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3.0  Affected Environment, Potential Impacts and Mitigation 
 

 

Detailed characterization of pre-project baseline conditions of the affected environment is important for 

understanding the biological resources and vessel traffic patterns of Totten Inlet that may be potentially 

impacted by changes resulting from the proposed mussel culture project. Baseline information also 

provides a basis for estimating the degree of significance of the response to these changes, and for 

evaluating changes that may be observed during mussel production. If there are significant impacts from 

the proposed project, mitigation measures will be required to avoid, minimize, or restore affected 

resources or conditions.  

 

 

Following Thurston County’s Determination of Significance for the proposed project, and in accordance 

with the Findings of Fact, Conclusions of Law, and Decision of the Thurston County Hearing Examiner 

(June 18, 1999), Taylor Shellfish Company, Inc. (Taylor) commissioned several studies to address the 

four primary biological issues identified for study in a limited-scope EIS:  

 

1. Impacts to bottom-dwelling organisms (benthic community) 

2. Impacts to the surrounding water column 

3. Impacts to the phytoplankton resource, and the effects this could have on other aquaculture and 

aquatic life in Totten Inlet. 

4. Impacts caused by escapement and propagation of mussels. 

 

 

The studies conducted include several biological and biochemical studies prepared by Dr. Kenneth M. 

Brooks of Aquatic Environmental Sciences; water circulation studies conducted by Evans Hamilton, Inc. 

(2006 and 2008), and a comprehensive assessment of potential water column impacts of mussel raft 

culture in Totten Inlet by NewFields Northwest (2009). Much of this information was generated by 

examination of conditions at the proposed site and at existing nearby mussel culture operations in Totten 

Inlet (for example, the Deepwater Point mussel farm used as a reference site), as well as other areas of 

Puget Sound and around the world. To assure that the Best Available Science was used in this EIS, 

Thurston County selected an Independent Technical Review Committee (ITRC) to review and comment 

on all documents prepared by consultants to Taylor, Inc. to address the four biological issues. The ITRC 

is comprised of a group of distinguished scientists: 

 

 

Independent Technical Reviewer Area of Expertise 

J.E. Jack Rensel, Ph.D. 

Rensel Associates Aquatic Science Consultants 

Phytoplankton, algal blooms, and effects on 

benthic organisms and finfish. 

Mitsuhiro Kawase, Ph.D. 

University of Washington School of Oceanography 

Physical oceanography:  Flushing characteristics 

(circulation) and water quality (eutrophication). 

Jan Newton, Ph.D. 

University of Washington, Applied Physics Lab 

Biological oceanography: Water quality 

(nutrients, oxygen) and phytoplankton 

productivity. 

Ralph Elston, Ph.D. 

AquaTechnics, Inc. 

Mussel genetics:  potential escapement and 

competition issues. 

Roger Newell, Ph.D. 

University of Maryland, Horn Point Laboratory 
Water column and benthic community effects. 
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The Independent Technical Review (ITR) process occurred over a period of 9 years (2001 2009) while 

the technical studies were being prepared.
1
 Key information from these independently-reviewed technical 

studies is summarized in this chapter to describe elements of the environmental baseline and potential 

effects from construction and operation of the proposed mussel farm. Proposed, required, and other 

possible mitigation measures are described for each element of the environment below. 

 

 

3.1 Water 
 
Tot ten Inlet is one of five embayments in the southern portion of South Puget Sound. It serves as a 
drainage basin for the Kennedy Creek-Goldsborough Creek watershed, an area dominated by 
silvicultural and rural residential land use. The inlet is a tidally-influenced, marine embayment 
classified by the Washington State Department of Ecology as “Extraordinary” (Class AA) waters, 
indicating that it is a water body that “markedly and uniformly exceeds the requirements for all or 
substantially all uses” (WAC Chapter 173-201A).  

 

3.1.1 Circulation 
 

AFFECTED ENVIRONMENT 

 

Totten Inlet is one of five long, narrow inlets that make up the southern portion of South Puget Sound. 

The entire Totten Inlet marine water covers a total surface area of 21,000,000 m
2
 (5,189 acres) at 0.0 ft 

Mean Lower Low Water (MLLW), with an intertidal area of approximately 850,000 m
2
 (210 acres) 

(Brooks 2000). Relative to the deeper bays in Puget Sound, Totten Inlet is a shallow basin, with a mean 

depth (0.0 ft MLLW datum) of 8.5 m (28 ft) and a maximum depth of 35 m (115 ft). The average depth is 

skewed by the long shallow basins in the south. Average offshore depths in the main basin, North Totten 

Inlet, typically range from 9 to 24 m (30 to 80 ft). Totten Inlet is hydraulically connected to Pickering and 

Squaxin Passages and to South Puget Sound at its northern terminus (Figure 3-1). The inlet entrance is 

approximately 600 m (1,969 ft) wide, and has a sill depth of 14.6 m (48 ft). 

 

Totten Inlet is primarily oriented in a southwest to northeast direction, and is divided into a main basin 

and two distinct inlets, Inner Totten Inlet and Little Skookum Inlet in the south. The main basin is further 

divided between the deeper northern portion and a shallower southern portion. The northern portion, 

between the mouth and Windy Point, averages about 18 m (59 ft) deep, with a linear distance of 

approximately 3.5 km (2.2 mi) and width of 1.1 km (0.7 mi). The southern portion extends from Windy 

Point south toward the entrances of Skookum Inlet and Inner Totten Inlet, and averages 8 m (26 ft) deep 

with a linear distance of approximately 2.7 km (1.7 mi) and an average width of 2.2 km (1.4 mi). Little 

Skookum Inlet and Inner Totten Inlet are generally very shallow (<3 m (10 ft) of water depth), and are 

approximately 5.6 km (3.5 mi) in length. Totten Inlet receives its primary direct freshwater input from the 

Kennedy Creek, Skookum Creek, and Schneider Creek watersheds (WSCC 2003). The area receives 127 

to 178 centimeters (cm) (50 to 70 inches) of rainfall annually (WDOE 2002), with much of this input 

occurring between October and March (Brooks 2000; WSCC 2003). The site of the proposed mussel farm 

is located in the northern portion of the inlet. 

 

1
 A CD of electronic files of documents produced during the Independent Technical Review process is available 

from the Thurston County Resource Stewardship Department upon request. 



 

 

 

 

 

 

 

 

         Figure 3-1. Hydraulic Linkages between Totten Inlet 
                                                             and surrounding Water Bodies in South Puget 
                                                                Sound, Washington (source: Newfields 2009). 
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Water currents and circulation in North Totten Inlet were surveyed by Evans-Hamilton (EHI) in 2005, 

with supplemental survey results provided in 2008 (EHI 2008). The first study (EHI 2006) focused on the 

“over-all” flushing and circulation of Totten Inlet based on conducting current measurements and water 

property measurements during one complete tidal cycle on September 26, 2005, as well as long-term (one 

month) in-situ data collection at the proposed mussel farm site (Figure 3-2). Methods used are described 

in the Totten Inlet Circulation Study (EHI 2006), and the Totten Inlet Mussel Farm Drogue Study (EHI 

2008). 

  

The Circulation Study (EHI 2006) presented numerous oceanographic data products in the form of color 

current profiles, x-y plots, tabular text, and charts, in relation to the tidally-forced circulation and water 

properties of Totten Inlet. These data are presented in the Appendix to the EHI report (2006). Equipment 

descriptions are also attached at the end of that Appendix.  

 

EHI determined current velocity and direction by use of an acoustic Doppler current profiler (ADCP) 

mounted on a survey vessel that measured vertical and horizontal particle velocity throughout the entire 

water column (from the bottom to the surface) at a single point, then linked each individual profile 

collected along a transect together to form a current profile for both velocity and direction across an inlet-

wide transect. Four transects were surveyed on six occasions across North Totten Inlet (Figure 3-2) during 

a full tidal cycle (1.0 ft MLLW at low tide through 13.3 ft MLLW at high tide to second 7.7 ft MLLW at 

low tide) from 15:15 on September 26 to 02:30 on September 27, 2005. Mean range and spring ranges at 

the entrance (near the village of Arcadia [Figure 3-3]) are 10.4 ft and 14.4 ft, respectively. The proposed 

North Totten Inlet mussel farm site is located on Transect 3. Data from transects were collected starting at 

the beginning of the flood tide and finishing at the end of the ebb tide (Figure 3-2). In total, twenty-five 

transects were recorded, including a final run of transect line 3 over the acoustic Doppler profiler (ADCP) 

site before demobilizing. 

 

In addition to the transect surveys, a stationary ADCP was placed at the site of the proposed North Totten 

Inlet mussel farm. The ADCP continuously recorded horizontal and vertical velocity from the entire water 

column at the site of the proposed North Totten Inlet mussel farm over the period of one month. The unit 

was deployed from October 27, 2005 to November 29, 2005. 

 

The summarized results showed some general current patterns. At the ebb-slack prior to the flood tide, 

water entered North Totten Inlet with a mean velocity of 25 cm/sec (0.83 ft/sec), with lower inward flow 

velocities occurring at the surface at Transects 1, 2 and 3. Toward the widest portion of the Inlet (Transect 

4), flow was slower (~10 to 15 cm/sec) (0.33 to 0.5 ft/sec) with more variable direction, indicating that 

the transition from slack to flood water movement was just starting. 

 

During the flood tide, higher velocity current (>50 cm/sec or >0.67 ft/sec) entered the Inlet (Transect 1) 

along the northwestern shore, with a back eddy (<25 cm/sec or <0.83 ft/sec) forming along the 

southeastern shore of the entrance. South of the inlet mouth (Transect 2), the higher velocity water 

followed the deeper portion of the Inlet, with velocities of >25 cm/sec (>0.83 ft/sec) along the 

southeastern shore. Inside of Windy Point (Transects 3 and 4), the Inlet widens and current velocities and 

direction became more uniform in the main channel. At the site of the proposed North Totten Inlet mussel 

farm, velocities were <50 cm/sec (<20 in/sec), and the depth-averaged velocity peaked at 25 cm/sec (0.83 

ft/sec). A slower counter current was observed along the northwestern shoreline toward the end of the 

flood cycle. 

 





 

Figure 3-2. North Totten Inlet Over-the-Side Acoustic Doppler Current 
Profiler (OTS-ADCP) Transect and Acoustic Doppler Profiler (ADP) 

Locations (source:Evans-Hamiltion Inc. 2006). 





 

 

 

 

 

Figure 3-3. Location of Proposed Mussel Farm in North Totten Inlet, 
Washington (source: Newfields 2009). 
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At the end of the flood tide, water continued to enter North Totten Inlet along the south bank but at lower 

velocities. Reverse flow velocity along the northwestern shore exceeded the inbound flow velocity along 

the south shore. At Transects 2 and 3, inbound water continued in the main channel; however, flow 

reversal had begun along both banks of the Inlet. During the ebb tide, outbound water was observed bank 

to bank throughout most of North Totten Inlet, with some lateral mixing toward the mouth of the Inlet. 

Velocities during the ebb tide were generally lower throughout North Totten Inlet; however, it is 

important to note that the tidal exchange during the ebb was substantially less than that of the flood. Data 

collected using the fixed ADCP at the site of the proposed North Totten Inlet mussel farm indicate that 

the depth-averaged flow velocities approach 25 cm/sec (0.83 ft/sec) during larger ebb events (EHI 2006 

Appendix A, Figure 39). 

 

These data indicate that flushing occurs through consistent, low-velocity water movement during flood 

and ebb cycles. Water was constantly moving during the tidal cycle (it does not stop or stagnate). Peak 

currents at the site ranged from 25 to 50 cm/sec (0.83 to 1.67 ft)/sec, with the depth-averaged mean 

velocity generally ranging from 5 cm (0.17 ft)/sec to 25 cm (0.83 ft)/sec. Slower current velocities and 

more variable current direction were observed south of the site of the proposed North Totten Inlet mussel 

farm, corresponding to the widening of the inlet. 

 

Current movements and the fate of parcels of water from the North Totten Inlet site were evaluated in 

drogue (drifter) studies conducted by Brooks (2005). A drogue is a buoyant kite-like aquatic device that 

floats within the same parcel of water and is routinely used to track water current, (Figure 3-4). Drogues 

with panels approximately 0.6 m
2
 (6.5 sq ft)  were deployed from the site of the proposed North Totten 

Inlet mussel farm at depths of 1.5 m (4.9 ft), 7.5 m (24.6 ft), and 15 m (49.2 ft) during the spring ebb tide 

and the neap ebb and flood tides. During the spring ebb tide (from +11.0 ft to -2.8 ft MLLW; Arcadia 

mean spring range is 14.4 ft), both the surface (1.5 m) (4.9 ft) and mid-water (7.5 m) (24.6 ft) drogues 

moved from the North Totten Inlet site to the mouth of Totten Inlet. The subsurface drogue also moved 

north but did not travel past the base of Sandy Point. Drogues deployed during the flood (from -2.8 to 

15.7 ft MLLW) moved southwest toward a small cove off of Hargis Street (Figure 3-3). During the neap 

flood, the drogues moved towards the Hargis Street cove, and then north into the central basin. The extent 

of drogue travel during one tidal cycle did not extend beyond the central basin (Brooks 2005). 

 

In 2008, EHI conducted an additional drogue study, using drogues with larger panels (approximately 1 m
2 

[10.8 sq ft]) and low resistance surface buoys (EHI 2008). This study was designed in conjunction with 

Rensel Associates Aquatic Sciences, the University of Washington, and Taylor. Drogue releases targeted 

a spring tide on May 20, 2008 and a neap tide on May 29, 2008, both intended to capture a mean tidal 

exchange. On May 20, 2008, drogues were released from the North Totten Inlet site during different 

stages of the ebb tide (12.8 ft to -1.5 ft MLLW). Drogues moved northward, parallel to shore towards 

Sandy Point and Steamboat Island. Those drogues released during the first hour after the slack tide were 

likely to have moved out of the Inlet; however, grounding and fouling prevented a clear determination of 

the northern extent of the spring ebb. Those drogues released three hours after the beginning of the ebb 

moved approximately 750 to 2,000 m (0.47 mi to 1.24 mi) north (south of Sandy Point) before turning 

southward during the ebb-slack. On May 29, 2008, drogues were released at different stages of the ebb 

and flood tides (3.3 ft to 9.7 ft to 4.2 ft MLLW). Drogues released during the ebb moved approximately 

1,500 m to 3,000 m (0.93 to 1.86 mi) north along the eastern shoreline to the base of Sandy Point. During 

the flood tide, drogues moved to a location similar to the Brooks (2005) survey, approximately 1,200 m 

(0.75 mi) south of the North Totten Inlet site, offshore of the Hargis Street cove. Observations from both 

the Brooks (2005) and EHI (2008) surveys indicate that the southerly extent of the spring and mean tidal 

excursion from the North Totten Inlet site is approximately 1,200 m (0.75 mi) south of the North Totten 

Inlet site in the south-central basin. The northerly extent during the ebb is Sandy Point during mean tides 

and the mouth of the Inlet during spring tides. This gives the extent of the immediate potential impact 

from the proposed mussel raft site. 





 

 

 

 

 

 

Figure 3-4. X-Shaped Drogue of Rip-Stop Nylon  

(source: Evans-Hamilton, Inc. 2008).  
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Current signature resulting from the presence of the new mussel raft may be found 1.2 km (0.75 mi) 

further into the inlet landward and to the mouth of the inlet seaward. 

 

“Water mass residence time” refers to the amount of time it takes for a volume of water within a basin to 

be replaced with water from outside the system. Residence times are a useful index because they 

represent the degree of water mixing, with systems that have short residence times being the most 

connected to adjacent water bodies. Several studies have estimated water residence time in Totten Inlet 

(EDAW [1998], Brooks [2000], and Albertson et al. [2001]).Using mean flow, the residence time was 

calculated by Albertson et al. (2001) to be 4.0 days, with a mean flow of 620 m
3
/sec (163,787 gallons 

[gal] /sec). This relatively short residence time, compared to other South Puget Sound inlets, was likely 

due to weak stratification (i.e., formation layers of water with different temperature or salinity properties) 

present in Totten Inlet. It can be concluded from these approaches that water mass residence time in 

Totten Inlet is relatively brief, with the most accurate model pointing to about 4 days and other more 

simple models indicating up to 11 days. It is noteworthy that the flushing rate is much faster in the 

northern end of the inlet (where the North Totten Inlet mussel farm site is proposed) compared to the 

southern end of the Inlet (Newfields 2009). 

 

The results of the studies summarized above indicate that the proposed North Totten Inlet mussel farm 

site is well flushed. It appears that water passing through the site can, within a few tidal cycles at most, be 

transported to the mouth of the Inlet (Newfields 2009). 

 

POTENTIAL IMPACTS 

 

Potential Impacts during Construction 

 

 There would be little risk of adverse impact to water circulation in Totten Inlet during construction 

because fabrication of mussel raft parts will occur on land at the Taylor Shellfish Lynch Road plant in 

Mason County, and assembly of the rafts will occur on the beach at the Taylor Shellfish Totten Inlet Old 

Plant site near Hargis Street (see Figure 3-3). 

 

Potential Operational Impacts 

 
 Alternative 1 (Preferred): The effects of mussel rafts on water circulation within North Tot ten 
Inlet were examined using two models: the Alden Model developed by Alden Research Laboratory 
(2003), based on observations made at the Deepwater Point mussel rafts; and the Blue Hill model: a 
model developed by Blue Hill Hydraulics (2006) based on the Alden (2003) model and modified to 
reflect the physical characteristics of the site of the proposed North Totten Inlet mussel farm. These 
analyses are presented in their entirety in Appendices B and C of the Assessment of Potential Water 
Column Impacts of Mussel Raft Culture in Totten Inlet (Newfields 2009). The detailed raft-scale 
models predicted the attenuation (slowing) of water flow caused by the floating rafts. 
 

 As water entered the simulated raft array using the above-mentioned model, current velocity was 

reduced inside the rafts and increased outside the rafts (Figures 3-5 and 3-6). With raft strings oriented 

with the long axis parallel to the predominant direction of flow (i.e., parallel to the shoreline), current 

velocity inside the raft perimeter was reduced by 60 percent to >80 percent of ambient conditions during 

(depth-averaged) velocities of 15 cm/sec (6 in/sec).  
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Figure 3-5.  Current Velocity in a String of Six Rafts Based on a Current Velocity 

  of 25 cm/sec (source: Alden Research Laboratory 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3-6.  Modeled Current Velocities in the Vicinity of the Deepwater Point Raft 

   Arrays Based on an Incoming Velocity of 25 cm/sec (source: Newfields 2009). 
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 Mean currents recorded at the Deepwater Point mussel farm on June 18, 2002 (incoming current 

velocities of 5 to 8 cm/sec [2 to 3 in/sec]) showed slowing of water within a string of six rafts to 1 to 3 

cm/sec (0.4 to 1.2 in/sec), as well as a doubling of ambient current speeds along both sides of the string to 

velocities of >15 cm/sec (>6 in/sec). This difference in current velocity indicated that the volume of water 

passing through the rafts was considerably lower than the volume of water passing on either side of the 

raft.  

 

 Current velocities around the Alternative 1 layout of mussel rafts would be expected to increase 

above ambient velocities. The differential in velocities of the raft-affected water versus ambient water 

generates a large amount of horizontal and vertical mixing energy. The turbulent eddy and associated 

eddy friction create a large down-current eddy that mixes ambient water with raft-influenced water. 

Mathematical models of current flow indicated that rows of rafts that are further from the shoreline return 

to ambient conditions almost immediately of the down-current edge of the string (Figures 3-7 through 3-

9). Raft-affected water (which can be envisioned as a “tail” down-current of a raft) persisted over a 

greater distance down-current of the raft unit, up to 230 m (755 ft) down-current, and this would also be 

expected from the eight raft units proposed with Alternative 1 of the North Totten Inlet mussel farm. 

 

 To make an estimate of percentage difference between Alternative 1 and Alternative 2, the surface 

footprint area of the three-dimensional volume of affected water can be calculated as a surrogate for the 

volume of water affected. A calculation for Alternative 1 (assuming these 8 tails are 10.4 m [34 ft] wide 

and 230 m [755 ft] long) would be 9,568 m
2
 (2.36 acres).  

 

 The differential in current velocity creates a differential in the volume of water that is predicted to 

pass through the rafts. The volume of water passing inside the rafts was compared to the volume of water 

in the immediate vicinity (within 5 m [16 ft]) and volume passing through Totten Inlet.  Volume of water 

passing through the arrays was calculated using the cross-sectional area of the array face and the velocity 

of water observed in the rafts. Based on modeling, this differential represented approximately 1.56 

percent of the water passing through the immediate vicinity of the proposed North Totten Inlet rafts. 

Based on the EHI ADCP survey, the cross-sectional area of Totten Inlet at the North Totten Inlet site was 

estimated at 22,500 m
2
 (5.56 acres).  Using a depth-averaged current velocity of 15 cm/sec (5.9 in/sec), 

the volume of water passing through the portion of Totten Inlet represented by Transect 3 (Figure 3-2) 

would be 3,375 m
3
/sec (3,503 yd

3
) or 0.43 percent of the total volume of water passing through the cross 

sectional transect of North Totten Inlet (Newfields 2009). This effect is not likely to cause a significant 

adverse impact on the environment because the differences in velocity are low and such a small 

percentage of the water is affected. 

 

 Alternative 2 (Two-Row): With Alternative 2, water currents around and through the raft units would 

be similar to those of Alternative 1. For Alternative 2, there would be 10 raft units creating a “tail” of 

raft-affected water; however, the raft units would be arrayed in two, 5 raft-unit rows 64 m (210 ft) apart. 

The “tails” of raft-affected water from the up-current row of raft units would likely overlap the down-

current row of raft units, thus creating five zones of raft-affected water (“tail”) approximately 343 m 

(1,125 ft) down-current from the up-current raft units.  

 

 If it is assumed that Alternative 2 raft units are 12.2 m (40 ft) wide and each “tail” would be a triangle 

343 m (1,125 ft) down-current, that would equate to surface area of 2,090 m
2
 (22,500 sq ft) for each pair. 

For five pairs of rafts, the total area of effect would be 10,450 m
2
 (2.58 acres). The similar calculation for 

Alternative 1 is 9,568 m
2
 (2.36 acres). Alternative 2 would have 9.2 percent more effect compared to 

Alternative 1. This difference is small, however, and, as with Alternative 1, Alternative 2 would not be 

likely to have a significant adverse impact on the environment. 
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 Figure 3-7.  Modeled Current Velocities in the Vicinity of the Proposed
  NorthTotten Inlet Mussel Raft Arrays 

                                                   Based on an Incoming Velocity of 5 cm/sec (source: Newfields 2009). 
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                                                                                           Figure 3-8.  Modeled Current Velocities in the Vicinity of the Proposed 
                                                                                             North Totten Inlet Mussel Raft Arrays

                                                                       Based on an Incoming Velocity of 15 cm/sec (source: Newfields 2009).
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Figure 3-9. Modeled Current Velocities in the Vicinity of the Proposed 
                                                      North Totten Inlet Mussel Raft Arrays Based on an 

Incoming Velocity of 25 cm/sec (source: Newfields 2009). 
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 Alternative 3 (No Action): Under the No Action Alternative, no additional mussel farm would be 

created in North Totten Inlet. There would be no physical presence of rafts, and no potential changes to 

the local water flow (ambient current velocity).  

 

MITIGATION MEASURES 

 

Incorporated Features 

 

 The raft arrays will be arranged parallel to the tidal currents to minimize the distance over which 

water will be slowed. By design, the downstream areas influenced by the rafts will not include sensitive 

intertidal and shallow subtidal zones for either alternative. 

 

Applicable Regulations and Commitments 

 

 Local, State, and Federal regulations and commitments that will apply to the project are described in 

Draft EIS Chapter 2, Section 2.4.6. 

 

Other Recommended Mitigation Measures 

 

 No additional mitigation measures are recommended for effects on water circulation because the 

impacts of the proposed project would be insignificant. 

 

SIGNIFICANT UNAVOIDABLE ADVERSE IMPACTS 

 

There would be no significant unavoidable adverse impacts to water circulation as a result of the proposed 

project with either action alternative. 

 

3.1.2 Water Quality 
 

3.1.2.1 Dissolved Oxygen 

 

Dissolved oxygen (DO) is a major area of concern to be examined with aquaculture site plans, both for 

the good of the environment and the good of the cultured species.   

 

AFFECTED ENVIRONMENT 

 
Dissolved oxygen (DO) in Totten Inlet was evaluated using direct measurements at the North Tot ten 
Inlet site, as well as long-term and transect studies at the existing Deepwater Point mussel rafts. DO 

concentration at the Deepwater Point site ranged from 4.5 to >10 mg/L [ppm].  DO concentrations at 
the site of the proposed North Totten Inlet mussel farm, as well as from Windy Point on the west 
side of the Inlet, ranged from 7.1 to 14.7 ppm at the surface (0.5 to 1.0 m [1.6 to 3.3 ft] depth), and 
5.9 to 13.0 ppm at the maximum depth sampled.

2
 The lowest DO concentrations were generally 

observed during the months of August to November.  

 

2
  The biological stress concentration benchmark is 5.0 ppm, depending on temperature and salinity. As DO 

concentrations drop below about 5.0 ppm, an organism becomes increasingly more stressed, more susceptible to 

disease, or potentially at low values even dies from suffocation if it can not move away to better conditions. Higher 

DO concentrations are good, allowing organisms to thrive.  
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In a report prepared for and with the U.S. Environmental Protection Agency (USEPA) Puget Sound 

Estuary Program, Rensel Associates and PTI Environmental Consultants (1991) calculated the percentage 

of time when the concentration of subsurface dissolved oxygen (at depths of 10 meters [33 

ft]) was less than 5 mg/L milligrams per liter (mg/L or parts per million [ppm]), in the same time frames 

during the 1980s. For Totten Inlet, the result was zero percent. 

 

A recent report by the Washington Department of Ecology (WDOE) (2008) focuses on South Puget 

Sound water quality. Figure 3-10 shows some of the results that demonstrate that Totten Inlet and in 

particular Northern Totten Inlet has the best conditions in all of South Puget Sound in terms of near-

bottom DO. 

 

POTENTIAL IMPACTS 

 

Potential Impacts during Construction 

 
 There would be no risk of adverse impact to dissolved oxygen during mussel raft construction 
because fabrication of mussel raft parts will occur on land, and assembly of the rafts will occur on the 
beach at the Old Plant site. 

 

Potential Operational Impacts 
 
 Alternative 1 (Preferred): Existing data and the application of predictive modeling indicates that 
although DO may be significantly reduced within the proposed 58-raft mussel farm, it will generally 
remain above the biological stress concentration of 5.0 milligrams per liter (mg/L) (parts per million 
[ppm]). Mathematical models predicted that DO concentrations at the proposed mussel aquaculture 
site would be generally reduced from 0 percent to 30 percent (70 percent maximum), as water passed 

through the mussel rafts. Changes in DO are likely to be tied to current velocity and seasonal 

fluctuations in ambient DO (Newfields 2009).  
 

 Observations from the Deepwater Point site may overestimate low DO events for the site of the 

proposed North Totten Inlet mussel farm due to lower ambient DO concentrations in the summer period. 
During periods of low ambient DO (late August and early September), dissolved oxygen 
concentrations below 5.0 mg/L (ppm) would be expected to persist some distance down-current from 
the raft edge. However, once the water exits the raft, it will likely recover to ambient DO 
concentrations within 70 to 200 m (230 to 656 ft) or less, due to entrainment of surrounding waters 
and from increased mixing caused by turbulence from the presence of the raft structure (Newfields 
2009). These distances may be somewhat longer with Alternative 1 (six, 7-raft units and two 8-raft 

units) compared to the six, 6-raft units that were modeled from the Deepwater Point site. 

 

 Alternative 1 would create eight “zones of decreased oxygen” 70 to 200+ m (230 to 656 ft+) in 

length. To make an estimate of percentage difference between this alternative and Alternative 2, the 

surface foot print area of the three-dimensional volume of affected water can be calculated as a surrogate 

(since neither scenario was modeled) for the volume of water affected. If it is assumed that Alternative 1 

raft units are 10.4 m (34 ft) wide and the “zone” will be a triangle ranging from 70 to 200 m (230 to 

656 ft) down-current, that would equate to surface area of 2,906 to 8,288 m
2
 (0.72 to 2.05 acres). 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3-10. Near-Bottom Dissolved Oxygen Levels (mg/L) 
 for South Puget Sound in September (WDOE 2008).  

Values not corrected with laboratory Winkler results.  
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 Alternative 2 (Two-Row): Under Alternative 2, there would be 10 raft units creating “zones” of 

lowered DO; however, the rafts would be arrayed in two, 5 raft units 64 m (210 feet) apart. The lowered 

DO “zones” from the up-current row of rafts would likely overlap the down-current row of raft units, thus 

creating five zones of lowered DO from 183 to 313 m (600 to 1,026 ft) down-current from the up-current 

raft units. 

 

 To make an estimate of percentage difference between the two alternatives, it is assumed that 

Alternative 2 raft units will be 12.2 m (40 ft) wide and the “zone” will be a triangle ranging from 183 to 

313 m (600 to 1,026 ft) down-current, that would equate to surface area of 5,574 to 9,532 m
2
 (1.38 to 2.36 

acres). From the calculation for Alternative 1 above, the surface area would range between 2,906 to 8,288 

m
2
 (0.72 to 2.05 acres). 

 

 If 70 m (230 ft) “zones” to DO recovery are assumed for Alternative 1, Alternative 2 would have 91.8 

percent more effect compared to Alternative 1. If 200 m (656 ft) “zones” are assumed for Alternative 1, 

Alternative 2 would have 15.0 percent more effect compared to Alternative 1. 

 

 This difference is small, however, and as with Alternative 1, Alternative 2 would not be likely to have 

a significant adverse impact on the environment, because it will generally remain above the biological 
stress concentration of 5.0 mg/L (ppm). 

 

 Alternative 3 (No Action): Under the No Action Alternative, no additional mussel farm would be 

created in North Totten Inlet. There would be no effects on DO from the proposed project. Existing 

mussel rafts in Totten Inlet would continue to operate: the Gallagher Cove 21-raft farm, and the 

Deepwater Point 48-raft farm operated by Taylor Shellfish, and the floating long-line system operated in 

the Deepwater Point area by Kamilche Sea Farms. 

 

MITIGATION MEASURES 

 

Incorporated Features 

 

 Best Management Practices (BMPs) for mussel raft culture (including siting and raft configuration) 

will be employed to maintain water quality. The Taylor Shellfish Farms Environmental Code of Practice 

(April 2010), included in Draft EIS Appendix A lists primary BMPs on pages A-6 through A-8 that will 

be utilized in operating the proposed North Totten Inlet mussel farm. 
 

Applicable Regulations and Commitments 

 

 Local, State, and Federal regulations and commitments that will apply to the project are described in 

Draft EIS Chapter 2, Section 2.4.6. 

 

Other Recommended Mitigation Measures 

 

 No other mitigation measures are proposed for effects on dissolved oxygen because the impacts of the 

proposed project would be insignificant. 

 

SIGNIFICANT UNAVOIDABLE ADVERSE IMPACTS 

 

There would be no significant unavoidable adverse impacts to dissolved oxygen as a result of the 

proposed project with either action alternative. 
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3.1.2.2 Nutrients 

 

AFFECTED ENVIRONMENT 

 
 The key nutrients of concern related to mussel raft culture impacts to nutrients in the water 

column include silicate (SiOH4), phosphorus (as PO4), and dissolved inorganic nitrogen (DIN), which is 

the sum of all three nitrogen species (NO2+ NO3+ NH4). Site-specific parameters for nutrients were 

measured at water quality sampling stations monitored by WDOE (as a part of its Marine Water Quality 

Monitoring Program); measurements taken at the site of the proposed North Totten Inlet mussel farm 

location by Brooks (2005); and measurements taken at an existing mussel raft in Totten Inlet by the 

Pacific Shellfish Institute (Cheney et al., unpublished data). Methods and technical details of results are 

presented in Newfields (2009). 

 

 Silicate. The primary sources of dissolved silicates in marine waters are river input and rock 

weathering. Silicates are used by diatoms and a few invertebrates with silicified structures. A general 

seasonal pattern for silicates in South Puget Sound is characterized by peaks in the winter followed by 

regional depletion in the spring, most likely due to diatom blooms. Regeneration (silicates being released 

as the diatom blooms fade and the organisms are broken down by bacteria occurs during the summer, 

with silicate concentrations nearing peak values in the fall. This pattern was observed at all three sites 

monitored in Totten Inlet, and silicate concentrations at 10 m (33 ft) depth were similar to those measured 

at the surface (see Newfields [2009]) Figures 19 and 20). It is important to evaluate potential silica 

limitation as it can become a limiting factor in eutrophic areas where human sources of nitrogen and 

phosphorus are abundant. This can lead to long-term domination of the phytoplankton by dinoflagellates 

and microflagellates that may include harmful or toxic species. 

 

 Several studies have measured silicate (SiOH4) fluxes through suspended cultures of bivalves; 

however, the results from these studies vary. Based on data collected by WDOE (2003c), Brooks (2005), 

and PSI (Cheney et al. unpublished data), however, silicate concentrations remain at least three times 

greater than the designated “low” silicate level of 3 M
3
 (Newton et al. 2002) throughout the year, 

indicating that even during spring diatom blooms, silicate concentrations are not limiting diatom growth. 

 

 Phosphorus. Phosphorus is an essential plant and animal nutrient necessary for many cellular 

reactions. It enters the marine environment through a variety of mechanisms, including rock weathering, 

input from rivers and streams, agricultural practices, and sewage effluent. Phosphorus is an essential 

nutrient for phytoplankton, though at much lower concentrations than nitrogen. The nitrogen:phosphorus 

ratio required by phytoplankton is approximately 16:1. Bacteria also require phosphorus, which is 

acquired from the breakdown of organic detritus. Regeneration of phosphorus incorporated in 

phytoplankton occurs through excretion by animals and bacterial action on dead and decaying organisms.     
 

 Phosphorus concentration in Totten Inlet varies seasonally. Concentrations of inorganic phosphate are 

relatively high in the winter, but are quickly depleted during the spring, presumably as a result of 

phytoplankton consumption. During the summer months, phosphorus is available primarily in a dissolved 

organic form. Concentrations tend to increase throughout the summer as phytoplankton cells die and 

zooplankton and fish release phosphorus through urea and feces production. During the fall, phosphorus 

continues to be regenerated into inorganic phosphorus from the organic matter in the water.  Phosphorus 

concentrations collected in the 10 m (33 ft) samples were similar to those measured at the surface (see 

Newfields [2009] Figures 22 and 23). 

 

3
 See Glossary for explanation of M (micromolar units). 
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 Dissolved Inorganic Nitrogen (DIN). Nitrogen inputs to coastal environments are primarily from 

human generated sources, including agricultural run-off into rivers and streams, sewage entering either 

from sewage treatment facilities or leaching into ground water from septic systems and atmospheric 

deposition from burning fossil fuels.  There are also modest influxes from adjacent marine systems. There 

are several estimates of nitrogen input available for Totten Inlet. The stream/watershed input of DIN to 

Totten Inlet is estimated at 47,450 kg (52.3 tons) N/yr (WDOE 2003a), while sewage from septic tanks is 

estimated to contribute between 10,393 to 25,524 kg (11.5 to 28.1 tons) N/yr (Golder and Associates 

2003; US Census Bureau 2000). Atmospheric nitrogen is predicted to enter South Puget Sound at a rate of 

1,100 kg (1.2 tons) N/yr or 0.015 g N/m2/day (0.00049 ounce [oz] N/sq ft/day) (WDOE 2003a). Jennifer 

Ruesink’s recent work on productivity and nutrient sources in Totten Inlet has suggested a high level of N 

coming from human-generated sources, with concentrations increasing with distance further inside Totten 

Inlet from its mouth  (Ruesink 2009). 

 

 Seasonal fluctuations of DIN at Windy Point and at the site of the proposed mussel rafts in North 

Totten Inlet site fluctuate with relatively high concentrations during late winter, followed by a rapid 

decrease during the spring (see Newfields [2009] Figures 25 and 26), presumably as phytoplankton 

production seasonally increases in response to increased sunlight and rising water temperature. A low 

level of nitrogen at the surface is maintained throughout the summer, most likely a result of excretion by 

animals, and concurrent uptake by phytoplankton. A reduction in phytoplankton populations combined 

with wind disturbance and terrestrial input of nitrogen from flooding during late fall and winter results in 

an increase of the dissolved nitrogen portion of the total nitrogen pool. Dissolved nitrogen appears to be 

distributed “evenly” throughout the upper 10 m of the water column. There is also a large interannual 

variance in median and peak values. Inner Totten Inlet appears to have a similar seasonal pattern of DIN, 

nitrite/nitrate (NO2 + NO3) and ammonium (NH4) as observed at Windy Point (see Newfields [2009] 

Figures 27 and 28). For most of the year, DIN is primarily composed of nitrates and nitrites; however, 

ammonium becomes an important component during the summer months. 

 

 In a report prepared for and with the U. S. Environmental Protection Agency (USEPA) Puget Sound 

Estuary Program, Rensel Associates and PTI Environmental Consultants (1991) compiled the percentage 

of time during the 1980s when DIN was depleted (defined as any concentration less than 7 M DIN in 

surface waters from monthly observations April through October, 1981 through 1985 with Windy Point 

sampling data. They found it comprised 62 percent of the data and resulted in a mean DIN concentration 

of 2.46 M. Of the 40 sub-areas of Puget Sound evaluated, Totten Inlet placed as the eighth most 

nutrient-sensitive in this tentative ranking. 

 

POTENTIAL IMPACTS 

 

Suspended mussel culture can influence nutrients in the water column in several ways. These include 

removal of organic and inorganic nutrients in the water column through filtration and tissue storage 

(Bayne et al 1987; Prins and Smaal 1989), transformation and regeneration of nutrients through excretion 

of ammonium and biodeposits (Foster-Smith 1975; Bayne and Scullard 1977; Kautsky and Evans 1987; 

Prins and Smaal 1989; and Jaramillo et al. 1992), settlement and decomposition of biodeposits (Cromey 

et al. 2002; Christensen et al. 2003; and Hartstein and Stevens 2005), and development of a community of 

biofouling organisms (Mazouni et al. 2001; Brooks 2003; and LeBlanc et al. 2003). 

 

Potential Impacts during Construction 

 

 There would be no risk of adverse impact to silicate, phosphorus, or dissolved inorganic nitrogen 

(water column nutrients) during construction because fabrication of mussel raft parts will occur on land, 

and assembly of the rafts will occur on the beach at the Old Plant site. 
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Potential Operational Impacts 

 
 Alternative 1 (Preferred): The sections below characterize the potential impacts of the Preferred 
Alternative of the proposed project on the key nutrients in the water column: silicate, phosphorus, 
and dissolved inorganic nitrogen. 
 

 Silicate. The effects of the proposed 58-raft mussel farm on silicate were evaluated using data 

collected by the Pacific Shellfish Institute (PSI) in the vicinity of the existing Deepwater Point mussel 

rafts during the summer and fall months of 2002. Silicate concentrations appear to remain relatively 

constant as water passes through the mussel raft. The concentrations of silicate measured in the 

Deepwater Point mussel raft array were consistent with the ambient concentrations measured at Windy 

Point and at the proposed North Totten Inlet mussel farm site during the corresponding months.   

 

  Due to high existing concentrations of silicates in Totten Inlet, such that silicate concentrations are 

not limiting diatom growth (WDOE 2003c, Brooks 2005, and PSI (Cheney et al. unpublished data)), 

combined with the minor influence mussels appear to exert on local silicate fluxes, the addition of the 

proposed North Totten Inlet mussel farm will not significantly alter the silicate cycle in Totten Inlet. 

 

 Phosphorous. Effects of mussel rafts on phosphorus were evaluated using data PSI collected in the 
vicinity of the Deepwater Point mussel rafts during the summer and fall months of 2002. While 
there were some minor changes in phosphorus concentrations as water passed through the Deepwater 
Point raft array, there did not appear to be a significant change in phosphorus levels as a result of the 
array (Newfields 2009). In addition, the effect of increased phosphorus concentrations on 
phytoplankton populations is expected to be minimal because nitrogen is considered the limiting 

nutrient during the summer season (WDOE 2003b).  For these reasons, the addition of the proposed 

North Totten Inlet mussel raft would not significantly alter phosphorus levels in Totten Inlet compared to 

existing conditions.     
 

 Dissolved Inorganic Nitrogen. The potential effects of the proposed new mussel rafts on nitrogen 
were inferred from using PSI data collected in the vicinity of the existing Deepwater Point mussel 
rafts during the summer and fall months of 2002.  PSI measured ammonium (NH4), nitrate (NO3), 
and nitrite (NO2) on select dates during June through October 2002. For this analysis, these forms of 
nitrogen will be referred to as DIN. Samples were collected 2.5 m below the surface (Cheney et al., 
unpublished data). DIN concentrations for each date and location with the mussel raft are presented 
in Newfields (2009) Figure 29. For all sample dates, ammonium was the principal inorganic form of 
nitrogen present within the mussel raft, except on October 18 where nitrates and ammonium 
concentrations were similar. Within a typical Deepwater Point raft, ammonium peaks occurred 
within the center of the raft or 3 m (10 ft) down-current with concentrations ranging from 0.53 to 
5.3 M NH4 greater than reference (up-current) concentrations.  
 

 In general, the PSI data suggest that operation of a mussel culture system results in elevated 

concentrations of DIN (primarily NH4) within its boundaries. This is in agreement with numerous studies, 

which have also reported mussel rafts as a source of DIN to the surrounding water column (Amus and 

Amus 1991, Prins et al 1995, LeBlanc et al 2003, Richards et al 2006). However, approximately 70 m 

(230 ft) down-current of the raft array, DIN concentrations appear to return to ambient DIN conditions.  It 

is likely that the amount of DIN observed at the raft center is diluted by mixing with ambient water down-

current of the raft.  

 

 To make an estimate of the area of effect of Alternative 1, the surface foot print area of the three-

dimensional volume of affected water can be calculated as a surrogate for the volume of water affected by 

elevated ammonium. If it is assumed that Alternative 1 raft units are 10.4 m (34 ft) wide and the elevated 

ammonium “plume” was a triangle 70 m (230 ft) long down-current, the area of effect would be would be 




