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Piling Removal Area 1:
• 354 pilings
• 33 crossbeams
• .75 acres

Soth Bay Depot Rd

Piling Removal Area 2:
• 67 pilings
• 8 crossbeams
• .21 acres
• This area to be used as a barge

landing site after piling removal

Piling Removal Area 3:
• 143 pilings
• 15 crossbeams
• .42 acres

Piling Removal Area 5:
• 394 pilings
• 96 crossbeams
• 1.1 acres

Piling Removal Area 4:
• 30 pilings
• 0 crossbeams
• .21 acres
• This area to be used as a barge

landing site after piling removal

Legend
Kramer Dock Piles

General Area Containing Pilings
Compensatory Off-site
Restoration Areas
Compensatory Off-site
Restoration Areas / Barge
Landing Sites

EXHIBIT 1

Jan 2022Date
5Revision No.
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Compensatory Off-site Restoration Areas
at Kramer Dock
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Per Nordic DEIR Appendix N, four Piles will be removed
from the “Compensatory Off-site Restoration Areas” to

mitigate for the take associated with the entrainment of 295
LFS larvae, which represents less than the annual

production of one female adult Longfin Smelt. In addition, if
deemed necessary upon completion of an Entrainment
Study, the District will utilize this same site to conduct
"compensatory off-site restoration" as analyzed in the

certified Final EIR for the Nordic project.

Total Compensatory Off-site
Restoration Areas = 2.69 acres
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Humboldt Bay Master Water Intakes: Project Description (v8; updated 12/9/22)
Note: This document updates and replaces the Project Description dated 10/21/22.

1. Overview
The Humboldt Bay Harbor, Recreation and Conservation
District (District) proposes to modernize and operate two
formerly used bay water intake systems in Humboldt Bay and
install new pumps, piping, and meters to deliver bay water to
existing and future District tenants. Improvement of the water
intakes is part of a long term District program to develop
facilities for use by aquaculture tenants. The water intakes are
located approximately one half mile apart along the Samoa
Channel at the Redwood Marine Terminal II (RMT II) Dock and
Red Tank Dock (Figure 1). The intake systems were operated
by a pulp mill from around 1966 until the mill was closed in
2008. Salt water from the intakes will be used by District
tenants and other entities for aquaculture and other allowable
uses. The proposed project includes bay water withdrawal and
pumping to manifolds at specific upland points that will be
connected to by future water users. The two intakes will be
operated and managed as a single system as they both feed
into a common manifold and distribution system. They will be designed such that one intake can operate alone while the
other intake is offline for maintenance. However, under typical conditions both intakes will be operated continuously and
simultaneously, cooperatively feeding into the common distribution system.

Currently, industrial water (raw untreated water from the Mad River) is supplied to the area by Humboldt Bay Municipal
Water District through the Town of Samoa. However, it is expected that the Town of Samoa industrial water connection
will be discontinued in 2022. The proposed project includes installation of industrial water lines. Water from the industrial
lines could also be used for fire suppression. As described below, the industrial water lines will share a trench with the bay
water lines.

Based on informal consultation with agencies, the Harbor District has identified habitat restoration opportunities to offset
any reduction in the bay’s biological productivity that will result from water withdrawal and entrainment of aquatic larvae.
Habitat restoration work will be phased in conjunction with the phasing of water withdrawal quantities.

The proposed bay water intake upgrades, industrial water line, and habitat restoration projects are further described
below.

2. Water Intake Uses and Controls of Water Intake Volumes
Water will only be supplied to users that operate in compliance with approved permits. This could be users with existing
approved permits or future users that receive approved permits. For instance, the Harbor District has existing Coastal
Development Permits CDP 16 049 and 17 041 that are approved by the County of Humboldt for Redwood Marine
Terminal II, each of which could withdrawal water once the intake system is permitted and constructed. As outlined in
those Coastal Development Permits, Coastal Dependent Industrial Uses, Aquaculture, and Coastal Related Uses have

Figure 1: Location of proposed water intakes in Humboldt Bay,
California.
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priority over interim uses. The process for reviewing potential new uses is outlined in the RMT II Permit Compliance
Flowchart (see Attachment A).

The volume of water to withdrawn will occur in three phases:
Phase I: Intake of bay water between 0 to 694 gpm.
Phase II: Intake of bay water between 695 to 1,250 gpm.
Phase III: Intake of bay water between 1,251 to 8,250 gpm.

For those tenants that require baywater, the District will require each of those tenant to pay for a specific set amount of
intake water in their lease. They will not be required to use the total volume of water that they pay for, but they will be
required to reserve and pay for that set amount. The District will then manage each subsequent lease to ensure that the
District never leases more water than the total permitted amount. For example, tenant #1 could lease 90% of the total
permitted amount, tenant #2 could lease 6% of the total permitted amount, and tenant #3 could lease 4% of the total
permitted amount. Each tenant will reserve and pay for their allocated volume and no tenant will be given access to water
beyond their allocation. Thus, in this example, the only way that the intake system could possibly reach the maximum
intake volume would be if all three tenants simultaneously utilized their respective maximum intake allocations. Also,
continuing with this example, imagine a scenario in which tenant #2 terminates their lease. This would leave 6% of the
total permitted volume available for the District to reallocate to a new tenant. If a new tenant only wanted 1% instead of
6%, then there would be capacity for a fourth tenant to use 5% of the total permitted volume.

It is important to note that if any one tenant does not fully utilize their allocated maximum amount in any given period of
time, then the overall system will not reach the maximum permitted amount during that specific period of time. Tenants
will not be able to exceed their own allocated amount regardless of how much water their neighboring tenants happen to
be utilizing at the time. If tenant #1 stops operations for one week, their unused portion of water will not automatically
become available to tenant #2. Instead, that portion of water would not be withdrawn that week. It is possible that a
tenant will seek to adjust their lease to reserve a smaller amount of water, which could be followed by a different tenant
seeking to adjust their lease to reserve an equivalent larger amount of water. But, such adjustments will require lease
adjustments and explicit adjustments to allocated volumes of water within each lease.

Under any scenario of combinations of users, the District will manage the collective suite of leases to ensure that the
District never leases more water than the total permitted amount. In other words, each tenant’s connection to the intake
system will be metered and monitored by the District and no tenant will be allowed by the District to exceed the allocation
assigned to them in their respective lease agreement. In addition, the District will require each tenant to acquire all
required permits (including CDPs) prior to initiating operations. This is all consistent with how the District manages the
outfall system.

Regarding control of water volume through mechanical systems: The combination of pumps at either intake will be
manifolded together and discharged into a single pipe. The pipe will have a flow meter that will provide information back
to a programmable logic controller (PLC) set to control the variable frequency drives on each pump and adjust the speed
of the pumps to keep the flow rate below the maximum design flow for the intake screens, thereby limiting the flow rates.
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3. Improvements to Water Lines
A bay water line will provide water from the RMT II Dock and Red
Tank Dock water intakes to manifolds directly south of Red Tank
Dock, at RMT II and at the proposed Nordic Aquafarms1 project site.
Aquaculturists and other users will connect to the manifolds to
receive bay water. Potential users include shellfish, seaweed, and
finfish farmers. The bay water line and industrial water line will be
buried in trenches except at one location where they will surface to
cross a stormwater feature and also where the bay water line will
be mounted on the edges of Red Tank Dock and RMT II Dock. The
industrial water line will extend from the Red Tank to the RMT I
manifold then south to the Nordic Aquafarms manifold (Figure 2).
Hydrants will be installed along the line approximately every 500’.
For details regarding the trench alignment and proximity to ESHA,
see Figures 3 through 6 and Attachment B.

4. Bridge Across Stormwater Feature
As shown in Figure 2, the water lines cross an existing drainage
swale (“stormwater feature”) that drains stormwater runoff to
Humboldt Bay (see Image 1 and Figure 6). The swale is connected to
the bay through a culvert that passes through a small earthen berm.
There are two structures on the landward side of the berm including
a small metal pedestrian bridge crossing. This small crossing bridge
is degraded and will be removed. There is also a larger metal
pedestrian bridge and piping manifold with associated platform. The
bridge associated with the stormwater feature is shown in the image
on right. The Coastal Commission approved a replacement of this
bridge through CDP E 11 029 for Taylor Mariculture. Per page 8 of the staff report associated with that CDP, the approved
project description includes “…the installation of a pre fabricated 80 foot long one lane vehicle bridge across the culvert
to the north of the Berth Two pier. Bridge installation requires
several small footings in areas of existing asphalt.” In compliance
with that approved CDP, the District intends to install a new one
lane vehicle bridge (see Figure 6 and Attachment B). The new bay
water piping and new industrial water piping will be attached to the
new bridge in a similar setup as the existing piping manifold.

1 Nordic Aquafarms (a private company) is proposing a finfish aquaculture facility at the site and would likely be one of the bay water
users.

Figure 2: Location of bay water intakes, bay water piping and
industrial water piping.

Image 1: Existing stormwater feature to be replaced
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5. Trench Details
The industrial water line will have a maximum outside diameter of 12”. The bay water line will range from 18” 36”
maximum outside diameter. Diagrams 1 through 3 the outside pipe diameter and volume of water that will travel through
different sections of the bay water line. Diagrams 1 through 3 show the design for different trench segments (i.e., areas
where there are two pipes or one pipe in the trench). The maximum width of ground impacts will be 19’ in sections where
both pipes occur and 17’ where only one pipe occurs.

There is an existing walkway across the stormwater feature (see Figure 2 and Image 1). The two pipes will be attached to
the replacement structure described above and in Attachment B.

Diagram 1: Pipe diameter and volume of water that will travel through different sections of the bay water line.

Diagram 2: Conceptual trench details in areas where the bay water line and industrial water line will occur.



Humboldt Bay Master Water Intakes: Project Description (updated 7/20/22)

Humboldt Bay Harbor, Recreation and Conservation District Page 9 of 17 

Diagram 3: Conceptual trench detail in the area where only the 36” bay water line will occur.

6. Improvements to Water Intakes
Existing water intake structures (“sea chests”) at the two sites will be improved. Appendix R of the DEIR (“Humboldt Bay
Intake Screen Conceptual Designs, Redwood Marine Terminal II and Red Tank Dock, Samoa, California – Revision 03.”)
describes the water intakes, pumps, intake screens, and overall structure orientations that will be used to minimize
impacts to aquatic resources. Figures 1 and 2 above show the location of the intakes and proposed bay water and
industrial water piping. Images 2 through 6 below are pictures of existing infrastructure that will be modified at each
intake site.

Image 2: Existing water intake pumps at the Redwood Marine Terminal II Dock. These will be replaced.
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Image 3: Existing wooden sea chest at the Redwood Marine Terminal II Dock. This sea chest will continue to be utilized.

Image 4: Existing water intake screen at the Redwood Marine Terminal II Dock. This screen will be replaced.

Image 5: Existing concrete sea chest and screens at the Red Tank Dock. This sea chest will continue to be utilized; the screens will be replaced.
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Image 6: Existing concrete sea chest at the Red Tank Dock. This sea chest will continue to be utilized.

7. Intake Screens Cleaning and Maintenance
The bay water intake screens will be periodically cleaned and maintained per the “Preliminary Baywater Intake Cleaning
and Maintenance Plan” (see Attachment C).

8. Avoiding Potential Eelgrass Impacts
Eelgrass will be avoided during installation and maintenance of the intake systems. A qualified biologist will be present
on site to help monitor and avoid impacts to eelgrass while work is being performed in areas that may impact eelgrass
habitat. Installation and maintenance activities shall comply with the “Eelgrass Protection Plan” associated with Coastal
Development Permit 9 16 0204 (Humboldt Bay Mariculture Pre Permitting Project, Starbird Mariculture).

Gilkerson (2008) found the maximum depth capable of supporting eelgrass in north Humboldt Bay was 1.3 m MLLW. The
depths at the proposed RMT II and Red Tank dock water intakes are
4.5 m MLLW and 1.8 m MLLW, respectively. The depth of the RMT

II intake prohibits growth of eelgrass, but the depth at Red Tank
dock is only slightly greater than the maximum growing depth. The
intake at Red Tank is within the area evaluated under the Humboldt
Bay Harbor District Coastal Development Permit 9 16 0204 Subtidal
Mariculture Pre permitting project. An associated Environmental
Impact Report (SCH #2013062068) was certified by the Harbor
District which included eel grass surveys prepared by Thomas Gast
and Associates and impact analysis. An active mariculture lease
(Starbird) with a site specific eel grass protection plan includes the
area where the Red Tank intake is proposed to be located. Condition
8 of this permit requires:

Eelgrass Protection. Prior to the initiation of
installation activities for aquaculture gear or
mooring piles, the Harbor District shall submit for
Executive Director review and approval a plan
showing that all such activities and associated
structures or infrastructure (including pilings,

Figure 7: A copy of Figure 2 from the "Humboldt Bay Mariculture
Pre Permitting Project Eelgrass Protection Plan" associated with
CDP 9 16 0204
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moorings, anchors, longlines, surface rafts, FLUPSYs) shall remain a minimum of 30 feet away from the
outside edge of any eelgrass bed within or adjacent to the three subtidal aquaculture sites. This report
shall include a map of all eelgrass within each subtidal site and a 50 foot perimeter outside. The map shall
be based on the results of an eelgrass survey carried out consistent with the timing and methodology
guidelines of the National Marine Fisheries Service’s California Eelgrass Management Program. Areas with
depths greater than twice the minimum expected eelgrass growing depth in Humboldt Bay are exempt
from this survey requirement.

To implement that Condition 8, the District prepared the “Humboldt Bay Mariculture Pre Permitting Project
Eelgrass Protection Plan” (see Attachment D). The Red Tank intake will be required to comply with this same Eel
Grass Projection Plan. Also note from Figure 2 of that Plan (see Figure 7 of this Project Description) that the end
of Red Tank Dock is beyond the “eastern edge of eelgrass” and therefore the intake structure will be outside of
mapped eel grass.

In addition to the information outlined above, the District has prepared a custom Eelgrass protection plan for this
project (see Attachment E).

9. Aquatic Species Entrainment and Habitat Restoration
Harbor District staff has had informal consultations with staff from agencies regarding potential environmental effects of
the proposed water intakes. Based on the consultations, the Harbor District will implement habitat restoration to offset
the reduction in biological productivity that will be caused by entrainment of aquatic larvae from water withdrawal. The
need to offset the impact on biological productivity is based on California Ocean Plan2 requirements for desalination plant
water intakes. For more information on this topic, see:

The following Appendices of the “Draft Environmental Impact Report: Samoa Peninsula Land based Aquaculture
Project, County of Humboldt, Planning Department, 17 December 2021” (a.k.a. “DEIR for Nordic Aquafarms”):

o Appendix N: Tenera Environmental (12/13/21). The Use of Piling Removal for Mitigating Effects of
Entrainment Losses to Longfin Smelt and Other Fishes Resulting from Operation of the Proposed Samoa
Peninsula Intakes in Humboldt Bay.

o Appendix P: Tenera Environmental (5/13/21). Empirical Transport Modeling of Potential Effects on
Ichthyoplankton Due to Entrainment at the Proposed Samoa Peninsula Master Bay Water Intakes.

o Appendix Q: Tenera Environmental (7/14/21). Empirical Transport Modeling of Potential Effects on
Ichthyoplankton Due to Entrainment at the Proposed Samoa Peninsula Bay Water Intakes: Addendum 1:
Longfin Smelt.

Attachments to this Project Description:
o Attachment F: CDFW (1/3/22). Memorandum of Understanding: Section 2081(A) Take Permit for The

Humboldt Bay Intake Entrainment Study.
o Attachment G: Tenera Environmental (1/5/22). Project Implementation Plan for Ichthyoplankton

Collection at the Samoa Peninsula Water Intakes.

10. Entrainment
The water intakes are designed to avoid impingement of all aquatic species and entrainment of juvenile and adult aquatic
species, by meeting design criteria related to screen mesh, water approach velocity and other parameters. It is expected
that only non special status aquatic larvae will be entrained. Tenera (Attachments G and H) developed a model to estimate
entrainment impacts of the proposed water intakes on larvae. Tenera predicts that the portion of larvae in Humboldt Bay
that will be entrained is 0.0207% or less (see Attachment H). However, Tenera likely provides an overestimate of larval
impacts because:

2State Water Resources Control Board (2015). California Ocean Plan as amended effective January 28, 2016, to address desalination
facility water intakes.
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1. The model assumes even distribution of larvae throughout Humboldt Bay. However, the intakes are located at a
site with strong currents and high salinity near the entrance of the bay. It is expected that larvae of most fish
species are more concentrated in parts of the bay where they are subject to less tidal action and currents.
Additionally, larvae of some species (e.g., longfin smelt (Spirinchus thaleichthys)) are not associated with the high
water salinities at the water intakes.

2. The model was developed based on a water intake screen slot (mesh) size of 1.75 mm, but based on comments
received from the California Coastal Commission the slot size has been reduced to 1.0 mm. The 1.0 mm slot size
will further reduce larvae entrainment.

As requested by Coastal Commission staff, the Harbor District has begun to collect field data on larvae abundance in
Humboldt Bay to validate the Tenera (5/13/21) model’s assumption that larvae are evenly distributed in the bay (or less
concentrated near the water intakes). This one year study will be completed in December of 2022 with the complete
report anticipated to be available in January or February of 2023 (see Attachment G). The Harbor District is actively
pursuing a Coastal Development Permit, Clean Water Act Permits and a Harbor District Permit before conducting the field
work. The permit(s) may include conditions that, prior to exceeding 1,250 gallons per minute (gpm) of water withdrawal,
larvae sampling in the bay will be conducted to validate model assumptions regarding larvae distribution. On 1/3/22,
CDFW entered into an MOU with Tenera to conduct sampling for this purpose (see Attachments F and G).

11. Habitat Restoration
Habitat mitigation will occur as outlined in section 2.4.7 (page 2 56) of the DEIR, Mitigation Measure BIO 6a (Protection
of Longfin Smelt) of the DEIR, and as supported by Appendix J (below).

The Harbor District will complete compensatory off site habitat restoration activities to (1) offset a small reduction in the
Humboldt Bay’s biological productivity as a result of entrainment of non special status larval species, and (2) compensate
for the potential take of longfin smelt (LFS) larvae during the operation of the two sea chests. Compensatory off site
habitat restoration will include pile removal. Compensatory off site habitat restoration will be implemented in associated
with the phased withdrawal of water through the two water intakes as follows:

Phase I.
o Volume: This Phase includes intakes between 0 to 694 gpm.
o Impact Mitigation: Consistent with other intake permits to withdraw Bay water, and with the project

design features incorporated into the project, the effects of this small amount of water withdrawal are
considered de minimis and habitat restoration to offset impacts to bio productivity are not necessary.

o Timing: Water withdrawal for up 694 gpm is expected to begin after all permits are approved and all
conditions of approval of all agencies are met.

Phase II.
o Volume: This Phase includes intakes between 695 to 1,250 gpm.
o Impact Mitigation: The Harbor District will compensate for project related impacts to Longfin Smelt (LFS)

by implementing the revised FEIR version of Mitigation Measure BIO 6a (Longfin Smelt Mitigation), which
consists of “habitat creation or enhancement to provide Longfin Smelt spawning, rearing, or nursery
habitat capable of producing the number of Longfin Smelt larvae lost to entrainment.” The mitigation
measure goes on to provide an estimate of impact and a formula for calculating the area of mitigation
required.

o Timing: Water withdrawal at this level will not begin until after Phase II mitigation is completed and Phase
II Conditions of Approval are satisfied.

o Timing: Regardless of tenant/user, the District will not initiate this Phase II of withdrawal until the
associated mitigation and conditions of approval are met. In addition, the District will not allow any
collective combination of tenant(s)/user(s) to exceed 1,250 gpm unless/until additional permits are
acquired.

Phase III.
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o Volume: This Phase includes intakes between 1,251 to 8,250 gpm.
o Pre mitigation Studies: Prior to withdrawing bay water at Phase III levels, the District will complete an

Entrainment Study as approved by CDFW via MOU (see Attachment F and G) and as outlined in:
CDFW (1/3/22). Memorandum of Understanding: Section 2081(A) Take Permit for The
Humboldt Bay Intake Entrainment Study. See Attachment F.
Tenera Environmental (1/5/22). Project Implementation Plan for Ichthyoplankton Collection at
the Samoa Peninsula Water Intakes. See Attachment G.

o Impact Mitigation:
The Harbor District will compensate for project related impacts to biological productivity by
removing up to 988 creosote piles and 151 crossbeam supports attached to the pilings.
The location of these piles/crossbeams is the Kramer Dock site as outlined in Attachment E
(Humboldt Bay Master Water Intakes Project, Kramer Dock Pile Removal, Eelgrass Protection Plan
and Compensation for Potential Loss of Biological Productivity; 8/15/22).
The pile/crossbeam removal will serve as compensatory restoration for biological productivity
foregone as a result of the water intakes. This is intended to create space for eelgrass (Zostera
marina) habitat while enhancing a larger tidal habitat area, and in turn, supporting biological
productivity. Per Attachment K, this will also remove an estimated 308 tons of potentially toxic
creosote soaked wood from the bay. The piles collectively have a surface area of 30,660 square
feet that is exposed daily to the water column of the bay. As outlined in Attachment I, the total
habitat restoration area is 2.69 acres.
Benefits from reduced light penetration and replacement of natural substrate are subsequent
beneficial impacts to submerged aquatic vegetation. There will also be more natural bay
substrate for benthic organisms that live in the bay mud. In addition, some aquatic species such
as Pacific herring spawn on hard surfaces, including old dock pilings. Studies performed on
creosote coated pilings have shown detrimental effects on embryonic development of herring
eggs, even on pilings that were 40 years old (Vines, 2000). For more information on the benefits
of pile removal, see EIR appendix N by Tenera as it builds on previously developed rational for
why piling removal is appropriate for APF mitigation. Therefore, removal of the pilings would
eliminate any potential impacts to organisms that may come in contact with the pilings.
Therefore, removal of the pilings would eliminate any potential impacts to organisms that may
come in contact with the pilings. Accordingly, the removal of the Kramer Dock pilings and
restoration to more natural conditions will improve the biological productivity of the Bay.
Removal of the creosote treated piles is expected to have water quality benefits. The removal of
creosote piles and braces is proposed to offset the small reduction in the Humboldt Bay’s
biological productivity as a result of entrainment of non special status larval species. This is
consistent with Appendix N of the Nordic EIR (The Use of Piling Removal as Method for Mitigating
Effects of Entrainment Losses to Longfin Smelt and Other Fishes Resulting from Operation of the
Proposed Samoa Peninsula Intakes in Humboldt Bay, Tenera December 13, 2021; Tenera
Environmental 2021c, DEIR Appendix N).
This action is consistent with the "compensatory off site restoration" outlined in the Final EIR for
the Nordic project.

o Impact Mitigation Location: The District will utilize the location described in Attachment I for the off site
restoration and will utilize the BMPs outlined in Attachment J. These BMPs are designed to avoid impacts
to eelgrass as well as to prevent the potential mobilization of contaminants into the Bay.

o Secondary Use of Impact Mitigation Site:
Exhibit 1 of Attachment I (Kramer Dock Habitat Restoration Memorandum) displays "Piling
removal areas 2 and 4," both of which are reserved for use as "barge landing sites" after pile
removal.



Humboldt Bay Master Water Intakes: Project Description (updated 7/20/22)

Humboldt Bay Harbor, Recreation and Conservation District Page 15 of 17 

The planned barge landing sites are each 150 ft wide locations reserved to be used as barge access
to South Depot Road. The District forecasts that these sites can be used periodically as barge
access landing sites without disturbing eelgrass. Note that the methodology used to removal the
piles includes the use of equipment operating from a barge. Per Attachment J (Pile Removal
Methods and Best Management Practices), the barge associated with the removal of piles would
be approximately 80' X 100' with a 4' draft and would be moved with a small tugboat and "neither
the barge nor the tug will anchor during the removal process." During the pile removal process,
the barge will operate "…at a tide of sufficient elevation to float the barge and tugboat… without
scarring the mudflats or injuring eelgrass." In addition, "grounding of the barge will not be
permitted."
The District anticipates that the same methodology and Best Management Practices may be
deployed in the future (following pile removal) to allow for barge landings at these two sites. The
restored eelgrass beds will not be affected by future barges as they would be floating above the
eelgrass beds.
This same concept of barge unloading in this same location was applied for in CDP Application 04
12 19S for the TerraGen Humboldt Onshore Wind Project. In that application, the applicant
sought to use this site to unload large wind turbine components (such as wind turbine blades).
The barges were to have shallow drafts and to be deployed at the site at tides that were
sufficiently high enough to float the barge above eelgrass beds. The components would have
been unloaded onto the land, where they would have been shipped by vehicle to their
destination. This site was selected because it is the only feasible location to unload large loads
south of Eureka. For instance, unloading a two hundred foot long wind turbine blade in Eureka
may be feasible, but transporting such a long load through the streets of Eureka to get to the
Fortuna area would be impractical. Such a route would also require transiting under (or around)
the US 101 underpasses and on/off ramps in southern Eureka, which could be impractical for
large/tall loads. However, unloading long/large/tall loads at the Kramer Dock site provides a much
more reasonable access point and transport corridor to US 101 south and avoids the underpasses
and on/off ramps in southern Eureka. The plan was to use this site for these purposes using barges
in such a way as to have no impact to eelgrass.
The District is anticipating that similar demands may occur in the future and that similar
methodologies may be utilized without any impacts to eelgrass. Thus, the District is anticipating
full mitigation credit for pile removal in "Piling removal areas 2 and 4," both of which are reserved
for use as "barge landing sites" after pile removal. Note that the District does not have any specific
planned barge landings and is not aware of any planned or forecasted uses, though the District
does intend to reserve these areas for such use if the need ever arises.
Other than mitigation and two limited barge landing sites, the District does not have any planned
uses for the proposed mitigation area. As explained above, any barge landings would be
conducted in such a way that impacts to eelgrass would be avoided. Thus, the District expects
that the site will effectively function as mitigation.

o BMPs to Avoid Mobilization of Contaminants at Mitigation Site:
To minimize the potential for impacts, the District has developed the document “Pile Removal
Methods and Best Management Practices to Avoid Impacts to Eelgrass and to Avoid Mobilization
of Contaminants” (Attachment J).
To reduce the risk of mobilizing sediment and any potential contaminants that may be present
during creosote treated wood pile removal, the District will use methods designed to minimize
disturbance and implement industry established best management practices (BMPs). Vibratory
extraction is the preferred method of piling removal because it causes the least disturbance to
the seabed and it typically results in the complete removal of the piling from the aquatic
environment (EPA 2016). BMPs to be implemented include but are not limited to: use of a floating
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boom to control debris, having proper containment on the barge for removed piles, controlling
sediments and turbidity and preventing them from re entering the water column, and
characterization of piles for proper disposal. A detailed summary of methods and BMPs for the
Kramer Dock piling removal is provided in Appendix J.
Creosote is a registered pesticide mixture that is comprised primarily of Polycyclic Aromatic
Hydrocarbons (PAHs) by weight (90%). Creosote on the surface of the pilings leach contaminants
to the aquatic environment through a weathering process in which individual chemical
constituents are adsorbed, evaporated, photo oxidized or dissolved. Leaching rates of
contaminants from creosote treated wood are variable and greatest during the first few years
after placement (SFEI, 2010).
The accumulation of PAHs in sediment tends to be localized and is subject to degradation that
varies based on site specific conditions. Factors that influence the rate of contaminant
degradation include saline content in water, water exchange through currents, and bioavailability.
Previous studies have demonstrated over time that PAH concentrations do not reach a
problematic level in sediment (SFEI, 2010).
The Kramer Dock piles are over 50 years old. Leached contaminants previously present in the
sediment are further expected to have degraded to levels of insignificance. The District is unable
to identify sediment testing as part of EPA or NOAA guidance, and has not been made aware of
this requirement for other California port piling removal projects. Based on these conditions,
current findings, and modeling completed for aquatic impacts from treated wood pile In San
Francisco Bay, the District does not intend to conduct sediment testing following piling removal.

o Timing: If necessary, the Harbor District will consult with other regulatory agencies to further develop
details of the habitat restoration prior issuance of permits required for pile removal.

o Timing: Water withdrawal at this level will not begin until after Phase III restoration is completed and
Phase III Conditions of Approval are satisfied.

o Timing: Regardless of tenant/user, the District will not initiate this Phase III of withdrawal until the
associated mitigation and conditions of approval are met. In addition, the District will not allow any
collective combination of tenant(s)/user(s) to exceed 8,250 gpm unless/until additional permits are
acquired.

Attachments
A. HBHRCD (2/2/19). RMT II Permit Compliance Flowchart.
B. SHN (7/19/22). Baywater Intake System Pipeline Trench and EHSA Analysis; Response to Continued Review of

Coastal Development Permit (CDP) Application No. 1 21 0653.
C. SHN (1/13/21). Humboldt Bay Intake Screens Preliminary Operation and Maintenance Description, Redwood

Marine Terminal II and Red Tank Dock, Samoa, California.
D. HBHRCD (1/30/18). Eelgrass Protection Plan (from Humboldt Bay Mariculture Pre Permitting Project Starbird

Mariculture).
E. SHN (8/15/22). Humboldt Bay Master Water Intakes Project, Kramer Dock Pile Removal, Eelgrass Protection Plan

and Compensation for Potential Loss of Biological Productivity.
F. CDFW (1/3/22). Memorandum of Understanding: Section 2081(A) Take Permit for The Humboldt Bay Intake

Entrainment Study.
G. Tenera Environmental (1/5/22). Project Implementation Plan for Ichthyoplankton Collection at the Samoa

Peninsula Water Intakes.
H. SHN and Tenera Environmental (7/18/22). Humboldt Bay Water Intakes and Tidal Dynamics.
I. GHD (1/27/22). Kramer Dock Habitat Restoration Memorandum.
J. HBHRCD (1/16/22). Pile Removal Methods and Best Management Practices to Avoid Impacts to Eelgrass and to

Avoid Mobilization of Contaminants.
K. GHD (4/5/22). Kramer Dock Pile Removal Quantities.
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L. County of Humboldt (9/29/22). CEQA Notice of Determination: Environmental Impact Report – Nordic Aquafarms
California, LLC – Land based Aquaculture Project & Coastal Development Permit & Special Permit.

M. SHN (11/15/22). Mitigation and Monitoring Plan for the Humboldt Bay Master Water Intakes Project.
N. H.T. Harvey Associates (12/92/22). Memorandum in response to concerns about effects of water intake

operations by the Sea Chests on juvenile salmonid critical habitat.

Other Studies/Reports That Can Be Provided Under Separate Cover Upon Request
Biological Assessment (SHN 2022).
Phase I reports.
SHN (9/20/20). Biological and Habitat Assessment report.
SHN (9/20/20). Wetland Assessment.

Referenced Studies/Reports from the “Samoa Peninsula Land based Aquaculture Project DEIR and FEIR”
Link to FEIR and DEIR: https://humboldtgov.org/3218/Nordic Aquafarms Project
Appendix R of the DEIR

o SHN (8/6/21). Humboldt Bay Intake Screen Conceptual Designs, Redwood Marine Terminal II and Red
Tank Dock, Samoa, California – Revision 03. [For a copy of this report, see: “Draft Environmental Impact
Report: Samoa Peninsula Land based Aquaculture Project, County of Humboldt, Planning Department, 17
December 2021” Appendix R.]

o Link: https://humboldtgov.org/DocumentCenter/View/102332/Appendix R Sea Chest Screen
Conceptual Design PDF

Appendix N of the DEIR
o Tenera Environmental (12/13/21). The Use of Piling Removal for Mitigating Effects of Entrainment Losses

to Longfin Smelt and Other Fishes Resulting from Operation of the Proposed Samoa Peninsula Intakes in
Humboldt Bay.

o Link: https://humboldtgov.org/DocumentCenter/View/102328/Appendix N Tenera Piling Removal
Mitigation PDF

Appendix P of the DEIR
o Tenera Environmental (5/13/21). Empirical Transport Modeling of Potential Effects on Ichthyoplankton

Due to Entrainment at the Proposed Samoa Peninsula Master Bay Water Intakes.
o Link: https://humboldtgov.org/DocumentCenter/View/102330/Appendix P Tenera Final Report PDF

Appendix Q of the DEIR
o Tenera Environmental (7/14/21). Empirical Transport Modeling of Potential Effects on Ichthyoplankton

Due to Entrainment at the Proposed Samoa Peninsula Bay Water Intakes: Addendum 1: Longfin Smelt.
o Link: https://humboldtgov.org/DocumentCenter/View/102331/Appendix Q Tenera Addendum PDF

Other References
EPA (2016). Region 10 EPA, Best Management Practices for Piling Removal and Placement in Washington State
Humboldt Bay Harbor, Recreation and Conservation District (2021). “Humboldt Bay Master Water Intakes Project
Description.
NOAA (October 12, 2009). The Use of Treated Wood Products in Aquatic Environments: Guidelines to West Coast
NOAA Fisheries Staff for Endangered Species Act and Essential Fish Habitat Consultations in Alaska, Northwest and
Southwest Regions.
San Francisco Estuary Institute (December 2010). Removal of Creosote Treated Pilings and Structures from San
Francisco Bay.
Vines et al. (2000). The Effects of creosote derived compounds on development of Pacific Herring. Aquatic Toxicology
51.
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Reference: 016240.005 

August 6, 2021 

Adam Wagschal 
Humboldt Bay Harbor, Recreation, and Conservation District 
601 Startare Dr. 
Eureka, CA  95501

Subject: Humboldt Bay Intake Screen Conceptual Designs, Redwood Marine 
Terminal II and Red Tank Dock, Samoa, California–Revision 03

Adam Wagschal: 

SHN is submitting this revised letter, at your request, describing proposed intake screen designs for two 
intake locations: Redwood Marine Terminal II (RMT II), and “Red Tank” Dock in Samoa, California, owned 
and operated by the Humboldt Bay Harbor, Recreation, and Conservation District (District).  Existing 
intake structures located at each dock (RMT II and Red Tank Dock) require new intake screens capable of 
supplying bay water to potential industrial tenants while meeting design criteria to prevent fish 
entrapment and impingement.  Appendix 1, Figure 1 includes a site location map identifying the location 
of the RMT II dock and Red Tank dock.

Design Criteria
General intake screen design criteria are outlined in the National Marine Fisheries Service (NMFS) 
document: Fish Screening Criteria for Anadromous Salmonids (NMFS, 1997).  Through consultation with the 
California Department of Fish and Wildlife (CDFW; personal communication with Arn Aarreberg, 
Environmental Scientist, CDFW–Marine Region), it has been determined that intake screens must meet 
the design criteria assuming the presence of anadromous salmonid fry and juvenile longfin smelt.  
Applicable design criteria for fish screens from NMFS (1997) are summarized below.

A. Flow Rate
Maximum Intake Flow Rate:
RMT II Dock intake Screen: 5,500 gallons per minute (gpm)
Red Tank Dock Intake Screen: 2,750 gpm
Total: 8,250 gpm

B. Structure Placement

a. The screened intake shall be designed to withdraw water from the most appropriate
elevation, considering juvenile fish attraction, appropriate water temperature control
downstream, or a combination thereof. The design must accommodate the expected range
of water surface elevations.
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b. Where possible, intakes should be located off shore to minimize fish contact with the facility. 
Water velocity from any direction toward the screen shall not exceed the allowable approach 
velocity. Where possible, locate intakes where sufficient sweeping velocity exists. This 
minimizes sediment accumulation in and around the screen, facilitates debris removal, and 
encourages fish movement away from the screen face.

C. Maximum Approach Velocity

a. Self-cleaning screens: 0.2 feet per second (fps)

b. Non self-cleaning screens: 0.05 fps

c. The screen design must provide for uniform flow distribution over the surface of the screen, 
thereby minimizing approach velocity.

D. Screen Orientation
For screen lengths greater than six feet, screen-to-flow angle must be less than 45 degrees.

E. Screen Face Material

a. Perforated plate: screen openings shall not exceed 3/32 inches (2.38 millimeters [mm]), 
measured in diameter.

b. Profile bar: screen openings shall not exceed 0.0689 inches (1.75 mm) in width.

c. Woven wire: screen openings shall not exceed 3/32 inches (2.38 mm), measured diagonally. 
(e.g.: 6-14 mesh).

d. Screen material shall provide a minimum of 27% open area.

e. The screen material shall be corrosion resistant and sufficiently durable to maintain a 
smooth and uniform surface with long term use.

F. Civil Works and Structural Features

a. The face of all screen surfaces shall be placed flush with any adjacent screen bay, pier noses, 
and walls, allowing fish unimpeded movement parallel to the screen face.

b. Structural features shall be provided to protect the integrity of the fish screens from large 
debris. Trash racks, log booms, sediment sluices, or other measures may be needed. A 
reliable on-going preventive maintenance and repair program is necessary to ensure 
facilities are kept free of debris and the screen mesh, seals, drive units, and other 
components are functioning correctly.

G. Operations and Maintenance

a. Fish Screens shall be automatically cleaned as frequently as necessary to prevent 
accumulation of debris. The cleaning system and protocol must be effective, reliable, and 
satisfactory to NMFS. Proven cleaning technologies are preferred.
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b. The head differential to trigger screen cleaning for intermittent type systems shall be a 
maximum of 0.1 feet (0.03 m), unless otherwise agreed to by NMFS.

c. The completed screen and bypass facility shall be made available for inspection by NMFS, to 
verify compliance with design and operational criteria.

d. Screen and bypass facilities shall be evaluated for biological effectiveness and to verify that 
hydraulic design objectives are achieved.

Following consultation with CDFW, the District contracted with Tenera Environmental (May 2021) to 
complete an entrainment study evaluating the potential for the proposed screens to entrain marine 
organisms. This study suggests that decreasing the slot opening width of a woven wire screen mesh 
material from 1.75 mm (the NMFS maximum slot opening specified above for profile bar material) to 1.0 
mm would reduce the potential for entrainment. Therefore, it is recommended that 1.0 mm be used as 
the maximum allowable slot opening width for profile bar or woven wire screen materials.

Design Conditions
Site-specific design conditions include minimum and maximum water depths; and elevation of the pier 
where the pumps, blowers, and mounting equipment will be located.  Appendix 1 presents figures with 
conceptual site plans and elevations of each intake structure.  Elevations reported below in Table 1 for 
the RMT II dock intake structure are from the original design drawing included in Appendix 2 (Georgia-
Pacific Corporation, 1966).  Elevations reported below in Table 1 for the Red Tank dock intake structure
are from manual measurements collected April 1, 2020, at 8:15 a.m. in reference to the tidal water 
surface elevation reported from the NOAA North Spit tide station (9418767).

Table 1. Tidal Dataa and Intake Structure Elevations 
RMT II Dock and Red Tank Dock, Samoa, California

Description Abbreviation
RMT II Dock 

Elevation  
(feet, NAVD88) b

Red Tank Dock 
Elevation  

(feet, NAVD88)

Existing Pump Base Elevation N/Ac 13.68 11.20 +/-
Existing Pump Discharge Pipe Center Line 
Elevation

N/A 9.93
N/A

Highest Astronomical Tide, December 31, 1986 HAT 8.52 8.52
Mean Higher High Water MHHW 6.51 6.51
Mean High Water MHW 5.80 5.80
Mean Sea Level MSL 3.36 3.36
Mean Low Water MLW 0.91 0.91
North American Vertical Datum of 1988 NAVD88 0.00 0.00
Mean Lower Low Water MLLW -0.34 -0.34
Lowest Astronomical Tide, May 25, 1990 LAT -2.73 -2.73
National Geodetic Vertical Datum of 1929 NGVD29 -3.32d -3.32
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Table 1. Tidal Dataa and Intake Structure Elevations 
RMT II Dock and Red Tank Dock, Samoa, California

Description Abbreviation
RMT II Dock 

Elevation  
(feet, NAVD88) b

Red Tank Dock 
Elevation  

(feet, NAVD88)

Existing Intake Structure Invert Elevation N/A -8.82 -4.38 +/-
Bay Bottom Adjacent to Intake Structure N/A -14.82 -5.90 +/-

a National Oceanic and Atmospheric Administration (NOAA) Station 9418767 North Spit, CA 
b NAVD88: North American vertical datum, 1988 
c N/A: not applicable 
d NGVD29 is 1.013 meters (3.32 feet) lower than NAVD88 according to the NOAA VERTCON orthometric height 
conversion tool (https://www.ngs.noaa.gov/cgi-bin/VERTCON/vert_con.prl) for 40.804624 North Latitude, 
124.193127 West Longitude.

Original design elevations for the RMT II dock were given in reference to the National Geodetic Vertical 
Datum of 1929 (NGVD29).  Current design elevations are typically in reference to the North American 
Vertical Datum of 1988 (NAVD88).  NGVD29 is 1.013 meters (3.32 feet) lower than NAVD88 at RMT II 
(NOAA, 2019); that is, NAVD88 = NGVD29 – 3.32 feet.  Table 1 includes tide elevations and existing intake 
structure elevations.  

Proposed Intake Screen Design
The RMT II dock and Red Tank dock intake structures are currently designed with openings on the face 
of the structures with vertical guide channels to hold flat screens over the intake openings.  Based on 
the required intake flow rates, flat screens will not be of sufficient surface area to provide the required 
intake flow rates.  Therefore, the District is proposing to install tee-style intake screens over the intake 
openings.  The tee screens would be mounted to flat plates that can be slid down into place over the 
intake openings, providing significantly greater screen surface area.  The proposed intake screens also 
include an automated air burst self-cleaning system, which greatly increases the allowable approach 
velocity and, thus, the intake flow rates.

Appendix 3 includes a product information sheet for a tee screen manufacturer (Hendrick Screen 
Company) that specializes in intake screen design.  The manufacturer has provided a preliminary design 
for an intake screen that meets the design criteria described above (Appendix 4 includes a preliminary 
design drawing of the intake screen).  A similar intake screen design is proposed for both locations with 
the exception that the RMT II Dock screen will be 36-inch diameter with a maximum intake flow rate of 
5,500 gpm, and the Red Tank Dock screen will be 24-inch diameter with a maximum intake flow rate of 
2,750 gpm. 
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The proposed screens include the following features:

316 stainless steel woven wire screen material; 1.0 mm spacing between bars
36% open area on screen material
0.2-feet per second (fps) maximum approach velocity at maximum intake flow rate
Compressed air automatic self-cleaning system
Flow modifier to evenly distribute intake flow rates and velocities over the entire screen face

The screen manufacturer indicates head loss through the screen will be approximately 0.17 pounds per 
square inch (psi) at design conditions; 0.44 feet.  Therefore, the water level inside the intake structure 
will be a minimum of 0.44 feet lower than the tidal water level outside the structure.  As material builds 
up on the screen, head loss will increase, and the water level inside the intake structure will decrease 
accordingly, until the air burst cleaning system clears the screen of obstructions.  The setpoint for when 
the air burst cleaning system actuates will be manually adjusted to clean the screen when the head 
difference inside and outside the intake structure is a maximum of 0.1 feet greater than the design head 
difference of 0.44 feet, for a total maximum head difference of 0.54 feet prior to automated screen 
cleaning. 

Proposed RMT II Dock Intake Structure Conceptual Design
The existing RMT II dock intake structure is constructed of wood that has become deteriorated.  The 
wooden structure will likely need repairs to seal cracks that would allow flow into the intake structure 
other than through the intake screen.  Appendix 1, Figure 2 includes a proposed plan view of the new 
intake screen location.  The direction of tidal flow in the bay channel varies 180-degrees, four times per 
day.  The proposed orientation of the new screen is parallel to the direction of tidal flow.

Appendix 1, Figure 3 includes an elevation view of the proposed RMT II dock intake screen relative to 
tidal elevations and the existing intake structure.  The proposed design puts the intake screen
approximately 3 feet above the invert elevation of the existing intake structure. The bottom elevation of 
the bay outside of the intake structure is approximately 6 feet below the bottom of the intake structure, 
and may vary over time as sediment moves; however, there is sufficient depth between the invert of the 
existing structure and the mean lower low water (MLLW) elevation to provide 3 feet of clearance 
between the bottom of the new screen and the invert of the existing intake structure.  This will provide 
room for sediment accumulation and prevent the new screen from drawing sediment from the bottom 
of the bay while maintaining complete submergence during all tides.  The manufacturer recommends a 
minimum of 18 inches clear water be maintained above and below the top and bottom of the screen.  
Note the proposed intake elevation is also below the lowest astronomical tide level, which is the lowest 
expected water level at this location.

The proposed RMT II dock intake structure design will include up to four vertical turbine pumps, with a 
maximum combined flow rate of 5,500 gpm.  The existing wood and concrete pump pad will likely need 
to be replaced to accommodate additional vertical turbine pumps.  The pumps will operate on variable 
speed drives in order to provide a variable flow rate depending on demand and pipe pressure.  The four 
intake pumps will include redundant/backup pumps and duty pumps.  The new compressor can be 
installed on the dock, adjacent to the new pumps.  The compressor should be located as close as 
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possible to the intake screen to minimize headloss through the compressed air piping.  A new pump 
house is recommended to house all of the new equipment and protect it from the harsh marine 
environment.

New discharge piping will be required.  SHN recommends that stainless steel and PVC piping be used for 
this application due to the severe marine environment.  

The new intake screen will be bolted to a large, square steel plate that will slide into the vertical guide 
channels, creating a seal to cover the 8-foot-tall by 3-foot-2-inch-wide structure opening, restricting the 
opening to the inner diameter of the intake screen flange.  This will allow the new tee screen to be 
lowered and raised using a crane or hoist located above on the pier.  

The RMT II dock intake screen is located between the pier and the shore of the bay such that large logs 
and debris that may damage the screen are unlikely to occur at this location.  However, if it is 
determined that large debris is of concern, piles or other protective measures may be placed around the 
outside of the screen to prevent damage.

Proposed Red Tank Dock Intake Structure Conceptual Design
The existing Red Tank dock intake structure is concrete and appears to be in functional condition.  Minor 
maintenance repairs or cleaning may be necessary to bring this structure back into service.  Red Tank 
dock is located approximately 0.5 miles north of the RMT II dock.  Up to two water pipes may be used to 
supply bay water from Red Tank dock to land to support various uses.  A conceptual site plan is included 
in Appendix 1, Figure 4.  The direction of tidal flow in the bay channel varies 180-degrees, four times per 
day.  The proposed orientation of the new screen is parallel to the direction of tidal flow.

Appendix 1, Figure 5 includes a conceptual elevation view of the proposed Red Tank dock intake 
structure and screen.  Accumulated sediment inside the structure that is higher than the sediment 
outside of the structure.   Approximately 3 feet of sediment (approximately 6.3 cubic yards) will be
removed prior to placing pumps into the structure to allow sufficient depth for placing the pumps to 
prevent sediment from damaging the pumps.  

The new intake screen will be placed approximately 1 foot off of the existing bay bottom which will put 
the top of the screen near the lowest astronomical tide elevation.  The manufacturer recommends a 
minimum of 12 inches clear water be maintained above and below the top and bottom of the screen.  
The tidal water level will need to be monitored to ensure the intake pumps do not operate if the water 
level drops below 12 inches above the top of the screen.  Leaving 1 foot between the bottom of the 
intake screen and the bay bottom will reduce the potential for pumps to draw sediment into the interior 
of the intake structure.

The Red Tank dock intake structure is currently configured to house up to two intake pumps mounted 
above the intake structure on a concrete pad.  The proposed design includes up to two new vertical 
turbine pumps, providing up to a maximum of 2,750 gpm.  The pumps will operate on variable speed 
drives in order to provide a variable flow rate depending on demand and pipe pressure.  
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The new compressor can be installed on the dock, adjacent to the new pumps.  The compressor should 
be located as close as possible to the intake screen to minimize headloss through the compressed air 
piping.  A new pump house is recommended to house all of the new equipment and protect it from the 
harsh marine environment.

New intake piping will be required.  SHN recommends that stainless steel and PVC piping be used for 
this application due to the severe marine environment.  

The new intake screen will be bolted to a large, square steel plate that will slide into the vertical guide 
channels, creating a seal to cover the 4-foot-tall by 2-foot-wide structure opening, restricting the opening 
to the inner diameter of the intake screen flange.  This will allow the new tee screen to be lowered and 
raised using a crane or hoist located above on the pier.  Red Tank dock intake structure currently 
includes two openings: one opening is proposed to be used for the new screen, and the second opening 
will be sealed off using a blank steel plate.

The Red Tank dock intake screen is located on the open channel side of the dock, exposed to possible 
damage from large logs and debris that may flow by the structure in the channel of the bay.  It may be 
necessary to place piles or other protective measures around the perimeter of the intake screen to 
prevent impacts and damage from logs and debris floating by, or from vessels unaware of the location 
of the screen.

Please call us at (707) 441-8855 if you have any questions.

Sincerely,

SHN 

  

  

Mike Foget, PE      Chuck Swanson, EIT
Senior Engineer     Staff Engineer

MKF:CRS:lam

c. w/Attach.: Larry Oetker, HBHRCD
  Chris Mikkelsen, HBHRCD

Appendices:  1. Figures
2. Sea Chest Drawing D-12-226

  3. Tee Screen Data Sheet
  4. Tee Screen Drawing
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Phone: (707) 441-8855 Email: info@shn-engr.com Web: shn-engr.com
812 W. Wabash Avenue, Eureka, CA  95501-2138

CIVIL ENGINEERING • ENVIRONMENTAL SERVICES • GEOSCIENCES • PLANNING • SURVEYING  

Reference: 016240.005 

March 9, 2022

Larry Oetker
Humboldt Bay Harbor, Recreation, and Conservation District 
601 Startare Dr. 
Eureka, CA  95501

Subject: Humboldt Bay Intake Screens Preliminary Operation and 
Maintenance Description, Revision 1, Redwood Marine Terminal II
and Red Tank Dock, Samoa, California

Larry Oetker: 

SHN is submitting this preliminary operation and maintenance (O&M) description, at your request, 
describing proposed/recommended O&M for two intake screens located at Redwood Marine Terminal II 
(RMT II) and “Red Tank” Dock (RTD) in Samoa, California. The screens will be owned and operated by the 
Humboldt Bay Harbor, Recreation, and Conservation District (District). 

This document is intended to serve as a preliminary description of O&M tasks and should be updated 
once the project design has been completed and again when operation of the system has begun and 
actual conditions are better understood. For additional detail on the proposed design conditions, please 
see letter dated August 6, 2021, entitled Humboldt Bay Intake Screen Conceptual Designs, Redwood Marine 
Terminal II and Red Tank Dock, Samoa, California–Revision 03 by SHN.

This revision (Revision 1) to the O&M description includes updated elevations for RMT II Dock based on 
recent field survey.

System Description
Two similar intake screen systems will be installed at RMT II and Red Tank Dock (Appendix 1, Figures 1-
6). The screens must be constructed and operated to meet or exceed requirements to prevent 
entrainment and impingement (E&I) of wildlife. Each screen will consist of a cylindrical screen face 
constructed of stainless steel or other corrosion resistant material. The screen mesh will be 
permanently attached to a flange that will mount to a flat plate and will create a seal around the intake 
structure openings. The intake structures must be sealed to prevent E&I through orifices and openings 
other than the intake screen faces. Water will be drawn out of each intake structure by vertical turbine 
pumps, and the screens will prevent wildlife from entering the structure and being captured by the 
pumps.

Each screen will include a self-cleaning mechanism consisting of either pressurized air or mechanical 
brushes (see Attachment 2 for an example manufacturer’s O&M for a tee screen with pressurized air 
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cleaning system). Pressurized air systems will introduce short bursts of pressurized air into the interior 
of the screens, pushing debris and material that has accumulated on the screen faces off into the 
surrounding water. Mechanical brush screens will continuously or periodically scrape the screen face 
surface either by rotating the brushes around the outer face of the screen, or by rotating the screen 
with the brushes fixed in one position.  

The flat plate the screens are mounted to, which creates a seal around the intake structure openings, 
will rest inside of two vertical c-channels. The screens will have lifting lugs attached that will allow the 
screens to be raised up out of the water from a lifting crane located on top of the structure. Screens can 
be lifted up to the surface of the dock and intake structure for inspection and maintenance. 

Vertical turbine intake pumps will consist of motors that will be installed on top of the intake structure at 
the dock level, a vertical driveline and intake pipe, and pump intake bowls (impellers) located beneath 
the water surface inside the intake structures. The discharge pipe from each pump will be connected to 
a distribution system for distribution to various locations along the waterfront.

Pump motors, air compressors, screen brush motors, lifting hoists, and sensors will require power at 
each site.

Operational Constraints
Flow Rate
See Appendix 1, Figure 2 for conceptual flow diagram.

RMT II: The maximum design flow rate of 5,500 gallons per minute (gpm) shall not be exceeded 
at any time.

RTD: The maximum design flow rate of 2,750 gpm shall not be exceeded at any time.

Vertical Position
See Appendix 1, Figures 4 and 6 for conceptual elevations of each intake.

Note: All elevations are in reference to the North American vertical datum, 1988 (NAVD88). 

RMT II
The RMT II Sea Chest is a wooden structure supported by vertical wood piles and horizontal 6 
inch (in.) by 16 in. horizontal members, and enclosed by 4 in. by 12 in. wood planks. The 
structure inside dimensions are approximately 8 ft. 2 in. wide by 8 ft. 6 in. long, and 
approximately 17 ft. 6 in. deep.

Top Clearance: Maintain 18 inches (in.) clear water above the screen face during operation, at a 
minimum (unless otherwise specified by screen manufacturer). MLLW elevation is -0.34 feet (ft) 
such that, at a minimum, the top face of the screen should be located below -1.84 ft.  
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Bottom Clearance: maintain 18 in. clear water below the screen face during operation, at a 
minimum (unless otherwise specified by screen manufacturer). The bottom of the existing intake 
structure is located at an elevation of approximately -5.1 ft. The bay bottom measured near the 
face of the intake structure at the time of this writing is approximately -11.1 ft. With the new 
screen mounted at the lowest elevation of the intake structure, approximately 6.0 ft of clear 
water will remain below the bottom of the new screen.

RTD 
The Red Tank Dock intake structure is a concrete sea chest approximately 6 ft. 1 in. wide by 9 ft. 
4 in. long, and 16 ft. deep to the bay mud. It is uncertain as to whether the bottom of the interior 
of the structure is concrete or bay mud. When measured, the mud accumulated inside the 
structure was approximately 1 ft. 6 in. higher than the bay mud outside the structure.  The 
concrete walls and top slab are approximately 12 in. thick. 

Top Clearance: Maintain 12 inches of clear water above the screen face during operation, at a 
minimum (unless otherwise specified by screen manufacturer). MLLW elevation is -0.34 ft such 
that, at a minimum, the top face of the screen should be located below -1.34 ft.

Bottom Clearance: maintain 12 inches of clear water below the screen face during operation, at 
a minimum (unless otherwise specified by screen manufacturer). The bay bottom measured 
near the face of the intake structure at the time of this writing is approximately -5.9 ft such that 
the bottom of the screen should be located at or above -4.9 ft. 

Head (Water Level) Differential
The self-cleaning mechanisms shall be initiated when the head differential measured as the difference 
in water level inside and outside the structures exceeds 0.1 ft above the baseline differential. The 
baseline differential shall be established as the difference in water level inside and outside the 
structures when the pumps are operating at full design capacity with the screen completely clean and 
free of any pore obstructions. Screen manufacturers should provide an estimate of what the baseline 
differential will be and what can be field verified.

There will be headloss due to friction as water passes through the screens such that the water level will 
be lower inside the intake structures compared with the ambient bay water level outside the structures. 
As material builds up on the screens and the pores decrease in opening size, the head differential will 
increase (the level inside the structures will decrease compared with outside the structures due to 
increased friction). Once this differential increases to 0.1 ft or more above the baseline, the self-cleaning 
mechanism must be initiated. 

As the frequency of self-cleaning increases because the screens cannot be cleaned sufficiently by the 
self-cleaning mechanisms and the 0.1 ft head differential is exceeded more frequently, manual cleaning 
should be initiated. The frequency of manual cleaning may need to be adjusted after the screens have 
become operational.
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Operation
Startup Pre-Inspection

1. Inspect and Clean Screen

a. Visually inspect the screen for debris or excessive obstruction of pores by aquatic growth 
or eelgrass.

b. Remove loose debris manually prior to proceeding with startup.

c. Raise screen and remove attached growth if necessary prior to proceeding with startup.

d. Ensure that the screen is in place over the opening of the intake structure and that all 
seals are in place and seated securely. Record and repair any deficiencies.

e. Ensure that the screen is securely attached to pressurized air piping (if applicable).

2. Inspect and Service the Air Compressor (if applicable)

a. Visually inspect the air compressor, pressure tank, and pressurized air piping and valves. 
Record and repair any deficiencies.

b. Drain water from compressor pressure tank.

c. Check lubricant levels. Repair any deficiencies.

d. Visually inspect air cleaner, replace as needed. 

3. Inspect and Service Mechanical Brush Mechanisms (if applicable)

a. Visually inspect the brushes and brush motors. Repair any deficiencies.

b. Remove any debris from brushes that may reduce the efficiency of the cleaning 
mechanism.

4. Inspect and Service Pump Motors and Hoist Motors (if applicable)

a. Visually inspect pump motors. Repair any deficiencies.

b. Check lubricant levels (if applicable), check inspection service logs, and record frequency 
of maintenance. 

5. Inspect level, pressure, and flow instruments.

a. Visually inspect water level instrumentation and ensure its free of debris that may affect 
level measurements. Record water levels. Confirm that water levels are not below the 
lowest water level recommended.

b. Visually inspect water pressure sensors and ensure in place and functional.

c. Visually inspect flow meters and ensure in place and functional. Record totalized flow.

6. Verify that end-user(s) is ready to receive water.

7. Open/close valves as needed to supply water to desired location in distribution system.
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Startup
1. Select manual or automatic operation mode on air compressor cleaning system control panel 

(as applicable).

a. START air compressor cleaning system.

2. Select manual or automatic operation mode on mechanical brush cleaning control panel (as 
applicable). 

a. START mechanical brush cleaning system.

3. Select manual or automatic operation mode on pump control panel (as applicable).

a. START one pump at a time (as applicable). Allow 1-2 minutes after pump start before 
starting each additional pump for pressure to equalize in the system.

4. Verify that level sensors are functioning and manually record water levels and head differential. 
Manually verify water levels are correct and accurate. Note whether head differential is greater 
than previous record and whether manual cleaning may be necessary.

5. Verify that pressure sensors are functioning and manually record pressures.

6. Verify that flow meters are functioning and manually record flow rates once all pumps are 
running. Confirm that flows do not exceed maximum capacity of screens.

Post-Startup Inspection
1. Inspect pumps; note any abnormal vibration or heat.

2. Inspect pump water seal (if applicable).

3. Inspect piping, valves, and appurtenances for leaks. Note minor leaks. Stop the system and 
repair major leaks.

4. Confirm with end-user that flow is sufficient.

5. Confirm that pressurized air or mechanical brush cleaning systems are functioning properly.

Shutdown
1. STOP pumps.
2. STOP pressurized air or mechanical brush cleaning system.
3. Record date/time of shutdown and totalized flow rate.

Maintenance
Manual Screen Cleaning

1. Lockout/tagout pumps and air compressor or mechanical brush systems.
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2. Visually inspect lifting chain(s) and/or cable(s). Confirm that they are connected to the 
appropriate lifting lugs and secured to the lifting hoist. Confirm that they are not corroded or 
loose. Manually pull on chains and/or cables to test for strength. Confirm that hoist is secured to 
overhead support.

3. Lift screen very slowly ensuring that the screen does not bind in the vertical guide rails. If 
binding occurs, adjust tension on lifting chains/cables until screen raises smoothly. Do not exert 
excessive force on screen or damage to guide rails may occur and will have to be manually 
removed and repaired.

4. Raise screen until accessible for manual cleaning. Photograph and record accumulation on 
screen and note time since last service.

5. Use pressure washer to remove debris and growth on screen. If pressure washing is not 
sufficient, use manual scrapers or brushes to remove remaining material until screen is free of 
debris and growth and all pores are clear.

6. Inspect interior of screen for additional debris/growth and clean as above.

7. Inspect pressurized air distribution system or mechanical brush system and service as needed.

8. Lower screen back into place slowly. Prevent binding as above.

Intake Structure Integrity Test
Note: this test should be performed at high tide.

1. Lift and remove screen from structure.

2. Place blank face plate in vertical guide channels and lower into place, sealing the intake structure 
opening.

3. Pump water from intake structure as low as possible. This may be accomplished with a small 
submersible pump.

4. Observe and note any leakage of bay water into structure. Repair any deficiencies.

Intake Structure Cleaning
Note: This should be done periodically to remove accumulated sediment from the structures prior to 
when sediment rises to within 1 ft below the bottom of the pumps. This may be done by following the 
instructions above for “Intake Structure Integrity Test,” removing sediment from the interior after the 
blank face plate is in place and water has been removed. Or this may be accomplished with the screen 
in place, using a small suction dredge.

Cleaning with water removed:

1. Pull pump motors and pumps.

2. Remove sediment using a vacuum suction system by lowering the vacuum suction hose into the 
holes for the pumps (similar to a vactor truck system).

3. Replace pumps and motors.
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Cleaning with screens in place:

1. Pull pump motors and pumps.

2. Remove sediment using a small dredge suction pump by lowering the suction hose into the 
holes for the pumps.

3. Note that suction flow rate must be recorded to ensure it does not exceed the maximum design 
capacity of the screens.

Please call us at (707) 441-8855 if you have any questions.

Sincerely,

SHN 

  

  

Mike Foget, PE      Chuck Swanson, EIT
Senior Engineer     Staff Engineer

MKF:CRS:ame

c. w/Attach.: Rob Holmlund, HBHRCD
  Chris Mikkelsen, HBHRCD

Appendices:  1. Figures
  2. Manufacturer O&M
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Phone: (707) 822-5785   Email: info@shn-engr.com   Web: shn-engr.com
1062 G Street, Suite I, Arcata, CA  95521-5800

CIVIL ENGINEERING • ENVIRONMENTAL SERVICES • GEOSCIENCES • PLANNING • SURVEYING  

Reference:  016240.005

August 15, 2022

Rob Holmlund, AICP
Humboldt Bay Harbor, Recreation, and Conservation District
601 Startare Drive
Eureka, CA 95501

Subject: Humboldt Bay Master Water Intakes Project, Kramer Dock Pile
Removal, Eelgrass Protection Plan and Compensation for Potential
Loss of Biological Productivity   

Dear Rob Holmlund:

Introduction and Project Objectives
The Humboldt Bay Water Intakes Project is being implemented by the Humboldt Bay Harbor,
Recreation, and Conservation District (Harbor District; County of Humboldt, 2022). This project will 
modernize and operate two former bay-water intake systems in Humboldt Bay and will install new 
piping to deliver bay water to existing and future Harbor District tenants, as described in the Draft
Environmental Impact Report (DEIR; SCH 2021040532; County of Humboldt, 2021), which includes this 
pile removal project conditioned by the project’s regulatory approvals from the Harbor District, 
California Coastal Commission, North Coast Regional Water Quality Control Board, and U.S. Army Corps 
of Engineers. These conditions include the removal of 988 piles at the previous Kramer Dock along the 
Humboldt Bay shoreline near Fields Landing. Removal of these piles will create new benthic habitat that 
will mitigate for loss of biological productivity caused by fish species entrainment, as a result of the 
operation of the water intake systems as outlined in Section 2.4.7 (pages 2-56) of the DEIR. The EIR was 
certified by the Humboldt County Planning Commission on August 4, 2022. 

The need to offset the impact on biological productivity is based on Section 30231 of the California 
Coastal Act, California Ocean Plan requirements for desalination plant water intakes, and a 
Memorandum of Agreement among regulatory agencies during environmental review of applications 
for proposed seawater desalination facilities. Additionally, Section 3.14 of the Humboldt Bay Area Plan 
(consistent with Section 13142.5 (b) of the Ocean Plan) outlines requirements that the best available site, 
design, technology, and mitigation measures feasible shall be used to minimize the intake and mortality 
of all forms of marine life. The water intakes are designed to avoid impingement of all aquatic species 
and entrainment of juvenile and adult aquatic species, by meeting design criteria related to screen 
mesh, water approach velocity, and other parameters and avoiding potential significant impacts to 
biological productivity. It is expected that only non-special status aquatic larvae will be entrained, except 
a small amount of Longfin Smelt larvae is estimated at up to 200 larvae per year.
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SHN, Tenera Environmental, and the Harbor District prepared a technical memorandum for the 
Humboldt Bay Water Intakes. According to that technical memorandum, based on daily tidal dynamics 
and using the source water volume estimates, the daily losses to any larval populations in Humboldt Bay 
subject to entrainment would be expected to be less than 0.018%, even under maximum intake flow 
during Phase III of its operation and the most conservative source water volume estimate at Mean Sea 
Level (SHN, Tenera, Harbor District, 2022). As explained in this technical memorandum, entrainment 
losses estimated based solely on the ratio of the intake volume to source water volume are likely to be 
highly conservative, especially due to the design of the intake screens and their placement in an area of 
Humboldt Bay where they will be subject to strong sweeping velocities on ebb and flood tides.  

Nine hundred eighty-eight (988) creosote-treated pilings and 151 creosote-treated cross-beam supports, 
attached to the pilings, are proposed for removal at Kramer Dock as compensatory restoration for 
biological productivity foregone as a result of the water intakes project. This is intended to create space 
for eelgrass (Zostera marina) habitat while enhancing a larger tidal habitat area, and in turn, supporting 
biological productivity. The removal of creosote piles and braces is proposed to offset a small reduction 
in the Humboldt Bay’s biological productivity as a result of entrainment of non-special-status larval 
species. Following implementation, the Harbor District intends to maintain ownership of the property 
and oversee follow-up monitoring and maintenance activities associated with the restoration.

The California Regional Water Quality Control Board (RWQCB) requires submittal and approval of a plan 
describing mitigation for the mortality of all forms of marine life. Plans shall include project objectives, 
site selection, site protection instrument (the legal arrangement or instrument that will be used to 
ensure the long-term protection of the compensatory mitigation project site), baseline site conditions, a 
mitigation work plan, a maintenance plan, a long-term management plan, an adaptive management 
plan, performance standards and success criteria, monitoring requirements, and financial assurances.
This document has been organized in the same format as is required by the RWQCB.

This Plan is not a mitigation plan but is rather a companion document for the pile removal effort
developed to compensate for the loss of biological productivity and is intended to minimize impacts to 
eelgrass that might otherwise occur during pile removal activities for habitat improvement. This will 
ensure no net loss in eelgrass function consistent with the California Eelgrass Mitigation Policy (NOAA, 
2014). 

Project Location, Site Selection, and Baseline Site 
Conditions

The piling removal project proposed by the Harbor District as compensatory restoration for the 
reduction of biological productivity is located along the eastern shore of the South Bay portion of 
Humboldt Bay (See Exhibit 1 in Attachment 1). The abandoned pilings were previously part of a structure 
referred to as the Kramer Dock and extend over an area of approximately 2 acres of shoreline. 
At the upcoast end of the abandoned dock, the pilings are more numerous and extend further out from 
the shoreline, while at the downcoast end they only extend a short distance from the shore. All of the 
pilings have been cut off and extend various lengths above the surface of the water. 
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Eelgrass is a sensitive, natural community that occurs in Humboldt Bay and in proximity to the pile 
removal location. According to an eelgrass mapping study in Humboldt Bay, the vicinity of the Kramer 
Dock had continuous eelgrass bed coverage (Gilkerson, 2008); however, eelgrass distribution fluctuates
and can expand, contract, disappear, and recolonize areas within suitable environments (NOAA, 2014). 
Pile removal would benefit eelgrass in Humboldt Bay by creating additional eelgrass habitat and would, 
therefore, self-mitigate for temporary impacts to eelgrass that may occur during pile removal activities. 

Within the overall 2.69-acre habitat restoration area, there are two, 150-foot-wide sections that will be 
used as barge access. Barge access locations were selected based on a previously used location and 
access to South Depot Road. Eelgrass exists among some of the wood piles at elevations ranging from 
approximately -2 feet to 1 foot (North American vertical datum, 1988 [NAVD88]; See Attachment 1, 
Figure 3). 

At the request of California Department of Fish and Wildlife (CDFW), field measurements and desktop 
analyses were conducted to evaluate the weight, surface area, and volume of piles and cross beams to 
be removed at the Kramer Dock site. The proposed mitigation and compensatory restoration results in 
the removal and disposal of 1,139 creosote-treated piles and beams, totalling 23,650 cubic feet (ft3); 308 
tons; and 96,530 square feet (ft2) from Humboldt Bay (GHD, 2022). 

The piles and cross beams exhibited a faint smell of petroleum product and are all assumed to have 
been treated with creosote, as was common for piers, docks, and floats for more than a century. 
Creosote is derived from coal tars and is made up of hundreds of thousands of chemical compounds 
with various forms of polynuclear aromatic hydrocarbons (PAHs) accounting for up to 90% of the 
creosote mixture. Even very low levels of leaching of PAHs from the weathered pilings in Humboldt Bay 
may still represent a risk to fishes and other marine organisms (Tenera, 2021). These toxins can 
accumulate in tissues of mollusks and other benthic invertebrates that do not metabolize as efficiently. 
An increase in concentration can result within organisms with higher fat content, this phenomenon is 
known as bioaccumulation. Reproduction may be inhibited, or death may occur. For some fish species, 
sediment contamination is linked to adverse impacts such as reproductive impairment, suppressed 
immune function, liver lesions, and fin abnormalities. In addition, embryonic development of the Pacific 
herring has been shown to be negatively affected by diffusible components of weathered creosote 
pilings (Washington State Department of Natural Resources, 2019).

Site Protection Instrument and Financial Assurance
Regulatory requirements of the California Coastal Commission, North Coast Regional Water Quality 
Control Board, California Department of Fish and Wildlife, and U.S. Army Corps of Engineers ensure the 
long-term protection of the compensatory restoration and mitigation project site. 

The Harbor District is a public agency and subject to public agency regulations. Once permits are 
approved, the Harbor District will work within its overall budget to commit funds to the construction of 
the project. The Harbor District will not begin the bidding process until project funds are committed. 
Then, the Harbor District will conduct a standard public-agency competitive construction bid process. 
Through that bid process, the Harbor District will be able to confirm the actual project costs and will 
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reconcile those costs with committed Harbor District funds. As per all standard public agency 
contracting procedures, the Harbor District will require a bid bond, a performance bond, and 10% 
retention of all progress payments until project completion.

Mitigation Work Plan
Pile removal will be conducted from shore and/or from a barge. A crane with a boom carrying a 
vibratory hammer and timber clamp will be used to remove the piles. Piles that break off above the 
bottom will be reattached to the vibratory hammer and removed. If a pile cannot be fully extracted, it 
will be cut off 1 foot below the mudline using a saw. Piles located closer to shore would likely be 
removed using equipment on land during low tidal periods, whereas piles further offshore would likely 
require removal with equipment operating from a barge. Under current conditions, the pilings likely 
provide some wave energy dissipation along the shoreline and the existing eelgrass beds have adapted 
to these conditions. Unarmored portions of the adjacent shoreline show varying degrees of erosion 
likely caused by tide and wind waves. Pile removal may alter the nearshore hydraulic characteristics of 
shoreline erosion, but the project does not include removal of the old retaining wood wall, which will 
continue to protect the shoreline (County of Humboldt, 2022).  

Removal with barge: The crane referenced above would be on a barge. The barge would be 
approximately 80 feet X 100 feet with a 4-foot draft and would be moved with a small tugboat. After 
being placed on the barge, the piles would be transferred to land and then transported to and disposed 
of at an appropriate upland location.  

Removal from shore: The crane referenced above would operate from the shore immediately adjacent 
to the bay. The piles would be transported to and disposed of at an appropriate upland location.  

Schedule: The Harbor District will complete the mitigation and restoration projects prior to operation of 
the intake structures. This is anticipated to be within 2 years of permit approval.

Maintenance Plan and Best Management Practices
The following best management practices (BMP) will be followed: 

PART 1 A Harbor District staff member or representative will be present to ensure that these BMPs are 
adhered to.

PART 2 Neither the barge nor the tug will anchor during the project. The barge may attach to existing 
piles to maintain its position.

a. Piles will be removed during a tide of sufficient elevation to float the barge and tugboat adjacent 
to the piles being removed without scarring the mudflats or injuring eelgrass.

b. Grounding of the barge is not permitted.

c. A floating containment boom shall be installed and maintained around each pile being removed 
to collect any debris, including debris floating below the surface but not sinking to the bottom, 
and weighted plastic mesh (similar to orange construction fencing) will be attached to the boom 
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and extended across the area surrounding the pile. If debris sinks to the bottom, then it shall be 
removed by a diver.

d. Any equipment used shall be without leaks of any coolant, hydraulic fluid, transmission fluid, or
petroleum products. All equipment shall be checked before use in order to certify that there are
no fluid leaks. A spill response kit, including oil absorbent pads, shall be onsite to collect any
petroleum product accidently released.

e. Crane excavator and tug operators shall be experienced with vibratory pile removal.

f. The crane or excavator operator shall break the soil/pile bond prior to pulling in order to
minimize pile breakage and sediment adhesion.

g. Piles shall be removed slowly to limit sediment disturbance.

h. Piles shall not be hosed off, scraped, or otherwise cleaned once they are removed from the
sediment.

i. Piles shall be placed in a containment area on the barge to capture sediment attached to the
piles.

j. The containment area shall include a structure around the perimeter, which precludes sediment
or contaminated water from reentering the bay.

k. Holes left in the sediment by the removed pilings will not be filled. They are expected to
naturally fill.

l. Piles and debris shall be removed from the barge and moved to a designated site for disposal
preparation in such a manner as to prevent water quality impacts. Prior to disposal, the piles
and debris will be stored on paved areas, covered with tarps, and surrounded by a soil erosion
boom in order to prevent potential leaching or discharge of debris or contaminated material.

m. All removed piles or portions of piles shall be disposed of at an authorized facility. Piles or
portions of piles shall not be re-used in Humboldt Bay or along shoreline areas.

n. Land operations shall not be conducted in wetlands in proximity to the staging site.

Long-Term Management Plan
A long-term management plan is not required as part of this Plan. Pile removal is intended to allow for 
the natural re-colonization of aquatic organisms, including eelgrass, in the space created by the removal 
of the piles, compensating for the potential loss of biological productivity resulting from the water intake 
project. Eelgrass will be avoided using the measures described above to minimize impacts to eelgrass 
during pile removal.   
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Adaptive Management Plan
Working with tidal fluctuation, equipment will work from land when possible and from a floating barge 
when land access is not possible. Piles that break off above the bottom will be reattached to the 
vibratory hammer and removed. If a pile cannot be fully extracted, it will be cut off one foot below the 
mudline using a saw. If debris sinks to the bottom, then it shall be removed by a diver. Any eelgrass 
observed within the vicinity of a broken pile will be avoided during mud removal and cutting of the pile
one foot below the soil surface. This includes avoiding trampling eelgrass during on the ground work 
when access the broken piles and when conducting the actual removal. The contractor shall provide the 
location of all the broken and cut piles using a GPS unit.  

Performance Standards 
In addition to the BMPs listed above, performance standards will be consistent with requirements of the 
California Coastal Commission, North Coast Regional Water Quality Control Board, and U.S. Army Corps 
of Engineers. Implementation of compensatory restoration would be consistent with the North Coast 
Regional Water Quality Control Board Basin Plan and would not conflict with the 303(d) listing for 
Humboldt Bay. Removal of creosote piles is supported by both the Basin Plan and 303(d) listing, as 
pollutant removal would occur (County of Humboldt, 2021). Benefits to the removal of old and derelict 
pilings reported by Tenera (2021) will include: 

• reduced substrate for introduced species;

• reduced shading of the bottom of the water column;

• reduced toxic effects of creosote and other contaminants;

• reduced restrictions to flow and sediment movement;

• restoration, re-creation, or realignment of intertidal mudflats, sand flats, rock, and shellfish, 
eelgrass, and macroalgal beds;

• reduced navigational hazards; and

• improved aesthetics.

Monitoring Requirements
The Harbor District proposes to monitor eelgrass in the pile removal areas using photo documentation 
before and after pile removal efforts with a combination of drone and ground-based photo points at low 
tide approximately one week before pile removal and again in the same photo point locations 
approximately one week after pile removal. 

Success will be reported based on visual representation of the listed benefits above. Additionally, a 
minimum of 10 before and after photos from the same location shall be taken of eelgrass populations 
within the action area. These photos will be used to document the success of the Eelgrass Protection 
Plan and the avoidance of impacts to eelgrass for submittal to the RWQCB. 
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Conclusion
Depressions around the base of piles are common and are most likely the result of increases in the 
speeds of ambient currents around the piles that pull away sediment. In an area where there are 
numerous piles closely spaced, such as the abandoned Kramer Dock, this effect would likely be 
expected to severely limit growth of eelgrass and submerged vegetation in the area with the piles in 
place. Therefore, the removal of a piling results in the restoration of a much larger area than just the 
area occupied by the piling (Tenera, 2021). Pile removal is intended to provide creation of available 
space for eel grass habitat while enhancing a larger tidal habitat area with the removal of creosote piles 
and braces. Removal of the piles in the water will restore the habitat to support aquatic vegetation, such 
as eelgrass, and associated invertebrates and fishes and result in the removal of creosote-laden piles 
out of Humboldt Bay.

Implementation of this Plan will result in reduced impacts to eelgrass currently occurring within the 
action area and will allow for the documentation of the avoidance of eelgrass during pile removal. The 
enhanced habitat and expansion of area available for eelgrass growth should more than compensate 
for minor impacts to eelgrass occurring during the pile removal effort. Following pile removal, eelgrass 
currently occurring within the action area will be able to freely colonize the newly available habitat and
will support increased biological productivity in this area of Humboldt Bay. 

If you have any questions or comments, please call me at 707-822-5785 or email me at gobrien@shn-
engr.com. 

Sincerely,

SHN

Gretchen A. O’Brien
Senior Wildlife Biologist

GAO:ame

Attachment
1. Kramer Dock Memo
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Memorandum

 The Power of Commitment 

11225550 1

27 January 2022 

To Rob Holmlund (Humboldt Bay Harbor, Recreation and Conservation District) 

From Brett Vivyan & Jeremy Svehla (GHD) 

Reviewed By Misha Schwarz Tel 707 267 2275 

Subject Suitability of Kramer Dock Site for Bay Water Intake Project 
Compensatory Off-site Restoration and Mitigation 

Project no. 11225550 

Introduction 
The Humboldt Bay Harbor, Recreation and Conservation District (HBHRCD) parcel APN 307-101-002 is 
located along the shoreline in Fields Landing, at the end of South Bay Depot Road (Exhibit 1). The property 
extends into the bay, north and south of South Bay Depot Road. The northern section includes a parking 
lot, boat ramp, structures and the southern section is largely undeveloped with a gravel trail along the 
shoreline. Rows of in-water pilings that historically supported the Kramer Dock (Figure 1) and a retaining 
wall span the shoreline of the parcel (Figure 2). 

Figure 1. 1947 aerial photo showing former Kramer Dock and supporting piles (Humboldt Room 1947). 
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11225550 2

Figure 2. Photo of representative shoreline erosion at project site. Photo source: Stillwater Sciences, 2016 

As a part of the eel grass mitigation planning process for the Fisherman’s Channel Dredging Project in 
2016, mitigation concepts were developed for the project shoreline that included measures to create eel 
grass habitat (Stillwater Sciences, 2016). The Fisherman’s Channel Dredging Project did not move forward, 
as such the 2016 design concepts were not implemented. Since 2016, the HBHRCD has considered other 
multi-benefit approaches to habitat enhancement at the site.  

The purpose of this memo is to present a habitat enhancement concept that builds on previous efforts and 
address feedback received from the California Coastal Commission. HBHRCD intends to implement eel 
grass and habitat enhancements along the shoreline of APN 307-101-002 to restore and improve natural 
processes and ecosystem functions that will provide habitat for essential fish habitat (EFH). Following 
implementation, HBHRCD intends to maintain ownership of the property and oversee follow-up monitoring 
and maintenance activities associated with the restoration. 

Proposed Enhancements 
Eel grass and habitat enhancements may be achieved through the removal of creosote pilings and 
associated support structures used for the former Kramer dock. As shown in Exhibit 1, the total habitat 
restoration areas is 2.69 acres, and contains a total of 988 creosote treated pilings, and 151 cross beam 
supports, attached to the pilings.  The pilings and cross beam supports were part the former Kramer dock 
have been identified along the shoreline (Exhibit 1).  
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Figure 3 Typical pile removal section. 

The general area containing pilings in which habitat restoration will occur is comprised of five sub-areas.  
Within the overall 2.69 habitat restoration area are two 150 ft wide sections that will be used as barge 
access. Barge access locations were selected based on a previously used location and access to South 
Depot Road. Existing eel grass exists among the some of the existing wood piles at elevations ranging from 
approximately -2 ft to 1 ft (NAVD 88).  

Pilings would be removed using various methods including but not limited to a vibratory hammer, excavator, 
or cut-off at a minimum of 1 foot below bed elevation. Pilings located closer to shore would likely be 
removed from equipment operation on land during low tidal periods whereas piles further off-shore would 
likely require removal with equipment operating from a barge. Under current conditions, the pilings likely 
provide some wind wave energy dissipation along the shoreline and the existing eel grass beds have 
adapted to these conditions. Unarmoured portions of the adjacent shoreline show varying degrees of 
erosion likely caused by tide and wind waves. Piling removal may alter the nearshore hydraulic 
characteristics of shoreline erosion, but the project does not include removal of the old retaining wood wall 
which will continue to protect the shoreline.  

Conclusions and Next Steps 
The concept presented in this memo provides creation of available space for eel grass habitat while 
enhancing a larger tidal habitat area with the removal of creosote piles and braces. The following next steps 
are recommended: 

 Obtain Agency concurrence with this plan 

 Develop Construction Documents for the removal of piles 

 Develop Regulatory Approval Documents and Monitoring/Maintenance Plan 
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Piling Removal Area 1:
• 354 pilings
• 33 crossbeams
• .75 acres

Soth Bay Depot Rd

Piling Removal Area 2:
• 67 pilings
• 8 crossbeams
• .21 acres
• This area to be used as a barge

landing site after piling removal

Piling Removal Area 3:
• 143 pilings
• 15 crossbeams
• .42 acres

Piling Removal Area 5:
• 394 pilings
• 96 crossbeams
• 1.1 acres

Piling Removal Area 4:
• 30 pilings
• 0 crossbeams
• .21 acres
• This area to be used as a barge

landing site after piling removal

Legend
Kramer Dock Piles

General Area Containing Pilings
Compensatory Off-site
Restoration Areas
Compensatory Off-site
Restoration Areas / Barge
Landing Sites

EXHIBIT 1

Jan 2022Date
5Revision No.
11225550Project No.

Compensatory Off-site Restoration Areas
at Kramer Dock

Baywater Intake CDP Application No. 1-21-0653

Map Projection: Lambert Conformal Conic
Horizontal Datum:  North American 1983

Grid: NAD 1983 StatePlane California I FIPS 0401 Feet
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Feet

Paper Size ANSI A

Data source:  Humboldt County, AirPhoto_2019_MapService: .  Created by: jlopez4\\ghdnet\ghd\US\Eureka\Projects\561\11225550\GIS\Maps\Deliverables\Concept_Design\11222550_Kramer_Dock_Pile_Removal\11225550_Kramer_Dock_Pile_Removal.aprx
Print date: 26 Jan 2022 - 14:23

Per Nordic DEIR Appendix N, four Piles will be removed
from the “Compensatory Off-site Restoration Areas” to

mitigate for the take associated with the entrainment of 295
LFS larvae, which represents less than the annual

production of one female adult Longfin Smelt. In addition, if
deemed necessary upon completion of an Entrainment
Study, the District will utilize this same site to conduct
"compensatory off-site restoration" as analyzed in the

certified Final EIR for the Nordic project.

Total Compensatory Off-site
Restoration Areas = 2.69 acres
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Methods and Best Management Practices for
Pile Removal at Kramer Dock Site (10/21/22)

Objectives
The objectives of these Best Management Practices (BMPs) are to avoid impacts to eelgrass, to avoid the mobilization of
contaminants, and to control turbidity and sediments re entering the water column during the process of removing piles
from the Kramer Dock site.

Methods
Pile removal will be conducted from shore and/or from a barge. A crane with a boom carrying a vibratory hammer and
timber clamp will be used to remove the piles. Piles that break off above the bottom will be reattached to the vibratory
hammer and removed. If a pile cannot be fully extracted, it will be cut off one foot below the mudline using a saw.

Removal with barge: The crane referenced above would be on a barge. The barge would be approximately 80’ X 100’ with
a 4’ draft and would be moved with a small tugboat. After being placed on the barge, the piles would be transferred to
land and then transported to and disposed of at an appropriate upland location.

Removal from shore: The crane referenced above would operate from the shore immediately adjacent to the bay. The
piles would be transported to and disposed of at an appropriate upland location.

Best Management Practices
The following best management practices (BMP) will be followed:

Best Management Practices

BMPs to
Avoid

Impacts
to

Eelgrass

BMPs to
Minimize

Sediment and
Contaminant
Mobilization

Harbor District staff or a designated representative will be present to ensure that
these BMPs are adhered to. X X

Neither the barge nor the tug will anchor during the project. The barge may
attach to existing piles to maintain its position. X X

During the barge method, piles will be removed at a tide of sufficient elevation
to float the barge and tugboat adjacent to the piles being removed without
scarring the mudflats or injuring eelgrass.

X X

Grounding of the barge will not be permitted. X X
A floating containment boom will surround each pile being removed to collect
any debris. To collect debris that floats below the surface but does not sink to
the bottom, weighted plastic mesh (similar to orange construction fencing) will
be attached to the boom and extended across the area surrounding the pile. If
debris sinks to the bottom, then it will be removed by a diver.

X X

All equipment will be checked before use to minimize risk of petroleum product
releasing to the bay. A spill response kit, including oil absorbent pads will be on
site to collect any petroleum product that is accidently released.

X X
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Methods and Best Management Practices for Pile Removal at Kramer Dock 

Humboldt Bay Harbor, Recreation and Conservation District Page 2 of 2 

Best Management Practices

BMPs to
Avoid

Impacts
to

Eelgrass

BMPs to
Minimize

Sediment and
Contaminant
Mobilization

The crane and tug operators will be experienced with vibratory pile removal. X X
The crane operator will break the soil/pile bond prior to pulling to limit pile
breakage and sediment adhesion. X X

All work should be confined to within the floating containment boom. X
Piles will be removed slowly to limit sediment disturbance. X X
Piles will not be hosed off, scraped, or otherwise cleaned once they are removed
from the sediment. X X

Piles will be placed in a containment area on the barge to capture sediment
attached to the piles. X X

The containment area will be lined with plastic sheeting to not allow sediment or
residual water to reenter the bay. X X

Sawdust or woody debris generated from pilings that are cut 1 foot below the
mudline using a saw are to be retrieved and placed in the containment area X X

Holes left in the sediment by the pilings will not be filled. They are expected to
naturally fill. X

Piles and debris will be removed from the barge carefully and moved to a
designated site for disposal preparation. Prior to disposal, the piles and debris
will be stored on a paved surface, covered with tarps, and surrounded by an
erosion boom, straw waddle, or hay bale perimeter.

X X

All removed piles or portions of piles will be disposed of at an authorized facility.
No piles or portions of piles will be re used in Humboldt Bay or along shoreline
areas.

X X

Land operations will avoid wetlands mapped at the site.
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Table 1 Typical pile dimensions.

www.dnr.wa.gov/publications/aqr_rest_creosote_factsheet_1019.pdf
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Table 2 Typical cross beam dimensions

Figure 1 Typical piles and cross beams at mitigation site.

Table 3. Resulting weight, surface area and volume calculations.
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PPhone: (707) 822-5785   Email: info@shn-engr.com   Web: shn-engr.com 
1062 G Street, Suite I, Arcata, CA  95521-5800

CIVILL ENGINEERINGG • ENVIRONMENTALL SERVICESS • GEOSCIENCESS • PLANNINGG • SURVEYINGG  

Reference: 016240.005

July 19, 2022

Rob Holmlund, Development Director
Humboldt Bay Harbor, Recreation, and Conservation District 
601 Startare Drive 
Eureka, CA 95501

Subject:: Baywaterr Intakee Systemm Pipelinee Trenchh andd ESHAA Analysis;; Responsee too 
Continuedd Revieww off Coastall Developmentt Permitt (CDP)) Applicationn  
No.. 1-21-0653 

Dear Rob Holmlund:

SHN has developed this response to the California Coastal Commission (CCC) letter dated February 22, 
2022, regarding impacts to Environmentally Sensitive Habitat Areas (ESHA), and other biological 
resources within the alignment for a proposed water intake pipeline.  The CDP application is part of the 
Humboldt Bay Harbor, Recreation, and Conservation District project to modernize and operate two 
formerly used bay water intake systems at Redwood Marine Terminal II and Red Tank Dock.

Introduction 
A Biological and Habitat Assessment report (SHN, 2020a) and a Wetland Assessment (SHN, 2020b) were
previously prepared for a majority of the project site in September 2020, prior to the development of a 
project description. ESHA and sensitive species habitat have been identified and mapped adjacent to the
proposed water intake piping alignment (Figures 1, 2, and 3). The following information is intended to 
satisfy the CCC request for a biological report that:

(i) evaluates the proposed pipeline infrastructure project in relation to sensitive species and
habitats in the project area;

(ii) provides a biological determination of minimum buffers necessary to protect the resources
of the sensitive habitat areas from significant disruption of habitat values;

(iii) evaluates the adequacy of any proposed buffers less than the recommended minimum
buffers;

(iv) provides a description of the specific mitigation measures and BMPs that will be provided to
avoid and/or minimize adverse environmental effects of construction of the proposed
pipeline infrastructure adjacent to sensitive habitats and coastal waters; and
provides a description/map of the proposed bridge infrastructure relative to sensitive
habitats, evaluates impacts, and describe BMPs, avoidance, and minimization measures to
limit adverse environmental effects of construction of the proposed bridge infrastructure
adjacent to sensitive habitats and coastal waters.
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Methodss 
Existing documentation of special-status species and sensitive habits were used to analyze the 
temporary impacts of the proposed project implementation. Sources include the previously prepared 
Biological and Habitat Assessment (SHN, 2020a) and Wetland Assessment (SHN, 2020b); the Nordic 
Aquafarms California, LLC Land-based Aquaculture Project Draft EIR (Humboldt County, 2021); and the 
Humboldt Bay Master Water Intakes Project Description (HBHRCD, 2022). In addition, a field visit was 
conducted on March 4, 2022 by SHN Senior Biologists Joseph Saler and Gretchen O’Brien to verify 
current site conditions within the pipeline infrastructure footprint.

Resultss 
Existingg Conditionss 
The majority of the pipeline alignment will be sited within asphalt and concrete paved vacant industrial 
land (Figure 1). These areas consist of large expanses of asphalt with little to no vegetation. Cracks in 
pavement or old foundations are typically dominated by invasive species, the most common being 
pampas grass (Cortaderia jubata). The southern portion of the alignment occurs immediately east and 
south of the former pulp mill infrastructure (Attachment 1, photos 1, 2, 4 and 5). This area is 
characterized by compacted gravel and invasive herbaceous species cover (Appendix 1, photo 3). As 
such, the majority of the pipeline installation and construction-related activities will not result in impacts 
to sensitive species or ESHA. Two ESHA were identified within the vicinity of the proposed pipeline 
alignment. Both of the ESHA consisted of coast willow thickets and are described below.

ESHAA 
Coastal dune willow thickets (Salix hookeriana Shrubland Alliance) occupy two isolated locations 
adjacent to the proposed water intake piping alignment. The coast dune willow thickets are composed 
of a mix of coast willow, wax myrtle, and to a lesser extent, Pacific willow. Areas with a higher 
dominance of wax myrtle greater than 50 percent cover in the canopy more closely resemble wax 
myrtle scrub (Morella californica Shrubland Alliance). These areas are intermixed with the more 
widespread dominance of coast willow and are mapped as wax myrtle/coast willow shrublands (Figures
2, 3, and 4).

Coastal dune willow thickets and mixed wax myrtle scrub are closely associated with old foundations, 
concrete low spots with drainage inlets, debris and soil spoil piles, and industrial stormwater features. 
Many of the areas with wax myrtle and coast willow canopy cover do not meet the one-parameter 
wetland definition on account of dominance by invasive upland species in the understory, concrete in 
the soil, and the well-drained nature of the site. It is well documented that coast willow dune thickets are 
a “disturbance-related” vegetation community (Sawyer, 2009), and the occurrences of this vegetation 
community within the project area reflect past disturbance rather than natural conditions (SHN, 2020a).

The proposed pipeline trench will not result in direct impacts to coastal willow thickets or other ESHA as 
proposed. The proposed pipeline will pass adjacent to two coast willow thickets along the length of the 
pipeline. The coast willow thicket adjacent to the proposed alignment in the south is restricted to an 
excavated swale constructed for stormwater conveyance from surrounding industrial lands. Soils are 
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mostly intact and uncompacted, and invasive species dominance is restricted to the edge of the feature. 
The coast dune willow thicket follows the stormwater swale into the paved industrial areas and may 
represent a wildlife movement corridor into areas that would otherwise be inaccessible.

The majority of this stormwater feature is dominated by coast willow thicket (see Figures 2 and 4 and 
Appendix 1, photo 6); however, the easternmost portion of the feature contains weirs, pedestrian 
bridges, and retaining walls, and does not have willow cover and is not considered ESHA (Appendix 1, 
photos 7-9). It is in this area that the proposed pipeline will be sited and will be attached to a bridge for 
support. The stormwater detention feature at this location is between 33 and 36 feet from top of bank
to top of bank. The proposed pipeline and bridge over the existing stormwater feature will be positioned 
outside of the ESHA boundaries. No tree removal or disturbance of soil within the coast willow thicket 
would occur as a result of the proposed pipeline. In addition, appropriate avoidance measures and 
BMPs, as described below in BMPs, Avoidance, and Mitigation Measures, will be in place during 
construction. The nearest disturbance will be at the location of the proposed bridge abutment within 
existing pavement approximately 75 feet from the edge of the coast willow and approximately 15 feet
back from the top of bank. The banks of this feature are predominantly vegetated with non-native 
species and are not classified as ESHA. The functionality of the ESHA for wildlife movement is not 
expected to change post-construction, as access to the potential movement corridor will not be 
restricted after the proposed construction is complete; therefore, the 75-foot setback from coast willow 
is considered adequate.

The coast willow thicket in the northern portion of the alignment exists within the footprint of former 
milling facilities and has developed in the years since closure (see Figure 3 and Appendix 1, photos 10 
and 11). The proposed pipeline will be sited within the footprint of an existing asphalt road that exists 10 
feet east of the coast willow thicket. No tree removal or disturbance of soil within the coast willow 
thicket would occur as a result of the proposed pipeline. In addition, appropriate avoidance measures 
and BMPs, as described below in BMPs, Avoidance, and Mitigation Measures, will be in place during 
construction. The habitat value of the ESHA along the proposed pipeline alignment is degraded on 
account of the past use, current industrial remnants, invasive species dominance, and isolation from 
intact habitat. It is restricted to the former mill foundation with asphalt and compacted soils present. 
English ivy and other invasive plant species are present in the understory. The willow thicket is isolated 
from other vegetated areas by vast areas of asphalt, which limits wildlife movement into the willow 
thicket. There is no functional relationship of the proposed area for the piping and the adjacent patches 
of ESHA; therefore, the 10-foot setback is considered adequate to avoid impacts to the ESHA.

The two ESHAs present within the immediate vicinity of the proposed pipeline alignment will not be 
directly impacted by the project. As proposed, the pipeline will remain outside of ESHA and will stay 
within the footprint of existing hard surfaces. The recommended buffer for this project is to maintain 
the same setback as exists between the hard surfaces and the ESHA, with no encroachment allowed into 
the adjacent ESHA, including any soil, stormwater, worker, or equipment incursion, that could occur 
during construction. High-visibility temporary construction fencing should be installed prior to the 
commencement of construction to clearly demarcate the edge of ESHA and act as a barrier to accidental 
incursion. Proper soil containment and stormwater BMPs will ensure that ESHA remains unimpacted 
during construction.

Exhibit 6 
CDP 1-21-0653 

Page 3 of 19



Rob Holmlund
FFinall CDPP Applicationn Responsee 
July 19, 2022
Page 4

                         \\eureka\projects\2016\016240-Engr-HBHRCD\005-Intake-Screen\PUBS\Rpts\20220719-FinalCDP-AppResp.docx

The following measures are recommended to minimize potential impacts associated with the 
installation of the proposed pipeline:

Install high visibility temporary construction fencing along the edge of ESHA where it is adjacent 
to the proposed pipeline.

Post construction, grade disturbed soils to pre-project condition,

Use native herbaceous seed mix in areas where soils are not gravel or asphalt.

Use weed-free straw to cover exposed spoils

Follow BMPs detailed the end of this report to reduce erosion and habitat degradation.

Proposedd Set-backk Justificationn 
With the establishment of a temporary construction fence and implementation of proper soil and 
stormwater BMPs, the existing development setbacks are deemed adequate for the following reasons:

The ESHA adjacent to the proposed pipeline alignment are low-quality examples of coast dune 
willow thickets and their occurrence is dependent on anthropogenic disturbance and 
manipulation of the site. 

Past use and legacy development from past industrial use isolates the ESHA on site and invasive 
species occurrences further reduce the habitat value of these features. Coast willow is a 
disturbance-adapted species and not expected to be affected by the installation of the pipeline.

The ESHA adjacent to the proposed pipeline alignment is surrounded by development, and the 
pipeline will not encroach any closer to the ESHA than the existing asphalt and hard surfaces.

Following completion of construction, the location of the pipeline should be indistinguishable 
from the surrounding area at the northern ESHA, and the proposed new bridge will be 
constructed outside of the swale and extent of coast willow, with bridge abutments to be sited 
within existing pavement. Furthermore, the pipeline and supporting bridge will improve 
conditions within the stormwater swale by removing industrial equipment from the swale, 
allowing for better wildlife movement as the proposed bridge will be constructed above the top 
of bank.

Installation of temporary construction fencing will minimize incursion into the ESHA during 
construction and maintain the coast willow thickets in the same condition as they are prior to 
construction. 

Implementation of the mitigation measures described below will further reduce impacts to 
adjacent coast willow thicket ESHA.

Throughout the entire extended project area with the associated Nordic Aquafarms proposed 
development, mitigation measures are in place for any loss of Sensitive Natural Communities, as 
detailed in BIO-7a in the Mitigated Negative Declaration prepared for the projects (County of Humboldt, 
2021).
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Special-statuss speciess 
Plantss 
Seasonally appropriate surveys for special-status plants occurred in April, May, and June 2020 (SHN 
2020a). No special-status plants were detected in the Humboldt Bay Water Intakes Study Area. This is 
likely a result of intensive historical development and use of the site and the remaining impacts from 
that development, as well as the dominance of exotic herbaceous species within large portions of the 
study area. Special-status plant species will not be impacted by the proposed water intake piping 
project.

Animalss 
Construction and ground disturbance required for the piping infrastructure is within proximity to 
existing Osprey nests. Construction within 500 feet of the osprey nests, as well as nests of other bird 
species, would occur outside the nesting bird season if feasible. If construction within 500 feet the 
osprey nests or other nests were to occur during the nesting bird season, a buffer and biological plan 
would be required with the approval of the Planning and Building Department and in consultation with 
California Department of Fish and Wildlife (DFW; County of Humboldt, 2021).

BMPs,, Avoidance,, andd Minimizationn Measuress 
As described in Mitigation Measure BIO-7b in the DEIR prepared for the projects (Humboldt County, 
2021), prior to issuance of any permits, the following BMPs will be applied:

Orange net or other appropriate fencing shall be placed around the 35-foot ESHA setback or at 
the limit of the Fire Road encroachment. The fencing shall remain in place throughout the 
construction period to prevent vehicles, equipment, or materials from entering the ESHA. 

The grading plans for the project site shall design finished pad grades to not result in grade 
changes at the edge of the buffer or fire road within the ESHA buffer.

Erosion control materials (for example, silt fencing) shall be utilized to isolate the area of ground 
disturbance from the Humboldt Bay shoreline during construction.

In addition, the project shall be required to obtain a General Construction Stormwater Discharge 
stormwater pollution prevention plan (SWPPP; see Mitigation Measure HWQ-1). SWPPP requirements 
would minimize and avoid water quality impacts to Humboldt Bay from construction-generated erosion 
and stormwater by establishing erosion control measures during construction (for example, silt fences), 
minimization of vegetation removal, and avoidance of work during heavy rainfall. These requirements 
include the following:

Construction activities shall be scheduled and sequenced to minimize the areal extent and 
duration of site disturbance at any time.

Drainage from outside the construction area shall be directed away from or around the site 
through use of berms, ditches, or other structures to divert surface runoff.

Install weed-free fiber rolls, straw-wattles, coir logs, silt fences, or other effective devices along 
locations where water drains off the construction site.
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All graded slopes shall receive slope protection measures such as fiber rolls, drainage ditches, or 
erosion control fabrics to minimize the potential for concentrated surface runoff to cause 
erosion.

Implement wind erosion or dust control procedures consisting of applying water or other dust 
palliatives as necessary to prevent or alleviate dust nuisance generated by construction 
activities. The contractor may choose to cover small stockpiles or areas as an alternative to 
applying water or other dust palliatives.

Control water application rates to prevent runoff and ponding. Repair leaks from water trucks 
and equipment immediately.

Hazardous materials shall be stored in areas protected from rain, provide secondary 
containment and must be a minimum of 100 feet from any wetland or Environmentally Sensitive 
Habitat Area.

Implement the following hazardous materials handling, storage, and spill response practices to 
reduce the possibility of adverse impacts from use or accidental spills or releases of 
contaminants:

o Conduct all refueling and servicing of equipment more than 100 feet from any wetland 
or Environmentally Sensitive Habitat Area with absorbent material or drip pans 
underneath to contain spilled fuel. Collect any fluid drained from machinery during 
servicing in leak-proof containers and deliver to an appropriate disposal or recycling 
facility.

o Prevent raw cement; concrete or concrete washings; asphalt, paint, or other coating 
material; oil or other petroleum products; or any other substances that could be 
hazardous to aquatic life from contaminating the soil or surface water.

In the event dewatering is determined to be necessary, the following steps shall be taken:

o Prepare a dewatering plan prior to excavation.

o Impound dewatering discharges in sediment retention basins or other holding facilities 
to settle the solids and provide treatment prior to discharge to receiving waters as 
necessary to meet Basin Plan water quality objectives.

Conclusionn 
The proposed project is sited with the least environmental impact possible to ESHA and sensitive 
species. Consistent with the Humboldt Bay Area Plan—Local Coastal Plan, the project will not disrupt 
habitat value or significantly degrade habitat in the area with the above BMPs, avoidance, and mitigation 
measures in place.
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Please call me at 707-822-5785 or email me at gobrien@shn-engr.com if you have any questions.

Sincerely,

SHNN  

 
Gretchen O’Brien
Senior Wildlife Biologist

GAO:ame:cet

Attachments: 1. Project Site Photos, March 2022

c. w/Attach.: Rob Holmlund, Development Director, HBHRCD

Referencess 
County of Humboldt. (2021). Draft Environmental Impact Report (DEIR) for the Nordic Aquafarms 

California, LLC – Coastal Development Permit and Special Permit application (Case Number 
PLN-2020-16698). December 2021.

Humboldt Bay Harbor, Recreation, and Conservation District (HBHRCD). (2022). Humboldt Bay Master 
Intakes: Project Description. 1/28/2022.

Sawyer, G. O., T. Keeler-Wolf, and J. Evans. (2009). A Manual of California Vegetation, Second Edition. 
Sacramento, CA:CNPS Press.

SHN.  (2020a). Biological and Habitat Assessment Redwood Marine Terminal 1, Samoa Peninsula. 
September 2020.

---.  (2020b). Wetland Assessment, Redwood Marine Terminal 1, Samoa Peninsula. September 2020.

Exhibit 6 
CDP 1-21-0653 

Page 7 of 19



PPhotos  11  Exhibit 6 
CDP 1-21-0653 

Page 8 of 19



                         \\eureka\projects\2016\016240-Engr-HBHRCD\005-Intake-Screen\Rpts\Harbor_IntakePipe_Photos for CCC Response 3-8-
22.docx

1

Photo 1: Looking northeast across the southern extend of the proposed pipeline. Compacted
gravel soils and non-native species dominant. Does not meet dune mat vegetation community

at this location. Photo taken March 4, 2022.

Photo 2: Looking east within area of southern pipeline alignment. Compacted gravel soils and
non-native species dominant. Does not meet dune mat vegetation community at this location.
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2

Photo taken March 4, 2022.

Photo 3: Representative vegetation composition within the southern portion of the proposed
alignment. No asphalt, but highly compacted gravels present with high invasive species cover
(English plantain (Plantago lanceolata), six weeks grass (Festuca myuros), and subterranean

clover (Trifolium subterraneum)). Photo taken March 4, 2022.

Photo 4: Southern pipe alignment looking north. Compacted gravel soils. Photo taken March 4, 2022.
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3

Photo 5: Current aquiculture related use of the southern portion of the pipe alignment looking
north. Photo taken March 4, 2022.

Photo 6: Stormwater swale showing one of three pedestrian bridges looking north. Note edge of
willow canopy at bridge signifying the edge of ESHA. Photo taken March 4, 2022.
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4

Photo 7: Existing stormwater detention facilities looking northeast. ESHA is not present at this
location. Pipeline and bridge alignment would likely pass over here. Photo taken March 4, 2022.

Photo 8: Closeup at existing stormwater detention infrastructure. Note weirs, screening, and
overflow pipes. Photo taken March 4, 2022.

Exhibit 6 
CDP 1-21-0653 

Page 12 of 19



                         \\eureka\projects\2016\016240-Engr-HBHRCD\005-Intake-Screen\Rpts\Harbor_IntakePipe_Photos for CCC Response 3-8-
22.docx

5

Photo 9: Close up at middle pedestrian bridge looking NE. Pipeline and bridge alignment would
likely pass between this bridge and overflow pipe visible in the upper right corner. Photo taken

March 4, 2022.

Photo 10: Typical conditions throughout the majority of the pipeline alignment. Note expansive areas of 
asphalt. Photo looking south taken on March 4, 2022.
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6

Photo 11: Looking north at the proposed pipeline alignment as it passes the northern coast dune
willow thicket. Note the road which will be the location of the pipeline, passes east of the coast

dune willow thicket. Photo taken March 4, 2022.

Exhibit 6 
CDP 1-21-0653 

Page 14 of 19



^

^

_̂

_̂

(E) INDUSTRIAL WATER PIPING

(E) REDWOOD MARINE 
TERMINAL II DOCK INTAKE

(P) NORDIC 
AQUAFARMS

MANIFOLD

(P) REDWOOD MARINE 
TERMINAL II MANIFOLD

REDWOOD
MARINE 

TERMINAL II 

(E) STORMWATER FEATURE 
& (P) BRIDGE CROSSING

(E) INDUSTRIAL WATER PIPING

(E) "RED TANK" 
DOCK INTAKE

(E) "RED TANK" 

(E) "NO NAME" DOCK

(E) STORMDRAIN INLETS

(E) STORMDRAIN
INLETS

(E) INDUSTRIAL
WATER PIPING

MHHW
@ 7.13 FT

N

0 500

1 " = 500 '±

FOR PLANNING
PURPOSES ONLY

EXPLANATION

^ BAYWATER INTAKES (E) 

CULVERTS (E) 

COAST WILLOW-STORMWATER FEATURE (E) 

BAY WATER PIPE, SUSPENDED FROM DOCK (P)

INDUSTRIAL/BAY WATER PIPE SHARED TRENCH (P) 

INDUSTRIAL WATER PIPE TRENCH (P) 

BAY WATER PIPE TRENCH (P) 

PIPELINE TRENCH BUFFER (10 FT) 

STORMWATER INFRASTRUCTURE (P)  

_̂ OSPREY NESTS (2021) 

ESTUARINE TIDAL WETLAND 

ESTUARINE TIDAL WETLAND 

COASTAL WETLAND 

COASTAL DUNE WILLOW THICKET/WAX MYRTLE SCRUB 

STORMWATER FEATURE

STUDY AREA 

IMAGE SOURCE:
OCM, ULTRACAM, 2019

\\
Eu

re
ka

\P
ro

je
ct

s\
20

16
\0

16
24

0-
En

gr
-H

BH
RC

D\
00

5-
In

ta
ke

-S
cr

ee
n\

GI
S\

PR
O

J_
M

XD
\W

IR
TC

\W
IR

TC
_F

ig
1_

Ha
bi

ta
tA

nd
ES

HA
_O

ve
rv

ie
w

.m
xd

  U
SE

R:
 js

ou
sa

  D
AT

E:
 7

/1
4/

22
, 1

2:
41

PM

Humboldt Bay Harbor, Recreation, & Conservation District
RMT I Water Intakes CDP, Response to Comments
Eureka, California

Habitat & ESHA Map

July 2022 - 016240.005 1
Figure

Overview Exhibit 6 
CDP 1-21-0653 

Page 15 of 19



^

MARINE DEEPWATER
ESTUARINE TIDAL WETLANDS

MHHW
@ 7.13 FT

(E) STORMWATER FEATURE 
& (P) BRIDGE CROSSING~75 FT

(E) REDWOOD MARINE TERMINAL II DOCK INTAKE

\\
Eu

re
ka

\P
ro

je
ct

s\
20

16
\0

16
24

0-
En

gr
-H

BH
RC

D\
00

5-
In

ta
ke

-S
cr

ee
n\

GI
S\

PR
OJ

_M
XD

\W
IR

TC
\  

U
SE

R:
jso

us
a 

 D
AT

E:
7/

14
/2

02
2

EXPLANATION

^ BAYWATER INTAKES (E) 

CULVERTS (E)  

COAST WILLOW-STORMWATER FEATURE (E)  

BAY WATER PIPE, SUSPENDED BY DOCK (P) 

INDUSTRIAL/BAY WATER PIPE SHARED TRENCH (P) 

INDUSTRIAL WATER PIPE TRENCH (P) 

BAY WATER PIPE TRENCH (P)

PIPELINE TRENCH BUFFER (10 FT) 

STORMWATER INFRASTRUCTURE (P)  

_̂ OSPREY NESTS (2021) 

ESTUARINE TIDAL WETLAND 

ESTUARINE TIDAL WETLAND 

STUDY AREA 
IMAGE SOURCE:

OCM, ULTRACAM, 2019

N

1 "   =    150 ' ±

0 150

Humboldt Bay Harbor, Recreation, & Conservation District
RMT I, Water Intakes CDP, Response to Comments
Eureka, California

Habitat & ESHA Map
South

July 2022 - 016240.005 2
Figure

Exhibit 6 
CDP 1-21-0653 

Page 16 of 19



^

MARINE DEEPWATERESTUARINE TIDAL WETLANDS

H U M B O L D T  B A Y
MHHW

@ 7.13 FT

\\
Eu

re
ka

\P
ro

je
ct

s\
20

16
\0

16
24

0-
En

gr
-H

BH
RC

D\
00

5-
In

ta
ke

-S
cr

ee
n\

GI
S\

PR
OJ

_M
XD

\W
IR

TC
\  

U
SE

R:
jso

us
a 

 D
AT

E:
7/

14
/2

02
2

(E) "RED TANK" 

(E) "NO NAME" DOCK

EXPLANATION

^ BAYWATER INTAKES (E) 

COAST WILLOW-STORMWATER FEATURE (E) 

BAY WATER PIPE, SUSPENDED BY DOCK (P) 

INDUSTRIAL/BAY WATER PIPE SHARED TRENCH (P) 

INDUSTRIAL WATER PIPE (P) 

BAY WATER PIPE (P) 

PIPELINE TRENCH BUFFER (10 FT) 

STORMWATER INFRASTRUCTURE (P)  

ESTUARINE TIDAL WETLAND 

ESTUARINE TIDAL WETLAND 

COASTAL WETLAND 

COASTAL DUNE WILLOW THICKET/WAX MYRTLE SCRUB 

STORMWATER FEATURE

STUDY AREA 

N

1 "   =    150 ' ±

0 150

IMAGE SOURCE:
OCM, ULTRACAM, 2019

10 FT

(P) "RED TANK" DOCK INTAKE

~6 FT

Humboldt Bay Harbor, Recreation, & Conservation District
RMT I, Water Intakes CDP, Response to Comments
Eureka, California

Habitat & ESHA Map
North

July 2022 - 016240.005 3
Figure

Exhibit 6 
CDP 1-21-0653 

Page 17 of 19



ES
TU

AR
IN

E T
ID

AL
 W

ET
LA

ND
S

MHHW
@ 7.13 FT

(E) STORMWATER FEATURE 
& (P) BRIDGE CROSSING

~75 FT 50
 FT

15
 FT

15
 FT

20 FT

20 FT

\\
Eu

re
ka

\P
ro

je
ct

s\
20

16
\0

16
24

0-
En

gr
-H

BH
RC

D\
00

5-
In

ta
ke

-S
cr

ee
n\

GI
S\

PR
OJ

_M
XD

\W
IR

TC
\  

U
SE

R:
jso

us
a 

 D
AT

E:
7/

14
/2

02
2

EXPLANATION

^ BAYWATER INTAKES (E) 

CULVERTS (E) 

COAST WILLOW-STORMWATER FEATURE (E) 

INDUSTRIAL/BAY WATER PIPE SHARED TRENCH (P) 

INDUSTRIAL WATER PIPE (P) 

BAY WATER PIPE (P) 

PIPELINE TRENCH BUFFER (10 FT) 

STORMWATER INFRASTRUCTURE (P) 

ESTUARINE TIDAL WETLAND 

ESTUARINE TIDAL WETLAND 

STUDY AREA 

IMAGE SOURCE:
OCM, ULTRACAM, 2019

N

1 "   =    20 ' ±

Humboldt Bay Harbor, Recreation, & Conservation District
RMT I, Water Intakes CDP, Response to Comments
Eureka, California

Habitat & ESHA Map
South Close-up

July 2022 - 016240.005 4
Figure

0 20

Exhibit 6 
CDP 1-21-0653 

Page 18 of 19



Pa
th

: \
\E

ur
ek

a\
Pr

oj
ec

ts
\2

01
6\

01
62

40
-E

ng
r-H

BH
RC

D\
00

5-
In

ta
ke

-S
cr

ee
n\

GI
S\

PR
O

J_
M

XD
\B

ay
In

ta
ke

_B
rid

ge
_P

la
n.

m
xd

 U
se

r N
am

e:
 cs

w
an

so
n 

 D
AT

E:
 1

/1
2/

22
, 2

:3
8P

M

Preliminary Stormwater Feature
Crossing Bridge Layout

FigureBayIntake_Bridge_Plan

HBHRCD
Humboldt Bay Intake Screens

Samoa, California
January 2022

SHN 016240.005

(P) BRIDGE

N

0 50 ±

1 " = 50 '±

FOR PLANNING
PURPOSES ONLY

TO RED TANK DOCK
EXPLANATION

BAY WATER PIPE

INDUSTRIAL WATER PIPE

IMAGE SOURCE: NAIP/USDA CONUS PRIME

STORMWATER
FEATURE

(P) APPROACH RAMP

TO RMT II

(P) APPROACH RAMP

COAST WILLOW

ESTUARINE TIDAL WETLAND

Exhibit 6 
CDP 1-21-0653 

Page 19 of 19



Technical Memorandum

The Power of Commitment

October 12, 2023

To Contact No.

Copy to Email

From Project No.

Project 
Name

Subject

1. Introduction

Attachment 1
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2. Existing Mitigation Sites and Proposed Restoration and/or 
Mitigation Actions 

Kramer Dock Mitigation Site
Attachment 2

Attachment 2

Table 3 Attachment 4

Table 1

Table 1. Kramer Dock Mitigation Site Summary of Compensated APF

Mitigation Action Area Created / Enhanced 
(Acres)

Ratio Compensated APF 
(Acres)

Total Compensated APF for Site 10.76 acres

Bay Street Mitigation Site

Attachment 3

Attachment 3

Table 2
Attachment 3

Table 2 Attachment 3

Exhibit 7 
CDP 1-21-0653 

Page 2 of 25



Attachment 3
Table 3 Attachment 4

Table 2 Bay Street Mitigation Site Summary of Compensated APF

Mitigation Action Area Created / Enhanced
(square feet / acres)

Ratio Compensated APF
(acres)

Total Compensated APF for Site 18.01 acres

3. Potential Mitigation Actions (Site TBD)

Table 2

Table 3
Attachment 4

Table 3 Attachment 4

References
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Attachment 1
Tenera Memo
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      TECHNICAL MEMORANDUM 

To

From

Subject

Table 5-9

Table 5-9
PM

PM Estimates (%) APF Estimates (acres [hectares])

Taxa

RMT II
Intake 

(Station E1)
RTD Intake 
(Station E2) Total

RMT II
Intake RTD Intake Total

Arrow Goby 0.3010 0.0747 0.3757 45.4 (18.4) 11.3 (4.6) 56.7 (23.0)
Bay Goby 0.0762 0.0404 0.1166 11.5 (4.7) 6.1 (2.5) 17.6 (7.1)
Whitebait Smelt 0.0323 0.0142 0.0464 4.9 (2.0) 2.1 (0.9) 7.0 (2.8)
Pacific Herring 0.0210 0.0098 0.0308 3.2 (1.3) 1.5 (0.6) 4.7 (1.9)
Pacific Tomcod 0.0754 0.0088 0.0842 11.4 (4.6) 1.3 (0.5) 12.7 (5.1)
Surf Smelt 0.0535 0.0248 0.0783 8.1 (3.3) 3.7 (1.5) 11.8 (4.8)
Pacific Staghorn Sculpin 0.0636 0.0324 0.0960 9.6 (3.9) 4.9 (2.0) 14.5 (5.9)
Average (50th percentile APFs) 0.0890 0.0293 0.1183 13.4 (5.4) 4.4 (1.8) 17.9 (7.2)
95th percentile APF estimates 27.2 (11.0) 7.8 (3.1) 34.6 (14.0)
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Table 5-9

Table 5-9

An initial estimate of APF was provided for the District in Appendix N of the Draft EIR 
for the project that was based on the results of the Initial ETM Assessment prepared by 
Tenera (2021) (Appendix P of the Draft EIR). The APF estimate of 10.4 acres (4.2 
hectares) in Appendix N was based on a source water area of 10,000 acres (4,047 
hectares) and was intended to be used as an example of how APF was calculated. The 
source water area based on the data in Swanson (2015) that was used in the APF 
calculations in the Initial ETM Assessment and in this report was 15,104 acres (6,112 
hectares). Therefore, the corrected APF from the Initial ETM Assessment would be 15.7 
acres (6.3 hectares), which, as expected, is very close to the APF estimate of 17.9 acres 
(7.2 hectares) in this report. Using the same 4:1 ratio proposed in Appendix N, an area 
of piling removal equivalent to 4.5 acres (1.8 hectares) would fully compensate for the 
losses to marine resources resulting from entrainment at the two intakes.
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Attachment 2
Kramer Dock Memo
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Attachment 3
Bay Street Memo
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Memorandum

The Power of Commitment

2 October 2023

To

From

Reviewed By Tel

Subject Project no.

Introduction

Summary of Site Conditions
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The Power of Commitment

Figure 1 1947 aerial showing historical land use, infrastructure, and structures at project site (Humboldt Room 1947).

Figure 2 1947 aerial showing historical land use, infrastructure and structures at project site (Humboldt Room 1947).

APN 002-161-001

APN 002-161-001

APN 002-162-001
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The Power of Commitment

Proposed Longfin Smelt Habitat Creation and Enhancements

New Inter-Tidal Slough Channels

Tidal Ponds / Salt Marsh Pannes

Removal of Existing Linear Drainage Ditches

Spartina Removal within Limits of Grading
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The Power of Commitment
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Enhancement and restoration activities have been consolidated into primary categories detailed in Table 
3.  Note CDFW has already recognized a 1:10 ratio as a quality correction between the intake and 
mitigation sites. Activities will benefit the following listed species, other taxa, and sensitive habitats.

Species
- Juvenile Chinook salmon (Oncorhynchus tshawytscha) – California Coastal Evolutionary Significant 

Unit (ESU), ESA-T 
- Juvenile coho salmon (Oncorhynchus kisutch) – Southern Oregon-Northern California (SONCC) 

ESU, ESA-T, CESA-T 
- Juvenile steelhead (Oncorhynchus mykiss) – Northern California Distinct Population Segment (DPS), 

ESA-T 
- Subadult/adult green sturgeon (Acipenser medirostris) – Southern DPS, ESA-T
- Juvenile and adult longfin smelt (LFS; Spirinchus thaleichthys), CESA-T 
- Tidewater goby (Eucyclogobius newberryi) – ESA-E
- Others

Other Taxa
- Shorebirds and waterbirds, benthic invertebrates
- Juvenile Dungeness crab (Metacarcinus magister) and other benthic invertebrates
- Commercially valuable fishes and invertebrates
- Others

Sensitive Habitats
- Essential Fish Habitat (EFH) for salmonids, coastal pelagic and groundfish
- Habitat Areas of Particular Concern (HAPC) for estuarine and eelgrass
- ESA-Critical Habitat for salmonids and green sturgeon
- Others
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Table 3. Potential Mitigation Activities for Review by Coastal Commission  

ere will be 
improvements to 
EFH (coastal 
pelagic, groundfish, 
salmon) and HAPC 
(estuary).

Action
Details of Action and Success 

Criteria Background and Ecotone Benefits

Aquatic Habitat 
Enhancement &
Restoration

Activity Types
(A combination of 
some or all of the 
following depending 
on the restoration 
needs of the site.) 
Construct Channels
Fill Ditches
Restore Channels
Construct 
Ponds/Pannes 
Full Tidal Amplitude
Freshwater Pasture to 
Tidal Wetlands 
Tide Gate Removal or 
Enhancement

Proposed Mitigation 
Ratio1

1:10

 

Constructed Channels: Construct 
new or expand estuarine channels 
(including historic). Excavated 
channels would reoccupy the 
original tidal channel alignments to 
the extent practical. Width and depth 
may vary based on the project, 
given the tidal prism, existing 
elevations, and historical indicators 
at a given site. 
Fill Ditches: Fill in human-
constructed ditches in the marsh 
plain. This may occur as part of new 
channel excavations. Ditches may 
also be filled with native marsh soils 
removed from constructing new 
intertidal channels.  Any offsite 
dredged sediment used to fill ditches 
will comply with the Programmatic
EIR for Humboldt Bay Sediment 
Management Plan (ICF 2020). 
Restore Channels: Restore 
dendritic channels (small) in marsh 
plain to a degree where channels 
reoccupy the original tidal channel 
alignments to the extent practical. 
Width and depth may vary based on 
the project, given the tidal prism, 
existing elevations, and historical 
indicators at a given site.  
Ponds/Pannes: Construct estuarine 
ponds/pannes. These could be in 
locations including the terminus of 
intertidal channels and would be 
constructed concurrently with 
channel restoration. Ponds/pannes 
will be designed and constructed to 
inundate and exchange tidal water 
during high tides and retain water 

Background: Humboldt Bay is a drowned river valley and its land-use has drastically altered its function. 
Historically, the sloughs around the Bay provided tidal connectivity to coastal marshes. Starting in the late 19th

century, settlers diked and drained the coastal marshes around Humboldt Bay to create agriculture land (Schlosser 
and Eicher 2012). Ditches above the marsh plain and levees along the margins of the marsh (which were built 
using sediment from ditches) were also constructed to drain water from pastureland. The alterations resulted in 
channels being cut off from circulation within the Bay and these simplifications prevent the channels from receiving 
tidal input.
Drainage ditches were developed to drain water from upland areas that were historically tidal marsh and remain 
present in low elevation areas (Schlosser and Eicher 2012). At higher tides, these ditches may be inundated with 
water from the Bay. Since the existing ditches are not necessarily connected to a breach in the same way as a tidal 
creek, water may pond in the ditches at lower tide and entrain fishes. The stranding of fishes is particularly 
problematic once levees are removed.
In natural systems, deep channels of estuaries are connected to a dendritic pattern of smaller channels that cover 
mudflats and extend into tidal marshes (Schlosser and Eicher 2012). Sediment is stored in these channels and 
throughout the adjacent floodplain, and this sediment is mobilized during periods of high flow. The land reclamation 
and history of land use in the region has resulted in dendritic channels being blocked off and/or filled.
Estuarine pannes and ponds are water retaining depressions that support salt marsh vegetation. They provide 
foraging and roosting sites for shorebirds and waterbirds, and habitat for invertebrates and some fishes. They are 
semi-isolated and disconnect from larger water bodies at low tide, but the depression retains water. Estuarine 
ponds/pannes require a degree of tidal influence: they are not necessarily fully overturned at high tide but retain 
water and do not fully dry up at low tides.
Land use practices in Humboldt Bay have resulted in muted tides in what were historically intertidal coastal marsh 
habitats. Muted tides are a result of channel constrictions, levees, and tide gates. Muted tides have changed the 
plant and animal communities compared to habitats that are fully tidal.
Over 90% of former intertidal coastal marsh habitat has been lost in Humboldt Bay, much of it converted to 
agricultural wetlands (Schlosser and Eicher 2012). Areas surrounding Humboldt Bay that have been diked are key 
elements supporting freshwater agriculture areas and were formerly tidal areas. Much of the historical intertidal 
coastal marsh and tidal wetland habitat no longer receives tidal input.

Examples of Positive Impacts: The expected benefits differ based on the ecotone. Channel construction will 
result in the most significant positive effects when this action occurs in the stream estuary ecotone (SEE), which is 
currently limited compared to other, more marine influenced habitats in Humboldt Bay. The SEE, defined by 
Wallace et al. 2015, includes the area of low gradient streams extending from stream entrance to the valley floor, 
through the upper limits of tidal influence, downstream to the region where the channel borders tidal mudflats. It 
includes all side channels, off channel ponds, tidal channels and fringing marsh habitats that are accessible to 
fishes for a portion of the tidal cycle.
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ere will be 
improvements to 
EFH (coastal 
pelagic, groundfish, 
salmon) and HAPC 
(estuary).

Action
Details of Action and Success 

Criteria Background and Ecotone Benefits
during low tides to avoid the 
entrapment of aquatic organisms. 
Sites for pond/panne construction 
will be developed accordingly and 
on a project-by-project basis, and 
vary based on the tidal prism, 
existing elevation, and historical 
indicators at a proposed site.
Full Tidal Amplitude: Convert area 
from a muted tide to a non-muted 
tide. Construction to convert area to 
non-muted tidal regions will follow 
BMPs to minimize potential impacts.
Pasture Conversion: Convert diked 
area (freshwater agricultural area) to 
muted tidal or full tidal area. Any use 
of offsite dredged sediment will 
follow standards in the 
Programmatic EIR for Humboldt Bay 
Sediment Management Plan (ICF 
2020). 

Success Criteria: Channels 
function as expected based on the 
proposed design, with periodic 
monitoring to evaluate channel 
functioning and performance. 
Channels function as expected 
based on the proposed design and 
do not impede on other natural 
processes nearby (e.g., if channel 
restoration occurs near marshes, 
impacts on the nearby marshes are 
minimized and avoided). 
Ponds/pannes function as expected 
and retain water during low tides 
and inundate with water at high tides 
to minimize entrapment of aquatic 
organisms. 
Areas function as expected, 
receives tidal exchange as 

All channel restoration actions will result in a landscape that more closely represents its historic configuration. 
Actions will result in natural processes of erosion and deposition, tidal exchange that creates saline, brackish and 
freshwater marsh habitat and maintain channel geomorphology, and will improve coastal resiliency to sea level rise. 
There will be enhanced and expanded tidal prism exchange, and tidal enhancement will enhance wetland habitats. 
It will support increased productivity through Humboldt Bay and the SEE.
Channel construction, especially in the SEE will increase available habitat for fishes and support critical phases of 
their life history. This holds true for juvenile fishes including Chinook and coho salmon, steelhead, and larval and 
juvenile longfin smelt that use estuarine channels as rearing habitat (Wallace 2006, Wallace et al. 2015, Garwood 
2017, Wallace et al. 2018, Brennan et al. 2022). Channels may also serve as holding and/or feeding grounds for 
subadult and adult green sturgeon: green sturgeon aggregate and hold seasonally in Humboldt Bay in deeper 
channels, channel margins, and mudflats (Pinnix 2008, Lindley et al. 2011).
The filling of human-constructed ditches will remove unnatural features that have changed tidal circulation and 
sediment distribution processes around salt marshes. It will restore the historic function of the SEE and create 
usable space for special-status species. Overall, it increases the area of potential productivity providing food web 
benefits. The filling of ditches also removes the threat of fish stranding.
Channels and their connections to tidal wetlands will improve productivity in the Bay by increasing residence time 
and more complex, low velocity habitat. This will be particularly beneficial for fishes that have narrow nursery 
habitat requirements that rear as larvae or juveniles in restored channels, including Chinook and coho salmon, 
steelhead, and LFS.
Examples of Positive Impacts: Ponds/pannes are highly beneficial when constructed at the end of intertidal 
channels, estuarine ponds/pannes facilitate water inundation and tidal exchange during high tides and retain water 
during low tides. This provides diversity in habitat types and salinity stratification relative to intertidal channels and 
increases residence time for water that can increase productivity and support the food web. More specifically, 
because water is ‘trapped’ at low tide, general productivity can increase as the water is not flushed out.  Estuarine 
pannes and ponds provide the habitat with a way to increase primary production because water does not fully dry 
up.
The establishment of estuarine ponds will be an especially beneficial habitat for the tidewater goby with additional 
indirect benefits for LFS. Tidewater gobies are restricted to upper margins of tidal bays near the entrance of 
freshwater tributaries, and coastal lagoons, and they require brackish water and occupy shallow sloughs fringing 
Humboldt Bay. Their preferred habitats are in areas with low velocity tidal currents or stable areas with infrequent 
tidal exchange (Chamberlain 2006 as cited in Schlosser and Eicher 2012). In Humboldt Bay, the upper sloughs and 
high marsh areas separated from the bay by tide gates or other flow barriers provide habitat for them, including 
pannes/ponds (McCraney et al. 2010). 
Indirect benefits of panne/pond habitat can result downstream, because panne/pond habitat has high residence 
time it may be highly productive and provide benefits to food webs that support LFS and salmonids in downstream 
channels. Waterbirds and shorebirds are also known to rely on estuarine pannes/ponds for feeding and loafing and 
can be expected to benefit from this action. 
Converting muted tidal regions into tidal habitat will result in a landscape that more closely resembles its historic 
configuration. Actions will result in natural processes of erosion and deposition and tidal exchange and improve 
coastal resiliency. There will be enhanced and expanded tidal prism exchange that supports natural processes of 
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ere will be 
improvements to 
EFH (coastal 
pelagic, groundfish, 
salmon) and HAPC 
(estuary).

Action
Details of Action and Success 

Criteria Background and Ecotone Benefits
designed, and more closely 
resembles historic configurations.  
Areas function as expected, receive 
tidal exchange, and more closely 
resemble historic configurations. 

erosion and deposition and creates saline, brackish and freshwater marsh and wetland habitats. The primary 
productivity of the bay itself and the SEE will be enhanced. 
This action, especially in the SEE, will increase available habitat for fishes and support critical phases of their life 
history. This holds true for juvenile fishes including Chinook and coho salmon, steelhead, and larval and juvenile 
LFS that use estuarine areas to rear (Wallace 2006, Wallace et al. 2015, Garwood 2017, Wallace et al. 2018, 
Brennan et al. 2022). Avian species that use tidal habitats will also have increased available habitat.
Land use practices in Humboldt Bay have resulted in muted tides in what were historically intertidal coastal marsh 
habitats. 
Restoring these freshwater pastures/agricultural wetlands back to intertidal coastal marsh will provide important 
habitat for many listed species.
Brackish and low-salinity tidal habitats are lacking in Humboldt Bay and likely limiting production, survival and 
growth of species including LFS and salmonids. Isotope analysis, otolith tracing and evaluating the relative 
contribution of larvae from waters with different salinities to adult populations suggest that low-salinity waters and 
brackish habitats are key spawning and rearing habitat (Hobbs et al. 2010, Lewis et al. 2019, Brennan et al. 2022).  

Marsh Building 

Activity Types
(A combination of 
some or all of the 
following depending 
on the restoration 
needs of the site.) 
Restore Marsh 
Plain/Create 
Create Habitat 
Variability
Restore Historic Marsh 
Plain
Create Living 
Shoreline

Proposed Mitigation 
Ratio1

1:10  

Details: Place sediment on 
subsided/muted marsh lands.  All 
sediment from offsite dredging will 
follow standards in the 
Programmatic EIR for Humboldt Bay 
Sediment Management Plan (ICF 
2020). 
Restore historical marsh plain 
elevations that have subsided, 
following BMPs to minimize and 
avoid construction impacts.  All 
sediment from offsite dredging will 
follow standards in the 
Programmatic  EIR for Humboldt 
Bay Sediment Management Plan 
(ICF 2020).
Incorporate components of living 
shorelines at the land-water 
interface to promote continuity, 
including features such as, but not 
limited to vegetation buffers, sills, 
gradual slopes, native materials, and 
physical complexity.    

Success Criteria: Habitat more 
closely resembles its historic 

Background: The altered ecosystems around Humboldt Bay from historic land use have resulted in muted 
marshlands and subsided land elevations. Muted marshlands are land that has subsided because the lack of tidal 
influence prevents sediment from depositing.
Land use practices around Humboldt Bay have resulted in subsidence of lands that historically supported tidal 
marsh habitat. If levees are removed and tidal inundation is restored, these lands would become mudflats because 
their elevation is too low to support tidal marsh plant and animal communities. There is a need to recover the 
ecological functions of marsh plain communities, which require increasing the elevation of these lands in restoration 
projects that restore tidal connectivity.
In locations where it is not possible to maintain a natural shoreline, ecosystem-friendly alternatives are becoming 
common. Such techniques integrate a combination of natural living materials and traditionally built infrastructure. 
The terminology used to describe these types of (restoration) projects include ‘living shorelines’ (Smith et al. 2020). 
Living shorelines generally refer to shoreline protection projects that incorporate elements of habitat restoration 
alone or in conjunction with infrastructure. They may encompass a range of shoreline stabilization techniques along 
bays, estuarine coasts, sheltered coastlines, and tributaries and maintain continuity of natural land-water interfaces 
(NOAA 2015).

Examples of Positive Impacts: Coastal marshes typically provide ecosystem services such as providing habitat 
for wildlife, regenerating, recycling and export of nutrients, providing a reservoir for organic matter and primary 
production that serves as the base of the food web, and supporting fisheries (Schlosser and Eicher 2012). These 
benefits can be expected as marsh plains in Humboldt Bay are restored, and habitat variability is created. 
There will also be increased species presence with the conversion to tidal marsh with intricate slough/channel and 
panne formations. The intertidal coastal marshes will become dominated by benthic invertebrates, including 
gastropods, crustaceans and polychaetes that graze on microalgae on the soil surface. Intertidal coastal marshes 
will provide increased available habitat for fishes, including larval species covered under coastal pelagic EFH. The 
avian community may also be expected to benefit because coastal marshes could be used for roosting at high tide 
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ere will be 
improvements to 
EFH (coastal 
pelagic, groundfish, 
salmon) and HAPC 
(estuary).

Action
Details of Action and Success 

Criteria Background and Ecotone Benefits
function and elevation supports 
natural processes that provide 
habitat for native plant and animal 
communities. 
Elevations are increased to support 
tidal connectivity.
Living shorelines function as 
expected and provide the expected 
ecological, social, and economic 
benefits. Coastal resiliency is 
improved through stability along the 
natural land-water interface, reduced 
erosion, and habitat enhancements.

and/or foraging at low tide. In summary, placing sediments on subsided/muted marshlands to restore the marsh 
plain and create habitat variability will provide increased available habitat and resources for native communities.
Restoring marsh plains to elevations that provide for natural processes and anticipate sea level rise will support 
coastal native plant communities that provide resiliency to sea level rise. 
Elevations supporting mudflats are abundant in Humboldt Bay, but elevations supporting tidal marsh are severely 
impacted by human activities. Restoring marsh plains to elevations that support coastal marshes will provide 
ecosystem services such as providing habitat for wildlife, regenerating, recycling and export of nutrients, providing 
a reservoir for organic matter and primary production that serves as the base of the food web, and supporting 
fisheries (Schlosser and Eicher 2012).
The conversion of mudflats to tidal marsh provides other ecosystem services as well. They reduce shoreline 
erosion and increase resiliency to sea level rise (Zhu et al. 2020).  
There are ecological, social and economic benefits associated with incorporating living shorelines into infrastructure 
along the coast in Humboldt Bay. Living shorelines typically provide ecosystem services at the interface between 
land and water; however, the exact benefits depend on the components used. For example, living shorelines can 
improve stormwater drainage and water quality during rain events. It can also improve water quality through the 
removal of creosote treated pilings and structures and reducing erosion. Living shoreline components can be 
designed in a way that provide for spawning and rearing habitat for coastal-pelagic and groundfish species, or 
foraging habitat for shorebirds and waterbirds.

Marsh 
Restoration

Activity Types
(A combination of 
some or all of the 
following depending 
on the restoration 
needs of the site.) 
Grade Dikes &
Uplands
Remove Spartina

Proposed Mitigation 
Ratio1

1:10 Grade Dikes & 
Uplands
1:3 Remove Spartina 

Details: Lower dikes to marsh plain 
elevation. Lower upland areas 
juxtaposed to marsh plain to connect 
more naturally to marsh plain 
elevations. 
Remove Spartina densiflora per the 
procedures outlined in the Humboldt 
Bay Regional Spartina Eradication 
Plan (H. T. Harvey & Associates 
2012) and associated Environmental 
Impact Review (EIR) (H. T. Harvey 
& Associates and GHD 2013).

Success Criteria: The lowered 
surface elevation allows for more 
natural tidal circulation and functions 
as designed.  Uplands are graded to 
a degree where they connect to the 
estuary and function as expected 
and support natural plant and animal 
communities.

Background: Dikes are manmade structures that modify natural habitat-forming riverine and tidal processes. The 
location of dikes provides insight into how the ecosystem functions under natural conditions. The dikes around 
Humboldt Bay are in locations that were formerly tidal areas but were cut off for agriculture use. Dikes often border 
the upper margin of intertidal flats and prevent tidal immersion and the presence of salt marshes, and may be made 
from natural features, or from rock and riprap.
Upland areas within the Humboldt Bay watershed are geographic locations that were historically lower in elevation. 
These upland areas are often associated with land reclamation. In their existing condition, they do not connect to 
the estuary itself.
Spartina is an invasive dense-flowered cordgrass. A bay-wide inventory in 1999 revealed that Spartina was present 
in 94% of Humboldt Bay’s salt marshes (Pickart 2005 as cited in Strong and Ayres 2013). Its presence results in 
dense canopy cover, root mass, and sediment capture and storage, with adverse ecosystem impacts including less 
light reaching the sediment surface resulting in competition with native plant species, less growth of algae that are 
important to support food webs (e.g., diatoms), less area for benthic infauna to colonize, and simplification of 
benthic habitats (e.g., filling of pannes, small channels) due to sediment capture and storage (Strong and Ayres 
2013, Augyte and Pickart 2014, Coastal Conservancy 2018, Ren et al. 2021)

Examples of Positive Impacts: By lowering dikes to marsh plain elevation, in combination with filling ditches, the 
land will be a more even surface. This supports a more natural flow of tidal waters. Productivity will increase as a 
result and support trophic interactions. There will also be increased available habitat for fishes, invertebrates, birds, 
and vegetation that rely on marsh plains.
By grading uplands and lowering them to improve connectivity with the historic marsh plain elevation, the habitat 
will reconnect with the estuary and help enhance productivity of the larger landscape. Bay species will, as a result, 
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ere will be 
improvements to 
EFH (coastal 
pelagic, groundfish, 
salmon) and HAPC 
(estuary).

Action
Details of Action and Success 

Criteria Background and Ecotone Benefits
Spartina is removed per the 
standards established in the 
Humboldt Bay Regional Spartina 
Eradication Plan (H. T. Harvey & 
Associates 2012).

be able to occupy the area and use the available habitat. This is particularly important for ESA and CESA listed 
salmonid species, as well as LFS. The slope that is developed to reconnect upland areas to the estuary will support 
natural plant communities, and the slope will provide habitat for native plant communities  to rise as sea level rises. 
The removal of Spartina will provide benefits to salt marsh and mudflat communities and can be expected to have 
beneficial food web effects. Native marsh species will have the opportunity to recolonize, the benthic 
macroinvertebrate community will be improved, primary productivity will increase, and mudflats will potentially be 
transformed into salt marshes.
By restoring native marsh communities and increasing productivity of Humboldt Bay, food chains reliant on primary 
productivity (versus detritus) will be supported, providing forage for juvenile fish and commercially important 
invertebrates like juvenile Dungeness crab. Spartina removal will provide improved foraging habitat on mudflats or 
along channel edges. There will be a subsequent increase in unvegetated mudflat habitats, which will benefit 
shorebirds (H.T. Harvey & Associates 2012).

Water Quality 
Enhancements

Activity Types
Treat Stormwater  
Protect/Enhance 
Water Quality

Proposed Mitigation 
Ratio1

1:10  

Details: Manage (treat) stormwater 
entering the bay that may be 
impacting water quality 
(contaminants and temperature). 
Fence off areas around a creek from 
cattle for creeks that enter the bay.
BMPs will be followed to minimize 
and avoid impacts associated with 
the fence construction and adverse 
impacts on riparian areas.
Success Criteria: Stormwater 
entering the bay meets the intended 
water quality standards and 
regulations.
Fenced off areas function as
intended, whereby all cattle are
excluded from access to creeks and
adjacent riparian areas.
Fencing does not introduce
unintended consequences to
surrounding ecosystem. 

Background: Stormwater entering Humboldt Bay may have adverse effects on water quality. Adverse effects may 
be from water that is of different temperature or the loading of contaminants, toxins and nutrients (e.g., from 
surrounding agricultural lands or industrial sites). For example, chemicals from tire wear particles in untreated 
urban stormwater runoff can cause salmonid die offs (French et al. 2022). Untreated stormwater may also cause 
sediment loading.
Water quality is an important physical component that contributes to the ecosystem function of Humboldt Bay. 
Reduced water quality can have devastating effects on the ecosystem through trophic interactions. The presence of 
cattle in the watershed impacts water quality in several ways. When cattle have direct access to riparian margins 
and water, they can cause adverse effects on stream morphology, increased sedimentation, nutrient additions, and 
microbial contamination, and removal of vegetation that protects streambanks and filters surface runoff. Cattle 
indirectly impact water quality because their excrement runs off and introduces microbial loads and nutrients that 
reduce water quality in downstream habitats (O’Callaghan et al. 2018). 
The presence of cattle also impacts water quality due to increased sedimentation. Cattle grazing and trampling of 
stream banks erode banks and mobilize sediment into the creeks (Evans et al. 2006 and Herbst et al. 2012 as cited 
in O’Callaghan et al. 2018). Cattle presence in-streams can also cause direct disturbance and resuspension of 
sediment. In addition, cattle presence alters stream morphology: their movement and overgrazing can reduce 
riparian vegetation and destabilize stream banks. It can cause banks to slump, resulting in widened waterways, 
which can increase water temperature and degrade aquatic habitat, as well as present barriers to passage for 
fishes.
Cattle grazing inhibits natural regeneration of native vegetation riparian habitat and adversely affects the vertical 
structure of existing riparian habitat (including understory species), both of which reduce the quality of habitat. 
Given that much of Humboldt Bay is surrounded by pastureland, the presence of cattle is a constant threat.

Examples of Positive Impacts: By properly managing and treating stormwater that enters Humboldt Bay, the 
overall quality of the water will be improved and will provide habitat enhancements for all fishes, invertebrates, and 
avian species using the Bay. The proper treatment of storm water can also prevent algal blooms, which may 
otherwise have devastating food web effects.
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ere will be 
improvements to 
EFH (coastal 
pelagic, groundfish, 
salmon) and HAPC 
(estuary).

Action
Details of Action and Success 

Criteria Background and Ecotone Benefits
The exclusion of cattle provides ecological benefits. Evidence for the benefits of excluding cattle is strong with 
regards to sedimentation, pathogens, and riparian margin vegetation. By excluding cattle, water quality is expected 
to improve, which will positively impact all organisms downstream of the creeks where cattle are being fenced off, 
including the SEE and Humboldt Bay proper. Cattle exclusion will promote bank stabilization, will allow riparian and 
wetland plant species (including willows and California sycamores) to recruit and expand from existing habitats. It 
will result in the closing of canopy gaps, and higher density and cover of native riparian trees and shrubs adjacent 
to creeks. These effects collectively result in increased stream shading and input of organic matter, providing 
positive food web effects downstream.

Remove Piles & 
Anthropogenic 
Debris

Proposed Mitigation 
Ratio1

1:4 Pile Removal
1:10 Debris Removal

Details: Remove piles and all 
structures associated with pilings.
Remove anthropogenic debris from 
the bay or marsh plain. 
 
Success Criteria: Piles and 
associated structures are removed
as expected in the footprint of the 
area where piles are located. Best 
management practices (BMPs) are 
followed to minimize effects of 
pulling piles and associated 
structures on water quality (from 
turbidity and leaching of toxins).
Benthic habitat returns to its more 
natural form and supports aquatic 
vegetation and associated 
invertebrates and fishes.  
Sites return to a more natural form 
and that all debris is removed from 
the proposed site in the footprint of 
the debris and surrounding area 
impacted by the debris (e.g., 
erosion, scour, deposition 
associated with debris).

Background: Throughout Humboldt Bay, there are remnants of old infrastructure, including derelict structures such 
as piles and docks. The materials used for these piles and docks have historically been treated with creosote, a 
toxic preservative. Creosote-treated materials that remain leach toxins into the water and have been documented to 
impact embryonic development of fishes, including Pacific herring (Vines et al. 2000). The presence of pilings also 
can limit the growth of submerged aquatic vegetation, including eelgrass. This is because depressions around the 
base of pilings that result from current around the pilings removes sediment and limits the growth of vegetation 
(Appendix N in GHD 2021). 
Human-placed debris from the bay and marsh plain reduces water quality and affects natural processes. Debris 
from marsh plains may enter the Bay itself from storms, and stormwater that runs through human-placed debris 
may pick up contaminants from the materials and be deposited into the Bay itself. Human-placed debris also 
occupies physical space that would otherwise be available for occupancy by natural habitat.

Examples Positive Impacts: By removing toxic materials from Humboldt Bay, the overall quality of the water will 
be improved and have positive food web effects. The removal of pilings results in the reestablishment of native 
substrates (physical). The more natural substrate will allow organisms to recolonize in the benthos and depending 
on the location, may support native plant communities (e.g., eelgrass). The increased productivity in the benthos 
and presence of invertebrates and fishes will offer food sources for shorebirds and increase productivity within the 
Bay.
The removal of human-placed debris from the bay and marsh plain can be expected to improve the quality of 
habitat and water. This is especially important for the SEE, which is severely depleted and may be limiting many of 
the listed fish species in Humboldt Bay. The improved water quality and habitat will support primary production and 
have positive feed web effects for all bay species.
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Humboldt Bay Harbor, Recreation, and Conservation District Intake Permitting

Summary of APF and  LFS Mitigation Adjustments Resulting from Measures to Reduce Impacts and 
Updated APF and LFS Mitigation Calculations Based on the Redesign of Intake Screens and Project 
Phasing

This memo consolidates updated information resulting from the applicant’s recent engineering solution to 
reduce impacts to Longfin Smelt (LFS) and biological productivity, to ease agency review and streamline the 
document submittal process. Information summarized herein addresses the following:

1. Re-designed screen specifications to further reduce impacts

2. Documented adjustments to APF and Longfin Smelt take since application submittal

3. Project phasing and proportional mitigation requirements

4. Considerations for advanced mitigation

To reduce the impacts to special status species, including Longfin Smelt (LFS) and Area of Production 
Foregone (APF), the Harbor District and its tenant, Nordic Aquafarms California LLC (Nordic), have 
successfully worked with Intake Screens Inc. of Sacramento, California to redesign the intake to further reduce 
biological impacts resulting from entrainment. The screen mesh of the redesigned intake has been reduced to 
0.50 mm from 1.00 mm. Redesign of the screen mesh will not result in ancillary impacts to other resources, as 
construction and operational parameters remain consistent with those previously analyzed and disclosed to 
agencies and the public. Technical specifications for the redesigned 0.50 mm intake screen are attached, 
including details for the proposed antifouling coating (see Attachment 1 – Redesigned Intake Specifications 
from Manufacturer). The redesigned intake screen will have a lower maximum approach velocity of 0.12 
feet/second (reduced from 0.20 feet/second) and will be self-cleaning via a brush system. 
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Table 1 Re-Designed Screen Metrics Overview

Redwood 
Marine 
Terminal II 
Intake

Original 1.00 mm screen Max intake flow rate of 5,500 
gallons per minute (gpm) 

0.20 ft/s 36-inch diameter screen

Updated 0.50 mm 
screen

Max intake flow rate of 5,500 
gpm (unchanged)

0.12 ft/s 42-inch diameter screen

Red Tank 
Dock Intake

Original 1.00 mm screen Max intake flow rate of 2,750
gpm

0.20 ft/s 24-inch diameter screen

Updated 0.50 mm 
screen

Max intake flow rate of 2,750
gpm (unchanged)

0.12 ft/s 24-inch diameter screen 
(unchanged)

The Coastal Development Permit (CDP) application initially submitted to the California Coastal Commission
included an APF1 impact calculation for a 1.00 mm wedgewire intake screen based on the 95th percentile for 
seven fishes from the study of combined entrainment effects for the two intakes. Tenera Environmental has 
reviewed the redesigned intake screen and updated the required value for APF to 7.80 acres (see Attachment 
2 – Tenera March 2024). Similarly, H.T. Harvey reviewed the redesigned intake screen and determined LFS 
take will be reduced to 1,961 larvae, resulting in an updated value of 0.73 acres of LSF mitigation, using the 
formula previously established with CDFW (see Attachment 3 – H.T. Harvey April 2024).

Given agencies have received several iterations of submittals, this technical memorandum has been developed 
to summarize adjustments to APF to date, along with corresponding adjustments to LFS larvae entrainment
and associated mitigation as regulated by CDFW. Previous submittals for APF and LFS entrainment are 
summarized in Table 2.

Table 2 Summary of APF Adjustments Subsequent to Application Submittal

August 18, 2023 –
Tenera

34.60 
acres

Original calculation based on entrainment study 
results. Entrainment estimated at 28,013 LFS 
larvae. 

1.00 mm wedgewire screen

October 2, 2023 –
Tenera

N/A Entrainment adjusted to 15,881 LFS larvae. 1.00 mm wedgewire screen

December 7, 2023 –  
Tenera

28.80 
acres

Correction to the estimate of the standard error 
used in calculating the value at the 95th percentile 
of the cumulative probability curve for final APF 
estimates.

1.00 mm wedgewire screen

March 27, 2024 – 
CDFW

N/A Mitigation area determined to be 5.98 acres2 1.00 mm wedgewire screen

March 29, 2024 –
Tenera

7.80 acres3 Updated estimates of APF based on a reduced 
screen size.

0.50 mm wedgewire screen

April 3, 2024 – H.T. 
Harvey 

N/A Corresponding memo documenting reduced 
Longfin Smelt entrainment associated with 
updated 0.50 mm wedgewire screen at 1,961 LFS 
larvae. Adjusts LFS mitigation to 0.73 acres using 
current formula.

0.50 mm wedgewire screen

1 All APF calculations summarized herein have been completed by Tenera Environmental.
2 Prior to application of ratios with CDFW
3 Prior to application of rations with CCC
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The CEQA EIR reflected a phased approach to water withdrawal. As the applicant’s terrestrial design has 
adjusted, phasing quantities have also adjusted, summarized in Table 3. The Harbor District and tenant Nordic 
assume commensurate mitigation requirements will also be phased proportionally and that mitigation for each 
phase will be required to be in-place in advance of water withdrawal through the intakes for the same phase. 
Table 3 presents proposed mitigatory requirements by phase for both APF with the Coastal Commission and 
LFS mitigation with CDFW.

Table 3 Proposed Phased Mitigation Obligations Assuming a 1.00 mm Screen

Phase 
and
Estimated 
Year or 
Operation

Original Intake Volumes and 
Mitigation

Proposed Intake Volumes and Mitigation Estimated Year 
of Mitigation

Cumulative 
Intake 

Volumes by 
Phase 
(MGD)

% of Total Individual 
Phase 
Vol. 

(MGD)

Cumulative 
Intake 

Volumes 
by Phase 

(MGD)

% of 
Total

APF 
(cumulative 

acres)1

LFS 
Mitigation 

(cumulative 
acres)1

Phase 1 -
2027

0.999 8% 5.05 5.05 43% 12.24 2.50 2025

Phase 2 -
2032 

1.800 15% 4.95 10.00 84% 24.24 4.96 2025

Phase 3 -
2034 

11.880 100% 1.88 11.88 100% 28.80 5.89 2033 

1 – Before ratios applied 

Established mitigation for APF and LFS based on a 1.00 mm screen (Table 3) have been adjusted 
proportionally, reflective of an improved 0.50 mm screen in Table 4. As documented by Tenera and H.T. 
Harvey, the reduction in screen mesh from 1.00 mm to 0.50 mm reduces APF mitigation from 28.80 acres to 
7.80 acres; LFS mitigation is commensurately reduced from 5.98 acres to 0.73 acres (see Attachment 2 and 
Attachment 3). These mitigatory requirements for APF and LFS are further proportioned by withdrawal phase in
Table 4.

Note that LFS mitigation accounts for a 11:1 credit provided by CDFW associated with the location of the 
mitigation site. As the Coastal Commission considers final ratios, the Harbor District and tenant Nordic request 
the equivalent 11:1 ratio is also applied to aquatic habitat creation in an estuary setting (e.g., Bay Street or 
equivalent). Based on the conceptual design, the identified Bay Street site will be sufficient to create the 
required CDFW LFS acreage of aquatic and related habitat for Phases 1 through 3. Mitigation for APF will also 
occur at Bay Street, with any required balancing occurring at another location to be determined using the ratios 
defined by the Coastal Commission.

The Harbor District understands that mitigation areas in place of or in addition to the Bay Street project site 
would need to offer comparable or better habitat benefits to LFS (e.g., estuarine environment directly beneficial 
to the species). The Harbor District acknowledges that all final mitigation designs, including associated 
monitoring plans, will require review and approval by jurisdictional agencies, in addition to CEQA and permitting 
compliance required for the mitigation site(s). 
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Table 4 Proposed Phased Mitigation Obligations Assuming a 0.50 mm Screen

Phase and Estimated 
Year or Operation

Proposed Intake Volumes and Mitigation Estimated 
Year of 

MitigationUpdated 
Individual 

Phase Vol. 
(MGD)

Cumulative 
Updated 
Intake 

Volumes by 
Phase 
(MGD)

% of Total APF 
(cumulative 

acres)1

LFS Mitigation 
(cumulative 

acres)1

Phase 1 -2027 5.05 5.05 43%         3.32  0.31 2025

Phase 2 -2032 4.95 10.00 84%         6.57          0.61 2025

Phase 3 -2034 1.88 11.88 100%         7.80          0.73 2033 

1 – Before ratios applied 

Maximum mitigatory acreages for APF 7.80 acres based on Phase 3 intake volumes (Table 4), which are not 
estimated to occur until 2034. However, advanced in-place mitigation would further benefit LFS and biological 
productivity in Humboldt Bay, as additional habitat would be available well before the commensurate impact 
occurred. 

To account for this habitat benefit, the Harbor District proposes a credit for advanced mitigation. The 
established lifespan of the project is 30 years. The initial approach to estimating a reasonable credit for 
advanced mitigation divided the life of the project over the ten-year period for mitigation establishment, 
resulting in a 3% annual credit. However, multiplying 3% by ten years would result in a credit of 30%, which is 
recognized to be too high to be acceptable. 

Thus, the Harbor District proposes a 0.05-acre credit for each year mitigation is in place prior to the withdrawal 
of Phase 3 volumes, up to a ten-year maximum. Thus, for example, if the Harbor District completes all
mitigation project(s) in the year 2025 to address impacts associated withdrawal of the full 11.88 MGD volume,
mitigation would be in place nine years prior to the full impact. The full APF mitigation requirement would be 
reduced by a total of 0.45 acres (0.05 acres x nine years of advanced mitigation). 
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Based on a 5,500 gpm (12.25 cfs) design capacity, 0.5-mm slot openings (22% open area with 1.75-mm wire 
width), and a 0.2 ft/s approach velocity criteria, a minimum of 81.7 ft^2 of screen surface area is needed to 
meet regulatory requirements at this intake. For operational reliability of 0.5-mm slot screens, ISI recommends 
that the screens be sized for an approximate 0.5 ft/s through-screen velocity which is equivalent to a 0.11 ft/s 
approach velocity. ISI therefore recommends a T42-54EC-r screen for RMT II. This is a tee screen ("T") 
constructed from 2507 super duplex stainless steel ("C") with two 42" diameter, 54" long wedge wire cylinders 
providing 99 ft^2 of screen surface area. This equates to an approach velocity of 0.12 ft/s and a through-screen 
velocity of 0.56 ft/s at a 5,500 gpm flow rate. Each cylinder would have an electric drive ("E") to rotate the 
screen cylinder between internal and external brushes. See a brush cleaning demonstration video . The 
screen manifold and non-brush cleaned surfaces would be coated with a biocide-free fouling release coating 
(e.g., Intersleek 1100SR or similar; see attached data sheet) to limit marine organism colonization of 
the equipment. The screen system would be retrievable ("r") with the tee screen rolling central manifold 
designed to travel on a vertical rail system. The rail system would include vertical rails and horizontal bracing, a 
docking inlet with bulb seal at the screen operational elevation to provide a fish tight seal between the docking 
inlet and rolling manifold, and a docking sensor to confirm the screen has docked without obstruction. The rail 
system would extend vertically above the deck elevation and allow the screens to be pinned in place for ease 
of inspection and maintenance from the deck level. The screen would be raised using owner supplied lifting 
equipment (e.g., portable winch, telehandler, or small crane). The lower portion of the rail system would include 
a blank plate to close off the existing intake opening outside of the docking inlet. The rail system, docking inlet, 
and blank plate would be constructed from epoxy coated (e.g., Carboline Plastite 4500 or similar; see attached 
data sheet) A36 carbon steel. The screen system would be supplied with a pressure differential monitoring 
system which would trigger a "clean now" event if an operator-defined pressure differential was recorded. 
Pressure transducers and protective still wells would be incorporated into the rail system. The screen would be 
provided with a main control panel for manual and automatic screen cleaning, processing of pressure 
transducer data, and system monitoring. A local control panel would be provided and installed near the screen 
to allow manual screen cleaning and a docking sensor status indicator light. A reverse seating gate would be 
installed on the downstream side of the docking inlet (i.e., inside the sea chest) to exclude fish from entering 
the sea chest when the screen is raised for inspection and maintenance. ISI assumes this gate is supplied by 
others. The ISI screen would be installed with a screen centerline elevation of -4.56' which would place the top 
of the screen 1" below the Lowest Astronomical Tide elevation of -2.73. The bottom of the screen would be at 
elevation -6.31' and therefore 2.51' above the intake structure invert and more than 8 feet above the bay 
bottom.  

Based on a 2,750 gpm (6.13 cfs) capacity, 0.5-mm slot openings (22% open area with 1.75-mm wire width), 
and a 0.2 ft/s approach velocity criteria, a minimum of 30.7 ft^2 of screen surface area is required to meet the 
regulatory requirements at this intake. Per the above description for RMT II, ISI recommends a target for 0.5 
mm slot openings of approximately 0.5 ft/s through-screen velocity. Based on this, we recommend a T24-
50EC-r screen for Red Tank Dock. This is a tee screen ("T") constructed from 2507 super duplex stainless 
steel ("C") with two 24" diameter, 50" long wedge wire cylinders providing 52.4 ft^2 of screen surface area. This 
equates to an approach velocity of 0.12 ft/s and a through-screen velocity of 0.53 ft/s at a 2,750 gpm flow rate. 
All of the equipment, material types, and features described for the RMT II intake screen system would apply to 
this site as well. The screen would be installed with a screen centerline elevation of -3.81' which would place 
the top of the screen 1" below the Lowest Astronomical Tide elevation of -2.73. The bottom of the screen would 
be at elevation -4.81' and therefore 5.2" below the intake structure invert and 1.09' above the bay bottom.    
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Flash Point
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Overcoating Data - see limitations Substrate Temperature

Color

Drying Information 

Note
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Note

REGULATORY DATA VOC

Note:

This product does not contain organotin compounds acting as biocides and as such is in compliance with the 
International Convention on the Control of Harmful Anti-fouling Systems on ships as adopted by IMO in 
October 2001 (IMO document AFS/CONF/26).
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masks, barrier creams etc.)  Actual safety measures are dependant on application methods and work 
environment.
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Table 1
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Table 1 (

Table 5

Taxa

Combined PM 
Estimates for 
both intakes 

Unadjusted APF 
Estimate (acres 

[hectares])

Estimated 
0.5mm WWS
Entrainment 

Reduction (%)

APF Adjusted for 
0.5mm WWS
Entrainment 

Reduction (acres 
[hectares])

Arrow Goby 0.3757 56.7 (22.9) 72.8 15.4 (6.2)
Bay Goby 0.1166 17.6 (7.1) 67.4 5.7 (2.3)
Whitebait Smelt 0.0464 7.0 (2.8) 73.8 1.8 (0.7)
Pacific Herring 0.0308 4.7 (1.9) 82.7 0.8 (0.3)
Pacific Tomcod 0.0842 12.7 (5.1) 74.7 3.2 (1.3)
Surf Smelt 0.0783 11.8 (4.8) 63.4 4.3 (1.7)
Pacific Staghorn Sculpin 0.0960 14.5 (5.9) 89.1 1.6 (0.6)
Averages 0.1183 17.9 (7.2) 74.8 4.7 (1.9)
APF values at 95% percentile 28.8 (11.7) 7.8 (3.2)
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Table 2

Table 2

Family Taxa Common Name Egg Diameter Range (mm)
Clupeidae Sardinops sagax Pacific sardine 1.3 - 2.1
Engraulidae Engraulidae unid. anchovies 0.7 - 0.8  x 1.2 - 1.5
Serranidae Paralabrax  spp. sand and kelp basses 0.8 - 1.0
Haemulidae Xenistius californiensis salema 0.7 - 1.0 
Sciaenidae Sciaenidae unid. croakers 0.7 - 1.3
Sciaenidae Atractoscion nobilis white seabass 1.2 - 1.3
Sciaenidae Cheilotrema saturnum black croaker 0.8 - 0.9
Sciaenidae Genyonemus lineatus white croaker 0.8 - 0.9
Sciaenidae Roncador stearnsi spotfin croaker 0.7 - 0.8
Sciaenidae Seriphus politus queenfish 0.7 - 0.8
Sciaenidae Umbrina roncador yellowfin croaker 0.7 - 0.8
Kyphosidae Girella nigricans opaleye 1.0 - 1.1
Labridae Oxyjulis californica senorita 0.7 - 0.8
Labridae Semicossyphus pulcher California sheephead 0.8
Sphyraenidae Sphyraena argentea Pacific barracuda 1.0 - 1.4
Scombridae Scomber japonicus Pacific mackerel 0.8 - 1.3
Pleuronectiformes Pleuronectiformes unid. flatfishes 0.6 - 3.1
Paralichthyidae Paralichthyidae unid. sand flounders 0.6 - 0.9; 1.2 - 1.4
Paralichthyidae Citharichthys spp. sanddabs 0.6 - 0.8
Paralichthyidae Paralichthys californicus California halibut 0.7 - 0.8
Pleuronectidae Microstomus pacificus Dover sole 2.1 - 2.7
Pleuronectidae Parophrys vetulus English sole 0.8 - 1.1
Pleuronectidae Pleuronichthys spp. turbots 0.8 - 2.1
Pleuronectidae Pleuronichthys guttulatus diamond turbot 0.8 - 0.9
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Table 2

Figure 1

Table 3
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Figure 1

Table 3

Average (mm)
Taxa Count Length Head Width Head Depth
Arrow Goby 204 3.89 0.2533 0.4811
Bay Goby 175 3.06 0.3062 0.5183
Whitebait Smelt 240 6.41 0.4713 0.4164
Pacific Herring 126 8.45 0.5039 0.4783
Pacific Tomcod 112 3.17 0.3027 0.3954
Surf Smelt 36 16.65 0.9937 1.1845
Pacific Staghorn Sculpin 77 5.91 0.6106 0.8094

a b

Notochord Length

Head Width

Head Depth
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Table 4

Table 4

Head Width Head Depth 
Taxon a Std. Err. a b St. Err. b a Std. Err. a b St. Err. b 
Arrow Goby 0.0826 0.0026 0.8315 0.0191 0.1246 0.0037 1.0000 0.0164 
Bay Goby 0.1741 0.0210 0.5070 0.1055 0.2450 0.0250 0.6721 0.0888 
Whitebait Smelt 0.1609 0.0162 0.5821 0.0524 0.1370 0.0152 0.6013 0.0575 
Pacific Herring 0.0597 0.0066 1.0000 0.0490 0.0570 0.0063 1.0000 0.0485 
Pacific Tomcod 0.1398 0.0203 0.6715 0.1241 0.2120 0.0365 0.5423 0.1477 
Surf Smelt 0.0582 0.0239 1.0000 0.1345 0.0695 0.0250 1.0000 0.1177 
Pacific Staghorn 
Sculpin 0.1043 0.0158 1.0000 0.0804 0.1382 0.0204 1.0000 0.0784 

Table 5

Table 6
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Table 5

Length
Arrow 
Goby

Bay
Goby

Whitebait 
Smelt

Pacific 
Herring

Pacific 
Tomcod

Surf 
Smelt

Pacific 
Staghorn 
Sculpin

3 1.0000 0.9983 1.0000 1.0000 0.9951 0.9993 0.9953
4 1.0000 0.9672 0.9997 1.0000 0.9410 0.9829 0.8256
5 1.0000 0.8796 0.9901 1.0000 0.7905 0.9164 0.4317
6 1.0000 0.7580 0.9324 0.9964 0.6140 0.8132 0.1623
7 0.9992 0.6225 0.7941 0.9403 0.4643 0.6896 0.0569
8 0.8983 0.5086 0.6099 0.7304 0.3545 0.5770 0.0198
9 0.3371 0.4179 0.4440 0.4381 0.2709 0.4845 0.0074

10 0.0300 0.3475 0.3108 0.2092 0.2089 0.4107 0.0026
11 0.0005 0.2931 0.2119 0.0903 0.1669 0.3482 0.0014
12 0.0000 0.2502 0.1454 0.0369 0.1306 0.3020 0.0005
13 0.0000 0.2115 0.0970 0.0123 0.1103 0.2584 0.0003
14 0.0000 0.1790 0.0678 0.0047 0.0976 0.2271 0.0001
15 0.0000 0.1598 0.0470 0.0016 0.0889 0.1996 0.0000
16 0.0000 0.1387 0.0317 0.0007 0.0802 0.1779 0.0000
17 0.0000 0.1219 0.0232 0.0002 0.0723 0.1630 0.0000
18 0.0000 0.1100 0.0158 0.0000 0.0671 0.1456 0.0000
19 0.0000 0.0995 0.0115 0.0001 0.0627 0.1289 0.0000
20 0.0000 0.0898 0.0079 0.0000 0.0585 0.1195 0.0000
21 0.0000 0.0804 0.0063 0.0000 0.0544 0.1085 0.0000
22 0.0000 0.0748 0.0048 0.0000 0.0524 0.1014 0.0000
23 0.0000 0.0671 0.0039 0.0000 0.0483 0.0919 0.0000
24 0.0000 0.0617 0.0027 0.0000 0.0459 0.0860 0.0000
25 0.0000 0.0583 0.0021 0.0000 0.0429 0.0810 0.0000

Average 0.2724 0.3259 0.2939 0.2809 0.2530 0.3658 0.1089
Mortality 

Reduction 0.7276 0.6741 0.7061 0.7191 0.7470 0.6342 0.8911
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Table 6

Entrainment Probability 25 mm Equivalents

Length
Arrow 
Goby Bay Goby

Number of 
Larvae without 

Entrainment 

Constant 
Growth and 

Mortality
Arrow 
Goby Bay Goby

3 1.0000 0.9983 100,000.00 9.40 0.00 0.02
4 1.0000 0.9672 65,610.00 9.40 0.00 0.31
5 1.0000 0.8796 43,046.72 9.40 0.00 1.13
6 1.0000 0.7580 28,242.95 9.40 0.00 2.28
7 0.9992 0.6225 18,530.20 9.40 0.01 3.55
8 0.8983 0.5086 12,157.67 9.40 0.96 4.62
9 0.3371 0.4179 7,976.64 9.40 6.23 5.47

10 0.0300 0.3475 5,233.48 9.40 9.12 6.14
11 0.0005 0.2931 3,433.68 9.40 9.40 6.65
12 0.0000 0.2502 2,252.84 9.40 9.40 7.05
13 0.0000 0.2115 1,478.09 9.40 9.40 7.42
14 0.0000 0.1790 969.77 9.40 9.40 7.72
15 0.0000 0.1598 636.27 9.40 9.40 7.90
16 0.0000 0.1387 417.46 9.40 9.40 8.10
17 0.0000 0.1219 273.89 9.40 9.40 8.26
18 0.0000 0.1100 179.70 9.40 9.40 8.37
19 0.0000 0.0995 117.90 9.40 9.40 8.47
20 0.0000 0.0898 77.36 9.40 9.40 8.56
21 0.0000 0.0804 50.75 9.40 9.40 8.65
22 0.0000 0.0748 33.30 9.40 9.40 8.70
23 0.0000 0.0671 21.85 9.40 9.40 8.77
24 0.0000 0.0617 14.33 9.40 9.40 8.82
25 0.0000 0.0583 9.40 9.40 9.40 8.86

Average 0.2724 0.3259 Totals 216.31 157.39 145.81
Mortality 

Reduction 0.7276 0.6741 0.7276 0.6741
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Table 7

Table 7

Table 7

1 – size of zoeal stage I indicates that none of the larvae for this species would be subject to entrainment.

2 – size of zoeal stage I indicates that some of the larvae for this stage may be subject to entrainment but spines and setae 
would limit entrainment.

3 – size of zoeal stage I and II indicates that some of the larvae for this stage may be subject to entrainment but spines and 
setae would limit entrainment.

4 – widths of the larval stages provided by Shanks (2001) indicate that none of the larvae for this species are likely to be 
entrained.

Common Names Species Stages Zoea I Zoea II Zoea III Zoea IV Zoea V Megalops Notes
Crabs
Dungeness crab Metacarcinus magister 5 zoeal and megalops 2.5 ND 4.0 ND 9.0 5.3 - 6.6 1
slender crab Metacarcinus gracilis 5 zoeal and megalops 1.1 1.5 1.9 2.5 3.3 2.3 - 3.3 2
red crab Cancer productus 5 zoeal and megalops 2.5 3.0 3.5 4.0 5.5 3.4 - 3.6 1
brown crab Romaleon antennarius 5 zoeal and megalops 1.8 2.0 2.3 3.1 4.4 2.3 - 3.3 1
lined shore crab Pachygrapsus crassipes 5 - 7 zoeal stages and megalops 1.0 1.2 1.5 1.8 2.5 4.1 3
graceful decorator crab Oregonia gracilis 2 zoeal and megalops 3.5 5.0 3.3 1
Pacific sand crab Emerita analoga 5 zoeal and megalops 0.7 1.0 1.6 2.4 3.5 4
Shrimp
pink ocean shrimp Pandulus jordani 11-13 stages, 11 zoeal stages 5.0 1
spot prawn Pandulus platyceros 4 zoeal and megalops 8.1 1

measurements in mm
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Memorandum
 
 

Project No. 4444-10.15.2 
2081-2023-053-07 

April 3, 2024 
 
To: Nordic Aquafarms 
 
From: Sharon Kramer, Senior Marine Ecologist; Carolyn Belak, Marine Ecologist 
 
Subject: Estimated Entrainment of Larval Longfin Smelt for a 0.5 mm Wedgewire Screen 
 at the Humboldt Bay Master Seawater Intakes 
 
 
 
This memo presents the estimated impact of the Humboldt Bay Master Seawater Intake Project (the Project) 
on longfin smelt (LFS) larvae. A reduction of slot size from 1 mm to a new size of 0.5 mm will result in a 
significant reduction in the entrainment of LFS. These calculations and adjustments are based on previous 
studies and models, with special consideration of the Tenera Environmental (2023a) memo initially used to 
calculate LFS entrainment reductions. It is estimated that a total of 1,961 LFS larvae will be entrained using a 
0.5 mm wedgewire screen (WWS). 

Project Overview

The seawater intakes are in the Main Channel of Humboldt Bay, between Entrance and Arcata Bays. There is 
potential for larval organisms to be entrained in the intakes, including larval LFS. While larval LFS may be 
subject to incidental take, the Project site is not within suitable rearing habitat for those larvae. Previous studies 
have found higher densities of LFS larvae further upstream in Eureka Slough, in close proximity to low-salinity 
and brackish LFS rearing habitat (Brennan et al. 2022, Figure 1). The larvae obtained in both years of Brennan’s 
tows were yolk-sac and early post-yolk absorption with an average length of 6.9 mm (range 6.5-8.5 mm; Figure 
2), lengths consistent with those found by Tenera Environmental (2023b) near the intakes. Larvae at this size 
likely have far lower survival in the full-strength seawater based on field and laboratory studies (Yanagitsuru et 
al. 2022, Tenera Environmental 2023b), thus it is probable that LFS larvae near the intakes have been pushed 
out from optimal habitat in the upper bay areas as a result of flows, tidal activity, and lack of habitat with larval 
retention capability. 
 
Tenera Environmental (2023b)’s initial assessment determined that approximately 28,013 LFS larvae per year 
could be entrained by Project intakes while pumping at their maximum capacity. This number is the result of 
sampling conducted in 2022 where monthly surveys were performed at 8 locations through Humboldt Bay 
including locations at both intakes for the project. Seven (7) LFS larvae approximately 14 days post hatch were 
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captured from surveys at the intake locations during the months of January and February. The entrainment 
number has been estimated after extrapolating the seven captured larvae by the maximum daily intake volume 
and the number of consecutive days until the next sampling event. The estimated annual entrainment of 28,013 
LFS larvae is highly conservative as it does not account for entrainment reductions due to the 1 mm (0.04 in) 
slot openings on the WWS. An initial 43% reduction to the entrainment number was thus calculated based on 
The Project intakes’ 1 mm WWS design. Analysis of the screen design resulted in an estimated take of 15,881 
larvae per year (Tenera Environmental 2023a). A further reduction in screen slot size to 0.5 mm will significantly 
reduce entrainment of larval fish to 1,961 LFS larvae. The present memo uses methods from Tenera 
Environmental (2023a) to calculate the number of fish entrained with use of 0.5 mm WWS, incorporating 
reductions due to the physical size of the larvae and information from previous literature on WWS design 
features.

Figure 1. Survey Locations
Notes: Locations are from Brennan et al. (2022). Sampling sites with one or more positive 
detections are denoted by large red circles, while small black circles denote sampling site with 
no detections.
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Figure 2. Survey Data and Larval Lengths of Longfin Smelt

Notes: Longfin smelt captured by Brennan et al. (2022) from Eureka Slough, 2019 – 2020. 

Entrainment Reduction Due to Physical Size of Larvae

Tenera Environmental (2023b) used allometric regression models of the relationships between the notochord 
length (NL) and head capsule dimensions of seven taxa of larvae to calculate probabilities of entrainment in 1 
mm NL bins. Although the sample size of LFS was too small to perform this probability analysis, analyses 
included data from two closely related species of smelt, whitebait smelt and surf smelt (family Osmeridae). Due 
to their similar larval morphology, this probability data was then used as proxy to estimate potential entrainment 
reductions due to 1 mm WWS for LFS. Applying these proxies resulted in a 0.2331 reduction in LFS 
entrainment (76.69% entrainment) due to larval size alone. 
 
Probability assessments were subsequently conducted for 0.5 mm WWS modules (provided by John Steinbeck, 
Tenera Environmental; Table 1). The entrainment probabilities for whitebait smelt and surf smelt are based on 
measurements for 240 and 31 larvae, respectively. Due to the similarity of the larvae for both these species to 
LFS the final estimate of entrainment mortality reductions was averaged. Following the methodology of Tenera 
Environmental (2023a), a weighted average was used to account for the differences in sample size for the two 
species. The estimated average entrainment reduction for LFS larvae due to the use of the 0.5 mm WWS module 
is thus 0.7263 (27.37% entrainment). Applying this reduction to the annual estimated entrainment of LFS results 
in a value of 7,667 larvae (i.e. 20,346 fewer LFS larvae entrained from the original estimate of 28,013 outlined 
in Tenera Environmental 2023b). 
 



4 
H. T. Harvey & Associates 

Table 1. Data from John Steinbeck, Tenera Environmental

NL Length 
(mm)

Arrow
Goby

Bay
Goby

Whitebait
Smelt

Pacific
Herring

Pacific
Tomcod

Surf
Smelt

Pacific Staghorn 
Sculpin

3 1.0000 0.9983 0.9951 0.9993 0.9953

4 1.000 0.9672 0.9997 0.9410 0.9829 0.8256

5 1.000 0.8796 0.9901 0.7905 0.9164 0.4317

6 1.000 0.7580 0.9324 0.9964 0.6140 0.8132 0.1623

7 0.9992 0.6225 0.7941 0.9403 0.4643 0.6896 0.0569

8 0.8983 0.5086 0.6099 0.7304 0.3545 0.5770 0.0198

9 0.3371 0.4179 0.4440 0.4381 0.2709 0.4845 0.0074

10 0.0300 0.3475 0.3108 0.2092 0.2089 0.4107 0.0026

11 0.0005 0.2931 0.2119 0.0903 0.1669 0.3484 0.0014

12 0.0000 0.2502 0.1454 0.0369 0.1306 0.3020 0.0005

13 0.0000 0.2115 0.0970 0.0123 0.1103 0.2584 0.0003

14 0.0000 0.1790 0.0678 0.0047 0.0976 0.2271 0.0001

15 0.0000 0.1598 0.0470 0.0016 0.0889 0.1996 0.0000

16 0.0000 0.1387 0.0317 0.0007 0.0802 0.1779 0.0000

17 0.0000 0.1219 0.0232 0.0002 0.0723 0.1630 0.0000

18 0.0000 0.1100 0.0158 0.0000 0.0671 0.1456 0.0000

19 0.0000 0.0995 0.0115 0.0001 0.0627 0.1289 0.0000

20 0.0000 0.0898 0.0079 0.0000 0.0508 0.1195 0.0000

21 0.0000 0.0804 0.0063 0.0000 0.0544 0.1085 0.0000

22 0.0000 0.0748 0.0048 0.0000 0.0524 0.1014 0.0000

23 0.0000 0.0671 0.0039 0.0000 0.0483 0.0919 0.0000

24 0.0000 0.0617 0.0027 0.0000 0.0459 0.0860 0.0000

25 0.0000 0.0583 0.0021 0.0000 0.0429 0.0810 0.0000

Average 0.2727 0.3259 0.2618 0.1731 0.2530 0.3658 0.1089

Mortality 
reduction

0.7276 0.6741 0.7382 0.8269 0.7470 0.6342 0.8911

Notes: Estimated probabilities of entrainment for fish larvae analyzed for the Humboldt Bay entrainment study at mm 
notochord length (NL) intervals from estimated hatch NL through 25 mm for a wedgewire slot size of 0.5 mm (0.2 in) 
using estimates of variability around the allometric regressions shown in Tenera Environmental (2023b) Figure 5-1, 
Figure 6-1, and Figure 6-2. Average proportion entrained of fishes from hatch length to 25 mm, and subsequent 
mortality reduction (the inverse of average proportion entrained) are also shown. Values for Whitebait Smelt and Surf 
Smelt, used to calculate LFS entrainment, are in bold.

 
Head capsule dimensions for LFS captured during the Tenera Environmental (2023b) study were comparable 
to those modeled for Whitebait Smelt and Surf Smelt, validating the use of these species as proxy for LFS 
potential entrainment in 0.5 mm WWS slot openings due to larval size (Figures 3-5). Head width for LFS 
captured near the intake locations varied between 250 – 950 m (average 530 m) and head depth ranged from 
491 – 812 m (average 667 m; Figure 3).  
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Figure 3. Head Capsule Width and Depth Against Notochord Length for Longfin Smelt Captured 
Near Proposed Project Intake Locations
Source: Tenera Environmental 2023a. 

Figure 4. Head Capsule Width and Depth Against Notochord Length for Whitebait Smelt 
Calculated using Allometric Regression Modeling 
Source: Tenera Environmental 2023b. 

0

200

400

600

800

1000

1200

0 2 4 6 8 10 12 14

He
ad

 d
im

en
sio

ns
 (

m
)

Length (mm)

Longfin smelt notochord length (mm)

Head_Width

Head_Depth

Linear (Head_Width)

Linear (Head_Depth)



6 
H. T. Harvey & Associates

Figure 5. Head Capsule Width and Depth Against Notochord Length for Surf Smelt Calculated 
using Allometric Regression Modeling 
Source: Tenera Environmental 2023b.

Entrainment Reduction Due to WWS Design Properties

Studies on the effectiveness of WWS modules have also shown that apart from small slot openings, modules 
often exceed the expected levels of entrainment reduction based on other WWS design features. Analyzing the 
design of cylindrical intake screen systems, Coutant (2021) reviews features such as the cylindrical shape of the 
intakes, their alignment relative to existing tidal streams, and their low through-screen velocities. Based on his 
laboratory studies, Coutant (2021) concludes that the contributions of slot opening size and through-screen 
velocity were minor in the reduction of entrainment. Rather, the cylindrical shape of the intakes and their 
alignment relative to existing tidal currents have a greater influence of entrainment reduction due to the creation 
of deflecting bow-wave-like hydraulics and upstream pressure and velocity changes (Coutant 2021). These flow 
dynamics move larvae and other objects away from the screen surface where they may be subject to entrainment
and decrease the likelihood that larvae would be oriented exactly parallel to the screen slots where they could 
be more easily entrained. Due to the presence of strong tidal currents at the intake locations in Humboldt Bay,
entrainment loss estimates solely based on larval size are likely to be highly conservative and these
hydrodynamic benefits of the WWS module should be considered.

Electric Power Research Institute (EPRI) (2003) tested the effectiveness of WWS design in a laboratory setting 
and provides a quantitative metric for incorporating WWS hydrodynamic benefits. EPRI (2003) tested larval 
fish entrainment and impingement rates under varying WWS slot size, through-slot velocity, and adjacent
channel velocity regimes. The test results from the WWS slot opening of 1.0 mm and through-slot velocity of
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15 cm/s (0.5 fps) are presented below to provide comparison with the WWS modules being considered for the 
Humboldt intakes (Table 2). These reduction numbers were previously presented in Tenera Environmental 
(2023a) to apply entrainment reduction to due WWS design, providing a reduction value (20%) previously 
agreed upon by California Department of Fish and Wildlife. 
 
Table 2. Percentage Entrainment of Fish Larvae

Fish Species 
Average Length 
and Range (mm) 

Channel Velocity 
Average

Entrainment (%) 0.08 m/s 0.15 m/s 0.30 m/s 

Striped bass not available 41.40 27.00 16.70 28.37

Winter flounder mean = 6.1;
2.4 – 11.0

84.60 72.40 61.30 72.77

White sucker mean = 13.9;
12.5 – 15.5

12.40 8.30 5.80 8.83

Common carp mean = 6.4;
5.6 – 7.5

94.00 81.90 64.50 80.13

Average 58.10 47.40 37.01 47.53

Notes: Sourced from Electric Power Research Institute (2003). Presented for tests conducted using 1.0 mm wedgewire 
screens (WWS) and a slot velocity of 15 cm/s (0.5 fps). Percentage entrainment was calculated using the number of 
larvae injected upstream from the WWS module during each test run and the number collected downstream from the 
WWS module.

 
The EPRI (2003) study results can help to estimate the entrainment efficiencies of WWS modules resulting 
from hydrodynamic design features. Entrainment rates, however, varied across and within fish taxa due to the 
variation in average larval length and range of lengths seen amongst species (Table 2). Tenera Environmental 
(2023a) justified using common carp results to estimate LFS entrainment due to their comparable larval size – 
common carp had a narrow range of lengths that were all less than 8 mm, consistent with the larval LFS lengths 
found near the intakes (Figure 3). An entrainment reduction of 20% (Table 2) can thus be applied to further 
reduce LFS larval entrainment due to the hydrodynamic features of the WWS design. The results from EPRI 
(2003) also supplement the conclusions from Coutant (2021), demonstrating the effects of increased channel 
or tidal velocities on the effectiveness of the WWS screen modules at reducing entrainment - entrainment 
decreases with increased ratios of channel velocity to through-slot velocity. This is especially relevant to the 
Humboldt intakes where strong tidal currents often exceed tested channel velocities and intake through-slot 
velocity is designed for a maximum of 6 cm/s (0.2 fps), less than half of EPRI’s studied values (EPRI 2003). 
Using this 20% entrainment reduction value thus likely gives a conservative estimate of LFS entrainment. 
 
Adding the estimated effects of the hydrodynamic exclusion features of WWS modules to the estimated average 
entrainment reduction for the physical size of LFS larvae due to the use of 0.5 mm WWS slot of 0.7263 results 
in a total reduction of approximately 0.9263, or 93% entrainment reduction. Applying these reductions due to 
LFS morphology and WWS hydrodynamic efficiency to the annual estimated entrainment of LFS larvae results 
in an estimate of 1,961 larval LFS potentially entrained at the screens. 
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On March 27, 2024, the California Department of Fish and Wildlife (CDFW) issued a response to the 
Humboldt Bay Harbor, Recreation and Conservation District regarding the Determination of Mitigation Area 
– Incidental Take Permit Application for Humboldt Bay Master Seawater Intakes Project Memorandum. By 
applying credits based on intake screen design, habitat quality, and productivity, CDFW has agreed to a 
mitigation equation to calculate the Project’s mitigation acreage. Applying the reduction of estimated LFS 
entrainment due to the 0.5 mm WWS to this accepted equation results in 1,961 larvae (annual entrainment) / 
245 larvae per acre (maximum observed density of longfin smelt larvae in Humboldt Bay) = 8.00 acres * 11:1 
credit (to account for higher productivity of prey at mitigation site) = 0.73 acres.  
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National Marine Fisheries Service: Summary of Endangered Species Act 
Acoustic Thresholds (Marine Mammals, Fishes, and Sea Turtles) 

This document summarizes NMFS acoustic thresholds for marine mammals, protected fishes, and sea 
turtles. These acoustic thresholds use the best available science at the time which they were developed 
(see references following each section or threshold table).  

Note: NMFS expects to re-evaluate these thresholds in the near future. 

SOUND SOURCE CHARACTERIZATION (NMFS 2018) 

To determine which threshold is appropriate, NMFS characterizes sound sources as impulsive/non-
impulsive (permanent and temporary threshold shifts) and intermittent/continuous (behavioral 
disturbance): 

Impulsive sound sources: produce sounds that are typically transient, brief (less than one
second), broadband, and consist of high peak sound pressure with rapid rise time and rapid
decay. Impulsive sounds can occur in repetition (e.g., seismic airguns, impact pile driving) or as a
single event (e.g., explosives).

Non-impulsive sound sources: can be continuous or intermittent, and produce sounds that can
be broadband, narrowband or tonal, and brief or prolonged. Non-impulsive sources do not have
the high peak sound pressure with rapid rise time typical of impulsive sounds. Examples of non-
impulsive sources include drilling, vibratory pile driving, and certain active sonars.

Continuous sound sources: emit sound with a sound pressure level that remains above ambient
sound during the entire observation period. Examples of continuous sound sources include
drilling and vibratory pile driving.

Intermittent sound sources: have interrupted levels of low or no sound or bursts of sound
separated by silent periods. Typically, intermittent sounds have a more regular (predictable)
pattern of bursts of sounds and silent periods (i.e., duty cycle). Examples of intermittent sound
sources include scientific sonar, high-resolution geophysical survey equipment (i.e., sub-bottom
profilers), and impact pile driving.

MARINE MAMMALS 

Marine Mammal Hearing Groups (NMFS 2018) 

The application of marine mammal hearing groups (based on hearing sensitivity) occurs in two ways. 
First, thresholds are designated by hearing group to acknowledge that not all marine mammal species 
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have identical hearing or susceptibility to noise-induced hearing loss. Second, marine mammal hearing 
groups are used to establish marine mammal auditory weighting functions. 

 

Marine Mammal Hearing Groups (NMFS 2018) 

Hearing Group Generalized Hearing 
Range* 

Low-frequency (LF) cetaceans (baleen 
whales) 

7 Hz to 35 kHz 

Mid-frequency (MF) cetaceans 

(dolphins, toothed whales, beaked whales, bottlenose whales) 

150 Hz to 160 kHz 

High-frequency (HF) cetaceans 

(true porpoises, Kogia, river dolphins, Cephalorhynchid, 

Lagenorhynchus cruciger & L. australis) 

 

275 Hz to 160 kHz 

Phocid pinnipeds (PW) (underwater) 
(true seals) 

50 Hz to 86 kHz 

Otariid pinnipeds (OW) (underwater) 
(sea lions and fur seals) 

60 Hz to 39 kHz 

* Represents the generalized hearing range for the entire group as a composite (i.e., all species within the group), where 
individual species’ hearing ranges are typically not as broad. Generalized hearing range chosen based on ~65 dB 
threshold from normalized composite audiogram, with the exception for lower limits for LF cetaceans (Southall et al. 
2007) and PW pinniped (approximation). 

 

Onset of Permanent Threshold Shift (PTS) (NMFS 2018) 

PTS Onset for Impulsive and Non-impulsive Sources (NMFS 2018) 

Hearing Group PTS Onset Acoustic 
Threshold (Received Level) 

for Impulsive Sources* 

PTS Onset Acoustic Threshold 
(Received Level) for Non-

impulsive Sources* 

Low-Frequency (LF)  
Cetaceans 

Cell 1 
Lpk,flat: 219 dB  

LE,LF,24h: 183 dB  

Cell 2 
LE,LF,24h: 199 dB  

Mid-Frequency (MF) 
Cetaceans 

Cell 3 
Lpk,flat: 230 dB  

LE,MF,24h: 185 dB  

Cell 4 
LE,MF,24h: 198 dB  

High-Frequency (HF) 
Cetaceans 

Cell 5 
Lpk,flat: 202 dB  

LE,HF,24h: 155 dB  

Cell 6 
LE,HF,24h: 173 dB 

Phocid Pinnipeds (PW) 
(Underwater) 

Cell 7 
Lpk,flat: 218 dB  

LE,PW,24h: 185 dB  

Cell 8 
LE,PW,24h: 201 dB  

Otariid Pinnipeds (OW) 
(Underwater) 

Cell 9 
Lpk,flat: 232 dB  

LE,OW,24h: 203 dB  

Cell 10 
LE,OW,24h: 219 dB  

* Dual metric acoustic thresholds for impulsive sounds: Use whichever results in the largest isopleth for calculating PTS 
onset. If a non-impulsive sound has the potential of exceeding the peak sound pressure level thresholds associated with 
impulsive sounds, these thresholds should also be considered.  
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Note: Peak sound pressure (Lpk) has a reference value of 1 μPa, and cumulative sound exposure level (LE) has a 
reference value of 1μPa2s. In this Table, thresholds are abbreviated to reflect American National Standards Institute 
standards (ANSI 2013). However, peak sound pressure is defined by ANSI as incorporating frequency weighting, which 
is not the intent for this Technical Guidance. Hence, the subscript “flat” is being included to indicate peak sound 
pressure should be flat weighted or unweighted within the generalized hearing range. The subscript associated with 
cumulative sound exposure level thresholds indicates the designated marine mammal auditory weighting function (LF, 
MF, and HF cetaceans, and PW and OW pinnipeds) and that the recommended accumulation period is 24 hours. The 
cumulative sound exposure level thresholds could be exceeded in a multitude of ways (i.e., varying exposure levels and 
durations, duty cycle). When possible, it is valuable for action proponents to indicate the conditions under which these 
acoustic thresholds will be exceeded. 

Onset of Temporary Threshold Shift (TTS) (NMFS 2018) 

TTS Onset for Impulsive and Non-impulsive Sources (NMFS 2018) 

Hearing Group TTS Onset Acoustic 
Thresholds (Received Level) 

for Impulsive Sources* 

TTS Onset Acoustic Thresholds 
(Received Level) for Non-

impulsive Sources* 

Low-Frequency (LF)  
Cetaceans 

Cell 1 
Lpk,flat: 213 dB  

LE,LF,24h: 168 dB  

Cell 2 
LE,LF,24h: 179 dB  

Mid-Frequency (MF) 
Cetaceans 

Cell 3 
Lpk,flat: 224 dB  

LE,MF,24h: 170 dB  

Cell 4 
LE,MF,24h: 178 dB  

High-Frequency (HF) 
Cetaceans 

Cell 5 
Lpk,flat: 196 dB  

LE,HF,24h: 140 dB  

Cell 6 
LE,HF,24h: 153 dB 

Phocid Pinnipeds (PW) 
(Underwater) 

Cell 7 
Lpk,flat: 212 dB  

LE,PW,24h: 170 dB  

Cell 8 
LE,PW,24h: 181 dB  

Otariid Pinnipeds (OW) 
(Underwater) 

Cell 9 
Lpk,flat: 226 dB  

LE,OW,24h: 188 dB  

Cell 10 
LE,OW,24h: 199 dB  

* Dual metric acoustic thresholds for impulsive sounds: Use whichever results in the largest isopleth for calculating TTS 
onset. If a non-impulsive sound has the potential of exceeding the peak sound pressure level thresholds associated with 
impulsive sounds, these thresholds should also be considered.  
 
Note: Peak sound pressure (Lpk) has a reference value of 1 μPa, and cumulative sound exposure level (LE) has a 
reference value of 1μPa2s. In this Table, thresholds are abbreviated to reflect American National Standards Institute 
standards (ANSI 2013). However, peak sound pressure is defined by ANSI as incorporating frequency weighting, which 
is not the intent for this Technical Guidance. Hence, the subscript “flat” is being included to indicate peak sound 
pressure should be flat weighted or unweighted within the generalized hearing range. The subscript associated with 
cumulative sound exposure level thresholds indicates the designated marine mammal auditory weighting function (LF, 
MF, and HF cetaceans, and PW and OW pinnipeds) and that the recommended accumulation period is 24 hours. The 
cumulative sound exposure level thresholds could be exceeded in a multitude of ways (i.e., varying exposure levels and 
durations, duty cycle). When possible, it is valuable for action proponents to indicate the conditions under which these 
acoustic thresholds will be exceeded. 

Onset of Behavioral Disturbance 

NMFS acoustic thresholds for the onset of behavioral disturbance (underwater and in-air) are 
determined by the root-mean-square (RMS) received levels. 
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Underwater Onset of Behavioral Disturbance Acoustic Thresholds (NMFS 2005) 

Source type Threshold (RMS) 

Continuous  120 dB re 1 μPa 

Non-explosive impulsive or intermittent  160 dB re 1 μPa 

 

In-Air Onset of Behavioral Disturbance Acoustic Thresholds (Southall et al. 2007; NOAA 2009) 

Species/Group Threshold (RMS)* 

Harbor seal 90 dB re 20 μPa 

All other pinnipeds 100 dB re 20 μPa 

*Recent Navy activities involving airborne sources have relied upon a cumulative sound exposure level threshold of 100 
dB re 20 μPa (DoN 2017). NMFS is currently in the process of re-evaluating the Navy’s threshold. 

Note -
Thus, it is not appropriate to compare sound levels in-air to those underwater. 

 

Underwater Explosives 

NMFS uses the acoustic and pressure thresholds below to predict the onset of PTS, TTS, behavioral 
disturbance, tissue damage (i.e., lung and g.i. tract), and mortality from the use of underwater 
explosives.  

Note: For a single detonation (within a 24-h period), NMFS relies on the TTS onset threshold. For 
multiple detonations (within a 24-h period), NMFS relies on a behavioral thresholds that is -5 dB from 
TTS onset (see Table below). 

 

PTS Onset, TTS Onset, and Behavioral Disturbance Onset (Multiple Detonations) for Underwater 
Explosives (NMFS 2018) 

Hearing Group PTS Impulsive 
Thresholds 

TTS Impulsive  
Thresholds 

Behavioral Threshold 
(multiple detonations) 

Low-Frequency (LF)  
Cetaceans 

Cell 1 
Lpk,flat: 219 dB  

LE,LF,24h: 183 dB  

Cell 2 
Lpk,flat: 213 dB  

LE,LF,24h: 168 dB  

Cell 3 
LE,LF,24h: 163 dB  

Mid-Frequency (MF) 
Cetaceans 

Cell 4 
Lpk,flat: 230 dB  

LE,MF,24h: 185 dB  

Cell 5 
Lpk,flat: 224 dB  

LE,MF,24h: 170 dB  

Cell 6 
LE,MF,24h: 165 dB  

High-Frequency (HF) 
Cetaceans 

Cell 7 
Lpk,flat: 202 dB  

LE,HF,24h: 155 dB  

Cell 8 
Lpk,flat: 196 dB  

LE,HF,24h: 140 dB  

Cell 9 
LE,HF,24h: 135 dB 

Phocid Pinnipeds (PW) 
(Underwater) 

Cell 10 
Lpk,flat: 218 dB  

LE,PW,24h: 185 dB  

Cell 11 
Lpk,flat: 212 dB  

LE,PW,24h: 170 dB  

Cell 12 
LE,PW,24h: 165 dB  

Otariid Pinnipeds (OW) 
(Underwater) 

Cell 13 
Lpk,flat: 232 dB  

LE,OW,24h: 203 dB  

Cell 14 
Lpk,flat: 226 dB  

LE,OW,24h: 188 dB  

Cell 15 
LE,OW,24h: 183 dB  
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* Dual metric acoustic thresholds for impulsive sounds: Use whichever results in the largest isopleth for calculating 
PTS/TTS onset.  
 
Note: Peak sound pressure (Lpk) has a reference value of 1 μPa, and cumulative sound exposure level (LE) has a 
reference value of 1μPa2s. In this Table, thresholds are abbreviated to reflect American National Standards Institute 
standards (ANSI 2013). However, peak sound pressure is defined by ANSI as incorporating frequency weighting, which 
is not the intent for this Technical Guidance. Hence, the subscript “flat” is being included to indicate peak sound 
pressure should be flat weighted or unweighted within the generalized hearing range. The subscript associated with 
cumulative sound exposure level thresholds indicates the designated marine mammal auditory weighting function (LF, 
MF, and HF cetaceans, and PW and OW pinnipeds) and that the recommended accumulation period is 24 hours. The 
cumulative sound exposure level thresholds could be exceeded in a multitude of ways (i.e., varying exposure levels and 
durations, duty cycle). When possible, it is valuable for action proponents to indicate the conditions under which these 
acoustic thresholds will be exceeded. 
 

Lung and G.I. Tract Injury Thresholds (DoN 2017) 

Hearing Group Mortality (Severe lung 
injury)* 

Slight Lung Injury* G.I. Tract Injury 

All Marine Mammals 

Cell 1 

 Modified Goertner 
model; Equation 1 

Cell 2 

 Modified Goertner model; 
Equation 2 

Cell 3 

Lpk,0-pk,flat: 237 dB  

 

 

Modified Goertner Equations for severe and slight lung injury (pascal-second) 

Equation 1:   103MM 1/3(1 + D/10.1)1/6   Pa-s 

 

Equation 2:   47.5M 1/3(1 + D/10.1)1/6   Pa-s 

 
M  = animal (adult and/or juvenile) mass (kg) (Table C.9 in DoN 2017) 

D = animal depth (meters) 

 

* Lung injury (severe and slight) thresholds are dependent on animal mass (Recommendation: Table C.9 from DoN 
2017 based on calf/pup mass by species). 

 

Note: Peak sound pressure (Lpk) has a reference value of 1 μPa. In this Table, thresholds are abbreviated to reflect 
American National Standards Institute standards (ANSI 2013). However, ANSI defines peak sound pressure as 
incorporating frequency weighting, which is not the intent for this Technical Guidance. Hence, the subscript “flat” is 
being included to indicate peak sound pressure should be flat weighted or unweighted within the overall marine mammal 
generalized hearing range.  

FISHES 

Below are the protected fish acoustic thresholds. Note that NMFS’ acoustic thresholds for fishes are for 
all species of fish and do not distinguish between fishes of different groups (e.g., elasmobranchs or 
teleosts). 
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Onset of Physical Injury 

Because of limited data, the FHWG relied on data from a variety of surrogate impulsive sources (i.e., 
explosives: Govoni et al. 2003; Govoni et al. 2007; Hastings et al. 2007; Yelverton et al. 1975; seismic 
airguns: Popper et al. 2005; Song et al. 2008; See Stadler and Woodbury 2009 for more information) to 
derive dual interim thresholds for impact pile driving that account for vulnerability depending on fish 
size. These thresholds are appropriate for other non-explosive impulsive sources. 

 

Onset of Physical Injury1 for Impulsive Sources for Fishes (FHWG 2008) 

 

 

Onset of Physical Injury (Received Level) 

Fish Size Impulsive 

Fishes > 2 g 

Cell 1 

Lp,0-pk,flat: 206 dB  

LE,p,,12h: 187 dB  

Fishes < 2 g 

Cell 2 

Lp,0-pk,flat: 206 dB  

LE,p,12h: 183 dB  

Onset of Mortality and Physical Injury for Underwater Explosives for Fishes (FHWG 2008; Popper et 
al. 2014) 

Onset of Mortality 

(Received Level) 
Onset of Physical Injury (Received Level) 

Cell 1 

Lp,0-pk,flat: 229 dB  

 

Cell 2 

Lp,0-pk,flat: 206 dB  

LE,p,,12h: 187 dB (> 2 g) 

LE,p,,12h: 183 dB (< 2 g)  

 

Onset of Behavioral Disturbance 

While this is not a “formal” threshold, it allows us to have a level where one can begin to look at 
potential responses. 

                                                           
1 For fishes, generally, the accumulation period can be reset to zero after a 12-h period of no pile driving, especially in a river or 
tidally-influenced waterway when the fish should be moving. Note: The accumulation period for marine mammals and sea turtles is 
24-h. Furthermore, NMFS does not have physical injury thresholds for non-impulsive sources, except tactical sonar. 

For fishes, the SELcum metric also incorporated effective quiet, which means if the received SEL from an individual pile strike is 
below a certain level (150 dB SELss), then the accumulated energy from multiple strikes would not contribute to injury, regardless of 
how many pile strikes occur. Effective quiet establishes a limit on the maximum distance from the pile where injury is expected. 
Beyond this distance no physical injury is expected, regardless of the number of pile strikes. There is currently not enough data to 
support an effective quiet level for other taxa.
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Behavioral Disturbance Acoustic Thresholds for Fishes2  

Source Type Threshold 

All Sources  LRMS 150 dB 

 

SEA TURTLES 

Onset of Permanent Threshold Shift (PTS)  

Onset of Permanent Threshold Shift (PTS) for Sea Turtles (DoN 2017) 

Hearing Group PTS Onset Thresholds 
(Received Level) for 
Impulsive Sources* 

PTS Onset Thresholds (Received 
Level) for Non-impulsive 

Sources* 

Sea Turtles 

Cell 1 

Lp,0-pk,flat: 232 dB  

LE,p, TU,24h: 204 dB  

Cell 2 

LE,p, TU,24h: 220 dB  

* Dual metric thresholds for impulsive sounds: Use whichever results in the largest isopleth for calculating PTS onset. If 
a non-impulsive sound has the potential of exceeding the peak sound pressure level thresholds associated with impulsive 
sounds, these thresholds are recommended for consideration.  

 

Note: Peak sound pressure level (Lp,0-pk) has a reference value of 1 μPa, and weighted cumulative sound exposure level 
(LE,p) has a reference value of 1μPa2s. In this Table, thresholds are abbreviated to be more reflective of International 
Organization for Standardization standards (ISO 2017). The subscript “flat” is being included to indicate peak sound 
pressure are flat weighted or unweighted within the generalized hearing range of sea turtles (i.e., below 2 kHz). The 
subscript associated with cumulative sound exposure level thresholds indicates the designated sea turtle weighting 
function and that the recommended accumulation period is 24 hours. The weighted cumulative sound exposure level 
thresholds could be exceeded in a multitude of ways (i.e., varying exposure levels and durations, duty cycle). When 
possible, it is valuable for action proponents to indicate the conditions under which these thresholds will be exceeded. 

 
Onset of Temporary Threshold Shift (TTS) 

Onset of Temporary Threshold Shift (TTS) for Sea Turtles (DoN 2017) 

Hearing Group TTS Onset Thresholds 
(Received Level) for 
Impulsive Sources* 

TTS Onset Thresholds 
(Received Level) for Non-

impulsive Sources* 

Sea Turtles 

Cell 1 

Lp,0-pk,flat: 226 dB  

LE,p, TU,24h: 189 dB  

Cell 2 

LE,p, TU,24h: 200 dB  

                                                           
2 Note: The derivation and origin of the informal 150 dB threshold is not as well-defined as other thresholds. However, various 
recent publications do not refute that behavioral disturbance can occur around this level. As one example study, Hawkins et al. 2014 
present their data in peak-to-peak sound pressure level and single strike SEL. However, in general, RMS levels for impact pile 
driving are approximately 10 dB higher than single strike SEL levels. Based on this conversion, the 50% RMS response level, from 
this study, for sprat and mackerel, range from 145 to 152 dB. 

Note: Popper et al. 2019 advocate that the peak-to-peak metric is more appropriate for impulsive sounds compared to the RMS 
metric. However, pile driving data are not typically reported in this metric. 
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* Dual metric thresholds for impulsive sounds: Use whichever results in the largest isopleth for calculating PTS onset. If 
a non-impulsive sound has the potential of exceeding the peak sound pressure level thresholds associated with impulsive 
sounds, these thresholds are recommended for consideration.  

 

Note: Peak sound pressure level (Lp,0-pk) has a reference value of 1 μPa, and weighted cumulative sound exposure level 
(LE,p) has a reference value of 1μPa2s. In this Table, thresholds are abbreviated to be more reflective of International 
Organization for Standardization standards (ISO 2017). The subscript “flat” is being included to indicate peak sound 
pressure are flat weighted or unweighted within the generalized hearing range of sea turtles (i.e., below 2 kHz). The 
subscript associated with cumulative sound exposure level thresholds indicates the designated sea turtle weighting 
function and that the recommended accumulation period is 24 hours. The weighted cumulative sound exposure level 
thresholds could be exceeded in a multitude of ways (i.e., varying exposure levels and durations, duty cycle). When 
possible, it is valuable for action proponents to indicate the conditions under which these thresholds will be exceeded. 

 

Onset of Behavioral Disturbance 

Data on behavioral reactions of sea turtles to sound sources is limited. However, in general, behavioral 
disturbance occurs around RMS 175 dB (O’Hara and Wilcox 1990; Moein et al. 1994; Lenhardt 2002; 
McCauley et al. 2002).  

 

Onset of Behavioral Disturbance Acoustic Thresholds for Sea Turtles (DoN 2017) 

Source Type Threshold 

All Sources* LRMS 175 dB 

* Currently, there are not enough data to derive separate thresholds for different source types.  

 

Note: This threshold is also used for multiple detonations. 

 
Underwater Explosives 

For a single detonation (within a 24-h period), NMFS relies on the TTS onset threshold. For multiple 
detonations (within a 24-h period), NMFS relies on a behavioral thresholds that is -5 dB from TTS onset 
(see Table below). 

Lung and G.I. Tract Injury Thresholds for Sea Turtles (DoN 2017) 

Hearing Group Mortality (Severe lung 
injury)* 

Slight Lung Injury* G.I. Tract Injury 

All Sea Turtles 

Cell 1 

 Modified Goertner 
model; Equation 1 

Cell 2 

 Modified Goertner model; 
Equation 2 

Cell 3 

Lpk,flat: 237 dB  

 

Modified Goertner Equations for severe and slight lung injury (pascal-second) 

Equation 1:   103MM 1/3(1 + D/10.1)1/6   Pa-s 

 

Equation 2:   47.5M 1/3(1 + D/10.1)1/6   Pa-s 
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M  = animal (adult and/or juvenile) mass (kg) (Table C.9 in DoN 2017) 

D = animal depth (meters) 

 

* Lung injury (severe and slight) thresholds are dependent on animal mass (Recommendation: Table C.9 from DON 
2017 based on adult and/or calf/pup mass by species). 

 

Note: Peak sound pressure (Lpk) has a reference value of 1 μPa. In this Table, thresholds are abbreviated to reflect 
American National Standards Institute standards (ANSI 2013). However, ANSI defines peak sound pressure as 
incorporating frequency weighting, which is not the intent for this Technical Guidance. Hence, the subscript “flat” is 
being included to indicate peak sound pressure should be flat weighted or unweighted within the overall marine mammal 
generalized hearing range.  
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Table 1

May 2023 Intake Assessment Report Table 
-1

NL 
Length 
(mm)

Arrow 
Goby

Bay 
Goby

Whitebait 
Smelt

Pacific 
Herring

Pacific 
Tomcod

Surf 
Smelt

Pacific 
Staghorn 
Sculpin

3 1.0000 1.0000 1.0000
4 1.0000 1.0000 1.0000 1.0000 1.0000
5 1.0000 1.0000 1.0000 0.9999 0.9997 0.9996
6 1.0000 0.9999 1.0000 1.0000 0.9985 0.9967 0.9888
7 1.0000 0.9994 1.0000 1.0000 0.9918 0.9866 0.9320
8 1.0000 0.9975 1.0000 1.0000 0.9757 0.9658 0.8017
9 1.0000 0.9933 1.0000 1.0000 0.9492 0.9320 0.6334

10 1.0000 0.9854 0.9998 1.0000 0.9095 0.8823 0.4387
11 1.0000 0.9718 0.9995 0.9988 0.8666 0.8333 0.3002
12 1.0000 0.9576 0.9976 0.9916 0.8186 0.7769 0.2025
13 1.0000 0.9364 0.9936 0.9662 0.7672 0.7217 0.1316
14 1.0000 0.9160 0.9861 0.9149 0.7176 0.6757 0.0848
15 0.9999 0.8891 0.9730 0.8257 0.6676 0.6239 0.0571
16 0.9984 0.8662 0.9540 0.7107 0.6213 0.5757 0.0363
17 0.9837 0.8365 0.9299 0.5843 0.5803 0.5321 0.0241
18 0.9109 0.8110 0.8990 0.4575 0.5376 0.4952 0.0154
19 0.7588 0.7854 0.8644 0.3432 0.5007 0.4602 0.0112
20 0.5140 0.7574 0.8282 0.2439 0.4655 0.4247 0.0072
21 0.2911 0.7298 0.7835 0.1732 0.4325 0.3985 0.0048
22 0.1313 0.7051 0.7393 0.1236 0.4080 0.3731 0.0034
23 0.0486 0.6773 0.6949 0.0804 0.3955 0.3443 0.0025
24 0.0164 0.6559 0.6494 0.0548 0.3755 0.3236 0.0019
25 0.0047 0.6337 0.6006 0.0363 0.3610 0.3030 0.0012

Average 0.7357 0.8377 0.7872 0.5210 0.6808 0.6094 0.2783
Mortality 

Reduction 0.2643 0.1623 0.2128 0.4790 0.3192 0.3906 0.7217
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Table 1

Taxa

Combined 
PM

Estimates 
for both 

Unadjusted 
APF 

Estimate 
(acres 

[hectares])

Estimated 
1mm Screen 
Entrainment 
Reduction 

(%)

APF Adjusted 
for 1mm 
Screen 

Entrainment 
Reduction  

(acres 
[hectares])

Arrow Goby 0.3757 56.7 (22.9) 26.4 41.7 (16.9)
Bay Goby 0.1166 17.6 (7.1) 16.2 14.7 (6.0)
Whitebait Smelt 0.0464 7.0 (2.8) 21.3 5.5 (2.2)
Pacific Herring 0.0308 4.7 (1.9) 47.9 2.4 (1.0)
Pacific Tomcod 0.0842 12.7 (5.1) 31.9 8.6 (3.5)
Surf Smelt 0.0783 11.8 (4.8) 39.1 7.2 (2.9)
Pacific Staghorn Sculpin 0.0960 14.5 (5.9) 72.2 4.0 (1.6)
Averages 0.1183 17.9 (7.2) 36.4 12.0 (4.9)
APF values at 50% percentile 17.9 (7.2) 12.0 (4.9)
APF values at 95% percentile 28.8 (11.7) 20.5 (8.3)
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Table 2

Table 1

Fish Size Class Concentrations of larvae (# per m3) Reduction Relative to 
1982 tests using through slot velocity of 13 cm/sec

Bay Anchovy Net Open 1 mm WWS Canal Water Open Port
Eggs 0.00 0.00 0.00 -- --

<=4mm 2.00 0.00 0.00 100.00% --
5-7mm 4.50 4.10 0.00 100.00% 100.00%

8-10mm 6.20 1.60 0.00 100.00% 100.00%
11-14mm 152.90 31.10 0.00 100.00% 100.00%

>=15 2,469.40 57.30 1.50 99.94% 97.38%
Naked Goby

<=4mm 95.30 17.20 1.50 98.43% 91.28%
5-6mm 117.60 22.90 6.00 94.90% 73.80%
7-8mm 95.50 38.50 5.80 93.93% 84.94%
>=9mm 342.30 201.50 35.80 89.54% 82.23%

1983 tests using through slot velocity of 20 cm/sec
Bay Anchovy

Eggs 19,610.00 2,341.00 10,966.00 44.08% -368.43%
<=4mm 60.00 9.60 9.20 84.67% 4.17%
5-7mm 37.60 20.10 10.80 71.28% 46.27%

8-10mm 11.20 7.70 1.00 91.07% 87.01%
11-14mm 3.50 1.30 0.00 100.00% 100.00%

>=15 9.30 3.30 0.00 100.00% 100.00%
Naked Goby

<=4mm 223.50 535.70 562.50 -151.68% -5.00%
5-6mm 514.80 148.70 66.50 87.08% 55.28%
7-8mm 370.50 49.70 3.90 98.95% 92.15%
>=9mm 243.70 49.10 1.90 99.22% 96.13%
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Table 2

Table 2

Channel Velocity

Fish Species
Average Length and

Range (mm) N 0.08 m/s 0.15 m/s 0.30 m/s
Average 

Entrainment
Striped Bass not available 3 41.00 27.00 17.00 28.33
Winter Flounder mean = 6.1; 2.4 to 11.0 5 86.00 75.00 61.00 74.00
White Sucker mean = 13.9; 12.5 to 15.5 5 12.00 8.00 5.80 8.60
Common Carp mean = 6.4; 5.6 to 7.5 5 94.00 82.00 65.00 80.33
Averages 58.25 48.00 37.20 47.82

Table 2

Table 2
Table 2
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Figure 1

Figure 1
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Table 5-9

Table 5-9

PM Estimates (%) APF Estimates (acres [hectares])

Taxa

RMT II
Intake 

(Station E1)
RTD Intake 
(Station E2) Total

RMT II
Intake RTD Intake Total

Arrow Goby 0.3010 0.0747 0.3757 45.4 (18.4) 11.3 (4.6) 56.7 (23.0)
Bay Goby 0.0762 0.0404 0.1166 11.5 (4.7) 6.1 (2.5) 17.6 (7.1)
Whitebait Smelt 0.0323 0.0142 0.0464 4.9 (2.0) 2.1 (0.9) 7.0 (2.8)
Pacific Herring 0.0210 0.0098 0.0308 3.2 (1.3) 1.5 (0.6) 4.7 (1.9)
Pacific Tomcod 0.0754 0.0088 0.0842 11.4 (4.6) 1.3 (0.5) 12.7 (5.1)
Surf Smelt 0.0535 0.0248 0.0783 8.1 (3.3) 3.7 (1.5) 11.8 (4.8)
Pacific Staghorn Sculpin 0.0636 0.0324 0.0960 9.6 (3.9) 4.9 (2.0) 14.5 (5.9)
Average (50th percentile APFs) 0.0890 0.0293 0.1183 13.4 (5.4) 4.4 (1.8) 17.9 (7.2)
95th percentile APF estimates 22.4 (9.1) 6.6 (2.7) 28.8 (11.7)
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Table ES-1

PM Estimates (%) APF Estimates (acres [hectares])

Taxa

RMT II
Intake 

(Station E1)
RTD Intake 
(Station E2) Total RMT II Intake RTD Intake Total

Arrow Goby 0.3010 0.0747 0.3757 45.4 (18.4) 11.3 (4.6) 56.7 (23.0)
Bay Goby 0.0762 0.0404 0.1166 11.5 (4.7) 6.1 (2.5) 17.6 (7.1)
Whitebait Smelt 0.0323 0.0142 0.0464 4.9 (2.0) 2.1 (0.9) 7.0 (2.8)
Pacific Herring 0.0210 0.0098 0.0308 3.2 (1.3) 1.5 (0.6) 4.7 (1.9)
Pacific Tomcod 0.0754 0.0088 0.0842 11.4 (4.6) 1.3 (0.5) 12.7 (5.1)
Surf Smelt 0.0535 0.0248 0.0783 8.1 (3.3) 3.7 (1.5) 11.8 (4.8)
Pacific Staghorn Sculpin 0.0636 0.0324 0.0960 9.6 (3.9) 4.9 (2.0) 14.5 (5.9)
Average 0.0890 0.0293 0.1183 13.4 (5.4) 4.4 (1.8) 17.9 (7.2)
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Table ES-1

Table ES-1 Table 5-9 Section 5.1.8
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Figure 1-1

Figure 1-2
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Figure 1-1
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Figure 1-3a

Figure 1-3b

Table 1-1
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Figure 1-2
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Figure 1-3 a)
b)
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 (

Table 1-1

Description Abbreviation RMT II Dock Red Tank Dock

Project Elevations
Elevation (feet,

NAVD88) (2)
Elevation (feet,

NAVD88)
Existing Pump Base Elevation N/A (3) 13.68 11.20 +/-
Existing Pump Discharge Pipe Center Line Elevation N/A 9.93 N/A
Highest Astronomical Tide, December 31, 1986 HAT 8.52 8.52
Mean Higher High Water MHHW 6.51 6.51
Mean High Water MHW 5.80 5.80
Mean Sea Level MSL 3.36 3.36
Mean Low Water MLW 0.91 0.91
North American Vertical Datum of 1988 NAVD88 0.00 0.00
Mean Lower Low Water MLLW -0.34 -0.34
Lowest Astronomical Tide, May 25, 1990 LAT -2.73 -2.73
National Geodetic Vertical Datum of 1929 NGVD29 -3.32(4) -3.32
Existing Intake Structure Invert Elevation N/A -8.82 -4.38
Bay Bottom Adjacent to Intake Structure N/A -14.82 -5.90
Screen Module Specifications Units RMT II Intake RTD Intake
Screen Module Diameter in. 36 24
Maximum Flow Rate gpm 5,500 2,750
1. National Oceanic and Atmospheric Administration (NOAA) Station 9418767 North Spit, CA
2. NAVD88: North American Vertical Datum of 1988
3. N/A: not applicable
4. NGVD29 is 1.013 meters (3.32 feet) lower than NAVD88 according to the NOAA VERTCON orthometric height conversion tool 
(https://www.ngs.noaa.gov/cgi-bin/VERTCON/vert_con.prl) for 40.804624 North Latitude, 124.193127 West Longitude.
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Figure 1-1
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Figure 1-1

Figure 1-1

Figure 1-1
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Figure 1-1

Table 2-1

Table 2-1

Tidal Datum Water Surface Elevation (ft [m], NAVD88)
MLLW -0.33 (-0.10)
MLW 0.92 (0.28)
MSL 3.37 (1.03)
MHW 5.81 (1.77)
MHHW 6.52 (1.99)

Table 2-1

Table 2-1

Table 2-2

Table 2-2

Tidal Datum Surface Area (mi2 [km2]) Volume (ft3 x 106 [m3 x 106])
MLLW 11.8 (30.6) 3,450 (97.7)
MLW 15.8 (40.9) 3,920 (111.0)
MSL 23.6 (61.1) 5,230 (148.1)
MHW 26.5 (68.6) 7,038 (199.3)
MHHW 26.7 (69.1) 7,473 (211.6)
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Figure 2-1

Figure 2-1
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Figure 2-1

Figure 2-2
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Figure 2-2
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Figure 1-1
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Figure 1-1

Figure 
1-1

Figure 2-1
Figure 3-1

Figure 3-1
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Figure 3-1
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Figure 3-1
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ௗ௬ܧߩ
ௗ௬ܧ = ாೌߩ̅ ∙ ܸாೌ ௗ௬ܧ, ாೌߩ̅ ݏ݅ ℎ݁ݐ ܸாೌ

ௗ௬൯ܧ൫ݎܸܽ = ቈಶೌమௌమೌ ܵଶ ௗ௬ܧ
ௌ௨௩௬൯ܧ൫ݎܸܽ = ቈಶೌమௌమௗమೌ 
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4.18 mm
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Figure 3-2

Figure 3-2
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ாߩ̅ ௌߩ̅ ாܸ ௌܸ
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ெܲ  =  1 −   ݂(1 − )ܧܲ
ୀଵ

Table 1-1

Exhibit 10 
CDP 1-21-0653 
Page 60 of 267



Table 3-1

Table 3-1
Table 3-1

Table 3-1

Pacific 
Herring Arrow Goby Bay Goby

Northern 
Anchovy

Maximum 
Turnover

Larval Durations (d) 6.8 17.4 4.3 24.3 30
Models

M1 – Closed
0.00208
(0.208%)

0.00532
(0.532%)

0.00132
(0.132%)

0.00743
(0.743%)

0.00916
(0.916%)

M2 – Tidal Prism
0.00023
(0.023%)

0.00025
(0.025%)

0.00022
(0.022%)

0.00025
(0.025%)

0.00026
(0.026%)

M3 – Exchange Ratios
0.00075
(0.075%)

0.00096
(0.096%)

0.00062
(0.062%)

0.00101
(0.101%)

0.00104
(0.104%)
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Table 
3-1

Figure 3-3

Figure 1-2

Figure 3-3
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Table 3-2

ߝ = ்ܸܸ ,
ߝ ܸ

Table 3-2

Table 3-3

Table 3-2

Tidal 
Datum

Arcata Bay Main Channel Entrance Bay South Bay
Surface 

Area (mi2
[km2])

Volume (ft3

x 106 [m3 x
106])

Surface 
Area (mi2

[km2])

Volume (ft3

x 106 [m3 x
106])

Surface 
Area (mi2

[km2])

Volume (ft3

x 106 [m3 x
106])

Surface 
Area (mi2

[km2])

Volume (ft3

x 106 [m3 x
106])

MLLW 4.79
(12.41) 578 (16.36) 1.84 (4.77) 1,062

(30.08) 2.96 (7.67) 1,425
(40.36)

2.25
(5.83) 385 (10.91)

MLW 6.65
(17.22) 766 (21.70) 1.88 (4.87) 1,134

(32.11) 2.97 (7.69) 1,517
(42.95)

4.34
(11.24) 503 (14.24)

MSL 12.06
(31.23)

1,361
(38.53) 2.10 (5.44) 1,269

(35.92) 3.10 (8.03) 1,736
(49.15)

6.38
(16.52) 866 (24.52)

MHW 14.28
(37.00)

2,364
(66.94) 2.22 (5.75) 1,413

(40.01) 3.11 (8.05) 1,927
(54.56)

6.91
(17.90)

1,333
(37.74)

MHHW 14.42
(37.35)

2,600
(73.61) 2.29 (5.93) 1,456

(41.24) 3.12 (8.08) 1,991
(56.37)

6.91
(17.90)

1,427
(40.42)

Table 3-1

ெܲ= 1 − ݂ଵଶ
ୀଵ ቌ1 −  ாܰܰ + ቂ(ݍ ⋅ 1.93) ⋅ ቀ൫ ௌܰ ⋅ 0.04൯ + ൫ ாܰ ⋅ 0.31൯ + ൫ܰெ ⋅ 0.14൯ + ൫ ܰ ⋅ 0.02൯ቁቃቍ
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Table 
3-3 Table 3-1

Figure 3-1

Table 3-3

Sub-Bay Region Flushing rate 
per tidal cycle1

MHHW Volume 
(ft3 x 106

[m3 x 106])

Volume Weighted 
per tidal cycle

Volume Weighted 
per day

Arcata Bay 0.02 2,600 (73.61)
Main Channel 0.14 1,456 (41.24)
Entrance Bay 0.31 1,991 (56.37)
South Bay 0.04 1,427 (40.42)
Sum 7,474 (211.64) 0.12 0.24
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Figure 3-1

100 ∗ ଶೕௌାௌೕ

Figure 3-1

Figure 1-2

Table 3-2
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Table 2-2ܨܲܣ = ெܲഢ ுܣ
ெܲഢ ுܣ
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Table 
4-1

Table 4-2

Figure 3-1

Figure 2-2
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Table 4-1

Survey Date

Number 
of

Samples Start Date End Date
Interval 

(d) Notes
1/11/2022 13 12/23/2021 1/26/2022 34 SW stations 4, 5, and 6 not sampled in cycle 2
2/10/2022 16 1/26/2022 2/27/2022 32 All samples collected
3/17/2022 16 2/27/2022 4/5/2022 37 All samples collected
4/26/2022 16 4/5/2022 5/10/2022 35 All samples collected
5/26/2022 16 5/10/2022 6/11/2022 32 All samples collected
6/28/2022 16 6/11/2022 7/13/2022 32 All samples collected
7/29/2022 16 7/13/2022 8/8/2022 26 All samples collected
8/18/2022 16 8/8/2022 9/4/2022 27 All samples collected
9/22/2022 16 9/4/2022 10/1/2022 27 All samples collected

10/11/2022 16 10/1/2022 10/24/2022 23 All samples collected
11/7/2022 16 10/24/2022 11/21/2022 28 All samples collected
12/6/2022 16 11/21/2022 12/23/2022 32 All samples collected

Total = 189
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Table 4-2

Mean Concentrations (# per 1,000 m3) and Sample Counts in Parentheses

Taxon Common Name E1 E2 SW1 SW2 SW3 SW4 SW5 SW6

Fish Larvae

Clevelandia ios Arrow Goby
1,025.14

(609)
340.82
(356)

190.19
(364)

905.62
(899)

102.43
(127)

4.98
(5)

4.89
(9)

449.11
(710)

Lepidogobius lepidus Bay Goby
98.32
(208)

87.92
(187)

40.62
(49)

46.07
(100)

62.17
(153)

43.86
(75)

91.12
(222)

48.85
(107)

Allosmerus elongatus Whitebait Smelt
70.83
(110)

60.50
(67)

9.90
(11)

15.04
(18)

52.87
(107)

203.11
(119)

19.88
(36)

14.26
(31)

Clupea pallasii Pacific Herring
15.47
(37)

12.17
(30)

37.97
(105)

17.90
(47)

16.89
(63)

54.19
(139)

82.31
(197)

6.82
(16)

Hypomesus pretiosus Surf Smelt
12.55

(9)
11.26
(11)

4.95
(8)

3.82
(5)

3.92
(8)

18.78
(13)

8.22
(7)

8.06
(17)

Microgadus proximus Pacific Tomcod
20.72
(46)

5.12
(13)

2.23
(4)

1.05
(2)

23.91
(57)

11.95
(22)

4.19
(9)

1.32
(3)

Citharichthys sordidus Pacific Sanddab
5.80
(13)

1.80
(4)

1.95
(1)

0.88
(2)

16.16
(47)

19.71
(22)

20.74
(49)

0.00
(0)

Leptocottus armatus
Pacific Staghorn 
Sculpin

8.29
(21)

7.44
(21)

6.61
(14)

6.83
(18)

8.28
(22)

8.52
(16)

9.27
(19)

7.46
(16)

Spirinchus starksi Night Smelt
13.51
(33)

2.54
(6)

9.84
(6)

0.52
(1)

8.31
(23)

17.85
(24)

6.28
(16)

1.41
(3)

Hippoglossoides 
elassodon Flathead Sole

2.40
(6)

0.44
(1)

0.00
(0)

0.44
(1)

3.41
(10)

10.09
(11)

10.38
(18)

0.00
(0)

Ammodytes hexapterus
Pacific Sand 
Lance

4.53
(10)

2.62
(7)

1.48
(4)

2.39
(6)

4.06
(12)

5.00
(10)

4.98
(10)

0.38
(1)

Artedius spp. sculpins
2.53
(6)

2.90
(3)

1.05
(2)

1.65
(1)

5.55
(8)

6.64
(7)

1.89
(4)

0.84
(2)

Liparis spp. snailfishes
5.38
(6)

7.24
(10)

2.00
(4)

1.46
(3)

1.78
(5)

1.67
(4)

1.32
(3)

0.73
(2)

larval/post-larval fish
unidentified 
larval fishes

0.78
(2)

0.79
(2)

1.25
(3)

6.86
(13)

1.95
(5)

4.18
(10)

1.86
(4)

1.24
(3)

Pleuronectoidei flatfishes
0.00
(0)

0.00
(0)

1.95
(1)

0.00
(0)

2.76
(7)

1.45
(2)

11.49
(21)

0.37
(1)

Engraulis mordax
Northern 
Anchovy

2.22
(5)

0.82
(2)

3.62
(5)

3.09
(3)

3.68
(8)

0.86
(2)

2.40
(5)

0.81
(2)

Oligocottus/Clinocottus 
spp. Sculpins

2.67
(6)

4.95
(12)

0.39
(1)

2.55
(6)

1.86
(5)

1.64
(3)

2.09
(5)

1.32
(3)

Cottus asper Prickly Sculpin
5.08
(5)

2.11
(5)

0.92
(2)

0.00
(0)

0.68
(2)

2.46
(5)

1.35
(3)

0.83
(2)

Gillichthys mirabilis
Longjaw 
Mudsucker

0.36
(1)

1.19
(2)

1.23
(3)

5.31
(10)

0.90
(2)

0.33
(1)

0.00
(0)

3.26
(5)

Rhinogobiops nicholsii Blackeye Goby
0.75
(2)

0.83
(2)

2.31
(2)

2.94
(2)

1.63
(4)

0.42
(1)

0.00
(0)

1.21
(3)

Sebastes spp. V_
KGB rockfish
complex larvae

4.18
(3)

2.60
(7)

0.56
(1)

0.44
(1)

0.62
(2)

0.00
(0)

0.00
(0)

1.21
(3)

Spirinchus thaleichthys Longfin Smelt
2.18
(6)

0.27
(1)

0.51
(1)

0.44
(1)

0.51
(1)

0.00
(0)

1.01
(1)

0.00
(0)
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Table 4-2

Mean Concentrations (#per 1,000 m3) and Sample Counts in Parentheses

Taxon Common Name E1 E2 SW1 SW2 SW3 SW4 SW5 SW6

Sebastes spp. V
Blue Rockfish
complex larvae

0.83
(2)

0.00
(0)

0.40
(1)

0.83
(2)

0.85
(2)

0.92
(2)

0.90
(2)

0.00
(0)

Atherinops affinis Topsmelt
0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

4.01
(10)

0.00
(0)

0.37
(1)

Parophrys vetulus English Sole
0.85
(2)

0.00
(0)

0.36
(1)

0.00
(0)

0.32
(1)

0.56
(1)

0.85
(2)

0.48
(1)

Tarletonbeania 
crenularis Blue Lanternfish

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.42
(1)

1.26
(3)

1.39
(3)

0.00
(0)

Bathymasteridae ronquils
0.41
(1)

0.44
(1)

0.00
(0)

1.70
(2)

0.43
(1)

0.00
(0)

0.00
(0)

0.00
(0)

Isopsetta isolepis Butter Sole
0.82
(2)

0.42
(1)

0.00
(0)

1.05
(2)

0.00
(0)

0.56
(1)

0.00
(0)

0.00
(0)

Genyonemus lineatus White Croaker
0.00
(0)

0.40
(1)

0.48
(1)

0.00
(0)

0.00
(0)

0.83
(2)

0.96
(2)

0.00
(0)

Stenobrachius 
leucopsarus

Northern 
Lampfish

0.82
(2)

0.36
(1)

0.00
(0)

0.00
(0)

0.85
(2)

0.00
(0)

0.00
(0)

0.00
(0)

Oligocottus snyderi Fluffy Sculpin
0.45
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.76
(2)

0.00
(0)

0.77
(2)

0.00
(0)

Ruscarius meanyi
Puget Sound 
Sculpin

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.26
(1)

0.00
(0)

1.67
(1)

0.00
(0)

Atherinopsis 
californiensis Jacksmelt

0.00
(0)

1.85
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

Lipolagus ochotensis
Popeye 
Blacksmelt

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.40
(1)

1.43
(3)

0.00
(0)

Acanthogobius 
flavimanus Yellowfin Goby

0.00
(0)

0.00
(0)

0.00
(0)

1.29
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.39
(1)

Porichthys notatus
Plainfin 
Midshipman

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

1.60
(2)

Pholidae gunnels
0.52
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.41
(1)

0.00
(0)

0.44
(1)

0.00
(0)

Stichaeidae pricklebacks
0.41
(1)

0.36
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.52
(1)

0.00
(0)

Platichthys stellatus Starry Flounder
0.00
(0)

0.00
(0)

0.00
(0)

1.29
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

Citharichthys 
stigmaeus

Speckled 
Sanddab

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.32
(1)

0.00
(0)

0.81
(2)

0.00
(0)

Cebidichthys violaceus
Monkeyface 
Prickleback

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.52
(1)

0.48
(1)

Syngnathidae pipefishes
0.65
(1)

0.00
(0)

0.35
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

Chitonotus pugetensis
Roughback 
Sculpin

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.94
(1)

0.00
(0)

0.00
(0)

Icichthys lockingtoni Medusa Fish
0.44
(1)

0.47
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

Scorpaenichthys 
marmoratus Cabezon

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.42
(1)

0.00
(0)

0.48
(1)

0.00
(0)

Ruscarius creaseri
Roughcheek 
Sculpin

0.41
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.48
(1)

0.00
(0)
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Table 4-2

Mean Concentrations (#per 1,000 m3) and Sample Counts in Parentheses

Taxon Common Name E1 E2 SW1 SW2 SW3 SW4 SW5 SW6

Trachipterus altivelis
King-of-the-
Salmon

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.39
(1)

0.00
(0)

0.49
(1)

Actinopterygii ray-finned fishes
0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.48
(1)

0.38
(1)

Lyopsetta exilis Slender Sole
0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.42
(1)

0.39
(1)

0.00
(0)

0.00
(0)

Cottidae sculpins
0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.81
(2)

0.00
(0)

0.00
(0)

0.00
(0)

Nannobrachium regalis
Pinpoint 
Lanternfish

0.00
(0)

0.39
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.39
(1)

0.00
(0)

0.00
(0)

Artedius harringtoni
Scalyhead 
Sculpin

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.56
(1)

0.00
(0)

0.00
(0)

Pleuronectidae
Righteye 
Flounders

0.49
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

Radulinus spp. sculpins
0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.48
(1)

Stellerina xyosterna
Pricklebreast 
Poacher

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.48
(1)

Hexagrammos 
decagrammus Kelp Greenling

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.48
(1)

0.00
(0)

Psettichthys 
melanostictus Sand Sole

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.48
(1)

0.00
(0)

Clinocottus embryum Calico Sculpin
0.41
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

Bathylagidae blacksmelts
0.00
(0)

0.00
(0)

0.00
(0)

0.40
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

Osmeridae smelts
0.35
(1)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

Nannobrachium spp. lanternfishes
0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.33
(1)

0.00
(0)

Larval Fish Totals
1,311.55
(1,162)

561.05
(757)

323.12
(595)

1,031.84
(1,148)

330.60
(694)

428.89
(516)

298.66
(664)

554.64
(940)

# Larval Fish Taxa 34 28 24 25 33 31 35 27
Fish Eggs

non-engraulidae eggs
non-engraulidae 
eggs

1,496.54
(2,009)

1,028.55
(2,085)

568.86
(1,011)

451.60
(791)

1,557.32
(1,665)

1,275.90
(1,664)

1,375.05
(1,485)

901.27
(1,945)

Engraulidae (eggs) anchovy eggs
13.90
(25)

20.67
(18)

4.43
(12)

11.61
(10)

13.80
(25)

28.21
(66)

29.23
(42)

7.00
(11)

Fish Egg Totals
1,510.44
(2,034)

1,049.22
(2,103)

573.29
(1,023)

463.21
(801)

1,571.12
(1,690)

1,304.12
(1,730)

1,404.28
(1,527)

908.27
(1,956)

Larval Crabs

Metacarcinus magister 
Dungeness crab 
megalops

38.02
(93)

5.24
(12)

7.81
(4)

1.84
(4)

60.56
(179)

3.77
(5)

2.24
(6)

0.00
(0)
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Table 4-2

Mean Concentrations (#per 1,000 m3) and Sample Counts in Parentheses

Taxon Common Name E1 E2 SW1 SW2 SW3 SW4 SW5 SW6
Cancer productus /
Romaleon spp.

rock crab 
megalops

5.42
(6)

2.57
(6)

0.40
(1)

0.00
(0)

1.89
(5)

7.51
(9)

2.19
(6)

0.86
(2)

Romaleon antennarius
/ Metacarcinus gracilis cancer crabs

1.64
(4)

0.00
(0)

0.45
(1)

0.00
(0)

0.00
(0)

0.00
(0)

1.23
(3)

0.00
(0)

Cancridae 
cancer crabs 
megalops

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.00
(0)

0.51
(1)

0.00
(0)

0.00
(0)

Crab Larvae Totals
45.08
(103)

7.81
(18)

8.66
(6)

1.84
(4)

62.46
(184)

11.79
(15)

5.66
(15)

0.86
(2)

Figure 4-2

Table 4-3

Figure 4-3
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Figure 4-1

Figure 4-4
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Figure 4-3

Figure 4-2

Table 4-3
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Table 4-3

Taxon Common Name
Station E1

(1,000s)
Station E2

(1,000s)
Total

(1,000s)
Percent 
of Total

Cumulative 
Percent

Larval Fishes

Clevelandia ios Arrow Goby
11,552

(10,271)
1,827

(1,040)
13,379

(10,323) 75.13% 75.13%
Lepidogobius lepidus Bay Goby 969 (339) 444 (143) 1,413 (368) 7.93% 83.06%
Allosmerus elongatus Whitebait Smelt 828 (447) 355 (222) 1,183 (499) 6.64% 89.70%
Microgadus proximus Pacific Tomcod 253 (112) 32 (9) 285 (112) 1.60% 91.31%
Clupea pallasii Pacific Herring 201 (158) 78 (20) 279 (159) 1.56% 92.87%
Hypomesus pretiosus Surf Smelt 142 (115) 62 (49) 205 (125) 1.15% 94.02%
Spirinchus starksi Night Smelt 162 (115) 16 (12) 178 (115) 1.00% 95.02%

Leptocottus armatus
Pacific Staghorn 
Sculpin 100 (39) 44 (5) 143 (39) 0.80% 95.82%

Liparis spp. snailfishes 65 (39) 43 (26) 108 (47) 0.61% 96.43%
Citharichthys sordidus Pacific Sanddab 66 (16) 10 (8) 76 (18) 0.43% 96.85%
Cottus asper Prickly Sculpin 60 (45) 13 (11) 74 (46) 0.41% 97.27%
Ammodytes hexapterus Pacific Sand Lance 52 (17) 15 (4) 68 (17) 0.38% 97.65%
Sebastes spp. V_ KGB rockfish complex 49 (38) 17 (5) 66 (39) 0.37% 98.02%
Oligocottus / Clinocottus 
spp. sculpins 33 (1) 32 (9) 64 (9) 0.36% 98.38%
Artedius spp. sculpins 31 (15) 17 (12) 48 (20) 0.27% 98.65%
Hippoglossoides 
elassodon Flathead Sole 27 (24) 3 (3) 29 (24) 0.16% 98.81%
Spirinchus thaleichthys Longfin Smelt 26 (22) 2 (2) 28 (22) 0.16% 98.97%
Engraulis mordax Northern Anchovy 24 (17) 4 (0) 28 (17) 0.16% 99.12%
Stenobrachius 
leucopsarus Northern Lampfish 11 (0) 2 (2) 13 (2) 0.08% 99.20%
Isopsetta isolepis Butter Sole 10 (10) 3 (3) 13 (11) 0.07% 99.27%
larval/post-larval fish unidentified larvae 8 (6) 5 (3) 13 (7) 0.07% 99.34%
Rhinogobiops nicholsii Blackeye Goby 8 (6) 4 (3) 12 (7) 0.07% 99.41%

Sebastes spp. V
Blue Rockfish
complex 11 (11) 0 (0) 11 (11) 0.06% 99.47%

Atherinopsis 
californiensis Jacksmelt 0 (0) 11 (11) 11 (11) 0.06% 99.53%
Parophrys vetulus English Sole 10 (10) 0 (0) 10 (10) 0.06% 99.59%
Gillichthys mirabilis Longjaw Mudsucker 3 (3) 5 (4) 9 (5) 0.05% 99.64%
Bathymasteridae ronquils 6 (6) 3 (3) 8 (6) 0.05% 99.69%
Stichaeidae pricklebacks 5 (5) 2 (2) 8 (6) 0.04% 99.73%
Syngnathidae pipefishes 6 (6) 0 (0) 6 (6) 0.04% 99.76%
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Table 4-3

Taxon Common Name
Station E1

(1,000s)
Station E2

(1,000s)
Total

(1,000s)
Percent 
of Total

Cumulative 
Percent

Icichthys lockingtoni Medusa Fish 4 (4) 2 (2) 6 (5) 0.04% 99.80%
Pholidae gunnels 6 (6) 0 (0) 6 (6) 0.03% 99.83%
Oligocottus snyderi Fluffy Sculpin 6 (6) 0 (0) 6 (6) 0.03% 99.86%
Pleuronectidae righteye flounders 6 (6) 0 (0) 6 (6) 0.03% 99.90%
Clinocottus embryum Calico Sculpin 5 (5) 0 (0) 5 (5) 0.03% 99.93%
Ruscarius creaseri Roughcheek Sculpin 5 (5) 0 (0) 5 (5) 0.03% 99.95%
Osmeridae smelts 4 (4) 0 (0) 4 (4) 0.02% 99.98%
Genyonemus lineatus White Croaker 0 (0) 2 (2) 2 (2) 0.01% 99.99%
Nannobrachium regalis Pinpoint Lanternfish 0 (0) 2 (2) 2 (2) 0.01% 100.00%

Totals
14,754

(10,290)
3,055

(1,075)
17,809

(10,346)

Fish Eggs

non-engraulidae eggs non-engraulidae eggs
15,090
(1,540)

5,095
(1,025)

20,185
(1,850) 98.75% 98.75%

Engraulidae (eggs) anchovy eggs 141 (67) 115 (97) 256 (118) 1.25% 100.00%

Totals
15,231
(1,607)

5,210
(1,122)

20,441
(1,967)

Table 4-2

Figure 4-5

Figure 4-6
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Table 4-3

Figure 4-3
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Figure 4-4
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Figure 4-5
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Figure 4-6
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Clevelandia ios

Range:

Life History

Habitat:

Fishery: 
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Table 4-2 Table 4-3

Table 4-2

Table 4-3 Figure 4-7

Figure 4-8

Figure 4-9
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Figure 4-7
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Figure 4-8
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Figure 4-9

Lepidogobius lepidus

Range

Life History

Habitat

Fishery
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Table 4-2 Table 4-3

Table 4-2

Figure 4-10

Table 4-2 Figure 4-11

Figure 4-12
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Figure 4-10
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Figure 4-11
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Figure 4-12

Allosmerus elongatus

                                                

Range:

Life History

Habitat: 

Fishery:
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Table 4-2 Table 4-3

Table 4-2

Figure 4-13

Figure 4-14
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Figure 4-15

Figure 4-13
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Figure 4-14
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Figure 4-15

Clupea pallasii

Range

Life History

Habitat

Fishery
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Figure 4-16

Figure 4-17
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Figure 4-16
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Figure 4-17

Table 4-2 Table 
4-3

Table 4-2
Figure 4-18

Figure 4-19

Figure 4-20
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Figure 4-18
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Figure 4-19
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Figure 4-20
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Microgadus proximus

Range:

Life History

Habitat: 

Fishery: 
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Table 4-2
Table 4-3

Table 4-2

Figure 4-21

Exhibit 10 
CDP 1-21-0653 

Page 104 of 267



Figure 4-22

Figure 4-21

Figure 4-23
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Figure 4-22
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Figure 4-23

Hypomesus pretiosus

Range:

Life History:

Habitat:

Fishery:
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Table 4-2
Table 4-3

Table 4-2

Figure 4-24

Figure 4-25
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Figure 4-26

Figure 4-24
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Figure 4-25
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Figure 4-26

Leptocottus armatus

Range:

Life History:

Habitat:

Fishery:
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Table 4-3

Table 4-2

Figure 4-27

Figure 4-28

Figure 4-29
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Figure 4-27
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Figure 4-28
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Figure 4-29

Spirinchus thaleichthys

Range:

Life History:

Habitat:

Fishery:
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Table 4-2 Table 4-3

Figure 4-30
Figure 4-31
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Figure 4-30

Exhibit 10 
CDP 1-21-0653 

Page 119 of 267



Figure 4-31
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Figure 3-1
Table 4-4

Table 4-4

Station Pair

Average 
BC

Similarity
Distance 

(m) N Correlation
SW2-SW4 11.96 9691 23
E2-SW4 27.05 6360 23

SW2-SW3 26.22 5840 24
E1-SW4 29.73 5507 23
E1-SW2 27.24 4202 24

SW3-SW4 38.28 3856 23
E2-SW2 41.33 3425 24
E2-SW3 41.29 2597 24
E1-SW3 51.19 1705 24 N Sand Spit
E1-E2 41.91 898 24 -0.93

Table 4-4 Figure 4-32

Table 3-1
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Figure 4-32

Table 3-1
Figure 4-32

Figure 4-32

Table 3-1

Table 3-1
Table 3-1

Figure 4-32
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Table 5-1

Table 5-1

Taxa Mean Max Min q1 q5 q10 q25 q50 q75 q90 q95 q99

Calculated 
Hatch 

Length 
(mm)

Reported 
Hatch 

Length 
(mm)

Analysis 
Hatch 
(mm)

Estimated 
Growth 

Rate 
(mm/d)

Duration 
(d)

Arrow Goby 3.86 9.28 2.48 2.59 2.75 2.85 3.05 3.44 4.17 5.45 6.48 7.97 3.02 2 - 3 3.02 0.20 17.49
Bay Goby 3.05 4.44 2.10 2.16 2.35 2.50 2.76 2.97 3.22 3.83 4.00 4.32 2.57 3 2.57 0.22 6.53
White Bait Smelt 6.24 13.64 4.16 4.20 4.44 4.75 5.18 5.83 6.81 8.06 9.47 11.93 5.01 5.5 5.01 0.17 26.23
Pacific Herring 8.38 20.15 6.30 6.38 6.68 6.98 7.42 7.97 8.55 9.23 11.87 17.31 7.17 5.6 - 7.5 7.17 0.50 9.39
Pacific Tomcod 3.12 3.90 2.17 2.24 2.29 2.52 2.90 3.18 3.38 3.54 3.63 3.83 2.71 2.7 2.71 0.16 5.66
Surf Smelt 13.67 24.95 4.20 4.68 5.76 6.19 7.73 12.29 19.50 23.13 23.72 24.90 8.48 3 - 5 4.68 0.17 87.18
Pac. Stag. Sculpin 5.88 10.88 4.03 4.08 4.48 4.72 5.12 5.55 6.10 7.71 8.95 10.48 4.81 4 - 5 4.81 0.25 16.56

Exhibit 10 
CDP 1-21-0653 

Page 123 of 267



Figure 6-2 Table 6-1
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Table 5-2

Table 5-2

Survey

Total 
Source 
Water 

(1000s)

Station 
E1

(1000s)

Station 
E2

(1000s) f i

PE Estimate 
Station E1

PE Estimate 
Station E2

Survey 
ETM 

Estimate 
Station E1

Survey 
ETM 

Estimate 
Station E2

Jan 114.8 0.00 0.00 0.0002 0.000000 0.000000 0.000247 0.000247
Feb 58.7 0.00 0.00 0.0001 0.000000 0.000000 0.000126 0.000126
Mar 5,006.9 1.47 1.12 0.0108 0.000105 0.000080 0.010739 0.010744
Apr 6,520.3 0.59 0.36 0.0140 0.000044 0.000027 0.014000 0.014005
May 48,586.0 0.70 0.85 0.1044 0.000008 0.000010 0.104390 0.104387
June 257,755.8 319.98 31.14 0.5539 0.000252 0.000024 0.551447 0.553643
July 31,700.0 27.26 0.97 0.0681 0.000177 0.000006 0.067909 0.068111
Aug 108,821.8 17.86 25.83 0.2338 0.000076 0.000110 0.233533 0.233395
Sept 3,306.7 0.00 0.21 0.0071 0.000000 0.000038 0.007106 0.007101
*Oct 2,391.1 0.62 0.40 0.0051 0.000083 0.000053 0.005131 0.005133
Nov 800.1 0.18 0.43 0.0017 0.000079 0.000189 0.001717 0.001714
Dec 301.3 0.15 0.00 0.0006 0.000156 0.000000 0.000646 0.000647

Sums of Survey Estimates Average PEs PM Estimates
465,363.5 368.81 61.31 0.000082 0.000045 0.003010 0.000747

0.3010% 0.0747%
Total PM = 0.3757%
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Table 5-3

Table 5-3

Survey

Total 
Source 
Water 

(1000s)

Station 
E1

(1000s)

Station 
E2

(1000s) f i

PE Estimate 
Station E1

PE Estimate 
Station E2

Survey 
ETM 

Estimate 
Station E1

Survey 
ETM 

Estimate 
Station E2

Jan 4,902.0 0.38 0.22 0.0433 0.000045 0.000026 0.043329 0.043335
Feb 484.7 - - 0.0043 0.000000 0.000000 0.004285 0.004285
Mar - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Apr 1,972.2 1.39 0.60 0.0174 0.000328 0.000141 0.017400 0.017421
May 1,814.2 1.02 0.00 0.0160 0.000307 0.000000 0.016008 0.016041
June 7,057.5 - 0.74 0.0624 0.000000 0.000042 0.062401 0.062383
July 6,153.6 2.44 0.61 0.0544 0.000116 0.000029 0.054368 0.054399
Aug 45,518.9 14.64 3.39 0.4025 0.000114 0.000026 0.402170 0.402399
Sept 13,326.5 4.61 4.55 0.1178 0.000150 0.000148 0.117715 0.117716
Oct 12,045.3 6.35 0.51 0.1065 0.000174 0.000014 0.106381 0.106493
Nov 7,996.2 - 4.12 0.0707 0.000000 0.000295 0.070701 0.070565
Dec 11,828.3 4.55 1.08 0.1046 0.000151 0.000036 0.104480 0.104559

Sums of Survey Estimates Average PEs PM Estimates
113,099.3 35.37 15.82 0.000115 0.000063 0.000762 0.000404

0.0762% 0.0404%
Total PM = 0.1166%
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Table 5-4

Table 5-4

Survey

Total 
Source 
Water 

(1000s)

Station 
E1

(1000s)

Station 
E2

(1000s) f i

PE
Estimate 

Station E1

PE
Estimate 

Station E2

Survey 
ETM 

Estimate 
Station E1

Survey 
ETM 

Estimate 
Station E2

Jan 7,042.7 1.14 0.17 0.0430 0.000013 0.000002 0.042973 0.042986
Feb 2,534.8 0.15 0.08 0.0155 0.000005 0.000003 0.015470 0.015471
Mar 3,730.2 0.44 0.08 0.0228 0.000009 0.000002 0.022763 0.022768
Apr 12,164.6 4.60 2.29 0.0743 0.000043 0.000021 0.074168 0.074210
May 23,302.6 7.48 0.71 0.1422 0.000024 0.000002 0.142148 0.142228
June 105,139.2 10.73 7.39 0.6418 0.000007 0.000005 0.641638 0.641675
July 7,836.0 0.78 0.09 0.0478 0.000007 0.000001 0.047821 0.047829
Aug 2,034.9 0.15 - 0.0124 0.000005 0.000000 0.012419 0.012421
Sept 45.5 - 0.07 0.0003 0.000000 0.000773 0.000277 0.000272
Oct - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Nov - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Dec - - - 0.0000 0.000000 0.000000 0.000000 0.000000

Sums of Survey Estimates Average PEs PM Estimates
163,830.6 25.48 10.88 0.000009 0.000067 0.000323 0.000142

0.0323% 0.0142%
Total PM = 0.0464%
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Table 5-5

Table 5-5

Survey

Total 
Source 
Water 

(1000s)

Station 
E1

(1000s)

Station 
E2

(1000s) f i

PE
Estimate 

Station E1

PE
Estimate 

Station E2

Survey 
ETM 

Estimate 
Station 

E1

Survey 
ETM 

Estimate 
Station 

E2
Jan - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Feb 3,028.9 0.83 0.61 0.0422 0.000150 0.000110 0.042122 0.042138
Mar 68,564.8 4.56 1.51 0.9548 0.000016 0.000005 0.954704 0.954801
Apr 108.5 - 0.07 0.0015 0.000000 0.000506 0.001511 0.001504
May 104.8 0.17 - 0.0015 0.000472 0.000000 0.001452 0.001459
June - - - 0.0000 0.000000 0.000000 0.000000 0.000000
July - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Aug - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Sept - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Oct - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Nov - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Dec - - - 0.0000 0.000000 0.000000 0.000000 0.000000

Sums of Survey Estimates Average PEs PM Estimates
71,807.0 5.56 2.19 0.000053 0.000052 0.000210 0.000098

0.0210% 0.0098%
Total PM = 0.0308%
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Table 5-6

Table 5-6

Survey

Total 
Source 
Water 

(1000s)

Station 
E1

(1000s)

Station 
E2

(1000s) f i

PE
Estimate 

Station E1

PE
Estimate 

Station E2

Survey 
ETM 

Estimate 
Station 

E1

Survey 
ETM 

Estimate 
Station 

E2
Jan 7,158.6 2.91 0.05 0.3763 0.000145 0.000002 0.376012 0.376316
Feb 1,899.2 0.46 - 0.0998 0.000062 0.000000 0.099804 0.099839
Mar 663.6 - 0.07 0.0349 0.000000 0.000037 0.034883 0.034876
Apr 8,586.7 2.89 0.81 0.4514 0.000106 0.000029 0.451127 0.451322
May - - - 0.0000 0.000000 0.000000 0.000000 0.000000
June 714.5 1.19 - 0.0376 0.000660 0.000000 0.037420 0.037560
July - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Aug - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Sept - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Oct - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Nov - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Dec - - - 0.0000 0.000000 0.000000 0.000000 0.000000

Sums of Survey Estimates Average PEs PM Estimates
19,022.5 7.45 0.92 0.000081 0.000006 0.000754 0.000088

0.0754% 0.0088%
Total PM = 0.0842%
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Table 5-7

Table 5-7

Survey

Total 
Source 
Water 

(1000s)

Station 
E1

(1000s)

Station 
E2

(1000s) f i

PE
Estimate 

Station E1

PE
Estimate 

Station E2

Survey 
ETM 

Estimate 
Station 

E1

Survey 
ETM 

Estimate 
Station 

E2
Jan - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Feb - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Mar - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Apr - - - 0.0000 0.000000 0.000000 0.000000 0.000000
May 87.9 0.15 - 0.0043 0.000183 0.000000 0.004308 0.004332
June 15,239.6 3.58 1.49 0.7510 0.000017 0.000007 0.750581 0.750808
July 437.4 - 0.09 0.0216 0.000000 0.000038 0.021555 0.021531
Aug 385.9 - - 0.0190 0.000000 0.000000 0.019018 0.019018
Sept 197.3 0.16 0.08 0.0097 0.000147 0.000071 0.009680 0.009702
Oct - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Nov 1,554.9 0.34 0.38 0.0766 0.000016 0.000018 0.076585 0.076581
Dec 2,390.1 0.29 - 0.1178 0.000012 0.000000 0.117736 0.117780

Sums of Survey Estimates Average PEs PM Estimates
20,293.3 4.51 2.03 0.000031 0.000011 0.000535 0.000248

0.0535% 0.0248%
Total PM = 0.0783%
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Table 5-8

Table 5-1

Figure 5-1
Table 6-1

Table 5-8

Survey

Total 
Source 
Water 

(1000s)

Station 
E1

(1000s)

Station
E2

(1000s) f i

PE
Estimate 

Station E1

PE
Estimate 

Station E2

Survey 
ETM 

Estimate 
Station 

E1

Survey 
ETM 

Estimate 
Station 

E2
Jan 4,662.3 1.64 0.69 0.3194 0.000065 0.000028 0.319089 0.319288
Feb 3,182.2 0.56 0.36 0.2180 0.000039 0.000025 0.217885 0.217936
Mar 2,507.2 0.29 0.07 0.1718 0.000018 0.000004 0.171728 0.171768
Apr 1,953.3 - - 0.1338 0.000000 0.000000 0.133832 0.133832
May - - - 0.0000 0.000000 0.000000 0.000000 0.000000
June - - - 0.0000 0.000000 0.000000 0.000000 0.000000
July - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Aug - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Sept 73.3 0.12 - 0.0050 0.000305 0.000000 0.004997 0.005022
Oct - - - 0.0000 0.000000 0.000000 0.000000 0.000000
Nov 770.7 - 0.22 0.0528 0.000000 0.000086 0.052802 0.052726
Dec 1,446.5 0.37 - 0.0991 0.000044 0.000000 0.099032 0.099104

Sums of Survey Estimates Average PEs PM Estimates
14,595.5 2.98 1.34 0.000039 0.000012 0.000636 0.000324

0.0636% 0.0324%
Total PM = 0.0960%
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Figure 5-1

Table 5-9

Table 3-1

Table 5-9

Table 4-2

Figure 2-2

Table 5-2

Figure 4-8
Figure 4-7
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Table 4-2

Table 5-1

Table 5-9

Table 3-1

Table 5-1

Table 5-9
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Table 5-9

PM Estimates (%) APF Estimates (acres [hectares])

Taxa

RMT II
Intake 

(Station E1)
RTD Intake 
(Station E2) Total RMT II Intake RTD Intake Total

Arrow Goby 0.3010 0.0747 0.3757 45.4 (18.4) 11.3 (4.6) 56.7 (23.0)
Bay Goby 0.0762 0.0404 0.1166 11.5 (4.7) 6.1 (2.5) 17.6 (7.1)
Whitebait Smelt 0.0323 0.0142 0.0464 4.9 (2.0) 2.1 (0.9) 7.0 (2.8)
Pacific Herring 0.0210 0.0098 0.0308 3.2 (1.3) 1.5 (0.6) 4.7 (1.9)
Pacific Tomcod 0.0754 0.0088 0.0842 11.4 (4.6) 1.3 (0.5) 12.7 (5.1)
Surf Smelt 0.0535 0.0248 0.0783 8.1 (3.3) 3.7 (1.5) 11.8 (4.8)
Pacific Staghorn Sculpin 0.0636 0.0324 0.0960 9.6 (3.9) 4.9 (2.0) 14.5 (5.9)
Average 0.0890 0.0293 0.1183 13.4 (5.4) 4.4 (1.8) 17.9 (7.2)

Table 4-3

Table 4-1
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Figure 1-1

Table 3-1

Table 5-9
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Table 5-1

Figure 5-1
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Figure 6-1 Figure 
6-2

Figure 5-1
Table 6-1
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Figure 6-1
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Figure 6-2
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Table 6-1

Figure 5-1 Figure 6-1 Figure 6-2

NL 
Length 
(mm)

Arrow 
Goby

Bay
Goby

Whitebait 
Smelt

Pacific 
Herring

Pacific 
Tomcod

Surf 
Smelt

Pacific 
Staghorn 
Sculpin

3 1.0000 1.0000 1.0000
4 1.0000 1.0000 1.0000 1.0000 1.0000
5 1.0000 1.0000 1.0000 0.9999 0.9997 0.9996
6 1.0000 0.9999 1.0000 1.0000 0.9985 0.9967 0.9888
7 1.0000 0.9994 1.0000 1.0000 0.9918 0.9866 0.9320
8 1.0000 0.9975 1.0000 1.0000 0.9757 0.9658 0.8017
9 1.0000 0.9933 1.0000 1.0000 0.9492 0.9320 0.6334

10 1.0000 0.9854 0.9998 1.0000 0.9095 0.8823 0.4387
11 1.0000 0.9718 0.9995 0.9988 0.8666 0.8333 0.3002
12 1.0000 0.9576 0.9976 0.9916 0.8186 0.7769 0.2025
13 1.0000 0.9364 0.9936 0.9662 0.7672 0.7217 0.1316
14 1.0000 0.9160 0.9861 0.9149 0.7176 0.6757 0.0848
15 0.9999 0.8891 0.9730 0.8257 0.6676 0.6239 0.0571
16 0.9984 0.8662 0.9540 0.7107 0.6213 0.5757 0.0363
17 0.9837 0.8365 0.9299 0.5843 0.5803 0.5321 0.0241
18 0.9109 0.8110 0.8990 0.4575 0.5376 0.4952 0.0154
19 0.7588 0.7854 0.8644 0.3432 0.5007 0.4602 0.0112
20 0.5140 0.7574 0.8282 0.2439 0.4655 0.4247 0.0072
21 0.2911 0.7298 0.7835 0.1732 0.4325 0.3985 0.0048
22 0.1313 0.7051 0.7393 0.1236 0.4080 0.3731 0.0034
23 0.0486 0.6773 0.6949 0.0804 0.3955 0.3443 0.0025
24 0.0164 0.6559 0.6494 0.0548 0.3755 0.3236 0.0019
25 0.0047 0.6337 0.6006 0.0363 0.3610 0.3030 0.0012

Average 0.7357 0.8377 0.7872 0.5210 0.6808 0.6094 0.2783
Mortality 

Reduction 0.2643 0.1623 0.2128 0.4790 0.3192 0.3906 0.7217
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Figure 6-3

Table 5-9

Table 3-1

Figure 6-3
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  Appendix A 
 

   

   

ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-1 

 

 

This appendix presents tables of the numbers and taxonomic iden fica on of all the organisms collected 
during the sampling for the Humboldt Bay Intake Assessment study conducted from January through 
December 2022. Informa on on each sample includes the sample date of each survey, the sample 
number, sample volume in m3, and the split mul plier that iden fies what frac on of the original sample 
the count recorded for each taxa represent. The adjusted count in the table is the es mated count for 
the en re sample volume a er adjus ng for the sample split. The concentra on in numbers per 
1,000 m3 for the en re sample volume is also presented.  

Exhibit 10 
CDP 1-21-0653 

Page 159 of 267



  Appendix A 
 

   

   

ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-2 

 

Survey: HuB001 Start Date: 01/11/2022

Cycle: 1 Sample: 1 Station: SW1

Split Multiplier: 1 Volume: 81.92
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Leptocottus armatus Pacific staghorn sculpin 3 3 36.62
Lepidogobius lepidus bay goby 1 1 12.21
Spirinchus thaleichthys longfin smelt 1 1 12.21

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 12 12 146.52

Cycle: 1 Sample: 2 Station: SW2

Split Multiplier: 1 Volume: 128.87
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Leptocottus armatus Pacific staghorn sculpin 6 6 46.56
Allosmerus elongatus whitebait smelt 2 2 15.52
Lepidogobius lepidus bay goby 1 1 7.76
Oligocottus/Clinocottus spp. sculpins 1 1 7.76

Fish Fragments
Leptocottus armatus Pacific staghorn sculpin 1 1 7.76

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 9 9 69.84

Cycle: 1 Sample: 3 Station: E2

Split Multiplier: 1 Volume: 104.52
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Leptocottus armatus Pacific staghorn sculpin 5 5 47.84
Sebastes spp. V_ KGB rockfish larval complex 2 2 19.13
Allosmerus elongatus whitebait smelt 1 1 9.57
Lepidogobius lepidus bay goby 1 1 9.57

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 6 6 57.40

Cycle: 1 Sample: 4 Station: E1

Split Multiplier: 1 Volume: 80.03
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Leptocottus armatus Pacific staghorn sculpin 2 2 24.99

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 9 9 112.45

(continued)
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-3 

 

Survey: HuB001 (continued) Start Date: 01/11/2022

Cycle: 1 Sample: 5 Station: SW3

Split Multiplier: 1 Volume: 81.68
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Leptocottus armatus Pacific staghorn sculpin 2 2 24.48
Microgadus proximus Pacific tomcod 2 2 24.48
Allosmerus elongatus whitebait smelt 1 1 12.24
Lepidogobius lepidus bay goby 1 1 12.24
Spirinchus thaleichthys longfin smelt 1 1 12.24

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 6 6 73.45

Cycle: 1 Sample: 6 Station: SW5

Split Multiplier: 1 Volume: 82.54
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 13 13 157.51
Allosmerus elongatus whitebait smelt 4 4 48.46
Leptocottus armatus Pacific staghorn sculpin 2 2 24.23
Microgadus proximus Pacific tomcod 1 1 12.12
Spirinchus thaleichthys longfin smelt 1 1 12.12

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 2 2 24.23

Cycle: 1 Sample: 7 Station: SW4

Split Multiplier: 1 Volume: 80.61
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 7 7 86.83
Leptocottus armatus Pacific staghorn sculpin 2 2 24.81
Microgadus proximus Pacific tomcod 2 2 24.81

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 9 9 111.64

Cycle: 1 Sample: 8 Station: SW6

Split Multiplier: 1 Volume: 83.91
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 1 1 11.92
Leptocottus armatus Pacific staghorn sculpin 1 1 11.92

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 2 2 23.83

(continued)
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-4 

 

Survey: HuB001 (continued) Start Date: 01/11/2022

Cycle: 2 Sample: 9 Station: SW1

Split Multiplier: 1 Volume: 79.61
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Leptocottus armatus Pacific staghorn sculpin 5 5 62.80
Artedius spp. sculpins 2 2 25.12
larvae, yolksac yolksac larvae 1 1 12.56
Liparis spp. snailfishes 1 1 12.56

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 7 7 87.92

Cycle: 2 Sample: 10 Station: SW2

Split Multiplier: 1 Volume: 93.89
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Leptocottus armatus Pacific staghorn sculpin 2 2 21.30
Allosmerus elongatus whitebait smelt 1 1 10.65
Sebastes spp. V_ KGB rockfish larval complex 1 1 10.65
Spirinchus thaleichthys longfin smelt 1 1 10.65

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 5 5 53.25

Cycle: 2 Sample: 11 Station: E2

Split Multiplier: 1 Volume: 156.01
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Leptocottus armatus Pacific staghorn sculpin 7 7 44.87
Lepidogobius lepidus bay goby 3 3 19.23
Allosmerus elongatus whitebait smelt 2 2 12.82
Microgadus proximus Pacific tomcod 1 1 6.41
Sebastes spp. V_ KGB rockfish larval complex 1 1 6.41
Spirinchus thaleichthys longfin smelt 1 1 6.41

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 16 16 102.56

(continued)

Exhibit 10 
CDP 1-21-0653 

Page 162 of 267



  Appendix A 
 

   

   

ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-5 

 

Survey: HuB001 (continued) Start Date: 01/11/2022

Cycle: 2 Sample: 12 Station: E1

Split Multiplier: 1 Volume: 118.68
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Microgadus proximus Pacific tomcod 23 23 193.80
Leptocottus armatus Pacific staghorn sculpin 10 10 84.26
Allosmerus elongatus whitebait smelt 9 9 75.83
Spirinchus thaleichthys longfin smelt 5 5 42.13
Lepidogobius lepidus bay goby 3 3 25.28
Osmeridae smelts 1 1 8.43

Fish Fragments
larval fish fragment larval fish fragments 1 1 8.43

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 6 6 50.56

Cycle: 2 Sample: 13 Station: SW3

Split Multiplier: 1 Volume: 95.92
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Microgadus proximus Pacific tomcod 39 39 406.57
Allosmerus elongatus whitebait smelt 6 6 62.55
Lepidogobius lepidus bay goby 5 5 52.12
Leptocottus armatus Pacific staghorn sculpin 3 3 31.27
larvae, yolksac yolksac larvae 2 2 20.85
Bathymasteridae ronquils 1 1 10.42
Oligocottus/Clinocottus spp. sculpins 1 1 10.42

Fish Fragments
larval fish fragment larval fish fragments 1 1 10.42

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 5 5 52.12
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-6 

 

Survey: HuB002 Start Date: 02/10/2022

Cycle: 1 Sample: 1 Station: SW1

Split Multiplier: 1 Volume: 107.88
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 6 6 55.62
Ammodytes hexapterus Pacific sand lance 2 2 18.54
Leptocottus armatus Pacific staghorn sculpin 1 1 9.27
Oligocottus/Clinocottus spp. sculpins 1 1 9.27

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 27 27 250.27

Cycle: 1 Sample: 2 Station: SW2

Split Multiplier: 1 Volume: 105.54
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Leptocottus armatus Pacific staghorn sculpin 6 6 56.85
Lepidogobius lepidus bay goby 2 2 18.95
Ammodytes hexapterus Pacific sand lance 1 1 9.47
Clupea pallasii Pacific herring 1 1 9.47

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 76 76 720.09

Cycle: 1 Sample: 3 Station: E2

Split Multiplier: 1 Volume: 118.12
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Ammodytes hexapterus Pacific sand lance 4 4 33.86
Leptocottus armatus Pacific staghorn sculpin 2 2 16.93

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 24 24 203.18

Cycle: 1 Sample: 4 Station: E1

Split Multiplier: 1 Volume: 80.61
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Ammodytes hexapterus Pacific sand lance 3 3 37.22
Leptocottus armatus Pacific staghorn sculpin 3 3 37.22
Clupea pallasii Pacific herring 2 2 24.81
Oligocottus/Clinocottus spp. sculpins 1 1 12.41
Pholidae gunnels 1 1 12.41

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 14 14 173.68

(continued)
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-7 

 

Survey: HuB002 (continued) Start Date: 02/10/2022

Cycle: 1 Sample: 5 Station: SW3

Split Multiplier: 1 Volume: 102.33
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Ammodytes hexapterus Pacific sand lance 3 3 29.32
Lepidogobius lepidus bay goby 2 2 19.55
Oligocottus/Clinocottus spp. sculpins 2 2 19.55
Allosmerus elongatus whitebait smelt 1 1 9.77
Clupea pallasii Pacific herring 1 1 9.77

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 33 33 322.50

Cycle: 1 Sample: 6 Station: SW4

Split Multiplier: 1 Volume: 81.46
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Ammodytes hexapterus Pacific sand lance 9 9 110.48
Allosmerus elongatus whitebait smelt 5 5 61.38
Leptocottus armatus Pacific staghorn sculpin 2 2 24.55
Artedius spp. sculpins 1 1 12.28
larvae, yolksac yolksac larvae 1 1 12.28
Sebastes spp. V blue rockfish larval complex 1 1 12.28

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 16 16 196.40

Cycle: 1 Sample: 7 Station: SW5

Split Multiplier: 1 Volume: 94.08
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Leptocottus armatus Pacific staghorn sculpin 3 3 31.89
Ammodytes hexapterus Pacific sand lance 1 1 10.63
Artedius spp. sculpins 1 1 10.63
Lepidogobius lepidus bay goby 1 1 10.63
Parophrys vetulus English sole 1 1 10.63
Pholidae gunnels 1 1 10.63

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 30 30 318.87
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-8 

 

Survey: HuB002 (continued) Start Date: 02/10/2022

Cycle: 1 Sample: 8 Station: SW6

Split Multiplier: 1 Volume: 82.05
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Leptocottus armatus Pacific staghorn sculpin 6 6 73.13
Clupea pallasii Pacific herring 4 4 48.75
Allosmerus elongatus whitebait smelt 1 1 12.19
Clevelandia ios arrow goby 1 1 12.19
larvae, yolksac yolksac larvae 1 1 12.19

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 6 6 73.13

Cycle: 2 Sample: 9 Station: SW1

Split Multiplier: 1 Volume: 125.69
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 10 10 79.56

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 12 12 95.47

Cycle: 2 Sample: 10 Station: SW2

Split Multiplier: 1 Volume: 119.45
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 25 25 209.29
Allosmerus elongatus whitebait smelt 1 1 8.37
Ammodytes hexapterus Pacific sand lance 1 1 8.37
Leptocottus armatus Pacific staghorn sculpin 1 1 8.37
Oligocottus/Clinocottus spp. sculpins 1 1 8.37

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 8 8 66.97
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-9 

 

Survey: HuB002 (continued) Start Date: 02/10/2022

Cycle: 2 Sample: 11 Station: E2

Split Multiplier: 1 Volume: 98.40
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 8 8 81.30
Leptocottus armatus Pacific staghorn sculpin 3 3 30.49
Oligocottus/Clinocottus spp. sculpins 3 3 30.49
Ammodytes hexapterus Pacific sand lance 2 2 20.33
Allosmerus elongatus whitebait smelt 1 1 10.16
Artedius spp. sculpins 1 1 10.16

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 4 4 40.65

Cycle: 2 Sample: 12 Station: E1

Split Multiplier: 1 Volume: 97.74
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Ammodytes hexapterus Pacific sand lance 7 7 71.62
Clupea pallasii Pacific herring 3 3 30.70
Microgadus proximus Pacific tomcod 3 3 30.70
Parophrys vetulus English sole 2 2 20.46
Allosmerus elongatus whitebait smelt 1 1 10.23
larvae, yolksac yolksac larvae 1 1 10.23
Liparis spp. snailfishes 1 1 10.23
Oligocottus/Clinocottus spp. sculpins 1 1 10.23
Spirinchus thaleichthys longfin smelt 1 1 10.23

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 8 8 81.85

Cycle: 2 Sample: 13 Station: SW3

Split Multiplier: 1 Volume: 132.22
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Ammodytes hexapterus Pacific sand lance 9 9 68.07
Leptocottus armatus Pacific staghorn sculpin 6 6 45.38
Microgadus proximus Pacific tomcod 3 3 22.69
Artedius spp. sculpins 1 1 7.56
Citharichthys stigmaeus speckled sanddab 1 1 7.56
Clupea pallasii Pacific herring 1 1 7.56
larval fish - damaged damaged larval fishes 1 1 7.56
Parophrys vetulus English sole 1 1 7.56

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 7 7 52.94
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-10 

 

Survey: HuB002 (continued) Start Date: 02/10/2022

Cycle: 2 Sample: 14 Station: SW4

Split Multiplier: 1 Volume: 103.85
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Atherinops affinis topsmelt 10 10 96.29
Microgadus proximus Pacific tomcod 6 6 57.77
Ammodytes hexapterus Pacific sand lance 1 1 9.63
Artedius spp. sculpins 1 1 9.63
Lipolagus ochotensis popeye blacksmelt 1 1 9.63
Tarletonbeania crenularis blue lanternfish 1 1 9.63

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 7 7 67.40

Cycle: 2 Sample: 15 Station: SW5

Split Multiplier: 1 Volume: 87.71
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 5 5 57.00
Ammodytes hexapterus Pacific sand lance 4 4 45.60
Leptocottus armatus Pacific staghorn sculpin 3 3 34.20
Lipolagus ochotensis popeye blacksmelt 3 3 34.20
Liparis spp. snailfishes 2 2 22.80
Actinopterygii ray-finned fishes 1 1 11.40
Citharichthys stigmaeus speckled sanddab 1 1 11.40
larvae, yolksac yolksac larvae 1 1 11.40
Oligocottus/Clinocottus spp. sculpins 1 1 11.40
Ruscarius creaseri roughcheek sculpin 1 1 11.40
Scorpaenichthys marmoratus cabezon 1 1 11.40
Spirinchus starksi night smelt 1 1 11.40

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 8 8 91.21

Cycle: 2 Sample: 16 Station: SW6

Split Multiplier: 1 Volume: 110.01
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 2 2 18.18
Leptocottus armatus Pacific staghorn sculpin 2 2 18.18
Actinopterygii ray-finned fishes 1 1 9.09
Ammodytes hexapterus Pacific sand lance 1 1 9.09
Clupea pallasii Pacific herring 1 1 9.09

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 10 10 90.90
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-11 

 

Survey: HuB003 Start Date: 03/17/2022

Cycle: 1 Sample: 1 Station: SW1

Split Multiplier: 1 Volume: 117.54
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 6 6 51.05
Clevelandia ios arrow goby 4 4 34.03
Ammodytes hexapterus Pacific sand lance 2 2 17.02

Fish Fragments
larval fish fragment larval fish fragments 3 3 25.52

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 23 23 195.68

Cycle: 1 Sample: 2 Station: SW2

Split Multiplier: 1 Volume: 100.11
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 17 17 169.81
Clevelandia ios arrow goby 6 6 59.93
Ammodytes hexapterus Pacific sand lance 3 3 29.97
Allosmerus elongatus whitebait smelt 2 2 19.98
Oligocottus/Clinocottus spp. sculpins 2 2 19.98
Sebastes spp. V blue rockfish larval complex 2 2 19.98
Bathymasteridae ronquils 1 1 9.99
Gillichthys mirabilis longjaw mudsucker 1 1 9.99
Leptocottus armatus Pacific staghorn sculpin 1 1 9.99
Liparis spp. snailfishes 1 1 9.99

Fish Fragments
larval fish fragment larval fish fragments 10 10 99.89

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 14 14 139.84
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-12 

 

Survey: HuB003 (continued) Start Date: 03/17/2022

Cycle: 1 Sample: 3 Station: E2

Split Multiplier: 1 Volume: 114.44
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 12 12 104.86
Oligocottus/Clinocottus spp. sculpins 4 4 34.95
Sebastes spp. V_ KGB rockfish larval complex 3 3 26.22
Liparis spp. snailfishes 2 2 17.48
Ammodytes hexapterus Pacific sand lance 1 1 8.74
larvae, yolksac yolksac larvae 1 1 8.74
Leptocottus armatus Pacific staghorn sculpin 1 1 8.74
Microgadus proximus Pacific tomcod 1 1 8.74
Stenobrachius leucopsarus northern lampfish 1 1 8.74
Stichaeidae pricklebacks 1 1 8.74

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 27 27 235.94

Cycle: 1 Sample: 4 Station: E1

Split Multiplier: 1 Volume: 100.72
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Sebastes spp. V blue rockfish larval complex 2 2 19.86
Bathymasteridae ronquils 1 1 9.93
Clupea pallasii Pacific herring 1 1 9.93
Liparis spp. snailfishes 1 1 9.93
Stenobrachius leucopsarus northern lampfish 1 1 9.93

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 19 19 188.64

Cycle: 1 Sample: 5 Station: SW3

Split Multiplier: 1 Volume: 98.51
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Artedius spp. sculpins 2 2 20.30
Sebastes spp. V blue rockfish larval complex 2 2 20.30
Stenobrachius leucopsarus northern lampfish 2 2 20.30
Clupea pallasii Pacific herring 1 1 10.15
larvae, yolksac yolksac larvae 1 1 10.15
Lyopsetta exilis slender sole 1 1 10.15
Microgadus proximus Pacific tomcod 1 1 10.15
Scorpaenichthys marmoratus cabezon 1 1 10.15
Tarletonbeania crenularis blue lanternfish 1 1 10.15

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 6 6 60.91
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-13 

 

Survey: HuB003 (continued) Start Date: 03/17/2022

Cycle: 1 Sample: 6 Station: SW4

Split Multiplier: 1 Volume: 102.72
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
larvae, yolksac yolksac larvae 3 3 29.20
Artedius spp. sculpins 2 2 19.47
Clupea pallasii Pacific herring 2 2 19.47
Leptocottus armatus Pacific staghorn sculpin 1 1 9.73
Microgadus proximus Pacific tomcod 1 1 9.73
Sebastes spp. V blue rockfish larval complex 1 1 9.73

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 22 22 214.17

Cycle: 1 Sample: 7 Station: SW5

Split Multiplier: 1 Volume: 84.24
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 23 23 273.04
Allosmerus elongatus whitebait smelt 2 2 23.74
Cottus asper prickly sculpin 2 2 23.74
Leptocottus armatus Pacific staghorn sculpin 2 2 23.74
Microgadus proximus Pacific tomcod 2 2 23.74
Sebastes spp. V blue rockfish larval complex 1 1 11.87
Spirinchus starksi night smelt 1 1 11.87

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 13 13 154.33

Targeted Invertebrates
Romal. anten./Metacar. grac. (megalops) cancer crabs 1 1 11.87

Cycle: 1 Sample: 8 Station: SW6

Split Multiplier: 1 Volume: 114.43
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 3 3 26.22
Leptocottus armatus Pacific staghorn sculpin 2 2 17.48
Sebastes spp. V_ KGB rockfish larval complex 2 2 17.48
Allosmerus elongatus whitebait smelt 1 1 8.74
Clevelandia ios arrow goby 1 1 8.74
larval fish - damaged damaged larval fishes 1 1 8.74
Oligocottus/Clinocottus spp. sculpins 1 1 8.74

Fish Fragments
larval fish fragment larval fish fragments 1 1 8.74

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 10 10 87.39
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Survey: HuB003 (continued) Start Date: 03/17/2022

Cycle: 2 Sample: 9 Station: SW5

Split Multiplier: 1 Volume: 102.21
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 174 174 1,702.37
Clevelandia ios arrow goby 3 3 29.35
Leptocottus armatus Pacific staghorn sculpin 3 3 29.35
Spirinchus starksi night smelt 3 3 29.35
Allosmerus elongatus whitebait smelt 2 2 19.57
Artedius spp. sculpins 1 1 9.78
Oligocottus snyderi fluffy sculpin 1 1 9.78
Oligocottus/Clinocottus spp. sculpins 1 1 9.78
Parophrys vetulus English sole 1 1 9.78
Sebastes spp. V blue rockfish larval complex 1 1 9.78

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 9 9 88.05

Cycle: 2 Sample: 10 Station: SW4

Split Multiplier: 1 Volume: 106.94
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 137 137 1,281.12
Allosmerus elongatus whitebait smelt 11 11 102.86
larvae, yolksac yolksac larvae 5 5 46.76
Leptocottus armatus Pacific staghorn sculpin 4 4 37.40
Liparis spp. snailfishes 3 3 28.05
Oligocottus/Clinocottus spp. sculpins 2 2 18.70
Cottus asper prickly sculpin 1 1 9.35
Lyopsetta exilis slender sole 1 1 9.35
Spirinchus starksi night smelt 1 1 9.35

Fish Fragments
larval fish fragment larval fish fragments 13 13 121.57

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 20 20 187.02
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Survey: HuB003 (continued) Start Date: 03/17/2022

Cycle: 2 Sample: 11 Station: SW3

Split Multiplier: 1 Volume: 158.82
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 60 60 377.78
Clevelandia ios arrow goby 8 8 50.37
Allosmerus elongatus whitebait smelt 3 3 18.89
Artedius spp. sculpins 3 3 18.89
Leptocottus armatus Pacific staghorn sculpin 3 3 18.89
Liparis spp. snailfishes 1 1 6.30
Oligocottus/Clinocottus spp. sculpins 1 1 6.30
Ruscarius meanyi Puget Sound sculpin 1 1 6.30
Sebastes spp. V_ KGB rockfish larval complex 1 1 6.30

Fish Fragments
larval fish fragment larval fish fragments 6 6 37.78

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 17 17 107.04

Cycle: 2 Sample: 12 Station: E1

Split Multiplier: 1 Volume: 101.99
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 30 30 294.14
Clevelandia ios arrow goby 10 10 98.05
Allosmerus elongatus whitebait smelt 3 3 29.41
Leptocottus armatus Pacific staghorn sculpin 2 2 19.61
Liparis spp. snailfishes 2 2 19.61
Stenobrachius leucopsarus northern lampfish 1 1 9.80

Fish Fragments
larval fish fragment larval fish fragments 2 2 19.61

Non-Entrainable Fishes
Ammodytes hexapterus Pacific sand lance 1 1 9.80

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 12 12 117.66

Targeted Invertebrates
Romal. anten./Metacar. grac. (megalops) cancer crabs 1 1 9.80
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Survey: HuB003 (continued) Start Date: 03/17/2022

Cycle: 2 Sample: 13 Station: E2

Split Multiplier: 1 Volume: 93.70
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 14 14 149.41
Clupea pallasii Pacific herring 9 9 96.05
Oligocottus/Clinocottus spp. sculpins 5 5 53.36
Allosmerus elongatus whitebait smelt 1 1 10.67
Bathymasteridae ronquils 1 1 10.67
Cottus asper prickly sculpin 1 1 10.67
Sebastes spp. V_ KGB rockfish larval complex 1 1 10.67

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 3 3 32.02

Cycle: 2 Sample: 14 Station: SW2

Split Multiplier: 1 Volume: 105.42
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
larval fish - damaged damaged larval fishes 11 11 104.34
Clevelandia ios arrow goby 9 9 85.37
Clupea pallasii Pacific herring 3 3 28.46
Ammodytes hexapterus Pacific sand lance 1 1 9.49
Bathylagidae blacksmelts 1 1 9.49
Leptocottus armatus Pacific staghorn sculpin 1 1 9.49

Fish Fragments
larval fish fragment larval fish fragments 5 5 47.43

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 5 5 47.43

Cycle: 2 Sample: 15 Station: SW1

Split Multiplier: 1 Volume: 114.46
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 83 83 725.13
Clevelandia ios arrow goby 39 39 340.72
larval fish - damaged damaged larval fishes 2 2 17.47
Leptocottus armatus Pacific staghorn sculpin 2 2 17.47
Cottus asper prickly sculpin 1 1 8.74
Liparis spp. snailfishes 1 1 8.74
Parophrys vetulus English sole 1 1 8.74

Fish Fragments
larval fish fragment larval fish fragments 3 3 26.21

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 19 19 165.99
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Survey: HuB003 (continued) Start Date: 03/17/2022

Cycle: 2 Sample: 16 Station: SW6

Split Multiplier: 1 Volume: 100.59
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clupea pallasii Pacific herring 8 8 79.53
Cottus asper prickly sculpin 2 2 19.88
Allosmerus elongatus whitebait smelt 1 1 9.94
Clevelandia ios arrow goby 1 1 9.94
Leptocottus armatus Pacific staghorn sculpin 1 1 9.94

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 7 7 69.59
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Survey: HuB004 Start Date: 04/26/2022

Cycle: 1 Sample: 1 Station: SW1

Split Multiplier: 1 Volume: 110.73
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 2 2 18.06

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 2 2 18.06

Cycle: 1 Sample: 2 Station: SW2

Split Multiplier: 1 Volume: 153.39
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 7 7 45.64

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 3 3 19.56

Cycle: 1 Sample: 3 Station: E2

Split Multiplier: 1 Volume: 105.50
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 6 6 56.87
Microgadus proximus Pacific tomcod 4 4 37.91
Clevelandia ios arrow goby 3 3 28.44
Liparis spp. snailfishes 1 1 9.48

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 8 8 75.83

Cycle: 1 Sample: 4 Station: E1

Split Multiplier: 1 Volume: 92.63
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Microgadus proximus Pacific tomcod 6 6 64.78
Lepidogobius lepidus bay goby 4 4 43.18
Artedius spp. sculpins 2 2 21.59
Oligocottus/Clinocottus spp. sculpins 2 2 21.59
Allosmerus elongatus whitebait smelt 1 1 10.80
Oligocottus snyderi fluffy sculpin 1 1 10.80
Sebastes spp. V_ KGB rockfish larval complex 1 1 10.80

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 24 24 259.11
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Survey: HuB004 (continued) Start Date: 04/26/2022

Cycle: 1 Sample: 5 Station: SW3

Split Multiplier: 1 Volume: 116.58
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 7 7 60.04
Microgadus proximus Pacific tomcod 6 6 51.47
Lepidogobius lepidus bay goby 4 4 34.31
Spirinchus starksi night smelt 3 3 25.73
Clevelandia ios arrow goby 2 2 17.16
Liparis spp. snailfishes 1 1 8.58
Oligocottus snyderi fluffy sculpin 1 1 8.58
Sebastes spp. V_ KGB rockfish larval complex 1 1 8.58

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 28 28 240.17

Cycle: 1 Sample: 6 Station: SW4

Split Multiplier: 1 Volume: 82.58
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Spirinchus starksi night smelt 7 7 84.76
Allosmerus elongatus whitebait smelt 6 6 72.65
Cottus asper prickly sculpin 3 3 36.33
Microgadus proximus Pacific tomcod 3 3 36.33
larval fish – damaged damaged larval fishes 1 1 12.11
Liparis spp. snailfishes 1 1 12.11

Non-Entrainable Fishes
Pholidae gunnels 1 1 12.11

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 9 9 108.98

Cycle: 1 Sample: 7 Station: SW5

Split Multiplier: 1 Volume: 80.12
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 2 2 24.96
Artedius spp. sculpins 2 2 24.96
Cebidichthys violaceus monkeyface prickleback 1 1 12.48
Lepidogobius lepidus bay goby 1 1 12.48
Stichaeidae pricklebacks 1 1 12.48

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 19 19 237.15
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Survey: HuB004 (continued) Start Date: 04/26/2022

Cycle: 1 Sample: 8 Station: SW6

Split Multiplier: 1 Volume: 114.46
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 56 56 489.24
Liparis spp. snailfishes 2 2 17.47
Artedius spp. sculpins 1 1 8.74
Microgadus proximus Pacific tomcod 1 1 8.74

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 7 7 61.16

Cycle: 2 Sample: 9 Station: SW5

Split Multiplier: 1 Volume: 113.95
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 12 12 105.31
Spirinchus starksi night smelt 10 10 87.75
Microgadus proximus Pacific tomcod 6 6 52.65
Cottus asper prickly sculpin 1 1 8.78
Leptocottus armatus Pacific staghorn sculpin 1 1 8.78
Liparis spp. snailfishes 1 1 8.78
Oligocottus snyderi fluffy sculpin 1 1 8.78
Oligocottus/Clinocottus spp. sculpins 1 1 8.78

Non-Entrainable Fishes
Pholidae gunnels 1 1 8.78

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 14 14 122.86

Targeted Invertebrates
Cancer productus/Romal. spp. (megalops) rock crab megalops 6 6 52.65
Metacarcinus magister (megalops) Dungeness crab megalops 5 5 43.88
Romal. anten./Metacar. grac. (megalops) cancer crabs 2 2 17.55
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Survey: HuB004 (continued) Start Date: 04/26/2022

Cycle: 2 Sample: 10 Station: SW4

Split Multiplier: 1 Volume: 74.98
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Microgadus proximus Pacific tomcod 10 10 133.37
Allosmerus elongatus whitebait smelt 6 6 80.02
Spirinchus starksi night smelt 6 6 80.02
Leptocottus armatus Pacific staghorn sculpin 5 5 66.68
Artedius harringtoni scalyhead sculpin 1 1 13.34
Artedius spp. sculpins 1 1 13.34
Cottus asper prickly sculpin 1 1 13.34
Isopsetta isolepis butter sole 1 1 13.34
Parophrys vetulus English sole 1 1 13.34

Non-Entrainable Fishes
Pholidae gunnels 1 1 13.34

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 13 13 173.38

Targeted Invertebrates
Cancer productus/Romal. spp. (megalops) rock crab megalops 5 5 66.68
Metacarcinus magister (megalops) Dungeness crab megalops 2 2 26.67

Cycle: 2 Sample: 11 Station: SW3

Split Multiplier: 1 Volume: 102.69
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 13 13 126.60
Spirinchus starksi night smelt 7 7 68.17
Microgadus proximus Pacific tomcod 6 6 58.43
Cottidae sculpins 2 2 19.48
Liparis spp. snailfishes 2 2 19.48
Artedius spp. sculpins 1 1 9.74
Clevelandia ios arrow goby 1 1 9.74
Leptocottus armatus Pacific staghorn sculpin 1 1 9.74
Oligocottus snyderi fluffy sculpin 1 1 9.74
Pholidae gunnels 1 1 9.74

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 21 21 204.50

Targeted Invertebrates
Cancer productus/Romal. spp. (megalops) rock crab megalops 3 3 29.21
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Survey: HuB004 (continued) Start Date: 04/26/2022

Cycle: 2 Sample: 12 Station: E1

Split Multiplier: 1 Volume: 101.29
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 30 30 296.19
Spirinchus starksi night smelt 15 15 148.09
Microgadus proximus Pacific tomcod 13 13 128.35
Lepidogobius lepidus bay goby 5 5 49.36
Clevelandia ios arrow goby 4 4 39.49
Cottus asper prickly sculpin 4 4 39.49
Isopsetta isolepis butter sole 2 2 19.75
Oligocottus/Clinocottus spp. sculpins 2 2 19.75
Artedius spp. sculpins 1 1 9.87
Clinocottus embryum calico sculpin 1 1 9.87
Liparis spp. snailfishes 1 1 9.87
Ruscarius creaseri roughcheek sculpin 1 1 9.87
Sebastes spp. V_ KGB rockfish larval complex 1 1 9.87
Stichaeidae pricklebacks 1 1 9.87

Fish Fragments
larval fish fragment larval fish fragments 3 3 29.62

Non-Entrainable Fishes
Pholidae gunnels 2 2 19.75
Isopsetta isolepis butter sole 1 1 9.87

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 13 13 128.35

Targeted Invertebrates
Cancer productus/Romal. spp. (megalops) rock crab megalops 2 2 19.75
Metacarcinus magister (megalops) Dungeness crab megalops 2 2 19.75
Romal. anten./Metacar. grac. (megalops) cancer crabs 2 2 19.75
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Survey: HuB004 (continued) Start Date: 04/26/2022

Cycle: 2 Sample: 13 Station: E2

Split Multiplier: 1 Volume: 100.28
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 25 25 249.31
Lepidogobius lepidus bay goby 8 8 79.78
Microgadus proximus Pacific tomcod 7 7 69.81
Cottus asper prickly sculpin 4 4 39.89
Liparis spp. snailfishes 4 4 39.89
Spirinchus starksi night smelt 4 4 39.89
Clevelandia ios arrow goby 2 2 19.94
Artedius spp. sculpins 1 1 9.97
Clupea pallasii Pacific herring 1 1 9.97
Isopsetta isolepis butter sole 1 1 9.97

Fish Fragments
larval fish fragment larval fish fragments 5 5 49.86

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 20 20 199.45

Targeted Invertebrates
Metacarcinus magister (megalops) Dungeness crab megalops 2 2 19.94
Cancer productus/Romal. spp. (megalops) rock crab megalops 1 1 9.97

Cycle: 2 Sample: 14 Station: SW2

Split Multiplier: 1 Volume: 79.62
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 42 42 527.49
Allosmerus elongatus whitebait smelt 3 3 37.68
Isopsetta isolepis butter sole 2 2 25.12
Lepidogobius lepidus bay goby 2 2 25.12
Liparis spp. snailfishes 2 2 25.12
Microgadus proximus Pacific tomcod 2 2 25.12
Oligocottus/Clinocottus spp. sculpins 2 2 25.12
Clupea pallasii Pacific herring 1 1 12.56
Spirinchus starksi night smelt 1 1 12.56

Fish Fragments
larval fish fragment larval fish fragments 8 8 100.47

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 18 18 226.07

Targeted Invertebrates
Metacarcinus magister (megalops) Dungeness crab megalops 1 1 12.56
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Survey: HuB004 (continued) Start Date: 04/26/2022

Cycle: 2 Sample: 15 Station: SW1

Split Multiplier: 1 Volume: 74.77
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 7 7 93.62
Clevelandia ios arrow goby 5 5 66.87
Microgadus proximus Pacific tomcod 4 4 53.50
Liparis spp. snailfishes 2 2 26.75
Cottus asper prickly sculpin 1 1 13.37
Lepidogobius lepidus bay goby 1 1 13.37
Leptocottus armatus Pacific staghorn sculpin 1 1 13.37
Sebastes spp. V_ KGB rockfish larval complex 1 1 13.37
Spirinchus starksi night smelt 1 1 13.37

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 97 97 1,297.26

Cycle: 2 Sample: 16 Station: SW6

Split Multiplier: 1 Volume: 87.31
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 5 5 57.26
Clevelandia ios arrow goby 3 3 34.36
Lepidogobius lepidus bay goby 2 2 22.91
Microgadus proximus Pacific tomcod 2 2 22.91
Oligocottus/Clinocottus spp. sculpins 2 2 22.91
Spirinchus starksi night smelt 2 2 22.91
Artedius spp. sculpins 1 1 11.45
Gillichthys mirabilis longjaw mudsucker 1 1 11.45
Leptocottus armatus Pacific staghorn sculpin 1 1 11.45
Parophrys vetulus English sole 1 1 11.45
Sebastes spp. V_ KGB rockfish larval complex 1 1 11.45

Non-Entrainable Fishes
Clevelandia ios arrow goby 1 1 11.45

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 19 19 217.61
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Survey: HuB005 Start Date: 05/26/2022

Cycle: 1 Sample: 1 Station: SW1

Split Multiplier: 2 Volume: 161.37
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 92 184 1,140.21
Lepidogobius lepidus bay goby 1 2 12.39

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 38 76 470.96

Cycle: 1 Sample: 2 Station: SW2

Split Multiplier: 4 Volume: 129.70
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 248 992 7,648.54
Acanthogobius flavimanus yellowfin goby 1 4 30.84
Bathymasteridae ronquils 1 4 30.84
Gillichthys mirabilis longjaw mudsucker 1 4 30.84
Platichthys stellatus starry flounder 1 4 30.84
Rhinogobiops nicholsii blackeye goby 1 4 30.84

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 23 92 709.34

Cycle: 1 Sample: 3 Station: E2

Split Multiplier: 1 Volume: 129.34
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 12 12 92.78
Liparis spp. snailfishes 1 1 7.73

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 68 68 525.73
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Survey: HuB005 (continued) Start Date: 05/26/2022

Cycle: 1 Sample: 4 Station: E1

Split Multiplier: 1 Volume: 85.73
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Citharichthys sordidus Pacific sanddab 7 7 81.65
Lepidogobius lepidus bay goby 5 5 58.32
Clevelandia ios arrow goby 4 4 46.66
Clupea pallasii Pacific herring 1 1 11.66
Pleuronectidae righteye flounders 1 1 11.66

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 80 80 933.19

Targeted Invertebrates
Metacarcinus magister (megalops) Dungeness crab megalops 1 1 11.66

Cycle: 1 Sample: 5 Station: SW3

Split Multiplier: 1 Volume: 120.19
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Citharichthys sordidus Pacific sanddab 31 31 257.93
Hippoglossoides elassodon flathead sole 3 3 24.96
Clevelandia ios arrow goby 1 1 8.32
Cottus asper prickly sculpin 1 1 8.32
larval fish - damaged damaged larval fishes 1 1 8.32
Oligocottus/Clinocottus spp. sculpins 1 1 8.32
Rhinogobiops nicholsii blackeye goby 1 1 8.32

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 49 49 407.70

Targeted Invertebrates
Metacarcinus magister (megalops) Dungeness crab megalops 2 2 16.64
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Survey: HuB005 (continued) Start Date: 05/26/2022

Cycle: 1 Sample: 6 Station: SW4

Split Multiplier: 2 Volume: 96.85
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Citharichthys sordidus Pacific sanddab 12 24 247.80
Allosmerus elongatus whitebait smelt 7 14 144.55
Hippoglossoides elassodon flathead sole 3 6 61.95
Clevelandia ios arrow goby 1 2 20.65
Oligocottus/Clinocottus spp. sculpins 1 2 20.65

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 18 36 371.69

Targeted Invertebrates
Cancer productus/Romal. spp. (megalops) rock crab megalops 3 6 61.95
Metacarcinus magister (megalops) Dungeness crab megalops 2 4 41.30

Cycle: 1 Sample: 7 Station: SW5

Split Multiplier: 1 Volume: 101.54
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Citharichthys sordidus Pacific sanddab 22 22 216.67
Hippoglossoides elassodon flathead sole 6 6 59.09
Pleuronectoidei flatfishes 4 4 39.39
Lepidogobius lepidus bay goby 2 2 19.70
Oligocottus/Clinocottus spp. sculpins 1 1 9.85

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 74 74 728.81

Targeted Invertebrates
Metacarcinus magister (megalops) Dungeness crab megalops 1 1 9.85
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-28 

 

Survey: HuB005 (continued) Start Date: 05/26/2022

Cycle: 1 Sample: 8 Station: SW6

Split Multiplier: 1 Volume: 107.97
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 14 14 129.67
Lepidogobius lepidus bay goby 2 2 18.52
Acanthogobius flavimanus yellowfin goby 1 1 9.26
Allosmerus elongatus whitebait smelt 1 1 9.26
Gillichthys mirabilis longjaw mudsucker 1 1 9.26
Rhinogobiops nicholsii blackeye goby 1 1 9.26

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 182 182 1,685.70

Cycle: 2 Sample: 9 Station: SW5

Split Multiplier: 1 Volume: 95.99
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Citharichthys sordidus Pacific sanddab 26 26 270.87
Pleuronectoidei flatfishes 15 15 156.27
Hippoglossoides elassodon flathead sole 10 10 104.18
Lepidogobius lepidus bay goby 2 2 20.84
Allosmerus elongatus whitebait smelt 1 1 10.42
Clevelandia ios arrow goby 1 1 10.42
Oligocottus/Clinocottus spp. sculpins 1 1 10.42
Spirinchus starksi night smelt 1 1 10.42
Tarletonbeania crenularis blue lanternfish 1 1 10.42

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 58 58 604.24

Cycle: 2 Sample: 10 Station: SW4

Split Multiplier: 2 Volume: 88.83
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 21 42 472.80
Citharichthys sordidus Pacific sanddab 10 20 225.14
Spirinchus starksi night smelt 9 18 202.63
Hippoglossoides elassodon flathead sole 8 16 180.11
Chitonotus pugetensis roughback sculpin 1 2 22.51
Pleuronectoidei flatfishes 1 2 22.51

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 22 44 495.31

Targeted Invertebrates
Metacarcinus magister (megalops) Dungeness crab megalops 1 2 22.51
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-29 

 

Survey: HuB005 (continued) Start Date: 05/26/2022

Cycle: 2 Sample: 11 Station: SW3

Split Multiplier: 1 Volume: 123.18
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 40 40 324.72
Citharichthys sordidus Pacific sanddab 16 16 129.89
Spirinchus starksi night smelt 13 13 105.53
Hippoglossoides elassodon flathead sole 7 7 56.83
Pleuronectoidei flatfishes 6 6 48.71
Cottus asper prickly sculpin 1 1 8.12

Fish Fragments
larval fish fragment larval fish fragments 8 8 64.94

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 76 76 616.97

Targeted Invertebrates
Metacarcinus magister (megalops) Dungeness crab megalops 177 177 1,436.89
Cancer productus/Romal. spp. (megalops) rock crab megalops 2 2 16.24

Cycle: 2 Sample: 12 Station: E1

Split Multiplier: 1 Volume: 102.14
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 51 51 499.30
Spirinchus starksi night smelt 18 18 176.22
Citharichthys sordidus Pacific sanddab 5 5 48.95
Hippoglossoides elassodon flathead sole 5 5 48.95
Artedius spp. sculpins 3 3 29.37
Hypomesus pretiosus surf smelt 1 1 9.79
Lepidogobius lepidus bay goby 1 1 9.79
Rhinogobiops nicholsii blackeye goby 1 1 9.79

Fish Fragments
larval fish fragment larval fish fragments 4 4 39.16

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 52 52 509.09

Targeted Invertebrates
Metacarcinus magister (megalops) Dungeness crab megalops 90 90 881.11
Cancer productus/Romal. spp. (megalops) rock crab megalops 2 2 19.58
Romal. anten./Metacar. grac. (megalops) cancer crabs 1 1 9.79
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-30 

 

Survey: HuB005 (continued) Start Date: 05/26/2022

Cycle: 2 Sample: 13 Station: E2

Split Multiplier: 1 Volume: 94.60
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 9 9 95.14
Citharichthys sordidus Pacific sanddab 3 3 31.71
Clevelandia ios arrow goby 2 2 21.14
Spirinchus starksi night smelt 2 2 21.14
Hippoglossoides elassodon flathead sole 1 1 10.57
Rhinogobiops nicholsii blackeye goby 1 1 10.57

Fish Fragments
larval fish fragment larval fish fragments 2 2 21.14

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 38 38 401.68

Targeted Invertebrates
Metacarcinus magister (megalops) Dungeness crab megalops 10 10 105.71
Cancer productus/Romal. spp. (megalops) rock crab megalops 4 4 42.28

Cycle: 2 Sample: 14 Station: SW2

Split Multiplier: 1 Volume: 95.17
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 11 11 115.58
Clevelandia ios arrow goby 10 10 105.07
Allosmerus elongatus whitebait smelt 2 2 21.01
Citharichthys sordidus Pacific sanddab 2 2 21.01
Gillichthys mirabilis longjaw mudsucker 1 1 10.51
Hippoglossoides elassodon flathead sole 1 1 10.51

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 30 30 315.21

Targeted Invertebrates
Metacarcinus magister (megalops) Dungeness crab megalops 3 3 31.52
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-31 

 

Survey: HuB005 (continued) Start Date: 05/26/2022

Cycle: 2 Sample: 15 Station: SW1

Split Multiplier: 4 Volume: 85.39
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 13 52 609.00
Citharichthys sordidus Pacific sanddab 1 4 46.85
Pleuronectoidei flatfishes 1 4 46.85
Rhinogobiops nicholsii blackeye goby 1 4 46.85

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 15 60 702.70

Targeted Invertebrates
Metacarcinus magister (megalops) Dungeness crab megalops 4 16 187.39

Cycle: 2 Sample: 16 Station: SW6

Split Multiplier: 1 Volume: 112.01
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 12 12 107.13
Atherinops affinis topsmelt 1 1 8.93
Pleuronectoidei flatfishes 1 1 8.93
Rhinogobiops nicholsii blackeye goby 1 1 8.93

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 44 44 392.82

Targeted Invertebrates
Cancer productus/Romal. spp. (megalops) rock crab megalops 1 1 8.93
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-32 

 

Survey: HuB006 Start Date: 06/28/2022

Cycle: 1 Sample: 1 Station: SW1

Split Multiplier: 1 Volume: 117.95
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 24 24 203.48
Lepidogobius lepidus bay goby 1 1 8.48
Rhinogobiops nicholsii blackeye goby 1 1 8.48
Syngnathidae pipefishes 1 1 8.48

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 11 11 93.26
Engraulidae (eggs) anchovy eggs 10 10 84.78

Cycle: 1 Sample: 2 Station: SW2

Split Multiplier: 4 Volume: 116.98
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 55 220 1,880.67
Engraulis mordax northern anchovy 1 4 34.19

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 3 12 102.58

Cycle: 1 Sample: 3 Station: E2

Split Multiplier: 4 Volume: 90.11
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 88 352 3,906.16
Allosmerus elongatus whitebait smelt 1 4 44.39
Atherinopsis californiensis jacksmelt 1 4 44.39

Fish Fragments
larval fish fragment larval fish fragments 2 8 88.78

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 13 52 577.05
Engraulidae (eggs) anchovy eggs 9 36 399.49
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-33 

 

Survey: HuB006 (continued) Start Date: 06/28/2022

Cycle: 1 Sample: 4 Station: E1

Split Multiplier: 8 Volume: 97.07
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 259 2,072 21,346.19
Cottus asper prickly sculpin 1 8 82.42

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 34 272 2,802.20
Engraulidae (eggs) anchovy eggs 1 8 82.42

Cycle: 1 Sample: 5 Station: SW3

Split Multiplier: 8 Volume: 104.14
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 18 144 1,382.69
Allosmerus elongatus whitebait smelt 1 8 76.82
Artedius spp. sculpins 1 8 76.82

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 74 592 5,684.40
Engraulidae (eggs) anchovy eggs 1 8 76.82

Cycle: 1 Sample: 6 Station: SW4

Split Multiplier: 4 Volume: 77.61
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 3 12 154.63
Hypomesus pretiosus surf smelt 2 8 103.08
Clevelandia ios arrow goby 1 4 51.54
Spirinchus starksi night smelt 1 4 51.54

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 14 56 721.59

Targeted Invertebrates
Cancer productus/Romal. spp. (megalops) rock crab megalops 1 4 51.54
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-34 

 

Survey: HuB006 (continued) Start Date: 06/28/2022

Cycle: 1 Sample: 7 Station: SW5

Split Multiplier: 4 Volume: 87.13
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Hippoglossoides elassodon flathead sole 1 4 45.91
Hypomesus pretiosus surf smelt 1 4 45.91

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 83 332 3,810.39
Engraulidae (eggs) anchovy eggs 1 4 45.91

Cycle: 1 Sample: 8 Station: SW6

Split Multiplier: 1 Volume: 92.15
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 188 188 2,040.14
Lepidogobius lepidus bay goby 6 6 65.11
Allosmerus elongatus whitebait smelt 3 3 32.56
Spirinchus starksi night smelt 1 1 10.85

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 158 158 1,714.59
Engraulidae (eggs) anchovy eggs 2 2 21.70

Cycle: 2 Sample: 9 Station: SW5

Split Multiplier: 4 Volume: 99.99
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Hypomesus pretiosus surf smelt 3 12 120.01
Allosmerus elongatus whitebait smelt 2 8 80.00
Pleuronectoidei flatfishes 2 8 80.00
Clevelandia ios arrow goby 1 4 40.00
Hippoglossoides elassodon flathead sole 1 4 40.00
Lepidogobius lepidus bay goby 1 4 40.00
Ruscarius meanyi Puget Sound sculpin 1 4 40.00

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 53 212 2,120.12
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-35 

 

Survey: HuB006 (continued) Start Date: 06/28/2022

Cycle: 2 Sample: 10 Station: SW4

Split Multiplier: 8 Volume: 86.60
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 36 288 3,325.63
Hypomesus pretiosus surf smelt 3 24 277.14
Artedius spp. sculpins 1 8 92.38
Lepidogobius lepidus bay goby 1 8 92.38

Fish Fragments
larval fish fragment larval fish fragments 4 32 369.51

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 35 280 3,233.25

Cycle: 2 Sample: 11 Station: SW3

Split Multiplier: 2 Volume: 114.62
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 25 50 436.23
Hypomesus pretiosus surf smelt 1 2 17.45
Lepidogobius lepidus bay goby 1 2 17.45
Pleuronectoidei flatfishes 1 2 17.45

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 51 102 889.90

Cycle: 2 Sample: 12 Station: E1

Split Multiplier: 8 Volume: 100.55
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 9 72 716.07
Hypomesus pretiosus surf smelt 3 24 238.69
Liparis spp. snailfishes 1 8 79.56
Microgadus proximus Pacific tomcod 1 8 79.56
Sebastes spp. V_ KGB rockfish larval complex 1 8 79.56

Fish Fragments
larval fish fragment larval fish fragments 1 8 79.56

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 51 408 4,057.72

Targeted Invertebrates
Cancer productus/Romal. spp. (megalops) rock crab megalops 1 8 79.56
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-36 

 

Survey: HuB006 (continued) Start Date: 06/28/2022

Cycle: 2 Sample: 13 Station: E2

Split Multiplier: 4 Volume: 80.68
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 19 76 941.99
Clevelandia ios arrow goby 5 20 247.89
Hypomesus pretiosus surf smelt 4 16 198.31
Lepidogobius lepidus bay goby 2 8 99.16
Liparis spp. snailfishes 2 8 99.16
Artedius spp. sculpins 1 4 49.58

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 42 168 2,082.30

Cycle: 2 Sample: 14 Station: SW2

Split Multiplier: 4 Volume: 100.77
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 48 192 1,905.30
Allosmerus elongatus whitebait smelt 6 24 238.16
Artedius spp. sculpins 1 4 39.69
larvae, yolksac yolksac larvae 1 4 39.69
Lepidogobius lepidus bay goby 1 4 39.69
Rhinogobiops nicholsii blackeye goby 1 4 39.69

Fish Fragments
larval fish fragment larval fish fragments 1 4 39.69

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 47 188 1,865.61
Engraulidae (eggs) anchovy eggs 6 24 238.16

Cycle: 2 Sample: 15 Station: SW1

Split Multiplier: 4 Volume: 89.75
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 14 56 623.95
Clevelandia ios arrow goby 13 52 579.38
Spirinchus starksi night smelt 5 20 222.84
Allosmerus elongatus whitebait smelt 3 12 133.70
Engraulis mordax northern anchovy 1 4 44.57
Hypomesus pretiosus surf smelt 1 4 44.57

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 68 272 3,030.60
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-37 

 

Survey: HuB006 (continued) Start Date: 06/28/2022

Cycle: 2 Sample: 16 Station: SW6

Split Multiplier: 1 Volume: 86.07
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 16 16 185.89
Hypomesus pretiosus surf smelt 7 7 81.33
Lepidogobius lepidus bay goby 2 2 23.24
Cebidichthys violaceus monkeyface prickleback 1 1 11.62
Clevelandia ios arrow goby 1 1 11.62
Radulinus spp. sculpins 1 1 11.62
Stellerina xyosterna pricklebreast poacher 1 1 11.62

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 223 223 2,590.85

Targeted Invertebrates
Cancer productus/Romal. spp. (megalops) rock crab megalops 1 1 11.62
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-38 

 

Survey: HuB007 Start Date: 07/29/2022

Cycle: 1 Sample: 1 Station: SW1

Split Multiplier: 1 Volume: 112.04
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 70 70 624.78
Gillichthys mirabilis longjaw mudsucker 1 1 8.93

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 7 7 62.48

Cycle: 1 Sample: 2 Station: SW2

Split Multiplier: 1 Volume: 90.26
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 19 19 210.51
Gillichthys mirabilis longjaw mudsucker 2 2 22.16
Lepidogobius lepidus bay goby 1 1 11.08

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 8 8 88.63
Engraulidae (eggs) anchovy eggs 1 1 11.08

Cycle: 1 Sample: 3 Station: E2

Split Multiplier: 1 Volume: 85.07
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 10 10 117.55

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 17 17 199.84
Engraulidae (eggs) anchovy eggs 5 5 58.78

Cycle: 1 Sample: 4 Station: E1

Split Multiplier: 1 Volume: 116.70
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 211 211 1,808.06
Lepidogobius lepidus bay goby 19 19 162.81
Citharichthys sordidus Pacific sanddab 1 1 8.57
Gillichthys mirabilis longjaw mudsucker 1 1 8.57
Hippoglossoides elassodon flathead sole 1 1 8.57
larvae, yolksac yolksac larvae 1 1 8.57

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 89 89 762.64
Engraulidae (eggs) anchovy eggs 1 1 8.57
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Humboldt Bay Harbor District  Intake Assessment A-39 

 

Survey: HuB007 (continued) Start Date: 07/29/2022

Cycle: 1 Sample: 5 Station: SW3

Split Multiplier: 1 Volume: 94.02
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 61 61 648.78
Lepidogobius lepidus bay goby 4 4 42.54
Rhinogobiops nicholsii blackeye goby 1 1 10.64

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 127 127 1,350.75

Cycle: 1 Sample: 6 Station: SW4

Split Multiplier: 1 Volume: 46.21
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 4 4 86.56
Lepidogobius lepidus bay goby 2 2 43.28
Clevelandia ios arrow goby 1 1 21.64

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 63 63 1,363.25

Cycle: 1 Sample: 7 Station: SW5

Split Multiplier: 1 Volume: 78.97
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Ammodytes hexapterus Pacific sand lance 5 5 63.32
larvae, yolksac yolksac larvae 1 1 12.66

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 213 213 2,697.32

Cycle: 1 Sample: 8 Station: SW6

Split Multiplier: 2 Volume: 90.24
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 12 24 265.94

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 66 132 1,462.69
Engraulidae (eggs) anchovy eggs 4 8 88.65
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Humboldt Bay Harbor District  Intake Assessment A-40 

 

Survey: HuB007 (continued) Start Date: 07/29/2022

Cycle: 2 Sample: 9 Station: SW5

Split Multiplier: 1 Volume: 97.12
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 5 5 51.48
Lepidogobius lepidus bay goby 2 2 20.59
Citharichthys sordidus Pacific sanddab 1 1 10.30
Hypomesus pretiosus surf smelt 1 1 10.30
larvae, yolksac yolksac larvae 1 1 10.30

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 197 197 2,028.40

Cycle: 2 Sample: 10 Station: SW4

Split Multiplier: 1 Volume: 77.74
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 11 11 141.50
Lepidogobius lepidus bay goby 5 5 64.32
Clevelandia ios arrow goby 2 2 25.73

Fish Fragments
larval fish fragment larval fish fragments 2 2 25.73

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 171 171 2,199.74

Cycle: 2 Sample: 11 Station: SW3

Split Multiplier: 2 Volume: 105.08
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 5 10 95.17
Lepidogobius lepidus bay goby 3 6 57.10
Hypomesus pretiosus surf smelt 1 2 19.03

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 112 224 2,131.72
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-41 

 

Survey: HuB007 (continued) Start Date: 07/29/2022

Cycle: 2 Sample: 12 Station: E1

Split Multiplier: 1 Volume: 95.89
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Allosmerus elongatus whitebait smelt 5 5 52.14
Clevelandia ios arrow goby 1 1 10.43

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 167 167 1,741.63

Cycle: 2 Sample: 13 Station: E2

Split Multiplier: 1 Volume: 86.55
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 7 7 80.88
Allosmerus elongatus whitebait smelt 1 1 11.55
Citharichthys sordidus Pacific sanddab 1 1 11.55
Clevelandia ios arrow goby 1 1 11.55
Hypomesus pretiosus surf smelt 1 1 11.55

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 125 125 1,444.32

Cycle: 2 Sample: 14 Station: SW2

Split Multiplier: 1 Volume: 105.56
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 49 49 464.21
Lepidogobius lepidus bay goby 4 4 37.89
Allosmerus elongatus whitebait smelt 1 1 9.47
Engraulis mordax northern anchovy 1 1 9.47

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 100 100 947.36
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Survey: HuB007 (continued) Start Date: 07/29/2022

Cycle: 2 Sample: 15 Station: SW1

Split Multiplier: 1 Volume: 97.81
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 3 3 30.67
Allosmerus elongatus whitebait smelt 1 1 10.22
Clevelandia ios arrow goby 1 1 10.22

Non-Entrainable Fishes
Pholis ornata saddleback gunnel 1 1 10.22

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 153 153 1,564.33

Cycle: 2 Sample: 16 Station: SW6

Split Multiplier: 1 Volume: 113.83
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 4 4 35.14
Allosmerus elongatus whitebait smelt 3 3 26.36
Lepidogobius lepidus bay goby 3 3 26.36
Hypomesus pretiosus surf smelt 2 2 17.57
larvae, yolksac yolksac larvae 1 1 8.79

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 149 149 1,309.03
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Survey: HuB008 Start Date: 08/18/2022

Cycle: 1 Sample: 1 Station: SW1

Split Multiplier: 1 Volume: 99.07
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 10 10 100.93
Lepidogobius lepidus bay goby 3 3 30.28
Gillichthys mirabilis longjaw mudsucker 1 1 10.09

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 65 65 656.07

Cycle: 1 Sample: 2 Station: SW2

Split Multiplier: 1 Volume: 109.46
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 126 126 1,151.07
Lepidogobius lepidus bay goby 10 10 91.35
Gillichthys mirabilis longjaw mudsucker 1 1 9.14

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 211 211 1,927.59
Engraulidae (eggs) anchovy eggs 2 2 18.27

Cycle: 1 Sample: 3 Station: E2

Split Multiplier: 1 Volume: 103.09
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 36 36 349.21
Lepidogobius lepidus bay goby 7 7 67.90
Genyonemus lineatus white croaker 1 1 9.70

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 784 784 7,605.05

Cycle: 1 Sample: 4 Station: E1

Split Multiplier: 1 Volume: 99.37
Egg Jar Volume: 30 Egg Total Volume: 300

Adjusted Concentration
Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 106 106 1,066.69
Lepidogobius lepidus bay goby 12 12 120.76
Allosmerus elongatus whitebait smelt 1 1 10.06

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 80 800 8,050.45
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Survey: HuB008 (continued) Start Date: 08/18/2022

Cycle: 1 Sample: 5 Station: SW3

Split Multiplier: 1 Volume: 107.90
Egg Jar Volume: 30 Egg Total Volume: 300

Adjusted Concentration
Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 47 47 435.60
Clevelandia ios arrow goby 29 29 268.77
Allosmerus elongatus whitebait smelt 3 3 27.80

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 97 970 8,990.04

Cycle: 1 Sample: 6 Station: SW4

Split Multiplier: 1 Volume: 80.98
Egg Jar Volume: 30 Egg Total Volume: 300

Adjusted Concentration
Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 18 18 222.28
Artedius spp. sculpins 1 1 12.35
Pleuronectoidei flatfishes 1 1 12.35

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 40 400 4,939.63

Targeted Invertebrates
Cancridae (megalops) cancer crabs megalops 1 1 12.35

Cycle: 1 Sample: 7 Station: SW5

Split Multiplier: 1 Volume: 96.40
Egg Jar Volume: 30 Egg Total Volume: 300

Adjusted Concentration
Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 10 10 103.74
larvae, yolksac yolksac larvae 1 1 10.37

Fish Fragments
larval fish - damaged damaged larval fishes 1 1 10.37

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 58 580 6,016.86
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Survey: HuB008 (continued) Start Date: 08/18/2022

Cycle: 1 Sample: 8 Station: SW6

Split Multiplier: 1 Volume: 91.75
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 38 38 414.15
Lepidogobius lepidus bay goby 2 2 21.80
Rhinogobiops nicholsii blackeye goby 1 1 10.90

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 158 158 1,721.99
Engraulidae (eggs) anchovy eggs 2 2 21.80

Cycle: 2 Sample: 9 Station: SW5

Split Multiplier: 1 Volume: 128.26
Egg Jar Volume: 30 Egg Total Volume: 300

Adjusted Concentration
Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 130 130 1,013.53
Allosmerus elongatus whitebait smelt 1 1 7.80
Clevelandia ios arrow goby 1 1 7.80

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 54 540 4,210.06
Engraulidae (eggs) anchovy eggs 1 10 77.96

Cycle: 2 Sample: 10 Station: SW4

Split Multiplier: 4 Volume: 136.88
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 9 36 263.00
Allosmerus elongatus whitebait smelt 2 8 58.44

Fish Fragments
larval fish fragment larval fish fragments 1 4 29.22

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 210 840 6,136.58
Engraulidae (eggs) anchovy eggs 1 4 29.22
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Survey: HuB008 (continued) Start Date: 08/18/2022

Cycle: 2 Sample: 11 Station: SW3

Split Multiplier: 1 Volume: 110.18
Egg Jar Volume: 30 Egg Total Volume: 300

Adjusted Concentration
Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 44 44 399.36
Allosmerus elongatus whitebait smelt 2 2 18.15
Clevelandia ios arrow goby 1 1 9.08
Rhinogobiops nicholsii blackeye goby 1 1 9.08

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 77 770 6,988.82

Cycle: 2 Sample: 12 Station: E1

Split Multiplier: 2 Volume: 128.54
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 55 110 855.74
Clevelandia ios arrow goby 8 16 124.47
Syngnathidae pipefishes 1 2 15.56

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 404 808 6,285.81
Engraulidae (eggs) anchovy eggs 2 4 31.12

Cycle: 2 Sample: 13 Station: E2

Split Multiplier: 2 Volume: 109.14
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 169 338 3,096.93
Lepidogobius lepidus bay goby 21 42 384.83
Gillichthys mirabilis longjaw mudsucker 1 2 18.33

Fish Fragments
larval fish fragment larval fish fragments 4 8 73.30

Non-Entrainable Fishes
Hypomesus pretiosus surf smelt 2 4 36.65

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 206 412 3,774.95
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Survey: HuB008 (continued) Start Date: 08/18/2022

Cycle: 2 Sample: 14 Station: SW2

Split Multiplier: 4 Volume: 131.29
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 227 908 6,916.08
Lepidogobius lepidus bay goby 3 12 91.40
Hypomesus pretiosus surf smelt 2 8 60.93
Engraulis mordax northern anchovy 1 4 30.47

Fish Fragments
larval fish fragment larval fish fragments 4 16 121.87

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 55 220 1,675.70

Cycle: 2 Sample: 15 Station: SW1

Split Multiplier: 1 Volume: 109.39
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 77 77 703.92
Lepidogobius lepidus bay goby 3 3 27.43

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 34 34 310.82

Cycle: 2 Sample: 16 Station: SW6

Split Multiplier: 2 Volume: 104.17
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 370 740 7,103.58
Gillichthys mirabilis longjaw mudsucker 3 6 57.60
Lepidogobius lepidus bay goby 2 4 38.40
Porichthys notatus plainfin midshipman 2 4 38.40
Hypomesus pretiosus surf smelt 1 2 19.20

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 25 50 479.97
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Survey: HuB009 Start Date: 09/22/2022

Cycle: 1 Sample: 1 Station: SW1

Split Multiplier: 1 Volume: 108.41
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 9 9 83.01

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 27 27 249.04

Cycle: 1 Sample: 2 Station: SW2

Split Multiplier: 2 Volume: 97.39
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 18 36 369.66
Lepidogobius lepidus bay goby 2 4 41.07
larvae, yolksac yolksac larvae 1 2 20.54

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 6 12 123.22

Cycle: 1 Sample: 3 Station: E2

Split Multiplier: 1 Volume: 97.15
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 14 14 144.10
Hypomesus pretiosus surf smelt 1 1 10.29
larval fish - damaged damaged larval fishes 1 1 10.29

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 148 148 1,523.35

Cycle: 1 Sample: 4 Station: E1

Split Multiplier: 1 Volume: 93.68
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 12 12 128.10
Hypomesus pretiosus surf smelt 1 1 10.67
Icichthys lockingtoni medusa fish 1 1 10.67

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 367 367 3,917.63
Engraulidae (eggs) anchovy eggs 16 16 170.80
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Survey: HuB009 (continued) Start Date: 09/22/2022

Cycle: 1 Sample: 5 Station: SW3

Split Multiplier: 1 Volume: 97.53
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 1 1 10.25

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 349 349 3,578.52
Engraulidae (eggs) anchovy eggs 14 14 143.55

Cycle: 1 Sample: 6 Station: SW4

Split Multiplier: 1 Volume: 106.75
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 11 11 103.05
Nannobrachium regalis pinpoint lanternfish 1 1 9.37
Tarletonbeania crenularis blue lanternfish 1 1 9.37
Trachipterus altivelis king-of-the-salmon 1 1 9.37

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 394 394 3,690.99
Engraulidae (eggs) anchovy eggs 36 36 337.25

Cycle: 1 Sample: 7 Station: SW5

Split Multiplier: 1 Volume: 110.92
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 1 1 9.02

Fish Fragments
larval fish fragment larval fish fragments 1 1 9.02

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 394 394 3,552.14
Engraulidae (eggs) anchovy eggs 35 35 315.55

Cycle: 1 Sample: 8 Station: SW6

Split Multiplier: 1 Volume: 81.17
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 5 5 61.60
Lepidogobius lepidus bay goby 2 2 24.64

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 130 130 1,601.66
Engraulidae (eggs) anchovy eggs 1 1 12.32
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Survey: HuB009 (continued) Start Date: 09/22/2022

Cycle: 2 Sample: 9 Station: SW5

Split Multiplier: 1 Volume: 125.44
Egg Jar Volume: 30 Egg Total Volume: 300

Adjusted Concentration
Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Citharichthys stigmaeus speckled sanddab 1 1 7.97
Nannobrachium spp. lanternfishes 1 1 7.97

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 57 570 4,543.94
Engraulidae (eggs) anchovy eggs 3 30 239.15

Cycle: 2 Sample: 10 Station: SW4

Split Multiplier: 1 Volume: 93.34
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Fish Eggs
non-engraulidae eggs non-engraulidae eggs 474 474 5,078.14
Engraulidae (eggs) anchovy eggs 29 29 310.69

Cycle: 2 Sample: 11 Station: SW3

Split Multiplier: 1 Volume: 90.22
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 3 3 33.25
Rhinogobiops nicholsii blackeye goby 1 1 11.08

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 240 240 2,660.20
Engraulidae (eggs) anchovy eggs 10 10 110.84

Cycle: 2 Sample: 12 Station: E1

Split Multiplier: 1 Volume: 122.51
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 22 22 179.57
Leptocottus armatus Pacific staghorn sculpin 1 1 8.16
Rhinogobiops nicholsii blackeye goby 1 1 8.16

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 274 274 2,236.49
Engraulidae (eggs) anchovy eggs 5 5 40.81
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Survey: HuB009 (continued) Start Date: 09/22/2022

Cycle: 2 Sample: 13 Station: E2

Split Multiplier: 1 Volume: 105.96
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 49 49 462.44
Clevelandia ios arrow goby 3 3 28.31
Allosmerus elongatus whitebait smelt 1 1 9.44
Nannobrachium regalis pinpoint lanternfish 1 1 9.44
Rhinogobiops nicholsii blackeye goby 1 1 9.44

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 185 185 1,745.96
Engraulidae (eggs) anchovy eggs 4 4 37.75

Cycle: 2 Sample: 14 Station: SW2

Split Multiplier: 1 Volume: 90.30
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 23 23 254.72
Clevelandia ios arrow goby 13 13 143.97

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 74 74 819.53
Engraulidae (eggs) anchovy eggs 1 1 11.07

Cycle: 2 Sample: 15 Station: SW1

Split Multiplier: 1 Volume: 92.85
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Hypomesus pretiosus surf smelt 1 1 10.77
Lepidogobius lepidus bay goby 1 1 10.77

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 316 316 3,403.23
Engraulidae (eggs) anchovy eggs 2 2 21.54

Targeted Invertebrates
Romal. anten./Metacar. grac. (megalops) cancer crabs 1 1 10.77
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Survey: HuB009 (continued) Start Date: 09/22/2022

Cycle: 2 Sample: 16 Station: SW6

Split Multiplier: 1 Volume: 84.70
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 53 53 625.71
Trachipterus altivelis king-of-the-salmon 1 1 11.81

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 410 410 4,840.40
Engraulidae (eggs) anchovy eggs 2 2 23.61
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Survey: HuB010 Start Date: 10/11/2022

Cycle: 1 Sample: 1 Station: SW1

Split Multiplier: 1 Volume: 91.49
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 1 1 10.93
Lepidogobius lepidus bay goby 1 1 10.93

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 12 12 131.17

Cycle: 1 Sample: 2 Station: SW2

Split Multiplier: 1 Volume: 110.66
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 6 6 54.22
Lepidogobius lepidus bay goby 4 4 36.15

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 20 20 180.73

Cycle: 1 Sample: 3 Station: E2

Split Multiplier: 1 Volume: 88.50
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 6 6 67.80
Clevelandia ios arrow goby 2 2 22.60
Icichthys lockingtoni medusa fish 1 1 11.30

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 263 263 2,971.82

Cycle: 1 Sample: 4 Station: E1

Split Multiplier: 1 Volume: 85.00
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 36 36 423.53

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 246 246 2,894.09
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Survey: HuB010 (continued) Start Date: 10/11/2022

Cycle: 1 Sample: 5 Station: SW3

Split Multiplier: 1 Volume: 91.12
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 16 16 175.59
Clevelandia ios arrow goby 1 1 10.97

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 227 227 2,491.24

Cycle: 1 Sample: 6 Station: SW4

Split Multiplier: 1 Volume: 92.86
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 2 2 21.54
Engraulis mordax northern anchovy 1 1 10.77

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 29 29 312.29

Cycle: 1 Sample: 7 Station: SW5

Split Multiplier: 1 Volume: 87.18
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 12 12 137.64
Tarletonbeania crenularis blue lanternfish 2 2 22.94
Psettichthys melanostictus sand sole 1 1 11.47

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 50 50 573.51
Engraulidae (eggs) anchovy eggs 2 2 22.94

Cycle: 1 Sample: 8 Station: SW6

Split Multiplier: 1 Volume: 106.50
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 3 3 28.17

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 238 238 2,234.84
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Survey: HuB010 (continued) Start Date: 10/11/2022

Cycle: 2 Sample: 9 Station: SW5

Split Multiplier: 1 Volume: 91.57
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 2 2 21.84
Clevelandia ios arrow goby 1 1 10.92

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 58 58 633.38

Cycle: 2 Sample: 10 Station: SW4

Split Multiplier: 1 Volume: 99.13
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 12 12 121.05
Rhinogobiops nicholsii blackeye goby 1 1 10.09

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 52 52 524.55

Cycle: 2 Sample: 11 Station: SW3

Split Multiplier: 1 Volume: 97.34
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 4 4 41.09
Gillichthys mirabilis longjaw mudsucker 1 1 10.27

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 28 28 287.64

Cycle: 2 Sample: 12 Station: E1

Split Multiplier: 1 Volume: 96.30
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 4 4 41.54

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 23 23 238.84
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Survey: HuB010 (continued) Start Date: 10/11/2022

Cycle: 2 Sample: 13 Station: E2

Split Multiplier: 1 Volume: 98.29
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 3 3 30.52
Gillichthys mirabilis longjaw mudsucker 1 1 10.17

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 14 14 142.43

Cycle: 2 Sample: 14 Station: SW2

Split Multiplier: 1 Volume: 96.10
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 13 13 135.27
Gillichthys mirabilis longjaw mudsucker 1 1 10.41

Non-Entrainable Fishes
Hypomesus pretiosus surf smelt 1 1 10.41

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 1 1 10.41

Cycle: 2 Sample: 15 Station: SW1

Split Multiplier: 1 Volume: 109.19
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 6 6 54.95
Clevelandia ios arrow goby 1 1 9.16

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 1 1 9.16

Cycle: 2 Sample: 16 Station: SW6

Split Multiplier: 1 Volume: 95.44
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 5 5 52.39
Clevelandia ios arrow goby 3 3 31.43
Engraulis mordax northern anchovy 1 1 10.48

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 13 13 136.21
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-57 

 

Survey: HuB011 Start Date: 11/07/2022

Cycle: 1 Sample: 1 Station: SW1

Split Multiplier: 1 Volume: 86.83
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 2 2 23.03
Engraulis mordax northern anchovy 1 1 11.52
Genyonemus lineatus white croaker 1 1 11.52

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 44 44 506.72

Cycle: 1 Sample: 2 Station: SW2

Split Multiplier: 1 Volume: 100.57
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 9 9 89.49

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 52 52 517.05

Cycle: 1 Sample: 3 Station: E2

Split Multiplier: 1 Volume: 99.68
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 52 52 521.68
Hypomesus pretiosus surf smelt 5 5 50.16
Leptocottus armatus Pacific staghorn sculpin 2 2 20.06
Engraulis mordax northern anchovy 1 1 10.03

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 60 60 601.94

(continued)
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-58 

 

Survey: HuB011 (continued) Start Date: 11/07/2022

Cycle: 1 Sample: 4 Station: E1

Split Multiplier: 1 Volume: 89.40
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Engraulis mordax northern anchovy 3 3 33.56
Hypomesus pretiosus surf smelt 2 2 22.37

Fish Fragments
larval fish fragment larval fish fragments 11 11 123.05

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 8 8 89.49

Targeted Invertebrates
Cancer productus/Romal. spp. (megalops) rock crab megalops 1 1 11.19

Cycle: 1 Sample: 5 Station: SW3

Split Multiplier: 1 Volume: 91.89
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Engraulis mordax northern anchovy 3 3 32.65
Leptocottus armatus Pacific staghorn sculpin 1 1 10.88

Fish Fragments
larval fish fragment larval fish fragments 3 3 32.65

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 4 4 43.53

Cycle: 1 Sample: 6 Station: SW4

Split Multiplier: 1 Volume: 100.55
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Hypomesus pretiosus surf smelt 3 3 29.84
Genyonemus lineatus white croaker 2 2 19.89
Engraulis mordax northern anchovy 1 1 9.95

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 4 4 39.78

(continued)

Exhibit 10 
CDP 1-21-0653 

Page 216 of 267



  Appendix A 
 

   

   

ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-59 

 

Survey: HuB011 (continued) Start Date: 11/07/2022

Cycle: 1 Sample: 7 Station: SW5

Split Multiplier: 1 Volume: 86.80
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 18 18 207.36
Engraulis mordax northern anchovy 5 5 57.60
Genyonemus lineatus white croaker 2 2 23.04
Hexagrammos decagrammus kelp greenling 1 1 11.52
Hypomesus pretiosus surf smelt 1 1 11.52

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 19 19 218.88

Cycle: 1 Sample: 8 Station: SW6

Split Multiplier: 1 Volume: 110.91
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 14 14 126.23
Engraulis mordax northern anchovy 1 1 9.02
Hypomesus pretiosus surf smelt 1 1 9.02

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 56 56 504.92

Cycle: 2 Sample: 9 Station: SW5

Split Multiplier: 1 Volume: 109.80
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 6 6 54.65
Leptocottus armatus Pacific staghorn sculpin 2 2 18.22
Clevelandia ios arrow goby 1 1 9.11

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 10 10 91.08

(continued)
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-60 

 

Survey: HuB011 (continued) Start Date: 11/07/2022

Cycle: 2 Sample: 10 Station: SW4

Split Multiplier: 1 Volume: 126.32
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 4 4 31.66
Gillichthys mirabilis longjaw mudsucker 1 1 7.92
Hypomesus pretiosus surf smelt 1 1 7.92

Non-Entrainable Fishes
Hypomesus pretiosus surf smelt 6 6 47.50

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 22 22 174.16

Cycle: 2 Sample: 11 Station: SW3

Split Multiplier: 1 Volume: 87.40
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Engraulis mordax northern anchovy 4 4 45.77
Lepidogobius lepidus bay goby 2 2 22.88
Leptocottus armatus Pacific staghorn sculpin 2 2 22.88
Clevelandia ios arrow goby 1 1 11.44
Gillichthys mirabilis longjaw mudsucker 1 1 11.44

Non-Entrainable Fishes
Hypomesus pretiosus surf smelt 1 1 11.44

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 11 11 125.86

Cycle: 2 Sample: 12 Station: E1

Split Multiplier: 1 Volume: 83.99
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 1 1 11.91

Non-Entrainable Fishes
Hypomesus pretiosus surf smelt 4 4 47.63
Sardinops sagax Pacific sardine 2 2 23.81
Engraulis mordax northern anchovy 1 1 11.91

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 8 8 95.26

(continued)
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-61 

 

Survey: HuB011 (continued) Start Date: 11/07/2022

Cycle: 2 Sample: 13 Station: E2

Split Multiplier: 1 Volume: 104.83
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 6 6 57.24
Lepidogobius lepidus bay goby 3 3 28.62
Engraulis mordax northern anchovy 1 1 9.54
Leptocottus armatus Pacific staghorn sculpin 1 1 9.54

Non-Entrainable Fishes
Clupea pallasii Pacific herring 1 1 9.54
Hypomesus pretiosus surf smelt 1 1 9.54
Porichthys notatus plainfin midshipman 1 1 9.54

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 6 6 57.24

Targeted Invertebrates
Cancer productus/Romal. spp. (megalops) rock crab megalops 1 1 9.54

Cycle: 2 Sample: 14 Station: SW2

Split Multiplier: 1 Volume: 87.49
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Gillichthys mirabilis longjaw mudsucker 3 3 34.29
Clevelandia ios arrow goby 2 2 22.86
Leptocottus armatus Pacific staghorn sculpin 1 1 11.43

(continued)
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-62 

 

Survey: HuB011 (continued) Start Date: 11/07/2022

Cycle: 2 Sample: 15 Station: SW1

Split Multiplier: 1 Volume: 103.58
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Clevelandia ios arrow goby 2 2 19.31
Engraulis mordax northern anchovy 1 1 9.65
Leptocottus armatus Pacific staghorn sculpin 1 1 9.65

Non-Entrainable Fishes
Hypomesus pretiosus surf smelt 1 1 9.65

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 6 6 57.92

Targeted Invertebrates
Cancer productus/Romal. spp. (megalops) rock crab megalops 1 1 9.65

Cycle: 2 Sample: 16 Station: SW6

Split Multiplier: 1 Volume: 88.47
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Non-Entrainable Larval Fishes
Engraulis mordax northern anchovy 1 1 11.30

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 8 8 90.43
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-63 

 

Survey: HuB012 Start Date: 12/06/2022

Cycle: 1 Sample: 1 Station: SW1

Split Multiplier: 1 Volume: 104.96
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 10 10 95.28
Leptocottus armatus Pacific staghorn sculpin 1 1 9.53
Sebastes spp. V blue rockfish larval complex 1 1 9.53

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 11 11 104.80

Cycle: 1 Sample: 2 Station: SW2

Split Multiplier: 1 Volume: 110.02
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 27 27 245.40
Clevelandia ios arrow goby 1 1 9.09

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 20 20 181.78

Cycle: 1 Sample: 3 Station: E2

Split Multiplier: 1 Volume: 98.69
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 7 7 70.93

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 10 10 101.33

Cycle: 1 Sample: 4 Station: E1

Split Multiplier: 1 Volume: 121.94
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 19 19 155.82
Leptocottus armatus Pacific staghorn sculpin 3 3 24.60

Fish Fragments
larval fish fragment larval fish fragments 1 1 8.20

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 9 9 73.81

(continued)
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-64 

 

Survey: HuB012 (continued) Start Date: 12/06/2022

Cycle: 1 Sample: 5 Station: SW3

Split Multiplier: 1 Volume: 118.79
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 12 12 101.02
Leptocottus armatus Pacific staghorn sculpin 3 3 25.26
Hypomesus pretiosus surf smelt 1 1 8.42
Liparis spp. snailfishes 1 1 8.42

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 8 8 67.35

Cycle: 1 Sample: 6 Station: SW4

Split Multiplier: 1 Volume: 88.41
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Tarletonbeania crenularis blue lanternfish 1 1 11.31

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 2 2 22.62

Cycle: 1 Sample: 7 Station: SW5

Split Multiplier: 1 Volume: 110.20
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 5 5 45.37
Leptocottus armatus Pacific staghorn sculpin 2 2 18.15

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 8 8 72.59

Cycle: 1 Sample: 8 Station: SW6

Split Multiplier: 1 Volume: 119.50
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 7 7 58.58
Leptocottus armatus Pacific staghorn sculpin 3 3 25.10

Fish Fragments
larval fish fragment larval fish fragments 1 1 8.37

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 18 18 150.62

(continued)
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-65 

 

Survey: HuB012 (continued) Start Date: 12/06/2022

Cycle: 2 Sample: 9 Station: SW5

Split Multiplier: 1 Volume: 103.53
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 16 16 154.54
Clevelandia ios arrow goby 1 1 9.66
Hypomesus pretiosus surf smelt 1 1 9.66
Leptocottus armatus Pacific staghorn sculpin 1 1 9.66

Fish Fragments
larval fish fragment larval fish fragments 5 5 48.29

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 4 4 38.64

Cycle: 2 Sample: 10 Station: SW4

Split Multiplier: 1 Volume: 122.08
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 11 11 90.10
Hypomesus pretiosus surf smelt 4 4 32.77
Leptocottus armatus Pacific staghorn sculpin 2 2 16.38

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 18 18 147.44

Cycle: 2 Sample: 11 Station: SW3

Split Multiplier: 1 Volume: 101.55
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 8 8 78.78
Hypomesus pretiosus surf smelt 5 5 49.23
Engraulis mordax northern anchovy 1 1 9.85
Leptocottus armatus Pacific staghorn sculpin 1 1 9.85

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 14 14 137.86

(continued)
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-66 

 

Survey: HuB012 (continued) Start Date: 12/06/2022

Cycle: 2 Sample: 12 Station: E1

Split Multiplier: 1 Volume: 101.77
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 15 15 147.39
Engraulis mordax northern anchovy 2 2 19.65
Hypomesus pretiosus surf smelt 2 2 19.65
Clevelandia ios arrow goby 1 1 9.83

Fish Fragments
larval fish fragment larval fish fragments 1 1 9.83

Non-Entrainable Fishes
Engraulis mordax northern anchovy 1 1 9.83
Hypomesus pretiosus surf smelt 1 1 9.83

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 14 14 137.57

Cycle: 2 Sample: 13 Station: E2

Split Multiplier: 1 Volume: 95.54
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Lepidogobius lepidus bay goby 7 7 73.27

Non-Entrainable Fishes
Hypomesus pretiosus surf smelt 2 2 20.93

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 2 2 20.93

Cycle: 2 Sample: 14 Station: SW2

Split Multiplier: 1 Volume: 97.90
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Hypomesus pretiosus surf smelt 3 3 30.64

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 3 3 30.64
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ESLO2023-001.0  
Humboldt Bay Harbor District  Intake Assessment A-67 

 

Survey: HuB012 (continued) Start Date: 12/06/2022

Cycle: 2 Sample: 15 Station: SW1

Split Multiplier: 1 Volume: 94.64
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Hypomesus pretiosus surf smelt 6 6 63.40
Engraulis mordax northern anchovy 2 2 21.13
Lepidogobius lepidus bay goby 2 2 21.13
Clevelandia ios arrow goby 1 1 10.57
Gillichthys mirabilis longjaw mudsucker 1 1 10.57

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 4 4 42.27

Cycle: 2 Sample: 16 Station: SW6

Split Multiplier: 1 Volume: 90.48
Adjusted Concentration

Taxon Common Name Count Count (#/1000m3)
Entrainable Larval Fishes
Hypomesus pretiosus surf smelt 6 6 66.31
Lepidogobius lepidus bay goby 2 2 22.10

Non-Entrainable Fishes
Hypomesus pretiosus surf smelt 1 1 11.05

Fish Eggs
non-engraulidae eggs non-engraulidae eggs 6 6 66.31
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Appendix B 

B-1 
 

This appendix presents informa on on each of samples collected. The data from these samples are 
presented in Appendix A. The following data are included in this appendix with the column tle and 
defini on: 

Column Heading Definition
Date Time Date and time in PST
Survey Numeric survey number that corresponds to numeric month of the year
Sample Number Sample number for survey
Station Station designation 
Cycle 1 = day, 2 = night
Depth (ft) Depth at location of sampling in feet
Split Multiple Number of times the sample volume was divided before processing
Sample Volume (m3) Volume of seawater filtered for sample in cubic meters (1.0 m3 = 264.2 gal)
Tide Height (m) Tide height in m relative to MLLW at time of sampling
Tide Flow Tidal flow during sampling (E = ebb, F = flood, S = slack)
Tide Change Location in tide cycle (HH = high high, LH = low high, HL = high low, LL = low low)
Burke-o-lator Temperature (˚C) Temperature at time of sampling from Burke-o-lator at Hog Island Oyster*
Burke-o-lator Salinity (PSU) Salinity at time of sampling from Burke-o-lator at Hog Island Oyster*
CTD Salinity (PSU) Top Salinity at time of sampling from near water surface 0.25m to 0.75m
CTD Salinity (PSU) Middle Salinity at time of sampling from one meter layer at mid-water of CTD cast
CTD Salinity (PSU) Bottom Salinity at time of sampling from one meter layer at bottom of CTD cast 1

CTD Temperature (˚C) Top Water temperature at time of sampling from near water surface 0.25m to 0.75m
CTD Temperature (˚C) Middle Water temperature at time of sampling from one meter layer at mid-water of CTD cast
CTD Temperature (˚C) Bottom Water temperature at time of sampling from one meter layer at bottom of CTD cast

* - data from Burke-o-lator at Hog Island Oyster Company used for Survey 1 due to CTD malfunction.  
Source: https://data.caloos.org/#metadata/100009/station/data. 
1 - salinity data not screened for salinity readings at bottom of cast that may have been affected by sediments 
suspended from CTD hitting the bottom. 
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Appendix C 

C-1 
 

This appendix presents plots of data collected using an AML Oceanographic AML-3 mulƟparameter 
sonde configured to collect conducƟvity, temperature and depth (pressure) data (CTD). The CTD was 
configured to collect data at 5 Hz (five samples per second). The CTD instrument was deployed at each of 
the sampling staƟons during each sampling event during the study. The CTD was deployed by allowing 
the instrument to drop through the water column to the boƩom and then was pulled back up to the 
surface. The data from each deployment was filtered to remove data at the surface (measured depths < 
0.25m) and also at the deepest 0.15 m depths of the deployment. These data were removed due to 
potenƟal erroneous salinity readings at the surface when the instrument was potenƟally out of the 
water and at the boƩom where the salinity probe could be affected by fine sediments suspended at the 
boƩom by the instrument.  

There are no plots shown for Survey 1 due to an instrument malfuncƟon. 
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Appendix C 

C-2 
 

 

Figure C-1. 
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Figure C-2.
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Figure C-3.
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Figure C-4.

  

Exhibit 10 
CDP 1-21-0653 

Page 238 of 267



Appendix C 

C-6 
 

 

Figure C-5.
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Figure C-6.
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Figure C-7.
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Figure C-8.
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Figure C-9.
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Figure C-10.
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Figure C-11.
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Figure C-12.
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Figure C-13.
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Figure C-14.
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Figure C-15.
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Figure C-16.
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Figure C-17.
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Figure C-18.
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Figure C-19.

  

Exhibit 10 
CDP 1-21-0653 

Page 253 of 267



Appendix C 

C-21 
 

 

Figure C-20.
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Figure C-21.
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Figure C-22.
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Figure C-23.
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Figure C-24.
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Figure C-25.

  

Exhibit 10 
CDP 1-21-0653 

Page 259 of 267



Appendix C 

C-27 
 

 

Figure C-26.
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Figure C-27.
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Figure C-28.
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Figure C-29.
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Figure C-30.
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Figure C-31.
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Figure C-32.
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Figure C-33.
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