State of Alaska

DEPARTMENT OF
ENVIRONMENTAL CONSERVATION

DIVISION OF WATER

E

=

!

Guidance for the Implementation of
Natural Condition-Based Water Quality Standards

November 15, 2006






Department of Environmental Conservation
Guidance for the Implementation of Natural Condition-Based Water Quality Standards
November 15, 2006

TABLE OF CONTENTS
LIST OF FIGURES ..o ee e e eeees e es e ee e esseeseeeseees s esesees s ees e eseeeseeeseeseeeeesseee ii
ACRONYMS ..o s oo ee e es e s e s e e s e et eeee s e s ees e e s ee s ees e eeseeesseeessaeseseeeseeese iii
1 PURPOSE AND SCOPE ..o eeeee e s s eees e eseeeseeeeeeeeseeseseaeesseses e seseeeseeees 1
1.1 REGULATORY PROVISION .....ciooooeeeoeeeeeeees e eseeeeeeeeseeeeeeeeseeeeseeeeseseseeeeenn 1
1.2 DEFINITIONS......ooovoooveeeeeeeeeeeeeeeeseeeeeeeeeeseeeeseeees e eeseeeeseseseeesseseseeeeseeseseseseessenn 1
1.3 APPLICABLE WATER QUALITY PARAMETERS ......coverorerereseeeeseeeseeeseeonn 2
2 GENERAL PROCEDURES ... ooooveeeeee e eeeeeeeeseseeeeseeeeeseeeseeeessseseeeessessseeesseese s eseeesseseseee 2
2.1 PROCEDURAL STEPS ..ooooovoooeeeeeeeeeeee e e eseeeeseseseesseeeseseseseeeesesseseeesssseeeeees 3
2.1.1 EXCEEDANCE DETERMINATION ......o.ovvvrmremerereeeeeeeeeseeeeseeseseeese 3
2.12  NATURAL CONDITION FINDING ... ... verreeeeeeeeeeereeeeseeeesseeeseseeeseeeeenone 4
2.1.3 SPATIAL EXTENT DETERMINATION ......covvvooreereeeeeeeeeseeeeeeseseeere 5
2.14 EXPRESSING NATURAL CONDITION-BASED STANDARDS........... 6
2.1.5 PUBLIC PARTICIPATION .....covvveoeeeereeeeeeeeeeeeeeeeeeeeeeseeseeesese s eeseeeesee 7
2.1.6  RECORDKEEPING ..ot e eeeeeee e seeeeeeseees e sesessseeseseeeeseeeeeone 7
2.2 APPEALS oo es s s e s s e s ee s eeseeeees 8
2.3 INFORMATION BURDEN ......ooooooiooooeieeeeeeeoeeeee e eseeeeseeeeseeeee s ses e esseeeeeeees 8
2.4 ANTIDEGRADATION POLICY ...oooiooeoeeeeeeeeeeeeeeseseseeeseeeeseeeseeeseeseseessseseseeee 8
3 CALCULATING NATURAL CONDITION-BASED STANDARDS ......ovveereeeeererrerereenn. 8
3.1  SELECTION OF REFERENCE SITES .......oovueoveooeeeeeeseseseseseseesseeeseseessseseseeeeee 9
3.1.1 REQUIRED DOCUMENTATION ....ovvvooveeeeeeeeeeeeeseeeseeee s sseesenees 10
32 DATA QUALITY cooooeooeeeeeeeeeeeeeee e eeee e e e eesee s es e ee e es e eseeseeeee s 11
32.1 DATA QUALITY OBJECTIVES ... vooeeorereeeeeeeeeeeeeeseeeseseeseeeeeeeeseeeenee 11
3.2.2 DETECTION AND QUANTITATION LIMITS ....vvoveoooreeeeeeseereeee. 12
323 TREATMENT OF OUTLIERS .....covvoiveeeeeeeeeeeeeeeeeeeereeeeseeeeseeeseseesseesseees 12
3.3 CONCURRENT MEASUREMENT APPROACH. ... 12
34  STATISTICAL CHARACTERIZATION APPROACH .....ovvoovveeeeeereereeerereen. 14
341 DATA ASSEMBLY .o eee e esee s e e e e 15
342 DATA QUANTITY woooooeeeeeeeeeeeeoeeeeeeeeeeseeeseesesseees e ses e seseseseeseseess e 16
343 DATA QUALITY oo e e seees s eseeesee e s seeeeees 17
344 STATISTICAL ANALYSIS ¢.ooooeeeoeeeeeeeeeeeeeeeeeeeeeeeseeeesessesseeeseseseseeees 19
3.4.5 SEASONAL EXPRESSIONS ...oovvooveoeeeeeeeseeeeeeseeeeeeeseeeese s esseeseseeee 21
4 REFERENCES ..o e oo s s e e e s s s e s s e s ee s ee s es e eseeesee 23
5 AUTHORITY oo ee e seeee s ses e ees s es s se s eeeeses s ses e ee s eeseeessasessesesseseseeeesesesens 24
6 IMPLEMENTATION AUTHORITY w..ooomoeooeeeeeeeeeeeeeee e eeeeese e eeeee e ss e sseseseeeseeeseeeseeees 24
APPENDIX A. DATA QUALITY INFORMATION ......ooivoeeeeeeseeeeseeeeeeeeeeeeeseeeeeseeeeseeseseeeesees 25
APPENDIX B. STATISTICAL ANALYSES FOR CONCURRENT MEASUREMENT
APPROACH ..ot e e ee e s e eeseees e es e e s e s eeseeessesesseees s ses e eeseeeeeeeees 28
APPENDIX C. STATISTICAL METHODS FOR STATISTICAL CHARACTERIZATION
APPROACH ..o e e s e e eeseees e es e s e s eeseeesseseseeees s ses s eeseeeseeees 30



Department of Environmental Conservation

Guidance for the Implementation of Natural Condition-Based Water Quality Standards

Figure 1.

Figure 2.
Figure 3.

Table C-1.
Table C-2.
Table C-3.
Table C-4.

Table C-5.

November 15, 2006

LIST OF FIGURES

Establishing a Natural Condition-Based Water Quality Standard Process

OVEIVIBW ...ttt ettt ettt ettt ettt b ettt b et s e s bt et e et e eb e et e e st e nbe e bt entenbeenees 3

Data ASSEIMDIY STEP ...uviiieiiieeiieeeiie ettt et e e e e e e e eeae e eaaeas 16

Statistical Analyses for Natural Background Determination.............c.cceeeeeeeienenne. 18
LIST OF TABLES

Shapiro-Wilk W Test (Part 1) ......ccccveeiiiiiiiieeieeeie et 36

Critical Values of Student’s t DiStribution.........c.cceveriirienienienierienieceeeeeeee 38

Land’s H for Calculating a One-Sided Confidence Limit on a Lognormal Mean....39
Wilcoxon-Mann-Whitney Rank Sum Test, Small Sample Critical Values

B0 WV g e e e e e e aa e ————— 40
Cumulative Normal DiStribUtion ........c..coceeiereenenieniiieeieneeeeeesicee et 41

1



Department of Environmental Conservation
Guidance for the Implementation of Natural Condition-Based Water Quality Standards
November 15, 2006

ACRONYMS

AAC Alaska Administrative Code

CvV Coefficient of Variation

DEC Alaska Department of Environmental Conservation
DQOs Data Quality Objectives

MQOs Measurement Quality Objectives

NPDES National Pollutant Discharge Elimination System
PCBs Polychlorinated Biphenyls

POTW Publicly Owned Treatment Works

QA Quality Assurance

QAPP Quality Assurance Project Plan

QC Quality Control

RAC Reference Ambient Concentration

TMDL Total Maximum Daily Load

USEPA United States Environmental Protection Agency

i1



Department of Environmental Conservation
Guidance for the Implementation of Natural Condition-Based Water Quality Standards
November 15, 2006

1 PURPOSE AND SCOPE

The State of Alaska water quality standard regulations establish water quality standards primarily
through a combination of designated uses and associated water quality criteria. In certain
instances, the natural condition of a waterbody may include pollutant levels that exceed criteria-
based standards. In those cases, the state water quality standards regulation provides that the
natural condition becomes the water quality standard for the waterbody.

The purpose of this document is to specify the procedures that the Alaska Department of
Environmental Conservation (DEC) will use to implement natural condition-based water quality
standards.

1.1 Regulatory Provision

The natural condition-based water quality standard provision is found at 18 AAC 70.010(d):

(d) Where the department determines that the natural condition of a water of
the state is of lower quality than the water quality criteria set out in
18 AAC 70.020(b), the natural condition supersedes the criteria and becomes the
standard for that water. In implementing water quality standards based on the
natural conditions in a permit, certification or other written decision, the
department will follow the procedures set out in the Guidance for the
Implementation of Natural Condition-Based Water Quality Standards, dated
November 15, 2006 adopted by reference.

This document comprises the guidance referenced in the regulation.

1.2 Definitions

The following definitions apply to this guidance:

“Natural Condition” is defined in the Water Quality Standard regulations
(18 AAC 70.990(41)) as any physical, chemical, biological, or radiological
condition existing in a waterbody before any human-caused influence on,
discharge to, or addition of material to, the waterbody.

“Water,” “Waterbody,” and “Waters” are defined in Alaska Statutes

(AS 46.03.900(37)) to include “lakes, bays, sounds, ponds, impounding
reservoirs, springs, wells, rivers, streams, creeks, estuaries, marshes, inlets, straits,
passages, canals, the Pacific Ocean, Gulf of Alaska, Bering Sea, and Arctic
Ocean, in the territorial limits of the state, and all other bodies of surface or
underground water, natural or artificial, public or private, inland or coastal, fresh
or salt, which are wholly or partially in or bordering the state or under the
jurisdiction of the state.
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1.3 Applicable Water Quality Parameters

By definition, the natural character and constituents of a waterbody are those not attributable to
human activities. Natural water quality is affected by local geophysical, hydrological and
meteorological processes and wildlife. The natural condition standard provision applies to any
parameter listed in 18 AAC 70.020(b), except as discussed below.

DEC anticipates that the natural condition provision would most frequently apply to parameters
such as:

Bacteria attributed to wildlife including waterfowl,

Metals derived from natural mineral deposits,

Nutrients attributed to background soil, vegetation or wildlife sources,
Sediments from natural stream morphology processes or organic matter,
Temperature due to seasonal shifts and other natural processes, and
Dissolved oxygen due to seasonal shifts and other natural processes.

Natural condition-based standards are not appropriate for human created substances that do not
naturally exist in the environment. For example natural condition-based standards would not be
appropriate for synthetic compounds that do not occur naturally such as polychlorinated
biphenyls (PCBs) or pesticides such as aldrin or dieldrin.

2 GENERAL PROCEDURES

The natural condition provision requires that DEC first determine that “the natural condition of a
water of the state is of lower quality than the water quality criteria.” With that determination
then “the natural condition supersedes the criteria and becomes the standard for that water.”

In determining the first part of the provision, that the natural condition is of lower quality than
the water quality criteria, DEC must find that (1) the quality is lower than the water quality
criteria and (2) the quality of the waterbody (or some portion thereof) is a result of natural
processes. This document provides guidance to DEC staff in making these two preliminary
findings.

Once the two preliminary conditions have been established, the water quality standard becomes
the natural condition.

The general process for implementing natural condition-based water quality standards is shown
in Figure 1 on the next page. Each step in the process is described in the following paragraphs.



Department of Environmental Conservation
Guidance for the Implementation of Natural Condition-Based Water Quality Standards
November 15, 2006

Step 1. Exceedance Determination
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Step 2. Natural Condition Finding
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Step 3. Spatial Extent Determination
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Step 4. Expressing Natural Condition-Based Standards
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Step 6. Recordkeeping

Figure 1. Establishing a Natural Condition-Based Water Quality Standard Process Overview

2.1 Procedural Steps

2.1.1 Exceedance Determination

The first step in implementing the natural condition-based water quality standard provision is
determining whether one or more water quality criteria-based standards are exceeded. The
clearest form of documentation for such a determination is a record of water quality monitoring
in the water that includes actual water quality measurements that fall outside of the allowable
range of the water quality criteria-based standards. EPA guidance allows chronic aquatic life
criteria to be exceeded once every three years. Any exceedance determination based on chronic
criteria must show more than one exceedance in a three year period. However, for this type of
documentation, only a few measurements that fall outside of the water quality criteria range may
be needed.

While documentation in the form of a water quality monitoring record is preferred, in the event
that such documentation is not available and cannot be obtained without unreasonable effort and
expense, documentation for this initial step can take the form of monitoring records in nearby
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waterbodies that are believed to have similar water quality characteristics, or regional
information suggesting that water quality over the region that includes the area of interest
routinely falls outside of water quality criteria-based standards.

DEC staff are afforded significant flexibility in deciding what sort of documentation is sufficient
for this threshold determination, based on the availability of existing information and the
difficulty of obtaining additional information. In any event, the record for a natural condition-
based standard must include a compelling basis for a finding that the water quality criteria-based
standards are being exceeded. In the event that an exceedance determination leads to the need to
express a natural condition-based standard for use in a permit or other agency action or decision,
site-specific water quality monitoring will be required. In order to express the natural condition
as a standard, it will be necessary to provide information about the magnitude, duration and
frequency that natural conditions exceed water quality criteria. Sections 3.3 and 3.4 detail the
additional information required.

2.1.2 Natural Condition Finding

The second step in implementing the natural condition-based standard provision is an analysis
concluding in a finding that water quality criteria-based standard exceedances are the result of
natural processes and not human activity in the watershed.

There remain in Alaska many watersheds that exist in a pristine state. In those cases, a natural
condition finding is relatively easy to make based on the mere absence of human presence or
development. A watershed need not be in a pristine state, however, to warrant a finding that
water quality reflects the natural condition. In watersheds that are predominantly in a natural
state, but include limited human activity, such as occasional personal or recreational use, or
contain only minor human development, such as hiking trails or a small number of roads and
road crossings that are not believed to contribute to the pollutant of concern, water quality may
still reflect the natural condition. The level of human use must be limited such that it is not
expected to have any measurable effect on the natural condition of the parameter being
considered. The “natural condition” is a relative concept that may include minor human activity
or development, but excludes watersheds with pervasive hydrologic or riparian changes.

In determining whether the quality of a waterbody reflects its natural condition, DEC staff will
consider:

e The nature extent, and intensity of any human use and development within the watershed,

e Whether human use and development is historic or continuing,

e  Whether the types of human use and development are generally known to affect the
specific water quality parameters that fall outside of the water quality criteria-based
standards, and
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e Whether the quality of the subject waterbody is similar to that of other waterbodies
known or believed to reflect a natural condition.

A finding that the quality of a waterbody reflects its natural condition must include:

e An explanation of why human activities in a watershed are not directly or indirectly the
cause of the exceedances of a water quality criteria for the pollutant of concern,

e Evidence that there has been minimal human activity in the watershed that would affect
the water quality parameter in question, and

e An explanation as to how natural processes are adequate to explain the observed
exceedances of the water quality criteria for the pollutant of concern.

2.1.3  Spatial Extent Determination

With a determination that water quality criteria-based standards are being exceeded due to
natural processes, the natural condition of a water becomes the water quality standard. The
question then becomes, to what “water” does the standard apply?

The basis for the exceedance determination and natural condition finding may include
information on only a small area in a waterbody, on a number of areas within a waterbody, or on
an entire waterbody. The spatial determination may also include depth limitations when water
quality varies significantly due to stratification or other waterbody characteristics. The essence of
a spatial extent determination is often a matter of integrating water quality information for an
area with hydrological, geological and biological information to reach a decision as to the area
where natural conditions do not meet water quality criteria-based standards and where the water
quality characteristics are relatively consistent.

In some cases, it may be sufficient to determine that the natural condition-based standard only
applies to an area of a waterbody that may be influenced by an authorized activity. For example,
when a natural condition-based standard is established in conjunction with a discharge permit, it
may be sufficient to establish that the standard applies to the area influenced by the discharge
even if there is reason to believe that the standard extends to waters beyond that point.

In other cases, and for other purposes, DEC may determine that the natural condition-based
standard applies to an entire waterbody or some portion of a surface waterbody or groundwater
aquifer. In those cases, determining the water to which the standard applies may rest on
measurements taken at points within the water along with hydrological, geological and biological
information suggesting that the measured water quality is likely to be indicative of the water
quality over a greater area. In deciding the spatial extent of a natural condition-based water
quality standard, DEC staff will consider:

e Water quality information,

e Groundwater and surface water influences including confluences of main stems and
tributaries,
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e Geomorphological characteristics of the area influencing the physical and chemical
characteristics of the water,

e The biological characteristics of the area influencing water quality, and

e Other natural processes that affect water quality with distance.

In deciding on the spatial extent of a natural condition-based water quality standard, DEC staff
should exercise care to limit the extent to those waters that are known or can clearly be expected
to be of lesser quality than criteria-based standards. Care should also be taken to confine the
spatial extent of the natural condition-based standard to the watershed or other area where water
quality has been found to be a product of natural processes and where the water quality
characteristics are relatively consistent.

In defining the extent of a natural condition-based water quality standard, DEC staff must
include in the determination:

e A description of monitoring locations and available water quality data from each location
considered in determining the spatial extent of the standard,

e A demonstration explaining why the natural water quality is relatively consistent over the
spatial extent of the standard, and

e A clear description of the boundaries of the waters to which the natural condition-based
standard applies.

2.1.4 Expressing Natural Condition-Based Standards

It is often necessary to express the natural condition in terms that can be used in permits and in
other agency decisions and actions. There are two approaches to establishing a natural
condition-based water quality standard level: concurrent measurement and statistical
characterization of a historic record.

The concurrent measurement approach is based on using a reference station such that the
standard is equated to the measure of a parameter at the reference station at any given time. This
approach does not demand a historic monitoring record. If feasible, the concurrent measurement
approach is preferred to an approach based on statistical characterization of a historic record.

Statistical characterization of a historic record is used only when a concurrent monitoring
approach is not practicable. This is most often the case where planned development or use of a
watershed will mean that there is no reference point that can be relied on to reflect continuing
natural conditions.

Any expression of the natural condition should also include a discussion of any parameters that
may significantly affect the toxicity or bioavailability of the parameter to which the standard
applies. For example, the toxicity of many metals is affected by the hardness and pH of the
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waterbody. Therefore, it may be necessary to consider hardness and pH concentrations
associated with the natural metal concentration.

The two methods for expressing natural condition-based water quality standards are detailed in
Sections 3.3 and 3.4.

2.1.5 Public Participation

Any time DEC finds that the natural condition comprises the water quality standard for a water,
the public will be notified and afforded an opportunity to comment. It is important that DEC
staff solicit and inform the agency’s water quality standard decision with information held and
provided by outside experts, persons with local knowledge, and the public at large.

Public notification, review and opportunity for comment may be conducted independently or as
part of the public notice and comment process of an associated action, such as a permitting
decision, a water quality standards triennial review, a 303(d) listing or a Total Maximum Daily
Load (TMDL) development action.

When conducted as an independent action, proposed findings that a natural condition comprises
the water quality standard for a water will be subject to public notice, comment and opportunity
for hearing in substantial conformance with 18 AAC 15.050(a) and (b) and 18 AAC 15.060(b)-
(h). A minimum of 30 days will be allowed for public comment.

When conducted as part of an associated action, proposed findings that a natural condition
comprises the water quality standard for a water will be subject to the public notice and comment
process of the associated action as long as the process affords the public notice and opportunity
for comment at least as great as that called for by 18 AAC 15.050(a) and (b) and

18 AAC 15.060(b)-(h).

The public notice will include information on the waters to which the natural condition-based
standard applies, a summary of the information supporting that the natural condition is the water
quality standard, a summary of any information on how the standard will be expressed in
narrative or numerical terms, and a description of how members of the public can obtain a copy
of the detailed record.

2.1.6 Recordkeeping

DEC will establish a record for every finding that the natural condition is the water quality
standard that includes the supporting documentation for the determinations and findings
identified in parts 2.1.1 to 2.1.4 of this chapter, along with the technical analysis conducted in
Chapter 3. DEC will maintain an official list of the waterbodies where natural condition-based
standards have been found to apply, post the list on its website, and make the information
available to the public upon request.
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2.2 Appeals

DEC decisions that the natural condition comprises the water quality standard for a water are
subject to both informal review under 18 AAC 15.185 as well as the provisions for adjudicatory
hearing under 18 AAC 15.195 — 18 AAC 15.340.

2.3 Information Burden

The process to examine whether the natural condition represents the water quality standard for a
waterbody or portion thereof may be initiated by DEC or requested by an applicant for a
department authorization. When an applicant is seeking approval of a natural condition-based
standard, it is incumbent on the applicant to provide all information that DEC requires to conduct
the analysis and make the associated determinations and findings. DEC will process requests
submitted by applicants in a timely manner.

2.4 Antidegradation Policy

The state water quality standard regulations include an “antidegradation policy” providing, in
effect, that existing uses and the water quality to protect those uses must be maintained and
protected, and that in cases where the natural water quality is better than that required by water
quality criteria-based standards, the higher natural quality must be maintained and protected
unless certain conditions are met.

Since the natural condition provision in the state water quality standards regulation and this
implementation guidance do not allow degradation of natural water quality, decisions made in
accordance with the regulation and guidance satisfy the antidegradation policy. DEC staff need
not make a separate antidegradation finding.

3 CALCULATING NATURAL CONDITION-BASED STANDARDS

This chapter covers the methods that may be used to express a natural condition-based standard
in terms that can be used in departmental authorizations and other decisions. Two methods may
be used: concurrent measurement and statistical characterization. For either the concurrent
measurement or the statistical characterization approach, correct interpretations concerning the
natural condition-based standard at a site depend on several factors including:

e Proper selection of reference sites that represent natural background conditions,

e Proper sample collection and accurate pollutant analyses, including adequate quality
control documentation,

e Appropriate statistical procedures to translate natural condition measurements to a
water quality standard, and
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e Use of Water Quality Data Elements to provide the definition and structure of data and
metadata used to describe the results that characterize natural conditions (Methods and
Data Comparability Board, 2006).

The following sections discuss recommended procedures for addressing the above factors.

3.1 Selection of Reference Sites

Both methods for expressing a natural condition-based standard rely on establishing reference
water quality monitoring sites. In the context of this Guidance, a reference site is a site at which
the concentration of a given analyte or pollutant is due solely to non-anthropogenic sources.
These sites establish benchmark conditions within a particular region (Hughes et al., 1986;
Hughes, 1995), representing the highest quality streams in which there has been little or no
human activity of any kind since historic records have been kept. In both approaches in this
Guidance, reference sites must be located upstream of the test site or within the same watershed.

There are a number of factors that should be considered in identifying reference sites for this
Guidance, including similarity of aquatic life habitats, geomorphology, hydrology, elevation, and
geology. It is critical that the reference site conditions are comparable to those at the test site of
interest so that comparisons of pollutant concentrations are valid. In particular, it is helpful to
understand the ultimate source of natural background levels of the pollutant of concern. For
example, background levels of many metals in streams are often a function of the type of
geology and soils present, as well as flow regime and type of natural vegetation (e.g., Church et
al., 1997). To the extent such information is known and documented, it is then easier to ensure
that the reference site is comparable to the test site for purposes of identifying a natural
background condition-based standard.

If a reference site is selected in another waterbody within the same watershed, this approach will
be acceptable only if a site specific sampling program is developed and implemented which DEC
determines will support such an approach. Information regarding a single or multiple reference
sites located in another water body within the watershed must demonstrate that the relevant
physical, chemical and biological characteristic are reasonably similar to the characteristics of
the waterbody to which the natural conditions-based standard applies. The reference site
selection in another waterbody must also meet all the other requirements for selection of a
reference site.

While Geospatial Information Systems (GIS) and remote sensing landscape tools are useful to
help identify potential reference sites, a site reconnaissance may be conducted to help ensure that
a proposed reference site meets minimum acceptability criteria. Those criteria are:

e No channel or habitat modification,

¢ No logging, mining, intensive recreational uses (e.g., ski resort), farming, or livestock
grazing,

e Few, if any, roads or bridges are present upstream of the site
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e No evidence of sources of sediment delivery that are associated with human disturbance,
and

e No water withdrawal structures, impoundments, or water return outfalls.

In cases where historic monitoring data from a site are proposed for expressing a natural
condition-based standard, and the site is no longer accessible or able to meet reference site
acceptability criteria, then there must be documentation that the site did meet reference site
criteria during the time data collection took place. This may be accomplished through the use of
historic land use maps or other materials indicating the absence of human activity upstream of
the site at the time. In some cases, it may be appropriate to compare data from proposed
historical reference sites with data from known acceptable reference sites in the same region
(preferably the same watershed) to help determine whether the historic data are likely to reflect
natural, non-human-influenced conditions. In addition, it is important that the quality of historic
data meets data quality objectives (DQOs) as discussed below.

Some variability in pollutant concentration is likely to be naturally present, even among similar
sites on the same stream at the same time. Therefore, for either the concurrent measurement or
the statistical characterization approach, it is desirable to collect data for more than one reference
site, if available. Concentrations of contaminants as a function of water depth should also be
considered in waterbodies such as lakes, estuaries, or large rivers. Each reference site must be
comparable in geology, hydrology, and elevation to each other and to the test site, and each site
must meet the acceptability criteria as outlined above. It is essential to fully characterize each
reference site so that the variability in analyte concentration, and therefore, natural background
conditions, can be determined accurately.

3.1.1 Required Documentation

Any site proposed as a reference site under this Guidance should have the following
documentation:

e A map showing reference site(s) locations in relation to test site of interest, along with
available land cover information,

e Reference site and test site elevation,

e Available geology and soil information for reference and test sites,

e Photographs showing reference site riparian vegetation, waterbody size and channel
morphology,

e Site reconnaissance survey data regarding presence of roads, any channel
modifications, outfalls, or other human-made structures, and

e Records from relevant state or federal agencies indicating no known mining, forestry,
or other human activities upstream of the proposed reference site.

DEC will review the documentation to determine if the proposed site can be used as a reference
site for determining a natural condition-based water quality standard.

10
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3.2 Data Quality

3.2.1 Data Quality Objectives

DQOs are the quantitative and qualitative terms used to describe how good the data needs to be
in order to meet the project’s objectives. In this Guidance, critical DQOs include assurance that:
(1) samples collected are representative of true natural conditions, and (2) data are an accurate
reflection of the samples collected. DQOs for measurement data (also known as data quality
indicators) are precision, accuracy, representativeness, completeness, and comparability. The
overall quality assurance objective for analytical data is to ensure that data of known and
acceptable quality are provided, thereby assuring that the data are comparable.

For quantitative projects, such as determining natural conditions of water quality parameters,
DQOs must address uncertainty in results due to unknown environmental characteristics that will
be estimated from collecting the data, as well as analytical method sources of variability. This
Guidance presumes that all sites should meet DEC water quality standards under natural
conditions unless the need for site-specific natural condition-based standards is proven.
Therefore, DQOs for determining the natural condition with respect to a chemical or other
constituents are predicated on documenting the natural variability in concentration based on
observed data (whether a historical record or newly collected data).

Organizations collecting data to assess natural conditions must operate in a manner that is
consistent with the requirements of the Water Programs Quality Assurance Management Plan
and the Generic Quality Assurance Project Plan for Water Program Staff, Sampling and
Analysis Activities developed by the Alaska DEC, Division of Water. They can be located at:
http://www.dec.state.ak.us/water/wqapp/water _quality management plan.pdf and http://
www.dec.state.ak.us/water/wqapp/qapp-generic.pdf

DQOs and data quality indicators for proposed natural condition standards must comply with
these documents. After DQOs are established, Measurement Quality Objectives (MQOs) are
established that must be met in order for the data to be useable in determining natural conditions,
whether based on historical or newly collected data. MQOs are statements that contain specific
units of measure such as percent recovery, percent relative standard deviation, and detection
levels or quantification limits (minimum reporting limits).

Details of the required analytical methods, MQOs, and sample collection methods (sampling
containers, preservation, volumes, and holding times) are specified in Table 1 of the Generic
Quality Assurance Project Plan cited above. For parameters not listed in this table, see 40 CFR
136.3 for United States Environmental Protection Agency (USEPA) approved methods,
minimum detection levels, and other analyte-specific requirements. Appendix A discusses other
methodological and data quality issues that should also be considered. All natural condition-
based standards determinations that rely on new data collection must use a Quality Assurance
Project Plan (QAPP), approved by DEC, to ensure that proper data are collected.

11
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3.2.2 Detection and Quantitation Limits

Any measurement method has an inherent limit of detection that is based on the sampling and
analytical methods used and the parameters of interest. Methods applied to determining natural
conditions must have detection and quantitation limits low enough so that the applicable state
water quality standard can be reported with a high level of confidence for any given analyte.
Detection limits allow the determination of the presence of an analyte with a high level of
confidence, whereas the quantitation limit allows one to report both the presence and
concentration of the analyte with confidence (see Appendix A).

3.2.3 Treatment of Outliers

Environmental data sets frequently contain outliers, which are observations that appear not to
conform to the pattern established by other observations. Some outliers may represent valid
data, while others may reflect data errors. High outliers are of concern in both approaches,
therefore, initial screening should examine data for the potential presence of high outliers. This
can be done visually or through use of a more formal test such as that of Rosner (1983; see also
Gilbert, 1987). It is important to note that outliers are not deleted at this stage; they are merely
flagged and reported as potential outliers.

If data are flagged as high outliers, those observations should be reviewed for obvious errors,
such as transcription or data coding errors, instrument malfunction, and calibration problems.
Where evidence is available to document such errors, the outlier should be replaced with the
correct value and the change documented. Observations for which the quality control record
indicates equipment failure, sample contamination, or inadequate calibration (as defined in the
QAPP) should be eliminated from the dataset. All such modifications must be documented.

Apparent outliers that are not eliminated because of obvious data errors may or may not
represent valid data and should be retained. In cases where apparent high outliers are retained in
the statistical characterization approach, and are believed to unduly influence results, DEC may,
at its discretion, require re-analysis with the questionable observation(s) deleted.

3.3 Concurrent Measurement Approach

The concurrent measurement approach relies on using a reference station such that the water
quality standards for one or more parameters for a waterbody or some portion of a waterbody are
equated to actual measurements of those parameters at a reference station at any given time.
When practicable, this approach is preferred to an approach based on statistical characterization
of a historic record. It has particular applicability in establishing discharge permit limits. When
concurrent measurements are used, water quality-based effluent limits incorporating the standard
as measured at the reference station work together with monitoring requirements calling for
concurrent measurement at both the reference point and the discharge point. The suitability of
the reference station as a sampling location representative of natural water quality must be
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reviewed, at a minimum, every 5 years with a permit renewal or extension, or whenever a
significant modification or development occurs which may affect the reference station.

A simple scenario would be a proposed discharge to a stream. Assuming that water quality
above the discharge point is found to represent a natural condition, an upstream reference station
is established (using the criteria described in Section 3.1) to serve as the basis for a natural
condition-based standard for a uniform reach of the stream that includes the proposed discharge
point. The permit for the discharge is drafted such that the water quality-based effluent limit for
the parameter(s) of concern is the level of that parameter at the reference station (the natural
condition-based water quality standard) measured concurrently with a measurement at the
discharge point. Concurrent measurement is specified as a permit monitoring condition.

The concurrent measurement approach can also be used in marine waters and lakes. In those
situations, multiple reference stations may be needed to establish the natural condition with
sufficient certainty.

Where multiple reference sites are used, the level of the natural condition will be determined by
a mean, flow-weighted mean, geometric mean or other averaging method appropriate to the
waterbody and the parameter, to calculate the concentration of the parameter.

When the effluent concentration is less than or equal to the concurrent reference site
measurement (and data quality requirements have been met), the discharge will be deemed to be
in compliance with the natural condition-based water quality standard.

In applying the concurrent measurement approach, all data quality requirements discussed in
Section 3.2 apply. Specifically, it is critical that the discharger document accurate and
representative sample collection and adequate quality control concerning measurements. It is
particularly important to obtain representative samples at the reference and effluent sites (see
Section 3.1).

In some cases, effluent concentrations may be close to natural conditions but exceed
concentrations measured at the concurrent reference site. This may or may not constitute an
actual excursion of natural conditions. Natural short-term variability in concentrations,
variability in sampling, and uncertainty in analytical results may all contribute to such
differences even when the effluent is of the same quality as the upstream reference water. To
address this issue, all applications of the concurrent measurement approach should include
duplicate analyses to establish method precision. Replicate samples from both the reference site
and effluent are used to establish levels of uncertainty associated with sampling (see Appendix B
for statistical analyses for the Concurrent Measurement Approach). The average of the replicates
is used to determine the concurrent upstream and effluent concentrations.

The objective of effluent discharge permit conditions is to ensure that water quality standards are

met with a reasonable degree of assurance. Therefore, any situations in which the effluent
concentration is persistently above the concurrent reference site measurement by any amount can
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also be deemed a violation of the natural condition-based water quality standard. Definition of a
persistent excursion will be determined on a site-specific basis by DEC and incorporated into
permit conditions. In general, the following situations would constitute persistent excursions:

e The effluent concentration is greater than the target concurrent reference concentration
(where the target concentration is the larger of the concurrent reference concentration and the
water quality criteria-based water quality standard) by any amount on three consecutive
measurements; or

e The average difference between the effluent concentration and the target concentration
(where the target concentration is the larger of the concurrent reference concentration and the
water quality criteria-based water quality standard) is greater than zero when evaluated over
the previous 12 months or other appropriate time basis.

Concurrent measurement results in a natural condition-based standard that requires an
exceedance determination for each sampling event. On occasions when analysis of samples from
the reference site or sites shows that the natural condition does not exceed the water quality
criteria, then the water quality criteria apply.

3.4 Statistical Characterization Approach

It is anticipated that natural condition-based water quality standards will be used most frequently
to supersede water quality criteria for aquatic life uses. Accordingly, this section is focused on
statistical characterization that will provide estimates of the chronic and acute exposure of
aquatic life under the natural condition of a waterbody that can be implemented in place of
aquatic life criteria.

A water quality standard based on natural conditions differs from typical toxicologically based
aquatic life criteria in that the natural conditions are not constant. They tend to vary in time, and
their magnitude may have a systematic relationship to other natural factors, such as flow,
temperature, or time of year. The fact that the site-specific standard is variable in time, means
that the analysis proceeds on a statistical basis rather than through comparison to a fixed number.
Two of the essential characteristics of the natural conditions at a site are, in statistical terms, a
measure of the central tendency of the natural concentrations (for example, the average
concentration) and a measure of the natural variability in the concentration (for example, upper
and lower 90" percentiles of the distribution). The statistical characterization approach makes
use of these statistical properties of the data to derive a natural condition-based standard using an
approach similar to that discussed in EPA’s Technical Support Document for Water Quality-
Based Toxics Control (EPA, 1991).

Statistical characterization of natural conditions may be based either on historical data or on data
obtained from a suitable reference site (see Section 3.1). Most of the statistical characterization
approach discussed below is applicable to both types of data. The primary difference is that
collection of new reference site data allows use of a DQOs process to plan for efficient data
collection.
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The following two sections summarize the statistical characterization requirements. The
characterization is broken into two major sequential parts. The first is data assembly and review,
and the second is statistical analysis. Details of this approach are included in Appendix C.

3.4.1 Data Assembly

The data assembly step involves collection and
review of the data, to determine whether the data
are of sufficient quantity and quality to justify a
natural conditions analysis. Certain minimum data
requirements are specified to ensure that the
statistical characterization approach to natural
condition-based water quality standards is appropriate. Not only must the number of data points
meet a minimum threshold, the quality of the data must also be assured.

Data Needs for Statistical Characterization

A minimum of 20 quality-assured samples

collected over at least two years with a limited
number of non-detect values.

The general steps in the data assembly step are summarized in Figure 2 This applies to both
calculation from historical data and calculation from new data, with minor differences.
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Data Assembly Step

Calculation
from
Historical
Data

|

Assemble historic
data and QC
Information

|

Calculation
from New
Data

!

Develop QAPP

!

Minimum Sample Calculate
i = P Required Sample
Size m=20 "
Size (m)
Pass QA Review

Tabulate

Acceptable
Data

Test for seasonality (*S5) and subset if
necessary; calculate sample count (n)
for each subset

n>=m
years >= 2
D <=20%

Yes
No

Data not acceptable for natural condition Proceed to
determination (for seasonal subset if Statistical
applicable) Analysis

Figure 2 Data Assembly Step

3.4.2 Data Quantity

Rejected Data

Note: *See Appendix C for additional details for
the referenced statistical method (S5,etc).

Data sets to be used for the statistical characterization approach must include at least 20 valid
data points (see Section 3.4.3), preferably obtained over at least a three-year period. Data from
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multiple years is recommended to help guard against anomalous environmental conditions
(extremely wet or dry years), as well as ensuring that unidentified anthropogenic impacts are
likely to be detected. Two years of data may be acceptable if there are at least 20 valid samples
and the variability appears to be well-characterized; less than two years of data are unacceptable
using this approach. For determinations that include the collection of new data, the sample size
should be optimized to meet DQOs based on the expected degree of variability in measurements.
See Appendix C for statistical methods to calculate sample size in these cases.

3.4.3 Data Quality

Valid data includes only those data that meet MQOs (see Section 3.2 and Appendix A), and any
data points that lack adequate quality control are not included in the analysis. In addition,
acceptable datasets should have 20% or less frequency of non-detects (as determined from the
complete data set after removing any samples flagged as potentially contaminated). Large
numbers of non-detects would indicate that the standard is often met and also make it impossible
to evaluate the true mean with precision. For that reason, data sets that contain large numbers of
non-detects are inappropriate for natural conditions determinations using the statistical
characterization approach. It may be possible to assemble a dataset that is acceptable for a
seasonal determination if the non-detects are clustered in one season; however, such a
determination would only be applicable to that season. If method detection limits changed
during the course of monitoring, a subset of the data may be created by eliminating al//
monitoring data obtained at higher detection limits; however, the subset data must still meet
minimum sample size requirements as discussed in the next section.

Once the data are assembled, a test should be undertaken to determine if separate analyses by
season are warranted (as described in Section 3.4.5). If separate seasonal determinations are
indicated, the sample size requirements apply to each individual season for which a natural
conditions determination is sought.

At the bottom of Figure 2 a test is applied for adequate sample size. If the sample size n is
greater than the minimum requirement m, at least two years of sampling are included, and the
fraction of non-detects is less than or equal to 20 percent, it is permissible to proceed to statistical
analysis to determine a natural condition-based water quality standard. (This determination is
made on a seasonal basis if seasonal analysis is indicated — see Section 3.4.5.) If any of the three
conditions are not met (either in general, or for specific seasons where seasonal analysis is
indicated by the analysis described in Section 3.4.5), then a natural background condition
standard cannot be developed.
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Statistical Analysis for Natural
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Figure 3. Statistical Analyses for Natural Background Determination.
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3.4.4 Statistical Analysis

Where data are sufficient for a natural background
determination (either in general or by season),
statistical analyses are undertaken to estimate
confidence bounds on the average and upper quantile

Statistical Analyses

Measures of central tendency (such as the
mean) and the spread of concentrations are
used to define natural conditions. Statistical

of the natural background concentration distribution. lower-bound confidence bounds are applied
Lower-confidence bounds are used to help ensure to ensure that results are appropriate. The
that the analysis is protective. specific statistical tests required vary

according to the characteristics of the data.

The general outline of tasks for statistical analysis is
shown in Figure 3. The left hand side of the figure
addresses determination of the central tendency of the data, while the right hand side addresses
determination of the upper range. Details of specific statistical methods are presented in
Appendix C.

3.4.4.1 Estimation of Central Tendency

In implementing a potential site-specific standard based on natural conditions one relevant
estimate is the long-term central tendency or average concentration (annual or seasonal, as
appropriate). When determining the average concentration, a mean, flow-weighted mean,
geometric mean or other averaging method may be used that is appropriate to the waterbody and
the parameter. While confidence bounds on the mean are relatively robust against small deviations
from normal distribution assumptions, estimation of confidence bounds is sensitive to non-normal
distribution of the data and the presence of non-detects. Therefore, confidence bounds are
estimated only after steps are taken to address non-detects and potential data transformations.

The first step addresses non-detects and infrequent measurements of an unusually high
concentration (i.e., outliers) that are not representative of the natural background condition. To
deal with non-detects and guard against undue influence from outliers, this approach creates a
“trimmed” dataset in which the non-detects and an equal number of high values are removed
(with the proviso, given above, that only up to 20 percent of observations may be non-detects in
a dataset suitable for natural conditions determination). While methods exist to create values for
non-detects, these should not be used for statistical characterization of natural conditions because
(1) results will differ depending on the method used to impute values, (2) methods depend on the
assumption of the form of the distribution of the data, which will rarely be exactly met, and (3)
some observations reported as non-detects may actually be invalid data that result from failure of
analytical methods that has not been flagged by data quality control activities. A major objective
of the statistical characterization is to obtain a reliable estimate of the central tendency of the
natural conditions data and its uncertainty bounds. Therefore, it is preferable to use the trimmed
dataset approach, which helps guard against these problems.
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The trimmed dataset is used to calculate the mean, standard deviation, and skew (departure from
a normal distribution) for both the raw data and log-transformed data. Many environmental data
series will follow approximately lognormal distributions. The strategy taken is therefore to
initially choose between the normal and log-transformed normal distribution, selecting the option
that has the lower coefficient of skew (and thus better approximates a symmetric, normal
distribution). If an acceptable fit to a normal or lognormal distribution is not attained, the
method uses a more conservative estimate of central tendency based on the median or 50™
percentile. Appendix C discusses detailed procedures to determine confidence limits for the
measure of central tendency used in the statistical characterization approach.

3.4.4.2  Estimation of Upper Range Confidence Bounds

An estimate of the upper range of the natural Statistics obtained from sample data are

condition concentration is needed to assess the uncertain estimates of the true distribution of
maximum concentration that is consistent with all values. A 95-percent confidence bound
natural conditions. This approach determines the indicates the range within which estimates
upper range based on calculations of a high obtained with different samples from the true

data will fall 95 percent of the time

percentile of the data (i.e., a reasonably high value
that occurs with some frequency) for use in
connection with effluent limit determinations.
Specifically, this approach recommends setting the upper range estimate at the 95-percent lower
confidence bound on the estimated 90™ percentile of the natural conditions distribution.

The upper range estimate should not be construed as a never-to-exceed value. Indeed, the
method is designed so that at least 10 percent of observations will be greater than the upper range
estimate (at a 95-percent probability value). This upper range estimate provides a checkpoint for
flagging observations that may warrant further investigation. Individual observations that fall
below the conservative upper range estimate can be considered as consistent with the natural
conditions distribution and are thus not, on an individual basis, indicators of persistent
exceedances.

20



Department of Environmental Conservation
Guidance for the Implementation of Natural Condition-Based Water Quality Standards
November 15, 2006

3.4.4.3  The Natural Condition-Based Water
Quality Standard
The natural condition is not a single,
constant number; rather it is a distribution of
concentrations that naturally varies over
time. Therefore, the natural condition-based
water quality standard is defined in terms of
a statistical distribution characterized by a
measure of central tendency and a measure
of upper range (i.e., 90™ percentile). These
values are selected as lower confidence
intervals, which acknowledges the
uncertainty inherent in monitoring data and 0 ‘
ensures that decisions based on the natural 0 20 40 60 80
condition-based water quality standard are Concentration (ugiL)
consistent with the maintenance and
protection of natural water quality. Methods

100

80

60

40

Percentage of Measurements

20 4

Percentiles

of estimating the central tendency and upper
range measures are described in detail to
ensure that determinations are both accurate

The statistical approach makes use of percentile data
and confidence limits around a given percentile.
Percentiles are calculated from measurements observed

over time for a given site. The graph shows the
cumulative percentage of measurements in relation to
concentration. The dashed line shows that 90 percent of
the data had less than or equal to about 45 pg/L of the
pollutant. Because it is determined from limited data,
the estimate of the 90 percent value is uncertain. To
account for this uncertainty, develop a confidence
bound on the estimate. The bracket around the dashed
line represents confidence intervals around the 90
percent value.

and reproducible

3.4.5 Seasonal Expressions

Natural condition-based water quality
standards may be expressed on a full year
basis or on a separate basis for different
seasons. In many cases, full-year (annual)
expressions will be preferable because they:
(1) are easier to develop and implement, and (2) allow use of the maximum number of available
samples in calculations, which will tend to reduce the uncertainty. Nonetheless, there are
situations in which seasonal expressions are necessary and appropriate. One situation is when
the natural conditions differ significantly between seasons. In such cases, assigning a single,
annual value may not be protective of existing aquatic life in the waterbody during the period in
which natural conditions represent a lower concentration. Another situation is when data are
available from only one season. In such a case, it is appropriate to assume that the water quality
criteria set out in 18 AAC 70.020(b) apply to unmonitored seasons by default.

If a natural condition varies substantially and predictably with time, the natural condition should
be expressed differently for annual, seasonal, or shorter time periods to protect water quality.
Temporal shifts in water quality that should be considered include:

o High and low flows,
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e Seasonal variations in gaining or losing flow,

o Seasonal variation in current patterns,

e Seasonal thermal stratification in lakes and estuaries,
e Winter and summer conditions,

e Ice coverage, and

e Storm events.

Many Alaskan waterbodies may be expected to exhibit differences in natural conditions between
two seasons, loosely defined as the “winter” period of colder weather, characterized by lower
flows and lower sediment loads, and the “summer” period of warmer weather, characterized by
higher flows and higher sediment loads.

Deciding whether seasonal characterization of natural conditions is appropriate involves both
statistical evidence and best professional judgment that takes into account both observed or
predicted variability in concentrations and the seasonal sensitivity of aquatic life. In most cases
in which the analysis is based on historical data, it is anticipated that the number of data will not
be sufficient to examine more than a few seasonal divisions. Where new data are collected from
a reference site, the DQOs should address the potential need to evaluate specific seasons that are
expected to differ in quality or have more sensitive conditions, such as spawning, juvenile
aquatic life stages or the presence of sensitive species or species listed under the Endangered
Species Act.

If natural condition-based water quality standards are to be expressed for individual seasons,
sample size requirements must be met for each season. The statistical characterization approach
prescribes one general test for seasonal differences that will be applied to all data sets.
Additional tests may be required by the DEC based on site-specific conditions. The general test
for seasonality to be conducted during seasonal characterization is indicated on the data
assembly flowchart (Figure 2) in Section 3.4.1 and in Appendix C.
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