o

.8651
L8042
L7432
L6518

[V IR SV AN ]

WO 00 T s W

{(hr}
1219
1251
132%
1402
1440
151¢%
1605
1703
1813
1932
2047
2142
2231
2313
2385
36
123

Head Junciion Time

i
O OOOMFERNNNNIEFRHOOOOO

| I A
SO O 0w

1

SO OO R R RN OO OO0

Fode e de ok ok ek ok

(m)

L1829
. 0000
L2743
. 5488
L8834
L2192
. 5850

+

898

.1336
L2555
L2250
L1031
.8898
L6154
L2497
.8839
.54¢86
.2438
L0611
L0811
.0814
L0214
L0914
.0914
L0815

.1829
L0000
L2743
.5486
.8839
L2192
.5850
.B8898
L1336
.258%
L2250
L1031
.8898
.6154
L2497
.8839
. 5486

.2438

L0611
L0811
-09214
.0814
L0814
L0914
.0915

L1828
. 0000
L2743
. 5486

WO 1o R DD

{(hr)
1330
1983
2016
2041
2108
2138
2213
2254
2338
32
130
233
328
428
524
622
722
825

mwwwmmmmwwwwmmmmw:\)wwmwwww

WWNNMNNRNWWDWWWRNNDN W WWw

WoWw W W



1030
1112
1154
1236
1322
1407
1457
1551
1658

1823
1954
2110

5 100

0000
58
133

I T I |
OO oo

’ 1
MONNRERR OO0 O

|
[ R R R

B Py DS R R R O DO

1
1
1

SOOCOOOOR R R

SO OO 00O OR R

L4326
. 2497
. 0668
L9144
L1620
L6096
L4877
. 3658
L1829
. 0000
.i828
.3353
L3862
.3862
L2743
.0305
.3048
L7315
.1582
.5545

.89

L0726
L0726
. 8507
20

.T116
L4328
L2497

850

249
1059
1225
1401
1517
1605
1647
1716
1744
1813
1842
1812
1948
2023
2105
2150
2242
2347

100

212

535
621
707
755
849
248
1058
1224
1400
1516
1604
1646
1715
1743
1812
1841

2241

534

1.

[es}

1.

[=)

=
o

[Rv S B

NN WWWWWWWERWwRNNNNoNNDN

MRMNMWLWERWWWEWWWWRWNDRHPRRRNNDNBRN

NN NRRRRGWWWWwWeNDNDR NN

L7127
.8956
.0785
2614
.3833
L4747
5662
L6271
.6271
. 5662
4747
3223
.1394
L9871
.8346
8042

.8651
.8042
L7432

1215

1436
1515
1801
1659
1609
1928
2043
2138
2227
2309
2351

119
207
256
352
456
603
712
817
213

1214
12496
1321

OO O e e b P BN N R O
o
[l
W
W

L2497
-8839
.5486
L2438
L0811
-0.0611
-0.0914
~0.0%14
~0.0914
-0.0914
~3.0815

0.1829
0.06000
0.2743
0.548¢6
0.883%
1.2192
1.8850
1.8898
2.1336
2.2555
2.2250
2.1033
1.8898
1.6154
1.2497
.8839
(0.5486
0.2438
0.0611
-0.0611
-0.0914
~0.0914
~0.0914
-0.0914
~-0.0815

~0.1829
0:0000
0.2743

21086
2136
2211

128

1048
1215
1347
1500
1559
1642

1927
1950
2013
2038
2108
2135
2210
2251
2336
29
127
230
325
425
521
619
T19
822
@28
1047
1214
1348
1459
1558
1641

1926
1949
2012
2037
2104
2134
2209
2250
23358

128
22%
324
424
520
618
718
821
927
1046
1213
1345
1458
1587
1640

1925
1948
2011

WWNRHMMMMBWRWBRDNDRDDNDD W W WWew

wow W

WWwhRRNNWWWWWNeRNNNRW

MWD WWWWWNNDDNDMNNND WKW W

L9871
-1091
L2309

-4138
L3833
L3223



4 209 1.0668 4 753 2.6518 4
5 251 0.%144 5 847 2.5603 5
& 332 0.7620 & 946 2.4689 5]
7 421 0.6096 7 1056 2.4079 7
8 514 0.4877 8 1222 2.407% 8
9 612 0.3658 9 1358 2.4994 9
10 710 ¢.1829% 10 1514 2.7127 i0
11 805 0.0000 11 l1e¢z2 2.8956 11
12 856 -0.1829 12 1644 3.0785 iz
i3 944 ~0.3353 13 1713 3.2614 13
14 1028 ~0.3962 14 1741 3.3833 14
15 1110 ~0.3962 15 1810 3.4747 15
16 1182 ~0.2743 16 1839 3.5662 17
17 1234 0.030% 17 1909 3.6271 18
18 1320 C.3048 i8 1945 | 3.6271 19
19 1405 G.7315 19 Z02z0 3.5662 20
20 1455 1.1582 20 z162 3.4747 21
21 1549 1.5545 21 2147 3.3223 22
22 11656 1.8898 22 2239 3.13%4 23
23 1822 2.072¢6 23 2344 2.9871 24
24 1853 2.072¢ 25 57 Z.83496 25
25 2109 1.9507 26 208 Z2.8042 26
Fokokok ok gl Ry WIND DATA**‘*****‘k****‘k‘k**iﬂ*****k****‘k*:&'
0
*kxExkdE kWD EVAPORATION OR GEOMETRY DATAR®w®*&kkiduk
4]
dedok okl kkkokok Ty JUNCTION GEOMETRY DATA*********WQ(******
0
ke ok ok gk ok Ry CI{ANNEL GEOMETRY DATA*********%*****T**
g

'A'*'!(**v'v-k*‘k*l‘: MAP T{) WASPS********************‘k******

Juncticon EUTROS Segment
‘Nunber Number

0 83
1 0
4 Q
3 o
4 ¢l
5 ¢
G o]
7 1
8 2
9 3
10 4
11 5
1z 5
i3 7
14 8
i5 9
le 10
17 i1
18 12
19 13
Z0 14
21 15
22 16
23 17
24 18
25 18
26 20
27 21
8 22
29 23
30 24
31 25
32 26
33 27
34 28
35 29
38 36
37 31
38 32
39 33
40 34
41 35
4z 36
43 37

1357
1435
1514
1600
1658
1808
1927
2042
2137
22286
2308
2350

1ig
208
255
351
455
602
711
816
912

DO OO NN OO

WWRNNMNMNDWWWWWRWRNNDMNMNWWWW

L2614
L1699
L1080
L0175
L9261
.8651
.834¢6
.B8346
L8856
L9870
L0785
L1394
.169%
-1394
L0481
. 9261
.8042
L7737
.B346
.9871
L1051
L2308






EUTROS Input File

SNOFINL.INP: TIME=0 CRITICAL CONDITIONS WATER QUALITY INPUT FILE (TETRA TECH VERSION}
%% ¥ ¥*ROBERT CUSIMANO, WA. DEPT. OF ECOLOGY, March 4, 1§37xx¥ikiriiiiis
NOSE NOSY ICFL MFLA JMAS NEGS INTY ADFA ZDAY HHMM TFLG ***A: MODEL OPTIONS***

80 g 0
14 24 29

1
0.021

fan]

7.

OO o

Y
1

& 1.000

42
Exchange
Area
13803
13903
13903
13903
13903
13903
&
10425
3
6
10425
6
6
10425
6
é
10425
4]
6
10425
6
10425
[
9502
G
6
7502
[
6
7502
1502
5458
1018
1524
1181
5458
5458
2830
2246
3578
2470
2265
2
Dispersion
value (m°/sec)
120.00
12

0

0 1 o 0 0.00 1.0 0100 0

30 34 44
24.0

7.0 0.021 24.0

a 0 ¥] 5] 0
. 'iek*-k-k-a\'*B: EXCHANGES***
1.000
Length Segment

(m) Pair
2308 0 1 <<<Posgession Sound>>>
2177 O Z
1921 0 3
1793 [ 4
1729 o) 5
2306 0 6
1970 1 2
1947 1 7
2509 i3 8
2096 Z 3
1682 2 8
2194 2 9
1450 3 4
1432 3 o]
1765 4 5
2007 4 9
1647 4 10
1437 4 11
1869 5 &
2123 5 11
1810 5 12
1434 3 12
1718 7 8
1986 7 13
1828 8 g
1477 8 13
1548 8 14
1230 9 10
2092 9 14
1940 g 15
1971 1z 18

708 13 14

803 13 19
1014 13 20
1056 13 21
1115 14 15
1621 15 16

642 21 22

651 21 z3

937 14 24

931 24 25

643 25 26

Dispersion
Value (m°/sec)

G.0 120.00 385,
1507 10- 11
1812 10 15
1474 10 16
2320 . 11 12
1969 il 16
1847 11 17
1572 11 18
1391 16 17

961 17 31
1284 17 18



2457
2370

40.00
10

2040
779

198

743

65¢
1176
1444
1069

1444

2032
1910
2061
4043

8§37
670
750
g78

2005
2220
1588

922
1201
1425
1797

831
1587
2416
1773
1038
1235
1599
2868
1819

750

812
2710
2683
2186

1271
1185
1403
15456
1551
1761,
1408

910

874
1622
1995
1308

1144

1253
2012
1768
1609
1609
1608
1608
1609

80.

3z

365.

<<<Lower Steamboat Slough>>>

<<<Lower Snohomish River>>>
365.

<<<Lower Sncochomish River>>>

<<<Mouth to Sloughs>>>
365.

<<<Union and Lower Ebey Slough>>>

<<<Upper Ebey Slough>>>

365.

<<<Middle Snohomish River>>>

<<<Uppsr Snohomish River>>>

365.

E-10



2 0 1.0
1.0000 1.0000
Segment Bottom
Nunber Segment
1 s
2 77
3 T7
4 77
5 77.
[ 77
ki 7
8 7T
g 77
10 T
11 77
12 77
13 77
14 77
15 7
16 77
17 77
18 77
19 77
20 77
A3 77
22 77
23 17
24 17
28 77
26 77
C 27 77
z8 77
29 77
30 78
31 19
32 19
33 79
34 78
35 78
36 78
37 78
38 78
39 78
40 18
41 78
42 78
43 80
44 80
45 80
46 80
47 80
48 80
49 79
50 19
51 79
52 79
53 79
54 79
85 79
56 19
57 19
58 79
59 79
60 79
61 79
62 79
83 79
G4 79
65 7%
66 19
67 19
68 79
69 79
70 79
71 80
12 80
73 80

T I TN W A S R S i et il et el et el el il et e AL P e =l =R = e Ll ]

Segment

Volume {n®)
.B58E+07
L3R40
L03E+07
L09E+07
L32E4+07
L 28E-+07
. QOE+Q7
CBTRAOT
LBARA0T
LG2ERA07
L01E+07
L66R+07
V3REH07
L 3BEA4H0T
LBLEAHOT
.58E+07
LOTEA08
LO8R+07
LQ9E+05
L42E+06
L40E+06
.BLE+05
LTTEH05
.54E+06
LA4E+Q6
L31E+05
. 08E+06
. 96E+06
.83E+06
LTBE+DS
. 3BE+08
.02E+06
L4TEHOE
L 37E+05
.81E+05
. 91LE+05
LLOE+06
L4BE+05B
. 9BE+08
. 93E+05
.23E+05
L1E+05
. 80E+05
L 178405
.B69B+05
.0BE+C5H
L11E+08
. 9BE+05
.BOE+06
.53E+05
. 96E+05

Nu)vh(}"ﬁ\mi—‘pm-l-JE-‘LA)&WH}“E—'UINN\E\QNH-&H-JWP““W{-“?—'NE—'HP"‘NNNNNNN

wmqwbmmmwmmaumr—dmw-Jcomr—ai—-}—*cowmw»mm

.

GEE+05

LBORB+0B
L 995+05
LT5E+05
LOTEADS
LB31EA05
L14E+05
LB2E4H08
LLBE+05
L19E+05
L91B+05
LO9EF05
LO9E+05
.33E+08
.43E+05
LOLE+QB
L.Q9E+05
. 93E+05
.88E+05
.BBE+05
L28E+05
L4TE+05

OOOOOOOC)OC)OC)OOOOOC)CDOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC}OOOOOOOGOOOOQOOOOOOOOO

FhwkkkEE R VOLUMES®: * ¥

DOOOOOOOOOOOOOOOOOOOOOOOODOOGOOOOOODOC)OOOOOCDOOOOOOOOODOOOOOOOOOOOOOOODOOO

Average
Depth

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
3
7
7
7
7
7
7
4.
6.
4
4
4
4
3
3
4
2
3
4
2
5
2
3
3
3
3
2
3
3
3
4
4

3
2
2
2
2
4
4
3
2.
2.
3
2
2
3
3
Z
4
4
4
2

5
3
3.
2
1

Z
.2
2

2
2
2
2
2
2
2
2
2
2
2
2
2
4
2
2
2
2
2
2
8
8
G
9
5
G
4
4
0
4
2
[
7
.9
L2
g
B
8
4
3
4
4
6
2
2
0
2
7
7
7
3
1
9
9
5]
4
9
9
3
1
3
4
2
3
3
3
7
g
[
5

OCDOC)OOOOOOQOC}OOOOOOO.GOOOOOGOC}OOOOOOOOOOOOOOOC}OODOOOOOOOOGOOOOOOOOOOOODOOO

E-11



74 80
75 80
76 &0
77 0
78 ¢
79 O
80 o}
3 LFINTIDEL.HYD
¢ 0 o] o}
7 + *
1.0 L.0
1 2
Bmmond a Starting
{mg /1) bay
. 095 G,
2 2
. 095 0.
3 2
. 095 G.
4 2
L0695 0.
5 2
. 095 Q.
6 2
.085 Q.
76 2
. 050 0.
7 + *
1.8 1.0
1 2
L300 a.
2 2
L300 G.
3 2
L300 0.
4 )4
L300 0.
5 2
. 300 0.
2] 2
L300 0.
76 2
L 160 0.
7 + *
1.0 1.0
1 2
. 060 G.
2 2
. 060 G.
3 2
. 060 0.
4 2
. 080 0.
5 4
060 0.
G P
060 0.
76 .2
005 a.
7 + *
1.0 1.0
1 4
0.9 a.
2 2
0.9 a.
3 2
0.9 G,
4 2
.9 G.
5 Z
0.2 0.
6 2
‘ 0.9 0.
76 2 .
1.6 Q0.
7 + *
1.0 1.0

[ A A

<
*

. Ammoni.a
{mg/L)
1
.95
. 095
L.095
.0%H
. 085

L0560
*

L300
. 300
. 300
L300
L300
L300

. 160
*

. 060
. 060
. 080
. 060
060
L0860

. 005

ol el e L PR P ¥

LATE+0Q5
L 07E+05
L19E+05
.Q0E+08
.QO0E+08
.QO0E+08
. QOE+08

[w e NeleRe e el
SO0
PR R I B SR
o b b b d ] OO

‘k*\ki‘****‘k*‘kD: E‘Lowsi.'**
o0 0 . '
+ ¥wkkENE . BOUNDARIES®**
[{System l--Ammonia}
Ending [same for other “system variables]
Day
365.0
365.0
365.0
365.0
365.0
365.0
365.0
+ kdkkdok iy BOUNDARIEG* **
(System Z--Nitrate)
365.0
365.0
365.0
365.0
365.0
365.0
365.Q
¥ kkkkdkE: BOUNDARLES**¥
(System 3~-Inorg Phos)
365.0
365.0
365.0
365.0

365.0

+ R Al BOUNbARIES***
{System 4--Chlorophyl-a)

365.0
365.0
365.0

365.0

. krikr k. BOUNDARIESH*+
{System 5--CBOD)

OOOOoOOoO0
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76

T4

76

76

76

ot

oy
B

NANO N NONONOSDNNORNONONO LSRN ORDHNOVNEDND

e
&~ B
oy By

29.

29.

29.

29.

29.

29.

NN ARG OO

*

-126

.126

L1286

L1286

.126

L1286

L1

. 040

.040

. 040

-040

. 040

. 040

020
*

29.

29.

29.

29.

29.

29.

5

385,
365.
365.
365.
365.
365.

365.

365.
365.
365.
365.
365.
365.

365.

365.
365.
365.
365.
365,
365.

. 365,

385.
365.
365.
365,
385,
365.

385.
365.

365.
365.
365,

365.

. wxkxk ¥ BOUNDARIES***
{System §--DO}

wkdkEip: BOUNDARIES® ¥ ¥
{System 7--Org Nitrogen)

kuakxkfe BOUNDARIES® %
{System 8--Org Phes)

¥rrAdkRE: BOUNDARIES* =+
{System 9~-~Salinity)

G

o]
0
0

0
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0.0
13
1.00
12 2
Ammorla
{1bs/day)
19.2
71 P
$.02
48 2
191.2
42
20.
38
22.
50
4.0
50
4.0
70
33.
&7

OO MN LGN ONWR AN SN SN DY

120.

177,

Ea
faey

107.

o o -3 £
& 9 o o
<
W . o
<

200.

679.

(&) [£8)

W0 o
N 3]
& W

oy -d L By sk d -1 [¥e
9 0o o o @ = N pat
- b
oo < =
. . s o = s .
' h o . : . N o N : ; |
MR G R LI N (DD G R o DO R DD I 03 o b B R DD D00 b DO N RS R W N WN G N

[EX] "
-~ oy
&

e o
bl G

fee)

270.7

[+
[e3]
fav]

418.2

'

*

0.4535

0.0
+

Starting Ammonia
day

0.
0.

0.

0

0

0

{1bs/day)
18.2

9.02
491.2
20.2

22.2

33.4
346.9
1070.8
1737.7

2108.6

94.6
120.3
177.3

107.4

200.8%
673.1
83.5

26.2

241.2
270.7

418.2

365.0
wexker P WASTE LOADS {System 1 -~ Ammonia)

[ibs/day to kilograms/day conversion factor]

{French Creek)

Ending
day
365.0

(Pilchuck River)
365.0

(Snohomsih WTP}
365.0

(Marshland)
365.0 -

{Deadwater Slough)
365.0

{Tulalip Landfill-~-Ebey)
365.0

{Tulalip Landfill--Steamboat)
365.0

{Swan Trail Slough}
365.0

(Lake Stevens WIP)
365.0 )

(Marysville WIR}
365.0

{Everett Mech WIP)
365.0

{Everett Lagoon WTPR)
365.0

tQuilceda Creek)
365.0

*xwekFr WASTE LOADS (System 2 - Nitrate)

(French Creek)

365.0

{Pilchuck River}
365.0

{Snohomsih WIP)
365.0

{Marshland)
365.0

{Deadwater Slough}
365.0

{Swan Trail Slough)
365.0

(Lake Stevens WIP)
365.0

(Marysville WTP}
365.0

{Everett Mech WIP)
365.0

{Fverett Lagoon WTPE)
365.0

{Quilceda Creek)
365.0

#xxk*F1 WASTE LOADS (System 3 - Inorg Phos)

{French Creek}

365.0
' {(Pilchuck River;
365.0

{Snohomsih WIP)
365.0

{Maxrshland)
365.0

{Deadwater Slough}
365.0

{Swan Trail Slough)
365.0

{Lake Stevens WTPF)
365.0

(Marysville WTP}
365.0

[Everett Mech WIP}
3465.0

{Fverett Lagoon WIE)
365.0

E-14



&9 2

1.00
72 b4
71
48
42
38
70
&7
54
37

36

&
MO GRON G N R MW SN N

59

2105.

471,
3g
1320,
70
141.
67
1804.

4589,
37
4391.

8785.
59

o
O s . -
NONGONORORLINENONGNERN NN WD WO NG

Iz
305.
71
2767,
48
203.
4z
384.
38
291
10
10.
&7
122.
54
86.
37
32¢.
36
474.

g1

o
-
~3
>

b
O
RO ONDEDON N W TR ONNN W,

~d
N~

523.
360.
21058,
471,
320.
141,
1804.
41589.
4391,
8785.

65.

305.

2767.

203.

384.

10.
1272.
86.
320.
474,

174.

{Quilceda Creek)
365.0
xex¥%F: WASTE LOADS (System 4 — Chloropyl)

(French Creek)

365.0

{(Pilchuck River)
365.0

{Snohomsih WITP)
365.0

{Marshland)
365.,0

{Deadwater Slough)
365.0

(Swan Trall Slough)
365.0

{Lake Stevens WIP)
365.0

(Marysville WIP}
365.0

{Everett Mesch WTF)
365.0

{Fverett Lagoon WID)
365.0

{Quilceda Creek}
365.0

kEvkxEF: WASTE LOADS {System 5 - CBOD)

{French Creek}

365.0

{Pilchuck River)
365.0

{Snochomsih WTP}
365.0

{Marshland)
365.0

{Deadwater Slough}
365.0

{Swan Trail Slough)
365.0

(Lake Stevens WIP)
365.0

(Marysville WTP)
365.0

{Everett Mech WTE)
365.0

{Fverett Lagoon WIP)
365.0

{Quilceda Creek}
365.0

®rkwEF: WASTE LOADS {System & - DO)

{French Creek}

365.0

(Pilchuck River)
365.0

{Snchomsih WTP)
365.0

{Marshland)
365.0

{Deadwater Slough)
365.0

{Swan Trail Slough)
365.0

{Lake Stevens WIP)
365.0

(Marysville WTP)
365.0

(Everett Mach WTP}
365.0

{Everett Lagoon WP}
365.0

{Quilceda Creek]
365.0

wekwk s WASTE LOADS {System 7 - Org N}

{french Creek}

E-15



740.

11
40,

48
299,

42
45.

38
3é.

70

&7
80.

54
550G,

37
267.

38
2196.

[4;]
pt=l
o

o= ~3 ~F
) - faeg
o
o 4 -
. . . . &y pua oy .
P\QNNN-31\')‘JN()'(N\DNONG)N&NONNNOHWN&NNNQNNNHNC}M&N&NWN&-

1086,
42
1l.
38

74

67
21.

54
i21.

37
270.

36
418.

L
kel
<

T

1.00
72

71
48
42
38
70
87
54
37
36

59

<
CONONONORONONONOCRONONON

*

70,

40.

299.

45.

38.

80,

550,

267.

2196.

106.

1.

21.

121.

270.

418.

365.
365.
365.
365.
365.
365.
365.
365,
365.
365.
365.

«kd% ik WASTE LOADS (System 8 - Org P)
365,
365.
365.
365.
365,
365,
365,
365,
365,
365.

365,
whkwkk Py WASTE LOADS (System % - Balinity)

365.
365.
365.
365,
365,
365,

365.

Y

0

0

0

0

0

Q

¢

0

0

0

0

0

{Pilchuck River:
{Snohomgih WTP)
{Marshland)}
{beadwater Slough]
{Swan Trail Slough)
{Lake Stevens WTP)
(Marysville WTF}
{(Everett Meoh WIP)
{Everett Lagoon WIP}

{Quilceda Creek)

{French Creek)
(Pilchuck River}
(Snohomsih WTP)
{Marshland}
{Deadwater Slough)
{Swan Trail Slough)
{Lake Stevens WTP)
(Marysville WTP}
(Everett Mech WITP)}
{Everett Lagoon WTP)

(Quilceda Creesk)

{French Cresk)
(Pilchuck River)
{Snchomsih WTPE)
{Marshland)
{Deadwater Slough)
{Swan Trail Slough)
{Lake Stevens WIP}
(Marysville WTP)
(Everett Mech WTP)
(Everett Lagoon WIP)
(Quilceda Creek)

{System F.Z ~ NPS loads}
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5 + * &+ Ed
SAL 2 1.0 TMPSG 3
SODAT i2 1.0
Segment
Hupl>er
1

Average

Salinity
SAL 2 25.8 TMPSG 3

Segment Temperature
Corection Coefficient

sopAT 12 1.08
2 .
SAL 2 25.8 TMESG 3
SODAT 12 1.08
3
SAL 2 25.8 TMPSG 3
SODAT 12 1.08
4
SAL 2 25.8 TMPSG 3
SODAT 12 1.08
)
SAL 2 25.8 TMPSG 3
SODAT 1z 1.08
6
SAL 2 25.8 TMPSG 3
SODAT 12 1.08
7
SAL 2 25.8 TMPSG 3
SODAT 12 1.08
8
SAL 2 25.8 TMPSG 3
SODAT 1z 1.08
g
. SAL 2 25.8 TMPSG 3
SCDAT iz 1.08
10
SAL 2 25.8 TMPSG 3
SODAT 12 1.08
1l
SAL Z 25,8 TMPSG 3
SODAT 12 1.08
12
SAL 2 25.8 TMPSG 3
SODAT = 12 1.08
13
SAL 2 C25.8 TMPSG 3
SODAT 12 1.08
14
SATL z 25.8 TMPSG 3
SOPAT 12 .08 '
15
SAL 2 25.8 TMPSG 3
SODAT 1z 1.08
16
SAL 2 25.8 TMPSG 3
SODAT 12 1.08
17
SAL 2 25.8 TMESG 3
SODAT 12 1.08
18
SAL 2 25.8 TMPSG 2
SODAT 17 1.08
19
SAL 2 25.8 TMPSG 3
SODAT 1z 1.08
20
sal, 2 24.3 TMPSG 3
SODAT 12 1.08
21
SAL 2 24.3 TMPSG 3
SODAT 12 1.08
22
SAL 2 24,3 TMPSGE 3
SODAT 12 1.08
23

1.0 KESG
Temperature
15.9% KESG
15.9 KESG
15. KESG
15.9 KESG
15.9 RESG
15.9 KESG
15.9 KESG
15.9 KESG
15.9 KESG
15.9 KESG
15.92 KESG
15.9 KESG
15.9 KESG
15.9 KESG
15.9 KESG
15.9 KESG
15.9 KESG
19.1 KESG
18.1 KESG
19.1 KESG
192.1 KESG
18.1 KESG

Light Extinction

5

o

FRkEREG: PARBMETERSY*®

1.4

50D1LD

Coefficient

0.85

S0DID

SODLD
S0DLD
S0DLD
S0D1D
30D1D
S0DLD
S0DID
SCDLD
SODLD
S0DLD
SQDLD
30D1D
SOle
SODLD
5001LD
S0DLEG
SODLD
S0DLD
S0D1ID
50D1D

S0DLD

2

9

1.0

Sediment: Oxygen
Demand
G.0

E-17



o W

p—

L] O [l =] bl ] O O

put

.3 TMPSG
.08

.3 TMESG
.08

.3 TMPSG

.08

.3 TMESG
.08

.4 TMPBG
.08

-4 TMPSG
.08

.2 TMPSG
.08

.2 TMPSG
.08

.0 TMPSG
.08

.1 TMPSG
.08

.1 TMPSG
0B

.0 TMESG
.08

.2 TMPSG
.08

.2 TMPSG
.08

.5 TMPEG
.08

.0 TMPSG

.08

.0 TMPSG
.08

.G TMPSG
.08

.0 TMPSG
.08

.0 TMPEG
.08

.0 TMPSG

.08

.0 TMPSG
.08

.0 TMPEG
.08

.0 TMPSG
.08

.0 TMPSG.

.08

.0 TMPSG
.08

19.
19.
19.
19.
19.
19.
1%.1
19.
19,
19.
19.
19.
12,
.i9.
19.
1e9.
19.
19.
19.
19.
19.
19.
1é.
19.
i9.

i9.

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

.B5

.85

.85

.85

.85

.85

.85

.85

.85

.85

.85

.85

.85

-85

.85

.85

-85

.85

.85

.85

.85

.85

.51

.51

W51

.51

S0DLD

SOD1D

SODLD

30D1D

S0D1D

SGDLD

SODLD

SODLD

SODLD

50D1D

SOB1D

S0DLD

SOD1D

S0DLD

SGDLD

SODLD

SODLD

20D1D

SOD1D

SODID

SODLD

S0DLID

SODLD

SCODLD

s0D1D

SGDLD
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[

[

O

it o)

.0 TMPSG
.08

.0 TMPSG
.08

.0 TMPSG
.08

.0 TMESG
.08

.0 TMPSG
.08

.7 TMPSG
.08

.0 TMPSG
.08

-0 TMPSG
.08

.0 TMPSG
.08

.5 TMPBG
.08

.0 TMPSG
.08 -

-5 TMPSG
.08

.8 TMPSG
.08

.0 TMPSG
.08

.5 TMPSG
.08

.0 TMPSG
.08

-0 TMPSG
.08

.0 TMPBG
.08

.0 TMPSG
.08

.3 TMPSG
.08

.0 TMPSG
.08

.0 TMPSG
.08

.0 TMPSG
.08

.0 TMPSG
.08

.0 TMPSG
.08

.0 TMPSG

19.

19.

19.

19.

19.

19.

19.

19,

19.

1g.

19.

19.

19.

1¢.

19.

19.

19.

19.

i9.

19.

1e.

18.

19.

19.

i9.

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KE3G

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KESG

KEBG

.69
.69
.68
.69
.69
.69
.69
.69
.69
.69
.20
.20
.20
.20
.20
.20
.10
.10
.10
.10
10
.10
.51
.5l

.51

S0D1D
SODID
SoDID
SQDLD
S0DLD
SCDLD
SODLD
30D1D
S0DLD
sSODLL
SORLD
SODlD
S0DLD
SOD1D
SODLD
SODLD
SODLD
50010
S0D1D
S0DLD
SODLD
50D1D
S0D1D
SODLD
S0DLD

S0OD1D

[

5
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79
SAL 2
SODAT 1z
80
SAL Z
SODAT 12
+ #*
GLOBAL
AMMONIA~N
nitrif
KizC
KNIT
NITRATE-N
denitrif
Kz20C
KNO3
O=P04
PHYTO-C
growth
Kic
light
LGRTS
KKC
Is1
nutrients
KMNGL
NCRB
death
KLRC
K1D
CROD
deoxygen
KhC
Do
ratio
OCRB
ORGANIC-N
mineralize
K71C
FON
ORGANIC-P
mineralize
K§3C
FOP
SALINITY

3 =]

ItTor
392.

F
0.5

WIND

TFNH4
TFPO4

00
AIRTM

22.
ALCEY

DO OMN O ON DWW

13

14

19

21

22

O 0D MO RO O

- O

.08

.0 TMPSG 3

.08

.0 TMPSG 3

.08

.0 TMPSG 3

.08

.0 TMPSG 3

.08

.0 TMPSG 3

.08

47

.0 TMPSG 3

+ 4

0.030
0.250

0.092
0.10

0.152

1.0

39Z.

22.0

19.8

19.8

19.8

19.8

19.8

19.8

K127

K207

K1T
PHIMX

CCHL
KMPG1

PCRB

KLRT

KBT

K717

K83T

365.0
365.0
365.0
365.0
365.0
365.0
3685.0

365.0

KESG

KESG

KESG

KESG

KESG

KESG

12

22

42
44
46
49
57

51

72

92

101

1.51 scpiD

1.51 SCD1D

10.0 S0OD1D

10.0 S0ODLD

10.0 80OD1D

10.0 S0DID

Kdkwaku R CONSTANTSH* *

1.085

5.045

1.066
T20.0

75.0
0.c02
0.025

1.645

1.047

#%T; TIME FUNCTIONG®*#*

2

0.

1
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YSTEM-1 (AMMONIA)
Segnent Ammonils
Runber (/1)
1 0.942E-01
4 0.949E-01
7 0.941E-01
10 0,942E-01
13 0, 942E-01
16 0,948E-01
19 0.94%E-01
22 0.9428-01
25 0.944F-01
28 0,101B400
31 0.86Z29E-01
34 0.1929E+00
37 0.209E+00
40 0.761E-01
43 0.521E-01
46 0,446E-01
49 0.9515-01
52 0.969E~01
55 0.115E+00
58 0.153E+00
&1 0.43%E-01
54 0.118E+00
67 0.145BE+00
70 0,.676E~01
73 0.452E~01
76 0.4850E~-01
79 (.4859E~01
SYSTEM-2 {NITRATE)
1 0.256E+00
4 0.256E+00
7T 0.256E+00
10 0.257E+00
13 0.256E+00
16 0.287E+00
19 0.257E+00
22 0.257E+00
25 0.237E+00
28 0.257E+00
31 0.2B2E+00
34 0.259E+00
37 0.230E+00
40 0.1653E+00
43 0.160E+00
46 0.157E+00
49 0.248E+00
52 0.221E+00
55 0.224E+00
58 0.208E+00
61 0.225K+00
64 0,218E+00
67 0.195E+00
70 0.165E+00
T3 01598400
76 0.160E+00
_ 79 0.160E+00
SYSTEM~3 {INORGANIC PH
1 0.5%93E~01
4 0.592FE-01
7 0.596E~0]
10 0.5%6E~01
13 0.399F-01
16 0.5985-01
19 0.59%E-01
22 0.511F-01
25 0.526R-01
28 0.554E-01
31 0.505E-01
34 0.682E-01
37 0.546F-01
40 0.126E-01
43 Q.798E-02
46 (.644E-02
49 0.525E~01

O T E e I S o e o e e e e el e
COCOooO0OODHOOOO0oCOTTO0OOGOO0

R el e

i R N R e o e el I e e e e e e o Sl e el gl

QOO0

HOCOOOOOOOOOLOOoO OO0 OO0

3

LS OO0OCOCOO0COQCOOOO0

Segment Amtonia

Wunbezr

80

HORUS)

OO0 000DOOCOOOOODOTOODOOOOO

OO0 00oOLDOCOO0CooCOOCO0O OO0

LOOCoCoOoCoOOOOoOoOoCQOOC

(mer/ L)
. 940FK-01
L 942501
. 949R~-01
L 942E-01
L941E-01
.94 9E-01
.94 0E-01
. 942801
. 946E-01
L11IEH00
.780B~01
L 2865+00
. 1828400
. B94E~01
389501
415801
L114E+G0
L11BE+00
L146E+00
.505E-01
.473E-01
.150E+00
LB41E-01
.450E-01
. 450R-01
L459F-01
L 459FE-01

L Z255E+Q0
L 2558+00
L Z256E+00
L 256E+00
,256E+00
L 256E+00
L257E+00
L25TEY00
L Z256E+00
L 256R+00
LZ48E+00
L 253EB+00
L 203E+00
L162B+00
LLETESQO
L159E400
LZ24ZE+Q0
L216E+00
L216E+00
L 240E+00
L22IE+00
L 2065+00
LLTTEFOC
L158E+00
.1592E+00
. 160E+00
L L60E+00

L592E-01
L S9ZE-01
L595E-01
L 599E-01
L 599561
L593E-01
L599E-01
L511E-01
-524E-01
.566E-01
.514B-01
L133E-01
L401E-01
. 957E-02
-531E~02
.640E-02
.526E-01

[T I A S S S S e T e el =R = = e R S T Sl = Il el el sl sl el il il al ol i el anl e
OOOC.)OOOOOOOOOOOOOOOCDC.)OC)OOOOODOOOOOOOOOOOOOODOQOOGOOOOOOOOGOOOC}OOOOOOOOOOO

Nunbezr

50

L0 Fx¥ T INITIAL CONDS***
‘{same for other “initial conditions”}

Segment Ammonda

3

OO0 ODOOOOOOOOOLOOCOQoOOOn

0
0

50,0 *¥+J:

4
[+
]
0
0
0
0
0
Q
0
0
0
0
0.
4
0
[
0
0
0
0
0
0
0
0
a

5
Q
0
¢
0
0
0
0
0.
0
0
0
0
0
0
¢
0
0

{mg /L)
.9475-01
. 944E-01
L 947B-01
. 940E-01
.944E~01
.944E~0L
.9428E~01.
. 945E£~01
.944BE~01
.155E+00
.5408~01
. 248E+00
.139E+00
.59TE~01
. 448E~01
.366E-01
.867E-01
. 138E+00
L148E+00
L487E-01
.6708-01
.146E+00
.758E-01
LT34E-01
L469E-01
L419E~01

L2B5R+00
L 2B4R+00
L 256E+00
L254R+00
L256B+00
L2B2E400
LE5TEFO0
L25TRE400
L25TEHRO0
L25TE+00
L 246%5+00
L 243E+00
LLB3E+00
163E+00
L188E+00
L1BBEH00
L232E+00
.Z40E400
L207E4+00
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