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Executive Summary

The Department of Ecology amended chapter 173-201A WAC Water Quality Standards for
Surface Waters of the State of Washington. These changes include:

e Amending WAC 173-201A-200(1)(d), Aquatic life dissolved oxygen criteriaforfresh
water.

e Addinga subsection WAC 173-201A-200(1)(h) Aquaticlife fine sediment narrative
criteria.

The purpose of this document isto provide a technical analysis to support the adopted
dissolved oxygenandfine sedimentcriteria. The analysisincludes a review of existing scientific

literature regarding protective levels of dissolved oxygen and fine sedimentand an evaluation
of methods used to measure fine sediment.

Ecology accepted comments on the draft rule language and rule adoption documents, including
the Technical Support Document, through Dec. 16, 2021.

For more information, view our rulemaking web page?2.

2 https://ecology.wa.gov/SalmonHabitatRule
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Background

Salmon and steelhead populations have been decliningin Washington State for more than a
decade (State of the Salmon Report3). Since 1991, the federal government has declared 14
species of salmonand steelhead in Washington as at-risk of extinction underthe Endangered
Species Act. Salmonids play a pivotal role inthe structure and health of our fresh and marine
water ecosystems. Chinook salmon, for example, are the primary food for the endangered
Southern Resident Orca, and the decline of Chinookis one of the main factors attributed to the
decline of this orca population, according to the 2018 Southern Resident Orca Task Force Final

Report?.

Migrating salmon and steelhead bring essential nutrients fromthe ocean back to rivers,
streams, and surrounding habitat. These nutrients are a significant part of the freshwaterfood
web. Salmonids represent one of the most sensitive aquaticlife speciesin Washington and
therefore form the basis for protecting all aquatic life uses, as defined in the Water Quality
Standards for Surface Waters of the State of Washington (WAC 173-201A).

The National Oceanic and AtmosphericAssociation (NOAA) hasidentified the following four key
factors affectingthe health of fish: habitat, hydropower, hatchery, and harvestimpacts. To
improve habitat conditions, NOAA provided comment to Department of Ecology (Ecology) that
Washington’s DO standards do not fully protect early life stages of salmonids. Specifically,
NOAAfocused on the oxygen levels that are necessary to maintain healthy conditions for
salmon spawning gravels as well as excess sediment pollution thatcan impairthe health of
these areas where salmon eggs grow. On December 2, 2019, we formally announced our intent
to beginrulemaking on the Salmon Spawning Habitat Protection Rule to revise the surface
water quality standards. The purpose of thisrule isto increase protection for the early life
stages of salmonids and the freshwatergravel nesting areas that support them.

This rulemaking will better protect salmon habitat by improvinghow we regulate the oxygen
requirements forsalmon and minimize fine sedimentinputsto our waters that can impact how
well salmon embryos mature into juvenile fishin our freshwaters. The rule improves the
measure and conditionrequirements of our DO standards and created new fine sediment
criteria to limitthe human-caused actions that alter both of these conditions.

Review of Dissolved Oxygen Standards

In January 2003, Ecology developed adiscussion document and literature summary entitled
“Evaluating Criteriafor the Protection of Aquatic Life in Washington’s Surface Water Quality
Standards for Fresh Water — Dissolved Oxygen” (Hicks, 2002). This document provided the basis
for adopted changes to the DO criteria as part of a rulemakingin 2003. Publiccomments
guestionedthese adopted revisions and Ecology postponed changes to the DO criteria until we
could gather additional information.

% https://stateofsalmon.wa.govAvp-content/uploads/2020/12/Stateof SalmonExecSummary 2020.pd f
* https://www.governor.wa.gov/sites/default/files/OrcaTaskForce_reportandrecommendations_11.16.18.pdf
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In 2006, Ecology revised several sections of the state’s Water Quality Standards for Surface
Waters of the State of Washington. We did not revise the freshwater DO criteriaat that time;
therefore those criteria were not subject to EPA review. Although much review of the criteria
was done prior to finalizingthe rule, there was a lack of consensus on the revisions needed.
EPA’s final Clean Water Act (CWA) approval of the revised sections of the standards included
consultation with the U.S. Fish and Wildlife Service (USFWS) and the National Marine Fishery
Service under Section 7(a)(2) of the Endangered Species Act (ESA). That consultation concluded
that EPA’s approval action was largely beneficial and would not jeopardize the continued
existence of any endangered or threatened species. However, as part of that consultation,
conditions were set forth to minimize any adverse effects to ESA-listed species, which included
comments urging Washington to evaluate and revise the state’s DO criteriato ensure
protection of early aquatic life stages.

In January 2006, EPA, USFWS, NOAA Fisheries, and Ecology met to discuss federal agency
concerns about the DO criteria inthe standard for protection of incubating salmonids. Ecology
agreed to study the relationship between surface water DO concentrations and intragravel
dissolved oxygen (IGDO) concentrations. Ecology then established a work group to review the
issue of IGDO, methods of measurement, and protective water quality criteria. The goal of the
study was to investigate uncertainties thatthe current 9.5 mg/L water column criterion was
sufficiently protective to meetIGDO salmonid requirements. The work group included staff
from federal agencies, Tribes, and other interested parties.

As part of the work group research and discussion, Ecology published Washington State
Dissolved Oxygen Standard: A Review and Discussion of Freshwater Intragravel Criteria
Development (Brown and Hallock, 2009). The study concluded that a percent oxygen saturation
criterion may be a more feasible measure of oxygen conditions to protect spawninggravels
than increasing the DO concentrations because it takes into account the effect of temperature
on DO concentration. The study also concluded that inconsistency in measurement methods
may make it difficult to effectivelyimplement DO criteria within spawning gravels.

In this rulemaking, we revisited the past work completed on DO to determine the protections
needed for early life stages of salmonids and if DO saturation is an appropriate measurementto
account for impacts of temperature and barometric pressure on DO concentrations.

Discussion of Fine Sediment Standards

According to the EPA, fine sedimentis considered the nation’s most prevalent pollutantin
surface waters (US EPA, 2003). Ecology has identified fine sedimentasa common pollutantin
Washington State that can be implicatedin negatively affecting aquaticlife health (Larson et al.
2019). In 1998, EPA approximatedthat 40% of assessed river milesinthe United States had
impacts due to sedimentstress (US EPA, 2000). Sedimentstress occurs from changes in
sedimentload originating from within a watershed, resultinginimpacts to the aquatic
environment (Nietch and Borst, 2001).

In our 2011 triennial review, Ecology identified the development of fine sedimentcriteriaasa
priority for future water quality standards work. In a 2018 U.S. District Court Stipulated Order of
Dismissal (Order) between Northwest Environmental Advocates (NWEA), EPA, and Ecology,
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Ecology agreed to propose fine sediment criteriato protect early life stages of salmonids
(Northwest Environmental Advocates et al. 2018). In this rulemaking, we addressed impacts of
fine sedimenton early life stages of aquatic life and are developing methodsto characterize a

fine sedimentimpairment.
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Introduction

Our goal with thisrulemakingis to improve rules that protect salmonid spawning habitat in
lakes, rivers, and streams. Both DO and the amount of fine sedimentin substrate are key
factors inensuringearly life stages of salmonids survive and properly develop. DO and fine
sedimentare interrelated inthat the delivery of oxygento gravelsis dependentonthe size and
permeability of the sediment. The adopted changes provide additional protectionto ensure
that there are sufficient DO levelsin spawning gravels and to ensure the physical structure of
salmonid nests (called redds) are conductive to spawning success.

Dissolved oxygen levels fluctuate between the watercolumn and the gravel bed. Water flowis
essential fordelivering oxygen tothe small spaces in between gravels where early life stages of
salmonidsreside (Figure 1). The oxygen deliveredto gravels nourish early life stages of
salmonidsand other aquatic life and is essential forgrowth and development. When oxygenis
delivered fromthe water column to gravels, DO levels can decrease. The amount of oxygen
availableingravels can be dependent upon many factors including substrate size and
permeability, water flow, groundwaterinfluences, biofilms, and temperature. These factors
vary site-specifically and ultimately determine the suitability of salmonid spawning habitat.

Salmon eggs and larvae need oxygen to breathe

et Y ek i??’c?“%f A

=]

Dissolved oxygen (DO) moves
between the water column and
water  8ravel bed.

Redds have lower DO levels
than water column.

through gravel and
carries oxygen to the
redd

Images modified from: https://www.fws.gov/sacramento/es _kids/Chinook-Salmon/Images/redd_fws.gif

Figure 1 Dissolved oxygen dynamics in a salmonid redd

Sources of DO in the water column primarily stem from diffusion of gaseous oxygen from the
atmosphere into surface waters and photosynthesis from aquatic plants. Dissolved oxygenis
essential foraquatic life respiration. Reductionsin DO in the water column are often attributed
to the impact of excess nutrients and increased temperature. Excess nutrients, in the form of
phosphorus or nitrogen, can lead to the proliferation of primary producers such as algae and
aquatic plants. When blooms of these primary producers die or deteriorate, respiring

Publication 22-10-004 Final Technical Support Document
Page 8 March 2022



microorganisms increase in abundance and consume oxygen in the water. Oxygen can also be
limited as temperature increases. Highertemperatures limit the ability of oxygento dissolvein
water. Not only are these factors important in determining oxygen levelsinthe water column
but also in the small spaces between gravels (interstitial spaces) where water flow delivers
oxygen.

The oxygen dynamics withina redd can vary significantly dependingon location withinthe
redd, sediment dynamics withina stream, and where the redd is placed (Chambers, 1956; Greig
et al. 2007; Cardenas etal. 2016). During the construction of salmonid redds, a female fish
excavatesthe top layer of substrate, deposits her eggs intothe excavated hole below the
surface and then covers the eggs back up with gravel. During this building process, water flow
carries much of the finersubstrate downstream and the medium-sized materials are placed
back overthe eggs to protect them from predators and from beingwashed downstream during
high flow events.

The removal of finer materials allows for increased water permeability in the gravelsand
enhanced delivery of oxygen (Groves and Chandler, 2005). Dependingon the waterbody, fine
sediment suspendedinthe water column may depositon the salmonid redd over time and
decrease oxygendelivery (Peterson and Quinn, 1996; Soulsby et al. 2001). Salmonids have
evolvedto place eggs near the upstream portion of the redd to maximize oxygen levels
(Chambers, 1956).
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Limited oxygen supply to embryos can resultin reductionsin survival (US EPA, 2003). Fine
sedimentlimits oxygen levelsin gravels, and thereby, can affect the survival and emergence of
early life stages of salmonids (Figure 2). Quantifying fine sedimentis therefore importantin
establishing protection of early life stages of salmonids. Determiningadefined set of
representative measuresto evaluate fine sedimentina waterbody is an essential stepin
determiningthe impact fine sediment may be having on aquatic life. Furthermore, evaluating
whetherfine sedimentis naturally occurring or whetherexcess sediment from anthropogenic
sources is degrading gravel habitat isan important factor in maximizing protection. This rule
seeksto set oxygenlevelsinthe water column that are fully protective of early life stages of
salmonids and identify a set of measures and procedures to characterize waters impaired by

fine sediment.

Fine sediment is not

Fine sediment
settles over redds

water and oxygen.

suitable spawning habitat
e g A B

and in between gravel, - Gbratve:
blocking the flow of ML substrate
8 Sediment covers eggs and !

reduces hatching success

Image modified from: https://www.fws.gov/sacramento/es_kids/Chinook-Salmon/Images/redd_fws.gif

Figure 2 Fine sediment covers salmonid redds, blocking the flow of water and oxygen
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Setting Protective Levels

Water quality standards

Under Section 303(c) of the CWA and federal implementing regulations at40 CFR § 131.4,
states and authorized tribes have the primary responsibility for reviewing, establishing, and
revising water quality standards. Water quality standards consist primarily of the designated
uses of a waterbody or waterbody segment, the water quality criteria that protect those
designated uses, and an antidegradation policy to protect high quality waters.

EPA has compiled a list of nationallyrecommended water quality criteria for the protection of
aquatic life and human healthin surface waters. These criteria are published pursuantto
Section 304(a) of the CWA and provide guidance for states and tribes to establish water quality
standards and provide the foundation for controlling the release of pollutants and identifying
impaired waters. The state water quality standards are federally approved by EPA and describe
the level of protection for Waters of the State.

Dissolved oxygen

Dissolved oxygen (DO) is necessary to support the aquatic life in our state waters. DO levels
that are too low can beginto have impacts on behavior, propagation, and success of fish,
invertebrates, plankton, and otherspecies. These organisms use oxygenin respiration, similar
to organisms that breathe air. We therefore set water quality criteria to help maintain optimal
DO conditions that protect the most sensitive species. DO monitoring can then help identify
where pollution and other human-caused conditions are affecting optimal DO conditions and
potentially harmingthe aquatic life that utilize a waterbody at some part of theirlifestage.

Measures of dissolved oxygen
Concentration

The concentration of DO in the water is typically measuredin milligrams per liter (mg/L),
and is a measure of the oxygenavailable toliving organisms. The concentration of DO that
dissolvedin water is affected by the elevation, temperature, and atmospheric conditions at
a givenlocation. Monitoring for DO is commonly measured using a scientificprobe but can
also be measured by collecting a water sample and performinga laboratory analysis.

Percent saturation

Percent saturation isa measure of a equilibrium between oxygen in the surrounding
atmosphere and the waterbody. When a waterbody isat 100% saturation, then the water s
in equilibrium with the concentration of the oxygenin the air. Because the DO
concentration of water is affected by the elevation, temperature, and atmospheric
conditions, this measure is better for determiningthe best (highest) DO concentrations that
can be achieved giventhe location (elevation), local atmospheric conditions, and the water
temperature. Waters are not always in precise equilibrium with changing atmospheric
conditions, but generally a high percent saturation measure demonstratesthat a waterbody
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is achievingits DO potential. A percent saturation value well under 100% may indicate that
concentrations are impacted by pollutionsuch as nutrients.

EPA has not developed recommendations for oxygen saturation values but has approved
DO saturation valuesfor several states:

e 95% — Oregon, California, Vermont
e 90% — Idaho, California, Arizona
e |essthan 90% — Maine, Hawaii, California, New Hampshire, Rhode Island, Vermont.

EPA recommended dissolved oxygen criteria

The EPA has a series of aquatic life recommendations for DO concentrations based on different
categories of species and life stages that utilize a waterbody. We referto these as biologically
based criteriabecause theyare developed from studies that evaluate optimally protective
conditions for aquatic life presentin the waterbody. As a result, optimal conditions rarely
account for natural variability, but seek to maintain the best conditions possible fora given
parameter.

The most recent EPA recommendation for freshwater DO was published in 1986 (the Gold
Book) and includes protective DO concentrations for waterbodies supporting early life stages of
salmonids, general salmonid use, non-salmonid early life stages, general non-salmonid use, and
invertebrates (US EPA, 1986). This rulemaking will build upon the EPA recommdations for
salmonidsand increase protections for early life stages of salmonids.

Tables 1 and 2 listrecommendations by EPA for DO levelsinthe water column and intragravel
habitat for early life stages of salmonids. The water column-only concentrations are set to
protect adult life stages (Table 1).

Table 1. EPA Recommendations for juvenile and adult life stages of salmonids (US EPA, 1986).

Level of Protection Water Column DO Recommendation
No production impairment 8 mg/L
Slight production impairment 6 mg/L
Moderate production impairment 5 mg/L
Severe productionimpairment 4 mg/L
Limit to avoid acute mortality 3 mg/L

The DO recommendations for embryo and larval stages (Table 2) focus on the DO
concentrations necessary in spawning gravels, includinga corresponding water column
concentrations necessary to support those intragravel concentrations (US EPA, 1986). EPA
derived the water column recommendations from an assumption that DO levels drop by 3 mg/L
as measured from the water column to intragravel habitat (referredto as a “DO depression”).
Thus an 11 mg/L water column concentration is expected to be equivalenttoan 8.0 mg/L
intragravel DO concentration to achieve optimal conditions for salmonid embryos and larvae
(no production impairment).
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Table 2. EPA Recommendations for embryo and larval stages of salmonids (EPA, 1986).

Level of Protection Water Column DO Intragravel DO
Recommedation Recommendation

No production impairment 11mg/L 8 mg/L

Slight production impairment 9 mg/L 6 mg/L

Moderate production impairment 8 mg/L 5 mg/L

Severe productionimpairment 7 mg/L 4 mg/L

Limit to avoid acute mortality 6 mg/L 3 mg/L

The 3 mg/L DO depression usedin EPA’s calculation is based on two field studies prior to 1986
(Koski 1965; Hollender1981). EPA recognized that limited data were available at the time of the
recommendations and that if eithergreater or lesser DO differentials are known or expected
betweenthe water column and gravels, the criteria should be altered accordingly (Chapman,
1986). The EPA Gold Book indicates that for the protection of early life stagesit is appropriate
to apply the recommended water column criteria of 11.0 mg/L as a mean value and the slight
production impairment of 9.0 mg/L as a minima (EPA, 1986).

Prior to this rule adoption, Washington’s water quality criteria are set to protect the most
sensitive aquaticlife uses based on salmonid spawningand rearing (Table 3). However, EPA and
NOAA have previously expressed concerns that Washington’s DO criteria are not inclusive of
salmonid early life stages protection. Washington’s water quality criteria are water column
based and range from 8.0 to 9.5 mg/L as a one-day minimum value.

Table 3. Washington’s water quality criteria for dissolved oxygen (WAC 173-201A-200).

Aquatic Life Use Category DO Concentration as a one-day
Minimum
Char Spawningand Rearing 9.5 mg/L
Core Summer Salmonid Habitat 9.5 mg/L
Salmonid Spawning, Rearing, and Migration 8.0 mg/L
Salmonid Rearing and Migration Only 6.5 mg/L
Non-anadromous Interior Redband Trout 8.0 mg/L
Indigenous Warm Water Species 6.5 mg/L

In this supporting rule document, we review the basis of EPA’s recommended criteria and more
recent studies that provide information on the relationship between watercolumnand
intragravel DO conditions. We also review the options for multiple methods of compliance with
DO criteriathrough water column concentration, percent saturation, and direct intragravel DO
measurement.
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Fine sediment

The EPA does not currently have recommended criteria for fine sediment. In 2003, EPA
reviewed the biological effects of suspended and bedded sedimentsin aquatic systems and
summarized states’ criteria setto limitfine sediment pollution (Jhaand Swietlik, 2003). In the
2003 review, EPA concluded that generalizing protective criteriafor fine sedimentis difficult
because biological responses vary with species and sediment characteristics. EPA also noted
that many states have standards setto address suspended and bedded sediments but that
there is little consistency among the criteria.

Washington currently addresses fine sediment through a narrative criterion that states “toxic,
radioactive, or deleterious material concentrations must be below those which have the
potential, eithersingularly or cumulatively, to adversely affect characteristic water uses, cause
acute or chronic conditionsto the most sensitive biotadependent uponthose waters, or
adversely affect publichealth” [emphasisadded]. Excessive fine sediment can be a deleterious
material affecting the physical and chemical conditions necessary to protect aquatic life
However, the current narrative criterion does not specifically describe a protective fine
sedimentcriterion nor does it specify whenfine sedimentisimpairingaquatic life.

Related criteria

Washington currently has numericcriteria for turbidity that are based on a change above
background turbidity conditions (WAC 173-201A-200(e)). This criteria structure is useful for
limitinganthropogenicsources of turbidity and therefore excess sedimententeringa
waterbody. These criteriarely on the change in turbidity conditions related to a discharge to, or
activity within the waterbody to limit human impacts to the aquatic habitat. However, turbidity
criteria do not provide information on bedded sediment nor do these criteria differentiate
naturally occurring sediment deposition from anthropogenicsources of sediment deposition.

In this supporting rule document, we revisit the difficultiesin developingcriteria specifictofine
sediment by examininga series of metrics to address this pollutantand determine the most
representative parametersavailable to determine when fine sedimentisimpairinga
waterbody.
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Dissolved Oxygen Criteria Rule Development

The objective of revising the biologically based DO criteria is to increase protection of early life
stages of salmonids. Therefore, we include more stringent water column criteria and the
addition of IGDO criteriafor those waterbodies designated for salmonid spawning and rearing.
IGDO criteria reflectsa direct measurement of DO levels where early life stages of salmonids
reside, whereas the water column DO levelsare dependentonan assumption of DO depression
from the water column to the interstitial spaces of gravels. We also include a DO saturation
criterion to account for the influence of temperature and barometric pressure on DO levels.
Early life stages of salmonids are not presentyear-roundin all waterbodies, and therefore,
oxygen levels protective of spawningand rearing of salmonids do not need to be assigned when
these uses are not present. DO saturation also accounts for natural seasonal changes in
temperatures (such as warmer temperaturesin summer months) and the impact that elevation
has on the ability of oxygento dissolve in water.

Adopted criteria

We have adopted changes to the DO criteria that include more stringent water column based

DO concentrations and the addition of oxygen saturation and intragravel DO criteria (Table 4).
The intragravel DO criteria is measured as a median spatial value, and samples must be taken
withinthe same aquatic habitat area. A spatial medianisthe middle value of multiple ranked

intragravel DO measurements taken withinthe samplingarea.

Table 4. The aquatic life freshwater dissolved oxygen criteria adopted in this rulemaking.

Aquatic Life Use Water column (1-day minimum)
Category

Char Spawningand 10.0 mg/L or 90% oxygen saturation
Rearing*

Core Summer Salmonid | 10.0 mg/L or 95% oxygen saturation
Habitat*

Salmonid Spawning, 10.0 mg/L or 90% oxygen saturation

Rearing, and Migration*
Salmonid Rearing and 6.5 mg/L
Migration Only

Non-anadromous 10.0 mg/L or 90% oxygen saturation
Interior Redband Trout*
Indigenous Warm 6.5 mg/L

Water Species
* Note: Intragravel D.Ocriteria for these aquaticlife use categories may be used for
compliance purposes. When intragravel DO is usedfor compliance, the intragravel
DO (1-day minimum)concentrationmustbe 8.0 mg/L or greater, and the DO water
column (1-day minimum)concentrationmust be 9.0 mg/Lor greater. Intragravel DO
mustbe measured as a spatial median withinthe same habitat area.
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Water Column Concentrations

We adopted a 1-day minimum water column concentration of 10 mg/L DO for protection of
salmonid-based designated uses thatare protective of early life stages (Table 4). The 10 mg/L
DO protectionlevelisintendedto be protective of both sublethal and lethal effects. The 10
mg/L DO protective level isbased on EPA’s recommendation of 11 mg/L as a mean value for full
protection and 9 mg/L as a minimum value. Prior to EPA’s 1986 recommendations, the National
Academy of Sciences (1972) suggestedthat DO criteriafor salmonid eggs be between maximum
protection (11 mg/L) and high level of protection (9 mg/L). Given that Washington is continuing
to use a 1-day minimumduration value for DO, the 10 mg/L value aligns with federal
recommendations for DO.

The primary difference betweenthe 11 mg/L DO level recommended by EPA and the 10 mg/L
DO level adoptedisthe assumedreduction in DO from the water column to gravels and the
criteria duration. The 10 mg/L DO protection level was chosen to reflecta maximum 2 mg/L DO
depressionvalue (discussed below) from the water column to gravels, whereas EPA assumes a
3 mg/L DO reduction. This is based on scientificliterature after EPA’s 1986 recommendations.
The 10 mg/L DO water column value assumesthat 8.0 mg/L DO is presentin gravels, which isin
alignmentwith EPA’s recommendation of 8.0 mg/L in gravels for the protection of early life
stages of salmonids. We agree with EPA and the scientificliterature (as summarized by Hicks,
2002) that 8.0 mg/L ingravels is fully protective of early life stages of salmonids.

EPA recommends that 11 mg/L be set as a mean value, presumably a 7- or 30-day average
value. We set our water column criteria as a 1-day minimum value. The selection durationis
more stringent than recommended by EPA and is considered protective of both acute and
chronic effects.

The 11 mg/L EPA recommended value for DO is representative of protection levelsforchronic
effects to early life stage salmonid embryos present in gravels, and 9 mg/Lis considered
protective for acute effects to early life stages. This is described in 1986 EPA recommendation
as follows:

“If slight production impairment or a small but undefinable risk of moderate impairment
is unacceptable, than, one should use the no production impairmentvaluesgivenin the
document as means and the slight production impairmentvaluesas minima.”

We reviewed the scientificliterature since the 1986 recommendations and determinedthat a 2
mg/L DO depressionis more representative of the difference between the watercolumn and
intragravel DO conditions for moderate to high quality spawning gravels (see explanation
below). Therefore, 10 mg/L is protective of chronic effects based on an assumed 8.0 mg/L DO
concentration in the gravels. Rather than develop protectionlevelsforchronic and acute
effects, we developed asingle criterionthat is protective of both acute and chronic conditions
for all live stages.
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Discussion of Dissolved Oxygen Depression from the Water Column to Gravels

The 1986 EPA DO recommendations forsalmonidsis 11 mg/L for the water column and 8 mg/L
for gravels. EPA assumes a 3 mg/L DO depression fromthe water column to gravels. EPA states
in the 1986 DO recommendations that there is minimal data to support the 3 mg/L assumption
(Chapman, 1986) and that the assumptionis based on two studies (Koski 1965 and Hollender
1981). EPA also asserts that the DO depression value should be evaluated in the absence of
other variablesthat may impact DO levels. These othervariablesinclude poor substrate
composition, flow, suspended sediment/solids, high primary productivity, and unsuitable
spawning habitat.

Examiningthe two studies EPA relied upon for their 1986 DO depression assumption, we found
that Koski (1965) reported mean IGDO depressionvaluesof 2 mg/Land Hollender(1981)
reported mean IGDO depressionvaluesranging from 2.1 to 3.7 mg/L. Both studiesreported
considerable variationsin IGDO levels withinasingle redd and variation among redds ina given
area. This is expected given that substrate composition can vary spatially and that IGDO levels
can change over the course of incubation from oxygen consumption by the developingembryos
and deposition of suspended sediment (Greig et al. 2007; Cardenas et al. 2016). We also
reviewed Koski (1965) and Hollender(1981) to determine if these studies met EPA requirement
of limited influence from environmental variables (especially fine sediment) that could impact
intragravel DO.

Hollender(1981) found redds composed of mostly cobbles and sand, with sand content
averaging 40% in natural redds of brook trout (range 12-83%) and 42% (range 24-57%) in
artificial redds. This represents a relatively high amount of particleslessthan 2 mm ( categorized
as sands and fines) and well below the ideal particle sizesfor spawningand incubation (Bell
1986). Hollender(1981) notes that substrate at two sites examined was fine enough to reduce
embryo survival and emergence. Koski (1965) reported that fine sedimentcomposed 27 to 51%
of the gravelin the redds sampled. The information presented in Koski (1965) and Hollender
(1981) suggeststhat fine sedimentlikely influenced DO conditions at the selected sites, making
the data unusable for assessment of DO depression values. Hausle and Coble (1976) concluded
that more than 20% sand (<2 mm particles) reduces emergence from redds, suggesting that
these studies may be inadequate for determining DO depression. This raises the question of
whetherthere is data available after 1986 that evaluates DO depressionand meets EPA data
requirements that DO depression should be evaluatedin relatively sediment free gravels.

In 2008, EPA requestedthat AquaTerra (Project No. 20610-124) conduct a literature review to
determine if DO depression between the water column and intragravel habitat ranges from 1.0
to 3.0 mg/L. Furthermore, EPA requested that AquaTerra determine if thisassumption istrue in
relatively sediment-freegravels. We agree that DO depressionvalues should be determinedin
relatively sedimentfree gravels with minimal influence from other environmental variables that
could influence oxygen levels. AquaTerraidentified several articles that were helpfulin
determining maximum DO depression valuesin the absence of outlying environmental
variables that can substantially alter oxygenin gravels. This informationis conveyed below and
summarizedin Brown and Hallock (2009).
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Argent and Flebbe (1999) developed artificial redds with initial fine sediment percentages
ranging from 0 to 25%. In the absence of fine sediment, there was no (0 mg/L) IGDO depression
observed, and at 25% fine sediment, a1.8 mg/L DO depression was reported. Bowen and
Nelson (2003) measured DO depressionina single redd at two depthsover a 5-month period.
In November, the reported DO depression was 0.4 mg/L at both depths, and in December, DO
depressionwas 0.3 mg/L (30 cm depth)and 0.7 mg/L (46 cm depth). In March, DO depressions
were 7.3 and 6.6 mg/L at the two depths. However, in March a significantamount of fine
sediment had beenintroducedinto the stream by storm runoff, rendering the March values
irrelevantto determining DO depressioninrelatively sediment free conditions. Inanother
study, Guimond and Burt (2007) collected water column and IGDO at three sites during salmon
incubation season. Interpretation of figures describing relationships between water column DO
levelsand IGDO suggests that DO depressionvalues are minimal and lessthan 2 mg/L. In
comparing two streams with differentsedimentloads, Heywood and Walling (2006) found
mean DO depression values of 1.1 and 1.8 mg/L in the stream with minimal sedimentload, and
4.2 and 5.9 mg/L inthe stream with a significantly highersedimentload. When examining DO
depression at different gravel depths, Merz and Seika (2004) reported DO depression values of
0.2 to 0.5 mg/L at 15 cm, 0.3 to 0.9 mg/L DO depressionat 30 cm, and 0.1 to 2.0 mg/L DO
depressionat 45 cm. Meyer (2003) found that the lower part of a redd where eggs are
depositedisthe critical area to limitfine sediments and found a mean DO depression value of
0.6 mg/L.

In our analysis, we excluded DO depressionvaluesfromupwellingsites. We do not anticipate
high spawningsuccess in oxygen deprived groundwater; thus, the oxygen differential fromthe
water column to gravels should not be evaluated at upwellingsites. Groundwatercan be
severely limited in oxygen resultingin poorembryo survival (Malcolm et al. 2003), while sites
dominated by surface water have higherembryo survival (Malcolm et al. 2004). Geistet al.
(2002) reported DO depressionvalues of 0.8 and 1.7 mg/L for two downwellingsites and 5.5 to
9.4 mg/L for three upwelling sites. Groundwater oxygen content is influenced by environmental
factors that are not relevantto determining oxygen delivery fromthe water column.

EPA recommends a 3 mg/L DO depression as an average, whereasthe literature summarizedin
the AquaTerra review of DO depressionvaluesinstreams indicate that a maximum DO
depression of 2 mg/L isfound in moderate to high quality spawning gravels. The studies
supportingthe 2 mg/L DO depression value are commensurate with EPA study requirements of
limited influence from environmental variables (i.e., fine sediment) thatinfluence oxygenin
gravels. The available literature validates the decision to set a 10 mg/L water column based DO
value for early life stages of salmonids. The majority of qualified studies found that DO
depression may be much lessthan 2.0 mg/Lin streams without excess sedimentation andin the
absence of variablesthat influence oxygen demand.

We support EPA in analyzing DO depression in moderate to high spawning gravels. Streams
with naturally high fine sedimentloads should not be listed as impaired for DO for natural
conditions that preclude attainment. Streams with high sedimentloads are expected to have
naturally lower salmonid survivorship. The development of DO protection values based on DO
depressionvaluesinnaturally high sedimentladen streams is not an appropriate evaluation of
protection levels because these streams are neverlikely to achieve full protection and will
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never have high quality spawninghabitat. If a stream has excessive fine sediment oraltered
conditions due to anthropogenicsources that lead to poor DO condition in gravels, then focus
should be on improvingthose conditions. Washington State has other water quality criteriathat
can be usedto address environmental conditions or excess material that may inhibit freshwater
DO from meeting protective levels, including fine sediment (included in this rule), turbidity, and
temperature (See WAC 173-201A).

In the interest of fully protecting salmonids, we determined that 2.0 mg/L DO is a
representative maximum DO depression value in streams with suitable spawning habitat. Early
life stages of salmonids are considered fully protected at 8.0 mg/L DO (EPA, 1986; Hicks, 2002).
The 2.0 mg/L depressionvalue supports our decisionto set water column DO levels of 10 mg/L
to protect early life stages of salmonids when they are present.

Oxygen Saturation

We have added an oxygen saturation component to the DO criteria for aquatic life uses that
include salmonid spawning (i.e., salmond spawning/rearing/migration, core summersalmonid
habitat, char spawning, and redband trout). The oxygen saturation component was not added
to the salmonidrearing and migration use or the indigenious warm water species use. The
focus of thisrulemakingis on protection of early life stages of salmonids. These two uses do not
include the protection of early life stages of salmonid as it relates to spawningand emergence.
We have therefore not revised the current DO criteria for the salmonid rearingand migration
use and the indigenious warm water species use.

The purpose of the oxygen saturation component is to account for temperature and elevation
impacts on DO levels. Furthermore, oxygen saturation provides needed flexibility to the DO
criteria during the summer months when water temperaturesrise and, in many streams, early
life stages of salmonids are not present. During these warmer seasons, more stringent DO
criteria isnot necessary and often not physically achievable due to effects of temperature on
oxygen capacity in waters. Several other states and tribes use DO saturation criteria, including:

e <90% — Maine, Hawaii, California, New Hampshire, and Rhode Island
e 90% — Idaho; California, and Arizona
e 95% — QOregon; California, and Vermont

Washington currently has a site-specificoxygen saturation criterion of 90% on the Columbia
River. In this rulemaking, we include a 95% and a 90% oxygen saturation value dependingon
the aquatic life use category.

Washington’s DO criteria apply year-round and are intended to support characteristic aquatic
life uses. Although the DO criteria apply year-round, the aquatic life uses that define a use
category may not apply year-round. For example, the salmonid spawning, rearing, and
migration use is defined by spawning and emergence outside of the summer season
(September16 — June 14). While protection levels are applicable year-round, the defining
characteristic of the aquatic life use (e.g., spawning and emergence) may not occur year-round.
Therefore, the DO criteria needto account for environmental factors that lower DO levels
during times when aquatic life uses are not present. Oxygen saturation criteria is one such
resolution.
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A 90% oxygen saturation value is more protective than the current biologically based criteria at
sea level atthe maximum allowable temperature forall salmonid related aquatic life uses,
exceptfor core summersalmonid habitat (Table 5). Bell (1986) found recommended incubation
temperatures for salmonids to range from 4.4 to 14.4°C. When evaluatingthe 90% oxygen
saturation value at sea level duringwinter months, we found 90% oxygen saturation affords
increased protection at temperaturesideal for embryo incubation compared with the current
water column based DO criteria, exceptfor core summer salmonid habitat between 14-16°C
(Table 5). However, Washington also has supplemental spawning temperature criteriathat
identifies waterbodies that have early life stages of salmonids present during the summer
months, and thus require more stringenttemperature criteria. When accounting for
supplemental spawning temperature criteria, 90% saturation is equivalentorgreater than
current DO protection concentrations for all aquatic life uses.

The minimum allowable DO concentration at sea level when meetingtemperature
requirements (max 17.5°C) of the salmonid spawning, rearing, and migration use equatesto 9.1
mg/L with a 95% oxygen saturation criteria (Table 5). EPA recommends a water column
protection level of 8.0 mg/L for juvenile and adult salmonid life stages. A 95% oxygen saturation
criterion would be overly stringent when early life stages are not presentand would presume
impairment whenthese conditions are not driven by pollutionissues, butrather natural
seasonal conditions. This is especially the case during the summer months (see below). Setting
a 95% oxygen saturation criteria for aquatic life uses defined by occurrence of spawning and
emergence during coolerseasons (i.e., outside of summer) is not required for full protection.
There isreasonable assurance that based on spawningtiming defined by aquatic life use of
salmonid spawning, rearing, and migration, that temperatures will be cool er, flows will
increase, biochemical oxygen demand will decrease, and DO conditions will be conducive to
spawningsuccess.

The minimum allowable DO concentration at sea level when meetingtemperature
requirements (max 17.5°C) of the salmonid spawning, rearing, and migration is 8.6 mg/Lat a
90% oxygen saturation criterion (Table 5). The minimum 8.6 mg/L DO concentration associated
with 90% oxygen saturation is more stringent than EPA recommendationsfor juvenile and adult
salmonid life stages of 8.0 mg/L and, therefore, should provide adequate protection during
summer months when environmental conditions preclude attainment of the concentration
based DO criteria. The salmonid spawning, rearing, and migration use is defined by spawning
timing from September 15 to June 14 (fall, winter, and spring). The spawning timing of this
aquatic life use provides reasonable assurance that water temperatures will decrease, water
flow will increase, and biochemical oxygen demand will decrease by the time spawning occurs,
affording adequate protection for early life stages of salmonids.
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Table 5. Comparison of the current DO criteria protection levels with the minimum DO level
resulting from a 90% oxygen saturation criteria at sea level for aquatic life designated uses.

Designated Aquatic Temperature | Minimum DO Minimum DO Prior
Life Use in (°C) level at 90% levelat 95% | Washington DO
saturation in saturation in | criteria in mg/L
mg/L mg/L

Salmonid spawning, 17.5 8.6 9.1 8.0

rearing and migration (maximum)

Salmonid spawning, 13 9.5 10 8.0

rearing and migration

Salmonid spawning, 10 10.2 10.7 8.0

rearing and migration

Salmonid spawning, 8 10.7 11.3 8.0

rearing and migration

Salmonid spawning, 5 11.5 12.1 8.0

rearing and migration

Core summer salmonid 16 8.9 9.4 9.5

habitat (maximum)

Core summer salmonid 13* 9.5 10 9.5

habitat (maximum)

Core summer salmonid 10 10.2 10.7 9.5

habitat

Core summer salmonid 8 10.7 11.3 9.5

habitat

Core summer salmonid 5 11.5 12.1 9.5

habitat

Char Spawning 12 9.7 10.2 9.5
(maximum)

Char Spawning o* 10.4 11 9.5
(maximum)

Char Spawning 7 10.9 11.5 9.5

Char Spawning 5 11.5 12.1 9.5

*Supplemental spawningcriteriain effectif there are incubatingembryos in gravels.

We recognize that aquatic life uses characterized by salmonid reproduction and rearing during
summer may be particularly susceptible to environmental conditions and require additional
protection. Washington has identified water bodiesin supplemental spawningtemperature
criteria where spawningoccurs in late spring, summer, and early fall where more stringent
water temperature criteria are necessary to protect early life stages of salmonids. The Core
Summer Salmonid Habitat use is characterized by spawningin summermonths. The applicable
year-round temperature criterion for the Core Summer Salmonid Habitat use is 16°C, whereas
supplemental spawningcriteriais 13°C. A 90% oxygen saturation criterion at 13°C equatesto a
DO concentration of 9.5 mg/L at sea level (Table 5). While 9.5 mg/L may be protective in some
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streams, a 2 mg/L DO depression may occur in moderate to high quality spawning gravels and
not be adequate for full protection (whichis considered 10 mg/L). A 95% oxygen saturation
criterionis equivalentto 10 mg/L at 13°C at sea level (Table 5). Thus, a 95% oxygen saturation
value at 13°C is equivalenttothe DO concentration protection level of early life stages of 10
mg/L. We have therefore set the Core Summer Salmonid Habitat use oxygen saturation
criterion at 95%.

This brings the question as to why 95% oxygen saturation is not applied to the sensitive Char
Spawninguse. This can be explained by the applicable temperature criteria for the Char
Spawninguse versusthe Core Summer Salmonid use (Table 5). The applicable year-round
temperature criterion for the Char Spawninguse is 12°C, whereasthe supplemental spawning
criteriais 9°C. A 90% oxygen saturation criterionat 12°C is equivalentto 9.7 mg/L at sea level,
whereas at the 9°C supplemental spawningcriterion, the equivalent oxygen concentrationis
10.2 mg/L. Thus, the 90% oxygen saturation criterion is more stringentthan the concentration-
based DO criteria of 10 mg/L needed duringsummer reproduction for the Char Spawninguse.
We have therefore set the Char Spawninguse oxygen saturation criterion at 90%. When Char
spawning occurs during fall, winter, and spring months there is reasonable assurance that
water temperatures will be lower, water flow will increase, biochemical oxygen demand wil |
decrease, and oxygen conditions will be fully protective of early life stages.

In summary, the differenttemperature requirementsfor Core Summer Salmonid Habitat and
Char Spawningusesinfluencesthe applicable oxygen saturation criterion needed forful
protection (Table 1). We support the use of 90% oxygen saturation for all uses, except Core
Summer Salmonid Habitat use, based on salmonid spawningand rearing timingas well as
applicable temperature requirements.

The 90% oxygen saturation value is supported by monitoring data from several waterbodiesin
Washington considered relatively pristine or undisturbed by human influences, referred to as
“Least impactedsites.” “Least impacted” sites (LESS) are those with little or no logging,
residential development, known cattle grazing, or agriculture, and few roads in the catchment
basin. Ecology also monitors “somewhat impacted” sites (DIST), which are defined as sites
where a significant (atleast 5%) fraction of the catchment basin contains impacts from logging,
residential development, oragriculture, or has an increased road density. LESS sites can
generally be considered more pristine reference locations and typically are foundin eitherstate
or national forest or park land. DIST sites can generally be thought of as an achievable target for
basins where some level ofimpact is unavoidable, butland use developmentisrelatively
limited.

Several of these relatively pristine sites are reference orsentinel sitesin Ecology’s long-term
monitoring program and have oxygen saturation values naturally below 95% in summer months
(Table 6). Of the 63 high quality LESS reference sitesanalyzed, 13 (20.6%) displayed minimum
DOSAT values below 95%. Of the 57 DIST reference sites analyzed, 29 (50.8%) displayed
minimum DOSAT values below 95%. Overall, 4 out of 63 (6.3%) LESS sites do not meet 90%
saturation onlyand 13 of 57 (22.8%) DIST sites do not meet90% oxygen saturation. Itis
important to note that these discrete measurements are not true daily minimumsand likely
biased high, compared to actual daily minimums, as they are all measured between the hours
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of 8am and 8pm. Even relatively unimpacted sites can experience significant decreasesin
nightime oxygen saturation due to respiration of photosyntheticorganisms. Groundwater
influences, naturally highertemperatures, and barometric pressure (i.e., elevation) can lower
the ability foroxygen to dissolve in water. Oxygen saturation criteria provide the necessary
flexibility to account for these confounding factors that occur naturally in streams and rivers.

In another analysis of 136 ambient stations monitored, a 95% oxygen saturation criterionfor all
useswould resultin 67% of stationsimpaired, and a 11 mg/L or 95% oxygen saturation criteria
wouldresultin53% of stations impaired (Brown and Hallock, 2009). Brown and Hallock (2009)
indicated that 34% of ambientstations do not meet90% saturation. However, if you review
Table 3 of Brown and Hallock (2009), only 26% of stations do not meet 11 mg/L or 90%
saturation.
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Table 6. Dissolved oxygen data collected between July to October for least impacted (LESS) reference sites in Washington State
that do not meet 10 mg/L or 95% saturation.

Number of Maximum Minimum Minimum Average Percent of .
. ) . Measures Aquatic
Site Latitude | Longitude days Temperature DO Oxygen Oxygen o .
o R . <95% Life Use
sampled (°C) (mg/L) Saturation | Saturation ]
Saturation
Burpin
Brsokg 47.88913 | -117.13055 13 13.3 7.49 76.8% 96.2% 31% Sucrz:er
Lost Creek Core
Tributary | 486439 | -117.43632 10 13.9 8.81 94.1% 97.7% 10% cumrs
I\mgﬁﬁ?’k 48.65078 | -117.68265 4 93 8.70 84.4% 92.6% 50% sf;:er
Goose Creek, | o 15595 | .117.06072 8 11.4 9.40 93.6% 98.5% 25% Core
North Fork Summer
Oyster Creek | 48.61868 | -122.43950 7 146 9.70 93.3% 98.4% 29% Salmon
Spawning
Rush Creek
. 46.04297 | -121.85934 8 8.5 8.87 82.9% 93.8% 50% Char
Tributary Spawning
Spangler
pang 46.14830 | -117.80350 7 13.7 8.52 92.6% 97.3% 29% Char
Creek Spawning
T“FC{?VZ':O” 46.18462 | -117.60728 11 13.4 8.88 94.0% 100.6% 18% Siaa';‘r‘l’i:g
UpperSlate | o 95500 | -117.24484 2 9.8 9.57 94.7% 94.8% 100% Char
Creek Spawning
Ha'r"nanr;”;‘?ver 4759729 |-123.15308 23 13.1 9.58 88.9% 95.0% 65% Slfn‘:::er
Laughingwat Core
46.75517 | -121.54043 22 13.4 8.83 91.2% 95.9% 55%
er Creek Summer
Twin Creek | 47.83303 |-123.99350 18 11.9 8.60 79.2% 87.3% 100% Char
Spawning
Umtanum | e ocsoe | -120.48878 17 21.7 7.90 90.7% 96.8% 47% salmon
Creek Spawning
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Table 7. Dissolved oxygen data collected between July to October for least impacted (DIST) reference sites in Washington State that
do not meet 10 mg/L or 95% saturation.

# of Maximum Minimum | Minimum Average M:::E?:;Zzts Aquatic
Site Latitude | Longitude Temperature DO Oxygen Oxygen .q
Days (°C) (mg/L) Saturation | Saturation <95% Life Use
Saturation
Bear Creek 47.68577 | -122.08889 | 4 16.1 8.62 86.0% 94.9% 50% Core
Summer
Big Beef Creek 47.648 -122.781 4 16.0 9.22 90.4% 93.4% 67% Core
Summer
Anderson Creek | 47.56505 | -122.95145 2 14.2 9.40 91.8% 93.6% 50% Core
Summer
Boyce Creek 47.60896 | -122.90808 2 16.0 9.10 92.4% 94.6% 50% Core
Summer
Christmas Creek 47.6567 | -124.22219 3 15.1 9.78 94.1% 100.3% 17% Core
Summer
ChuckanutCreek | 48.70193 | -122.48191 | 4 16.5 8.89 89.3% 96.0% 33% Core
Summer
Coal Creek 4797025 | -124.58839 | 4 16.4 9.17 90.8% 96.8% 25% Core
Summer
ColemanCreek | 47.11148 | -120.39628 | 3 13.9 9.31 94.3% 102.1% 17% Salmonid
spawning
Couse Creek 46.1955 | -116.99205 3 17.6 6.11 60.3% 75.5% 67% salmonid
spawning
Salmonid
Crab Creek 472972 | -118.2485 4 21.1 8.10 88.9% 107.4% 25% rearing &
migration
Davis Creek 47.07544 | -123.94098 | 6 13.7 9.50 91.7% 99.1% 18% Core
Summer
Dewatto Creek | 47.46906 | -123.02571 | 4 16.3 9.07 91.6% 94.7% 33% Core
Summer
Dry Creek 46.50559 | -119.68559 | 1 21.0 1.80 20.7% 39.5% 100% Salmonid
spawning
Elk Creek 46.05538 | -121.19845 1 10.9 9.40 91.3% 91.3% 100% Core
Summer
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Maximum

Minimum

Minimum

Average

Percent of

Site Latitude | Longitude # of Temperature DO Oxygen Oxygen Measurements A.quatlc
Days (°C) (mg/L) Saturation | Saturation <95% Life Use
g Saturation

HogCanyon Creek | 47.36783 | -117.81135 4 26.4 4.40 55.8% 66.6% 100% Sucn?r:fer

TaneumCreek, North | 1 11458 | 12095882 | 6 16.5 8.81 95.0% 99.4% 10% Core
Fork Summer

Oak Creek 46.72987 | -120.87807 3 15.9 9.31 93.6% 98.9% 33% Core
Summer

Rock Creek 45.9189 | -120.6271 1 15.3 8.30 88.8% 95.3% 50% Core
Summer

Schafer Creek 472239 | -123.6134 4 15.8 8.99 90.1% 96.3% 29% Core
Summer

Seabeck Creek | 47.62811 | -122.83717 | 4 15.2 9.50 88.9% 93.8% 75% Core
Summer

Shadow Creek 47.09817 | -120.87213 5 136 8.54 85.7% 95.8% 44% Core
Summer

Taneum Creek, South | /o 15304 | _120.9969 4 11.0 8.92 90.5% 92.8% 100% Core
Fork Summer

Tonata Creek 48.86945 | -118.76824 5 116 9.44 93.1% 98.3% 20% Core
Summer
Wishkah River 47.150935 | -123.75488 3 18.1 8.23 87.5% 98.3% 40% salmonid
Spawning

Youngs Creek 47.80636 | -121.82501 2 15.1 6.90 67.1% 76.9% 100% Core
Summer

Battle Creek 48.05936 | -122.26612 4 186 8.50 86.9% 91.5% 83% ?

Dewatto Rvier 47.46906 | -123.02571 2 16.1 8.90 88.0% 92.1% 100% Core

Summer
Tulalip Creek 48.07433 | -122.28455 3 15.6 8.40 78.9% 82.8% 100% ?

GriffinCreek 4760376 | -121.88494 | 11 17.9 9.40 92.2% 100.9% 5% Core

Summer
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Intragravel Dissolved Oxygen

We include an IGDO criterion of 8.0 mg/L in this rule, consistent with EPA’s 1986
recommendationsand Ecology’s previous review of the scientificliterature (Hicks, 2002). The
IGDO criteria are a necessary alternate criteria based on data that indicates pristine
waterbodies may not meet90% oxygen saturation or 10 mg/L during summer months. The 10
mg/L water column criteria are based on the worst-case assumption that there is a 2.0 mg/L
drop in DO levels fromthe water column to gravels.

However, the DO depression of 2.0 mg/L may be overestimated in some waterbodies,
especially those with optimal substrate conditions. The IGDO criteria present an alternate
method to demonstrate that early life stages of salmonids are being protecting by directly
measuring DO levelsinthe small spaces inbetween gravels. Furthermore, the IGDO criteriarely
on site-specificconditions and not on assumptions regarding DO depressionvaluesand the
quality of substrate for a given waterbody. While direct IGDO levels may be more difficultto
measure accurately, they may be the most relevant method to determine if early life stages of
salmonids are protected.

IGDO conditions can vary spatially and temporally depending on the substrate conditionsofa
waterbody. Therefore, a single IGDO measurementwould likely not be representative of a site -
specificlocation or a waterbody (McNeil, 1962). We include a requirement that IGDO measures
be collected over the same habitat area and a median spatial value be calculated for a given
spawningarea. The median spatial value for IGDO is similarto the approach taken by Oregon
(Oregon Guidance for median spatial value®).

Also associated with the IGDO criteria isa water column criteria. The IGDO criteria requires that
8.0 mg/L or greater be metin gravelsand 9.0 mg/L or greater be met inthe water column. To
clarify, the IGDO criteriamust meetboth the required gravel and water column concentrations.
The water column criteria associated with the IGDO criteria is setto protect juvenile and adult
life stages of salmonids and sensitive stages of invertebrates. In Hicks (2002) review, we
identified that 9.0 mg/L as fully protective of juvenile life stages of salmonids and invertebrates.
EPA recommends 8 mg/L as the “no production impairment” for juvenile and adult life stages of
salmonids. We conclude that 9 mg/L water column value is appropriate for full protection of
juvenile and adultsalmonids and invertebrates.

Function of the dissolved oxygen criteria

The adopted changes to the biologically-based numericcriteriafor DO and the addition of the
oxygen saturation criteria are intended to work in tandem. In other words, the biologically-
based numericcriteria of 10 mg/L for the water column and 8.0 mg/L for gravels for salmonid
spawningand rearing uses should always accompany a DO saturation criterion. The primary
reason for a two componentcriteria is that the biologically based numericcriteria are set to
protect early life stages of salmonids. However, early life stages of salmonids are not present

® https://www.oregon.gov/deq/FilterDocs/iri-dataggr.pdf; Oregon calculated median spatial values of intragravel
dissolved oxygensamples for datacollected within 200 feet of each other along the same flow path.
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year-roundin the majority of waterbodies. The majority of salmonids are known to spawn and
rear from fall to late spring, although spawn timingis waterbody and species specific.
Therefore, protective levelsaimed at early life stages may not be applicable during summer
months when early life stages of salmonids are not present.

Rather than applyingoverly stringent criteria for aquatic life uses that are not presentin the
summer, the oxygen saturation criteria apply. Oxygen saturation accounts for summer-time
temperatures effecton DO levels, and therefore, affords some protection against natural
climatic changes that occur during the summer and that limit oxygen levelsin water. Without
the oxygen saturation component, most waters in Washington State would be considered
impairedifonly applyingthe biologically based numericcriteria. Therefore, we aim to set
biologically based numericcriteria that protect early life stages of salmonids during the specific
seasonsand environmental conditions that are conducive to salmonid spawningand rearing,
while including an oxygen saturation criteria to account for timeswhen early life stages are not
presentand environmental conditions are a limiting factor. The biologically based and oxygen
saturation components of the DO criteria must work intandem for the criteria to function.

The oxygen saturation criteria also accounts for impacts of barometric pressure due to
atmospheric conditions as well as altitude. Altitude can physically limit the ability of oxygento
dissolve inwater (Figure 3). For example, an altitude of 500 feetat 17.5°C equatesto a
maximum oxygen solubility of 9.4 mg/L. At an altitude of 2000 feetat 17.5°C, the maximum
solubility of DO is 8.9 mg/L. The maximum oxygen solubility at these high elevation areas with
streams will preclude attainment of concentration based oxygen criteria. There are several high
altitude streams in Washington that include salmonid spawning and where altitude would
preclude the attainment of concentration-based criteria and only oxygen saturation criteria are
applicable.
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Figure 3. Relationship between dissolved oxygen concentration and altitude from 500 to 6,000
feet.
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Fine Sediment Criteria Rule Development

Adopted criteria
We adopted narrative criteriafor fine sediment. The proposed narrative criteriais:

“Water bodies shall not contain excess fine sediment (<2 mm) from human-caused sources that
impair designated uses. Whenreference values are used to demonstrate compliance with the
fine sediment criteria, measured conditions shall be compared to those from reference sitesor
regional data that representleast disturbed site conditions of a comparable water body or
ecoregion. Reference locations should be comparable in hydrograhy, geology, ecology, and
habitat to that of the water body evaluated.”Fine sediments willbe defined atthose sediments
classified asfines or sands and are lessthan 2 mm in diameter. The proposed narrative criteria
are accompanied with a draft guidance document that describes methodology for
characterizing a fine sediment exceedance. The draft guidance document can found in
Appendix A of the Implementation Plan®forthis rulemaking.

Narrative vs. numeric criteria

Water quality criteriamay be expressed narratively or numerically. We evaluated whether
narrative or numeric criteria for fine sedimentis most appropriate. We reviewed literature to
determineifa quantitative relationship could be established between fine sediment -based
parameters and a biological effect. Furthermore, we presented this question to a science
advisory group comprised of expertsin the field (see rulemaking webpage’). Through both of
these avenues, we concluded that there are limited quantitative relationships established
between parameters used to quantify fine sedimentand biological endpoints. While some
parameters,such as percent fines, indicate a threshold for the presence of successfully
spawning salmonids, they do not representall aspects that contribute to a fine sediment
impairment, nor is a relationship established across the full spectrum of sublethal effects. A
single numericvalue cannot adequately describe a dynamic waterbody and the geological
processesrelated to fine sedimentinputs.

A more holisticunderstanding of the dynamics of a waterbody is needed to make the
determination of a fine sedimentimpairment. Narrative criteria provide more flexibility to build
in a procedure to characterize fine sedimentthat is based on multiple parametersand
qualitative determinations (aweight of evidence approach, for example). Forthese reasons, we
have decided narrative criteria for fine sedimentis most appropriate.

Fine sediment sources

Waterbodies can vary drastically dependingon the geology, hydrology, and watershed
characteristics. Streams that are fed by glaciers will have defining characteristics that are

® https://apps.ecology.wa.gov/publications/summarypages/2110049.html
"Ecology.wa.gov/SalmonHabitatRule
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different from streams fed by groundwater. Fine sediment occurs naturally in some
waterbodies while in other waterbodies, anthropogenicinfluences contribute to the amount of
fine sediment present. Streams that contain excessive fine sediment often have a period of
accelerated channel widening and streambank erosion before returning to a stable form
(Rosgen 1996).

The impacts of morphological and streambed changes in a waterbody can be evaluatedto
determineif excessive fine sediment exists compared to reference conditions. In some
waterbodies, there are both naturally occurring and anthropogenicinputs of fine sediment. The
purpose of this rulemakingisto evaluate and limitanthropogenicsources of fine sediment that
may adversely affect early life stages of salmonidsand resultin a waterbody impairment. To
determine afine sedimentimpairmentthere mustbe a demonstration that sources of
sedimentare related to anthropogenicinputs. Naturally occurring sources of sediment will not
resultin a fine sedimentimpairment.

When evaluating human disturbance, a randomized designis not appropriate due to the desire
to seek out specificanthropogenicsources of fine sedimentinputsinto waterbodies. Arandom
sampling design would not capture all sources of fine sedimentinputs because evaluation
would only be directed at particular assessmentsites. Thus, we propose to use field and metric
calculation methods, as opposedto the randomized design, from Ecology’s Watershed Health
Monitoring program that assesses human riparian disturbance.

Water column measures considered

We considered water column measures for characterizing fine sedimentin the water column.
Water column measures address the conveyance of fine or light materials in a waterbody.
During the building of salmonid nests, fine materials are often removed during the excavation
of gravels and the covering of embryos with gravels. However, the water column can transport
and deposit fine materials that can fill the interstitial spaces of gravels and limit the flow of DO
to early life stages of salmonidsin the gravels. We are seeking a method to characterize the
water column of waterbodies to limit the flow of fine materials that could affect early life
stages of salmonids.

We evaluated the following streambed measures:

e Light penetration,

e Turbidity,

e Total suspendedsolids, and

e Suspendedsolids concentration.

Light Penetration

Light penetration measures the attenuation of lightas it moves through the water column. Each
waterbody has unique characteristics that result in different water clarity that vary both
temporally and spatially. EPA recommendations for light penetration standards in the 1986 EPA
Gold Book are as follows: “settleable and suspended solids should notreduce the depth of
compensation point for photosyntheticactivity by more than 10% from the seasonally
established norm for aquatic life” (EPA, 1986).

Publication 22-10-004 Final Technical Support Document
Page 31 March 2022



Suspended materialsinthe water column can originate from both inorganic and organic
materials and can consist of materials of many differentshapesand sizes. Natural detritus (such
as leaf matter, decomposingalgae, and decomposingaquatic life) has a significant presencein
many waterbodies and may affect light penetration. Limitationsinlight penetration can reduce
primary production that form the basis of fish diets (EPA, 1986), but is not specificto fine
materials that penetrate interstitial spaces of gravels. Each waterbody differsinthe amount of
natural detritus and suspended sediment. Effectivelyimplementingalight penetration standard
requires background data to determine if light penetration has changed over time. We are not
recommendinga light penetration standard for fine sediment characterization because light
penetration does not specifically focus on fine materials suspendedin the water column. The
natural variabilityin light penetration and the number of factors contributing to light
penetration makesthis an inadequate measure of fine sediment. Light penetration does not
specifically address the goal of this rulemakingto characterize fine sediment materials.

Turbidity

Turbidity can be described the “haziness” or “cloudiness” of water and refersto the light
scattering properties of a sample. Turbidityis a reductionin water clarity because of the
presence of suspended matter comprised of inorganic or organic materials. Inorganic materials
includedin turbidity measurements are comprised of fineslessthan 2 mm (APHA et al. 1995).
Organic materials can include leaf matter, decomposingalgae, and decomposingaquatic life.

Relationships between turbidity levels and biological effects have been established ( Robertson
et al. 2007; Hansen etal. 2013). Inorganic materials can result in physiological effectstofish
and macroinvertebrates (Wood and Armitrage, 1997). Organic suspended materials have been
known to contribute to sediment oxygen demand that may have an impact on early life stages
of salmonids (Searet al. 2017). Effects from turbidity are dependent on the concentration and,
equallyimportant, the duration of exposure.

While controlling turbidity in a waterbody is useful for limitingimpacts of suspended materials
to aquatic life, itdoes not specifically target fine sediments. Natural detritus (such as leaf
matter, decomposingalgae, and decomposing aquatic life) has a significant presence in many
waterbodies and may affect turbidity. Turbidity levels are not directly related to fine sediment
particles that may influence oxygenlevelsin gravels. Therefore, we are not recommending
using Washington’s current turbidity standards in the assessment of fine sediment.

Total Suspended Solids and Suspended Solids Concentration

Total suspendedsolids (TSS) and suspended solids concentration (SSC) are measures aimed at
guantifyingthe solid-phase material in surface waters. SSC includesinorganicsand, silt, and clay
particles transported in waterbodies. SSC measures all the sedimentand mass of a sample,
whereas TSS measures a portion of the original sample for which some of the denser materials
such as sand may not beincluded. TSS, turbidity, and optical backscatter instruments are often
used as a surrogate for SSC.

TSS has beenshown to be an unreliable measure of solid-phase material in natural water
samples with sand-size material (Gray et al. 2000). The work of Gray et al. (2000) and Glysson et
al. (2000) demonstrated inconsistentrelationships between SSCand surrogate measures that
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may lead to erroneous data. However, on site-specificlevels, Glysson etal. (2000) suggested
that it may be possible to develop a relation between SSCand TSS with robust paired sampling
data overa range of flows.

Measuring SSC can produce reliable results regardless of the amount of sand-size material
(Gray etal. 2000). TSS measures were originally designed for wastewater discharge analyses
and later used for natural waters (Gray et al. 2000). Gray et al. (2000) recommended that TSS
and SSC not be used interchangeably and that the accuracy of suspended solid-phase materials
in natural waters is best evaluated using SSC. Given that fine sediment levels will be evaluated
in natural waters and that sand-size materials are the target, we recommend that the SSC
measure be used as an optional representative measure of water column concentrations of
fine sediment.

Giventhat the content of the water column, specifically suspended sediment particles, can vary
drastically with water flow, guidance on sample collection will be necessary to ensure
representative measurements are evaluated underaverage flow conditions.

Streambed measures considered

Streambed measures of fine sedimentfocus on the content on the streambed as it relatesto
suitability of substrate for salmonid spawning and the stability of the substrate. Streambed
measures relate directly to the physical structure of salmonid nests and habitat and may be the
most pertinent measures related to successful spawningand development of early life stages of
salmonids. Most states that have guidance on characterizing fine sedimentinclude at leastone
streambed measure.

We evaluated the following streambed measures:

e Percent surface substrate

e Percent subsurface sediment
e Embeddedness

e Riffle stabilityindex

e Relative bedstability

Percent Surface Substrate (Visual)

Measuring the size and composition of streambed substrate is integral to determiningif
suitable salmonid habitat exists. Generally, and in EPA’s National Rivers and Streams surveys,
substrate can be classified by:

e bedrock (>4 m)

e pavement/concrete (>4 m)

e hardpan (>4 m)

e large boulders(>1to4 m)

e small boulders (250 to 1000 mm)
e cobble (64 to 250 mm)

e coarse gravel (16 to 64 mm)

e finegravel (2 to 16 mm)
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e sand (0.06 to 2 mm)
e fines(<0.06 mm)

Researchers do not have a standardized definition forthe size of “fine sediment.” Reported
“fine sediment” sizesinclude less than 0.833 mm, 0.85 mm, 1 mm, 2 mm, 3.3 mm, 6 mm, and
6.35 mm (McNeil and Ahnell, 1964; Tagart 1976; Lisle and Eads, 1991; Koski, 1981; Weaver and
Fraley, 1993; Bjornn et al. 1977; Kondolf et al. 1993). Anadromous salmon and trout prefer
substrate size ranging from 13 to 102 mm in diameter for spawning (Bell, 1986). Salmon have
been observed spawningin gravelslarger than 30 mm and in most observations, the substrate
is lessthan 150 mm (Shepherd etal. 1986). Analysis of substrate size and compositionis
necessary to characterize if salmonids will successfully spawn and develop during early life
stages.

Stream substrate with minimal fine sedimentfilling the interstitial spaces provides optimum
habitat for salmonid spawning. Chapman and MclLeod (1987) found that substrate sizeis
related to habitat suitability for fish and macroinvertebrates and that excessive fine sediment
reduced prey availability forfish. Excessive fine sediment resultsin substrate beinginundated
by fine sedimentresulting in decreased intragravel oxygen that can lead to the elimination of
the quantity and quality habitat for aquatic life (Maret et al. 1993; Waters 1995).

A guantitative relationship between the amount of fine sedimentand survival to emergence is
not well understood. However, some studies have suggested thresholds beyond which early life
stages of salmonids do not survive. Stowell etal. (1983) found that fine sediments are harmful
whensizesare lessthan 6.4 mm and that adverse effects occur when 20% of sedimentsare less
than 0.84 mm. Bjorn (1969) and McCuddin (1977) concluded that survival and emergence of
steelhead were reduced with sediments lessthan 6.4 mm diameter made up 20-25% or more of
substrate. In laboratory studies of Chinook salmon and steelhead, emergence was significantly
affected whenthe percentage of fine sediments exceeded 30-40% (Phillips etal. 1975; Hausle
and Coble, 1976; McCuddin, 1977). In an analysis of 15 measures in laboratory studiesthat
evaluated survival to emergence of cutthroat trout, the percentage of substrate lessthan 0.85
mm was the most sensitive measure of known changes in substrate compositionsinthe field
(Young et al. 1991).

When salmonids excavate their nests, fine sedimentand organic matter are removed from the
pocket where eggs are deposited (McNeil and Ahnell 1964; Ringler 1970; Everestet al. 1987).
Sources of fine sedimentin newly constructed redds can originate from upstream deposition of
streambed materials or suspended sedimentsin the water column. The amount of fine
sedimentdepositedis dependenton substrate size inthe redd, powerof the water flow, and
the mobility of sedimenttransportedin the waterbody (Cooper 1965; Beschta and Jackson
1979). Decreases inthe mean particle size and increasesin quantity of streambedfine
sediments can destabilize stream channels (Wilcock 1997;Wilcock, 1998) and may indicate
increasesin the rates of upland erosionand sedimentsupply (Lisle 1982, Dietrich etal. 1989).

The Forest Service and Bureau of Land Management for the Upper Columbia River established
levels forsurface fine sediment (<6 mm) for channel and geologictype that ranged from 14 to
37%, dependingon conditions (Interior Columbia Basin Ecosystem Management Project, 1997).
The State of New Mexico has established thresholds for surface sediment that fully support
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aquatic life uses at lessthan 20% fines (<2 mm). Above 20% fines, site-specific conditions
should be compared to reference sites (NMED, 2002).

Literature has demonstrated that percentsubstrate, particularly percent fines, can be a useful
metric to determine the quality of salmonid spawning habitat and provide valuable information
in determiningafine sedimentimpairment (Larson et al. 2019; Sutherland et al. 2010; Bjornn
and Reiser, 1991). Furthermore, Ecology uses percent of bankfull bed surface substrate,
including percentfines, as metrics in our Watershed Health Monitoring program. This program
evaluatesthe health of the state’s rivers and streams. They also assess river/stream conditions
for seven Salmon Recovery Regionsin support of the biennial State of the Salmon Reports.

The Watershed Health Monitoring program has been collectinginformation pertainingto fine
sediment, particular percent substrate, for overa decade, and has an existing public database
that can provide information from various projects that use their habitat methods. The
database includes data on minimally disturbed reference sites, including annually-sampled
sentinel sites. The database also reports biological community data and chemical stressor data,
all collected concurrently with the habitat data.

We recommend percent substrate, specifically percent sand and fines (<0.06mm to < 2 mm),
be included as one of the measures to characterize fine sediment.

Percent Subsurface Sediment

Percent subsurface sediment composition is another measure considered to evaluate fine
sediment. Kondolf (2000) found that salmonid redds typically have one third less fine sediment
than the surrounding streambed surface throughout the incubation period. Relationships
between survival of early life stages of salmonids and subsurface fines have been studied. Hall
(1986) reported 7-10% survival of salmonin gravel mixtures made up to 10% fines that measure
lessthan 0.85 mm, compared with 50-75% survival in gravels with no fines that measure less
than 0.85 mm. Reiserand White (1988) examined the effects of different mixtures of sediment
on salmonid survival and found poor survival at 10-20% fines that measure lessthan 0.84 mm.

Platts and Nelson (1988) recommended tiers of subsurface sedimentsinrelation to quality of
habitat for embryo incubation. When subsurface fines (lessthan 6.3 mm) were less than 20%,
conditions were considered good for incubation and survival. At 20 to 27%, there was marginal
impacts to survivability, and greater than 27% subsurface fines, survival was predicted to be
low. Burton et al.(1990) set a target at 27% for subsurface fines (lessthan 6.5 mm)in Idaho.
California has set targets for subsurface sediments smallerthan 0.85 mm to be lessthan 14% of
substrate composition, and lessthan 30% for sediments smallerthan 6.4 mm in spawningareas
in waterbodies with approved TMDLs. The thresholds set are intended to account for the
cleaning effectthat spawning has on fine sediments and include the expectation of 50%
survival, whichis considered within the normal survival range (Maret et al. 2003). The state of
Idaho recommends that particleslessthan 6.35 mm account for no more than 27% of
subsurface sediment and that finesless than 0.85 mm not exceed 10% of subsurface sediment.

Sutherland et al. (2010) evaluated the relationship between land disturbance and stream
habitat for 25 commonly used sediment parameters and found subsurface percentfinesas the
best indicator of land use.
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In the state of Washington, salmonid spawning and rearing occurs in most waterbodies and the
timing of spawningand rearing isdifferent dependingonlocation. If subsurface sediments can
be sampled at periods that will not interfere with early life stages of salmonids, then it is
appropriate to evaluate subsurface sedimentsin the characterization of fine sediments.
However, we have concerns regarding the invasiveness of core sediment samplingand the
potential disturbances to early life stages of salmonids. Furthermore, the analysis of subsurface
sedimentcan be laborious on a large scale and may be better used to evaluate specificsites
rather than waterbodies or waterbody segments.

We recommend that subsurface fines be assessed (0.06 to <2 mm and <0.06 mm). However,
sampling protocols should be limited to periods when salmonid spawning and rearing is not
occurring or ensure that areas assessed are absent of early life stages of salmonids. If
subsurface fines cannot be collected, measurement of IGDO may be substituted. This is
consistent with the requirement to collect IGDO or percent subsurface fines to assess
subsurface conditions in streambeds.

Embeddedness

Excess fine sediment can change the physical composition and structure of salmonid spawning
habitat. Embeddednessisa measure of the amount of siltand sedimentdepositedinand
around the larger gravel, cobble, and bouldersinthe streambed. Embedded substrate suggests
that fine sediments thathad been suspendedin the water column were depositedinthe
streambed.

Documented relationships between embeddedness and effects to salmonid spawning and early
life stages of salmonids are limited. Chapmanand McLeod (1987) were unable to generalize
differentlevels of embeddedness of surface fines and salmonidrearing densities. One of the
inadequacies of using embeddedness to characterize fine sedimentisthe number of various
methods used to measure embeddedness and the degree of subjectivity from each observer.
Embeddednessincludes naked eye estimation of surface fines surrounding larger substrates
and the inundation of spaces between substrate.

New Mexico has established thresholds forembeddedness levels foraquatic life. Streambeds
that are lessthan 33% embedded are considered fully supporting aquatic life underall
conditions. For waterbodies withembeddedness levels greaterthan 33%, reference conditions
are used to evaluate aquatic life health (NMED, 2002).

Ecology uses embeddedness as a measure in our Watershed Monitoring Program. The
Watershed Monitoring Program has been collectingembeddedness |levels for several years, and
has an existing database that can provide information on sentinel sites and background
information for many waterbodies. Embeddednessis useful forevaluatingtrends over time in
specificwaterbodies or at specificsites but is inadequate indeterminingifa waterbody is
impairedfor fine sedimentdue to subjectivity of the measurementand the lack of biological
relationships with differentdegrees of embedded substrate. Furthermore, embeddednessis
similarto percent substrate and requiring both parameters would result in concerns regarding
covariance or the influence that one parameter has on another.
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We are not recommending embeddedness as a measure for determining fine sediment
impairments in Washington.

Riffle Stability Index

Riffle Stability Index (RSl) is an index used to measure the mobile percentage of particlesina
stream. RSl is measured as a percentage of substrate particles (froma Wolman pebble count)
that are smallerthan the largest particles transported during channel forming flows. The largest
mobile particles are determined by measuring particles on the inside bend of a river or stream
(referredto as a pointbar).

Riffle stability isimportantin the assessment of fine sediments because as riffle stability
degrades, pool habitat decreases (Lisle 1982). Pools are critical habitat for salmonids (Spangler
1997;, Harwood et al. 2002; Kruzic et al. 2001l Jakoberet al. 2000; Solazzi et al. 2000). Benthic
macroinvertebrate density and composition may also be related to substrate mobility that can
be characterized by RSI (Kappesser 1993). Cobb et al. (1992) reported reductionsin insect
density up to 94% in unstable riffles compared with no reduction instable riffles.

There islimited information regarding thresholds for RSI. One approach may be to compare RSI
to reference conditions within the same watershed with similar geological characteristics. The
state of Idaho recommendsthe RSI not to exceed 70 based on data that suggests that an RSI
lessthan 70 indicates systemsare in dynamic equilibrium (Kappesser 1993).

We are not recommending using RSI as a measure to characterize fine sediment. RS| is limited
to assessment of riffles and may not comprehensively representa catchment scale analysis or
widespread analysis of the surrounding area of fine sedimentinputsintoa waterbody.
Furthermore, Ecology does not have data for RSl in Washington streams as it does for similar
metrics, such as relative bed stability. Relative bed stability is measured as part of Ecology’s
Watershed Monitoring Program and is useful for providing a catchment scale analysis of
sedimentdynamics withina waterbody.

Relative Bed Stability

Relative bed stability (RBS) is a measure of the relationship of median particle size in a stream
reach compared to the critical particle size, which isthe particle size that is moved at bankfull
flow events (Peck et al. 2006). Critical particle size is calculated from channel dimensions, flow
characteristics, and channel roughness factors (Kaufmann et al. 2008). RBS is expressed as a
logarithm of the ratio of geometric meanto critical particle size. RBS is similarto the Riffle
Stability Index of Kappesser(1993) and the metric discussed by Dietrich etal. (1989) of median
diameters of the substrate armor layer divided by the substrate beneath that layer (called the
bedload).

Logarithmic RBS (LRBS) was developed by EPA as a measure to provide information on expected
substrate size distribution. Fluvial site conditions can be used to determine substrate conditions
in stream channels. The critical particle size calculated from fluvial characteristics such as
stream channel, shape, slope, flow, and sediment supply, is used to predict the stability of the
streambed. The sediment conditionsrelative to fluvial potential representsamore holisticand
catchment level approach of sediment stability undernatural conditions rather than direct
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measures of site-specificfine sedimentlevels that may not be representative of sediment
dynamics within the entire waterbody. Excess fine sediment can destabilize streambeds when
the supply of sediments from the landscape exceedsthe ability forthe stream to move particles
downstream. The main human activities that can influence thisimbalance include agriculture,
road building, construction, and grazing. Low stream stability may be the result of highinputs of
fine sedimentfrom erosion or increasesin flood magnitude or frequency that resultin poor
ecological conditions (Bryce et al. 2008; Bryce et al. 2010).

In undisturbed streams or streams within minimal anthropogenicinfluences, the geometric
mean particle size should be similarto the critical particle size (the particle size that is moved at
bankfull flow events). ALRBS value near or at zero indicates a stable streambed, while
increasingly negative valuesindicates excess fine sediment. A LRBS value of negative one woul d
mean that the geometricmean particle size is ten times finerthan the critical particle size. A
LRBS of negative two would mean that particle size is 100 times finerthan the critical particle
size. A large positive LRBS value indicates a stable,immovable stream substrate where
sedimentsupplyislow relative tothe ability of the stream to transport sediment downstream.
Exceptionally stable streams can also be a condition of ecology stress, where hard, armored
streambeds limitthe movement of fine sediment.

The ratio of geometricmean particle size and critical particle size (RBS ratio) also provides
information on the supply of sedimentto the stream channel. Buffington (1998) suggested that
streambed substrate size is inversely related to sediment supply because sediment supplies
that exceedlocal sedimenttransport capacity reduces the bed-surface substrate size through
the deposition of fine particles. The RBS ratio can therefore be an indicator of sedimentsupply.
Natural erosion rates dependent upon climate, basin geology, geomorphology, channel
position, natural landslides, and features of the headwaters may influence RBS. Relatively
undisturbed watersheds should tend to RBS values typical to the regionand landscape that it
drains and thus, evenin a natural disturbance regime, such as landslides orchannel erosion,
sediment supply should be roughlyin long-term equilibrium with transport (Kaufmann etal.
1999).

We recommend that LRBS be used as a measure to characterize fine sediment in a waterbody.
LRBS is currently measured in Ecology’s Watershed Monitoring Program and is a measure that
has beenvetted by EPA and the State of Washington for use in monitoring stream health and
fine sediment.
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Chemical measures considered
Intragravel dissolved oxygen

IGDO isa direct measure of oxygen content in subsurface sediments where early life stages of
salmonids reside. Intragravel oxygen levels accounts for several factors that contribute to
oxygen levelsinsubsurface sediments such as substrate size, permeability, biological and
sediment oxygen demand, water flow, hyporheicconditions, and groundwater influences.
Whether water flow is originating from the overlying water column or from groundwater can
make significantimpacts on oxygenlevelsingravels. Groundwater can be severelylimitedin
oxygen resultingin poor embryo survival, while sites dominated by surface water have higher
embryo survival (Malcolm et al. 2004).

Research has suggested that early life stages of salmonids require IGDO levels of 8.0 mg/L
(Hicks, 2002; EPA, 1986). Relationships between IGDO and survival of early life stages of
salmonids have been observedinsteelhead (Coble 1961) and brown trout (Maret et al. 2003).
Philips and Campbell (1961) found that an IGDO level of 8 mg/L was necessary to support high
survival of coho and steelhead. Wellsand McNeil (1970) reported that embryo survival to
emergence was greater in gravels with oxygenlevels of 7.8 mg/L (77% survival) versus 5.9 and
5.4 mg/L (30% survival). Koski (1975) and ODEQ (1995) found that survival of embryos were
substantially lowerwhen IGDO levels were lessthan 6 mg/L. Similarly, Sowden and Power
(1985) reported negligible rainbow trout survival until mean oxygen concentrations exceeded
5.2 mg/L in redds and that oxygen concentrations in gravels should exceed 8 mg/Lto ensure
50% survival before early life stages emerge from gravels.

IGDO measurements provide a key piece of information regarding oxygenlevelsingravels.
However, IGDO measures are very specificto the site of interest. IGDO is known to have high
spatial variability (Heywood and Walling, 2007). To understand DO levelsin gravels, sampling
will needto involve a spatial analysis of IGDO concentration overa given area or transect.
Furthermore, IGDO measuresare intrusive in that they disturb the sedimentand may
potentially have adverse effects on early life stages of salmonids if they are present.Sampling
for IGDO may needto occur outside of salmonid spawning periods and near visible spawning
sitesrather than inside the redd itself. Sampling should also be focused on sites that represent
suitable spawning habitat rather than areas where salmonids are unlikely to spawn and rear.

Early life stages of salmonids are not presentin all water bodies year-round. Therefore, an
evaluation of IGDO concentration is lessrelevantthan DO depression duringthe summer field
samplingseason. DO depressionis measured by determiningthe differentialin DO
concentrations between the water column and gravels. In our analysis of moderate to high
quality spawninggravels, the IGDO depressionis limited toa maximum of 2 mg/L.

We recommend that IGDO depression value measurements be taken, if and when, there is
little risk of effects on early life stages of salmonids. If IGDO measurements are deemed not
appropriate, subsurface measures of fines may be substituted. This is consistent with the
requirement to collect IGDO or percent subsurface fines to assess subsurface conditions in
streambeds.
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Biological measures considered
Benthic indexes

Aquatic benthic macroinvertebrate community composition indexes, based on speciesrelative
abundances, are often used to estimate the health of a waterbody and can be a reflection of
the physical and chemical conditions. Some macroinvertebrate speciesare more tolerant to
pollutants and habitat alteration than other species. The sensitivity ortolerance of invertebrate
taxa provide the foundation for evaluating stream conditions. Excessive fine sedimentis known
to have negative impacts on the benthicmacroinvertebrate community by filling interstitial
spaces between cobblesand gravels, leading to a reduction in macroinvertebrate habitat
(Wohl, 2000). Waters (1995) concludesthat the abundance of invertebrate taxa is dependent
on substrate particle size. Reductions in substrate particle size reduces the abundance of
invertebrates that do not tolerate small sediments by reducing habitat, which ultimately results
in disruptionsinfeedingstrategies and behavior. The percentage of fine sediment, the
concentration of suspended sediment, and the duration of exposure are primary factors that
determine the integrity of the benthic macroinvertebrate community (Culp etal. 1986; Doeg
and Milledge 1991; Newcombe and MacDonald 1991).

Benthic macroinvertebrate indexes have been developedto evaluate the impacts of pollution
on aquatic life health. Macroinvertebrate community response metrics can be usedto develop
biologically-based sediment criteriathat evaluates excessive fine sedimentsin a waterbody
(Relyeaetal. 2000; Carlisle etal. 2007; Bryce et al. 2010; Relyeaet al.2012; Extence etal.
2013). Waters (1995) has suggested that changes in macroinvertebrate density may be one of
the most sensitive indicators to sedimentation changesin streams. More recently, focus has
beenon methods to characterize sedimentimpacts based on assigned sensitivity of individual
taxa to sediment(Carlisle etal. 2007, Relyeaetal. 2012; Extence et al. 2013).

The Watershed Health Monitoring program at Ecology currently monitors benthic
macroinvertebratesin streams throughout Washington State. Data collected are used to
calculate the Benthic Index of Biotic Integrity (B-IBI), Hilsenhoff Biotic Tolerance index, Metals
Tolerance Index, and the Fine Sediment Biotic Index (FSBI). The Fine Sediment BioticIndex isa
diagnosticmetric used to identify samples with a high degree of taxa sensitive to fine sediment
(particleslessthan 2 mm) and is perhaps the most pertinent macroinvertebrate index forthe
characterization of impacts of fine sedimentin waterbodies (Relyeaetal. 2012).

Benthic macroinvertebrates are considered sentinel species for waterbody health and should
be includedinan assessment of fine sediment. We recommended that the fine sediment biotic
index be used as one of the lines of evidence for the determination of fine sediment
impairment.
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Summary of Recommended Parameters

The selected parameters used for the assessment of fine sediment (particles lessthan 2 mm)
are based on their relationship with the biological health of streams, land use, representation
of the sediment condition, established sampling methods, and predictability in determininga
waterbody impairment. Ecology’s Environmental Assessment Program monitors the biological
healthin perennial streamsin Washington State. Larson et al. (2019) evaluated 346 sitesin
Washington and classified their biological health by comparing against regional reference
conditions. Larson etal. (2019) reported that, in Washington, percent sand/fines (sedimentless
than 2 mm) was the stressor metric with the highest attributable risk to invertebrate
community health, followed by LRBS.

Sutherland et al. (2010) evaluated the relationship between land disturbance and stream
habitat by comparing 25 commonly used sediment parameters. They found that 16 metrics
significantly related to watershed agriculture, with subsurface percentfinesas the best
indicator of land use, while visual assessments of percent fines was the second best parameter.
Sutherland et al. (2010) concludesthat thisinformation may improve the ability to predict
deposited sediment by consideringland use, specifically asitrelates to human activities. We
are recommending parameters that are representative of the streambed condition, water
chemistry, and biology and have beenshown as the best measures of fine sediment as it
related to stream and aquatic life health (Table 8).

Table 8. Summary of parameters considered most appropriate for analyzing fine sediment.

Environmental Compartment Measure
Water Column Suspended Solids
Streambed Percent Substrate
Streambed Subsurface Fines
Streambed Relative Bed Stability
Chemical Intragravel Dissolved Oxygen Depression
Biological Fine Sediment BioticIndex
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Conclusions

The proposed DO criteria represents an increase in early life stage protection levelsfor
salmonids while affording flexibility for natural conditions of waterbodies that vary in elevation
and temperature. The literature supports protection levels of 8.0 mg/Lin the small spaces
between gravels. We have therefore included IGDO criteria for aquatic life uses to allow for
direct measurement of DO conditionsin streambeds. The DO de pression from the water
column to gravels is known to vary significantly due to environmental variables. In evaluating
literature of DO depressioninthe absence of outlyingvariables, a maximum of 2.0 mg/L
depression was found. The outlyingvariables that can influence DO depression should be
addressed using other water quality criteria. The oxygen saturation criteria developedisusedin
conjunction with water column and Intragravel criteria to account for natural variables, such as
temperature and elevation, that can affect DO levelsina waterbody. The combination of these
three measures allow for a comprehensive criteriathat addresses protection needs for
salmonids.

One of the variables known to influence DO levelsinthe interstitial spaces of gravels is fine
sediment. We have evaluated a series of parameters that have or can be used to characterize
fine sediment. The parameters we selected to evaluate fine sediment were found to have the
strongest relationship between biological effects, habitat condition, and sediment quality and
represent different compartments of a waterbody (such as the water column, streambed
surface, subsurface, and water chemistry). The information provided herein will be used to
develop a methodology that will be used to characterize fine sedimentand develop impairment
listings.
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